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4-BIT MICROCOMPUTERS SELECTION GUIDE

4 BIT MICROCOMPUTERS

Function Part b Ch Package Page
LOW COST ETC9410/9310 With their efficient instruction set (1 byte e RAM:32x 4 1-5
MCUs ETL9410/9310 instruction) and wide I/0 option list, these e ROM:512x 8 1-21
MCUs are designed for home appliances e 19 1/0 lines
and consumer applications.
o One 4-bit SIO DIL24
o Emulation and development on DEVICE
ETC9411/9311 o RAM: 32 x4 1-5
ETL9411/9311 e ROM:512x 8 1-21
© 161/0 lines
DIL20
ETL9413 o RAM: 32 x4 141
ETL9313 o ROM:512x 8
¢ 151/0 lines
DIL20
ET9420/9320 o RAM: 64 x 4 1-45
ETC9420/9320 o ROM: 1024 x 8 1-69
ETL9420/9320 © 231/0 lines 1-91
DiL28
ET9421/9321 e RAM: 64 x 4 1-45
ETC9421/9321 o ROM: 1024 x 8 1-69
ETL9421/9321 @ 191/0 lines 1-91
DiL24
ET9422/9322 o RAM: 64 x4 | 1-45
ETC9422/9322 o ROM: 1024 x 8 1-69
ETL9422/9322 ¢ 151/0 lines 1-91
DIL20
ETC9444/9344 o RAM: 128 x4 1-69
ETL9444/9344 o ROM: 2048 x 8 1-115
© 231/0 lines
DIL28
ETC9445/9345 o RAM: 128 x 4 1-69
ETL9445/9345 o ROM: 2048 x 8 1-1156
e 231/0 lines
DIL24
MOTOR TS94104 Well suited for speed measurement, direct e RAM: 128 x 4 1-139
SPEED triac drive in industrial environment o ROM: 2048 x 8 A
CONTROL (watchdog feature).
LOW COST Individual clock for MCU, speed
MCUs measurement timer and triac drive timer.

TS94120

TS94144

e One 4-bit SIO

e Emulation and development on DEVICE

o RAM: 64x 4 1-153
o ROM: 1024 x 8
©231/0 lines

DIL28

o RAM: 128 x4
o ROM: 2048 x 8
© 231/0 lines

w: 1-153

DiL28

1-3
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ETC9410 ¢ ETC9411 ¢ ETC9310 ¢ ETC9311

SINGLE CHIP MICROCONTROLLERS

The ETC 9410,C9411,C9310, and C 9311, fully Static, Single-Chip
CMOS Microcontrollers are fully compatible. with the COPS®
family, fabricated using double-poly, silicon gate CMOS technology.
These Controller Oriented Processors are complete microcompu-
ters containing all system timing, internal logic, ROM, RAM, and
170 necessary to implement dedicated control functions in a variety
of applications. Features include single supply operation, a variety
of output configuration options, with an instruction set, internal
architecture and 1/0 scheme designed to facilitate keyboard input,
display output and BCD - data manipulation. The ETC 9411 is identi-
calto the ETC 9410 but with 16 1/0 lines instead of 20. They are an
appropriate choice for use in numerous human interface control
environments. Standard test procedures and reliable high-density
fabrication techniques provide the medium to large volume custo-
mers with a customized Controller Oriented Processor at a low
end-product cost.

The ETC 9310/C9311 is the extended temperature range version of
the ETC 9410/C9411.

® Lowest Power Dissipation (40uW typical)

o Low Cost

o Power saving HALT mode with Continue function
@ Powerful Instruction Set

©512 x 8 ROM, 32 x 4 RAM

© 20 1/0 lines (ETC 9410)

e Two-level subroutine stack

o DC to 4 us instruction time

@ Single supply operation (2.4V to 5.5V)

@ General purpose and TRI-STATE%utputs

e Internal binary/counter register with MICROWIRE ® compatible
serial 170

e LSTTL/CMOS compatible in and out

® Software/hardware compatible with other members of the
ET 9400 family

o Extended temperature ( - 40°C to + 85°C).

CMOSs

CASES
ETC9410 ETC9310

N SUFFIX
1 PLASTIC PACKAGE

ETC9411 @ ETC9311

N SUFFIX
PLASTIC PACKAGE

PIN ASSIGNMENT

aot ~ 2[00
cko[]2 23{] b1
cxi s 2[] b2
AESET L4 21[] o3
L7 s 20[] 63
e Os E™°*1° yhe
7 ETCR0 o h
L4 [Js 17[] o
Vee E 9 16 [] sk
L3 o 15[] so
L2 [n 14 jSI
L1 O 13[JLo

JULY 1886 1/16
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ETC9410 /9411 ETC9310 /9311

ETC 9410 ¢ ETC 9411

ABSOLUTE MAXIMUM RATINGS
Supply Voltage (Vce) 6V
Voltage at Any Pin Relative to GND -0.3VtoVe +0.3V
Ambient Operating Temperature 0°Cto +70°C
Ambient Storage Temperature - 65°C to + 150°C
Lead Temperature (Soldering, 10 seconds) 300°C
Total Source Current 25 mA
Total Sink Current 25 mA

Absolute maximum ratings indicate limits beyond which damage to
the device may occur. DC and AC electrical specifications are not
ensured when operating the device at absolute maximum ratings.

DC ELECTRICAL CHARACTERISTICS 0°C<Ta<+70°C (Uniess otherwise specified)

Parameter Conditions Min. Max. Units
Operating Voltage 2.4 55 \4
Power Supply Ripple (Note 5) Peak to peak - 0.1Vge
Supply Current Ve =2.4V tc = 125 s - 40 pA
(Note 1)
Vec=5.0Vtc = 16ps - 500 HA
Vec=50Vitc = 4ps - 2000 vy
HALT Mode Current (tc is the instruction cycle time)
(Note 2) Vcc = 5.0V Fin = OkHz - 15 pA
Ve = 2.4V Fin = OkHz - 6 pA
Input Voltage Levels
RESET, CKI
Logic High 0.9V¢c - \
Logic Low - 0.1vee v
All other inputs
Logic High 0.7V¢c - v
Logic Low - 0.2V A
Hi - Z input leakage -1 +1 HA
Input capacitance - +7 pF
Output Voltage Levels Standard outputs
LSTTL Operation Vec=5.0VE5 %
Logic High I0H =-25 pA 2.7 - \%
Logic Low 10L = 400pA - 0.4 v
CMOS Operation
Logic High loH =-10 pA Vge-0.2 - \
Logic Low loL= 10pA - 0.2 Y
Output current levels (except CKO)
Sink (Note 6) Ve =4.5V, Vout = Ve 1.2 - mA
Ve = 2.4V, Vout = Ve 0.2 - mA
Source (standard option) Ve = 4.5V, Vout = 0V 0.5 - mA
Ve = 2.4V, Vout = 0V 0.1 - mA
Source (low current option) V¢c = 4.5V, Vout = 0V 30 330 nA
Vee = 2.4V, Vout = 0V 6 80 pA
CKO (as clock out) current levels
Sink =4. Kl = V¢c, Vout =V,
divide by 4 Vee =45V, CKI=Vee, Vout = Ve 03 - mA
divide by 8 0.6 - mA
divide by 16 1.2 - mA
Source Ve = 4.5V, CKI=0, Vout =0
divide by 4 c : -vou 03 - mA
divide by - 8 0.6 - mA
divide by 16 1.2 - mA

1-7
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ETC9410 /9411 ETC9310 /9311

ETC 9410 ¢ ETC 9411

DC ELECTRICAL CHARACTERISTICS (continued)

Parameter Conditions Min. Max Units
Allowable Loading on CKO (as HALT) (note 3) - 100 pF
Current needed to over-ride HALT note
To continue Ve = 4.5V, VIN = 2V - 6 mA
To halt Ve =4.5V. VN = 7V - 16 mA
TRI-STATE® or open drain leakage ) +2 uA
current
ETC 9410 ¢ ETC 9411
AC ELECTRICAL CHARACTERISTICS (0°C<Tp<+70°C (Unless otherwise specified)
Parameter Conditions Min Max Units
Instruction Cycle Vec=4.5V 4 DC us
Time =tc 4.5V>V =24V 16 DC us
Operating CKI © 4 mode DC 1.0 MHz
Frequency * 8 mode Vee 4.5V DC 2.0 MHz
© 16 mode DC 4.0 MHz
< 4 mode DC 250 kHz
8 mode Vee >2:4V DC 500 kHz
. 16 mode DC 1.0 MHz
Instruction Cycle R=30k+5 %, Vcc =5V
Time - CKI(RC) (Note 4) C =82pF =5 % (+ 4 Mode) 8 16 us
INPUTS : (See Fig. 3) )
tseTUP G Imputs tc/4=+0.7 - us
Sl Input Vee=>4.5V 0.3 - ps
All Others 1.7 - ps
tHoLD Vee>4.5V 0.25 - ps
Vec=>2.4V 1.0 - ps
OUTPUT
Propagation delay (see fig. 3) Vout = 1.5V, C_ = 100pF, R = 5K
tPD1, tPDO Vec=>4.5V - 1.0 Hs
tPD1, tPDO Vce=>2.4V - 4.0 us

Note 1: Supply current is measured after running for 2000 cycle times with a square -wave clock on CKI, CKO open, and all other pins pulled

up to Vg with 20k resistors.

Note 2: The HALT mode will stop CKI from oscillating in the RC and crystal configurations.

Note 3 : When forcing HALT, current is only needed for a short time (approx. 200 ns) to flip the HALT fiip-flop.

Note 4: This parameter is only sampled and not 100 % tested.

Note 5 : Voitage change must be less than

0.5 voit in a 1 ms period.

Note 8: SOoutput sink current must be limited to keep Vo below 0.2 Vg when port is running in order to prevent entering test mode.

4/16
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ETC9410 /9411

e ETC9310/9311

ETC 9310 ¢ ETC 9311

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Vcc)
Voltage at any pin

~0.3V 10 Ve +0.3V

6V
Operating
+85°C

temperature range

-40°C to

Total allowable source current 25mA Storage temperature range - 65°C to + 150°C
Total allowable sink current 25mA Lead temperature (soldering, 10 sec.) ~ 300°C
Absolute maximum ratings indicate limits
beyond which damage to the device may occur.
DC and AC electrical specifications are not
ensured when operating the device at absolute
maximum ratings.
DC ELECTRICAL CHARACTERISTICS — 40°C< TA<+85°C (Unless otherwise specified).
Parameter Conditions Min. Max. Units
Operating Voltage 3.0 5.3 Y]
Power Supply Ripple(Note 5| Peak to Peak - 0.1Vce \Y
Supply Current (Note 1) | Vec = 3.0V, o= 125us - 60 pA
P Vee = 5.0V, to= 16ps - 600 A
Ve = 5.0V, te= 4ps - 2500 pA
(t¢ is instruction cycle time)
HALT Mode Current Ve = 5.0V, Fy = OkHz - 25 pA
(Note 2) Vee = 3.0V, Fyy = OkHz - 13 pA
Input Voltage Levels
RESET, CKI
Logic High 0.9 Ve -— \Y
InpuLogic Low - 0.1 Vee \
All Other Inputs
Logic High 0.7 Ve - Vv
Logic Low - 0.2 Ve \2
Hi-Z Input Leakage -2 +2 pA
Input Capacitance — 7 pF
Output Voltage Levels Standard Outputs
LSTTL Operation Ve =5.0V+5 %
Logic High low = 25pA 2.7 - Y]
Logic Low lo, = 400pA - 0.4 \"
CMOS Operation
Logic High loy = — 10pA Ve =-0.2 - Y]
Logic Low lo, = 10pA - 0.2 Y
Output Current Levels
Sink (Note 6) Vee = 4.5V, Vour = Ve 1.2 - mA
Ve = 3.0V, Voyur = Vee 0.2 - mA
Source (Standard Vec = 4.5V, Voyr =0V 0.5 - mA
Option) Vee = 3.0V, Voyr =0V 0.1 - mA
Source (Low Vee = 4.5V, Vour =0V 30 440 pA
Current Option) Ve = 3.0V, Voyr= oV 8 200 pA

THOMSON SEMICONDUCTEURS
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ETC9410 /9411 ETC9310 /9311

ETC 9310 ¢ ETC 9311

DC ELECTRICAL CHARACTERISTICS (continued)

Parameter Conditions Min. Max Units
CKO Current Levels
(As Clock Out)
Sink <4 Ve = 4.5V, CKI = Ve, Vour = Ve 0.3 - mA
+ 8 0.6 - mA
+16 1.2 - mA
Source + 4 Ve = 4.5V, CKI=0V, Vgyr = OV 0.3 - mA
+ 8 0.6 - mA
+16 1.2 - mA
Allowable Loading on CKO
(as HALT I/0 pin) - 100 pF
Current Needed to
Override HALT (Note 3)
To Continue Vcc =4.5V, Vjy=0.2 V¢ - 0.8 mA
To Halt cc= 4.5V, Viy = 0.7 V¢c - 2.0 mA
TRI-STATE or Open Drain
Leakage Current -4 +4 pA
ETC 9310 ¢ ETC 9311
AC ELECTRICAL CHARACTERISTICS —40°C<TA<+85°C (Unless otherwise specified)
Parameter Conditions Min. Max Units
Instruction Cycle Time (t) Vee<4.5V 4 DC us
4, 5v>vcc>3 oV 16 DC ps
Operating CKI + 4 mode DC 1.0 MHz
uency + 8mode Vee»4.5V DC 2.0 MHz
+ 16 mode oC 4.0 MHz
+ 4 mode DC 250 kHz
+ 8mode 4.5V>V >3.0V DC 500 kHz
+ 16 mode DC 1.0 MHz
Instruction Cycle Time R=30k=5 %, Vcc = 5V
RC Oscillator _(Note 4) C=82pF+5 % (+ 4 Mode) 8 16 us
Inputs (See Figure 3)°
tseTup G Inputs tc/4+0.7 - ps
Sl Input Ve 4.5V 0.3 - s
All Others 1.7 - ps
thoLo V4.5V 0.25 - ps
Vee»3.0V 1.0 - ps
Output Propagation
Delay Vour = 1.5V, C, = 100pF, R, = 5k
teo1. thpo Vee»4.5V - 1.0 ps
teo1. tppo Vee23.0V - 4.0 us

Note 1: Suppl! h{currem is meesured after running for 2000 cycle times with a square-ware clock on CKl, CKO open, and all other pins pulled

up to Vg wi

Note 2: The HALT mode will stop CKI from oscillating in the RC and crystal configurations.

Note 3 : When forcing HALT, current is only needed for a short time (approximately 200 ns) to flip the HALT flip-flop.

Note 4 : This parameter is only sampled and not 100 % tested.
Noh§ Voltage change must be less than 0.5 volt in a 1 ms period.
Note 6: SO output sink current must be limited to keep Vo below 0.2VGc when port is running in order to prevent entering test mode.

6/16
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ETC9410 /9411 ETC9310/9311

FUNCTIONAL DESCRIPTION

To ease reading of this description, only ETC 9410 and/or
ETC 9411 are referenced ; however, all such references
apply equally to ETC 9310 and/or ETC 9311,

A block diagram of the ETC 9410 is given in Figure 1. Data
paths are illustrated in simplified form to depict how the
various logic elements communicate with each other in
implementing the instruction set of the device. Positive logic
is used. When a bit is set, it is logic ‘1" when a bit is reset,
it is a logic “'0"".

Program Memory

Program memory consists of a 512-byte ROM. As can be
seen by an examination of the ETC 9410/C 9411 instruction
set, these words may be program instructions, program
data, or ROM addressing data. Because of the special
characteristics associated with the JP, JSRP, JID, and LQID
instructions, ROM must often be thought of being
organized into 8 pages of 64 words (bytes) each.

ROM addressing

ROM addressing is accomplished by a 9-bit PC register. Its
binary value selects one of the 512 8-bit words contained in
ROM. A new address is loaded into the PC register during
each instruction cycle. Unless the instruction is a transfer of

control instruction, the PC register is loaded with the next

sequential 9-bit binary count value. Two levels of subroutine
nesting are implemented by two 9-bit subroutine save
registers, SA and SB.

ROM instruction words are fetched, decoded, and executed
by the Instruction Decode, Control and Skip Logic circuitry.

Data Memory

Data memory consists of a 128-bit RAM, organized as
4 data registers of 8 4-bit digits. RAM addressing is
implemented by a 6-bit B register whose upper 2 bits (Br)
-select 1 of 4 data registers and lower 3 bits of the 4-bit Bd
select 1 of eight 4-bit digits in the selected data register.
While the 4-bit contents of the selected RAM digit (M) are
usually loaded into or from, or exchanged with, the A
register (accumulator), they may also be loaded into the Q
latches or loaded from the L ports. RAM addressing may
also be performed directly by the XAD 3,15 instruction. The
Bd register also serves as a source register for 4-bit data
sent directly to the D outpouts.

The most significant bit of Bd is not used to select a RAM
digit. Hence, each physical digit of RAM may be selected by
two different values of Bd a shown in Figure 4 below. The
skip condition for XIS and XDS instructions will be true if Bd
changes between 0 and 15, but NOT between 7 and 8 (see
Table 3).

PIN DESCRIPTION
ano [ N 1 oo
cko []2 3o Lyi—Lo 8 bidirectional I/0 ports with TRI-STATE ®
cx 3 2[] o2 G3-Gy :at:::lgggg)nonal 1/0 ports(Gz-GQfor 20 pin w E 1 / 200] 15
ReseT []4 21[] o3 D3-Dy 4 genaral purpose outpu(s(b1-00f0r 20 pin vee 42 19[] 8
wHs 2 package) w13 18] w7
g H e SI Serial input (or counter input) v J—
w6 ercaato 9P so Serial output (or general purpose output) 2[4 17[] Reser
s[J7 ETC9310 18] 4, SK Logic-controlled clock (or general purpose u OseTcosine[d e
output) ETC@311
s 170 6o CKI System oscillator input wis 15[] 0o
vee [ o ©®[]sk CKO Crystal oscillator output (or HALT mode I/O si7 14[J o1
w3 [ port)
E 0 151 so N (24 pin package only) so Qs 130 a2
L2 {n 1uls  RESET System reset input sk 9 12[] a1
12 1BOw Ve System power supply ano [110 10 eo
H GND System ground 0
FIGURE 2 — CONNECTION DIAGRAMS
je————nsTRUCTION CYCLE TIME to——|
«l oo r
PD1 —= _|=—tPDo
st PRl 2 7
Gg-Go. Ly-Lo, [=—!seTuP—=] t=—tHOLD
& SIINPUTS I 4
PD1 —=| t=- tPDO
Gg-Go, D3-Dy
L:;-Lg. sg. s?(' l‘.‘I/////l‘ VOH e
OUTPUTS

FIGURE 3 — INPUT/OUTPUT TIMING DIAGRAMS
(DIVIDE-BY-8 MODE)
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ETC9410 /9411 ETC9310 /9311

The D register provides 4 general purpose outputs and is
used as the destination register for the 4-bit contents of Bd.

The XAS instruction copies C into the SKL Latch. In the
counter mode, SK is the output of SKL ; in the shift register
mode, SK is a sync clock, inhibited when SKL is a logic 0"

The EN register is an internal 4-bit register loaded under
program control by the LE| instruction. The state of each bit
of this register selects or deselects the particular feature
associated with each bit of the EN register (EN3-ENO).

1. The least significant bit of the enable register, ENO,
selects the SIO register as either a 4-bit shift register or as
a 4-bit binary counter. With ENO set, SIO is an
asynchronous binary counter, DECREMENTING its value
by one upon each low going pulse (1" to “0") occurring
on the S| input. Each pulse must be at least 2 {two)
instruction cycles wide. SK outputs the value of SKL. The
SO output is equal to the value of EN3. With ENO reset.
SIO is a serial shift register, shifting left each instruction
cycle time. The data present at Sl is shifted into the least
significant bit of SIO. SO can be enabled to output the

most significant bit ot SIO each instruction cycle time.
(See 4 below). The SK output becomes a logi¢ controlled
clock.

2.EN1 is not used, 1t has NO effect on the ETC 9410/
C9411.

With EN2 set, the L drivers are enabled to output the data
in Q to the L I/O ports. Resetting EN2 disables the L
drivers, placing the L 170 ports in a hight impedance input
state.

w

S

. EN3, in conjunction with ENO, affects the SO output. With
ENO set (binary counter option selected), SO will output
the value loaded into EN3. With ENO reset (serial shift
register option selected), setting EN3 enables SO as the
output of the SIO shift register, outputting senal shifted
data each instruction time. Resetting EN3 with the serial
shift register option selected, disables SO as the shift
register output ; data continues to be shifted through SIO
and can be exchanged with A via an XAS mnstruction but
SO remains reset to 0"

Enable Register Modes — Bits EN, and EN,

EN; | ENg SI0 S| SO SK
0 0 Shift Register Input to Shift Register 0 It SKL = 1, SK = Clock
If SKL = 0,SK = 0
1 0 Shift Register Input to Shift Register Serial Out If SKL = 1, SK = Clock
) If SKL = 0, SK = 0
0 1 Binary Counter Input to Binary Counter 0 If SKL = 1,SK = 1
IfSKL =0,SK =0
1 1 Binary Counter Input to Binary Counter 1 If SKL = 1,SK = 1
If SKL = 0,SK = 0
Internal Logic Bd VALUE RAM DIGIT
The internal logic of the ETC 9410/C 9411 is designed to 15
insure fully static operation of the device. :;
The 4-bit A reqister (accumulator) is the source and destination 12 /’ 7
register for most I/0, arithmetic, logic and data memory access 11: 77777
operations. It can also be used to load the Bd portion of the 10' 777
register, to load 4 bits of the 8-bit Q latch data and to perform data : 7777,
exchanges with the SIO register. 7
A 4-bit adder performs the arithmetic and logic functions of 6
the ETC 9410/C 9411, storing its results in A. It also outputs i
the carry information to a 1-bit carry register, most often 3
employed to indicate arithmetic overflow. The C registerin 2
conjunction with the ‘XAS instruction and the EN register, 1
also serves to control the SK output. C can be outputted o *CAN BE DIRECTLY ADDRESSED BY
directly to SK or can enable SK to be a sync clock each LBI INSTRUCTION (SEE TABLE 3)

instruction cycle time. (See XAS instruction and EN register
description below).

The G register contents are outputs to 4 general-purpose
bidirectional I/O ports.

The Q register is an internal, latched, 8-bit register, used to hold
data loaded from RAM and A, as well as 8-bit data from ROM. Its
contents are output to the L 1/0 ports when the L drivers are
enabled under program control. (See LE! instruction).

The, 8 L drivers, when enabled, output the contents of
latched Q data to the L I/0 ports. Also, the contents of L
may be read directly into A and RAM.

816
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FIGURE 4 — RAM DIGIT ADDRESS
TO PHYSICAL RAM DIGIT MAPPING

The SIO register functions as a 4-bit senal-in/serial-out shift
register or as a binary counter depending upon the contents
of the EN register. (See EN register description above). Its
contents can be exchanged with A, allowing it to input or
output continuous serial data stream. With SIO functioning
as a serial-in/serial-out shift register and SK as a sync-
clock, the ETC 9410/C 9411 is MICROWIRE ® compatible.
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Initialization

The internal reset logic will initialize the device upon power-
up if the power supply rise time is less than 1 ms and if the
operating frequency at CKl is greater than 32 kHz, otherwise
the external RC network shown in Figure 5 must be
connected to the RESET pin. The RESET pin is configured as
a Schmitt trigger input. If not used, it should be connected
to Vce. Initialization will occur whenever a logic 0" is
applied to the RESET input, providing it stays low for at
least three instruction cycle times.

NOTE : If CKI clock is less than 32 kHz, the internal reset
logic (option 25=1) MUST be disabled and the
external RC network must be present.

b+
o
w $ Vee
Rl S

FIGURE 5 - POWERUP ¢ RESET

CLEAR CIRCUIT 0 ETC 9410

S GND
A N —

RC > 5 X Power Supply Rise Time

and RC > 100 X CKI period

Upon ititialization, the PC register is cleared to 0 (ROM
address 0) and the A, B, C, D, EN, and G registers are
cleared. The SK output is enabled as a SYNC output,
providing a pulse each instruction cycle time. Data Memory
{RAM) is not cleared upon initialization. The first instruction
at address 0 must be a CLRA (clear A register).

HALT Mode

The ETC 9410/C 9411 is a FULLY STATIC circuit ; therefore,
the user may stop the system oscillator at any time to halt
the chip. The chip may also be halted by the HALT
instruction or by forcing CKO high when it is used as an
HALT 1/0 port. Once in the HALT mode, the internal
circuitry does not receive any clock signal, and is therefore
frozen in the exact state it was in when halted. All
information is retained until continuing. The HALT mode is
the minimum power dissipation state.

The HALT mode has slight differences depending upon the
type of oscillator used.

a) One-pin oscillator - (RC or External)

The HALT mode may be entered into by either program

control (HALT instruction) or by forcing CKO to a logic

“1" state.

The circuit may be ‘awakened by one of two different

methods :

1 - Continue function - by forcing CKO to a logic 0",
the system clock is re-enabled and the circuit
continues to operate from the point where it was
stopped.

2 - Restart - forcing the RESET pin to a logic "0"" will re-
start the chip regardless of HALT or CKO (see
Initialization).

b) Two-pin oscillator - (Crystal)

The HALT mode may be entered into by program control

(HALT instruction) which forces CKO to a logic ' 1" state.

The circuit can be awakened only by the RESET function.

HALT I/0
HALT N
INSTRUCTION

“RUN"
RESET m@-o
D [
ENABLE
HALT 1/0 port. CKI
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ETC 9411

If the ETC 9410 is bonded as a 20-pin package, it becomes
the ETC 9411 illustrated in Figure 2, ETC 9410/C 9411
Connection Diagrams. Note that the ETC 9411 does not
contain D2, D3, G3, or CKO. Use of this option of course
precludes use of D2, D3, G3, and CKO options. All other
options are available for-the ETC 9411.

CKO Pin Options

In a crystal controlled oscillator system, CKO is used as an
output to the crystal network. CKO will be forced high
during the execution of a HALT instruction, thus inhibiting
the crystal network. |f a one pin oscillator system is chosen
(RC or external), CKO will be a selected as HALT and is an |/
O flip-flop which is an indicator of the HALT status. An
external signal can override this pin to start and stop the
chip. By forcing a high level to CKO; the chip wil stop as
soon as CKl is high and the CKO output will go high to keep
the chip stopped. By forcing a low level to CKO, the chip will
continue and CKO output will go low.

All features associated with the CKO 1/0 pin are available
with the 24-pin package only.

Oscillator Options

There are three options available that define the use of CKI
and CKO.

a) Crystal Controlled Oscillator. CKI and CKO are connected
to an external crystal. The instruction cycle time equals
the crystal frequency divided by 16 (cptionally by 8 or 4).

b) External Oscillator. CKI is configured as a LSTTL
compatible input accepting an external clock signal. The
external frequency is divided by 16 (optionally by 8 or 4) to
give the instruction cycle time. CKO is the HALT 1/0 port.

c) RC Controlled Oscillator. CKi is configured as a single pin
RC controlled Schmitt trigger oscillator. The instruction
cycle equals the oscillation frequency divided by 4. CKO is
the HALT 1/0 port.

B
cKi cKO
* t }
cKi CKO
iy
2 EXTERNAL HALT
M CLOCK
<
;: R1
a9 .
c1
i c2 T cKi cKo
-2 Vee f
L
T HALT
FIGURE 6 — ETC9410C OSCILLATOR
9/16
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Crystal or resonator

R C controlled Oscillator

Crystal Component Values
value R1 R2 C11{pF) G2 (pF) R [} Cycle time Vee
32kHz 220k 20M 30 5 36 15 k 82 pF 410 Yus >4.5V
455 kHz S5k 10M 80 40 30k 82 pF 810 16 us >4.5V
2.096 MHz 2k ™ 30 5 36 K 1 1 N 4t04d
4 MH2 Tk ™ 30 5 36 60 00 pF 6to32u 2.41t04.5V

Note : 15k <R< 150k ; 50pF < C < 150pF

This circuit and these values are for indication only. As the oscillator characteristics are not guaranteed, please
consider and examine the circuit constants carefully on your application.

FIGURE 6 — ETC9410 OSCILLATOR

1/0 Options

ETC 9410/C 9411 outputs have the following optional
configurations, illustrated in Figure 7 :

a) Standard - A CMOS push-pull buffer with an N-channel
device to ground in conjunction with a P-channel device
to Ve, compatible with CMOS and LSTTL.

b) Low Current - This is the same configuration as a) above
except that the sourcing current much less.

c)Open Drain - An N-channel device to ground only,
allowing external pull-up as required by the user's
application.

d) Standard TRI-STATE® L Output - A CMOS output
buffer similar to a) which may be disabled by program
control.

e) Low-Current TRI-STATE® L QOutput - This is the same
as d) above except that the sourcing current is much less.

f) Open-Drain TRI-STATE® L OQutput - This has the N
channel device to ground only.

The Sl and RESET inputs are Hi-Z inputs (Fig. 7 g)

When using either the G or L 1/0 ports as inputs, a pull-up
device is necessary. This can be an external device or the
following alternative is available : Select the low-current
output option. Now, by setting the output registers to a
logic “I'" level, the P-channel devices will act as the pull-up
load. Note that when using the L ports in this fashion the Q
registers must be set to a logic “I" level and the L drivers
MUST BE ENABLED by an LEI instruction.

All output drivers use one or more of three common devices
numbered 1 to 3. Minimum and maximum current (I, Vour
curves are given in Figure 8 for each of these devices to
allow the designer to effectively use these 1/0 configura-
tions.

Vee

a) Standard Push Pull Output

FIGURE 7 — 1/0 CONFIGURATIONS

10/16
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Vee
P3

N1

b) Low Current Push-Pull Output

Vee

d) Standard TRI-STATE® “L" Output

N1
DISABLE [j

P3

N1

=

€) Low Current TRI-STATE® “L" Output

Vee

f) Open Drain TRI-STATE® “L” Output

Vee

OO S

g) Hi-Z Input
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Table 2 is a symbol table providing internal architecture,
instruction operand and operational symbols used in

ETC 9410/C 9411 INSTRUCTION SET

the instruction set table.

Table 3 provides the mnemonic, operand, machine, code,
data flow, skip conditions and description associated with

each instruction in the ETC 9410/C 9411 instruction set.

TABLE 2 — ETC9410/C 9411 INSTRUCTION SET TABLE SYMBOLS

Symbol Definition Symbol Definition
INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS
A 4-bit Accumulator d 4-bit Operand Field, 0 - 15 binary (RAM Digit Select)
B 6-bit RAM Address Register r 2-bit Operand Field, O - 3 binary (RAM Register Select)
Br Upper 2 bits of B (register address) a 9-bit Operand Field, 0 - 511 binary (ROM Address)
Bd Lower 4 bits of B (digit address) y 4-bit Operand Field 0 - 15 binary (Immediate Data)
C 1-bit Carry Register RAM(s) Ci of RAM | i dd bys
D 4-bit Data Output Port ROM(t) Ci of ROM | i d d by t
EN 4-bit Enable Register
G 4-bit Register to latch data for G 1/0 Port
L 8-bit TRI-STATE 1/0 Port OPERATIONAL SYMBOLS
M 4-bit contents of RAM Memory pointed to by B Register + Plus
PC 9-bit ROM Address Register (progi — Minus
Q 8-bit Register to latch data for L 1/0 Port - Replaces
SA 9-bit Subroutine Save Register A -« Is exchanged with
SB 9-bit Subroutine Save Register B = Is equal to
sio 4-bit Shift Register and Counter A The one’s complement of A
SK Logic-Controlied Clock Output (-] Exclusive-OR

H Range of values
TABLE 3 — ETC9410/C 9411 INSTRUCTION SET
Machine
Mnemonic | Operand g:;. u"?'g‘;?:,ﬁ”e Data Flow Skip Conditions Description
ARITHMETIC INSTRUCTIONS
ASC 30 | 001 1[0 000 ] A + C + RAM(B) - A Carry Add with Carry, Skip on
i Carry—C Carry
ADD 31 |00 111000 1y A + RAM(B)— A None Add RAMto A
AISC y 5- 10101 1 ¥ | A+y—A Carry Add Immediate, Skip on
- Carry ly #0)
CLRA 00 (000 0|0 00 0J 0—A None Clear A
COMP| _ .
40 (0100 10000 A—A None one’s complement of A
to A
NOP 44 10100j0100) None None No Operation
RC 32 100110010 “0"—C None Reset C
SC 22 1001000 10f “1"—C None SetC
XOR 02 |10000j00 10 ASRAM (B)—A None Exclusive-OR RAM with A
12/16
- THOMSON SEMICONDUCTEURS
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TABLE 3 — ETC9410/C 9411 INSTRUCTION SET (continued)

TRANSFER OF

CONTROL INSTRUCTIONS

JID FF LI R R R R ROM(PCgA M)—PCz0 |None Jum Indirect
JMP a € 011 000 0]&3] a— PC None Jump
| ar.o0 ]
JP a - ag:0 [ a— PCgo None Jump within Page
(pages 2.3 only) (Note 1)
or
oLt | es0 | | @ PCso
JSRP a -- 101 asyp | PC + 1—~SA—-SB None Jump to Subroutine Page
(Note 2)
010—=PCgqg
a—PCgy
JSR a 6- 0110100‘3
PC + 1~ SA—SB None Jump to Subroutine
a7:0 a—PC
RET 48 (010011000 SB—~ SA—PC None Return from Subroutine
RETSK 49 010011001 SB— SA—PC Always Skip on Return|Return from Subroutine then
Skip
HALT 33 00110011y None Halt processor
38 ;100111000
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 L0001 1001 1) A—Qz4 None Copy A. RAM to Q
3C (001 1y1 100 RAM (B}—=Q 3¢
LD r -5 |00 rj0o101 RAM (B)—A None Load RAMinto A,
Bre r—Br Exclusive-OR Br with r
Laio BF | 10111111
ROM(PCgA.M)-+Q None Load Q Indirect
SA—SB
RMB 0 4C 010011100} 0~~ RAM (B)g None Reset RAM Bit
1 45 | 01000101} 0—=RAM (B)y
2 42 |1 01000010} 0— RAM (B);
3 43 10.100]001 1) 0~ RAM (B)3"
SmB 0 4D | 01001101 1— RAM (B)g None Set RAM Bit
1 47 0100J01 11 1— RAM (B)4
2 46 (010010110 1— RAM (B),
3 4B | 01004101 1] 1— RAM (B)3
STH y 7- |0 111 1y y—= RAM (B) None Store Memory Immediate
Bd + 1—Bd and Increment Bd
X r -6 [ 00jrj0110 RAM (Bles A None Exchange RAM with A,
Br@® r— Br Exclusive-OR Br with r
XAD 3.15 23 100100011y
RAM (3,15)e+ A None Exchange A with RAM
BF 101 [y 111 (3,15)
XDS 4 7 Q0]Jr]JO 111 RAM (B)==A Bd decrements past O Exchange RAM with A
Bd — 1—=Bd and Decrement Bd,
Br @ r—Br Exclusive-OR Br withr
XIS ' 4 1 00)rj0o100 RAM (B)=-A Bd increments past 19 Exchange RAM with A
- Bd + 1—Bd and Increment Bd,
Br @ r—Br Exclusive Or Br with r

THOMSON SEMICONDUCTEURS
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TABLE 3 — ETC9410/C 9411 INSTRUCTION SET (continued)

Machine
Hex Language Code
Mnemonic | Operand Code (Binary) Data Flow Skip Conditions Description
REGISTER REFERENCE INSTRUCTIONS
CAB 50 0101/0000 A~ Bd None Copy A to Bd
CBA 4E 0 100}1 110 Bd - A None Copy Bd to A
LBl r.d 00]r Jid- 1] rd -8B Skip until not a LBI Load B Immediate with r.d
(d = 0.915)
I;EI y 33 |0 01 1|0 011 y - EN None Load EN iImmediate
6- |0 11 0] y ’
TEST INSTRUCTIONS
SKC 20 00100000 C="1 Skip if C is True
SKE 21 00100001 A = RAM(B) Skip if A Equals RAM
SKGZ 33 loo1 1001 G3o = 0 Skip if G is Zero
21 0010[0001) (all 4 bits)
SKGBZ 33 00110011 1st byte Skip if G Bit 1s Zero
0 01 00000001 Gp =0
1 1 10001000 1) 2nd byte Gy =0
2 03 looooloo 11| G2 =0
3 13 looojoo1 1] G3 =0
SKMBZ 0 01 [0000j000 1) RAM(B) = 0 Skip it RAM Bit is Zero
1 1" looo1jooo 1} RAM(B); = 0
2 03 loooojoo1 RAM(B); = 0
3 13 looo IIOO 11 RAM(B)3 = 0
INPUT/OUTPUT INSTRUCTIONS
ING 33 00110011 G -A None Input G Ports to A
2A loot1oj1010f
INL 33 ]0 01 I|0 01 ll L7.4 - RAM(B) None Input L Ports to RAM.A
2E lootojir110 | L3o-A
o8D 33 loo11ooty Bd - D None Output Bd to D Outputs
3E lOO!IlI!IOl
OMG 33 [0 01 1|0 01 || RAM(B) - G None Output RAM to G Ports
3A l0011|1010|
XAS aF IO 10 0|l 1 l| A — SIO, C -~ SKL None Exchange A with SIO

Note 1: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3.
The JP instruction, otherwise, permits a jump to a ROM location within the current 64-word page. JP may notjump to the last word of a page.

Note 2: A JSRP f

14/16

prog

control to

page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in
pages 2 or 3. JSRP may not jump to the last word in page 2.
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The following information is provided to assist the user in
uderstanding the operation of several unique instructions
and to provide notes useful to programmers in writing
ETC 9410 C 9411,

XAS Instruction

XAS (Exchange A with SIO) exchanges the 4-bit contents of
the accumulator with the 4-bit contents of the SIO register
or binary counter data, depending on the value of the EN
register. An XAS instruction will also affect the SK output.
(See Functional Description, EN Register, above). If SIO is
selected as a shift register, an XAS instruction must be
performed once every 4 instruction cycles to effect a
continuous data stream.

JID Instruction

JID (Jump Indirect) is an indirect addressing instruction,
transferring program control to a new ROM location pointed
to indirectly by A and M. It loads the lower 8 bits of the ROM
address register PC with the contents of ROM Addressed by
the 9-bit word, PCg, A, M. PCg is not affected by this
instruction.

Note That JID requires 2 instruction cycles to execute.

LQID Instruction

LQID (Load Q Indirect) loads the 8-bit Q register with the
contents of ROM pointed to by the 3-bit word PCg, A, M.
LQID can be used for table lookup or code conversion such
as BCD to seven-segment. The LQID instruction “‘pushes’
the stack (PC +1—-SA—SB) and replaces the least signifi-
cant 8 bits of PC as follows: A—PCz4 RAM(B)—PCgyq
ieaving PCgunchanged. The ROM data pointed to by the new
address is fetched and loaded into the Q latches. Next, the
stack is “"popped’’ (SB— SA— PC), restoring the saved value
of PC to continue sequential program execution. Since LQID
pusches SA — SB, the previous contents of SB are lost.
Also, when LQID pops the stack, the previously pushed
contents of SA are left in SB. The net result is that the
contents of SA are placed in SB (SA— SB). Note that LQID
takes two instruction cycle times to execute.

Instruction Set Notes

al The first word of a ETC 9410/C 9411 program (ROM
address 0) must be a CLRA (Clear A) instruction.

b) Although skipped instructions are not executed, one
instruction cycle time is devoted to skipping each byte of
the skipped instruction. Thus all program paths except JIiD
and LQID take the same number of cycle times whether
instructions are skipped or executed. JID and LQID
instructions take 2 cycles if executed and 1 cycle if
skipped.

c) The ROM is organized into 8 pages of 64 words each. The
Program Counter is a 9-bit binary counter, and will count
through page boundaries. If a JP, JSRP, JID or LQID
instruction is located in the last word of a page, the
instruction operatas as ‘if it were in the next page. For
example : a JP lozated in the last word of a page will jump
to a location in the next page. Also, a LQID or JID located
in the last word of page 3 or 7 will access data in the next
group of 4 pages.

THOMSON SEMICONDUCTEURS
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OPTION LIST
The ETC 9410/ETC 9411 mask-programmable options are
assigned numbers which correspond with the ETC 9410 pins.

The following is a list of ETC9410 options. When specifying
aETC 9411chip, Options 20, 21, and 22 must be set to 0. The
options are programmed at the same time as the ROM
pattern to provide the user with the hardware flexibility to
interface to various I/0O components using little or no
external circuitry.

Option 1: =0 : Ground Pin. No options available.
Option 2 : CKO I/0 Port. Determined by Option 3
Option 3 :* CKI Input
= 0 : Crystal controlled oscillator input ( -~ 4).
= 1 : Single-pin RC-controlled oscillator ( + 4).
= 2 : External oscillator input ( = 4).
= 3 : Crystal oscillator input { = 8).
= 4 : External oscillator input { - 8).
=5 : Crystal oscillator input (= 16).
= 6 : External oscillator input ( = 16).
Option 4 : RESET Input = 1 : Hi-Z input. No option available
Option 5 : LyDriver
= 0 : Standard TRI-STATE push-pull output
= 1: Low-current TRI-STATE push-pull output
= 2 : Open-drain TRI-STATE output
Option 6 : | Driver.(Same as Option 5.)
Option 7 : LgDriver. (Same as Option 5.),
Option 8 : L4 Driver. (Same as Option 5.)
Option 9 : V¢ Pin.

Option 10 : L3 Driver. (Same as Option 5.)
Option 11 : Ly Driver. (Same as Option5.)
Option 12 : Ly Driver. (Same as Option 5.)
Option 13 : Lo Driver. (Same as Option 5.)
Option 14 : Sl Input.

No option available.

= 1:Hi-Z input
Option 15 : SO Output.

= 0 : Standard push-pull output.

= 1: Low-current push-pull output.

= 2 : Open-drain output
Option 16 : SK Driver. (Same as Option 15.)
Option 17 : Ggl/0 Port. (Same as Option 15.)
Option 18 : G41/0 Port. (Same as Option 15.)
Option 19 : G31/0 Port. (Same as Option 15.)
Option 20 : Gz Output. (Same as Option 15.)
Option 21 : D3Output. (Same as Option 15.)
Option 22 : D, Output. (Same as Option 15.)
Option 23 : D4 Output. (Same as Option 15.)
Option 24 : DgOutput. (Same as option 15.)
Option 25 : Internal Initialization logic.

= 0 : Normal operation.

= 1: No internal initialization Logic
Option 26 : No aption available.
Option 27 : Chip Bonding

=0: ETC 9410:(24-pin device).

= 1. ETC 9411 (20-pin device).

=2:ETC 9410 and ETC 9411.
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PHYSICAL DIMENSIONS
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These specifications are subject to change without notice.
Please inquire with our sales offices about the availability of the different products.

Printed in France
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E CHIP MICROCO

The ETL9410 and ETL9411 Single-Chip N-Channel Microcontrol-
lers are fully compatible with the COPS® family, fabricated using
N-channel, silicon gate MOS technology. The Controller Oriented
Processors are complete microcomputers containing all system
timing, internal logic, ROM, RAM and I/0 necessary to implement
dedicated control functions in a variety of applications. Features
include single supply operation, a variety of output configuration
options, with an instruction set, internal architecture and 1/0
scheme designed to facilitate keyboard input, display output and
BCD data manipulation. The ETL9411 is identical to the ETL9410,
but with 16 1/0 lines instead of 19. They are an appropriate choice
for use in.numerous human interface control environments. Stan-
dard test procedures and reliable high-density fabrication techni-
ques provide the medium to large volume customers with a
customized Controller Oriented Processor at a low end-product
cost.

The ETL9310 and ETL9311 are exact functional equivalents but
extended temperature versions of ETL9410 and ETL9411
respectively.

®Low cost

@ Powerful instruction set

0512 x 8 ROM. 32 x 4 RAM

@19 1/0 lines ETL9410 - COP

® Two-level subroutine stack

® 16us instruction time

@ Single supply operation (4.5 - 6.3V)

® Low current drain (6mA max.)

e Internal binary counter register with MICROWIRE® serial 1/0
capability

® General purpose and TRI-STATE® outputs

@ LSTTL/CMOS compatible in and out

® Direct drive of LED digit and segment lines

@ Software/hardware compatible with other members of ET9400
family

® Extended temperature range device ETL9310 ETL9311
(-40° C to + 850 C)

@ Wider supply range (4.5 - 9.5V) optionally available

NMOS

CASES
ETL9410e ETL9310

N SUFFIX
1 PLASTIC PACKAGE

ETL9411 ETL9311

N SUFFIX
PLASTIC PACKAGE

PIN ASSIGNMENT

oo ~ [ oo
cko [J2 23(] o1
cki 3 2] p2
RESET [4 21[] o3
L7 0s 20[] 63
Le EG ETioaro 19 G2
507 erieso B[ 6!
ads 17[] 60
Vee [ 16 [] sk
L3 1o 15 [] SO
L20n 1 []s!
L1 a2 13[] Lo
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ETL9410/9411 ETL9310/9311

ETL9410 ¢ ETL9411
ABSOLUTE MAXIMUM RATINGS

Voltage at Any Pin Relative to GND
Ambient Operating Temperature
Ambient Storage Temperature

Lead Temperature (Soldering, 10 seconds)

Power Dissipation
ET L 9410

ET L 94N

Total Source Current
Total Sink Current

-0.5Vto +10V
0°Cto +70°C
-65°C to +150°C
300°C

0.75 Watt at 25°C
0.4 Watt at 70°C
0.65 Watt at 25°C
0.3 Watt at 70°C
120mA
100mA

Absolute maximum ratings indicate limits beyond which damage
to the device may occur. DC and AC electrical specifications are
not ensured when operating the device at absolute maximum

ratings.

DC ELECTRICAL CHARACTERISTICS 0°C TA<H70°C, 45V VoG <95V (Unless otherwise specified)

‘Parameter Conditions Min. Max. Units
Standard Operating Voltage (Vcc) Note 1 45 6.3 v
Optional Operating Voitage (Vcc) 45 9.5 v
Power Supply Ripple peak to peak - 0.5 v
Operating Supply Current all inputs and outputs open - 6 mA
Input Voltage Levels
CKI Input Levels
Ceramic Resonator Input (+8)
Logic High (Vi) 20 - v
Logic Low (V) -03 0.4 v
Schmitt Trigger Input (+4)
Logic High (Vi) 0.7 Ve - v
Logic Low (V) -03 0.6 v
RESET Input Levels (Schmitt Trigger Input)
Logic High 0.7 Vee - v
Logic Low -03 0.6 v
SO Input Level (Test mode) Note 2 20 25 v
All Other Inputs
Logic High Vcc = Max. 30 - v
Logic High with TTL trip level options 20 - v
Logic Low selected, Voc =5V 5% -0.3 0.8 v
Logic High with high trip level options 36 - v
Logic Low selected -0.3 1.2 v
Input Capacitance - 7 pF
Hi-Z Input Leakage -1 +1 uhA
Output Voltage Levels
LSTTL Operation Vee=5V25%
Logic High (Vow) lon = —25uA 27 - v
Logic Low (Vo) loL =0.36mA - 0.4 v
CMOS Operation
Logic High lon = ~10uA Vee -1 - v
Logic Low loL =+10uA - 0.2 v
Note 1 : V¢ voltage change must be less than 0.5V in a 1 ms period to maintain proper operation.
Note 2: SO output “0" level must be less than 0.8V for normal operation.
THOMSON SEMICONDUCTEURS Y2
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ETL9410 ¢ ETL9411
DC ELECTRICAL CHARACTERISTICS (continued) 0°C< Ta< +70°C, 45V< Vo< 95V (Unless otherwise specified)

Parameter Conditions Min. Max. Units
Output Current Levels
Output Sink Current
SO and SK Outputs (lgy) Vee =9.5V, Vo =0.4V 18 - mA
Vec =6.3V, Vo =0.4V 1.2 - mA
Veg =4.5V, Vo =0.4V 09 - mA
-L7 Outputs, Go-G3 and Vee =9.5V, Vo =0.4V 0.8 - mA
LSTTL- Do-D3 Outputs (Ior) Veg =6.3V, Vo =0.4V 0.5 - mA
Vee =45V, Vo =0.4V 0.4 - mA
Do-D3 Outputs with High Vec =98V, VoL = 1.0V 15 - mA
Current Options (lor) Vee =6.3V, Vo = 1.0V 1" - mA
Vee =4.5V, Vo = 1.0V 75 - mA
Dyo-Dg Outputs with Very Ve =9.5V, Vo =1.0V 30 - mA
High Current Options (I, ) Vec =63V, Vo =1.0V 22 - mA
Vee = 4.5V, Vo = 1.0V 15 - mA
CKI (Single-pin RC oscillator) Vec =4.5V, Vi =3.5V 2 - mA
Output Source Current
Standard Configuration, Vec =9.5V, Vou = 2.0V -140 -800 uA
All Outputs (loy) Vec =6.3V, Vou = 2.0V -75 -480 A
Voe = 4.5V, Vou = 2.0V -30 -250 uA
Push-Pull Configuration Vec =9.5V, Vo =4.75V -1.4 - mA
SO and SK Outputs (ign) Vec =6.3V, Vou = 2.4V -1.4 - mA
Ve =4.5V, Vou = 1.0V -1.2 - mA
LED Configuration, Lo-L;
Outputs, Low Current Vec =9.5V, Vo =2.0V -1.5 -18 mA
Driver Option (lon) Vec =6.0V, Vo = 2.0V -15 -13 mA
LED Configuration, Lg-L7
Outputs, High Current Vee =9.5V, Vou = 2.0V -3.0 -35 mA
Driver Option (lon) Vec =6.0V, Vou = 2.0V -3.0 -25 mA
TRI-STATE® Configuration, Vee =9.5V, Vou =5.5V -0.75 - mA
Lo-L7 Outputs, Low Vec =6.3V, Vo =3.2V -0.8 - mA
Current Driver Option (lon) Vec=4.5V, Vo =1.5V -0.9 - mA
TRI-STATE® Configuration, Vec =9.5V, Vo =5.5V -15 - mA
Lo-L;.Outputs, High Vee =6.3V, Vou =3.2V -16 - mA
Current Driver Option (loy) Vec=4.5V, Vo = 1.5V -1.8 - mA
input Load Source Current Vec=5.0V, Vi =0V -10 -140 uA
CKO Output
RAM Power Supply Option
Power Requirement Vp=3.3V - 1.5 mA
TRI-STATE® Output Leakage
Current -25 +25 uA
Total Sink Current Allowed
All Outputs Combined - 100 mA
D Port - 100 mA
L;-Lg, G Port - 4 mA
Ls-Lo - 4 mA
Any Other Pin - 20 mA
Total Source Current Allowed
All /O Combined - 120 mA
Ly-Lg - 60 mA
L3-Lg - 60 mA
Each L Pin - 25 mA
Any Other Pin - 1.5 mA
4/20
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ETL9310 ¢ ETL9311

ABSOLUTE MAXIMUM RATINGS
Voltage at Any Pin Relative to GND -0.5Vto +10V
Ambient Operating Temperature -40°Cto +85°C
Ambient Storage Temperature -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
Power Dissipation
ET L 9310 0.75 Watt at 25°C
0.25 Watt at 85°C
ET L9311 0.65 Watt at 25°C
0.20 Watt at 85°C
Total Source Current 120mA
Total Sink Current 100mA

Absolute maximum ratings indicate limits beyond which
damage to the device may occur. DC and AC electrical specifica-
tions are not ensured when operating the device at absolute

maximum ratings.

DC ELECTRICAL CHARACTERISTICS — 40°C<TA<+85°C, 45V< Vo< 75V (Unless otherwise specified)

Parameter Conditions Min. Max Units
Standard Operating Voltage (Vec) Note 1 45 5.5 \
Optional Operating Voltage (Vcc) 4.5 75 \"
Power Supply Ripple peak to peak - 05 \
Operating Supply Current all inputs and outputs open - 8 mA
Input Voltage Levels
Ceramic Resonator Input(+8)
Crystal Input
Logic High (Vi) 22 - \
Logic Low (Vy) -0.3 0.3 \
Schmitt Trigger Input (+4)
Logic High (Vi) 0.7 Vee - v
Logic Low (Vy) -03 0.4 v
RESET Input Levels (Schmitt Trigger Input)
Logic High 0.7 Ve - v
Logic Low -0.3 04 A
SO Input Level (Test mode) Note 2 2.2 25 \"
Ali Other Inputs
Logic High Ve = Max. 3.0 - \
Logic High with TTL trip level options 2.2 - \
Logic Low selected, Vcc =5V 5% -03 06 \
Logic High with high trip level options 36 - v
Logic Low selected -03 1.2 v
Input Capacitance - 7 pF
Hi-Z Input Leakage -2 +2 uA
Output Voltage Levels
LSTTL Operation Vec =5V 5%
Logic High (Vou) lon = —204A 27 - v
Logic Low (Vo) loL =0.36mA - 0.4 \
CMOS Operation
Logic High lon =—-10.A Vee -1 - v
Logic Low loL =+10uA - 0.2 v

Note 1 : V¢ voltage change must be less than 0.5V in a 1 ms period to maintain proper operation.
Note 2: SO output “0” level must be less than 0.6V for normal operation.
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ETL9310 « ETL9311
DC ELECTRICAL CHARACTERISTICS (continued) —40°C<TA<+85°C, 45V VCC<T75V (Unless otherwise specified)

Parameter Conditions Min. Max. Units
Output Current Levels
Output Sink Current
SO and SK Outputs (lo) Voe =7.5V, Vo =0.4V 14 - mA
Vec =5.5V, VoL =0.4V 10 - mA
Vec =4.5V, Vo =0.4V 038 - mA
Lo-L; Outputs, Go-G3 and Vec =75V, VoL =04V 06 - mA
LSTTL, Do-D3 Outputs (1) Vec =5.5V, VoL =04V 05 - mA
Vec =4.5V, Vo =0.4V 0.4 - mA
Do-D3'Outputs with High Vee =75V, Vo =1.0V 12 - mA
Current Options (lg;) Vec=5.5V. VoL =1.0V 9 - mA
Vec=4.5V, Vo = 1.0V 7 - mA
Dg-D3.Outputs with Very Vec =7.5V, VoL =1.0V 24 - mA
High Current Options (loL) Vec =5.5V, VoL = 1.0V 18 mA
Ve =4.5V, Vo = 1.0V 14 - mA
CKiI (Single-pin RC oscillator) Vec =4.5V, Vip =3.5V 2 - mA
Output Source Current
Standard Configuration, Vec =7.5V, Vou =2.0V -100 -900 uA
All Outputs (lon) Vee =55V, Von =2.0V -55 -600 uA
Vec = 4.5V, Vo = 2.0V -28 -350 uA
Push-Pull Configuration Vec =7.5V, Vou =3.75V -0.85 - mA
SO and SK Outputs (lon) Vec =55V, Vo =2.0V -1.1 - mA
' Vec = 4.5V, Vou = 1.0V -1.2 - mA
LED Configuration, Lo-L;
Outputs, Low Current -
Driver Option (lon) Vee =7.5V, Vou =2.0V -1.4 -27 mA
LED Configuration, Lo-L;
QOutputs, High Current
Driver Option (lon) Vee =7.5V, Von =2.0V -2.7 -54 mA
TRI-STATE® Configuration, Vec=7.5V, Vo =4.0V -07 - mA
Lo-L; Outputs, Low Vec =5.5V, oy =2.7V -0.6 - mA
Current Driver Option (lon) Vec =4.5V, Vou = 1.5V -09 - mA
TRI-STATE® Configuration, Ve = 7.5V, Vou = 4.0V -1.4 - mA
Lo-L7 Outputs, High Voo =55V, Vou =2.7V -1.2 - mA
Current Driver Option (lon) Vec =4.5V, oy = 1.5V -18 - mA
Input Load Source Current Vec =5.0V, V=0V -10 -200 uA
CKO Output
RAM Power Supply Option
Power Requirement - VR=3.3V - 20 mA
TRI-STATE® Output Leakage
Current -5 +5 uA
Total Sink Current Allowed
All Outputs Combined - 100 mA
D Port - 100 mA
L7-Ly, G Port - 4 mA
La-Lo - 4 mA
Any Other Pin - 20 mA
Total Source Current Allowed
All I/0 Combined - 120 mA
Lr-L, - 60 mA
La-Lo - 60 mA
Each L Pin - 25 mA
Any Other Pin - 15 mA
6/20
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AC ELECTRICAL CHARACTERISTICS

ETL 8410/L 9411

10°C.€TASH70°C, 45V <V €95V (Unless otherwise specified)

ETL 9310/L 9311 :—40°C < TA < +85°C, 45V < Vo < 7.5V (Unless otherwise specified)
Parameter Conditions Min. Max. Units
Instruction Cycle Time — t¢ 16 40 3
CKI
Input Frequency — f, +8 mode 0.2 0.5 MHz
+4 mode 0.1 0.25 MHz
Duty Cycle 30 60 %
Rise Time f,=0.5MHz - 500 ns
Fall Time - 200 ns
CKI Using RC (+4) R=56kQ +5%
C=100pF + 10%
Instruction Cycle Time 16 28 us
CKO as SYNC Input
tsyne 400 - ns
INPUTS:
Gg-Go, L7-Lo
tserup - 8.0 us
thoLo = 13 us
S
tseTup - 20 us
tHoLp - 1.0 us
OUTPUT PROPAGATION DELAY Test condition:
CL = SODF, RL =20kQ, Vou'r =15V
SO, SK Outputs
tpd1. tpdo - 40 us
All Other Outputs
tpd1. tpdo - 5.6 us
FIGURE 2 — CONNECTION DIAGRAMS
ano 1 o Moo
cxo []2 23[].01
oK E 3 2[00 wg 2 s
RESET [ 4 21[]os vee [J2 19[] 16
B3 18{] Lz
Qs 200 g gy
) 214 17[] RESEY
s 19 :] G2
ETL9410 U E 5 6 :| o
07 etresto B[ a ETL9310
wuls 170 o w6eTLe41115[ 0o
vec 09 16 ¢ s[]7 14[] o1
s O 15[ so so[s 13[] a2
e On whs s« [o 120 e
u O 13w avo [0 nfe
Pin Description Pin Description
Ly-Lo 8 bidirectional /O ports with SK Logic-controlled clock (or general
TRI-STATE® purpose output)
G3-Gg anbidirectional /O ports (Go- Gg for COP411L) CKI System oscillator input
CKO System oscillator output (or RAM power
D3-Do 4 gener?l purpose outputs (D1-Do for supply or SYNG input) (ETL 9410 only)
ETL 941 RESET System reset input
S| Serial input (or counter input) Vee Power supply
SO Serial output (or general purpose output) GND Ground
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FIGURE 3 — INPUT/OUTPUT TIMING DIAGRAMS (CERAMIC RESONATOR DIVIDE-BY-8 MODE)

| =wo

CKIi

—|__l—=tw1 —| |~tsvnc
CKO
(NPUT) 4 ‘

FIGURE 3a — SYNCHRONIZATION TIMING

FUNCTIONAL DESCRIPTION

A block diagram of the ET L 9410 is given in Figure 1.
Data paths are illustrated in simplified form to depict
how the various logic elements communicate with each
other in implementing the instruction set of the device.
Positive logic is used. When a bit is set, it is a logic “1”
(greater than 2 volts). When a bit is reset, it is a logic “0”
(less than 0.8 volts).

All functional referencestothe ET L9410 / L9411- also
apply to the ETL 9310 / L 9311..

Program Memory

Program Memory consists of a 512-byte ROM.

As can be seen by an examination of the ET L9410/ L
9411 instruction set, these words may be program ins-
tructions, program data or ROM addressing data.
Because of the special characteristics associated with
the JP, JSRP, JID and LQID instructions, ROM must
often be thought of as being organized into 8 pages of
64 words each.

ROM addressing is accomplished by a 9-bit PC register.
Its binary value selects one of the 512 8-bit words
contained in ROM. A new address is loaded into the PC
register during each instruction cycle. Unless the ins-
truction is a transfer of control instruction, the PC regis-
ter is loaded with the next sequential 9-bit binary count
value. Two levels of subroutine nesting are implemen-
ted by the 9-bit subroutine save registers, SA and SB,
providing a last-in, first-out (LIFO) hardware subroutine
stack.

ROM instruction words are fetched, decoded and exe-
cuted by the instruction Decode, Control and Skip Logic
circuitry.

Data Memory

Data memory consists of a 128-bit RAM, organized as 4
data registers of 8 4-bit digits. RAM addressing is
implemented by a 6-bit B register whose upper 2 bits
(Br) seleCt 1 of 4 data registers and lower 3 bits of the
4-bit Bd select 1 of 8 4-bit digits in the selected data

THOMSON SEMICONDUCTEURS
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register. While the 4-bit contents of the selected RAM
digit (M) is usually loaded into or from, or exchanged
with, the A register (accumulator), it may also be loaded
into the Q latches or loaded from the L ports. RAM

addressing may also be performed directly by the XAD
3, 15 instruction. The Bd register also serves as a source
register for 4-bit data sent directly to the D outputs.

The most significantbit of Bd is notused to selecta RAM
digit. Hence each physical digit of RAM may be selected
by two different values of Bd as shown in Figure 4
below. The skip condition for XIS and XDS instructions
will be true if Bd changes between 0 and 15, but NOT
between 7 and 8 (see Table 3).

Bd VALUE RAM DIGIT
15"
14"
13+ /
12¢ //,
1 //
10+ /17
o ///
8 /77,
7
6
5
4
3
2
1
0* *CAN BE DIRECTLY ADDRESSED BY
LBI INSTRUCTION (SEE TABLE 3)

FIGURE 4 — RAM DIGIT ADDRESS
TO PHYSICAL RAM DIGIT MAPPING
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Internal Logic

The 4-bit A register (accumulator) is the source and des-
tination register for most /O, arithmetic, logic and data
memory access operations. It can also be used to load
the Bd portion of the B register, to load 4 bits of the 8-bit
Q latch data, to input 4 bits of the 8-bit L I/O port data
and to perform data exchanges with the SIO register.

A 4-bit adder performs the arithmetic and logic
functions of the ET L 9410 / L 9411, storing its results
in A. It also outputs a carry bit to the 1-bit C register,
most often employed to indicate arithmetic overflow.
The C register, in conjunction with the XAS instruction
and the EN register, also serves to control the SK out-
put. C can be outputted directly to SK or can enable
SK to be a sync clock each instruction cycle time. (See
XAS instruction and EN register description, below).

The G register contents are outputs to 4 general-
purpose bidirectional I/O ports.

The Qregister is an internal, latched, 8-bit register, used
to hold data loaded from M and A, as well as 8-bit data
from ROM. Its contents are output to the L 1/O ports
when the L drivers are enabled under program control.
(See LEI instruction.)

The 8 L drivers, when enabled, output the contents of
latched Q data to the L I/O ports. Also, the contents of L
may be read directly into A and M. L I/O ports can be
directly connected to the segments of a multiplexed
LED display (using the LED Direct Drive output configu-
ration option) with Q data being outputted to the Sa-Sg
and decimal point segments of the display.

The SIO register functions as a 4-bit serial-in/serial-out
shift register or as a binary counter depending on the
contents of the EN register. (See EN register
description, below.) Its contents can be exchanged with
A, allowing it to input or output a continuous serial data
stream. SIO may also be used to provide additional
parallel /O by connecting SO to external serial-in/
parallel-out shift registers.

The XAS instruction copies C into the SKL Latch. In the
counter mode, SK is the output of SKL in the shift
register mode, SK outputs SKL ANDed with internal
instruction cycle clock.

The EN register is an internal 4-bit register loaded under

-program control by the LEI instruction. The state of

each bit of this register selects or deselects the
particular feature associated with each bit of the EN

register (EN3-ENg).

1. The least significant bit of the enable register, ENg,
selects the SIO register as either a 4-bit shift register
or a 4-bit binary counter. With ENg set, SIO is‘ an
asynchronous binary counter, decrementing its value
by one upon each low-going puise (“1" to *“0")
occurring on the Sl input. Each pulse must be at least
two instruction cycles wide. SK outputs the value of
SKL. The SO output is equal to the value of EN3. With
ENp reset, SIO is a serial shift register shifting left
each instruction cycle time. The data present at Si
goes into the least significant bit of SIO. SO can be
enabled to output the most significant bit of SIO
each cycle time. (See 4 below.) The SK output
becomes a logic-controlled clock.

2. EN1 is not used. It has no effect on-ET L 9410, L
9411-operation.

3. With ENg set, the L drivers are enabled to output the
data in'Q to the L I/O ports. Resetting ENg disables
the L drivers, placing the L WO ports in a high-
impedance input state.

4. ENg, in conjunction with ENg, affects the SO output.
With ENg set (binary counter option selected) SO will
output the value loaded into . With ENg reset
(serial shift register option selected), setting ENg
enables SO as the output of the SIO shift register,
outputting serial shifted data each instruction time.
Resetting EN3 with the serial shift register option
selected disables SO as the shift register output;
data continues to be shifted through SIO and can be
exchanged with A via an XAS instruction but SO
remains reset to “‘0."” Table | provides a summary of
the modes associated with EN3 and ENg.

Initialization

The Reset Logic will initialize (clear) the device upon
power-up if the power supply rise time is less than 1ms
and greater than 1us. If the power supply rise time is
greater than 1ms, the user must provide an external RC

Enable Register Modes — Bits EN3 and ENQ

EN3 ENg. SI0 Sl SO SK

0 0 Shift Register Input to Shift Register 0 If SKL = 1, SK = Clock
If SKL = 0,SK = 0

1 0 Shift Register Input to Shift Register Serial Out If SKL = 1, SK = Clock
If SKL = 0,SK = 0

[} 1 Binary Counter Input to Binary Counter 0 IfSKL = 1,8K = 1
IfSKL = 0,SK =0

1 1 Binary Counter Input to Binary Counter 1 IfSKL = 1,8K = 1
If SKL = 0,SK = 0
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network and diode to the RESET pin as shown below
(Figure 5). The RESET pin is configured as a Schmitt
trigger input. If not used it should be connected to Vcc.
Initialization will occur whenever a logic 0" is applied
to the RESET input, provided it stays low for at least
three instruction cycle times.

<FVVC»® IMSOT
-— s
O—AAA

]l AT

RC=5xPOWER SUPPLY RISE TIME

FIGURE 5 — POWER-UP CLEAR CIRCUIT

Upon initialization, the PC register is cleared to 0 (ROM
address 0) and the A, B, C, D, EN, and G registers are
cleared. The SK output is enabled as a SYNC output,
providing a pulse each. instruction cycle time. Data
Memory (RAM) is not cleared upon initialization. The
first instruction at address 0 must be a CLRA.

cki CKO
A
Leki CKO, - (Vg OR N/C)
" EXTERNAL
AAA cLock
WA
>
<
:: R1
. .
o ¢
i T cxi CKO

WA e f
(Vg DR N/C)

1Ll

Ceramic Resonator Oscillator

- . Component Values
Value R1(@ | R2(Q) | C1(pF) | C2(pP) |
455kHz 1k ™ 80 80

This circuit and these values are for indication only. As
the oscillator characteristics are not guaranteed, please
consider and examine the circuit constants carefully on
your application.

Oscillator

There are four basic clock oscillator configurations
available as shown by Figure 6.

Resonator Controlled Oscillator. CKI and CKO are
connected to an external ceramic resonator. The
instruction cycle frequency equals the resonator
frequency divided by 8. This is not available in the
ET L 9411,

. External Oscillator. CKl is an external clock input

signal. The external frequency is divided by 8 to give
the instruction frequency time. CKO is now available

to be used as the RAM power supply (Vg), as a SYNC
input, or no connection. (Note: No CKO on ET L

9411,
. RC Controlled Oscillator. CKI is configured as a

single pin RC controlled Schmitt trigger oscillator.
The instruction cycle equals the oscillation frequency
divided by 4. CKO is available as the RAM power sup-
ply (VR) or no connection.

. Externally Synchronized Oscillator. Intended for use

in multi-COP systems, CKO is programmed to function
as an input connected to the SK output of another chip
operating at the same frequency (chip with L or C suffix)
with CKI connected as shown. In this configuration, the
SK output connected to CKO must provide a SYNC (ins-
truction cycle) signal to CKO, thereby allowing synchro-
nous data transfer between the chips using only the Si
and SO serial I/0 pins in conjunction with the XAS ins-
truction. Note that on power-up SK is automatically ena-
bled as a SYNC output. {See Functional Description, Ini-
tialization, above). This is not available in the ETL 9411.

4R ]

: T

CKI CKO| CKI CKG|
SK
0
ET L 9410 ET L 9410
so s
st S0

RC Controlled Oscillator

Instruction
Cycle Time
R (kQ) C (pF) in us)
51 100 19+15%
82 56 19+13%

Note: 200kRQ > R > 25kQ
360pF > C > 50pF

FIGURE 6 — ETL9410 /L 9411 - OSCILLATOR
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CKO Pin Options

In aresonator controlled oscillator system, CKO is used
as an output to the resonator network. As an option
CKO can be a SYNC input as described above. As
another option, CKO can be a RAM power supply pin
(VR), allowing its connection to a standby/backup power
supply to maintain the integrity of RAM data with
minimum power drain when the main supply is inopera-
tive or shut down to conserve power. Using no connection
option is appropriate in applications where the ET L
9410 system timing configuration does not require use
of the CKO pin.

RAM Keep-Alive Option

Selecting CKO as the RAM power supply (Vg) allows the
user to shut off the chip power supply (Vcc) and maintain
data in the RAM. To insure that RAM data integrity is
maintained, the following conditions must be met:

1. RESET must go low before Vg goes below spec dur-
ing power-off; Vo must be within spec before RESET
goes high on power-up.

2. During normal operation, Vg must be within the oper-
ating range of the chip with (Vgc — 1) < Vg < Vee.

3. Vg must be > 3.3V with V¢ off.

1/10 Options

ET L 9410 / L 9411 inputs and outputs have the fol-
lowing optional configurations, illustrated in Figure

Vec
L #2
#1

a. Standard Output

Vee
#1
d. Standard L Output

DISABLE Vee
#5
#1

g. TRI-STATE® Push-Pull (L Output)

b. Open-Drain Output

e. Open-Drain L Output

Vec
#6
A
e o

h. Input with Load

. Standard — an enhancement-mode device to ground

in conjunction with a depletion-mode device to Vcc,
compatible with LSTTL and CMOS input requirements.
Available on SO, SK, and all D and G outputs.

. Open-Drain — an enhancement-mode device to

ground only, allowing external pull-up as required by
the user’s application. Available on SO, SK, and all D
and G outputs.

. Push-Pull — an enhancement-mode device to ground

in conjunction with a depletion-mode device paralleled
by an enhancement-mode device to Vcc. This configu-
ration has been provided to allow for fast rise and fall
times when driving capacitive loads. Available on SO
and SK outputs only.

. Standard L — same as a., but may be disabled.

Available on L outputs only.

. Open Drain L — same as b., but may be disabled.

Available on L outputs only.

. LED Direct Drive — an enhancement mode device to

ground and to Vcc, meeting the typical current sourc-
ing requirements of the segments of an LED display.
The sourcing device is clamped to limit current fiow.
These devices may be turned off under program con-
trol (see Functional Description, EN Register), placing
the outputs in a high-impedance state to provide re-
quired LED segment blanking for a multiplexed dis-
play. Available on L outputs only.

#3 Voo

—iCHE 42
-‘L>°—| #1
c. Push-Pull Output
DISABLE Vee

#4
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A IS DEPLETION DEVICE

f. LED (L Output)

wg__ua:

I. HI-Z Input

FIGURE 7 — INPUT AND OUTPUT CONFIGURATIONS
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. TRI-STATE ® Push-Puli — an enhancement-mode device
to ground and V¢c. These outputs are TRI-STATE® out-
puts, allowing for connection of these outputs to a
data bus shared by other bus drivers. Available on L
outputs only.

. An on-chip depletion load device to Vgc.

. A Hi-Z input which must be driven to a ‘1" or 0" by
external components.

The above input and output configurations share com-
mon enhancement-mode and depletion-mode devices.
Specifically, all configurations use one or more of six
devices (numbered 1-6, respectively). Minimum and max-
imum current (loyr and Voyr) curves are given in Figure
8 for each of these devices to allow the designer to ef-
fectivelv use these I/O configurations in designing a
ETL 9410 / L 9411 system.

The SO, SK outputs can be configured as shown in a.,
b., or ¢. The D and G outputs can be configured as

shown in a. or b. Note that when inputting data to the G
ports, the G outputs should be set to “1."” The L outputs
can be configured as in d., e., {., or g.

An important point to remember if using configuration
d. or f. with the L drivers is that even when the L drivers
are disabled, the depletion load device will source a
small amount of current. (See Figure 8, device 2.) How-
ever, when the L port is used as input, the disabled deple-
tion device CANNOT be relied on to source sufficient
current to pull an input to a logic “1"

ET L 9411

If the ET L 9410 is bonded as a 20-pin device, it becomes
the ET L 9411, illustrated in Figure 2, ET L 9410 / ET L
9411 Connection Diagrams. Note that the ET L 9411
does not contain D2, D3, G3, or CKO. Use of this option
of course precludes use of D2, D3, G3, and CKO
options. All other options are available for the ET L 9411.
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ETL 9410/L 9411 - INSTRUCTION SET

Table 2 is a symbol table providing internal architecture,
instruction operand and operational symbols used in
the instruction set table.

Table 3 provides the mnemonic, operand, machine, code,
data flow, skip conditions and description associated with
each instruction in the ET L 9410 / L 9411- instruction set.

TABLE 2 — ETL9410 /L9411 - INSTRUCTION SET TABLE SYMBOLS

Symbol Definition Symbol Definition

INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS

A 4-bit Accumulator d 4-bit Operand Field, 0 - 15 binary (RAM Digit Select)

B 6-bit RAM Address Register r 2-bit Field, 0 - 3 binary (RAM Register

Br Upper 2 bits of B (register address) a 9-bit Operand Field, O - 511 binary (ROM Address)

Bd Lower 4 bits of B (digit address) y 4-bit Operand Field 0 - 15 binary (immediate Data)

C 1-bit Carry Register RAM(s C of RAM locati d dbys

D 4-bit Data Output Port ROMt) C of ROM d d by t

EN 4-bit Enable Register

G 4-bit Register to latch data for G 1/0 Port

L 8-bit TRI-STATE I/0 Port OPERATIONAL SYMBOLS

M 4-bit contents of RAM Memory pointed to by B Register + Plus

PC 9-bit ROM Add Register (| - Minus

Q 8-bit Register to latch data for L 1/0 Port - Replaces

SA 9-bit Subroutine Save Register A - Is exchanged with

SB 9-bit Subroutine Save Register B = Is equal to

SIo 4-bit Shift Register and Counter A The one’s complement of A

SK Logic-Controlled Clock Output [} Exclusive-OR

Range of values
TABLE 3 — ETL9410 / L9411 - INSTRUCTION SET
Machine
Hex Language Code

Mnemonic | Operand |Code (Binary) Data Flow Skip Conditions Description
ARITHMETIC INSTRUCTIONS

ASC ‘30 loo11j000 0] A + C + RAM(B) —~ Carry Add with Carry. Skip on

Carry -~ C Carry
ADD 31 |0 011000 || A + RAM(B) — None Add RAM to A
AISC y 5- |0 101 y | A+y—~A Carry Add immediate, Skip on
Carry (y # 0)
CLRA 00 loooolooool 0—~A None Clear A
comp 40 01000000 A-A None One's complement of A to
A

NOP 44 IO 100010 0| None None No Operation

RC 32 0011001 o| 0"~ C None Reset C

sC 22 |0 01 0]0 01 0| 1" -C None Set C

XOR 02 |0 00 OIO 01 0| A@RAM(B) - None Exclusive-OR RAM with A

15/20
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TABLE 3 ~ ETL9410 /L9411 - INSTRUCTION SET (continued)

Machine
Hex Language Code .
Mnemonic| Operand Code Binary) Data Flow Skip Conditions Description
TRANSFER OF CONTROL INSTRUOTIONS
JID FF 111 1[! 111 ROM (PCg.AM) ~ None Jump Indirect (Note 2)
PC7.0
JMP a 6- |01 12&00‘33[ a—~PC None Jump
-- | ar.o )
JP a -- [l ag:0 a — PCg:0 None Jump within Page
(pages 2.3 only) {Note 3)
or
-- 11 250 a~ PCs0
(all other pages)
JSRP a -- 1o aso PC + 1~ SA -~ SB None Jump to Subroutine Page
(Note 4)
010 —~ PCg:g
_ a - PCsy
JSR a 6- ]01 12]1 00|a3| PC + 1—-SA—~SB None Jump to Subroutine
- | T azo | a-—PC
RET 48 010 0|1 00 ol SB -~ SA — PC None Return from Subroutine
RETSK 49 010 0[1 00 1] SB - SA —~ PC Always Skip on Return Return from Subroutine
then Skip
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 [0 0110011 A— Q74 None Copy A, RAM to Q
3c loo111100] | RAMB) ~ Qa0
LD 4 -5 IO OI r |0 10 ll RAM(B) - A None Load RAM into A,
Brépr -~ Br Exclusive-OR Br with r
LQI0 BF |1 01 1[1 11 1| ROM(PCg,A.M) =~ Q None Load Q Indirect (Note 2)
SA - SB
RMB 0 4aC 0100{1100 0 ~ RAM(B)p | None Reset RAM Bit
1 45 0100/0101 0 — RAM(B)y
2 42 0100[0010 0 —~ RAM(B)
3 43 01000011 0 ~ RAM(B)3
SMB 0 4D 01 _(ﬂl 01 1 -~ RAM(B)g None Set RAM Bit
1 47 01000111 1 —~ RAM(B)¢
2 46 0100j0110 1~ RAM(B)2
3 48 01001011 1 - RAM(B)3
ST y 7- |o 11 1| y | y = RAM(B) None Store Memory Immediate
Bd + 1~ Bd and Increment Bd
X r -6 00 l r |0 11 0| RAM(B) — A None Exchange RAM with A,
Bré@r -~ Br Exclusive-OR Br with r
XAD 3.15 23 |Q 01 0|0 01 1| RAM(3,15) ~— A None Exchange A with RAM
BF o1y @.15)
XDS r -7 lo 0] r IO 111 RAM(B) — A Bd decrements past 0 Exchange RAM with A
Bd - 1~ Bd and Decrement Bd.
Brepr — Br Exclusive-OR Br with r
XIS r -4 00 | clo109) RAM(B) — A Bdi past 15 Exchange RAM with A
Bd + 1~ Bd and Increment Bd,
Brr - Br Exclusive-OR Br with r
16/20 ‘
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TABLE 3 — ETL9410 /L9411 - INSTRUCTION SET (continued)

Machine
Hex Language Code
Mnemonic| Operand Code (Binary) Data Flow Skip Conditions Description
REGISTER REFERENCE INSTRUCTIONS
CAB 50 01010000 A ~ Bd None Copy A to Bd
CBA 4E o100f1110 Bd —- A None Copy Bd to A
LBl rd - 00|r |(d-1) rd—-B Skip until not a LBI Load B Immediate with
d = 0.9:15) rd (Note 5)
LEI y 33 001 1[0 011 y - EN None Load EN Immediate
6- 011 0( y | (Note 6)
TEST INSTRUCTIONS
SKC 20 0010/0000 C =1 Skip it C is True
SKE 21 0010j0001 1A = ramB) Skip if A Equals RAM
SKGZ 33 00110011 Gag =0 Skip i G is Zero
21 0010[000 1 (all 4 bits)
SKGBZ 33 00110011 1st byte Skip it G Bit is Zero
[J] 01 0000/0001 Go =0
1 " 0001j0001 2nd byte Gy =0
2 03 0000/0011 Gy =0
3 13 00010011 G3 =0
SKMBZ ) 01 0oooojooo ﬂ RAM(B)y = 0 Skip it RAM Bit is Zero
1 " 0001j0001 RAM(B); = 0
2 03 0000[0011 RAM(B); = 0
3 13 ‘0 00 ||00 11 RAM(B)3 = 0
INPUT/IOUTPUT INSTRUCTIONS
ING 33 00110011 G-~ A None input G Ports to A
2A 0010/1010
INL 33 00110011 L7.4 ~ RAM(B) None Input L Ports to RAM, A
2€E lootojr110 L3:0 ~
0oBD 33 00110011 Bd - D None Output Bd to D Outputs
3E 001111 10|
OMG 33 loo11joo 1) RAM(B) - G None Output RAM to G Ports
3A l0011l1010]
XAS 4F IO 10 0|1 111 A — SIO, C —~ SKL None Exchange A with SIO
(Note 2)
Note 1 : All subscripts for alp ical bols indi bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are

numbered 0to N where 0 signifies the least significant bit (low-order, right-most bit). For example, Agindicates the most significant (left-most)
bit of the 4-bit A register.

Note 2 : For additional information on the operation of the XAS, JID, and LQID instructions, see below.

Note 3 : The JP instruction allows a jump, wmle in subroutine pages 2 or 3, to any ROM within the two-page b yofpages2or3.
‘The JP instruction, otherwise, permits a ]ump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.
Note 4 : A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in
pages 2 or 3. JSRP may not jump to the last word in page 2.

Note 5 : The machine code for the lower 4 bits of the LBI instruction equals the binary value of the “d" data minus 1, e.g.,to load the lowerlour
bits of B (Bd) with the value 9(1001,), the lower 4 bits of the LBl instruction equal 8 (1 000,). To load 0, the lower 4 bits of the LBI instruction should
equal 15 (11119).

Note 6 : Machine code for operand field y for LEl instruction should equal the binary value to be latched into EN, where a “1" or “0" in each

bit of EN ds with the selection or d ion of a parti d with each bit. (See Functional Description, EN
Register).

17/20

THOMSON SEMICONDUCTEURS

1-37




ETL9410/9411e ETL9310/9311

The following information is provided to assist the
user in uderstanding the operation of several unique
instructions and to provide notes useful to program-
mers in writing ET L 9410 / L 9411.

XAS Instruction

XAS (Exchange A with SIO) exchanges the 4-bit contents
of the accumulator with the 4-bit contents of the SIO
register. The contents of SIO will contain serial-in/serial-
out shift register or binary counter data, depending on
the value of the EN register. An XAS instruction will also
affect the SK output. (See Functional Description, EN
Register, above.) If SIO is selected as a shift register, an
XAS instruction must be performed once every 4 instruc-
tion cycles to effect a continuous data stream.

JID Instruction

JID (Jump Indirect) is an indirect addressing instruction,
transferring program control to a new ROM location
pointed to indirectly by A and M. It loads the lower 8 bits
of the ROM address register PC with the contents of
ROM addressed by the 9-bit word, PCg, A, M. PCg is not
affected by this instruction.

Note that JID requires 2 instruction cycles to execute.

LQID Instruction

LQID (Load Q Indirect) loads the 8-bit Q register with the
contents of ROM pointed to by the 9-bit word PCg, A, M.
LQID can be used for table lookup or code conversion
such as BCD to seven-segment. The LQID instruction
“pushes” the stack (PC + 1 = SA — SB) and replaces the

COPS, MICROWIRE and TRISSTATE are regi trads

gi ks of Nati

least significant 8 bits of PC as follows: A —PCz4,
RAM(B) — PC3y0, leaving PCg unchanged. The ROM data
pointed to by the new address is fetched and loaded
into the Q latches. Next, the stack is “popped” (SB —~ SA
— PC), restoring the saved value of PC to continue
sequential program execution. Since LQID pushes SA -
SB, the previous contents of SB are lost. Also, when
LQID pops the stack, the previously pushed contents of
SA are left in SB. The net result is that the contents of
SA are placed in SB (SA — SB). Note that LQID takes two
instruction cycle times to execute.

Instruction Set Notes

a. The firs word of a ET L 9410 / ET L 9411 pro-
gram (ROM address 0) must be a CLRA (Clear A)
instruction.

b. Although skipped instructions are not executed, one
instruction cycle time is devoted to skipping each
byte of the skipped instruction. Thus all program
paths except JID and LQID take the same number of
cycle times whether instructions are skipped or exe-
cuted. JID and LQID instructions take 2 cycles if exe-
cuted and 1 cycle if skipped.

c. The ROM is organized into 8 pages of 64 words each.
The Program Counter is a 9-bit binary counter, and
will count through page boundaries. If a JP, JSRP,
JID or LQID instruction is located in the last word of
a page, the instruction operates as if it were in the
next page. For example: a JP located in the last word
of a page will jump to a location in the next page.
Also, a-'LQID or JID located in the last word of page 3
or 7 will access data in the next group of 4 pages.

18/20
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OPTION LIST

The ET L 9410 / ET L 9411 - mask programmable
options are assigned numbers which correspond with
the ET L 9410 pins.

The following is a list of ET L 9410 options. When spe-
cifying a ET L 9411 chip, Option 2 must be set to 3,
Options 20, 21, and 22 to 0. The options are program-
med at the same time as the ROM pattern to provide
the user with the hardware flexibility to interface to
various |/0 components using little or no external cir-
cuitry.

Option 1=0: Ground Pin — no options available
Option 2: CKO Output (no option available for ET

L 9411) ,
=0: Clock output to ceramic resonator

=1: Pin is RAM power supply (Vg) input
=2: Multi-COP SYNC input
=3: No connection

Option 3: CKI Input
=0: Oscillator input divided by 8 (500 kHz max.)
= 1. Single-pin RC controlled oscillator divided by 4
=2: External Schmitt trigger level clock divided by 4

Option 4: RESET input
=0: Load device to V¢
=1: Hi-Z input

Option 5: L7 Driver
=0: Standard output
=1: Open-drain output
=2: High current LED direct segment drive output
=3: High current TRI-STATE® push-pull output
=4: Low-current LED direct segment drive output
=5: Low-current TRI-STATE® push-pull output

Option 6: Lg Driver
same as Option 5
Option 7: Lg Driver
same as Option 5
Option 8: Lg Driver
same as Option 5
Option 9: Vg¢ Pin
=0: 4.5V to 6.3V operation
=1: 4.5V to 9.5V operation
Option 10: Lg Driver
same as Option 5
Option 11: L Driver
same as Option 5
Option 12: Ly Driver
same as Option 5
Option 13: Lg Driver
same as Option 5
Option 14: Sl Input

=0: load device to Vg¢
=1 HI-Z input

THOMSON SEMICONDUCTEURS
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Option 15: SO Driver
=0: Standard Output
=1: Open-drain output
=2: Push-pull output

Option 16: SK Driver
same as Option 15

Option 17: Gg /0 Port
=0: Standard output
=1: Open-drain output

Option 18: Gy 1/O Port
same as Option 17

Option 19: Gg 1/0 Port
same as Option 17

Option 20: Gz 1/0 Port (no option available for ET L 9411)
same as Option 17

Option 21: D3 Output (no option available for ET L 9411)
=0: Very-high sink current standard output

: Very-high sink current open-drain output

. High sink current standard output

: High sink current open-drain output

: Standard LSTTL output (fanout = 1)

5: Open-drain LSTTL output (fanout = 1)

Option 22: D2.0Output (no option available for ET L 9411)
same as Option 21
Option 23: Dy Output
same-as Option 21
Option 24: Dg Output
same as Option 21

Option 25: L Input Levels
=0: Standard TTL input levels (0" = 0.8V, 1" =2.0V)
=1: Higher voltage input levels ("0" = 1.2V, 1" =3.6V)

Option 26: G Input Levels
same as Option 25

Option 27: Si Input Levels
same as Option 25
Option 28 : Bonding
= 0: ET L 9410 (24-pin device)

= 1: ET L 9411 (20-pin device)
= 2: Both 24- and 20-pin versions

Test Mode (Non-Standard Operation)

The SO output has been configured to provide for stan-
dard test procedures for the custom-programmed ET L
9410. With SO forced to logic 1", two test modes are
provided, depending upon the value of Sl:

a. RAM and Internal Logic Test Mode (Si = 1)
b. ROM Test Mode (St =0)

These special test' modes should not be employed by
the user; they are intended for manufacturing test only.
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ETL9410/9411e ETL9310/9311

PHYSICAL DIMENSIONS
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These specifications are subject to change without notice.
Please inquire with our sales offices about the availability of the different products.

Printed in France
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ETL9413 ¢ ETL9313

SINGLE CHIP MICROCONTROLLERS

The ETL9413 and ETL9313 Single-Chip N-Channel Microcontrol- NMOS
lers are fully compatible with the COPS ® family, fabricated using
N-channel, silicon gate MOS technology. The Controller Oriented
Processors are complete microcomputers containing all system
timing, internal logic, ROM, RAM and I/0 necessary to implement
dedicated control functions in a variety of applications. Features

include single supply operation, a variety of output configuration CASE
options, with an instruction set, interqal archjtecture and 1/0
scheme designed to facilitate keyboard input, display output and ETLO413 / ETLE313

BCD data manipulation. They are an appropriate choice for use in
numerous human interface control environments. Standard test
procedures and reliable high-density fabrication techniques provide
the medium to large volume customers with a customized Controller
Oriented Processor at a low end-product cost.

The ETL9413 is identical to the ETL9410, but with 15 1/0 lines
instead of 19.

The ETL9313 is exact functional equivalent but extended tempera-
ture version of ETL9413. 1

e Low cost

@ Powerful instruction set

@ Ceramic or crystal oscillator input/output
512 x 8 ROM. 32 x 4 RAM

o Two-level subroutine stack

@ 16us instruction time

@ Single supply operation (4.5 - 6.3V)

® Low current drain (6mA max.) PIN ASSIGMENT
e Internal binary counter register with serial 1/0 capability

@ General purpose and TRI-STATE® outputs

@ LSTTL/CMOS compatible in and out

e Direct drive of LED digit and segment lines

@ Software/hardware compatible with other members of ETL9313

N SUFFIX
PLASTIC PACKAGE

family i 4 I N 20{] L5
® Extended temperature range device ETL9310 ETL9311 v a
(-40° C to + 85° C) cc L2 19[] L6
@ Wider supply range (4.5 - 9.5V) optionally available 13 [Os 18] L7
L2 [a 17{] RESET
L [Os 16[] cKI
Lo [JéerLearz 5[] cko
st O75™99% 1 63
so [s 13[]1 G2
sk o 12[] @1
GND []10 11[] Go
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ETL9413 e ETLO313

OPTION LIST

The ETL9413/ETL9313 - mask programmable
options are assigned numbers which correspond
with the ETL9410 pins.

The options are programmed at the same time as
the ROM pattern to provide the user with the hard-
ware flexibility to interface to various /0 compo-
nents using little or no external circuitry.

Option 1 = 0: Ground Pin — no options available

Option 2: CKO Output
= 0: Clock output to ceramic resonator
= 1: Pin is RAM power supply (VR) input
= 2: Multi-COP SYNC input
= 3: No connection

Option 3: CKl Input
= 0: Oscillator input divided by 8 (500 kHz max.)
= 1:Single-pin RC controlled oscillator divided by 4
= 2: External Schmitt trigger level clock divided by 4

Option 4: RESET Input
= 0: Load device to Vo
= 1: Hi-Z input

Option 5: L7 Driver
= 0: Standard output
= 1: Open-drain output
= 2: High current LED direct segment drive output
= 3: High current TRI-STATE® push-pull output
=4:Low-current LED direct segment drive output
= 5: Low-current TRI-STATE® push-pull output

Option 6: Le Driver
same as Option 5

Option 7: Ls Driver
same as Option 5

Option 8: Ls Driver
same as Option 5

Option 9: Ve Pin
=0:4.5Vto 6.3 V operation
=1:4.5V to 9.5 V operation

Option 10: La Driver
same as Option 5

Option 11: L Driver
same as Option 5

Option 12: Ly Driver
same as Option 5

Option 13: Lo Driver
same as Option 5

Option 14: Sl input
= 0: load device to V¢ i
= 1: HI-Z input

Option 15: SO Driver
= 0: Standard Output
= 1: Open-drain output
= 2: Push-pull output
Option 16: SK Driver
same as Option 15
Option 17: Go 170 Port
= 0: Standard output
= 1: Open-drain output

Option 18: G4 170 Port
same as Option 17

Option 19: G2 170 Port
same as Option 17

Option 20: G3 170 Port
same as Option 17

Option 21: must be set to zero
Option 22: same as Option 21
Option 23: same as Option 21
Option 24: same as Option 21

Option 25: L Input Levels
=0: Standard TTL inputlevels(“0""=0.8V, 1" =
20V)
=1:Higher voltageinput levels(“0”"=1.2V, 1" =
3.6V)

Option 26: G Input Levels
same as Option 25

Option 27: Sl Input Levels
same as Option 25

Option 28: Bonding, must be set to 3 for ETL9413/-
9313

Test Mode (Non-standard Operation)

The SO output has been configured to provide for
standard test procedures for the custom-
programmed ETL9413. With SO forced to logic 1",
two test modes are provided, depending upon the
value of Sl:

a. RAM and Internal Logic Test Mode (Sl = 1)
b. ROM Test Mode (S| = 0)

These special test modes should not be employed by
the user; they are intended for manufacturing test
only.
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ETL9413 @ ETL9313

The ETL9413 is the same chip as the ETL9410 but in a 20-pin package. The four D ports are not bonded.

Consequently, the electrical characteristics, the functional description and the instruction set are identical to
the ETL9410 but without the D outputs. Please, refer to the ETL9410/9411 data sheet.

Note that the OBD instruction can be used but the D outputs are not available.

These specifications are subject to change without notice.
Please inquire with our sales offices about the availability of the different products.
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ET9420/21/22 ¢ ET932VO/21 /22

SINGLE CHIP MICROCONTROLLERS

The ET9420/9421/9422, ET9320/9321 and 9322 Single-Chip N-
Channel Microcontrollers are fully compatible with the COPS ®

family, fabricated using N-channel, silicon gate XMOS technology.
They are complete microcomputers containing all system timing,
internal logic, ROM, RAM and 1/0 necessary to implement dedica-
ted control functions in a variety of applications. Features include
single supply operation, a variety of output configuration options,
with an instruction set, internal architecture and /0 scheme desi-
gned to facilitate keyboard input, display output and BCD data mani-
pulation. The ET9421 is identical to the ET9420, except with 191/0
lines instead of 23 ; the ET9422 has 15 1/0 lines. They are an
appropriate choice for use in numerous human interface control
environments. Standard test procedures and reliable high-density
fabrication techniques provide the medium to large volume custo-
mers with a customized Controller Oriented Processor at a low
end-product cost.

The ET9320 is the extended temperature range version of the
ET9420 (likewise the ET9321 and ET9322 are the extended tempe-
rature range versions of the ET9421/ET9422). The ET9320/9321/
9322 are exact functional equivalents of the ET9420/9421/9422.

® Low cost

® Powerful instruction set

o1 K x 8 ROM, 64 x 4 RAM

® 23 1/0 lines (ET9420, ET9320)

® True vectored interrupt, plus restart

® Three-level subroutine stack

@ 4.0 us instruction time

® Single supply operation

o Internal time-base counter for real-time processing

® Internal binary counter register with MICROWIRE® compatible
serial 170 capability

@ General purpose and TRI-STATE®outputs

o TTL/CMOS compatible in and out

o LED direct drive outputs

o MICROBUS ® compatible

® Software/hardware compatible with other members of ET9400

® Extended temperature range device ET9320/9321/9322
(-40° C to + 85° C)

NMOS

CASES
ET9420 ® ET9320

N SUFFIX
PLASTIC PACKAGE

ET9421  ET9321

N SUFFIX
PLASTIC PACKAGE

ET9422 ® ET9322

N SUFFIX
PLASTIC PACKAGE

PIN ASSIGNMENT

O

ano []1 28] oo
cko []2 277 o
cw [J3 26[] 02
RESET []4 25[] 03
u s 2] aa
w[]e 23] a2
7 ET9420 2[]g
w[]s ET9320 210 o
w [b zo:m
w2 [J10 19[7 no
vee [n 187 sk
w2 17{] so
2 [ 6 s
v Qe 157 0
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ET9420/9421/9422 ¢ ET9320/9321/9322

ET9420/9421/9422 and ET9320/9321/9322

ABSOLUTE MAXIMUM RATINGS

Voltage at Any Pin

Operating Temperature Range
ET9420/9421/9422
ET9320/9321/9322

Storage Temperature Range

Total Sink Current

Total Source Current

-0.3Vto +7V  Package Power Dissipation
24 and 28 pin
0°C to 70°C
—40°Cto +85°C  Package Power Dissipation
-65°C to +150°C 20 pin
75mA
95mA Lead Temperature (soldering, 10 sec.)

750 mW at 25°C
400mW at 70°C
250mW at 85°C
650 mW at 25°C
300mW at 70°C
200mW at 85°C

300°C

Absolute maximum ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifi-
cations are not ensured when operating the device at absolute maximum ratings.

ET9420/9421/9422
DC ELECTRICAL CHARACTERISTICS 0°C < Tp <} 70°C4.5C < Vg < 6.3V (Unless otherwise specified)
Parameter Conditions Min. Max. Units
Operation Voltage 45 6.3 v
Power Supply Ripple Peak to Peak (Note 3) - 0.4 \
Supply Current Outputs Open - 38 mA
Supply Current Outputs Open,
Vec =5V, Ta=25°C - 30 mA
Input Voltage Levels
CKl Input Levels
Crystal Input
Logic High Vee = Max. 3.0 -
Logic High Vec =5V 5% 2.0 - v
Logic Low -0.3 0.4 \
TTL Input Vec =5V *5%
Logic High 2.0 - \
Logic Low -0.3 0.8 \
Schmitt Trigger Inputs
RESET, CKI (+4)
Logic High 0.7 Ve - v
Logic Low -0.3 0.6 v
SO Input Level (Test Mode) 20 3.0 \
All Other Inputs
Logic High Vce = Max. 3.0 - v
Logic High Vee =5V £5% 2.0 - v
Logic Low -0.3 0.8 \
Input Levels High Trip Option
Logic High 3.6 - %
) Logic Low -0.3 12 v
Input Load Source Current Ve =5V, Vijy =0V
CKO -4 —-800 uA
All Others -100 —-800 uA
Input Capacitance - 7 pF
Hi-Z Input Leakage Veg =5V -1 +1 uA
Output Voltage levels
Standard Outputs
TTL Operation Vec =5V +5%
Logic High lon =—100uA 24 - v
Logic Low loL=16mA -0.3 04 \"
CMOS Operation
Logic High lon = —-10pA Vee -1 - Vv
3/23
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ET9420/9421/9422 ¢« ET9320/9321/9322

ET9420/9421/9422
DC ELECTRICAL CHARACTERISTICS (Cont'd) 0°C < Ta € +70°C, 4.5V < VcG < 6.3V (Unless otherwise specified)
Parameter Conditions Min. Max. Units
Output Current Levels
LED Direct Drive Output Vec =6V
Logic High Von =2.0V 2.5 14 mA
CKI Sink Current (R/C Option) ViN=3.5V 2 - mA
CKO (RAM Supply Current) VR=3.3V - 3 mA
TRI-STATE® ¢r Open Drain
Leakage Current Vee =5V -25 +2.5 A
Output Current Levels
Output Sink Current (lgp) Vee =6.3V, Vo =0.4V -20 - . mA
Vec =4.5V, Vo =0.4V -1.0 - mA

Output Source Current (lop)
Standard Configuration

All Outputs Vee =6.3V, Vo =3.0V -200 -900 A
Vec=4.5V, Vo = 2.0V =100 -500 WA
Push-Pull Configuration
SO, SK Outputs Vec =6.3V, Vou =3.0V -1.0 - mA
Vcc =4.5V, Vo =2.0V 04 - mA
TRI-STATE Configuration
Lo-L7 Outputs Vee =6.3V, Vou =3.0V -20 - mA
Vec =4.5V, Vou = 2.0V -08 - mA
LED Configuration ,
Lo-L7 Outputs Vec =6.3V, Vou = 3.0V -1.0 to- mA
Vec =4.5V, oy =20V -05 - mA
Allowable Sink Current
Per Pin (L, D, G) - 10 mA
Per Pin (All Others) - 2 mA
Per Port (L) - 16 mA
Per Port (D, G) - 10 mA
Allowable Source Current
Per Pin (L) - =15 mA
Per Pin (All Others) - -1.5 mA
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ET9420/9421/9422 @ ET9320/9321/9322

ET9320/9321/9322
DC ELECTRICAL CHARACTERISTICS - 40° < Ta < +85°C, 4.5V < VoG <€ 5.5V (Unless otherwise specified).
Parameter Conditions o Min. Max. Units
Operation Voltage 45 55 \
Power Supply Ripple Peak to Peak (Note 3) - 04 \
Supply Current Ta = -40°C, Outputs Open - 40 mA
Input Voltage Levels
CKl Input Levels
Crystal Input
Logic High 22 - \
Logic Low -03 0.3 v
TTL Input Vee =5V 5% .
Logic High 2.2 - \
Logic Low -0.3 0.6 \
Schmitt Trigger Inputs
RESET, CKI (+4)
Logic High 0.7Vee - v
Logic Low -0.3 0.4 \
SO Input Level (Test Mode) 20 3.0 v
All Other Inputs
Logic High Ve = Max. 3.0 - 2
Logic High Ve =5V £5% 2.2 - v
Logic Low -0.3 0.6 v
Input Levels High Trip Option )
Logic High 3.6 - v
Logic Low -0.3 1.2 \
Input Load Source Current Ve =5V, Viy=0V
CKO -4 -800 uA
All Others -100 -800 uA
Input Capacitance - 7 pF
Hi-Z Input Leakage Vee =5V -2 +2 uA
Output Voltage levels
Standard Outputs
TTL Operation Vee =5V £5%
Logic High lon = ~75uA 24 - v
Logic Low lo=1.6mA -0.3 0.4 v
CMOS Operation
Logic High lon =—10kA Veg -1 - \
Logic Low loL = 10uA -0.3 0.2 \%
Output Current Levels
LED Direct Drive Output Vee =5V (Note 4)
Logic High, Von =2.0V 1.0 12 mA
CKI Sink Current (R/C Option) Vin=3.5V 2 - mA
CKO (RAM Supply Current) Vg =3.3V - 4 mA
TRI-STATE* or Open Drain
Leakage Current Vec =5V -5 +5 uA
Allowable Sink Current
Per Pin (L, D, G) - 10 mA
Per Pin (All Others) - 2 mA
Per Port (L) - 16 mA
Per Port (D, G) - 10 mA
Allowable Source Current
Per Pin (L) - -15 mA
Per Pin (All Others) - -15 mA
THOMSON SEMICONDUCTEURS SE
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ET9420/9421/9422 ¢ ET9320/9321/9322

AC ELECTRICAL CHARACTERISTICS

ET9420/9421/9422 0°C < Tp < +70°C, 45V < Vg < 6.3V (Unless otherwise specified)
ET9320/9321/9322 - 40"C < Tp < +85°C, 4.5V < Ve < 5.5V (Unless otherwise specified)
Parameter Conditions Min. ~ Max. Units
Instruction Cycle Time 4 " 10 us
Operating CKI Frequency +16 mode 1.6 4.0 MH2z
+8 mode 08 2.0 MHz
CKi Duty Cycle (Note 1) 40 60 %
Rise Time Freq.=4MHz - 60 ns
Fall Time Freq.=4MHz - 40 ns
CKI Using RC (Figure 8c) +4 mode
Frequency R=15kQ +5%, C=100pF = 10% 0.5 1.0 MHz
Instruction Cycle Time 4 8 us
CKO as SYNC input (Figure 8d)
tsyne Figure 3a 50 - ns
inputs:
Sl
tseTup 0.3 - us
thoLo 250 - ns
All Other Inputs
tseTup 1.7 - us
tHoLoD 300 ns
Output Propagation Delay Test Conditicns: 300 - ns
R_ =5k, C_ =50pF, Voyr = 1.5V
SO and SK .
tpd1 - 1.0 us
tpdo - 1.0 us
CKO
tpd1 - 0.25 us
tpdo - 0.25 us
All Other Outputs
tpd1 - 1.4 us
tpd0 - 14 us
MICROBUS ® Timing C_=100pF, Voc =5V 5%
Read Operation (Figure 4)
Chip Select Stable before RD—tcsp 65 - ns
Chip Select Hold Time for RD—tgcs 20 - ns
RD Pulse Width—tgp 400 - ns
Data Delay from RD—tgp - 375 ns
RD to Data Floating—tpe - 250 ns
Write Operation (Figure 5)
Chip Select Stable before WR—tcgw 65 - ns
Chip Select Hold Time for WR—twcs 20 - ns
WR Pulse Width —tyw 400 - ns
Data Set-Up Time for WR—tpy 320 - ns
Data Hold Time for WR—typ 100 - ns
INTR Transition Time from WR—ty, . - 700 ns

Note 1 : Duty cycle = ty, (twy + two)

Note 2 : See Figure 9 for additional 170 characteristics.

Note 3 : Voltage change must be less than 0.5 volt in a 1 ms period.

Note 4 : Exercise great care not to exceed maximum device power dissipation limits when direct driving LEDs (or sourcing similar loads) at
high temperature.
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ET9420/9421/9422 ¢ ET9320/9321/9322

FIGURE 2 — CONNECTION DIAGRAMS
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Order number ET9420/N ET9320/N Order number ET9421/N, ET9321/N Order number ET9422/N ET9322/N
Package N28A Package N24A Package N20A
Pin Description Pin Description
Li-Ly 8 bidirectional I/0 ports with TRI-STATE® SK Logic-controlied clock (or general
G3-Gy 4 bidirectional I/O ports purpose output)
Da- Do 4 general purpose outputs CKi System oscillator :aput
. CKO System oscillator output (or general
Nj-! 4 ET9420/9320
(N3=No Ongls)neral purpose inputs (ET9420/93 purpose input or RAM power supply)
SI Serial input (or counter input) RESET System reset input
SO Serial output (or general purpose output) Voe Power supply
GND Ground
F——ws*mucnon CYCLE TIME ('c>——-—{
s hinhnphnpaifghgghhhghhghiighhahiinphiigann!
sK@sA _*1&_;_—"“[.- te00 |
7]
Lok Von | VoL v LT
IN3-INg, f=—'SETUP—=| |=—tHOLD
G X X
INPUTS fo—teo1 —=| P00 j
G3-Go, D3-Dg, L 7 Von \ VoL
L7-Lg. 3, K Y
OUTPUTS

FIGURE 3 — INPUT/OUTPUT TIMING DIAGRAMS (CRYSTAL DIVIDE BY 16 MODE)
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FIGURE 3a — SYNCHRONIZATION TIMING FIGURE 3b — CKO OUTPUT TIMING
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ET9420/9421/9422 « ET9320/9321/9322

(IN2) cs
(N1) RD
~~{CSR= |~ 1RD = —
g
7-L0) 07-D0 {
FIGURE 4 — MICROBUS ® READ OPERATION TIMING
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(IN3) WR \ /
—=| twp '._
(L7-L0)  D7-DQ X
twi ;
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FIGURE 5 — MICROBUS ® WRITE OPERATION TIMING

FUNCTIONAL DESCRIPTION

For ease of reading this description, only ET9420 and
or ET9421 are referenced ; however, all such references
apply equally to the ET9422, 9322, 9320 and or ET9321,
respectively.

A block diagram of the ET9420 is given in figure 1. Data
paths are illustrated in simplified form to depict how the
various logic elements communicate with each other in
implementing the instruction set of the device. Positive
logic is used. When a bit is set, it is a logic 1" (greater
than 2 volts). When a bit is reset, it is a logic 0" (less
than 0.8 volts).

Program Memory

Programm Memory consists of a 1.024 byte ROM. As can be
seen by an examination of the ET9420/9421/9422 instruc-
tion set, these words may be program instructions, program
data or ROM addressing data. Because of the special charac-
teristics associated with the JP, JSRP, JID and LQID instruc-
tions, ROM must often be thought of as being organized into
16 pages of 64 words each.

ROM addressing "is accomplished by a 10-bit PC
register. Its binary value selects one of the 1,024 8-bit
words contained in ROM. A new address is loaded into
the PC register during each instruction cycle. Unless
the instruction is a transfer of control instruction, the
PC register is loaded with the next sequential 10-bit
binary count value. Three levels of subroutine nesting
are implemented by the 10-bit subroutine save registers,
SA, SB and SC, providing a last-in, first-out (LIFO)
hardware subroutine stack.

ROM instruction words are fetched, decoded and exe-
cuted by the Instruction Decode, Control and Skip Logic
circuitry.

Data Memory

Data memory consists of a 256-bit RAM, organized as 4
data registers of 16 4-bit digits. RAM addressing is
implemented by a 6-bit B register whose upper 2 bits (Br)
select 1 of 4 data registers and lower 4 bits (Bd) select 1
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of 16 4-bit digits in the selected daia register. While the
4-bit contents of the selected RAM digit (M) is usually
loaded into or from, or exchanged with, the A register
(accumulator), it may also be loaded into or from the Q
latches or loaded from the L ports. RAM addressing
may also be performed directly by the LDD and XAD
instructions based upon the 6-bit contents of the
operand field of these instructions. The Bd register also
serves as a source register for 4-bit data sent directly to
the D outputs.

Internal Logic

The 4-bit A register (accumulator) is the source and
destination register for most I/O, arithmetic, logic and
data memory access operations. It can also be used to
load the Br and Bd portions of the B register, to load and
input 4 bits of the 8-bit Q latch data, to input 4 bits of the
8-bit L I/O port data and to perform data exchanges with
the SIO register.

A 4-bit adder performs the arithmetic and logic functions of
the ET9420/9421/9422, storing its results in A. It also out-
puts a carry bit to the 1-bit C register, most often employed to
indicate arithmetic overflow. The C register, in conjunction
with the XAS instruction and the EN register, also serves to
control the SK output. C can be outputted directly to SK or can
enable SK to be a sync clock each instruction cycie time. (See
XAS instruction and EN register description, beiow).

Four general-purpose inputs, IN3-INg, are provided; IN1,
IN2 and IN3may be selected, by a mask-programmabie
option, as Read Strobe, Chip Select and Write Strobe
inputs, respectively, for use in MICROBUS® appli-
cations.

The D register provides 4 general-purpose outputs and
is used as the destination register for the 4-bit contents
of Bd.

The G register contents are outputs to 4 general-purpose
bidirectional I/O ports. Gg may be mask-programmed as
an output for MICROBUS® applications. ’
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The Q register is an internal, latched, 8-bit register, used
to hold data loaded to or from M and A, as well as 8-bit
data from ROM. Its contents are output to the L 1/0
ports when the L drivers are enabled under program
control. (See LE! instruction). With the MICROBUS™
option selected, Q can also be loaded with the 8-bit
contents of the L 1/0 ports upon the occurence of a
write strobe from the host CPU.

The 8 L drivers ,when enabled, output the contents of
latched Q data to the L I/O ports. Also. the contents of L
may be read directly into A and M. As explained above,
the MICROBUS™ option allows L 1/O port data to be
latched into the Q register. L |/O ports can be directly
connected to the segments of a multiplexed LED display
(using the LED Direct Drive output configuration option)
with Q data being outputted to the Sa-Sg and decimal
point segments of the display.

The SIO register functions as a 4-bit serial-in/serial-out
shift register or as a binary counter depending on the
contents of the EN register. (See EN register description,
below.) Its contents can be exchanged with A, allowing
it to Input or output a continuous serial data stream.
SI0 may also be used to provide additional parallel I/O
by connecting SO to external serial-in/paraliel-out shift
registers.

The XAS instruction copies C into the SKL latch. In the
counter mode, SK is the output of SKL; in the shift
register modé, SK outputs SKL ANDed with the clock.

The EN register is an internal 4-bit register loaded under.
program control by the LEI instruction. The state of
each bit of this register selects or deselects the
particular feature associated with each bit of the EN
register (EN3-ENp).

1. The least significant bit of the enable register, ENg,
selects the SIO register as either a 4-bit shift register
or a 4-bit binary counter. With ENg set, SIO is an
asynchronous binary counter, decrementing its value
by one upon each low-going pulse (1" to “0")
ocurring on the Sl input. Each pulse must be at least
two instruction cycles wide. SK outputs the value of
SKL. The SO output is equal to the value of EN3. With
ENp reset, SIO is a serial shift register shifting left
each instruction cycle time. The data present at S|
goes into the least significant bit of SI0. SO can be
enabled to output the most significant bit of SIO
each cycle time. (See 4 below.) The SK output becomes
a logic-controlied clock.

N

. With EN1 set the IN1 input is enabled as an interrupt
input. Immediately following an interrupt, EN1 is
reset to disable further interrupts.

3. With ENg set, the L drivers are enabled to output the
data in Q to the L I/O ports. Resetting ENp disables
the L drivers, placing the L 1/O ports in a high-
impedance input state.

4. ENg, in conjunction with ENg, affects the SO output.
With ENg set (binary counter option selected) SO will
output the value loaded into EN3. With ENg reset
(serial shift register option selected), setting EN3
enables SO as the output of the SIO shift register,
outputting serial shifted data each instruction time.
Resetting EN3 with the serial shift register option
selected disables SO as the shift register output;
data continues to be shifted through SIO and can be
exchanged with A via an XAS instruction but SO
remains reset to “0.” The table below provides a
summary of the modes associated with EN3 and ENg.

Enable Register Modes — Bits EN3 and ENg

ENg ENp sio

SO SK

Shift Register

Input to Shift Register 0

If SKL= 1, SK = CLOCK
If SKL = 0,SK = 0

1 0 Shift Register Input to Shift Register Serial Out If SKL = 1, SK = CLOCK
If SKL = 0,SK = 0

0 1 Binary Counter Input to Binary Counter 0 If SKL = 1,SK = 1
IfSKL = 0,SK = 0

1 1 Binary Counter Input to Binary Counter 1 If SKL = 1,8K =
If SKL = 0,SK =0

THOMSON SEMICONDUCTEURS
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Interrupt

The following features are associated with the IN,
interrupt procedure and protocol and must be consi-
dered by the programmer when utilizing interrupts.

a. The interrupt, once acknowledged as explained
below, pushes the next sequential program counter
address (PC + 1) onto the stack, pushing in turn the
contents of the other subroutine-save registers to the
next lower level (PC+1 — SA — SB — SC). Any
previous contents of SC are lost. The program counter
is set to hex address OFF (the last word of page 3)
and EN1 is reset.

. An interrupt wiil be acknowledged only after the
following conditions are met:

1. EN1q has been set.

. 2. Alow-going pulse (1" to “0") at least two instruc-
tion cycles wide occurs on the IN7 input.

o

3. A currently executing instruction has been com-
pleted.

4. All successive transfer of control instructions and
successive LBIs have been completed (e.g., if the
main program is executing a JP instruction which
transfers program control to another JP instruction,
the interrupt will not be acknowledged until the
second JP instruction has been executed.

c. Upon acknowledgement of an interrupt, the skip
logic status is saved and later restored upon popping

~ of the stack. For example, if an interrupt occurs
during the execution of ASC (Add with Carry, Skip on
Carry) instruction which results in carry, the skip
logic status is saved and program control is trans-
ferred to the interrupt servicing routine at hex
address OFF. At the end of the interrupt routine, a
RET instruction is executed to “pop” the stack and
return program control to the instruction following
the original ASC. At this time, the skip logic is
enabled and skips this instruction because of the
previous ASC carry. Subroutines and LQID instruc-
tions should not be nested within the interrupt ser-
vice routine, since their popping the stack will enable
any previously saved main program skips, interfering
with the orderly execution of the interrupt routine.

d. The first instruction of the interrupt routine at hex
address OFF must be a NOP.

e. A LE|l instruction can be put immediately before the
RET to re-enable interrupts.

Microbus ® Interface

The ET9420 has an option which allows it to be used as
a peripheral microprocessor device. inputting and out-
putting data from and to a host microprocessor (uP).
IN7, IN2 and IN3 general purpose inputs become
MICROBUS® compatible read-strobe, chip-select, and
write-strobe lines, respectively. INy becomes RD — a
logic "“0" on this input will cause Q latch data to be
enabled to the L ports for input to the uP. IN2 becomes
CS — alogic “0" on this line selects the ET9420 as the
uP peripheral device by enabling the operation of the RD
and WR lines and allows for the selection of one of
several peripheral components. IN3 becomes WR — a
logic 0" on this line will write bus data from the L ports
to the Q latches for input to the ET9420. Gg becomes
INTR a “‘ready’’ output, reset by a write pulse from the

10/23

THOMSON SEMICONDUCTEURS

uP on the WR line, providing the “handshaking capabllity
necessary for asynchronous data transfer between the
host CPU and the ET39420.

This option has been designed for compatibility with
National’s MICROBUS™ — a standard interconnect
system for 8-bit parallel data transfer between MOS/LSI
CPUs and intertacing devices. (See MICROBUS™
National Publication.) The functioning and timing rela-
tionships between the ET9420 signal lines affected by
this option are as specified for the MICROBUS ® inter-
face, and are given in the AC electrical characteristics
and shown in the timing diagrams (figures 4 and 5).
Connection of the ET9420 to the MICROBUS ® s
shown in Figure 6.

POWER

SUPPLY CLOCK

o
INTERRUPT (NTR) | 'CC 2z CKICKO
Go G1:G3
« 8-BIT DATA BUS
2 PR cx)
w —
g READ STROBE (RD)| | ET9420
I CHIP SELECT (CS) IN
o ———_—'E INg Sl e
& WRITE STROBE (Wi
9] IN3 SO fep
s SK f OUT
RESET RESET
i
RESET
FIGURE 6 — MICROBUS® OPTION INTERCONNECT
Initialization

The Reset Logic, internal to the ET9420/9421/9422, will
initialize (clear) the device upon power-up if the power supply
rise time is less than 1ms and greater than 1us. If the
power supply rise time is greater than 1ms, the user
must provide an external RC network and diode to the
RESET pin as shown below. The RESET pin is configured
as a Schmitt trigger input. If not used it should be con-
nected to Vcc. Initialization will occur whenever a logic
“0" is applied to the RESET input, provided it stays low
for at least three instruction cycle times.

Upon initialization, the PC register is cleared to 0 (ROM
address 0) and the A, B, C, D, EN, and G registers are
cleared. The SK output is enabled as a SYNC output,
providing a pulse each instruction cycle time. Data
Memory (RAM) is not cleared upon initialization. The
first instruction at address 0 must be a CLRA.

Vee

+
AAAJ

W

ET9420/
RESET  g421

I GND

RC >5 x POWER SUPPLY RISE TIME

<rovUvCo IMSOT

FIGURE 7 — POWER-UP CLEAR CIRCUIT
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Oscillator

There are four basic clock oscillator configurations
available as shown by figure 8.

o

Crystal Controlled Oscillator. CKI and CKO are
connected to an external crystal. The instruction
cycle time equals the crystal frequency divided by 16
(optional by 8).

. External Oscillator. CKl 1s an external clock input

signal. The external frequency i1s divided by 16
(optional by 8) to give the instruction cycle time. CKO
is now available to be used as the RAM power supply
(Vg) or as a general purpose input.

. RC Controlled Oscillator. CKl is configured as a

single pin RC controlled Schmitt trigger oscillator.
The instruction cycle equals the oscillation frequency
divided by 4. CKO is available for non-timing func-
tions.

. Externally Synchronized Oscillator. Intended for use in

multi-COP systems, CKO is programmed to function as an
input connected to the SK output of another ET9420/-
9421/9422 with CKl connected as shown. In this configu-
ration, the SK output connected to CKO.must provide a
SYNC (instruction cycle) signal to CKO, thereby allowing
synchronous data transfer between the COPs using only
the Sl and SO serial I/0 pins in conjunction with the XAS
instruction. Note that on power-up SK is automatically
epabled as a SYNC output (See Functional Description,
Initialization, above).

CKO Pin Options

In a crystal controlled oscillator system, CKO is used as an
output to the crystal network. As an option CKO can be a
SYNC input as described above. As another option CKO can
be a general purpose input, read into bit 2 of A (accumulator)
upon execution of an INIL instruction. As another option, CKO
can be a RAM power supply pin (VR), allowing its connection
to a standby/backup power supply to maintain the integrity of
RAM data with minimum power drain when the main supply
is inoperative or shut down to conserve power. Using either
option is appropriate in applications where the ET9420/-
9421/9422 system timing configuration does not require
use of the CKO pin.

RAM Keep-Alive Option (Not available on ET9422)

Selecting CKO as the RAM power supply (Vg) allows the
user to shut off the chip power supply (Vo) and
maintain data in the RAM. To insure that RAM data
integrity 1s maintained, the following conditions must
be met:

1. RESET must go low before V¢ goes below spec during
power off, Vcc must be within spec before RESET goes
high on power up.

2. Vg must be within the operating range of the chip,
and equal to Ve = 1V during normal operation.

3. Vg must be >3.3V with V¢ off.

(SYNC)
l-l[,l—
AVAVAYV_AV‘VAV
T | !
A B [ T
= fex CKO CKI - CKO
- SK -
N N
CKI CKO Loxi CKO CKI CKO g ~ <
- f oo | s¢ [v] 58
IWTT o ot L wgoneme g° &
I LDH CLOCK PIN) L PR YT il so s 5
= ] sl so o
Crystal Oscillator External Oscillator RC Controlled Oscillator Externally Synchronized Oscillator
RC Controlled Oscillator
Crystal Oscillator
Instruction
Crystal Component Values Cycle Time
oy R (k2) C (pF) (us)
Value R1(Q) R2 (Q) C (pF)
12 100 5+20%
4MHz 1K M 27 6.8 220 5.3 23%
3.58 MHz 1k ™M 27 82 300 8 + 29%
2.09MHz 1k ™ 56 22 100 8.6 = 16%

Note: 50kQ > R > 5kQ
360pF = C > 50pF

FIGURE 8 — ET9420/9421/9422/ET9320/9321/9322 OSCILLATOR
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110 Options

ET9420/9421/9422 outputs have the following optional
configurations, illustrated in Figure 9a :

a. Standard — an enhancement mode device to ground
in conjunction with a depletion-mode device to Vcc,
compatible with TTL and CMOS input requirements.
Available on SO, SK, and all D and G outputs.

b. Open-Drain — an enhancement-mode device to
ground only, allowing external pull-up as required by
the user’s application. Available on SO, SK, and all D
and G outputs.

¢. Push-Pull — An enhancement-mode device to ground
in conjunction with a depletion-mode device paralleled
by an enhancement-mode device to Vgc. This configu-
ration has been provided to allow for fast rise and fall
times when driving capacitive loads. Available on SO
and SK outputs only.

d. Standard L — same as a., but may be disabled.
Available on L outputs only.

e. Open Drain L — same as b., but may be disabled.
Available on L outputs only.

. LED Direct Drive — an enhancement-mode device to
ground and to Vg, meeting the .typical current
sourcing requirements of the segments of an LED
display. The sourcing device is clamped to limit
current flow. These devices may he turned off under
program control (See Functional Description, EN
Register), placing the outputs in a high-impedance
state to provide required LED segment blanking for a
muiltiplexed display.

9. TRI-STATE® Push-Pull — an enhancement-mode de-

vice to ground and V¢c. These outputs are TRI-STATE

outputs, allowing for connection of these outputs to

a data bus shared by other bus drivers.

-

ET9420/9421/9422 inputs have the following optional
configurations :

Vece
A #2
#1
a. Standard -Oulput

DISABLE Ve

C
A 2
#1

d. Standard L Output
DISABLE

Vee
#5
# 1

g. TRI-STATE Push-Pull (L Output)

b. Open-Drain Output

h. An on-chip depletion load device to Vgc

i. A Hi-Z input which must be driven to a 1" or 0" by
external components.

The above input and output configuratipns share com-
mon enhancement-mode and depletion-mode devices.
Specifically, all configurations use one or more of six
devices (numbered 1-6, respectively). Minimum and
maximum current (loyr and Voyr) curves are given in
Figure 9b for each of these devices to allow the
designer to effectively use these I/O configurations in
designing a ET9420/9421/9422 system.

The SO, SK outputs can be configured as shown in a.,
b., or ¢. The D and G outputs can be configured as
shown in a. or b. Note that when inputting data to the G
ports, the G outputs should be set to “1." The L outputs
can be configured as in d., e., f. or g.

An important point to remember if using configuration
d. or f. with the L drivers is that even when the L drivers
are disabled, the depletion load device will source a
small amount of current (see Figure 9b, device 2);
however, when the L lines are used as inputs, the
disabled depletion device can not be relied on to source
sufficient current to pull an input to logic 1.

ET9421

If the ET9420 is bonded as a 24-pin device, it becomes the
ET3421, illustrated in Figure 2, ET9420/9421 Connection
Diagrams. Note that the ET3421 does not contain the four
general purpose IN inputs (IN3-INg). Use of this option
precludes, of course, use of the IN options, interrupt fea-
ture, and the MICROBUS ™ option which uses IN1-IN3.
Al other options are available for the ET9421.

ET9422

If the ET9420 is bonded as a 20-pin device, it becomes the
ET9422, as illustrated in Figure 2. Note that the ETL9422
contains all the ET9421 pins except DO, D1, GO and G1.
ET9422 also does not allow RAM power supply input as a
valid CKO pin option.

c. Push-Pull aulpui

#4 Vcc

—{@ #2

DISABLE

DISABLE
g

(AIS DEPLETION DEVICE)

e. Open-Drain L Output

Vee
#6
A
INPUT i

h. Input with Load

f. LED (L Output) ~

INPUT P —] {

i. Hi-Z input

FIGURE 9a — INPUT/OUTPUT CONFIGURATIONS
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FIGURE 9b — ET9420/9421/9422 INPUT/OUTPUT CHARACTERISTICS
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FIGURE 9¢ — ET9320/9321/9322 INPUT/OUTPUT CHARACTERISTICS
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INSTRUCTION SET

Table 1is a symbol table providing irmernal architecture,
instruction operand and operational symbols used in
the instruction set table.

Table 2 provides the mnemonic, operand, machine
code, data flow, skip conditions, and description asso-
ciated with each instruction in the ET9420/9421/9422
instruction set.

TABLE 2 — ET9420/9421/9422. ET9320/9321/9322 INSTRUCTION SET TABLE SYMBOLS

Symbol Definition Symbol Definition
INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS
A 4-bit Accumulator d 4-bit Operand Field. 0- 15 binary (RAM Digit
B 6-bit RAM Address Register Select)
Br Upper 2 bits of B (register address) r 2-bit Operand Fie!d, 0-3 binary (RAM Register
Bd Lower 4 bits of B (digit address) Select)
[} 1-bit Carry Register a 10-bit Operand Field. 0- 1023 binary (ROM
D 4-bit Data Output Port Address)
EN 4-bit Enable Register y 4-bit Operand Field; 0- 15 binary (Immediate
G 4-bit Register to latch data for G 1/0O Port Data)
IL Two 1-bit latches associated with the IN3 or RAM(s) Contents of RAM location addressed by s
INg inputs ROM(t) Contents of ROM location addressed by t
IN 4-bit Input Port
L 8-bit TRI-STATE® 1/0 Port OPERATIONAL SYMBOLS
M 4-bit contents of RAM Memory pointed to by
B Register + Plus
PC 10-bit ROM Address Register (program — Minus
counter) — Replaces
Q 8-bit Register to latch data for L /0 Port — Is exchanged with
SA 10-bit Subroutine Save Register A _ | |
SB 10-bit Subroutine Save Register B _ s equal to
sC 10 Subroutine Save Register A A The one’s complerent of A
SIO  4-bit Shift Register and Counter ® Exclusive-OR
SK Logic-Controlled Clock Output Range of values

TABLE 2 — ET9420/9421/9422. ET9320/9321/9322 INSTRUCTION SET

Machine
Hex Language Code

Mnemonic|Operand | Code (Binary) Data Flow Skip Conditions Description

ARITHMETIC INSTRUCTIONS

ASC 30 0011]0000 A+C+RAM(B) —~ A Carry Add with Carry, Skip on
Carry - C Carry

ADD 31 0011/000 |J A + RAM(3) - A None Add RAM to A

ADT 4A 0100(1010, A+1090—~ A None Add Ten to A

AISC y 5- 0101 y ! A+y = A Carry Add Immediate. Skip on

Carry (y #+ 0)

CASC 10 0001/0C00 A+ RAM(B)+C —~ A Carry Complement and Add with
Carry = C Carry. Skip on Carry

CLRA 00 0000[0000 00—~ A None Clear A

COMP 40 0100[0000 A—A None One's complement of A to A

NOP 44 10100]0100] None None No Operation

RC 32 0011/0010} 0" —~C None Reset C

SC 22 loo10/0010 "1t = C None Set C

XOR 02 0000|0010 A@DRAM(B) ~ A None Exclusive-OR RAM with A
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TABLE 2 — ET9420/9421/9422. ET9320/9321/9322 INSTRUCTION SET (continued)

Mnemonic|

Operand

Machine
Hex  Language Code
Code (Binary)

Data Flow

Skip Conditions

Description

TRANSFER OF CONTROL INSTRUCTIONS

49 ‘01001001

JID FF ARRRIARRRI ROM (PCq.g. A M) =~ PC7.9 | None Jump Indirect (Note 3)
JMP a 6- 0 110/Q0|ag:g] a -~ PC None Jump
- aro
JP a -- 1 ago a -~ PCg None Jump within Page (Note 4)
(pages 2,3 only)
or
-- 11 aso a -~ PCs
(all other pages)
JSRP a -- 10| asg PC+1—~SA—~SB—~SC |[None Jump to Subroutine Page
0010 = PCg.g (Note 5)
a = PCsq
JSR a 6- 011 2]1 Olaga) PC+1-+SA —+SB—SC [None Jump to Subroutine
a—PC
== a7.0
RET 48 0100/1000! SC—~SB—~SA—~PC None Return from Subroutine
RETSK SC—~SB—~SA—~PC Always Skip on Return Return from Subroutine

then Skip

MEMORY REFERE

NCE INSTRUCTIONS

CAMQ 33 |001 1]001 11 A=~ Q74 None Copy A, RAM to Q
ac  joo11|t100] | RAM®) ~Q3p
CQMA 33 |001 110011 Q7:4 = RAM(B) .| None Copy Q to RAM, A
2c  |ooto[1100] | Q30"A
LD r -5 00] r |o 101 RAM(B) = A None Load RAM into A,
Br@®r —~ Br Exclusive-OR Br with r
LDD rd 23 0010[0011 RAM(r,d) =~ A None Load A with RAM pointed
- m_d_j to directly by rd
Laio BF ‘1 0111111 ROM(PCg.8AM) - Q None Load Q Indirect (Note 3)
S8 —~ SC
RMB 0 4C 01 00l1 100 0 -+ RAM(B)y None Reset RAM Bit
1 45 010 0|0 10 1] 0 ~ RAM(B)¢
2 42 01 00]00 10| 0 —~ RAM(B)2
3 43 0100/0011 0 - RAM(B)3
sSMB 0 4D 010 0l1 101 1+ RAM(B)y None Set RAM Bit
1 47 0100[1101 1 - RAM(B)¢
2 46 01 00‘01 10| 1 - RAM(B)2
3 48 |0100l1011] 1 -~ RAM(B)3
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ET9420/9421/9422 « ET9320/9321/9322

TABLE 2 — ET9420/9421/9422. ET9320/9321/9322 INSTRUCTION SET (continued)

Machine
Hex Language Code
M ic|Op d{ Code (Binary) Data Flow Skip Conditions Description
MEMORY REFERENCE INSTRUCTIONS (continued)
ST y 7- 0111} vy y = RAM(B) None Store Memory Immediate
Bd +1—~Bd and Increment Bd
X ' -6 00| r 0110 RAM(B) -~ A None Exchange RAM with A,
Brdr—~ Br Exclusive-OR Br with r
XAD rd 23 0010/0011 RAM(r.d) = A None Exchange A with RAM
L—‘l_] pointed to directly by r,d
- 10| r d
XDS r -7 00| r JO111 RAM(B) ~ A Bd decrements past 0 Exchange RAM with A
Bd-1—~Bd and Decrement Bd,
Brédr —~ Br Exclusive-OR Br with r
Xis r -4 00/ r|0100 RAM(B) +~ A Bd increments past 15 Exchange RAM with A
Bd+1— Bd and Iincrement Bd,
Brg@r — Br Exclusive-OR Br with r
REGISTER REFERENCE INSTRUCTIONS
CAB 50 0101|0000 A - Bd None Copy A to Bd
CBA 4E 0100|1110 Bd—~ A None Copy Bd to A
L8l rd - 00| r [(d-1) rd=-8 Skip until not a LBI Loaa b nnmed:ate with r,d
(d =0, 9:15) (Note 6)
or
33 0011/0011
- 10{r]| d
(any d)
LE! y 33 0011/0011 y = EN None Load EN Immediate (Note 7)
6- 0110 y
XABR 12 0001]0010| A+ Br (0,0~ A3A2) None Exchange A with Br
TEST INSTRUCTIONS
SKC 20 0010[0000| c="1" Skip if C is True
K 1 = ipi
SKE 2 R 0010|0001 A = RAM(B) Skip if A Equals RAM
SKGZ 33 0011/001 1, G3,0=0 Skip if G is Zero (ali 4 bits)
21 0010/0001
SKGBZ 33 0011/0011 1st byte Skip it G Bit is Zero
0 01 0000[0001 Go=0
1 1 0001/0001 2nd byt G1=0
n, e
2 03 0000[0011| 4 G2=0
3 13 0001,0011 G3=0
SKMBZ 0 01 0000[0001 RAM(B)g =0 Skip if RAM Bit is Zero
1 1 [00010001 RAM(B)y =0
2 03 |0000]0011 RAM(B)2 =0
3 13 l000110011 RAM(B)2 =0
SKT 41 0100/0001 A time-base counter Skip on Timer (Note 3)
carry has occurred
since last test
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ET9420/9421/9422 ¢ ET9320/9321/9322

TABLE 2 — ET9420/9421/9422. ET9320/9321/9322 INSTRUCTION SET (continued)

Machine
. Hex | Language Code
Mnemonic|Operand | Code (Binary) Data Flow Skip Conditions Description

INPUT/QUTPUT INSTRUCTIONS

ING 33 0011/0011 G—~A None Input G Ports to A
2A 0010[1010]

ININ 33 0011|0011 IN—= A None Input IN Inputs to A (Note 2)
28 | [0010j1000

INIL 33 001 1[001 1 IL3, CKO, “G", ILg =~ A None input IL Latches to A
29 0010[1001] (Note 3)

INL 33 |001 1lOOI 1] L7.4 ~ RAM(B) None Input L Ports to RAM,A

2E 0010|1110 L3p—~ A

0BD 33 0011001 1] Bd—=0D None Output Bd to D Outputs
3E 0011|1110

5- 0101] y

OGI y 33 0011]0011 y—~G None Output to G Ports Immediate

OMG 33 00110011 RAM(B) ~ G None Output RAM to G Ports
3A 0011[1010|

XAS 4F 0100[111 1‘ A = SIO, C - SKL None Exchange A with SIO
(Note 3)

Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are

numbered 0to N where 0 signifies the least significant bit ( low-order, right-most bit). For example, Aslndicales the most significant (left-most)

bit of the 4-bit A register.

Note 2: The ININ instruction is not available on the ET9421/ET9321 and ET9422/ET9322 since these devices do not contain the IN inputs.

Note 3 : For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below.

Note 4: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3.

The JP instruction, otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.

Note 5 : A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSSRP may.not be used when in

pages 2 or 3. JSRP may not jump to the last word in page 2.

Note 6: LBl is a single-byteinstructionifd =0, 9,10, 11,12, 13, 14 or 15. The machine code for the lower 4 bits equals the binary value of the “d"

data minus 1,e.g.,to load the lower four bits of B (Bd) with the value 9 (1 0012), the lower 4 bits of the LBl instruction equals 8 (1 0002) ToloadO,

the lower 4 bits of the LB instruction should equal 15 (1111,).

Note 7 : Machine code for operand field y for LEl instruction should equal the binary value to be latched into EN, where a “1" or “0" in each bit

gl EN corresponds with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN
egister).
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ET9420/9421/9422 ¢ ET9320/9321/9322

The following information is provided to assist the user
in understanding the operation of several unique instruc-
tions and to provide notes useful to programmers in
writing ET9420/9421/9422 programs.

XAS Instruction

XAS (Exchange A with SIO) exchanges the 4-bit con-
tents of the accumulator with the 4-bit contents of the
SI0 register. The contents of SIO will contain serial-in/
serial-out shift register or binary counter data. depending
on the value of the EN register. An XAS instruction will
also affect the SK output. (See Functional Description,
EN Register, above.) If SIO is selected as a shift register.
an XAS instruction must be performed once every 4
instruction cycles to effect a continuous data stream.

JID Instruction

JID (Jump Indirect) is an indirect addressing instruction,
transferring program control to a new ROM location
pointed to indirectly by A and M. It loads the lower 8 bits
of the ROM address register PC with the contents of
ROM addressed by the 10-bit word, PCg.g, A. M. PCg and
PCgare not aftected by this instruction.

Note that JID requires 2 instruction cycles to execute.

INIL Instruction

INIL (Input IL Latches to A) inputs 2 latches, IL3 and ILg
(see figure 10) and CKO into A. The IL3 and ILglatches
are set if a low-going pulse (“1"" to "0"") has occurred on
the IN3 and INg inputs since the iast INIL instruction.
provided the input pulse stays low for at least two
instruction times. Execution of an INIL inputs IL3 and
ILginto A3 and AQrespectively, and resets these latches
to allow them to respond to subsequent low-going
pulses on the IN3 and INg lines. If CKO is mask
programmed as a general purpose input, an INIL will
input the state of CKO into A2. If CKO has not been so
programmed, a “1" will be placed in A2. A 0" is always
placed in A1 upon the execution of an INIL. The general
purpose inputs IN3-INg are input to A upon execution of
an ININ instruction. (See table 2, ININ instruction.) INIL
is useful in recognizing pulses of short duration or
pulses which occur too often to be read conveniently by
an ININ instruction.

Note: IL latches are not cleared on reset.

£79420

ININ

INg/INg

[ 1,
LJ

FIGURE 10.
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LQID Instruction

LQID (Load Q Indirect) loaas the 8-bit Q register with the
contents ot ROM pointed to by the 10-bit word PCg, PCg,
A. M. LQID can be used for table lookup or code conver-
sion suck as BCD to seven-segment. The LQID instruc:
tion “pushes’ the stack PC+1 ~ SA - SB -SC)and
replaces the least signiticant 8 bits of PC as follows: A
—» PC7:4, RAM(B) —» PC3;, leaving PCg and PCg
unchanged. The ROM data pointed to by the new address
is fetched and loaded into the Q latches. Next, the stack
is "popped” (SC -~ SB ~ SA -PC). restoring the saved
value of PC to continue sequential program execution.
Since LQID pushes SB - SC. the previous contents of
SC are lost. Also, when LQID pops the stack. the previ-
ously pushed ccntents of SB are left in SC. The net result
is that the contents of SB are placed in SC (SB + SC).
Note that LQID takes two instruction cycle times to
execute.

SKT Instruction

The SKT (Ship On Timer) instruction tests the state of an
internal 10-bit time-base counter. This counter divides the
instruction cycle clock frequency by 1024 and provides a
latched indication of counter overflow. The SKT instruction
tests this latch, executing the next program instruction if the
latch is not set. If the latch has been set since the previous
test, the next program instruction is skipped and the latch is
reset. The features associated with this instruction, there-
fore, allow the ET9420/9421/9422 to generate its own
time-base for real-time processing rather than relying on an
external input signal.

For example. using a 2.097 MHz crystal as the time-base
to the clock generator. the instruction cycle clock fre-
quency will be 131kHz (crystal frequency = 16) and the
binary counter output pulse frequency will be 128 Hz.
For time-of-day or simitar reai-time processing, the SKT
instruction can call a routine which increments a ''sec-
onds' counter every 128 ticks.

Instruction Set Notes

a. The first word of a ET9420/9421/9422 program (ROM
address 0) must be a CLRA (Clear A) instruction.

b. Although skipped instructions are not executed.one
instruction cycle time is devoted to skipping each
byte of the skipped instruction. Thus all program
paths take the same number of cycle times wiether
instructions are skipped or executed except JID and
LQID. LQID and JID take two cycle times if executed
and one if skipped.

c. The ROM is organized into 16 pages of 64 words
each. The Program ‘Counter 1s an 10-bit binary
counter, and will count through page boundaries. It a
JP. JSRP. JID or LQID instruction is located in the
last word of a page, the instruction operates as if it
were in the nevt page. For example: a JP located in
the last word of a page will jump to a location in the
next page. Also. a LQID or JID located in the !ast
word of page 3. 7. 11 or 15 will access data in the next
group of four pages
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ET9420/9421/9422 ¢ ET9320/9321/9322

OPTION LIST

The ET9420,/9421/,9422 mask programmable options are
assigned numbers which correspond with the ETS420
pins.

The following is a list of ET3420 options. When specifying
a ET9421 or ET9422 chip, Options 9, 10, 19, 20 and 29
must all be set to zero. When specifying a ET9422 chip.
Options 21, 22, 27 and 28 must also be zero, and Option 2
must not be a 1. The options are programmed at the same
time as the ROM pattern to provide the user with the hard-
ware flexibility to interface to various |/O components
using little or no external circuitry.

Option 1=0: Ground Pin — no options available

Option 2: CKO Pin
=0: clock generator output to crystal
(0 not availabie if opticn 3 =4 or 5)
=1. pinis RAM power supply (Vg) input
(Not available on ET9422, ET9322)
=2: general purpose input with load device
=3: multi-COP SYNC input
=4: general purpose Hi Z input
Option 3: CKI Input
=0: crystal input divided by 16
=1: crystal input divided by 8
=2: TTL external clock input divided by 16
=3: TTL externai clock input divided by 8
=4: single-pin RC controlled oscillator ( =4)
=5: Schmitt trigger clock input (+4)

Option 4: RESET Pin
=0: Load devices to V¢
=1: Hi-Z input
Option 5: Ly Driver
=0: Standard output (figure 9D)
=1: Open-Drain output (E)
=2: LED direct drive output (F)
=3: TRI-STATE®push-pull output (G)
Option 6: Lg Driver
same as Option 5
Option 7: Lg Driver
same as Option 5
Option 8: L4 Driver
same as Option §
Option 9: IN¢ Input
=0: load device to Vcc (H)
=1. Hi-Z input (1)
Option 10: IN2 Input
same as Option 9
Option 11=0: Ve Pin — no options available
Option 12: L3 Driver
same as Option 5
Option 13: L Driver
same as Option 5
Option 14: L1 Driver
same as Option 5
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Option 15: Lo Driver
same as Option 5

Option 16 : Sl Input
same as Option 9

Option 17: SO Driver
=0: standard output (A)
=1. open-drain output (B)
=2: push-pull output (C)
Option 18: SK Driver
same as Option 17
Option 19: INg Input
same as Option 9
Option 20: IN3 Input
same as Option 9
Option 21: Gg 1/0 Port
=0: Standard output (A)
=1: Open-Drain output (B)
Option 22: G4 1/0 Port
same as Option 21
Option 23: G2 1/0 Port
same as Option 21
Option 24: G3 1/0 Port
same as Option 21
Option 25: D3 Output
=0: Standard output (A)
=1: Open-Drain output (B)
Option 26: D2 Output
same as Option 25
Option 27: D1 Output
same as Option 25
Option 28: Dg Output
same as Option 25
Option 29: Chip Function
=0: normal operation
=1: MICROBUS® option

Option 30: Chip Bonding
=0: ET9420 (28-pin device)
=1: ET9421 (24-pin device)
=2: 28 and 24-pin versions
=3: ET9422 (20-pin device)
=4: 28 and 20-pin versions
=5: 24- and 20-pin versions

=6: 28, 24-, and 20-pin versio

Option 31: IN Input Levels
=0: normal input levels

=1: Higher voltage input leve

(“0"=1.2V, “1" =3.6V)

Option 32: G Input Levels
same as Option 31

Option 33: L Input Levels
same as Option 31

Option 34: CKO Input Levels
same as Option 31

Option 35: Si Input Levels
same as Option 31




ET9420/9421/9422 ¢ ET9320/9321/9322

TEST MODE (Non-Standard Operation)

The SO output has been configured to provide for stan- 2. The D3-Dg outputs drive the digits of the multiplexed
dard test procedures for the custom-programmed display directly and scan the columns of the 4 x4
ET9420. With SO forced to logic "1, two test modes keyboard matrix.
are provided, depending upon the value of Sl : 3. The IN3-INg inputs are used to input the 4 rows of the
a. RAM and Internal Logic Test Mode (S! = 1) keyboard matrix. Reading !:\e IN lnges In conjunction
_ with the current value of the outputs allows
b. ROM Test Mode (Si=0) detection, debouncing. and decoding of any one of
These special test modes should not be employed by the 16 keyswitches.
the user: they are-intended for manutacturing test only 4 CKl 1s configured as a single-pin oscillator input
allowing system timing to be controlled by a single-
APPLICATION EXAMPLE : ET9420 General Con- pin RC network. CKO 1s therefore avallablg for use as
a Vg RAM power supply pin. RAM data integrity is
troller >
thereby assured when the main power supply is shut
Figure 9 shows an interconnect diagram for a ET9420 down (see RAM Keep-Alive Option description).
used as a gene-al controller. Operation of the system is 5. Slis selected as the input to a binary counter input.
as follows : With SIO used as a binary counter, SO and SK ca'- be
1. The L7-Lg outputs are configured as LED Direct Drive used as general purpose outputs.
outputs, allowing direct connection to the segments 6. The 4 bidirectional G 1/0 ports (G3-Gg) are available
of the display. for use as required by the user s application
Pt VR
= - 8 ;
3 Ni Cad| CKO DATA LINE!
vec ™} Vee Loty |
‘D
= - |cki
L
= 4 DIGIT
GND GND E B B E LED DISPLAY
ET9420
Do
3 :
RESET ——— B3
IN N N NN
4 GENEIT%C::D‘ Go-Gg e N DN DN DN axa
) K K | KEYSWITCH
EVENT 2 K N MATRIX
COUN;E? —|SI* INg
INPU SK* SO*

| 2 GENERAL OUTPUTS

* Sl, SO and SK may also be used for serial I/0

FIGURE 11 — ET9420 KEYBOARD/DISPLAY INTERFACE

COPS, MICROWIRE MICROBUS and TRI-STATE are registered trademarks of National Semiconductor Corp.
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ET9420/9421/9422 ¢« ET9320/9321/9322

PHYSICAL DIMENSIONS
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ET9420/9421/9422 ¢ ET9320/9321/9322

PHYSICAL DIMENSIONS
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These specifications are s'ubiect to change without notice.
Please inquire with our sales offices about the availability of the different products.
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ETC9420/21/22 ¢« ETC9320/21/22
ETC9444/45 ¢ ETC9344/45

: SINGLE CHIP MICROCONTROLLERS

The ETC 9420, C 9421, C 9422, C 9320, C 9321, C 9322, and ETC 9445,C
9344,C 9345 fully static single-chip CMOS microcontrollers are fully compa-
tible with the COPS® family, fabricated using double-po'l'y. silicon gate

CMOs

complementary MOS technology. These C Oriented Pr are
complete microcontrollers containing all system timing, internal logic, ROM,
RAM and 1/0 necessary to implement dedicated control functions in a variety
of applications.

Features include single suppJ%/ operation, a variety of output configuration
options, with an instruction set, internal architecture and I/O scheme designed
to facilitate keyboard input, display output and BCD data manipulation. The
ETC 9420, C 9444 are 28-pin chips. The ETC 9421, C 9445 are 24-pin versions
(4 inputs removed) and C 9422 is a 20-pin version with 15 I/0 lines.
Standard test procedures and reliable high-density fabrication techniques
provide the medium to large volume customers with a customized microcon-
troller at a low end -product cost.

These microcontrollers are appropriate choices in many demanding control
environments especially those with human interface.

@ Lowest power dissipation (50 uW typical).

® Power saving IDLE state and HALT mode.

o Fully Static (can turn off the clock).

©® 2 K x 8 ROM, 128 x 4 RAM (ETC 9444, C 9445).

® 1 K x 8 ROM, 64 x 4 RAM (ETC 9420, C 9421, C 9422).

o True vectored interrupt, plus restart.

@ 3-level subroutine stack.

©® 4 usec intruction time, plus software selectable clocks.

® 23 |/0lines (ETC 9444, C 9420).

@ Single supply operation (2.4 V to 55 V).

o Programmable read/write 8-bit timer/event counter.

® Internal binary counter register with MICROWIRE® serial |70 Capability.

o General purpose and tri-state® outputs.

o LSTTL/C MOS compatible.

e MICROBUS® compatible.

® Software/hardware compatible with other members of ET 9400 family.

e Extended temperature range devices ETC 9320/ETC 9321, ETC 9322 and
ETC 9344/ETC 9345 (— 40° C to +85°C).

o Military devices (—55°C to +125°C) to be available.

CASES

ETC9420 ® ETC9444
ETC9320 ® ETC9344

N SUFFIX
PLASTIC PACKAGE

ETC9421 @ ETC9344
ETC9321 @ ETC9345

N SUFFIX
PLASTIC PACKAGE

ETC9422 ® ETC9322

N SUFFIX
PLASTIC PACKAGE

PIN ASSIGNMENT
anft ~ xhe

cxo []2 2J o

cx []3 26(] 02
RESET []4 5[] 5y

v Qs 2] 6

s [Je 2[] a2

s []7 ETC8420 22{] g,

s E}gg;‘;g 21] a0

i [19 ETCO344 20[] s

N2 [Tio 197 o
vee [n 18[] sk

e 17(] so

2 [ 6] s

u [ 15[] o

JULY 1986 1/22

43, Avenue de I'Europe - 78140 VELIZY-VILLACOUBLAY/FRANCE - Tel. : (1)39.46.97.19 - Telex TCSF 204780F - Telecopie : (1) 39.46.52.64
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ETC9420/21/22/44/45 ¢ ETC9320/21/22/44/45

ETC9420 ,ETC9421, ETC9422 ¢ ETC 9444, ETC9445

ABSOLUTE MAXIMUM RATINGS

Supply voltage (Vcc)

Voltage at any pin

Total Allowable Source current
Total Allowable Sink Current
Operating Temperature Range
Storage Temperature Range

Lead Temperature (soldering 10 seconds)

s

A 'y 1111,
6V
-0.3VtoVcc+ 03V
gg m: maximum ratings.

QoCto + 700C
—650C to + 1500 C
3000 C

DC ELECTRICAL CHARACTERISTICS 0°C < Tai<{+70°C(Unless otherwise specified)

ratings

limits bey

d which da-
mage to the device may occur. DC and AC electrical specifi-
cations are note insured when operating the device at absolute

Parameter Conditions Min Max Units

Operating Voltage 24 55 v
Power Supply Ripple (Note 5) Peak to Peak - 0.1Vee \
Supply Current ) Vec=24V, tc=64 us - 120 A
(Note 1) Voc=50V, tc=16 us - 700 pA
Voc=50V, tc= 4ps. - 3000 A

(tc=instruction cycle time)
Halt Mode Current vec=5.0V, Fin=0kHz - 40 nA

(Note 2) Vocc=24V, Fin=0kHz - 12 pA
Input Voltage levels
ﬁgéﬁ CKI (RC or crystal opt.)

Do (Clock input)

Logic High 0.9\vee - v

Logic Low 0.1'vge v
All other inputs

Logic High 0.7\vec -

Logic Low - 0.2vVcc \
Input Pull-up current Vec=45V, ViN=0 30 330 pA
HI-Z input leakage —1 +1 A
Input capacitance (Note 4) - 7 pF
Output Voitage Levels Standard Outputs
LSTTL Operation Vec=50V + 5%

Logic High loy= —100 pA 27 - v

Logic Low IoL =400 pA 04 v
CMOS Operation

Logic High ton=—10 pA vee—0.2 - v

Logic Low lop=10pA - 0.2 \
Output current Level (except CKO)

Sink (Note 6) Vcc=4.5V, Vout=vcc 12 - mA
Vec=24V, Vout=vcc 02 - mA
Source (standard option) Vgc=4.5V, Vout=0vV 05 - mA
Vgc=24V, Vout=0V 0.1 - mA
Source (Low current option) voc=4.5V, Vout=0V 30 330 HA
Vec=24V, Vout=0V 6 80 A
CKO Current level (As clock out) !
Sink + 4 03 - mA
+ 8 -Vcg=4.5V, CKI=Vcc Vour =Vcc 06 - mA
+ 16 12 - mA
Source + 4 03 - mA
+ 8 Voe=45V, CKI=0V, Vour =0V 0.6 - mA
=+ 16 1.2, - mA
Allowable Sink - 5 mA
Source current per pin (Note 6)
Allowable loading on CKO (as HALT) - 100 pF
Current needed to over-ride HALT
(Note 3)

To continue Vee=4.5V, Vin=02vgc - 0.7 mA

To halt voe=4.5V, Vin=0.7 Voo - 1.6 mA
TRI-STATE or open drain
Leakage current —2.5 +25 pA

THOMSON SEMICONDUCTEURS 22
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ETC9420/21/22/44/45 « ETC9320/21/22/44/45

AC ELECTRICAL CHARACTERISTICS 0°C < Tp <+70°C {Unless otherwise specified)

Parameter Conditions Min Max Units
Instruction cycle time (tc) Voo 45V 4 DC us
4?\/ > Voo 24V 16 DC Hs
Operating CKI Frequency
+ 4 mode DC 1.0 MHz
+ 8mode Voo 45V [+]e3 20 MHz
+ 16 mode [o]e3 40 MHz
+ 4mode . - o]} 250 kHZ
+ 8mode 45V > Vo= 24V Dc 500 kHZ
+ 16 mode [»]e3 1.0 MHz
Duty cycle (Note 4) F1 =4 MHz 40 60 %
Rise time (Note 4) F1=4 MHz ext. dock - 60 ns
Fall time (Note 4) F1 =4 MHz ext. dock - 40 ns
Instruction cycle time R=30K vgc=5V
(RC oscillator) (Note 4) C=282 pF, (+ 4 Mode) 8 16 us
INPUTS (fig. 3)
SETUP G inputs tc/4 +.7 - us
Sl input Vec= 45V 0.3 - us
All others 1.7 - us
tHOLD Voo 45V . 0.25 - us
&V > Vge= 24V 10 - ns
OUTPUT PROPAGATION DELAY Vout=15V, CL=100 pF.R =5 K
Voo 45V - 10 us
L4gh el 8V > veez 24v - 40 us
microsus® TMING 6L=60 pF.Vee=5V + 5% us
Read operation-(fig. 4)
Chip select stable before
- tcsR 65 - ns
Chip select hold time for
AD - thes 20 - ns
AD pulse width -tar 400 - ns
Data delay from BD - tqp - 375 ns
to data floating - tpg (note 4) - 250 ns
Write operation (fig. 5)
Chip select stable before
1-tesw . = ns
Chip select hold time for
WH - twes 20 - ns
WR pulse width - tww 400 - ns
Data set-up time for
- tow 320 - ns
Data hold time for
WR - wp 100 - ns
INTR transition time for
- - 700 ns
Note 1: Supply g for 2000 cycle times with a square-wave clock on CKI, CKO open, and all other pins pulled up

to Vgg with 20k resistors. See current drain equation on page 17.

Note 2: The HALT mode will stop CKI from oscillating in the RC and crystal configurations. Test conditions : all inputs tied to Vg, L lines in

TRI-STATE mode and tied to ground, all output low and tied to ground.

Note 3 : When forcing HALT, current is only needed for a short time (approx. 200 ns) to flip the HALT flip-flop.
Note 4: This parameter is only sampled and not 100 % tested.

Note 8 : Voltage change must be less than 0.5 voit ina 1 ms period.

Note 6 : SOoutput sink current must be limited to keep VoL below 0.2 Vgc when port is running in order to p
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ETC9320,ETC9321,ETC9322 ¢ ETC9344 ETC9345

ABSOLUTE MAXIMUM RATINGS

Supply voltage

Voltage at any pin

Total Allowable Source current
Total Allowable Sink Current
Operating Temperature Range
Storage Temperature Range

Lead Temperature (soldering 10 seconds)

6V

—03Vtovge+ 03V
25 mA

25 mA

—400Cto + 850C
—650C to + 1500 C
3000 C

Absolute maximum ratings indicate limits beyond which da-
mage to the device may occur. DC and AC electrical speciti-

jons are note i d when op 9 the device at absolute
maximum ratings.

DC ELECTRICAL CHARACTERISTICS — 40° C < Tp!< i+ 85° C (Unless otherwise specified)

Parameter Conditions Min Max Units

Operating Voltage 3.0 53 \
Power Supply Ripple (Note 5) Peak to Peak - 0.1Vgee \
Supply Current Vee=3.0V, tc=64 us - 180 HA
(Note 1) Vcc=50V, tc=16 ps - 800 HA
Voc=50V, tc= 4us - 3600 nA

(tc = instruction cycle time)
Halt Mode Current Vee=5.0V, Fin=0 kHz - 60 pA

(Note 2) Veg=3.0V, Fin=0kHz - 30 pA
Input Voltage levels

CKI (RC or crystal opt.)

Do (Clock input)

Logic High 09vee - \

Logic Low - 0.1vee v
All other inputs

Logic High 0.7 -

Logic Low - 0.2Vee \
Input Pull-up current Vec=4.5V,Viy=0 30 440 A
HI-Z input leakage —2 +2 pA
Input capacitance (Note 4) - 7 pF
Output Voltage Levels Standard Outputs
LSTTL Operation Vcc=50V = 5%

Logic High loH=—100 pA 27 - v

Logic Low loL =400 pA - 0.4 v
CMOS Operation

Logic High lon=—10 uA vgc—0.2 - v

Logic Low lo,=_ 10 pA ~ 0.2 \
Output current Level (except CKO)

Sink (Note 6) Vee=4.5V, Vout=vcg 1.2 - mA
Vee=3.0V, Vout=Vgc 0.2 - mA
Source (standard option) Vec=4.5V, Vout=0V 0.5 - mA
Vee=3.0V, Vout=0V 0.1 - mA
Source (Low current option) Vgc=4.5V, Vout =0V 30 440 pA
Vec=3.0V, Vout=0V 8 200 pA
CKO Current level (As clock out)
Sink + 4 0.3 - mA
+ 8 Vee=4.5V, CKI=V¢g, Vout =Vgg 0.6 - mA
+ 16 1.2 - mA
Source + 4 0.3 - mA
+ 8 Vcc=4.5V. CKI=0V, Vout =0V 0.6 - mA
+ 16 1.2 - mA
Allowable Sink / Source current - 5 mA
per pin (Note 6)
Allowable loading on CKO (as HALT)| - 100 pF
Current needed to over-ride HALT
(Note 3)

To continue Veg=4.5V, Vin=0.2Vcc - 0.9 mA

To halt Veec=4.5V, Vin=0.7 vgc o 2.1 mA
TRI-STATE or open drain
Leakage current —5 +5 pA
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AC ELECTRICAL CHARACTERISTICS - 40°C < Ta < + 85°C (Unless otherwise specified)

Parameter Conditions Min Max Units
Instruction cycle time (tc) Vec= 45V 4 DC Hs
45V > vec= 30V 16 [o]o] ps
Operating CKI Frequency
+ 4mode DC 1.0 MHz
+ 8mode Vec= 45V DC 20 MHz
+ 16 mode DC 40 MHz
+ 4mode DC 250 kHZ
+ 8mode 45V > vgc= 30V oo} 500 kHZ
<+ 16 mode DC 10 MHz
Duty cycle (Note 4) F1 =4 MHz 40 6C %
Rise time (Note 4) F1 =4 MHz ext. clock - 60 ns
Fall time (Note 4) F1 = 4 MHz ext. clock - 40 ns
Instruction cycle time R=30K,Vcc=5V
(RC oscillator) (Note 4) C=82 pF, (+ 4 Mode) 8 16 us
INPUTS (fig. 3)
tSETUP G inputs tc/4)+.7 - s
Sl input Vec= 45V ( 03 - ts
All others 1.7 - us
tHOLD Voo 45V 0.25 - us
45V >veo= 30V 1.0 - us
OUTPUT
PROPAGATION DELAY Vout=1.5V, CL=100 pF, RL=>5k
tpp1, tppo Vee= 45V - 10 us
tpo1 , tpoo 45V > vge= 30V - 40 us
microBus® TiMING C =50pF,vec=5V + 5%
Read operation (fig. 4)
Chip select stable before
- ICSR 65 - ns
Chip select hold tome for
-tRes ) 20 - ns
RD pulse width - AR 400 - ns
Data delay from RD - - 375 ns
AD to data floating - mnote 4) - 250 ns
Write operation (fig. 5)
Chip select stable before
WR - tcg; 65 - ns
Chip :Samt hold time for
- twes 20 - ns
WR pulse width - yw 400 . ns
Data set-up time for
- tow 320 - ns
Data hold time for
- 100 - ns
INTR transition time for
-tw - 700 ns

Note 1: Supply currentis measured after running for 2000 cycle times with a square-wave clock on CKI, CKO open, and all other pins pulied up
to Vo with 20k resistors. See current drain equation on page 17
Note 2: The HALT mode will stop CKI from oscillating in the RC and crystal configurations. Test conditions : all inputs tied to V¢, L lines in
TRI-STATE mode and tiéd to ground, all output low and tied to ground.

Note 3: When forcing HALT, current is only needed for a short time (approx. 200 ns) to fiip the HALT flip-flop.

Note 4 : This parameter is only sampled and not 100 % tested.
Note 5: Voltage change must be less than 0.5 volt ina 1 ms period.
Note 6 : SO output sink current must be limited to keep Vo below 0.2 Vcc when portiis running in order to prevent entering test mode.
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FIGURE 2 — CONNECTION DIAGRAMS

GND []1 o Do
cko []2 277 o1
cki 13 267 o2 ano [ NN I
RESET []4 25(7 ps cKo ]2 230 o
s 24(7 63 cki []3 2] 02 cko 1 ~ 20[] ano
6 16 23[] 62 RESET [J4 21[] o3 cx []2 19[] 02
s []7 ETC9420 51 ¢, v s 20[] 63 RESET []3 18[] pa
ETC 9444 ETC 9421
w [18 grcaazo 21[] eo 6 [J6 Evc gass 19[1 G2 s 17[] a3
N1 []o ETC9344 20[7 ina s []7 ETC9321 18] &1 e s 16[] a2
IN2 [10 19[7 No e []s ETC9345 , 1 co Ls sETc 8422, ]
ETC 9322'°| K
vee [n 18[] sk vee [9 16[] sk W]z 1aJIso
s 2 17[] so w [0 15[] so vee [s 130 s
2 []13 16[] s e [On 4[] s 1 12[] w
u s 15[ w0 v O 13[] w 2 10 1ngu
Lo 8 bit bidirectional I/O ports with TRI-ST, ATE® SK Logic-controlled clock or general purpose
G3-Go 4 bit bidirectional I/O ports output )
D3-Dy 3 bit general purpose outputs CKI System osc!llator input
Dy General purpose output or oscillator input CKO System oscillator output (or general

IN3-INg  4-bit input port (ETC 9420 or 9444 only)
S| Serial input
SO Serial output

purpose Input or Halt 1/0 Port)
RESET  System reset input
Vee Power supply
GND Ground

FUNCTIONAL DESCRIPTION

For ease of reading only the ETC 9420/9421/9422/9444 /9445
are referenced. However, all such references apply equally to
ETC 9320/9321/9322/9344/9345.

The internal architecture is shown in Figure 1. Data paths are
illustrated in simplified form to depict how the various logic
elements communicate with each other in implementing the
instruction set of the device. Positive logic is used. When a bit
is set, it is a logic 1"’ when it is reset, it is a logic “'0”.

Program memory

Program Memory consists of ROM, 1024 bytes for the ETC
9420/0 9421/ C 9422 and 2048 bytes for the ETC 9444/C
9445. These bytes of ROM may be program instructions,

constants or ROM addressing data.

ROM addressing is accomplished by a 11-bit PC register which
selects one of the 8-bit words contained in ROM. A new
address is loaded into the PC register during each instruction
cycle. Unless the instruction is a transfer of control instruction,
the PC register is loaded with the next sequential 11-bit binary
count value.

Three levels of subroutine nesting are implemented by a three
level deep stack. Each subroutine call or interrupt pushes the
next PC address into the stack. Each return pops the stack
back into the PC register.

Data memory

Data memory consists of a 512-bit RAM for the
ETC 9444/C 9445 organized as 8 data registers of 16 x 4-bit
digits. RAM addressing is implemented by a 7-bit B register
whose upper 3 bits (Br) select 1 of 8 data registers and lower
4 bits (Bd) select 1 of 16 4-bit digits in the selected data
registey.

Data memory consists of a 256-bit RAM for the ETC 9420/C
9421/C 9422, organized as 4 data registers of 16 x 4 bits
digits. The B register is 6 bits long. Upper 2 bis (Br) select 1 of
4 data registers and lower 4 bits (Bd) select 1 of 16 4-bit digits
in the selected data register. While the 4-bit contents of the
selected RAM digit (M) are usually loaded into or from, or
exchanged with the A register (accumulator), they may also be
loaded into the Q latches or loaded from the L ports. RAM
addressing may also be performed directly by the LDD and XAD
instructions based upon the immediate operand field of these
instructions.

The Bd register also serves as a source register for 4-bit data
sent directly to the D outputs.

Internal Logic

The processor contains its own 4-bit A register (accumulator)
which is the source and destination register for most I/O,
arithmetic, logic, and data memory access operations. it can
also be used to load the Br and Bd portions of the B register,
to load and input 4 bits of the 8-bit Q latch, to input 4 bits of
a ROM word, L I/0 ports data, to input 4-bit G, or IN ports, and
to perform data exchanges with'the SIO register.

A 4-bit adder performs the arithmetic and logic functions,
storing the results in A. It also outputs a carry bit to the 1-bit
C register, most often employed to indicate arithmetic overflow.
The C register in conjunction with the XAS instruction and the
EN register, also serves to control the SK output.

The 8-bit T counter is a binary up counter which can be loaded
to and from M and A using CAMT and CTMA instructions. This
counter may be operated in two modes depending on a
mask-programmable option : as a timer or as an external event
counter. When the T counter overflows, an overflow flag will be
set (see SKT and IT instructions below). The T counter is
cleared on reset. A functional block diagram of the timer/
counter is illustrated in Figure 10 a.

Four general-purpose inputs, -IN3-INO, are provided. IN1, IN2
and IN3 may be selected, by a mask-prégrammable option as
Read Strobe, Chip Select, and Write Strobe inputs, respecti-
vely, for use in MICROBUS application.

The D register provides 4 general-purpose outputs and is used
as the destination register for the 4-bit contents of Bd. in the
dual clock mode. DO latch controls the clock selection (see dual
oscillator below).

The G register contents are outputs to a 4-bit general-purpose
bidirectional 1/0 port. GO may be mask-programmed as an
output for MICROBUS applications.

The Q register is an internal, latched, 8-bit register, used to hold
data loaded to or from M and A, as well as 8-bit data from ROM.
Its contents are outputted to the L I/0 ports when the L drivers
are enabled under program control (see LE! instruction). With
the MlCROBUS@optlon selected, Q can also be loaded with
the 8-bit contents of the L 1/O ports upon the occurence of a
write strobe from the host CPU.
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The 8 L drivers, when enabled, output the contents of
latched Q data to the L I/O ports. Also, the contents of
L may be read directly into A and M. As explained above,
the MICROBUS® | option allows L I/0O port data to be
latched into the Q register.

The SIO register functions as a 4-bit serial-in/serial-out
shift register for MICROWIRE 1/0 and peripherals, or as
a binary counter (depending on the contents of the EN
register). Its Sontents can be exchanged with A.

The XAS Instruction copies C into the SKL Latch. In the
counter mode, SK is the output of SKL ; in the shift
register mode, SK is a sync clock, inhibited when SKL is
a logic “O".

The "EN register is an internal 4-bit register loaded under
programm control by the LEI instruction. The state of
each bit of this register selects or deselects the particular
feature associated with each bit of the EN register
(ENS-ENp).

0. The least significant bit of the enable register, ENg,
selects the SIO register as either a 4-bit shift register or
as a 4-bit binary counter. With EN, set, SIO is as asyn-
chronous binary counter, DECREMENTING its value by
one upon each low going pulse (1" to *0"") occuring on
the Sl input. Each pulse must be at least 2 (two) ins-

l———— INSTRUCTION GYGLE TIME (1c) ————|

R ipipipigEplginnl
s —I 1pD1 — - tpPpo
K (AS A #—d Y700/ u—
SLoch VoH oL

|=—tseTuP—={ }=—tHOLD

truction cycles wide. SK outputs the value of SKL. The
SO output is equal to the value of ENg. With ENg reset,
SIO is a serial shift register, shifting left each instruction
cycle time. The data present at Sl is shifted into the least
significant bit of SIO, SO can be enabled to output the
most significant bit of SIO each instruction cycle time.
Tre EK output SKL ANDed with the instruction cycle
clock.

1. With ENj, set interrupt is.enabled. Immediatly following
an interrupt, EN, is reset to disable further interrupts.

2. With EN; set, the L drivers are enabled to output the
data in Q to the L I/O ports. Resetting EN, disables the
L drivers, placing the L I/O ports in a high impedance
input state.

3. ENg, in conjunction with ENg, affects the SO output.
With EN set(binary counter option selected), SO will
output the value loaded into EN,. With EN, reset (serial
shift register option selected), setting EN, enables SO
as the output of the SIO shift register, outputting serial
shifted data each instruction time. Resetting EN, with
the serial shift register option selected, disables SO as
the shift register output ; data continues to be shifted
through SIO and can be exchanged with A via an XAS
instruction but SO remains reset to “0".

JEREpSpNpEpEpSpEpipEy

RO [T

aa0e o TN XZZ77777777
3-Go, L7-Lo, tPpO.
CKO & SI INPUTS '.-. tpp1 —=| .
G3-Go, D3-Do, LLLLLK vou N8 VoL
L7-Lg, SO, SK
OUTPUTS

FIGURE 3 — INPUT/OUTPUT TIMING DIAGRAMS (Divide-by-8 Mode)

]

(IN) [ \
‘RR |=—trcs
(IN4) RD ———{
L'csn*o = tRD —~|
(L7-Lo) D7-Do «

FIGURE 4 — MICROBUS READ OPERATION TIMING

Ny & ____{~tcswo-——~—— ww ~—'wcs«}____
R ———— tow —
.
—| twp '.—-
(L7-Lo) D7-Dg X A
' wi
Go  INTR A

FIGURE 5 — MICROBUS WRITE OPERATION TIMING
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FUNCTIONAL DESCRIPTION (continued)
TABLE 1 — ENABLE REGISTER MODES — BITS ENg AND EN3

ENp EN3 SI10

SO ‘SK after XAS

Shift Register

Input to shift Register 0

If SKL=1, SK=clock
If SKL=0, SK=0

0 1 Shift Register Input to Shift Register Serial out If SKL=1, SK=clock
If SKL=0, SK=0
1 0 Binary counter Input to Counter 0 SK=SKL
1 1 Binary counter Input to Counter 1 SK=SKL
Interrupt This option has been designed for compatibility with MICRO-

The following features are associated with interrupt procedure
and protocol and must be considered by the programmer when
utilizing interrupts.

a. The interrupt, once acknowledged as explained below, pus-
hes the next sequential program counter address (PC+1)
onto the stack. Any previous contents at the bottom of the
stack are lost. The program counter is set to hex address
OFF (the last word of page 3) and ENyis reset

b. An interrupt will be acknowledged only after the following
conditions are met :

1. ENy has been set.

2. A low-going pulse (“1" to “0") at least two instruction
cycles wide occurs on the IN4 input.

A currently executing instruction has been completed.

. ALL successive transfer of control instructions and suc-
cessive LBIs have been completed (e.g., if the main
program is executing a JP instruction which transfers
program control to another JP instruction, the interrupt will
not be acknowledged until the second JP instruction has
been executed.

Upon acknowledgement of an interrupt, the skip logic status
is saved and later restored upon "‘popping” of the stack. For
example, if an interrupt occurs during the execution of ASC
(Add with Carry, Skip on Carry) instruction which results in
carry, the skip logic status is saved and program control is
transferred to the interrupt servicing routine at hex address
OFF. At the end of the interrupt routine, a RET instruction is
executed to “pop” the stack and return program control to
the instruction following the original ASC. At this time, the
skip lognc is enabled and skips this nnstrucnon because of the
previous ASC carry. Subrouti id not be ted
within the interrupt servicing routine since their ‘popping”
of the stack will enable any previously saved main program
skips, interfering with the orderly execution of the interrupt
routine.

d. The first instruction at hex address OFF must be a NOP

e. A LEl instruction may be put immediately before the RET to
re-enable interrupts.

>

o

MICROBUS interface

The ETC 9420/C 9444 has an option which allows it to be used
as a peripheral microprocessor device, inputting and outputting

BUS a standard interconnect system for 8-bit parallel data
transfer between MOS/LSI CPUs and interfacing devices. (See
MICROBUS National Publication). The functioning and timing
relationships between the signal lines affected by this option
are as specified for the MICROBUS interface, and are given in
the AC electrical characteristics and shown in the timing
diagrams (figure 4 and 5). Connection of the ETC 9420/C 9444
to the MICROBUS is shown in figure 6

POWER
SUPPLY CLOCK

T CKi CK(
INTERRUPT (NTR){VCC 2 CKI CKO

Go 8 G1-G3 “@KD
« 8-BIT DATA BUS
2 Loty 0ys [EO0)
@ .

ETC 9420
g READ STROBE (RD) e No
T CHIP SELECT (%) N
o ..__—_.—_! INp S| g
-4 [WRITE STROBE W/
O INg SO i
s sk . ouT
RES! RESET
T

RESET
FIGURE 6 — microus ®opTion INTERCONNECT

Initialization

The internal reset logic will initialize the device upon power-up
if the power supply rise time 1s less than 1 ms and if the
operating frequency at CKl is greater than 32 kHz, otherwise
the external RC network _shown in Figure 7 must be connected
to the RESET pin. The RESET pin is configured as a Schmitt
trigger input. If not used, it should be connected to Vg Initia-
lization will occur whenever a logic *'0'" is applied to the RESET
input, providing it stays low for at least three instruction cycle
times.

NOTE : if CKl clock is less than 32 kHz, the internal reset logic
(option =29 =1) must be disabled and the external RC circuit
must be used

data from to a host microprocessor (uP). INy.INpand INageneral P +—T
purposes input become MICROBUS INTERFACE read-strobe, 9\, <
chip-select, and write-strobe lines, respectively. INybecome RD E 4: Vee
— alogic "0’ on this input will cause Q latch data to be enabled R < RESET
to the L ports for input to the uP. IN; becomes CS — alogic s ETC 9420/ >
"'0" on this line selects the ETC 9420/C 9444 as the uP periphe- u cg«%%ﬂé RAC= 5 x Power
ral device by enabling the operation of the RD and WR lines and P P GND Supply Rise Time and
allows for the selection of one of several peripheral compo- P I l
nents. INgbecomes WR — a logic 0" on this line will write bus 5; — — RC = 100 x CKi period
data from the L ports to the Q latches for input to the
ETC 9420/C 9444 Ggbecomes INTR, a “‘ready'” output. reset by
a write pulse from the uP on the WR line. providing the "hand-
shaking'~ capability necessary for asynchronous data transfer
between the host CPU and the ETC 9420/C 9444 FIGURE 7 — POWER-UP CIRCUIT
THOMSON SEMICONDUCTEURS -
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FUNCTIONAL DESCRIPTION (continued)

Upon inttialization, the PC register is cleared to 0 (ROM address
0) and the A, B, C, D, EN, IL, T and G registers are cleared. The
SKL Latch is set, this enabling SK as a clock output. Data
Memory (RAM) is not cleared upon initialization. The first
instruction at address 0 must be a CLRA (clear A register).

Timer
There are two modes selected by mask option :

a. Time-base counter. In this mode, the instruction cycle fre-
quency generated from CKI passes through a 2-bit di-
vide-by-4 prescaler. The output of this prescaler increments
the 8-bit T counter thus providing a 10-bit timer. The pres-
caler is cleared during execution of a CAMT instruction and
on reset.

For example, using a 4 MHz crystal with a divide-by-16
option, the instruction cycle frequency of 250 kHz increments
the 10-bit timer every 4 us. By presetting the counter and
detecting overflow, accurate timeouts between 16 us
(4 counts) and 4.096 ms (1024 counts) are possible. Longer
timeouts can be achieved by accumulating, under software
control, multiple overflows.

External event counter. In this mode, a low-going pulse (1"
to “0") at least 2 instruction cycles wide on the IN2 input will
increment the 8-bit T counter.

Note : The IT instruction is not allowed in this mode.

4

A
CKI CKO
AAA
WV
j:' R1
i c2 I I c1
R/C controlled Osciliator
R C Cycle time Voo
15k 82 pF 4to 9us > 45V
30 k 82 pF 8 to 16 us =45V
60 k 100 pF 16to32us 24tod5V

Note : 15k < R < 150 k ; 50 pF < C < 150 pF

Crystal or resonator

Component Values
Crystal
value
c1 c2
R1 R2
(pF) (pF)
32 kHz 220k 20M 30 6-36
455 kHz 5k 10M 80 40
2.086 MHz 2k 1M 30 6-36
4.0 MHz 1k 1M 30 6-36

Halt mode

The ETC 9420/9421/C 9422/ C 9444/ C 9445 is a FULLY
STATIC circuit ; therefore, the user may stop the system oscilla-
tor at any time to hait the chip. The chip may be also halted by
the HALT instruction or by forcing CKO high when it is used as
an HALT/1/0 port. Once in the HALT mode, the internal circui-
try does not receive any clocksignal, and is therefore frozen in
the exact state it was in when halted. All information is retai-
ned until continuing. The chip may be awakened by one of the
two different methods.

1. Continue function — by forcing CKO low, if it is mask-
programmed as an HALT I/O port, the system clock is
reenabled and the circuit continues to operate from the
point where it was stopped.

2. Restart — by forcing the RESET pin low (see initialization).
The HALT mode is the mininum power dissipation state.
NOTE : If the user has selected dual clock with DO as external
oscillator (option 30=2) AND the ETC 9444/C 9420 is running
with the DO clock, the HALT mode — either hardware or
software — will NOT be entered. Thus, the user should switch
to the CKI clock to HALT. Alternatively, the user may stop the
DO clock to minimize power.

B

cKi cKO

HALT

EXTERNAL
OR GENERAL
CLOCK  pRPOSE INPUT
c
CKI cKO
o |
Vee
C 3 HALT
I OR GENERAL
= PURPOSE INPUT
Vee
D
R
OR
po EXTERNAL
CLOCK
I°
CKI CKO

FIGURE 8 — OSCILLATOR COMPONENTS VALUES

This.circuit and these values are for indication only. As the oscillator characteristics are not guaranteed, please
consider and examine the circuit constants carefully on your application.
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FUNCTIONAL DESCRIPTION (continued)

CKO Pin Options

a. Two-pin oscillator — (Crystal). See Figure 9A.
In a crystal controlled oscillator system, CKO is used as an
output to the crystal network. The HALT mode may be
entered by program control (HALT instruction) which forces
CKO high, thus inhibiting the crystal network. The circuit can
be awakened only by forcing the RESET pin to a logic 0"
(restart).

b. One-pin oscillator — (RC or external). See Figure 95.

If a one-pin oscillator system is chosen, two options are

available for CKO :

@ CKO can be selected as the HALT 1/0 port. In that case,
it is an 1/O flip-flop which is an indicator of the HALT
status. An external signal can over-ride this pin to start
and stop the chip. By forcing a high level to CKO, the chip
will stop as soon as CKl is high and CKO output will stay
high to keep the chip stopped if the external driver returns
‘to high impedance state.

By forcing a low level to CKO, the chip will continue and
CKO will stay low.

@ As another option, CKO can be a general purpose input,
read into bit 2 of A (accumulator) upon execution of an
INIL instruction.

Oscillator options

There are four basic clock oscillator configuration available as

shown by Figure 8.

a. Cyrstal Controlled Oscillator. CKI and CKO are connected to
an external crystal. The igstruction cycle time equals the
crystal frequency optionally divided by 4, 8 or 16.

b. External Oscillator. The external frequency is optionally
divided by 4, 8 or 16 to give the instruction cycle time. CKO is
the HALT 170 port or a general purpose input.

=%

c. RC Controlled Oscillator. CKl is configured as a single pin RC

controlled Schmitt trigger oscillator. The instruction cycle
equals the oscillation frequency divided by 4. CKO is the
HALT /O port or a general purpose input.

. Dual oscillator. By selecting the dual clock option, pin DO is
now a single pin oscillator input. Two configurations are
available : RC controlled Schmitt trigger oscillator or external
oscillator.

The user may software select between the DO oscillator (in
that case, the instruction cycle time equals the DO oscillation
frequency divided by 4) by setting the DO latch high or the
CKI (CKO) oscillator by resetting DO Latch low. Note that
even in dual clock mode, the counter, if mask-programmed
as a time-base counter, is always connected to the CKI
oscillator.
For example, the user may connect up to a 1 MHz RC circuit
to DO for faster processing and a 32 kHz watch crystal to CKI
and CKO for minimum current drain and time keeping.
Note : CTMA instructions is not allowed when chip is running
from DO clock.
Figures 10A and 10B show the clock and timer diagrams with
and without Dual clock.

ETC 9445/C 9421 24-Pin package option

If the ETC 9444/C 9420 is bonded in a 24-pin pckage, it beco-
mes the ETC 9445/C 9421 illustrated in Figure 2, Connection
diagrams. Note that the ETC 9445/C 8421 does not contain the

four general purpose IN inputs (IN3-INg). Use of this option

precludes, ocourse, use of th IN optons, interrupt feature,

external event counter feature, and the MICROBUS option

which uses IN1-IN3. All other options are available for the

ETC 9445/C 9421.

Note : if user selects 24-pin package, options 9, 10, 19 and
20 must be selected as a “0" (load to Vgc on the IN
intputs). See option list.

BLOCK DIAGRAMS

CKI

CKO

RESET

HALT
INSTRUCTION

TO CLOCK GENERATOR

FIGURE 9 A — HALT MODE - TWO-PIN OSCILLATOR
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CKO
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FIGURE 9 B — HALT MODE - ONE PIN OSCILLATOR
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FIGURE 10 A — CLOCK AND TIMER BLOCK DIAGRAM WITHOUT DUAL-CLOCK
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FIGURE 10 B — CLOCK AND TIMER BLOCK DIAGRAM WITH DUAL-CLOCK
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INSTRUCTION SET

Table 2 is a symbol table providing internal architecture, instruc-
tion operand and operation symbols used in the instruction set
table.

Table 3 provides the mnemonic, operand, machine code data
flow, skip conditions and description of each instruction.

instruction operand symbols

d 4-bit operand field, 0-15 binary (RAM digit select)
r 3(2)-bit operand field, 0-7(3)binary (RAM

register select)

a 11-bit operand field, 0-2047 (1023)
TABLE 2 — INSTRUCTION SET TABLE SYMBOLS y 4-bit Operand field, 0-15 (immediate data)
RAM(x) RAM addressed by variable x
Symbol _ Definition ROM(x) ROM addressed by variable x
Internal Architecture Symbols o —
A 4-bit Accumulator - -
B 7-bit RAM address register (6-bit for ETC 9420) + Plus
Br Upper 3 bits of B (register address) (2-bit for — Minus
ETC 9420) - Replaces
Bd Lower 4 bits of B (digit address) - is exchanged with
(o] 1-bit Carry register = is equal to
o 4-oit Data output port A one's complement of A
EN 4-bit Enable register )
G 4-bit General purpose /O port ® exclusive-or
i Two 1-bit (INg and INy) latches ; range of values
IN 4-bit input port
L 8-bit TRI-STATE |/Oport
M 4-bit contents of RAM addressed by B
PC 11-bit ROM address program counter
Q 8-bit latch for L port

SA, SB, SC 11-bit 3-level subroutine stack

SIo 4 bit Shift register and counter
sk Logic-controlled clock output
SKL 1-bit lach for SK output
T 8-bit timer
TABLE 3 — ETC9444/C 9420 INSTRUCTION SET
Machine
Mnemonic Operand c:: o Lnggo::ge Date Flow Consd':lt?ona Description
(Binary)
ARITHMETIC INSTRUCTIONS .
ASC 30 [001140000 A+C+RAM(B) - A Carry Add with CARRY  Skip on
Carry - C Carry
ADD 31 00110001 | A+RAMIB)» A None Add RAM to A
ADT 4A 01000010 A+1040— A None Add TEN TO A
AISC y 5— 10101} Y_P{AtYy—A Carry Add Immediate Skip on Carry(y = 0}
CASC 10 100010000 A+RAM(B)+C — A Carry Complement and Add with
Carry - C Carry. Skip on Carry
CLRA 00 0000i6000 0 A None Clear A
COMP 40 0100j0000 A~ A None Ones complemient of A to A
NOP 44 0100j0100 None Mone No Operation
RC 32 100110610} 0 ~-C none Reset C
sC 22 10010j0010j 1"~ C None Set C
XOR 02 loooojpoto A® RAM(B) —+ A None Exclusive-OR RAM with A

1-81
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INSTRUCTION SET (continued)

Mnemonic

Operend

Hx
Code

Machine

I.agg::v Data Flow com'm Oescription
(Binary)

TRANSFER OF CONTROL INSTRUCTIONS

JiD

FF

JLL111]1 11 1] | ROM(PC19gAM) - PCyg| None Jump Indirect (Note 3)

JMP

‘|0 11 0|Ol ai08) |a - PC None Jump
L a7.0 |

JP

U860 ] a -+ PCgyo None Jump within Page (Note 4)
*pages 2. 3. only)

or
‘|1 1| as.0 l a - PCs
(all other pages)

JSRP

|01 as0 ] PC+1 - SA + SB - SC| None Jump to Subroutine Page
00010 —+ PC10:6 (Note 5)

a -~ PCg.g

JSR

E 11 0|1|a19:§| PC+1 - SA » SB + SC| None Jump to Subroutine

Il a70 | a- PC

RET

10100[1090] |SC »SB - SA - PC None Return from Subroutine

RETSK

10100j1001] | SC+SB - SA -+ PC Always Skip Return from Subroutine
on Return then Skip

HALT

00110011} None HALT processor
0011j1000j

33

39

1© 01 110 011 IDLE till timer

1001111001) None Overtiows then continues

MEMORY REFERENCE INSTRUCTIONS N

CAMT

33
3F

001100111 |A—Tyg
001 1]1111) | RAM(B) » T3 None CopyA. RAM to T

CTMA

33
2F

00110011y |T7.4~ RAMB)
0010]1 111 |Tae~ A None Copy T to RAM, A (Note 9)

CAMQ

33

3C

00110011 A~ Q74 None Copy A, RAM to Q
001 1}1100] | RAM(B) - Q30

CQMA

33

2C

|00 oot Q7.4—~ RAM(B) None Copy Q to RAM. A

00101100} |Qzo= A

Lo

[00] r 10101} [ RAM(B) — A None Load RAM into A

(r-03) Br&r - Br Exclusive-OR Br with r

LDD

23

0010j001 1 RAM(rd) - A None Load A with RAM pointed

0 | a to directly by r.d

[yellel

AERRILRERR ROM(PC1pgA M) - Q None Load Q Indirect (Note 3)
MY 08

RMB

W e D

ac
a5
42
43

G 1001100 Q .- RAM(B)y None Reset RAM Bit
010 010 101 0 - RAM(B),

0100 CT 0 [C . RAM(B)
rcofeer e 0 . RAM(B)3

14/22
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INSTRUCTION SET (continued)

Mnemonic Operand!

Machine
Hx Language

Code| Code

(Binary)

Data Flow

Skip
Conditions

Description

SmB

W N - o

4D n100|1101|
47 p1oop111y
46 1000110
48 [2100[101][

1 - RAM@B)p
1 - RAM(B)y
1 - RAM(B)p
1 - RAM(B)3

None

Set RAM Bit

Bl

<

7- 111 y

y -+ RAM(B)

Bd®1 - Bd

None

Store Memory Immediate

and increment Bd

-6 pojrjot110}
(r=03)

RAM(B)¢& A

Br@&.r - Br

None

Exchange RAM with A,

Exclusive-OR Br with r

XAD rd

23 0po010j0011)

RAM(rd) e A

None

Exchange A with RAM pointed
to directly by r, d

XDS r

RAM(B)¢& A

Bd—1 - Bd

Br® - Br

Bd

decrements

past 0

Exchange RAM with A
and Decrement Bd

Exclusive-Or Br with r

XIS r

-4 0jr 0100

(r=0:3)

RAM(B)«— A
Bd+1- Bd

Br®r - Br

Bd

increments

past 15

Exchange RAM with A
and Increment Bd,

Exclusive-Or Br with r

REGISTER REFERENCE

INSTRUCTIONS

CAB

50 |0101|0000,

A - Bd

None

Copy A to Bd

CBA

4€E |9100|1110|

Bd - A

None

Copy Bd to A

LBI rd

- - E 0 |! | (d-1)
(r=0:3)

(d=09:15)
or

33 EO11|0011

.- 1] r d
(any r, any d)

rd-B

Skip until

not a LBI

Load B immediate with r.d

(Note 6)

LEI y

33 pot11j0011y

6- 110

y - EN

None

Load EN immediate (Note 7)

XABR

12 b001|0010|

A« Br

None

Exchange A with Br (Note 8)

TEST INSTRUCTIONS

SKC

20 10010000 0f,

Skip if C1s True

SKE

21 E010|0001

A=RAM(B;

Skip if A Equals RAM

SKGZ

33 [p011001 1,
21 loot1ojooc 1y

G3.0=0

Skip it G is Zero

(ali 4 nits)

SKGBZ

33 lOO11|001|J
o1 |0000|0001|
1 |0001|0001|

03 |0000|0011|
13 [QOO!]OO!H

ist byte

2nd byte

Gp=0
G1=0
Gp=0

G3=0

Skip it G Bit 1s Zero

1-83
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INSTRUCTION SET (continued)

Machine
o] Lengusge Data Flow Comt e Description
(Binary)
SKMBZ o1 10000j000 1] RAM (B)g=0 Skip if RAM Bit is Zero
1" looo1jo001] RAM B}y =0
03 loooojoo1 1 RAM (B)2=0
13 0010011 RAM (B)3=
SKT 4 010 0jooo1y A time-base Skip on Timer
counter (Note 3)
carry has occured
since last test
INPUT/OUTPUT INSTRUCTIONS 7
ING 33 10110011} |G~A None Input G Ports to A
2A IO 010j1010
ININ 33 I|O 0111001 1) ]IN-A None Input IN inputs to A
28 10010{1000} (Note 2)
INIL 33 0011j0011}]13,CKO, 0", ILg—~ A None Input IL Latches to A
29 floo10f1001] (Note 3)
INL 33 |0 0110011} ] Lyea~ RAM(B) None Input L Ports to RAM. A
26 Jloo10f1110]|Lge~A
08D 33 [001110011)}|Bd~D None Output Bd to D Outputs
3 Jloorip110]
oGI . y 33 ho 0110o011)|y~G None Output to G Ports
5- |0 10 'I| y J Immediate
OMG 33 001 11001 1) | RAM(B) -~ G None Output RAM to G Ports
3A il_g 0111010}
XAS 4F 101001 111]]A~SIOC~ SKL None Exchange A with SIO
(Note 3)
Note 1: All subscripts for alph ical bols indi bit bers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are

numbered 0to N where 0 signifies the Isast significant bit (low-order, right-most bit). For example, A, indicates the most significant (left-most)
bit of the 4-bit A register.

Note 2: The ININ instruction is not available on the 24-pin packages since these devices do not contain the IN inputs.

Note 3 : For additional on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below.

Note 4 : The JP instruction allows a jump, while in subroutine page 2 or 3, to any ROM location within the two-page boundary of pages
2 0or 3 The JP instruction, otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word
of a page

Note S : A JSRP transters program control to subroutine page 2 (0010 is loaded into the upper 4,bits of P). A JSRP may not be used when
n pages 2 or 3. JSRP may not jump to the last word in page 2.

Note 8 : LBIs a single-byte instruction if d=0,9, 10, 11, 12, 13, 14, or 15. The machine code for the lower 4 bits equals the binary value of the
“d"” data minus 1, e.g.. to load the lower four bits of B (Bd) with the value 9(10012), the lower 4 bits of the LBI instruction equal 8 (1000). To
load 0. the lower 4 bits of the LBI instruction shouid equal 15 (11112).

Note 7 : Machine code for operand field y for LE! instruction should equal the binary value to be latched into EN, wherea 1" or 0" in each
bit of EN corresponds with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN
Register)

Note 8: For 2K ROM devices A — Br (0 — A3). For 1K ROM devices. A — Br (0.0 — A3, A2).

Note 9 : Do not use CTMA instruction when dual - option is selected and part is running from DO Clocks.

16/22
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DESCRIPTION OF SELECTED INSTRUCTIONS

Xas instruction

XAS (Exchange A with SIO) copies C to the SKL latch and
exchanges the accumulator with the 4-bit contents of the SIO
register. The contents of SIO will contain serial-in/serial-out
shift register or binary counter data, depending on the value of
the EN register. If SIO is selected as a shift register, an XAS
instruction can be performed once every 4 instruction cycles
to effect a continuous data stream.

LQID Instruction

LQID (Load Q Indirect) loads the 8-bit Q register with the
contents of ROM pointed to by the 11-bit word PC10:PC8,A M.
LQID can be used for table lookup or code conversion such as
BCD to seven-segment. The LQID instruction “pushes’ the
stack (PC +1 - SA » SB - SC) and replaces the least si-
gnificant 8 bits of the PC as follows: A - PC(7:4),
RAM(B) —» PC(3:0), leaving PC(10), PC(9) and PC(8) unchan-
ged. The ROM data pointed to by the new address is fetched
and loaded into the Q latches. Next, the stack is "“‘popped”
(SC » SB -» SA - PC), restoring the saved value of PC to
continue sequential program excecution. Sincé LQID pushes
SB - SC, the previous contents of SC are lost.

Note : LQID uses 2 instruction cycles if executed, one if
skipped.

JID instruction

JID (Jump Indirect) is an indirect addressing instruction,
transferring program control to a new ROM location pointed to
indirectly by A and M. It loads the lower 8 bits of the ROM
address register PC with the centents of ROM addressed by
the 11-bit word, PC10:8,A M. PC10, PC9 and PC8 are not
affected by JID.

Note : JID uses 2 instruction cycles if executed, one if skipped.

SKT instruction

The SKT (Skip On Timer) instruction tests the state of the T
counter overtlow latch (see internal logic, above), executing
the next program instruction if the latch is not set. If the latch
has been set since the previous test, the next program ins-
truction is skipped and the latch is reset. The features asso-
ciated with this instruction allow the processor to generate its
own time-base for real-time processing, rather than relying on
an external input signal.

Note : If the most significant bit of the T counter is a 1 when
a CAMT instruction loads the counter, the overflow flag will be
set. The following sample of codes should be used when
loading the counter :

CAMT ; load T counter
SKT : skip if overflow flag is set and reset it
NOP

IT instruction

The IT (idle till timer) instruction halts the processor and puts
it in an idle state until the time-base counter overflows. Upon
overflow, the processor will restart with a delay shorter than
one cycle time. This idle state reduces current drain since all
logic (except the oscillator and time base counter) is stopped.
IT instruction is not allowed if the T counter is mask-
programmed as an external event counter (option # 31 = 1).

INIL instruction

INIL (Input IL Latches to A) inputs 2 latches, IL3 and ILO, CKO
and 0 into A. The IL3 and ILO latches are set if a low-going pulse
(1" to 0"} has occured on the IN3 and INO inputs since the
last INIL instruction, provided the input pulse stays low for at
least two instruction cycles. Execution of an INIL inputs IL3 and
ILO into A3 and AOQ respectively, and resets these latches to
allow them to respond to subsequent low-going pulses on the
IN3 and INO lines. If CKO is mask programmed as a general
purpose input, an INIL will input the state of CKO INTO A2. If
CKO has not been so programmed, a “1" will be placed in A2.
A 0 is input into A1. IL latches are cleared on reset. IL latches
are not available on the ETC 9445/C 9421.

Instruction set notes

a. The first word of a program (ROM address 0) must be aCLRA
(Ciear A) instruction.

b. Although skipped instructions are not executed, they are still
fetched from the program memory. Thus program paths take
the same number of cycles whether instructions are skipped
or executed except for JID, and LQID.

o

.The ROM is organized into pages of 64 words each Tha
Program Counter is a 11-bit binary counter, and will count
through page boundaries. if a JP, JSRP, JID, or LQID is the
last word of a page, it operates as if it were in the next page.
For example : a JP Located in the last word of a page will
jump to a iocation in the next page. Also, a JID or LQID
located in the last word of every fourth page (i.e. hex address
OFF, 1FF, 2FF, 3FF, 4FF, etc.) will access data in the next
group of four pages.

Note : The ETC 9420/C 9421/C 9422 needs only 10 bits to
address its ROM. Therefore, the eieventh bit (10) is ignored.

POWER DISSIPATION

The lowest power drain is when the clock is stopped. As the
frequency increases so does current. Current is also lower at
lower operating voltages. Therefore, the user should run at the
lowest speed and voltage that his application will allow. The
user shouid take care that all pins swing to full supply levels to
insure that outputs are not loaded down and that inputs are not
at some intermediate level which may draw current. Any input
with a slow rise or fail time will draw additional current. A crystal
or resonator generated clock input will draw additional current.
For example, a 500 kHz crystal input will typical draw 100 pA
more than a square-wave input. An R/C oscillator will draw even
more current since the ihput is a slow rising signal.

If using an external squarewave oscillator, the following equa-
tion can be used to calculate the ETC 9444/C 9445 operating
current drain.

THOMSON SEMICONDUCYTEURS
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Ico=la +Y x 40 x Fi+V x 1400 x Fi/Dv

wherelgo=chip operating current drain in microamps
Ig=quiescent leakage current (from curve)
Fi=CKI frequency in MegaHertz
V =chip Vgg in volts
Dv =divide by option selected.

For example at 5 volts Vg and 400 kHz (divide by 4)
Tco=20+5x40x0.4+5x 1400 x 0.4/4
Ico = 20+ 80+ 700 =800 uA

At 2.4 volts Vog and 30 kHz {divide by 4)
Ico=6+2.4 x40 x0.03+ 2.4 x 1400 x 0.03/4
Ico=6+288+252- 3408 pA
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POWER DISSIPATION (continued)

It aniTinstruction is executed, the chip goes into the IDLE mode
until the timer overflows. in IDLE mode, the current drain can
be calculated from the following equation :
Ici=Ig+V x 40 x Fi
For example, at 5 volts Vcc and 400 kHz
Ici=20+5x40x%0.4=100 pA

The total average current will then be the weighted average of
the operation current and the idle current :

To Ti
+lcix
To+Ti To+Ti

ta=igox

where :  ita = total average current
Ico= operating current
Ici = idle current
To = operating time
Ti = idle time
/G options

ZTC 9444/C 9445 outputs have the following optional configura-
ions, illustrated in Figure 11 :

1. Standard—A CMOS push-pull buffer with an N-channel
device to ground in conjunction with a P-channel device to
Vgo.compatible with CMOS and LSTTL.

). Low Current—This is the same configuration as a. above
except that the sourcing current is much less.

Vee
P2
N1

a. Standard Push-Pull Output

d. Standard TRI-STATE “L” Output

Vec Vec
Al
=
-

g. Input with Load

. Low Current TRI-STATE “L” Output.

c. Open Drain—An N-channel device to ground only, allowing
external pull-up as required by the user’s application.

d. Standard TRI-STATE L Ouput—A CMOS output buffer similar
to a. witch may be disabled by program control.

e. Low-Current TRI-STATE L Output—This is the same as d.
above except that the sourcing current is much less.

f. Open-Drain TRI-STATE L. Output—This has the N-channel
device to ground only.

All inputs have the following options :
g. Input with on chip load device to Vcc.
h. Hi-Z input which must be driven by the users logic.

When using either the G or L I/O ports as inputs, a pull-up
device is necessary. This can be an external device or the
following alternative is available : Select the low-current output
option. Now, by setting the output registers to a iogic "'1" level,
the P-channel devices will act as the pull-up load. Note that
when using the L ports in this fashion the Q registers must be
set to a logic “1" level and the L drivers MUST BE ENABLED
by an LEI instruction (see description above).

All output drivers use one or more of three common devices
numbered 1 to 3. Minimum and maximum current (lgyrand Vo)
curves are given in Figure 12for each of these devices to allow
the designer to effectively use these 1/0 configurations.

S

b. Low Current Push-Pull Output

c. Open-Drain Output

Vee Vee Vee
DISABLE DISABLE
P2 P3
DISABLE
- - -

{. Open Drain TRI-STATE “L" Output

-

h. HI-Z Input

FIGURE 11 — INPUT/QUTPUT CONFIGURATIONS

18722
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POWER DISSIPATION: (continued)

Standard Low Current Opu'oh
Minimum Sink Current Minimum Source Current Minimum Source Current
24 12 —
Y
20 e 10
—1" 55V
16 08 40 N
< < 4 45V
. L ., ~N e \
B = 3 e AN 3 NN\
08 pa 04 20 AN
/ 30V \ 30V \
w| AL 4V 02 P2 10 \
—
0 o L2V N o 24V N
0 10 20 30 40 50 60 0 10 20 3 40 50 60 0 10 20 30 40 50 60
VoL (VOLTS) VoH (VOLTS) VoH (VOLTS)
ETC 9420/ETC9444 ETC9320/ETC9344
ETC9421/ETC9445 ETC9321/ETC9345
ETC9422 ETC9322
Low Current Option Low Current Option
Maximum Source Current Maximum Source Current Maximum Quiescent Current
600 600
oy 120
50 55V 50
—~
“w 4“0 0
= &V = = 05 C
A . £ 3
x I N Q
o ‘ Ke] \ o Al
w N N Laov A
N 200 v 0 7
P #C
w |24V \ © P
P —
0 N \ 0 \ st
0 10 20 30 40 50 60 0 10 20 30 40 50 60 [N 2 3 4 $ 6
VoH (VOLTS) VoH (VOLTS) Vce (VOLTS)
FIGURE 12 — INPUT/OUTPUT CHARACTERISTICS
19/22
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OPTION LIST

The ETC 9')4'44/0 9420/C 9445/C 9421/C 9h422 mask- Option 16 : Si Input — (same as option 9)
programmable options are assigned numbers which corres- : . "
pond with the ETC 9344,C 9320/C 9345/C 9321/C 9322 OPtion 17.: SO Driver

=0 : Standard push-pull output

‘?i"s' . =1 Low-current push-pull output
The following is a list of options. The options are programmed =2 : Open-drain output
at the same time as the ROM pattern to provide the user with ; . . _ :
the hardware flexibility to interface to various I/O components  CPrion 18 SK Driver — (same as option 17)
using little or no external circuitry. Option 19 : INO Input — (same as option 9)
Option 1=0 : Ground Pin — no option available. Option 20 : IN3 Input — (same as option 9)
Option 2 : CKO Pin Option 21 : GO I/O Port — (same as option 17)
=0 : clock generator output to crystal/resonator Option 22 : G1 1/0 Port — (same as option 17)
=1:HALT I/O port i . — i
=2 : general purpose input with load device to Vg Optfon 23:G2 /O Port — (same as optfon m
=3 : general purpose input, high-Z Option 24 : G3 I/O Port — (same as option 17)
Option 3 : CKI input Option 25 : D3 Qutput — (same as option 17)
=0 : Crystal controlled oscillator input divide by 4 Option 26 : D2 Output — (same as option 17)
=1 : Crystal controlled osciliator input divide by 8 ; . _ N
=2 : Crystal controlled oscillator input divide by 16 0pt!°n 27 : D1 Output — (same as optfon )
=4 : Single-pin RC controlied oscillator (divide by 4) Option 28 : DO Output — (same as option 17)
=5 : External oscillator input divide by 4 Option 29 : Internal Initialization Logic
=6 : External oscillator input divide by 8 =0 : Normal operation
=7 : External oscillator input divide by 16 =1 : No internal initialization logic
Option 4 : RESET input Option 30 : Dual Clock
=0 : load device to Vee =0 : Normal operation
=1:Hi-Z input =1:Dual Clock. DO RC oscillator -
Option 5 : L7 Driver Z 2 Dual Clook. DO ext, clock input § (Pt # 28 must=2)
=0 : Standard TRI-STATE push-pull output Option 31 : Timer
=1: Low-current TRI-STATE push-pull output =0 : Time-base counter
=2 : Open-drain TRI-STATE output =1: External event counter
Option 6 : L6 Driver—(same as option 5) Option 32 : MICROBUS
Option 7 : LS Driver—(same as option 5) =0 : Normal

=1:MICROBUS (opt. #31 must=0)
Option 33 : Chip bonding

(1 K and 2 K Microcontroller)

= 0: 28 - pin package

Option 8 : L4 Driver—(same as option 5)

Option 9 : IN1 input
=0 load device to vgc

=1:Hi-Z input = 1:24 - pin package ) .
Option 10 : IN2 input— (same as option 9) = 2 : Same die purchas:e(: in both 24 and 28 pin version
. —0 : Vin Pin— . " (1 K Microcontroller only
Optfon 1 =0 .v?c Pin—no option available = 320 - pin package
Option 12 : L3 Driver—(same as option 5) = 4 : 28- and 20- pin package
Option 13 : L2 Driver—(same as option 5) = 5:24- and 20- pin package
= 6:28-, 24- and 20- ki
Option 14 : L1 Driver— (same as opticn 5) 8- 24-an pin package

Option 15 : LO Driver—(same as option 5) Note : - If opt#33=2thenopt#9, 10,19, 20and 32 must=0
-ifopt#33=3,4, 5or6thenopt#9,10,19,20, 21,22,
30 and 32 must =0

CROSS REFERENCE

THOMSON SC NS

ETC 9420 COP 424 C
ETC 9421 COP 425C
ETC 9422 COP 426 C
ETC 9444 COP 444 C
ETC 9445 COP 445 C

COPS, MICROWIRE and TRISSTATE are registered trademarks of National Semiconductor Corp.
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ETC9420/21/22/44/45 ¢ ETC9320/21/22/44/45

PHYSICAL DIMENSIONS
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ETC9420/21/22/44/45 e ETC9320/21/22/44/45

PHYSICAL DIMENSIONS
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These specifications are subject to change without notice.
Please inquire with our sales offices about the availability of the different products.
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ETL9420/21/22 ¢ ETL9320/21/22

The ETL9420, ETL9421, ETL9422, ELT9320, ETL9321, and ETL9322
Single-Chig N-Channel Microcontrollers are fully compatible with
the COPS® family, fabricated using N-channel, silicon gate XMOS
technology. These controller oriented processors are complete
microcomputers containing all system timing, internal logic, ROM,
RAM, and I/0 necessary to implement dedicated control functions
inavariety of applications. Features include single supply operation,
a variety of output configuration options, with an instruction set,
internal architecture, and 1/0 scheme designed to facilitate key-
board input, display output, and BCD data manipulation. The
ETL9421 and ETL9422 are identical to the ETL9420, but with 19 and
15 1/0 lines, respectively, instead of 23. They are an appropriate
choice for use in numerous human interface control environments.
Standard test procedures and reliable high-density fabrication tech-
niques provide the medium to large volume customers with a cus-
tomized controller oriented processor at a low end-product cost.

The ETL9320/L9321/L9322 are exact functional equivalents, but
extended temperature range versions, of the ETL9420, ETL9421
and ETL9422 respectively.

o Low cost

o Powerful instruction set

¢ 1 Kx 8 ROM, 64 x 4 RAM

023 1/0 lines (ETL9420) )

o True vectored interrupt, plus restart

o Three-level subroutine stack

o 16us instruction time

e Single supply operation (4.5-6.3V)

e Low current drain (9mA max.) . .

o Internal time-base counter for real-time processing

e Internal binary counter register with MICROWIRE® compatible
serial 1/0 C @

o General purpose and TRI-STATE ~ outputs

o LSTTL/CMOS compatible in and out

e Direct drive of LED digit and segment lines

e Software/hardware compatible with other members
of ET9400 family

e Extended temperature range device .
ETL9320/1.9321/1.9322 (-40°C to + 85°) .

e Wider supply range (4.5V - — 9.5V) optionally available

NMOS

CASES

ETL9420 ® ETL9320

N SUFFIX
PLASTIC PACKAGE

N SUFFIX
PLASTIC PACKAGE

v N SUFFIX
PLASTIC PACKAGE

PIN ASSIGNMENT

Ny

anp [0 287 oo
cxo 2 270 o
ci []3 26{] o2
RESET [J4 {1 0s
s 24 es
s [e 23{] a2
s [7 ETLoa20 20
e [Js ETLE320 514,
wt ]9 20{] N3
Nz (J10 19[] mo
vee [ 18[7'sk
w2 17[] so
[Py njk] 1] s
u-[] 15[] w
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ETL9420/9421/9422 ¢ ETL 9320/9321/9322

ETL9420/L9421/L9422
ABSOLUTE MAXIMUM RATINGS
Voitage at Any Pin Relative to GND —-0.5V to +10V
Ambient Operating Temperature 0°Cto +70°C
Ambient Storage Temperature —-65°C to +150°C
Lead Temperature (Solderir.g, 10 seconds) 300°C
Power Dissipation
ETL9420/19421 0.75 Watt at 25°C
0.4 Watt at 70°C
ETLS422 0.65 Watt at 25°C
0.3 Watt at 70°C
Total Source Current 120mA
Total Sink Current 120mA

Absolute maximum ratings indicate limits beyond which damage
to the device may occur. DC and AC electrical specitications are
not ensured when operating the device at absolute maximum

ratings.

DC ELECTRICAL CHARACTERISTICS 0°< TA < +70°C, 45V < VG 95V (Unless otherwise specified).

Parameter Conditions Min. Max. Units
Standard Operating Voltage (Vcc) Note 1 45 6.3 v
Optional Operating Voitage (Vcc) 45 9.5 '
Power Supply Ripple peak to peak —_ 0.5 v
Operating Supply Current all inputs and outputs open — 9 mA
Input Voitage Levels
CKI Input Levels
Crystal Input (+32, +16, +8)
Logic High (Vi) 20 - v
Logic Low (V)) -0.3 0.4 v
Schmitt Trigger Input (+4)
Logic High (Viy) 0.7 Vee - v
Logic Low (Vy) -0.3 0.6 v
RESET input Levels Schmitt Trigger Input
Logic High 0.7V - v
Logic Low -0.3 0.6 A
SO Input Level (Test mode) 20 25 v
Al Other Inputs
Logic High Ve = Max. 3.0 - \'
Logic High with TTL trip level options 2.0 — )
Logic Low selected, Voo =5V 5% -0.3 08 v
Logic High with high trip level options 3.6 - v
Logic Low selected -0.3 1.2 v
Input Capacitance — 7 pF
Hi-Z Input Leakage -1 +1 uA
Output Voltage Levels
LSTTL Operation Vee =5V 5%
Logic High (Vou) lon =~25uA 27 — \
Logic Low (Vo) lor =0.36mA — 0.4 )
CMOS Operation
Logic High lon = ~10uA Veg -1 - v
Logic Low lop =+10uA — 0.2 v

Note 1: V¢ voltage change must be less than 0.5V in a 1 ms period to maintain proper operation.
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ETL9420/9421/9422 ¢ ETL9320/9321/9322

ETL9420/L9421/L9422
DC ELECTRICAL CHARACTERISTICS (continued) 0°C < TA < +70°C, 4.5V £ Vog < 95V (Unless otherwise specified)
Parameter Conditions Min. Max. Units
Output Current Levels
Output Sink Current
SO and SK Outputs (lo,) Vee =9.5V. Vo =0.4V 18 — mA
Ve =6.3V, Vo =0.4V 12 — mA
Vee = 4.5V, Vo = 0.4V 09 - mA
Lo-L7 Outputs and Standard Vee =9.5V, Vo = 0.4V 08 - mA
Go-G3, Dg-D3 Outputs (IgL) Vee =6.3V, Vo =0.4V 05 - mA
Ve = 4.5V, Vo = 0.4V 0.4 - mA
Go-G3 and Dg-D3 Outputs with Vee =9.5V. Vo = 1.0V 15 - mA
High Current Options (Iop) Vec =6.3V, Vo, = 1.0V " - mA
Vee = 4.5V, Vg = 1.0V 75 - mA
Go-Gg and Dg-D3 Outputs with Vee =9.5V. Vo = 1.0V 30 - mA
Very High Current Options (Iop) Vee =6.3V. Vo = 1.0V 22 - mA
Vee =45V, Vo = 1.0V 15 — mA
CKI (Single-pin RC oscillator) Vee =4.5V. iy =3.5V 2 - mA
CKO Vee =4.5V, Vo = 0.4V 02 — mA
Output Source Current
Standard Configuration, Vec =9.5V, Vou = 2.0V -140 —800 uA
All Outputs (low) Vee = 6.3V, Vo = 2.0V ~75 — 480 A
Vee = 4.5V, Vou = 2.0V —30 —250 uA
Push-Pull Contiguration Vee =9.5V, Vou = 4.75V ~1.4 - mA
SO and SK Outputs (lon) Vec =6.3V, Vo =2.4V —14 - mA
Vee =4.5V, Vo = 1.0V —1.2 — mA
LED Configuration, Lo-L7 .
Outputs, Low Current Vee =9.5V. Vo = 2.0V —15 —18 mA
Driver Option (I0H) Vee = 6.0V, Vor = 2.0V —15 -13 mA
LED Configuration, Lo-L7
Outputs, High Current Ve =9.5V. Vou = 2.0V —3.0 ~35 mA
Driver Option (IloH) Vee =8.0V, Vo = 2.0V —3.0 —25 mA
TRI-STATE® Configuration, Vee = 9.5V, Vou = 5.5V -0.75 — mA
Lo-L7 Outputs, Low Vec =6.3V, Vou = 3.2V -0.8 - mA
Current Driver Option (I0H) Ve =4.5V. Vou = 1.5V -09 - mA
TRI-STATE®Configuration, Vee =95V, Vou = 5.5V -15 — mA
Lp-L7 Outputs. High Vec =6.3V. Vo = 3.2V -1.6 — mA
Current Driver Option (lgw) Ve =4.5V, Vo = 1.5V -1.8 — mA
Input Load Source Current Vee =5.0V, Vy =0V -10 ~140 uA
CKO Output
RAM Power Supply Cption
Power Requirement Vg=3.3V - 3.0 mA
TRI-STATE® Output Leakage
Current =25 +25 uA
Total Sink Current Allowed
All Outputs Combined —_ 120 mA
D. G Ports - 120 mA
L7-Lg — 4 mA
La-Lo —_ 4 mA
All Other Pins —_ 15 mA
Total Source Current Ailowed
All I/O Combined - 120 mA
L7-Lg - 60 mA
L3-Lo — 60 mA
Each L Pir —_ 30 mA
All Other Pins —_ 15 mA
4/24
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ETL9420/9421/9422 ¢ ETL9320/9321/9322

ETL9320/L9321/L9322
ABSOLUTE MAXIMUM RATINGS
Voltage at Any Pin Relative to GND -0.5Vto +10V
Ambient Operating Temperature -40°C to +85°C
Ambient Storage Temperature -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
Power Dissipation
ETL9320 L9321 0.75 Watt at 25°C
0.4 Watt at 85°C
ET19322 0.65 Watt at 25°C
0.20 Watt at 85°C
Total Source Current 120mA
Total Sink Current 120mA

Absolute maximum ratings indicate limits beyond which damage
to the device may occur. DC and AC electrical specifications are
not ensured when operating the device at absolute maximum
ratings.

DC ELECTRICAL CHARACTERISTICS — 40°C < Ta < +85°C, 4.5V < Voi < 7.5V (Unless otherwise specified)

Parameter Conditions . Min. Max. Units
Standard Operating Voltage (Vcc) Note 1 45 55 \
Optional Operating Voltage (Vcc) 45 75 v
Power Supply Ripple peak to peak - 0.5 \Y
‘Operating Supply Current all inputs and outputs open - 1 mA

Input Voltage Levels

CKl Input Levels
Crystal Input

Logic High (Viy) 22 - \'
Logic Low (V) -03 03 v
Schmitt Trigger Input
Logic High (Viy) 0.7Vee - Vv
Logic Low (Vy) -03 04 v
RESET Input Levels Schmitt Trigger Input
Logic High 0.7Vee —_ v
Logic Low -03 0.4 Vv
SO Input Level (Test mode) 22 25 \Y
All Other Inputs
Logic High Vee = Max. 3.0 - \
Logic High with TTL trip level options 22 —_ Y
Logic Low selected, Voc =5V 5% -03 06 \
Logic High with high trip level options 3.6 — '
Logic Low selected -03 1.2 \'
Input Capacitance - 7 pF
Hi-Z Input Leakage -2 +2 uh
Output Voitage Levels
LSTTL Operation Vec =5V *5%
Logic High (Von) lon = —20uA 27 — v
Logic Low (Vo) lop =0.36mA — 04 v
CMOS Operation
Logic High low = —10uA Vee -1 — \
Logic Low log = +10uA - 0.2 \

Note 1 : V¢ voitage change must be less than 0.5V in a 1 ms period to maintain proper operation.
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ETL9420/9421/9422 ¢ ETL9320/9321/9322

ETL9320/L9321/L9322
DC ELECTRICAL CHARACTERISTICS (continued — 40°C < TA< 185°C, 45V < Ve < 7.5V (Unless otherwise specified).
Parameter Conditions Min. Max. Units
Output Current Levels
Output Sink Current
SO and SK Outputs (lo) Vee =7.5V. Vo =0.4V 1.4 - mA
Vee =55V, Vo =0.4V 1.0 — mA
Voo = 4.5V, Vo = 0.4V 08 - mA
Lo-L7 Outputs and Standard Vec = 7.5V, Vo =0.4V 06 — mA
Go-Gg, Dg-D3 Outputs (lopD) Vee =5.5V. Vo =0.4V 05 — mA
Vg = 4.5V, Vo =0.4V 0.4 - mA
Gn-G3 and Dg-D3 Outputs with Vec =7.5V, Vo =1.0V 12 — mA
hugh Current Options (IoL) Vec =5.5V, Vg = 1.0V 9 - mA
Vec =45V, Vo =10V 7 - mA
Go-G3 and Dp-D3 Outputs with Ve = 7.5V, VoL = 1.0V 24 — mA
Very High Current Options (Iop) Vee =53V, VoL = 1.0V 18 _ mA
Vee =45V, Vo =1.0V 14 - mA
CKI (Single-pin RC oscillator) Vec =4.5V, V) =35V 2 — mA
CKO Vee = 4.5V, Vo =0.4V 02 - mA
Output Source Current
Standard Configuration, Vec =7.5V, Vou = 2.0V ~100 -900 uA
All Outputs (lon) Vee =5.5V, Vou = 2.0V ~55 -600 A
Vee = 4.5V, Vou = 2.0V -28 -350 uA
Push-Pull Configuration Vec =7.5V, Vou =3.75V -0.85 - mA
SO and SK Outputs (lon) Vee =5.5V, Vou = 2.0V -1.1 —_ mA
Vec =45V, Vou =1.0V -1.2 - mA
LED Configuration, Lg-L7 Vec =7.5V, Vo =2.0V -1.4 =27 mA
Outputs, Low Current Vec =6.0V, Vou =20V -14 =17 mA
Driver Option (I0H) Ve =5.5V, Vou =2.0V -0.7 -15 mA
LED Configuration, Lo-L7 Voo =7.5V, Vou = 2.0V =27 -54 mA
Outputs, High Current Vec =6.0V, Vo =2.0V =27 -34 mA
Driver Option (I0H) Vee =5.5V, Vo =2.0V -14 -30 mA
TRI-STATE® Configuration, Vec =75V, Vo =4.0V -0.7 — mA
Lo-L7 Outputs, Low Vec =5.5V, Vou =2.7V -0.6 — mA
Current Driver Option (IQH) Vec =4.5V, Vou =15V -09 — mA
TRI-STATE ® Configuration, Vee =7.5V, Vouy =4.0V -1.4 — mA
Lo-L7 Outputs, High Vee =55V, oy =2.7V -1.2 — mA
Current Driver Option (IQH) Voc =4.5V, Vo = 1.5V -18 - mA
Input Load Source Current Vec =5.0V, Vi =0V -10 -200 A
CKO Output
RAM Power Supply Option '
Power Requirement VR=3.3V — 4.0 mA
TRI-STATE® Output Leakage
Current -5 +5 uA
Total Sink Current Allowed
All Outputs Combined —_ 120 mA
D, G Ports — 120 mA
L7-Lg —_ 4 mA
L3-Lo — 4 mA
All Other Pins — 15 mA
Total Source Current Allowed
All 110 Combined — 120 mA
L7-Lg — 60 mA
L3-Lg — 60 mA
Each L Pin — 37 mA
All Other Rins — 1.5 mA
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ETL9420/9421/9422 ¢ ETL9320/9321/9322

AC ELECTRICAL CHARACTERISTICS

ETL9420/L9421/19422 : 0°C { TA < +70°C, 4.5V < Vo < 9.5V (Unless otherwise specified)
ETL9320/L9321/L9322 : —40°C < TA < +85°C, 45V < Vg < 7.5V (Unless otherwise specified).

Parameter Conditions Min. Max. Units
Instruction Cycle Time — t¢ 16 40 us
CKI

Input Frequency — f) +32 mode 08 20 MH2z
=16 mode 04 1.0 MHz
+8 mode 0.2 0.5 MHz
+4 mode 0.1 0.25 MHz

Duty Cycle 30 60 %

Rise Time t=2MHz — 120 ns

Fall Time — 80 ns

CKI Using RC (+4) R=56kQ +5%
C=100pF £10%
Instruction Cycle Time 16 28 HS
CKO as SYNC Input
tsyne 400 — ns
INPUTS:
IN3-INg, G3-Go, L7-Lg

tsetup — 8.0 us

tHoLp — 13 us
SI
tseTup — 20 us
tHoLo — 1.0 us
OUTPUT PROPAGATION DELAY Test condition:
CL=50pF, R =20k, Vour = 1.5V
SO, SK Outputs
tPD1. tPDO - 40 s
All Other Outputs
tPD1. tPDO - 56 He

THOMSON SEMICONDUCTEURS
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ETL9420/9421/9422 ¢ ETL9320/9321/9322

FIGURE 2 — CONNECTION DIAGRAMS

ano [0 o 1 oo
cko []2 277 o1
cxi [3 26(] p2 oot 24[] oo
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Order number ETL9420/N ETL9320/N  Order Number ETL9421/N, ETL9321/N  Order number ETL9422/N ETL9322/N
Package N28A Package N24A Package N20A
Pin Description Pin Description
L7-Lo 8 bidirectional I/0 ports with SK Logic-controlled clock (or general
TRI-STATE® purpose output)
G3-Gp 4 bidirectional I/O ports CKI System oscillator input
D3-Dg 4 general purpose outputs CKO System oscillator output (or general
IN3-INg 4 general purpose inputs (ETL9420/L9320 only) gl#:g?e 'nr:)m. RAM power supply or
inpu
Sl Serial in ounter i
50 Serlal put (or counter input) RESET System reset input
i e |
rial output (or general purpose output) Vee Power supply
GND Ground
}__.__ INSTRUCTION CYCLE TIME ('ci——o{
CKI nuuuunuuuuuUn
PD1 — PDO
SK (AS A " v VoL |
CLOCK OH | AN /[ 7
INg-IN ——tseTuP—={ I tHoLD
G3-Go, L7~|§ X ) &
CKO & r._ pD1 —o| le tPDO
INPUTS / 5. &V < VoL
G3-Gg. D3-Dg OH '
L7-Lg, SO, SK .
‘OUTPUTS
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FIGURE 3 — INPUT/OUTPUT TIMING DIAGRAMS (CRYSTAL DIVIDE-BY-16 MODE)
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ETL9420/9421/9422 ¢ ETL9320/9321/9322

FUNCTIONAL DESCRIPTION

For ease of reading this description, only ETL9420 and/
or ETL9421 are referenced ; however, all such references
apply also to ETL9320, L9321, L9322 or ETL9422.

A block diagram of the ETL9420 is given in Figure 1.
Data paths arle illustrated in simplified form to depict
how the various logic elements communicate with each
other in implementing the instruction set of the device.
Positive logic is used. When a bit is set, it is a logic “'1"”
(greater than 2 volts). When a bit is reset, it is a logic
0" (less than 0.8 volts).

Program Memory

Programm Memory consists of a 1,024 byte ROM. As
can be seen by an examination of the ETL9420, L9421,
L9422 instruction set, these words may be program
instructions, program data or ROM addressing data.
Because of the special characteristics associated with
the JP, JSRP, JID and LQUID instructions, ROM must
often be thought of as being organized into 16 pages of
64 words each.

ROM addressing is accomplished by a 10-bit PC regis-
ter. Its binary value selects one of the 1,024 8-bit words
contained in ROM. A new address is loaded into the PC
register during each instruction cycle. Unless the in-
struction is a transfer of control instruction, the PC
register is loaded with the next sequential 10-bit binary
count value. Three levels of subroutine nesting are
implemented by the 10-bit subroutine save registers,
SA, SB and SC, providing a last-in, first-out (LIFO)
hardware subroutine stack.

ROM instruction words are fetched, decoded and exe-
cuted by the Instruction Decode, Control and Skip Logic
circuitry.

Data Memory

Data memory consists of a 256-bit RAM, organized as 4
data registers of 16 4-bit digits. RAM addressing is im-
plemented by a 6-bit B register whose upper 2 bits (Br)
select 1of 4 data registers and lower 4 bits (Bd) select 1
of 16 4-bit digits in the selected data register. While the
4-bit contents of the selected RAM digit (M) is usually
loaded into or from, or exchanged with, the A register
(accumulator), it may also be loaded into or from the Q
latches or loaded from the L ports. RAM addressing may
also be performed directly by the LDD and XAD instruc-
tions based upon the 6-bit contents of the operand field
of these instructions. The Bd register also serves as a
source register for 4-bit data sent directly to the D
outputs.

Internal Logic

The 4-bit A register (accumulator) is the source and des-
tination register for most 1/0, arithmetic, logic and data
memory access operations. It can also be used to load
the Br and Bd portions of the B register, to load and
input 4 bits of the 8-bit Q latch data, to input 4 bits of the
8-bit L 1/0 port data and to perform data exchanges with
the SIO register.

At 4-bit adder performs the arithmetic and logic func-
tions of the ELT9420, L9421, L9422, storing its results
in A. It also outputs a carry bit tho the 1 bit C register,
most often employed to indicate arithmetic overflow.
The C register, in conjuction with the XAS instruction
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and the EN register, also serves to control the SK out-
put. C can be outputted directly to SK or can enable SK
to be a sync clock each instruction cycle time. (See XAS
instruction and EN register description, below.)

Four general-purpose inputs, IN3-INg, are provided.

The D register provides 4 general-purpose outputs and
is used as the destination register for the 4-bit contents
of Bd. The D outputs can be directly connected to the
digits of a multiplexed LED display.

The G register contents are outputs to 4 general-purpose
bidirectional 1/0 ports. G /O ports can be directly
connected to the digits of a multipiexed LED display.

The Qregister is an internal, latched, 8-bit register, used
to hold data loaded to or from M and A, as well as 8-bit
data from ROM. its contents are outputted to the L I/0O
ports when the L drivers are enabled under program
control. (See LEI instruction.)

The 8 L drivers, when enabled, output the contents of
latched Q data to the L I/0 ports. Also, the contents of L
may be read directly into A and M. L |/O ports can be
directly connected to the segments of a multiplexed LED
display (using the LED Direct Drive output configuration
option) with Q data being outputted to the Sa-Sg and
decimal point segments of the display.

The SIO register functions as a 4-bit serial-in/serial-out
shift register or as a binary counter depending on the
contents of the EN register. (See EN register descrip-
tion, below.) Its contents can be exchanged with A, al
lowing it to input or output a continuous serial data
stream. SIO may also be used to provide additional
parallel I/0 by connecting SO to external serial-in/
parallel-out shift registers.

The XAS instruction copies C into the SKL fatch. In the
counter mode, SK is the output of SKL; in the shift regis-
ter mode, SK outputs SKL ANDed with the clock.

The EN register is an internal 4-bit register loaded under
program contol by the LEI instruction. The state of each
bit of this register selects or deselects the particular
feature associated with each bit of the EN register
(EN3-ENg).

1. The least significant bit of the enable register, ENg,
selects the SIO register as either a 4-bit shift register
or a 4-bit binary counter. With ENg set, SIO is an
asynchronous binary counter, decrementing its value
by one upon each low-going pulse (*1" to “0")
occurring on the St input. Each pulse must be at least
two instruction cycles wide. SK outputs the value of
SKL. The SO output is equal to the value of EN3. With
ENp reset, SIO is a serial shift register shifting left
each instruction cycle time. The data present at S|
goes into the least significant bit of SIO. SO can be
enabled to output the most significant bit of SIO
each cycle time. (See 4 below.) The SK output
becomes a logic-controlled clock.

. With ENq set the IN{ input is enabled as an interrupt
input. Immediately following an interrupt, ENqy is
reset to disable further interrupts.

. With ENpset, the L drivers are enabled to output the
data in Q to the L /O ports. Resetting ENa disables

n
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the L drivers, placing the L 1/O ports in a high-
impedance input state.

4. EN3 in conjunction with ENp, affects the SO output.
With ENg set (binary counter option selected) SO will
output the value loaded into EN3. With ENp reset
(serial shift register option selected), setting EN3
enables SO as the output of the SIO shift register

outputting serial shifted data each instruction time.
Resetting EN3 with the serial shift register option
selected disables SO as the shift register output ;
data continues to be shifted through SIO and can be
exchanged with A via an XAS instruction but SO
remains reset to “0". The table below provides a
summary of the modes associated with EN3 and ENp.

Enable Register Modes — Bits EN; and EN,

10/24

EN; ENg Sio S| SO SK
0 0 Shift Register Input to Shift Register 0 If SKL = 1, SK = Clock
If SKL = 0,SK = 0
1 0 Shift Register Input to Shift Register Serial Out If SKL = 1, SK = Clock
If SKL = 0,SK = 0
0 1 Binary Counter Input to Binary Counter 0 ItSKL = 1,SK = 1
If SKL = 0,SK = 0
1 1 Binary Counter Input to Binary Counter 1 If SKL = 1,8K = 1
If SKL = 0,SK = 0
Interrupt

The following features are associated with the IN,
interrupt procedure and protocol and must be consid-
ered by the programmer when utilizing interrupts.

a. The interrupt, once acknowledged as explained
below, pushes the next sequential program counter
address (PC + 1) onto the stack, pushing in turn the
contents of the other subroutine-save registers to the
next lower level (PC+1 — SA — SB — SC). Any
previous contents of SC are lost. The program counter
is set to hex address OFF (the last word of page 3)
and EN; is reset.

b. An interrupt will be acknowledged only after the fol-
lowing conditions are met:
1. ENy has been set.

2. Alow-going pulse (1" to “‘0") at least two instruc-
tion cycles wide occurs on the IN, input.

3. A currently executing instruction has been com-
pleted.

. All successive transter of control instructions and
successive LBIs have been completed (e.g., if the
main program is executing a JP instruction which
transfers program control to another JPinstruction,
the interrupt will not be acknowledged until the
second JP instruction has been executed).

c. Upon acknowledgement of an interrupt, the skip
logic status is saved and later restored upon popping
of the stack. For example, if an interrupt occurs during
the execution of ASC (Add with Carry, Skip on Carry)
instruction whick results in carry, the skip logic
status is saved and program control is transferred to
the interrupt servicing routine at hex address OFF. At
the end of the interrupt routine, a RET instruction is
executed to “pop” the stack and return program con-
trol to the instruction following the original ASC. At
this time, the skip logic is enabled and skips this
instruction because of the previous ASC carry. Sub-
routines and LQID instructions should not be nested
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within the interrupt servicing routine since their
popping the stack will enable any previously saved
main program skips, interfering with the orderly
execution of the interrupt routine.

d. The first instruction of the interrupt routine at hex ad-
dress OFF must be a NOP.

e. A LEl instruction can be put immediately before the
RET to re-enable interrupts.

Initialization

The Reset Logic will initialize (clear) the device upon
power-up if the power supply rise time is less than 1ms
and greater than 1us. If the power supply rise time is
greater than 1ms, the user must provide an external RC
network and diode to the RESET pin as shown below.
The pin is configured as a Schmitt trigger input.
If not used it should be connected to Vcc. Initialization
will occur whenever a logic 0" is applied to the RESET
input, provided it stays low for at least three instructio
cycle times.

Upon initialization, the PC register is cleared to 0 (ROM
address 0) and the A, B, C, D, EN, and G registers are
cleared. The SK output is enabled as a SYNC output,
providing a pulse each instruction cycle time. Data
Memory (RAM) is not cleared upon initialization. The
first instruction at address 0 must be a CLRA.

> Vee

ETL9420
RESET ETL9421

AAA
v

-
=

[ GND

RC =5 X POWER SUPPLY RISE TIME

<~TVVC®W DIMEOT

Power-Up Clear Circuit
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Oscillator

There are four basic clock oscillator configurations
available as shown by Figure 4.,

a. Crystal Controlled Oscillator. CKI and CKO are con-
nected to an external crystal. The instruction cycle
time equals the crystal frequency divided by 32 (op-
tional by 16 or 8).

b. External Oscillator. CKI is an external clock input
signal. The external frequency is divided by 32 (option-
al by 16 or 8) to give the instruction cycle time. CKO
is now available to be used as the RAM power supply
(VR), as a general purpose input, or as a SYNC input.

c. RC Controlled Oscillator. CKI is configured as a
single pin RC controlled Schmitt trigger oscillator.
The instruction cycle equals the oscillation frequen-
cy divided by 4. CKO is available as the RAM power
supply (VR) or as a general purpose input

d. Externally Synchronized Csclllator. Intended for use
in muiti-COP systems, CKO is programmed to function
as an input connected to the SK output of another
COP chip operating at the same frequency (COP chip
with L or C suffix) with CKI connected as shown. In
this configuration, the SK output connected to CKO
must provide a SYNC (insttuction cycle) signal to
CKO, thereby allowing synchronous data transfer be-
tween the COPs using only the Sl and SO serial I/O
pins in conjunction with the XAS instruction. Note
that on power-up SK is automatically enabled as a

CKI CKO
A2
AAA
W
'D
< Al
b3
> =
R B
= ‘.‘E
o c
CKI CKO CKl CKO
1 t SMA~ v t
= (VR OR GENERAL
e (VR OR GENERAL 1 PURPOSE INPUT
EXTERNAL PURPOSE INPUT = PIN)
CLOCK

OR SYNC PIK)

Crystal Oscillator

Crystal Component Values

Vaiue R1(Q) | R2(Q) | C1(pF) | C2 (pF)

455 kHz 47k 1™ 220 220
2.097 MHz 1K ™ 30 6-36

SYNC output (See Functional Description, Initializa-
tion, above).

CKO Pin Options

In a crystai controlled oscillator system, CKO is used as
an output to the crystal network. As an option CKO can
be a SYNC input as described above. As another option
CKO can be a general purpose input, read into bit 2 of A
(accumulator) upon execution of an INIL instruction. As
another option, CKO can be a RAM power supply pin (Vg),
allowing its connection to a standby/backup power sup-
ply to maintain the integrity of RAM data with minimum
power drain when the main supply is inoperative or shut
down to conserve power. Using either option is appro-
priate in application where the ETL9420/1L9421/
L9422 system timing configuration does not require
use of the CKO pin.

RAM Keep-Alive Option (Not available on ETL9422)

Selecting CKO as the RAM power supply (Vg) allows the
user to shut off the chip power supply (Vcc) and maintain
data in the RAM. To insure that RAM data integrity is
maintained, the following conditions must be met:

1. RESET must go low before Vcc goes below spec dur-
ing power-off; Vec must be within spec before RESET
goes high on power-up.

2. During normal operation Vg must be within the oper-
ating range of the chip, with (Vg ~ 1) € VR € Vce.

3. Vg must be > 3.3V with Vg off.

(SYNC)
il
T $T
- A'A'A' e
[
CKI CKO| w, cKl CKO]
mnsaz20/t0421 | ¢ £119420/9421
/19422 /19422
e} sl
S| je—1350
RC Controiled Oscillator
Instruction
Cycle Time
R (kQ) C (pF) (us)
51 100 192 15%
82 58 19x13%

Note: 200k > R > 25k
360pF > C > 50pF

FIGURE 4—ETL9420/1.9421/L9422 OSCILLATOR
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110 Options

ETL9420/L9421/L9422 outputs have the following The above input and output configurations share com-
optional configurations, illustrated in Figure 5 : mon enhancement-mode and depletion-mode devices.
Specifically, all configurations use one or more of six
devices (humbered 1-6, respectively). Minimum and
maximum current (loyr and Voyr) curves are given in
Figure 6 for each of these devices to allow the designer
to effectively use these 1/O configurations in designing

a. Standard — an enhancement mode device to ground
in conjunction with a depletion-mode device to Vcc,
compatible with LSTTL and CMOS input require-
ments. Available on SO, SK, and all D and G outputs.

b. Open-Drain - an enhancement-mode device to a ETL9420/1.9421 system.
ground only, allowing external pull-up as required by . .
the user's application. Available on SO, SK, and all D The SO, SK outputs can be configured as shown in a.,
and G outputs. b., or c¢. The D and G outputs can be configured as

shown in a. or b. Note that when inputting data to the G
ports, the G outputs should be set to ““1”. The L outputs
can be configured as in d., e., f.org.

c. Push-Pull — An enhancement-mode device to ground
in conjunction with a depletion-mode device paralleled
by an enhancement-mode device to Vgc. This configu-

ration has been provided to allow for fast rise and fall An important point to remember if using configuration
times when driving capacitive loads. Available on SO d. or f. with the L drivers is that even when the L drivers
and SK outputs only. are disabled, the depletion load device will source a
d. Standard L — same as a., but may be disabled. Avail- small amount of current (see Figure 6, device 2); however,
able on L outputs only. when the L lines are used as inputs, the disabled deple-

tion device cannot be relied on to source sufficient cur-

e. Open Drain L — same as b., but may be disabied. rent to pull an input to a logic 1.

Available on L outputs only.

f. LED Direct Drive — an enhancement-mode device to ETL9421
ground and to Vcc, meeting the typical current X ) .
sourcing requirements of the segments of an LED If the ETLS420 is bonded as a 24-pin device, it becomes
display. The sourcing device is clamped to limit the ETL.9421,~|IIustrated in Figure 2, ETL9420/1L9421
current flow. These devices may be turned off under Connection Diagrams. Note that the ETL9421 does not

contain the four general purpose IN inputs (IN3-INg).
Use of this option precludes, of course, use of the IN
options and the interrupt feature. All other options are
available for the ETL9421.

program control (See Functional Description, EN
Register), placing the outputs in a high-impedance
state to provide required LED segment blanking for a
multiplexed display. Available on L outputs only.

@. TRI-STATE® Push-Pull — an enhancement-mode ETL9422
device to ground and Vgc. These outputs are TRI- i R L.
STATE outputs, allowing for connection of these If the ETL9420is t?onded asa 20-'p|n device, it becomes
outputs to a data bus shared by other bus drivers. the ETL9422, as illustrated in F|gur§ 2. Note that the
Available on L outputs only. ETL9422 contains all the ETL9421 pins except Dg, D1,
Gg, and G4, ETL9422 also does not allow RAM power
ETL9420/1L9421/L9422 inputs have the following supply input as a valid CKO pin option.

optional configurations.

h. An on-chip depletion load device to Vgc.

I. A Hi-Z input which must be driven to.a *'1"” or 0" by
external components.

12/24
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Vee
A
#1
a. Standard Output

DISABLE Ve
H Do~

#1

d. Standard L Output

) Vee
] Derirrs

#1

DISABLE

g. TRI-STATE® Push-Pull
(L Output)

Lo-L; when output
programmed OFF by
input current IN,-IN; software
w DEVICE h -1 [T T oevicea=2
8 -90 1 l l AND 1 =2}
[~~~ -80
-150 m IMAX @ V(g =95V
N N \\ Imax @ Vg = 9.5V 3 o \‘
3w N L 50 N
= N S N R
= § -40 N
! @Vpe =45V 2
0 ‘R S P \\‘\
§
in ® Vee =45 I ' I l \ :: 'Ml'ie‘;ttag‘;5 )
i @ Ve = 95V - 'min © Vg = 45V
o H-H.ATL""‘ c ,Ku | -
0 1.0 20 30 40 50 6.0 70 80 95 0 10 20
iy (VOLTS) vie
Source current for SO Source Current for LO-L7
and SK in push-pull in TRI-STATE ® Configura-
configuration tion (High Current Option)
15 15 —
IMAX @ IMA
vac-sisv Vccxs@
@ g[“
| 1
o \ \J¥ee=a.sv 10 ik @
< IMAX @ = cC=9.
H Vge=4.5V H i
§ 3 IMAX @
- IMIN @ = ey
05 [K] —
Vee=4.5V \ IMIN @ | |
VeC=4.5V
e l I | L DEVICE
el - I 9#5
01 23 4 5 6 7 8 910 01 23 4 56 7 8 910
DEVICE c#2
VOHIVOLTS) AND #3 VOH(VOLTS)
THOMSON SEMICONDUCTEURS

b. Open-Drain Output

v
#3 cC )
—{[a #2
#1

c. Push-Pull Output

DISABLE Ve
DISABLE PGS
—{[a #2
DISABLE
e
= #1
(A 1S DEPLETION DEVICE) =

e. Open-D1in L Output

Vee
#6
A
INPUT| E-

h. Input with Load

FIGURE 5 — OUTPLT CONFIGURATIONS
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f. LED (L Output)

inpuT B——v {

I0H(mA)

i. Hi-Z Input

Source current for
standard output

configuration
1o DEVICE a #2
-500 AND d 22
N
-800
N
100 ™
-600
IMAX @ Vee =95V
-500 N
Imax @
-400 - Vee = t:-.
1, @
-0 v"c': =45V
-200 'MiN
00 /L # Ve = 95V
]
‘001 2 3 4 5 6 7 8 95
Vou (VOLTS)
Source Current for LO-L7
in TRI-STATE ® Configura-
tion (Low Current Option)
15
T
IMAX @
Ve =9.5V]
1.0 MIN @
Ve =9.5V
IMAX @
vee=4.5V
05 =+ L
IMIN @ I
Vee=4.5V
DEVICE
g#S

0t 23 456788910

VON(VOLTS)
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LED output source
current (for high current
LED option)

LED output source

current (for low current

LED option)

LED Output Direct Segment
and Digit Drive (High Current
Options on L0-L7)

(Very High Current Options
on D0-D3 or G0-G3)

-50

—- -20 —— T
DEVICE f DEVICE ! DEVICE f =2 AND #4
/i\ ’7 #2 AND »4 22 AND =4 AND DEVICEaOR b #1
-0 }—
T
-30 \ IMAX @ -15 \ IMAX IMAX 1
Veo =95V \Vcc =95V ONE SEGMENTS —
= IMAX @ z z N
3 Vee 6.0V 3 H
: Y HIR VR
o e | 3 2 /
= / \ -20 /,
-10 IMIN @ \ - /
MmN @ = Imin @ R IMAx EIGHT
ver-sov|\'EC Y € ov| \Vee- 950 0 SEGMENTS ON |
. ] 0
01 2 3 4 5 6 7 8 9 10 ¢ 1 2 3 4 5 6 7 8 9 10 4 5 6 1 8 9 10
VgH (VOLTS) VOH (VOLTS) vee (VOLTS)
Output sink current for
LED Output Direct Segment Output sink current for Lo-L; and standard drive
Drive SO and SK option for Dy-D; and Gy-G;
-0 4 4
VOH=20V DEVICE - / I T
DEVI
. 52 AND 54 I/ b_f:sg ot | Y‘MAX 1 VEE=9.5V
3 /I : L 3 . ““T'M" u NEC=4.5V
» | Max HIGH CURRENT_| :‘Ax “ lvcc_s.sv
x OPTION g . Zlmx a VeC=4.5V z IMIN |+ Voo =9.5v
E + ' E 2
3 Imax LOW CURRENT = HIMIN @ VCe=9.5V = —
-20 OPTION = ' e
A WiGH . IMIN @ VCC=4.5V ] N VeC= v
10 “L CURRENT OPTION ] | T
iy LOW 0 DEVICE 2 1 b1
. C[L[;lﬂ"g"loﬂ de1 glI! 121 0R go1
¢ 5 6 1 8 9 1w LI 2 3 4 5 0 1 ? 3 4 5
vee (voLTS) VoL(VOLTS) VOLIVOLTS)
Output Sink Current G0-G3 Output sink current for
and D0-D3 with Very High Go-G3 and Do-D3
Current Option (for high current option)
120 - 120
MAX @
'j VeC=8.5V, DEVICE a»1 / l 05:!:5 ;::
100 7 | AND b»1 100
Cimax @ ' 1
[ A1 vee=4.5V IMAX « VCC=9.5V
% T T.1 5 T
E IMIN @ VCC=9.5V g . IMAX « VEC 4.5V|
E / g
40 n N s vcc=9.5v+__
-
2 1T / /]
7 20 =
IMIN 2 VCC=4.5V = —1 1
) I Y I IMIN | VeC =45V
01 23 456 7 8 910 01 2 3 4 56 7 8 910
VOLIVOLTS) voLIVOLTS)
FIGURE 6 - ETL9420/L9421/L9422 INPUT/OUTPUT CHARACTERISTICS
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Input Current for LO-L7
when Output Programmed

Source current for
standard output

Input INg-IN, Off by Software configuration
-0 EicE b o -1 DEVICE 0 #2 2 [cevice 2. 2
DEVICE h #6 " \ ] Device ¢ 0 N [ l Septs
—~200 T e - \\lmx e, ’ max @
Ve SV = v
\\ Nl Ve = 7.5v P \“ ~0.8 ce
= —150 2 <
3 N max @ N [ AN € 06 hoImax @
- 4.5V s - N z -0 @
z vee N S MAX @ z \ c=65v N | MN @
= 100 5 \ VCC - 4.5V 2 N | vee =4sv
N @ \ 2 —a0 bimin @ -0.4
et vee TV \ \\ ) et 3 sv
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0 ° 0 1
0 2 3 4 5 6 7T 8 0 0.5 1 1.5 2 01 2 3 4 5 & 1 8
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Source current for SO Source Current for LO-L7 Source Current for L0-L7
and SK in push-pull in TRI-STATE ® Configura- in TRI-STATE ® Configura-
configuration tion (High Current Option) tion (Low Current Option)
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AND #3
1.0 10 ‘ 1.0 ‘
T A z z
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s I ] e I "o < | I
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VgC=4.5V\ VeC=T.5V vee=4.5v] vpe=7.5v vee=4.5v | Voo=7.5v
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LED output source LED output source
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LED option) LED option) SO and SK
- -60 4
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g / \/ VCC = 6.0V H " ,\ Ve = 6.0V T, IMAX @ VCC=T.5V
—15 bt E
R ] E F] IMAX @ VCC = 4.5V
-10 -20 1 V =7, SV
mn e Y IMIN @ MmN @ IMIN @ . MK @ Vee
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Lo-L7, standard drive and Dy-D; with Very High Go-G3 and Dy-D, (for
option for Dy-D; and Gy-Gj Current Option high current option)
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g A 1MAX ¢ VEC=4.5V g I ! _ H /
T 2 E &0 [t Vge=T.5V £
2 / / F 1 l / MIN @ VCC=T 3 /
| 40 / 40 =
1 IMIN « VL =T7.5V —— i VeC=1.5V
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FIGURE 7 — ETL9320/L9321/L9322 INPUT/OUTPUT CHARACTERISTICS
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Table 1 is a symbol table providing internal architecture,
instruction operand and operational symbols used in

ETL9420/L9421/L9422 - INSTRUCTION SET

the instruction set table.

Table 2 provides the mnemonic, operand, machine
code, data flow, skip conditions, and description asso-
ciated with each instruction in the ETL9420/
L9421/1L9422 instruction set.

TABLE 1 — ETL9420/1.9421/1.9422 INSTRUCTION SET TABLE SYMBOLS

Symbol Definition Symbol Definition

INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS

A 4-bit Accumulator d 4-bit Operand Field, 0- 15 binary (RAM Digit

B 6-bit RAM Address Register Select)

Br Upper 2 bits of B (register address) r 2-bit Operand Field, 0-3 binary (RAM

Bd Lower 4 bits of B (digit address) Register Select)

c 1-bit Carry Register a 10-bit Operand Field, 0- 1023 binary (ROM

D 4.bit Data Output Port Adaress)

EN 4.it Enable Register y g::ta)Operand Field, 0- 15 binary (Immediate

G “-bit Register to latch da_ta '°'9 10 Port RAM(s) Contents of RAM location addressed by s

L Two 1-bit Latches associated with the IN3 or ROM(1) Contents of ROM location addressed by t
INg Inputs

IN 4-bit Input Port

L 8-bit TRI-STATE 1/0 Port

M ;tate;g::nts of RAM Memory pointed to by OPERATIONAL SYMBOLS

PC 10-bit ROM Address Register (program + Plus
counter) - Minus

Q 8-bit Register to latch data for L 1/O Port — Replaces

SA 10-bit Subroutine Save Register A -— is exchanged with

SB 10-bit Subroutine Save Register B = Is equal to

SC 10-bit Subroutine Save Register C A The ones complement of A

SIo 4-bit Shift Register and Counter - 5] Exclusive-OR

SK Logic-Controlled Clock Output : Range of values
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TABLE 2 — ETL9420/L.9421/L9422 INSTRUCTION SET

Machine
Hex Language Code
Mnemonic [Operand| Code Binary) Data Flow Skip Conditions Description
ARITHMETIC INSTRUCTIONS
ASC 30 IOO 11j0000| A+C+RAM(B) ~ A ICarry Add with Carry, Skip on-
Carry = C Carry
ADD 3 IOO 1 1!000 1 A +RAM(B) = A None Add RAM to A
ADT 4A 0100’1010 A+1010 ~ A None Add Ten to A
AISC y 5- 010 1] y ] A+y—A Carry Add Immediate, Skip on
Carry {y # 0)
CASC 10 |00 0 ||0000 A+RAM(B)+C — A Carry Complement and Add with
Carry - C Carry, Skip on Carry
CLRA 00 oooolooool 0—-A None Clear A
COoMP 40 0100]|0000| A-A None Ones complement of A to A
NOP 44 Io 100J0100] Nore None No Operation
RC 32 IOOI 1/0010 “0"—~C None Reset C
sC 22 00100010I """ —-C None Set C
XOR 02 IOOOOIOO 19 A@®RAM(B) - A None Exclusive-OR RAM with A
TRANSFER OF CONTROL INSTRUCTIONS
JID FF 11111111 ROM (PCg.g, AM) =~ PC7.0 | None Jump Indirect (Note 3)
JMP a 6- 01 xgog.n a—=PC None Jump
== l a7.0 '
JP a - N ag:0 , a =~ PCg: None Jump within Page (Note 4)
(pages 2,3 only)
‘or
- 11] asp a—~PCs0
(all other pages)
JSRP a -- 10| asp PC+1—~SA —~SB—=SC |None Jump to Subroutine Page
0010 ~ PCg.g (Note 5)
a—~ PCs
JSR a 6- |o 11 g"l 0|agg| PC+1—+SA—~SB—~SC [None Jump to Subroutine
a—=PC
- ar.o
RET 48 01 00,1 000 SC - SB—~SA—~PC None Return from Subroutine
RETSK 49 lO 100/1001 SC—~SB—~SA—~PC Always Skip on Return Return from Subroutine
then Skip
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ETL9420/9421/9422 ¢ ETL9320/9321/9322

TABLE 2 — ETL9420/1L9421/1.9422 INSTRUCTION SET (continued)

Machine
Hex Language Code y
Mnemonic|Operand | Code (Binary) Data Flow Skip Conditions Description
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 0011j0011 A—=Q74 None Copy A, RAM to Q
3¢ [0o11[1100] | PAME Q30
CQMA 33 0011/0011 Q7.4 = RAM(B) None Copy Q to RAM, A
2 jpotojiroof | 0TA
LD r -5 00! rlo1o 'l, RAM(B) ~ A None Load RAM into A,
Brer— Br Exclusive-OR Br with r
LDD rd 23 |00 10001 1} RAM(r.d) = A None Load A with RAM pointed
-- 00[ r| d , to directly by r,d
LQio BF 101 1!1 11 1' ROM(PCg.8.AM) ~ Q None Load Q Indirect (Note 3)
S8 ~ SC
RMB 0 4aC 01001100 0 -~ RAM(B)g None Reset RAM Bit
1 45 0100/0101 0 —~ RAM(B)y
2 42 l0100 0010 0 = RAM(B)2
3 43 [0100 0011 0 ~ RAM(B)3
SMB 0 4D '0100 1101 1 - RAM(B)p None Set RAM Bit
1 47 |01001101 1 = RAM(B)¢
2 46 0100j0110 1 - RAM(B),
3 4B 101001011 1~ RAM(B)3
ST y 7- 0111] y y = RAM(B) None Store Memory immediate
Bd+1 —8d and Increment Bd
X r -6 00[ rj0110 RAM(B) = A None Exchange RAM with A,
‘Brgr—~ Br Exclusive-OR Br with r
XAD rd 23 0010[0011 RAM(r.d) = A None Exchange A with RAM
pointed to directly by r,d
-- 10| r d I
XDS r -7 oo| r Io1 1 1)’ RAM(B) -~ A Bd decrements past 0 Exchange RAM with A
Bd-1-—-8d and Decrement Bd,
Brdr— Br Exclusive-OR Br with r
XIS r -4 00(r 0100 RAM(B) = A Bd increments past 15 Exchange RAM with A
Bd+1— Bd and Increment Bd,
Br gr — Br Exclusive-OR Br with r
REGISTER REFERENCE INSTRUCTIONS
CAB 50 0101]0000 A - Bd None Copy A to Bd
CBA 4E 0100]111G Bd -~ A None Copy Bdto A
LBI rd -- 00| r |(d - n] ra—B8 Skip until not a LBI Load B Immediate with r,d
(d=0, 9:15) (Note 6)
or
33 0011j0011
-- P 0 r d
(any d)
LEI y 33 00110011 y = EN None Load EN Immediate (Note 7)
6- 10110] y
XABR 12 00010010 A = Br (0.0 = A3.A)) None Exchange A with Br
18/24
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ETL9420/9421/9422 ¢ ETL9320/9321/9322

TABLE 2 — ETL9420/1L9421/L9422 INSTRUCTION SET (continued)

Machine
Hex Language Code ;
Mnemonic| Operand | Code (Binary) Data Flow Skip Conditions Description

TEST INSTRUCTIONS

SKC 20 0010]|0000 C="1" Skip it C is True

SKE 21 |00 100001 A = RAM(B) Skip if A Equals RAM
SKGZ 33 l00| 110011 G3:0=0 Skip if G is Zero (all 4 bits)
21 l00|00001
SKGBZ 33 00110011 1st byte Skip if G Bit is Zero
0 01 0000/0001 Go=0
1 1" 0001|0001 2nd byt G1=0
N n e
2 03 0000001_1] Y G2=0
3 13 l0001 0011 G3=0
SKMBZ 01 0000|0001 RAM(B)p =0 Skip if RAM Bit is Zero
1" 0001|0001 RAM(B)1 =0

03 0000[0011 RAM(B)2 =0
13 0001[0011 RAM(B)3 =0

w N =+ O

SKT 41 0100]j0001 ‘A time-base counter Skip on Timer (Note 3)
carry has occurred
since last test

INPUT/QUTPUT INSTRUCTIONS

ING 33 0011/0011 G—-A None Input G Ports to A
2A 0010/1010
ININ 33 00 % IIOO 11 IN—= A None Input IN Inputs to A (Note 2)
28 m 1 0'1 000
INIL 33 0011|0011 IL3, CKO, “0". ILg = A None Input IL Latches to A
29 0010[1001 (Note 3)
INL 33 0011/0011 L7:4 =~ RAM(B) None Input L Ports to RAM,A
2E 0010[1110 L3o—~ A
08D 33 0011[001 1’ Bd—~-D None Output Bd to D Outputs
3E 00111110
0GI y 33 0011j0011 y—=G None Output to G Ports Immediate
5- 0101 y
OMG 33 0011j0011 RAM(B) =~ G None Output RAM to G Ports
3A 00111010
XAS 4F 0100[1111 A = SIO, C = SKL None Exchange A with SIO
(Note 3)

Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g.. Br and Bd are explicitly defined). Bits are
numbered 0to N where 0 signities the least significant bit (low-order, right-most bit). For example, Agindicates the most significant (left-most)
bit of the 4-bit A register.

Note 2: The ININ instruction is only available on the 28-pin ETL9420 as the other devices do not contain the IN inputs.

Note 3: For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below.

Note 4 : The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3.
The JP instruction, otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.
Note 5 : A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in
pages 2 or 3. JSRP may not jump to the last word in page 2.

Note 6 : LBIis a single-byte instructionifd =0,9,10,11,12,13, 14 or 15. The machine code for the lower 4 bits equals the binary value of the “d"
data minus 1.e.g..toload the lower four bits of B (Bd) with the value 9 (10012), the lower 4 bits of the LBl instruction equai 8 (1 0002), ToloadO, the
lower 4 bits of the LBI instruction should equal 15 (1111p).

Note 7 : Machine code for operand field y for LEI instruction should equal the binary value to be latched into EN, where a 1" or 0" in each bit of
EN corresponds with the selection or deselection of a particular function associated with each bit. (See Functional Description EN Register).
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The following information is provided to assist the user
in understanding the operation of several unique ins-
tructions and to provide note useful to programmers in
writing ETL9420/L9421/L9422 programs.

XAS Instruction

XAS (Exchange A with SIO) exchanges the 4-bit contents
of the accumulator with the 4-bit contents of the SIO reg-
ister. The contents of SIO will contain serial-in/serial-out
shift register or binary counter data, depending on the
value of the EN register. An XAS instruction will aiso
affect the SK output. (See Functional Description, EN
Register, above.) If SIO is selected as a shift register, an
XAS instruction must be performed once every 4 in-
struction cycles to effect a continuous data stream.

JID Instruction

JID (Jump Indirect) is an indirect addressing instruction,
transferring program control to a new ROM location
pointed to indirectly by A and M. It loads the lower 8 bits
of the ROM address register PC with the contents of
ROM addressed by the 10-bit word, PCg:g, A, M, PCg and
PCg are not affected by this instruction.

Note that JID requires 2 instruction cycles to execute.

INIL Instruction

INIL (Input IL Latches to A) inputs 2 latches, IL3 and ILg
(see Figure 8) and CKO into A. TheIL3 and ILg latches are
set if a low-going pulse (“1"' to “0") has occurred on the
IN3 and INg inputs since the last INIL instruction,
provided the input pulse stays low for at least two in-
struction times. Execution of an INIL inputs IL3 and ILg
into A3 and A0 respectively, and resets these latchés to
allow them to respond to subsequent low-going pulses.
on the IN3 and INg lines. If CKO is mask programmed as a
general purpose input, an INIL will input the state of CKO
into A2. If CKO has not been so programmed, a “1" will
be placed in A2. A “0" is always placed in A1 upon the
execution of an INIL. The general purpose inputs IN3-INg
are input to A upon execution of an ININ instruction. (See
Table 2, ININ instruction.) INIL is useful in recognizing
pulses of short duration or pulses which occur too often
to be read conveniently by an ININ instruction. IL latches
are not cleared on reset.

LQID Instruction

LQID (Load Q Indirect) loads the 8-bit Q register with the
contents of ROM pointed to by the 10-bit word PCg, PCg,
A, M. LQID can be used for table lookup or code conver-
sion such as BCD to seven-segment. The LQID instruc-
tion “pushes’ the stack (PC+1 —~ SA — SB —SC) and
replaces the least significant 8 bits of PC as follows: A
- PC7.4. RAM(B) -»PCg3:0, leaving PCg and PCg un-
changed. The ROM data pointed to by the new address
is fetched and loaded into the Q latches. Next, the stack
is “popped’ (SC = SB — SA —PC), restoring the saved
value of PC to continue sequential program execution.
Since LQID pushes SB - SC, the previous contents of SC
are lost. Also, when LQID pops the stack, the previously
pushed contents of SB are left in SC. The net result is
that the contents of SB are placed in SC (SB -~ SC). Note
that LQID takes two instruction cycle times to execute.
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FIGURE 8 — INIL HARDWARE IMPLEMENTATION

SKT Instruction

The SKT (Skip On Timer) instruction tests the state of an
internal 10-bit time-base counter. This counter divides
the instruction cycle clock frequency by 1024 and pro-
vides a latched indication of counter overflow. The SKT
instruction tests this latch, executing the next program
instruction if the latch is not set. If the latch hasbeen set
since the previous test, the next program instruction is
skipped and the latch is reset. The features associated
with this instruction, therefore, allow the ELT9420/
L9421/L9422 to generate its own tim-base for real-
time processing rather than relying on an external input
signal.

For example, using a 2.097 MHz crystal as the time-base
to the clock generator, the instruction cycle clock fre-
quency will be 65kHz (crystal frequency +32) and the
binary counter output pulse frequency wili be 84 Hz. For
time-of-day or similar real-time processing, the SKT
instruction can call a routine which increments a
“seconds’ counter every 64 ticks.

Instruction Set Notes

a. The first word of a ETL9420/1L9421/L9422 pro-
gramm (ROM address 0) must be a CLRA (Clear A)
instruction.

b. Although skipped instructions are not executed, one
instruction cycle time is devoted to skipping each
byte of the skipped instruction. Thus all program
paths except JID and LQID take the same number of
cycle times whether instructions are skipped or exe-
cuted. JID and LQID instructions take 2 cycles if exe-
cuted and 1 cycle if skipped.

c. The ROM is organized into 16 pages of 64 words each.
The Program Counter is a 10-bit binary counter, and
will count through page boundaries. If a JP, JSRP,
JID or LQID instruction is located in the last word of
a page, the instruction operates as if it were in the
next page. For example: a JP located in the last word
of a page will jump to a location in the next page. Also,
a LQID or JID located in the last word of page 3, 7, 11,
or 15 will access data in the next group of four pages.




ETL9420/9421/9422 @ ETL 9320/9321/9322

OPTION LIST
The ETL9420/1.9421/19422 mask-programmable options ar assigned numbers which correspond with the ETL9420

pins.

The following is a list of ETL9420 options. When specifying a ETL9421 chip, Options 9, 10, 19, and 20 must all be set to zero.
When specifying a ETL3422 chip, options 9, 10, 19, and 20 must all be set to zero ; options 21 and 22 may not be set to one,
three or five ; and option 2 may not be set to one. The options are programmed at the same time as the ROM pattern to pro-
vide the user with the hardware flexibility to interface to various 1/0 components using little or no external circuitry.

Option 1=0: Ground Pin — no options available
Option 2: CKO Output
=0: clock generator output to crystal/iresonator
(0 not allowable value if Option 3=23)
pin is RAM power supply (Vg) input (not
available on the ETL9422)
general purpose input with load device to Vec
general purpose input, Hi-Z
=4: multi-COP SYNC input (CKI + 32, CKI + 16)
=5: muiti-COP SYNC input (CKI + 8)
Option 3: CKI Input
=0: oscillator input divided by 32 (2MHz max.)
=1: oscillator input divided by 16 (1MHz max.)
=2: oscillator input divided by 8 (500 kHz max.)
=3: single-pin RC controlled oscillator (+4)
=4: Schmitt trigger clock input (+4)
Option 4: RESET Input
=0: load device to V¢c
=1: Hi-Z input
Option 5: L; Driver
=0: Standard output
=1: Open-drain output
=2: High current LED direct segment drive output
=3: High current TRI-STATE® push-pull output
=4: Low-current LED direct segment drive output
=5: Low-current TRI-STATE® push-pull output
Option 6: Lg Driver
same as Option §
Option 7: Lg Driver
same as Option 5
Option 8: L4 Driver
same as Option 5
Option 9: IN¢ Input
=0: load device to V¢
=1: Hi-Z input
Option 10: IN2 Input:
same as Option 9
Option 11: Vg pin
=0: Standard Vg
=1. Optional higher voltage Vcc
Option 12: L3 Driver
‘same as Option 5
Option 13: Lp Driver
same as Option §
Option 14: L Driver
same as Option 5
Option 15: Lg Driver
same as Option 5

Option 16: Sl Input
same as Option 9
Option 17: SO Driver
=0: standard output
=1. open-drain output
=2: push-pull output

=1

=2:
=3:
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Option 18: SK Driver
same as Option 17
Option 19 : INg Input
same as Option 9
Option 20: IN3 Input
same as Option 9
Option 21: Gg 1/0 Port
=0: very-high current standard output
=1: very-high current open-drain output
=2: high current standard output
=3: high current open-drain output
=4: standard LSTTL output (fanout = 1)
=5: open-drain LSTTL output (fanout = 1)
Option 22: G4 1/0 Port
same as Option 21
Optiqn 23: G2 1/0 Port
same as Option 21
Option 24: G3 1/0 Port
same as Option 21
Option 25: D3 Output
same as Option 21
Option 26: D2 Output
same as Option 21
Option 27: D1 Output
same as Option 21
Option 28: Dg Output
same as Option 21
Option 29: L Input Levels
=0: standard TTL input levels
("0 =0.8V, “1"=2.0V)
= 1. higher voltage input levels
("0" =1.2V, 1" =3.6V)
Option 30: IN Input Levels
same as Option 29
Option 31: G Input Levels
same as Option 29
Option 32: Si Input Levels
same as Option 29
Option 33: RESET Input
=0: Schmitt trigger input
=1: standard TTL input levels
=2: higher voitage input levels
Option 34: CKO Input Levels (CKO =input; Option
2=29)
same as Option 29
Option 35 COP Bonding
=0: ETL9420 (28-pin device)
=1: ETL9421 (24-pin device)
=2: 28 and 24-pin versions
=3: ETL9422 (20-pin device)
=4: 28- and 20-pin versions
=5: 24- and 20-pin versions
=6: 28-, 24-, and 20-pin versions

21/24




ETL9420/9421/9422 ¢ ETL 9320/9321/9322

TEST MODE (Non-Standard Operation)

The SO output has been configured to provide for stan- 2. The D3-Dg outputs drive the digits of the muitiplexed
dard test procedures for the custom-programmed display directly and scan the columns of the 4 x 4
ETLS420. With SO forced to logic “1"’, two test modes keyboard matrix. ‘

are provided, depending upon the value of Sl : 3. The IN3-INg inputs are used to input the 4 rows of the

. keyboard matrix. Reading the IN lines in conjunction
. =1

a. RAM and Internal Logic Test Mode (SI=1) with the current value of the D outputs allows detec-
b. ROM Test Mode (SI =0) tion, debouncing, and decoding of any one of the 16

These special test modes should not be employed by keyswitches.

the user; they are intended for manufacturing test only. CKi is configured as a single-pin oscillator input al-
lowing system timing to be controlled by a single-pin

APPLICATION 1 : ETL9420 General Controller RC network. CKO is therefore available for use as a Vg

RAM power supply pin. RAM data integrity is thereby

assured when the main power supply is shut down

(see RAM Keep-Alive option description).

»

Figure 9 shows an interconnect diagram for a ETL9420
used as a general controller. Operation of the system is
as foliows :

5. Sl is selected as the input to a binary counter input.
With SIO used as a binary counter, SO and SK can be
1. The L7-Lg outputs are configured as LED Direct used as general purpose outputs.
Drive outputs, allowing direct.connection to the seg- 6. The 4 bidirectional G 1/ ports (G3-Gp) are available
ments of the display. for use as required by the user’s application.

VWA~
_»—-4. VR
8 T
3NiCad|y, Ve CKO DATA LINES
BaT. | €% cc Loy
b3
L 3
ke =i CKI
T 4 DIGIT
LED DISPLAY
GND GND . 8 . 3
=
ETL9420
Do
D1
D2
D3
- Ne - N
INg
4 GENERAL @ Go-G3 N e - - -
"o ! 4ax4
" e U U e KEYSWITCH
2 MATRIX
EVENT
COUNTER ==———tnf |« N e - - -
INPUT 3
SK* sO*

L

2 GENERAL OUTPUTS

*S0. SI, SK MAY ALSO BE USED FORSERIAL 1/0

FIGURE 9 — ETL9420 KEYBOARD/DISPLAY INTERFACE

COPS, MICROWIRE and TRISTATE are registered trademarks of National Semiconductor Corp.
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ETL9420/9421/9422 ¢ ETL9320/9321/9322

PHYSICAL DIMENSIONS
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PHYSICAL DIMENSIONS
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These specifications are subject to change without notice.
Please inquire with our sales offices about the availability of the different products.

Printed in France
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ETL9444 ¢ ETL9445 ¢ ETL9344 ¢ ETLI9345

The ETL9444 /19445 and ETL9344 /L9345 Single-Chip N-Channel NMOS
Microcontrollers are fully compatible with the COPS®  family,
fabricated using N-channel, silicon gate XMOS technology. They
are complete microcomputers containing all system timing, internal
logic, ROM, RAM and|/0 necessary to implement dedicated control

functions in a variety of applications. Features include single supply CASES
operation, a variety of output configuration options, with an instruc-
tion set, internal architecture and I/0 scheme designed to facilitate ETL9444 @ ETL9344

keyboard input, display output and BCD data manipulation. The
ETL9445 is identical to the ETL9444, except with 19 1/0 lines
instead of 23 : They are an appropriate choice for use in numerous
human interface control environments. Standard test procedures
and reliable high-density fabrication techiniques provide the medium
to large volume customers with a customized controller oriented pro-
cessor at a low end-product cost.

N SUFFIX
PLASTIC PACKAGE
The ETL9344/1.9345 are exact functional equivalents, but extended

temperature range versions of the ETL9444/1.9445 respectively.

® Low cost

@ Powerful instruction set

® 2k x 8 ROM, 128 x 4 RAM

® 23 1/0 lines (ETL9444)

o True vectored interrupt, plus restart
o Three-level subroutine stack

o 16 us instruction time

@ Single supply operation (4.5-6.3V)
o Low current drain (13mA max.)

N SUFFIX
PLASTIC PACKAGE

e Internal time-base counter for real-time processing PIN ASSIGNMENT
@ Internal binary counter register with MICROWIRE® serial 1/0
capability
o General purpose and TRI-STATE® outputs ano [1 -/ 28] oo
o LSTTL/CMOS compatible in and out cko[]2 277 o1
o Direct drive of LED digit and segment lines ok []3 26[] o2
° Softyvare/hardware compatible with other members of ET 9400 RESET [ 4 25[7 bs
family ]
.@ Extended temperature range devices v Qs 24[] e
ETL9344/1.9345!(-40° C to + 85° C) s [Je 3] e
o Wider supply range (4.5-9.5V) optionally available 5[]7 ETLoaas 22[] a1
wu[ls ETL9544 1 o
N1 [J9 207 m3
vz O 10 197 o
vee 011 18[7 sk
]2 171 so
12 E 13 16[] s
u [ 15[ o
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ETL9444/9445 ¢ ETL9344/9345

ETL9444/L9445

ABSOLUTE MAXIMUM RATINGS

Voltage at Any Pin Relative to GND -0.5Vto +10V
Ambient Operating Temperature 0°Cto +70°C
Ambient Storage Temperature -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Power Dissipation

Total Source Current
Total Sink Current

0.75 Watt at 25°C
0.4 Watt at 70°C
120mA
120mA

Absolute maximum ratings indicate limits beyond which damage
to the device may occur. DC and AC electrical specifications are
not ensured when operating the device at absolute maximum

ratings.

DC ELECTRICAL CHARACTERISTICS 0°C < Tp < +70°C, 4.5V < V¢ < 9.5V (Unless otherwise specified)

Parameter Conditions Min. Max. Units
Standard Operating Voltage (Vec) Note 1 4.5 6.3 "
Optional Operating Voltage (Vgc) 4.5 9.5 v
Power Supply Ripple peak to peak - 0.5 \
Operating Supply Current all inputs and outputs open - 13 mA
Input Voltage Levels
CKI Input Leveis
Crystal Input (+32, +16, +8)
Logic High (Viy) 2.0 - v
Logic Low (V) -0.3 0.4 \"
Schmitt Trigger Input (+4)
Logic High (Vi) 0.7 Vee - \
Logic Low (Vy) -0.3 0.6 Y
RESET Input Levels Schmitt trigger input
Logic High 0.7 Vec - \'
Logic Low -03 0.6 \"
SO Input Level (Test mode) 2.0 25 \
All Other Inputs
Logic High Vee =Max. 3.0 - \
Logic High with TTL trip level options 2.0 - v
Logic Low selected, Voc =5V 5% -0.3 08 \
Logic High with high trip level options 3.6 - \
Logic Low selected -0.3 1.2 A
Input Capacitance - 7 pF
Hi-Z Input Leakage -1 +1 uA
Output Voltage Levels
LSTTL Operation Vec =5V =5%
Logic High (Vgoy) lon =—25uA 2.7 - \")
Logic Low (Vg) lop =0.36mA - 0.4 v
CMOS Operation
Logic High lon = —10LA Vee -1 - \2
Logic Low lop =+10uA - 0.2 )

Note 1 : V¢ voltage change must be less than 0.5V in a 1 ms period to maintain proper operation

THOMSON SEMICONDUCTEURS

1-117

3/24




ETL9444/9445 ¢ ETL 9344/9345

ETL9444/L9445
DC ELECTRICAL CHARACTERISTICS (continued) 0°C € Tp < +70°C, 4.5V < Ve < 9.5V (Unless otherwise specified)
Parameter Conditions Min. Max. Units
Output Current Levels
Output Sink Current
SO and SK Outputs (o) Vee =9.5V, Vo =0.4V 1.8 - mA
Vee =6.3V, Vo =0.4V 1.2 - mA
Vec =4.5V, Vo =0.4V 0.9 - mA
Lo-L7 Outputs and Standard Vec =9.5V, Vo =04V 08 - mA
Gp-Gg3, Do-D3 Outputs (Ig) Vec =6.3V, Vo =04V 0.5 - mA
Vec =4.5V, Vo =04V 0.4 - mA
Go-G3 and Dg-Dj3 Outputs with Veec =9.5V, Vo =1.0V 15 - mA
High Current Options (Iop) Vec =6.3V, Vo =1.0V 11 - mA
Vec =45V, Vo =1.0V 75 - mA
Gp-G3 and Dp-D3 Outputs with Vec =95V, Vo =1.0V 30 - mA
Very High Current Options (lo) Vee =6.3V, Vg =1.0V 22 - mA
Ve =45V, Vo = 1.0V 15 - mA
CKI (Single-pin RC oscillator) Vec=4.5V,V)y =35V 2 - mA
CKO Vec =4.5V, Vo =0.4V 0.2 - mA
Output Source Current
Standard Configuration, Ve =9.5V, Vo =2.0V =140 -800 A
All Outputs (Iox) Vee =6.3V, Vo =2.0V =75 -480 uA
Veg =4.5V, Vou = 2.0V -30 -250 uA
Push-Pull Configuration Vee = 9.5V, Vo =4.75V -1.4 - mA
SO and SK Outputs (Ign) Voo =6.3V, Vo =24V -1.4 - mA
Vec =4.5V, Vo = 1.0V -1.2 - mA
LED Configuration, Lg-L7
Outputs, Low Current Vee =9.5V, Vo =2.0V -15 -18 mA
Driver Option (lon) Ve =6.0V, Vo =2.0V -15 -13 mA
LED Configuration, Lg-L7
Outputs, High Current Ve =9.5V, Vou = 2.0V -3.0 -35 mA
Driver Option (Ion) Vee =6.0V, Vo =2.0V -3.0 -25 mA
TRI-STATE & Configuration, Vec =9.5V, Vo =5.5V -0.75 - mA
Lo-L7 Outputs, Low Vec =6.3V, Vo =3.2V -0.8 - mA
Current Driver Option (o) Vec =4.5V, Vo = 1.5V -0.9 - mA
TRI-STATE # Contiguration, Vec =9.5V, Von =5.5V -1.5 - mA
Lo-L7 Outputs, High Ve =6.3V, Vo =3.2V -16 - mA
Current Driver Option (lon) Vee =4.5V, Vou = 1.5V -1.8 - mA
Input Lcad Source Current Vec =5.0V, Vi =0V -10 -140 uA
CKO Output
RAM Power Supply Option
Power Requirement vp=3.3V - 6.0 mA
TRI-STATE®Output Leakage
Current -25 +2.5 uA
Total Sink Current Allowed
All Outputs Combined - 120 mA
D, G Ports - 120 mA
L7-La - 4 mA
L3-Lo - 4 mA
All Other Pins - 1.5 mA
Total Source Current Allowed
All 1/0 Combined - 120 mA
L7-La - 60 mA
L3-Lo - 60 mA
Each L Pin - 30 mA
All Other Pins - 1.5 mA

4/24
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ETL9344/L9345

ABSOLUTE MAXIMUM RATINGS

Voltage at Any Pin Relative to GND -0.5Vto +10V
Ambient Operating Temperature -40°Cto +85°C
Ambient Storage Temperature -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Power Dissipation

Total Source Current
Total Sink Current

0.75 Watt at 25°C
0.25 Watt at 85°C
120mA
120mA

Absolute maximum ratings indicate limits beyond which damay<c
to the device may occur. DC and AC electrical specifications are
not ensured when operating the device at absolute maximum

ratings.

DC ELECTRICAL CHARACTERISTICS — 40°C < T, < +85°C, 4.5V < Vg < 7.5V (Unless otherwise specified)

Parameter Conditions Min. Max. Units
Standard Operating Voltage (Vcc) Note 1 45 5.5 '
Optional Operating Voltage (Vcc) 45 75 \
Power Supply Ripple peak to peak - 05 \
Operating Supply Current all inputs and outputs open - 15 mA
Input Voltage Levels
CKI Input Levels
Crystal Input
Logic High (Vin) 2.2 - \'
Logic Low (Vi) -0.3 0.3 v
Schmitt Trigger Input
Logic High (Vin) 0.7Vee - \
Logic Low (V) -0.3 0.4 v
RESET Input Levels Schmitt Trigger Input
Logic High 0.7Vee - \
Logic Low -0.3 0.4 \'
SO Input Level (Test mode) 2.2 25 \
Ali Other Inputs
Logic High Vee =Max. 3.0 - v
-Logic High with TTL trip level options 22 - \
Logic Low selected, Vec =5V 5% -0.3 0.6 \
Logic High with high trip level options 3.6 - \
Logic Low selected -0.3 1.2 '
Input Capacitance - 7 pF
Hi-Z Input Leakage -2 +2 uA
Output Voltage Levels
LSTTL Operation Ve =5V £5%
Logic High (Vow) lon =—20uA 27 - \%
Logic Low (Vo) lo, =0.36mA - 0.4 \%
CMOS Operation
Logic High lop =—10LA Vee -1 - %
Logic Low loL =+10uA _ 0.2 "
Note 1 :‘VCC voltage change must be less than 0.5V in a 1 ms period to maintain proper operation.
5/24
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ETL9344/L9345
DC ELECTRICAL CHARACTERISTICS (continued) —40°C € Tp € +85°C, 4.5V € V¢ € 7.5V (Unless otherwise specified).
Parameter Conditions Min. Max. Units
Output Current Levels
Output Sink Current
SO and SK Outputs (lgy) Vec =75V, Vo =04V 14 - mA
Vec =5.5V, VoL =04V 1.0 - mA
Vec=4.5V, Vo =04V 08 - mA
Lo-L7 Outputs, and Standard Vec =75V, Vo =0.4V 06 - mA
Go-Gg, D0-D3 Outputs (Ig) Vec =5.5V, Vo =04V 0.5 - mA
Vec =4.5V, Vo =04V 0.4 - mA
Gp-Gg and Dg-D3 Outputs with Vec =75V, VoL = 1.0V 12 - mA
High Current Options (o) Vec=5.5V, VoL =1.0V 9 = mA
Vec =45V, Vo =1.0V 7 - mA
Gp-Gg and Dg-D3 Outputs with Vec =75V, VoL =1.0V 24 - mA
Very High Current Options (lo) Vec =5.5V, VoL = 1.0V 18 - mA
Vec=4.5V, Vo = 1.0V 14 - mA
CKI (Single-pin RC oscillator) Vec =4.5V, V) =3.5V 2 - mA
CKO Vec =4.5V, Vo =0.4V 0.2 - mA
Output Source Current
Standard Configuration, Vee =7.5V, Vou =2.0V -100 -800 uA
All Outputs (loyn) Vee =5.5V, Vou =2.0V -55 —-600 A
Vec =4.5V, Voy =2.0V ~28 -350 uA
Push-Pull Configuration Vec =7.5V, Vo =3.75V -0.85 - mA
SO and SK Outputs (lon) Vec =5.5V, Vo =2.0V -1.1 - mA
Vec =4.5V, Vo = 1.0V -1.2 - mA
LED Configuration, Lg-L7 Vec =7.5V, Vou = 2.0V -1.4 ~27 mA
Outputs, Low Current Vee =6.0V, Vo = 2.0V -1.4 -17 mA
Driver Option (Ion) Vee =5.5V, Voi =2.0V -0.7 -15 mA
LED Configuration, Lg-L7 Vec =75V, Vouy = 2.0V =27 -54 mA
Outputs, High Current Vee =6.0V, Vo = 2.0V =27 -34 mA
Driver Option (o) Vee = 5.5V, Vou = 2.0V -1.4 -30 mA
TRI-STATE®Configuration, Vec =75V, Vo =4.0V -0.7 - mA
Lo-L7 Outputs, Low Vec =5.5V, Voy=2.7V -0.6 - mA
Current Driver Option (o) Vec=4.5V, oy =15V -0.9 - mA
TRI-STATE®Configuration, Vec =7.5V, oy =4.0V -14 - mA
Lo-L7 Outputs, High Vec =5.5%, Vo =2.7V -1.2 - mA
Current Driver Option (Iop) Vec =4.5V, Vo = 1.5V -1.8 - mA
Input Load Source Current Vec= 5.0V, Vi =0V -10 -200 A
CKO Output
RAM Power Supply Option
Power Requirement Vp=3.3V - 8.0 mA
TRI-STATE® Output Leakage
Current -5 +5 uA
Total Sink Current Allowed
All Outputs Combined - 120 mA
D, G Ports - 120 mA
L7-Lg - 4 mA
L3-Lo - 4 mA
All Other Pins - 15 mA
Total Source Current Allowed
All /O Combined - 120 mA
L7-Lg - 60 mA
L3-Lo - 60 mA
Each L Pin - 30 mA
All Other Pins - 1.5 mA
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AC ELECTRICAL CHARACTERISTICS

ETL9444/L9445 : 0°C < T, < 70°C, 4.5V < V¢ € 9.5V (Unless otherwise specified)

ETL9344/1.9345 : —40°C & T, € +85°C, 4.5V < V¢ € 7.5V (Unless otherwise specified).

Parameter Conditions Min. Max Units
Instruction Cycle Time — t¢ 16 40 us
CKi

Input Frequency — f; +32 mode 08 20 MHz
+16 mode 0.4 10 MHz
+8 mode 0.2 0.5 MHz
+4 mode 0.1 0.25 MHz

Duty Cycle 30 60 %

Rise Time fi=2MHz - 120 ns

Fall Time - 80 ns

CKI Using RC (+4) R=56kQ +5%
C=100pF £ 10%
Instruction Cycle Time 16 28 us
CKO as SYNC Input
tsync 400 - ns
INPUTS:
IN3-INg, G3-Gg, L7-Lo

tseTup - 8.0 us

thoLo - 1.3 us
Si

. tseTup - 20 us

tvoLo - 1.0 us

OUTPUT PROPAGATION DELAY Test condition:
Cy =50pF, R_ =20k, Vour = 1.5V

SO, SK Outputs

tpd1, tpdo - 4.0 us
All Other Outputs

tpd1, tpdo - 5.6 us
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FIGURE 2 — CONNECTION DIAGRAMS

ano [ 1 ' x 1 oo
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RESET []4 257 o3 cko[]2 23[] o1
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w2 17[7 so w o 15[ so
e 161 s 2 [n 12 s
v e 1507 Lo v Oz 13w
Pin Description Pin Description
L7-Lo 8 bidirectional /O ports with SK Logic-controlied clock (or general
TRI-STATE® purpose output)
G3-Go 4 bidirectional /0 ports CKI System oscillator input
D3-Dg 4 general purpose outputs cKo Ezf‘:zr:eo;:i(l]l(af;;:ﬂu:)%&&és;g:;:iaér
IN3-INg 4 general purpose inputs (COP444L only) SYNC input)
Sl Serial input (or counter input) RESET System reset input
SO Serial output (or general purpose output) Vee Power supply
GND Ground

fe——INSTRUCTION CYCLE TIME (tc) —=|

o UMDV iU
D1 |— —
SK (AS A —~1 PD1 — ~ 'PDo l
CLOCK Von I oL 7
IN3-INg, [~——sETUP—={ |=—tHOLD
" &olad =% X
INPUTS f—tpo1—] f""’m‘i Vo
G3-Go. D3-Dg L FVon 3
L7-Lo, SO. SK
SUTPUTS

FIGURE 3 — INPUT/OUTPUT TIMING DIAGRAMS (CRYSTAL DIVIDE-BY-16 MODE)

—| |=two

—| =i —| |~tsvne
CKO
(INPUT)

FIGURE 3a — SYNCHRONIZATION TIMING
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FUNCTIONAL DESCRIPTION

A block diagram of the ETL9444 is given in Figure 1.
Data paths are illustrated in simplified form to depict
how the various logic elements communicate with
each other in implementing the instruction set of the
device. Positive logic is used. When a bit is set, it is a
logic 1" (greater than 2 volts). When a bit is reset, it

is a logic “0" (less than 0.8 volts).

All functional references to the ETL9444/19445
also apply to the ETL9344/19345.

Program Memory

Program Memory consists of a 2048 byte ROM. As
can be seen by an examination of theETL9444A.3445
instruction set, these words may be program instruc-
tions, program data or ROM addressing data. Because
of the special characteristics associated with the JP,
JSRP, JID, and LQID instructions, ROM must often be
thought of as being organized into 32 pages of 64
words each.

ROM addressing is accomplished by a 11-bit PC regis-
ter. Its binary value selects one of the 2048 8-bit words
contained in ROM. A new address is loaded into the
PC register during each instruction cycle. Unless the
instruction is a transfer of control instruction, the PC
register is loaded with the next sequential 11-bit binary
count value. Three levels of subroutine nesting are
implemented by the 11-bit subroutine save registers,
SA, SB, and SC; providing a last-in, first-out (LIFO)
hardware subroutine stack.

ROM instruction words are fetched, decoded and
executed by the Instruction Decode, Control and Skip
Logic circuitry.

Data Memory

Data memory consists of a 512-bit RAM, organized as
8 data registers of 16 4-bit digits. RAM addressing is
implemented by a 7-bit B register whose upper 3 bits
(Br) select 1 of 8 data registers and lower 4 bits (Bd)
select 1of 16 4-bit digits in the selected data register.
While the 4-bit contents of the selected RAM digit (M)
is usually loaded into or from, or exchanged with, the
A register (accumulator), it may also be loaded into
or from the Q latches or loaded from the L ports. RAM
addressing may also be performed directly by the
LDD and XAD instructions based upon the 7-bit con-
tents of the operand field of these instructions. The
Bd register also serves as a source register for 4-bit
data sent directly to the D outputs.

Internal Logic

The 4-bit A register (accumulator) is the source and
destination register for most I/O, arithmetic, logic
and data memory access operations. It can also be
used to load the Br and Bd portions of the B register,
to load and input 4 bits of the 8-bit Q latch data, to
input 4 bits of the 8-bit L 1/O port data and to perform
data exchanges with the SIO register.

A, 4-bit adder performs the arithmetic and logic func-
tions, storing its results in A. It also outputs a carry
bit to the 1-bit C register, most often employed to
indicate arithmetic overflow. The C register, in con-
junction with the XAS instruction and the EN register,
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also serves to control the SK output. C can be out-
putted directly to SK or can enable SK to be a sync
clock each instruction cycle time. (See XAS instruc-
tion and EN register description, below.)

Four generai-purpose inputs, IN3-1INg are provided.

The D register provides 4 general-purpose outputs
and is used as the destination register for the 4-bit
contents of Bd. The D outputs can be directly con-
nected to the digits of a multiplexed LED display.

The G register contents are outputs to 4 general-
purpose bidirectional |/O ports. G 1/0 ports can be
directly connected to the digits of a multiplexed LED
display.

The Q register is an internal, latched, 8-bit register,
used to hold data loaded to or from M and A, as well
as B-bit data from ROM. Its contents are output to the
L /O ports when the L drivers are enabled under
program control. (See LE! instruction.)

The 8 L drivers,when enabled, output the contents of
latched Q data to the L I/0O ports. Also, the contents
of L may be read directly into A and M. L |/O ports can
be directly connected to the segments of a multiplexed
LED display (using the LED Direct Drive output con-
figuration option) with Q data being outputted to the
Sa-Sg and decimal point segments of the display.

The SIO register functions as a 4-bit serial-in/serial-
out shift register or as a binary counter depending on
the contents of the EN register. (See EN register
description, below.) Its contents can be exchanged
with A, allowing it to input or output a continuous
serial data stream. SIO may also be used to provide
additional parallel 1/O by connecting SO to external
serial-in/parallel-out shift registers.

The XAS instruction copies C into the SKL latch. Inthe
counter mode, SK is the output-of SKL; in the shift
register mode, SK outputs SKL ANDed with the

.clock.

The EN register is an internal 4-bit register loaded
under program control by the LEI instruction. The
state of each bit of this register selects or deselects
the particular feature associated with each bit of the
EN register (EN3-ENg)

1. The least significant bit of the enable register,
ENg.selects the SIO register as either a 4-bit shift
register or a 4-bit binary counter. With ENgset, SIO
is an asynchronous binary counter, decrementing
its value by one upon each low-going pulse (*1" to
“0") ocurring on the St input. Each pulse must be
at least two instruction cycles wide. SK outputs
the. value of SKL. The SO output is equal to the
value of EN3. With ENg reset, SIO is a serial shift
register shifting left each instruction cycle time.
The data present at Sl goes into the least signifi-
cant bit of SIO. SO can be enabled to output the
most significant bit of SIO each cycle time. (See 4
below.) The SK output becomes a logic-controlled
clock.

. With ENq set the INq input is enabled as an inter-
rupt input. Immediately following an interrupt, ENq
is reset to disable further interrupts.

N
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3. With EN; set, the L drivers are enabled to output

the data in Q to the L /O ports. Resetting EN2
disables the L drivers, placing the L I/O ports in a
high-impedance input state.

4. EN3,in conjunction with ENg,affects the SO out-

put. With ENg set (binary counter option selected)
SO will output the value loaded into EN3. With ENg
reset (serial shift register option selected), setting

ENj enables SO as the output of the SIO shift regis-
ter, outputting serial shifted data each instruction
time. Resetting ENj3 with the serial shift register
option selected disables SO as the shift register
output; data continues to be shifted through SIO
and can, be exchanged with A via an XAS instruc-
tion but SO remains reset to “0". The table below
provides a summary of the modes associated with

ENy and ENg.

Enable Register Modes — Bits EN; and EN,

10/24

EN3 ENp slo Si SO SK
Q 0 Shift Register Input to Shift Register 0 If SKL= 1, SK = CLOCK
If SKL = 0,SK = 0
1 0 Shift Register Input to Shift Register Serial Out If SKL = 1, SK = CLOCK
If SKL = 0,SK = 0
0 1 Binary Counter Input to Binary Counter 0 If SKL = 1,8K = 1
If SKL = 0,SK = 0
1 1 Binary Counter Input to Binary Counter 1 If SKL = 1,SK = 1
If SKL = 0,SK =0
Interrupt

The following features are associated with the IN,
interrupt procedure and protoco! and must be consi-
dered by the programmer when utilizing interrupts.

a. The interrupt, once acknowledged as explained
below, pushes the next sequential program counter
address (PC + 1) onto the stack, pushing in turn the
contents of the other subroutine-save registers to
the next lower level (PC + 1 = SA = SB — SC). Any
previous contents of SC are lost. The program
counter is set to hex address OFF (the last word of
page 3) and EN1 is reset.

b. An interrupt will be acknowleuged only after the
following conditions are met:

. ENq has been set.

2. A low-going pulse (“1" to "0") at least two
instruction cycles wide occurs on the IN7 input.

-

3. A currently executing instruction has been
completed.
4. All successive transfer of control instructions

and successive LBIs have been completed (e.g..
if the main program is executing a JP instruc-
tion which transteNs program control to another
JPinstruction, the interrupt will not be acknow-
ledged until the second JP instruction has been
executed.

c. Upon acknowledgement of an interrupt. the skip
logic status is saved and later restored upon
popping of the stack. For example, if an interrupt
occurs during the execution of ASC (Add with
Carry, Skip on Carry) instruction which results in
carry, the skip togic status is saved and program
control is transferred to the interrupt servicing
routine at hex address OFF. At the end of the
interrupt routine, a RET instruct.on 1s executed to
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"pop"” the stack and return program control to the
instruction following the original ASC. At this
time, the skip logic is enabled and skips this
instruction because of the previous ASC carry.
Subroutines and LQID instructions should not be
nested within the interrupt service routine, since
their popping the stack will enable any previously
saved main program skips, interfering with the
orderly execution of the interrupt routine.

d. The first instruction of the interrupt routine at hex
address OFF must be a NOP.

. A LEl instruction can be put immediately before
the RET to re-enable interrupts.

o

Initialization

The Reset Logic will initialize (clear) the device upon
power-up if the power supply rise time is less than
1ms and greater than 1us. If the power supply rise
time is greater than 1ms, the user use provide an
external RC network and diode to the RESET pin as
shown below. If the RC network is not used, the
RESET pin must be pulled up to Ve either by the inter-
nal load or by an external resistor (> 40kQ) to Vec. The
RESET pin is configured as a Schmitt trigger input.
Initialization will occur whenever a logic "0 is
applied to the RESET input, provided it stays low for
at least three instruction cycle times.
P

O +—

w

el 3 Vee

R < ——

s RESET

u B ETL9444

P 1: GND

[ S

L

Y RG2S xpower supply  Rise time (R > 40 k)

Power up clear circuit
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Upon initialization, the PC register is cleared to 0 (ROM
address 0) and the A, B, C, D, EN, and G registers are
cleared. The SK output is enabled as a SYNC output,
providing a pulse each instruction cycle time. Data
Memory (RAM) is not cleared upon initialization. The
first instruction at address 0 must be a CLRA.

Oscillator

There are four basic clock oscillator configurations
available as shown by Figure 4.

a. Crystal Controlled Oscillator. CKI and CKO are
connected to an external crystal. The instruction
cycle time equals the crystal frequency divided by
32 (optional by 16 or 8).

b. External Oscillator. CKl is an external clock input
signal. The external frequency is divided by 32
(optional by 16 or 8) to give the instruction cycle
time. CKO is now available to be used as the RAM
power supply (Vg), as a general purpose input, or
as a SYNC input.

a
CKI CKO
R2
v‘v‘v
P4
g A1

134e

||H

PIN)
b
CKI CKO
o (VR OR GENERAL
EXTERNAL PURPOSE INPUT
CLOCK OR SYNC PIN)
Crystal Oscillator
Crystal Component Values
Value R1(R) R2 (Q) | C1(pF) | C2(pF)
455 kHz 47k ™M 220 220
2.097 MHz 1k ™ 30 6-36

Vee
(VR OR GENERAL
PURPOSE INPUT

c. RC Controlled Oscillator. CKI is configured as a
single pin RC controlled Schmitt trigger oscillator.
The instruction cycle equals the oscillation fre-
quency divided by 4. CKO is available as the RAM
power supply (Vg) or as a general purpose input.

(-9

. Externally Synchronized Oscillator. Intended for
use in multi-COP systems, CKO is programmed to
function as an input connected to the SK output of
another COP chip operating at the same frequency
(COP chip with L or C suffix) with CKI connected
as shown. In this configuration, the SK output con-
nected to CKO must provide a SYNC (instruction
cycle) signal to CKO, thereby allowing synchronous
data transfer between the COPs using only the Si
and SO serial I/O pins in conjunction with the XAS
instruction. Note that on power-up SKis automati-
cally enabled as a SYNC output. (See Functional
Description, Initialization, above.)

11 (SYNC
L 31
I 3 L
= A'AvAf = ’
CKI CKO CKI CKO
SK
d
E1L9444/19445 ETL9444/19445
SO Si
SI SO

RC Controlled Oscillator

Instruction
Cycle Time
R (kQ) C (pF) (us)
51 100 191+15%
82 56 19 +13%
Note: 200kQ 2 R = 25kQ
360pF 2 C 2 50pF

FIGURE 4 — ETL9444/L.9445 OSCILLATOR
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CKO Pin Options

In a crystal controlled oscillator system, CKO is used
as an output to the crystal network. As an option
CKO can be a SYNC input as described above. As
another option CKO can be a general purpose input,
read into bit 2 of A (accumulator) upon execution of
an INIL instruction. As another option, CKO can be a
RAM power supply pin (Vg), allowing its connection
to a standby/backup power supply to maintain the
integrity of RAM data with minimum power drain
when the main supply is inoperative or shut down to
conserve power. Using either option is appropriate in
applications where the ETL9444/19445 system timing
configuration does not require use of the CKO pin.

110 Options

ETL9444/19445 outputs have the following optional
configurations, illustrated in Figure 5 :

a.Standard — an enhancement mode device to
ground in conjunction with a depletion-mode device
to Vcc, compatible with LSTTL and CMOS input
requirements. Available on SO, SK, and all D and
G outputs.

Open-Drain — an enhancement-mode device to
ground only, allowing external pull-up as required
by the user’'s application. Available on SO, SK, and
all D and G outputs.

Push-Pull — An enhancement-mode device to
ground in conjunction with a depletion-mode device
paralleled by an enhancement-mode device to Vgc.
This configuration has been provided to allow for
fast rise and fall times when driving capacitive
loads. Available on SO and SK outputs only.
d.Standard L — same as a., but may be disabled.
Available on L outputs only.
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e.Open Drain L — same as b., but may be disabled. -

Available on L outputs only.

f. LED Direct Drive — an enhancement-mode device
to ground and to Vgc, meeting the typical current
sourcing requirements of the segments of an LED
display. The sourcing device is clamped to limit
current flow. These devices may be turned off
under program control (See Functional Descrip-
tion, EN Register), placing the outputs in a high-
impedance state to provide required LED segment
blanking for a multiplexed display. Available on L
outputs only.

g. TRI-STATE® Push-Pull — an enhancement-mode
device to ground and Vgc. These outputs are TRI-
STATE outputs, allowing for connection of these
outputs to a data bus shared by other bus drivers.
Available on L outputs only.
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ETL9444,19445 inputs have the following optional
configurations :

h. An on-chip depletion load device to Vgc.

i. A Hi-Z input which must be driven to a 1" or 0"
by external components.

The above input and output configurations share com-
mon enhancement-mode and depletion-mode devices.
Specifically, all configurations use one or more of six
devices (numbered 1-6, respectively). Minimum and
maximum current (loyr @nd Vouyr curves are given in
Figure 6 for each of these devices to allow the designer
to effectively use these I/O configurations in designing
a system.

The SO, SK outputs can be configured as shownina.,
b., or c. The D and G outputs can be configured as
shown in a. or b. Note that when inputting data to the
G ports, the G outputs should be set to “1.” The L
outputs gan be configured as in d., e., f. or g.

An important point to remember if using configura-
tion d. or f. with the L drivers is that even when the L
drivers are disabled, the depletion load device will
source a small amount of current (see Figure 6, device
2); however, when the L-lines are used as inputs, the
disabled depletion device can not be relied on to
source sufficient current to pull an input to logic “1".

RAM Keep-Alive Option

Selecting CKO as the RAM power supply (Vg) allows
the user to shut off the chip power supply (Vcc) and
maintain data in the RAM.

To insure that RAM data integrity ismaintained,

the following conditions must be met:

1. RESET must go low before Voo goes low during
power off; Ve must go high before RESET goes
high on power-up.

2. Vg must be within the operating range of the chip,
and equal to V¢c % 1V during normal operation.

3. Vg must be > 3.3V with V¢c off.

 ETL9445

If the ETL9444 Is bonded as a 24-pin device, it beco-
mes the ETL9445, illustrated in Figure 2, ETL9444
Connection Diagrams. Note that the ETL9445 does
not contain the four general purpose IN inputs (IN3-
INg). Use of this option precludes, of course, use of
the IN options and the interrupt feature, which uses
IN9. All other options are available for the ETL9445.
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ETL9444/9445e ETL9344/9345

Table 1is a symbol table providing internal architecture,
instruction operand and operational symbols used in

ETL9444/L9445,ETL9344/L9345 Instruction Set

the instruction set table.

Table 2 provides the mnemonic, operand, machine
code, data flow, skip conditions, and description asso-
ciated with each instruction in the ETL9444/1.9445 ins-
truction set.

TABLE 1 — ETL9444/L9445 ETL9344/19345 INSTRUCTION SET TABLE SYMBOLS

Symbol Definition Symbol Definition
INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS .
A 4-bit Accumulator d 4-bit Operand Field, 0- 15 binary (RAM Digit
B 7-bit RAM Address Register Select)
Br Upper 3 bits of B (register address) r 3-bit Operand Field, 0-7 binary (RAM Register
Bd Lower 4 bits of B (digit address) Select)
C 1-bit Carry Register a 11-bit Operand Field, 0-2047 binary (ROM
D 4-bit Data Output Port Address)
EN 4-bit Enable Register y 4-bit Operand Field, 0- 15 binary (Immediate
G 4-bit Register to latch data for G /O Port Data)
L Two 1-bit latches associated with the IN3 or RAM(s) Contents of RAM location addressed by s
INg inputs ROM(t) Contents of ROM location addressed by t
IN 4-bit Input Port
L 8-bit TRI-STATE® 1/0 Port OPERATIONAL SYMBOLS
M 4-bit contents of RAM Memory pointed to by
B Register + Plus
PC 11-bit ROM Address Register (program - Minus
counter) — Replaces
Q 8-bit Register to latch data for L I/O Port -— s exchanged with
SA 11-bit Subroutine Save Register A
SB 11-bit Subroutine Save Register B f Is equal to
¢ 11-bit Subroutine Save Register C A The one’s complement of A
SIO  4-bit Shift Register and Counter ® Exclusive-OR
SK Logic-Controlled Clock Output : Range of values
16/24
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TABLE 2 — ETL9444/1L9445 INSTRUCTION SET

Machine
Hex  Language Code R
Mnemonic|Operand | Code (Binary) Data Flow Skip Conditions Description
ARITHMETIC INSTRUCTIONS
ASC 30 0011 0000] A +C+RAM(B) ~ A Carry Add with Carry. Skip on
Carry - C Carry
ADD 31 001 1[000 1 A +RAM(B) - A None Add RAM to A
ADT 4A 0100!10!0 A+1010 - A None Add Ten to A
AISC y 5- 0101 y A+y—~ A Carry Add Immediate. Skip on
Carry (y + 0)
CASC 10 0001|0000 A +RAM(B) +C —~ A Carry Complement and Add with
Carry -~ C Carry, Skip on Carry
CLRA 00 0000j0000 0—~A None Clear A
COMP 40 0100{0000| A-A None Ones compiement of A to A
NOP 44 0100j0 100 None None No Operation
RC 32 0011/00 10| 0"~ C None Reset C
SC 22 100100010 "1t~ C None Set C
XOR 02 IOOOOIOO 10 A e RAM(B) - A None Exclusive-OR RAM with A
TRANSFER OF CONTROL INSTRUCTIONS
JID FF 1111111 1| ROM (PC10:8. AM) = PC7-g[None Jump Indirect [Note 3)
JMP a 6- 0 110]0ja1g.g] a—PC None Jump
- aro
JP a -- 1 ag:0 a - PCg None Jump within Page (Note 4)
(pages 2,3 only)
or
-- 11|  asg a —~ PCs0
all other pages)
JSRP a -~ 10| agg PC+1—~SA—-SB—SC None Jump to Subroutine Page
00010 ~ PCy0:6 (Note 5)
a = PCsp
JSR a 6- 0110{aq9g PC+1—~SA —~SB~SC [None Jump to Subroutine
a—PC
- ar.o
RET 48 0100[{1000| SC - SB —~SA -~ PC None Return from Subroutine
RETSK 49 0100{1001 SC - SB —~ SA —~ PC Always Skip on Return Return from Subroutine
then Skip

17/24
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ETL9444/9445 ¢ ETL 9344/9345

TABLE 2 — ETL9444/L.9445 INSTRUCTION SET (continued)

Machine
Hex  Language Code
Mnemonic|Operand | Code (Binary) Data Flow Skip Conditions Description
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 00110011 A—=Q7 4 None Copy A. RAM to Q
3C (00111100 RAM(B)—~030
CQMA 33 001110011 Q7 4—RAM(B) None Copy Q to RAM. A
2c [ootopir00 | 9307A
Lo 4 -5 00l rj0101 RAM(B)— A None Load RAM into A,
(r=03) Br@r— Br Exclusive-OR Br with 1
LDO rd 23 0010[0011 RAM(r.d)— A" None Load A with RAM pointed
-- o r d to directly by r.d
Laio BF 101 111 1 1] ROM(PC1p.8.A.M)—Q “None Load Q Indirect (Note 3)
S8—SC
RMB 0 4C 0100[1100 0—>RAM|B)OA None Reset RAM Bit
1 45 01000101 0-+=RAM(B)¢
2 42 0100]{0010 0~-=RAM(B)),
3 43 0100[0011 0—~RAM(B)3
SmsB V) 4D 0100j110 1’ 1—RAM(B)g None Set RAM Bit
1 47 01001101 1—RAM(B)y
2 46 0100j0110 1-—+=RAM(B)?
3 48 01001011 1—=RAM(B)3
STH y 7- 0111 y y —~RAM(B) None Store Memory Immediate
Bd + 1—=8d and Increment Bd
X ' -6 00| r|0110 RAM(By=+A None Exchange RAM with A,
(r=0:3) Br@r—8r Exclusive-OR Br with r
XAD rd 23 [0010[0011 RAM(r.d)+=A None Exchange A with RAM
- 1 r d N pointed to directly by r.d
XDS r -7 00} r!0111 RAM(B)=+=A Bd decrements past 0 Exchange RAM with A
(r=0:3) Bd ~ 1—=8d and Decrement Bd.
Br &r —8r Exclusive-OR Br with r
XIS r -4 00| r {0100 RAM(B) - A Bd increments past 15 Exchange RAM with A
=03 Bd+1—Bd and Increment Bd.
e Brepr — Br Exclusive-OR Br with r
REGISTER REFERENCE INSTRUCTIONS
CAB 50 ‘o 10 1'0000 A —~ Bd None Copy A to Bd
CBA 4E 01001110 Bd - A None Copy Bd to A
LBI rd -- 00] r|(d - ) rd--B Skip until not a LBI Load B Immediate with r.d
(r=03: (Note 6)
d=0.915
or
33 0011/0011
-- 1 r d
(any r. any d)
LE! y 33 00110001 y = EN None Load EN immediate (Note 7)
6- ‘01 ‘Ol y
XABR 12 0001/0010 A Br (0~ Ag) None Exchange A with Br
18/24
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ETL9444/9445 ¢ ETL 9344/9345

TABLE 2 — ETL9444/1.9445 INSTRUCTION SET (continued)

Machine
Hex Language Code S
Mnemonic | Operand Code (Binary) Data Fiow Skip Conditions Description
TEST INSTRUCTIONS
SKC 20 00100000 c="1 Skip if Cis True
SKE 21 0010/0001 A = RAM(B) Skip 1t A Equals RAM
SKGZ 33 00110011 G3g =0 Skip if G 1s Zero
21 0010/0001 ) (all 4 bits)
SKGBZ 33 0011)0011 1st byte Skip if G Bit 1s Zero
0 01 00000001 Gop=0
1 =
1" 00010001 2nd byte Gy 0
2 03 00000011 Gy =0
3 13 00010011 Gy =0
SKMBZ 0 01 0000j0001 RAM(B)y = 0 Skip if RAM Bit is Zero
1 1" 00010001 RAM(B)y = 0
2 03 0000j0011 RAM(B)2 = 0
3 13 00010011 RAM(B)3 = 0
SKT 41 01000001 A time-base counter Skip on Timer
carry has occurred (Note 3)
since last test
INPUT/OUTPUT INSTRUCTIONS
ING 33 00110011 G—A None Input G Ports to A
2A 001 0[1 010
ININ 33 00110011 IN - A None tnput IN Inputs to A
28 00101000 (Note 2)
INIL 33 00110011 IL3, CKO,"0", ILg = A None input IL Latches to A
29 0010/1001 (Note 3)
INL 33 00110011 L7.4 -~ RAM(B) None fnput L Ports to RAM. A
2E 0010[1110 Lao—A
oBD 33 00110011 Bd—~D None Output Bd to D Outputs
3E 00111110
0OGlI y 33 00110011 y -G None | Output to G Ports
5. 0101 y Immediate
OMG 33 00110011 RAM(B) -~ G None Output RAM to G Ports
3A 00111010
XAS 4F 0100j1111 A — SIO, C — SKL None Exchange A with SIO
(Note 3)

Note 1 : All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are
numbered 0to N where 0 signifies the least significant bit (low-order, right-most bit). For example, A, indicates the most significant (left-most) bit of
the 4-bit A register.

Note 2 : The ININ instruction is not available on the 24-pin ETL9445 or ETL3345 since these devices do not contain the IN inputs.

Note 3 : For additional information on the operation of the XAS, JID, LQUID, INIL, and SKT instructions, see below.

Note 4: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The
JP instruction, otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.
Note 5: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in pages
2 or 3. JSRP may not jump to the last word in page 2. )

Note 6 : LBl is a single-byte instructionifd =0,9, 10, 11,12, 13, 14 or 15. The machine code for the lower 4 bits equals the binary value of the “d" data
minus 1, e.g.,to load the lower four bits of B (Bd) with the value 9 (1001,), the lower 4 bits of the LBl instruction equal 8(1000,). To load 0, the lower 4
bits of the LBI instruction should equal 15 (1111,).

Note 7 : Machine code for operand field y for LEl instruction should equal the binary value to be latched into EN, where a “1" or “0" in each bitof EN
corresponds with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN Register).
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The following information is provided to assist the
user in understanding the operation of several unique
instructions and to provide notes useful to program-
mers in writingETL9444/1.9445 programs.

XAS Instruction

XAS (Exchange A with SIO) exchanges the 4-bit con-
tents of the accumulator with the 4-bit contents of
the SIO register. The contents of SIO will contain
serial-in/serial-out shift register or binary counter
data, depending on the value of the EN register. An
XAS instruction will also affect the SK output. (See
Functional Description, EN Register, above.) If SIO is
selected as a shift register, an XAS instruction must
be performed once every 4 instruction cycles to
effect a continuous data stream.

JID instruction

JID (Jump Indirect) is an indirect addressing instruc-
tion, transferring program control to- a new ROM
location pointed to indirectly by A and M. it loads the
lower 8 bits of the ROM address register PC with the
contents of ROM addressed by the 11-bit word,

PC10:8 A, M. PC1p ,PCg and PCg are not affected by
this instruction.

Note that JID requires 2 instruction cycles to execute.

INIL Instruction

INIL (Input IL Latches to A) inputs 2 latches, IL3 and
ILg (see Figure 7) and CKO into A. The IL3 and ILg
latches are set if a low-going pulse (“1" to *'0") has
occurred on the IN3 and INg inputs since the last INIL
instruction, provided the input pulse stays low for at
least two instruction times. Execution of an INIL
inputs IL3 and ILg into A3 and AO respectively, and
resets these latches to allow them to respond to sub-
sequent low-going pulses on the IN3 and INg lines. If
CKO is mask programmed as a general purpose
input, an INIL will input the state of CKO into A2. if
CKO has not been so programmed, a ‘1" will be
placed in A2. A “0" is always placed in A1 upon the*
execution of an INIL. The general purpose inputs
IN3-INg are input to A upon execution of an ININ
instruction. (See Table 2, ININ instruction.) INIL is
useful in recognizing pulses of short duration or
pulses which occur too often to be read conveniently
by an ININ instruction.

Note : IL latches are not cleared on reset : IL3 and ILg
not input on ETL9444/19445.

LQID Instruction

LQID (Load Q Indirect) loads the 8-bit Q register with
the contents of ROM pointed to by the 11-bit word
PC10 .PCg, PCg, A, M. LQID can be used for table
lookup or code conversion such as. BCD to seven-
segment. The LQID instruction “pushes” the stack
(PC + 1~ SA —~ SB —SC) and replaces the least signi-
ficant 8 bits of PC as follows: A — PC7:4, RAM(B) —»
PC3., leaving PC1g, PCg and PCg unchanged. The
ROM data pointed to by the new address is fetched
and loaded into the Q latches. Next, the stack is
“popped’ (SC =~ SB — SA —PC), restoring the saved
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FIGURE 7 — INIL HARDWARE IMPLEMENTATION

value of PC to continue sequential program execu-
tion. Since LQID pushes SB — SC, the previous
contents of SC are lost. Also, when LQID pops the
stack, the previously pushed contents of SB are left
in SC. The net result is that the contents of SB are
placed in SC (SB —~ SC). Note that LQID takes two
instruction cycle times to execute.

SKT Instruction

The SKT (Skip On Timer) instruction tests the state of
an internal 10-bit time-base counter. This counter
divides the instruction cycle clock frequency by 1024
and provides a latched indication of counter over-
flow. The SKT instruction tests this latch, executing
the next program instruction if the latch is not set. If
the latch has been set since the previous test, the
next program instruction is skipped and the latch is
reset. The features associated with this instruction,
therefore, allow the ETL9344/L9345 to generate its
own time-base for real-time processing rather than
relying on an external input signal.

For example, using a 2.097 MHz crystal as the time-
base to the clock generator, the instruction cycle
clock frequency will be 65kHz (crystal frequency + 32)
and the binary counter output pulse frequency will be
64 Hz. For time-of-day or similar real-time processing,
the SKT instruction can call a routine which incre-
ments a “‘seconds” counter every 64 ticks.

Instruction Set Notes

a. The first word of a ETL9444/1.9445program (ROM
address 0) must be a CLRA (Clear A) instruction.

b. Although skipped instructions are not executed,
one instruction cycle time is devoted to skipping
each byte of the skipped instruction. Thus all
program paths except JID and LQID take the same
number of cycle times whether instructions are
skipped or executed. JID and LQID instructions
take 2 cycles if executed and 1 cycle if skipped.

c. The ROM is organized into 32 pages of 64 words
each. The Program Counter is an 11-bit binary
counter, and will count through page boundaries. !
a JP, JSRP, JID or LQID instruction is located i the
last word of a page, the instruction operates as if
it were in the next page. For example: a JP located
in the last work of a page will jump to a location in
the next page. Also, a LQID or JID located in the
last word of page 3, 7, 11, 15, 19, 23, or 27 will access
data in the next group of four pages.
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OPTION LIST

The ETL9444/19445 mask-programmable options are
assigned numbers which correspond with the ETL9444
pins.

The following is a list of ETL9444 options. When spe-
cifying ETL9445 chip, Options 9, 10, 19, and 20 must all
be set to zero. The options are programmed at the
same time as the ROM pattern to provide the user with
the hardware fliexibility to interface to various 1/0 com-
ponents using little or no external circuitry.

Option 1=0: Ground Pin — no options available

Option 2: CKO Output

=0: clock generator output to crystal/resonator
(0 not allowable value if option 3 =23)

=1. pin is RAM power supply (Vg) input
=2: general purpose input. load device to Ve
=3: general purpose input, Hi-Z
=4 multi-COP SYNC input (CKlI = 32, CKI + 16)
=5 multi-COP SYNC input (CKI + 8)

Option 3: CKI Input
=0: oscillator input divided by 32 (2MHz max.)
=1: oscillator input divided by 16 (1 MHz max.)
=2: oscillator input divided by 8 (500kHz max.)
=3: single-pin RC controlled oscillator divided by 4
=4: oscillator input divided by 4 (Schmitt)

Option 4: RESET Input
=0: load device to Vg
=1 Hi-Z input

Optiorr5: L7 Driver
=0: Standard output
=1: Open-drain output
=2: High current LED direct segment drive output
=3: High current TRI-STATE®push-pull output
=4: Low-current LED direct segment drive output
=5: Low-current TRI-STATE®push-pull output

Option 6: Lg Driver
same as Option 5
Option 7: Lg Driver
same as Option 5
Option 8: L4 Driver
same as Option 5
Option 9: IN1 Input
=0: load device to Vg¢
=1: Hi-Zinput
Option 10: IN2 Input
same as Option 9
Option 11: Ve pin
=0: 4.5V to 6.3V operation
=1: 4.5V to 9.5V operation
Option 12: L3 Driver
same as Option 5
Option 14: Lo Driver
same as Option 5
Option 14: Ly Driver
same as Option 5

Option 15: Lo Driver
same as Option 5

THOMSON SEMICONDUCTEURS

Option 16: S| Input
same as Option 9

Option 17: SO Driver
=0: standard output
=1: open-drain output
=2: push-pull output

Option 18: SK Driver
same as Option 17

Option 19: INg Input
same as Option 9

Option 20: IN3 Input
same as Option 9

Option 21: Gg /0 Port
=C: very-high current standard output
= 1. very-high current open-drain output
=2: high current standard output
=3: high current open-drain output
=4: standard LSTTL output (fanout = 1)
=5: open-drain LSTTL output (fanout = 1)

Option 22: G1 1/0 Port
same as Option 21

Option 23: G2 1/0 Port
same as Option 21

Option 24: G3 I/0 Port
same as Option 21
Option 25: D3 Output
same as Option 21
Option 26: D2 Output
same as Option 21
Option 27: D1 Output
same as Option 21
Option 28: Dg Output
same as Option 21
Optlion 29: L Input Levels
=0. standard TTL input i2vels
("0 =08V, 17 =20V)
=1. higher voltage input levels
(0"=12V, 1" =3.6V)
Opticn 30: IN Input Leveis
same as Option 29

Option 31: G input Levels
same as Option 29

Option 32: Si Input Levels
same as Option 29

Option 33: RESET Input

=0: Schmitt trigger 1nput

=1: standard T7L input levels
hngher voltage nput levels

—
=2l

Opticn 34: CKO Input Levels (CKO = input. Option 2=2.3)

same as Option 29

Option 35 COP 'Bonding
=0; ETL9444 (28-pin device)
=1 ETL9445 (24-pin device)
=2: both 28 and 24-pin versions

21/24
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TEST MODE (Non-Standard Operation)

The SO output has been configured to provide for stan-
dard test procedures for the custom-programmed
ETL9444. With SO forced to logic “1", two test modes are
provided, depending upon the value of S :

a. RAM and Internal Logic Test Mode (S| = 1)

b. ROM Test Mode (SI = 0)

These special test modes should not be employed by the
user ; they are intended for manufacturing test only.

APPLICATION EXAMPLE :
ETL9444 General Controller

2.

The D3-Dg outputs drive the digits of the multi-
plexed display directly and scan the columns of
the 4 x 4 keyboard matrix.

. The IN3-INginputs are used to input the ‘4 rows of

the keyboard matrix. Reading the IN lines in
conjunction with the current value of the D
outputs allows detection, debouncing, and deco-
ding of any one of the 16 keyswitches.

. CKl is configured as a single-pin oscillator input

allowing system timing to be controlled by a
single-pin RC network. CKO is therefore available
for use as a general-purpose input.

Figure 8 shows and interconnect diagram for a ETL9444 5. i' "f: 3&‘&"'&% isse?easilp‘g nt° ac:"::"r’ goounte(;
used as a general controller. Operation of the system is as IS!E - ary counter, SO an
follows : can be used as general purpose outputs.
. . 6. The 4 bidirectional G I/0 ports (G3-Gp) are avai-
1. The L7-Lg outputs are configured as LED Direct . o O
Drive outputs, allowing direct connection to the lable for use as rqulreq by the user’s application.
segments of the display. 7. Normal reset operation is selected.
8 SEGMENT
Ve | Voo DATA LINES
Lo-L7
CKI
E 4 DIGIT
GND GND . . . . | LED DISPLAY
vee -Im- RESET ETL9444
Do
I o
= D2
D3
INPUT et | CKO
INg N N N
4 GENERAL <::_‘J>1 Go- G3 INg N N DN axa
N N KEYSWITCH
EVENT N2 . N P MATRIX
COUNTER e 5 IN3 N N
INPUT
NPU SK SO
2 GENERAL OUTPUTS

FIGURE 8 — ETL9444 KEYBOARD/DISPLAY INTERFACE

COPS, MICROWIRE and TRI-STATE are registered trademarks of Natignal Semiconductor Corp.
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PHYSICAL DIMENSIONS

CB-132
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CB-68
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These specifications are subject to change without notics.

Please inquire with our sales offices about the availability of the different products.

Printed in France
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TS94104

SINGLE CHIP MICROCONTROLLER

"ADVANCE INFORMATION

NMOS

GENERAL DESCRIPTION

The TS94104 ROMless N-channel microcontroller is a member of the CASE
TS94100 family, fabricated using N-channel, silicon gate XMOS technol- CB-506
ogy

The TS94104 contains the internal logic of the TS94100 microcontroller
family except ROM.

This internal logic is identical to the TS94144 except that the ROM is

removed and extra pins are added to output the ROM address and to input

the ROM data. The TS94104 can be configured, by means of external pins,

to function as a TS94120 or TS94144. Pins have been added to allow the
user to select the various functional options that are available on TS94100
family. The TS94104 is primarily entended for a program development and
debug for the TS94120 and TS94144 devices prior to masking the final PLASTIC PACKAGE
part.

The TS94104 is also appropriate in low volume applications or when the
program might be evolutive.

PIN ASSIGNMENT

FEATURES
. . [AN= X J [ = J1
e Accurate emulation of the TS94100 family. w2 ok e3l 530S
e Powerful instruction set (52 instructions). »3 Cf3 6273 G2
12Y="1 =X}
o Addresses 2K x 8 external ROM. ws s 6ok 6o
e 128 x 4 RAM. e CJ6 597 IN3
. . N . w? L7 8817 INO
o Interrupt sources: external, internal counter or dual-time peripheral. AD/ BATA OJ8 573 PERINT
o 3-level subroutine stack. NoT usep CJ8 56/ PRSBO
. . 3 o 6571 PRSB1
e 4 us instruction cycle. o3 O 5417 NOT USED
® Single supply operation (4.5 V - 5.5 V). NOT USED Eg zg:w UsED
D2 K
e Low-current drain (15 mA max.). . o1 O 515 so
o Programmable read/write 8 bit internal counter. 00 &5 S0P st
) R . . GNp 16 4917 GND
o Internal shift register with serial 1/0. cko C7 8 g 7}
-4 cKt 8 47 I8
o Watch-dog feature. neseT Cho w2
o Dual timer peripheral for complex waveforms generation and mea- NOT USED CJ20 spL
surements. (R =} 443 vee
. L6 P2 43 IN2
o General purpose and tri-state outputs. NOT usep 23 42[7) PRSAO
® TTL compatible. NOT USED [24 41EJ PRSAY
NOT UsED 25 4013 MODE
o Direct drive of LED digit and segment line. NOT USED 26 ] =1
. . Ao Cf27 B W
o Direct drive of TRIAC. 29 Chs oy
e Extended temperature (— 40°C to + 85°C) available. A8 29 36} skip
® Software compatible with the other member of ET9400, TS94100 R ot =
families. SELT0 (] 33[3 EMUL

JULY 1986 1/13

43, Avenue de I'Europe - 78140 VELIZY-VILLACOUBLAY/FRANCE - Tel. : (1) 39.46.97.19 - Telex TCSF 204780F - Telecopie : (1)39.46.52.64
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TS94104

FUNCTIONAL DESCRIPTION

The internal architecture is shown in Figure 1. Data
paths are illustred in simplified form to depict how the
various logic elements communicate with each other in
implementing the instruction set of the device. Positive
logic is used. When a bit is set, itisa logic 1" when itis
reset, it is a logic “"0"".

PROGRAM MEMORY

Program memory consists of a 2K byte external ROM
memory (typically an EPROM).

These bytes of ROM may be program instructions, con-
stants or ROM addressing data.

ROM addressing is accomplished by a 11-bit PCregister
which selects one of the 8-bit words contained in ROM.
A new address is loaded into the PC register during each
instruction cycle. Unless the instruction is a transfer of
control instruction, the PC register is loaded with the
next sequential 11-bit binary count value.

Three levels of subroutine nesting are implemented by a
three levels deep stack. Each subroutine call (or inter-
rupt) pushes the next PC address into the stack. Each
return pops the stack back into the PC register.

DATA MEMORY

Data memory consists of a 512-bit RAM organized as 8
data registers of 16 x 4-bit digits. RAM addressing is
implemented by a 7-bit B register whose upper 3 bits
(Br) select 1 or 8 data registers and lower 4 bits (Bd)
select 1 of 16 4-bit digits in the selected data register.

To emulate with accuracy the TS94120, the size of the
RAM available to the user may be reduced by using
SEL10and SEL20 pins to obtain the following configura-
tions:

— a 128 digits RAM is available, thus emulating an
TS94144,

— the user RAM is physically halved to 64 digits
(256 bits) thus emulating an TS94120,

The upper most bit of Br (Br3) register is only used to
select between the RAM and the peripheral.

While the 4-bit contents of the selected RAM digit (M) are
usually loaded into or from, or exchanged with the A
register (accumulator), they may also be loaded into the
Q latches or loaded from the L ports. RAM addressing may
also be performed directly by the LDD and XAD instruc-
tions based upon the immediate operand field of these
instructions.

The Bd register also serves as a source register for 4-bit
data sent directly to the D outputs.

THOMSON SEMICONDUCTEURS
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INTERNAL LOGIC

A 4-bit A register (accumulator) is the source and destina-
tion register for most 1/O, arithmetic, logic and data
memory access operations. It can also be used to load
the Br and Bd field of the B register, to load and input 4
bits out of the 8-bits Q latch, to input 4 bits out of a ROM
word, to input G or IN ports, and to perform data ex-
changes with the SIO register.

A 4-bit adder performs the arithmetic and logic functions,
storing the results in A with eventually a carry bit in the
1-bit C register. The C register in conjunction with the XAS
instruction and the EN register is also related to the SK
output control.

The 8-bit T counter is a binary up counter which can be
loaded to and from M and A using CAMT and CTMA in-
structions. This counter may be running in two modes
depending on TIN: as a timer or as an external event
counter. When the T counter overflows, an overflow flag
will be set(see SKT instruction below). Note that T coun-
ter is cleared on reset. A functional block diagram of the
timer/counter is illustrated in Figure 4.

3 general-purpose inputs, IN3-IN1, are provided. Note
that IN3 can be considered as a dual-timer input. INO is
an analog input connected to an internal comparator.

The D register provides, 4 general-purpose outputs and
is used as the destination register for the 4-bit contents
of Bd. D3 is also used as the watchdog iriput when the
watchdog option is selected.

The G register is a 2-bit general-purpose bidirectional /O
port (G3-G2). GO-G1 are the outputs of the peripheral and
can also be used as general-purpose inputs.

The Q register is an internal, latched, 8-bit register, used
to hold data loaded to or from M and A, as well as 8-bit
data from ROM. Q register contents are transferred to the
L 1/O ports when the L drivers are enabled under program
control (see LEI instruction).

L driver, when enabled, outputs the content of latched Q
data to the L 1/O ports. Contents of L may be read directly
into A and M.

The SIO register is a 4-bit serial-in/serial-out shift register
for the serial out. SIO content can be exchanged with A.

The XAS instruction copies C into the SKL Latch.

When SKL = 1, SK is a clock output
When SKL = 0, SK outputs a value depending upon the
contents of ENO and EN3.

The « EN register » is an internal 4-bit register loaded
under program control by the LEI instruction. Each bit
selects or inhibits the dedicated feature associated with
each bit of the EN register (EN3-ENO).

3/13
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o With EN1 set, the CPU interrupt is enabled.
e With EN2 set, the L drivers are enabled to output the
data in Q to the L I/O ports. Resetting EN2 disables the
L drivers, setting the L port as high impedance inputs.
o ENB, in conjunction with ENO, affects the SO and the
SK outputs (see table 1).
— When EN3 = 0, SO outputs ENO and SK outputs
the clock anded with the content of the SKL latch,
— when EN3 =1, SO is the output of the serial shifter,
while SK outputs the clock (if SKL = 1) or the ENO
bit (if SKL = 0).
Even when SO is disabled (as SIO output), data goes
on shifting through SIO and can be exchanged with A
via an XAS.

TABLE 1. ENABLE REGISTER MODES - BITS ENO AND EN3

EN3 ENO SO SK after XAS
0 0 0 If SKL = 1, SK = Clock
If SKL = 0, SK = 0
4] 1 1
1 0 Serial out|If SKL = 1, SK = Clock
If SKL = 0, SK = ENO
1 1 Serial out

INTERRUPT SOURCES

There are 3 possible interrupt sources (see Figure 4).

e Counter overflow or external interrupt (INT pin).
External interrupt is triggered on the falling edge of a
zero pulse. The zero pulse must be at least 2 instruction
cycles wide on the external pin IN1 (or internal counter
overflow).

e 2 peripheral interrupt sources (see peripheral des-
cription).

Each interrupt source has its own enable bit (EN1 for the
CPU interrupt, ENA and ENB for the peripheral interrupts)
and its own flag (F1 for the CPU interrupt, FA and FB for
the peripheral interrupts, see Figure 15). An interrupt is
enabled when its associated enable bit is set. Its
associated flag is set when the interrupt is requested
(for example, timer overflow for the CPU interrupt).

Note that the FA, FB, ENA, ENB bits, but also the F1 bit
are implemented in the peripheral registers.

The following features are associated with interrupt pro-
cedure and protocol and must be considered by the pro-
grammer when utilizing interrupts.

e The interrupt, once acknowledged as explained below,

pushes the next sequential program counter address
(PC + 1) onto the stack:
PC + 1 - SA — SB — SC. Any previous contents of
SC is lost. The program counter is set to hex address
OFF (the last word of page 3) and all incoming inter-
rupts are disabled without clearing the enable bits.

An interrupt will be acknowledged only after the

following conditions:

— An interrupt request has been generated.

— The associated enable bit is set.

— A currently executing instruction has been complet-
ed.

— All successive transfer of control instructions and
successive LBIs have been completed (e.g., if the
main program is executing a JP instruction which
transfers program control to another JP instruction,
the interrupt will not be acknowledged until the
second JP instruction has been executed).

e Upon acknowledgement of an interrupt, bit Br3 of the
B register is saved (and later restored upon « popping »
off the stack by a RET instruction), then Br3 is cleared,
allowing the user to begin his interrupt subroutine in the
RAM space addressing.

e Upon acknowledgement of an interrupt, the skip logic
status is saved and later restored upon « popping » off
the stack. For example, if an interrupt occurs during the
execution of ASC (Add with Carry, Skip on Carry) in-
struction which results in carry, the skip logic status is
saved and program control is transferred to the inter-
rupt servicing routine at hex address OFF. At the end
of the interrupt routine, a RET instruction is executed
to « pop » the stack and return program control to the
instruction following the original ASC. At this time, the
skip logic is enabled and skips this instruction because
of the previous ASC carry. Subroutines should not be
nested within the interrupt servicing routine since « pop-
ping » the stack will enable any previously saved main
program skips, interfering with the orderly execution se-
quence of the interrupt routine.

e The first instruction at hex address OFF must be a
NOP.

T counter e When an interrupt is acknowledged, other interrupt
overflow . sources are internally disabled until the end of the
CPU interrupt interrupt servicing routine.
fsxternal
N1 interrupt T EN1 interrupt  RESET

. . request The RESET pin is configured as a Schmitt trigger input.
peripheral 'me""péN: If not used it should be connected to Vcc. Initialization will
occur whenever a logic « 0 » is applied to the RESET in-

peripheral interrupt B put for at least three instruction cycles.

ENB
FIGURE 2: INTERRUPT BLOCK DIAGRAM
4/13
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Upon initialization, the PC register is cleared to 0 (ROM
address 0) the A, B, C, D, EN, G2-G3, T counter, IL lat-
ches registers and the peripheral registers CRA, CRB, IMR
are cleared. The SK output is enabled as a SYNC output,
providing a pulse each instruction cycle time. Data
Memory (RAM) is not cleared upon initialization. The first
instruction at address 0 must be a CLRA. RC must be
greather than 5 times power supply rise time.

+

R 1N4148 VCC

RESET 1594104

GND

<rUvUvC®»® IMSOT

|

FIGURE 3: POWER-UP CLEAR CIRCUIT

T COUNTER

There are two modes selected by TIN pin.

— TIN = 0: TIME BASE COUNTER

Instruction cycle clock (CKI divided by 10) is divided by
4 x 256 = 1024 (see figure 6). For example, using a
1.0 MHzcrystal, therefore gettinga 10 us instruction
cycle period, TS94104 allows accurate timings bet-
ween 10 us* (1 count) and 10.24 ms (1024 counts).
Longer timings can be achieved with software control
(count of multiple overflows).

— TIN = 1: EXTERNAL EVENT COUNTER
Any pulse lasting more than 2 instructions cycle on
IN2 will increment the T counter (on falling edge).

IN2
CKI ‘
2 M EXT
OSCILLATOR lCNTF
TIMER
+ . TO SKT
- 256 [—1@—% | ATCH
T
COUNTER
CLK 5 INSTRUCTION
(system clock) CYCLE CLOCK
PRE SCALER I TIN (see figure 9)
TIMERA | TIMERB

FIGURE 4: CLOCK AND CPU COUNTER BLOCK DIAGRAM

THOMSON SEMICONDUCTEURS
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OSCILLATOR

CKI is configured as a TTL compatible external clock
input (equivalent to option 3.2 for a TS94100). Instruc-
tion cycle time is the external frequency divided by 10.
(equivalent to option 4.1 for a TS94100).

WATCHDOG

Watchdog mode is selected with WAD input

WAD =0 NO WATCHDOG
WAD =1 D3 IS THE WATCHDOG INPUT

RESET
Dext Rext

D3

Cexr

-

ﬁ

RESET
(active high)

watchdog i no watchdog
A\

TS94120/TS94144

1 OPTION (WAD pin)

FIGURE 5: D3 AS WATCHDOG INPUT

Inthe watchdog mode, a « 1 » on pin D3 activates the in-
ternal reset (see Figure 5). The user needs only to con-
nect a pull-up resistor and a capacitor on D3, and insert
a watchdog loop in his program. This software loop will
periodically outputs a « 0 » on D3 when the program is nor-
mally executed. When the microcontroller is trapped in

THOMSON SEMICONDUCTEURS
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another loop, the watchdog loop is not any more efficient
and Ceyt is charged up to Vcc, thus triggering the chip
reset.

Open-drain option is selected on D3. The REXT x CEXT
time constant on D3 is related to the period of the soft-
ware watchdog loop. DEXT speeds up the CEXT dis-
charge time during power off.

WAD
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EXTERNAL MEMORY INTERFACE

The TS94104 is designed to be running with an external
program memory. This memory requires the following
characteristics:

— random addressing,

— TTL compatible 3-STATE OUTPUTS,

— TTL compatible inputs

— access time (from CS to output): 800 ns max.

These requirements are typically met with most
EPROMS.
During operation, the address of the next instruction is

sentouton A8, A9 and A10 and IPO-IP7 while AD/DATA
is high (logic “1” = address mode).

Address data on the IP lines is stored into an external
latch on the high to low transition of the AD/DATA line.
When AD/DATA is low (logic “0” = data mode) the
output of the memory is sent on the IPO-IP7 bus, and is
latched inside the microcontroller on the rising edge of
AD/DATA. Note that AD/DATA output has a period of
one instruction time, and specifies whether the IPbus is
outputing addresses or inputing data. A simplified block
diagram of the external memory interface is shown on
Figure 6.

Ident. L .
number Characteristics Symbol Min. Typ. Max Unit
1 SK propagation delay ts1 —_ —_ 2 us
2 Input set up delay tsetup :‘_’/113 — - us
3 Input Hold time thold 100 — — ns
4 Output propagation delay tpd1 tc/10 — 1.0 us
5 SO propagation delay (SO as SIO output) tpd0 tc/10 - 1.0 us
6 IP set up delay (Opcode) topcod — — - —_
7 IP buffer propagation delay thuff - — — —

THOMSON SEMICONDUCTEURS
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« I / \ X y
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INPUTS : | H
wiiekos L L LS LKL LR
|
OUTPUTS : ||‘—®—’I ’
0w — :
sK.s00) e Oy l
so }— !

RS SI0 QUTPUT

AD/DATA /

DBUG

1]

DBUG (AD/DATA/ ﬁ

P

]

7 77
LATCHED OF cooe)——(ﬁ
Lol

s

X:ATCH ED ADRESSES

A8, A9, A10

X

(*) SO AS AN OUTPUT WHEN (ENO, EN3) =(0,0) OR (1,0) OR (1,1)

— SK has 50% duty cycle when used as a clock.

— Outputs are sampled (by MCU) on the rising edge of
SK (except IPO-IP7, A8-A10).

— Inputs are sampled on the SK falling edge.

— The external address bus (IPO-IP7, A8-A10) is
sampled on the falling edge of AD/DATA.

— The IPO-IP7 inputs have to be referenced to the rising
edge of AD/DATA.

813 THOMSON SEMICONDUCTEURS
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Note:

— Consider we are executing an instruction (from /1 to
/5). The address sampled on /5 on the address busis
the address of next instruction, but the SKIP status
sampled on the SKIP output is the status of the
instruction currently under execution.

— The SKIP output = 1 when the current instruction is
skipped, except for LBI's skipped after an LBI.
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TS94104

DUAL TIMER

Dual Timer is identical to TS94100 family. Please refer
to the TS94100 specification.

INSTRUCTION SET

TS94104 instruction set is identical to the TS94100
instruction set. Please refer to the TS94100 specifica-
tion.

ELECTRICAL CHARACTERISTICS

TS94104 electrical characteristics are identical to the
TS94100. Please refer to the TS94100 specifications.

MODE SELECTION

TS94104 can emulate the whole TS94100 family (i.e.
1K and 2K ROM) by simply connecting SEL10 andSEL20
pins to Vcc or GND. In addition, most TS94100 family
mask options can be choosen by setting extra pins:to Vcc
or GND as shown on figure 7, figure 8.

TS94144 TS94120
SEL10 1 1
SEL20 1 0
MCU SIZE
Event D3 pin as
Prescaler counter No watchdog watchdog input
TIN 0 1 WAD 0 1
COUNTER INPUT WATCHDOG
External Timer
interrupt overflow
[ iNT . 0 1
INTERRUPT SOURCE
FIGURE 7

ROMLESS - 1/0 AND OSCILLATOR OPTIONS SELECTED

1003 THOMSON SEMICONDUCTEURS
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1894104

+1 +5 +20 | +40 N Duty cycle
Period measurement measurement
PRSAO (o] 1 0 1
I!ODE (o] 1
PRSA1 0 o] 1 1
TIMER B: PERIOD/DUTY CYCLE (MRBO = 0)
TIMER A PRESCALER (MRB1 =0)
=1 +5 +20 | +40
High to low Every transition
PRSBO 0 1 (o] 1 transition on INO of INO
PRSB1 0 0 1 1 IﬁRINT (o] 1
TIMER B PRESCALER INO TRANSITION
FIGURE 8
PIN NAME
1PO-IP7 170 for ROM address and data
A8-A9-A10 Address Most Significant Bits
SKiP SKIP status output
AD/DATA Address out/data in (demux special)
INT Select pin for external interrupt or timer overflow
(CPU)
TIN Select pin for prescaler or event counter (CPU)

SEL10-SEL20

MODE
PERINT

PRSAOQ
PRSA1

PRSBO
PRSB1

Select pin for the RAM size (TS94210 or
TS94144)

Output enable signal for external EPROM, and select
pin for debug modes (not to be used by the customer)

Emulation pin: internal timer and peripheral halt,
interrupts masking

Select pin for watchdog option

Select pin for period measurement or duty cycle
measurement

Select pin for high to low or every transition of INO
(dual timer)

Select pin for prescaler division of TIMER A

Select pin for prescaler division of TIMER B

ROMLESS EXTRA PINS - FUNCTIONAL DESCRIPTION

11/13
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12/13

OPTION

CKO PIN CONFIGURATION GENERAL PURPOSE INPUT, LOAD DEVICE TO Vce 1-1
CKO INPUT LEVEL STANDARD TTL INPUT LEVELS 2-0
CKI INPUT CONFIGURATION EXTERNAL CLOCK 3-2
CKI DIVIDER CKI FREQUENCY DIVIDED BY 10 4-1
RESET PIN CONFIGURATION LOAD DEVICE TO Vcc 5-0
IN1-IN3 INPUT CONFIGURATION LOAD DEVICE TO Vce 6-0
IN1-IN3 INPUT LEVELS STANDARD TTL INPUT LEVELS 7-0
S1INPUT LEVELS STANDARD TTL INPUT LEVELS 8-0
S0 OUTPUT CONFIGURATION GENERAL PURPOSE TTL OUTPUT 9-0
SK OUTPUT CONFIGURATION GENERAL PURPOSE HIGH CURRENT OUTPUT 10-1
LO, L1, L2 OUTPUT DRIVER 3 STATE PUSH-PULL OUTPUT 11-5,12-5,13-6
L3 OUTPUT CONFIGURATION 3 STATE GENERAL PURPOSE TTL OUTPUT 14-0
L4 OUTPUT CONFIGURATION 3 STATE GENERAL PURPOSE VERY HIGH

CURRENT OUTPUT 15-1
L5 OUTPUT CONFIGURATION OPEN DRAIN TTL OUTPUT 16-2
L6 OUTPUT CONFIGURATION OPEN DRAIN VERY HIGH CURRENT OUTPUT 17-3
L7 OUTPUT CONFIGURATION 3 STATE PUSH-PULL TTL OUTPUT 18-4
L INPUT LEVEL HIGHER VOLTAGE INPUT LEVEL 19-1
G2-G3 OUTPUT CONFIGURATION GENERAL PURPOSE OUTPUT 20-0, 21-0
G INPUT LEVEL STANDARD TTL INPUT LEVELS 22-0
DO-D3 OUTPUT CONFIGURATION OPEN-DRAIN OUTPUT 23-1, 24-1, 25-1, 26-1
GO OUTPUT LEVEL FOR STA=0 LOGICAL 1 34-1
G1 OUTPUT LEVEL FOR STB=0 LOGICAL 1 35-1

THOMSON SEMICONDUCTEURS
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PHYSICAL DIMENSIONS

CB-506

PLASTIC PACKAGE

e=254
egegeqe g egeyeld
L
0.38 114 .,[ 102mox. X\.
77048 T T40 490
0.33 2261
64 2 2301
4 TP TP TP g/f TP TP T
"
i ! i .
R T
A
(=g y=y=ga TEdh ok Ok
v " % Lues
L 80.52 17.27
= 82.04
' 64 e
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CB-506
cEl DATA. JEDEC SITELESC

These specifications are subject to change without notice.
Please inquire with our sales offices about the availability of the different products.
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TS94120 ¢ TS94144

SINGLE CHIP MICROCONTROLLERS

[ ADVANCE INFORMATION

NMOS

The TS94120/144 single chip NMOS microcontrollers are members of the
TS94000 family, fabricated using N-channel silicon gate XMOS techno-
logy. The TS94120/144 contain the internal logic of the microcontrollers
ET9410/20/44 (system timing, internal logic, ROM, RAMand I/0 neces-
sary to implement dedicated control functions). Features include single
supply operation, a variety of output configuration options, with an instruc- CB-132
tion set, internal architecture, and I/0 scheme designed to facilitate key-
board input, display output, BCD data manipulation and triac drive. They
are an appropriate choice for use in numerous human interface control
environments. Standard test procedures and reliable high-density fabrica-
tion techniques provide the medium to large volume customers with a
customized low cost controller. TS94100 family offers a dual 16-bit timer
perfectly suited for universal motor speed control (phase control), accurate
time measurements and waveform generation.

CASES

e Low cost CB-68
® 23 |/O lines

o Single supply operation (4.5 V to 5.5 V)

e Low-current drain (13 mA max)

e General purpose and 3-state outputs

o TTL compatible inputs

o TTL compatible outputs

e Temperature range (0° to + 70°C)

e Extended temperature range (— 40°C to + 85°C) available.

CPU
e Powerful instruction set (52 instructions) PLAs"’rl(s:UF"::’c)&AGE
o ROM: 2K x 8 (TS94144), 1K x 8 (TS94120)
o RAM: 128 x 4 (TS94144), 64 x 4 (TS94120)
e 2 interrupt sources: external pin or internal timer overflow
o 3-level subroutine stack PIN ASSIGNMENT

® 4 us instruction cycle time

e Programmable read/write 8-bit internal timer/event counter ano 1 U N oo

o Internal shift register with serial /O

e Watchdog feature cko ]2 2717 b1

o Direct drive of LED digit and segment line cki 3 26[] p2

® Software compatible with the other members of ET9400, ETL9400 and RESET (4 5[] ps
ET families.

C9400 families. 7 s 20 a3
DUAL TIMER PERIPHERAL L6 []6 23[] G2
e Two 8-bit and one 16-bit independent timers/counters s 17 2] a1
e 2 independent programmable prescalers TS94120
e Maximum working frequency: 1.25 MHz L4 [: 8 Tse41a4 21[] GO
e 16 software programmable working modes including delayed and INT o 20[7] IN3

calibrated pulse triggering, complex waveform generation, period and IN2 [ 10 19[] N0
duty-cycle measurements
o 3 interrupt sources Vec On 18] sk
@ Zero-crossing detector L3 Q2 17[] so
o Direct drive of triac L2 [J13 16[] st
L1 Qe 18[] Lo

JULY 1986 1/31
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TS941200TS94144

CPU FUNCTIONAL DESCRIPTION

The internal architecture is shown in Figure 1. Data paths
are illustrated in simplified form to depict how the various
logic elements communicate with each other in implement-
ing the instruction set of the device: Positive logic is us-
ed. A bit set is a logic « 1 », when a bit reset is a logic « 0 ».

PROGRAM MEMORY

Program memory consists of ROM:
o 1024 bytes for the TS94120

@ 2048 bytes for the TS94144

These bytes of ROM can be either program instructions,
constants or ROM addressing data.

ROM addressing is accomplished by a 11-bit PC register
which selects one of the 8-bit words contained in ROM.
A new address is loaded into the PC register during each
instruction cycle. Unless the instruction is a transfer of con-
trol instruction, the PC register is loaded with the next se-
quential 11-bit binary count value.

o For TS94120 the 10 lower bits of PC are used to ad-
dress the internal ROM

Three levels of subroutine nesting are implemented by a
three level deep stack. Each subroutine call (or interrupt)
pushes the next PC address onto the stack. Each return
(RET) pops off the stack back into the PC register.

DATA MEMORY

Data memory consists of a 512-bit RAM for the TS94144
organized as 8 data registers of 16 x 4-bit digits. RAM ad-
dressing is implemented by a 8-bit B register whose up-
per 3 bits Br0, Br1, Br2 select 1 of 8 data registers and
lower 4 bits (Bd) select 1 of 16 4-bit digits in the selected
data register.

Data memory consists of a 256-bit RAM for the TS94120
organized as 4 data registers of 16 x 4 bits digits. The B
register is 8 bits long. Upper 2 bits Br0, Br1 select 1 of
4 data registers and lower 4 bits (Bd) select 1 of 16 x 4-bit
digits in the selected data register. Br2 is not used to ad-
dress the RAM and so 2 addresses with a different value
of Br2 will access the same word in the RAM.

For TS94120/144, the uppermost bit Br3 of B register is
only used to select either the peripheral or RAM.

While the 4-bit contents of the selected RAM digit (M) are
usually loaded into or from, or exchanged with the A
register (accumulator), they may also be loaded into the
Q latches or loaded from the L ports. RAM addressing may
also be performed directly by the LDD and XAD instruc-
tions based upon the immediate operand field of these
instructions.

The Bd register also serves as a source register for 4-bit
data sent directly to the D outputs.

THOMSON SEMICONDUCTEURS
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INTERNAL LOGIC

A 4-bit A register (accumulator) is the 5ource and destina-
tion register for most 1/O, arithmetic, logic and data
memory access operations. It can also be used to load
the Br and Bd field of the B register, to load and input 4
bits out of the 8-bits Q latch, to input 4 bits out of a ROM
word, to input G or IN ports, and to perform data ex-
changes with the SIO register.

A 4-bit adder performs the arithmetic and logic functions,
storing the results in A with eventually a carry bit in the
1-bit C register. The C register in conjunction with the XAS
instruction and the EN register is also related to the SK
output control.

The 8-bit T counter is a binary up counter which can be
loaded to and from M and A using CAMT and CTMA in-
structions. This counter may be running in two modes
depending on a mask-programmable option: as a timer
or as an external event counter. When the T counter
overflows, an overflow flag will be set (see SKT instruc-
tion below). Note that T counter is cleared on reset. A func-
tional block diagram of the timer/counter is illustrated in
Figure 4.

3 general-purpose inputs, IN3-IN1, are provided. Note that
IN3 can be considered as a dual-timer input.

INO is an analog input connected to an internal
comparator.

‘The D register provides, 4 general-purpose outputs and

is used as the destination register for the 4-bit contents
of Bd. D3 is also used as the watchdog input when the
watchdog option is selected.

The G register is a 2-bit general-purpose bidirectional /O
port (G3-G2). GO-G1 are the outputs of the peripheral and
can also be used as general-purpose inputs.

The Q register is an internal, latched, 8-bit register, used
to hold data loaded to or from M and A, as well as 8-bit
data from ROM. Q register contents are transferred to the
L I/O ports when the L drivers are enabled under program
control (see LEI instruction).

L driver, when enabled, outputs the content of latched Q
data to the L 1/0 ports. Contents of L may be read directly
into A and M.

The SIO register is a 4-bit serial-in/serial-out shift register
for the serial out. SIO content can be exchanged with A.

The XAS instruction copies C into the SKL Latch.
When SKL = 1, SK is a clock output

When SKL = 0, SK outputs a value depending upon the
contents of ENO and EN3. '

3/31
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THE « EN register » is an internal 4-bit register loaded
under program control by the LEI instruction. Each bit
selects or inhibits the dedicated feature associated with
each bit of the EN register (EN3-ENO).

o With EN1 set, the CPU interrupt is enabled.
o With EN2 set, the L drivers are enabled to output the
data in Q to the L I/O ports. Resetting EN2 disables the
L drivers, setting the L port as high impedance inputs.
o EN3, in conjunction with ENO, affects the SO and the
SK outputs (see table 1). .
— When EN3 = 0, SO outputs ENO and SK outputs
the clock anded with the content of the SKL latch,
— when EN3 = 1, SO is the output of the serial shifter,
while SK outputs the clock (if SKL = 1) or the ENO
bit (if SKL = 0).,
Even when SO is disabled (as SIO output), data goes
on shifting through SIO and can be exchanged with A
via an XAS.,

TABLE 1. ENABLE REGISTER MODES - BITS ENO AND EN3

EN3 ENO SO SK after XAS
0 0 0 If SKL = 1, SK = Clock
IfSKL = 0,SK = 0
0 1 1
1 0 [Serial outIf SKL = 1, SK = Clock
If SKL = 0, SK = ENO
1 1 Serial out
INTERRUPT SOURCES

There are 3 possible interrupt sources (see Figure 2).

o Counter overflow or external interrupt (mask option).
External interrupt is triggered on the falling edge of a
zero pulse. The zero pulse must be at least 2 instruction
cycles wide on the external pin IN1 (or internal counter
overflow).

e 2 peripheral interrupt sources (see. peripheral des-
cription).

Each interrupt source has its own enable bit (EN1 for the
CPU interrupt, ENA and ENB for the peripheral interrupts)
and its own flag (F1 for the CPU interrupt, FA and FB for
the peripheral interrupts, see Figure 13). An interrupt is
enabled when its associated enable bit is set. Its associa-
ted flag is setwhen the interruptis requested (for example,
timer overflow for the CPU interrupt).

Note that the FA, FB, ENA, ENB bits, but also the F1 bit
are implemented in the peripheral registers.

T counter
overflow
CPU interrupt

external

1
N D mterrupt] EN1

interrupt

The following features are associated with interrupt pro-
cedure and protocol and must be considered by the pro-
grammer when utilizing interrupts.

o The interrupt, once acknowledged as explained below,

pushes the next sequential program counter address
(PC + 1) onto the stack:
PC + 1 - SA — SB — SC. Any previous contents of
SC is lost. The program counter is set to hex address
OFF (the last word of page 3) and all incoming inter-
rupts are disabled without clearing the enable bits.

e An interrupt will be acknowledged only after the
following conditions:
— An interrupt request has been generated.
— The associated enable bit is set.
— A currently executing instruction has been complet-
ed

— All successive transfer of control instructions and
successive LBIs have been completed (e.g., if the
main program is executing a JP instruction which
transfers program control to another JP, instruction,
the interrupt will not be acknowledged until the
second JP instruction has been executed).

Upon acknowledgement of an interrupt, bit Br3 of the
B register is saved (and later restored upon « popping »
off the stack by a RET instruction), then Br3 is cleared,
allowing the user to begin his interrupt subroutine in the
RAM space addressing.

e Upon acknowledgement of an interrupt, the skip logic
status is saved and later restored upon « popping » off
the stack. For example, if an interrupt occurs during the
execution of ASC (Add with Carry, Skip on Carry) in-
struction which results in carry, the skip logic status is
saved and program control is transferred to the inter-
rupt servicing routine ati hex address OFF. At the end
of the interrupt routine, a RET instruction is executed
to « pop » the stack and return program control to the
instruction following the original ASC. At this time, the
skip logic is enabled and skips this instruction because
of the previous ASC carry. Subroutines should not be
nested within the interrupt servicing routine since « pop-
ping » the stack will enable any previously saved main
program skips, interfering with the orderly execution se-
quence of the interrupt routine.

o The first instruction at hex address OFF must be a
NOP.

e When an interrupt is acknowledged, other interrupt
sources are internally disabled until the end of interrupt
servicing subroutine.

RESET
The RESET pin is configured as a Schmitt trigger input.
If not used it should be connected to Vcc. Initialization will

peripheral interrupt A request occur whenever a logic « 0 » is applied to the RESET in-

ENA put for at least three instruction cycles.
peripheral interrupt 8 Upon initialization, the PC register is cleared to 0 (ROM
ENB address 0) the A, B, C, D, EN, G2-G3, T counter, IL lat-
ches registers and the peripheral registers CRA, CRB, IMR
. are cleared. The SK output is enabled as a SYNC output,
FIGURE 2: INTERRUPT BLOCK DIAGRAM providing a pulse each instruction cycle time. Data

4/31
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Memory (RAM) is not cleared upon initialization. The first
instruction at address 0 must be a CLRA. RC must be
greather than 5 times power supply rise time.

+

1N4148 VCC

TS 84120

RESET 15 94144

<rvUC®» IMEOT

CT GND

FIGURE 3: POWER-UP CLEAR CIRCUIT

CKI o
OSCILLATOR 2 2 _]

T COUNTER °

There are two modes selected by mask option:
e Time-base counter. In this mode, the instruction cycle

frequency generated from CKI passes through a 2-bit
(divide-by-4) prescaler. The output of this prescaler in-
crements the 8-bit counter thus providing a 10-bit timer.
T counter prescaler is cleared by a CAMT instruc-
tion or on reset.

For example, using a 1.25 MHz crystal with a divide-
by-5 option, the instruction cycle frequency of 250 KHz
increments the 10-bit timer every 4 us. By presetting the
counter and detecting overflow, accurate timeouts bet-
ween 16 us (4 counts) and 4.096 ms (1024 counts) are
possible. Longer timeouts can be achieved by ac-
cumulating, under software control, multiple overflows.

e External event counter. With this option, a low-going
pulse (« 1 » to « 0 ») lasting more than 2 instruction cycles

on the IN2 input will increment the 8-bit T counter.

1: + 5 (option 4.0)

EXT
NTR
TIMER

T
COUNTER

1256 |—@—w- TO SKT

2: + 10 (option 4.1)
3: + 20 (option 4.2) CLK

tem clock)

INSTRUCTION
CYCLE CLOCK

Yy
PRE-SCALER
TIMERA | TIMERB

1 MASK OPTION

FIGURE 4: CLOCK AND CPU COUNTER BLOCK DIAGRAM

OSCILLATOR . .
There are three basic clock oscillator configurations avai-
lable as shown in Figures 5 and 6.

o Crystal Controller Oscillator. CKiI and CKO are con-
nected to an external crystal. The instruction cycle time
equals the crystal frequency divided by 20 (optional by
10 or 5).

e External Oscillator. CKI is an external clock input

o

A

N

CKI CKo

general

external
clock

purpose input

R2

=

signal. The external frequency is divided by 10 to give
the instruction cycle time. CKO is available to be used
as a general purpose input.

® RC Controlled Oscillator. CKl is configured as a single

pin RC controlled Schmitt trigger oscillator. The instruc-
tion cycle equals the oscillation frequency.divided by
10 to give the instruction cycle time. CKO is in this case
available to be used as a general purpose input (see
INIL instruction).

CKo

[o] general
@ purpose input
N

FIGURE 5: OSCILLATOR EXTERNAL CONFIGURATION
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RC or XTAL

CKI O———tg 0" O0—

EXT CLOCK
O—@— CKI DIVIDER

RC
3
cKoO o 1

XTAL MASK OPTION

FIGURE 6: OSCILLATOR MASK OPTIONS

WATCHDOG (Figure 7)
This mode may be chosen by mask option. In this case,
D3 becomes the watchdog input. This mode is a basic

6/31

need for microcontrollers working in a noisy environment,
where parasitics may crash the program.

Vee
RESET _ﬂ'
Dext Rexr
= 1N4148
RESET
(active high)
D3| ——p l_ﬂ'\
-L <-| l/ watchdog&o watchdog
Cext
N
k§ TS94120/TS94144

1 MASK OPTION

FIGURE 7: D3 AS WATCHDOG INPUT

Inlthejwatchdoglmode,ja « 1 » on pin D3 activates the in-
ternal reset (see Figure 7).) The user needs only to con-
nect a pull-up resistor and a capacitor on D3, and insert
a watchdog loop in his| program. This software loop will
periodically outputs a « 0 » on D3 when the program is nor-
mally executed. When the microcontroller is trapped in

THOMSON SEMICONDUCTEURS
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another loop, the watchdog loop is not any more efficient
and Cgyt is charged up to Ve, thus triggering the chip
reset.

Open-drain option has to be selected on D3 when the wat-
chdog mode is chosen. The RExT x CEXT time constant
on D3 is related to the period of the software watchdog
loop. DEXT speeds up the|CexT discharge time during
power off.
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DUAL TIMER

FUNCTIONAL OVERVIEW

A block diagram of the peripheral is given in Figure 8.
It consists of two truly independent blocks. Block A con-
sists of two 8-bit registers (RW0-RW1, RD0-RD1) and two
8 bit binary down-counters (CW0-CW1, CD0-CD1) organiz-
ed as two register-counter pairs. The block B consists of
a sixteen bit register (RBO-RB3) and a 16-bit binary down
counter (CB0-CB3). The operating modes are software
programmable through CRA and CRB control registers.
Most of the modes are driven by block A and B clocks
(CLKA, CLKB) which are respectively generated by the
Aor B prescalers. These prescalers are mask-option pro-
grammable. The following options are available: the
system clock (CLK) may be divided by 1, 5, 20, 40.

Block A is a complex waveform generator. In most of the
modes, each 8 bit pair is running alternatively, using the
autoreload procedure. The CD counter starts to run. It
counts down to zero, at which time the output flip-flop of
block A is toggled. The data in the RD register is then
reloaded automatically into the CD counter, which stays
idle. In the same time, the RW/CW 8 bit pair starts runn-
ing. When CW counts down to zero, the output flip-flop
is toggled again, CW is reloaded with RW contents and
stays idle. The RD/CD pair can start running again and

THOMSON SEMICONDUCTEURS
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so on. In the pulse burst generation mode, the CD/RD pair
is running alone: the output flip-flop is toggled each time
the CD counter counts down to zero. The CW/RW pair
does not drive the output flip-flop, but counts the pulses
generated by the CD/RD pair. Block A output is GO, input
is INO.

Block B performs measurement and generation functions.
In the frequency generation and frequency divider mode,
the 16-bit pair is running, using the autoreload procedure.
In the measurement mode, while the counter is running,
an automatic transfer to the register is performed each
time a measure is ended. This is determined by a mask-
option: if the period measurement mode is selected, a
measure is ended each time a high to low transition oc-
curs on the IN3 pin. If the duty-cycle measurement mode
is selected, a measure is ended each time a high to low
or low to high transition occurs on the IN3 pin. In the ex-
ternal event counter mode, the counter counts down the
external pulses, register RB latching up counter CB state
every instruction cycle tc. Block B output is G1, input is
IN3.

In all modes of blocks A and B, there is no initial
autoreload, and the counters start, regardless of their
content.
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CLKA
PRESCALER A |  CLK
zcA
INo ZERO >
RO »| INTERRUPT |
&——>1 peTEC l CONTROL [ \\reRHuPT
\ 47\5
CLOCK
MULTIPLEXER
TIMER A
CONTROL UNIT
| cra
: ‘/\L
OUTPUT
GO @] MULTIPLEXER
S EIED s EIE
O 00 4
[Fo1 [ oo | [Fwi | Awo 5
C CPU DATA BUS > CPU
RB1 RBO
ca| cB2 | cBi
CRB
‘ TIMER B ouT B
G1 CONTROL UNIT
CLOCK
MULTIPLEXER
. CLKp [
ING @m LK} | rescaiens | (frorgL(‘:(PU)
FIGURE 8
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PERIPHERAL REGISTERS

The Dual-Timer contains several registers that interface

with the CPU :

© two 8-bit data registers (RDO-RD1) and (RWO0-RW1) for
block A, and one-16 bit data register (RB0-RB1-RB2-
RB3) for block B.

CRA: Control Register CRB: Control Register

CSB | STB |MRB1
3 2 1

STB: Start/Stop bit

MRBO
0

F1 | STA |MRA1
3 2 1

STA: Start/Stop bit
and output enable
on pin GO
MRA1-MRAO: Block A
mode selection
F1: CPU interrupt flag -

MRAO
0

CSB: Output enable
on pin G1
MRB1-MRBO: Block B
mode selection

® two 4-bit control registers (1 per block) CRA and CRB
managing the selection mode, the output on the pins
GO and G1 and start-up for both blocks.

o One 4-bit interrupt management register (IMR). This
register contains the enable bits and the interrupt flags.

IMR: Interrupt Management Register

ENB|ENA| FB | FA
3 2 1 0

FA, FB: Interrupt flag of blocks A and B
ENA, ENB : Interrupt enable bits of blocks A and B

FIGURE 9: CONTROL REGISTERS (CRA AND CRB) AND
INTERRUPT MANAGEMENT REGISTER (IMR)

All these registers are memory mapped as 4-bit memory
words (See Figure 10) and are addressed by Bd and the

lower bit BrO of Br (See Figure 11).

Bd
Bro > 15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
0 RD1 | RDO | RW1 | RWO N CRA
1 RB3 | RB2 | RB1 | RBO IMR CRB
FIGURE 10: REGISTERS MEMORY MAPPING
9/31

THOMSON SEMICONDUCTEURS

1-161




TS94120°TS94144

10/31

All the instructions referenced to the RAM may be used
for the peripheral, including bit manipulation instructions.
Br3, the uppermost bit of Br controls the switching bet-
ween the RAM and the peripheral when using memory
reference instructions.

Two instructions are able to alter the content of Br3:

— XABr, that exchanges A with Br, and in particular A3
with Br3,
— TMB, that complements Br3.

When Br3 = 0, RAM is accessed
When Br3 = 1, peripheral registers are accessed

DATA BUS 4

4
L

0

PERIPHERAL 3 —nq—o— 3 RAM

3|2]1]o]3]2]1]0
Br Bd

*Depending on CPU size

FIGURE 11: PERIPHERAL AND RAM ADDRESSING BLOCK DIAGRAM

Note that, as Br1 and Br2 are not used to address the
registers, there is redundancy in the addressing: that is,
2 addresses where only Br1 (or Br2) is different will ac-
cess the same register.

e Each peripheral memory word may be read at any
time, even during reloading: the value read is always
valid.

e On the other hand, the user cannot write in a periphe-
ral memory word while the peripheral internal logic is
trying to reload it.

To ensure a good start of the timer, the Start/Stop bit (STA,
STB) should not be set while setting a new mode
(MRAO-MRA1, MRB0O-MRB1): one instruction cycle is re-
quired, for stabilization.

Counters access:
Data transfer between counters and registers (RD « CD,
RW « CW, RB < CB) exchanges words of 16 bits (or 8

THOMSON SEMICONDUCTEURS

bits). This transfer is done with a sihgle instruction (2 bytes
opcode) as shown on table 2.

MNEMONIC OPCODE DATA FLOW
TRCA 23 RD - CD
8A RW - CW
TCRA 23 CD - RD
8B CW - RW
TRCB 23 RB — CB
9A
TCRB 23 CB -~ RB
9B

TABLE 2: 16-BIT TRANSFER INSTRUCTIONS

Opcodes of these 16 bits transfer instructions are XAD op-
codes addressing unused peripheral addresses, and are
valid only when Br3 = 1. TRCA, TCRA, TRCB and
TCRB instructions load accumulator A with F (Rex).

1-162
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Important remark
Note that transfer is equivalent to:
XAD OA for transfer (RW, RD) towards (CW, CD)

XAD 0B for transfer (CW, CD) towards (RW, RD)

XAD 1A for transfer
XAD 1B for transfer

RB  towards CB when B3 = 1

CB towards RB

These four transfer instructions are therefore compatible
with the ET9400 set of instructions. XAD instruction hasa
different meaning when Br3 = 1.

CONTROL REGISTERS CRA AND CRB

— The MRAO-MRA1 and MRBO-MRB1 bits select the

operating mode of block A and block B. The mode selected period measurement, or duty-cycle measurement.

Block A

MRA1

MRAO

OPERATING MODE

_-—_00

0 =0

Triggered pulse generation
Pulse burst generation
Duty cycle generation
Analog period counter

Block B

MRB1 | MRBO

OPERATING MODE

0 0

1
0
1

Ny

Period measurement mask
Duty-cycle measurement

External event counter

Frequency generation

Frequency divider

programmable option

TABLE 3: OPERATING MODE CODING THROUGH MRAO- MRA1 AND MRB0-MRB1 BITS

THOMSON SEMICONDUCTEURS

by MRBO = MRB1 = 0 is mask option programmable:

11/31
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— Setting STA and STB to zero stops the counters which
stays idle. At the same time, the A and B flip flop outputs
are forced to predefined values (« 0 » or « 1 » selectable
by mask option).

— Setting STA and STB to 1, makes the respective
counters run in the selected mode. In the pulse burst
mode, STA is automatically reset when the burst is
generated.

Y
STA _ 'cc
_____{ 2
RESET 6o
BLOg(l:(KA I N afl—o
CL UNTER
MULTIPLEXER co S [Mour A FLIP-FLOP | _/"’—l >°—|
Q
1.V. OPTION
AN
sB 8B _— va
I —{AJ,
RESET R .
Béf’é’é‘x” COUNTERS &HN _o\—*
MULTIPLEXER ouT B FLIP-FLOP ’—l >°—|
al—o
1.V. OPTION

12/31

1 MASK OPTION IV : Initial value

FIGURE 12: OUTPUT CONTROL

Setting the CSB bit to zero disconnects the pin G1 from
the CB counter : counter is running and G1 is forced to
1 or 0 (depending on mask option)

GO (and G1) pins can be used as a general purpose CPU
input, as long as it has been previously set to output a 1.

THOMSON SEMICONDUCTEURS

If proper start is required, the counters should be initializ-
ed before the start up. In other words, the first GO (or G1)
transition (counter underflow) occurs at a defined time after
start up only if the counter C was previously loaded (see
nota-1).
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SYSTEM RESET
Upon reset CRA, CRB and IMR peripheral registers are
cleared. CD/RD, CW/RW and CB/RB are unchanged.

IN1 PIN

HIGH TO LOW

TRANSITION

OR T COUNTER OVER FLOW

STB
ouTsB

——{ )

ZCA* TRANSITION

=D~

DUAL TIMER INTERRUPT MANAGEMENT
The Dual Timer interrupts are controlled by the IMR
register.

INTERRUPT
REQUEST

) >—

y

ENB ENA FB

FA

F1

INTERRUPT MANAGEMENT REGISTER

* : ZCA is the Zero crossing detector output (see Option 32)

CRA REGISTER

FIGURE 13: INTERRUPT MANAGEMENT

The Dual Timer interrupt sources, one for each block, are
software selectable through the enable bits ENA and ENB
(IMR register). Each interrupt in turn sets the FA or FB
flag in the IMR register when activated. F1 (bit 3 of CRA
register) is set when a CPU interruptis generated. These
flags will be used in the interrupt subroutine to locate the
interrupt source. These flags will have to be reset by the
user interrupt subroutine. It should be noted that Timer B
interrupt is disabled through the start bit STB, when

this block is not running. The peripheral interrupt re-
quests are enabled by the ENA bit, or by the ENBand STB
bits. The block A interrupt source is mask option pro-
grammable: an interrupt request is generated either on
each transition of the zero crossing detector output or on
high to low transition of the zero crossing detector output.
Block B interrupt requests are generated on each pulse
on OUTB.

BLOCK A MODE DESCRIPTION

Remark: all the following timings are drawn in the case
where L.V. (Initial value) of GO is 0.

Triggered pulse generation

This mode outputs a pulse triggered by the zero-crossing
of a signal at INO. The delay from the zero-crossing is
specified by the content of RD. The pulse width is specified
by the content of RW.

to = D. toLKA + 25 tCLK

tw = (W + 1). tCLKA

Where tcLK = System clock period ;
tCLKA = Block A clock period

D = Content of register RD.

w ontent of register RW

3 f

0

255

=C
<D
< W 255

<
<

THOMSON SEMICONDUCTEURS
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INO

see fig. 15

r—

1D 1D

le
<

oW TW|

<
<

Go

« See nota 2

>

Nota 2: initial value of GO can either be 1 or 0 (depending
on mask option 3.4).

13/31
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Pulse burst generation

This mode outputs on GO a specified number of pulses
of a specified width. The number of pulses is specified
by the contents of register RW, while the pulse width is
specified by the contents of register RD. The pulse burst
is generated each time STA is set to a «1». CD is
automatically loaded from register RD, at each transition
of GO. After the W pulses are transmitted, counter CW is
automatically loaded from register RW, and STA is reset.
Setting STA to 1 will repeat the previous sequence.

STA
|&¢—————N PULSES ———>
GO: /
/- see nota 1
d tp tp’ see nota 2

tp = (D + 1). tCLKA
tCLKA = Block A clock period

Content of register RD
W = Content of register RW
d: delay (see nota 1)

0 <DW g 255

Nota 1: If counter CD is not loaded with a defined value
before start up, d will be tcL KA < d < 255. tcLKA. Note
that this undefined value of d is equivalent to an undefin-
ed delay in outputing the waveform. In order to control this
delay time d, user should load counter CD (in addition to
register RD).

Duty-cycle generation

This mode generates a rectangular waveform on GO. Pulse
width is specified by the contents of register RW, inter-
pulse length is specified by the content of register RD (be
carefull with .V: see nota 2)

STA
S
see nota 1
»r—d see nota 2

D = (D + 1). tCLKA W = Content of register RW
tw = (W + 1). tCLKA d: delay (see nota 1)

D = Content of register RD 0 < D,W< 255

tCLKA = Block A clock period

Analog period counter

This mode generates a rectangular waveform on GO. The
pulse width is specified by the contents of register RW,
and inter-pulse length is specified by the contents of
register RD.

The counter is not controlled by the clock of block A, but
decrements each INO falling edge. GO transition is syn-
chronised on SK. Maximum delay between INO = OV and
GO transition is therefore less than equal to one SK period
(4,48 < tsK < 10 ps).

No NN N N
v V \V)

Nw ND see nota 2

[ —
=MD+ 1)
=W+1)
Where W = Contents of register RW
D = Contents of register RD
0 < DW g 255

Remark: analog signal frequency should not exceed 12tc.

FiNo < 1/2tc-

BLOCK B MODE DESCRIPTION

Remark: all the following timings are drawn in the case
where 1.V (initial value) fo G1 is 0.

Measurement mode

This mode is mask-option programmable: period measure-
ment mode, or duty-cycle measurement mode.

Period measurement mode: This mode measures the
period of an external waveform on IN3.

On the high to low transition, counter CB is transferred
to register RB, and then cleared. As the counter is coun-
ting down from zero, the value read from the register is
a two’s complement value. The register can be read at
any time, even when being changed: the data is always
valid.

13 THOMSON SEMICONDUCTEURS
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IN3

G1 see rota 3

JA( »iata

t=(N+ 1) tcLkB
Where tcLKB = Block B clock period
N = Two’s complement value of register RB
o < N g 2164
= 15 xtCLK
tCLK = System clock period
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The output G1 toggles each time a counter to register
transfer is performed.

Duty-cycle measurement mode: From an external signal
on IN3, the counter CB starts, counting the pulse width

high. On the falling edge of IN3, CB is transferred to the
register RB, and then cleared. Then, counter CB starts
counting the IN3 inter-pulse length. On rising edge, CB
is transfered to RB, CB is cleared, and duty cycle measure-
ment starts again. G1 output toggles each time a counter
to register transfer is performed. The user has to read the
register contents before it is changed by the next measure-
ment. This can be done by an interrupt, or by monitoring
IN3 or G1.

IN3
l—tH t—]
G1 see nota 3
phate »ate »lata JA-(
tH = (NH + 1). tci kB
t = (NL + 1). tci kB
tcLKB = Block B clock perdiod
A = 15x10LK
NL, NH = Two’s complement value of register RB
contents
0 < NL, NH < 2164

Nota 3: initial value of G1 can either be 1 or 0 (depending
on mask option 35)

External event counter

In this mode, counter CB is an external events (or pulses)
counter. There is no automatic clear of the counter: it
counts down from whatever state it was. Thus, to ease
the reading of the information, the counter should be
preloaded. Preloading the counter with all zeroes will give
the two’s complement of the count, preloading the counter
with all ones will give the one’s complement of the count.
The counter decrements on the falling edge of IN3 pin.
The counter, counts down and eventually rolls over from
0000 to FFFF (Hex).

Frequency generation

This mode generates a square wave on G1. The period
is determined by the contents of register RB. Using the
autoreload procedure, the counter is only loaded when it
counts down through zero. Therefore, it may be necessary
to initially load the counter (see nota 1). IN3 has no effect
in this mode.

o LI LI

= (N + 1) toLKB; Period = 2 (N + 1) tCLKkB
Where N = Content of counter RB
0 <N g 2169
tcLkB = Block B clock period

Frequency divider

This mode generates a square wave on G1. The period
is determined by the contents of register RB, and by the
external frequency applied on IN3 pin. The counter
decrements on the high to low transition of IN3 pin. Us-
ing the autoreload procedure, the counter is only loaded
when it counts down through zero. Therefore, it may be
necessary to initially load the counter.

r—tmaﬁ
IN3 I | I I |
| ————
|
G fe—r - T——>
—_
»He—a »HeE—A »>He—A

The register RB acts as a « capture-latch », being loaded A = 2,5tCLK
by the counter’s value every instruction cycle. Thus, it = (N + 1) yNg; Period = 2(N + 1) N3
enables a simple monitoring of the count. Whe re N = contents of counter RB
O < N g 2164
G1 toggles every time counter CB counts through « 0 ». tcLK = System clock period
THOMSON SEMICONDUCTEURS =
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Symbol Définition instruction operand symbols
d 4-bit operand field, 0-15 binary (RAM digit select)

Internal Architecture Symbols ' 3-bit operand field, 0-7 (RAM

A 4-bit Accumulator register select)

B 8-bit RAM address register a 11-bit operand field, 0-2047 (1023)

Br Upper 4 bits of B (register address) y 4-bit Operand field, 0-15 (immediate data)
Bd Lower 4 bits of B (digit address) RAM(x) RAM addressed by variable x

(o] 1-bit Carry register ROM(x) ROM addressed by variable x

D 4-bit Data output port

EN 4-bit Enable register Operational Symbols

G 4-bit General purpose I/0 port

(8 One 1-bit (IN3) latch + Plus

IN 4-bit input port - Minus

L 8-bit '3-state I/O port - Replaces

M 4-bit contents of RAM addressed by B - is exchanged with

PC 11-bit ROM address program counter - is equal to

Q 8-bit latch for L port A one's complement of A

SA, SB, SC 11-bit 3-level subroutine stack -] exclusive-or

Sio 4 bit Shift register H range of values

sK Logic-controlled clock output

SKL 1-bit lach for SK output

T 8-bit timer

TS94100 INSTRUCTION SET
Machine
Mnemonic | Operand c:’:. ugg::go Data Flow c°::‘|"‘l’°m Description
(Binary)
ARITHMETIC INSTRUCTIONS
ASC 30 [0011]0000j | A+C+RAM(B) + A Carry Add with carry, Skip on
Carry -+ C Carry
ADD 31 10011j0001) | A+RAM(B)~ A None Add RAM to A
ADT 4A 10100J1010] A+j01°4 A None Add TEN to A
AISC y 5— 10101 y ] A+y -+ A Carry Add Immediate Skip on Carry(y = 0)
CASC 10 (000 1j0000} A+RAM(B)+C - A Carry Complement and Add with
Carry - C Carry, Skip on Carry
CLRA 00 | 10000/0000jf0~A None Clear A
CcomP 40 010 0|0 000 A-A None Ones complement of A to A
NOP 4 01000 100j | None None No Operation
RC 32 [0011j0010j 0" ~C none Reset C
SC 22 1001 0|0 010 |"1"=C None Set C
XOR 02 ]0 00 0!0 010] | A® RAM(B) - A None Exclusive-OR RAM with A
16/31 .
THOMSON SEMICONDUCTEURS
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INSTRUCTION SET (continued)

1-169

Machine
Hx Language Skip
Mnemonic | Operand | - o Code Data Flow Conditions Description
(Binary)
MEMORY REFERENCE INSTRUCTIONS
CAMT 33 0011,0011, | A~ Tyg None Copy A, RAMto T
3F [ 100111111, | RAM(B) — T3,
CTMA 33 0011,0011; | T7.4 - RAM(B) None Copy T to RAM, A
2F 1001011111, | T3~ A
CAMQ 33 00110011 | A—-> Q7.4 None Copy A, RAM to Q
3C {100111100; | RAM(B) — Q3.0
CQMA 33 {10011,0011| Q7.4 ~ RAM(B) None Copy Q to RAM, A
2C |1001011100,| Q3.0 A
LD r —5 |00 r;0101;{ RAMB) = A None Load RAM into A
(r=103) Br@r - Br Exclusive-OR Br with r
LDD rd 23 1 11| RAM(rd) = A None Load A with RAM pointed
0 r d to directly by r, d
LQiD BF (10111111, { ROMPCy0.8,AM)-Q| None Load Q indirect (Note 3)
RMB 0 40 |10100,1100s| 0~ RAM(B)g None Reset RAM Bit
1 45 01000101, | 0~ RAM(B)4
2 42 |101000010;| 0 -~ RAM(B)2
3 43 010010011 | 0~ RAM(B)3
SMB 0 4D | 101001101} 1~ RAM(B)g None Set RAM Bit
1 47 1101000111, 1~ RAM(B)4
2 46 1010010110 | 1~ RAM(B)2
3 4B {10100:1011s| 1 —~ RAM(B)3
STl y 7— 111 y = RAM(B) None Store Memory immediate
Bd + 1 — Bd and increment Bd
TCRA 23 1 1| CD - RD 1111 - A None Transfer Counter
8B 1 1011, | CW —~ RW to Register (Timer A) (Note 8)
TCRB 23 (10010,0011,| CB—~RB 1111 = A None Transfer Counter
9B |11001,1011 to Register (Timer B) (Note 8)
T™B 33 {10011,0011,| B3~ B3 None One’s complement of B3 to B3
35 0011,0101 (Toggle memory bank)
TRCA 23 |10010,0011, | RD~CD 1111 - A | None Transfer Register
8A [11000:1010,| RW > CW to Counter (Timer A) (Note 8)
TRCB 23 0010,0011, | RB—->CB 1111 = A None Transfer Register
9A 10011010 to Counter (Timer B) (Note 8)
X r —6 00 ri0110;| RAMB) < A None Exchange RAM with A
(r=1093 Br@r - Br Exclusive OR Br with r
XAD rd 23 0010:0011; | RAM(r,d) « A None Exchange A with RAM pointed
L1 ryd o to directly by r d
XDS r —7 |00 r;0111;| RAM(B) < A Bd Exchange RAM with A
(r =03 Bd-1 = Bd decrements and Decrement Bd .
Br@®r - Br past 0 Exclusive Or Br with r
XIS r —4 1100 r;0100;| RAM(B) < A Bd Exchange RAM with A
(r =03 Bd + 1 —~ Bd increments and increment Bd
Br@r — Br past 15 Exclusive Or Br with r
THOMSON SEMICONDUCTEURS
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INSTRUCTION SET (continued)

Mnemonic

Operand

Hx
Code

Machine
Language

Code
(Binary)

Data Flow

Skip
Conditions

Description

TRANSFER OF CONTROL INSTRUCTIONS

JiD

FF

111141111

ROM(PC10:8AM) = PC7,9

None

Jump Indirect (Note 3)

JMP

S

0.1 1 0f0j ay08
80 |

a-PC

None

Jump

JP

T

pages 2; 3, only)
_or

111} 850 J

(all other pages)

a - PCgyo

a - PCsyp

None

Jump within Page (Note 4)

JSRP

1 0] as:o

PC+1 - SA -+ SB -+ SC
00010 - PCy0:

a - PCg.g

None

Jump to Subroutine Page

(Note 5)

JSR

|01 1 0)1[a103]
l I7.Q '

PC+1 -5 SA -+ SB - SC

a-PC

None

Jump to Subroutine

48

lo10011000jf

SC -+ SB + SA - PC

None

Return from Subroutine

45

SC -+ SB —» SA -+ PC

Always Skip
on Return

Return from Subroutine
then Skip

REGISTER REFERENCE INSTRUCTIONS

CAB

50

||0101|0000'

A - Bd

None

Copy A to Bd

CBA

4E

[E100|1110|

Bd -+ A

None

Copy Bd to A

LB!

rd

EOIr | (d-1) 4

(r=0:3)

(d=09:15)
or
E 01 1|0 01 1|
1] r d
(any r, any d)

rd-B

Skip until

not a LBI

Load B immediate with r.d

(Note 6)

LEI

6-

Boiipoiy
E110| y |

y - EN

None

Load EN Immediate (Note 7)

XABR

lbooiloo1o0)

A~ Br 0—A;

None

Exchange A with Br -

TEST INSTRUCTIONS \

SKC

20

IEO10|0000|

c="1"

Skip if C is True

SKE

21

E010|0001|

A=RAM(B)

Skip if A Equals RAM

SKGZ

21

100110011y
E010|0001|

G30=0

Skip it G is Zero

(all 4 bits)

SKGBZ

01

Potmoors,
0000001
E001|0001|

000j0011
lboo1joo011y

1st byte

2nd byte

G3=0

Skip if G Bit is Zero

18/31
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INSTRUCTION SET (continued)

Machine
Mnemonic | Operand| c““’f. L‘gg"d:" Data Flow Cons:llt'l’onu Description
(Binary)
SKMBZ ] (9] 0000J0001] RAM (B)o=0 Skip if RAM Bit is Zero
1 1 'QOO1|0001| RAM(B)y=0
2 03 E 00 0|O 011} RAM (B)p=0
3 13 1000 1|0 011) RAM(B)3=0
SKT 41 010 0|0 001} A time-base Skip on Timer
counter (Note 3)
carry has occured
since last test
INPUT/OUTPUT INSTRUCTIONS
ING 33 0011J0011 G-A None Input G Ports to A
(Note 9}
2A 0010j1010
ININ 33 l]O 011J0011)]IN3 IN2 INT, “0"—~A None input IN inputs to A
28 0010j1000]
INIL 33 0o11j0011)]|ILs, CKO, “0”, “0” — A | None Input IL3 Latch to A
29 flootoj1001] (Note 3)
INL 33 T]o 0110011} | 7.4~ RAM(B) None Input L Ports to RAM, A
2€ |l0o010J1110]|Lgo~A
0OBD 33 10011j0011)|Bd-D None Output Bd to D Outputs
3E 00111 110]
oGl y 3 |leot1po11]|vz2-a None Output to G Ports
Y3-G3
5- ler1ot) y | Immediate
oMG 33 Jloo1110011) ] RAMBI~G2 None Output RAM to G Pérts
3a 11510104 | RAMBI3~C3
XAS 4F [0100f1111 | A « SIO, C - SKL None Exchange A with SIO
(Note 3)
Note 1: All sub habetical bols indi bit bers uniess explicitly detined (og Br and Bd are explicitly defined). Bits are

numbered 0 to N where 0 nlgnlﬂu the Iust significantbit (low-order, right-most bit). For example, A indicates the most significant (left-most)

bit of the 4-bit A register.

Note 3: For additional on the operation of the XAS, JID, LQID INIL, and SKT instructions, see below.

Note & : The JP instruction allows a jump, while in subroutine page 2 or 3, to any ROM location within the two-page boundary of pages

20r3.The JP i ion, otherwise, p
of a page.
Note 8: A JSRP fers prog control to sub

in pages 2 or 3. JSRP may not jump to the last word In page 2.
Note 8 : LBl is asingle-byte instruction if d=0,9, 10, 11, 12, 13, 14, or 15. The machine code for the lower 4 bits equals the binary value of the
“d” data minus 1, e.g., to load the lower four bits of B (Bd) with the vaiue 9(1001 3). the lower 4 bits of the LB instruction equal 8 (10002). To
load 0, the lower 4 bits of the LBI instruction should equal 15 (11113).
Nete 7 : Machine code for operand field y for LEI Inotruction should equal the binary vaiue to be latched into EN, where a 1" or “0" ineach

bitof EN

Register).

ds with the

ord

a jJump to a ROM location within the current 84-word page. JP may not jump to the last word

page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when

of a particular function associated with each bit. (See Functional Description, EN

Note 8: All transfer instructions (TRCA, TCRA, TRCB, TCRB) must be selected when B3 = 1. If B3 = 0, these transfer instructions will
be decoded as XAD instruction.

Note 9: GO and G1 can be used as inputs only with options 34.1 and 35.2.

THOMSON SEMICONDUCTEURS
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DESCRIPTION OF SELECTED INSTRUCTIONS

XAS Instruction

XAS (Exchange A with SIO) copies C to the SKL lateh and
exchanges the accumulator with the 4-bit contents of the
SIO serial-in/serial-out shift register. An XAS instruction
can be performed once every 4 instruction cycles to
effect a continuous data stream.

LQID Instruction

LQID (Load Q Indirect) loads the 8-bit Q register with the
contents of ROM pointed to by the 11-bit word PC1q: PCg,
A,M. LQID can be used for table lookup or code conver-
sion such as BCD to seven-segment. The LQID instruc-
tion « pushes » the stack (PC + 1 - SA — SB — SC) and
replaces the least significant 8 bits of the PC as follows:
A - PC7.4, RAM(B) - PCg:0, leaving PC1, PCg and
PCg unchanged. The ROM data pointed to by the new ad-
dress is fetched and loaded into the Q latches. Next, the
stack is « popped » (SC — SB - SA — PC), restoring the
saved value of PC to continue sequential program execu-
tion. Since LQID pushes SB into SC, the previous con-
tents of SC are lost.

Note: LQID uses 2 instruction cycles if executed, one if
skipped.

JiD instruction

JID (Jump Indirect) is an indirect addressing instruction,
transferring program control to a new ROM location
pointed to indirectly by A and M. It loads the lower 8 bits
of the ROM address register PC with the contents of ROM
addressed by the 11-bit word, PC1¢.g, A,M. PC1g, PCg
and PCg are not affected by JID.

Note: JID uses 2 instruction cycles if executed, one if
skipped.

SKT Instruction

The SKT (Skip On Timer) instruction tests the state of the
T counter overflow latch (see internal logic, above), ex-
ecuting the next program instruction if the latch is not set.
If the latch has been set since the previous test, the next
program instruction is skipped and the latch is reset. The
features associated with this instruction allow the pro-
cessor to generate its own time-base for real-time process-
ing, rather than relying on an external input signal.

SKT can be used (when the option- selected :for CPU
interrupt source is ' the: timer  overflow)i during: the
interrupt service routine to clear the overflow latch.

INIL Instruction

INIL (Input IL Latch to™ A) inputs latch IL3, CKO and 0
into A. The IL3 latch is set if a low-going pulse (« 1 » to
« 0 ») has occured on the IN3 input since the last INIL in-

THOMSON SEMICONDUCTEURS
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struction, provided the input pulse stays low for at least
two instruction cycles. Execution of an INIL inputs IL 3 in-
to A3, and resets this latch to allow it to respond to subse-
quent low-going pulses on the IN3. If CKO is mask pro-
grammed as a general purpose input, an INIL will input
the state of CKO into A2. If CKO has not been so pro-
grammed, a « 1 » will be placed in A2. A1 and A0 are
cleared. IL latch is cleared on reset.

TS941xx

FIGURE 14: INIL HARDWARE IMPLEMENTATION

RET and RETSK Instructions

When a RET instruction is executed at the end of the in-
terrupt subroutine, it restores the state of bit Br3 that was
saved at the beginning of the interrupt subroutine. When
‘used at the end of a software subroutine, a RET instruc-
tion will clear bit Br3. The RETSK instruction never
modifies bit Br3.

Instruction set notes

o The first word of a program (ROM address 0) must be
a CLRA (Clear A) instruction.

e Although skipped instructions are not executed, they

- are still fetched from the program memory. Thus pro-
gram paths take the same number of cycles whether
instructions are skipped or executed except for JID, and
LQID.

o The ROM is organized into pages of 64 words each.
The Program Counter is a 11-bit binary counter, and will
count through page boundaries. If a JP is the last word
of a page, it operates as if it were in the next page. For
example, a JP Located in the last word of a page will
jump to a location in the next page. JID or LQID located
in the last word of every fourth page (i.e. hex address
OFF, 1FF, 2FF, 3FF, 4FF, etc.) will access data in the
next group of four pages.

Note: TS94120 needs only 10 bits to address its ROM.
Therefore, the eleventh bit (10) is ignored.
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MAXIMUM RATINGS

RATING SYMBOL VALUE UNIT
Input voltage vi —_ \'
INO —0.8to +10
Si —05to +14
Voitage on any other Pin —05to +10
Ambient operating temperature
TS94100CP TA Oto +70 °C
TS94100TP —40to +85 °C
Ambient storage p Tstg —65to + 150 °C
Lead temperature (soldering 10s) 300 °C
Power dissipation Pp
Ta = +25°C 1 w
TA = +70°C 550 mwW
Total source current 36 mA
Total sink current 200 mA

D.C. AND OPERATING CHARACTERISTICS
TA = 0°Cto +70°C Voo = 4.5V to 5.5V (Unless otherwise specifed)

Characteristic Symbol Min Typ Max Unit
Power supply ripple (peak to peak) - Note A Vppl - — 0.5 A
Operating supply current (all inputs set to 1) Icc - - 15 mA
(all outputs set to 1)
(all inputs set to 1) - — — 155
(all outputs set to 0)
INPUT
CKI input level
Crystal or RC Logic-high VIH 0.5Vcc - -
Logic low ViL - -— 1 \
External clock Logic high VIH 0.7Vee — —_
Logic¢ low . ViL - - 0.2 \
RESET and WATCHDOG (D3) SCHMITT trigger input level
Logic high ViH 0.7Vce - —
Logic low ViL - — 0.6 \
INO offset voltage (note B, Fig. 15) - — 150 mv
Input level on all other inputs -
With TTL option selected Logic high ViH 2 —_ — A"
Logic low ViL — - 0.8 v
With high voltage option selected Logic high VIH 3.6 _ —_ A
Logic low ViL —_ — 1.2 v
Input capacitance Cy — — 7 pF
High impedance input leakage [} —2 — +2 pA
OUTPUT
TTL load -
Logic high (loy4 = —100uA) VOH 24 — - v
Logic low (IoL = 1.6 mA) VoL — - 0.4 \
CMOS load Logic high (o = —10sA) VoH 0.7Vce - - v
Logic low (Igl. = +10uA) VoL — — 0.2 v
THOMSON SEMICONDUCTEURS
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OUPUT SINK CURRENT
Characteristic Symbol Min Typ Max Unit
SO,SK and LO-7 outputs with TTL option
(Vce = 5.5V, VoL = 0.4V) loL 2 46 10 mA
(Vcec = 4.5V, VoL = 0.4V) loL 1.6 4 9 mA
G1-G3, D0-D3, LO-L7 outputs with very high current option
(Vcc = 5.5V, VoL = 1.0V) loL 17 28 40 mA
(Vce = 45V, VoL = 1.0V) loL 15 25 40 mA
GO output (Triac driver)
Vee = 5.5V, VoL = 2.0V oL 50 70 90 mA
Vee = 4.5V, VoL = 1.0V loL 28 40 46 mA
CKI (Single-pin RC oscillator)
Vee = 4.5V, V| = 3.5V [T8] 2 4,6 10 mA
OUTPUT SOURCE CURRENT
G2, G3, D0-D3 standard output and SO, SK output with TTL option
Vee = 5.5V, Vo = 2.0V 10H —250 | —700 | —1900 wA
Vce = 45V, VoH = 2.0V IoH —100 | —350 | —1000 pA
SO, SK outputs with high current option, G0, G1 and LO-L7 outputs
Voe = 5.5V, VoH = 2.0V I0H —1.2 —2.8 -7 mA
Vee = 4.5V, Vo' = 1.0V I0H —1.2 —2.8 —7 mA
Input load source current
Vee = 5.5V. Vi = oV N —i1 —45 —i50 HA
Vece = 45V, V)L = 0V I —10 —45 —150 pA
Characteristic Symbol Min Typ Max Unit
3-State Output leakage current (Available on L only) I - —5 +5 pA
Total Sink Current allowed
All outputs combined Zlsink — — 200 mA
D, G Ports — — 120
L Port — — 160
each LO-L7, G1-G3, D0-D3 pin — — 30
GO pin — — 60
Each other pin — — 5
Total Source Current allowed
All I/0 combined Zlsource — — 36 mA
Each L0-L7, GO, G1, SO, SK pin — — 4
All other pins combined — — 4

Note A: Vcc change must be less than 0.5V in a 1ms period to maintain proper operations.

Note B: INO Offset Voltage is the absolute value of the difference between the voltage at INO and GROUND.

23 THOMSON SEMICONDUCTEURS
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MCU AND DUAL TIMER ELECTRICAL CHARACTERISTICS
0°C < TA < 70°C; 4.5V < Vge < 5.5V (Unless otherwise specified)

Characteristic Symbotl Min Typ Max Unit
Instruction cycle time
XTAL (Fig. 16) + 20 (option 4.2) te 4 — 1 us
+ 10 (option 4.1) tc 4 — " us
+ 5 (option 4.0) tc 5 —_ " us
RC Oscillator + 10 (option 4.1) te 4 —_ 1 us
External clock + 10 (option 4.1)
Rise time, fall time on CKI input
(External waveform generator
on CKI) + 10 mode tr tf — - 50 ns
CKi duty cycle (Fig. 17) 0.4 - 0.6
Input set up time All inputs tsetup [te/10+13] — - us
Input hold time All inputs thold 100 - - ns
Output propagation delay (Load = one TTL load)
SK (ENO = 0, SK = 1 ts1, ts0 —_ -_ 2 us
SK as an output (SK = 0) tpd1, tpdo | —tc/10 —_ 0.6 us
SO as an output (ENO, EN3) = (00, 10, 11) tpd1: tpdo | —tc/10 - 0.6 us
SO as SIO output (ENO, EN3) = 01 tpd1: tpdo tc/10 —  tc/5 + 06| ps
All other outputs tpd1: tpdo | —tc/10 — 1.0 us
GO, G1 rise time tLH — — 1.0 us
GO, G1 fall time tHL — - 200 ns
Dual timer
System clock (Fig. 19) foLk 450 - 1250 kHz
Timer A and timer B
Prescaler + 1 foLKA: foLkp| 450 - 1250 kHz
Prescaler + 5 fCLKA. fcLks| 90 — 250 kHz
Prescaler + 20 fCLKA. fCLKB| 225 —_ 62,5 kHz
Prescaler + 40 fCLKA fcLkB| 11250 - 31250 Hz
[INO, IN3 INPUT
All modes fino. fiN3 0 - foLk/2 -
INO in analog period counter mode 0 - 1 —_
INO Voffset
ov /
Zero crossing dectector (ZCA) —.‘
output
Voffset > 0
INO Voffset
Zero crossing detector (ZCA)
output
Voffset < 0
FIGURE 15: ZERO CROSSING DETECTOR OUTPUT
23/31
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Characteristic Symbol Min Typ Max Unit
External C value (o} 250 —_ — pF
External R value (C = 250pF) R 4 — 8 kQ
External C values
_ c1 - 15 — pF
fck) = 5 MHz c2 - 15 — pF
Cc1 — 30 — pF
fcki = 455 kHz c2 _ 30 _ pF
CKI CKO
’ CKI
1MQ
PRI
1KQ il
C1§ §02 T Duty cyclé = t4/T
FIGURE 16 ‘| FIGURE 17
. Instruction cycle time (tc)
-
r 1 1 @ | @3 | @ | a5 | @1 %2 3 4 @5
| I ] I
o J‘I.h.fU‘U‘LFL[‘U‘U‘U‘LFL"'U‘LFLFU‘LI"U‘LFU‘L
tsq —>|——-|<' ! >=——'<-i50 : ! I
! “\vou
SK A vOH AL VoL L] N
(ENO = 0, SKL = 1) ! tsetup | 4 t hold =
IN1, IN2, IN3 |
lNPUTS{LO, L1... L7 |
CKO, S| |
|
L0, L. L7 L7 —
DO, D1, D2, D3 0 : |
G2, G3
SK, SO (ENO, EN3 = 0,0 [P :""do"
OUTPUTS (ENO, EN3 = o,1) l |
ENO, EN3 = 1,1 |<_tpd«|._>i [ tpd0->
4 |
SO LA vou ' \4__VOL
(SIO output)

| VOH VOH SKis a 0.5 duty cycle signal.
VoL VoL Inputs are sampled (by MCU) on the falling edge of SK.
GO, Gt | | h Outputs may be sampled on the rising edge fo SK.
tLH ._.,_L pHe tHL Note that &1, $2, $3, 34, 85 are MCU internal.

FIGURE 18: 1/0 TIMINGS (+ 10 MODE)
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B6-
CKI
+ 2 . 2 + 2
LI
|
° 11}
r———————=———- 9
| DUAL TIMER :
| == wu |
|CLKA Prescaler A | | mMeu |
i 1 152040 | | |
| I CLK | |
1
| } 4 +5 1, =
| i (System clock) 1 © T |
lcLk Prescaler B | ! |
I €] 1520040 | |
| | L 4
| | MASK OPTION
R, J 1: + 5 (option 4.0)

N: + 10 (option 4.1)
{il - + 20 (option 4.2)

FIGURE 19: PRESCALERS MASK-OPTIONS

1/0 OPTIONS
TS94100 outputs have the following optional configura-
tions illustrated by figure 20:

a. General purpose - an enhancement-mode device to
ground in conjunction with a depletion-mode paralleled by
an enhancement-mode device to Vcc.

On G2-G3 and SO-SK with TTL option, this configuration
is compatible with TTL and CMOS input requirements. On
G1 and SO-SK with high current option, it allows fast ris-
ing and falling edges when driving capacitive loads. On
GO, the enhancement-mode device to ground meets the
typical current sinking requirements to directly trigger a
triac.

b. Open-drain - an enhancement mode device to ground
only, allowing external pull-up, as required by the user’s
application. Available on SO, SK, D, G2-G3 outputs.

c. 3-state general purpose - same as|a.,jbut may be
disabled.

THOMSON SEMICONDUCTEURS

1177

The sinking devices meet the typical current sinking re-
quirements of a LED display. These devices may be turn-
ed off under program control (see functional description,
EN register) in a high-impedance state to provide required
LED segments blanking for a multiplexed display.
Available on L outputs only.

d. Open-drain L - same as b.but may be disabled -
available-on L only.

e. 3-state push-pull - an enhancement-mode device to
ground and V. Available on L outputs only.

TS94100 inputs have the following optional configurations:
f. An on-chip depletion load device to Vcc.

g. A Hi-Z input which must be drivento a « 1 » or « 0 » by
external components.

25/31
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OUTPUT CONFIGURATIONS

vVee
#3o0r# 4 #5
- —>oHL #1042
#lorf20r$7 X
N

a. GENERAL PURPOSE OUPTUT b. OPEN DRAIN OUTPUT
Disable Vec Vee
#4 | #5]
_.I Disable
] DAL #1or#e
#1or# 2, B\
W\
c. 3 STATE GENERAL PURPOSE L OUTPUT d. OPEN DRAIN L OUTPUT
Disable Vee
#4
#10rdH2

N\

e. 3-STATE PUSH-PULL L OUTPUT

FIGURE 20

INPUT CONFIGURATIONS

Vee
#6 | o |
\
N
f. INTPUT WITH LOAD g. Hi-Z INPUT

FIGURE 21

THOMSON SEMICONDUCTEURS
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The above input and output configurations share common
enhancement-mode and depletion-mode devices.
Specifically, all configurations use one or more of 7 devices
(numbered # 1 to # 7 respectively).

The SO, SK, D, G2-G3 outputs can be configured as
shown in a, b.

The GO-G1 are configured as general purpose output, as
shown in a.

Note that when inputing data to the G- ports, the G out-

puts should be set to a « 1 ». The L outputs can be con-
figured as shown in ¢, d, e.

An important point to remember if using configuration ¢
with the L drivers is that even when the L drivers are disabl-
ed, the depletion load device will source a small amount
of current (see figure|20 device 5) ; however, when the
L lines are used as inputs, the disabled depletion device
cannot source a sufficient current to pull up an external
input to a togic 1.

INO is configured as an Hi-Z input.

1-179

Output | Mask [Transistor type
Output scheme | option |1]2]3]4]5|7
a opt. 9-0 |e| (e |e
SO, SK a opt. 9-1 |e oo
b opt. 9-2 |e
G2, G3 a opt. 20-0] [e|e]| |e
Do, D1, D2, D3 b opt. 201 |e
GO0 a ole]e
G1 a . ofe
c opt. 11-0|e ofe
c opt. 11-1| |e| |e]e
d opt. 11-2|e
Lo, L1... L7 d opt, 11:3| |e
e opt. 11-4|e .
e opt. 11-5| [e |e
THOMSON SEMICONDUCTEURS e
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OPTION 1: CKO Pin configuration
0: clock generator output to crystal/resonator
1: general purpose input, load device to Vcc
2: general purpose input, high-Z
OPTION 2: CKO intput levels
0: standard TTL input levels (0 = 0.8V, 1 = 2.0V)
1 : higher voltage input levels (0 = 1.2V, 1 = 3.6V)
OPTION 3: CKI input configuration
0: single pin RC controlled oscillator (option 4
must be + 10)
1: crystal input
2: external clock (option 4 must be + 10)
OPTION 4: CKI divider
0: CKI frequency divided by 5
1: CKI frequency divided by 10
2: CKI frequency divided by 20
OPTION 5: Reset pin configuration
0: load device to Vcc
1: high-Z input
OPTION 6: IN input configuration (IN1-IN3)
0: load device to Vce
1: high-Z input
OPTION 7: IN input levels (IN1-IN3)
0: standard TTL input levels (0 = 0.8V, 1 = 2.0V)
1: higher voltage input levels (0 = 1.2V, 1 = 3.6V)
* Note: INO has no option
OPTION 8: SI input levels
0: standard TTL input levels (0 = 0.8V, 1 = 2.0V)
1: higher voltage input levels (0 = 1.2V, 1 = 3.6V)
OPTION 9: SO output configuration -
0: general purpose TTL output
1: general purpose high current output
2: open drain output
OPTION 10: SK output configuration
same as OPTION 9
OPTION 11: LO output driver
0: 3-state general purpose TTL output
1: 3-state general purpose very high current
output
: open drain TTL output
: open drain very high current output
. 3-state push-pull TTL output
: 3-state push-pull very high current output
OPTION 12: L1 output driver
same as OPTION 11
OPTION 13: L2 output driver
same as OPTION 11
OPTION 14: L3 output driver
same as OPTION 11
OPTION 15: L4 output driver
same as OPTION 11
OPTION 16: L5 output driver
same as OPTION 11
OPTION 17: L6 output driver
same as OPTION 11
OPTION 18: L7 output driver
same as OPTION 11

[ )

OPTION LIST

OPTION 19: L input level LO-L7
0: standard TTL input levels (0 = 0.8V, 1 = 2.0V)
1: higher voltage input levels (0 = 1.2V, 1 = 3.6V)

OPTION 20: G2 output driver
0: general purpose output
1: open drain output

OPTION 21: G3 output driver
same as OPTION 20

OPTION 22: G input level (G0-G3)

0: standard TTL input levels (0 = 0.8V, 1 = 2V)
1: higher voltage input levels (0 = 1.2V, 1 = 3.6V)

OPTION 23: DO output configuration
same as OPTION 20

OPTION 24: D1 output configuration
same as OPTION 20

OPTION 25: D2 output configuration
same as OPTION 20

OPTION 26: D3 output configuration
same as OPTION 20

OPTION 27: CPU interrupt source
0: external interrupt
1: timer overflow

OPTION 28: timer input
0: prescaler output
1: event counter

OPTION 29: watchdog
0: no watchdog
1: D3 pin as watchdog input (OPTION 26 must

be open drain)

OPTION 30: Dual timer block A clock (CLKA)

0: system clock (CLK) divided by 1
1: system clock (CLK) divided by 5
2: system clock (CLK) divided by 20
3: system clock (CLK) divided by 40

OPTION 31: Dual timer block B clock (CLKB)
0: system clock (CLK) divided by 1
1: system clock (CLK) divided by 5
2: system clock (CLK) divided by 20
3: system clock (CLK) divided by 40

OPTION 32: Dual timer interrupt source (block A)
0: zero crossing detector output falling edge (ZCA)
1: zero crossing detector output rising edge and

falling edge (ZCA)

OPTION 33: Mode selection for MRBO

0
and MRB1 = 0

0: period measurement
1: duty cycle measurement
OPTION 34: GO output for STA = 0
0: logical 0
1: logical 1
OPTION 35: G1 output for STB = 0 or when G1
is disabled (see CSB on fig. 14)
0: logical 0
1: logical 1

28/31 i
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PIN ASSIGNMENTS

PIN NAMES
L7 -LO 8 bi-directionnal I/O ports with 3-state output
G3 - G2 2 bi-directionnal I/O ports
GO - G1 2 dual timer peripheral outputs or 2 general purpose inputs
INO Dual timer peripheral analog input (Zero crossing detector input)
IN1-IN2 2 general purpose inputs
IN3 General purpose or dual timer peripheral input
Si Serial input
] Serial output (or general purpose output)
Do - D2 3 general purpose outputs
D3 General purpose output (or watch dog input)
SK Logic controlled clock (or general purpose output)
CKI Oscillator input
CKO Oscillator output (or general purpose input)
RESET RESET input
Vee Power supply
GND Ground
ano O ~ 2[00
cxo [2 2701 o1
cxi O3 26[] p2 e[t 24[7] Do
RESET []4 25[7] p3 cKo []2 2317 D1
w7 Os 24[] a3 cki []3 22[] D2
w6 [s 23[] G2 RESET []4 21[] b3
s 47 2211 G1 L7 [15 20[] a1
4 1594120 0 H
L4 []8 Tsoa1aa 21[1 GO L6 [16 19[] Go
IN1 [J9 20[] IN3 s 47 18] IN3
g . TS94121 :
iN2 [J10 19[7 INO L4 (08 Ts94145 17[1 N0
vee O 18[] sK vee 09 16[] SK
L3 12 17[] so L3 [J10 15[] so
L2 13 16[] S! L2 14[] sI
L1 s 15[] LO L1 12 13[] Lo

THOMSON SEMICONDUCTEURS 233
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ORDERING INFORMATION

TS94120CP

Peripheral . Operating Temperature Range
1 = Dual timer C = 0°C, + 70°C
T = —-40°C, + 85°C
— PN OUt
Oor4 = 28 pins
1or5 = 24 pins
ROMLESS VERSIONS (64 Pins) Memory Size
TS94104 - P = Timer ROM RAM
2 1024 x 8 64 x4
4 2048 x 8 128 x 4
30/31
THOMSON SEMICONDUCTEURS
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PHYSICAL DIMENSIONS

/ \
e MRS 1m0 %&‘

mm
e=254(2) 457 man,
e epe e e e e e e e 0 0 0,
v L1
T ECI T
5.08max ] H"_ﬁﬁﬁ W [
; W E |
3 038 177 mox
£ ~tH=—gs08
28 15
Halwinlieialisisisininiainial
Datum (1) Nominal dimension
S —— (2) True geometrical position
or
d
tl,.ll—ll—ll—lul—ll—l\—'l_ll..ll_ll_lu“
381 max 14
m
285
DIN '
ASIE F 144 CB-132
CEl DATA. JEDEC SITELESC
mm
o= 254(2) 4.57max.
Lo 0,6 0.0 0 0 0,0 0,0 16,1 max.
. ! r daini
T

2 L]
nonoooonooon

1) Nominal dimension

{2) True geometrical position

o
oo OO O ooy

3

32.6mox. Lia
f " 8,0
DIN 1]
AS1D F 18 CB-68
cel DALA. JEDEC SITELESC

CB-132

P SUFFIX
PLASTIC PACKAGE

CB-68

P SUFFIX
PLASTIC PACKAGE

These specifications are subject to change without notice.
Please inquire with our sales offices about the availability of the different products.
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8-BIT MICROCOMPUTERS SELECTION GUIDE

EF6801 FAMILY

Function

Part

Characteristic
number

Package Page

HIGH
PERFORM-
ANCE
MCUs

EF6801 Dedicated MCUs for applications where
high computing facilities are required
such as personal/home computers, in-
jection/trip computers, data transmission
computers.

o 8 X 8 multiply instruction

e 29 1/0 lines and 2 control lines

EF6803

EF681U4* o 16-bit programmable timer

e Single-chip or expanded operation up
to 64 Kbytes addressing space
e Serial Communication Interface (SCI)

EF6803U4* ¢ Emulation and development on

DEVICE®

o RAM : 128 bytes
(64 standby)
o ROM : 2 Kbytes

o RAM : 128 bytes
(64 standby)

e RAM : 192 bytes
(32 standby)
o ROM 4 Kbytes

e RAM : 192 bytes
(32 standby)

2-7

2-7
DIL40

2-47

¢

2-47
PLCC44

* DIL only

EF6804 FAMILY

Function

Part

Characteristic
number

Package Page

LOW-END
MCU

EF6804J2 The highest improvement in cost

reduction for low-end applications

An MCU at a TTL/LS price level.

e 12 bidirectional 1/0 lines (8 LED
compatible)

o Self check mode

o 8-bit timer with 7-bit software
programmable prescaler

e Emulation and development on
DEVICE®

o RAM: 32 bytes
e ROM: 1012 bytes

2-91

A

DIL20

LOW COST EF6804P2 High on-chip feature integration well

MCU

suited for additional 4-bit application

extensions.

e 20 bidirectional I/0 lines (8 LED
compatible)

e Self check mode

e 8-bit timer with 7-bit software
programmable prescaler

e Emulation and development on
DEVICE®

o RAM: 32 bytes
o ROM: 1020 bytes

2-135

3

DIL28

¢

PLCC28

LOW
POWER
MCUs

EF68HC04P3 Dedicated to power and data saving
applications or requiring protection
against mains failures.

o Pin to pin and software compatible
with EF6804P2

o Self check mode

e 8-bit timer with 7-bit software
programmable prescaler

o Emulation and development on
DEVICE®

TS68HC04J3

o RAM: 124 bytes
e ROM: 2 Kbytes
e 201/0 lines

2-181

3

DiL28

¢

PLCC28

e RAM: 124 bytes
ROM: 2 Kbytes
e 121/0 lines

2-179

A

DIL20

DEV ICE®|s THOMSON SEMICONDUCTEURS' development/emulation tool.

2-3

THOMSON SEMICONDUCTEURS
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EF6805 FAMILY

Part

Function N Ch istic Package Page
PROCESS EF6805P2 General purpose MCUs covering a wide .
CONTROL range of applications such as electronic ® ng ?4'(%“:5 2-225
MCUs ignitjon, keyboard er]coding, home '20 70 iin es vt
appliances, electronic games,... (8 LED compatible) DIL28
“reanrpr @ Self check mode .
EF6B05P6 | g bit timer with 7-bit programmable * RAM: 64 bytes 2-249
o ROM: 1796 Kbytes
E:z‘lzaatlieorn and development on * 201/0 lines
® DEVICES P (8 LED compatible) PLCC28
EF6805U2 o RAM: 64 bytes 2-329
o ROM: 2 Kbytes
e 321/0 lines:
- 24 bidirectional
(8 LED compatible)
- 8input only DIL40
EF6805U3 o RAM: 112 bytes 2-355
o ROM: 3776 bytes
e 321/0 lines:
- 24 bidirectional
(8 LED compatible)
- 8 input only PLCCA4
A/D EF6805R2 Dedicated MCUs for industrial control o RAM: 64 bytes 2-273
CONVER- and applications where low cost analog e ROM: 2 Kbytes
SION signal computing is required such as e Mask programmable :
MCUs automotive motor control. prescaler
EF6805R3 e 321/0 lines: e RAM: 112 bytes 2-301
- 24 bidirectional (8 LED compatible) o ROM: 3776 bytes DIL40
- 8input ohly e Software programmable
o Self check mode prescaler
o 8-bit timer with 7-bit programmable
prescaler
e A/D converter with 8-bit conversion
and 4 multiplexed analog inputs
o Emulation and development on PLCC44
DEVICE®
®

DEVICE™is THOMSON SEMICONDUCTEURS' development/emulation tool.

2.4
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MK3870 FAMILY
. Part i
Function Characteristic Package Page
number
LOW MK3870  General purpose single chip micro- o RAM : 64 bytes scratchpad, 2-399
POWER computer 64 bytes executable (option)
MCcU e Programmable binary timer o ROM: 2K or 4 Kbytes
o External interrupt o 32 TTL compatible I/0
e Crystal, LC, RC or external time base DIL40
LOW COST MK2870 28 pin version of MK3870, ideal for o RAM: 64 bytes 2-381
MCU applications where PC board space is o ROM: 1 Kbyte
premium e 20 TTL compatible 1/0
e Programmable binary timer
e External interrupt DIL28
e Crystal, LC, RC or external time base
SERIAL MK3873  Single chip microcomputer which o RAM: 64 bytes scratchpad, 2-427
170 PORT introduces a major addition to the 3870 64 bytes executable (option)
MCU microcomputer family, a serial input/ o ROM: 2 Kbyte
output port e 29 TTL compatible parallel
e Programmable binary timer 170
e Vectored interrupts
o External interrupt DIL40
e Crystal, LC, RC or external time base
Low MK3875  Single chip microcomputer which offers o RAM: 64 bytes scratchpad, 2-453
POWER a low power standby mode of operation 64 Bytes executable
STANDBY as an addition to the 3870 family o ROM: 4 Kbytes
RAM e Programmable binary timer e 30 TTL compatible I/0
MCU o External interrupt
e Crystal, LC, RC or external time base DIL40O
PIGGY- MK38P70 EPROM version of 3870 family which o Identical pinout as 2 399
BACK aliminates the need for emulator board MK3870
EPROM —————— products. Can be used in prototype
MCUs MK38P73 systems in order to test design concepts e Identical pinout as 2-427
in field service before commiting to high MK3873
——— volume production
MK38P75 e Piggyback PROM package e Identical pinout as 2-453
o Accepts 24 pin or 28 pin EPROM MK3875 PIGGY-BACK

memories
e Full emulation of 3870 family
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EF6801 « EF6803

MICROCOMPUTER/MICROPROCESSOR (MCU/MPU)

The EF6801 is an 8-bit single-chip microcomputer unit (MCU) which
significantly enhances the capabilities of the 6800 family of parts. It includes
an upgraded 6800 microprocessor unit (MPU) with upward-source and
object-code compatibility. Execution times of key instructions have been
improved and several new instructions have been added including an unsigned
multiply. The MCU can function as a monolithic microcomputer or can be
expanded to a 64K byte address space. It is TTL compatible and requires
one + 5-volt power supply. On-chip resources include 2048 bytes of ROM,
128 bytes of RAM, a Serial Communications Interface (SCl), parallel 1/0,
and a three function Programmable Timer. The EF6803 can be considered
as an EF6801 operating in Modes 2 or 3. EF6801 MCU Family features
include :

Enhanced EF6800 Instruction Set

8 x 8 Multiply Instruction

Serial Communications Interface (SCI)

Upward Source and Object Code Compatibility with the 6800
16-Bit Three-Function Programmable Timer

Single-Chip or Expanded Operation to 64K Byte Address Space
Bus Compatibility with the 6800 Family

2048 Bytes of ROM (EF6801)

128 Bytes of RAM

64 Bytes of RAM Retainable During Powerdown

29 Parallel 1/0 and Two Handshake Control Lines

Internal Clock Generator with Divide-by-Four Output.
Complete Development System Support on DEVICE®,
—40°Cto + 85°C Temperature range

—40°C to + 105°C Temperature range

DEVICE®15 THOMSON SEMICONDUCTEURS' development/emulation tool.

HMOS
CASES
40 P SUFFIX
1 PLASTIC PACKAGE
ALSO AVAILABLE
CSUFFIX
CERAMIC PACKAGE:
CB-521
FN SUFFIX
PLCC 44
PIN ASSIGMENT
vssl]t @ Y e 113
xTAaL1l}2 BfIsc
EXTAL2[]3 sf]sc2
Miga 7P
TRaigs %[IP31
RESET (6 35[1P32
vee 7 u{lrp3
P08 BLP34
[ 730 1 £ 32[1P35
P22[]10 3flr3s
Pafn 0[P37
P24 [12 29[1P40
Pio 13 8{]rPa1
P[4 27[1P42
P12[J15 6[]P43
Pafie 2[1Pa4
P47 24[]Pa5
Pis 8 23[1Pa6
P16 19 b3 [ 2V
P17[20 21f3Vee
Standby
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FIGURE 1 —- 6801/6803 BLOCK DIAGRAM

o~
23 o
388y = &
> > X wlZl=
P ] v
Expanded Mu MPU
Expanded Non-Multplexed
I.— Single Chip
P37 A7/D7 D7 1O > <_L|_{T > P20
P36 A6/D6 D6 (e = = Mux N Port - » P21
P¥%  A5/D5 D5 1/0 -] Port Q ). I > P22
P34 A4/D4 D4 1/0 <« 3 \d > P23
P33 A3/D3 D3 1/0 -] > P24
P32 A2/D2 D2 1/0 <&
P31 A1/DI D1 /0 - R —
P30 AO/DO DO 1/O g A -
SC2 R/W  R/W 033 K Timer |
sC1 As 08 1S3 < N~ il
L]
_> SCi
P47 A1 AT 1/0 - l———> P10
P46 Al4 A6 1/0 <> K Address O —— )
P45 A13 A5 110 -] Port Port | — —  3pi
P44 A12 A 10 - 4 1 l&—>»p13
P43 Al A3 1/0 - —————— P14
P42 A10 A2 1/0 < A j«—————>Pi5
P41 A9 Al 1/0 - Data l«—————> P16
P40 A8 A0 I/0 fe—-—>r17

8
Ve Standby—3] 128 8 it

RAM (1)

(1) No functioning ROM in EF6803

POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:
Ty=Ta+(Ppedya) (1)
Where:
TA = Ambient Temperature, °C
6= Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT +PPORT
PINT=ICc x Ve, Watts — Chip Internal Power
PPORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT < PINT and can be neglected. PPORT may become significant if the device is configured to
drive Darlington bases or sink LED loads.

An approximate relationship between Pp and Tj (if PPORT is neglected) is:

Pp=K+(Ty+273°C) (2)
Solving equations 1 and 2 for K gives:
K=Ppe(TA+273°C) +0)A°PD2 3

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known TA. Using this value of K the values of Pp and T can be obtained by solving equations (1) and (2) iteratively for any
value of Ta.

2/40
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MAXIMUM RATINGS

Rating Symbol Value Unit This device contains circuitry to protect the in-
puts against damage due to high static voltages
Supply Voltage Yee ~031t +7.0 v or electric fields; however, it is advised that nor-
Input Voltage Vin | ~0310+7.0 v mal precautions be taken to avoid application of
Operating Temperature Range TLtoTH any voltage higher than maximum rated voltages
EF6801/03, EF6801/03-1, EF68A01/03 01070 to this high-impedance circuit. For proper opera-
EF6801/03, EF6801/03-1 :E\/Fg?f?ig] 031 Ta 40 to 85 °c :3:.:; 2?&'2:2?"?3 mal\(/\'f "’"dvv o bevc o
EF6801/03, EF6801/03-1 : A suffix - 4010 105 o 9¢ V'Ss =Vin or Vour < VCC
put protection is enhanced by connecting
Storage Temperature Range Tstg | =%t + 150 °C unused inputs 1o either Vpp or Vs
THERMAL CHARACTERISTICS
Characteristic Symbol | Value Rating
Thermal Resistance
Plastic AT 50 °C/W
PLCC 100
CONTROL TIMING (Vcc=5.0V +5%, Vss=0, TA=0 to 70°C)
Characteristic Symbol §F6801 Ef6801-1 EF68A01 | EF68B01 Unit
Min_| Max | Min [Max | Min [Max | Min [Max
Frequency of Operation fo 05 (10 }05 |125] 05 |15 {05 |20 |MHz
Crystal Frequency fxtaL | 20 | 40 | 20 [ 50| 20 |60 [ 2.0 | 80 | MHz
External Oscillator Frequency N 4f 20 | 40 | 20 | 50| 20 |60 | 20 | 8.0 | MHz
Crystal Oscillator Start Up Time tre - 100 - 100 - 100 - 100 | ms
Processor Control Setup Time tPCS 200 - 170 - 140 | = 110 - ns
DC ELECTRICAL CHARACTERISTICS (Vce=5.0 Vdc +5%, Vsg=0, TA=T| to T, unless other~ise noted)
EF6801/03 EF6801/03 EF6801/03
0°C to +70°C__| —40°C to +85°C | —40°C to +105°C
Characteristic Symbol Min Max Min Max Min Max Unit
Input High Voltage RESET Vgs+4.0] Veoe |[Vss+4.0[ Vee [Vss+4.0] Vee
Other Inputs | Vi [Vgs+2.0[ Vcc ss+22| Vec [Vss+2.2] Vce \Y
Input Low Voltage All Inputs ) ViL VSS—OABVSS+O.§[VSS—0.3V55+0.8V53—0A3Vss+0.8 "
Input Load Current Port4 - 0.5 - 0.8 - 0.8
(Vin=0t02.4V) SCI lin - 0.8 — 1.0 - 1.0 mA
Input Leakage Current o
(Vin=01t05.26V) NMI, IRQ1, RESET lin - 2.5 - 5.0 — 5.0 pA
Hi-Z (Off State) Input Current
(Vin=0.5t02.4V) Ports1,2,and3| ITg| - 10 - 20 - 20 rA
Output High Voltage
(ILoad= —85uA, Vcc=Minl*  E, Port4,SC1,SC2| VoH [Vss+2.4| - gg+24] — |Vgg+24 — \
(ILoad= — 100 A, Ve = Min) Other Outputs Vgg+2.4 - Vgs+2.4 - Vss+2.4 " —
Output Low Voitage
(ILoad=2.0mA, Vcc = Min) All Outputs | VoL - [Ngs+05] - |Ngs+06 - [Ngs+06] V
Darlington Drive Current (Vo =1.5V) Port 1 I0H 1.0 4.0 1.0 5.0 1.0 5.0 mA
Internal Power Dissipation
(Measured at Tpo=T|_in Steady-State Operation) PINT - 1200 - 1500 - 1500 mwW
Input Capacitance Port3, Port4, SCI Cin — 125 - 12.5 - 125 pF-
(Vin=0, TA=25°C, f5=1.0 MH2) Other Inputs - 10 - 10 - 10
V¢ Standby Powerdown | Vsgg 4.0 5.25 4.0 5.25 4.0 5.25
Powerup | Vgg 4.75 5.25 4.75 5.25 4.75 5.25 \
Standby Current Powerdown | Isgg — 6.0 - 8.0 - 8.0 mA

*Negotiable to — 100 pA (for further information contact the factory)

THOMSON SEMICONDUCTEURS
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PERIPHERAL PORT TIMING (Refer to Figures 2-5)

EF6801 EF6801-1 | EF68A01 EF68B01
Characteristics Symbol | EF6803 EF6803-1 | EF68A03 | EF68BO03 | ynit

Min | Max | Min | Max [ Min | Max | Min | Max
Peripheral Data Setup Time tppsy | 200 - |20} - (150 ] - [100] - ns
Peripheral Data Hold Time tppy 200 — 20| — | 150 | — | 100 | - ns
Delay Time, Enable Positive Transition to 053 Negative Transition| t0sp1 - | 30| — |30f - |30f - |250{ ns
Delay Time, Enable Positive Transition to 0S3 Positive Transition | tospz | — | 30| — [ 30| — [300 ]| - [ 260 | ns
Delay Time, Enable Negative Transition to Peripheral Data Valid tPWD — 130} — |30} -~ |]30| -~ | 20| ns

i n. N i iti
D rerphers CMOS Dava vl femos | — | 20| - |20 - 120 | — |20 | 4
Input Strobe Pulse Width tPwis 200 — J 20| - 150 | — 100 - ns
Input Data Hold Time tiH 50 - 50 - 40 - 30 - ns
Input Data Setup Time s 20 - 20 - 20 - 20 - ns
FIGURE 2 — DATA SETUP AND HOLD TIMES FIGURE 3 — DATA SETUP AND HOLD TIMES
(MPU READ) (MPU WRITE)

MPU Write
&—MPU Read

E #
tPDSU

tPDH
P10-P17
P20-P24 4 By WO L —L07Vee
PA40-P47 Data Valid J ’.‘
Inputs tPDH All Data
>g D )
tPDSU -1€—3> Port Outputs A ata Valid

4 p
”,3°"’37. X Data Vahd P(
i — i NOTES:
1 10 k Pullup resistor required for Port 2 to reach 0.7 VCC
2 Not applicable to P21

3 Port 4 cannot be pulled above VCC

*Port 3 Non-Latched Operation (LATCH ENABLE = 0)

FIGURE 4 —PORT 3 OUTPUT STROBE TIMING FIGURE 5 — PORT 3 LATCH TIMING
(EF6801 SINGLE-CHIP MODE) (EF6801 SINGLE-CHIP MODE)

r MPU access of Port 3*
. — —_—
N\ -
- 1153 tPWIS

Address (s0006) >< X

Bus FUH

> |<oso1 > l=tosp2 ~
0s3 'PGO-P37 Data Valid
nputs

*Access matches Output Strobe Select (0SS = 0, a read;
0SS =1, a write)

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noteg.

4/40
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BUS TIMING (See Notes 1 and 2)

EF6801 EF6801-1 EF68A01 | EF68B01
Nl::\n;‘ ; Characteristics Symbol | EF6803 | EF6803-1 | EF68A03 § EF68B03 | Unit
Min | Max | Min | Max | Min | Max | Min | Max
1 Cycle Time teye 1.0 | 20| 08| 20 10667 20 | 05 |} 20 | us
2 Pulse Width, E Low PWg | 430 |1000| 360 | 1000 | 300 | 1000 | 210 {1000| ns
3 Pulse Width, E High PWgy | 450 |1000] 360 { 1000 | 300 | 1000 | 220 [1000| ns
4 Clock Rise and Fall Time tr. tf - 25 - 25 — 25 - 20 ns
9 Address Hold Time tAH 20 - 20 - 20 — 10 - ns
12 Non-Muxed Address Valid Time to E* tAV 200 | — 150 | — 15| - 70 - ns
17 Read Data Setup Time tDSR 80 — 70 - 60 - 40 - ns
18 Read Data Hold Time tDHR 10 - 10 - 10 - 10 - ns
19 Write Data Delay Time tppw | — | 26| - [ 200} - | 170 | — [120| ns
21 Write Data Hold Time toHw | 20 - 20 - 20 - 10 - ns
22 Muxed Address Valid Time to E Rise® tAYM | 200 | — ] 180 — | 116 | — 80 - ns
24 Muxed Address Valid Time to AS Fall* tASL 60 - 50 - 40 - 20 - ns
25 Muxed Address Hold Time tAHL 20 - 20 - 20 - 10 - ns
26 Delay Time, E to AS Rise® tASD | 90°*] — |70 — |j60°"| — ]45°°] — ns
27 Pulse Width, AS High* PWagH | 220 — 170 | - 140 — 10 — ns
28 Delay Time, AS to E Rise® tASED | 90 = 70 — 60 — 45 — ns
29 Usable Access Time*® tACC | 595 | — | 465 | — |38 ) — 270 — ns

* At specified cycle time.

**taSpD Parameters listed assume external TTL clock drive with 50 % *5 % duty cycle. Devices driven by an external TTL clock with 50 %
+ 1 % duty cycle or which use a crystal have the following tagp specifications : 100 ns min. (1.0 MHz devices), 80 ns min. (1.25 MHz de-
vices), 65 ns min. (1.6 MHz devices), 50 ns min. (2.0 MHz devices).

FIGURE 6 — BUS TIMING

1. Voltage levels shown are V| <0.5 V, V4 =2.4 V, unless otherwise specified.
2. Measurement points shown are 0.8 V-and 2.0V, unless otherwise specified.

3. Usable access time is computed by: 12+3~17+4,

4. Memory devices should be enabled only during E high to avoid Port 3 bus contention.
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FIGURE 7 — CMOS LOAD

Test Point ;)j
I 30 pF

FIGURE 8 — TIMING TEST LOAD PORTS 1,2, 3, 4

Vece

RL1.8kQ

1N916
or Equiv.

Test Point

1N4148
or Equiv.

C=90 pF for P30-P37, P40-P47, E, SC1, SC2
=30 pF for P10-P17, P20-P24

R=37.kQ for P40-P47, E, SC1, SC2
=24 kQ for P10-P17, P20-P24
=24 kQ for P30-P37

INTRODUCTION

The EF6801 isan 8-bit mgnolithic microcomputer which
can be configured to function in a wide variety of applica-
tions. The facility which provides this extraordinary flexibility
is its ability to be hardware programmed into eight different
operating modes. The operating mode controls the con-
figuration of 18 of the 40 MCU pins, available on-chip
resources, memory map, location (internal or external) of in-
terrupt vectors, and type of external bus. The configuration
of the remaining 22 pins is not dependent on the operating
mode.

Twenty-nine pins are organized as three 8-bit ports and
one 5-bit port. Each port consists of at least a Data Register
and a write-only Data Direction Register. The Data Direction
Register is used to define whether corresponding bits in the
Data Register are configured as an input (clear) or output
(set).

6/40
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The term “port,” by itself, refers to all of the hardware
associated with the port. When the port is used as a “data
port” or “1/0 port,” it is controlled by the port Data Direc-
tion Register and the programmer has direct access to the
port pins using the port Data Register. Port pins are labled as
Pij where i identifies one of four ports and j indicates the par-
ticular bit.

The Microprocessor Unit (MPU) is an enhanced EF6800
MPU with additional capabilities and greater throughput. Itis
upward source and object code compatible with the
EF6800. The programming model is depicted in Figure 9,
where Accumulator D is a concatenation of Accumulators A
and B. A list of new operations added to the 6800 instruc-
tion set are shown in Table 1.

The EF6803 can be considered an EF6801 that operates
in Modes 2 and 3 only.
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FIGURE 9 — PROGRAMMING MODEL

7 A

15

ol l7 8 0
D

8-Bit Accumulators A and B
0 Or 16-Bit Double Accumulator D

ﬂ Index Register (X)

0] Stack Pointer (SP)

q Program Counter (PC)

I15 X

I's sP

|£ PC
7 0
Tp1jH]

N]Z}V]C] Condition Code Register (CCR)

Y

Carry/Borrow from MSB
Overflow

Zero

Negative

Interrupt

Half Carry (From Bit 3)

t=

OPERATING MODES

The EF6801 provides eight different operating modes
(Modes O through 7), the EF6803 provides two operating
modes (Modes 2 and 3). The operating modes are hard-
ware selectable and determine the device memory map, the
configuration of Port 3, Port 4, SC1, SC2, and the physical
location of the interrupt vectors.

FUNDAMENTAL MODES

The eight operating modes can be grouped into three fun-
damental modes which refer to the type of bus it supports:
Single Chip, Expanded Non-Multiplexed, and Expanded
Multiplexed. Single chip modes include 4 and 7, Expanded

Non-Multiplexed is Mode 5 and the remaining five are Ex-
panded Multiplexed modes. Table 2 summarizes the
characteristics of the operating modes.

EF6801 Single-Chip Modes (4,7)

In the Single-Chip Mode, the four MCU ports are con-
figured as parallel input/output data ports, as shown in
Figure 10. The MCU functions as a monolithic microcom-
puter in these two modes without external address or data
buses. A maximum of 29 1/0 lines and two Port 3 control
lines are provided. Peripherals or another MCU can be inter-
faced to Port 3in a loosely coupled dual processor configura-
tion, as shown in Figure 11.

TABLE 1 — NEW INSTRUCTIONS

Instruction Description
ABX Unsigned addition of Accumulator B to Index Register
ADDD Adds (without carry) the double accumulator to memory and leaves the sum in the double accumulator
ASLD or LSLD|Shifts the double accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C-bit

BHS Branch if Higher or Same; unsigned conditional branch (same as BCC)

BLO Branch if Lower; Unsigned conditional branch (same as BCS)

BRN Branch Never

JSR Additional addressing mode: direct

LDD Loads double accumulator from memory

LSL Shifts memory or accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C-bit (same as

ASL)

LSRD Shifts the double accumulator right (towards LSB) one bit; the MSB is cleared and the LSB is shifted into the C-bit
MUL Unsigned Itiply; Itiplies the two acct I s and leaves the product in the double accumulator
PSHX Pushes the index Register to stack

PULX Pulls the Index Register from stack

STD Stores the double accumulator to memory
SuBD Subtracts memory from the double accumulator and leaves the difference in the double accumulator

CPX Internal processing modified to permit its use with any conditional branch instruction

THOMSON SEMICONDUCTEURS
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In Single-Chip Test Mode (4), the RAM responds to
$XX80 through $XXFF and the ROM is removed from the in-
ternal address map. A test program must first be loaded into
the RAM using modes 0, 1, 2, or 6. If the MCU is Reset and
then programmed into Mode 4, execution will begin at
$XXFE:XXFF. Mode 5 can be irreversibly entered from Mode
4 without asserting RESET by setting bit 5 of the Port 2 Data
Register. This mode is used primarily to test Ports 3and 4 in
the Single-Chip and Non-Multiplexed Modes.

EF6801 Expanded Non-Multiplexed Mode (5)

A modest amount of external memory space is provided in
the Expanded Non-Multiplexed Mode while significant on-
chip resources are retained. Port 3 functions as an 8-bit

bidirectional data bus and Port 4 is configured initially
as an input data port. Any combination of the eight least-
significant address lines may be obtained by writing to the
Port 4 Data Direction Register. Stated alternatively, any
combination of AQ to A7 may be provided while retaining the
remainder as input data lines. Internal pullup resistors pull
the Port 4 lines high until the port is configured.

Figure 12 illustrates a typical system configuration in the
Expanded Non-Multiplexed Mode. The MCU interfaces
directly with 6800 family parts and can access 256 bytes of
external address space at $100 through $1FF. 10S provides
an address decode of external memory ($100-$1FF) and can
be used as a memory page select or chip select line.

TABLE 2 — SUMMARY OF EF6801/03 OPERATING MODES

Common to all Modes:
Reserved Register Area
Port 1

Port 2

Programmable Timer

Serial Communications Interface

Single Chip Mode 7

Port 4 is a parallel /0 port
SC1 is Input Strobe 3 (IS3)

128 bytes of RAM; 2048 bytes of ROM
Port 3 is a parallel I/0 port with two control lines

SC2 is utput Strobe 3 (0S3)

Port 3 is an 8-bit data bus

SC2 is Read/Write (R/W)

Expanded Non-Multiplexed Mode 5
128 bytes of RAM; 2048 bytes of ROM
256 bytes of external memory space

Port 4 is an input port/address bus
SC1 is Input/Output Select (I0S)

SC1 is Address Strobe (AS)
SC2 is Read/Write (R/W)

Expanded Multiplexed Modes 1, 2, 3, 6*
Four memory space options (64K address space):
(1) No internal RAM or ROM (Mode 3)
{2) Internal RAM, no ROM (Mode 2)
(3) Internal RAM and ROM (Mode 1)
(4) Internal RAM, ROM with partial address bus {(Mode 6)
Port 3 is a multiplexed address/data bus
Port 4 is an address bus (inputs/address in Mode 6)

Test Modes 0 and 4

Expanded Multiplexed Test Mode O
May be used to test RAM and ROM

Single Chip and Non-Multiplexed Test Mode 4
(1) May be changed to Mode 5 without going through Reset
(2) May be used to test Ports 3 and 4 as 1/0 ports

*The EF6803 operates only in modes 2 and 3

A THOMSON SEMICONDUCTEURS
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FIGURE 10 — SINGLE-CHIP MODE

FIGURE 11 — SINGLE-CHIP DUAL PROCESSOR CONFIGURATION

Vclc Vti‘,c vee
XTALT  |—®E —xTAal1 —eE _—{x7aC1 E_
- - o— NMI NMI
e O
_"'—-ﬂsxm.z fo—— NMI T JextaL2 Ra1 T {exTAL2 IRQ1
Ve Standby ——— Ve Standby ——e Vce Standby ——e
RESET —o RESET—o
RESET— o EF6s01  [e—TRQ1 SET EF6801 EF6801
Port 1 Port 3, 81/0 Lines Port 1
Port 1 Port 3 310 4 |— 81/0
81/0 Lines _8 170 Lines Lines _ Lines
jo—— 1S3 0S3 53
Port 2
'or'
Port 4
Port 4 Port 2 51/0 Lines 510
81/0 Lines 51/0 Lines 'SCI' Lines
+. Serial 170 16-Bit Timer = Port 4 Port 2 =
= 16-Bit Timer ol 8170 51/0 Lines -
v %
vss ss Lines SCl ss
16-Bit Timer
FIGURE 12 — EXPANDED NON-MULTIPLEXED CONFIGURATION
Vcl:c vee
XTAL1 | —eE
__—{XTALT .;ong — 8 (00-D7)
- jo—— NI - otd - (AO-AT)
EXTAL2 T Jexraz  [BS —10S
Vee Standby ——es lo—— TRQ1 Vce Standby ——e R/W oR/W
— E P
RESET——e| EF6801 REE—;-T EF6801 E
iRQ1—
Pt R - ...
81/0 Lines 8 Data Lines Port 1
—— R/W 81/0
Port 2 i
51/0 < 108 Port 2
Lines Port 4 51/0
Serial 1/0 To8. sci
16-Bit Timer L Address Lines Timer I
= =
Vss ss RAM PIA ACIA
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Expanded-Multiplexed Modes (0, 1, 2, 3, 6)

A 64K byte memory space is provided in the expanded
multiplexed modes. In each of the expanded multiplexed
modes Port 3 functions as a time multiplexed address/data
bus with address valid on the negative edge of Address
Strobe (AS), and data valid while E is high. In Modes 0 to 3,
Port 4 provides address lines A8 to A15. In Mode 6, however,
Port 4 initially is configured at RESET as an input data port.
The port 4 Data Direction Register can then be changed to
provide any combination of address lines, A8 to A15. Stated
alternatively, any subset of A8 to A15 can be provided while
retaining the remaining port 4 lines as input data lines. Inter-
nal pullup resistors pull the Port 4 lines high until software
configures the port.

In Mode 0, the Reset vector is external for the first two
E-cycles after the positive edge of RESET, and internal
thereafter. In addition, the internal and external data buses
are connected so there must be no memory map overlap in
order to avoid potential bus conflicts. Mode 0 is used
primarily to verify the ROM pattern and monitor the internal
data bus with the automated test equipment.

Only the EF6801 can operate in each of the expanded
multiplexed modes. The EF6803 operates only in Modes 2
and 3.

Figure 13 depicts a typical configuration for the Expanded-

Multiplexed Modes. Address Strobe can be used to control a
transparent D-type latch to capture addresses AO-A7, as
shown in Figure 14. This allows Port 3 to function as a Data
Bus when E is high.

PROGRAMMING THE MODE

The operating mode is determined at RESET by the levels
asserted on P22, P21, and P20. These levels are latched into
PC2, PC1, and PCO of the program control register on the
positive edge of RESET. The operating mode may be read
from the Port 2 Data Register as shown below, and program-
ming levels and timing must be met as shown in Figure15. A
brief outline of the operating modes is shown in Table 3.

PORT 2 DATA REGISTER
7 6 5 4 3 2 1 0

IPC2]PC1]PCOJP24|P23IP22|P21 |P2OI $0003

Circuitry to provide the programming levels is dependent
primarily on the normal system usage of the three pins. If
configured as outputs, the circuit shown in Figure 16 may be
used; otherwise, three-state buffers can be used to provide
isolation while programming the mode.

TABLE 3 — MODE SELECTION SUMMARY

Mode* | 725 | pey | o | Rom | Ram | Verom | wods tode”
7 H H H | | | | Single Chip
6 H H L | | | mux (5. 6) Multiplexed/Partial Decode
5 H L H | 1 1 NMUX'S. 6) | Non-Multiplexed/Partial Decode
4 H L L 12 o | | Single Chip Test
3 L H H E E E Mux4) Multiplexed/No RAM or ROM
2 L H L E | E Mux4) Multiplexed/RAM
1 L L H | | E Mux4) Multiplexed/RAM & ROM
] L L L | | 3 Mux @) Multiplexed Test
I — Internal (1) Internal RAM is addressed at $XX80
E — External (2) Internal ROM is disabled

MUX — Multiplexed
NMUX — Non-Multiplexed
L — Logic 0"

H — Logic "1"

1,2,and 3

(3) RESET vector is external for 2 cycles after RESET goes high
(4) Addresses associated with Ports 3 and 4 are considered external in Modes O,

(5) Addresses associated with Port 3 are considered external in Modes 5 and 6

(6) Port 4 default is user data input; address output is optional by writing to Port 4
Data Direction Register

*The EF6803 operates only in Modes 2 and 3

10/40
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FIGURE 13 — EXPANDED MULTIPLEXED CONFIGURATION
Vece
1

XTAL1 —>» E
-_—
T Jextal2  je—nMI
Vce Standby ——3pd
RESET ——30 e
EF6801 [€—IRQ1
EF6803
Port 1 8”‘5{‘ 3
nes
8170 Lines “ “_Mulnplexed Data/Address
—»R/W
Port 2 AS
: Py
51/0 Lines ” 8 E::‘:s
Serial 1I/0 Address Bus
16-Bit Timer
Vss
Vee
L XTAL1
fr— Port3 8 8 o Data Bus
T ExTAL2 AS (D0-D7)
Vce Standby ——3pf
AEser ——» EF6801 |FPort4 . Address Bus
NMI —» EF6803 | o 16 " (AO-A15)
RQT —» > R/W
E
Port 1 > E
8170
Port 2
51/0
sci
Timer
Vss
ROM RAM PIA

NOTE: To avoid data bus (Port 3) contention in the expanded multiplexed modes, memory devices should be enabled only during E high time.

FIGURE 14 — TYPICAL LATCH ARRANGEMENT

Data: Do-D7

GND »—
AS > ]
> G OcC
> D1 Q1
> L
> e
Port 3 > 7418373 |———> .
Address/Data > (Typical)  jm—e— Address: Ap-A7
»
>
» >
> >
Ds Qg
>
>
>
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FIGURE 15 — MODE PROGRAMMING TIMING

See Figure 16

RESET for Diode Arrangement
VMPDD
———
Z VMPL
(P20, P21, P22) 7 Mode L
ode Latch
Mode Inputs VMPH Min — == Level
(P20, P21, P22) VMPL Max ESE
MODE PROGRAMMING (Refer to Figure 15)
Characteristic Symbol | Min | Max | Unit
Mode Programming Input Voltage Low* VMPL — 1.8 \
Mode Programming Input Voltage High VMPH 4.0 - \"
Mode Programming Diode Differential (If Diodes are Used) VMPDD 0.6 - "
RESET Low Pulse Width PWRsTL | 30 | — |E-Cycles
Mode Programming Setup Time tMPS 20 — | E-Cycles
Mode Programming Hold Time
Rise Time=1 us tMPH 0 - ns
RESET Rise Time< 1 us 100 | —
*For TA=—40°C to + 105°C, V\MpPL=1.7 V.
FIGURE 16 — TYPICAL MODE PROGRAMMING CIRCUIT
Vee
> o
< <
g Rig R1G A
< < ﬁ <
6
RESET» RESET
P20« o P20 (PCO)
P21 " P21 (PC1)
P22 P22 (PC2)
Mode
Control EF6801
Switches EF6803

Notes:
1. Mode 7 as shown

2. RyeC = Reset time constant

3. Ry =10 k (typical)

4. D=1N914, 1N4001 (typical)

5. Diode V¢ should not exceed VpMpDD min.

MEMORY MAPS

The 6801 Family can provide up to 64K byte address
space depending on the operating mode. A memory map for

each operating mode is shown in Figure

12/40

17.

.,HL.

The first 32 locations of each map are reserved for the inter-
nal register area, as shown in Table 4, with exceptions as in-

dicated.
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FIGURE 17 — EF6801/03 MEMORY MAPS (Sheet 1 of 3)

Multiplexed- Test Mode

EF6801
Mode

$0000(1)
Internal Registers
$001F
External Memory Space
$0080
+ Internal RAM
$00FF 4
p External Memory Space
$F800 <
Internal ROM
$FFFF(2) 7 Internal Interrupt Vectors(2)
NOTES:

1) Excludes the following addresses which may be
used externally: $04, $05, $06, $07, and $OF.

2) Addresses $FFFE and $FFFF are considered
external if accessed within two cycles after a
positive edge of RESET and internal at all other
times.

3) After two MPU cycles, there must be no over-
lapping of internal and external memory spaces
to avoid driving the data bus with more than one
device.

4) This mode is the only mode which may be used
to examine the interrupt vectors in internal ROM
using an external RESET vector.

EF6801
Mode

Muiltiplexed/ RAM and ROM

$0000t1)
/ Internal Registers
$001F
External Memory Space
$0080
Internal RAM
$00FF
External Memory Space
$F800
Internal ROM
$FFEF
SFFFO External Interrupt Vectors
$FFFF
NOTES:

1) Excludes the following addresses which may be
used externally: $04, $05, $06, $07, and $OF.

2) Internal ROM addresses $FFFO to $FFFF are not
usable.

THOMSON SEMICONDUCTEURS
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FIGURE 17 — EF6801/03 MEMORY MAPS (Sheet 2 of 3)

EF6801
EF6803 Z
Mode

Muitiplexed/ RAM

$0000( 1) 3
% } Internal Registers
$001F

} External Memory Space

$0080

$OOFF 24

} Internal RAM

External Memury Space

$FFFO
$FFFF

External Interrupt Vectors

NOTES:
1) Excludes the following addresses which may be
used externally: $04, $05, $06, $07, and $OF.

EF6801
EF6803
Mode

Multiplexed/No RAM or ROM
$0000(1)
} Internal Registers
$001F <
External Memory Space
$FFFO
} External Interrupt Vectors
$FFFF
NOTES:

1) Excludes the following addresses which may be
used externally: $04, $05, $06, $07, and $OF.

EF6801
Mode

Single-Chip Test

$0000
} Internal Registers
$001F
Unusable (1(4)
$XX80 } Internal RAM
$XXFF Internal Interrupt Vectors
NOTES:

1) The internal ROM is disabled.

2) Mode 4 may be changed to Mode 5 without hav-
ing to assert RESET by writing a one into the
PCO bit of the port 2 data register.

Addresses A8 to A15 are treated as “'don’t cares”’
to decode internal RAM.

Internal RAM will appear at $XX80 to $XXFF.

3]

4
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FIGURE 17 — EF6801/03 MEMORY MAPS (Sheet 3 of 3)

EF6801
Mode

Non-Multiplexed/ Partial Decode

$0000( 1)
SO01F } Internal Registers
Unusable
$0080
Internal RAM
$0OFF
$0100
External Memory Space
$01FF
Unusable
$F800
7
/ 4/ Internal ROM
75
$FFFF Internal Interrupt Vectors
NOTES:

1) Excludes the following addresses which may not
be used externally: $04, $06, and $OF (no 10S).

2) This mode may be entered without going
through RESET by using mode 4 and subse-
quently writing a one into the PCO bit of the port
2 data register.

3) Address lines AO to A7 will not contain addresses
until the data direction register for port 4 has
been written with ones in the appropriate bits.
These address lines will assert ones until made
outputs by writing the data direction register.

EF6801
Mode

Muitiplexed/ Partial Decode

$0000 1)
N Internal Registers
$001F
External Memory Space
$0080
Internal RAM
$00FF 4
External Memory Space
$F800 3
Internal ROM
SFFFF J Internal Interrupt Vectors
NOTES:

1) Excludes the following addresses which may be
used externally: $04, $06, and $OF.

2) Address lines AB-A15 will not contain addresses
until the data direction register for port 4 has
been written with ones in the appropriate bits.
These address lines will assert ones until made
outputs by writing the data direction register.

EF6801
Mode

Single Chip
[0 0/s Je—
s001F ,//////////% ) Internal Registers
Unusable
$0080 ¢
} Internal RAM
$O00FF ?
Unusable
$F800 %
/ Internal ROM
SFFFF % Internal Interrupt Vectors
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EF6801/03 INTERRUPTS

The 6801 Family supports two types of interrupt re-
quests: maskable and non-maskable. A Non-Maskable Inter-
rupt (NMI) is always recognized and acted upon at the com-
pletion of the current instruction. Maskable interrupts are
controlled by the Condition Code Register I-bit and by in-
dividual enable bits. The I-bit controls ‘all maskable inter-
rupts. Of the maskable interrupts, there are two types: IRQ1
and TRQ2. The Programmable Timer and Serial Communica-
tions Interface use an internal IRQ2 interrupt line, as shown
in Figure 1. External devices (and 1S3) use TRQT. An IRQ1 in-
terrupt is serviced before IRQ2 if both are pending.

All IRQ2 interrupts use hardware prioritized vectors. The
single SCI interrupt and three timer interrupts are serviced in
a prioritized order and each is vectored to a separate loca-
tion. All interrupt vector locations are shown in Table 5.

The Interrupt flowchart is depicted in Figure 18 and is
common to every interrupt excluding reset. During interrupt
servicing the Program Counter, Index Register, A Ac-
cumulator, B Accumulator, and Condition Code Register are
pushed to the stack. The I-bit is set to inhibit maskable inter-
rupts and a vector is fetched corresponding to the current
highest priority interrupt. The vector is transferred to the
Program Counter and instruction execution is resumed. In-
terrupt and RESET timing are illustrated in Figures 19 and 20.

FUNCTIONAL PIN DESCRIPTIONS

Vce AND Vss

Ve and VsS provide power to a large portion of the
MCU. The power supply should provide +5 volts (+5%) to
Vce, and VsS should be tied to ground. Total power
dissipation (including Vcc Standby), will not exceed Pp
milliwatts.

Vcc STANDBY
V¢ Standby provides power to the standby portion ($80
through $BF) of the RAM and the STBY PWR and RAME
bits of the RAM Control Register..Voltage requirements de-
pend on whether the device is in a powerup or powerdown
state. In the powerup state, the power supply should provide
+5 volts (+5%) and must reach Vgg volts before RESET
reaches 4.0 volts. During powerdown, Vcc Standby must
remain above Vsgp (min) to sustain the standby RAM and
STBY PWR bit. While in powerdown operation, the standby
current will not exceed ISBB.

It is typical to power both V¢ and Ve Standby from the
same source during normal operation. A diode must be used

16/40
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between them to prevent supplying power to V¢ during
powerdown operation. Vcc Standby should be tied to
ground in Mode 3.

TABLE 4 — INTERNAL REGISTER AREA

Register Address

Port 1 Data Direction Register*** 00
Port 2 Data Direction Register *** 01
Port 1 Data Register 02
Port 2 Data Register 03
Port 3 Data Direction Register """ 04
Port 4 Data Direction Register*** 05°**
Port 3 Data Register 06*
Port 4 Data Register o7**
Timer Control and Status Register 08
Counter (High Byte) 09
Counter (Low Byte) 0A
Output Compare Register (High Byte) oB
Output Compare Register (Low Byte) oc
Input Capture Register (High Byte) oD
Input Capture Register (Low Byte) OE
Port 3 Control and Status Register OF*
Rate and Mode Control Register 10
Transmit/Receive Control and Status Register 1
Receive Data Register 12
Transmit Data Register 13
RAM Control Register 14
Reserved 15-1F

“External addresses in Modes 0, 1, 2, 3, 5, 6; cannot be accessed
in Mode 5 (No 10S)
**External addresses in Modes 0, 1, 2, 3
***1=0utput, 0=Input

TABLE 5 — MCU INTERRUPT VECTOR LOCATIONS

[msB LSB Interrupt

FFFE_| FFFF RESET

FFFC | FFFD NMI

FFFA FFFB Software Interrupt (SWI)
FFF8 | FFF9 IRQ1 (or 1S3)

FFF6 FFF7 ICF (Input Capture)®
FFF4 FFFS OCF (Output Compare)*
FFF2 FFF3 TOF (Timer Overflow)®
FFFO FFF1 | SCI (RDRF+ ORFE+ TDRE)*

*IRQ2 Interrupt
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RESET

Vector PC

[ reset | rerereer |

EXECUTE

FIGURE 18 — INTERRUPT FLOWCHART

Stack Machine State
PC. X, A, B, CC

Y

Condition Code Register

| > ITMP
1

<

SCI=TIESTDRE + RIE®(RDRF + ORFE)

Non-Maskable Interrupt
Software Interrupt
Interrupt Request 1

Vector 3» PC
NMI FFFC:FFFD
Swi FFFAFFFB
IRQ1 FFF8.FFF9 A
ICF FFFE.FFF7
OCF FFF4.FFF5
TOF FFF2.FFF3
scl FFFOFFF1

Input Capture Interrupt

Output Compare Interrupt

Timer Overflow Interrupt

SCl Interrupt (TDRE + RDRF + ORFE)
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FIGURE 19 — INTERRUPT SEQUENCE

#11

Cycle
Last Instruction —‘ #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #12

- Uy uryyyyuaruy

I-Bit Set
int !
adiress Bus XX X XX XX XX XX X XXX
Op Code Op Code SP(n) SP(n-1) SP(n-2) SP(n-3) SP(n-4) SP(n-5) SP(n-6) SP(n-7) Vector Vector New PC
Addr  Addr + 1 MSB Addr LSB Addr Address
Rai
—>| f&trcs
PR — \
NMI or IRQ2
—>| fe—trcs

Internal 3 X D¢ X_J:_:X X X X X X X - X X X X

Data Bus
Cod - -1 - - A Irrelevant  Vector  Vector First Inst. of
Op e OD*C10de PCO-7 PC8-15 XO0-7 X 8-15 ACCA CCB CCR ’Data e S5 Tnrerrunt Routine
Internal R/W \

FIGURE 20 — RESET TIMING

— 525V I — — ¢ |
{ A
Vee f4._75V
!: tRC »| [«—trPcs - tPCS
RESET ) ) 7 40V 08
AR AN} 8V

internal
Adaress Bus SERNRRRIRRRRTTRRLR {RRRRRRRRRRRRRRRRRRRRR U X XX X X XXX
FFFE ' °'FFFE  FFFE FFFE  FFFF  New PC FFFE FFFE

internal
Bare o SSRERTRTTRTRTRRARY 4TIERREERRRRIIRRRRRRRRRRRRRRRON XX XXX, oo

PC 8-15 PCO-7 First
NN Hot valid

Instruction
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XTAL1 AND EXTAL2

These two input pins interface either a crystal or TTL com-
patible clock to the MCU internal clock generator. Divide-by-
four circuitry is included which allows use of the inexpensive
3.58 MHz or 4.4336 MHz Color Burst TV crystals. A 20 pF
capacitor should be tied from each crystal pin to ground to
ensure reliable startup and operation. Alternatively, EXTAL2
may be driven by an external TTL compatible clock at 4fg
with a duty cycle of 50% (+5%) with XTAL1 connected to
ground.

The internal oscillator is designed to interface with an AT-
cut quartz crystal resonator operated in parallel resonance
mode in the frequency range specified for fxTaL. The
crystal should be mounted as close as possible to the input
pins to minimize output distortion and startup stabilization
time.* The MCU is compatible with most commercially
available crystals. Nominal crystal parameters are shown in
Figure 21.

RESET

This input is used to reset the internal state of the device
and provide an orderly startup procedure. During powerup,
RESET must be held below 0.8 volts: (1) at least tRC after
V( reaches 4.75 volts in order to provide sufficient time for
the clock generator to stabilize, and (2) until Vc¢ Standby
reaches 4.75 volts. RESET must be held low at least three
E-cycles if asserted during powerup operation.

E (ENABLE)

This is an output clock used primarily for bus synchroniza-
tion. It is TTL compatible and is the slightly skewed divide-
by-four result of the device input clock frequency. it will
drive one Schottky TTL load and 90 pF, and all data given in
cycles is referenced to this clock unless otherwise noted.

NMi (NON-MASKABLE INTERRUPT)

An.NMi negative edge requests an MCU interrupt se-
quence, but the current instruction will be completed before
it responds to the request. The MCU will then begin an inter-
rupt sequence. Finally, a vector is fetched from $FFFC and
$FFFD, transferred to the Program Counter and instruction
execution is resumed. NMI typically requires a 3.3 k@
(nominal)_resistor to Vcc. There is no internal NMT pullup
resistor. NMI must be held low for at least one E-cycle to be
recognized under all conditions.

IRQ1 (MASKABLE INTERRUPT REQUEST 1)

IRQ1 is a level-sensitive input which can be used to re-
quest an interrupt sequence. The MPU will complete the cur-
rent instruction before it responds to the request. If the inter-
rupt mask bit (I-bit) in the Condition Code Register is clear,
the MCU will begin an interrupt sequence. A vector is fetch-
ed from $FFF8 and $FFF9, transferred to the Program
Counter, and instruction execution is resumed.

IRQ1 typically requires an external 3.3 k@ (nominal)
resistor to V¢ for wire-OR applications. TRQ1 has no inter-
nal pullup resistor.

SC1 AND SC2 (STROBE CONTROL 1 AND 2)

The function of SC1 and SC2 depends on the operating
mode. SC1 is configured as an output in all modes except
single chip mode, whereas SC2 is always an output. SC1
and SC2 can drive one Schottky load and 90 pF.

THOMSON SEMICONDUCTEURS
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SC1 and SC2 In Single-Chip Mode

In Single-Chip Mode, SC1 and SC2 are configured as an
input and output, respectively, and both function as Port 3
control lines. SC1 functions as 153 and can be used to in-
dicate that Port 3 input data is ready or output data has been
accepted. Three options associated with 153 are controlled
by Port 3 Control and Status Register and are discussed in
the Port 3 description. If unused, 153 can remain uncon-
nected.

SC2 s configured as OS3 and can be used to strobe out-
put data or acknowledge input data. It is controlled by Out-
put Strobe Select (OSS) in the Port 3 Control and Status
Register. The strobe is generated by a read (0SS=0) or
write (0SS=1) to the Port 3 Data Register. 053 timing is
shown in Figure 4.

SC1 And SC2 In Expanded Non-Multiplexed Mode

In the Expanded Non-Multiplexed Mode, both SC1 and
SC2 are configured as outputs. SC1 functions as Input/Out-
put Select (T0S) and is asserted only when $0100 through
$01FF is sensed on the internal address bus.

SC2 is configured as Read/Write and is used to control
the direction of data bus transfers. An MPU read is enabled
when Read/Write and E are high.

SC1 And SC2 In Expanded Multiplexed Mode

In the Expanded Multiplexed Modes, both SC1 and SC2
are configured as outputs. SC1 functions as Address Strobe
and can be used to demultiplex the eight least significant ad-
dresses and the data bus. A latch controlled by Address
Strobe captures address on the negative edge, as shown in
Figure 14.

SC2 is configured as Read/Write and is used to control
the direction of data bus transfers. An MPU read is enabled
when Read/Write and E are high.

P10-P17 (PORT 1)

Port 1 is a mode independent 8-bit I/O port with each line
an input or output as defined by the Port 1 Data Direction
Register. The TTL compatible three-state output buffers can
drive one Schottky TTL load and 30 pF, Darlington tran-
sistors, or CMOS devices using external pullup resistors. It is
configured as a data input port by RESET. Unused lines can
remain unconnected.

P20-P24 (PORT 2)

Port 2 is a mode-independent, 5-bit, multipurpose I/0 port.
The voltage levels present on P20, P21, and P22 on the rising
edge of RESET determine the operating mode of the MCU.
The entire port is then configured as a data input port. The
Port 2 lines can be selectively configured as data output lines
by setting the appropriate bits in the Port 2 Data Direction
Register. The Port 2 Data Register is used to move data
through the port. However, if P21 is configured as an out-
put, it will be tied to the timer Output Compare function and
cannot be used to provide output from the Port 2 Data
Register.

Port 2 can also be used to provide an interface for the
Serial Communications Interface and the timer Input Edge
function. These configurations are described in the Pro-
grammable Timer and Serial Communications Interface
(SCI) section.

The Port 2 three-state, TTL-compatible output buffers are
capable of driving one Schottky TTL load and 30 pF, or
CMOS devices using external pullup resistors.

PORT 2 DATA REGISTER

IPC2 lPC1 FCO} P24 IP23| P22 l P21 l P20 I $0003
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FIGURE 21-6801 FAMILY OSCILLATOR CHARACTERISTICS

(a) N

ded Crystal P
N Crystal P
3.58 MHz 4.00 MHz 6.0 MHz 6.0 MHz 8.0 MHz
RS 600 500 30-50 @ 30-50 @ 20-40 2
Co 3.5 pF 6.5 pF 4-6 pF 4-6 pF 4-6 pF
Cq 0.015 pF 0.025 pF 0.01-0.02 pF | 0.01-0.02 pF | 0.01-0.02 pF
Q >40 K >30K >20K >20K >20K

*NOTE: These are representative AT-cut crystal parameters only. Crystals of other

types of cut may also be used.

EF6801

CL CL

CL =20 pF (typical)

2 — W+
— Ly CI1E Rs
2 —
1{—
LAY
Co

(b) Oscillator Stabilization Time (trc)

Equivalent Circuit

€47
vee b 5V

RESET
pvs —" osv
Oscillator
Stabilization
Time. tRC
20/40
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P30-P37 (PORT 3)

Port 3 can be configured as an |/O port, a bidirectional
8-bit data bus, or a multiplexed address/data bus depending
on the operating mode. The TTL compatible three-state out-
put buffers can drive one Schottky TTL load and 90 pF.
Unused lines can remain unconnected.

Port 3 In Single-Chip Mode

Port 3 is an 8-bit 1/0 port in the Single-Chip Mode, with
each line configured by the Port 3 Data Direction Register.
There are also. two lines, 1S3 and 0S3, which can be used to
control Port 3 data transfers.

Three Port 3 options are controlled by the Port 3 Control
and Status Register and are available only in Single-Chip
Mode: (1) Port 3 input data can be latched using 1S3 asa
control signal, (2) OS3 can be generated by either an MPU
read or write to the Port 3 Data Register, and (3) an IRQT in-
terrupt can be enabled by an 1S3 negative edge. Port 3 latch
timing is shown in Figure 5.

PORT 3 CONTROL AND STATUS REGISTER
7 6 5 4 3 2 1 0

1S3
IRQ1 | X
Enable

1S3
Flag

Latch

Enable $000F

0ss

Bit 0-2
Bit 3

Not used.

LATCH ENABLE. This bit controls the
input latch for Port 3. If set, input data
is latched by an 1S3 negative edge. The
latch is transparent after a read of the
Port 3 Data Register. LATCH ENAL-
BLE is cleared during reset.

0SS (Output Strobe Select). This bit
determines whether O0S3 will be
generated by a read or write of the Port
3 Data Register. When clear, the
strobe is generated by a read; when
set, it is generated by a write. 0SS is
cleared during reset.

Not used.

1S3 IRQ1 ENABLE. When set, an TRQT
interrupt will be enabled whenever 1S3
FLAG is set; when clear, the interrupt
is inhibited. This bit is cleared during
reset.

1S3 FLAG. This read-only status bit is
set by an IS3 negative edge. It is
cleared by a read of the Port 3 Control
and Status Register (with 1S3 FLAG
set) followed by a read or write to the
Port 3 Data Register or during reset.

Bit 4

Bit5
Bit 6

Bit 7

Port 3 In Expanded Non-Multiplexed Mode

Port 3 is configured as a bidirectional data bus (D7-D0) in
the Expanded Non-Multiplexed Mode. The direction of data
transfers is controlled by Read/Write (SC2). Data is clocked
by E (Enable).

THOMSON SEMICONDUCTEURS
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Port 3 In Expanded Multiplexed Mode

Port 3 is configured as a time multiplexed address (AQ-A7)
and data bus (D7-D0) in the Expanded Multiplexed Modes,
where Address Strobe (AS) can be used to demultiplex the
two buses. Port 3 is held in a high impedance state between
valid address and data to prevent bus conflicts.

P40-P47 (PORT 4)

Port 4 is configured as an 8-bit 1/0 port, as address out-
puts, or as data inputs depending on the operating mode.
Port 4 can drive one Schottky TTL load and 90 pF and is the
only port with internal pullup resistors. Unused lines can re-
main unconnected.

Port 4 In Single-Chip Mode

In Single-Chip Mode, Port 4 functions as an 8-bit /0 port
with each line configured by the Port 4 Data Direction
Register. Internal pullup resistors allow the port to directly in-
terface with CMOS at 5 volt levels. External pullup resistors
to more than 5 volts, however, cannot be used.

Port 4 In Expanded Non-Muiltiplexed Mode

Port 4 is configured from reset as an 8-bit input port,
where the Port 4 Data Direction Register can be written to
provide any or all of eight address lines, A0 to A7. Internal
pullup resistors pull the lines high until the Port 4 Data Direc-
tion Register is configured.

Port 4 In Expanded Multiplexed Mode

In all Expanded Multiplexed modes except Mode 6, Port 4
functions as half of the address bus and provides A8 to A15.
In Mode 6, the port is configured from reset as an 8-bit
parallel input port, where the Port 4 Data Direction Register
can be written to provide any or all of upper address lines A8
to A15. Internal pullup resistors pull the lines high until the
Port 4 Data Direction Register is configured, where bit 0 con-
trols A8.

RESIDENT MEMORY

The EF6801 provides 2048 bytes of on-board ROM and
128 bytes of on-board RAM.

One half of the RAM is powered through the V¢ standby
pin and is maintainable during Vcc powerdown. This stand-
by portion of the RAM consists of 64 bytes located from $80
through $BF.

Power must be supplied to VcC standby if the internal
RAM is to be used regardless of whether standby power
operation is anticipated.

The RAM is controlled by the RAM Control Register.

RAM CONTROL REGISTER ($14)

The RAM Control Register includes two bits which can be
used to control RAM accesses and determine the adequacy
of the standby power source during powerdown operation.
It is intended that RAME be cleared and STBY PWR be set
as part of a powerdown procedure.
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RAM CONTROL REGISTER
7 6 5 4 3 2 1 0
STBY|[RAME| X X X X | x X
PWR
Bit 0-5 Not used.
Bit 6 RAME RAM Enable. This read/write bit can

Bit 7 STBY PWR

22/40

be used to remove the entire RAM
from the internal memory map. RAME
is set (enabled) during reset provided
standby power is available on the posi-
tive edge of RESET. If RAME is clear,
any access to a RAM address is exter-
nal. If RAME is set and not in mode 3,
the RAM is included in the internal
map.

Standby Power. This bit is a
read/write status bit which, when
once set, remains set as long as VCC
standby remains above Vggg (mini-
mum). As long as this bit is set follow-
ing a period of standby operation, the
standby power supply has adequately
preserved the data in the standby
RAM. If this bit is cleared during a
period of standby operation, it indi-
cates that V¢ standby had fallen to a
level sufficiently below Vggg (mini-
mum) to suspect that data in the
standby RAM is not valid. This bit can
be set only by software and is not af-
fected during reset.

PROGRAMMABLE TIMER

The programmable timer can be used to perform input
waveform measurements while independently generating an
output waveform. Pulse widths can vary from several micro-
seconds to many seconds. A block diagram of the timer is
shown in Figure 22.

COUNTER ($09:0A)

The key timer element is a 16-bit free-running counter
which is incremented by E (enable). It is cleared during reset
and is read-only with one exception: a write to the counter
($09) will preset it to $FFF8. This feature, intended for
testing, can disturb serial operations because the counter
provides the SCI internal bit rate clock. TOF is set whenever
the counter contains all ones.

OUTPUT COMPARE REGISTER ($0B:0C)

The output compare register is a 16-bit read/ write register
used to control an output waveform or provide an arbitrary
timeout flag. It is compared with the free-running counter on
each E cycle. When a match occurs, OCF is set and OLVL is
clocked to an output level register. If port 2, bit 1, is con-
figured as an output, OLVL will appear at P21 and the output
compare register and OLVL can then be changed for the next

FIGURE 22 — BLOCK DIAGRAM OF PROGRAMMABLE TIMER
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and OLVL is clocked to an output level register. If Port 2, bit
1, is configured as an output, OLVL will appear at P21 and
the Output Compare Register and OLVL can then be
changed for the next compare. The function is inhibited for
one cycle after-a write to its high byte ($0B) to ensure a valid
compare. The Output Compare Register is set to $FFFF at
RESET.

INPUT CAPTURE REGISTER ($0D:0E)

The Input Capture Register is a 16-bit read-only register
used to store the free-running counter when a ““proper” in-
put transition occurs as defined by IEDG. Port 2, bit 0 should
be configured as an input, but the edge detect circuit always
senses P20 even when configured as an output. An input
capture can occur independently of ICF: the register always
contains the most current value. Counter transfer is in-
hibited, however, between accesses of a double byte MPU
read. The input pulse width must be at least two E-cycles to
ensure an input capture under all conditions.

TIMER CONTROL AND STATUS REGISTER ($08)

The Timer Control and Status Register (TCSR) is an 8-bit
register of which all bits are readable, while only bits 0-4 can
be written. The three most significant bits provide the timer
status and indicate if:

@ a proper level transition has been detected,

® a match has occured between the free-running

counter and the output compare register, and

@ the free-running counter has overflowed.

Each of the three events can generate an TRQZ interrupt
and is controlled by an individual enable bit in the TCSR.

TIMER CONTROL AND STATUS REGISTER (TCSR)

7 6 5 4 3 2 1 0
| ICF | OCFFOF | EICIJEOCIIETOIIIEDGJOLVL] $0008

Bit 0 OLVL Output level. OLVL is clocked to the
output level register by a successful
output compare and will appear at P21
if Bit 1 of the Port 2 Data Direction
Register is set. It is cleared during
reset. !

Input Edge. |EDG is cleared during
reset and controls which level transi-
tion will trigger a counter transfer to
the Input Capture Register:

IEDG =0 Transfer on a negative-edge
IEDG =1 Transfer on a positive-edge.
Enable Timer Overflow Interrupt.
When set, an IRQ2 interrupt is enabled
for a timer overflow; when clear, the
interrupt is inhibited. It is cleared dur-
ing reset.

Enable Output Compare Interrupt.
When set, an IRQ2 interrupt is enabled
for an output compare; when clear,
the interrupt is inhibited. It is cleared
during reset.

Bit 1 EIDG

Bit 2 ETO!

Bit 3 EOCI

THOMSON SEMICONDUCTEURS
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Bit 4 EICI Enable Input Capture Interrupt. When
set, an IRQ2 interrupt is enabled for an
input capture; when clear, the inter-
rupt is inhibited. It is cleared during
reset.

Timer Overflow Flag. TOF is set when
the counter contains all 1's. It is
cleared by reading the TCSR (with
TOF set) then reading the counter high
byte ($09), or during reset.

Output Compare Flag. OCF is set
when the Output Compare Register
matches the free-running counter. It is
cleared by reading the TCSR .(with
OCF set) and then writing to the Out-
put Compare Register ($0B or $0C), or
during reset.

Input Capture Flag. ICF is set to in-
dicate a proper level transition; it is
cleared by reading the TCSR (with ICF
set) and then the Input Capture
Register High Byte ($0D), or during
reset.

Bit 5 TOF

Bit 6 OCF

Bit 7 ICF

SERIAL COMMUNICATIONS INTERFACE (SCl)

A full-duplex asynchronous Serial Communications Inter-
face (SCI) is provided with two data formats and a variety of
rates. The SCI transmitter and receiver are functionally in-
dependent, but use the same data format and bit rate. Serial
data formats include standard mark/space (NRZ) and Bi-
phase and both provide one start bit, eight data bits, and one
stop bit. “Baud”’ and “’bit rate’* are used synonymously in
the following description.

WAKE-UP FEATURE

In a typical serial loop multi-processor configuration, the
software protocol will usually identify the addresseels) at the
beginning of the message. In order to permit uninterested
MPU’s to ignore the remainder of the message, a wake-up
feature is included whereby all further SCI receiver flag (and
interrupt) processing can be inhibited until its data line goes
idle. An SCI receiver is re-enabled by an idle string of ten
consecutive 1's or during reset. Software must provide for
the required idle string between consecutive messages and
prevent it within messages.

PROGRAMMABLE OPTIONS
The following features of the SCI are programmable:
® format: standard mark/space (NRZ) or Bi-phase
® clock: external or internal bit rate clock

® Baud: one of 4 per E-clock frequency, or external
clock (x 8 desired baud)

©® wake-up feature: enabled or disabled

interrupt requests: enabled individually for trans-
mitter and receiver

® clock output: internal bit rate clock enabled or dis-
abled to P22
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SERIAL COMMUNICATIONS REGISTERS

The Serial Communications Interface includes four ad-
dressable registers as depicted in Figure 23: It is controlled
by the Rate and Mode Control Register and the
Transmit/Receive Control and Status Register. Data is
transmitted and received utilizing a write-only Transmit
Register and a read-only Receive Register. The shift registers
are not accessible to software.

Rate and Mode Control Register (RMCR) ($10)

The Rate and Mode Control Register controls the SCI bit
rate, format, clock source, and under certain conditions, the
configuration of P22. The register consists of four write-only
bits which are cleared during reset. The two least significant
bits control the bit rate of the internal clock and the remain-
ing two bits control the format and clock source.

RATE AND MODE CONTROL REGISTER (RMCR)

7 6 5 4 3 2 1 _0
[ x Tx T x T xJcciJcco]ss1]sso] soot0

Bit 1:Bit 0 SS1:SS0 Speed Select. These two
bits select the Baud rate when using,
the internal clock. Four rates may be
selected which are a function of ihe
MCU input frequency. Table 6 lists bit
time and rates for three selected MCU
frequencies.

Bit 3:Bit 2 CC1:CCO Clock Control and Format
Select. These two bits control the for-
mat and select the serial clock source.
If CC1 is set, the DDR value for P22 is
forced to the complement of CCO and
cannot be altered until CC1 is cleared.
If CC1is cleared after having been set,
its DDR value is unchanged. Table 7
defines the formats, clock source, and
use of P22.

If both CC1 and CCO are set, an external TTL compatible
clock must be connected to P22 at eight times (8X) the
desired bit rate, but not greater than E, with a duty cycle of
50% (+10%). If CC1:CCO= 10, the internal bit rate clock is
provided at P22 regardless of the values for TE or RE.
NOTE: The source of SCI internal bit rate clock is the timer

free running counter. An MPU write to the counter
can disturb serial operations.
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FIGURE 23 — SCI REGISTERS
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Transmit/ Receive Control And Status Register
(TRCSR) (8$11)

The Transmit/Receive Control and Status Register con-
trols the transmitter, receiver, wake-up feature, and two in-
dividual interrupts and monitors the ‘status of serial opera-
tions. All eight bits are readable while bits O to 4 are also
writable. The register is initialized to $20 by RESET.

TRANSMIT/RECEIVE CONTROL AND STATUS
REGISTER (TRCSR)

7 6 5 4 3 2 1 0

[roreoreefrore| rie| re | TiE | TE Twu] soom

Bit 0 WU “Wake-up” on Idle Line. When set,
WU enables the wake-up function; itis
cleared by ten consecutive 1's or dur-
ing reset. WU will not set if the line is
idle.

Transmit Enable. When set, P24 DDR
bit is set, cannot be changed, and will
remain set if TE is subsequently
cleared. When TE is changed from
clear to set, the transmitter is con-
nected to P24 and a preamble of nine
consecutive 1's is transmitted. TE is
cleared during reset.

Transmit Interrupt Enable. When set,
an |IRQ2 interrupt is enabled when
TDRE is set; when clear, the interrupt
is inhibited. TE is cleared during reset.
Receive Enable. When set, the P23
DDR bit is cleared, cannot be chang-
ed, and will remain clear if RE is subse-
quently cleared. While RE is set, the
SCl receiver is enabled. RE is cleared
during reset.

Receiver Interrupt Enable. When set,
an |RQ2 interrupt is enabled when
RDRF and/or ORFE is set; when clear,
the interrupt is inhibited. RIE is cleared

Bit 1 TE

Bit 2 TIE

Bit 3 RE

Bit 4 RIE

Bit 5 TDRE

Bit 6 ORFE

Bit 7 RDRF

Transmit Data Register Empty. TDRE
is set when the Transmit Data Register
is transferred to the output serial shift
register or during reset. It is cleared by
reading the TRCSR (with TDRE set)
and then writing to the Transmit Data
Register. Additional data will be
transmitted only if TDRE has been
cleared.

Overrun Framing Error. If set, ORFE in-
dicates either an overrun or framing er-
ror. An overrun is a new byte ready to
transfer to the Receiver Data Register
with RDRF still set. A receiver framing
error has occurred when the byte
boundaries of the bit stream are not
synchronized to the bit counter. An
overrun can be distinguished from a
framing error by the state of RDRF: if
RDRF is set, then an overrun has oc-
curred; otherwise a framing error has
been detected. Data is not transferred
to the Receive Data Register in an
overrun condition. Unframed data
causing a framing error is transferred
to the Receive Data Register.
However, subsequent data transfer is
blocked until the framing error flag is
cleared.* ORFE is cleared by reading
the TRCSR (with ORFE set) then the
Receive Data Register, or during reset.
Receive Data Register Full. RDRF is
set when the input serial shift register
is transferred to the Receive Data
Register. It is cleared by reading the
TRCSR (with RDRF set), and then the
Receive Data Register, or during reset.

during reset.
TABLE 6 — SCI BIT TIMES AND RATES
4fo . 2.4576 MHz 4.0 Mhz 4.9152 MHz
S81:550 E 614.4 kHz 1.0 MHz 1.2288 MHz
o o0 +16 26 ps/38,400 Baud 16 ps/62,500 Baud 13.0 ps/76,800 Baud
0 1 +~128 208 ps/4,800 baud 128 ps/7812.5 Baud 104.2 us/9,600 Baud
1 0 +1024 1.67 ms/600 Baud$ 1.024 ms/976.6 Baud 833.3 us/1,200 Baud
1 1 + 4096 6.67 ms/150 Baud 4.096 ms/244.1 Baud 3.33 ms/300 Baud
*External (P22) 13.0 us/76,800 Baud 8.0 us/125,000 Baud 6.5 us/ 153,600 Baud

*Using maximum clock rate

TABLE 7 — SCI FORMAT AND CLOCK SOURCE CONTROL

. Clock Port 2

cc1:cco Format Source Bit 2
00 Bi-Phase | Internal | Not Used
o1 NRZ | Internal | Not Used
10 NRZ | Internal Output
L NRZ [ External Input

THOMSON SEMICONDUCTEURS Kk
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SERIAL OPERATIONS

The SCI is initialized by writing control bytes first to the
Rate and Mode Control Register and then to the
Transmit/Receive Control and Status Register. When TE is
set, the output of the transmit serial shift register is con-
nected to P24 and serial output is initiated by transmitting a
9-bit preamble of 1's.

At this point one of two situations exist: 1} if the Transmit
Data Register is empty (TDRE = 1), a continuous string of 1's
will be sent indicating an idle line, or 2) if a byte has been
written to the Transmit-Data Register (TDRE=0), it will be
transferred to the output serial shift register (synchronized
with the bit rate clock), TDRE will be set, and transmission
will begin.

The start bit (0), eight data bits (beginning with bit 0) and a
stop bit (1), will be transmitted. |f TDRE is still set when the
next byte transfer should occur, 1's will be sent until more
data is provided. In Bi-phase format, the output toggles at
the start of each bit and at half-bit time when a 1" is sent.
Receive operation is controlled by RE which configures P23
as an input and enables the receiver. SCI data formats are il-
lustrated in Figure 24.

INSTRUCTION SET

The EF6801/03 is upward source and object code.

compatible with the EF6800. Execution timesof key instruc-
tions have been reduced and several new instructions have
been added, including a hardware multiply. A list of new
operations added to the EF6800 instruction set is shown in
Table 1.

In addition, two new special opcodes, 4E and 5E, are pro-
vided for test purposes. These opcodes force the Program
Counter to increment like a 16-bit counter, causing address
lines used in the expanded modes to increment until the
device is reset. These opcodes have no mnemonics.

The coding of the first (or only) byte corresponding to an

executable instruction is sufficient to identify the instruction
and the addressing mode. The hexadecimal equivalents of
the binary codes, which result from the translation of the 82
instructions in all valid modes of addressing, are shown in
Table 8. There are 220 valid machine codes, 34 unassigned
codes, and 2 codes reserved for test purposes.

PROGRAMMING MODEL

A programming model for the EF6801/03 is shown
in Figure 10. Accumulator A can be concatenated with ac-
cumulator B and jointly referred to as accumulator D where
A is the most significant byte. Any operation which modifies
the double accumulator will also modify accumulator A
and/or B. Other registers are defined as follows:

Program Counter — The program counter is a 16-bit
register which always points to the next instruction.

Stack Pointer — The stack pointer is a 16-bit register
which contains the address of the next available location in a
pushdown/pullup (LIFO) queue. The stack resides in ran-
dom access memory at a location defined by the program-
mer.

Index Register — The Index Register is a 16-bit register
which can be used to store data or provide an address for the
indexed mode of addressing.

Accumulators — The MPU contains two 8-bit ac-
cumulators, A and B, which are used to store operands and
results from the arithmetic logic unit (ALU). They can also be
concatenated and referred to as the D (double) accumulator.

Condition Code Registers — The condition code register
indicates the results of an instruction and includes the
following five condition bits: Negative (N), Zero (2),
Overflow (V), Carry/Borrow from MSB (C), and Half Carry
from bit 3 (H). These bits are testable by the conditional
branch instructions. Bit 4 is the interrupt mask (I-bit) and in-
hibits all maskable interrupts when set. The two unused bits,
B6 and B7, are read as ones.

FIGURE 24 — SCI DATA FORMATS
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ADDRESSING MODES

Six addressing modes can be used to reference memory.
A summary of addressing modes for all.instructions is
presented in Tables 9, 10, 11, and 12, where execution times
are provided in E-cycles. Instruction execution times are
summarized in Table 13. With an input frequency of 4 MHz,
E-cycles are equivalent to microseconds. A cycle-by-cycle
description of bus activity for each instruction is provided in
Table 14 and a description of selected instructions is shown
in Figure 25.

Immediate Addressing — The operand or “immediate
byte(s)” is contained in the following bytel(s) of the instruc-
tion where the number of bytes matches the size of the
register. These are two or three byte instructions.

Direct Addressing — The least significant byte of the
operand address is contained in the second byte of the in-
struction and the most significant byte is assumed to be $00.
Direct addressing allows the user to access $00 through $FF
using two byte instructions and execution time is reduced by
eliminating the additional memory access. in most applica-

tions, the 256-byte area is reserved for frequently referenced
data.

Extended Addressing — The second and third bytes of the
instruction contain the absolute address of the operand.
These are three byte instrutions.

Indexed Addressing — The unsigned offset contained in
the second byte of the instruction is added with carry to the
Index Register and used to reference memory without
changing the Index Register. These are two byte instruc-
tions.

Inherent Addressing — The operand(s) are registers and
no memory reference is required. These are single byte in-
structions.

addressing is used only for
branch instructions. if the branch condition is true, the Pro-
gram Counter is overwritten with the sum of a signed single
byte displacement in the second byte of the instruction and
the current Program Counter. This provides a branch range
of —126 to 129 bytes from the first byte of the instruction.
These are two byte instructions.

Add i R
A g

TABLE 8 — CPU INSTRUCTION MAP

OP MNEM MODE ~ «#|/OP MNEM MODE ~ #/|OP MNEM MODE ~ #||OP MNEM MODE ~ #]]OP MNEM MODE ~ &
00 - 34 DES INRER 3 1|68 ASL INOXD 6  2|| 9C  CPX O 5 2][D0  susB 3 2
01 NOP INHER 2 11135  TXS 3 1fes ROL 6 2|90 usm ; s 2/for cmee [ 32
0 - 36 PSHA 3 llea DEC 6 2[| 9 Los 4 2||p2 sgee 32
03 - 37 psHe 3 1fles - 9  STS olR 4 2/|o3- aoDD s 2
04 LSRD 3 138 puLx 5 1ffec iNC 6 2{{40 suBa INDXO 4 2{{D4a  ANDB 3 2
05  ASLD 3 1]139 RIS 5 1leo TST 6 2{} Al CMmPA 4 2/|ps BB 3 2
06 TAP 2 1)l3a asx 3 tflee  ump 3 2f|A2 seca a4 2||oe Loas 3 2
07 TPA 2 1l Am 1o 1leF CLR INDXD 6 2{{A3  SuBD 6 2|{D7 sSTAB 3 2
08 INX 3 1)l3c  PSHx 4 1170 NEG EXTND 6 3|| A4  ANDA 4 2||os eoms 3 2
09  DEX 3 1ff33  mu 10 1|7 . A5  BITA a4 2||09  ADCB 32
oA  CLv 2 13 wal 9 {72 - A6 LDAA 4 2(lpa  ORraB 12
08 SEV 2 |l 3F swi 12 173 com A7 STAA 4 2i{loB  AoDB [
oc cLe 2 1|l a0 NEGA 2 1| 7a LSR 3|| A8 EORA 4 2||oc oD a2
o0 SEC 2 affar - 75 - A3 ADCA 4 2(loo st PR
o cu 2 e 76  ROR 6 3||Aa  ORAA 4 2|loe ox ‘ a2
OF SE! 2 1|43 coma 2 |77 AsR 6 3||AB  ADDA a 2|loF  sTx IR a2
10 sea 2 1(faa  LsRA 2 {78 Ast 6 3[|Aac cex 6 2/|e0  suse  INDxD 4 2
1 CBA 2 1llas ¢ 79 ROL 6 3||AD UsR 6 2|{er  cmee y 42
12 46 RORA 2 1||7a  DEC 6 3||AE DS 3 s 2|{e2  sscB « 2
3 47 ASRA 2 1flm. - AF  STS INDXD § 2|J]E3  ADDD o 2
1w 48 ASLA 2 1|7 e 6 3|[eo susa exino 4 3[{es  AnDB a2
1’ 43 ROLA 2 |70 TSt 6 3|[81 cmea a4  3lles 8B 4 2
16 TAB 2 1flaa  DECA 2 1| 7E ump 3 3)|82 seca a4 3lles  Lpas a2
17 TBA 2 1ffas - 7 CLR EXTND 6 3||B3  SuBD 6 3||e7  svaB s 2
8 ° 4C  INCA 2 11180 susA IMMED 2 2||B4  ANDA 4 3||e8 EORB 4 2
19 DAA INHER 2 1(l4D  TSTA 2 1lls  cMPa / 2 2|85 BITA a4 3lles  aocs 4 2
1A € T 82  SBCA 2 2||B6 LDAA 4 3||eA  ORAB 4 2
18 ABA INHER 2 1] aF CLRA 2 1|l83 susD a  3||B7 sTAA 4 3|{e8  ADDB 4 2
ic 50  NEGB 2 1|{84  ANDA 2 2[|B8 EORA 4 3f|ec oo 5 2
o 51 85  BITA 2 2|[Be ADCA a4 3fleo  sTO 5 2
€ 52 86  LDAA 2 2||Ba oORAa a4 3f|lee  wox 5 2
L 53 COMB 2 1fjer - 88 ADDA a  3f[er sTx INOXD 5 2
20  BRA REL 3 2flsa LSRB 2 1|/ 88 EORA 2 2f|{8C cCPx 6 3||F0 suse EXTND 4 3
ril BRN 3 2|55 . 89 ADCA 2 2| (8D JSR 6 3[|F CmPB 4 3
22 BH 3 2)ls6 RoRs 2 1]|ea  oRaa 2 2||BE oS s 3[|Fr2  secs 4 3
23 BLS 3 2||s7 Asme 2 1||es aoDA I 2 f|er st EXTND 5 3[[F3  ADDD 6 3
24 BCcC 3 2||ss AsB 2 1ffsc  cex IMMED 4 3||CO SuBB  IMMED 2 2{|Fa  ANDB 4 3
25 BCS 3 2159 ROLB 2 1 80 BSR REL 6 2| fct CMPB 2 2(|"8 8ITB 4 3
26 BNE 3 2f|lsa oecs 2 1||se ips IMMED 3 3||C2  SBCB 2 2{|F6  LDAB a 3
27 eeq 3 2|{se - 8 - c3  ADDD a4 3|lr7 stas 4 3
28 BvC 3 2]{sc INcB 2 1]|so susa o 3 2|[cs anDB 2 2|[r8  €oRB 4 3
29 BvVS 3 2f[so TsTB 2 1fler  cmpa 3 2f|cs 8B 2 2|[rs  ADCB 4 3
24 BRL 3 2flse 7 92  SBCA 3 2||ce Loas 2 2||ra  oRaB 4 3
28 BMI 3  2|fsF  cLRB INHER 2 1{]93  susD s 2{{c? FB  ADDB 4 3
2c 8GE 3 2|leo nEG NOXD 6 2[[24  AnDA 3 2[[c8 €oORs 2 2f[fc oD s 3
ELI TN 3 2ljer - 95  BITA 3 2||cs aoce 2 2||f0 sTO 5 3
2 BGY I 3 2lez - 96  LDAA 3 2f|ca  oRras 2 2||fe wox 5 3
¥ BLE REL 3 2||le3 com 6 2[f97 staa 3 2(|c8  aooe 2 2(lFF sTX EXTND 5 3
30 TsX INHER 3 1 ||6a LSR 6 2|98 EORA 3 2ffcc oo 3 3
31 NS 3 1iles * 99  ADCA 3 2||co .
322 PULA 4 1{les ROR 6 2{/9a oORraa ‘ 3 2{{cD DX IMMED 3 3 UNDEFINED OP CODE
33 PULB 4 1(le7 ASR INDXD 6 2{|{98 ADDA 3 2||cF °
NOTES:
1. Addressing Modes .
INHER = Inherent  INDXD = Indexed IMMED = Immediate
REL = Relative EXTND=Extended  DIR = Direct

2. Unassigned opcodes are indicated by

3. Codes marked by “T" force the PC to function as a 16-bit counter.

THOMSON SEMICONDUCTEURS
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TABLE 9 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS

Condition Codes
Immed| Direct | Index | Extnd | Inherent] 65(4[3]2]1]0
Pointer Operations Mnemonic| OP|~| #]OP|~ | #|OP|~ | #|OP|~| #|OP|~ | # Boolean/ H{I|{N]Z]V]C
Arithmetic ration
Compare Index Reg cPx | 8c|4] 3ec|s | 2]ac|6]2][Bc]6] 3 C-M: M+ 1 DO
Decrement Index Reg DEX 09|3]1]Xx-1 =X Qannpo
Decrement Stack Pntr DES . 34|3{1|SP -1 =SP ojeojojeloje
Increment Indéx Reg INX 08[3[1]x+1 =X ole[e[]|e]e
Increment Stack Pntr INS : 31|3| 1|1 SP +1 =SP olejoje/0o|e
Load Index Reg DX [ CE|3| 3|OE|4 | 2|€E[5 | 2] FE[5] 3 M -=XH, (M + 1) =XL ole Rle
Load Stack Pntr LDS | 8E[ 3] 3| 9E[4 BEHBEEE M —SPH, (M + 1) =SP_ ole Rle
Store Index Reg STX DF|4 | 2|€eF|5| 2| FF|5] 3 XH =M, XL =(M + 1) ole Rle®
Store Stack Pntr STS oF|4 | 2|AF|5| 2|BF|5] 3 SPH =M, SPL —(M + 1) ole rRle®
Index Reg — Stack Pntr | TXS 35[3[1|x-1~5SP olejefo]o]e
Stack Pntr — Index Reg | TSX 0[3]1]SP + 1 =X oleje]ele]e
Add ABX 3A[3[1[B8 + X =X ole[oefele
Push Data PSHX C| 4| 1|XL —Msp, SP - 1 =SP ole|/o[eo[o]e
Xp ~Msp SP - 1 +SP
Pull Data PULX 38[5] 1/SP + 1 —SP, Mgp—=Xpn ole|e[e]e]e
SP + 1 =SP, Msp =X
TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS
Accumulator and immed | Direct Index Extend Inher Boolean | _Condition Codes
Memory Operations | MNE [GpT—T#[0p]~ | #|Op] ~ |#] O]~ | #]Op| ~ [# Expression W[ IIN[Z]V]C
Add Acmitrs ABA j 18] 2 [1]A+B =A D
Add B to X ABX 3A[3 |1[00:B + X =X o[oe]o]e]e
Add with Carry ADCA| 89 99| 3| 2]A9| 4 [2|B9][4 A+M+C=A ®
ADCB| C9 D9| 3 [2[€9[4 2] F9[4 B+M+C~B ®
Add [ ADDA| 88 98| 3 | 2|AB|4 |2|8B|4 A+M=A ®
ADDB| CB DB|3 |2|EB|4 2| FBl4 B+M=A °
Add Double ADDD] C3] 4 D3| 65 [2]|E3]|6 [2]F3|6 D+MM+1 =D JI0
And ANDA| 8412 [2]94| 3 [2|A4]4 [2[B4|4[3 A-M=A ole [
ANDB|[C4]2 | 2|Da|3 [2|E4[4 |2|F4|a |3 B-M-=B ol e R e
Shift Left, ASL 686 [2 63 ol e
Arithmetic ASLA a8|2 |1 *ﬁtﬂgﬂ el e
58[2 [0 ol e
— Continued —
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TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (CONTINUED)

Accumulator and immed | Direct Index Extend Inher | Boolean Condition Codes
Memory Operations MNE Op|~ | #]0Op{ ~ | #]Op| ~ [#]|Op] ~] #]Op]| ~ [ # Expression H] 1 [N] 2 C
Shift Left Dbl ASLD 0513 |1 ele
Shift Right, ASR 6716 ]2177]6]3 — (K]
Arithmetic ASRA mlz ] I8 [efe
ASRB 57]2 |1 e 0 ole
Bit Test BITA [85]2[2/95{3 |2]A5|/4 [2|B5]/4 |3 A-M ele Rl®
BITB |C5]2 [2[D5{3 [2|E5]4 |2|F5]4 |3 B-M ele Rl®
Compare Acmltrs CBA 112 J1]A-B ele i1}
Clear CLR 6F|6 [2] 7F| 6 [3 00 =M [ 1K) R[R
CLRA 4F|2 [1]00 =A @ O|R RIR
CLRB 5F| 2 |1]00 =B LIK L RIR
Compare CMPAI81][2 [2]91]3 [2|A1]4 [2]|B1|4]3 A-M ele
CMPB|C1]2 |2[D1]3 [2|E1]4 |2]F1{4]3 B-M el e
1's Compl COM 63]6 12/173]6]3 ™M -M ele
COMA 43[2 [1[A =A el e R
CcomB 532 [1]B -8 ele A
Decimal Adj, A DAA 19 1] Adj binary sumto BCD{®] @
Decrement DEC 6A]6 [2]7A]6]3 M-1-M ele 0
DECA 4A12 [1[A-1=A ele @
DECB 5A]2 |1]B-1 =B ele ®
Exclusive OR EORA |88[2 129813 |2[A8|4 [2]|B8[4 (3 A@M~-A ole R|®
EORB [C8]2 [2]|D8|3 |2|EB|4 [2|F8[4 |3 B® M-8 ele R|®
Increment INC 6C[6 ]2]{7C] 63 M+1 =M ole °®
INCA 4C[2 [1]A+1 =A [ 1K ®
INCB 5C[2 |1/B+1 ~B ole ]
Load Acmitrs LDAA [86[2 [2]96]3 [2]|A6[4 [2|B6{4 |3 M =A ele []
LDAB [C6]2 [2]D6]3 [2]|E6|4 |2[F6]4 |3 M ~-B eole R|®
Load Double LDD [CC|3]3|DbC|4 |2]EC|5 |2]FC|5|3 MM+ 1 =D ele R|®
Logical Shift, LSL i 68[(6 [2[78[6]3 [ JK] [}
Left LSLA 4812 11l @ (I <o [ 2] ® +]
LSLB 58 1 o7 %0 el
LSLD 05 1 ole
Shift Right, |LSR 6416 [2[(74]6 |3 —> O|O|R
Logical LSRA 432 |1 O*EIJ]IIIQ*E e|e[R
[LSRB 54 1 @/O|R
LSRD 04 1 Oi®IR
Multipl MUL 3DJ10|1|AXB=D ojojo|eoje
2's Complement NEG 60[6 [2[70]6[3 00-M =M 0
(Negate) | NEGA 40|12 100 -A =—A o0
NEGB 50{2 [1]00-8 =B ol
No Operation NOP 01]2 [1|PC+1 =PC oj0/ojejo|0®
Inclusive OR ORAA [BA[2 |2 |9A|3 |2[AA|4 [2[BA[4 |3 A+M-=—A eole R|®
ORAB |CA|2 [2|DA[3 [2|EA[4 |2|FA]4 |3 B+M—-B el Rl @
Push Data PSHA 36| 3 [1]A =Stack ojo/ejeo[e]e
PSHB 3713 [1]B ~=Stack ojojejojo|@
Pull Data PULA 32]4 | 1] Stack —A (I IKIN )
PULB 33]4 [1|Stack =B (I ILIK KK )
Rotate Left ROL 6916 12|79|6 |3 -« [ JK]
ROLA 492 [1| B<{IIIITIT}~8 [e] e
ROLB 592 |1 ® ® oe
Rotate Right ROR 666 [2]7616 |3 > [ 1K
RORA 4612 11 g-OOII11-0 |*] @
RORB 5612 |1 b7 [ [ 1K)
Subtract Acmitr SBA 10|22 |1]A-B =—A el
Subtract with SBCA |82 |2 [ 2[92[3 |2[A2]a [2[B2]4 |3 A-M-C=A ele
Carry SBCB |C2|2 [2|D2[3 |2|E2]4 |2|F2]4 |3 B-M-C=-B ele
Store Acmitrs STAA 973 [2]A7]4 B7[4 13 A =M ele e
TAB D7]3 [2|E7]4 F7]4 13 B —-M el e Rl®
STD DD{4 [2]ED|5 FD[5 |3 D=MM+1 ele R|l®
Subtract SUBA |80 |2 90(3 |2[A0]4 80|4 |3 A-M-=A ele
sysB [CO |2 DOJ3 [2]E0|4 |2]|FOf4 |3 B-M=B ele
Subtract Double SUBD |83 [4 93[5 |2|A3{6 [2]|B3]|6 |3 D-MM+1 =D ol e
Transfer Acmitr TAB 16] 2 A =8B K] [
TBA 17]2 11|B =A [ 1K) Rl ®
Test, Zero or TST 6D[6 [2]7D]6 |3 M - 00 ele R| R
Minus TSTA 4D] 2 [1]A - 00 [ 1K) RIR
TSTB sD[2 [1]B - 00 0K R| R
The Condition Code Register notes are listed after Table 12.
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TABLE 11 — JUMP AND BRANCH INSTRUCTIONS

Cond. Code Reg.
- Direct | Relative | Index Extnd | Inherent 6|4]3]2]1]0
Operations Mnemonic [OP|~|# |OP|~| #|OP|~| #|OP|~| #|OP|~ | # Branch Test H|t [NjZ]V]C
Branch Always BRA 20|3}2 None ojojelejeje
Branch Never BRN 2113]2 None ojojojoje|0
Branch If Carry Clear BCC 24{3|2 C=0 ojojojojo]|e
Branch If Carry Set BCS 25|3|2 C= ojojeojojo]e
Branch if = Zero BEQ 271312 Z=1 ojojejoje|e
Branch If > Zero BGE 2C|3]2 NOV=0 (3000
Branch If > Zero BGT 2e|3]2 Z+(N®OV)=0 (330301010
Branch If Higher BHI 22|3(2 C+Z2=0 ojoje|oje]e
Branch If Higher or Same BHS 24(3]2 C=0 ojo|ejojo]|e
Branch If < Zero BLE 2F[3]2 Z2+(NOV) =1 oleojejlejoje
Branch If Carry Set BLO 25]3]2 C= ojojojej0|0®
Branch If Lower Or Same BLS 23|32 C+Z=1 ojojo|ojo |0
Branch If < Zero BLT 2013 |2 NOV = olo|olo]oie
Branch If Minus BMI 2B[3 ]2 N= ojojojoj0]e
Branch If Not Equal Zero BNE 26(3[2 2=0 ojojejejeje
Branch If Overflow Clear BVC 283 |2 V=0 o|0|0io 0|0
Branch If Overflow Set BVS 291312 V=1 oj0jeje|oie
Branch If Plus BPL 2A13 (2 N=0 ojojejee|e
Branch To Subroutine BSR 8D|6 |2 See Special olojeojeje]|e
Jump JMP 6E|3]|2|7E|3]3 }Operations- olejo|o|o |0
Jump To Subroutine JSR__|9D|5] 2 AD| 6] 2|BD[6]3 Figure 26 elele[e[e[e
No Operation NOP 012 |1 (LI AL
Return From Interrupt RTI 3sfio[1 hhnni
Return From Subroutine RTS 395 [1|{ See Special (2203 a0
Software Interrupt Wi SF[2[1]( poerater - els[e|e]e]e
Wait For Interrupt WAI 3E[9 II ololojo]o|e
TABLE 12 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS
Cond. Code Reg.
Inherent 6J]4]3]2][1]0
Operations Mnemonic | OP|~| # | Boolean Operation HlIIN]2Z]|V]C
Clear Carry CLC oc|2| 1 0=C ojejojo|®|R
Clear Interrupt Mask Ccul OE{2] 1 0 ~I| ®|Rlojo|0]0®
Clear Overflow . CLv OA[2{ 1 0=V 9|0|®/®|R|O®
Set Carry SEC oDj2{1 1=C UL
Set Interrupt Mask SEI OF|2] 1 1=l o|S|eje|e|e
Set Overflow SEV  |oB]2] 1 1=V eojejejo|S]e
Accumulator A =—CCR TAP 06|2] 1 A = CCR HHHEIIHE
CCR = Accumulator A TPA 07121 CCR = A olejo|ejo|0®
LEGEND CONDITION CODE SYMBOLS
OPOperation Code (Hexadecimal i
~ Nomber of MPU Cycles { acary from bit 3
Msp Contents of memory location pointed to by Stack Pointer N Negative (sign bit)
# Number of Program Bytes Z Zero (byte)
+ Arithmetic Plus V Overflow, 2's complement
- Arithmetic Minus C Carry/Borrow from MSB
® Boolean AND R Reset Always
X Arithmetic Multiply S Set Always
+ Boolean Inclusive OR { Affected
@ Boolean Exclusive OR @ Not Affected

M Complement of M
-= Transfer Into

0 Bit = Zero

00 Byte = Zero
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TABLE 13 — INSTRUCTION EXECUTION TIMES IN E-CYCLES

ADDRESSING MODE
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SUMMARY OF CYCLE-BY-CYCLE OPERATION

Table 14 provides a detailed description of the information
present on the address bus, data bus, and the read/write
(R/W) line during each cycle of each instruction.

The information is useful in comparing actual with ex-
pected results during debug of both software and hardware
as the program is executed The information is categorized in
groups according to addressing mode and number of cycles

per instruction. In general, instructions with the same ad-
dressing mode and number of cycles execute in the same
manner. Exceptions are indicated in the table.

Note that during MPU reads of internal locations, the
resultant value will not appear on the external data bus ex-
cept in mode 0. “'High order” byte refers to the most-
significant byte of a 16-bit value.

TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 1 of 5)

L Address Mode and [ Cycle I RIW ]
Instructions Cycles| # Address Bus Line Data Bus
IMMEDIATE
ADC EOR 2 1 Opcode Address 1 ] Opcode
ADD LDA 2 | Opcode Address + 1 1 Operand Data
AND ORA
BIT SBC
CMP SuB
LDS 3 1 Opcode Address 1 Opcode
LDX 2 Opcode Address+ 1 1 Operand Data (High Order Byte)
LDD 3 | Opcode Address +2 1 Operand Data (Low Order Byte)
CPX 4 1 Opcode Address 1 Opcode
SuUBD 2 | Opcode Address+ 1 1 Operand Data (High Order Byte)
ADDD 3 Opcode Address +2 1 Operand Data (Low Order Byte)
4 | Address Bus FFFF 1 Low Byte of Restart Vector
DIRECT
ADC EOR 3 1 Opcode Address 1 Opcode
ADD LDA 2 | Opcode Address + 1 1 Address of Operand
AND ORA 3 Address of Operand 1 Operand Data
BIT SBC
CMP SuB
STA 3 1 | Opcode Address 1 | Opcode
2 | Opcode Address+ 1 1 | Destination Address
3 | Destination Address 0 | Data from Accumulator
LDS 4 1 Opcode Address 1 Opcode
LDX 2 | Opcode Address+ 1 1 Address of Operand
LDD 3 | Address of Operand 1 Operand Data (High Order Byte)
4 | Operand Address+ 1 1 Operand Data (Low Order Byte)
STS 4 1 Opcode Address 1 Opcode
STX 2 | Opcode Address+1 1 | Address of Operand
STD 3 | Address of Operand 0 | Register Data (High Order Byte)
4 | Address of Operand + 1 0 | Register Data (Low Order Byte)
cPX 5 1 | Opcode Address 1 | Opcode
SUBD 2 | Opcode Address+1 1 | Address of Operand
ADDD 3 | Operand Address 1 | Operand Data (High Order Byte)
4 Operand Address + 1 1 Operand Data (Low Order Byte)
5 | Address Bus FFFF 1 Low Byte of Restart Vector
JSR 5 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Irrelevant Data
3 | Subroutine Address 1 First Subroutine Opcode
4 | Stack Pointer 0 | Return Address (Low Order Byte)
5 | Stack Pointer—1 0 | Return Address (High Order Byte)
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 2 of 5)

Address Mode and Cycle R/W
Instructions Cycles| # ‘Address Bus Line Data Bus
EXTENDED
JMP 3 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Jump Address (High Order Byte)
3 Opcode Address + 2 1 Jump Address (Low Order Byte)
ADC EOR 4 | Opcode Address 1 Opcode
ADD LDA 2 Opcode Address + 1 1 Address of Operand
AND ORA 3 Opcode Address + 2 1 Address of Operand (Low Order Byt
BIT SBC 4 Address of Operand 1 Operand Data
CMP SuB
STA 4 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Destination Address (High Order Bytei
3 Opcode Address + 2 1 Destination Address (Low Order Byte)
4 Operand Destination Address 0 Data from Accumulator
LDS 5 1 Opcode Address 1 Opcode
LDX 2 | Opcode Address+ 1 1 Address of Operand (High Order Byte)
LDD 3 Opcode Address + 2 1 Address of Operand (Low Order Byte)
4 | Address of Operand 1 Operand Data (High Order Byte)
5 Address of Operand + 1 1 Operand Data (Low Order Byte)
STS 5 1 Opcode Address 1 Opcode
STX 2 Opcode Address + 1 1 Address of Operand (High Order Byte)
STD 3 | Opcode Address + 2 1 Address of Operand (Low Order Byte)
4 | Address of Operand 0 | Operand Data (High Order Byte)
5 Address of Operand + 1 0 Operand Data (Low Order Byte)
ASL LSR 6 1 Opcode Address 1 Opcode
ASR NEG 2 | Opcode Address+ 1 1 Address of Operand (High Order Byte)
CLR ROL 3 | Opcode Address +2 1 Address of Operand (Low Order Byte)
COM ROR 4 | Address of Operand 1 | Current Operand Data
DEC TST* 5 | Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 | Address of Operand 0 New Operand Data
CPX 6 1 Opcode Address 1 Opcode
SuBD 2 Opcode Address+ 1 1 Operand Address (High Order Byte)
ADDD 3 | Opcode Address + 2 1 Operand Address (Low Order Byte)
4 | Operand Address 1 Operand Data (High Order Byte)
5 | Operand Address+ 1 1 Operand Data (Low Order Byte)
6 Address Bus FFFF 1 Low Byte of Restart Vector
JSR 6 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Address of Subroutine (High Order Byte)
3 | Opcode Address + 2 1 Address of Subroutine (Low Order Byte)
4 Subroutine Starting Address 1 Opcode of Next instruction
5 Stack Pointer 0 Return Address (Low Order Byte)
6 | Stack Pointer—1 0 | Return Address (High Order Byte)

*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 3 of 5)

Address Mode and Cycle R/IW
Instructions ycles| # ' Address Bus Line Data Bus
INDEXED
JMP 3 1 | Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Offset
3 | Address Bus FFFF 1 | Low Byte of Restart Vector
ADC EOR 4 1 Opcode Address 1 Opcode
ADD LDA 2 | Opcode Address+ 1 1 Offset
AND ORA 3 | Address Bus FFFF 1 Low Byte of Restart Vector
BIT sBC 4 | Index Register Plus Offset 1 | Operand Data
CMP SuUB
STA 4 1 Opcode Address 1 Opcode
2 | Opcode Address + 1 1 Offset
3 | Address Bus FFFF 1 Low Byte of Restart Vector
4 | index Register Plus Offset 0 | Operand Data
LDS 5 1 Opcode Address 1 Opcode
LDX 2 | Opcode Address+ 1 1 Offset
LDD 3 | Address Bus FFFF 1 Low Byte of Restart Vector
4 | index Register Plus Offset 1 Operand Data (High Order Byte)
5 | Index Register Plus Offset+ 1 1 Operand Data (Low Order Byte)
STS 5 1 | Opcode Address 1 Opcode
STX 2 | Opcode Address+ 1 1 | Offset
STD 3 | Address Bus FFFF 1 Low Byte of Restart Vector
4 | Index Register Plus Offset 0 | Operand Data (High Order Byte)
5 | Index Register Plus Offset+ 1 0 | Operand Data (Low Order Byte)
ASL LSR 6 1 | Opcode Address 1 Opcode
ASR NEG 2 | Opcode Address+ 1 1 | Offset
CLR ROL 3 | Address Bus FFFF 1 | Low Byte of Restart Vector
coMm ROR 4 | Index Register Plus Offset 1 Current Operand Data
DEC TST* 5 | Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 | Index Register Plus Offset 0 | New Operand Data
CPX 6 1 | Opcode Address 1 | Opcode
SuBD 2 | Opcode Address+ 1 1 | Offset
ADDD 3 | Address Bus FFFF 1 Low Byte of Restart Vector
4 | Index Register + Offset 1 | Operand Data (High Order Byte)
5 | index Register + Offset+ 1 1 Operand Data (Low Order Byte)
6 | Address Bus FFFF Low Byte of Restart Vector
JSR 6 1 | Opcode Address 1 | Opcode
2 | Opcode Address+ 1 1 | Offset
3 | Address Bus FFFF 1 | Low Byte of Restart Vector
4 | Index Register + Offset 1 | First Subroutine Opcode
5 | Stack Pointer 0 | Return Address {Low Order Byte)
6 | Stack Pointer—1 0 | Return Address (High Order Byte)

*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF.
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 4 of 5)

Address Mode and Cycle R/W
Instructions Cycles| # Address Bus Line Data Bus
INHERENT
ABA DAA SEC| 2 1 Opcode Address 1 Opcode
ASL DEC SEl 2 Opcode Address + 1 1 Opcode of Next Instruction
ASR INC SEV
CBA LSR TAB
CLC NEG TAP
cul NOP TBA
CLR ROL TPA
CLv ROR TST
COM SBA
ABX 3 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
ASLD 3 1 Opcode Address 1 Opcode
LSRD 2 Opcode Address + 1 1 Irrelevant Data
3 | Address Bus FFFF 1 Low Byte of Restart Vector
DES 3 1 Opcode Address 1 Opcode
INS 2 Opcode Address + 1 1 Opcode of Next Instruction
3 | Previous Stack Pointer Contents| 1 Irrelevant Data
INX 3 1 Opcode Address 1 Opcode
DEX 2 | Opcode Address + 1 1 Opcode of Next Instruction
3 | Address Bus FFFF 1 Low Byte of Restart Vector
PSHA 3 1 Opcode Address 1 Opcode
PSHB 2 Opcode Address + 1 1 Opcode of Next Instruction
3 | Stack Pointer 0 | Accumulator Data
TSX 3 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Opcode of Next Instruction
3 | Stack Pointer 1 | Irrelevant Data
TXS 3 1 Opcode Address 1 Opcode n
2 | Opcode Address+ 1 1 Opcode of Next Instruction
3 | Address Bus FFFF 1 Low Byte of Restart Vector
PULA 4 1 Opcode Address 1 Opcode
PULB 2 | Opcode Address+ 1 1 Opcode of Next Instruction
3 | Stack Pointer 1 | irrelevant Data
4 | Stack Pointer+ 1 1 Operand Data from Stack
PSHX 4 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Irrelevant Data
3 Stack Pointer 0 Index Register (Low Order Byte)
4 | Stack Pointer—1 0 | Index Register (High Order Byte)
PULX 5 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Irrelevant Data
3 | Stack Pointer 1 | Irrelevant Data
4 | Stack Pointer+1 1 | Index Register (High Order Byte)
6 | Stack Pointer+2 1 Index Register (Low Order Byte)
RTS 5 1 Opcode Address 1 Opcode
2 | Opcode Address + 1 1 Irrelevant Data
3 | Stack Pointer 1 Irrelevant Data
4 Stack Pointer+ 1 1 Address of Next Instruction (High Order Byte)
5 | Stack Pointer+2 1 Address of Next Instruction (Low Order Byte)
WAI 9 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Opcode of Next Instruction
3 | Stack Pointer 0 | Return Address (Low Order Byte)
4 | Stack Pointer—1 0 | Return Address (High Order Byte)
5 | Stack Pointer—2 0 | Index Register (Low Order Byte)
6 | Stack Pointer -3 0 | Index Register (High Order Byte)
7 | Stack Pointer-4 0 | Contents of Accumulator A
8 | Stack Pointer—5 0 | Contents of Accumulator B
9 | Stack Pointer—6 0 | Contents of Condition Code Register
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 5 of 5)

Address Mode and Cycle R/W
Instructions Cycles| # Address Bus Line Data Bus
INHERENT

MUL 10 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Irrelevant Data
3 | Address Bus FFFF 1 Low Byte of Restart Vector
4 | Address Bus FFFF 1 Low Byte of Restart Vector
5 | Address Bus FFFF 1 Low Byte of Restart Vector
6 | Address Bus FFFF 1 | Low Byte of Restart Vector
7 Address Bus FFFF 1 Low Byte of Restart Vector
8 | Address Bus FFFF 1 Low Byte of Restart Vector
9 | Address Bus FFFF 1 Low Byte of Restart Vector
10 | Address Bus FFFF 1 | Low Byte of Restart Vector

RTI 10 1 Opcode Address 1 Opcode
2 Opcode Address+ 1 1 Irrelevant Data
3 | Stack Pointer 1 Irrelevant Data
4 | Stack Pointer+1 1 Contents of Condition Code Register from Stack
5 | Stack Pointer+2 1 | Contents of Accumulator B from Stack
6 | Stack Pointer+3 1 Contents of Accumulator A from Stack
7 | Stack Pointer+4 1 | Index Register from Stack (High Order Byte)
8 | Stack Pointer+5 1 | Index Register from Stack (Low Order Byte)
9 | Stack Pointer+6 1 | Next Instruction Address from Stack (High Order Byte)
10 | Stack Pointer+7 1 Next Instruction Address from Stack (Low Order Byte)

SwWi 12 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Irrelevant Data
3 Stack Pointer (0] Return Address (Low Order Byte)
4 Stack Pointer—1 0 Return Address (High Order Byte)
5 Stack Pointer—2 0 | Index Register (Low Order Byte)
6 | Stack Pointer—3 0 | Index Register (High Order Byte)
7 | Stack Pointer—4 0 | Contents of Accumulator A
8 | Stack Pointer—5 0 | Contents of Accumulator B
9 | Stack Pointer—6 0 | Contents of Condition Code Register
10 | Stack Pointer—7 1 | Irrelevant Data
11 | Vector Address FFFA (Hex) 1 Address of Subroutine (High Order Byte)
12 | Vector Address FFFB (Hex) 1 | Address of Subroutine (Low Order Byte)

RELATIVE

BCC BHT BNE' BLO 3 1 Opcode Address 1 Opcode

BCS BLE BPL BHS 2 | Opcode Address + 1 1 Branch Offset

BEQ BLS BRA BRN 3 Address Buss FFFF 1 Low Byte of Restart Vector

BGE BLT BVC

BGT BMI BVS

BSR 6 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Branch Offset
3 | Address Bus FFFF 1 Low Byte of Restart Vector
4 | Subroutine Starting Address 1 Opcode of Next Instruction
5 Stack Pointer 0 Return Address (Low Order Byte)
6 Stack Pointer—1 0 Return Address (High Order Byte)
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Main Program

$8D=BSR

1+ K= Offset

Next Main Instr.

Pc

Legend:

$39=RTS

- sP-2

=

SP-1
SP

sp
SP-2
sP-1

sp

SP
SP+1
SP+2

FIGURE 25 — SPECIAL OPERATIONS

Stack

RTNR

RTN

Stack

RTNK

RTN

Stack

RTNH

RTNL

RTN = Address of next instruction in Main Program to be executed upon return from subroutine
RTNW = Most significant byte of Return Address

= Least significant byte of Return Address

—= = Stack Pointer After Execution

K = 8-bit Unsigned Value

SWI, Software Interrupt
ec
RTN

WAI, Wait for interrupt
RTIN

RTI, Return from Interrupt

¢

IMP. Jump

INDXD

S
X+K Next Instruction

Main Program

$3F = SWI

Main Program

$3E=WAI

Interrupt Program

$3B=RT!

Main Program

$6E = JMP

K = Offset

Extended

sp
sP-7
SP-6
sP-5
sP-4
sP-3
sP-2
SP-1

sp

SP
SP+1
SP+2
SP+3
SP+4
SP+5
SP+6
SP+7

Stack

Condition Code
Acmitr B

Acmitr A

Index Register (Xi)

Index Register (X| )
RTNH
RTNL

Stack

Condition Code
Acmitr B

Acmitr A

Index Register (X)
Index Register (X}
RTNy
RTNL

Main Program
S7TE=JMP

KH = Next Address

K = Next Address
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PHYSICAL DIMENSIONS

. ee254(2) uﬁ 4.57max
e}

CB-182

Datum 72
N /[ (1). Nominat dimension
v 7 {2)  True geometrical position
or Vi
2 U/jL/lT_l S pmgmpmp =y
T s , P SUFFIX
2 'TI’)_ PLASTIC PACKAGE
40 pins
DIN '
ALSO AVAILABLE
ASIF F-N9 CB-182 .
C SUFFIX
cEl DATA. JEDEC SITELESC CERAMIC PACKAGE

CB-521
116510
14662
FN SUFFIX
PLCC 44
o
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BEEefs.358¢
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vecs 38[r33
P20[]9 37{dpP34
. P21 10 36[INC
) P22 1 35 [JP35
0812 .
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cet DATA. JEDEC SITeLesc S e Jpar
Pi217 29[]Pa2
P2RINRAIRERSR
AN Y AR
2I22:838%83¢
S
8
>
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ORDERING INFORMATION

The information required when ordering acustom MCU
is listed below. The ROM program may be transmitted to
THOMSON SEMICONDUCTEURS on EPROM(s) or an
EFDOS/MDOS* disk file.

To initiate a ROM pattern for the MCU, it is necessary
to first contact your local THOMSON SEMICONDUC-
TEURS representative or distributor.

EPROMs

Two 2708 or one 2716 type EPROMs, program-
med with the customer program (positive logic sense for
address and data), may be submitted for pattern generation.
The EPROM must be clearly marked to indicate which
EPROM corresponds to which address space. The recom-
mended marking procedure is illustrated below :

XXX XXX

F800 FCO0

XXX = Customer |D

After the EPROM(s) are marked, they should be placed in
conductive |IC carriers and securely packed. Do not use
styrofoam.
VERIFICATION MEDIA

All original pattern media (EPROMs or floppy disk) are fil-
ed for contractual purposes and are not returned. A com-
puter listing of the ROM code will be generated and returned
along with a listing verification form. The listing should be
thoroughly checked and the verification form completed,
signed, and returned to THOMSON SEMICONDUC-
TEURS. The signed verification form constitutes the

contractual agreement for creation of the customer mask.
If desired, THOMSON SEMICONDUCTEURS will pro-
gram on blank EPROM from the data file used to create
the custom mask and aid in the verification process.

ROM VERIFICATION UNITS (RVUs)

Ten MCUs containing the customer’s ROM pattern will be
sent for program verification. These units will have been
made using the custom mask but are for the purpose of
ROM verification only. For expediency they are usually un-
marked, packaged in ceramic, and tested only at room
temperature and 5 volts. These RVUs are included in the
mask charge and are not production parts. The RVUs are
thus not guaranteed by THOMSON SEMICONDUC-
TEURS. Quality Assurance, and should be discarded
after verification is completed.

FLEXIBLE DISKS

The disk media submitted must be single-sided, EFDOS/
MDOS* compatible floppies.

The customer must write the binary file name and compa-
ny name on the disk with a felt-tip-pen. The minimum
EFDOS/MDOS* system files, as well as the absolute
binary object file (Filename .LO type of file) from the
16801 cross assembler, mus* be on the disk. An object file
made from a memory dump using the ROLLOUT com-
mand is also acceptable. Consider submitting a source
listing as well as the following files : filename .LX (DE' VI
CE/EXORciser loadable format) and filename SA (ASCII
Source Code). These files will of course be kept confiden
tial and are used 1) to speed up the process in-house if any
problems arise, and 2) to speed up the user-to-factory
interface if the user finds any software errors and needs
assistance quickly from THOMSON SEMICONDUC-
TEURS factory representatives.

EFDOS is THOMSON SEMICONDUCTEURS’ Disk
Operating System available on development systems
such as DEVICE,...

MDOS* is MOTOROLA's Disk Operating System available
on development systems such as EXORciser,...

*Requires prior factory approval.

Whenever ordering a custom MCU is required, please contact your local THOMSON SEMICONDUCTEURS representa-
tive or THOMSON SEMICONDUCTEURS distributor and/or complete and send the attached “MCU customer ordering
sheet’' to your local THOMSON SEMICONDUCTEURS representative.

EXORciser is a registered trade mark of MOTOROLA Inc.

THOMSON SEMICONDUCTEURS
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ORDERING INFORMATION

|__EF6803 (P |V |

De\]/ica Screening level
Package Oper. temp.
The table below shows all suffix for and
level. Other possibiiities on request.
DEVICE PACKAGE OPER. TEMP. SCREENING LEVEL
(4 J P E FN L v M Std D G/B | BB
1.0 MHz EF6801/03 d b d ®
[ ] [ ] [ ]
EF8803 [ ] [
(] [ [ ] [ ]
126 MHz | EF6801/03-1
[ ] [ ] [ ]
EF8803-1 [ o ®
15 MHz EF68A01/03 [ [ ] [ ]
EF88A03 (] ] [J
2.0 MHz EF88B01/03 ] ® °

Examples : EF6801P, EF6801FN, EF6801PV, EF6803CV

Package : C: Ceramic DIL, J : Cerdip DIL, P: Plastic DIL, E: LCCC, FN: PLCC.
Oper. temp.: L*: 0°C to +70°C, V: —40°C to +85°C, M: —55°C to +125°C, *: may be omitted.
Screening level : Std : (no-end suffix), D : NFC 96883 level D,

G/B : NFC 96883 level G, B/B : NFC 96883 level B and MIL-STD-883C level B.

) These specifications are subjet to change without notice.
Please inquire with our sales offices about the availability of the different products.

Printed in France

40/40
THOMSON SEMICONDUCTEURS
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MICROCOMPUTER/MICROPROCESSOR (MCU/MPU)

ADVANCE INFORMATION

The EF6801U4 is an 8-bit single-chip microcomputer unit (MCU)
which enhances the capabilities of the EF6801 and significantly
enhances the capabilities of the EF6800 Family of parts. It includes
an EF6801 microprocessor unit (MPU) with direct object-code com-
patibility and upward object-code compatibility with the EF6800.
Execution times of key instructions have been improved over the
EF6800 and the new instructions found on the EF6801 are included.
The MCU can function as a monolithic microcomputer or can be ex-
panded to a 64K byte address space. It is TTL compatible and requi-
res one + 5-volt power supply. On-chip resources include 4096 bytes
of ROM, 192 bytes of RAM, a serial communications interface (SCl),
parallel 1/0, and a 16-bit six-function programmable timer. The
EF6803U4 can be considered as an EF6801U4 operating in modes
2 0r3;ie., those that do not use internal ROM.

® Enhanced EF6800 Instruction Set

® Upward Source and Object Code Compatibility with the EF6800
and EF6801

Bus Compatibility with the EF6800 Family

8 x 8 Multiply Instruction

Single-Chip or Expanded Operation to 64K Byte Address Space
Internal Clock Generator with Divide-by-Four Output

Serial Communications Interface (SCI)

16-Bit Six-Function Programmable Timer

Three Output Compare Functions

Two Input Capture Functions

Counter Alternate Address

4096 Bytes of ROM (EF6801U4)

192 Bytes of RAM

32 Bytes of RAM Retainable During Power Down

29 Parallel 1/0 and Two Handshake Control Lines

NMI Inhibited Until Stack Load

Complete Development System Support on DEVICE®

—40°C to 85°C Temperature Range

®

DEVICE "is THOMSON SEMICONDUCTEURS' development/emulation tool.

HMOS

CASES

CB-182

P SUFFIX
PLASTIC PACKAGE

CB-521
FN SUFFIX
PLCC 44
PIN ASSIGNMENT

Vss J E
XTAL1 [1sct
EXTAL2 [Isc2
Lyl 1 P30
RO ] P31
RESET P32
vee [1P33
P20 [1P34
P21 [1P35
P22 [1P36
P23 [ P37
P24 [1P40
P10 P4t
1 []Pa2
P12 [1P43
P13 1 Pas
P14 [ P45
P15 [ Pas
P16 P47

Vee
Standby

NOVEMBER 1986 1/44
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EF6801U4 eEF6803U4

P37

pa7

P45
P44

P42

Pa1
P40

2/44

EF6801U4 MICROCOMPUTER FAMILY BLOCK DIAGRAM

Hith ]

l [ l,_ Single Chip

A7/D7 D7 1/0
A6/D6 D6 1/0
A5/D5 D5 1/0
A4/D4 D4 1/O
A3/D3 D3 /0
A2/D2 D2 1/O
AUDI DI 1/O
A0/DO DO 1/O
R'W R/W 053
AS 05 183

A15 A7 /0
A4 A6 1/0
A13 A5 1/0
A12 A4 1/0
Al A3 1/0
A10 A2 1/10

A8 A0 1/O

NOTE : No functioning ROM in EF6803U4.

P MPU
<> (‘-J-le > P20 TINT 10
- Port  [e— > P21 TOUT1 1/0
<] Pot @ Mux |V 2 |e > P2  SCLK  1/0
- 3 < 3 P23 RDATA 1/0
- > P24 TDATA 1/0
<> wai
- H
> —1
i e sl
- A

S
=
- <
> Timer g~
<> < » p1o TIN2 /O
s K Address P - > P11 TOUT2 1/O
it P;m f;ﬂ < P P12 TOUT3 110
<> [ ¢——————> p13 110
pa f——— P> P14 110
<> A je———————> P15 110
<> f————————>* P16 170
<> je————————— P17 110
1608 40%6x8
RAM Rom
(See Note)
32x8
Vcc Standby —{  Standby
RAM
THOMSON SEMICONDUCTEURS
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MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vee ~031t0 +7.0 v
Input Volt; Vi -0. 7.
npy ‘0 age n 031t +7.0 0\/ This device contains circuitry to protect the in-
Operating Temperature Range Ta THto T, C puts against damage cue to high static voltages
EF6801/03U4, EF6801/03U4-1, 0to70 or electnic fields; however, 1t 1s advised that nor-
EF68A0/1 /:?3U4EF 801/03U4-1 : V suffi —40 to 85 mal precautions be taken 1o avoid apphcation of
EF6801/03U4, EF6801/0 1 VisuTiix any voltage higher than maximum rated voltages
Storage Temperature Range Tstg | —55to +150 °C to this high-impedance circuit. For proper opera-
tion itis recommended that Vi and Vg be con-
THERMAL CHARACTERISTICS strained to the range Vgg < (Vi or Vou) Vg
ey - Input protection i1s enhanced by connecting
Characteristic Symbol Value Rating unused nputs to either Vpp or Vss.
Thermal Resistance
Plastic AT 50 °C/W
PLCC 100

POWER CONSIDERATIONS

The average chip-junction temperature, Ty, in °C can be obtained from:
Ty=Ta+(Ppedja) m
Where:
TA= Ambient Temperature, °C
6 A =Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PPORT
PINT=IcCc X Ve, Watts — Chip Internal Power
PpORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT <€ P|NT and can be neglected. PPORT may become significant if the device is configured 1
drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T (if PPORT is neglected) is:

PD=K+(Ty+273°C) 2)
Solving equations 1 and 2 for K gives:
K=Ppe(TA+273°C) + 6 A0PD? 3

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)

for aknown T Using this value of K the values of Pp and T can be obtained by solving equations (1) and (2) iteratively for any
value of TA.

CONTROL TIMING (Vcc=5.0 V £5%, Vg5 =0, TA=0 to 70°C)

EF6801U4| EF6801U4-1]EF68A01U4
Characteristic Symbol | EF6803U4 | EF6803U4-1{EF68A03U4 | Unit
Min [ Max| Min| Max | Min [ Max
Frequency of Operation fo 05| 10f 05(125] 05| 1.5 |MHz
Crystal Frequency fxTaL | 20| 40| 20| 50 | 20| 6.0 |MHz
External Oscillator Frequency 4fq 20)] 40} 20} 50| 20| 6.0 |MHz
Crystal Oscillator Startup Time tre - 100 - 100 - 100 | ms
Processor Control Setup Time tpcs | 200 - 170 - 140 - ns
THOMSON SEMICONDUCTEURS =
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DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 Vdec 5%, Vgg=0, TA=T| to TH unless otherwise noted)

EF6801/03U4-A01/03U4 EF6801U4/86803U4
Characteristic Symboi 0° to +70°C -40° to +85°C
— Min Max Min Max Unit
{nput High Voltage RESET VIH Vss+4.0 Vee Vgs+4.0 Vece \Y%
Other Inputs* Vgs+2.0 Vee Vgg+2.2 vee
Input Low Voltage All Inputs* ViL Vgg-0.3 | Vgs+08| Vgg—03 ]| Vgs+038 \
Input Load Current (Vjn=0t0 2.4 V) Port4 lin - 05 - 08 mA
SCI — 0.8 — 1.0
Input Leakage Current
(Vin=0105.5V) NMI, IRQ1, RESET| i — 2.5 - 5.0 uA
Hi-Z (Off-State) Input Current
(Vin=0.5t02.4V) Port1, Port2, Port3 | ITg) - 10 - 20 uA
Output High Voltage
(I oad= — 65 A, Voc=Min) Port4, SC1,SC2 | VoH Vgs+2.4 - Vgg+2.4 - \
(ILoad= — 1004A, Vcc = Min) Other Outputs Vss+24 - Vgs+24 -
Output Low Voltage
(ILoad=2.0mA, Vcc=Min) All Qutputs | VoL - Vgs+0.5 - Vgs+0.6 \
Darlington Drive Current
(Vo=15V) Port 1 IoH 1.0 4.0 1.0 5.0 mA
Internal Power Dissipation
(Measured at To=T|_in Steady-State Operation) * * * PINT - - 1200 - 1500 mwW
Input Capacitance
(Vin=0, TA=25°C, Port3, Port4, SC1 Cin - 125 - 125 pF
fo=1.0 MHz) Other Inputs - 10.0 - 10.0
V¢ Standby Powerdown | Vggp 4.0 5.25 4.0 5.25 v
Powerup | Vgg 4.75 5.25 4.75 5.25
Standby Current Powerdown | Isgg - 3.0 - 35 mA
*Except mode programming levels; see Figure 16.
* *Negotiable to — 100 uA (for further information contact the factory).
*# % For the EF6801U4/EF6803U4 T|_=0°C and for the EF6801U4/EF6803U4 : V suffix T|_=-40°C
PERIPHERAL PORT TIMING (Refer to Figures 1-4)
EF6801/03U4
Charecteristic Symbol EF6801/03U4-1 EF68A01/0314
Min Typ Max Min Typ Max Unit
Peripheral Data Setup Time tPDSU 200 — - 150" - - ns
Peripheral Data Hold Time . tPDH 200 - - 150 — - ns
Delay Time, Enable Positive Transition to 0S3 Negative Transition 1QSD1 - - 350 - - 300 ns
Delay Time, Enable Positive Transition to OS3 Positive Transition t0SD2 - - 350 - - 300 ns
Delay Time, Enable Negative Transition to Peripheral Data Valid
Port 1 tPWD - - 350 - - 300 ns
Port 2, 3, 4 . - 350 — — 300
Delay Time, Enable Negative Transttion to Peripheral CMOS Data Valid | tcmos - - 20 - - 20 us
Input Strobe Pulse Width PWIS 200 - - 150 — — ns
Input Data Hold Time UH 50 - - 40 — - ns
Input Data Setup Time 1S 20 - - 20 - - ns
4/44
THOMSON SEMICONDUCTEURS
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FIGURE 1 — DATA SETUP AND HOLD TIMES

(MPU READ)
MPU Read
E
'PDSU \PDH
P10 P17
P20 P24
40.P47 X Data Vald K
Inputs¥® !
'PDSU > <€ PDH

P30-P37 i
Inputs % X Data Valid K

*Port 3 non-latched operation (Latch enable = 0)

FIGURE 3 - PORT 3 OUTPUT STROBE TIMING
(EF6801U4 SINGLE-CHIP MODE)

MPU Access of Port 3%

E \_/

Address (50006) X x
Bus

tOSD1-3> tOSD2 -3

0s3

FIGURE 2 — DATA SETUP AND HOLD TIMES
(MPU WRITE)

MPU Write

All Data

Port Outputs Data Valid

NOTES
1. 10 k pullup resistor required for port 2 to reach 0.7 Vo
2. Not applicable to P21
3. Port 4 cannot be pulled above V¢

FIGURE 4 - PORT 3 LATCH TIMING
(EF6801U4 SINGLE-CHIP MODE)

us
UH-»
P:TO'PW Data Valid K
nputs >q

#* Access matches output strobe select (0SS=0, a read; 0SS =1, a write)
NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noted.

FIGURE 56 — CMOS LOAD

Test Point o.___‘[
I 30 pF

FIGURE 6 — TIMING TEST
LOAD PORTS 1, 2, 3, AND 4

Vee
RL=1.8 k@

Test Point 1N916
or equiv.

1N4148
or equiv.

C=90 pF for P30-P37, P40-P47, E, SC1, SC2
=30 pF for P10-P17, P20-P24

R=37 kQ for P40-P47, SC1, SC2
=24 kQ for P10-P17, P20-P24-
=24 kQ for P30-P37, E

THOMSON SEMICONDUCTEURS s
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BUS TIMING (See Notes 1 and 2, and Figure 7)

\dent EF6801U4 |EF6801U4-1| EF68A01U4 .
Norbar Characteristics Symbol | EF6803 U4 |EF6803U4-1| EFeA03U4|Ynit
Min Max Min Max | Min | Max
1 Cycle Time teye 1.0 2.0 08 20 | 066| 20 us
2 Pulse Width, E Low PWEgL 430 1000 360 1000 | 300 | 1000 ns
3 Pulse Width, E High PWEH 450 1000 360 1000 | 300 | 1000 | ns
4 Clock Rise and Fall Time tr, tf - 25 - 25 — 25 ns
9 Address Hold Time tAH 20 - 20 - 20 — ns
12 Non-Muxed Address Valid Time to E* tav 200 - 150 - 116 | — ns
17 Read Data Setup Time IDSR 80 - 70 - 60 — ns
18 Read Data Hold Time 1DHR 10 — 10 - 10 — ns
19 Write Data Delay Time 1DDW - 225 — 200 — 160 ns
21 Write Data Hold Time tDHW 20 - 20 - 20 — ns
22 Muxed Address Valid Time to E Rise* tAVM 160 - 120 - 100 — ns
24 Muxed Address Valid Time to AS Fall* tASL 40 - 30 - 30 - ns
25 Muxed Address Hold Time tAHL 20 - 20 - 20 — ns
26 Delay Time, E to AS Rise* tASD 200 — 170 — 130 — ns
27 Pulse Width, AS High* PWAsH | 100 — 80 — 60 — ns
28 Delay Time, AS to E Rise* tASED 20 — 70 - 60 — ns
29 Usable Access Time*(See Note 3) tACC 555 - 435 - 385 — ns
* At specified cycle time.
FIGURE7 — BUS TIMING
» 0 -
< )
E 2 N
See Note 4 o | A
Olp O = (> =
IO OH 1<
__l0s, Daaa—
R/W, Address 50(
(Non-Muxed) :
Y See Note 3
1, @ [«
Addr/Data B Read Data Muxed g
Muxed :
@ |« M=
Addr/Data E() K Write Data Muxed 7
Muxed See Note 5 @ - B
Address
Strobe (AS)
27,
e« (25 e
4
NOTES:

B WN =

6/44

. Volitage levels shown are V| 0.5 V, Viy=22.4 V, unless otherwise specified.
. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified.
. Usable access time is computed by 22+3~-17+4.
. Memory devices should be enabled only during E high to avoid port 3 bus contention.
. Item 26 is different from the EF6801 but it is upward compatible.

252
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INTRODUCTION

The EF6801U4 is an 8-bit monolithic microcomputer
which can be configured to function in a wide variety of ap-
plications. The facility which provides this extraordinary flex-
ibility is its ability to be hardware programmed into eight dif-
ferent operating modes. The operating mode controls the
configuration of 18 of the 40 MCU pins, available on-chip
resources, memory map, location (internal or external) of in-
terrupt vectors, and type of external bus. The configuration
of the remaining 22 pins is not dependent on the operating
mode.

Twenty-nine pins are organized as three 8-bit ports and
one 5-bit port. Each port consists of at least a data register
and a write-only data direction register. The data direction
register is used to define whether corresponding bits in the
data register are configured as an input (clear) or output
(set).

The term “port” by itself refers to all of the hardware
associated with the port. When the port is used as a ''data
port” or “1/0 port,” itis controlled by the port data direction
register and the programmer has direct access to the port
pins using the port data register. Port pins are labeled as Pijj
where i identifies one of four ports and j indicates the par-
ticular bit.

The microprocessor unit (MPU) is an enhanced EF6800
MPU with additional capabilities and greater throughput.
It is upward source and object code compatible with the
EF6800 and the EF6801. The programming model is de-
picted in Figure 8 where accumulator D is a concatenation
of accumulators A and B. A list of new operations added
to the EF6800 instruction set are shown in Table 1.

The EF6803U4 can be considered an EF6801U4 that
operates in modes 2 and 3 only.

FIGURE 8 — PROGRAMMING MODEL

3 8-Bit Accumulators A and B
0 Or 16-Bit Double Accumulator D

0] Index Register (X)

OI Stack Pointer (SP)

ES PC

OI Program Counter (PC)

7

0

l 1 I 1 IHl | lNlZl Vlcl Condition Code Register (CCR)

I —L Carry/Borrow from MSB
Overflow

Zero

Negative

Interrupt

Half Carry (From Bit 3)

TABLE 1 — NEW INSTRUCTIONS

Instruction Description
ABX Unsigned addition of accumulator B to index register
ADDD Adds (without carry) the double accumulator to memory and leaves the sum in the double accumulator
ASLD or LSLD | Shifts the double accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is shifted into the C bit

BHS Branch if higher or same, unsigned conditional branch (same as BCC)

BLO Branch if lower, unsigned conditional branch (same as BCS)

BRN Branch never

JSR Additional addressing mode direct

LDD Loads double accumulator from memory

LSL Shifts memory or accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is shifted into the C bit

(same as ASL)

LSRD Shifts the double accumulator right (towards LSB) one bit, the MSB is cleared, and the LSB is shifted into the C bit
MUL Unsigned multiply, multiplies the two accumulators and leaves the product in the double accumulator

PSHX Pushes the index register to stack

PULX Pulls the index register from stack

STD Stores the double accumulator to memory
SUBD Subtracts memory from the double accumulator and leaves the difference in the double accumulator

CPX Internal processing modified to permit its use with any conditional branch instruction

THOMSON SEMICONDUCTEURS
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~ OPERATING MODES
The EF6801U4 provides seven different operating mo-
des (modes O through 3 and 5 through 7) and the EF6803U4
provides two operating modes (modes 2 and 3). The oper- -
ating modes are hardware selectable and determine the de-
vice memory map, the configuration of port 3, port 4, SC1,
SC2, and the physical location of the interrupt vectors.

FUNDAMENTAL MODES

The seven operating modes (0-3, 5-7) can be grouped into
three fundamental modes which refer to the type of bus it
supports: single chip, expanded non-multiplexed, and ex-

panded multiplexed. Single chip is mode 7, expanded non-
multiplexed is mode 5, and the remaining 5 are expanded
multiplexed modes. Table 2 summarizes the characteristics
of the operating modes.

EF6801U4 SINGLE-CHIP MODE (7) - In the single-chip
mode, the four MCU ports are configured as parallel in-
put/output data ports, as shown in Figure 9. The MCU func-
tions as a monolithic microcomputer in this mode without
external address or data buses. A maximum of 29 1/0 lines
and two port 3 control lines are provided. Peripherals or
another MCU can be interfaced to port 3in a loosely coupled
dual-processor configuration, as shown in Figure 10.

TABLE 2 — SUMMARY OF EF6801U4/EF6803U4 OPERATING MODES

Single-Chip (Mode 7)

Port 4 is a parallel 1/0 port

Port 3 is an 8-bit data bus

Test mode (mode 0):

Resources Common to All Modes
Reserved register area
Port 1 input/output operation
Port 2 input/output operation
Timer operation

192 bytes of RAM, 4096 bytes of ROM
Port 3 is a parallel /0 port with two control lines

Expanded Non-Multiplexed (Mode 5)
192 bytes of RAM, 4096 bytes of ROM

256 bytes of external memory space

Port 4 is an input port/address bus

Expanded Multiplexed (Modes 0, 1, 2, 3, 6*) v
Four memory space options (total 64K address space)
(1} Internal RAM and ROM with partial address bus (mode 1)
(2) Internal RAM, no ROM (mode 2)
(3) Extended addressing of internal /0 and RAM
(4) Internal RAM and ROM with partial address bus (mode 6)
Port 3 is multiplexed address/data bus
Port 4 is address bus (inputs/address in mode 6)

May be used to test internal RAM and ROM

May be used to test ports 3 and 4 as /0 ports by writing into mode 7
Only modes 5, 6, and 7 can be irreversibly entered from mode 0

Serial communications interface operation

*The EF6803U4 operates only in modes 2 and 3.
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FIGURE 9 — SINGLE-CHIP MODE
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FIGURE 10 — SINGLE-CHIP DUAL PROCESSOR CONFIGURATION

Vce Vfc
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< RQ1 < [<— TRQ1
"'—-—WEXTALZ EXTAL2
Ve Standby —3» Ve Standby —3»]
RESET —>» RESET—3
EF6801U4 EF6801U4 Port 1
Port 1 . ort
81/0 Port 3, 81/0 Lines 81/0
Lines Lines
16-Bit Timer 53 > 53 16-Bit Timer
Port 2 1S3« 0S3 Port 4
5 I/gcl.lmes 81/0
Lines
16-Bit Timer = Port 4 Port 2 = ne
- 81/0 51/0 Lines <
\Z
vss Lines SCl ss
16-Bit Timer

EF6801U4 EXPANDED NON-MULTIPLEXED MODE (5)
— A modest amount of external memory space is provided in
the expanded non-multiplexed mode while significant on-
chip resources are retained. Port 3 functions as an 8-bit
bidirectional data bus and port 4 is configured initially as an
input data.port. Any combination of the eight least signifi-
cant address lines may be obtained by writing to the port 4
data direction register. Stated alternatively, any combination
‘of AO to A7 may be provided while retaining the remainder as
input data lines. Internal pullup resistors pull the port 4 lines
high until the port is configured.

Figure 11 illustrates a typical system configuration in the
expanded non-multiplexed mode. The MCU interfaces
directly with EF6800 family parts and can access 256 bytes
_ofexternal address space at $100 through $1FF. 10S provi-
des an address decode of external memory ($100-$1FF)
and can be used as a memory-page select or chip-select li-
ne.

THOMSON SEMICONDUCTEURS
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EXPANDED MULTIPLEXED MODES (0, 1, 2,3, 6) — A
64K byte memory space is provided in the expandéd
multiplexed modes. In each of the expanded multiplexed
modes, port 3 functions as a time multiplexed address/data
bus with address valid on the negative edge of address
strobe (AS) and data valid while E is high. In modes 0, 2, and
3, port 4 provides address lines A8 to A15. In modes 1and 6,
however, port 4 initially is configured at. reset as an input
data port. The port 4 data direction register can then be
changed to provide any combination of address lines A8 to
A15. Stated alternatively, any subset of A8 to A15 can be
provided while retaining the remaining port 4 lines as input
data lines. Internal pullup resistors pull the port 4 lines high
until software configures the port. In mode 1, the internal
pullup resistors will hold the upper address lines high pro-
ducing a value of $FFXX for a reset vector. A simple method
of getting the desired address lines configured as outputs is
to have an external EPROM not fully decoded so it appears at
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two address locations (r.e., $FXXX and $BXXX). Then,
when the reset vector appears as $FFFE, the EPROM will be
accessed and can point to an address in the top $100 bytes of
the internal or external ROM/EPROM that will configure port
4 as desired.

In mode 0, the reset and interrupt vectors are located at
$BFFO-$BFFF. In addition, the internal and external data
buses are connected, so there must be no memory map
overlap in order to avoid potential bus conflicts. By writing
the PCO-PC2 bits in the port 2 data register, modes 5, 6, and
7 can be irreversibly entered from mode 0. Mode 0 is used

primarily to verify the ROM pattern and monitor the internal
data bus with the automated test equipment.

Only the EF6801U4 can operate in each of the expan-
ded multiplexed modes. The EF6803U4 operates only in
modes 2 and 3.

Figure 12 depicts a typical configuration for the expanded
multiplexed modes. Address strobe can be used to control a
transparent D-type latch to capture addresses AQ-A7, as
shown in Figure 13. This allows port 3 to function as a data
bus when E is high. :

FIGURE 11 — EXPANDED NON-MULTIPLEXED CONFIGURATION
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Port 2 | 55
51/0 i
L Port 4
nes To 8
Serial 170 o } et
16-Bit Timer Address Lines
vece
i
LXTALY
TS > (D0-D7)
D Port4 .8 > AOAT)
T _fextaz [0S R > 80
Vee Standby ——3»f R/W »ios
RESET —>] E g
NMi —3» EF6801U4 —>
RQ1
8 8
Port 1 Yl 8
81/0 ) |
16-Bit Timer
Port 2
5170
SCl
Timer L
v
s RAM PIA ACIA
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FIGURE 12 — EXPANDED MULTIPLEXED CONFIGURATION
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RESET— £resotua |24 . o Address Bus
NMI—>! £ Fgg03U4 [R/W 16 (A0-A15)
TRQT—> > R/W

Port 1 E »E
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NOTE: To avoid data bus (port 3) contention in the expanded multiplexed modes, memory devices should be enabled only during E high time.
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FIGURE 13 — TYPICAL LATCH ARRANGEMENT
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Address AQ-A7

Data DO-D7
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PROGRAMMING THE MODE

The operating mode is determined at RESET by the levels
asserted on P22, P21, and P20. These levels are latched into
PC2, PC1, and PCO of the program control register on the
positive edge of RESET. The operating mode may be read
from the port 2 data register, as shown below, and program-
ming levels and timing must be met as shown in Figure 14. A
brief outline of the operating modes is shown in Table 3.

PORT 2 DATA REGISTER
7 6 5 4 3 2 1 0
[PC2 T PC1 T PCO [ P24 [ P23 | P22 | P21 | P20] $03

Circuitry to provide the programming levels is dependent
primarily on the normal system usage of the three pins. If
configured as outputs, the circuit shown in Figure 15 may be
used; otherwise, three-state buffers can be used to provide
isolation while programming the mode.

MEMORY MAPS

The EF6801U4/EF6803U4 can provide up to 64K byte
address space depending on the operating mode. A memory
map for each operating mode is shown in Figure 16. The first
32 locations of each map are reserved for the internal register
area, as shown in Table 4, with exceptions as indicated.

FIGURE 14 — MODE PROGRAMMING TIMING

See Figure 15
RESET for Diode Arrangement
VMPDD
€ F—
(P20, P21, P22) 7 :A'::: Lot
H vl
Mode Inputs Data Valid w RESET ::/ T Level
(P20, P21, P22)  vppy VMPL Max
MODE PROGRAMMING (Refer to Figure 14)
Characteristic Symbol | Min | Max | Unit
Mode Programming Input Voltage Low VmpL | - [ 18 \
Mode Programming Input Voltage High VMPH [40 | - Vv
Mode Programming Diode Differential (if Diodes are Used) VmppD |06 | — v
[RESET Low Pulse Width PWRSTL| 30 | — |E Cycles
Mode Programming Setup Time tmMps | 2.0 — ] E Cycles
Mode Programming Hold Time
RESET Rise Timez1 us tMPH | O - ns
RESET Rise Time< 1 us 100 | -~
TABLE 3 — MODE SELECTION SUMMARY
P22 | P21 | P20 Interrupt Bus
Mode¥* | PC2 | PC1 | PCO | ROM |RAM | Vectors Mode Operating Mode
7 H H H | | | | Single Chip
6 H H L | | | Mux(2,3) Multiplexed/ Partial Decode.
5 H L H | | | NMUX(2, 3) | Non-Multiplexed/Partial Decode
q Hl L[ L] - |-= — - Undefined'4)
3 L H H € [ E Mux(1,5) Multiplexed/ RAM
2 L H L E | E Mux(1 Multiplexed/RAM
T ClLC ] AT ] E MUX(T, 31 Multiplexed/ RAM and ROM
0 L L L ] | E Mux(1) Multiplexed Test
LEGEND
| — Internal
E — External

MUX — Muitiplexed
NMUX — Non-Multiplexed

L — Logic ‘0"
H — Logic 1"
NOTES:

1. Addresses associated with ports 3 and 4 are considered external in modes 0, 1, 2, and 3.

2. Addresses associated with port 3 are considered external in modes 5 and 6.

3. Port 4 default is user data input; address output is optional by writing to port 4 data direction register.
4. Mode 4 is a non-user mode and should not be used as an operating mode.

5. Mode 3 has the internal RAM and internal registers relocated at $D000-$DOFF.

* The EF6803U4 operates only In modes 2 and 3.
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FIGURE 16 — TYPICAL MODE PROGRAMMING CIRCUIT
Vee

R R
2oreMSH EF6801U4
i FF6803U4
S 6
RESET»- 8 RESE
P20 . P20 (PCO)
P21 o P21 (PC1)
P22 P22 (PC2)
NOTES: Mode
1. Mode 7 as shown Control
2. R2.C= Reset time constant Switches
3. R1=10 k (typical)
4. D=1N914, 1N4001 (typical)
5. Diode V¢ should not exceed V\ppp min. D D D
c =

I

FIGURE 16 — EF6801U4/EF6803U4 MEMORY MAPS (Sheet 1 of 4)

Multiplexed Test Mode

Internal Registers

EF6801U4 0
Mode

External Memory Space

Internal RAM

External Memory Space

$BFFO .
$BFFF Y2772 External Interrupt Vectors(2)

l' External Memory Space

$F000
Internal ROM
$FFFF
NOTES:

1) Excludes the following addresses which may 4) This mode is the only mode which may be
be used externally: $04, $05, $06, $07, and used to examine the entire ROM using an ex-
$OF. ternal RESET vector.

2) The interrupt vectors are at $BFFO-$BFFF. 5) Modes 5-7 can be irreversibly entered from

3) There must be no overlapping of internal and mode O by writing to the PCO-PC2 bits of the
external memory spaces to avoid driving the port 2 data register.

data bus with more than one device.

THOMSON SEMICONDUCTEURS Lhas

2-59



EF6801U4 ¢ EF6803U4

FIGURE 16 — EF6801U4/EF6803U4 MEMORY MAPS (Sheet 2 of 4)

$0000(1)
$001F

$0040

$OOFF

$FO00

SFFEF
$FFFO
SFFFF

2

3)

EF6801U4
Mode

Multipiexed/RAM & ROM

1

7

/.

NOTES:
1) Excludes the following addresses which may
be used externally: $05 and $07.
Internal ROM addresses $FFFO to $FFFF are
not usable.
Address lines AB-A15 will not contain ad-
dresses until the data direction register for
port 4 has been written with ““1s" in the ap-
propriate bits. These address lines will assert
18" until made outputs by .writing the data
direction register.

Internal Registers

External Memory Space

Internal RAM

External Memory Space

Internal ROM

External Interrupt Vectors

EF6801U4
EF6803U4
Mode

Multiplexed/RAM

o T
$O01F
j;/;/’

$0040

$OOFF

SFFFO
SFFFF

NOTE:

Internal Registers

External Memory Space

Internal RAM

External Memory Space

External Interrupt Vectors

1) Excludes the following addresses which may
be used externally: $04, $05, $06, $07, and

$OF.
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FIGURE 16 — EF6801U4/EF6803U4 MEMORY MAPS (Sheet 3 of 4)

EF6801U4
EF6803U4
Mode

Muitiplexed/ RAM

0000 ")

External Memory Space

$D000]
Internal Registers(1, 2)
$DO1F

External Memory Space

500401
//// Internal RAM(1)
$DOFF 4

External Memory Space

External Interrupt Vectors

NOTES:

1) Relocating the internal registers and the inter-
nal RAM to high memory allows the pro-
cessor to make use of direct addressing.

2) Excludes the following addresses which may
be used externally: $D004, $D005, $D006,
$D007, and $DOOF.

EF6801U4 5
Mode

Non-Multiplexed/ Parual Decode

$0000'1)
Internal Registers
$001F
WYnusable
$0040 /
Internal RAM
$OOFF
$0100!
External Memory Space
$SO1FF T
Unusable
$F000 ’
g // Internal ROM
7 //
SFFFE 7/}) Internal Interrupt Vectors
NOTES:

1) Excludes the following addresses which may
not be used externally: $04, $06, and $0F (no
i0S).

Address lines A0 to A7 will not contain ad-
dresses until the data direction register for
port 4 has been written with ““1s” in the ap-
propriate bits. These address lines will assert
“1s"" until made outputs by writing the data
direction register.

2]
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FIGURE 16 — EF6801U4/EF6803U4 MEMORY MAPS (Sheet 4 of 4)

EF6801U4 EF6801U4
Mode Mode
Multiplexed/Partial Decode Single Chip
$0000 .
$0000(1) // Internal Registers Internal Registers
$001F $001F
External Memory Space Unusable
$0040 $0040
Internal RAM Internal RAM
SOOFF $OOFF
External Memory Space Unusable
$F000 $F000
Internal ROM Internal ROM
I int rA t Vectors Internal Interrupt Vectors
SFFFF Internal interrup! SFFEF
NOTES:
1) Excludes the following addresses which may
be used externally: $04, $06, $OF.
2) Address lines A8-A15 will not contain ad-
dresses until the data direction register for
port 4 has been written with ''1s” in the ap-
propriate bits. These address lines will assert
"1s" until made outputs by writing the data
direction register.
16/44
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TABLE 4 — INTERNAL REGISTER AREA

Address
Other

Register Modes | Mode 3
Port 1 Data Direction Register® * * 0000 D000
Port 2 Data Direction Register* * * 0001 D001
Port 1 Data Register 0002 D002
Port 2 Data Register 0003 D003
Port 3 Data Direction Register* * * 0004 * D004 *
Port 4 Data Direction Register* * * 0005* * | DOO5* *
Port 3 Data Register 0006 * D006 *
Port 4 Data Register 0007* * | DOO7* *
Timer Control and Status Register 0008 D008
Counter (High Byte) 0009 D009
Counter (Low Byte) 000A DOOA
Output Compare Register (High Byte) 000B D0OB
Output Compare Register (Low Byte) 000C DOOC
Input Capture Register (High Byte) 000D DOOD
Input Capture Register (Low Byte) 000E DOOE
Port 3 Control and Status Register Q00F * DOOF*
Rate and Mode Control Register 0010 D010
Transmit/ Receive Control and Status Register[0011 Do
Receive Data Register 0012 D012
Transmit Data Register 0013 D013
RAM Control Register 0014 D014
Counter Alternate Address (High Byte) 0015 D015
Counter Alternate Address (Low Byte) 0016 D016
Timer Control Register 1 0017 D017
Timer Control Register 2 0018 Do18
Timer Status Register 0019 D019
Output Compare Register 2 (High Byte) 001A DO1A
Output Compare Register 2 (Low Byte) 0018 DO1B
Output Compare Register 3 (High Byte) 001C DO1C
Output Compare Register 3 (Low Byte) 001D DO1D
Input Capture Register 2 (High Byte) 001E DO1E
Input Capture Register 2 (Low Byte) 001F DO1F

*External addresses in modes 0, 1, 2, 3, 5, and 6 cannot be
accessed in mode 5 (no 10S).
**External Addresses in Modes 0, 2, and 3.
* % %1 =Qutput, 0=Input

EF6801U4/EF6803U4 INTERRUPTS

The EF6801 Family supports two types of interrupt re-
ques(s_maskable and non-maskable. A non-maskable inter-
rupt (NMI) is always recognized and acted upon at the com-
pletion of the current instruction. Maskable interrupts are
controlled by the condition code register | bit and by in-
dividual enable bits. The | bit controls all maskable inter-
rupts. Of the maskable interrupts, there are two types: [RQ1
and IRQ2. The programmable timer and serial communica-
tions interface use an internal IRQ2 interrupt line, as shown
in the block diagram. External devices and 1S3 use [RQ1. An
iRQ1 interrupt 1s serviced before IRQ2 if both are pending.

NOTE
After reset, an NMI will not be serviced until the first
program load of the stack pointer. Any NM! generated
before this load will be remembered by the processor
and serviced subsequent to the stack pointer load.

All TRQZ interrupts use hardware prioritized vectors. The
single SCl interrupt and three timer interrupts are serviced in
a prioritized order and each is vectored to a separate loca-
tion. All interrupt vector locations are shown in Table 5. In
mode 0, reset and interrupt vectors are defined as $BFFO-
$BFFF.

The interrupt flowchart is depicted in Figure 17 and is
common to every interrupt excluding reset. During interrupt
servicing, the program counter, index register, A ac-
cumulator, B accumulator, and condition code register are
pushed to the stack. The | bit is set to inhibit maskable inter-
rupts and a vector is fetched corresponding to the current
highest priority interrupt. The vector is transferred to the
program counter and instruction execution is resumed. Inter-
rupt and RESET timing are illustrated in Figures 18 and 19.

TABLE 5 — MCU INTERRUPT VECTOR LOCATIONS

Mode 0 Modes 1-3, 57 Interrupt® * *
MSB LSB MmsB LSB
BFFE | BFFF | FFFE | FFFF | RESET
BFFC BFFD FFFC FFFD | Non-Maskable Interrupt* *
BFFA BFFB FFFA FFFB | Software Interrupt
BFF8 BFF9 FFF8 FFF9 | Maskable Interrupt Request 1
BFF6 BFF7 FFF6 FFF7 | Input Capture Flag*
BFF4 BFF5 FFF4 FFF5 | Output Compare Flag*
BFF2 BFF3 FFF2 FFF3 | Timer Overflow Flag*
BFFO BFF1 FFFO FFF1 | Serial Communications Interface*

*IRQZ interrupt

**NMI must be armed (by accessng stack pointer) before an

NMi is executed.

*+» Mode 4 interrupt vectors are undefined.

THOMSON SEMICONDUCTEURS
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FIGURE 17 — INTERRUPT FLOWCHART

Stack Machine

1-=ITMP
1|

Disarm NMI

MPU
Wiite to

Condition Code Regster

COTHIINTZIVIC]

SCI= TIE-TDRE + RIE+(RDRF + ORFE)
| —=iTMP ICI= (ICF1+EICIT) + (ICF2+EICI2)
1= OCl = (OCF1$EQCIN) + (OCF20EOCI2) + {OCF3#EOCI3)
Vector —=PC
Mode 0 Modes 1-3, 5-7

NM(_| BFFCBFFD | FFFC-FFFD Non-Maskable Interrupt
SWI_| BFFA-BFFB | FFFA-FFFB Software Interrupt
iRQ1_| BFF8-BFF9 FFF8-FFF9 | Maskable Interrupt Request |
ICF BFF6-BFF7 FEF6-FFF7 Input Capture Interrupt
OCF | BFF4-BFFS FFF4-FFF5 Output Compare Interrupt
TOF_| BFF2-BFF3 FFF2-FFF3 Timer Overflow Interrupt
sCt BFFO-BFF1 FFFO-FFF1 SCI Interrupt
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FIGURE 18 — INTERRUPT SEQUENCE
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FIGURE 18 — RESET TIMING
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FUNCTIONAL PIN DESCRIPTIONS

Vce AND Vss

Ve and Vss provide power to a large portion of the
MCU. The power supply should provide + 5 volts ( +5%) to
Vcc and Vss should be tied to ground. Total power dissipa-
tion (including V¢ ¢ standby) will not exceed Pp milliwatts.

Ve STANDBY

V¢ standby provides power to the standby portion ($40
through $5F in all modes except mode 3 which is $D040
through $DO5F) of the RAM and the STBY PWR and RAME
bits of the RAM control register. Voltage requirements de-
pend on whether the device is in a power-up or power-down
state. In the power-up state, the power supply should pro-
vide +5 volts (+5%) and must reach Vgp volts before
RESET reaches 4.0 volts. During power down, V¢ standby
must remain above Vggg (minimum) to sustain the standby
RAM and STBY PWR bit. While in power-down operation,
the standby current will not exceed ISgB.

Itis typical to power both Vcc and V¢ standby from the
same source during normal operation. A diode must be used
between them to prevent supplying power to V¢ during
power-down operation.

XTAL1 AND EXTAL 2

These two input pins interface either a crystal or TTL-
compatible clock to the MCU internal clock generator.
Divide-by-four circuitry is included which allows use of the
inexpensive 3.58 MHz or 4.4336 MHz color burst TV crystals.
A 20 pF capacitor should be tied from each crystal pin to
ground to ensure reliable startup and operation. Alternative-
ly, EXTAL2 may be driven by an external TTL-compatible
clock at 4 fo with a duty cycle of 50% (+5%) with XTAL1
connected ground.

The internal oscillator is designed to interface with an AT-
cut quartz crystal resonator operated in parallel resonance
mode in the frequency range specified for fxTAL. The
crystal should be mounted as close as possible to the input
pins to minimize output distortion and startup stabilization
time. The MCU is compatible with most commercially
available crystals. Nominal crystal parameters are shown in
Figure 20.

RESET

This input is used to reset the internal state of the device
and provide an orderly startup procedure. During power up,
RESET must be held below 0.8 volt : (1) at least tR¢ after
V¢ reaches 4.75 volts in order to provide sufficient time for
the clock generator to stabilize, and (2) until V¢ standby
reaches 4.75 volts. RESET must be held low at least three E
cycles if asserted during power-up operation.

E (ENABLE)

This is an output clock used primarily for bus synchroniza-
tion. It is TTL compatible and is the slightly skewed divide-
by-four result of the device input clock frequency. It will
drive one Schottky TTL load and 90 pF, and all data given in
cycles is referenced to this clock unless otherwise noted.

NMI (NON-MASKABLE INTERRUPT)
An NMi negative edge requests an MCU interrupt se-
quence, but the current instruction will be completed before
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it responds to the request. The MCU will then begin an inter-
rupt sequence. Finally, a vector is fetched from $FFFC and
$FFFD ($BFFC and $BFFD in mode 0), transferred to the
program counter, and instruction execution is resumed. NMI
typically requires a 3.3kQ (nomlnal) resistor to Vc . There is
no internal NMI pullup resistor. NMT must be held low for at
least one E cycle to be recognized under all conditions.

NOTE
After reset, an NMI will not be serviced until the first

program load of the stack pointer. Any NMI generated
before this load will remain pending by the processor.

IRQT (MASKABLE INTERRUPT REQUEST 1)

JRQ1 is a level-sensitive input which can be used to re-
quest an interrupt sequence. The MPU will complete the cur-
rent instruction before it responds to the request. If the inter-
rupt mask bit (I bit) in the condition code register is clear, the
MCU will begin an interrupt sequence. A vector is fetched
from $FFF8 and $FFF9 ($BFF8 and $BFF9 in mode 0), trans-
ferred to the program counter, and instruction execution is
resumed.

iRQ1 typically requires an external 3.3 kQ (nominal)
resistor to V¢ for wire-OR applications. IRQ1 has no inter-
nal pullup resistor.

SC1 AND SC2 (STROBE CONTROL 1 AND 2)

The function of SC1 and SC2 depends on the operating
mode. SC1 is configured as an output in all modes except
single-chip mode, whereas SC2 is always an output. SC1
and SC2 can drive one Schottky load and 90 pF.

SC1 AND SC2 IN SINGLE-CHIP MODE — In single-chip
mode, SC1 and SC2 are configured as an input and output,
respectively, and both function as port 3 control lines. SC1
functions as 1S3 and can be used to indicate that port 3 input
data is ready or output data has been accepted. Three op-
tions associated with 1S3 are controlled by the port 3 control
and status register and are discussed in the port 3 descrip-
tion; refer to P30-P37 (PORT 3). If unused, 1S3 can remain
unconnected.

SC2 is configured as OS3 and can be used to strobe out-
put data or acknowledge input data. It is controlled by out-
put strobe select (OSS) in the port 3 control and status
register. The strobe is generated by a read (0SS =0) or write
(0SS'=1) to the port 3 data register. 0S3 timing is shown in
Figure 3.

SC1 AND SC2 IN EXPANDED NON-MULTIPLEXED
MODE — In the expanded non-multiplexed mode, both SC1
and SC2 are configured as outputs. SC1 functions as in-
put/output select (I0S) and is asserted only when $0100
through $01FF is sensed on the internal address bus.

SC2 is configured as read/write and is used to control the
direction of data bus transfers. An MPU read is enabled
when read/write and E are high.

SC1 AND SC2 IN EXPANDED MULTIPLEXED MODE —
In the expanded multiplexed modes, both SC1 and SC2 are
configured as outputs. SC1 functions as address strobe and
can be used to demultiplex the eight least significant ad-
dresses and the data bus. A latch controlled by address
strobe captures the lower address on the negative edge, as
shown in Figure 13.
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FIGURE 20 — EF6801U4/EF6803U4 FAMILY OSCILLATOR CHARACTERISTICS

(a) Nominal Recommended Crystal Parameters

Nominal Crystal Parameters %

3.58 MHz 4.00 MHz 5.0 MHz
RS 60 0 50 Q 30-50 0
co 35 pF 6.5 pF 4-6 pF
c1 0.015 pF 0.025 pF 0.01-0.02 pF
Q >40 K >30 K >20K

#NOTE: These are representative AT-cut crystal parameters only. Crystals of other
types of cut may also be used

EF6801U4
2 2 -]+ 3
L1 c1 RS
CL cL 2 ————ly —— 3
T T y
= = 1€
co

Cp =20 pF (typical)
Equivalent Circuit

(b) Oscillator Stabilization Time (tgc)

vee A 475V

{ L
Jr

vk 08V
€e—————1RC
Oscillator
Stabilization
Time, tRC
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SC2 is configured as read/write and is used to control the
direction of data bus transfers. An MPU read is enabled
when read/write and E are high.

P10-P17 (PORT 1)

Port 1 is a mode independent 8-bit I/0 and timer port.
Each line can be configured as either an input or output as
defined by the port 1 data direction register. Port 1 bits 0, 1,
and 2 (P10, P11, and P12) can also be used to exercise one
input edge function and two output compare functions of
the timer. The TTL compatible three-state buffers can drive
one Schottky TTL load and 30 pF, Darlington transistors, or
CMOS devices using external pullup resistors. It is con-
figured as a data input port during RESET. Unused pins can
remain unconnected.

P20-P24 (PORT 2)

Port 2 is a mode-independent, 5-bit, multipurpose 1/0
port. The voltage levels present on P20, P21, and P22 on the
rising edge of RESET determine the operating mode of the
MCU. The entire port is then configured as a data input port.
The port 2 lines can be selectively configured as data output
lines by setting the appropriate bits in the port 2 data direc-
tion register. The port 2 data register is used to move data
through the port. However, if P21 is configured as an out-
put, it is tied to the timer output compare 1 function and can-
_not be used to provide output from the port 2 data register
unless output enable 1 (OE1) is cleared in timer control
register 1.

Port 2 can also be used to provide an interface for the
serial communications interface and the timer input edge
function. These configurations are described in SERIAL
COMMUNICATIONS INTERFACE and PROGRAMMABLE
TIMER.

The port 2 three-state TTL-compatible output buffers are
capable of driving one Schottky TTL load and 30 pF, or
CMOS devices using external pullup resistors.

PORT 2 DATA REGISTER,
7 6 5 4 3 2 1 0
[pc2 Trct [pco [p2a [ p3 [ P22 [ P2y [ P20 | s03

P30-P37 (PORT 3)

Port 3 can be configured as an |/O port, a bidirectional
8-bit data bus, or a multiplexed address/data bus depending
on the operating mode. The TTL compatible three-state out-
put buffers can drive one Schottky TTL load and 90 pF.
Unused lines can remain unconnected.

PORT 3 IN SINGLE-CHIP MODE — Port 3 is an 8-bit I/0
port in the single-chip mode with each line configured by the
port 3 data direction register. There are also two lines, 1S3
and 0S3, which can be used to control port 3 data transfers.

Three port 3 options are controlled by the port 3 control
and status register and are available only in single-chip
mode: 1) port 3 input data can be latched using 1S3 as a con-
trol signal, 2) OS3 can be generated by either an MPU read
or write to the port 3 data register, and 3) an IRQ1 interrupt
can be enabled by an 1S3 negative edge. Port 3 latch timing
is shown in Figure 4.

PORT 3 CONTROL AND STATUS REGISTER
6 5 4 3 2 1 0
SREE

7
1S3 1S3 Latch
Flag | iRQ1 Enable

Bits 0-2 Not used.

Bit 3 Latch Enable — This bit controls the input latch for
port 3. If set, input data is latched by an IS3
negative edge. The latch is transparent after a read
of the port 3 data register. Latch enable is cleared
during reset.

OSS (Output Strobe Select) — This bit determines
whether OS3 will be generated by a read or write of
the port 3 data register. When clear, the strobe is
generated by a read; when set, it is generated by a
write. OSS is cleared during reset.

Not used.

1S3 IRQ1 Enable — When set, an TRQ1 interrupt
will be enabled whenever the 1S3 flag is set; when
clear, the interrupt is inhibited. This bit is cleared
during reset.

1S3 Flag — This read-only status bit is set by an 1S3
negative edge. It is cleared by a read of the port 3
data register or during reset.

XIOSS

Bit 4

Bit5
Bit 6

Bit 7

PORT 3 IN EXPANDED NON-MULTIPLEXED MODE —
Port 3 is configured as a bidirectional data bus (D7-D0) in the
expanded non-multiplexed mode. The direction of data
transfers is controlled by read/write (SC2). Data is clocked
by E (enable).

PORT 3 IN EXPANDED MULTIPLEXED MODE — Port 3is
configured as a time multiplexed address (A7-AQ) and data
bus (D7-DO) in the expanded multiplexed mode where ad-
dress strobe (AS) can be used to demultiplex the two buses.
Port 3 is held in a high-impedance state between valid ad-
dress and data to prevent bus conflicts.

P40-P47 (PORT 4)

Port 4 is configured as an 8-bit 1/0 port, as address out-
puts, or as data inputs depending on the operating mode.
Port 4 can drive one Schottky TTL load and 90 pF, and is the
only port with internal pullup resistors. Unused lines can re-
main unconnected.

PORT 4.IN SINGLE-CHIP MODE — In single-chip mode,
port 4 functions as an 8-bit 1/0 port with each line con-
figured by the port 4 data direction register. Internal pullup
resistors allow the port to directly interface with CMOS at
5-volt levels. External pullup resistors to more than 5 volts,
however, cannot be used.

PORT 4 IN EXPANDED NON-MULTIPLEXED MODE —
Port 4 is configured from reset as an 8-bit input port where
the port 4 data direction register can be written to provide
any or all of eight address lines A0 to A7. Internal pullup
resistors pull the lines high until the port 4 data direction
register is configured.
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PORT 4 IN EXPANDED MULTIPLEXED MODE — In all ex-
panded multiplexed modes except modes 1 and 6, port 4
functions as half of the address bus and provides A8 to A15.
In modes 1 and 6, the port is configured from reset as an
8-bit parallel input port where the port 4 data direction
register can be written to provide any or all of upper address
lines A8 to A15. Internal pullup resistors pull the lines high
until the port 4 data direction register is configured where bit
0 controls A8.

RESIDENT MEMORY

The EF6801U4 provides 4096 bytes of on-chip ROM
and 192 bytes of on-chip RAM.

Thirty-two bytes of the RAM are powered through the
V¢ standby pin and are maintainable during Vcc power
down. This standby portion of the RAM consists of 32 bytes
located from $40 through $5F in all modes except mode 3
which is $D040 through $DO5F.

Power must be supplied to V¢ standby if the internal
RAM is to be used regardless of whether standby power
operation is anticipated.

The RAM is controlled by the RAM control register.

RAM CONTROL REGISTER ($14)

The RAM control register includes two bits which can be
used to control RAM accesses and determine the adequacy
of the standby power source during power-down operation.
It is intended that RAME be cleared and STBY PWR be set
as part of a power-down procedure.

RAM CONTROL REGISTER
7 6 5 4 3 2 1 0

STBY
PWRIRAMEIX | XIX l X [XIX |$14

Bits 0-5 Not used.

Bit 6 RAM Enable — This read/write bit can be used to
remove the entire RAM from the internal memory
map. RAME is set (enabled) during reset provided
standby power is available on the positive edge of
RESET. If RAME is clear, any access tc a RAM ad-
dress is external. If RAME is set, the RAM is includ-
ed in the internal map.

Standby Power — This bit is a read/write status bit
which when cleared indicates that V¢ standby
has decreased sufficiently below Vggg (minimum)
to make data in the standby RAM suspect. It can
be set only by software and is not affected during
reset.

PROGRAMMABLE TIMER
The programmable timer can be used to perform
measurements on two separate input waveforms while in-
dependently generating three output waveforms. Pulse
widths can vary from several microseconds to many
seconds. A block diagram of the timer is shown in Figure 21.

Bit 7

COUNTER ($09:0A), ($15, $16)
The key timer element is a 16-bit free-running counter
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which is incremented by E (enable). It is cleared during reset
and is read-only with one exception: in mode 0 a write to the
counter ($09) will configure it to $FFF8. This feature, intend-
ed for testing, can disturb serial operations because the
counter provides the SCI internal bit rate clock. The TOF is
set whenever the counter contains all ones. If ETOl is set, an
interrupt will occur when the TOF is set. The counter may
also be read as $15 and $16 to avoid inadvertently clearing
the TOF.

OUTPUT COMPARE REGISTERS
($1C:1D)

The three output compare registers are 16-bit read/write
registers, each used to control an output waveform or pro-
vide an arbitrary time-out flag. They are compared with the
free-running counter during the negative half of each E cy-
cle. When a match occurs, the corresponding output com-
pare flag (OCF) is set and the corresponding output level
(OLVL) is clocked to an output level register. If both the cor-
responding output enable bit and data direction register bit
are set, the value represented in the output level register will
appear on the corresponding port pin. The appropriate OLVL
bit can then be changed for the next compare.

The function is inhibited for one cycle after a write to its
high byte ($0B, $1A, or $1C) to ensure a valid compare after
a double byte write. Writes can be made to either byte of the
output compare register without affecting the other byte.
The OLVL value will be clocked out independently of
whether the OCF had previously been cleared. The output
compare registers are set to $FFFF during reset.

($0B:0C), ($1A:1B),

INPUT CAPTURE REGISTERS ($0D:0E), ($1E:1F)

The two input capture registers are 16-bit read-only
registers used to store the free-running counter when a
“proper” input transition occurs as defined by the cor-
responding input edge bit (IEDG1 or IEDG2). The input pin's
data direction register should be configured as an input, but
the edge detect circuit always senses P10 and P20 even
when configured as an output. The counter value will be
latched into the input capture registers on the second
negative edge of the E clock following the transition.

An input capture can occur independently of ICF; the
register always contains the most current value. Counter
transfer is inhibited, however, between accesses of a double
byte MPU read. The input pulse width must be at least two E
cycles to ensure an input capture under all conditions.

TIMER CONTROL AND STATUS REGISTERS

Four registers are used to provide the EF6801U4/
EF6803U4 with control and status information about the
three output compare functions, the timer overflow func-
tion, and the two input edge functions of the timer. They
are:

Timer Control and Status Register (TCSR)

Timer Control Register 1 (TCR1)

Timer Control Register 2 (TCR2)

Timer Status Register (TSR)
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FIGURE 21 — BLOCK DIAGRAM OF PROGRAMMABLE TIMER
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TIMER CONTROL AND STATUS REGISTER (TCSR)
($08) - The timer control and status register is an 8-bit
register of which all bits are readable, while only bits 0-4 can
be written. All the bits in this register are also accessible
through the two timer control registers and the timer status
register. The three most significant bits provide the timer
status and indicate if:

1. a proper level transition has been detected at P20,

2. a match has occurred between the free-running

counter and output compare register 1, or

3. the free-running counter has overflowed

Each of the three events can generate an IRQ2 interrupt
and is controlled by an individual enable bit in the TCSR.
TIMER CONTROL AND STATUS REGISTER
7 6 5 4 3 2 1 0
[ic1 Tocr1 T 7oF  eici Jeocn Jetor[iepa1 Jowve] soe

Bit0 Output Level 1 — OLVL1 is clocked to output level
register 1 by a successful output compare and will
appear at P21 if bit 1 of the port 2 data direction
register is set and the OE1 control bit in timer con-
trol register 1 is set. OLVL1 and output level
register 1 are cleared during reset. Refer to TIMER
CONTROL REGISTER 1 (TCR1) ($17).

Input Edge 1 — |IEDG1 is cleared during reset and

controls which level transition on P20 will trigger a

counter transfer to input capture register 1:
IEDG1=0 transfer on a negative-edge
IEDG1=1 transfer on a positive-edge

Refer to TIMER CONTROL REGISTER 1 (TCR1)

($17).

Enable Timer Overflow Interrupt — When set, an
RQZ interrupt will be generated when the timer
overflow flag is set; when clear, the interrupt is in-
hibited. ETOI is cleared during reset. Refer to
TIMER CONTROL REGISTER 2 (TCR2) ($18).

Enable Output Compare Interrupt 1 — When set,
an TRQ2 interrupt will be generated when output
compare flag 1 is set; when clear, the interrupt is in-
hibited. EOCI1 is cleared during reset. Refer to
TIMER CONTROL REGISTER 2 (TCR2) ($18).

Enable Input Capture Interrupt 1 — When set, an
TRQZ interrupt will be generated when input cap-
ture flag 1 is set; when clear, the interrupt is in-
hibited. EICI1 is cleared during reset. Refer to
TIMER CONTROL REGISTER 2 (TCR2) ($18).

Timer Overflow Flag — The TOF is set when the
counter contains all ones ($FFFF). It is cleared by
reading the TCSR or the TSR (with TOF set) and
the counter high byte ($09), or during reset. Refer
to TIMER STATUS REGISTER (TSR) ($19).

Output Compare Flag 1 — OCF1 is set when output
compare register 1 matches the free-running
counter. OCF1 is cleared by reading the TCSR or
the TSR (with OCF1 set) and then writing to output
compare register 1 ($0B or $0C), or during reset.
Refer to TIMER STATUS REGISTER (TSR) ($19).

Bit 1

Bit 2

Bit 3

Bit 4

Bit 6

Bit 6
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Bit 7 Input Capture Flag — ICF1 is set to indicate that a
proper level transition has occurred,; it is cleared by
reading the TCSR or the TSR (with ICF1 set) and
the input capture register 1 high byte ($0D), or dur-
ing reset. Refer to TIMER STATUS REGISTER

(TSR) ($19).

TIMER CONTROL REGISTER 1 (TCR1) ($17) — Timer
control register 1 is an 8-bit read/write register which con-
tains the control bits for interfacing the output compare and
input capture registers to the corresponding 1/0 pins.

TIMER CONTROL REGISTER 1
7 6 5 4 3 2 1 0
[oes T o2 | oe1 [ iencz]iene1Jouvis[oLvizfowvit 17

Bit 0 Output Level 1 — OLVL1 is clocked to output level
register 1 by a successful output compare and will
appear at P21 if bit 1 of the port 2 data direction
register is set and the OE1 control bit is set. OLVL1
and output level register 1 are cleared during reset.
Refer to TIMER CONTROL AND STATUS
REGISTER (TCSR) ($08).

Output Level 2 — OLVL2 is clocked to output level
register 2 by a successful output compare and will
appear at P11 if bit 1 of port 1 data direction register
is set and the OE2 control bit is set. OLVL2 and out-
put level register 2 are cleared during reset.

Output Level 3 — OLVL3 is clocked to output level
register 3 by a successful output compare and will
appear at P12 if bit 2 of port 1 data direction register
is set and the OE3 control bit is set. OLVL3 and out-
put level register 3 are cleared during reset.

Bit 1

Bit 2

Input Edge 1 — IEDG1 is cleared during reset and

controls which level transition on P20 will trigger a

counter transfer to input capture register 1.
IEDG1=0 transfer on a negative-edge
IEDG1=1 transfer on a positive-edge

Refer to TIMER CONTROL AND STATUS

REGISTER (TCSR) ($08).

Input Edge 2 — |EDG2 is cleared during reset and

controls which level transition on P10 will trigger a

counter transfer to input capture register 2.
IEDG2=0 transfer on a negative-edge
IEDG2=1 transfer on a positive-edge

Output Enable 1 — OE1 is set during reset and
enables the contents of output level register 1to be
connected to P21 when bit 1 of port 2 data direc-
tion register is set.
OE1=0 port 2 bit 1 data register output
OE1=1 output level register 1

Output Enable 2 — OE2 s cleared during reset and
enables the contents of output level register 2 to be
connected to P11 when bit 1 of port 1 data direc-
tion register is set.
OE2=0 port 1 bit 1 data register output
OE2=1 output level register 2

Bit 3

Bit4

Bit 5

Bit 6
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Bit 7 Output Enable 3 — OE3 is cleared during reset and
enables the contents of output level register 3 to be
connected to P12 when bit 2 of port 1 data direc-
tion register is set ’

OE3=0 port 1 bit 2 data register output

OE3=1 output level register 3

TIMER CONTROL REGISTER 2 (TCR2) ($18) — Timer
control register 2 is an 8-bit read/write register (except bits 0
and 1) which enable the interrupts associated with the free-
running counter, the output compare registers, and the input
capture registers. In test mode 0, two more bits (clock and
test) are available for checking the timer.

TIMER CONTROL REGISTER 2
(Non-Test Modes)

7 6 5 4 3 2 1 0
[eici2 [ eicn ] eocis[eociz[eocn [ eror T4 | 1 ] w8

Bits 0-1 Read-Only Bits — When read, these bits return a
value of 1. Refer to TIMER CONTROL REGISTER 2
(Test Mode).

Enable Timer Overflow Interrupt — When set, an
[RQ2 interrupt will be generated when the timer
overflow flag is set; when clear, the interrupt is in-
hibited. ETOI is cleared during reset. Refer to
TIMER CONTROL AND STATUS REGISTER
(TCSR) ($08).

Enable Output Compare Interrupt 1 — When set,
an IRQ2 interrupt will be generated when the out-
put compare flag 1 is set; when clear, the interrupt
is inhibited. EOCI1 is cleared during reset. Refer to
TIMER CONTROL AND STATUS REGISTER
(TCSR) ($08).

Enable Output Compare Interrupt 2 — When set,
an IRQ2 interrupt will be generated when the out-
put compare flag 2 is set; when clear, the interrupt
is inhibited. EOCI2 is cleared during reset.

Bit 2

Bit 3

Bit 4

Bit5 Enable Output Compare Interrupt 3 — When set,
an TRQ2 interrupt will be generated when the out-
put compare flag 3 is set; when clear, the interrupt

is inhibited. EOCI3 is cleared during reset.

Enable Input Capture Interrupt 1 — When set, an
RQ2 interrupt will be generated when the input
capture flag 1is set; when clear, the interrupt is in-
hibited. EICI1 is cleared during reset. Refer to
TIMER CONTROL AND STATUS REGISTER
(TCSR) ($08).

Enable Input Capture Interrupt 2 — When set, an
IRQ2 interrupt will be generated when the input
capture flag 2 is set; when clear, the interrupt is in-
hibited. EICI2.is cleared during reset.

Bit 6

Bit 7

The timer test bits (test and clock) allow the free-running
counter to be tested as two separate 8-bit counters to speed
testing.

TIMER CONTROL REGISTER 2
(Test Mode)

7 6 5 4 3 2 1 0
[eici2 [ eicn [ eocis] eociz[eoci [ eor | rést]crock] sis

26/44

THOMSON SEMICONDUCTEURS

2-72

Bit 0 CLOCK — The CLOCK control bit selects which
half of the 16-bit free-running counter (MSB or
LSB) should be clocked with E. The CLOCK bitis a
read/write bit only in mode O and is set during
reset.
CLOCK =0 — Only the eight most significant bits
of the free-running counter run with TEST=0.
CLOCK =1 — Only the eight least significant bits
of the free-running counter run when
TEST=0.

TEST — the TEST control bit enables the timer test
mode. TEST is a read/write bit in mode 0 and is set
during reset.

TEST=0 — Timer test mode enabled:

a) The timer LSB latch is transparent which
allows the LSB to be read independently
of the MSB.

b) Either the MSB or the LSB of the timer is
clocked by E, as defined by the CLOCK
bit.

TEST=1 — Timer test mode disabled.
See TIMER CONTROL REGISTER 2 (Non-Test
Modes). (These bits function the same as in the
non-test modes.)

TIMER STATUS REGISTER (TSR) ($19) — The timer
status register is an 8-bit read-only register which contains
the flags associated with the free-running counter, the out-
put compare registers, and the input capture registers.

Bit 1

Bits 2-7

TIMER STATUS REGISTER
7 6 5 4 3 2 1 0
[icr2 | ick1 [ ocrafocr2|ocri] tor | 1 [ 1 ] s1e

Bits 0-1 Not used.
Bit 2 Timer Overflow Flag — The TOF is set when the
counter contains all ones ($FFFF). It is cleared by
reading the TSR or the TCSR (with TOF set) and
then the counter high byte ($09), or during reset.
Refer to TIMER CONTROL AND STATUS
REGISTER (TCSR) ($08).

Bit 3 Output Compare Flag 1 — OCF1is set when output
compare register 1 matches the free-running
counter. OCF1 is cleared by reading the TSR or the
TCSR (with OCF1 set) and then writing to output
compare register 1 ($0B or $0C), or during reset.
Refer to TIMER CONTROL AND STATUS
REGISTER (TCSR) ($08).

Output Compare Flag 2 — OCF2 is set when output
compare register 2 matches the free-running
counter. OCF2 is cleared by reading the TSR (with
OCF2 set) and then writing to output compare
register 2 ($1A or $1B), or during reset.

Bit 4

Bit5 Output Compare Flag 3 — OCF3 is set when output
compare register 3 matches the free-running
counter. OCF3 is cleared by reading the TSR (with
OCF3 set) and then writing to output compare
register 3 ($1C or $1D), or during reset.

Bit6 Input Capture Flag 1 — ICF1is set to indicate that a
proper level transition has occurred; it is cleared by
reading the TSR or the TCSR (with ICF1 set) and
the input capture register 1 high byte ($0D), or dur-
ing reset. Refer to TIMER CONTROL AND
STATUS REGISTER (TCSR) ($08).
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Bit7 Input Capture Flag 2 — ICF2 s set to indicate that a
proper level transition has occurred; it is cleared by
reading the TSR (with ICF2 set) and the input cap-

ture register 2 high byte ($1E), or during reset.

SERIAL COMMUNICATIONS INTERFACE

A full-duplex asynchronous serial communications inter-
face (SCI) is provided with two data formats and a variety of
rates. The SCI transmitter and receiver are functionally in-
dependent but use the same data format and bit rate. Serial
data formats include standard mark/space (NRZ) and bi-
phase and both provide one start bit, eight data bits, and one
stop bit. ““Baud” and "bit rate’’ are used synonymously in
the following description.

WAKE-UP FEATURE

In a typical serial loop multiprocessor configuration, the
software protocol will usually identify the addresseel(s) at the
beginning of the message. In order to permit uninterested
MPUs to ignore the remainder of the message, wake-up
feature is included whereby all further SClI receiver flag (and
interrupt) processing can be inhibited until its data line goes
idle. An SCI receiver is re-enabled by an idle string of ten
consecutive ones or during reset. Software must provide for

FIGURE 22
Bit 7

the required idle string between consecutive messages and
prevent it within messages.

PROGRAMMABLE OPTIONS

The following features of the SCI are programmable:

® Format: standard mark/space (NRZ) or bi-phase

® Clock: external or internal bit rate clock

® Baud: one of eight per E clock frequency or external
clock (x 8 desired baud)

® Wake-Up Feature: enabled or disabled

® Interrupt Requests: enabled individually for transmitter
and receiver

® Clock Output: internal bit rate clock enabled or disabled
to P22

SERIAL COMMUNICATIONS REGISTERS

The serial communications interface includes four ad-
dressable registers as depicted in Figure 22. It is controlled
by the rate and mode control register and the
transmit/receive control and status register. Data is transmit-
ted and received utilizing a write-only transmit register and a
read-only receive register. The shift registers are not accessi-
ble to software.

— SCI REGISTERS

Rate and Mode Control Register  Bit 0

rEBE |

ICC1 |CCO SS1lSSOl$10

Transmit/ Receive Control and Status Register

[RDRF IOHFEITDR\ElRIEI RE ] TIE I TE ]WU] $n

Receive Data Register

L1

I A I I A

Port 2

(Not Addressable)

Rx
Bit —1——>[ Receive Shift Register I
3
Clock 10 Bit Rate
Bz" <€ Generator [€—¢
\ (Not Addressable)
[ Transmit Shift Register
Tx
Bit 12
4
Ll ] [ T [ ]
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RATE AND MODE CONTROL REGISTER (RMCR) ($10)
— The rate and, mode control register controls the SCI bit
rate, format, clock source, and under certain conditions, the
configuration of P22. The register consists of five write-only
bits which are cleared during reset. The two least significant
bits in conjunction with bit 7 control the bit rate of the inter-
nal clock and the remaining two bits control the format and
clock source.

RATE AND MODE CONTROL REGISTER
7 6 5 4 3 2 1 0
[ese T x [ x T x Jccr]ceo[ssi]sso

$10

Bit 1:Bit0 SS1:SS0 Speed Select — These two bits select
the baud when using the internal clock. Eight
rates may be selected (in conjunction with bit 7)
which are a function of the MCU input frequen-
cy. Table 6 lists bit time and rates for three
selected MCU frequencies.

for P22 is forced to the complement of CCO and
cannot be altered until CC1 is cleared. If CC1is
cleared after having been set, its DDR value is
unchanged. Table 7 defines the formats, clock
source, and use of P22.

Not used.

EBE Enhanced Baud Enable — EBE selects the
standard EF6801 baud rates when clear and the
additional baud rates when set (Table 6). This
bit is cleared by reset and is a write-only control
bit.

EBE=0 standard EF6801 baud rates

EBE =1 additional baud rates

If both CC1 and CCO are set, an external TTL-compatible
clock must be connected to P22 at eight times (8x ) the
desired bit rate, but not greater than E, with a duty cycle of
50% (+10%). If CC1:CCO= 10, the internal bit rate clock is
provided at P22 regardless of the values for TE or RE.

Bits 4-6
Bit 7

NOTE

Bit 3:Bit 2 CC1:CCO Clock Control and Format Select — The source of SCl internal bit rate clock is the timer
These two bits control the format and select the free-running counter. An MPU write to the counter in
serial clock source. If CC1 is set, the DDR value mode O can disturb serial operations.

TABLE 6 — SCI BIT TIMES AND RATES

4 fo— 2.4576 MHz 4.0 MHz 4.9152 MHz
EBE | SS1:SS0 614.4 kHz 1.0 MHz 1.2288 MHz
E Baud Time Baud Time Baud Time
0 0 0 +16 | 38400.0 26 ps 62600.0 16.0 ps 76800.0 13.0 ps
0 0 1 +128 4800.0 | 208.3 ps 78125 | 128.0 us 9600.0 | 104.2 ps
0 1 0 +1024 600.0 | 1.67 ms 976.6 | 1.024 ms 1200.0 | 833.3 us
0 1 1 + 4096 150.0 | 6.67 ms 244.1 | 4.096 ms 3000 | 3.33ms
1 0 [ +64 9600.0 | 104.2 us 16625.0 64 us 19200.0 52.0 us
1 0 1 + 256 2400.0 | 416.6 ps 3906.3 256 ps 4800.0 | 208.3 us
1 1 0 +512 1200.0 | 833.3 s 1953.1 512 ps 2400.0 | 416.6 us
1 1 1] +2048 300.0 | 3.33ms 488.3 | 2.05ms 600.0 | 1.67ms
External (P22)* 76800.0 13.0 us | 125000.0 8.0 us | 153600.0 6.5 ps
*Using maximum clock rate
TABLE 7 — SCI FORMAT AND CLOCK SOURCE CONTROL
. Clock Port 2
Ccc1:cco Format Source Bit 2
00 Bi-Phase | Internal | Not Used
01 NRZ Internal | Not Used
10 NRZ Internal Output
1" NRZ External Input
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TRANSMIT/RECEIVE CONTROL AND STATUS
REGISTER (TRCSR) ($11) — The transmit/receive control
and status register controls the transmitter, receiver, wake-
up feature, and two individual interrupts, and monitors the
status of senal operations. All eight bits are readable while
bits O 10 4 are also writable. The register is initialized to $20
by RESET

TRANSMIT/RECEIVE CONTROL AND STATUS REGISTER

7 6 5 4 3 2 1 0
[rore [orre [Tore [RiE [ re [ TE [ Te [ wu | sun
Bit 0 “Wake-Up"’ on Idle Line — When set, WU enables

the wake-up function; 1t is cleared by ten con-
secutive ones or during reset. WU will not be set if
the line is idle. Refer to WAKE-UP FEATURE.

Transmit Enable — When set, P24 DDR bit is set,
cannot be changed, and will remain set if TE is
subsequently cleared. When TE is changed from
clear to set, the transmitter is connected to P24 and
a preamble of nine consecutive ones is transmitted.
TE is cleared during reset.

Bit 1

Bit 2 Transmit Interrupt Enable — When set, an IRQ2 is
set; when clear, the interrupt is inhibited. TE is

cleared during reset.

Receive Enable — When set, the P23 DDR bit is
cleared, cannot be changed, and will remain clear if
RE is subsequently cleared. While RE is set, the SCI
receiver is enabled. RE is cleared during reset.

Bit 3

Bit4  Receiver Interrupt Enable — When set, an iRQ2 in-
terrupt is enabled when RDRF and/or ORFE is set;
when clear, the interrupt is inhibited. RIE is cleared
during reset.

Bit5 Transmit Data Register Empty — TDRE is set when
the transmit data register is transferred to the out-
put serial shift register or during reset. It is cleared
by reading the TRCSR (with TDRE set) and then
writing to the transmit data register. Additional
data will be transmitted only if TDRE has been
cleared.

Overrun Framing Error — If set, ORFE indicates
either an overrun or framing error. An overrun is a
new byte ready to transfer to the receiver data
register with RDRF still set. A receiver framing error
has occurred when the byte boundaries of the bit
stream are not synchronized to the bit counter. An
overrun can be distinguished from a framing error
by the state of RDRF: if RDRF is set, then an over-
run has occurred; otherwise, a framing error has
been detected. Data is not transferred to the
receive data register in an overrun condition. Un-
framed data causing a framing error is transferred
to the receive data register. However, subsequent
data transfer is blocked until the framing error flag
is cleared. ORFE is cleared by reading the TRCSR
(with ORFE set) then the receive data register, or
during reset.

Bit 6

Bit 7 Receive Data Register Full — RDRF is set when the
input serial shift register is transferred to the receive

data register, or during reset.

SERIAL OPERATIONS

The SClI is initialized by writing control bytes first to the
rate and mode control register and then to the
transmit/receive control and status register. When TE is set,
the output of the transmit serial shift register is connected to
P24 and serial output is initiated by transmitting a 9-bit
preamble of ones.

At this point, one of two situations exists: 1) if the transmit
data register is empty (TDRE=1), a continuous string of
ones will be sent indicating an idle line; or 2) if a byte has
been written to the transmit data register (TDRE=0), it will
be transferred to the output serial shift register (synchro-
nized with the bit rate clock), TDRE will be set, and transmis-
sion will begin.

The start bit (0), eight data bits (beginning with bit 0}, and
a stop bit (1) will be transmitted. If TDRE is still set when the
next byte transfer occurs, ones will be sent until more data is
provided. In bi-phase format, the output toggles at the start
of each bit and at half-bit time when a one is sent. Receive
operation is controlled by RE which configures P23 as an in-
put and enables the receiver. SC| data formats are illustrated
in Figure 23.

FIGURE 23 — SCI DATA FORMATS
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1

2-75

|

THOMSON SEMICONDUCTEURS

2 3 4 5 6 7

vuyyyuuyuygn

ULy iy

Bn
! Stop

29/44




EF6801U4 ¢ EF6803U4

INSTRUCTION SET

The EF6801U4/EF6803U4 is directly source compati-
ble with the EF6801 and upward source and object code
compatible with the EF6800. Execution times of key ins-
tructions have been reduced and several instructions have
been added, including a hardware multiply. A list of new
operations added to the EF6800 instruction set is shown
in Table 1.

In addition, two special opcodes, 4E and 5E, are provided
for test purposes. These opcodes force the program counter

to increment like a 16-bit counter causing address lines used
in the expanded modes to increment until the device is reset.
These opcodes have no mnemonics.

The coding of the first (or only) byte corresponding to an
executable instruction is sufficient to identify the instruction
and the addressing mode. The hexadecimal equivalents of
the binary codes, which result from the translation of the 82
instructions in all valid modes of addressing, are shown in
Table 8. There are 220 valid machine codes, 34 unassigned
codes, and 2 codes reserved for test purposes.

TABLE 8 — CPU INSTRUCTION MAP

OP MNEM MODE -~ #|OP MNEM MODE ~ #|OP MNEM MODE ~ #|OP MNEM MODE -~ #|OP MNEM MODE -~ 1/
0 . 34 DES INHER 3 1|68 ASL INDXD 6 2f9C CPX DIR 5 2|po suse DI 3 2
o1 NOP INHER 2 1|35 TXS A 3 1les ROL 6 2|9 USR 5 2|D1 cMmPB 3 2
[ A 36 PSHA 3 1|6Aa DEC 6 2|9% DS 4 2|o2 sBcs 3 2
[ 37 PSHB 3 168 e 9F STS DR 4 2|p3 ADDD 5 2
04 LSRD 3 1] PUX 5 1]|6C INC 6 2|A0 SUBA INDXD 4 2|D4 ANDB 3 2
05  ASLD 3 1|3 RTS 5 1|60 TST 6 2|A1 CcMPA A 4 2|ps BT 3 2
%6 TAP 2 1f3 ABX 3 1|6E  JmP 3 2|A2 SsBCA 4 2|D6 LDAB 3 2
07 TPA 2 1|38 AT 0 1]6F CLR INDXD 6 2|A3 suBD 6 2|07 sTAB 3 2
08 INX 3 1}3c  PSHX 4 1|70 NEG EXTND 6 3|A4 ANDA 4 2|08 EORB 3 2
09 DEX 3 1]3 MuL 10 1|7 e A A5 BITA 4 2|p9 ADCB 3 2
0A  CLV 2 1f3E WAl 9 1|72 . A8 LDAA 4 2|DA ORAB 3 2
08 SEV 2 1|3F  sw 12 1713 com 6 3|A7 STAA 4 2|pB ADDB 3 2
oc cLc 2 104 NEGA 2 1|74 SR 6 3|A8 EORA 4 2}loc LoD 4 2
oD SEC 2 1]|ar . 7% . A9 ADCA 4 2|pp sTD a 2
[T 2 1fa2 . 7  ROR 6 3|AA ORAA 4 2JDE LDX \ ] 4 2
OF  SEI 2 1]43 coma 2 1|77 AsR 6 3|AB ADDA 4 2|DF STX- DR a 2
10 SBA 2 1]4  LSRA 2 1|7 AsL 6 3|AC CPx 6 2|E0 SUBB INDXD 4 2
1 CcBA 2 14 79 ROL 6 3|AD JsR 6 2|en cmee A 4 2
12 . 46  RORA 2 1|7A DEC 6 3|AE (DS / 5 2|e2 sBCB 4 2
3. 47 ASRA 2 1| . AF STS INDXD 5 2 [E3 ADDD 6 2
® . 48 ASLA 2 1|7c INC 6 3|B0 SUBA EXTND 4 3 |E4 ANDB 4 2
1B . 49 ROLA 2 1|m TsT 6 3|81 CcMPA A 4 3les BITB 4 2
1% TAB 2 1]4a DECA 2 1|7 ump ¥ 3 3]sz seca 4 3|6 LDAB 4 2
17 TBA 2 1l o 7F CLR EXTND 6 3)B3 sSusD 6 3|e7 sTAB a 2
B . y 4C INCA 2 1]80 SUBA IMMED 2 2|B4 ANDA 4 3|8 EORB 4 2
19 DAA INHER 2 1[4D TSTA 2 1081 cmPa 2 2)Bs BITA 4 3|9 ADCB 4 2
1A . ® T 82  SBCA 2 2|86 LDAA 4 3|eA ORAB 4 2
18 ABA INHER 2 1 |4F CLRA 2 1 BG» SuUBD 4 3}87 STAA 4 3 |EB ADDB 4 2
. 50  NEGB 2 1]8a ANDA 2 2|88 EORA 4 3|ec DD 5 2
D . 51 e 8  BITA 2 2B ADCA 4 3|e0 sTD 5 2
1E . 52 e 8 LDAA 2 2|sa oORAA 4 3|ee DX Y 5 2
oo 53  COMB 2 1087 . BB  ADDA 4 3|EF  STX IND 5 2
20 BRA  REL 3 2|5 LSR8 2 1(88 EORA 2 2|Bc cpPx 6 3|F0 suBB EXTND 4 3
21 BRN A 3 2|5 89  ADCA 2 2|8D JSR 6 3|F1 cmPB A 4 3
2 BHI 3 25 RORB 2 1|ea ORAA 2 2|Be DS 5 3|F2 sBCB 4 3
23 BLS 3 2|57 ASRB 2 1|s8 ADDA ¥ 2 2|er sTs exTno 5 3 |F3 ADDD 6 3
24 BCC 3 258 AsLB 2 1]8c CPX IMMED 4 3)CO SUBB IMMED 2 2 |F4 ANDB 4 3
2%  BCS 3 2|58 ROLB 2 18D BSR REL 6 2]c1 cwmes 2 2| BITB 4 3
26  BNE 3 2|sa DECB 2 1|8 LDS IMMED 3 3|cC2 SBCB 2 2|F6 LDAB 4 3
27 BEQ 3 258 8F o c3 ADDD 4 3|F7  sTAB 4 3
8 8VC 3 25c INCB 2 1% susA DR 3 2)|ca AnDB 2 2|F8 EORB 4 3
29 BVS 3 2|sD TsTB 2 1 |e1  cmPa 3 2|cs 8T8 2 2{r ADCB 4 3
27 BPL 3 205 T / 92  SBCA 3 2|ce LDAB 2 2|Fa oORAB 4 3
28 BMI 3 2|5F CLRB INHER 2 1|93 SuBD 5 2|c7 . F8  ADDB 4 3
2 BGE 3 2|60 NEG INDXD 6 2|94 ANDA 3 2|c8 EORB 2 2|fc D 5 3
20 BLT 3 2061 . %  BITA 3 2]ce ADCB 2 2}F0 SO 5 3
26  BGT \J 3 2062 9% LDAA 3 2|ca oRaB 2 2|FE DX & 5 3
2F  BLE  REL 3 2163 COM 6 2lo7 sTAA 3 2)cs ADDB 2 2|FF STX EXTND 5 3
0 TSX INHER 3 1 [e4 LSR 6 2|8 EORA 3 2|cc oo 3 3
31 NS 3 1065 . 9  ADCA 3 2)jco . * UNDEFINED OP CODE
2 PULA a 1|e6 ROR 6 2 [9A ORAA 3 2|CE DX IMMED 3 3
B PULB 4 1167 ASR INDXD 6 2 |98 ADDA 3 2|cF .
NOTES:
1. Addressing Modes
INHER=Inherent INDXD=lIndexed IMMED=Immediate
REL =Relative EXTND=Extended DIR=Direct

2. Unassigned opcodes are indicated by ‘" and should not be executed.

3. Codes marked by “T" force the PC to function as a 16-bit counter.
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PROGRAMMING MODEL

A programming model for the EF6801U4/EF6803U4 is
shown in Figure 8. Accumulator A can be concatenated with
accumulator B and jointly referred to as accumulator D
where A is the most significant byte. Any operation which
modifies the double accumulator will also modify ac-
cumulators A and/or B. Other registers are defined as
follows:

PROGRAM COUNTER — The program counter is a 16-bit
register which always points to the next instruction.

STACK POINTER — The stack pointer is a 16-bit register
which contains the address of the next available location in a
pushdown/pullup (LIFO) queue. The stack resides in
random-access memory at a location defined by the pro-
grammer.

INDEX REGISTER — The index register is a 16-bit register
which can be used to store data or provide an address for the
indexed mode of addressing.

ACCUMULATORS — The MPU contains two 8-bit ac-
cumulators, A and B, which are used to store operands and
results from the arithmetic logic unit (ALU). They can also be
concatenated and referred to as the D (double) accumulator.

CONDITION CODE REGISTER — The condition code
register indicates the results of an instruction and includes
the following five condition bits: negative (N), zero (Z),
overflow (V), carry/borrow from MSB (C), and half carry
from bit 3 (H). These bits are testable by the conditional
branch instructions. Bit 4 is the interrupt mask (i bit) and in-
hibits all maskable interrupts when set. The two unused bits,
B6 and B7, are read as ones.

ADDRESSING MODES

Six addressing modes can be used to reference memory.
A summary of addressing modes for all instructions is
presented in Tables 9, 10, 11, and 12 where execution times
are provided in E cycles. Instruction execution times are
summarized in Table 13. With an input frequency of 4 MHz,
one E cycle is equivalent to one microsecond. A cycle-by-
cycle description of bus activity for each instruction is pro-
vided in Table 14 and descriptions of selected instructions
are shown in Figure 24.

IMMEDIATE ADDRESSING — The operand or “im-
mediate byte(s)"’ is contained in the following byte(s) of the
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instruction where the number of bytes matches the size of
the register. These are two or three byte instructions.

DIRECT ADDRESSING — The least significant byte of the
operand address is contained in the second byte of the in-
struction and the most significant byte is assumed to be $00.
Direct addressing allows the user to access $00 through $FF
using two byte instructions and execution time is reduced by
eliminating the additional memory access. In most applica-
tions, the 256-byte area is reserved for frequently referenced
data.

EXTENDED ADDRESSING — The second and third bytes
of the instruction contain the absolute address of the
operand. These are three byte instructions.

INDEXED ADDRESSING — The unsigned offset con-
tained in the second byte of the instruction is added with
carry to the index register and is used to reference memory
without changing the index register. These are two byte in-
structions.

INHERENT ADDRESSING — The operand(s) is a register
and no memory reference is required. These are single byte
instructions.

RELATIVE ADDRESSING — Relative addressing is used
only for branch instructions. If the branch condition is true,
the program counter is overwritten with the sum of a signed
single byte displacement in the second byte of the instruc
tion and the current program counter. This provides a
branch range of —126 to + 129 bytes from the first byte of
the instruction. These are two byte instructions.

SUMMARY OF CYCLE-BY-CYCLE OPERATION

Table 14 provides a detailed description of the information
present on the address bus, data bus, and the read/write
(R/W) line during each cycle of each instruction.

The information is useful in comparing actual with ex-
pected results during debug of both software and hardware
as the program is executed. The information is categorized i::
groups according to addressing mode and number of cycles
per instruction. In general, instructions with the same ad-
dressing mode and number of cycles execute in the same
manner. Exceptions are indicated in the table.

Note that during MPU reads of internal locations, the
resultant value will not appear on the external data bus ex-
cept in mode 0. “"High order" byte refers to the most signifi-
cant byte of a 16-bit value.
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TABLE 9 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS

Condition Codes
immed | Direct Index Extnd | Inherent Boolean/ s[4[3]2[1]0
Pointer Operations MNEM|Op|~| #| Op|~| #|Op| ~| #]Op| ~| #|Op|~| # Arithmetic Operation HII[N]Z|V]|C
Compare Index Register cpx [scla]3]oc]s]2]ac]6] 2fBc]6]3 X—M:M+1 o[ ITHIT]E
Decrement Index Register DEX 03[ 1]X-1—X BRBHBE
Decrement Stack Pointer DES 34[3]|1|SP-1—SP ejojojoejo]e
Increment Index Register INX 083 1|X+1=—X efoje 3 ol
Increment Stack, Pointer INS 31{3]1]1SP+1—SP o|ejeje|e]e
Load Index Register LDX [CE|3|3|DEf4|2|EE|5] 2|FE[5(3 M= Xy, M+ 1) =X} ol Rje
Load Stack Pointer LDS [BE|3|3|9E|4|2[AE|5] 2|BE[5|3 M =* SPy,(M+1) == SP|_ ol Ri{e
Store Index Register STX DF |4 2|€EF|5]| 2|FF|5]3 Xy =* M, X —>(M+1) o | Rfe
Store Stack Pointer STS OF [4 [ 2|AF|6] 2|BF|5 |3 SPH="M,SP| —*(M+1) o le HED
Index Reg —* Stack Pointer TXS 3|3]1]|X-1—>SP ojefejoje e
Stack Pntr = Index Register TSX 30|3]1|SP+1—X ejojefojoe e
Add ABX SAI3|1]|B+X—X oje|o oo e
Push Data PSHAX 3C|4 [ 1|X_— Mgp,SP-1—>SP el l*[*[*
XH=—>Mgp,SP—1=—>SP
Pull Data -|PULX 385 1|SP+1=*SP.Mgp—>Xy ejejejoje]e
SP+1=+SP,Mgp = XL
TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 1 of 2)
Condition Codes
Accumulator and Immed Direct Index Extend Inher Boolean 514f3f2{1}]0
Memory Operations MNEM|{Op|~ | #{Op|~| #|Op{~| # {Op|~ ] #|Op|~|# Expression HJ]IINJZjV]C
Add Accumulators ABA 18]2]1[A+B—A AT
Add B to X ABX 3A{3]1]00:B+X=—X o Jejojejo e
Add with Carry ADCA[89]2 |2|99|3]|2|A9]j4]|2|B9|4]|3 A+M+C—A .
ADCB|C9|2 j2|D9|3|2|E9f4]2(|Faf4 |3 B+M+C—*B .
Add ADDA|8B[2 |2f/9B[3|2[AB|4|2(BB|4 |3 A+M=—A 3
ADDBCB|2 {2|DB|3|2|EBf4| 2 |FB}4 |3 B+M—A .
Add Double ADDD|C3[4 |3{D3|5|2fE3|6|2|F3]|6|3 D+M:M+1=D o |o
And ANDA 8412 12{94{3}2(A4]|4|2|B4}4 |3 AM— A o leo Rle
ANDB|C4]|2 |2]D4|3 |2 |E4j4)2|F4]4 |3 BeM=—B o |e R|e
Shift Left, Arithmetic ASL 68161278163 -— e je
ASLA 821 ATTIIIIT = =1
ASLB 88 (21 b7 [ o |
Shift Left Double ASLD 054311 e |o
Shift Right, Arithmetic ASR 671612 (7716 13 — e |e
ASRA 47 ]2 |1 EiIIHIIII—v D
ASRB 5712 {1 b7 b0 e e
Bit Test BITA [85]12 1219513 |2 |A5|4 ]2 [B5]4 |3 AM e |e R e
BITB |C5(2 [2|D5|3 [2|E5|4 |2 [F5 (4 |3 BeM o |e Rje
Compare Accumulators CBA 1n|2§1][a-8 o |e T[T
Clear CLR 6F 612 [7F |6 |3 00—M e je IR |S|R|R
CLRA 4F ]2 [1 |JOO—A e |e |[R|S|R|R
CLRB 5F {2 {1 {00—B e le IRIS|R|R
Compare CMPA 8112 12913 ]2 ]|A1f4 |2 |B1]4 |3 A-M b b T
cmee [c1{2 [2[p1 s [2fer a2 [rifa [s B-M ol 1t
1’s Complement coMm 631612 7316 |3 M=—M o |e RS
COMA 43 {2 {1 A=A o 1o R IS
comMB 53 12 [1 |B—B" ° je R |S
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TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 2 of 2)

Condition Codes
Accumulator and Immed Direct Index Extend Inher Boolean 413|2f1]0
Memory Operations MNEM|Op| ~| #[{Op| ~| #|Op| ~ | #[Op| ~| # |Op| ~| # i 1fNjZ|V]|C
Decimal Adjust, A DAA 19| 2 | 1 |Ad) binary sum to BCD . 1
Decrement DEC 6A[ 6] 2|7A] 6] 3 M-1—M . .
DECA AA1 211 JA-1—A . .
DECB 5A| 2| 1|B-1—8B . .
Exclusive OR EORA|88]| 2| 2| 98| 3| 2|A8| 4] 2|B8|4]|3 ABM—A . R
EORB|C8| 2| 2| D8] 3| 2| €8] 4| 2|F8| 4|3 B®M—8 . Rl e
Increment INC 6C| 6]2]7C| 6|3 M+1—M . .
INCA AC| 2| 1 |A+1—=A . .
INCB 5C| 2| 1|B+1—8 3 .
Load Accumulators LDAA|B6| 2] 2| 96| 3] 2|[A6]4]2|B6]4]|3 M==A . R
LDAB|C6[ 2] 2|D6| 3| 2|E6|4|2]|F6[4]3 M—B 3 Rl e
Load Double LDD [CC[3] 3|DCl 4] 2|EC}5[2|FC[5]|3 M:M+1—D . Rle
Logical Shift, Left LSL 68]6|2(78]6]3 L
slel ) @ I — -
LSLB 5821 o] '] o]
LSLD 05[3]2 .
Shift Right, Logical LSR 64]1612]|74|6| 3 — *|R
LSRA 4l2]1] 0— DIIIDI]-‘ *|R
LSRB 54]2]1 o7 © *|R
LSRD 04[3}1 *|R
Multiply MUL 3D[10] 1 JAxB—D ejojole
2's Compiement (Negate} NEG 60| 6(2(70}6]3 0-M=—M °
NEGA 40(2|1j00-A—A d
NEGB 50{2}1]|00-B=—B °
Ne Operation NOP 01f2|1|PC+1—>PC ofojole]e
Inclusive OR ORAA|BA[ 2] 2|9A| 3 AAl 4 12|BAj4]3 A+M—A ° t t Rje
ORAB|CA| 2| 2{DA| 3| 2]|eA[ 4 [2]Fa]4]3 B+M—B BHBED
Push Data PSHA 36| 3|1 |A—>Stack olefefe|e
PSHB 37| 3|1 |B—Stack oo jejele
Pull Data PULA 32| 4|1 |Stack—A ofofejo]e
PULB 3341 |Stack—B slefefe]e
Rotate Left ROL 69]6]2]|79]6|3 -— .
ROLA RAE T .
ROLB 89f{2]1 o7 0 .
Rotate Right ROR 66161217663 — .
RORA o] I .
RORB 56[2]1 b7 % .
Subtract Accumulator SBA 10{2]1]A-B—A .
Subtract with Carry SBCA|82[2| 2923 |2|A2j4 [2]B2{4 |3 A-M-C—A .
SBCB|C2[(2|2|D2|3|2|E2[4 [2|F2{4 |3 B-M-C—B .
Store Accumulators STAA 97|13 [2]A71412|B7]4 |3 A—M . R|e
STAB D7|3]2]E7|4|2]|F7]4]3 B—M . Re
STD ppja2epjs{2[rD]5]3 D—MM+1 . Rfe
Subtract SUBA[80]1212)90|3[2[A0j412]B0|4 |3 A-M—A .
SuBB|CO|2]|2]DO|3[2]|E0[4 |2[FO|4 |3 B-M—8B °
Subtract Double SUBD|83]413193}15|2|A3]6]2]B3|6|3 D-M:M+1—D .
Transfer Accumulator TAB 6|2[1]A—B . Rle
TBA 1712 (1 |8—A ° Rle
Test, Zero or Minus IS8T 6D[6 [2/7D[6 13 M- 00 . R[R
TSTA 4Dj2 |1 JA-00 . R|R
TSTB 5D|2 |1 {B-00 . R|R
The condition code register notes are listed after Table 12.
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TABLE 11 — JUMP AND BRANCH INSTRUCTIONS

Condition Code Reg.
Direct Relative Index Extend | Inherent 5§]4]31211]0
O MNEM|Op| ~| #|Op|[~| # {Op| ~| #{Op| ~ Op|~| # Branch Test HlI|N|JZ]|V]|C
“Branch Always BRA 20|3|2 None ejefloe|oe]ele
Branch Never BRN 2132 None oflefoefefoele
Branch If Carry Clear BCC 24(3|2 C=0 efloejofe]ele
Branch If Carry Set 8CS 25|32 C=1 ejejejejeije
Branch If = Zero BEQ 27312 Z=1 o|e|e]e|e]e
Branch If =Zero BGE 2C{3]2 N®v=0 efefe]e]]"
Branch If >Zero BGT 26]3]2 Z+IN® Vvi=0 ofefelele]"
Branch If Higher BHI 2213]2 C+Z=0 o|o|oje]oe
Branch If Higher or Same BHS 241312 C=0 ole|ojefo]e
Branch if <Zero BLE 2F|13(2 Z+IN®BV)=1 elejlefelele
Branch If Carry Set BLO . 2532 elejoe|eje|e
Branch If Lower Or Same BLS 2313)2 e jo|ojeoleie
Branch If <Zero BLT 20|32 elofejoleje
Branch If Minus BMI 2B{3(2 elelofefeole
Branch If Not Equal Zero BNE 26(3}|2 olefo|ejo|e
Branch If Overflow Clear BVC 28(3{2 eleje|ole]e
Branch If Overflow Set BVS 2903{2 ejo oo e e
Branch If Plus BPL 2A13 (2 efoelelele]e
Branch To Subroutine BSR 8D|6 |2 o jofe]ojefe
Jump JMP 6E |3 |2 |7E|3 See Special Operations-Figure 24| e | | e [o | e o
Jump To Subroutine JSR |9D[5] 2 AD|6 |2 |BD|6 e jolefejo e
No Operation NOP 01(2]1 . ejejele
Return From Interrupt RTI 3B [10] 1 Tt
Return From Subroutine RTS 39 |5 | 1 |See Special Operations-Figure 24| ® | o [ | e o
Software Interrupt SWI 3F 12| 1 e |Sjefefe e
Wait For Interrupt WAI 3E(9 (1 e joejo]e]eje

TABLE 12 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS

Condition Code Register

Inherent 5§ l4]3])]2]1]0

Operations MNEM | Op | ~ | # |BooleanOperation |H | | [N | Z | V] C

Clear Carry CLC |oCj2 |1 0—C e |e e e elR
Clear Interrupt Mask CLI OE | 2 1 0—1 ° R | . . .

Clear Overflow CLV |O0A ]2 |1 0=V e |o [o e | R

Set Carry SEC 0D | 2 1 1—C . . . . ° S
Set Interrupt Mask SEI OF |2 |1 1—| ® | S| |||
Set Overflow SEV |0B |2 |1 1=V e |o | |e | S| e
Accumulator A— CCR TAP |06 [2 [ A—CCR RN
CCR — Accumulator A TPA 07 |2 1 CCR—A L B A R L

LEGEND

Op Operation Code (Hexadecimal)

~ Number of MPU Cycles

Msp
Arithmetic Plus

Boolean AND

Transfer Into
Bit=Zero
Byte= Zero

Solze+xel +u

34/44

Arithmetic Minus

Arithmetic Multiply
Boolean Inclusive OR
Boolean Exclusive OR
Complement of M

Contents of memory location pointed to by Stack Pointer
Number of Program Bytes

280
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Half-carry from bit 3
Interrupt mask
Negative (sign bit)
Zero (byte)

Overflow, 2's complement

Carry/Borrow from MSB
Reset Always

Set Always

Affected

Not Affected
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TABLE 13 — INSTRUCTION EXECUTION TIMES IN E-CYCLES
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 1 of 5)

Address Mode and Cycle R/IW
Instructions Cycles| # Address Bus Line Data Bus
IMMEDIATE
ADC EOR 2 1 | Opcode Address 1 | Opcode
ADD LDA 2 | Opcode Address + 1 1 Operand Data
AND ORA
BIT SBC
CMP SUB X
LDS 3 1 | Opcode Address 1 Opcode
LDX 2 | Opcode Address+ 1 1 Operand Data (High Order Byte)
LDD 3 | Opcode Address +2 1 | Operand Data (Low Order Byte)
CPX 4 1 | Opcode Address 1 | Upcode
susD 2 | Opcode Address+ 1 1 | Operand Data (High Order Byte)
ADDD 3 | Opcode Address+2 1 | Operand Data (Low Order Byte}
4 | Address Bus FFFF 1 Low Byte of Restart Vector
DIRECT
ADC EOR 3 1 | Opcode Address 1 | Opcode
ADD LDA 2 | Opcode Address+ 1 1 | Address of Operand
AND ORA 3 | Address of Operand 1 | Operand Data
BIT SBC
CMP SuB
STA 3 1 | Opcode Address 1 | Opcode
2 | Opcode Address+ 1 1 | Destination Address
3 | Destination Address 0 | Data from Accumulator
LDS 4 1 | Opcode Address 1 | Opcode
LDX 2 | Opcode Address+ 1 1 | Address of Operand
LDD 3 | Address of Operand - 1 | Operand Data (High Order Byte)
4 | Operand Address+ 1 1 | Operand Data (Low Order Byte)
8T8 4 1 | Opcode Address | | Opcode
STX 2 | Opcode Address+ 1 1 | Address of Operand
STD 3 | Address of Operand 0 | Register Data (High Order Byte)
4 | Address of Operand + 1 0 | Register Data (Low Order Byte)
CPX 5 1 | Opcode Address 1 | Opcode
SUBD 2 | Opcode Address +1 1 | Address of Operand
ADDD 3 | Operand Address 1 | Operand Data (High Order Byte}
4 | Operand Address+ 1 1 | Operand Data (Low Order Byte)
5 [ Address Bus FFFF 1| Low Byte of Restart Vector
JSR 5 1 Opcode Address 1 Opcode
2 | Opcode Address + 1 1 | Irrelevant Data
3 Subroutine Address 1 First Subroutine Opcode
4 Stack Pointer 0 Return Address (Low Order Byte)
5 Stack Pointer— 1 0 | Return Address (High Order Byte)
36/44
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 2 of 5)

Address Mode and Cycle R/W
Instructions Cycles| # Address Bus Line Data Bus
EXTENDED
JMP 3 1 Opcode Address 1 Opcode
2 Opcode Address+ 1 1 Jump Address (High Order Byte)
3 | Opcode Address+2 1 Jump Address (Low Order Byte)
ADC EOR 4 1 Opcode Address 1 Opcode
ADD LDA 2 Opcode Address+ 1 1 Address of Operand
AND ORA 3 | Opcode-Address + 2 1 Address of Operand (Low Order Byte)
BIT SBC 4 Address of Operand 1 Operand Data
CMP suB
STA 4 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Destination Address (High Order Byte)
3 | Opcode Address+2 1 Destination Address (Low Order Byte)
4 | Operand Destination Address 0 Data from Accumulator
LDS 5 1 Opcode Address 1 Opcode
LDX 2 Opcode Address+ 1 1 Address of Operand (High Order Byte)
LDD 3 | Opcode Address + 2 1 Addréss of Operand (Low Order Byte)
) Address of Operand 1 Operand Data (High Order Byte)
5 | Address of Operand + 1 1 Operand Data (Low Order Byte)
STS 5 1 Opcode Address 1 Opcode
STX 2 | Opcode Address+ 1 1 Address of Operand (High Order Byte)
STD 3 | Opcode Address +2 1 Address of Operand (Low Order Byte)
4 | Address of Operand 0 | Operand Data (High Order Byte)
5 | Address of Operand + 1 0 | Operand Data (Low Order Byte)
ASL LSR 6 1 Opcode Address 1 Opcode
ASR NEG 2 | Opcode Address+ 1 1 Address of Operand (High Order Byte)
CLR ROL 3 | Opcode Address +2 1 Address of Operand (Low Order Byte)
COM ROR 4 | Address of Operand 1 Current Operand Data
DEC TST* 5 | Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 | Address of Operand 0 New Operand Data
CPX 6 1 Opcode Address 1 Opcode
susD 2 | Opcode Address+ 1 1 Operand Address (High Order Byte)
ADDD 3 | Opcode Address+ 2 1 Operand Address (Low Order Byte)
4 | Operand Address 1 Operand Data (High Order Byte)
5 | Operand Address+ 1 1 Operand Data (Low Order Byte)
6 | Address Bus FFFF 1 Low Byte of Restart Vector
JSR 6 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Address of Subroutine (High Order Byte)
3 | Opcode Address +2 1 Address of Subroutine (Low Order Byte)
4 Subroutine Starting Address 1 Opcode of Next Instruction
5 | Stack Pointer 0 | Return Address (Low Order Byte)
6 Stack Pointer—1 0 Return Address (High Order Byte)

*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 3 of 5)

Address Mode and Cyel R/W
Instructions ycles| # Address Bus Line Data Bus
INDEXED
JMP 3 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Offset
3 | Address Bus FFFF 1 Low Byte of Restart Vector
ADC EOR 4 1 Opcode Address 1 Opcode
ADD LDA 2 | Opcode Address+ 1 1 Offset
AND ORA 3 Address Bus FFFF 1 Low Byte of Restart Vector
BIT SBC 4 | Index Register Plus Offset 1 | Operand Data
CMP SUB
STA 4 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 | Index Register Plus Offset 0 | Operand Data
LDS 5 1 Opcode Address 1 Opcode
LDX 2 Opcode Address+ 1 1 Offset
LDD 3 | Address Bus FFFF 1 Low Byte of Restart Vector
4 | Index Register Plus Offset 1 | Operand Data (High Order Byte}
5 | Index Register Plus Offset+ 1 1| Operand Data (Low Order Byte)
STS 5 1 Opcode Address 1 Opcode
STX 2 | 'Opcode Address+ 1 1 | Offset
STD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 | Index Register Plus Offset 0 | Operand Data (High Order Byte)
5 | Index Register Plus Offset+ 1 0 | Operand Data (Low Order Byte)
ASL LSR 6 1 Opcode Address 1 Opcode
ASR NEG 2 | Opcode Address+ 1 1 Offset
CLR ROL 3 | Address Bus FFFF 1 Low Byte of Restart Vector
COoM ROR 4 | Index Register Plus Offset 1 Current Operand Data
DEC TST* 5 | Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 | Index Register Plus Offset 0 | New Operand Data
CPX 6 1 Opcode Address 1 Opcode
SUBD 2 | Opcode Address+ 1 1 Offset
ADDD 3 | Address Bus FFFF 1 Low Byte of Restart Vector
4 | Index Register + Offset 1 Operand Data (High Order Byte)
5 | Index Register + Offset+ 1 1 Operand Data (Low Order Byte)
6 | Address Bus FFFF Low Byte of Restart Vector
JSR 6 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 | Index Register + Offset 1 First Subroutine Opcode
5 | Stack Pointer 0 [ Return Address (Low Order Byte)
6 Stack Pointer—1 0 Return Address (High Order Byte)

*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF.
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 4 of 5)

Address Mode and Cycle R/W
Instructions Cycles| # Address Bus Line Data Bus
INHERENT
ABA DAA SEC| 2 1 Opcode Address 1 Opcode
ASL DEC SE! 2 | Opcode Address + 1 1 Opcode of Next Instruction
ASR INC SEV
CBA LSR TAB
CLC NEG TAP
CLl NOP TBA
CLR ROL TPA
CLv ROR TST
COM SBA
ABX 3 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Irrelevant Data
3 | Address Bus FFFF 1 Low Byte of Restart Vector
ASLD 3 1 | Opcode Address 1 | Opcode
LSRD 2 | Opcode Address+ 1 1 Irrelevant Data
3 | Address Bus FFFF 1 Low Byte of Restart Vector
DES 3 1 Opcode Address 1 Opcode
INS 2 Opcode Address+ 1 1 Opcode of Next Instruction
3 | Previous Stack Pointer Contents| 1 | Irrelevant Data
JINX 3 1 Opcode Address 1 Opcode
DEX 2 Opcode Address+ 1 1 Opcode of Next Instruction
3 Address Bus FFFF 1 Low Byte of Restart Vector
PSHA 3 1 Opcode Address 1 Opcode
PSHB 2 Opcode Address+ 1 1 Opcode of Next Instruction
3 | Stack Pointer 0 | Accumulator Data
TSX 3 1 | Opcode Address 1 | Opcode
2 | Opcode Address+ 1 1 Opcode of Next Instruction
3 | Stack Pointer 1 Irrelevant Data
TXS 3 1 | Opcode Address 1 | Opcode
' 2 Opcode Address+ 1 1 Opcode of Next Instruction
3 Address Bus FFFF 1 Low Byte of Restart Vector
PULA 4 1 Opcode Address -1 Opcode
PULB 2 | Opcode Address+ 1 1 Opcode of Next Instruction
3 | Stack Pointer 1 | lrrelevant Data
4 | Stack Pointer+1 1 | Operand Data from Stack
PSHX 4 1 | Opcode Address 1 | Opcode
2 | Opcode Address+1 1 | lrrelevant Data
3 Stack Pointer 0 Index Register (Low Order Byte)
4 | Stack Pointer—1 0 | Index Register (High Order Byte)
PULX 5 1 | Opcode Address 1 | Opcode
2 | Opcode Address+ 1 1 | Irrelevant Data
3 Stack Pointer | 1 [rrelevant Data
4 | Stack Pointer+1 1 Index Register (High Order Byte}
5 Stack Pointer +2 1 index Register (Low Order Byte)
RTS 5 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Irrelevant Data
3 | Stack Pointer 1 Irrelevant Data
4 | Stack Pointer+1 1 | Address of Next Instruction (High Order Byte)
5 | Stack Pointer+2 1 | Address of Next Instruction (Low Order Byte)
WAI 9 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Opcode of Next Instruction
3 | Stack Pointer 0 | Return Address (Low Order Byte)
4 | Stack Pointer—1 0 | Return Address (High Order Byte)
5 Stack Pointer—2 0 Index Register {Low Order Byte)
6 Stack Pointer—3 0 Index Register (High Order Byte)
7 | Stack Pointer—4 Q | Contents of Accumulator A
8 | Stack Pointer—5 0 | Contents of Accumulator B
9 | Stack Pointer—6 0 | Contents of Condition Code Register
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 5 of 5)

Address Mode and Cycle R/W
Instructions Cycles| # Address Bus Line Data Bus
INHERENT

MUL 10 1 | Opcode Address 1 | Opcode
2 | Opcode Address+1 1 | lrelevant Data
3 | Address Bus FFFF 1 | Low Byte of Restart Vector
4 | Address Bus FFFF 1 | Low Byte of Restart Vector
5 | Address Bus FFFF 1 Low Byte of Restart Vector
6 | Address Bus FFFF 1 | Low Byte of Restart Vector
7 Address Bus FFFF 1 Low Byte of Restart Vector
8 | Address Bus FFFF 1 | Low Byte of Restart Vector
9 | Address Bus FFFF 1 Low Byte of Restart Vector
10 | Address Bus FFFF 1 | Low Byte of Restart Vector

RTI 10 1 | Opcode Address 1 | Opcode
2 | Opcode Address+1 1 Irrelevant Data
3 | Stack Pointer 1 Irrelevant Data
4 | Stack Pointer+1 1 | Contents of Condition Code Register from Stack
65 | Stack Pointer+2 1 | Contents of Accumulator B from Stack
6 | Stack Pointer+3 1 | Contents of Accumulator A from Stack
7 | Stack Pointer+4 1 Index Register from Stack (High Order Byte)
8 | Stack Pointer+5 1 Index Register from Stack (Low Order Byte}
9 | Stack Pointer+6 1 | Next Instruction Address from Stack (High Order Byte)
10 | Stack Pointer+7 1 | Next Instruction Address from Stack (Low Order Byte)

SWi 12 1 | Opcode Address 1 | Opcode
2 | Opcode Address+ 1 1 | Irrelevant Data
3 Stack Pointer 0 Return Address (Low Order Byte)
4 Stack Pointer—1 0 Return Address (High Order Byte)
6 | Stack Pointer—2 0 | Index Register (Low Order Byte)
6 | Stack Pointer—3 0 | Index Register (High Order Byte)
7 | Stack Pointer—4 0 | Contents of Accumulator A
8 | Stack Pointer-5 0 | Contents of Accumulator B
9 | Stack Pointer—6 0 | Contents of Condition Code Register
10 | Stack Pointer—7 1 | Irrelevant Data
11 | Vector Address FFFA (Hex) 1 Address of Subroutine (High Order Byte)
12 | Vector Address FFFB (Hex) 1 | Address of Subroutine (Low Order Byte}

RELATIVE

BCC BHT BNE BLO 3 1 | Opcode Address 1 | Opcode

BCS BLE BPL BHS 2 | Opcode Address+ 1 1 Branch Offset

BEQ BLS BRA BRN 3 | Address Buss FFFF 1 Low Byte of Restart Vector

BGE BLT BVC

BGT BMI BVS

BSR 6 1 Opcode Address 1 Opcode
2 | Opcode Address+1 1 | Branch Offset
3 | Address Bus FFFF 1 Low Byte of Restart Vector
4 | Subroutine Starting Address 1 | Opcode of Next Instruction
5 | Stack Pointer 0 | Return Address (Low Order Byte)
6 | Stack Pointer—1 0 .| Return Address (High Order Byte)
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JSR, Jump to Subroutine

Direct

INDXD

EXTND

PC

RTN

RTN

BSR, Branch To Subroutine

eC

RTS, Return from Subroutine

Legend.

29

Main Program

$9D=JSR

K

+Next Main Instr.

K= Direct Address

Main Program

$AD=JSR

K = Offset

Next Main Instr.

Main Program

$BD=JSR

SH= Subr. Addr.

SL=Subr. Addr.

Next Main Inst.

Main Program

$8D=BSR

+ K= Offset

Next Main Instr.

Subroutine

$39=RTS

- SP-2

SP-1
SP

SP

- sP-2
sP-1

sp

sP

sP

SP+1

—» SP+2

FIGURE 24 — SPECIAL OPERATIONS

SWI, Software Interrupt

PC
RTN
Stack WAL, Wait for Interrupt
RTNH RTN
RTNL
RTI, Return from Interrupt

BC
Stack
RTN,

H JMP, Jump
RTNL PC
INDXD

Stack
RTNH
RTNL

RTN = Address of next instruction in Main Program to be executed upon return from subroutine
RTNy = Most significant byte of Return Address
RTN| = Least significant byte of Return Address
—= = Stack Pointer After Execution

K = 8-bit Unsigned Value

Main Program

$3F = SWI

Main Program

$3E=WAI

Interrupt Program

$3B=RTI

Main Program

$6E=JMP

K= Offset

o

—

Extended

spP

SP-7
SP-6
SP-5
SP-4
SP-3
SP-2
SP-1

SP

SP
SP+1
SP+2
SP+3
SP+4
SP+5
SP+6
SP+7

Stack

Condition Code

Acmitr B

Acmitr A

Index Register (XpH)

Index Register (X)

RTNH

RTNL

Stack

Condition Code

Acmitr B

Acmitr A

Index Register (Xp)

Index Register (X )

RTNH

RTN

Main Program

$7E=JIMP

KH = Next Address

K| = Next Address
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PHYSICAL DIMENSIONS
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ORDERING INFORMATION

The information required when ordering acustom MCU
is listed below. The ROM program may be transmitted to
THOMSON SEMICONDUCTEURS on EPROM(s) or an
EFDOS/MDOS* disk file.

To initiate a ROM pattern for the MCU, it is necessary
to first contact your local THOMSON SEMICONDUC-
TEURS representative or distributor.

EPROMs

Two ET2716 or one ET2732 type EPROMs, program-
med with the customer program (positive logic sense for
address and data), may be submitted for pattern generation.
The EPROM must be clearly marked to indicate which
EPROM corresponds to which address space. The recom-
mended marking procedure is illustrated below :

N\ ]
XXX XXX
F800 7FF

XXX = Customer 1D
After the EPROM(s) are marked, they should be placed in
conductive IC carriers and securely packed. Do not use
styrofoam.

VERIFICATION MEDIA

All original pattern media (EPROMs or floppy disk) are fil-
ed for contractual purposes and are not returned. A com-
puter listing of the ROM code will be generated and returned
along with a listing verification form. The listing should be
thoroughly checked and the verification form completed,
signed, and returned to THOMSON SEMICONDUC-
TEURS. The signed verification form constitutes the

contractual agreement for creation of the customer mask.
If desired, THOMSON SEMICONDUCTEURS will pro-
gram on blank EPROM from the data file used to create
the custom mask and aid in the verification process.

ROM VERIFICATION UNITS (RVUs)

Ten MCUs containing the.customer’s ROM pattern will be
sent for program verification. These units will have been
made using the custom mask but are for the purpose of
ROM verification only. For expediency they are usually un-
marked, packaged in ceramic, and tested only at room
temperature and 5 volts. These RVUs are included in the
mask charge and are not production parts. The RVUs are
thus not guaranteed by THOMSON SEMICONDUC-
TEURS. Quality Assurance, and should be discarded
after verification is completed.

FLEXIBLE DISKS

The disk media submitted must be single-sided, EFDOS/

MDOS* compatible floppies.

The customer must write the binary file name and compa-
ny name on the disk with a felt-tip-pen. The minimum
EFDOS/MDOS* system files, as well as the absolute
binary object file (Filename .LO type of file) from the
6801 cross assembler, must be on the disk. An object file:
made from a memory dump using the ROLLOUT comn
mand is also acceptable. Consider submitting a source
listing as well as the following files : filename .LX (DEVI-
CE/EXORciser loadable format) and filename .SA (ASCII
Source Code). These files will of course be kept confiden-
tial and are used 1) to speed up the process in-house if any
problems arise, and 2) to speed up the user-to-factory
interface if the user finds any software errors and needs
assistance quickly from THOMSON SEMICONDUC-

TEURS factory representatives.

EFDOS is THOMSON SEMICONDUCTEURS' Disk
Operating System available on development systems
such as DEVICE,...

MDOS*isMOTOROLA's Disk Operating System available
on development systems such as EXORciser,...

*Requires prior factory approval.

Whenever ordering a custom MCU is required, please contact your local THOMSON SEMICONDUCTEURS representa-
tive or THOMSON SEMICONDUCTEURS distributor and/or complete and send the attached "MCU customer ordering
sheet” to your local THOMSON SEMICONDUCTEURS representative.

EXORciser is a registered trade mark of MOTOROLA Inc.

THOMSON SEMICONDUCTEURS

2-89

43/44







EF68044J2

8 BIT MICROCOMPUTER

[ ADVANCE INFORMATION |

HMOS

The EF6804J2 microcomputer unit (MCU) is a member of the EF6804
Family of very low-cost single-chip microcomputers. This 8-bit microcom-
puter contains a CPU, on-chip CLOCK, ROM, RAM, 1/0, and TIMER.. It
is designed for the user who needs an economical microcomputer with
the proven capabilities of the EF6800-based instruction set.

CASE ]

The following are some of the hardware and software features of the CB-194

EF6804J2 MCU

HARDWARE FEATURES

5-Volt Single Supply

32 Bytes of RAM

Memory Mapped 1/0

1012 Bytes of Program ROM

64 Bytes of Data ROM

12 Bidirectional 1/0 Lines (Eight Lines with High Current Sink Capabi-
lity)

On-Chip Clock Generator PLAS';'ISCU::(IZ)I((AGE
Self-Test Mode

Master Reset

Complete Development System Support on DEVICE®
Software Programmable 8-Bit Timer Control Register and Timer Presca- —
ler (7 Bits, 2N)

® Timer Pin is Programmable as Input or Output
e On-Chip Circuit for ROM Verify. PIN ASSIGNMENT

SOFTWARE FEATURES

® Similar to EF6805 HMOS Family
® Byte Efficient Instruction Set
® Easy to Program
® True Bit Manipulation
® Bit Test and Branch Instruction Vss c 1 .u 20[) RESET
® Separate Flags for Interrupt and Normal Processing TRQ E 2 19 P PA7
® Versatile Indirect Registers
L] Cpndltional lBr_anches ) vVee : 3 18p PAG
® Single Instruction Memory Examine/Change
® True LIFO Stack Eliminates Stack Pointer EXTAL E 4 17 ] PAS
® Nine Powerful Addressing Modes
® Any Bit in Data Space Memory May be Tested xTAL O5 16f PA4
® Any Bit in Data Space Memory Capable of Being Written to May be Set

or Cleared MDS : 6 153 pB7
USER SELECTABLE OPTIONS TIMER f 7 14f1 PB6
® 12 Bidirectional 1/0 Lines with LSTTL, LSTTL/CMOS, o1 Open-Drain PBO 18 131 PB5

Interface
® Crystal or Low-Cost Resistor-Capacitor Oscillator pe1 09 12 u PB4
® Mask Selectable Edge- or Level- Sensitive Interrupt Pin.

pB2 10 110 P83

DEVICE®is THOMSON SEMICONDUCTEURS' development/emulation tool.

JANUARY 1987 1/44
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BLOCK DIAGRAM

XTAL EXTAL  RESET MDS iRQ

TIMER—3 _ Prescaler 8-8it
7 g Counter
Timer/ Status Oscil
8 Control Register scillator r
Accumulator
cPy
Indirect Control
Register
8 (Nfzte) X| PBO
Port lndn_rect «> PB1
A s e <> PB2 Port
170 o4 cru l«—> PB3 B
Lines &> PB4 |/0
Stack [€—> PB5 Lines
2 [€—> PB6
Program j«—> PB7
Counter D)
4 High pcH ALU 1 R:M
1012x8 Program
User Program ROM [—9 Counter |
308x8 le__Llow pct e
Self-Test ROM )| Data ROM

NOTE: 8-Bit indirect registers X and Y, although shown as part of the CPU, are actually located in the 32 x 8 RAM at locations $80
and $81.
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SECTION 2
FUNCTIONAL PIN DESCRIPTION, MEMORY, CPU, AND REGISTERS

This section provides a descriptiqn of the functional pins, memory spaces, the central processing
unit (CPU), and the various registers and flags.

2.1 FUNCTIONAL PIN DESCRIPTION

2.1.1 Vcc and VSS

Power is supplied to the MCU using these two pins. VCC is power and VSS is the ground
connection.

2.1.21RQ

This pin provides the capability for asynchronously applying an external interrupt to the MCU. Refer
to 4.1 INTERRUPT for additional information.

2.1.3 XTAL and EXTAL

These pins provide connections to the on-chip clock oscillator circuit. A crystal, a resistor and
capacitor, or an external signal, depending on the user selectable manufacturing mask option, can
be connected to these pins to provide a system clock source with various stability/ cost tradeoffs

Lead lengths and stray capacitance on these two pins should be minimized. Refer to 4.4 INTERNAL
CLOCK GENERATOR OPTIONS for recommendations concerning these inputs.

2.1.4 TIMER

In the input mode, the timer pin is connected to the prescaler input and serves as the timer clock. In
the output mode, the timer pin signals that a time out of the timer has occurred. Refer to SECTION
3 TIMER for additional information.

2.1.5 RESET

The RESET pin is used to restart the processor of the EF6804J2 to the beginning of a program.
This pin, together with the MDS pin, is also used to select the operating mode of the EF6804J2. If
the MDS pin is at zero volts, the normal mode is selected and the program counter is loaded with
the user restart vector. However, if the MDS pin is at + 5 volts, then pins PA6 and PA7 are decoded
to allow selection of the operating mode. Refer to 4.3 RESET for additional information.

THOMSON SEMICONDUCTEURS ==
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2.1.6 MDS

The MDS (mode select) pin is used to place the MCU into special operating modes. If MDS is held
at + 5 volts at the exit of the reset state, the decoded state of PA6 and PA7 is latched to determine
the operating mode (single-chip, self-test, or ROM verify). However, if MDS is held at zero volts
at the exit of the reset state, the single-chip operating mode is automatically selected (regardless of
PA6 and PA7 state).

For those users familiar with the EF6801 microcomputer, mode selection is similar but much less
complex in the EF6804J2. No special external diodes, switches, transistors, etc. are required in the
EF6804J2.

2.1.7 Input/Output Lines (PA4-PA7, PBO-PB7)

These 12 lines are arranged into one 4-bit port (A) and one 8-bit port (B). All lines are programmable
as either inputs or outputs under software control of the data direction registers. Refer to SECTION
5 INPUT/OUTPUT PORTS for additional information.

2.2 MEMORY

The MCU operates in three different memory spaces: program space, data space, and stack space.
A representation of these memory spaces is shown in Figure 2-1. The program space (Figure 2-1a)
contains all of the instructions that are to be executed, as well as the data required for the im-
mediate addressing mode instructions, and the self-test and user vectors. The data space (Figure
2-1b) contains all of the RAM locations, plus |/0 locations and some ROM used for storage of
tables and constants. The stack space (Figure 2-1c) contains RAM which is used for stacking
subroutine and interrupt return addresses.

The MCU is capable of addressing 4096 bytes of program space memory with its program counter
and 256 bytes of data space memory with its instructions. The data space memory contains three
bytes for port data registers, three bytes for port data direction registers, one byte for timer
status/control, 64 bytes ROM, 32 bytes RAM (which includes two bytes for X and Y indirect
registers), two bytes for timer prescaler and count registers, and one byte for the accumulator. The
program space section includes 304 bytes of self-test ROM, 1008 bytes program ROM, and eight
bytes of vectors for self-test and user programs.

2.3 CENTRAL PROCESSING UNIT

TheCPU of the EF6804 Family isimplemented independently from the 1/0 or memory configuration.
Consequently, it can be treated as an independent central processor communicating with 1/0 and
memory via internal addresses, data, and control buses.

THOMSON SEMICONDUCTEURS
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(a) Program Space Memary Map

Reserved (All Ones)

Self-Test ROM

Program ROM

Self-Test TRQ Vector

Self-Test Restart Vector

User IRQ Vector

User Restart Vector

(c) Stack Space Memory Map

Level 1

Level 2

Level 3

Level4

$000

$ADF
$AEQ

$COF
$C10

$FF7
$FF8-$FF9
SFFA-SFFB
$FFC-$FFD
SFFE-SFFF

(b) Data Space Memory Map

Port AData Register] 0 [ 0 J 0 | 0

Port B Data Register

] [ Jo]o]ofo

Not Used

Port ADDR

[ofJoJo]o

Port B Data Direction Register

i [ JoJoJo]o

Not Used

Timer Status Control Register

Future Expansion

User Data Space ROM

Future Expansion

Indirect Register X

Indirect Register Y

Data Space RAM

Future Expansion

Prescaler Register

Timer Count Register

Accumulator

Figure 2-1. EF6804J2 MCU Address Map

THOMSON SEMICONDUCTEURS

295

$00
$01
$02
$03
$04

$06
$07

$08
$09
$0A

$1F
$20

$6F
$60

$7F
$80

$81
$82

$9F
$AO

$FC
$FD

$FE
$FF
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2.4 REGISTERS

The EF6804 Family CPU has four registers and two flags available to the programmer. They are
shown in Figure 2-2 and are explained in the following paragraphs.

¢ 7 0
l A J Accumulator
These Are 7 0
Registers X Indirect
In Data Register X
Space RAM
7 0
I v Indirect
Register Y
11 87 0
Program
PCH I PCL Counter

: ..
Interrupt Flags
2 .-

Figure 2-2. Programming Model

2.4.1 Accumulator (A)

The accumulator is an 8-bit general purpose register used in all arithmetic calculations, logical
operations, and data manipulations. The accumulator is implemented as the highest RAM location
($FF) in data space and thus implies that several instructions exist which are not explicitly im-
plemented. Refer to 6.3 IMPLIED INSTRUCTIONS for additional information.

2.4.2 Indirect Registers (X, Y)

These two indirect registers are used to maintain pointers to other memory locations in data space.
They are used in the register-indirect addressing mode, and can be accessed with the direct, in-
direct, short direct, or bit set/clear addressing modes. These registers are implemented as two of
the 32 RAM locations ($80, $81) and as such generate implied instructions and may be manipulated
in a manner similar to any RAM memory location in data space. Refer to 6.3 IMPLIED INSTRUC-
TIONS for additional information.

2.4.3 Program Counter (PC)

The program counter is a 12-bit register that contains the address of the next ROM word to be used
(may be opcode, operand, or address of operand). The 12-bit program counter is contained in PCL
(low byte) and PCH (high nibble).

6/44
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2.4.4 Flags (C, 2)

The carry (C) bit is set on a carry or a borrow out of the ALU. It is cleared if the result of an
arithmetic operation does not result in a carry or a borrow. The (C) bit is also set to the value of the
bit tested in a bit test instruction, and participates in the rotate left instruction.

The zero (Z) bit is set if the result of the last arithmetic or logical operation was equal to zero, other-
wise it is cleared.

There are two sets of these flags, one set is for interrupt processing, the other for all other routines.
When an interrupt occurs, a context switch is made from the program flags to the interrupt flags
(interrupt mode). An RTI forces the context switch back to the program flags (program mode).
While in either mode, only the flags for that mode are available. Further, the interrupt flags will not
be cleared upon entering the interrupt mode. Instead, the flags will be as they were at the exit of the
last interrupt mode. Both sets of flags are cleared by reset.

2.4.5 Stack

There is a true LIFO stack incorporated in the EF6804J2 which eliminates the need for a stack
pointer. Stack space is implemented in separate RAM (12-bits wide) shown in Figure 2-1c.
Whenever a subroutine call (or interrupt) occurs, the contents of the PC are shifted into the top
register of the stack. At the same time (same cycle), the top register is shifted to the next level
deeper. This happens to all registers with the bottom register falling out the bottom of the stack.

Whenever a subroutine or interrupt return occurs, the top register is shifted into the PC and all
lower registers are shifted up one level higher. The stack RAM is four levels deep. If the stack 14
pulled more than four times without any pushes, the address that was stored in the bottom level will
be shifted into the PC.

THOMSON SEMICONDUCTEURS
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SECTION 3
TIMER

3.1 INTRODUCTION

A block diagram of the EF6804 J2 timer circuitry isshown in Figure 3-1. The timer logic in the MCU
is comprised of a simple 8-bit counter (timer count register, TCR) with a 7-bit prescaler, and a timer
status/control register (TSCR). The timer count register, which may be loaded under program con-
trol, is decremented towards zero by a clock input (prescaler output). The prescaler is used to ex-
tend the maximum interval of the overall timer. The prescaler tap is selected by bits 0-2 (PS0-PS2)
of the timer status/control register. Bits PS0-PS2 control the actual division of the prescaler within
the range of divide-by-1 (20) to divide-by-128 (27). The timer count register (TCR) and prescaler are
decremented on rising clock edges. The coding of the TCSR PSO-PS2 bits produce a division in the
prescaler as shown in Table 3-1.

Table 3-1. Prescaler Coding Table

PS2 [ PS1] PSO | Divide By PS2 [ PS1]| PSO | Divide By
0]0] o 1 T 0] o0 6
oo | 1 2 1o ] 2
o 1] o 4 1] 1] o0 64
o | 1 [ 1 8 1l 128

The TIMER pin may be programmed as either an input or an output depending on the status of
TOUT (TSCR bit5). Refer to Figure 3-1. In the input mode, TOUT is a logic zero and the TIMER pin
is connected directly to the prescaler input. Therefore, the timer prescaler is clocked by the signal
applied from the TIMER pin. The prescaler then divides its clock input by a value determined by the
coding of the TSCR bits PS0-PS2 as shown in Table 3-1. The divided prescaler output then clocks
the 8-bit timer count register (TCR). When the TCR is decremented to zero, it sets the TMZ bit in
the timer status/control register (TSCR). The TMZ bit can be tested under program control to per-
form a timer function whenever it goes high. The frequency of the external clock applied to the
TIMER pin must be less than tpyte (fosc/48).

In the output mode, TOUT is a logic one and the TIMER pin is connected to the DOUT latch.
Therefore, the timer prescaler is clocked by the internal sync pulse (divide-by-48 of the internal
oscillator). Operation is similar to that described above for the input mode. However, in the output
mode, the low-to-high TMZ bit transition is used to latch the DOUT bit of the TSCR and provide it
as output for the TIMER pin.

NOTE

TMZ is normally set to logic one when the timer times out (TCR decrements to $00);
however, it may be set by a write of $00 to the TCR or by a write to bit 7 of the TSCR.

9/44
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8-Bit Counter b7[bs|b5|b4|b3|b2|b’1|bo
TIMER Prescaler | select
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Initialize (TCR) Register (TSCR
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Latch
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TOUT Clock Pin
0 TIMER Pin Input Mode
1 Sync Output Mode

Figure 3-1. Timer Block Diagram
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During reset, the timer count register and prescaler are set to $FF, while the timer status/control
register is cleared to $00 and the DOUT LATCH (TIMER pin is in the high-impedance input mode) is
forced to a logic high. The prescaler and timer count register are implemented in data space RAM
locations ($FD, $FE); therefore, they are both readable and writeable. A write to either will
predominate over the TCR decrement-to-$00 function; i.e., if a write and a TCR decrement-to-$00
occur simultaneously, the write will take precedence, and the TMZ bit is not set until the next timer
time out.

3.2 TIMER REGISTERS

3.2.1 Timer Count Register (TCR)

7 0

[msB Lsg|
TCR addr = SFE

The timer count register indicates the state of the internal 8-bit counter.

3.2.2 Timer Status/Control Register (TSCR)

7 6 5 4 3 2 1 0
| ™™z _[Not used] TouT [ pout | PST [ Ps2 | PST | PsO ]

TSCR Address=$09
b7, TMZ Low-to-high transition indicates the timer count register has decremented to zero
since the timer status/control register was last read. Cleared by a read of TSCR

register if TMZ was read as a logic one.

b6 Not used.

bs, TOUT When low, this bit selects the input mode for the timer. When high, the output
mode is selected.

b4, DOUT Data sent to the timer output pin when TMZ is set high (output mode only).
b3, PSI Used to initialize the prescaler and inhibit its counting while PS1=0. The initialized
value is set to $FF. The timer count register will also be inhibited (contents un-

changed). When PSI=1 the prescaler begins to count downward.

b0, b1, b2 These bits are used to select the prescaler divide-by ratio; therefore, effecting
PS0-PS1-PS2 the clock input frequency to the timer count register.

11/44 -
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3.2.3 Timer Prescaler Register

6 0
msB LSB|
TPR Address=$FD

The timer prescaler register indicates the state of the internal 7-bit prescaler. This 7-bit prescaler
divide ratio is normally determined by bits PSO-PS2 of the timer status/control register (see Table
3-1).

THOMSON SEMICONDUCTEURS
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SECTION 4
INTERRUPT, SELF-TEST, RESET, AND INTERNAL CLOCK GENERATOR

4.1 INTERRUPT

The EF6804J2 can be interrupted by applying a logic low signal to the IRQ pin ;however, a mask
option selected at the time of manufacture determines whether the negative-going edge or the
actual low level is sensed to indicate an interrupt.

4.1.1 Edge-Sensitive Option

When the IRQ pin is pulled low, the internal interrupt request latch is set. Prior to each instruction
fetch, the interrupt request latch is tested and, if its output is high,aninterrupt sequence is initiated
at the end of the current instruction (provided the interrupt mask is cleared). Figure 4-1 contains a
flowchart which illustrates both the reset and interrupt sequence. The interrupt sequence consists
of one cycle during which: the interrupt request latch is cleared, the interrupt mode flags are
selected, the PC is saved on the stack, the interrupt mask is set, and the TRQ vector (single chip
mode= $FFC/$FFD, self-test mode= $FF8/$FF9) is loaded into the PC. Internal processing of the
interrupt continues until an RTI (return from interrupt) instruction is processed. During the RTl in-
struction, the interrupt mask is cleared and the program mode flags are selected. The next instruc-
tion of the program is then fetched and executed. Once the interrupt was initially detected and the
interrupt sequence started, the interrupt request latch is cleared so that the next (second) interrupt
may be detected even while the previous (first) one is being serviced. However, even though the
second interrupt sets the interrupt request latch during processing of the first interrupt, the second
interrupt sequence will not be initiated until completion of the interrupt service routine for the first
interrupt. Completion of an interrupt service routine is always accomplished using an RT! instruc-
tion to return to the main program. The interrupt mask (which is not directly available to the pro-
grammer) is cleared during the last cycle of the RTl instruction.

4.1.2 Level-Sensitive Option

The actual operation of the level-sensitive and edge-sensitive options are similar except that the
level-sensitive option does not have an interrupt request latch. With no interrupt request latch, the
logic level of the TRQ pin is checked for detection of the interrupt. Also, in the interrupt sequence,
there is no need to clear the interrupt request latch. These differences are illustrated in the flowchart
of Figure 4-1.

4.1.3 Power Up and Timing

During the power-up sequence the interrupt mask is set to preclude any false or “‘ghost’’ interrupts
from occurring. To clear the interrupt mask, the programmer should write a JSR (instead of a JMP)
instruction to an initialization routine as the first instruction in a program. The initialization routine

THOMSON SEMICONDUCTEURS 1344
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Figure 4-1. Reset and Interrupt Processing Flowchart
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should end with an RTl(instead of RTS). Maximum interrupt response time is eight machine (thyte)
cycles (see 4.4 INTERNAL CLOCK GENERATOR OPTIONS). This includes five machine cycles
for the longest instruction, plus one machine cycle for stacking the PC and switching flags, plus two
machine cycles for synchronization of the IRQ input with the internal clock. Minimum response
time is one machine cycle for stacking PC and switching flags (see 2.4.4 Flags (C, Z)).

4.2 SELF-TEST

The EF6804J2 MCU has a unique internal ROM-based off-line self-test capability using signature
analysis techniques. A test program stored in the on-chip ROM is initiated by configuring pins PA6
and PA7 during reset. The test results are sampled on a cycle-by-cycle basis by a 16-bit on-chip
signature analysis register configured as a linear feedback shift register (LFSR) using the standard
CCITT CRC16 polynomial. A schematic diagram of the self-test connections is shown in Figure
4-2. To perform a test of the MCU, connect it as shown in Figure 4-2a and monitor the LEDs for a
1101 ($D) pattern.

A special ROM self-test utilizing the signature analysis circuitry is also included. To initiate a test of
the ROM, connect the circuit as shown in Figure 4-2b. This mode also uses the on-chip signature
analysis register to verify the contents of the custom ROM by monitoring an internal bus. The
"Good”” LED indicates that all ROM words have been read and that the result was the correct
signature.

The on-chip self-test and the ROM test are the basis of THOMSON SEMICONDUCTEURS produc-
tion testing for the EF6804J2. These tests have been fault graded using statistical methods and
have been found to provide high fault coverage using automatic test equipment (ATE) or the circuit
of Figure 4-2.

4.3 RESET

The MCU can be reset in two ways: by initial power up (see Figure 4-1) and by the external reset in-
put (RESET). During power up, a delay of tRHL is needed before allowing the RESET input to go
high. This time delay allows the internal clock generator to stabilize. Connecting a capacitor and
resistor to the RESET input, as shown in Figure 4-3, typically provides sufficient delay.

4.4 INTERNAL CLOCK GENERATOR OPTIONS

The internal clock generator circuit is designed to require a minimum of external components. A
crystal, a resistor-capacitor, or an external signal may be used to generate a system clock with
various stability/ cost tradeoffs. A manufacturing mask option is required to select either the crystal
oscillator or the RC oscillator circuit. The different clock generator option connection methods are
shown in Figure 4-4, crystal specifications and suggested PC board layouts are given in Figure 4-5,
resistor-capacitor selection graph is given in Figure 4-6, and a timing diagram is illustrated in Figure
4-7. The crystal oscillator startup time is a function of many variables: crystal parameters (especially
Rs). oscillator load capacitance (CL), IC parameters, ambient temperature, and supply voltage. To
ensure rapid oscillator startup, neither the crystal characteristics nor the load capacitance should
exceed recommendations.

The oscillator output frequency is internally divided by four to produce the internal ¢1 and ¢2
clocks. The ¢1 clock is divided by twelve to produce a machine byte (cycle) clock. A byte cycle is
the smallest unit needed to execute any operation (i.e., increment the program counter). An in-
struction may need two, four, or five byte cycles to execute.

15/44
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EF6804J2
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PBO
9 X
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(a) Functional Test

74HC10 +5V

9 8 9 74HC74 +5V
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Figure 4-2, Self-Test Circuit
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+5V
4.7k
28
RESET 104F
L
Part Of -
EF6804.J2
MCU

Figure 4-3. Power-Up Reset Delay Circuit
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Input rys a as CL | (Resistor-Capacitor Mask
Option) ::[_.: Option)

External Clock External Resistor-Capacitor

Figure 4-4. Clock Generator Options
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(a)

Crystal Parameters I
L1 Rs
EXTAL4 XTALS
Co
Y4
LAS

Crystal Parameters

AT — Cut Parallel Resonance Crystal

Co=7 pF Maximum

Freq.=11 MHz

Rg =50 Ohms Maximum
Piezoelectric ceramic resonators which
have the equivalent specifications may be
used instead of crystal oscillators. Follow
ceramic resonator manufacturer's sug-

(b) gestions for Cp, Cq, and Rg values. (©
GND 77777, 7
E CEZ :;GND/ 7
cL 4 rystal ‘// /

Id 7 CU‘L -

c (|
d L2 EXTAL
XTAL
extaL
Crystal E
XTAL E—J O
O
E MCuU
NOTE: Keep crystal leads and circuit

connections as short as possible.

Figure 4-5. Crystal Motional Arm Parameters and Suggested PC Board Layout
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RESISTANCE (Ry) IN k2

Figure 4-6. Typical Frequency Selection For Resistor-Capacitor
Oscillator Option (C =17 pF)
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(a) Oscillator — ¢1-¢2 Timing

SO s IR e I p I
S IR e IR py I

(b) 1 — Sync Timing
ipNpipinipNpNalpiaNaiplpiniy
SYNC I | I-—-l

Figure 4-7. Clock Generator Timing Diagram
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SECTION 5
INPUT/OUTPUT PORTS

5.1 INPUT/OUTPUT

There are 12 input/output pins. All pins (port A and B) are programmable as either inputs or outputs
under software control of the corresponding data direction register (DDR). The port I/0 programm-
ing is accomplished by writing the corresponding bit in the port DDR to a logic one for output or a
logic zero for input. On reset, all the DDRs are initialized to a logic zero state to put the ports in the
input mode. The port output registers are not initialized on reset but should be initialized before
changing the DDR bits to avoid undefined levels. When programmed as outputs, the latched out-
put data is readable as input data, regardless of the logic levels at the output pin due to output
loading; see Figure 5-1. All input/output pins are LSTTL compatible as both inputs and outputs. In
addition, both ports may have one of two mask options: 1) internal pullup resistor for CMOS output
compatibility, or 2) open drain output. The address map in Figure 2-1 gives the address of data
registers and DDRs. The register configuration is discussed under the registers paragraph below
and Figure 5-2 provides some examples of port connections.

Data
¢ »— Direction Register
Bit
[%2}
-5 Latched
g% Output 110
= O
28} > Data Iomp/ul Pin
c c .
- 0o Bit
o /l
Input
e Reg

Bit
\ «—¢ )/l
7 Input
1/0
N’

Data
Direction Output input
Register Data Output To
Bit Bit State - MCU
1 0 0 0
1 1 1 1
0 X Hi-Z Pin

Figure 5-1. Typical I/0 Port Circuitry
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19 PA7 —>—-Do— 15 PB7

SN7aLso4 — + 18| PAB : 14__| P86
(Typical) . 17 | PAS S . 13 | PBS
16 | PA4 or . 12 | PB4

MC14069  + 1 |pe3

(Typical) . 10 PB2

LSTTL Driving Port A Directly

! .
@ | ©
v o
™ @
S 5

CMOS or LSTTL Driving Port B Directly

(a) Input Mode
AN +V
PA7 19 (CMOS Loads)
PAG 18 PB7 15
Pas| 17 PG ’;
PA4 16 |——— (1 LSTTL Load) ::i :2
I\P‘V\J
PB3 n
Port A, bit 7 programmed as output, driving PB2 10
CMOS loads and bit 4 driving one LSTTL TN N
load directly (using CMOS output option). pB1 9 R} R}
PBO 8
-
Port B, bit 0, and bit 1 programmed as output,
driving LEDs directly.
(b) Output Mode

Figure 5-2. Typical Port Connections
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The latched output data bit (see Figure 5-1) may always be written. Therefore, any write to a port
writes to all of its data bits even though the port DDR is set to input. This may be used to initialize
the data registers and avoid undefined outputs; however, care must be exercised when using read-
modify-write instructions since the data read corresponds to the pin level if the DDR is an input (0)
and corresponds to the latched output data when the DDR is an output (1). The 12 bidirectional
lines may be configured by port to be LSTTL (standard configuration), LSTTL/CMOS (mask op-
tion), or open drain (mask option). Port B outputs are LED compatible.

NOTE

The mask option only allows changes by port. For example, if the customer wishes PA7
to be open drain, then PA4-PA7 must all be open drain.

5.2 REGISTERS

The registers described below are implemented as RAM locations and thus may be read or written.

5.2.1 Port Data Register

7 0
[MsB 3|

Port A Address = $00
Port B Address = $01

The source of data read from the port data register will be the port I/ O pin or previously latched out-
put data depending upon the contents of the corresponding data direction register (DDR). The
destination of data written to the port data register will be an output data latch. If the corresponding
data direction register (DDR) for the port 1/0 pin is programmed as an output, the data will then ap-
pear on the port pin.

5.2.2 Port Data Direction Register

7 0
[mss LsB|
Port A Address = $04
Port B Address = $05

The port DDRs configure the port pins as either inputs or outputs. Each port pin can be pro-
grammed individually to act as an input or an output. A zero in the pins corresponding bit position
will program that pin as an input while a one in the pins corresponding bit position will program that
pin as an output.

23/44
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SECTION 6
SOFTWARE AND INSTRUCTION SET

6.1 SOFTWARE

6.1.1 Bit Manipulation

The EF6804J2 MCU has the ability to set or clear any register or single random access memory
(RAM) writable bit with a single instruction (BSET, BCLR). Any bit in data space, including ROM,
can be tested, using the BRSET and BRCLR instructions, and the program may branch as a result
of its state. The carry bit is set to the value of the bit referenced by BRSET or BRCLR. A rotate in-
struction may then be used to accumulate serial input data in a RAM location or register. The
capability to work with any bitin RAM, ROM, or I/0 allows the user to have individual flags in RAM
or to handle |/0 bits as control lines.

The coding example in Figure 6-1 illustrates the usefulness of the bit manipulation and test instruc-
tions. Assume that the MCU is to communicate with an external serial device. The external device
has a data ready signal, a data output line, and a clock line (to clock data one bit at a time, MSB
first, out of the device). The MCU waits until the data is ready, clocks the external device, picks up
the data in the carry flag (C bit), clears the clock line, and finally accumulates the data bit in the
accumulator.

weu SELF  BRSET  6,PORTA,SELF
Ready .
Serial 6 g
Devce |« s BSET  5,PORTA
oaa | | BRCLR  4,PORTA,CONT
>4A CONT BCLR  5,PORTA
ROLA .

Figure 6-1. Bit Manipulation Example
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6.1.2 Addressing Modes

The EF6804J2 MCU has nine addressing modes which are explained briefly in the following
paragraphs. The EF6804J2 deals with objects in three different address spaces : program space,
data space, and stack space. Program space contains the instructions which are to be executed,
plus the data for immediate mode instructions. Data space contains all of the RAM locations, X
and Y registers, accumulator, timer, 1/0 locations, and some ROM (for storage of tables and con-
stants). Stack space contains RAM for use in stacking the return addresses for subroutines and
interrupts.

The term “Effective Address’ (EA) is used in describing the address modes. EA is defined as the ad-
dress from which the argument for an instruction is fetched or stored.

6.1.2.1 IMMEDIATE. In the immediate addressing mode, the operand is located in program ROM
and is contained in a byte following the opcode. The immediate addressing mode is used to access
constants which do not change during program execution (e.g., a constant used to initialize a loop
counter).

6.1.2.2 DIRECT. In the direct addressing mode, the effective address of the argument is contained
in a single byte following the opcode byte. Direct addressing allows the user to directly address the
256 bytes in data space memory with a single two-byte instruction.

6.1.2.3 SHORT DIRECT. The MCU also has four locations in data space RAM ($80, $81, $82, $83)
which may be used in a short-direct addressing mode. In this mode the lower two bits of the opcode
determine the data space. RAM location, and the instruction is only one byte. Short direct address-
ing is a subset of the direct addressing mode. (The X and Y registers are at locations $80 or $81
‘respectively.)

6.1.2.4 EXTENDED. In the extended addressing mode, the effective address is obtained by con-
catenating the four least significant bits of the opcode with the byte following the opcode (12-bit
address). Instructions using the extended addressing mode (JMP, JSR) are capable of branching
anywhere in program space. An extended addressing mode instruction is two bytes long.

6.1.2.5 RELATIVE. The relative addressing mode is only used in conditional branch instructions. In
relative addressing, the address is formed by adding the sign extended lower five bits of the opcode
(the offset) to the program counter if and only if the condition is true. Otherwise, control proceeds
to the next instruction. The span of relative addressing is from — 156 to + 16 from the opcode ad-
dress. The programmer need not worry about calculating the correct offset when using the
Motorola assembler since it calculates the proper offset and checks to see if it is within the span of
the branch.

6.1.2.6 BIT SET/CLEAR. In the bit set/clear addressing mode, the bit to be set or cleared is part of
the opcode, and the byte following the opcode specifies the direct address of the byte in which the
specified bit is to be set or cleared. Thus, any bit in the 256 locations of data space memory, which
can be written to, can be set or cleared.
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6.1.2.7 BIT TEST AND BRANCH. The bit test and branch addressing mode is a combination of
direct addressing and relative addressing. The bit which is to be tested is included in the opcode,
and the data space address of the byte to be tested is in the single byte immediately following the
opcode byte. The third byte is sign extended to twelve bits and becomes the offset added to the
program counter if the condition is true. The single three-byte instruction allows the program to
branch based on the condition of any bit in data space memory. The span of branching is from
—125 to + 130 from the opcode address. The state of the tested bit is also transferred to the carry
flag.

6.1.2.8 REGISTER-INDIRECT. In the register-indirect addressing mode, the operand is at the ad-
dress (in data space) pointed to by the contents of one of the indirect registers (X or Y). The par-
ticular X or Y register is selected by bit 4 of the opcode. Bit 4 of the opcode is then decoded into an
address which selects the desired X or Y register ($80 or $81). A register-indirect instruction is one
byte long.

6.1.2.9 INHERENT. In the inherent addressing mode, all the information necessary to execute the
instruction is contained in the opcode. These instructions are one byte long.

6.2 INSTRUCTION SET

The EF6804J2 MCU has a set of 42 basic instructions, which when combined with nine addressing
modes produce 242 usable opcodes. They can be divided into five different types: register/ memory,
read-modify-write, branch, bit manipulation, and control. The following paragraphs briefly explain
each type. All the instructions within a given type are presented in individual tables.

6.2.1 Register/ Memory Instructions

Most of these instructions use two operands. One operand is the accumulator and the other
operand is obtained from memory using one of the addressing modes. The jump unconditional
(JMP) and jump to subroutine (JSR) instructions have no register operands. Refer to Table 6-1.

6.2.2 Read-Modify-Write Instructions

These instructions read a memory location or a register, modify or test its contents, and write the
modified value back to memory or to the register. There are ten instructions which utilize read-
modify-write cycles. All INC and DEC forms along with all bit manipulation instructions use this
method. Refer to Table 6-2.

6.2.3 Branch Instructions

The branch instructions cause a branch from the program when a certain condition is met. Refer to
Table 6-3.

6.2.4 Bit Manipulation Instructions

These instructions are used on any bit in data space memory. One group either sets or clears. The
other group performs the bit test branch operations. Refer to Table 6-4.
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Table 6-1. Register/ Memory Instructions

Addressing Modes
Indirect Immediate Direct Inherent Extended Short-Direct
Opcode ' # # ¥ # # # # # # # #  ISpecial
Function Mnem X Y Bytes | Cycles |Opcode| Bytes | Cycles |Opcode| Bytes | Cycles |Opcode | Bytes |Cycles {Opcode| Bytes | Cycles [Opcode| Bytes | Cycles | Notes
Load A from Memory LDA EO0 FO 1 4 E8 2 4 F8 2 4 - - - - - — |AC-AF| 1 4 1
Load XP from Memory LOXI - - - - BO 3 4 - - - - - - - - - - - - a4
Load YP from Memory LDYi - - - - B0 3 4 - - - - — — — - - - - - 4
Store A in Memory STA 3] F1 1 4 - - - F9 2 4 - - - - - — |BC-BF| 1 4 2
Add to A ADD B2 F2 1 4 EA 2 4 FA 2 4 - - - - - - - — — -
Subtract from A suB E3 - F3 1 4 EB 2 4 FB 2 4 - - - - - - - - — -
Arithmetic Compare CmP E4 Fa 1 4 EC 2 4 FC 2 4 - - - - - - - - - -
with Memory
AND Memory to A AND E5 F5 1 4 ED 2 4 FD 2 4 - - - - - - - — - —
Jump to Subroutine JSR - - - - - - - - - - - - — |B(TAR)| 2 4 - - - 3
Jump Unconditional JMP - - - - - - - - . - - - — |9(TAR) 2 4 - - - 3
Clear A CLRA | — - - - - - - 8 2 4 - - - - - - - - - -
Clear XP CLRX - - - - - - - FB 2 4 - - - - - - - - - -
Clear YP CLRY - - - - - - - FB 2 4 - - - - - - - -
Complement A COMA | — - - - - - - - - - B4 1 4 - - - - - - -
Move immediate Value MVI - - - - BO 3 4 BO 3 4 - - - - - - - - - 5
to Memory
Rotate A Left and Carry |ROLA - - - - - - - - - - B85S 1 4 - - - - - - -
Arithmetic Left Shift of A |ASLA - - - - - - - FA 2 4 - - - - - - - - - -
SPECIAL NOTES
1. In Short-Direct ing, the LDA NicC rep de AC, AD, AE, and AF. This is equivalent to RAM | i $80 (AC), $81 (AD), $82 (AE), and $83 (AF)
2. In Short-Direct ing, the STA de B8C, BD, BE, and BF. This is ivalent to RAM | i $80 (BC), $81 (BD), $82 (BE), and $83 (BF).

3. In Extended addressing, the four LSBs of the opcode {Mnemonic JSR and JMP) are formed by the four MSBs of the target address. (TAR)
4. In Immediate addressing, the LDXI and LOYI| are mnemonics which are recognized as follows:

LDXI=MVI' $80,data

LOYI=MVI $81,data Where data is a one-byte hexadecimal number.
5. The MV instruction refers to both | iate and Direct 9.
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Table 6-2. Read-Modify-Write Instructions

Addressing Modes
Indirect Direct Short-Direct
Opcode ’ ’ I ’ [ # | Special
Function Mnem X Y Bytes Cycles | Opcode | Bytes Cycles | Opcode | Bytes Cycles Notes
Increment Memory Location| - INC E6 F6 1 4 FE 2 4 AB-AB 1 4 1,3
Increment A INCA — — - - FE 2 4 = — —
Increment XP INCX — — — — — — — A8 1 4 —
[ YP INCY - - - - - — — A9 1 4 -
D Memory i i DEC E7 F7 1 4 FF 2 4 B88-88B 1 4 2.4
Decrement A DECA — — - - FF 2 4 — —
Decrement XP DECX - — — — — — — B8 1 4 —
Decrement YP DECY — - - - — - - B9 1 4 —
SPECIAL NOTES

1. In Short-Direct addressing, the INC mnemonic represents opcode A8, A9, AA, and AB. These are equivalent to RAM locations $80 (A8), $81 (A9), $82 (AA),
and $83 (AB).

2. in Short-Direct addressing, the DEC mnemonic represents opcode B8, B9, BA, and BB. These are equivalent to RAM locations $80 (B8), $81 (B9), $82 (BA),
and $83 (BB).

3.
4

In Indirect addressing, the INC mnemonic represents opcode E6 or F6, and causes the location pointed to by X (E6 opcode) or Y (F6 opcode) to be incremented.
. In Indirect addressing, the INC mnemonic represents opcode E7 or F7, and causes the location pointed to by X (E7 opcode) or Y (F7 opcode) to be incremented.
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Table 6-3. Branch Instructions

Relative Addressing Mode
# [ Special

Function Mnem Opcode Bytes Cycles Notes
Branch if Carry Clear BCC 40-5F 1 2
Branch if Higher or Same {BHS) 40-5F 1 2 1,
Branch if Carry Set BCS 60-7F 1 2
Branch if Lower (BLO) 60-7F 1 2 1,3
Branch if Not Equal BNE 00-1F 1 2
Branch if Equal 3EQ 20-3F 1 2

SPECIAL NOTES

1. Each mnemonic of the Branch Instructions covers a range of 32 opcodes; e.g., BCC ranges from 40 through 5F. The
actual memory location (target address) to which the branch is made is formed by adding the sign extended lower five

bits of the opcode to the contents of the program counter.

2. The BHS instruction (shown in parentheses) is identical to the BCC instruction. The C bit is clear if the register was higher

or the same as the location in the memory to which it was compared.

3. The BLO instruction {shown in parentheses) is identical to the BCS instruction. The C bit is set if the register was lower

than the location in memory to which it was compared.

Table 6-4. Bit Manipulation Instructions

Addressing Modes
Bit Set/ Clear Bit Test and Branch
# ] # # Special
Function Mnem Opcode | Bytes | Cycles | Opcode | Bytes | Cycles Note
Branch IFF Bit n is set BRSET n(n=0....7) — — — C8+n 3 5 Al
Branch IFF Bit nis clear | BRCLRn(n=0....7) — - — CO+n 3 5 1
Set Bit n BSETn(n=0....7) D8+ n 2 4 — — 1
Clear Bit n BCLRn(n=0....7) DO+n 2 4 — - — 1

SPECIAL NOTE

1. The opcode is formed by adding the bit number (0-7) to the basic opcode. For example: to clear bit six using the BSET6

instruction the opcode becomes DE (D8 + 6); BCLR5 becomes (CO+ 5); etc.
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6.2.5 Control Instructions

The control instructions control the MCU operations during program execution. Refer to Table 6-5.

6.2.6 Alphabetical Listing

The complete instruction set is given in alphabetical order in Table 6-6. There are certain mnemo-
nics recognized by the assembler and converted to other instructions. The fact that all registers and
accumulator are in RAM allows many implied instructions to exist. The implied instructions reco-
gnized by the assembler are identified in Table 6-6.

6.2.7 Opcode Map Summary
Table 6-7 contains an opcode map for the instructions used on the MCU.

6.3 IMPLIED INSTRUCTIONS

Since the accumulator and all other registers are located in RAM many implied instructions exist.
The assembler-recognized implied instructions are given in Table 6-6. Some examples not recog-
nized by the assembler are shown below.

BCLR,7 $FF Ensures accumulator is plus
BSET,7 $FF Ensures accumulator is minus
BRCLR,7 $FF  Branch iff accumulator is plus
BRSET,7 $FF Branch iff accumulator is minus
BRCLR,7 $80  Branch iff X is plus (BXPL)
BRSET,7 $80 Branch iff X is minus (BXMI)
BRCLR,7 $81 Branch iff Y is plus (BYPL)
BRSET,7 $81 Branch iff Y is minus (BYMI)

THOMSON SEMICONDUCTEURS

2121

31/44



[24% 4

SHN3ILINANODIIWIS NOSWOHL

vvize

Table 6-5. Control instructions

1 . The NOP instruction is equivalent to a branch if equal (BEQ) to the location designated by PC+ 1.

Addressing Modes
Short-Direct Inherent Relative

# # # # # # Special

Function Mnem Opcode Bytes Cycles | Opcode Bytes Cycles | Opcode Bytes | Cycles Notes
Transfer A to X TAX - BC 1 4 — — - — - — _
Transfer A to Y TAY BD 1 4 — — — — — — —
Transfer X to A TXA AC 1 4 — - - - — - _
Transfer Yto A TYA AD 1 4 — — - — — — —
Return from Subroutine RTS — — — B3 1 2 — — — -
Return from Interrupt RTI - = — B2 1 2 — — - -
No-Operati NOP — - — — — — — _ — 1

SPECIAL NOTE
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Table 6-6. Instruction Set

Addressing Modes

Short Bit/ Set Bit- Test- Register

Mnemonic Inherent Direct Direct Clear Branch Indirect Extended Relative Z [

ADD X X X A A
AND X X X A .
ASLA Assembler converts this to "ADD $FF"” . .
BCC X A A
BCLR X . .
8CS X ) .
BEQ X o .
BHS Assembier converts this to “BCC” . .
8LO Assembler converts this to “BCS™ . .
| BNE X . .
BRCLR X . A
BRSET X . A
BSET X . .
CLRA this t0 “SUB $FF” A A
CLRX Assembler converts this to"MVI = 0, $§80" . .
CLRY Assembler converts this to "MVI =0, $81° . .
CMP X X X A A
COMA X A A
DEC X X X A .
DECA Assembler converts this to “DEC $FF* A .
DECX A converts this to “DEC $80" A .
DECY A this to “DEC $81” A .
INC X [ x [ [ X A .
INCA Assembler converts this to “INC SFF* A .
INCX Assembler converts this to “INC $80°° A .
INCY Assunblgc_onvens this to “'INC $81” A .
JMP X . .
JSR X . .
LDA X X X X A .
LDXi Assembler converts this to “MVI DATA, §80" . .
LOY! Assembler converts this to "MVi DATA, §81" . .
MVI X x T 0 .
NOP Assembier converts this to “BEQ {PC) + 1" . .
ROLA X A A
ATl X A A
RTS X N .
STA X X X A °
Sus . X X X A A
TAX Assembier converts this to'STA $80 A °
TAY Assembler converts this to “STA $81" A °
TXA Assembler converts this to “LDA $80” A -
TYA Assembler converts this 10 “LDA $81" A o

Flag Symbols: Z=Zero, C= Carry/Borrow, A= Test and Setf True, Cleared Otherwise, » = Not Affected
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Table 6-7 — EF6804P2 Microcomputer Instruction Set Opcode Map

Branch Instructions

0 1 2 3 4 5 6 7
Low 0000 0001 0010 0011 0100 0101 0110 om
2 2 2 2 2 2 Fl
0 BNE BNE BEQ BEQ BCC BCC BCS BCS
0000 1 REL |1 REL |1 REL [ 1 REL |1 REL |1 REL |1 REL REL
2 2 2 2 2 2 ]
1 BNE BNE BEQ BEQ BCC BCC BCS BCS
0001 1 REL |1 REL |1 REL |1 REL |1 REL |1 REL |1 REL REL
2 2 2 2 2 2 2
2 BNE BNE BEQ BEQ BCC BCC BCS BCS
0010 1 REL |1 REL |1 REL |1 REL [1 REL|1 REL |1 REL REL
2 2 2 2 2 2 2
3 BNE BNE BEQ BEQ BCC BCC BCS BCS
0011 1 REL |1 REL |1 REL |1 REL [1 REL |1 REL |1 REL REL
2 2 2 2 2 2 2
4 BNE BNE BEQ BEQ BCC BCC BCS BCS
0100 1 REL |1 REL [1 REL |1 REL [1 REL[1 REL |1 REL REL
2 2 2 2 2 2 2
5 BNE BNE BEQ BEQ BCC BCC BCS BCS
0101 1 REL[1 REL |1 REL |1 REL [1 REL[1 REL |1 REL REL
F] 2 2 2 2 F) 2
6 BNE BNE BEQ BEQ BCC BCC BCS BCS
0110 1 REL |1 REL |1 REL |1 REL |1 REL [ 1 REL |1 REL REL
2 2 2 2 2 2 2
7 BNE BNE BEQ - BEQ BCC BCC BCS BCS
o 1 REL | 1 REL |1 REL [ 1 REL |1 REL |1 REL |1 REL REL
2 2 2 2 2 2 2
8 BNE BNE BEQ BEQ BCC BCC BCS BCS
1000 1 REL |1 REL |1 REL |1 REL [ 1 REL|1 REL |1 REL REL
2 2 2 2 Fl 2 2
9 BNE BNE BEQ BEQ BCC BCC BCS BCS
1001 1 REL|1- REL [1 REL |1 REL |1 REL|1 REL |1 REL REL
2 2 2 2 2 2 2
A BNE BNE BEQ BEQ BCC BCC BCS BCS
1010 1 REL|2 REL |1 REL |1 REL |1 REL |1 REL |1 REL REL
2 2 2 2 2 2 2
B BNE BNE BEQ BEQ BCC BCC BCS BCS
1011 1 REL|1 REL [1 REL 1 REL |1 REL |1 REL [1 REL REL
2 2 2 2 2 F 2
c BNE BNE BEQ BEQ BCC BCC BCS BCS
1100 1 REL| 1 REL [1 REL |1 REL |1 REL|1 REL |1 REL REL
2 2 2 2 2 2 2
D BNE BNE BEQ BEQ BCC BCC BCS BCS
10 1 . REL[1 REL |1 ReL|1 REL| 1 REL|1 REL |1 REL REL
2 i 2 2 2 2 2 2
E BNE BNE BEQ BEQ BCC BCC BCS BCS
1110 1 REL{1 REL |1 REL |1 REL | 1 REL |1 REL |1 REL REL
2 2 2 2 2 2 2
F BNE BNE BEQ BEQ BCC BCC BCS BCS'
m 1 REL| 1 REL |1 REL|1 REL | 1 REL|1 REL |1 REL REL

Abbreviations for Address Modes

INH
S-D

Inherent

Indicates Instruction Reserved for Future Use

Short Direct # Indicates lllegal Instruction

B-T-B

MM
DIR
EXT
REL
BSC

Bit Test and Branch

Immediate
Direct

Extended
Relative

Bit Set/Clear

R-IND
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Instruction Set Opcode Map
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Register/ Memory, Control, and Bit Manipulation Register/ Memory and
Read/Modify/Write Instructions Instructions Read/Modify/Write

8 9 A B C D E F Hi

1000 1001 1010 1011 1100 101 110 1m Low
n [ 5 s 0

JSRn JMPn - mvi BRCLRO BCLRO LDA LDA 0
2 exT |2 EXT 3 MM | 3 BTB|2 BSC |1 R-IND | 1 RIND 0000
] 0 5 0 0 0

JSRn JMPn . . BRCLR1 BCLR1 STA STA 1
2 EXT {2 EXT 3 BT8|2 8sc |1 RIND | 1 A-IND 0001
[ a 2 B 4 4 4

JSRn JMPn . RTI BRCLR2 BCLR2 ADD ADD 2
2 exT |2 EXT 1 INH |3 8782 8sC |1 RIND |1 R-IND 0010
0 [ 2 B 2 2 0

JSRn JMPn . RTS BRCLR3 BCLR3 sus sus 3
2 £XT |2 EXT 1 INH| 3 8.1.8|2 8sc |1 RIND | 1 R-IND 0011
4 4 0 B a 4 0

JSRn JMPn . COMA BRCLR4 BCLR4 cmp CcmpP 4
2 EXT |2 EXT 1 INH |3 s.18|2 8sc |1 RIND | 1 R-IND| 0100
4 0 ] B 3 ) a

JSRn JMPn . ROLA BRCLR5 BCLRS AND AND 5
2 EXT |2 EXT 1 INH |3 8182 8sC (1 RIND |1 R-IND 0101
[ a4 S 3 a 4

JSRn JMPn . . BRCLR6 BCLR6 INC INC 6
2 EXT |2 EXT 3 8182 asc |1 RIND | 1 R-IND 010
4 4 5 4 4 4

JSARn JMPn . . BRCLR7 BCLR7 DEC DEC 7
2 exT |2 EXT 3 8.18|2 8sc |1 RIND | 1 R-IND o
4 4 4 4 4 4

JSRn JMPn INC DEC BRSETO BSETO LDA LDA 8
2 EXT |2 exT |1 s 1 so|3 8.T-8|2 8SC |2 MM | 2 OIR 1000
2 [ 4 4 B 0 4

JSRn JMPn INC DEC BRSET1 BSET1 # STA 9
2 exT |2 ExT|1 50| 1 sD|3 8.T.8|2 8sC 2 OIR 1001
a 4 4 4 5 a 4 4

JSRn JMPn INC DEC BRSET2 BSET2 ADD ADD A
2 exT |2 EXT| 1 s-Df 1 sD|3 8.1-8|2 8SC |2 MM | 2 OIR 1010
4 [ 4 4 5 a n

JSRn JMPn INC DEC BRSET3 BSET3 sus sus -]
2 EXT |2 EXT| 1 s0] 1 so|3 8182 8SC |2 MM | 2 DIR 1011
3 3 [ 4 5 ] 0 3

JSRn JMPn LDA STA BRSET4 BSET4 CMmP CMP C
2 EXT|2 exT| 1 s-0f 1 so|3 8.T.82 8sc |2 wmm |2 DIR 1100
3 s 0 4 5 0 4 4

JSRn JMPn LDA STA BRSETS BSETS AND AND D
2 EXT |2 ExT| 1 s-p| 1 so|3 8182 8sC |2 mm | 2 DIR 101
4 2 a a 5 [ a

JRSNn JMPn LDA STA BRSET6 BSET6 # INC E
2 ExT|2 ExT| 1 s-p| 1 so|3 8182 8SC 2 DIR 10
4 4 4 4 5 L} 4

JSRn JMPn LDA STA BRSET7 BSET7 # DEC F
2 exT |2 exT| 1 sof 1 so|3 818(2 BSC 2 OIR nm

LEGEND
[ Opcode in Hexad |
MM |
Cycles -4 7" o inBi
- i > LDA 0 > pcode in Binary
Bytes al R-IND 0000 <]
hN Address Mode
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SECTION 7

ELECTRICAL SPECIFICATIONS

7.1 INTRODUCTION

This section contains the electrical specifications and associated timing for the EF6804J2.

7.2 MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage vee -0.3t0 +7.0 \
Input Voltage Vin -03to( 7.0 \
Operating Temperature Range TA TLto TH °oC
Standard or L suffix Oto 70
V suffix -40 to 85
T suffix -40to 105
Storage Temperature Range Tstg ~55 to 150 °C
Junction Temperature Range
Plastic T 150 °C/W
7.3 THERMAL CHARACTERISTICS
Characteristic Symbol | Value Unit
Thermal Resistance
Plastic LAV 90 °C/W
Vee=56.2V
Test 1N919 cc
Point or Equiv. 4KQ
Test Point o—_l
1N4148 30 pF (Total)
or Equiv. :[

Figure 7-1. LSTTL Equivalent
Test Load (Port B)

Figure 7-2. CMOS Equivalent
Test Load (Ports A and B)
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This device contains circuitry to protect
the inputs against damage due to high
static voltages of electric fields; however,
it is advised that normal precautions be
taken to avoid application of any voltage
higher than maximum rated voltages to
this high impedance circuit. For proper
operation it is recommended that Vi, and
Vout be constrained to the range
Vs =(Vijn or Vout) <Vcc. Reliability of
operation is enhanced if unused inputs
except EXTAL are connected to an ap-
propriate logic voltage level (e.g., either

'Vgs or Vel

Vee=56.2v
Test 1NO19
Point or Equiv. S 10k

1N4148
or Equiv.

Figure 7-3. LSTTL Equivalent

Test Load (Port A and TIMER)
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7.4 POWER CONSIDERATIONS

The average chip-junction temperature, TJ, in °C can be obtained from:
Ty=TA+(PDebJA) (1)
Where:

TaA=Ambient Temperature, °C
8JA = Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PPORT
PINT=Ilccx Ve, Watts — Chip Internal Power
PPORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT <P|NT and can be neglected. PPORT may become significant if

the device is configured to drive Darlington bases or sink LED loads.
An approximate relationship between Pp and Ty (if PPORT is neglected) is:

PD=K +(TJ+273°C) (2
Solving equations 1 and 2 for K gives:
K=Ppe(TA+273°C) +604A+PD2 (3)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by
measuring P (at equilibrium) for a known TA. Using this value of K the values of Pp and T can be
obtained by solving equations (1) and (2) iteratively for any value of TA.

7.5 ELECTRICAL CHARACTERISTICS (Vcc= +5.0 Vdc+0.5 Vdc, V§SS=0 Vdc, TaA= T to
T,, unless otherwise noted)

H

Characteristic Symbol | Min Typ Max Unit

Internal Power Dissipation— No Port Loading T A= 0°c PINT - 135 170 mV
Tp = -40°C - - - 210

Input High Voltage ViH 4.0 - Vce v
Input Low Voltage ViL Vvss - 08 v
Input Capacitance Cin - 10 - pF
Input Current unE. RESET) lin - 2 20 pA

7.6 SWITCHING CHARACTERISTICS (Vcc= +5.0 Vdc+ 0.5 Vdc, V§ss=GND, TA=TL to
TH unless otherwise noted)

Ch istit Symbol Min Typ Max Unit

Oscillator Frequency fosc 4.0 - 1.0 MHz
Bit Time thit 0.364 - 10 S
Byte Cycle Time tbyte | 4.36 - 12.0 #S
[ TRQ and TIMER Pulse Width WL WH| 2Xtoyte | - — _
[RESET Pulse Width RWL | 2Xtoyte | - = =
[RESET Delay Time (External Capacitance= 1.0 uF) RHL 100 — - ms
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7.7 PORT DC ELECTRICAL CHARACTERISTICS (VcC= +5.0 Vdc+ 0.5 Vdc, V§S=GND,

Tpo=T toTy unless otherwise noted)

Characteristic L'Symbolj Min I Typ ] Max l Unit
Timer and Ports A (Standard)
Output Low Voltage, 1| gad=0.4 mA VoL - - 05 \
Output High Voltage, || gad= — 50 gA VOH 2.3 - — \
Input High Voltage ViH 2.0 - vee \
Input Low Voltage ViL Vgg - 0.8 v
Hi-Z State Input Current ITs) - 4 40 uA
Timer and Ports A {Open Drain)
Output Low Voltage, || gad=0.4 mA VoL - - 0.5 v
Input High Voltage ViIH 20 - vee \2
Input Low Voltage ViL VisS — 08 v
Hi-Z State Input Current iTsi - 4 40 pA
Open Drain Leakage (Vout=Vec) LoD - 4 40 A
Timer and Ports A (CMOS Drive)
Output Low Voltage, I gad=0.4 mA (Sink) VoL — - 05 v
Output High Voltage, || gad= — 10 gA VoH | Vcc-10] - - \
Output High Voltage, |{ pad= — 50 uA VOH 23 - - v
Input High Voltage, I gag= — 300 A Max ViH 2.0 - vee \
Input Low Voltage, l{ gad= — 300 pA Max ViL Visg - 08 v
Hi-Z State Input Current (V;n=0.4 V to V) ITsy - - - 300 wA
Port B (Standard)
Output Low Voltage, I gad=1.0 mA VoL — - 0.5 v
Output Low Voltage, I pad= 10 MA (Sink) VoL — - 1.5 v
Output High Voltage, 1| gad= — 100 gA VOH 23 - - v
Input High Voltage VIH 20 - vee 4
Input Low Voltage ViL V:ss - 08 v
Hi-Z State Input Current 111 - 8 80 A
) Port B (Open Drain)
Output Low Voltage, I gad=1.0 mA VoL - - 05 v
Output Low Voltage, || gad= 10 mA (Sink) Voi - - 15 \
Input High Voltage VIH 20 - vce \
input Low Voltage ViL Vss - 0.8 v
Hi-Z State Input Current ITs| - 8 80 pA
Open Drain Leakage (Vout=Vcc) LoD - 8 80 sA
Port B (CMOS Drive)

Output Low Voltage, I gad= 1.0 mA VoL - - 0.5 \%
Output High Voltage, || gad= 10 mA (Sink) VoL - - 15 \2
Output High Voltage, || gpad= — 10 yA Von |Vcc-10] - - \
Output High Voltage, || gad= — 100 pA VOH 2.3 - - \
Input High Voltage, || gad= — 300 uA Max VIH 20 - vce v
Input Low Voltage, I gad = — 300 uA Max Vi Vss - 08 v
Hi-Z State Input Current (Vi =0.4 V to Vce) Irst ~ — - 300 A
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SECTION 8
MECHANICAL DATA

This section contains the pin assignment and package dimension diagrams for the EF6804J2
microcomputer.

8.1 PIN ASSIGNMENT

RESET
PA7
PA6
PAS5
PA4
PB7
PB6
PBS
PB4
PB3
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8.2 PHYSICAL DIMENSIONS

mm o mOX, e 254(2) 2 max. CB'194
2y effo 0 0,0 0,0 . Smax.
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mey
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CB-194
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PLASTIC PACKAGE
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SECTION 9
ORDERING INFORMATION

9.1 INTRODUCTION

The following information is required when ordering a custom MCU. The information may be
transmitted to THOMSON SEMICONDUCTEURS in the following media:

EPROM(s), 2716 or 2732

EFDOS/MDOS*, disk file

Toinitiate a ROM pattern for the MCU, it is necessary to first contact your local field service office,
local sales person, or your local THOMSON SEMICONDUCTEURS representative.

9.1.1 EPROMs

One 2716 or one 2732 type EPROM, programmed with the customer program (positive logic sense
for address and data), may be submitted for pattern generation. Since all program and data space
information will fit on one 2716 or 2732 EPROM, the EPROM must be programmed as follows in
order to emulate the EF6804J2 MCU. For a 2716, start the data space ROM! at EPROM
address $020 and start program space ROM at EPROM address $410 and continue to memory
space $7FF. Memory spaces $7F8 through $7FB are reserved for THOMSON SEMICON-
DUCTEURS self-test vectors. For 'a 2732, the memory map shown in Figure 2-1 canbe used.
All unused bytes, including the user’s space, must be set to zero. For shipment to THOMSON
SEMICONDUCTEURS the EPROMs should be placed in a conductive IC carrier and packed
securely. Do not use styrofoam.

9.1.2 EFDOS/MDOS* Disk File

An EFDOS/MDOS* disk, programmed with the customer program (positive logic sense for address
and data), may be submitted for pattern generation. When using the EFDOS/MDOS* disk, include
the entire memory image of both data and program space. All unused bytes, including the user's
space, must be set to zero.

9.2 VERIFICATION MEDIA

All original pattern media (EPROMs or floppy disk) are filed for contractual purposes and are not
returned. A computer listing of the ROM code will be generated and returned along with a listing
verification form. The listing should be thoroughly checked and the verification form completed,
signed, and returned to THOMSON SEMICONDUCTEURS. The signed verification form constitutes
the contractural agreement for creation of the customer mask. If desired, THOMSON SEMICON-
DUCTEURS will program a blank 2716, 2732, or EFDOS/MDOS* disk (supplied by the customer)
from the data file used to create the custom mask to aid in the verification process.

* Requires prior factory approval

THOMSON SEMICONDUCTEURS 3
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9.3 ROM VERIFICATION UNITS (RVUs)

Ten MCUs containing the customer’'s ROM pattern will be sent for program verification. These
units will have been made using the custom mask but are for the purpose of ROM verification only.
For expediency they are usually tested only at room temperature, five volts and may be unmarked
and packaged in ceramic. These RVUs are included in the mask charge and-are not production parts.

These RVUs.are not backed nor guaranteed by THOMSON SEMICONDUCTEURS Quality Assurance.
9.4 FLEXIBLE DISKS

The disk media submitted must be single-sided single density, 8-inch, EFDOS/MDOS* compatible
floppies. The customer must clearly label the disk with the ROM pattern file name. The minimum
EFDOS/MDOS* system files as well as the absolute binary object file (file name. LO type of file)
from the 6804 cross assembler must be on the disk. An object file made from a memory dump,
using the ROLLOUT command is also admissable. Consider submitting a source listing as well as:
file name, .LX (DEVICE/EXORciser loadable format). This file will of course be kept confidential
and is used 1) to speed up the process in house if any problems arise, and 2) to speed up our
customer to factory interface if a user finds any software errors and needs assistance quickly from
THOMSON SEMICONDUCTEURS factory representatives.

EFDOS is THOMSON SEMICONDUCTEURS Disk Operating System available on development
systems such as DEVICE.

MDOS is MOTOROLA's Disk Operating System available on development systems such as EXOR-
ciser . .

*Requires prior factory approval.

Whenever ordering a custom MCU is required, please contact your local THOMSON SEMICON-
DUCTEURS distributor and/or complete and send the attached "MCU customer ordering sheet
SEMICONDUCTEURS representative.

ORDERING INFORMATION
| EF6804J2 | PV, 1
Device l L—— Screening level
Packag Oper. temp.
The table below hori: iy shows all available suffix binations for pach perating p 9
level. Other possibilities on request.
DEVICE PACKAGE OPER. TEMP SCREENING LEVEL
Cc J P E FN L v T Std ]
[ [ ® ® [J
EF6804J2

Examples : EF6804J2P, EF6804J2PV, EF6804J2PLD, EF6804J2PVD.

Paékage : C : Ceramic DIL, P : Plastic DIL, FN : PLCC.
Oper. temp. : L* : 0°C to +70°C, V : -40°C to +85°C, T : -40°C to +105°C, * : may be omitted.
Screening level : Std : (no-et_\d suffix)_, D : NFC 96883 level D.

EXORciser is a registered trademark of Motorola Inc.

These specifications are subject to change without notice.
Please inquire with our sales offices about the availability of the different products.

Ref .DSEF6804J2

Printed in France
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' 8 BIT MICROCOMPUTER

SEMICONDUCTEURS

| ADVANCE INFORMATION ]

HMOS

The EF6804P2 Microcomputer Unit (MCU) is a member of the
EF6804 Family of very low-cost single-chip microcomputers. This 8- i
bit microcomputer contains a CPU, on-chip CLOCK, ROM, RAM, CASES
1/0, and TIMER. It is designed for the user who needs an economical
microcomputer with the proven capabilities of the EF6800-based ins-
truction set. The following are some of the hardware and software
highlights of the EF6804P2 MCU.

CB-132

HARDWARE FEATURES

8-Bit Architecture

Pin Compatible with the EF6805P2 and EF68HC04P3
32 Bytes of RAM

Memory Mapped 1/0

1020 Bytes of User ROM

64 Bytes of ROM for Look-Up Tables PLAsP SUFFIX

20 TTL/CMOS Compatible Bidirectional 1/0 Lines (Eight Lines TIC PACKAGE
are LED Compatible) CB
8-Bit Timer with 7-Bit Software Programmable Prescaler O
On-Chip Clock Generator

Self-Check Mode and ROM Verify Mode
Master Reset
Complete Development System Support on DEV’CE®

5 Volt Single Supply
TIMER Pin is Programmable as Input or Output EN SUFFIX

PLCC-28

SOFTWARE FEATURES

® Similar to EF6805 HMOS Family - -~

® Byte Efficient Instruction Set PIN ASSIGNMENT

® Easy to Program

® True Bit Manipulation \_J

® Bit Test and Branch Instruction vss 1 e 28 {1 RESET

® Separate Flags for Interrupt and Normal Processing "G 02 27 1 pA7

® Versatile Indirect Registers vec 43 2 [1 PAG

® Conditional Branches cc

® Single Instruction Memory E xamine/Change EXTAL Q4 25 [1 PAS

® True LIFO Stack Eliminates Stack Pointer XTAL I 5 24 [1 PA4

® Eight Powerful Addressing Modes

® Any Bit in Data Space Memory May be Tested mps g6 23 1 PA3

® Any Bit in Data Space Memory Capable of Being Written to TIMER [} 7 22 {1 PA2
May be Set or Cleared. PcO [ 8 21 {1 PAY

USER SELECTABLE OPTIONS pct o 20 f1 PAD

® 20 Bidirectional 1/0 Lines with LSTTL, LSTTL/CMOS, or pcz Q10 19 I P87
Open-Drain Interface pc3 g 11 18 (1 PB6

® Crystal or Low-Cost Resistor-Capacitor Oscillator PBo [ 12 17 {1 PBS

® Mask Selectable Edge- or Level-Sensitive Interrupt Pin pa1 (] 13 16 [] PB4

PB2 q 14 15 [] PB3

DEVICE® s THOMSON SEMICONDUCTEURS' development/emulation tool.
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BLOCK DIAGRAM
XTAL EXTAL RESET MDS iRQ
TIMER—|_ Prescaler g-8it l
7 g Counter
Timer/ Status Osci
s Control Register scillator rJ
[<—>» PBO
Accumulator <> PB1
CPU [<—> PB2
Indirect Control | B2 [ Pot te—> pa3
Register R . Re <> PB4
PA0 <> (Note)  XP| °9- 9- le—> PB5
PA1 € Indirect > PB6
Pzrt PA2 € Register 8 8 <> pB7
PA3 <=3 (Note)  YP
110 pAs <> . CPU < 3::;
Lines PAS Stack
PAB o boo
PA7 Program Data | Port 3 PC1
Counter p—1 Dir. C __}" o2
High Reg. | Reg.
4 igh PCH ALU A L, <> pc3
1020 x 8 Program
User Program ROM (—&@ Counter
292x8 1B___tow PCy ) | 64x8 |
Self-Check ROM 1 Data ROM

Port

110
Lines

Port

1/0
Lines

NOTE: 8-Bit indirect registers XP and YP, although shown as part of the CPU, are actually located in the 32x 8 RAM at locations $80
and $81.
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SECTION 2
FUNCTIONAL PIN DESCRIPTION, MEMORY, CPU, AND REGISTERS

This section provides a description of the functional pins, memory spaces, the central processing
unit (CPU), and the various registers and flags.

2.1 FUNCTIONAL PIN DESCRIPTION

2.1.1 Vg and Vss

Power is supplied to the MCU using these two pins. VC(C is power and VSS is the ground
connection.

2.1.2 IRQ

This pin provides the capability for asynchronously applying an external interrupt to the MCU. Refer
to 4.1 INTERRUPT for additional information.

2.1.3 XTAL and EXTAL

These pins provide connections to the on-chip clock oscillator circuit. A crystal, a resistor and
capacitor, or an external signal, depending on the user selectable manufacturing mask option, can
be connected to these pins to provide a system clock source with various stability/cost tradeoffs.
Lead lengths and stray capacitance on these two pins should be minimized. Refer to 4.4 INTERNAL
CLOCK GENERATOR OPTIONS for recommendations concerning these inputs.

2.1.4 TIMER

In the input mode, the timer pin is connected to the prescaler input and serves as the timer clock. In
the output mode, the timer pin signals that a time out of the timer has occurred. Refer to SECTION
3 TIMER for additional information.

2.1.5 RESET

The RESET pin is used to restart the processor of the EF6804P2 to the beginning of a program.
This pin, together with the MDS pin is also used to select the operating mode of the EF6804P2. If
the MDS pin is at zero volts, the normal mode is selected and the program counter I1s loaded with
the user restart vector. However, if the MDS pin is at + 5 volts, then pins PA6 and PA7 are decoded
to allow selection of the operating mode. Refer to 4.3 RESET for additional information.

3/44
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2.1.6 MDS

The MDS (mode select) pin is used to place the MCU into special operating modes. If MDS is held
at +5 volts at the exit of the reset state, the decoded state of PA6 and PA7 is latched to determine
the operating mode (single-chip, self-check, or ROM verify). However, if MDS is held at zero volts
at the exit of the reset state, the single-chip operating mode is automatically selected (regardless of
PA6 and PA7 state).

For those users familiar with the EF6801 microcomputer, mode selection is similar but much less
complex in the EF6804P2. No special external diodes, switches, transistors, etc. are required in the
EF6804P2.

2.1.7 Input/Output Lines (PA0-PA7, PB0-PB7, PCO-PC3)

These 20 lines are arranged into two 8-bit ports (A and B) and one 4-bit port (C). All lines are pro-
grammable as either inputs or outputs under software control of the data direction registers. Refer
to SECTION 5 INPUT/OUTPUT PORTS for additional information.

2.2 MEMORY

The MCU operates in three different memory spaces: program space, data space, and stack space.
A representation of these memory spaces is shown in Figure 2-1. The program space (Figure 2-1a)
contains all of the instructions that are to be executed, as well as the data required for the im-
mediate addressing mode instructions, and the self-check and user vectors. The data space (Figure
2-1b) contains all of the RAM locations, plus I/0 locations and some ROM used for storage of
tables and constants. The stack space (Figure 2-1c) contains RAM which is used for stacking
subroutine and interrupt return addresses.

The MCU is capable of addressing 4096 bytes of program space memory with its program counter
and 256 bytes of data space memory with its instructions. The data space memory contains three
bytes for port data registers, three bytes for port data direction registers, one byte for timer
status/control, 64 bytes ROM, 32 bytes RAM (which includes two bytes for XP and YP indirect
registers), two bytes for timer prescaler and count registers, and one byte for the accumulator. The
program space section includes 288 bytes of self-check ROM, 1016 bytes program ROM, and eight
bytes of vectors for self-check and user programs.

2.3 CENTRAL PROCESSING UNIT

The CPU of the EF6804 Family is implemented independently from the I/O or memory configuration.
Consequently, it can be treated as an independent central processor communicating with 1/0 and
memory via internal addresses, data, and control buses.
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(a) Program Space Memory Map

Reserved (All Ones)

Self-Check ROM

Program ROM

Self Check TRQ Vector

Self Check Restart Vector

User iRQ Vector

User Restart Vector

(c) Stack Space Memory Map

Level 1

Level 2

Level 3

Level4

$ADF
$AEO

$BFF
$C00

$FF7
$FF8-$FFO
$FFA-SFFB
$FFC-$FFD
SFFE-SFFF

(b} Data Space Memory Map

Port A Data Register

Port B Data Register

111 1 ] PortcpataReg.

Not Used

Port A Data Direction Register

Port B Data Direction Register

1 [+ 11 Porcopr

Not Used

Timer Status Control Register

Future Expansion

User Data Space ROM

Future Expansion

Indirect Register X

Indirect Register Y

Data Space RAM

Future Expansion

Prescaler Register

Timer Count Register

Accumulator

Figure 2-1. EF6804P2 MCU Address Map

THOMSON SEMICONDUCTEURS
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$00
$01

$03
$04
$05

$06
$07

$08
$09
$0A

$1F
$20

$6F
$60

$7F

$81
$82

$9F
$A0

$FC
$FD

$FE
$FF
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2.4 REGISTERS

The EF6804 Family CPU has four registers and two flags available to the programmer. They are.
shown in Figure 2-2 and are explained in the following paragraphs.

¢ 7 0
l A l Accumulator
These Are 7 0
Registers  { XP Indirect
In Data Register X
Space RAM
7 0
Indirect
YP ] .
L l Register Y
1 8 7 0
PCH | PCL Program

Counter

Normal Flags
>
Interrupt Flags

Figure 2-2.. Programming Model

2.4.1 Accumulator (A)

The accumulator is an 8-bit general purpose register used in all arithmetic calculations, logical
operations, and data manipulations. The accumulator is implemented as the highest RAM location
($FF) in data space and thus implies that several instructions exist which are not explicitly im-
plemented. Refer to 6.3 IMPLIED INSTRUCTIONS for additional information.

2.4.2 Indirect Registers (XP, YP)

These two indirect registers are used to maintain pointers to other memory locations in data space.
They are used in the register-indirect addressing mode, and can be accessed with the direct, in-
direct, short direct, or bit set/clear addressing modes. These registers are implemented as two of
the 32 RAM locations ($80, $81) and as such generate implied instructions and may be manipulated
in @ manner similar to any RAM memory location in data space. Refer to 6.3 IMPLIED INSTRUC-
TIONS for additional information.

2.4.3 Program Counter (PC)

The program counter is a 12-bit register that contains the address of the next ROM word to be used
(may be opcode, operand, or address of operand). The 12-bit program counter is contained in PCL
(low byte) and PCH (high nibble).

THOMSON SEMICONDUCTEURS
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2.4.4 Flags (C, 2)

The carry (C) bit is set on a carry or a borrow out of the ALU. It is cleared if the result of an
arithmetic operation does not result in a carry or a borrow. The (C) bit is also set to the value of the
bit tested in a bit test instruction, and participates in the rotate left instruction.

The zero (Z) bit is set if the result of the last arithmetic or logical operation was equal to zero, other-
wise it is cleared.

There are two sets of these flags, one set is for interrupt processing, the other for all other routines.
When an interrupt occurs, a context switch is made from the program flags to the interrupt flags
(interrupt mode). An RTI forces the context switch back to the program flags (program mode).
While in either mode, only the flags for that mode are available. Further, the interrupt flags will not
be cleared upon entering the interrupt mode. Instead, the flags will be as they were at the exit of the
last interrupt mode. Both sets of flags are cleared by reset.

2.4.5 Stack

There is a true LIFO stack incorporated in the EF6804P2 which eliminates the need for a stack
pointer. Stack space is implemented in separate RAM (12-bits wide) shown in Figure 2-1c.
Whenever a subroutine call (or interrupt) occurs, the contents of the PC are shifted into the top
register of the stack. At the same time (same cycle), the top register is shifted to the next level
deeper. This happens to all registers with the bottom register falling out the bottom of the stack.

Whenever a subroutine or interrupt return occurs, the top register is shifted into the PC and all
lower registers are shifted up one level higher. The stack RAM is four levels deep. If the stack is
pulled more than four times without any pushes, the address that was stored in the bottom level will
be shifted into the PC.

THOMSON SEMICONDUCTEURS =
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SECTION 3
TIMER

3.1 INTRODUCTION

A block diagram of the EF6804P2 timer circuitry isshown in Figure 3-1. The timer logic in the MCU
is comprised of a simple 8-bit counter (timer count register, TCR) with a 7-bit prescaler, and a timer
status/control register (TSCR). The timer count register, which may be loaded under program con-
trol, is decremented towards zero by a clock input (prescaler output). The prescaler is used to ex-
tend the maximum interval of the overall timer. The prescaler tap is selected by bits 0-2 (PS0-PS2)
of the timer status/control register. Bits PS0-PS2 control the actual division of the prescaler within
the range of divide-by-1 (20) to divide-by-128 (27). The timer count register (TCR) and prescaler are
decremented on rising clock edges. The coding of the TCSR PS0-PS2 bits produce a division in the
prescaler as shown in Table 3-1.

Table 3-1. Prescaler Coding Table

PS2 | PS1 | PSO | Divide By PS2 | PS1 | PSO |Divide By

1 16
32

ococoo
- —-o0o
-0 = O
- —0o0
-0 = O

2
4
8 128

The TIMER pin may be programmed as either an input or an output depending on the status of

TOUT (TSCR bit 5). Refer to Figure 3-1. In the input mode, TOUT is a logic zero and the TIMER pin

is connected directly to the prescaler input. Therefore, the timer prescaler is clocked by the signal
applied from the TIMER pin. The prescaler then divides its clock input by a value determined by the

coding of the TSCR bits PS0-PS2 as shown in Table 3-1. The divided prescaler output then clocks

the 8-bit timer count register (TCR). When the TCR is decremented to zero, it sets the TMZ bit in

the timer status/control register (TSCR). The TMZ bit can be tested under program control to per-

form a timer function whenever it goes high. The frequency of the external clock applied to the

TIMER pin must be less than tbyte (fosc/48).

In the output mode, TOUT is a logic one and the TIMER pin is connected to the DOUT latch.
Therefore, the timer prescaler is clocked by the internal sync pulse (divide-by-48 of the internal
oscillator). Operation is similar to that described above for the input mode. However, in the output
mode, the low-to-high TMZ bit transition is used to latch the DOUT bit of the TSCR and provide it
as output for the TIMER pin.

NOTE

TMZ is normally set to logic one when the timer times out (TCR decrements to $00);
however, it may be set by a write of $00 to the TCR or by a write to bit 7 of the TSCR.

9/44
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Sync

Microcomputer Internal Bus

Prescaler Select

Read Write Read Write

| p

8 18 ¥s ;' 8

8-Bit Counter b7|be[b5|b4|b3|b2|b1[bo

TIMER
Pin | 1-0t-8 Timer Count Register Timer Status/Control
Initialize (TCR) i
TOUT Not Register (TSCR)
- ™z | used | TouT|pout| 75T | sz | s | pso
3

TOUT 4

6
DOUT

TIMER Pin Status

Prescaler TIMER
TOUT Clock Pin
0 TIMER Pin Input Mode
1 Sync Output Mode

Latch

Figure 3-1. Timer Block Diagram
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During reset, the timer count register and prescaler are set to $FF, while the timer status/control
register is cleared to $00 and the DOUT LATCH (TIMER pin is in the high-impedance input mode) is
forced to a logic high. The prescaler and timer count register are implemented in data space RAM
locations {$FD, $FE); therefore, they are both readable and writeable. A write to either will
predominate over the TCR decrement-to-$00 function; i.e., if a write and a TCR decrement-to-$00
occur simultaneously, the write will take precedence, and the TMZ bit is.not set until the next timer
time out.

3.2 TIMER REGISTERS

3.2.1 Timer Count Register (TCR)
7 0
Imss Ls8|
TCR Address= $FE

The timer count register indicates the state of the internal 8-bit counter.

3.2.2 Timer Status/Control Register (TSCR)

7 6 5 4 3 2 1 0
[ ™Mz [Notused] Tout [ pout [ PSi | ps2 | ps1i [ pso |
TSCR Address=$09

b7,TMZ Low-to-high transition indicates the timer count register has decremented to zero
since the timer status/control register was last read. Cleared by a read of TSCR
register if TMZ was read as a logic one.

b6 Not used.

b5, TOUT When low, this bit selects the input mode for the timer. When high, the output
mode is selected.

b4, DOUT Data sent to the timer output pin when TMZ is set high (output mode only).
b3, PSI Used to initialize the prescaler and inhibit its counting while PSI=0. The initialized
value is set to $FF. The timer count register will also be inhibited (contents un-

changed). When PSi= 1 the prescaler begins to count downward.

bO, b1, b2 These bits are used to select the prescaler divide-by ratio; therefore, effecting
PS0-PS1-PS2 the clock input frequency to the timer count register.

11/44
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3.2.3 Timer Prescaler Register

6 0

[vsB Lsg|

TPR Address= $FD

The timer prescaler register indicates the state of the internal 7-bit prescaler. This 7-bit prescaler
divide ratio is normally determined by bits PSO-PS2 of the timer status/control register (see Table
3-1).
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SECTION 4
INTERRUPT, SELF-CHECK, RESET, AND INTERNAL CLOCK GENERATOR

4.1 INTERRUPT

The EF6804P2 can be interrupted by applying a logic low signal to the |RQ pin ; however, a mask
option selected at the time of manufacture determines whether the negative-going edge or the
actual low level is sensed to indicate an interrupt.

4.1.1 Edge-Sensitive Option

When the IRQ pin is pulled low, the internal interrupt request latch is set. Prior to each instruction
fetch, the interrupt request latch is tested and, if its output is high,aninterrupt sequence is initiated
at the end of the current instruction (provided the interrupt mask is cleared). Figure 4-1 contains a
flowchart which illustrates both the reset and interrupt sequence. The interrupt sequence consists
of one cycle during which: the interrupt request latch is cleared, the interrupt mode flags are
selected, the PC is saved on the stack, the interrupt mask is set, and the TRQ vector (single chip
mode = $FFC/$FFD, self-check mode = $FF8/$FF9) is loaded into the PC. Internal processing of the
interrupt continues until an RTI (return from interrupt) instruction is processed. During the RTl in-
struction, the interrupt mask is cleared and the program mode flags are selected. The next instruc-
tion of the program is then fetched and executed. Once the interrupt was initially detected and the
interrupt sequence started, the interrupt request latch is cleared so that the next (second) interrupt
may be detected even while the previous (first) one is being serviced. However, even though the
second interrupt sets the interrupt request latch during processing of the first interrupt, the second
interrupt sequence will not be initiated until completion of the interrupt service routine for the first
interrupt. Completion of an interrupt service routine is always accomplished using an RTl instruc-
tion to return to the main program. The interrupt mask (which is not directly available to the pro-
grammer) is cleared during the last cycle of the RTI instruction.

4.1.2 Level-Sensitive Option

The actual operation of the level-sensitive and edge-sensitive options are similar except that the
level-sensitive option does not have an interrupt request latch. With no interrupt request latch, the
logic level of the IRQ pin is checked for detection of the interrupt. Also, in the interrupt sequence,
there is no need to clear the interrupt request latch. These differences are illustrated in the flowchart
of Figure 4-1.

4.1.3 Power Up and Timing

During the power-up sequence the interrupt mask is set to preclude any false or “‘ghost’’ interrupts
from occurring. To clear the interrupt mask, the programmer should write a JSR (instead of a JMP)
instruction to an initialization routine as the first instruction in a program. The initialization routine

13/44
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Counter from

Reset Vector
Location
0—+DDRs $FFE/SFFF
1= Interrupt Mask e -
0= Interrupt Request r
Latch (Edge Fetch
Sensitive Option) Load PC
$FF—TCR From IRQ
$00—TSCR Vector
$FF — Prescaler Execute ($FFC/$FFD)
i Instruction ’
Select Set
Program Was In:j "s‘:(pt
Mode Instruction 2
Flags an RTI
* ? Stack
P
Put $FFE Y Counter
on Clear (PC)
Address Interrupt
Bus Mask }
¥ Select
Select Pt
Program
Mode \ Flags
Flags
Interrupt Y

Mask
Set?

Level
Sensitive
Interrupt

Option
Y Clear
Y Interrupt
Check Logic Request
Check Level of Latch
Interrupt iRQ Pin
Request
Latch
Output

Figure 4-1. Reset and Interrupt Processing Flowchart

14/.
haal THOMSON SEMICONDUCTEURS

2148




EF6804P2

should end with an RTl (instead of RTS). Maximum interrupt response time is eight machine (tpyte)
cycles (see 4.4 INTERNAL CLOCK GENERATOR OPTIONS). This includes five machine cycles
for the longest instruction, plus one machine cycle for stacking the PC and switching flags, plus two
machine cycles for synchronization of the IRQ input with the internal clock. Minimum response
time is one machine cycle for stacking PC and switching flags (see 2.4.4 Flags (C, Z)).

4.2 SELF-CHECK

The sel f check capability of the EF6804P2 MCU provides an internal check to determine if the part
is functional. A schematic diagram of the self-check connections is shown in Figure 4-2. To perform
a functional check of the MCU, connect it as shown in Figure 4-2a and monitor the LEDs for a 00100
($04) pattern on port A. To initiate a ROM self-check of the memory simply connect the circuit as
shown in Figure 4-2b and check that the ““good” LED turns on to indicate a good memory. The
ROM verify uses a cyclical redundancy check (CRC) to conduct a ROM check by means of
signature analysis circuit. This circuit consists of two 8-bit shift registers configured to perform the
check using the CCITT polynominal.

4.3 RESET

The MCU can be reset in two ways: by initial power up (see Figure 4-1) and by the external reset in-
put (RESET). During power up, a delay of tRHL is needed before allowing the RESET input to go
high. This time delay allows the internal clock generator to stabilize. Connecting a capacitor and
resistor to the RESET input, as shown in Figure 4-3, typically provides sufficient delay.

4.4 INTERNAL CLOCK GENERATOR OPTIONS

The internal clock generator circuit is designed to require a minimum of external components. A
crystal, a resistor-capacitor, or an external signal may be used to generate a system clock with
various stability/ cost tradeoffs. A manufacturing mask option is required to select either the crystal
oscillator or the RC oscillator circuit. The different clock generator option connection methods are
shown in Figure 4-4, crystal specifications and suggested PC board layouts are given in Figure 4-5,
resistor-capacitor selection graph is given in Figure 4-6, and a timing diagram is illustrated in Figure
4-7. The crystal oscillator startup time is a function of many variables: crystal parameters (especially
Rs), oscillator load capacitance (C|), IC parameters, ambient temperature, and supply voltage. To
ensure rapid oscillator startup, neither the crystal characteristics nor the load capacitance should
exceed recommendations.

The oscillator output frequency is internally divided by four to produce the internal ¢1 and ¢2
clocks. The ¢1 clock is divided by twelve to produce a machine byte (cycle) clock. A byte cycle is
the smallest unit needed to execute any operation (i.e., increment the program counter). An in-
struction may need two, four, or five byte cycles to execute.
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{a) Functional Check
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#Used with crystal option only.
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Figure 4-3. Power-Up Reset Delay Circuit
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Figure 4-4. Clock Generator Options
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(a)

Crystal Parameters o
Ly Rs
EXTAL4 XTALS
Co
1€
N\

Crystal Parameters
AT — Cut Parallel Resonance Crystal
Cp=7 pF Maximum
Freg.=11. MHz
Rg =50 Ohms Maximum

Piezoelectric ceramic resonators which

(b) have the equivalent specifications may be (c)
used instead of crystal oscillators. Follow
GND 2 Cl2 ceramic resonator manufacturer's sug-
gestions for Cp, C1, and Rg values. GND /47
CLy Crystal /
m] cu O
O ] CL2
E : EXTAL
XTAL
extaL [+ M O
Crystal
x7AL 1] i C
E MCU j .
L~ NOTE: Keep crystal leads and circuit

connections as short as possible.

Figure 4-5. Crystal Motional Arm Parameters and Suggested PC Board Layout

APPROXIMATE OSCILLATOR FREQU
o
(-]

2 4 8 8 0 122 14 16 18
RESISTANCE (R)) IN kQ

Figure 4-6. Typical Frequency Selection For Resistor-Capacitor
Oscillator Option (C =17 pF)
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(a) Oscillator — ¢1-¢2 Timing

S p IR p I ey R
S I ey IR p I

(b) ¢1 — Sync Timing

ipNplpiniginiplgipiplgisinlin
SYNC _r__'l r__L

Figure 4-7. Clock Generator Timing Diagram
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SECTION 5
INPUT/OUTPUT PORTS

5.1 INPUT/OUTPUT

There are 20 input/output pins. All pins (port A, B, and C) are programmable as either inputs or out-
puts under software control of the corresponding data direction register (DDR). The port I/O pro-
gramming is accomplished by writing the corresponding bit in the port DDR to a logic one for out-
put or a logic zero for input. On reset, all the DDRs are initialized to a logic zero state to put the
ports in the input mode. The port output registers are not initialized on reset but should be initialized
before changing the DDR bits to avoid undefined levels. When programmed as outputs, the latched
output data is readable as input data, regardiess of the logic levels at the output pin due to output
loading; see Figure 5-1. All input/output pins are LSTTL compatible as both inputs and outputs. In
addition, all three ports may have one of two mask options: 1) internal pullup resistor for CMOS
output compatibility, or 2) open drain output. The address map in Figure 2-1 gives the address of
data registers and DDRs. The register configuration is discussed under the registers paragraph
below and Figure 5-2 provides some examples of port connections.

Data
¢ »—] Direction Register
Bit
172
-5 Latched
g% Output 1/0
g § ! Ry Data Output Pin
8 Bit
Input
Reg

Bit
\ €«—9
Input
1/0
w

Data
Direction Output Input
Register Data Output To
Bit Bit State MCU
1 0 0 0
1 1 1 1
0 X Hi-Z Pin

Figure 5-1. Typical I/0 Port Circuitry
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PA7
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PA1
PAO

L~/
Port A, bit 7 programmed as output, driving
CMOS loads and bit 4 driving one LSTTL

v

LSTTL Driving Port A Directly

N

27

26

25

24

23

secsesce e

22

21
20

27

26

25

24

23

22

21

20

b~

PA7
PA6
PAS
PA4
PA3
PA2
PA1
PAO

(CMOS Loads)

F——— (1 LSTTL Load)
-

load directly (using CMOS output option).

SN74LS04

or

MC14069
(Typical)

CMOS or LSTTL Driving Port B Directly

PB7
PB6
PB5
PB4
PB3
PB2
PB1
PBO

Port B, bit 0, and bit 1 programmed as output,
driving LEDs directly.

i

®evececssee

PB7
PB6
PB5
PB4
PB3
PB2
PB1
PBO

(a) Input Mode

<

(b) Output Mode

PC3

PC1
PCO

Figure 5-2. Typical Port Connections

MC14069
(Typical)
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e 10 pPC2

H 9 |pC1

—»—{ >0— 8 PCO
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(Typical)

CMOS and LSTTL Driving Port C Directly

il
o CMOS
p Inverter
9 MC14049/MC14069
) (Typical)
\-V'J
Port C open drain option, with bits 0-3 pro-
grammed as output, driving CMOS load via

wired-ORed configuration.
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The latched output data bit (see Figure 5-1) may always be written. Therefore, arly write to a port
writes to all of its data bits even though the port DDR is set to input. This may be used to initialize
the data registers and avoid undefined outputs; however, care must be exercised when using read-
modify-write instructions since the data read corresponds to the pin level if the DDR is an input (0)
and corresponds to the latched output data when the DDR is an output (1). The 20 bidirectional
lines may be configured by port to be LSTTL (standard configuration), LSTTL/CMOS (mask op-
tion), or open drain (mask option). Port B outputs are LED compatible.

NOTE
The mask option only allows changes by port. For example, if the customer wishes PA7
to be open drain, then PAO-PA7 must all be open drain.

5.2 REGISTERS

The registers described below are implemented as RAM locations and thus may be read or written.

5.2.1 Port Data Register

7 0
[msB LsB|
Port A Address= $00
Port B Address= $01
Port C Address= $02 (Bits 0-3)

The source of data read from the port data register will be the port I/ O pin or previously latched out-
put data depending upon the contents of the corresponding data direction register (DDR). The
destination of data written to the port data register will be an output data latch. If the corresponding
data direction register (DDR) for the port |/O pin is programmed as an output, the data will then ap-
pear on the port pin.

5.2.2 Port Data Direction Register

7 0
{MsB LsB)
Port A Address=$04
Port B Address= $05
Port C Address= $06 (Bits 0-3)

The port DDRs configure the port pins as either inputs or outputs. Each port pin can be pro-
grammed individually to act as an input or an output. A zero in the pins corresponding bit position
will program that pin as an input while a one in the pins corresponding bit position will program that
pin as an output.
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SECTION 6
SOFTWARE AND INSTRUCTION SET

6.1 SOFTWARE

6.1.1 Bit Manipulation

The EF6804P2 MCU has the ability to set or clear any register or single random access memory
(RAM) writable bit with a single instruction (BSET, BCLR). Any bit in data space, including ROM,
can be tested, using the BRSET and BRCLR instructions, and the program may branch as a result
of its state. The carry bit equals the value of the bit referenced by BRSET or BRCLR. A rotate in-
struction may then be used to accumulate serial input data in a RAM location or register. The
capability to work with any bitin RAM, ROM, or |/0 allows the user to have individual flags in RAM
or to handle 1/0 bits as control lines.

The coding example in Figure 6-1 illustrates the usefulness of the bit manipulation and test instruc-
tions. Assume that the MCU is to communicate with an external serial device. The external device
has a data ready signal, a data output line, and a clock line (to clock data one bit at a time, MSB
first, out of the device). The MCU waits until the data is ready, clocks the external device, picks up
the data in the carry flag (C bit), clears the clock line, and finally accumulates the data bit in the
accumulator.

MCU SELF BRSET 2,PORTA,SELF
Ready ol2p i
Serial o
Device Clock 4 .
" BSET  1,PORTA
Data A BRCLR O0,PORTA,CONT
CONT BCLR 1,PORTA
ROLA

Figure 6-1. Bit Manipulation Example
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6.1.2 Addressing Modes

The EF6804P2 MCU has nine addressing modes which are explained briefly in the following
paragraphs. The EF6804P2 deals with objects in three different address spaces : program space,
data space, and stack space. Program space contains the instructions which are to be executed,
plus the data for immediate mode instructions. Data space contains all of the RAM locations, XP
and YP registers, accumulator, timer, 1/0 locations, and some ROM (for storage of tables and con-
stants). Stack space contains RAM for use in stacking the return addresses for subroutines and
interrupts.

The term "'Effective Address” (EA) is used in describing the address modes. EA is defined as the ad-
dress from which the argument for an instruction is fetched or stored.

6.1.2.1 IMMEDIATE. In the immediate addressing mode, the operand is located in program ROM
and is contained in a byte following the opcode. The immediate addressing mode is used to access
constants which do not change during program execution (e.g., a constant used to initialize a loop
counter).

6.1.2.2 DIRECT. In the direct addressing mode, the effective address of the argument is contained
in a single byte following the opcode byte. Direct addressing allows the user to directly address the
256 bytes in data space memory with a single two-byte instruction.

6.1.2.3 SHORT DIRECT. The MCU also has four locations in data space RAM ($80, $81, $82, $83)
which may be used in a short-direct addressing mode. In this mode the opcode determines the data
space RAM location, and the instruction is only one byte. Short direct addressing is a subset of the
direct addressing mode. (The XP and YP registers are at locations $80 and $81 respectively.)

6.1.2.4 EXTENDED. In the extended addressing mode, the effective address is obtained by con-
catenating the four least significant bits of the opcode with the byte following the opcode (12-bit
address). Instructions using the extended addressing mode (JMP, JSR) are capable of branching
anywhere in program space. An extended addressing mode instruction is two bytes long.

6.1.2.5 RELATIVE. The relative addressing mode is only used in conditional branch instructions. In
relative addressing, that address is formed by adding the sign extended lower five bits of the opcode
(the offset) to the program counter if and only if the condition is true. Otherwise, control proceeds
to the next instruction. The span of relative addressing is from — 15 to + 16 from the opcode ad-
dress. The programmer need not worry about calculating the correct offset when using the
assembler since it calculates the proper offset and checks to see if it is within the span of the
branch.

6.1.2.6 BIT SET/CLEAR. In the bit set/clear addressing mode, the bit to be set or cleared is part of
the opcode, and the byte following the opcode specifies the direct address of the byte in which the
specified bit is to be set or cleared. Thus, any bit in the 256 locations of data space memory, which
can be written to, can be set or cleared.

26/44
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6.1.2.7 BIT TEST AND BRANCH. The bit test and branch addressing mode is a combination of
direct addressing and relative addressing. The bit and condition (set or clear) which is to be tested is
included in the opcode, and the data space address of the byte to be tested is in the single byte im-
mediately following the opcode byte. The third byte is sign extended to twelve bits and becomes
the offset added to the program counter if the condition is true. The single three-byte instruction
allows the program to branch based on the condition of any bit in data space memory. The span of
branching is from —125 to + 130 from the opcode address. The state of the tested bit is also
transferred to the carry flag.

6.1.2.8 REGISTER-INDIRECT. In the register-indirect addressing mode, the operand is at the ad-
dress (in data space) pointed to by the contents of one of the indirect registers (X or Y). The par-
ticular X or Y register is selected by bit 4 of the opcode. Bit 4 of the opcode is then decoded into an
address which selects the desired X or Y register ($80 or $81). A register-indirect instruction is one
byte long.

6.1.2.9 INHERENT. In the inherent addressing mode, all the information necessary to execute the
instruction is contained in the opcode. These instructions are one byte long.

6.2 INSTRUCTION SET

The EF6804P2 MCU has a set of 42 basic instructions. which when combined with nine addressing
modes produce 242 usable opcodes. They can be divided into five different types: register/ memory,
read-modify-write, branch, bit manipulation, and control. The following paragraphs briefly explain
each type. All the instructions within a given type are presented in individual tables.

3.2.1 Register/ Memory instructions

Most of these instructions use two operands. One operand is the accumulator and the other
operand is obtained from memory using one of the addressing modes. The jump unconditional
(JMP) and jump to subroutine (JSR) instructions have no register operands. Refer to Table 6-1.

6.2.2 Read-Modify-Write Instructions

These instructions read a memory location or a register, modify or test its contents, and write the
modified value back to memory or to the register. There are ten instructions which utilize read-
modify-write cycles. All INC and DEC forms along with all bit manipulation instructions use this
method. Refer to Table 6-2.

8.2.3 Branch Instructions

The branch instructions cause a branch from the program when a certain condition is met. Refer to
Table 6-3.

6.2.4 Bit Manipulation Instructions

These instructions are used on any bit in data space memory. One group either sets or clears. The
other group performs the bit test branch operations. Refer to Table 6-4.
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Table 6-1. Register/ Memory Instructions

Addressing Modes
Indirect Immediste Direct Inherent Extended Short-Direct
Opcode ’ ’ ’ ’ ’ ’ ’ ] ’ ’ ’ #  [Special
Function Mnem [ XP YP | Bytes {Cycles Bytes | Cycles ode| Bytes | Cycles [Opcode| Bytes | Cycles |Opcode| Bytes | Cycles Bytes | Cycles | Notes
Load A from Memory LDA E0 FO 1 4 E8 2 4 F8 2 4 - - - - - ~ |AC-AF| 1 4 1
Load XP from Memory LoXI - - - - BO 3 4 - - - - - - - - - - - - 4
Load YP from Memory Lovi - - - - 80 3 4 - - - - - - - - - - - - 4
Store A in Memory STA 3] F1 1 4 - - - F 2 4 - - - - - — |BC-BF| 1 4 2
Add to A ADD E2 F2 1 4 EA 2 4 FA 2 4 - - - - - - - - - -
Subtract from A suB E3 F3 1 4 EB 2 4 FB 2 4 - - - - - - - - - -
Arithmetic Compare CMP | E4 F4 1 4 EC 2 4 FC 2 4 - - - C- -1 - - - - -
with Memory
AND Memory to A AND ES F5 1 4 ED 2 4 fD 2 4 - - - - - - - - - -
Jump to Subroutine JSR | — - - N - - - - - - - - — jsram| 2 |. 4 - - - 3
Jump Unconditional JMP - - - - - - - - - - - - —~ |9(TAR) 2 4 - - - 3
Cloar A CRA| - | - | -} - -} -]~ ]|F |2 4 - l-1-1-41-1-1-1-1-1-
Clear XP CLRX | — - - - | - -1 - F8 2 4 - - - - - - - - - -
Clear YP CLRY | — - - - - - - | r8 2 4 - - - - - - - -
Complement A COMA | — - - - - - - - - - B4 1 4 - - - - - - -
Move Immediate Value Mvi - - - - B0 3 4 B8O 3 4 - - - - - - - - - 5
to Memory .
Rotate A LeftandCarry |ROLA [ — | = | = | = | = | = | = | = | = [ - |8 |1 a | - -1 -1-1-1-1-
Arithmetic Left Shift of A |JASLA | — - - - - - - FA 2 4 - - - - - - - - - -
SPECIAL NOTES
. In Short-Direct addressing, the LDA mnemomc represents opcode AC, AD, AE, and AF. This is equivalent to RAM locations $80 (AC), $81 (AD), $82 (AE), and $83 (AF)
2 In Short-Direct ing, the STA its opcode BC, BD, BE, and BF. This is equivalent to RAM locations $80 (BC), $81 (BD), $82 (BE), and $83 (BF).
3. In Extended addressing, the four LSBs of the opcode (Mnemonic JSR and JMP) are formed by the four MSBs of the target address. (TAR)
4. In immediate addressing, the LDXI and LDYI are mr ics which are gnized as follows:
LDXI=MVi $80,data
LDYI=MvVI $81,data Where data is a one-byte hexadecimal number.

6. The MV! instruction refers to both Immediate and Direct addressing.
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Table 6-2. Read-Modify-Write Instructions

Addressing Modes

/6T

indirect Direct Short-Direct
Opcode # # ¥ [} # # | special
Function Mnem XP YP Bytes Cycles | Opcode Bytes Cycles | Opcode Bytes Cycles Notes
Increment Memory Location INC E6 F6 1 4 FE 2 4 A8-AB 1 4 1,3
Increment A INCA — — - — FE 2 4 — _ — —
Increment XP INCX — — — — — — — A8 1 4 _
Increment YP INCY — — — — - - — A9 1 4 —
Decrement Memory Location DEC E7 F7 1 4 FF 2 4 B8-88 1 4 2,4
Decrement A DECA — — — — FF 2 4 — - — —
Decrement XP DECX — — — — — — — B8 1 4 —
Decrement YP DECY — — - - — — — B9 1 4 —
SPECIAL NOTES

1. In Short-Direct addressing, the INC mnemonic represents opcode A8, A9, AA, and AB. These are equivalent to RAM locations $80 [A8), $81 (A9), $82 (AA),

and $83 (AB).

2. In Short-Direct addressing, the DEC mnemonic represents opcode B8, B9, BA, and BB. These are equivalent to RAM locations $80 (B8), $81 (B9), $82 (BA),

and $83 (BB).

Hw

. In Indirect addressing, the INC mnemonic represents opcode E6 or F6, and causes the location pointed to by XP (E6 opcode) or YP (F6 opcode) to be incremented.
. In Indirect addressing, the INC mnemonic represents opcode E7 or F7, and causes the location pointed to by XP (E7 opcode) or YP (F7 opcode) to be incremented.
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Table 6-3. Branch Instructions

Relative Addressing Mode
# # Special
Function Mnem Opcode Bytes Cycles Notes
Branch if Carry Clear BCC 40-5F 1 2 1
Branch if Higher or Same (BHS) 40-5F 1 2 1,2
Branch if Carry Set BCS 60-7F 1 2 1
Branch if Lower (BLO) 60-7F 1 2 1,3
Branch if Not Equal BNE 00-1F 1 2 1
Branch if Equal BEQ 20-3F 1 2 - 1
SPECIAL NOTES

1. Each mnemonic of the Branch Instructions covers a range of 32 opcodes; e.g., BCC ranges from 40 through 5F. The
actual memory location (target address) to which the branch is made is formed by adding the sign extended lower five
bits of the opcode to the contents of the program counter.

2. The BHS instruction (shown in parentheses) is identical to the BCC instruction. The C bit is clear if the register was higher
or the same as the location in the memory to which it was compared.

3. The BLO instruction (shown in parentheses) is identical to the BCS instruction. The C bit is set if the register was lower
than the location in memory to which it was compared.

Table 6-4. Bit Manipulation Instructions

Addressing Modes
Bit Set/Clear Bit Test and Branch
# # # # Special
Function Mnem Opcode | Bytes | Cycles | Opcode | Bytes | Cycles Note
Branch IFF Bit n is set BRSET n(n=0....7) — — = C8+n 3 5 1
Branch IFF Bit nis clear | BRCLR n(n=0....7) — — — CO+n 3 5 1
Set Bit n BSET n(n=0....7) D8+n 2 4 — — — 1
Clear Bit n BCLRn(n=0....7) DO+n 2 4 — — — 1
SPECIAL NOTE

1. The opcode is formed by adding the bit number (0-7) to the basic opcode. For example: to clear bit six using the BSET6

imateintine the

L e im0 AL Do nE
INSIIUCUSH ne OpCode DECGITES Ut (Do + Ui, blLno
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6.2.5 Control Instructions
The control instructions control the MCU operations during program execution. Refer to Table 6-5.

6.2.6 Alphabetical Listing

The complete instruction set is given in alphabetical order in Table 6-6. There are certain mnemo-
nics recognized by the assember and converted to other instructions. The fact that all registers and
accumulator are in RAM allows many implied instructions to exist. The implied instructions reco-
gnized by the assembler are identified in Table 6-6.

6.2.7 Opcode Map Summary
Table 6-7 contains an opcode map for the instructions used on the MCU.

6.3 IMPLIED INSTRUCTIONS

Since the accumulator and all other registers are located in RAM many implied instructions exist.
The assembler-recognized implied instructions are given in Table 6-6. Some examples not recog-
nized by the assembler are shown below.

BCLR,7 $FF Ensures accumulator is plus
BSET,7 $FF Ensures accumulator is minus
BRCLR,7 $FF  Branch iff accumulator is plus
BRSET,7 $FF Branch iff accumulator is minus
BRCLR,7 $80 Branch iff X is plus (BXPL)
BRSET,7 $80 Branch iff X is minus (BXMI)
BRCLR,7 $81 Branch iff Y is plus (BYPL)
BRSET,7 $81 Branch iff Y is minus (BYMI)

THOMSON SEMICONDUCTEURS i
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Table 6-5. Control Instructions

Addressing Modes

1. The NOP instruction is equivalent to a branch if equal (BEQ) to the location designated by PC+1.

Short-Direct Iinherent Relative

# # # # # # Special

Function Mnem Opcode | Bytes: Cycles | Opcode | Bytes Cycles | Opcode | Bytes Cycles Notes
Transfer A to XP TAX BC 1 4 - - - - - — —
Transfer A to YP TAY BD 1 4 — — — — . — _
Transfer XP to A TXA AC 1 4 — — — — — — —
Transfer YP to A TYA AD 1 4 — — — — — — —
Return from Subroutine RTS — — — B3 1 2 - - - -
Return from Interrupt RTI - - - B2 1 2 — - — —
No-Operati NOP — — — — — — — — — 1

SPECIAL NOTE

Cd08943
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Table 6-6. Instruction Set

Addressing Modes Flags
Short Bit/Set Bit- Test- Register

Mnemonic Inherent Immediate Direct Direct Clear Branch Indirect Extended Relative Z C
ADD X X X A A
AND X X X A 0
ASLA Assembler converts this to “ADD $FF"" . .
BCC X A A
BCLR X . .
BCS X . .
BEQ X . .
BHS Assembler converts this to “BCC" . .
BLO A converts this to “BCS"” . .
BNE X . .
BRCLR X . A
BRSET X . A
BSET X . .
CLRA Assembler converts this to “SUB $FF"" A A
CLRX Assembler converts this to “MVI # 0, $80" . .
CLRY Assembler converts this to “"MVI # 070-8‘1 " . .
CMP X X X A A
COMA X A A
DEC X X A .
DECA A bler converts this to “DEC $FF" A .
DECX Assembler converts this to “DEC $80" A .
DECY A converts this to “'DEC $81" A .
INC x | x X A D
INCA A converts this to “'INC $FF" A .
INCX Assembler converts this to “'INC $80" A .
INCY A converts this to “'INC $81" A .
JMP X . .
JSR X . .
LDA X X X X A 0
LOXI Assembler converts this to “MVI DATA, 530" L .
LDYI Assembler converts this to “MVI DATA, 381" . .
MvI X X . .
NOP A converts this to “BEQ (PC) + 1" . .
ROLA X A A
RTI X A A
RTS X . .
STA X X X A .
SuUB X X X A A
TAX Assembler converts this to “STA $80" A .
TAY Assembler converts this to “STA $81"" A .
TXA A bler converts this to "'LDA $80" A .
TYA A bler converts this to "LDA $81"" A .

Flag Symbols: Z= Zero, C= Carry/Borrow, A=Test and Set if True, Cleared Otherwise, ® = Not Affected
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Table 6-7 . EF6804P2 Microcomputer

Branch Instructions
Hi 0 1 2 3 4 5 6 7
Low 0000 0001 0010 o011 0100 0101 o110 o

2 2 2 2 F3

0 BNE BNE BEQ BEQ BCC BCC BCS BCS

0000 1 REL |1 REL REL |1 REL |1 REL|1 REL REL REL
2 2 H 2 ]

1 BNE BNE BEQ BEQ BCC BCC BCS BCS

0001 1 REL |1 REL REL |1 REL |1 REL|1 REL REL REL
2 2 2 2 2

2 BNE BNE BEQ BEQ BCC BCC BCS BCS

0010 1 REL|1 REL REL |1 REL |1 REL |1 REL REL REL
2 2 2 2 2

3 BNE BNE BEQ BEQ BCC BCC BCS BCS

0011 1 REL |1 REL REL[1 REL |1 REL|1 REL REL REL
2 2 2 2 2

4 BNE BNE BEQ BEQ BCC BCC BCS BCS

0100 1 REL|1 REL REL [ 1 REL |1 REL |1 REL REL REL
2 2 2 2 2

5 BNE BNE BEQ BEQ BCC BCC BCS BCS

0101 1 REL |1 REL REL |1 REL |1 REL |1 REL REL REL
F] 2 2 2 2

6 BNE BNE BEQ BEQ BCC BCC BCS BCS

o110 1 REL|1 REL REL |1 REL |1 REL |1 REL REL REL
2 2 2 2 2

7 BNE BNE BEQ BEQ BCC BCC BCS BCS

o 1 REL|1 REL REL | 1 REL |1 REL |1 REL REL REL
2 2 2 2 2

8 BNE BNE BEQ BEQ BCC BCC BCS BCS

1000 1 REL| 1 REL - REL|1 REL |1 REL|1 REL REL REL
2 2 2 2 2

9 BNE BNE BEQ BEQ BCC BCC BCS BCS

1001 1 REL|1 REL REL [ 1 REL |1 REL |1 REL REL REL
2 2 2 2 2

A BNE BNE BEQ BEQ BCC BCC BCS BCS

1010 1 REL| 2 REL REL |1 REL |1 REL|1 REL REL REL
2 2 2 2 2 )

B BNE BNE BEQ BEQ BCC BCC BCS BCS

101 1 REL| 1 REL REL |1 REL|1 REL|1 REL REY REL
F 2 2 2 7

Cc BNE BNE BEQ BEQ BCC BCC BCS BCS

1100 1 REL| 1 REL REL|1 REL|1 REL|1 REL REL REL
2 2 2 2 2

D BNE BNE BEQ BEQ BCC BCC BCS BCS

1101 1 REL| 1 REL REL |1 REL|1 REL| 1 REL REL REL
2 2 2 2 2

E BNE BNE BEQ BEQ BCC BCC BCS BCS

110 1 REL| 1 REL REL |1 REL| 1 REL|1 REL REL REL
2 2 2 2 2

F BNE BNE BEQ BEQ BCC BCC BCS BCS

1 1 REL| 1 REL REL |1 REL|1 REL|1 REL REL REL

Abbreviations for Address Modes

INH
S-D

B-T-B

IMM
DIR
EXT
REL
BSC

R-IND
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Inherent *
Short Direct #
Bit Test and Branch
Immediate

Direct

Extended

Relative

Bit Set/Clear

Register Indirect

Indicates Instruction Reserved for Future Use

Indicates lllegal Instruction
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Instruction Set Opcode Map

Register/ Memory, Control, and Bit Manipulation Register/ Memory and
Read/Modify/Write Instructions Instructions Read/Modify/ Write
8 9 A B C D E F Hi
1000 1001 1010 0m 1100 1101 1mo m Low
4 4 4 5 4 4 4
JSRn JMPn * Mvi BRCLRO BCLRO LDA LDA 0
2 EXT |2 EXT 3 mm |3 8-T-B|2 8sc |1 R-IND | 1 R-IND 0000
3 3 B ) 4 3
JSRn JMPn * * BRCLR1 BCLR1 STA STA 1
2 EXT {2 EXT 3 8T8 |2 BSC |1 R-IND | 1 R-IND 0001
4 4 2 5 4 4 4
JSRn JMPn * RTI BRCLR2 BCLR2 ADD ADD 2
2 EXT | 2 EXT 1 INH |3 8T-8|2 Bsc |1 RIND | 1 R-IND 0010
a 4 2 5 ] a 4
JSRn JMPn * RTS BRCLR3 BCLR3 sus SuB 3
2 EXT |2 EXT 1 INH |3 B-T-B |2 8SC |1 RIND | 1 R-IND 0011
a 4 4 5 4 4 4
JSRn JMPn * COMA BRCLR4 BCLR4 CMP CmpP 4
2 EXT (2 EXT 1 INH {3 B-T-B{2 BSC |1 R-IND [ 1 R-IND| 0100
a 4 a 5 2 ] )
JSRn JMPn * ROLA BRCLR5 BCLRS AND AND 5
2 EXT |2 EXT 1 INH |3 B-T-8|2 8sC |1 RIND | 1 R-IND 0101
4 4 5 4 4 4
JSRn JMPn * * BRCLR6 BCLR6 INC INC 6
2 EXT |2 EXT 3 8T8 |2 8sC |1 R-IND |1 R-IND 0110
4 a 5 4 4 4
JSRn JMPn * * BRCLR7 BCLR7 DEC DEC 7
EXT |2 EXT 3 B-T-B{2 BSC |1 R-IND | 1 R-IND om
4 4 4 4 5 4 4 4
JSRn JMPn INC DEC BRSETO BSETO LDA LDA 8
2 EXT |2 EXT |1 sDf 1 sD|3 B.T-B|2 8SC |2 IMM | 2 DIR 1000
4 4 4 4 5 4 4
JSRn JMPn INC DEC BRSET1 BSET1 # STA 9
2 EXT | 2 EXT |1 s-D| 1 s-D|3 B-T-B|2 BSC 2 DIR 1001
4 4 4 4 5 4 4 4
JSRn JMPn INC DEC BRSET2 BSET2 ADD ADD A
2 EXT |2 ExT |1 s-D| 1 sD|3 8.T-B |2 BSC |2 MM | 2 DIR 1010
4 4 a 5 4 a
JSRn JMPn INC DEC BRSET3 BSET3 suB susB B
2 EXT |2 ExT |1 sl 1 sD|3 8T-8|2 B8SC |2 MM | 2 DIR 101
a ) ) 3 5 2 3 ]
JSRn JMPn LDA STA BRSET4 BSET4 CMP cmpP C
2 ExT |2 EXT |1 s0| 1 s-0|3 8.T-B|2 BSC |2 MM |2 DIR 1100
4 4 4 4 5 4 4
JSRn JMPn LDA STA BRSETS BSET5 AND AND D
2 EXT |2 EXT| 1 s-D| 1 s-D|3 B-T-B|2 BSC |2 MM | 2 DIR 1101
4 4 4 4 5 4 4
JRSN JMPn LDA STA BRSET6 BSET6 # INC E
2 EXT |2 EXT |1 s-0f 1 sD|3 B.T-B|2 B8SC 2 DIR 1110
4 a 4 4 5 4 4
JSRn JMPn LDA STA BRSET7 BSET7 # DEC F
2 EXT | 2 EXT |1 s 1 sD|3 8-T-8]|2 8SC 2 DIR 1
LEGEND
F < Opcode in Hexadecimal
M ——]

Cycles ——————»-4 ?ﬂ g
Mnemonic ——> LDA 0 Opcode in Binary
3“95::’1 R-IND 0000

N Address Mode

\
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SECTION 7
ELECTRICAL SPECIFICATIONS

7.1 INTRODUCTION

This section contains the electrical specifications and associated timing for the E F6804P2

7.2 MAXIMUM RATINGS

Rating Symbol Value Unit tT'.lhislclevice cornain; circuitrg to pro:acr:
— e inputs against damage due to higl
Supply Voltage Vee 0310 +7.0 v static voltages of electric fields; however,
Input Voltage Vin 031t +7.0 v it is advised that normal precautions be
Operating Temperature Range Ta TLto TH °C taken to avoid application of any voltage
Standard or L suffix Oto 70 higher than maximum rated voltages to
V suffix .40 to0 85 ":;i:r:‘ii?:\ .itrr);)edance cirzu::;“ r:Itzrvpropedr
X } [ itis recommended that Vip, an
T suffix 4010 106 - Vout be constrained to the range
Storage Temperature Range Tstg —5510 150 c Vss s(Vin or Vo) SVec. Reliability of
Junction Temperature Range Tj oC operation is enhanced if unused inputs
Plastic 150 except EXTAL are connected to an ap-
PLCC 150 propriate logic voltage level (e.g., either
Vgs or V).
7.3 THERMAL CHARACTERISTICS
Characteristic Symbol | Value Unit
Thermal Resistance 8 JA °C/W
Plastic 70
PLCC 90
Vee=56.2v Vee=52V
Test 1N919 Test 1N919
Point or Equiv. 4kQ Test Point Point or Equiv. 10kQ
1N4148 1 30 pF (Total N4148
or Equiv. :[ or Equiv.

Figure 7-1. LSTTL Equivalent Figure 7-2. CMOS Equivalent Figure 7-3. LSTTL Equivalent
Test Load (Port B) Test Load (Ports A, B, C) Test Load (Ports A, C,
and TIMER)
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7.4 POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:
TJ=TA+(PD<OJA) (m
Where:

TA = Ambient Temperature, °C
0JA = Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PPORT
PINT=IcCx Vcc, Watte — Chip Internal Power
PPORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT < PINT and can be neglected. PPORT may become significant if

the device is configured to drive Darlington bases or sink LED loads.
An approximate relationship between Pp and Ty (if PPQRT is neglected) is:

Pp=K=+(Ty+273°C) (2)
Solving equations 1 and 2 for K gives:
K=Ppe(TA+273°C) +0JA+PD2 (3)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by
measuring Pp (at equilibrium) for a known TA. Using this value of K the values of Pp and T can be
obtained by solving equations (1) and (2) iteratively for any value of TA.

7.5 ELECTRICAL CHARACTERISTICS (VcC= +5.0 Vdc+0.5 Vde, V§s=0Vde, TA=T te
TH unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Internal Power Dissipation—No Port Loading Ta= 0°C PINT - 135 170 mV
Tp =-40°C - - 210
lhput High Voltage VIH 4.0 - Vee v
Input Low Voltage ViL Vgg - 0.8 Vv
Input Capacitance Cin - 10 - pF
Input Current (IRQ, RESET) lin - 2 20 uA

7.6 SWITCHING CHARACTERISTICS (Vcc= +5.0 Vdc+ 0.5 Vdc, VSS=GND, Tao= T to
TH unless otherwise noted)

Ch isti Symbol Min Typ Max Unit

scillator Frequency fosc 4.0 — 1.0 MHz
[ Bit Time thit | 0.364 — 1.0 us
Byte Cycle Time thyte 4.36 - 12.0 »S
[ TRQ and TIMER Pulse Width twi twh| 2xtoyte | — - -
[ RESET Pulse Width tRWL | 2Xtbyte | — - -
[RESET Delay Time (External Capacitance= 1.0 4F) tRHL | 100 = - ms

THOMSON SEMICONDUCTEURS
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7.7 PORT DC ELECTRICAL CHARACTERISTICS (Vcc= +5.0 Vdc+0.5 Vdc, V§s=GND,
TA=TLtoTy unless otherwise noted)

Characteristic Tsymbol]  min | 7vp | Max [ unit
Timer and Ports A and C (Standard)
Output Low Voltage, || gag=0.4 mA VoL — - 0.5 v
Output High Voltage, 1| oad= — 50 pA VOH 2.3 - -~ \
Input High Voltage VIH 2.0 — vee \
Input Low Voltage Vi Vgg - 0.8 v
Hi-Z State Input Current ITs| — 4 40 nA
Ports A and C (Open Drain)
Output Low Voltage, || gad=0.4 mA VoL - - 0.5 \
Input High Voltage ViH 20 — Vce v
Input Low Voltage ViL \ 0.8 i
Hi-Z State Input Current ITsi - 4 40 A
Open Drain Leakage (Vout=Vcc) LoD - 4 40 A
Ports A and C (CMOS Drive)
Output Low Voltage, I gad=0.4 mA (Sink) VoL - - 0.5 \
Output High Voltage, I gad= — 10 gA VOH | Vcc-10] - - \
Output High Voltage, I| gad= — 50 uA VOH 23 - - v
Input High Voltage, 1| gad= — 300 pA Max VIH 20 - vece \
Input Low Voltage, || gag= — 300 pA Max ViL Vs - 0.8 v
Hi-Z State Input Current (V;n=0.4 V to V¢¢) ITS| - - —300 pA
Port B (Standard)
Output Low Voltage, I gad=1.0 mA VoL - — 0.5 \
Output Low Voltage, I gad= 10 mA (Sink) VoL - = 1.5 \
Output High Voltage, || gad= — 100 A VOH 2.3 - - N
Input High Voltage VIH 2.0 vee \
Input Low Voltage m Vss - 0.8 v
Hi-Z State Input Current ITs| - 8 80 A
Port B (Open Drain)
Output Low Voltage, I gad=1.0 mA VoL - - 0.5 \
Output Low Voltage, 1| gad= 10 mA (Sink) VoL — - 15 \
Input High Voltage ) ViH 2.0 - vee v
Input Low Voltage VIL Vss — 0.8 v
Hi-Z State Input Current TS| — 8 80 »A
Open Drain Leakage (Vgyt=Vcc) . LoD - 8 80 uA
Port B (CMOS Drive)

Output Low Voltage, || gad=1.0 mA VoL - - 0.5 \
Output High Voltage, || gad= 10 mA (Sink) VoL — - 1.5 Vv
Output High Voltage, || gag= — 10 pA VoH {Vcc—-10] - - \
Output High Voltage, 1| gag= — 100 pA VOH 2.3 — — \
Input High Voltage, I gad= —300 pA Max ViH 2.0 - Vee \
Input Low Voltage, I oad= — 300 yA Max ViL Vss - 0.8 v
Hi-Z State Input Current (Vin=0.4 V to V) TS| — — - 300 A
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SECTION 8
MECHANICAL DATA

This section contains the pin assignment and package dimension diagrams for the EF6804P2
microcomputer.

8.1 PIN ASSIGNMENTS

vss1@ S ZB:ﬁ—ES_—ET
iRa(2 270 pPA7
vee (3 26 1PA6
EXTAL({ 4 25[1PAS
XTALOQS 241 PA4
mMDS 6 23[JPA3
TIMER[] 7 2hPA2
pcolds 21 0PA1
pcif]9 20 APAO
pc2f] 10 190 Pe7
pcag 1 18[)PB6
PBO(] 12 17 P8BS
PB1[13 16 [JPB4
PB2(]14 15 [1PB3
-
lS O o %:Iu:) ~ o
% Ol Ul £ 2
Rhnbopn
XTALOS O 251 PAS
MDsQ 6 24 0 PA4
TIMERO 7 23[1 PA3
pcol} 8 22 1 PA2
pc19 21 [ PA1
pc20j 10 20 PAO
pc3g11 193 PB7
Spreoce
ooooooo—
Or-rN®MeT 0 ©
preae el
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8.2 PHYSICAL DIMENSIONS

©=254(2) A?Lu% CB-132

je e 0 0 0 6,0, 0,0

| 1

T = 1

1524
2]

fonnnonnonnno

(1) Nominail dimension

B = (2) True geometrical position
or
Po
285
DIN '
ASIE F 144 CB-132
cel DATA. JEDEC SITELESC ) P SUFFIX
PLASTIC PACKAGE
CB-520
Loy
st fejelelefelel | -
i 1]
) .1 oen 2 8 o
Q04 03N
oIN - 1 0333 Y
MO-047-AB CB-520
cer 0ATA. Je0EC SITELESC F': Ls CU CF;SIX
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SECTION 9
ORDERING INFORMATION

9.1 INTRODUCTION

The following information is required when ordering a custom MCU. The information may be
transmitted to THOMSON SEMICONDUCTEURS in the following media:

EPROM(s), 2716 or 2732

EFDOS/MDOS* disk file

To initiate a ROM pattem for the MCU, it is necessary to first contact your local field service office,
local sales person, or your local THOMSON SEMICONDUCTEURS representative.

9.1.1 EPROMs

One 2716 or one 2732 type EPROM, programmed with the customer program (positive logic
sense for address and data), may be submitted for pattern generation. Since all program and
data space information will fit on one 2716 EPROM, the EPROM must be programmed as
follows in order to emulate the EF6804P2 MCU: start the data space ROM at EPROM
address $020 and start program space ROM at EPROM address $400 and continue to
memory space $7FF. All unused bytes, including the user’s space, must be set to zero,
memory space $7F8 to $7FB is reserved for self-check vectors. When using one 2732
EPROM, the memory map shown in Figure 2-1 can be used. For shipment to THOMSON
SEMICONDUCTEURS the EPROMs should be placed in a conductive IC carrier and packed
securely. Do not use styrofoam.

9.1.2 EFDOS/MDOS* Disk File

An EFDOS/MDOS* disk, programmed with the customer program (positive logic sense for address
and data) may be submitted for pattern generation. When using the EFDOS/MDOS* disk, include
the entire memory image of both data and program space. All unused bytes, including the user’'s
space, must be set to zero.

9.2 VERIFICATION MEDIA

All original pattern media (EPROMSs or floppy disk) are filed for contractual purposes and are not
returned. A computer listing of the ROM code will be generated and returned along with a listing
verification form. The listing should be thoroughly checked and the verification form completed,
signed, and returned to THOMSON SEMICONDUCTEURS. The signed verification form consti-
tutes the contractural agreement for creation of the customer mask. If desired, THOMSON
SEMICONDUCTEURS will program ablank 2716, 2732, or EFDOS/MDOS* disk (supplied by the
customer) from the data file used to create the custom mask to aid in the verification process.

* Requires prior factory approval
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9.3 ROM VERIFICATION UNITS (RVUs)

Ten MCUs éontaining the customer’'s ROM pattern will be sent for program verification. These units
will have been made using the custom mask but are for the purpose of ROM verification only. For
expediency they are usually unmarked, packaged in ceramic, and tested only at room temperature
and five volts. These RVUs are included in the mask charge and are not production parts. These
RVUs are not backed nor guaranteed by THOMSON SEMICONDUCTEURS Quality Assurance.

9.4 FLEXIBLE DISKS

The disk media submitted must be single-sided, single density, 8-inch, EFDOS/MDOS* compatible
floppies. The customer must clearly label the disk with the ROM pattern file name. The minimum
EFDOS/MDOS* system files as well as the absolute binary object file (file name. LO type of file)
from the 6804 cross-assembler must be on the disk. An object file made from a memory dump,
using the ROLLOUT command is alse admissable. Consider submitting a source listing as well as:
file name, .LX(DEVICE/EXORciser loadable format). This file will of course be kept confidential and
is used 1) to speed up the process in house if any problems arises, and 2) to speed up our customer
to factory interface if an user finds any software errors and needs assistance quickly from
THOMSON SEMICONDUCTEURS factory representatives.

MDOS* (fully compatible with EFDOS) is Motorola’s Disk Operating System available on
development systems Such as EXORcisers, EXORsets, etc.

EFDOS is THOMSON SEMICONDUCTEURS Disk Operating System available on development
systems such as DEVICE/EXOR...

Whenever ordering a custom MCU is required, please contact your local THOMSON-SEMI-
CONDUCTEURS representative or THOMSON-SEMICONDUCTEURS distributor and/or complete
and send the attached “MCU customer ordering sheet” to your local THOMSON-SEMI-
CONDUCTEURS representative.
* Requires prior factory approval

ORDERING INFORMATION

| EF6804P2 | PV )
1
Device L Screening level
Pach - Oper. temp.
The table below hori; Ny shows all available suffix binations for package, operating p and ]
level. Other possibilities on request.
DEVICE PACKAGE OPER. TEMP SCREENING LEVEL
C J P E FN L v T Std [+
[ ] [ ] ® [ J [ ] [
EF6804P2

Examples : EF6804P2P, EF6804P2FN, EF6804P2PV, EF6804P2FNV.

Package : C : Ceramic DIL, P : Plastic DIL, FN : PLCC.
Oper. temp. : L* : 0°C to +70°C, V : -40°C to +85°C, T : -40°C to +105°C, * : may be omitted.
Screening level : Std : (no-end suffix), D : NFC 96883 level D.

EXORciser is a registered trademark to Motorola Inc.

These specifications are subject to change without notice.
Please inquire with our sales offices about the availability of the different products.

Printed in France

Ref.DSEF6804P2

44144 THOMSON SEMICONDUCTEURS
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TS68HC04J3

. 8-BIT CROCOMPUTER

[ PRODUCT PREVIEW |

HCMOS

The TS68HC04J3 microcomputer unit (MCU) is a member of the 68HC04
family of very low cost and low power single chip microcomputers. This
8 bit microcomputer contains a CPU, on-chip clock, ROM, RAM, 1/0,
and timer. It is designed for the user who needs an economical microcom- CASE
puter with the proven capabilities of the 6800 based instruction set. The
following are some of the hardware and software highlights of the TS68HC
04J3 MCU.

CB-194
HARDWARE FEATURES

Low power HCMOS

Power saving stop and wait modes

Single 2.0 to 6.0 volt power supply

8-bit architecture

Fully static operation

Pin compatible with 6804J2

124 bytes of on-chip RAM with standby mode

2 Kbytes of program ROM including 356 bytes for self-check program
72 bytes of user data ROM for look-up tables 20

12 TTL/CMOS compatible bidirectional 1/0 lines 1
On-chip clock generator

Extensive self-check capability allowing complete functional test of the
chip (including ROM content)

Master RESET and power-on-reset

8-bit timer with software programmable 7-bit prescaler

TIMER pin programmable as input or output

Complete development system support on DEVICE®.

P SUFFIX
PLASTIC PACKAGE

SOFTWARE FEATURES

® Similar to 6800 family

® Byte efficient instruction set
® Easy to program PIN ASSIGNMENT
® True bit manipulation

® Stop, Wait and bit manipulation instructions
@ Bit test and branch instructions

® Versatile interrupt handling
3
°
°

L ]
°
°
°

Separate flags for normal and interrupt processing -
True LIFO 4-level stack eliminating stack pointer YS_S 0 N 20: RESET
Maskable timer interrupt INT ]2 19[] PA7
. Versatile indirect registers v
. ® Conditional - branches cc s 18] Pas
Single instruction memory examine/change EXTAL []4 17[] PAs
9 powerful addressing modes. xTaL s 16[] Pae
USER SELECTABLE OPTIONS Mps [J6 15[] PB7
® Crystal or low-cost resistor oscillator option N
® Mask selectable internal clock generator options TIMER [}7 141 7es
® Mask selectable edge or level sensitive interrupt pin PBo [18 13[J PS5
® Program ROM protection option PB1 P
® Optional pull-down devices on 1/0 lines. I: s 12[] P4
) ra2[110 1] pe3
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TS68HC0443

BLOCK DIAGRAM
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NOTE : 8-Bit Indirect Registers X and Y, although shown as part of the CPU are actually located in. the 124 x 8 RAM
at locations $80 and $81.

These specifications are subject to change without notice.
Please inquire with our sales offices about the availability of the different products.

Printed in France
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EF68HC04P3

[ ADVANCE INFORMATION ]

The EF68HC04P3 microcomputer unit (MCU) is a member of the EF68HC
04 family of very low cost and low power single chip microcomputers.
This 8 bit microcomputer. contains a CPU, on<chip clock, ROM, RAM,
1/0, and timer. It is designed for the user who needs an economical micro-
computer with the proven capabilities of the EF6800 based instruction set.
The following are some of the hardware and software highlights of the
EF68HC04P3 MCU.

HARDWARE FEATURES

Low power HCMOS

Power saving stop and wait modes

Single 2.0 to 6.0 volt power supply

8-bit architecture

Fully static operation

Pin compatible with the EF6805P2 and E F6804P2

124 bytes of onchip RAM with standby mode

2 Kbytes of program ROM including 356 bytes for self-check program
72 bytes of user data ROM for look-up tables

20 apen-collector TTL/CMOS compatible bidirectional 1/0 lines

On-chip clock generator

Extensive self-check capability allowing complete functional test of the
chip (including ROM content)

Master RESET and power-on-reset

8-bit timer with 7-bit software programmable prescaler

TIMER pin programmable as input or output

Complete development system support on DEVICE®.

00060 O06OGCOGEOEOSNODS

SOFTWARE FEATURES

‘® Similar to EF6800 family

® Byte efficient instruction set

® Easy to program

® True bit manipulation

® Stop, Wait and bit manipulation instructions

® Bit test and branch instructions

® Versatile interrupt handling

® Separate flags for normal and interrupt processing
® True LIFO 4-level stack eliminating stack pointer
® Maskable timer interrupt

® Versatile indirect registers

® Conditional branches

® Single instruction memory examine/change

® 9 powerful addressing modes.

USER SELECTABLE OPTIONS

Crystal or low-cost resistor oscillator option

Mask selectable internal clock generator options
Mask selectable edge or level sensitive interrupt pin
® Program ROM protection option

® Optional pull-down devices on |/O lines.

DEVICE®is THOMSON SEMICONDUCTEURS' development/emulation tool.

HCMOS

CASES

CB-132

P SUFFIX
PLASTIC PACKAGE

CB-520

-

FN SUFFIX
PLCC 28-

PIN ASSIGNMENT

vss Q1 e ~—~ 28 ]_FW
iRQ 2 27 {1 PA7
vee g3 26 [1 PA6
EXTAL Q4 25 1 PAS
XTAL Q5 24 ] pA4
MDsS ] 6 23 [1 PA3
TIMER [} 7 22 1 PA2
pco]s 21 [1 PAY
pc1 @9 20 1 PAO
pc20 10 19 [] PB7
pca 1 18 []1 PB6
pBo [ 12 17 [ PB5
PB1 [ 13 16 [1 PB4
PB2 ] 14 15 1] PB3

JANUARY 1987 1/44
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BLOCK DIAGRAM
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EF68HC04P3

SECTION 2
FUNCTIONAL PIN DESCRIPTION, MEMORY, CPU, AND REGISTERS

This section provides a description of the functional pins, memory spaces, the central processing
unit (CPU), and the various registers and flags.

2.1 FUNCTIONAL PIN DESCRIPTION

2.1.1 Vcc and VSS

Power is supplied to the MCU using these two pins. VCC is power and VsS is the ground
connection.

2.1.21RQ

This pin provides the capability for asynchronously applying an external interrupt to the MCU. Refer
to 4.1 INTERRUPT for additional information.

2.1.3 XTAL and EXTAL

These pins provide connections to the on-chip clock oscillator circuit. A crystal, a resistor and
capacitor, or an external signal, depending on the user selectable manufacturing mask option, can
be connected to these pins to provide a system clock source with various stability/cost tradeoffs.
Lead lengths and stray capacitance on these two pins should be minimized. Refer to 4.4 INTERNAL
CLOCK GENERATOR OPTIONS for recommendations concerning these inputs.

2.1.4 TIMER

In the input mode, the timer pin is connected to the prescaler input and serves as the timer clock
or as an enable input for the internal clock. In the output mode, the timer pin signals that a time
out of the timer has occurred. Refer to SECTION 3 TIMER for additional information.

2.1.5 RESET

The RESET pin is used to restart the processor of the EF68HC04P3 to the beginning of a program.
This pin, together with the MDS pin isalso used to select the operating mode of the EF68HC04P3. If
the MDS pin is at zero volts, the normal mode is selected and the program counter is ioaded with
the user restart vector. However, if the MDS pin is at + 5 volts, then pins PA6 and PA7 are decoded
to allow selection of the operating mode. Refer to 4.3 RESET for additional information.

THOMSON SEMICONDUCTEURS A
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EF68HC04P3

2.1.6 MDS

The MDS (mode select) pin is used to place the MCU into special operating modes. If MDS is held
at + 5 volts at the exit of the reset state, the decoded state of PA6 and PA7 is latched to determine
the operating mode (single-chip, self-check, or ROM verify). However, if MDS is held at zero volts
at the exit of the reset state, the single-chip operating mode is automatically selected (regardless of
PA6 and PA7 state).

For those users familiar with the EF6801 microcomputer, mode selection is similar but much less
complex in the EF68HCO4P3. No special external diodes, switches, transistors, etc. are required in
the EF68HCO4P3.

2.1.7 Port Input/Output Lines (PAO-PA7, PBO-PB7, PCO-PC3)

These 20 lines are arranged into two 8-bit ports (A and B) and one 4-bit port (C). All lines are pro-
grammable as either inputs ‘or outputs under software control of the data direction registers. Refer
to SECTION 5 INPUT/OUTPUT PORTS for additional information.

2.2 MEMORY

The MCU operates in three different memory spaces: program space, data space, and stack space.
A representation of these memory spaces is shown in Figure 2-1. The program space (Figure 2-1a)
contains all of the instructions that are to be executed, as well as the data required for the im-
mediate addressing mode instructions, and the self-check and user vectors. The data space (Figure
2-1b) contains all of the RAM locations, plus I/O locations and some ROM used for storage of
tables and constants. The stack space (Figure 2-1c) contains RAM which is used for stacking
subroutine and interrupt return addresses.

The MCU is capable of addressing 4096 bytes of program space memory with its program counter
and 256 bytes of data space memory with its instructions. The data space memory contains three
bytes for port data registers, three bytes for port data direction registers, one byte for timer
status/control, 72 bytes ROM, 124 bytes RAM (which includes two bytes for XP and YP indirect

registers), two bytes for timer prescaler and count registers, and one byte for the accumulator. The
program space section contains 2048 bytes of ROM including 356 bytes of self-check ROM and
8 bytes of vectors for self-check and user programs.

23 CENTRAL PROCESSING UNIT

The CPU of the EF68HCO04 Family is implemented independently from the 1/0 or memory confi-
guration. Consequently, it can be treated as an independent central processor communicating with
1/0 and memory via internal addresses, data, and control buses.

4/44
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EF68HCO04P3

(a) Program Space Memory Map

Reserved (All zeros)

Self-Check ROM

Program ROM

Self Check IRQ Vector

Self Check Restart Vector

User TRQ Vector

User Restart Vector

(c) Stack Space Memory Map

Level 1

Level 2

Level3

Level 4

* $80, $81, $82, $83 are used for short direct addressing.

$000

$7FF
$800

$95F
$960

$FF7
$FF8-$FFY
$FFA-SFFB
$FFC-$FFD
$FFE-SFFF

(b) Data Space Memory Map

Port A Data Register

Port B Data Register

1 I1 I 1 l 1 l Port C Data Reg.

Not Used

Port A Data Direction Register

Port B Data Direction Register

11 1] 1] Porcoor

Not Used

Timer Status Control Register

CRC LSB

CRC MsB

Not Used

Reserved

User Data Space ROM

Future Expansion

Indirect Register X *

Indirect Register Y *

Data Space RAM

Reserved

Prescaler Register

Timer Count Register

Accumulator

Figure 2-1. EF68HC04P3 MCU Address Map

THOMSON SEMICONDUCTEURS
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$08
$09

$0A
$oB
$oc

$oF
$10

317
18

St
$60

$S7F
$80
$81

$82

$FB
$FC

$FE
$FF
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EF68HCO04P3

2.4 REGISTERS

The EF68HCO04 Family CPU has four registers and two flags available to the programmer. They are
shown in Figure 2-2 and are explained in the following paragraphs.

¢ 7
I A I Accumulator
These Are 7 0
Registers XP "I Indirect
In Data Register X
Space RAM
7 0
I Indirect
L r Yp Register Y
11 87 0
Program
PCH I PCL I Counter

Normal Flags

\/

Interrupt Flags

f.

Figure 2-2. Programming Model

2.4.1 Accumulator (A)

The accumulator is an 8-bit general purpose register used in all arithmetic calculations, logical
operations, and data manipulations. The accumulator is implemented as the highest RAM location
($FF) in data space and thus implies that several instructions exist which are not explicitly im-
plemented. Refer to 6.3 IMPLIED INSTRUCTIONS for additional information.

2.4.2 Indirect Registers (XP, YP)

These two indirect registers are used to maintain pointers to other memory locations in data space.
They are used in the register-indirect addressing mode, and can be accessed with the direct, in-
direct, short direct, or bit set/clear addressing modes. These registers are implemented as two of
the 124 RAM locations ($80, $81) and as such generate implied instructions and may be manipulated
in a manner similar to any RAM memory location in data space. Refer to 6.3 IMPLIED INSTRUC-
TIONS for additional information.

2.4.3 Program Counter (PC)

The program counter is a 12-bit register that contains the address of the next ROM word to be used
(may be opcode, operand, or address of operand). The 12-bit program counter is contained in PCL
(low byte) and PCH (high nibble).

6/44
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EF68HC04P3

2.4.4 Flags (C, Z)

The carry (C) bit is set on a carry or a borrow out of the ALU. It is cleared if the result of an
arithmetic operation does not result in a carry or a borrow. The (C) bit is also set to the value of the
bit tested in a bit test instruction, and participates in the rotate left instruction.

The zero (2) bit is set if the result of the last arithmetic or logical operation was equal to zero, other-
wise it is cleared.

There are two sets of these flags, one set is for interrupt processing, the other for all other routines.
When an interrupt occurs, a context switch is made from the program flags to the interrupt flags
(interrupt mode). An RTI forces the context switch back to the program flags (program mode).
While in either mode, only the flags for that mode are available. Further, the interrupt flags will not
be cleared upon entering the interrupt mode. Instead, the flags will be as they were at the exit of the
last interrupt mode. Both sets of flags are cleared by reset.

2.4.5 Stack

There is a true LIFO stack incorporated in the EF68HC04P3 which eliminates the need for a stack
pointer. Stack space is implemented in separate RAM (12-bits wide) shown in Figure 2-1c.
Whenever a subroutine call (or interrupt) occurs, the contents of the PC are shifted into the top
register of the stack. At the same time (same cycle), the top register is shifted to the next level
deeper. This happens to all registers with the bottom register falling out the bottom of the stack.

Whenever a subroutine or interrupt return occurs, the top register is shifted into the PC and all
lower registers are shifted up one level higher. Stack level 4 is loaded with the previous confent of
stack level 3. The stack RAM is four levels deep.

PC 1

Stack Level 1
Stack Level 2
Stack Level 3
Stack Lewel 4

A 414144

Figure 2-3. Stack Operation when RTS or RTI occurs

7/44
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SECTION 3
TIMER

3.1 INTRODUCTION

A block diagram of the EF68HCO4P3 timer circuitry is shown in Figure 3-1. The timer logic in
the MCU is comprised of a simple 8-bitcounter (timer count register, TCR) with a 7-bit prescaler,
and a timer status/control register (TSCR). The timer count register, which may be loaded under
program control. is decremented towards zero by aclock input (prescaler output). The prescaler
is used toextend the maximum interval of the overall timer. The prescaler tap is selected by bits 0-2
(PSO-PS2) of the timer status/control register. Bits PSO-PS2 control the actual division of the
prescaler within the range of divide-by-1 (20) to divide-by-128 (27). The timer count register
(TCR) and prescaler are decremented on rising clock edges. The coding of the TCSR PS0-PS2
bits produces a division in the prescaler as shown in Table 3-1.

Table 3-1. Prescaler Coding Table

PS2 | PS1 | PSO [Divide By PS2 | PS1 |PSO |Divide By
0 0 0 1 1 0 0 16
0 0 1 2 1 0 1 32
0 1 0 4 1 110 64
0 1 1 8 1 1 1 128

TIMER pin may be programmed as either an output or an input depending on the status of DOUT
and TOUT bits. Three modes are available.

Output mode (TOUT =1)

The TIMER pin is connected to the DOUT latch. Therefore, the timer prescaler is clocked by the
internal SYNC pulse. (Divide-by-12, -24 or 48 of the intemal oscillator according to selected mask
option, refer to 4.4 INTERNAL CLOCK GENERATOR OPTIONS). The prescaler then divides its
clock input by a value determined by the coding of the TSCR bits PSO - PS2 as shown in table 3-1.
The divided prescaler output then clocks the 8-bit timer count register (TCR). When the TCR count
reaches zero, it sets the TMZ bit in the TSCR. The TMZ bit can be tested under program control
to perform a timer function whenever it goes high. The low-to-high TMZ bit transition is used to
latch the DOUT bit of the TSCR and provides it for the TIMER pin.

Controlled mode (TOUT =0, DOUT = 1)

The TIMER pin is an input which controls the counting by the prescaler-timer. When high, it
enables counting. Counting is disabled as long as this input remains low. Operation is similar to
that described for the output mode.

Clock input mode (TOUT =0 DOUT =0)

The TIMER pin is connected directly to the prescalerinput. Therefore the timer prescaler is clocked
by the signal applied-from the TIMER pin. Operation is similar to that described for the output
mode. The frequency of the signal applied to the TIMER pin must be less than 1/tbyte (fosc +12,
+24 or =48 according 1o selected mask option) because of intemnal synchronization.

NOTE

TMZ is normally set to logic one when the timer times out (TCR count reaches $S00) ; however, it
may be set by a write of SO0 to the TCR or by a write to bit 7 of the TSCR.
TMZ bit is cleared by a read-only of the TSCR even if TMZ bit is not concerned by this read.

9/44
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EF68HC04P3

During reset, the timer count register and prescaler are set to $FF, while the timer status/control
register is cleared to $00 and the DOUT LATCH (TIMER pin is in the high-impedance input mode) is
forced to a logic high. The prescaler and timer count register are implemented in data space RAM
locations ($FD, $FE); therefore, they are both readable and writeable. A write to either will
predominate over the TCR decrement-to-$00 function; i.e., if a write and a TCR decrement-to-$00
occur simultaneously, the write will take precedence, and the TMZ bit is not set until the next timer

time out.

3.2 TIMER REGISTERS

3.2.1 Timer Count Register (TCR)
7 0
[mss s8]
TCR Address = $FE

The timer count register indicates the state of the internal 8-bit counter.

3.2.2 Timer Status/Control Register (TSCR)

7 6 5 4 3 2 1 0
[tz T ETi Jtour Toour | P51 | ps2 | pst [ pso |
TSCR Address = $09

b7,TMZ Low-to-high transition indicates the timer count register has decremented to zero
since the timer status/control register was last read. Cleared by a read of TSCR
register if TMZ was read as a logic one.

b6, ETI This bit, when set, enables the timer interrupt.

b5, TOUT When low, this bit selects the input modes for the timer. When high, the output
maode is selected.

b4, DOUT Data sent to the timer output pin when TMZ is set high (output mode only).
Choice of input mode (input mode only).

b3, PSi Used to initialize the prescaler and inhibit its counting while PST=0. The initialized
value is set to $FF. The timer count register will also be inhibited (contents un-
changed). When PSi=1 the prescaler begins to count downward.

b0, b1, b2 These bits are used to select the prescaler divide-by ratio; therefore, effecting
PSO-PS1-PS2  the clock input frequency to the timer count register.

11/44
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3.2.3 Timer Prescaler Register

6 0
|msB Ls8|
TPR Address= $FD

The timer prescaler register indicates the state of the internal 7-bit prescaler. This 7-bit prescaler
divide ratio is normally determined by bits PS0-PS2 of the timer status/control register (see Table
3-1).

12/44
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SECTION 4
INTERRUPT, SELF-CHECK, RESET, AND INTERNAL CLOCK GENERATOR

4.1 INTERRUPT

The EF68HCO04P3 can be interrupted by applying a logic low signal to the IRQ pin ; however, a
mask option selected at the time of manufacture determines whether the negative-going edge or the
actual low level is sensed to indicate an interrupt The EF68HCO04P3 can also be interrupted by the
timer if ETI bit in TCSR register is set.

4.1.1 Edge-Sensitive Option

When the IRQ pinis pulled low, the internal interrupt request latch is set after a maximum of
3 machine cycles for internal synchronization. Prior to each instruction fetch, the interrupt
latch is tested and, if its output is high, an interrupt sequence is initiated (provided the
interrupt mask is cleared). Figure 4-1 contains a flowchart which illustrates both the reset
and interrupt sequence. The interrupt sequence consists of one cycle during which the
interrupt request latch is cleared, the interrupt mode flags are selected, the PC is saved on
the stack, the interrupt mask is set, and the IRQ vector (single chip mode = $FFC/$FFD,
self-check mode = $FF8/$FF9) is loaded into the PC. Internal processing of the interrupt
continues until an RTI (return from interrupt) instruction is processed. During the RTI
instruction, the interrupt mask is cleared and the program mode flags are selected. The next
instruction of the program is then fetched and executed unless the IRQ pin has been pulled
low at least 3 cycles before the end of the RTl instruction (see above). In this case, another
interrupt sequence is initiated. Once the interrupt was initially detected and the interrupt
sequence started, the interrupt request latch is cleared so that the next (second) interrupt
may be detected even while the previous (first) one is being serviced. However, even though
the second interrupt sets the interrupt request latch during processing of the firstinterrupt,
the second interrupt sequence will not be initiated until completion of the interrupt service
routine for the first interrupt. Completion of an interrupt service routine is always accom-
plished using an RTlinstruction to return to the main program. The interrupt mask (which is
not directly available to the programmer) is cleared during the last cycle of the RT! instruc-
tion.

4.1.2 Level-Sensitive Option

The actual operation of the level-sensitive and edge-sensitive options are similar except that the
level-sensitive option does not have an interrupt request latch. With no interrupt request latch, the
logic level of the iRQ pin is checked for detection of the interrupt. Also, in the interrupt sequence,
there is no need to clear the interrupt request latch. These differences are illustrated in the flowchart
of Figure 4-1.

4.1.3 Power Up and Timing

During the power-up sequence the interrupt mask is set to preclude any false or ““ghost” interrupts
from occurring. To clear the interrupt mask, the programmer should write a JSR (instead of a JMP)
instruction to an initialization routine as the first instruction in a program. The initialization routine

13/44
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!
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request latch Load PC from
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aSTOP

Was

instruction
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mas|
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Y
Chip CLK enable

L
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request latch

¥

I

Y
CPU - CLK enable

Figure 4-1. STOP, WAIT, INTERRUPT and RESET processing flowchart
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EF68HCO04P3

should end with an RTI (instead of RTS) or with a STOP or WAIT instruction which clears the in-
terrupt mask. Maximum interrupt response time is eightmachine (Tbyte) cycles (see 4.4 INTERNAL
CLOCK GENERATOR OPTIONS). This includes five machine cycles for the longest instruction,
plus one machine cycle for stacking the PC and switching flags and plus two machine cycles for
synchronization of the IRQ input with internal machine cycles. Minimum response time is
four machine cycles for internal synchronization (3 cycles) and for stacking PC and switch-
ing flags (see 2.4.4 Flags (C, Z)).

4.2 SELF-CHECK

The self-check capability of the EF68HCQ4P3 MCU provides an intemal check to determine if the
part a functional check of the MCU, connect it as shown in Figure 4-2a and monitor the LEDs for
a 00100 ($04) pattem on port A. The MCU is left in the WAIT mode. A logical low signal applied
to the [RQ pin places the MCU in the STOP mode. A 00101 ($05) patter appears on port A.
Another logical low signal applied on the IRQ pin enables exit from the STOP mode. The “final
good" pattern (00110 - $06) appears on port A). To initiate a ROM self-check of the memory sim-
ply connect the circuit as shown in Figure 4-2b and check that the “good’’ LED tums on to indica-
te a good memory. The ROM verify uses a cyclical redundancy check (CRC) to conduct a ROM
check by means of signature analysis circuit. This circuit consists of two 8-bit shift registers confi-
gured to perform the check using the CCITT polynominal. A manufacturing mask option inhibits
the outputs of the CRC data and the ROM data until the final result is available in order to protect
the program ROM when the option is selected.

4.3 RESET

The MCU can be reset in two ways: by the external reset input (RESET) and by power-up detect
(PUD).

4.3.1. RESET input

This input can be used to reset the MCU internal state and provides an orderly software start-up
procedure.

4.3.2 PUD

It occurs when a positive transition is detected on V¢ on initial power-up. No external RC
network is needed. PUD is used strictly for power turn-on conditions and should not be used to
detect any drops in the power supply voltage. There is no provision in this block for power-down
detect. When the MCU is reset by means of PUD, an internal delay of 1920 oscillator clock periods
is generated for the oscillator to stabilize. The MCU emerges from the reset condition at the end of
this temporization.
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4.4 INTERNAL CLOCK GENERATOR OPTIONS

The internal clock generator circuit is designed to require a minimum of external components. A
crystal, a resistor-capacitor, or an external signal may be used to generate a system clock with
various stability/ cost tradeoffs. A manufacturing mask option is required to select either the crystal
oscillator or the RC oscillator circuit. The different clock generator option connection methods are
shown in Figure 4-4, crystal specifications and suggested PC board layouts are given in Figure 4-5,
resistor-capacitor selection graph is given in Figure 4-6, and a timing diagram is illustrated in Figure
4-7. The crystal oscillator startup time is a function of many variables: crystal parameters (especially
RS), oscillator load capacitance (C|), IC parameters, ambient temperature, and supply voltage. To
ensure rapid oscillator startup, neither the crystal characteristics nor the load capacitance should
exceed recommendations.

The oscillator output frequency is internally divided by four, two or one depending upon a manu-
facturing mask option selection to produce the internal ¢ 1 and ¢2 clocks. The ¢1 clock is divided
by twelve to produce a machine byte (cycle) clock (internal SYNC pulse). A byte cycle is the
smallest unit needed to execute any operation (i.e., increment the program counter). An instruc-
tion may need two, four, or five byte cycles to be executed.

L 1
= C2 l 5| XTAL
[ EF68HC04P3
4] EXTAL
(Crystal Mask
CU’_'_l_: Option)
Crystal
RL
N ——H EXTAL _ —E-\/W-—“" EXTAL
External 5 EF68HC04P3 L 5 EF68HC04P3
ﬁ:”"‘ —1XTAL (Crystal Mask - L XA
P Option) T | (Resistor-Capacitor Mask
— Option)
External Clock External Resistor-Capacitor
Figure 4-4. Clock Generator Options
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(a)

Crystal Parameters C
Ly Rs
EXTAL4 XTALS
Co
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-

Crystal Parameters
AT — Cut Parallel Resonance Crystal
Co=7 pF Maximum
Freq.=11 MHz
Rg =50 Ohms Maximum

Piezoelectric ceramic resonators which

(b) have the equivalent specifications may be {c)
used instead of crystal oscillators. Follow
GND CL2 ceramic resonator manufacturer's sug-
c Crystal gestions for Cg, C1, and Rg values. GND
H L
CL E
O CL2
extaL [+ O
Crystal
xtaL [ v q
E MCU
NOTE: Keep crystal leads and circuit

connections as short as possible.

Figure 4-5. Crystal Motional Arm Parameters and Suggested PC Board Layout
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Figure 4-6. Typical Frequency Selection For Resistor-Capacitor
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(a) Oscillator — ¢1 - ¢2 Timing (divide-by-four option)

0 pu IS py N p I

(b) @1 — Sync Timing
RSN pEpEpEpEpEpEEEEERE D
SYNC | | l |

Figure 4-7. Clock Generator Timing Diagram
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SECTION 5
INPUT/OUTPUT PORTS

5.1 INPUT/OUTPUT

There are 20 input/output pins. All pins (port A, B, and C) are programmable as either inputs or out-
puts under software control of the corresponding data direction register (DDR). The port 1/0 pro-
gramming is accomplished by writing the corresponding bit in the port DDR to a logic one for out-
put or a logic zero for input. On reset, all the DDRs are initialized to a logic zero state to put the
ports in the input mode. The port output registers are not initialized on reset but should be initialized
before changing the DDR bits to avoid undefined levels. When programmed as outputs, the latched
output data is readable as input data, regardless of the logic levels at the output pin due to output
loading ; see Figure 5-1. All input/output pins are open collector LSTTL/CMOS compatible as
both inputs and outputs. A manufacturing mask option enables the choice of additional pull-down
devices on all I/0 pins (Selection in 5 groups: PA7, PA(5:6), PA(1:4), Port B, PAO + Port C).

The address map in Figure 2-1 gives the address of data registers and DD Rs. The register configura-
tion is discussed under the registers paragraph below.

Data Optional
¢ »—4 Direction Register . - Puil-
Bit Down
1]
58 Latched —
€5 utpu |
g g > Data g Output Pin
-8 Bit
S

Reg
Bit
\ €«—@
Input
110
w

Data
Direction Output Input
Register Data Output To
Bit Bit State MCU
1 0 0 0
1 1 1 1
0 X Hi-Z Pin

Figure 5-1. Typical 1/0 Port Circuitry
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The latched output data bit (see Figure 5-1) may always be written. Therefore, arly write to a port
writes to all of its data bits even though the port DDR is set to input. This may be used to initialize
the data registers and avoid undefined outputs; however, care must be exercised when using read-
modify-write instructions since the data read corresponds to the pin level if the DDR is an input (0)
and corresponds to the latched output data when the DDR is an output (1).

5.2 REGISTERS
The registers described below are implemented as RAM locations and thus may be read or written.

5.2.1 Port Data Register

[wsB LSB|
Port A Address = $00
Port B Address = $01
Port C Address = $02 (Bits 0-3)

The source of data read from the port data register will be the port I/O pin or previously latched out-
put data depending upon the contents of the corresponding data direction register (DDR). The
destination of data written to the port data register will be an output data latch. If the corresponding
data direction register (DDR) for the port 1/0 pin is programmed as an output, the data will then ap-
pear on the port pin.

5.2.2 Port Data Direction Register

7 0
ImsB s8]
Port A Address= $04
Port B Address= $05
Port C Address = $06 (Bits 0-3)

The port DDRs configure the port pins as either inputs or outputs. Each port pin can be pro-
grammed individually to act as an input or an output. A zero in the pins corresponding bit position
will program that pin as an input while a one in the pins corresponding bit position will program that
pin as an output.
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6.1 SOFTWARE

6.1.1 Bit Manipulation

The EF68HC04P3 MCU has the ability to set or clear any register or single random access memory
(RAM) writable bit with a single instruction (BSET, BCLR). Any bit in data space, including ROM,
can be tested, using the BRSET and BRCLR instructions, and the program may branch as a result
of its state. The carry bit equals the value of the bit referenced by BRSET or BRCLR. A rotate in-
struction may then be used to accumulate serial input data in a RAM location or register. The
capability to work with any bitin RAM, ROM, or I/0 allows the user to have individual flags in RAM

or to handle I/0 bits as control lines.

SECTION 6
SOFTWARE AND INSTRUCTION SET

The coding example in Figure 6-1 illustrates the usefulness of the bit manipulation and test instruc-
tions. Assume that the MCU is to communicate with an external serial device. The external device
has a data ready signal, a data output line, and a clock line (to clock data one bit at a time, MSB
first, out of the device). The MCU waits until the data is ready, clocks the external device, picks up
the data in the carry flag (C bit), clears the clock line, and finally accumulates the data bit in the

accumulator.

Serial
Device

Ready o

Clock

Data

MCU

» 4O

2-203

SELF

CONT

Figure 6-1. Bit Manipulation Example
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6.1.2 Addressing Modes

The EF68HC04P3 MCU has nine addressing modes which are explained briefly in the following
paragraphs. The EF68HCO04P3 deals with objects in three different address spaces : program space,
data space, and stack space. Program space contains the instructions which are to be executed,
plus the data for immediate mode instructions. Data space contains all of the RAM locations, XP
and YP registers, accumulator, timer, 1/0 locations, and some ROM (for storage of tables and con-
stants). Stack space contains RAM for use in stacking the return addresses for subroutines and
interrupts.

The term "'Effective Address” (EA) is used in describing the address modes. EA is defined as the ad-
dress from which the argument for an instruction is fetched or stored.

6.1.2.1 IMMEDIATE. In the immediate addressing mode, the operand is located in program ROM
and is contained in a byte following the opcode. The immediate addressing mode is used to access
constants which do not change during program execution (e.g., a constant used to initialize a loop
counter).

6.1.2.2 DIRECT. In the direct addressing mode, the effective address of the argument is contained
in a single byte following the opcode byte. Direct addressing allows the user to directly address the
256 bytes in data space memory with a single two-byte instruction.

6.1.2.3 SHORT DIRECT. The MCU also has four locations in data space RAM ($80, $81, $82, $83)
which may be used in a short-direct addressing mode. In this mode the opcode determines the data
space RAM location, and the instruction is only one byte. Short direct addressing is a subset of the
direct addressing mode. (Note : $80 and $81 are the X and Y register locations).

6.1.2.4 EXTENDED. In the extended addressing mode, the effective address is obtained by con-
catenating the four least significant bits of the opcode with the byte following the opcode (12-bit
address). Instructions using the extended addressing mode (JMP, JSR) are capable of branching
anywhere in program space. An extended addressing mode instruction is two bytes long.

6.1.2.5 RELATIVE. The relative addressing mode is only used in conditional branch instructions. In
relative addressing, that address is formed by adding the sign extended lower five bits of the opcode
(the offset) to the program counter if and only if the condition is true. Otherwise, control proceeds
to the next instruction. The span of relative addressing is from — 15 to + 16 from the opcode ad-
dress. The programmer need not worry about calculating the correct offset when using the
assembler since it calculates the proper offset and checks to see if it is within the span of the
branch.

6.1.2.6 BIT SET/CLEAR. In the bit set/clear addressing mode, the bit to be set or cleared is part of
the opcode, and the byte following the opcode specifies the direct address of the byte in which the
specified bit is to be set or cleared. Thus, any bit in the 256 locations of data space memory, which
can be written to, can be set or cleared.

24/44
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6.1.2.7 BIT TEST AND BRANCH. The bit test and branch addressing mode is a combination of
direct addressing and relative addressing. The bit and condition (set or clear) which is to be tested is
included in the opcode, and the data space address of the byte to be tested is in the single byte im-
mediately following the opcode byte. The third byte is sign extended to twelve bits and becomes
the offset added to the program counter if the condition is true. The single three-byte instruction
allows the program to branch based on the condition of any bit in data space memory. The span of
branching is from —125 to + 130 from the opcode address. The state of the tested bit is also
transferred to the carry flag.

6.1.2.8 REGISTER-INDIRECT. In the register-indirect addressing mode, the operand is at the ad-
dress (in data space) pointed to by the contents of one of the indirect registers (X or Y). The par-
ticular X or Y register is selected by bit 4 of the opcode. Bit 4 of the opcode is then decoded into an
address which selects the desired X or Y register ($80 or $81). A register-indirect instruction is one
byte long.

6.1.2.9 INHERENT. In the inherent addressing mode, all the information necessary to execute the
instruction is contained in the opcode. These instructions are one byte long.

6.2 INSTRUCTION SET

The EF68HCO04P3 MCU has aset of 44 basic instructions, which when combined with nine addressing
modes produce 244 usable opcodes. They can be divided into five different types : register/memory,
read-modify-write, branch, bit manipulation, and control. The following paragraphs briefly explain
each type. All the instructions within a given type are presented in individual tables.

6.2.1 hegister/ Memory Instructions

Most of these instructions use two operands. One operand is the accumulator and the other
operand is obtained from memory using one of the addressing modes. The jump unconditional
(JMP) and jump to subroutine (JSR) instructions have no register operands. Refer to Table 6-1.

6.2.2 Read-Modify-Write Instructions

These instructions read a memory location or a register, modify or test its contents, and write the
modified value back to memory or to the register. There are ten instructions which utilize read-
modify-write cycles. All INC and DEC forms along with all bit manipulation instructions use this
method. Refer to Table 6-2.

6.2.3 Branch Instructions

The branch instructions cause a branch from the program when a certain condition is met. Refer to
Table 6-3.

6.2.4 Bit Manipulation Instructions

These instructions are used on any bit in data space memory. One group either sets or clears. The
other group performs the bit test branch operations. Refer to Table 6-4.
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Table 6-1. Register/ Memory Instructions

. In Short-Direct

ing, the LDA

P

Addressing Modes
Indirect immediate Direct Inherent Extended Short-Direct
Opcode ’ * # ’ 14 L] # # * ’ # #  |Special
Function Mnem [ XP YP | Bytes |Cycles {Opcode] Bytes | Cycles {Opcode| Bytes | Cycles |Opcode| Bytes | Cycles |Opcode| Bytes | Cycles Bytes | Cycles | Notes

Load A from Memory LDA E0 Fo 1 4 E8 2 4 F8 2 4 - - - - - — JAC-AF| 1 4 1
Load XP from Memory | LDXI - - - B0 3 4 - - — - - - - _ - _ — _ A
Load YP from Memory Loy! - - - - BO 3 4 - - - - - - - - - - - - 4
Store A in Memory STA | E1 F1 1 4 - - - 3 2 4 - - - = - —~ |scBF| 1 4 2
Add to A ADD |3 F2 1 4 EA 2 4 FA 2 4 - - - - - - - - - -
Subtract from A suB E3 F3 1 4 EB 2 4 F8 2 4 - - - - - - - - - -
mme:;cw(r:yompare CMP | E4 F4 1 4 EC 2 4 FC 2 4 - - - - - - - - - -
AND Memory to A ) AND E5 F5 1 4 ED 2 4 FD 2 4 - - - - - - - - - -
Jump to Subroutine JSR - - - - - - - - - - - - — [B(TAR)| 2 4 - - — 3
Jump Unconditional JmP - - - - - - - ~ - - - - —~ |9(TAR)} 2 4 = - — 3
Clear A CLRA - - - - - - - FB 2 4 - - - - - - - - — -
Clear XP CLRX | — - - - - - — | FB 2 4 - - - - - - - - - -
Clear YP CLRY | — - - - - - - F8 2 4 - - - - - - - -
Complement A [COMA | — - - - - - - - - - B4 1 4 - - — - - - -
Move Immediate Value Mmvi - - - - -] 3 4 :1] 3 4 - - - - - - - - - 5
to Memory

Rotate A Left and Carry |ROLA | — - - - - - - = - - B5 1 4 - - - - - - -
Arithmetic Left Shift of A|ASLA | — - - - - - - FA 2 4 - - - - - - - - - -

SPECIAL NOTES

opcode AC, AD, AE, and AF. This is equivalent to RAM locations $80 (AC), $81 (AD), $82 (AE), and $83 (AF)

. In Short-Direct addressing, the STA mnemonic represents opcode BC, BD, BE, and BF. This is equivalent to RAM locations $80 (BC), $81 (BD), $82 (BE), and $83 (BF).

1

2

3. In Extended addressing, the four LSBs of the opcode (Mnemonic JSR and JMP) are formed by the four MSBs of the target address (TAR).
4. In immediate addressing, the LDXI and LDYI are mr i i

$80,data
$81,data
5. The MVI instruction refers to both Immediate and Direct addressing.

LDXI=MVI
LDYI=MVI

which are

Where data is a one-byte hexadecimal number.

d as follows:
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Table 6-2. Read-Modify-Write Instructions

Addressing Modes
Indirect Direct Short-Direct
Opcode [ ’ [} ) oo ] Special
Function Mnem XP YP Bytes Cycles | Opcode Bytes, Cycles | Opcode Bytes Cycles Notes
Increment Memory L i INC E6 F6 1 4 FE 2 4 A8-AB 1 4 1,3
Increment A INCA — — — — FE 2 4 — — —
Increment XP INCX - — — - — — — A8 1 4 —
Increment YP INCY — - — — — — — A9 1 4 —
D Memory Locati DEC E7 F7 1 4 FF 2 4 BS-BB 1 4 2,4
Decrement A DECA - — — — FF 2 4 - - — —-
D XP DECX — — — ~ — — — 88 1 4 —
Decrement YP __DECY — - - — — - — B9 1 4 -
SPECIAL NOTES
1. In Short-Direct addressing, the INC ic rep de A8, A9, AA, and AB. These are equivalent to RAM locations $80 (AB), $81 (A9), $82 (AA),
and $83 (AB)-

2. In Short-Direct addressing, the DEC mnemonic represents opcode B8, B9, BA, and BB. These are equivalent to RAM locations $80 (B8), $81 (B9), $82 (BA),

and $83 (BB).

In Indi ing, the INC nic rep! pcode E6 or F6, and causes the location pointed to by XP (E6 opcode) or YP (F6 opcode) to be incremented.
. In Indi ddressing, the INC liC rep! opcode E7 or F7, and causes the location pointed to by XP (E7 opcode) or YP (F7 opcode) to be incremented.

> w
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Table 6-3. Branch Instructions

Relative Addressing Mode
[ [] Special
Function Mnem Opcode Bytes Cycles Notes
Branch if Carry Clear BCC 40-5F 1 2 1
Branch if Higher or Same (BHS) 40-5F 1 2 1,2
Branch if Carry Set BCS 60-7F 1 2 1
Branch if Lower (BLO) 60-7F 1 2 1,3
Branch if Not Equal BNE 00-1F 1 2 1
Branch if Equal BEQ 20-3F 1 2 1
SPECIAL NOTES

1. Each mnemonic of the Branch Instructions covers a range of 32 opcodes; e.g., BCC ranges from 40 through 5F. The
actual memory location (target address) to which the branch is made is formed by adding the sign extended lower five
bits of the opcode to the contents of the program counter.

2. The BHS instruction (shown in parentheses) is identical to the BCC instruction. The C bit is clear if the register was higher
or the same as the location in the memory to which it was compared.

3. The BLO instruction (shown in parentheses) is identical to the BCS instruction. The C bit is set if the register was lower
than the location in memory to which it was compared.

Table 6-4. Bit Manipulation Instructions

Addressing Modes
Bit Set/Clear Bit Test and Branch
’ * # ’ Special
Function Mnem Opcode | Bytes | Cycles | Opcode | Bytes | Cycles | Note
Branch IFF Bit n is set BRSETn(n=0....7) - - — C8+n 3 5 1
Branch IFF Bit n is clear | BRCLRn(n=0....7) - - — CO+n 3 5 1
Set Bit n BSET n(n=0....7) D8+ n 2 4 — — — 1
Clear Bit n BCLRNn (n=0....7) DO+n 2 4 — — — 1

SPECIAL NOTE

1. The opcode is formed by adding the bit number (0-7) to the basic opcode. For example: to clear bit six using the BSET6
instruction the opcode becomes DE (D8+ 6); BCLR5 becomes (CO+5); etc.
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6.2.5 Control Instructions
The control instructions control the MCU operations during program execution. Refer to Table 6-5.

6.2.5.1 Stop instruction’

The STOP instruction places the EF68HC04P3 in its lowest power consumption mode. In STOP
mode the internal oscillator is turned off causing all internal processing and the timer to be halted.
In STOP mode, timer STATUS/CONTROL register bits 6 (ETI) and 7 (TMZ) are cleared to remove
any pending timer interrupt requestsand to disable any further timer interrupts. External interrupts
are enabled. All I/O lines remain unchanged. The processor can only be brought out of the STOP
mode by pulling low TRQ or RESET input pins. During the exit from the STOP mode, the timer
is used to provide a delay of 1920 oscillator clock periods for the oscillator to stabilize. If an ex-
ternal clock is used, it should be kept high during all the time the MCU is in STOP mode.

6.2.5.2 Wait instruction

The WAIT instruction places EF68HC04P3 in a low-power consumption mode, but WAIT mode
consumes more power than the STOP mode. In WAIT mode the clock is disabled from all internal
circuitry except the timer circuit. Thus all internal processing is halted. The timer may, if desired,
continue to count down (PS!| bit of TCSR).

During the WAIT mode, external interrupts are enabled. All other registers memory, and |/0O lines
remain in their last state. Timer interrupt (ETI bit) may be enabled by software prior to entering
the WAIT mode to allow an exit from the WAIT mode via a Timer Interrupt.

6.2.6 Alphabetical Listing

The complete instruction set is given in alphabetical order in Table 6-6. There are certain mnemo-
nics recognized by the assember and converted to other instructions. The fact that all registers and
accumulator are in RAM allows many implied instructions to exist. The implied instructions reco-
gnized by the assembler are identified in Table 6-6.

6.2.7 Opcode Map Summary
Table 6-7 contains an opcode map for the instructions used on the MCU.

6.3 IMPLIED INSTRUCTIONS

Since the accumulator and all other registers are located in RAM many implied instructions exist.
The assembler-recognized implied instructions are given in Table 6-6. Some examples not recog-
nized by the assembler are shown below.

BCLR,7 $FF Ensures accumulator is plus
BSET,7 $FF Ensures accumulator is minus
BRCLR,7 $FF Branch iff accumulator is plus
BRSET,7 $FF Branch iff accumulator is minus
BRCLR,7 $80 Branch iff X is plus (BXPL)
BRSET,7 $80 Branch iff X is minus (BXMI)
BRCLR,7 $81 Branch iff Y is plus (BYPL)
BRSET,7 $81 Branch iff Y is minus (BYMI)
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Table 6-5. Control Instructions

Addressing Modes

1. The NOP instruction is equivalent to a branch if equal (BEQ) to the location designated by PC+ 1.

Short-Direct Inherent Relative

# # # # # # Special

Function Mnem Opcode Bytes Cycles | Opcode Bytes Cycles | Opcode Bytes Cycles Notes
Transfer A to XP TAX BC 1 4 - - — — — — _
Transfer A to YP TAY BD 1 4 — - - - - — —
Transfer XP to A TXA AC 1 4 — - - - - — —
Transfer YP to A TYA AD 1 4 — — — — — — _
Return from Subroutine RTS - - - B3 1 2 — — - —_
Return from Interrupt RT! — — - B2 1 2 — — — —
No-Op NOP — — — — — — — — — 1
Stop STOP - - - B6 1 2 - - - -
Wait WAIT - - - B7 1 2 - - - -

SPECIAL NOTE
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Table 6-6. Instruction Set

Addressing Modes Flags
Short Bit/Set Bit-Test- Register

Mi i Direct Direct Clear Branch Indirect Extended Relative r4 C
ADD X X X A A
AND X X X A .
ASLA Assembler converts this to “ADD $FF" A A
BCC X . .
BCLR X . .
BCS X . .
BEQ X . .
BHS Assembler converts this to "BCC” . .
BLO A converts this to "BCS"” . .
BNE X . .
BRCLR X . A
BRSET X . A
BSET X . .
CLRA Assembler converts this to “SUB $FF"" A A
CLRX Assembler converts this to “MVI #0, $80" . .
CLRY Assembler converts this to “MV| # 0, $81" . .
CMP X X X A A
COMA X A A
DEC X X X A .
DECA Assembler converts this to “DEC $FF” A .
DECX Assembler converts this to “DEC $80"" A .
DECY Assembler converts this to *'DEC $81" A .
INC X [ x | X A .
INCA Assembler converts this to “INC $FF"" A .
INCX Assembler converts this to “INC $80" A .
INCY Assembler converts this to “'INC $81"" A .
JMP X . .
JSR X . .
LDA X X X X A y
LDXI Assembler converts this to “MVI DATA, $80" . .
LDY! Assembler converts this to “MVI DATA, $81" .
Mvi X X .
NOP Assembler converts this to "BEQ (PC) + 1" P N
ROLA X y Iy
RTI X A A
RTS X . .
STA X X X A .
STOP X . .
SuUB X X X A A
TAX Assembler converts this to "STA $80" A .
TAY Assembler converts this to “STA $81" A .
TXA Assembler converts this to “"LDA $80" A .
TYA Assembler converts this to “LDA $81" A .
WAIT x 1 | T . .

Flag Symbols: Z=Zero, C= Carry/Borrow, A =Test and Set if True, Cleared Otherwise ¢ =Not Affected
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Table 6-7. EF68HC04P3 Microcomputer

Branch Instructions
Hi’ 0 1 2 3 4 5 6 7
Low 0000 0001 0010 0011 0100 0101 0110 o
2 2 2 2 2
0 BNE BNE BEQ BEQ BCC BCC BCS BCS
0000 1 REL|1 REL REL |1 REL[1 REL|1 REL REL REL
2 7 2 7 2
1 BNE BNE BEQ BEQ | BCC BCC BCS BCS
0001 1 REL [ 1 REL REL |1 REL [ 1 REL | 1 REL REL REL
2 2 2 . 2 2
2 BNE BNE BEQ BEQ BCC BCC BCS BCS
0010 1 REL | 1 REL REL |1 REL | 1 REL | 1 REL REL REL
2 2 2 2 2
3 BNE BNE BEQ BEQ BCC BCC BCS BCS
0011 1 REL |1 REL REL |1 REL | 1 REL | 1 REL REL REL
2 2 2 2 2
4 BNE BNE BEQ BEQ BCC BCC BCS BCS
0100 1 REL |1 REL REL |1 REL |1 REL |1 REL REL REL
2 2 2 2 2
5 BNE BNE BEQ BEQ BCC BCC BCS BCS
0101 1 REL |1 REL REL |1 REL | 1 REL |1 REL REL REL
2 2 2 2 F)
6 BNE BNE BEQ BEQ BCC BCC BCS BCS
o110 1 REL|1 REL REL |1 REL |1 REL|1 REL REL REL
2 2 2 2 2
7 BNE BNE BEQ BEQ BCC BCC BCS BCS
o 1 REL|1 REL REL |1 REL |1 REL|1 REL REL REL
2 2 2 2 2
8 BNE BNE BEQ BEQ BCC BCC BCS BCS
1000 1 REL|1 REL REL |1 REL|1 REL|1 REL REL REL
2 2 2 2 2
9 BNE BNE BEQ BEQ BCC BCC BCS BCS
1001 1 REL|1 REL REL |1 REL |1 REL |1 REL REL REL
2 2 2 2 2
A BNE BNE BEQ BEQ BCC BCC BCS BCS
1010 1 REL|2 REL REL |1 REL | 1 REL |1 REL REL REL
2 2 2 2 2
B BNE BNE BEQ BEQ BCC BCC BCS BCS
101 1 REL| 1 REL REL|1 REL|1 REL|1 REL REU REL
2 2 2 2 2
[ BNE BNE BEQ BEQ BCC BCC BCS BCS
1100 1 REL| 1 REL REL|1 REL{1 REL|1 REL REL REL
2 2 2 2 2
D BNE BNE BEQ BEQ . BCC BCC BCS BCS
1101 1 REL| 1 REL REL|1 REL| 1 REL|1 REL REL REL
2 2 2 2 2
E BNE BNE BEQ BEQ BCC BCC BCS BCS
110 1 REL| 1 REL REL|1 REL | 1 REL|1 REL REL REL
2 2 2 2 2
F BNE BNE BEQ BEQ BCC BCC BCS BCS
RN 1 REL|1 REL REL|1 REL| 1 REL|1 REL REL REL

Abbreviations for Address Modes

INH
S-D
B-T-B
IMM
DIR
EXT
REL
BSC
R-IND

32/44

Inherent

Short Direct
Bit Test and Branch
Immediate

Direct

Extended
Relative

Bit Set/Clear
Register Indirect

Indicates Instruction Reserved for Future Use

Indicates lllegal Instruction
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Instruction Set Opcode Map
Register/ Memory, Control, and Bit Manipulation Register/ Memory and
Read/Modify/Write Instructions Instructions Read/ Modify/ Write
8 9 A B C D E F Hi
1000 1001 1010 1011 1100 1101 1110 m Low
4 4 5 4 4 4
JSRn JMPn M Mvi BRCLRO BCLRO LDA LDA 0
EXT | 2 EXT 3 MM |3 B-T-8/2 8sC |1 R-IND [ 1 R-IND 0000
4 5 4 4 4
JSRn JMPn * * BRCLR1 BCLR1 STA STA 1
EXT |2 EXT 3 B-T-B|2 8sc |1 R-IND | 1 R-IND 0001
4 2 5 4 4 4
JSRn JMPn - RTI BRCLR2 BCLR2 ADD ADD 2
EXT |2 EXT 1 INH | 3 8T-B |2 Bsc [1 R-IND | 1 R-IND 0010
] 2 5 4 a 2
JSRn JMPn * RTS BRCLR3 BCLR3 suB suB 3
EXT | 2 EXT 1 INH|3 B-T-B(2 BSC |1 RIND | 1 R-IND 0011
4 4 5 4 4
JSRn JMPn * COMA BRCLR4 BCLR4 CMP CMP 4
EXT |2 EXT 1 INH |3 B-T-B|2 BSC |1 R-IND [ 1 R-IND 0100
4 5 4 4 4
JSRn JMPn * ROLA BRCLRS BCLR5 AND AND 5
ExT | 2 EXT 1 INH |3 8.T-8|2 B8SC |1 R-IND | 1 R-IND 0101
4 2 5 4 4
JSRn JMPn * sToP BRCLR6 BCLR6 INC INC 6
EXT |2 EXT 1 INH |3 B-T-8|2 BSC |1 R-IND | 1 R-IND 0110
4 2 5 4 4 4
JSRn JMPn * WAIT BRCLR?7 BCLR?7 DEC DEC 7
EXT |2 EXT 1 CINH |3 B.T-8|2 BSC |1 R-IND | 1 R-IND o1
4 4 4 5 4 4 4
JSRn JMPn INC DEC BRSETO BSETO LDA LDA 8
EXT |2 ExT|1 s0| 1 sD|3 8-T-8|2 BSC |2 MM | 2 DIR 1000
a 4 4 5 4 4
JSRn JMPn INC DEC BRSET1 BSET1 # STA 9
EXT |2 EXT |1 s-0f 1 sD|3 B-T-B|2 BSC 2 DIR 1001
4 4 4 5 4 4 4
JSRn JMPn INC DEC BRSET2 BSET2 ADD ADD A
EXT |2 EXT |1 s.0| 1 sD|3 B-T-B|2 BSC (2 MM | 2 DIR 1010
4 [ 4 5 4 4 4
JSRn JMPn INC DEC BRSET3 BSET3 SuB SuB B
ExT | 2 EXT| 1 sD| 1 sD|3 B-T8|2 BSC |2 MM | 2 DIR 1011
4 ] 3 4 T e )
JSRn JMPn LDA STA BRSET4 BSET4 CMP CMP C
EXT | 2 EXT [ 1 sD| 1 sD|3 B.T.8|2 Bsc |2 MM | 2 DIR 1100
4 4 4 5 4 4 4
JSRn JMPn LDA STA BRSET5 BSET5 AND AND D .
EXT |2 EXT| 1 s-Df 1 SD|3 B-T-8|2 B8SC |2 MM | 2 DIR 1101
4 4 4 5 4 4
JRSn JMPn LDA STA BRSET6 BSET6 # INC E
EXT |2 EXT [ 1 s-D| 1 sD|3 B.T-8|2 BSC 2 DIR 1110
4 4 4 5 4 4
JSRn JMPn LDA STA BRSET7 BSET7 # DEC F
EXT | 2 EXT| 1 s 1 sD|3 B-T-8|2 BSC 2 DIR 1
LEGEND
F < Opcode in Hexadecimal
1
Cycles -4 ? Obcodein Bi
Mnemonic —>» LDA 0 pcode in Binary
Bytes -1 R-IND 0000 <]
X Address Mode
33/44
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SECTION 7
ELECTRICAL SPECIFICATIONS

7.1 INTRODUCTION

This section contains the electrical specifications and associated timing for the E F68HCO04P3.

7.2 MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vce —0.3t0+7.0 [V, This device contains circuitry to protect
- the inputs against damage due to high
Input Voltage Vin |Vgs—03toVgs+0.3 v static voltages of electric fields; however,
Current Drain per Pin i 10 mA it is advised that normal precautions be
Total Current for Ports A, B, C :\gk:n tt:havoid applica(ion‘ odf an}/( vollagze
. . igher than maximum rated voltages to
and XTAL, TIMER Pins Sink " 30 mA this high impedance circuit. For proper
Source lo -15 operation it is recommended that Vi, and
Operating Temperature Range TA TLtoTy °C Vout be constrained to the range
LR Oto7 Vss=(Vjn or Vout) sVcc. Reliability of
ange to 70 operation is enhanced if unused inputs
D Range — 251070 except EXTAL are connected to an ap-
V Range — 4010 85 propriate logic voltage level (e.g., either
Storage Temperature Range Tstg —55 to 150 °c Vss orVee)
Thermal Resistance 64A °c/w
Plastic 85
PLCC\ 85

7.3 THERMAL CHARACTERISTICS

Characteristic Symbol Value Unit
Junction Temperature T °c
Plastic 150
PLCC 150
Vee
4.63 k2
Test . Test
Point Point
50 pF 463 kQ 50 pF (Total)
(Total )I I
Figure 7-1. Open Collector LSTTL Compatible Figure 7-2. CMOS Equivalent
Equivalent Test Load (Ports A, B, C,) Test Load (Ports A, B, C)
THOMSON SEMICONDUCTEURS 35044
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7.4 POWER CONSIDERATIONS

The average chip-junction temperature, TJ, in °C can be obtained from:
TJ=TAa+(Ppe8JA) (1)
Where:

TA=Ambient Temperature, °C
8JA = Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PPORT
PINT=IcCcx Vcc, Watts — Chip Internal Power
PPORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT < PINT and can be neglected. PPORT may become significant if

the device is configured to drive Darlington bases or sink LED loads.
An approximate relationship between Pp and TJ (if PPORT is neglected) is:

Pp=K+(Ty+273°C) (2)
Solving equations 1 and 2 for K gives:
K =Ppe(TA+273°C) +8JA*PD2 (3)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by
measuring Pp (at equilibrium) for a known TA. Using this value of K the values of Pp and TJ can be
obtained by solving equations (1) and (2) iteratively for any value of TA.

7.5 ELECTRICAL CHARACTERISTICS @5.0V
(Vcc =5.0 Vde =10 % ; Vgs =0 Vdc ; Ta = T to TH unless otherwise noted).

Characteristic Symbol Min Typ Max Unit
Output voltage
(ILoad =10 nA) VoL - - 0.1 A
(ILoad =—10 pA) VOH vee - 0.1 - -
Output Low Voltage (I|_gad = 0.8 mA) '
PAO-PA7, PBO-PB7, PCOPC3 VoL - - 0.4 v
Output High Voltage (1 gaq = —0.8 mA)
PAO-PA7, PBO-PB7, PCO-PC3 VoH vce —04 - - v
Input Low Voltage
PAO-PA7, PBO-PB7, PCO-PC3, TIMER ViL Vss - 0.3 Vge v
XTAL, MDS, TRQ, RESET Vi . Vss - 0.2 Vee
Input High Voltage
PAO-PA7, PBO-PB7, PCO-PC3, TIMER VIH 0.7 Vee - Vce v
XTAL, MDS, iRQ, RESET ViH 0.8 Vce - Vee
Total Supply Current (No dc Loads,
(No dc Loads, Vy_=0.2V ;V|y =Vcc — 0.2 V)
RUN Mode
+ 1 Option (fogc = 5.5-MHz) Ipp - 2 33 mA
+ 2 Option (fogec = 11.0 MH2) Ipp - 24 3.9 mA
+ 4 Option (fgs = 11.0 MHz) Ipp - 1.6 26 mA
WAIT Mode (See Note)
+ 1 Option (fogc = 5.6 MHz) IpD - 0.7 1.1, mA
+ 2 Option (foge = 11.0 MHz) Ipp - 1.1 18 mA
+ 4 Option (foge = 11.0 MHz) Ipp - 0.9 15 mA
STOP Mode (See Note) Ipp - 1.0 5 kA
170 Hi-Z Leakage Current (V;, = 0.4 Vto V¢ - 0.4 V)
Timer, PAO-PA7, PBO-PB7, PCO-PC3 (with no pull-downs) Is) -10 - 10 kA
Hi-Z State Input Current (Vi =Vcc — 0.4 V)

PAO-PA7, PBO-PB7, PCO-PC3 (with pull-downs) Its1 40 - 300 HA
input Current Tﬁﬁ, RESET, XTAL, MDS lin -1 - +1 uA
1/0 Output Capacitance Timer, PAO-PA7, PBO-PB7, PCO-PC3 Cout - - 12 pF
Input Capacitance TRQ, RESET, XTAL, MDS Cin - — 8 pF

NOTE : Test conditions for Ipp as follows :
XTAL input is a square wave from 0.2 V to Vg — 0.2 V.
EXTAL outputload = 10 pF
Circuit in self check-mode
In WAIT and STOP Modes, Port A is programmed as output, Ports B and C are programmed as inputs.
In STOP Mode : all inputs are tied to V)_ excepted IRQ, RST, MDS, XTAL, EXTAL which are tied to V.
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7.6 CONTROL TIMING @5.0V

(Vcc =5.0 Vdc £ 10 % ; Vgg =0 Vdc ; Ta = T to TH unless otherwise noted).

Characteristic Symbol Min Typ Max Unit
Oscillator Frequency
+ 2,+ 4 options fosc 0 - 1.0 MHz
+ 1 option fosc 0 - 5.5 MH2z
Bit Time thit 0.182 - - us
Bit Cycle Time by te 2.18 — - I3
TRQ and TIMER Pulse Width WL, TWM 2 - - thyte
RESET Pulse Width tRWL 2 - - toyte
Oscillator Pulse Width =+ 2, =+ 4 options tOL. tOH 45 - - ns
=+ 1 option 90 - - ns
7.7 ELECTRICAL CHARACTERISTICS @ 3.3V
(Vcc=3.3Vdc+10 % ; Vgs =0 Vdc ; Ta = T to TH unless otherwise noted).
Characteristic Symbol Min Typ Max Unit
Qutput voltage
(ILoad = 10 nA) VoL - - 0.1 v
(ILoad = —10 #A) VOH vee - 0.1 - -
Output Low Voltage (I o3¢ = 0.4 mA)
PAO-PA7, PBO-PB7, PCOPC3 VoL - - 0.4 v
Output High Voltage (I o34 = ~0.4 mA)
PAO-PA7, PBOPB7,PCOPC3 VoH vce -04 - - v
Input Low Voltage -
PAO-PA7. PBO-PB7, PCOPC3, TIMER ViL Vss - 03 vce v
XTAL, MDS, TRQ, RESET ViL Vss - 0.2 Vce ,.4
Input High Voltage
PAOPA7, PBO-PB7, PCOPC3, TIMER ViH 0.7 Vee - Vee \
XTAL, MDS, iRQ, RESET ViH 0.8 Vee - vee
Total Supply Current (No dc Loads,
(No dc Loads, Vi =0.2V ;Vyy =Vcc - 0.2V)
RUN Mode
+ 1 Option (foge = 3.0 MH2) oD - 0.7 T8D mA
+ 2 Option (fogc = 6.0 MHz) oD - 09 T8D mA
+ 4 Option (foge = 6.0 MHz) 100 - 0.6 T8D mA
WAIT Mode (See Note)
+ 1 Option (fogc = 3.0 MH2) oo - 0.25 T8D mA
+ 2 Option (fygc = 6.0 MHz2) Ibo - 0.40 T8D mA
+ 4 Option (fogc = 6.0 MHz) (1Y) - 0.35 T8D mA
STOP Mode (See Note) Ipp - 0.5 2 uA
170 Hi-Z Leakage Current (V;, =0.4 Vto Voc = 0.4 V)
Timer, PAO-PA7, PBO-PB7, PCO-PC3 (with no pull-downs) ITs) -10 - 10 uA
Hi-Z State Input Current (Vi = Ve — 0.4 V)
PAO-PA7,PBO-PB7, PCO-PC3 (with pull-downs) ITsi - 125 - BA
Input Current iRQ, RESET, XTAL, MDS lin -1 - .1 A
1/0 Output Capacitance Timer, PAO-PA7, PBO-PB7, PCO-PC3 ‘Cout - - 12 pF
Input Capacitance TRQ, RESET, XTAL, MDS Cin - - 8 pF
NOTE : Test conditions for Ipp as follows :
XTAL input is a square wave from 0.2 V to Vgc — 0.2 V.
EXTAL outputioad = 10 pF
Circuit in self check-mode
in WAIT and STOP Modes, Port A is programmed as output, Ports B and C are programmed as inputs.
In STOP Mode : all inputs are tied to Vy_ excepted IRQ, RST, MDS, XTAL, EXTAL which are tied to V4.
37/44
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7.8 CONTROLTIMING@ 3.3V

(Vcc=3.3Vdec+ 10 % ; Vgg =0 Vdc ; TA = TL to TH unless otherwise noted).

Characteristic Symbol Min Typ Max Unit
Oscillator Frequency
+ 2,+ 4 options fosc 1] - 6.0 MH2
+ 1 option fosc 0 - 3.0 MHz
Bit Time thit 0.333 - - us
Bit Cycle Time thyte 4.0 — — us
TRQ and TIMER Pulse Width WL WM 2 - - tbyte
RESET Pulse Width tRWL 2 ~ - thyte |
Oscillator Pylse Width + 2, + 4 options toL. tOH 80 - - ns
=+ 1 option 160 — - ns
7.9 ELECTRICAL CHARACTERISTICS @ 2.2V
(Vcc=2.2Vdc+ 10 % ; Vgg =0 Vdc ; TA = T to TH unless otherwise noted).
Characteristic Symbol Min Typ Max Unit
Output voltage
(I oad = 10 pA) VoL - 0.1 - v
{ILoad = =10 4A) VoH - Vee- 01 -
Output Low Voltage (I 54 = 0.2 mA)
PAO-PA7, PBO-PB7, PCO-PC3 VoL - 0.4 - v
Output High Voltage (I o34 = 0.2 mA)
PAO-PA7, PBO-PB7, PCO-PC3 VoH - Vee- 04 - v
input Low Voltage
PAO-PA7,PBO-PB7, PCOPC3, TIMER vViL - 0.3 Vee - v
XTAL, MDS, TRQ, RESET ViL - 0.2Vee -
Input High Voltage
PAO-PA7, PBO-PB7, PCO-PC3, TIMER ViH - 0.7 Vee - v
XTAL, MDS, TRQ, RESET ViH - 0.8Vce -
Total Supply Current (No dc Loads,
(No dc Loads, Vj =0.2V ;Vyy =Vgg = 0.2 V)
RUN Mode
+ 1 Option (foge = 1.0 MHz) oo - 150 T8D uA
+ 2 Option (fogc = 2.0 MHz) pp - 175 T80 HA
+ 4 Option (foge = 2.0 MHz) oD - 115 TBD uA
WAIT Mode (See Note)
+ 1 Option (fogc = 1.0 MHz) oo - 50 8D HA
+ 2 Option (fogc = 2.0 MHz) Ipp - 80 T8D HA
+ 4 Option (fosc = 2.0 MHz) oo - 70 T8D uA
STOP Mode (See Note) oo - 0.5 2 pA
1/0 Hi-Z Leakage Current (Vir =04 Vto Vee-04V)
Timer, PAO-PA7, PBO-PB7, PCO-PC3 (with no pull-downs) st -10 - 10 uA
Hi-Z State Input Current (Vi = V¢ - 0.4 V)
PAO-PA7, PBO-PB7, PCO-PC3 (with pull-downs) 751 - 7% - uA
Input Current IRQ, RESET, XTAL, MDS lin ] - +1 nA
1/0 Output CapacitanceTimer, PAO-PA7, PBO-PB7, PCO-PC3 Cout - - 12 pF
Input Capacitance TRQ, RESET, XTAL, MDS Cin - - 8 pF

NOTE : Test conditions for Ipp as follows :

XTAL input is a square wave from 0.2 V to V¢ — 0.2 V.

EXTAL output load = 10 pF
Device in self check-mode

In WAIT and STOP Modes, Port A is programmed as output, Ports B and C are programmed as inputs.

In STOP Mode : all inputs are tied to V)_ excepted IRQ,

38/44
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7.10 CONTROLTIMING @ 2.2V
(Vcc=2.2Vdc £ 10 % ; Vgs =0 Vdc ; TA = T to TH unless otherwise noted).

Characteristic Symbol Min Typ Max Unit
Oscillator Frequency
+ 2,+ 4 options fosc 0 20 - MHz
<+ 1 option fosc 0 1.0 - MHz
Bit Time thit - 1.0 - us
Bit Cycle Time thy te - 12.0 - s
TRQ and TIMER Pulse Width WL, tWMm 2 - - toyte |
RESET Pulse Width tRWL 2 -~ - thyte
Oscillator Pulse Width =+ 2, + 4 options toL. toH - 250 - ns
<+ 1 option - 500 - ns
39/44
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SECTION 8
MECHANICAL DATA

This section contains the pin assignment and package dimension diagrams for the EF68HC04P3

microcomputer.

8.1 PIN ASSIGNMENTS

vss1@ ~  mpreser
iRaQ2 27[0pA7
veels 26 1 PA6
EXTALQ 4 25 PAS
XTAL{ 5 24[1PA4
MDS ] 6 23[JPA3
TIMER(] 7 22(1PA2
pco(s 21PpPA1
pci9 20 IPAD
pc2(] 10 19 Pe7
pcag] 1 18 ) PB6
PBO[] 12 17 {1PB5
PB1[]13 16 [} PB4
PB2[] 14 15 pPB3
4
IS Oc &g ~ o
o >°|E SR
T O N - D
XTALOS (@) 2511 PAS
MDS 1 6 24 3 PA4
TIMERO? . 23 PA3
pcolls EF 68HCO04 P3 22 [J PA2
pci1C9 21 [ PA1
PCc20410 20 PAO
PC3 11 1901 P87
Sogwene |
aguooguaugoud
R EERE
a 0 o 6 o o o
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8.2 PHYSICAL DIMENSIONS

mm
©2254(2)

e4e e 0 0 0 0.0, 0

éﬂﬁﬁ%ﬁﬁ

P/}
noanAooaOOAo@nomeo

CB-132

Datum _— (1) Nominal dimension
’_1 (2) True geometrical position
Or.
‘: WU UOUUJd l."l
281 mox. _hq)_
285 P SUFFIX
DIN '
ASIE F 144 CB-132
CEl DATA. JEDEC SITELESC
8
CB-520
000 FN SUFFIX
N 0,812 28
]
Q64 j__'}JLw_
om min. f 0,533 '
IMO-047-A8 CB-520
CEIl DATA, JEDEC SITELESC
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SECTION 9
ORDERING INFORMATION

9.1 INTRODUCTION

The following information is required when ordering a custom MCU. The information may be
transmitted to THOMSON SEMICONDUCTEURS in the following media:

EPROM(s), ET2716 or ET2732

EFDOS/MDOS*, disk file

Toinitiate a ROM pattern for the MCU, it is necessary to first contact your local field service office,
local sales person, or your local THOMSON SEMICONDUCTEURS representative.

9.1.1 EPROMs

A 2716 or 2732 type EPROM, programmed with the customer program (positive logic sense for
address and data), may be submitted for pattern generation. Since all program and data space
information will fiton one 2716 or 2732 EPROM, the EPROM must be programmed as follows in
order to emulate the EFE8HC04P3 MCU. Start the data space ROM at EPROM address $018
and start program space ROM at EPROM address $960 and continue to memory space
$FFF. All unused bytes, including the user’s space, must be set to zero. For shipment to
THOMSON SEMICONDUCTEURS the EPROMSs should be placed in a conductive IC carrier and
packed securely. Do not use styrofoam.

9.1.2 EFDOS/MDOS* Disk File

An EFDOS/MDOS* disk, programmed with the customer program (positive logic sense for address
and data), may be submitted for pattern generation. When using the EFDOS/MDOS* disk, include
the entire memory image of both data and program space. All unused bytes, including the user's
space, must be set to zero.

9.2 VERIFICATION MEDIA

All original pattern media (EPROMs or floppy disk) are filed for contractual purposes and are not
returned. A computer listing of the ROM code will be generated and returned along with a listing
verification form. The listing should be thoroughly checked and the verification form completed,
signed, and returned to THOMSON SEMICONDUCTEURS. The signed verification form consti-
tutes the contractural agreement for creation of the customer mask. If desired, THOMSON
SEMICONDUCTEURS will program a blank 2716, 2732, or EFDOS disk (supplied by the custo-
mer) from the data file used to create the custom mask to aid in the verification process.

* Requires prior factory approval.

THOMSON SEMICONDUCTEURS e
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9.3 ROM VERIFICATION UNITS (RVUs)

Ten MCUs containing the customer’'s ROM pattern will be sent for program verification. These units
will have been made using the custom mask but are for the purpose of ROM verification only. For
expediency they are usually unmarked, packaged in ceramic, and tested only at room temperature
and five volts. These RVUs are included in the mask charge and are not production parts. These
RVUs are not backed nor guaranteed by THOMSON SEMICONDUCTEURS Quality Assurance.

9.4 FLEXIBLE DISKS

The disk media submitted must be single-sided, EFDOS/MDOS* compatible floppies. The custo-
mer must clearly label the disk with the ROM pattern file name. The minimum EFDOS/MDOS*
system files as well as the absolute binary object files (filename.LO type of file) and filename.
DO if necessary from the EF6804 cross-assembler must be on the disk. An object file made from
a memory dump, using the ROLLOUT command is also admissable. Consider submitting a source
listing as well as : filename,..LX (DEVICE®/EXORciser loadable format) . This file will of course
be kept confidential and is used 1) to speed up the process in house if any problems arise, and 2) to
speed up our customer to factory interface if a user finds any software errors and needs assistance
quickly from the factory representative.

* Requires prior factory approval.
DEVICE®is a registered trademark from THOMSON SEMICONDUCTEURS.

EXORciser®is a registered trademark of MOTOROLA INC.

ORDERING INFORMATION
|EF68HC04P3, C | V | )

De?:icn I Screening level

Package Oper. temp.
The table below shows alt suffix ions for pach
fevel. Other possibilities on request.

PACKAGE OPER. TEMP SCREENING LEVEL

[ P Nl L D |V |8d | D T
L] [ J ® ® [

EF68HCO4P3

Examples : EF68HCO4P3P, EF68HCO4P3FN.

Package: C: Ceramic DIL, DIL, P: Plastic DIL, FN: PLCC. i

Oper. temp.: L*: 0°Cto+ 70°C, D: — 25°Cto + 70°C,V: — 40°C to + 85°C, T: — 40°C to + 105°C.
Screening level: Std: (no-end suffix), D: NFC 96883 level D.

* May be omitted.

A reduced-packaged ion of the EF68HCO04P3 (28 pins) will be available in a 20-pin
package : EF68HCO04J3.

These specifications are subject to change without notics.
Please inquire with our sales offices about the availability of the different products.
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EF6805P2
8-BIT MICROCOMPUTER

ADVANCE INFORMATION

The EF6805P2 Microcomputer Unit (MCU) is a member of the
EF6805 Family of low-cost single-chip microcomputers. This 8-bit
microcomputer contains a CPU, on-chip CLOCK, ROM, RAM, 1/0, and
TIMER. It is designed for the user who needs an economical microcom-
puter with the proven capabilities of the 6800 -based instruction set.A
comparison of the key features of several members of the 6805 Family
is shown at the end of this data sheet. The following are some of
the hardware and software highlights of the EF6805P2 MCU.

HARDWARE FEATURES
@ 8-Bit Architecture
® 64 Bytes of RAM
® Memory Mapped /0
® 1100 Bytes of User ROM
® 20 TTL/CMOS Compatible Bidirectional 1/0 Lines (8 Lines are
LED Compatible)
® On-Chip Clock Generator
® Self-Check Mode
@ Zero Crossing Detection
® Master Reset
® Complete Development System Support on DEVICE®
® 5V Single Supply

SOFTWARE FEATURES
® Similar to 6800 Family
@ Byte Efficient Instruction Set
@ Easy to Program
@ True Bit Manipulation
@ Bit Test and Branch Instruction
® Versatile Interrupt Handling
Versatile Index Register
Powerful Indexed Addressing for Tables
Full Set of Conditional Branches
Memory Usable as Register/Flags
Single Instruction Memory Examine/Change
10 Powerful Addressing Modes
® All Addressing Modes Apply to ROM, RAM, and I/0

USER SELECTABLE OPTIONS
@ Internal 8-Bit Timer with Selectable Clock Source (External Timer
Input or Internal Machine Clock)
® Timer Prescaler Option (7 Bits, 2N)
@ 8 Bidirectional I/0 Lines with TTL or TTL/CMQOS Interface Option
® Crystal or Low-Cost Resistor Oscillator Option
® Low Voltage Inhibit Option
® Vectored Interrupts: Timer, Software, and External

DEVICE®is THOMSON SEMICONDUCTEURS' development/emulation tool.

P SUFFIX
PLASTIC PACKAGE

CB-520
FN SUFFIX
PLCC 28
PIN ASSIGNMENT
vssf1e N RESET
iNT O 2 27[1PA7
VeeQ)3 26[1PA6
EXTALO 4 250 PAS
xTALD 5 2a[1PA4
NUMO 6 23[PA3
TIMER 7 2201 PA2
pco] 8 21PAl
PCif] 9 20[1PAO
PC2[]10 191 P87
Pcsd 1 18[1PB6
PBOQ12 17{1PBS
pe1[}13 163pe4
PB20}14 15{1PB3

JUNE 1986 1/24
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EF6805P2

XTAL EXTAL  RESET NUM INT
TIMER—=|_ Prescaler Timer/
7 8 Counter
Timer Control Oscillator ‘—J
}s— PBO
Accumulator | T
cPU Data | Port [S—#PB2 Port
Index Control Dir. B PBi I/BO
. e—e- PB.
PAQ = Register r Reg. | Reg. PBS Lines
PAI * Condition te—PB6
PX" z:g Port | Data Code f-—ePB7
e i Register
10 PA4 ~a—ud R: Ff;'" — (o Tegster cof gy
Lines PAS i 9 9- Stack
PAG <—an 5 Pointer sp
PA7 o] D le— PCO Port
Program ata | Port [*—ePC1 C
— Dir. C
Counter —ePC2 1/0
High PCH| Reg. | Reg. :
3 9 ALU [e—PC3 Lines
1100 X 8 Program
User ROM |[—& Counter
116 X 8 Self- 8 Low PCL ] 54 X8
Check ROM 1 RAM
FIGURE 1 — EF6805P2 HMOS MICROCOMPUTER BLOCK DIAGRAM
MAXIMUM RATINGS
] 3 This device contains circuitry to protect the
Rating Symbol Value Unit | inputs against damage due to high static
Supply Voltage Vee —-0.3t0 +7.0 vV voltages or electric fields, however, it is ad-
Input Voltage (Except Pin 6) Vin —03t0 +7.0 v vised that normal precautions be taken to
o avoid application of any voltage higher than
Operating Temperature Range Ta 0to+70 ¢ maximum rated voltages to this high-
(TL to TH) V suffix —40 to +85 impedance circuit. For proper operation it is
Storage Temperature Range Tsig —55 10 + 150 °C recommended that Vin and Voyt be con-
5 strained to the range Vgs=(Vjy or Vout)
Junc’l;lon Temperature T 150 ¢ =<V¢c. Reliability of operation is enhanced if
astic 15 unused inputs are tied to an appropriate logic
PLCcc 0 voltage level (e.g., either Vgg or Vce).
THERMAL CHARACTERISTICS
Ch istil Symbol Value Unit
Thermal Resistance 6JA °C/W
Plastic 70
PLCC 110

POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:

Ty=Ta+(Ppedja)
Where:

TA = Ambient Temperature, °C
6 )= Package Thermal Resistance, Junction-to-Ambient, °C/W

PD=PINT+PPORT

PINT=IcCcx Ve, Watts — Chip Internal Power
PPORT=Port Power Dissipation, Watts — User Determined
For most applications PPORT < PINT and can be neglected. PPORT may become significant if the device is configured to

drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T (if PPORT is neglected) is:

Pp=K+(TJ+273°C)
Solving equations 1 and 2 for K gives:
K=PDe(TA +273°C) + 6 APD?

(1)

2)

(3)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known T A. Using this value of K the values of Pp and T J can be obtained by solving equations (1) and (2) iteratively for any

value of TA.

2/24
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EF6805P2

ELECTRICAL CHARACTERISTICS (Vco= +5.25 Vdc £0.5 Vdc, Vg5 =0 Vde, Ta = Ty to TH unless otherwise noted)

Ch Symbol Min Typ Max Unit,
Input High Voltage
RESET (4.75sV((Cs5.75) 4.0 - vee
(Vce<4.75) Vce—-05 - Vee
iNT (4.75sV(cs5.75) ViH 40 * vee v
Vcc<4.75) Vee—-05 * vee
All Other (Exept TIMER) 20 - Vee
Input High Voltage Timer
Timer Mode ViH 20 - Vee+! v
Self-Check Mode 9.0 10.0 150
Input Low Voltage
INT ViL Vss * 15 \
All Other Vss = 08
RESET Hysteresis Voltage (See Figures 10, 11, and 12)
“Out of Reset”” VIRES + 21 - 4.0 v
“Into Reset” VIRES - 0.8 - 2.0
m_? Zero Crossing Input Voltage, Through a Capacitor VINT 20 - 4.0 Vac p-p
Internal Power Dissipation—No Port Loading Vcc=5.75 V, To=0°C PINT ~ 400 690 mw
Input Capacitance
XTAL Cin - 25 - pF
All Other - 10 -
Low Voltage Recover VLVR — — 4.75 \
Low Voltage Inhibit 0 to +70°C vivi 2.75 3.5 - v
—40 to +85°C 3.1 35 -
tnput Current v
TIMER (Vi =0.4 V) - - 20
NT (Vin=2.4 V1o Vce) - 20 50
EXTAL (Vin=2.4 V to V¢, Crystal Option) lin - - 10 A
(Vin=0.4 V, Crystal Option) - - — 1600
RESET (Vj=0.8 V) -40 - — 40
(External Capacitor Charging Current)
#* Due to internal biasing, this input (when unused) floats to approximately 2.0 Vdc.
PORT DC ELECTRICAL CHARACTERISTICS (Ve = +5.25 Vdc +0.6 Vdc, Vgg =0 Vdc, Ta =T 10 T}y unless otherwise noted)
Characteristic [ symbol | Min T Tvp | Max | uni
Port A with CMOS Drive Enabled
Output Low Voltage, I gad=1.6 mA VoL - - 0.4 v
Output High Voltage, lLoad=— 100 pA VoH 24 — - A
Output High Voltage, I oag= —10 4A Vou [Vec— 19 - - \
Input High Voltage, Iw - 300 A (max.) ViH 20 - Vee \
Input LowVoltage, | oaq= —500 yA (max.) ViL Vs - 0.8 v
Hi-Z State Input Current (Vin=2.0 V to Vcc) 4 - - —300 A
Hi-Z State Input Current (Vin=0.4 V) i, - - —500 sA
Port B
Output Low Voltage, I gad=3.2 mA VoL - - 04 v
Output Low Voltage, I gag= 10 mA (sink) VoL - - 1.0 \
Output High Voltage, || gag= —200 gA VoH 24 - - v
Darlington Current Drive (Source), Vo=1.5V IoH -1.0 - -10 mA
Input High Voltage ViH 2.0 = Vce \
Input Low Voltage Vi V§§7 — 08 v
Hi-Z State Input Current ITs1 - 2 10 nA
Port C and Port A with CMOS Drive Disabled
Output Low Voltage, I{ gad=1.6 mA VoL - - 0.4 v
Output High Voltage, 1| gag= — 100 gA VoH 24 - - 4
Input High Voltage ViH 2.0 - vVee v
Input Low Voltage ViL Vss - 0.8 v
Hi-Z State Input Current ITsi - 2 10 pA
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SWITCHING CHARACTERISTICS (Vcc= +5.25 Vde 0.5 Vde, Vg =0 Vdc, Ta = TL to Ty unless otherwise noted)

Ch Symbol Min Typ Max Unit
Oscillator Frequency EF6805P2 0.4 - 4.2
EF6BA05P2 fosc 0.4 - 6.0 MHz
- EF68B05P2 0.4 - 8.0
Cycle Time (4/fosc) toye 0.95 = 10 pS
INT and TIMER Puise Width (See Interrupt Section) WL, tWH toyc + 250 - - ns
[ RESET Pulse Width tRWL toyc+ 260 - - ns
| RESET Delay Time (External Capacitance= 1.0 gF) TRHL . — | 100 = ms
INT Zero Crossing Detection Input Frequency (+5° Accuracy) fINT 0.03 — 1.0 kHz -
External Clock Input Duty Cycle (EXTAL) - 40 50 60 %

Vee=56.75V
Test 1N916 .

Point or Equiv.

1.5k0

40 pF

(Total

1.25k0y 1N4148
or Equiv.

Test Point 0—-1

Vee=5.75V

Test 1N916
Point or Equiy

2.97kQ

1N4148
‘or Equiv.

30 pF (Totah 30 pF
(Total)

—

FIGURE 2 — TTL EQUIVALENT TEST LOAD | FIGURE 3 — CMOS EQUIVALENT TEST LOAD FIGURE 4 — TTL EQUIVALENT TEST LOAD
(PORT A)

{PORT B)

SIGNAL DESCRIPTION
The input and output signals for the MCU, shown in
Figure 1, are described in the following paragraphs.

Vce AND Vss
Power is supplied to the MCU using these two pins. VcC
is power and Vsg is the ground connection.

iNT

This pin provides the capability for asynchronously apply-
ing an external interrupt to the MCU. Refer to Interrupts sec-
tion for additional information.

XTAL AND EXTAL

These pins provide connections to the on-chip clock
oscillator circuit. A crystal, a resistor, or an external signal,
depending on the user selectable manufacturing mask op-
tion, can be connected to these pins to provide a system
clock source with various stability/cost tradeoffs. Lead
lengths and stray capacitance on these two pins should be
minimized. Refer to Internal Clock Generator Options section
for recommendations about these inputs.

TIMER

This pin allows an external input to be used to decrement
the internal timer circuitry. Refer to Timer section for addi-
tional information about the timer circuitry.

RESET

This pin allows resetting of the MCU at times other than
the automatic resetting capability already in the MCU. Refer
to Resets section for additional information.

NUM

This pin is not for user application and must be connected
to Vss.

INPUT/OUTPUT LINES (PAQ-PA7, PBO-PB7, PCO-PC3)
These 20 lines are arranged into two 8-bit ports (A and B)
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(PORTS A AND C)

and one 4-bit port (C). All lines are programmable as either
inputs or outputs under software control of the data direc-
tion registers. Refer to Inputs/Outputs section for additional
information.

MEMORY

As shown in Figure 5, the MCU is capable of addressing
2048 bytes of memory and I/0 registers with is program
counter. The EF6805P2 MCU has implemented 1288 of
these locations. This consists of: 1100 bytes of user ROM,
(from $080 to $OFF and from $3CO to $783) 116 bytes of
self-check ROM, 64 bytes of user RAM, 6 bytes of port /0,
and 2 timers registers. The ROM division allows 128 bytes
of ROM to be addressed with direct instructions.

The stack area is used during the processing of interrupt
and subroutine calls to save the processor state. The regis-
ter contents are pushed onto the stack in the order shown
in Figure 6. Because the stack pointer decrements during
pushes, the low order byte (PCL) of the program counter is
stacked first; then the high order three bits (PCH) are

-stacked. This ensures that the program counter is loaded

correctly, during pulls from the stack, since the stack pointer
increments during pulls. A subroutine call results in only the
program counter (PCL, PCH) contents being pushed onto
the stack. The remaining CPU registers are not pushed.

CENTRAL PROCESSING UNIT
‘The CPU of the EF6805 Family is implemented in-
dependently from the /O or memory configuration. Conse-
quently, it can be treated as an independent central pro-
cessor communicating with 1/0 and memory vfa internal ad-
dress, data, and control buses.

REGISTERS
The 6805 Family CPU has five registers available to the
programmer. They are shown in Figure 7 and are explained in
the following paragraphs.




EF6805P2

7 76 54 3210
000 1/0 Ports $000 0 Port A $000
Timer
Port B $001
Page Zero RAM ! or
Access with | o5 (128 Bytes) $O7F 21111 1] PortC |$002
Short $080
128 $003
Instructions Page Zero 3 NotUsed
User ROM 4 Port A DDR $004%*
(128 Bytes) Port B DDR $005%
255 . $OFF 5 or
26 $100 6 | NotUsed [Port C DDR| s006%
Not Used 7 Not Used $007
(704 Bytes)
959 $3BF 8 Timer Data Reg $008
960 Main User $3C0 9| Timer Control Reg | $009
ROM 10 $00A
964 B ) Not Used
ytes
1923 $783 63 (54 Bytes) $03F
1924 Self Check s784 64 $040
ROM RAM
(116 Bytes) (64 Bytes)
;gzg $7F7
2041 | Timer Interrupt 2%%3 Stack
I\r}xerrupt ggz% _Eﬁrgln_(erru_m Z%E% (31 Bytes
ectors ) 2044
%832 L _SW(_ _ S7FD Maximum)
S$TFE
2047 RESET STFF 127 $07F

* Caution: Data direction registers (DDRs) are write-only; they read as $FF.

FIGURE 5 — MCU ADDRESS MAP

7 6 5 4 3 2 1 0 Pull
} n-41 111 ] Coiznlgz;:ter n+1
n-3 Accumulator n+2
n-2 Index Register n+3
n=1 11111 1 PCH* | n+4

n PCL¥* n+5 ]

Push

*For subroutine calls, only PCL and P

ACCUMULATOR (A)

The accumulator is a general purpose 8-bit register used to
hold operands and results of arithmetic calculations or data

manipulations.

CH are stacked.

FIGURE 6 — INTERRUPT STACKING ORDER

THOMSON SEMICONDUCTEURS
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0
J Accumulator

——~ —-‘\1
>

Index Register

Program Counter

0

x 1
10 87 0
[ pen | PCL |
10 54 0
[ofofofo[+ 0] so |

Stack Pointer

H{Il|[N]|] Z CI Condition Code Register

Carry/Borrow

Zero

Negative
Interrupt Mask
Half Carry

FIGURE 7 — PROGRAMMING MODEL
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INDEX REGISTER (X)

The index register is an 8-bit register used for the indexed
addressing mode. It contains an 8-bit value that may be
added to an instruction value to create an effective address.
The index register can also be used for data manipulations
using the read-modify-write instructions. The index register
may also be used as a temporary storage area.

PROGRAM COUNTER (PC)
The program counter is an 11-bit register that contains the
address of the next instruction to be executed.

STACK POINTER (SP)

The stack pointer is an 11-bit register that contains the ad-
dress of the next free location on the stack. Initially, the
stack pointer is set to location $07F and is decremented as
data is pushed onto the stack and incremented as data is
pulled from the stack. The six most significant bits of the
stack pointer are permanently configured to 000011. During
an MCU reset or the reset stack pointer (RSP) instruction,
the stack pointer is set to location $07F. Subroutines and in-
terrupts may be nested down to location $061 (31 bytes max-
imum) which allows the programmer to use up to 15 levels of
subroutine calls.

CONDITION CODE REGISTER (CC)

The condition code register is a 5-bit register in which four
bits are used to indicate the results of the instruction just ex-
ecuted. These bits can be individually tested by a program
and specific action taken as a result of their state. Each in-
dividual condition code register bit is explained in the follow-
ing paragraphs.

HALF CARRY (H) — Set during ADD and ADC instruc-
tions to indicate that a carry occurred between bits 3 and 4.

INTERRUPT (I) — This bit is set to mask (disable) the
timer and external interrupt ({INT). If an interrupt occurs
while this bit is set, the interrupt is latched and is processed
as soon as the interrupt is cleared.

NEGATIVE (N) — Used to indicate that the result of the
last arithmetic, logical, or data manipulation was negative
(bit 7 in result equal to a logical one).

ZERO (2) — Used to indicate that the result of the last
arithmetic, logical, or data manipulation was zero.

CARRY/BORROW (C) — Used to indicate that a carry or
borrow out of the arithmetic logic unit (ALU) occurred dur-
ing the last arithmetic operation. This bit is also affected dur-
ing bit test and branch instructions plus shifts and rotates.

TIMER

The EF6805P2 MCU timer circuitry is shown in Figure 8.
The 8-bit counter may be loaded under program control and
is decremented toward zero by the clock input (prescaler
output). When the timer reaches zero, the timer interrupt re-
quest bit (bit 7) in the timer control register (TCR) is set. The
timer interrupt can be masked (disabled) by setting the timer
interrupt mask bit (bit 6) in the TCR. The interrupt bit (I bit} in
the condition code register also prevents a timer interrupt
from being processed. The MCU responds to this interrupt
by saving the present CPU state on the stack, fetching the
timer interrupt vector from locations $7F8 and $7F9, and ex-
ecuting the interrupt routine; see the Interrupts section. THE
TIMER INTERRUPT REQUEST BIT MUST BE CLEARED BY
SOFTWARE.

The clock input to the timer can be from an external
source (decrementing of timer counter occurs on a positive
transition of the external source) applied to the TIMER
input pin or it can be the internal ¢2 signal. Three machine
cycles are required for a change in state of the TIMER pin
to decrement the timer prescaler. The maximum fre-
gy%ency of a signal that can be recognized by the TIMER or
INT pin logic is dependent on the parameter labeled tyy|,
twH- The pin logic that recognizes the high (or low) state
on the pin must also recognize the low state on the pin in
order to “re-arm” the internal logic. Therefore, the period
can be calculated as follows: (assumes 50/50 duty cycle
for a given period)

1

X2+ 2! =period= —

teye 50 ns = period req

The period is not simply ty| + twH. This computation is

allowable, but it does reduce the maximum allowable fre-

quency by definingan unnecessarily longer period (250 ns
twice).

Whgn the ¢2 signal is used as the source, it can be gated

by an input applied to the TIMER input pin allowing the user

to easily perform pulse-width measurements. (NOTE: For

®2
(Internal)
Prescaler
20| 21 22 23 24 25 26 27 Timer
-+ Timer
TIMER Request  Interrupt
1 (TIR)  Mask (TIM)
fput 1 T { T WO O ¥ Not Used
Pin
Clock y T8 I A N T N B B
Input 2’:? b7'be’ ¥ T T T Ty
8-Bit Counter >
- Timer Data Register (TDR) Timer Control Register (TCR)
Manufacturing
Mask
Options Wiite Read Write  Read
Internal Data Bus

FIGURE 8 — TIMER BLOCK DIAGRAM
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ungated ¢2 clock inputs to the timer prescaler, the TIMER
pin should be tied to V¢c.) The source of the clock input is
one of the mask options that is specified before manufacture
of the MCU.

A prescaler option can be applied to the clock input that
extends the timing interval up 10 @ maximum of 128 counts
before decrementing the counter. This prescaling mask
option is also specified before manufacture. To avoid trun-
cation errors, the prescaler is cleared when bit 3 of the
timer counter register is written to a logic one. (This bit
always needs a logic 0).

The timer continues to count past zero, falling from $00
to$FF and then continuing the countdown. Thus, the coun-
ter can be read at any time by reading the timer data
register (TDR). This allows a program to determine the
length of time since a timer interrupt has occurred without
disturbing the counting process.

At power-up or reset, the prescaler and counter are
initialized with all logical ones, the timer interrupt request
bit (bit 7) is cleared and the timer interrupt mask bit (bit 6)
is set.

SELF-CHECK

The self-check capability of the EF6805P2 MCU provides
an internal check to determine if the part is functional. Con-
nect the MCU as shown in Figure 9 and monitor the output
of port C bit 3 for an oscillation of approximately 7 Hz. A
10volt level on the TIMER input, pin 7, energizes the ROM-
based self-check feature. The self-check program exercises
the RAM, ROM, TIMER, interrupts, and 1/0 ports.

RESETS

The MCU can be reset three ways: by initial power-up, by
the external reset input (RESET) and by optional, internal,
low-voltage detect circuits. The RESET input consists
mainly of a Schmitt trigger that senses the RESET line
logic level. A typical reset Schmitt trigger hysteresis curve
is shown in Figure 11. The Schmitt trigger provides an
internal reset voltage if it senses a logical zero on the
RESET pin.

POWER-ON RESET (POR)

Aninternal reset is generated upon power-up that allows
the internal clock generator to stabilize. A delay of tgy_
milliseconds is required before allowings the RESET input
to go high. See the power and reset timing diagram (see
Figure 10). Connecting a capacitor to the RE! input
(see Figure 12)typically provides sufficient delay. During
power-up, the Schmitt trigger switches on (removes
reset) when RESET rise to V|geg*-

EXTERNAL RESET INPUT

The MCU is reset when a logic zero is applied to the
RESET input for a period longer than one machine cycle
(tcyc) Under this type of reset, the Schmitt trigger
switches off are VIRgS- to provide an internal reset volt-
age.

LOW VOLTAGE INHIBIT (LVI)

The optional low-voltage detection circuit causes areset
of the MCU if the power supply voltage falls below a
certain level (Vv)). The only requirement is that the Vcc
must remain at or below the V| v threshold for one t¢yc
minimum.

Self-Check Error Patterns

PC1 PCO Problem
0 0 Interrupt Failure
0 1 Bad Port A or Port B
1 0 Bad RAM
1 1 Bad RAM
All 4 LEDs Flashing] Good Device

NOTE

When PC1 or PCO is O, the LED is on.

2 | INT pa7 |27
PAG | 26
RESE 28 | RESET pas |25
]
1.0 uF 24
I PA4
= 5 | XTAL PA3 |3
% PA2 |22
— 4 | EXTAL pA1 |2l
PAO |20
+10v 10Kk 71 TivMeR
EF6805P2 pgy |19
6 | NUM PB6 |18
Vce _L—— pas |17
PB4 [16
PCO pe3 |18
PCI pa2 |14
PC2 PB1 |13
PC3 PBO |12
Vee=Pin3

Vgg=Pin 1

*This connection depends on the clock oscillator user selectable mask option.

Use crystal if that option is selected.

FIGURE 9 — SELF-CHECK CONNECTIONS

THOMSON SEMICONDUCTEURS

2231

2l24




EF6805P2

In typical applications, the V¢ bus filter capacitor will
eliminate negative-going voltage glitches of less thanone
teyc The output from the low-voltage detector is con-
nected directly tothe internal reset circuitry. It alsoforces
the RESET pin lowvia a strong discharge device through a
resistor. The internal reset is removed once the power
supply voltage rises above a recovery level (Vi yR) at
which time a normal power-one reset occurs.

INTERNAL CLOCK GENERATORS OPTIONS

The internal clock generator circuit is designed to
require a minimum of external components. A crystal, a
resistor, a jumper wire, or an external signal may be used
to generate a system clock with various stability/cost
tradeoffs.

A manufacturing mask option is used to select crystal or
resistor operation.

The different connection methods are shown in Fig-
ure 13. Crystal specifications and suggested PC board
layouts are given in Figure 14. A resistor selection graph
is given in Figure 15.

The crystal oscillator start-up time is a function of many
variables: crystal parameters (especnally Rg, oscillator
load capacitances, IC par S, it perature,
supply voltage and supply voltage turn-on time). To
ensure rapid oscillator start-up, neither the crystal char-
acteristics nor the load capacitances should exceed
recommendations.

When utilizing the on-board oscillator, the MCU should
remain in the reset condition (RESET pin voltage below
VIRES*) until the oscillator has stabilized at its operating
frequency. Several factors are involved in calculating cur-
rent specifications.

One Vcc minimum is reached, the external RESET
capacitor will begin to charge at a rate dependent on the
capacitor value. The charging current is supplied from
V¢ through a large resistor, so it functions almost like a
constant current source until_the reset voltages rises
above V|Rgs+. Therefore, the RESET pin will charge a
approximately

(VIRES*) - Cext =IRES - tRHL

5V VLVR
Vee /

RESET
Pin

RHL [€—

l\ it
N Dip'
vl R In Power /
/ v L VIRES - /
—>

IRES +

LVR

RHL

internal
Reset

N

FIGURE 10 — POWER AND RESET TIMING

Out

Reset

In 1 Y 1
Reset T T T
o8V 2V 4v

FIGURE 11 — TYPICAL RESET SCHMITT
TRIGGER HYSTERESIS
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1, %
vVee WA A—
RESET - 10uF
Part Of
EF6805P6
MCU

FIGURE 12 — POWER-UP RESET DELAY CIRCUIT
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5 | XTAL 5 | XTAL
EF6805P2
{See Note) EF6805P2
:E“_ EXTAL  MCU 4 | EXTAL MCU
c (Crystal Mask {Resistor Mask
L I Option) Option)
Crystal Approximately 25% to 50% Accuracy
Typical toyc=1.25 us
External Jumper
vee s
5 | XxTAL XTAL
External —E: EF6805P2 ‘R EF6805P2
4 (See Figure 16) 4 | exTAL MCu
Clock EXTAL MCU e .
(Resistor Mask
Input (Crystal Mask No Option)
Option) Connection P

External Clock Approximately 10% to 25% Accuracy
External Resistor
(Exctudes Resistor Tolerence)

NOTE: The recommended Cy value with a 4.0 MHz crystal is 27 pF, maximum, including system distributed capacitance. There is an internal
capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz; the total capacitance on each pin
should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF on EXTAL and
approximately 25 pF on XTAL. The exact value depends on the Motional-Arm parameters of the crystal used.

FIGURE 13 — CLOCK GENERATOR OPTIONS

(a)
Crystal Parameters
€
AT — Cut Parallel Resonance Crystal
L R Co=7 pF Max.
EXTAL 1 s XTAL Freq.=4.0 MHz @ C| =24 pF
4 o 5 Rg =50 ohms Max.
14
IX

i which have the equi-
valem speclhcanons may be use mstead of crysla! oscilla-
tors. Follow ‘s sugges-
tions for Cg, C1 and Rg values.

(b) (c)

GND
CL -) Crystal

J-ZL

GND

W
—

=

Crystal | I

D

EXTAL

XTAL

MCU

BN EpEREEREE

NOTE: Keep crystal leads and circuit
connections as short as possible.

FIGURE 14 — CRYSTAL MOTIONAL ARM PARAMETERS
AND SUGGESTED PC BOARD LAYOUT
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8.0

60}
50}
40t
3o}
20

Oscillator Frequency (MHz)

Vee=526V
TA=25°C

1 1 i

30 40 50
Resistance (k@)

FIGURE 15 — TYPICAL FREQUENCY SELECTION FOR
RESISTOR OSCILLATOR OPTION

INTERRUPTS

The EF6805P2 MCU can be interrupted three different
ways: through the external interrupt {INT) input pin, the in-
ternal timer interrupt request, or the software interrupt
instruction (SW1). When any interrupt occurs, the current
instruction (including SW1) is completed, processing is
suspended, the present CPU state is pushed onto the
stack, the interrupt bit (!) in the condition code register is
set, the address of the interrupt routine is obtained from
the appropriate interrupt vector address and the interrupt
routine is executed. Stacking the CPU registers, setting
the 1 bit, and vector fetching requires a total of 11 teyc
periods for completion.

A flowchart of the interrupt sequence is shown in
Figure 16. The interrupt service routine must end with a
return from interrupt (RT1) instruction which allows the MCU
to resume processing of the program prior to the interrupt
(by unstacking the previous CPU state). Unlike RESET,
hardware interrupts do not cause the current instruction ex-
ecution to be halted, but are considered pending until the
current instruction execution is complete.

When the current instruction is complete, the processor
checks all pending hardware interrupts and if unmasked,
proceeds with interrupt processing; otherwise, the next in-
struction is fetched and executed. Note that masked inter-
rupts are latched for later interrupt service.

If both an external interrupt and a timer interrupt are pend-
ing at the end of an instruction execution, the external inter-
rupt is serviced first. The SWI is executed as any other in-
struction.

The externalinterrupt is intemaf]y synchronized and then
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latched on the falling edge of INT. A sinusoidal input
signal (fyyT maximum) can be used to generate an exter-
nal interrupt, as shown in Figure 17(a), for use as a zero-
crossing detector (for negative transitions of the ac sinu-
soid). This allows applications such as servicing time-of-
day routines and engaging/disengaging ac power control
devices. Off-chip full-wave rectification provides an inter-
rupt at every zero crossing of the ac signal and thereby
provides a 2f clock.

For digital applications, the INT pin can be driven by a
digital signal. The maximum fragg1?ncy of a signal that can
be recognized by the TIMER or INT pin logic is dependent
on the parameter labeled t\y , tyyH. The pin logic that
recognizes the high (or low) state on the pin must also
recognize the low (or high) state on the pin in order to
“rearm” the internal logic. Therefore, the period can be
calculated as follows: (assumes 50/50 duty cycle for a
given period)

1
tcycxz + 250 ns =period =—
freq
The period is not simply tyy + tyyy. This computation is
allowable, but it does re‘gluce the maximum allowable
frequency by defining an unnecessarily longer period
(250 ns twice). See Figure 17(b).

A software interrupt (SWI) is an executable instruction
which is executed regardless of the state of the | bitin the
condition code register. Note that if the | bit is zero, SWI
executes after the other interrupts. SWis are usually used
as break-points for debugging or as system calls.
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1l (in CCR) }
07F — SP
0~DDRs — Stack
CLR TNT Logic INT PC, X, A, CC
FF-=Timer
7F—Prescaler ‘
7F-TCR
1=
Timer {
Put 7FE on Load PC From:
Address Bus SWI: 7FC/ 7FD
INT. 7FA/7FB
TIMER: 7F8 /7F9
Fetch
instruction
RESET
Pin=Low
RESET
Pin=High
Load PC
from
7FE/7FF
Execute All
I Instruction
Cycles
FIGURE 16 — RESET AND INTERRUPT PROCESSING FLOWCHART
(a) Zero-Crossing Interrupt (b) Digital-Signal Interrupt
Vee
ac Input  (Current TTL 4.7k
(fiNT Max.)  Limiting) | EF6805P2 Level —  EFe805P2
R<1 M —AAA- 1 mcu Digital 2 INT MCU
ac lnput < R Input
10 Vacpp 15 !! 0.1-1.0
~ 4 Y

FIGURE 17 — TYPICAL INTERRUPT CIRCUITS
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INPUT/OUTPUT

There are 20 input/output pins. The INT pin may also be

polled with branch instructions to provide an additional input
‘pin. All pins (port A, B, and C) are programmable as either
inputs or outputs under software control of the corres-
ponding write-only data direction register (DDR). The port
170 programming is accomplished by writing the corres-
ponding bit in the port DDR to a logic “'1"" for output or a
logic "0 for input. On reset, all the DDRs are initialized to
alogic "'0" state to put the ports in the input mode. To avoid
undefined levels, the port output registers are not initial-
ized on reset, but may be written before setting the DDR
bits. When programmed as outputs, the latched output
data is readable as:input data. regardless of the logic levels
at the output pin due to output loading; see Figure 18.When
port B is programmed for outputs, it is capable of sinking 10
mA and sourcing 1 mA on each pin.

All input/output lines are TTL compatible as both inputs
and outputs. Ports B and C are CMOS compatible as inputs.
Port A may be made CMOS compatible as outputs with a
mask option. The address map in Figure 5 gives the address

Data

of data registers and DDRs. The register configuration is pro-
vided in Figure 19 and Figure 20 provides some examples of
port connections.
: Caution
The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, and $006).
A read operation on these registers is undefined. Since
BSET and BCLR are read-modify-write functions, they
cannot be used to set or clear a DDR bit (all “unaf-
fected” bits would be set). It is recommended that all
DDR bits in a port be written using a single-store in-
struction.

The latched output data bit (see Figure 18) may always be
written. Therefore, any write to a port writes all of its data
bits even though the port DDR is set to input. This may be
used to initialize the data registers and avoid undefined out-
puts; however, care must be exercised when using read-
modify-write instructions since the data read corresponds to
the pin level if the DDR is an input (’0") and corresponds to
the latched output data when the DDR is an output (“'1").

( =4 Direction Register
Bit

N 110

2
.0 Latched
S » Output
~°:-’ °§< Data
-6 Bit
o

/ nput

Reg
w

SN ———e

lomD/u‘ Pin

Data
Direction Output
Register Data
Bit Bit
1 0
1 1
0 X

Input
170
W
Latched Input
Output To
State MCU

0 0

1 1
High-Z ** Pin

*DDRisa write-only register and reads as all ““1s".

%% Ports A (with CMOS drive disabled), B, and C are three state ports. Port A has optional internal pullup devices
to provide CMOS drive capability. See Electrical Characteristics tables for complete information.

FIGURE 18 — TYPICAL PORT 1/0 CIRCUITY
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PORT DATA REGISTER

Port A Addr = $000
Port B Addr=$001
Port C Addr=$002 (Bits 0—3)

TIMER CONTROL REGISTER (TCR}

6

5 4 3 2 1 0

B EEEEREES

TCR7~— Timer Interrupt Status Bit: Set when TDR goes
to zero; must be cleared by software. Cleared to

0 by

reset.

TCR6 Bit 6— Timer Interrupt Mask Bit: 1= timer inter-

rupt masked (disabled). Set to 1 by reset.

TCR Bits 5, 4, 3, 2, 1, O read as ""1s” — unused bits.

PA7
PAB
PAS
PA4
PA3
PA2
PA1
PAO

PORT DATA DIRECTION REGISTER (DDR)

(1) Write Only; reads as all ““1s"
{2) 1=Output; 0=Input. Cleared to O by reset.
(3) Port A Addr=$004

Port B Addr= $005

Port G Addr=$006 (Bits 0—3)

TIMER DATA REGISTER (TDR)
7 0

[ MSB Lse | s008

FIGURE 19 — MCU REGISTER CONFIGURATION

27

——— (CMOS Loads)

26

25

24

(1 TTL Load)

23

1.6 mA

22

2

20

I/

Port A, bit 7, programmed as output,
driving CMOS loads and bit 4 driving one TTL
load directly using CMOS output option.

PB7
PB6
PB5
PB4
PB3
PB2
PB1
PBO

10mA

-

12

~<«— 10mA

Port B, bit 0 and bit 1 programmed as output,
driving LEDs directly.

PB7
PB6
PBS
PB4
PB3
PB2
PB1

PBO

¢|O=HFE-|D

1.0mA

15 2NB386 (Typical)

Port B, bit 5 programmed as output, driving
Darlington-base directly.

PC3 " > CMOS

pc2i 10 > Inverters
MC14049/MC14069

PC1y 9 > (Typical)

PCO 8 >

Port C, bits 0-3 programmed as output, driving
CMOS loads, using external pullup resistors.

FIGURE 20 (a) — TYPICAL OUTPUT MODE PORT CONNECTIONS

2237
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M
+Dc»— 27 | PA7
. 26 | PA6
. 25 | PA5S
SN74LS04 24 PA4
(Typical) - 23 | PA3
: 2 |pa2
. 21 | PA1
—»—-Do— 20 | Pao
L~

TTL driving port A directly.

—>—D0— 19 | PB7
. 18 | PB6
SN74LS04 * 17_|PBS
or : 16 |PBa
MC14069 2 15 | PB3
(ypicall — » 14 | P82
. 13| PB1
—)—-Do— 12| PBO
e

CMOS or TTL driving port B directly.

»—Do—ﬂ 1 PC3
Mmc14069 V73 10 | Pc2
(Typicall M ) PC1
8 PCO
SN74LS04
(Typical)

CMOS and TTL driving port C directly.

FIGURE 20 (b) — TYPICAL OUTPUT MODE PORT CONNECTIONS

SOFTWARE

BIT MANIPULATION

The EF6805P2 MCU has the ability to set or clear any
single random access memory or input/output bit (except
the data direction register, see Caution below), with a
single instruction (BSET, BCLR). Any bit in page zero
including ROM, except the DDRs, can be tested, using the
BRSET and BRCLR instructions, and the program branches
as a result of its state. The carry bit equals the value of the
bit referenced by BRSET or BRCLR. A rotate instruction
may then be used to accumulate serial input dataina RAM
location or register. The capability to work with any bit in
RAM, ROM, or I/0 allows the user to have individual flags
in RAM or to handle 1/0 bits as control lines.

The coding example in Figure 21:illustrates the useful-
ness of the bit manipulation and testinstructions. Assume that
the MCU is to communicate with an external serial device.

MCU
LCECT P
Serial o
Device Clock |, R
T
Data oA

The external device has a data ready signal, a data output
line, and a clock line to clock data one bit at a time, LSB first,
out of the device. The MCU waits until the data is ready,
clocks the external device, picks up the data in the carry flag
(C bit), clears the clock line, and finally accumulates the data
bit in a RAM location.

Caution

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, and $006).
A read operation on these registers is undefined. Since
BSET and BCLR are read-modify-write functions, they
cannot be used to set or clear a DDR bit (all “unaf-
fected” bits would be set). It is recommended that all
DDR bits in a port be written using a single-store in-

.struction.
SELF BRSET 2, PORTA, SELF
BSET 1, PORTA
BRCLR 0O, PORTA, CONT
CONT BCLR 1, PORTA
ASR RAMLOC

FIGURE 21 — BIT MANIPULATIONS EXAMPLE
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ADDRESSING MODES

The EF6805P2 MCU has 10 addressing modes which are
explained briefly inthe following paragraphs. For additional
details and graphical illustrations, refer to the 6805 Family

User’'s Manual.

The term "effective address”” (EA) is used in describing the
address modes. EA is defined as the address from which the
argument for an instruction is fetched or stored.

IMMEDIATE — In the immediate addressing mode, the
operand is contained in the byte immediately following the
opcode. The immediate addressing mode is used to access
constants which do not change during program execution
(e.g., a constant used to initialize a loop counter).

DIRECT — In the direct addressing mode, the effective ad-
dress of the argument is contained in a single byte following
the opcode byte. Direct addressing allows the user to direct-
ly address the lowest 256 bytes in memory with a single
2-byte instruction. This includes the on-chip RAM and 1/0O
registers and 128 bytes of ROM. Direct addressing is an ef-
fective use of both memory and time.

EXTENDED — In the extended addressing mode, the ef-
fective address of the argument is contained in the two bytes
following the opcode. Instructions using extended address-
ing are capable of referencing arguments anywhere in
memory with a single 3-byte instruction. When using the
Motorola assembler, the programmer need not specify
whether an instruction uses direct or extended addressing.
The assembler automatically selects the shortest form of the
instruction.

RELATIVE — The relative addressing mode is only used in
branch instructions. In relative addressing, the contents of
the 8-bit signed byte following the opcode (the offset) is add-
ed to the PC if and only if the branch condition is true. Other-
wise, control proceeds to the next instruction. The span of
relative addressing is from — 126 to + 129 from the opcode
address. The programmer need not worry about calculating
the correct offset when using the Motorola assembler since
it calculates the proper offset and checks to see if it is within
the span of the branch.

INDEXED, NO OFFSET — In the indexed, no offset ad-
dressing mode, the effective address of the argument is con-
tained in the 8-bit index register. Thus, this addressing mode
can access the first 266 memory locations. These instruc-
tions are only one byte long. This mode is often used to
move a pointer through a table or to hold the address of a
frequently referenced RAM or 1/0O location.

INDEXED, 8-BIT OFFSET — In the indexed, 8-bit offset
addressing mode, the effective address is the sum of the
contents of the unsigned 8-bit index register and the unsign-
ed byte following the opcode. This addressing mode is
useful in selecting the kth element in an n element table.
With this 2-byte instruction, k would typically be in X with
the address of the beginning of the table in the instruction.
As such, tables may begin anywhere within the first 266 ad-
dressable locations and could extend as far as location 510
($1FE is the last location at which the instruction may begin).
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INDEXED, 16-BIT OFFSET — In the indexed, 16-bit offset
addressing mode, the effective address is the sum of the
contents of the unsigned 8-bit index register and the two un-
signed bytes following the opcode. This addressing mode
can be used in a manner similar to indexed, 8-bit offset, ex-
cept that this 3-byte instruction allows tables to be anywhere
in memory. As with direct and extended addressing, the
Motorola assembler determines the shortest form of indexed
addressing.

BIT SET/CLEAR — In the bit set/clear addressing mode,
the bit to be set or cleared is part of the opcode, and the byte
following the opcode specifies the direct address of the byte
in which the specified bit is to be set or cleared. Thus, any
read/write bit in the first 256 locations of memory, including
170, can be selectively set or cleared with a single 2-byte in-
struction.

Caution

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, and $006) .
A read operation on these registers is undefined. Since
BSET and BCLR are read-modify-write functions, they
cannot be used to set or clear a DDR bit (all “'unaf-
fected” bits would be set). It is recommended that all
DDR bits in a port be written using a single-store in-
struction.

BIT TEST AND BRANCH — The bit test and branch ad-
dressing mode is a combination of direct addressing and
relative addressing. The bit and condition {set or clear) which
is to be tested is included in the opcode, and the address of
the byte to be tested is in the single byte immediately follow-
ing the opcode byte. The signed relative 8-bit offset is in the
third byte and is added to the value of the PC if the branch
condition is true. This single 3-byte instruction allows the
program to branch based on the condition of any readable
bit in the first 256 locations of memory. The span of bran-
ching is from — 125 to + 130 from the opcode address. The
state of the tested bit is also transferred to the carry bit of the
condition code register.

Caution

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, and $006).
A read operation on these registers is undefined. Since
BSET and BCLR are read-modify-write functions, they
cannot be used to set or clear a DDR bit (all ‘unaf-
fected” bits would be set). It is recommended that alt
DDR bits in a port be written using & single-store in-
struction.

INHERENT — In the inherent addressing mode, all the in-
formation necessary to execute the instruction is contained
in the opcode. Operations specifying only the index register
or accumulator, as well as control instruction with no other
arguments, are included in this mode. These instructions are
one byte long.

INSTRUCTION SET

The EF6805P2 MCU has a set of 59 basic instructions,
which when combined with the 10 addressing modes pro-
duce 207 usable opcodes. They can be divided into five dif-
ferent types: register/memory, read-modify-write, branch,
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bit manipulation, and control. The following paragraphs
briefly explain each type. All the instructions within a given
type are presented in individual tables.

REGISTER/MEMORY INSTRUCTIONS — Most of these
instructions use two operands. One operand is either the ac-
cumulator or the index register. The other operand is obtain-
ed from memory using one of the addressing modes. The
'jump unconditional (JMP) and jump to subroutine (JSR) in-
structions have no register operands. Refer to Table 1.

READ-MODIFY-WRITE INSTRUCTIONS — These
instructions read a memory location or a register, modify
or test its contents, and write the modified value back to
memory or to the register. The test for negative or zero
(TST) instruction is included in read-modify-write instruc-
tions through it does not perform the write. Refer to
Table 2.

Caution

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, and $006).
A read operation on these registers is undefined. Since
BSET and BCLR are read-modify-write functions, they
cannot be used to set or clear a DDR bit (all “‘unaf-
fected" bits would be set). It is recommended that all
DDR bits in a port be written using a single-store in-
struction.

THOMSON SEMICONDUCTEURS

BRANCH INSTRUCTIONS — The branch instructions
cause a branch from the program when a certain condition is
met. Refer to Table 3.

BIT MANIPULATION INSTRUCTIONS — These ins-
tructions are used on any bit in the first 256 bytes of the
memory. One group either sets or clears. The other group
performs the bit test branch operations. Refer to Table 4.

Caution

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, and $006).
A read operation on these registers is undefined. Since
BSET and BCLR are read-modify-write functions, they
cannot be used to set or clear a DDR bit (all ‘unaf-
fected” bits would be set). It is recommended that all
DDR bits in a port be written using a single-store in-
struction.

CONTROL INSTRUCTIONS — The control instructions
control the MCU operations during program execution.
Refer to Table 5.

ALPHABETICAL LISTING — The complete instruction set
is given in alphabetical order in Table 6.

OPCODE MAP SUMMARY — Table 7 is an opcode map
for the instructions used on the MCU.
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TABLE 1 — REGISTER/MEMORY INSTRUCTIONS

Addressing Modes
Indexed Indexed Indexed
Immediate Direct Extended (No Offset) (8-Bit Offset) (16-Bit Offset)
Op # # Op # # Op # H Op # 8 Op " # oP " #
cti M Code|Bytes| Cycles | Code|Bytes| Cycles | Code|Bytes | Cycles | Code [By:es| Cycles | Code|Bytes [ Cycles | Code|Bytes | Cycles
Load A from Memory LDA A8 2 2 B6 2 a4 Cc6 3 5 F6 1 4 E6 2 5 D6 3 6
Load X from Memory LDX AE 2 2 BE 2 a4 CE 3 5 FE 1 4 EE 2 5 DE 3 6
Store A in Memory STA — — — 87 2 5 Cc7 3 6 F7 1 5 E7 2 6 D7 3 7
Store X in Memory STX — — - BF 2 5 CF 3 6 FF 1 5 EF 2 6 DF 3 7
Add Memory to A ADD AB 2 2 BB 2 4 CB 3 5 FB 1 4 EB 2 5 DB 3 6
Add Memory and
Carry to A ADC A9 2 2 B9 2 a4 o] 3 5 F9 1 4 EQ 2 5 D9 3 6
Subtract Memory SuB A0 2 2 B8O 2 a4 co 3 5 FO 1 a EQ 2 5 o) 3 6
Subtract Memory from
A with Borrow SBC A2 2 2 B2 2 4 c2 3 5 F2 1 4 E2 2 5 D2 3 ]
AND Memory to A AND A4 2 2 B4 2 4 Cc4 3 5 F4 1 4 E4 2 5 D4 3 6
OR Memory with A ORA AA 2 2 BA 2 4 CA 3 5 FA 1 4 EA 2 5 DA 3 6
Exclusive OR Memory
with A EOR A8 2 2 88 2 4 C8 3 5 F8 1 4 E8 2 5 08 3 6
Arnthmetic Compare A
with Memory CMP Al 2 2 81 2 4 ct 3 5 F1 1 a El 2 5 D1 3 6
Arithmetic Compare X
with Memory CPX A3 2 2 B3 2 4 C3 3 5 F3 1 4 E3 2 5 D3 3 6
Bit Test Memory with
A (Logical Compare) BIT A5 2 2 BS 2 a4 Cs 3 5 F5 1 4 ES 2 5 D5 3 6
Jump Unconditional JMP — — — BC 2 3 cC 3 4 FC 1 3 EC 2 4 oc | 3 5
Jump to Subroutine JSR — - - BD 2 7 cD 3 8 FD 1 7 ED 2 8 oD 3 9
TABLE 2 — READ-MODIFY-WRITE INSTRUCTIONS:
Addressing Modes
Indexed Indexed
inherent (A) Inherent (X) Direct (No Offset) (8 Bit Offset)
op| # # Op | # # op | # # Op | # # Op | # #
Function Mnemonic | Code|Bytes| Cycles| Code|By Cycles |Ci By Cycles | Code|Bytes | Cycles | Code|Bytes| Cycles
Increment INC 4C 1 4 5C 1 4 3C 2 6 7C 1 6 6C 2 7
Decrement DEC 4A 1 4 5A 1 4 3A 2 6 TA 1 6 B6A 2 7
Clear CLR 4F 1 4 5F 1 4 3F 2 6 7F 1 6 6F 2 7
Complement cCoOM 43 1 4 53 1 4 33 2 6 73 1 6 63 2 7
Negate
(2's Complement) NEG 40 1 4 50 1 4 30 2 6 70 1 6 60 2 7
Rotate Left Thru Carry ROL 49 1 4 59 1 4 39 2 6 79 1 6 69 2 7
Rotate Right Thru Carry ROR 46 1 4 56 1 4 36 2 6 76 1 6 66 2 7
Logical Shift Left LSL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7
Logtcal Shift Right LSR 44 1 4 54 1 4 34 2 6 74 1 8 64 2 7
Anthmetic Shift Right ASR 47 1 4 57 1 4 37 2 6 77 1 6 67 2 7
Test for Negative
or Zero ST 4D 1 4 5D 1 4 30 2 6 70 1 6 6D 2 7
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TABLE 3 — BRANCH INSTRUCTIONS

Relative Addressing Mode

Op # #
F i M Code Bytes | Cycles
Branch Always BRA 20 2 4
Branch Never BRN 21 4
Branch IFFHigher BHI 22 2 4
Branch IFFLower or Same BLS 23 2 4
Branch IFFCarry Clear BCC 24 2 4
(BranchiFFHigher or Same)| (BHS) 24 2 4
Branch IFFCarry Set BCS 25 2 4
(Branch IFF Lower) (BLO) 25 2 4
BranchIFFNot Equal BNE 26 2 4
BranchiFFEqual BEQ 27 2 4
Branch IFF Half Carry Clear] BHCC 28 2 4
BranchIFFHalf Carry Set BHCS 29 2 4
BranchIFF Plus BPL 2A 2 4
BranchIFF Minus BMI 2B 2 4
BranchIFFinterupt Mask
Bit is Clear BMC 2C 2 4
Branch|FFInterrupt Mask
Bit is Set BMS 2D 2 4
BranchIFFinterrupt Line
is Low BIL 2E 2 4
BranchiFFInterrupt Line
is High BIH 2F 2 4
Branch to Subroutine BSR AD 2 8

TABLE 4 — BIT MANIPULATION INSTRUCTIONS

Addressing Modes
Bit Set/Clear Bit Test and Branch
op ra # Op # #
Function Mnemonic Code Bytes| Cycles| Code Bytes| Cycles
Branch IFF Bit n is set BRSETn(n=0..7) — — —_ 2en 3 10
Branch IFF Bit n is clear BRCLRNn (n=0...7) — — — 01+2en 3 10
Set Bit n BSETn(n=0..7) 10+ 2en 2 7 — - —
Clear bit n BCLRNn(n=0..7) |11+ 2en 2 7 — — -
TABLE 5 — CONTROL INSTRUCTIONS
Inherent
Op # #
Fi i M Code | Bytes | Cycles

Transfer A to X TAX 97 1 2

Transfer X to A TXA 9F 1 2

Set Carry Bit SEC 99 1 2

Clear Carry Bit CcLC 98 1 2

Set Interrupt Mask Bit SEI 98 1 2

Clear Interrupt Mask Bit CLI 9A 1 2

Software Interrupt sSwi 83 1 1

Return from Subroutine RTS 81 1 6

Return from Interrupt RTI 80 1 9

Reset Stack Pointer RSP 9C 1 2

No-Operation NOP D 1 2

THOMSON SEMICONDUCTEURS

2-242




EF6805P2

TABLE 6 — INSTRUCTION SET
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Condition Code Symbols:

C Carry/Borrow

H Half Carry (From Bit 3)

A Test and Set if True, Cleared Otherwise

Interrupt Mask

Not Affected

N Negative (Sign Bit)

Z Zero

19/24

THOMSON SEMICONDUCTEURS
2243




EF6805P2

TABLE 6 — INSTRUCTION SET (CONTINUED)

Addressing Modes Cond Code
Bit Bit
Indexed |Indexed|indexed|Set/ | Test &

M ic|Inh I di Direct | Extended | Relative|(No Offset) | (8 Bits) |(16 Bits)|Clear |Branch| H| I [N|Z | C
RTI X 21222 2
RTS X olejo|®0]| @
SBC X X X X X X O|O[AIA] A
SEC X 4 ojlojoj®| 1
SEI X ojlje|lo| @
STA X X X X X LILIIS K]
STX X X X X X O|®|AIN| @
SuUB X X X X X X OO |A|A] A
sSwi X ol1jejo| @
TAX X (LA A AN )
TST X X X X OI®INIA| @
TXA X [ AL AL AN ]

Condition Code Symbols:
H  Half Carry (From Bit 3) C Carry/Borrow
| Interrupt Mask A Test and Set if True, Cleared Otherwise
N Negative (Sign Bit} * Not Affected
Z Zero ? Load CC Register From Stack
HMOS 6805 FAMILY
Features EF6805CT |EF6805P2|EF6805Pa|EF6805P6 £ FesosR2|E FesosR3|EFesosT2 [E Fesosu2]e Fesosus [EFes0sTY
Technology HMOS HMOS HMOS HMOS HMOS HMOS HMOS HMOS HMOS HMOS
Number of Pins 40 28 28 28 40 40 28 40 40 40
On-Chip RAM (Bytes) 240 64 112 64 64 112 64 64 112 96
On-Chip User ROM (Bytes) 4096 1100 1100 1796 2048 3776 2508 2048 3776 6144
External Bus Yes None None None None None None None None None
|Bidirectional 1/0 Lines 29 20 20 20 24 24 19 24 24 32
Unidirectional 1/0 Lines None None None None 6 Inputs | 6 Inputs None 8 Inputs | 8 Inputs None
Other 1/0 Features Timer, UART | Timer Timer Timer |Timer,A/D|Timer,A/D|Timer, PLL| Timer Timer | Timer,D/A
External Interrupt Inputs 3 1 1 1 2 2 2 2 2 1
[STOP and WAIT No No No No No No No No No No
20/24
THOMSON SEMICONDUCTEURS

2-244



ST-T

SUNILINANODINIS NOSWOHL

ve/ie

TABLE 7 — 6805 HMOS FAMILY OPCODE MAP

Bit Manipulation Branch Read-Modify-Write Control Register/ Memory
BT C - \ X1 X Il IMM DIR X1 X
e T e e e S B e e e e B 7 ¢ g —% W
Low 9001 _ ST I 1] 0100 0101 o110 Qi1 1000 _1001 o0 L won v [ v 1110 i Low
T T 7 7 7
0 BRSETO BSETO BRA NEG NEG NEG NEG NEG RTI suB sus suB sus suB SUB 0
0000 ?0 BT6. % BSC 12  REL[2 DR |1 INH {1 INH | 2 Xt IX INH g IMM 2 DIR g; EXT g 1X2 é 1X1 l i 0000
1 BRCLRO BCLRO BRN RTS cmp CMP. CMP CMmP CMP CMP 1
0001 ."30 BTB ; BSC 3 R INH 2 IMM Z DIR g EXT g X2 g X1 r‘ X 0001
2 BRSET! BSET! BHI " sBC SBC SBC SBC SBC SBC 2
0010 3 BTB {2 BsC 12 REL 2 iMM}2 OR |3 EXT |3 1x2 {2 x14 1x 10
10 7 4 3 4 4 7 3 T 2 4 5 3 5 4
3 BRCLR1 BCLR1 BLS CcoM COMA COoMX CcoM Ccom SWi CPX CcPX cPX CPX CPX CPX 3
0011 % 8T8 ; BSC % REL Gz DIR ‘, INH ; INH g IX1 g 1X INI 2 IMM g DR g EXT g 1X2 51 X1 : 1X 0011
4 BRSET2 BSET2 BCC LSR LSRA LSRX LSR LSR AND AND AND AND AND AND 4
0100 ?o 87612 BSC 2 REL |2 OTR | 1 INH | ) INH | 2 X1 X Z MM | 2 ikt g EXT g 1X2 g X1 ! i 0100
5 BRCLR2 BCLR2 BCS BIT BIT BIT BIT BIT CoBIT 5
0101 3 BTB {2 8SC |2 REL MM DR |3 EXT]3 X2 X1] i 9101
10 7 q € Z 7 7 s 4 5 3 57 T
6 BRSET3 BSET3 BNE ROR RORA RORX ROR ROR LDA LDA LDA LDA LDA LDA 6
0110 3 BIB 2 BSC REL {2 DIR | 1 INH | 1 INH | 2 x| X 2 MM 2 DIR |3 EXT|3 X212 x| 1x 0110
10 7 4 6 4 4 7 6 2 B 5 € 7 6 5
7 BRCLR3 BCLR3 BEQ ASR ASRA ASRX ASR ASR TAX - STA STA STA STA STA 7
o1 3 818 8SC {2 REL | 2 DR INH LY INH 1l X, 1 N 2 OR |3 EXT|3 x20 2 X1l 1x o1
10 T 1 6 7 3 2 7 4 5 3 5 7
8 BRSET4 BSET4 BHCC LSL LSLA LsLx LSL LSL cLe EOR EOR EOR EOR EOR EOR 8
1000 ?0 BTB 12 BS 41 REL é _DIR 1 LL1E] INH 3 X1 L ix ; e MM | 2 DIR g EXT g 1X2 g X1 : X 1000
9 BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC ADC ADC ADC ADC
1001 ?0 BTB |2 BSC % REL é DIR ‘|1 INH ; INH g IX1 é X 1 INH g MM % DR |3 EXT g X2 g X1 4‘: X 1001
A BRSETS BSETS BPL DEC DECA DECX DEC DEC cul ORA ORA ORA ORA ORA ORA A
1010 ?0 BTB ; BSC g REL |2 OIR | 1 INH ] Y INH | 2 Xt IX ; INH % IMM 5 DIR % EXT g X2 g IX1 ; X 1010
B BRCLRS BCLRS BMI SE! ADD ADD ADD ADD ADD ADD B
1011 3 BIB | 2 BSC |2 REL 1 INH IMM | 2 DR |3 EXT13 X212 X1 il ix 1011
10 7 7 3 7 7 7 3 2 3 4 4 Kl
C BRSETE BSET6 BMC INC INCA INCX INC INC RSP JMP JMP JMP JMP JMP
1100 3 BT8 | 2 BSC |2 REL | 2 DIR | 1 INH | 1 INH ] 2 Xt X 1 INH 2 DR |3 EXT| 3 x2] 2 xafl X 1100
0 7 4 6 7 7 T 3 H 8 7 5 g B
o BRCLR6 BCLR6 BMS ST TSTA TSTX TST TST NoOP BSR JSR JSR JSR JSR JSR D
101 ?o BT8 BSC 2 REL |2 DR INH| 1 INH i X 1 INH | 2 REL| 2 DR g EXT g X2 g i) X 1101
E BRSET7 BSET7 BIL LDX LDX LDX LDX LDX LDX E
110 3 B18 [ 2 BSC |2 REL 2 IMM | 2 DIR |3 EXT] 3 X242 X141 1X 1m0
10 7 4 § 7 7 7 5 5 5 7 3 5
F BRCLR7 BCLR7 BiH CLR CLRA CLRX CLR CLR TXA STX STX STX STX STX F J
nn 3 BTB | 2 BSC | 2 REL | 2 OR |1 INH )t INH | 2 X1 X 1 INH 2 OR |3 EXT} 3 X242 X1 IX 1
Abbreviations for Address Modes LEGEND
INH Inherent F < Opcode in Hexadecimal
MM Immediate 111 <
DIR Direct # of Cycl Y
EXT Extended of Cycles ————» 7‘ 0 i
3 pcode in Binary
REL Relative Mnemonic ————+3 SUB 0
BSC  Bit Set/Clear Bytes ——— 1 X 0000 <]
BTB Bit Test and Branch
IX Indexed (No Offset) Address Mode
X1 Indexed, 1 Byte (8-Bit) Offset
X2 Indexed, 2 Byte (16-Bit) Offset
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PHYSICAL DIMENSIONS
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ORDERING INFORMATION

The information required when ordering acustom MCU
is listed below. The ROM program may be transmitted to
THOMSON SEMICONDUCTEURS on EPROM(s) or an
EFDOS/MDOS* disk file.

To initiate a ROM pattern for the MCU, it is necessary
to first contact your local THOMSON SEMICONDUC-
TEURS representative or distributor.

EPROMs

One 2716 or 2732 type EPROMs, programmed with the
customer program ( positive logic sense for address and
data ), may be submitted for pattern generation.

XXX

080

XXX = Customer 1D

After the EPROM is marked, it should be placed in
conductive IC carriers and securely packed. Do not use
styrofoam.

VERIFICATION MEDIA

All original pattern media (EPROMs or floppy disk) are fil-
ed for contractual purposes and are not returned. A com-
puter listing of the ROM code will be generated and returned
along with a listing verification form. The listing should be
thoroughly checked and the verification form completed,
signed, and returned to THOMSON SEMICONDUC-
TEURS. The signed verification form constitutes the

contractual agreement for creation of the customer mask.
If desired, THOMSON SEMICONDUCTEURS will pro-
gram on blank EPROM from the data file used to create
the custom mask and aid in the verification process.

ROM VERIFICATION UNITS (RVUs)

Ten MCUs containing the customer’s ROM pattern will be
sent for program verification. These units will have been
made using the custom mask but are for the purpose of
ROM verification only. For expediency they are usually un-
marked, packaged in ceramic, and tested only at room
temperature and 5 volts. These RVUs are included in the
mask charge and are not production parts. The RVUs are
thus not guaranteed by THOMSON. SEMICONDUC-
TEURS. Quality Assurance, and should be discarded
after verification is completed.

FLEXIBLE DISKS

The disk media submitted must be single-sided, EFDOS/
MDOS* compatible floppies.

The customer must write the binary file name and compa-
ny name on the disk with a felt-tip-pen. The minimum
EFDOS/MDOS* system files, as well as the absolute
binary object file (Filename .LO type of file) from the
6805 cross assembler, must be on the disk. An object file
made from a memory dump using the ROLLOUT com-
mand is also acceptable. Consider submitting a source
listing as well as the following files : filename .LX (DEVI-
CE/EXORciser loadable format) and filename .SA (ASCII
Source Code). These files will of course be kept confiden-
tial and are used 1) to speed up the process in-house if any
problems arise, and 2) to speed up the user-to-factory
interface if the user finds any software errors and needs
assistance quickly from THOMSON SEMICONDUC-
TEURS factory representatives.

EFDOS is THOMSON SEMICONDUCTEURS' Disk
Operating System available on development systems
such’as DEVICE,...

MDOS* isMOTOROLA's Disk Operating System available
on development systems such as EXORciser,...

*Requires prior factory approval.

Whenever ordering a custom MCU is required, please contact your local THOMSON SEMICONDUCTEURS representa-
tive or THOMSON SEMICONDUCTEURS distributor and/or complete and send the attached “MCU customer ordering
sheet’” to your local THOMSON SEMICONDUCTEURS representative,

E XORciser is a registered trademark of MOTOROLA Inc.

THOMSON SEMICONDUCTEURS
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ORDERING INFORMATION

| EF6805P2 ;C |V |

De\'/ice ' l I Screening level
Package

Oper. temp.

The table below h shows all available suffix i for i and

level. Other possibilities on request.

DEVICE PACKAGE OPER. TEMP SCREENING LEVEL

[ P FN L v T Std D

EF6805P2 (1.0 MHz) ® L] [ ® o ®

EF6805P2 (1.5 MHz)** [ [ Ld ® [d

EF6805P2 (2.0 MHz)** [ [ @ ® L

Examples : EF6805P2P , EF6805P2FN, EF6805P2 PLD, EF6805P2FNLD.

Package: C: Ceramic DIL, P: Plastic DIL, FN: PLCC.

Oper. temp.: L*: 0°C to + 70°C, V: -40°C to + 85°C, T: -40°C to + 105°C, *: may be omitted.
Screening level: Std: (no-end suffix), D: NFC 96883 level D.

**: Requires prior factory approval.

These specifications are subject to change without notice.
Please inquire with our sales offices about the availability of the different products.

Printed in France
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ADVANCE INFORMATION

oo 00 o0

o9 0060000006600 00

The EF6805P6 Microcomputer Unit (MCU) is a member of the

6805 Family of low-cost single-chip microcomputers. This 8-bit
microcomputer contains a CPU, on-chip CLOCK, ROM, RAM, 1/0,
and TIMER. It is designed for the user who needs an economical mi-
crocomputer with the proven capabilities of the 6800-based instruc-
tion set. The following are some of the hardware and software high-
lights of the EF6805P6 MCU.

HARDWARE FEATURES

8-Bit Architecture

64 Bytes of RAM

Memory Mapped 1/0

1796 Bytes of User ROM

20 TTL/CMOS Compatible Bidirectional 1/O Lines (8 Lines are
LED Compatible)

On-Chip Clock Generator

Self-Check Mode

Zero Crossing Detection

Master Reset

Complete Development System Support on DEVICE®.
5 V Single Supply.

SOFTWARE FEATURES

Similar to 6800 Family

Byte Efficient Instruction Set

Easy to Program

True Bit Manipulation

Bit Test and Branch Instruction

Versatile Interrupt Handling

Versatile Index Register

Powerful Indexed Addressing for Tables
Full Set of Conditional Branches

Memory Usable as Register/Flags

Single Instruction Memory Examine/Change
10 Powerful Addressing Modes

All Addressing Modes Apply to ROM, RAM, and 1/0

USER SELECTABLE OPTIONS

Internal 8-8it Timer with Selectable Clock Source (External Timer
Input or Internal Machine Clock)

Timer Prescaler Option (7 Bits, 2")

8 Bidirectional 1/O Lines with TTL or TTL/CMOS Interface
Option

Crystal or Low-Cost Resistor Oscillator Option

Low Voltage Inhibit Option

Vectored Interrupts : Timer, Software, and External.

Port B Open Drain Drive Option

DEVICE® is THOMSON SEMICONDUCTEURS' development/emulation tool.

P SUFFIX
PLASTIC PACKAGE

CB-520

-

FN SUFFIX
PLCC 28

PIN ASSIGNMENT

vssdre N~ osfiAEseT
INT ] 2 Y
veeQs 26[1Pa6
ExTALO 4 25[PAS
xTALO 5 24[1PAs4
NuUMO 6 23f1PA3
TIMERD 7 2[PA2
pcol] 8 21fPAl
pcifl 9 20 PAO
pc2l10 1901 PB7
pcaln 18hP85
PBOQ 12 17{1 PBS
PB1[13 16[] PB4
pB2014 15{1PB3

JUNE 1986 1/24

43, Avenue de 'Europe - 78140 VELIZY-VILLACOUBLAY/FRANCE - Tel.: (1) 39.46.97.19 - Telex TCSF 204780F - Telecopie : (1) 39.46.52.64

2-249



EF6805P6

XTAL EXTAL

RESET NUM INT

Timer/
TIMER Prescaler Tﬂ Counter
Timer Control ——-{ Oscillator
il je—e PBO
Accumulator le—e PB1
cPU Data | Port PB2 Port
Index Control Dir. B8 [T—=FB3 B
d fe—e- PB4 1/0
- Register Reg. | Reg. .
PAQ —s [*— PB5 Lines
PA1 <—a Condition | PB?
Pz" ﬁ:g“ Port | Data RCode P8
- i 5 egister CC
10 Paq=—e 5 | O T . cPU
Lines PAS <a—ad 00" | Fi€O: Stack
PAG <—s g Poiner gp le—spCo P
ort
PA] <—e Program DDz::a Pgn le—erc1
Counter r— Rog. | Req [*—=PC2 VO
3 High PCH] ALU 9 €9 le—s-PC3 Lines
1796 x 8 Program
User ROM |4 Counter
116 X 8 Self- 8 Llow PCL < 64 X8
Check ROM ) RAM

FIGURE 1 -— EF6805P6 HMOS MICROCOMPUTER BLOCK DIAGRAM

MAXIMUM RATINGS

This device contains circuitry to protect the
inputs against damage due to high static
voltages or electric fields, however, it is ad-
vised that normal precautions be taken to
avoid application of any voltage higher than
rated voltages to this high-
impedance circuit. For proper operation it is
recommended that Vi, and Vgt be con-

Rating Symbol Value Unit
Supply Voliage Vee —0.31t0 +7.0 \
Input Voltage (Except Pin 6) Vin —03t0 +7.0 v
Operating Temperature Range Ta Oto+70 °c maximum
(T toTy) V suffix —~40to +85
Storage Temperature Range Tsig —55 to + 150 °C
Junction Temperature Ty °c
Plastic 150
PLCC . 150
THERMAL CHARACTERISTICS
Char Symbol Value Unit
Thermal Resistance
Plastic 70
PLCC oA 110 °C/W

POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:

Ty=Ta+(Ppedja)
Where:

TA= Ambient Temperature, °C
0 A= Package Thermal Resistance, Junction-to-Ambient, °C/W

Pp=P|NT+PPORT.

PINT=ICC X VCC. Watts — Chip Internal Power
PpORT = Port Power Dissipation, Watts — User Determined
For most applications PPORT < P|NT and can be neglected. PPORT may become significant if the device is configured to

drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T (if PPQRT is neglected) is:

Pp=K+(Ty+273°C)
Solving equations 1 and 2 for K gives:
K =Ppe(TA +273°C) + 8 JAePD2

to the range Vgg=(Vin or Vo
= V(. Reliability of operation is enhanced if
unused inputs are tied to an appropriate logic
voltage level (e.g., either Vgg or Vcc).

3]

2)

(3)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known TA. Using this value of K the values of Pp and T can be obtained by solving equations (1) and (2) iteratively for any

value of Ta.

2/24
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ELECTRICAL CHARACTERISTICS (Vcc= +5.25 Vdc +0.5 Vdc, Vgs=0 Vdc, Ta =T to TH unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input High Voltage
RESET 4.75sVcs5.75) 4.0 - vVee
(Vcc<4.75) Vce-05 - Vee
INT (4.75sVC <5.75) ViH 4.0 * Vee Y
(Vcc<4.75) Vce—-05 * Vce
All Other (Exept TIMER) 2.0 - Vee
Input High Voltage Timer
Timer Mode ViH 20 - vVeg+! \
Self-Check Mode 9.0 10.0 15.0
Input Low Voltage
iNT Vi Vss * 15 v
All Other . Vss = 08
RESET Hysteresis Voltage (See Figures 10, 11, and 12)
“Out of Reset” VIRES + 2.1 - 4.0 v
““Into Reset”’ VIRES — 0.8 - 20
INT Zero Crossing Input Voltage, Through a Capacitor VINT 2.0 - 4.0 Vac p-p
Internal Power Dissipation—No Port Loading Vcc=5.75V, Tp=0°C PINT - 400 690 mwW
input Capacitance
XTAL Cin - 2% - oF
All Other = 10 -
Low Voltage Recover ) VI VR 2.75 3.5 4.75 \
Low Voltage Inhibit 0 to +70°C vivi 2.75 3.5 - v
—40 to +85°C 3.1 35 -
Input Current
TIMER (Vin=0.4 V) - - 20
NT (Vin=2.4V to Vco) - 20 50
EXTAL (Vin=2.4 V to V¢, Crystal Option) lin - - 10 KA
(Vin=0.4 V, Crystal Option) — - — 1600
RESET (Vj=0.8 V) —40 - _40

* Due to internal biasing, this input (when unused) floats to approximately 2.0 Vdc.
PORT DC ELECTRICAL CHARACTERISTICS (Vcc= +5.26 Vde +0.5 Vdc, Vgs =0 Vdc, T =T to T}, unless otherwise noted)

Characteristic [ Symbol l Min I Typ ] Max ] Unit
Port A with CMOS Drive Enabled
Output Low Voltage, lf gag=1.6 mA VoL - - 04 \
Output High Voltage, I\ gadg= — 100 A VOH 24 - - v
Output High Voltage, I pag= — 10 A vou [Nec— 19 - - v
Input High Voltage, || gad= —300 uA (max.) ViH 2.0 - vce \
Input LowVoltage, I gadg= —500 A (max.) Vip 0.3 — 0.8 4
Hi-Z State Input Current (Vin=2.0 V to Vcc) IIH — - —300 rA
Hi-Z State Input Current (Vi =0.4 V) T8 — - — 500 #A
Port B
Output Low Voltage, || gad=3.2 mA VoL - - 0.4 \4
Output Low Voltage, I| gad= 10 mA (sink) VoL - - 1.0 \4
Output High Voltage, li gad= —200 uA VoH 24 — - v
Darlington Current Drive (Source), V=15V I0H -10 - -10 mA
Input High Voltage ViH 2.0 - Vce \
Input Low Voltage ViL VSS — 0.8 \
Hi-Z State Input Current ITs) - 2 10 »A
Port B with Open Drain Option
Output High Voltage VoH I 24 - 13.0 v
Hi-Z State Input Current ITs1 - l 2 I 20 l HA
Port C and Port A with CMOS Drive Di
Output Low Voltage, I gag=1.6 mA VoL - - 0.4 \%
Output High Voltage, 1| oag= — 100 gA VOH 24 - - v
Input High Voltage VIH 2.0 - vee 4
Input Low Voltage ViL -03 - 0.8 \2
Hi-Z State Input Current ITsi - 2 10 BA
THOMSON SEMICONDUCTEURS 22
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SWITCHING CHARACTERISTICS (Vcc= +5.26 Vdc +0.5 Vdc, Vsg=0 Vdc, TaA =T to T unless otherwise noted)

FIGURE 2 — TTL EQUIVALENT TEST LOAD FIGURE 3 — CMOS EQUIVALENT TEST LOAD FIGURE 4 — TTL EQUIVALENT TEST LOAD
(PORT A)

4/24

Ch Symbol Min Typ Max Unit
Oscillator Frequency EF6805P6 0.4 - 4.2
EF68A05P6 fosc 0.4 - 6.0 MHz
EF68B05P6 0.4 - 8.0
Cycle Time (4/f55c) teye 0.95 - 10 s
INT and TIMER Pulse Width (See Interrupt Section) WL, 'WH teyc + 250 - - ns
RESET Pulse Width tRWL teyc+ 250 - - ns
[ RESET Delay Time (External Capacitance= 1.0 uF) TRHL = 100 = ms
INT Zero Crossing Detection Input Frequency fINT 0.03 - 1.0 kHz
External Clock Input Duty Cycle (EXTAL) ~ - 40 50 60 %
Vee=5.75V Vee=5.75V
Test MMD6150 Tgs( MMD6150
Point or Equiv. Point or Equiv.
1.5kQ Test Point 297k
40 pF 1.25kQy MMD7000 1 30 pF (Total) 30 pF MMD7000
(Total) i or Equiv. I (Total) or Equiv.

(PORT B)

SIGNAL DESCRIPTION

The input and output signals for the MCU, shown in
Figure 1, are described in the following paragraphs.

Vcc AND Vss
Power is supplied to the MCU using these two pins. VcC
is power and Vgg is the ground connection.

iNT

This pin provides the capability for asynchronously apply-
ing an external interrupt to the MCU. Refer to Interrupts sec-
tion for additional information.

XTAL AND EXTAL

These pins provide connections to the on-chip clock
oscillator circuit. A crystal, a resistor, or an external signal,
depending on the user selectable manufacturing mask op-
tion, can be connected to these pins to provide a system
clock source with various stability/cost tradeoffs. Lead
lengths and stray capacitance on these two pins should be
minimized. Refer to Internal Clock Generator Options section
for recommendations about these inputs.

TIMER

This pin allows an external input to be used to decrement
the internal timer circuitry. Refer to Timer section for addi-
tional information about the timer circuitry.

RESET

This pin allows resetting of the MCU at times other than
the automatic resetting capability already in the MCU. Refer
to Resets section for additional information.

NUM
This pin is not for user application and must be connected
to Vss.

THOMSON SEMICONDUCTEURS
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(PORTS A AND C)

INPUT/OUTPUT LINES (PAO-PA7, PB0-PB7, PCO-PC3)

These 20 lines are arranged into two 8-bit ports (A and B)
and one 4-bit port (C). All lines are programmable as either
inputs or outputs under software control of the data direc-
tion registers. Refer to Inputs/Outputs section for additional
information.

MEMORY

As shown in Figure 6, the MCU is capable of addressing
2048 bytes of memnry and 1/0 registers with its program
counter. The EF6805P6 MCU has implemented 1984 of
these locations. This consists of: 1796 bytes of user ROM,
(from $080 to $783) 116 bytes of self-check ROM, 64 bytes
of user RAM, 6 bytes of port 1/0, and 2 timers registers.

The stack area is used during the processing of interrupt
and subroutine calls to save the processor state. The register
contents are pushed onto the stack in the order shown in
Figure 7. Because the stack pointer decrements during
pushes, the low order byte (PCL) of the program counter is
stacked first; then the high order three bits (PCH) are
stacked. This ensures that the program counter is loaded
correctly, during pulls from the stack, since the stack pointer
increments during pulls. A subroutine call results in only the
program counter (PCL, PCH) contents being pushed onto
the stack. The remaining CPU registers are not pushed.

‘CENTRAL PROCESSING UNIT
The CPU of the EF6805 Family is implemented in-
dependently from the 1/0 or memory configuration. Conse-
quently, it can be treated as an independent central pro-
cessor communicating with 1/0 and memory via internal ad-
dress, data, and control buses.

REGISTERS
The 6805 Family CPU has five registers available to the
programmer. They are shown in Figure 8 and are explained in
the following paragraphs.




EF6805P6

7 0 7 6 54 3 21 0
000 1/0 Ports $000 0 Port A $000
Timer
Py $001
Page Zero RAM 1 ortB
Accseszr\:vnh 127 (128 Bytes) :g;g 211111 [ PortC | $002
128
Instructions Page Zero 3 Not Used $003
User ROM 4 Port A DDR $004%
| BB SOFF 5 Port 8 DDR s005%
26 $100 6 | NotUsed [Port c DDR] s006*
7 Not Used $007
Main User 8 Timer Data Reg $008
ROM
(1668 Bytes) 13 Timer Control Reg 2(;31
Not Used
1923 $783 63 54 Bytes) S03F
1924 $784 $040
Self Check 64
ROM RAM
2039 (116 Bytes) 757 (64 Bytes)
%&? Timer Interrupt g;;g Stack
— — = tacl
Ic(erlvupt ég“% __Efrn_al IEH_\E!__ g%Eg (31 Bytes
ectors
SWI Maximum)
246 2T __1S7FD
2046 STFE I
2047 RESET STFF 127 $O7F

#* Caution: Data direction registers (DDRs) are write-only; they read as $FF.

FIGURE 5 — MCU ADDRESS MAP

7 6 54 3 2 1 0 Pull 7 0
A Condition A | Accumulator
n=41 117 | Code Register | "*! 7[ o
n-3 Accumulator n+2 I X ] Index Register
n-2 Index Register n+3 10 87 °
PCH ,' PCL J Program Counter
n-1 11111 l PCH¥* | n+4 10 54 o’
. . s | oJoJ oJo] 1] 1] sp | stack Pointer
Push

*For subroutine calls, only PCL and PCH are stacked.

FIGURE 6 — INTERRUPT STACKING ORDER

ACCUMULATOR (A)

l H | | I N| z2 | CI Condition Code Register

I— Carry/Borrow

Zero

Negative
Interrupt Mask
Half Carry

The accumulator is a general purpose 8-bit register used to
hold operands and results of arithmetic calculations or data

manipulations. FIGURE 7 — PROGRAMMING MODEL
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INDEX REGISTER (X)

The index register is an 8-bit register used for the indexed
addressing mode. It contains an 8-bit value that may be
added to an instruction value to create an effective address.
The index register can also be used for data manipulations
using the read-modify-write instructions. The index register
may also be used as a temporary storage area.

PROGRAM COUNTER (PC)

The program counter is an 11-bit register that contains the
address of the next instruction to be executed.

STACK POINTER (SP)

The stack pointer is an 11-bit register that contains the ad-
dress of the next free location on the stack. Initially, the
stack pointer is set 1o location $07F and is decremented as
data is pushed onto the stack and incremented as data is
pulled from the stack. The six most significant bits of the
stack pointer are permanently configured to 000011. During
an MCU reset or the reset stack pointer (RSP} instruction,
the stack pointer is set to location $07F. Subroutines and in-
terrupts may be nested down to location $061 (31 bytes max-
imum) which allows the programmer to use up to 15 levels of
subroutine calls.

CONDITION CODE REGISTER (CC)

The condition code register is a 5-bit register in which four
bits are used to indicate the results of the instruction just ex-
ecuted. These bits can be individually tested by a program
and specific action taken as a result of their state. Each in-
dividual condition code register bit is explained in the follow-
ing paragraphs.

HALF CARRY (H) — Set during ADD and ADC instruc-
tions to indicate that a carry occurred between bits 3 and 4.

INTERRUPT (I} — This bit is set to mask (disable} the
umer and external interrupt (INT). If an interrupt occurs
while this bit is set, the interrupt is latched and is processed
as soon as the interrupt is cleared.

NEGATIVE (N) — Used to indicate that the result of the
last arithmetic, logical, or data manipulation was negative
(bit 7 in result equal to a logical one).

ZERO (Z) — Used to indicate that the result of the last
arithmetic, logical, or data manipulation was zero.

CARRY/BORROW (C) — Used to indicate that a carry or
borrow out of the arithmetic logic unit (ALU) occurred dur-
ing the last arithmetic operation. This bit is also affected dur-
ing bit test and branch instructions plus shifts and rotates.

TIMER

The EF6805P6 MCU timer circuitry is shown in Figure 8.
The 8-bit counter may be loaded under program control and
is decremented toward zero by the clock input (prescaler
output). When the timer reaches zero, the timer interrupt re-
quest bit (bit 7) in the timer control register (TCR) is set. The
timer interrupt can be masked (disabled) by setting the timer
interrupt mask bit (bit 6) in the TCR. The interrupt bit (I bit) in
the conditioh code register also prevents a timer interrupt
from being, processed. The MCU responds to this interrupt
by saving the present CPU state on the stack, fetching the
timer interrupt vector from locations $7F8 and $7F9, and ex-
ecuting the interrupt routine; see the Interrupts section. THE
TIMER INTERRUPT REQUEST BIT MUST BE CLEARED BY
SOFTWARE.

The clock input to the timer can be from an external
source (decrementing of timer counter occurs on a positive
transition of the external source) applied to the TIMER
input pin or it can be the internal ¢2 signal. Three machine
cycles are required for a change in state of the TIMER pin
to decrement the timer prescaler. The maximum fre-
ﬂéﬁ?ncy of a signal that can be recognized by the TIMER or

pin logic is dependent on the parameter labeled tyy|,
twH. The pin logic that recognizes the high (or low) state
on the pin must also recognize the low state on the pin in
order to “re-arm the internal logic. Therefore, the period
can be calculated as follows: (assumes 50/50 duty cycle
for a given period) '

teye % 2+ 250 ns = period = L
freq

The period is not simply ty + twH. This computation is

allowable, but it does reduce the maximum allowable fre-

quency by defining an unnecessarily longer period (250 ns
twice).

When the ¢2 signal is used as the source, it can be gated

by an input applied to the TIMER input pin allowing the user

to easily perform pulse-width measurements. (NOTE: For

¢2
(Internal) K
F Prescaler
N 201 21 22 23 24 25 26 27 Timer
O . ¥ F—F-J--- Interrupt  Timer
Request  Interrupt
TIMER (TIR)  Mask (TIM)
Ir’;p:t N L L1 1 f Not Used
! ——6 6640 —N
. 1 L 1 L ' 1 1
ﬁ:gzl: TO"L':? o7ipe! ¥ ¥ T ¥ T
8-Bit Counter
Timer Data Register (TDR) Timer Control Register (TCR)
Manufacturing
Mask
Options Write Read Write Read
Internal Data Bus

FIGURE 8 — TIMER BLOCK DIAGRAM
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ungated ¢2 clock inputs to the timer prescaler, the TIMER
pin should be tied to Vcc.) The source of the clock input is
one of the mask options that is specified before manufacture
of the MCU.

A prescaler option can be applied to the clock input that
extends the timing interval up to a maximum of 128 counts
before decrementing the counter. This prescaling mask
option is also specified before manufacture. To avoid trun-
cation errors, the prescaler is cleared when bit 3 of the
timer counter register is written to a logic one. (This bit
always needs a logic 0).

The timer continues to count past zero, falling from $00
to$FF and then continuing the countdown. Thus, the coun-
ter can be read at any time by reading the timer data
register (TDR). This allows a program to determine the
length of time since a timer interrupt has occurred without
disturbing the counting process.

At power-up or reset, the prescaler and counter are
initialized with all logical ones, the timer interrupt request
bit (bit 7) is cleared and the timer interrupt mask bit (bit 6)
is set.

SELF-CHECK

Theselfcheck capability of the E F6805P6 MCU provides
an internal check to determine if the part is functional. Con-
nect the MCU as shown in Figure 9 and monitor the output
of port C bit 3 for an oscillation of approximately 7 Hz. A
10volt level on the TIMER input, pin 7, energizes the ROM-
based self-check feature. The self-check program exercises
the RAM, ROM, TIMER, interrupts, and 1/0 ports.

RESETS

The MCU can be reset three ways: by initial power-up, by
the external reset input (RESET) and by optional, internal,
low-voltage detect circuits. The RESET input consists
mainly of a Schmitt trigger that senses the RESET line
logic level. A typical reset Schmitt trigger hysteresis curve
is shown in Figure 11. The Schmitt trigger provides an
internal reset voltage if it senses a logical zero on the
RESET pin.

POWER-ON RESET (POR)

An internal reset is generated upon power-up that allows
the internal clock generator to stabilize. A delag of tRHL
milliseconds is required before allowings the RE! input
to go high. See the power and reset timing diagram (see
Figure 10). Connecting a capacitor to the RE input
(see Figure 12) typically provides sufficient delay. During
power-up, the Schmitt trigger switches on (removes
reset) when RESET rise to V|ggs*

EXTERNAL RESET INPUT

The MCU is reset when a logic zero is applied to the
RESET input for a period longer than one machine cycle
(tcyc)- Under this type of reset, the Schmitt trigger
switches off are V|RES- to provide an internal reset volt-
age.

LOW VOLTAGE INHIBIT (LVI)

The optional low-voltage detection circuit causes areset
of the MCU if the power supply voltage falls below a
certain level (V| y|). The only requirement is that the Vcc
must remain at or below the Vi v threshold for one tcyc
minimum.

Self-Check Error Patterns

PC1 PCO Problem
0 0 Interrupt Failure
0 1 Bad Port A or Port B
1 0 Bad RAM
1 1 Bad RAM
All 4 LEDs Flashing] Good Device

NOTE

When PC1 or PCO is 0, the LED is on.

2 |INT EF680SP6  pas|27
PA6 |26
RESE 28 | RESET pas |26
1.0 wF 24

i PA4
= 5 [ xTAL pa3 |23
22

. PA2
— 4 | EXTAL pa1 |2
pao |20

+10v 0Kk 71 TimMER
2 AM—
pB7 |19
6 | NUM a6 |18
Vee __L_ pas |17
pPe4 |16
PCO PB3 15
PC1 pe2 |14
PC2 pe1 |13
PC3 PBo | 12
Vee=Pin3

Vgg=Pin 1

*This connection depends on the clock oscillator user selectable mask option.

Use crystal if that option is selected.

FIGURE 9 — SELF-CHECK CONNECTIONS
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In typical applications, the V¢ bus filter capacitor will
eliminate negative-going voltage glitches of less than one
teyc. The output from the low-voltage detector is con-
necteddirectly tothe internal reset circuitry. It also forces
the RESET pin lowvia a strong discharge device through a
resistor. The internal reset is removed once the power
supply voltage rises above a recovery level (V| yR) at
which time a normal power-one reset occurs.

INTERNAL CLOCK GENERATORS OPTIONS

The internal clock generator circuit is designed to
require a minimum of external components. A crystal, a
resistor, a jumper wire, or an external signal may be used
to generate a system clock with various stability/cost
tradeoffs.

A manufacturing mask option is used to select crystal or
resistor operation.

The different connection methods are shown in Fig-
ure 13. Crystal specifications and suggested PC board
layouts are given in Figure 14. A resistor selection graph
is given in Figure 15.

5V VLVR N “Dip"
vee / Vvl P

RESET / VIRES +
Pin

—» IRH|_ [€—

The crystal oscillator start-up time is a function of many
variables: crystal parameters (especially Rg, oscillator
load capacitances, IC parameters, ambient temperature,
supply voltage and supply voltage turn-on time). To
ensure rapid oscillator start-up, neither the crystal char-
acteristics nor the load capacitances should exceed
recommendations.

When utilizing the on-board oscillator, the MCU should
remain in the reset condition (RESET pin voltage below
VIRES*) until the oscillator has stabilized at its operating
frequency. Several factors are involved in calculating cur-
rent specifications.

One Vcc minimum is reached, the external RESET
capacitor will begin to charge at a rate dependent on the
capacitor value. The charging current is supplied from
Vcc through a large resistor, so it functions almost like a
constant current source until_the reset voltages rises
above V|RgS+. Therefore, the RESET pin will charge a
approximately

(VIRES*) - Cext =IRES - tRHL

VR
In Power t

\ v/
l VIRES ~ /

| (RHL [€—

Internal
Reset

FIGURE 10 — POWER AND RESET TIMING

Out
of
Reset

In y
1 1
Reset T T :
08v 2V 4v

FIGURE 11 — TYPICAL RESET SCHMITT
TRIGGER HYSTERESIS

THOMSON SEMICONDUCTEURS

|
v, — 28
cc—WN—"—
RESET| = 1.04F
Part Of
EF6805P6
MCU

FIGURE 12 — POWER-UP RESET DELAY CIRCUIT
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5 | XTAL 5 [ xTAL
(SeeNote) EF6805P6 EF6805P6
4 | EXTAL McU 4 | EXTAL MCU
(Crystal Mask {Resistor Mask
G Option) Option)
Crystal Approximately 26% to 50% Accuracy

Typical tcyc=1.26 us
External Jumper

vee 5
5 | XTAL XTAL
External =" SV (See FlZure 16 4 |exTaL ETMes
Clock EXTAL ¢ — (Resistor Mask
Input (Crystql Mask No Option)
Option) Connection
External Clock Approximately 10% to 26% Accuracy
External Resistor
(Excludes Resistor Tolerence)
NOTE: The recommended CL value with a 4.0 MHz crystal is 27 pF, i including system distributed itance. There is an internal
pa of i y 25 pF on the XTAL pin. For crystal frequencies olher than 4 MHz; the total capacitance on each pin

should be scaled as the i lnvevse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF on EXTAL and
approximately 25 pF, on XTAL. The exact value depends on the Motional-Arm parameters of the crystal used.

FIGURE 13 — CLOCK GENERATOR OPTIONS

Crystal Parameters

MCU

Gy
AT — Cut Parallel Resonance Crystal
L R Co=7 pF Max.
EXTAL 1 S XTAL Freq.=4.0 MHz @ C| =24 pF
4 Co 5 Rg =50 ohms Max.
I
X
Pi lectric i which have the equi-
valent specmcauons may be use ms(ead of crvstal oscilla-
tors. Follow 's sugges-
tions for Cg, C1 and Rg values.
(b) (c)
GND GND
CL _') Crystal
IR 4
1 ‘L 3
j Crystal
EXTAL j
XTAL ]

NOTE: Keep crystal leads and circuit
connections as short as possible.

FIGURE 14 — CRYSTAL MOTIONAL ARM PARAMETERS
AND SUGGESTED PC BOARD LAYOUT
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8.0

70
60
50
40
30}

20

Oscillator Frequency (MHz)

30 40
Resistance (k@2)

FIGURE 15 — TYPICAL FREQUENCY SELECTION FOR
RESISTOR OSCILLATOR OPTION

INTERRUPTS

The EF6805P6 MCU can be interrupted three different
ways: through the external interrupt (INT) input pin, the in-
ternal timer interrupt request, or the software interrupt
instruction (SW1). When any interrupt occurs, the current
instruction (including SW1) is completed, processing is
suspended, the present CPU state is pushed onto the
stack, the interrupt bit (I) in the condition code register is
set, the address of the interrupt routine is obtained from
the appropriate interrupt vector address and the interrupt
routine is executed. Stacking the CPU registers, setting
the | bit, and vector fetching requires a total of 11 teyc
periods for completion.

A flowchart of the interrupt sequence is shown in
Figure 16. The interrupt service routine must end with a
return from interrupt (RTI) instruction which allows the MCU
to resume processing of the program prior to the interrupt
(by unstacking the previous CPU state). Unlike RESET,
hardware interrupts do not cause the current instruction ex-
ecution to be halted, but are considered pending until the
current instruction execution is complete.

When the current instruction is complete, the processor
checks all pending hardware interrupts and if unmasked,
proceeds with interrupt processing; otherwise, the next in-
struction is fetched and executed. Note that masked inter-
rupts are latched for later interrupt service.

If both an external interrupt and a timer interrupt are pend-
ing at the end of an instruction execution, the external inter-
rupt is serviced first. The SWI is executed as any other in-
struction.

The external interrupt is internally synchronized and then

THOMSON SEMICONDUCTEURS
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latched on the falling edge of INT. A sinusoidal input
signal (fyyT maximum) can be used to generate an exter-
nal interrupt, as shown in Figure 17(a), for use as a zero-
crossing detector (for negative transitions of the ac sinu-
soid). This allows applications such as servicing time-of-
day routines and engaging/disengaging ac power control
devices. Off-chip full-wave rectification provides an inter-
rupt at every zero-crossing of the ac signal and thereby
provides a 2f clock.

For digital applications, the INT pin can be driven by a
digital signal. The maximum frequency of a signal that can
be recognized by the TIMER or INT pin logic is dependent
on the parameter labeled tyy ., tyyH. The pin logic that
recognizes the high (or low) state on the pin must also
recognize the low (or high) state on the pin in order to
“rearm” the internal logic. Therefore, the period can be
calculated as follows: (assumes 50/50 duty cycle for a
given period)

1
tcycxz + 250 ns =period =——
freq
The period is not simply tyy; + tyy. This computation is
allowable, but it does reduce the maximum allowable
frequency by defining an unnecessarily longer period
(250 ns twice). See Figure 17(b).

A software interrupt (SWI) is an executable instruction
which is executed regardless of the state of the | bitin the
condition code register. Note that if the | bit is zero, SWI
executes after the other interrupts. SWis are usually used
as break-points for debugging or as system calls.
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1= (in CCR) }
07F— SP
0-DDRs Clear — Stack
CLR TNT Logic INT INT PC. X. A, CC
FF=Timer Request
7F —Prescaler Latch ‘
7F=TCR
1=
Timer {
Put 7FE on Load PC From
Address Bus SWI: 7FC/ 7FD
iNT: 7FA/7FB
TIMER: 7F8 / 7F9
Fetch
Instruction
RESET
Pin=Low
RESET
Pin= High PC—PC+1
Load PC
from
TFE/TFF
Execute All
I Instruction
Cycles
FIGURE 16 — RESET AND INTERRUPT PROCESSING FLOWCHART
(a) Zero-Crossing Interrupt (b) Digital-Signal Interrupt
Vee
ac Input ‘?Uf'_em) TTL 47k
(fiNT Max.)  Limiting EF6805P6 Level —  EF6B05P6
RS1m2 —AAV ﬁ{ MCU Digital 2{INT MCU
ac Input > R 1 4 Input
10 Vac p-p + 0110
" : " 1

FIGURE 17 — TYPICAL INTERRUPT CIRCUITS
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INPUT/OUTPUT

There are 20 input/output pins. The INT pin may also be
polied with branch instructions to provide an additional input
pin. All pins (port A, B, and C) are programmable as either
inputs or outputs under software control of the corres-
ponding write-only data direction register (DDR). The port
170 programming is accomplished by writing the corres-
ponding bit in the port DDR to a logic *"1"* for output or a
logic “'0"" for input. On reset, all the DDRs are initialized to
alogic 0" state to put the ports in the input mode. To avoid
undefined levels, the port output registers are not initial-
ized on reset, but may be written before setting the DDR
bits. When programmed as outputs, the latched output
data is readable as input data.regardless of the logic levels
at the output pin due to output loading; see Figure 18.When
port B is programmed for outputs, it is capable of sinking 10
mA and sourcing 1 mA on each pin.

All input/output lines are TTL compatible as both inputs
and outputs. Ports B and C are CMOS compatible as inputs.
Port A may be made CMOS compatible as outputs with a
mask option. The address map in Figure 5 gives the address

of data registers and DDRs. The register configuration is pro-
vided in Figure 19 and Figure 20 provides some examples of
port connections.

Caution

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, and $006).
A read operation on these registers is undefined. Since
BSET and BCLR are read-modify-write functions, they
cannot be used to set or clear a DDR bit (all “unaf-
fected” bits would be set). It is recommended that all
DDR bits in a port be written using a single-store in-
struction.

The latched output data bit (see Figure 18) may always be
written. Therefore, any write to a port writes all of its data
bits even though the port DDR is set to input. This may be
used to initialize the data registers and avoid undefined out-
puts; however, care must be exercised when using read-
modify-write instructions since the data read corresponds to
the pin level if the DDR is an input {“0"') and corresponds to
the latched output data when. the DDR is an output (“1”).

[e)

Data
=1 Direction Register
Bit
2
K S Latched
[<33) Output
2 §< > Data
=5 Bit
o
A Input
Reg
Bit
SN

lOulp/ul Pin

Data
Direction Qutput
Register Data
Bit Bit
1 0
1 1
0 X

Input
170
Pin
Latched Input
Output To
State MCU
0 0
1 1
High-z ¥* Pin

*DDR is a write-only register and reads as all "*1s".

%% Ports A (with CMOS drive disabled), B, and C are three state ports. Port A has optional internal pullup devices

to provide CMOS drive capability. See Electrical Ch

tables for

information.

FIGURE 18 — TYPICAL PORT 1/0 CIRCUITRY
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PORT DATA REGISTER

Port A Addr = $000
Port B Addr = $001
Port C Addr = $002 (Bits 0—3)

TIMER CONTROL REGISTER (TCR)

PORT DATA DIRECTION REGISTER (DDR)

(1) Write Only; reads as all "*1s"
{2) 1="0Output; 0=Input. Cleared to O by reset.
(3) Port A Addr= $004

Port B Addr= $0056

Port G Addr= $006 (Bits 0—=3)

TIMER DATA REGISTER (TDR)

7 6 5 4 3 2 1 0 7 B 0
UL ol ]sme | wmss Lss | soos
TCR7 — Timer Interrupt Status Bit: Set when TDR goes

to zero; must be cleared by software. Cleared to
0 by reset.
TCR6 Bit 6— Timer Interrupt Mask Bit: 1= timer inter-
rupt masked (disabled). Set to 1 by reset.
TCR Bits 5, 4, 3, 2, 1, O read as “'1s” — unused bits.
FIGURE 19 — MCU REGISTER CONFIGURATION

PA7| 27 f~——— (CMOS Loads) e

PAG| 26 PB7] 19 ¢g0= HEE.lb

PAS| 25 PB6| 18

——— d) PB5 17

PA4 24 (1TTL Loa on - > 1

PA3] B l16ma 1.0mA

pa2| 22 PB3| 15 2N6386 (Typical

pat| 21 PB2| 14

pao[ 20 PB1] 13

PBO 12 —
i -
Port A, bit 7, programmed as output s
driving CMOS loads and bit 4 driving one TTL Port B, bit 5 programmed as output, driving
load directly using CMOS output option. Darlington-base directly.
+ V

PB7 19

PB6| 18

PB5S 17

PB4| 16 44 I 9

PB3 15 PC3 " > CMOS

10mA Pc2| 10 » Inverters

PB2f 4 |7 . " MC14049/ MC14069

pe1[ 13 PCrl 9 > (Typical)

Peo| 12 Peol 8 >

<€— 10mA

Port B, bit 0 and bit 1 programmed as output,

driving LEDs directly.

Port C, bits 0-3 programmed as output, driving

CMOS loads, using external pullup resistors.

FIGURE 20 (a) — TYPICAL OUTPUT MODE PORT CONNECTIONS
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M

—>—l>o- 27 | PA7

. 26 | PA6

. 25 | PAS

SN74LS04 24 | pa4
(Typical) 23 | PA3
: 2 | PA2

. 21 | PA1
—»—Do— 20 | PAO

TTL driving port A directly.

—>—<[>o— 19 | P87
. 18 | PB6
SN74LS04 : 17_{PBS
o . 16 | PB4
MC14069 | 15 | PB3
(Typical) : 14 PB2
. 13 | PB1
->-—D0— 12| PBO

CMOS or TTL driving port B directly.

—>_Do—— 1 |pc3
MC14069v7 ¢ 10 |pc2
{Typical) : 9 pCl
8 [Pco
SN74LS04
(Typical)

CMOS and TTL driving port C directly.

FIGURE 20 (b) — TYPICAL INPUT MODE PORT CONNECTIONS

SOFTWARE

BIT MANIPULATION

The EF6805P6 MCU has the ability to set or clear any
single random access memory or input/output bit (except
the data direction register, see Caution below), with a
single instruction (BSET, BCLR). Any bit in page zero
including ROM, except the DDRSs, can be tested, using the
BRSET and BRCLR instructions, and the program branches
asaresultof its state. The carry bit equals the value of the
bit referenced by BRSET or BRCLR. A rotate instruction
may then be used to accumulate serial input data ina RAM
location or register. The capability to work with any bit in
RAM, ROM, or I/0 allows the user to have individual flags
in RAM or to handle I/0 bits as control lines.

The coding example in Figure .21 illustrates the useful-
nessof the bit manipulation and test instructions. Assume that
the MCU is to communicate with an external serial device.

MCU
‘ Ready ol2p
Serial o
Device Clock R
T
Data oA

The external device has a data ready signal. a data output
line, and a clock line to clock data one bit at a time, LSB first,
out of the device. The MCU waits until the data is ready,
clocks the external device, picks up the data in the carry fiag
(C bit), clears the clock line, and finally accumulates the data
bit in a RAM location.

Caution

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, and $006).
A read operation on these registers is undefined. Since
BSET and BCLR are read-modify-write functions, they
cannot be used to set or clear a DDR bit (all ““unaf-
fected" bits would be set). It is recommended that all
DDR bits in a port be written using a single-store in-

‘struction.
SELF BRSET 2, PORTA, SELF
BSET 1, PORTA
BRCLR 0, PORTA, CONT
CONT BCLR 1, PORTA
ASR RAMLOC

FIGURE 21 — BIT MANIPULATION EXAMPLE
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ADDRESSING MODES

The EF6805PF MCU has 10 addressing modes which are
explained briefly inthe following paragraphs. For additional
details and graphical illustrations, refer to the 6805 Family
User's Manual.

The term “effective address” (EA) is used in describing the
address modes. EA is defined as the address from which the
argument for an instruction is fetched or stored.

IMMEDIATE — In the immediate addressing mode, the
operand is contained in the byte immediately following the
opcode. The immediate addressing mode is used to access
constants which do not change during program execution
(e.g., a constant used to initialize a loop counter).

DIRECT — In the direct addressing mode, the effective ad-
dress of the argument is contained in a single byte following
the opcode byte. Direct addressing allows the user to direct-
ly address the lowest 256 bytes in memory with a single
2-byte instruction. This includes the on-chip RAM and 1/0
registers and 128 bytes of ROM. Direct addressing is an ef-
fective use of both memory and time.

EXTENDED — In the extended addressing mode, the ef-
fective address of the argument is contained in the two bytes
following the opcode. Instructions using extended address-
ing are capable of referencing arguments anywhere in
memory with a single 3-byte instruction. When using the
Motorola assembler, the programmer need not specify
whether an instruction uses direct or extended addressing.
The assembler automatically selects the shortest form of the
instruction.

RELATIVE — The relative addressing mode is only used in
branch instructions. In relative addressing, the contents of
the 8-bit signed byte following the opcode (the offset) is add-
ed to the PC if and only if the branch condition is true. Other-
wise, control proceeds to the next instruction. The span of
relative addressing is from —126 to + 129 from the opcode
address. The programmer need not worry about calculating
the correct offset when using the Motorola assembler since
it calculates the proper offset and checks to see if it is within
the span of the branch.

INDEXED, NO OFFSET — In the indexed, no offset ad-
dressing mode, the effective address of the argument is con-
tained in the 8-bit index register. Thus, this addressing mode
can access the first 266 memory locations. These instruc-
tions are only one byte long. This mode is often used to
move a pointer through a table or to hold the address of a
frequently referenced RAM or 1/0 location.

INDEXED, 8-BIT OFFSET — In the indexed, 8-bit offset
addressing mode, the effective address is the sum of the
contents of the unsigned 8-bit index register and the unsign-
ed byte following the opcode. This addressing mode is
useful in selecting the kth element in an n element table.
With this 2-byte instruction, k would typically be in X with
the address of the beginning of the table in the instruction.
As such, tables may begin anywhere within the first 256 ad-
dressable locations and could extend as far as location 510
($1FE is the last location at which the instruction may begin).
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INDEXED, 16-BIT OFFSET — In the indexed, 16-bit offset
addressing mode, the effective address is the sum of the
contents of the unsigned 8-bit index register and the two un-
signed bytes following the opcode. This addressing mode
can be used in a manner similar to indexed, 8-bit offset, ex-
cept that this 3-byte instruction allows tables to be anywhere
in memory. As with direct and extended addressing, the
Motorola assembler determines the shortest form of indexed
addressing.

BIT SET/CLEAR — In the bit set/clear addressing mode,
the bit to be set or cleared is part of the opcode, and the byte
following the opcode specifies the direct address of the byte
in which the specified bit is to be set or cleared. Thus, any
read/write bit in the first 266 locations of memory, including
1/0, can be selectively set or cleared with a single 2-byte in-
struction.

Caution

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, and $006).
A read operation on these registers is undefined. Since
BSET and BCLR are read-modify-write functions, they
cannot be used to set or clear a DDR bit (all “unaf-
fected” bits would be set). It is recommended that all
DDR bits in a port be written using a single-store in-
struction.

BIT TEST AND BRANCH — The bit test and branch ad-
dressing mode is a combination of direct addressing and
relative addressing. The bit and condition (set or clear) which
is to be tested is included in the opcode, and the address of
the byte to be tested is in the single byte immediately follow-
ing the opcode byte. The signed relative 8-bit offset is in the
third byte and is added to the value of the PC if the branch
condition is true. This single 3-byte instruction allows the
program to branch based on the condition of any readable
bit in the first 266 locations of memory. The span of bran-
ching is from — 125 to + 130 from the opcode address. The
state of the tested bit is also transferred to the carry bit of the
condition code register.

Caution

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, and $006).
A read operation on these registers is undefined. Since
BSET and BCLR are read-modify-write functions, they
cannot be used to set or clear a DDR bit (all “unaf-
fected” bits would be set). It is recommended that all
DDR bits in a port be written using a single-store in-
struction.

INHERENT — In the inherent addressing mode, all the in-
formation necessary to execute the instruction is contained
in the opcode. Operations specifying only the index register
or accumulator, as well as control instruction with no other
arguments, are included in this mode. These instructions are
one byte long.

INSTRUCTION SET

The EF6805P6 MCU has a set of 59 basic instructions,
which when combined with the 10 addressing modes pro-

- duce 207 usable opcodes. They can be divided into five dif-

ferent types: register/memory, read-modify-write, branch,
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bit manipulation, and control. The following paragraphs
briefly explain each type. All the instructions within a given
type are presented in individual tables.

REGISTER/MEMORY INSTRUCTIONS — Most of these
instructions use two operands. One operand is either the ac-
cumulator or the index register. The other operand is obtain-
ed from memory using one of the addressing modes. The

"jump unconditional {(JMP) and jump to subroutine (JSR) in-
structions have no register operands. Refer to Table 1.

READ-MODIFY-WRITE INSTRUCTIONS — These
instructions read a memory location or a register, modify
or test its contents, and write the modified value back to
memory or to the register. The test for negative or zero
(TST) instruction is included in read-modify-write instruc-
tions through it does not perform the write. Refer to
Table 2.

Caution

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, and $006).
A read operation on these registers is undefined. Since
BSET and BCLR are read-modify-write functions, they
cannot be used to set or clear a DDR bit (all “‘unaf-
fected"” bits would be setl. it is recommended that all
DDR bits in a port be wiitten using a single-store in-
struction.
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BRANCH INSTRUCTIONS — The branch instructions
cause a branch from the program when a certain condition is
met. Refer to Table 3.

BIT MANIPULATION INSTRUCTIONS — These ins-
tructions are used on any bit in the first 256 bytes of the
memory. One group either sets or clears. The other group
performs the bit test branch operations. Refer to Table 4.

Caution

The corresponding DDRs for ports A, B, and C are
write-only registers {registers at $004, $005, and $006).
A read operation on these registers is undefined. Since
BSET and BCLR are read-modify-write functions, they
cannot be used to set or clear a DDR bit (all “unaf-
fected" bits would be set). It is recommended that all
DDR bits in a port be wriiten using a single-store in-
struction.

CONTROL INSTRUCTIONS — The control instructions
control the MCU operations during pirogram execution.
Refer to Table 5.

ALPHABETICAL LISTING — The complete instruction set
is given in alphabetical order in Table 6.

OPCODE MAP SUMMARY — Table 7 is an opcode map
for the instructions used on the MCU.
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TABLE 1 — REGISTER/MEMORY INSTRUCTIONS

Addressing Modes
Indexed Indexed Indexed
immediate Direct Extended (No Offset) (8-Bit Offset) (16-Bit Offset)
Op| # # Op| *# ] Op | *# # op | # % Op ] [l # orP | # #
Function M ic| Code| Bytes| Cycles | Code|Bytes| Cycles | Code{Bytes | Cycles | Cods {Bytes| Cycles | Code|Bytes | Cycles | Code[Bytes | Cycles

Load A from Memory LDA A6 2 2 B6 2 4 C6 3 5 F6 1 a4 E6 2 5 D6 3 6

Load X from Memory LDX AE 2 2 BE 2 CE 3 5 FE 1 4 EE 5 DE 3 6

Store A in Memory STA — - — 87 2 5 C7 3 6 F7 1 5 €7 2 6 D7 3 7

Store X 1n Memory STX — - — BF 2 5 CF 3 6 FF 1 5 EF 2 6 DF 3 7

Add Memory to A ADD AB 2 2 BB 2 4 cB 3 5 FB 1 4 EB 2 5 [o]:] 3 6

Add Memory and

Carry 1o A ADC A9 2 2 B9 2 4 c9 3 5 F9 1 4 ES 2 5 ok 3 6

Subtract Memory SuB A0 2 2 BO 2 4 co 3 5 fFO 1 4 EO 2 5 [o]¢] 3 6
Subtract Memory from

A with Borrow SBC A2 2 2 B2 2 4 C2 3 5 F2 1 4 E2 2 5 D2 3 6

AND Memory to A AND A4 2 2 B4 2 4 Cc4 3 5 Fa 1 4 E4 2 5 D4 3 6

OR Memory with A ORA AA 2 2 BA 2 4 CA 3 5 - | FA 1 4 EA 2 5 DA 3 6
Exclusive OR Memory

with A EOR A8 2 2 B8 2 4 Cc8 3 5 F8 1 4 E8 2 5 D8 3 6
Anthmetic Compare A

with Memory cMP Al 2 2 B1 | 2 4 c1 | 3 5 F1o| 1 4 E1 | 2 5 D1 | 3 6
Arthmetic Compare X

with Memory CPX A3 2 2 B3 2 4 Cc3 3 5 F3 1 4 E3 2 5 D3 3 6
Bit Test Memory with

A (Logical Compare) BIT A5 | 2 2 85 2 4 4] 3 5 F5 1 4 ES 2 5 D05 3 6

Jump Unconditional JMP — — — BC 2 3 cC 3 4 FC 1 3 EC 2 4 bC 3 5

Jump to Subroutine JSR — — - 8D 2 7 cD 3 8 FD 1 7 ED 2 8 []o] 3 9

TABLE 2 — READ-MODIFY-WRITE INSTRUCTIONS

Addressing Modes
Indexed Indexed
Inherent (A) Inherent (X) Direct (No Offset) (8 Bit Offset)
op| # # op | # # ) I # # Op ] # ] op | # ]
Function M ic| Code|By Cycles| Code|Bytes| Cycles|Code|Bytes| Cycles | Code{Bytes | Cycles | Code|Bytes| Cycles

Increment INC 4C 1 4 5C 1 4 3C 2 6 7C 1 6 6C 2 7

Decrement DEC 4A 1 4 5A 1 4 3A 2 6 7A 1 6 6A 2 7

Clear CLR 4F 1 4 5F 1 4 3F 2 6 7F 1 [ 6F 2 7

Complement coM 43 1 4 53 1 4 33 2 6 73 1 6 63 2 7

Negate

(2's Complement) NEG 40 1 4 50 1 4 30 2 6 70 1 6 60 2 7

Rotate Left Thru Carry]  ROL 49 1 4 59 1 4 39 2 6 79 1 6 69 | 2 7

Rotate Right Thru Carry| ROR 46 1 4 56 1 4 36 2 6 76 1 6 66 2 7

Logical Shift Left LSL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7

Logical Shift Right LSR 44 1 4 54 1 4 34 2 6 74 1 6 64 2 7

Arithmetic Shift Right ASR 47 1 4 57 1 4 37 2 6 77 1 6 67 2 7
Test for Negative

or Zero TST 4D 1 4 50 1 4 30 2 6 70 1 6 6D 2 7
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TABLE 3 — BRANCH INSTRUCTIONS

Relative Addressing Mode
Op # #
F M Code Bytes | Cycles
Branch Always BRA 20 2 4
Branch Never BRN 21 4
Branch IFFHigher BHI 22 2 4
Branch IFFLower or Same BLS 23 2 4
Branch IFFCarry Clear ~ BCC 24 2 4
(BranchIFFHigher or Same){ (BHS) 24 2 4
Branch IFFCarry Set BCS 25 2 4
(Branch IFF Lower) (BLO) 25 2 4
BranchIFFNot Equal BNE 26 2 4
BranchIFF Equal BEQ 27 2 4
Branch IFF Half Carry Clear| BHCC 28 2 4
BranchIFFHalf Carry Set BHCS 29 2 4
BranchIFF Plus BPL 2A 2 4
BranchIFF Minus Bmi 2B 2 4
Branch IFF Interupt Mask
Bit is Clear BMC 2C 2 4
BranchIFF Interrupt Mask
Bit is Set BMS 2D 2 4
BranchiFFinterrupt Line
is Low BIL 2E 2 4
BranchiFFinterrupt Line
is High BIH 2F 2 4
Branch to Subroutine BSR AD 2 8

TABLE 4 — BIT MANIPULATION INSTRUCTIONS

Addressing Modes

Bit Set/Clear Bit Test and Branch
Op # # Op # #

Function Mnemonic Code |Bytes| Cycles| Code | Bytes| Cycles
Branch IFF Bit n is set BRSETn(n=0..7) — — — 2en 3 10
Branch IFF Bit nis clear | BRCLRn (n=0...7) -~ - 01 +2en 3 10
Set Bit n BSETn(n=0. 7) 10+2en 2 7 — — —
Clear bit n BCLRNn (n=0...7) 11 +2en 2 7 — — —

TABLE 5 — CONTROL INSTRUCTIONS

Inherent
-Op # #
F M Code Bytes | Cycles

Transfer A to X TAX 97 1 c 2
Transfer X to A TXA 9F 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CLC 98 1 2
Set Interrupt Mask Bit SE| 98 1 2
Clear Interrupt Mask Bit CLI 9A 1 2
Software Interrupt swi 83 1 11
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP 9D 1 2
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TABLE 6 — INSTRUCTION SET

1

Condition Code

Njz|C

ojeojo|eo 0
olejlojo|eo
LACIC AL AN ]
o000 0
oje/loj@®|0®
LALIE B BN ]
LRI 2L BN J
oj0®@/0|0
e|0|leje|®
®i®|0|1

AN|®|AIA| A
A AN A
O|O| ANl @
OO AIA| A
@O A[A[A
LA AL AN ]
oleleojoeo
LUK ICIK]
ojlojojo|e
LACIE AL AN
LALIEILAK]
ojejojo|e
ojojojofe
ojojeofo|o
ojeoj0of0 |0
O|O0|AIAN| O
LA AK]
eolejofo|o

OI®INAIA

®|®|A A

@0 AIA|A
@A |IA|O®
oj0(A|A|@®
®|®0|AIN|®
LACAE AL AN
oje/ofo|o
O|O|AA|O®
®®|A(A]O®
O |OIAIATA
®|®0|OIA|A
OI®|A[A|A
[ RCIC R BN ]
O j0|A|IN|@®
OOIAIAN|A
ojej®i0 |0

Addressing Modes

Bit

Bit

d|Set/ | Test-&

d

d

{No Offset)| (8 Bits) |(16 Bits)|Clear |Branch | H

Direct | Extended |Rel:

ADC
ADD
AND
ASL
ASR
BCC

BHCC
BHCS
BHI
BHS
BIH

BIL
BRCLR

BCLR
BCS
BEQ
BIT
BLO
BLS
8MC
BMI
BMS
BNE
BPL
BRA
BRN
BRSET
BSET
BSR
CLL
Cul

CLR

CMP

CoM
CPX
DEC
EOR
INC
Jmp
JSR
LDA
LDX
LSt
LSR
NEQ
NOP
ORA
ROL
RSP

Condition Code Symbols:

C Carry/Borrow

H Half Carry (From Bit 3)

A Test and Set if True, Cleared Otherwise

Interrupt Mask
N Negative (Sign-Bit)

Z Zero

1

Not Affected
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TABLE 6 — INSTRUCTION SET (CONTINUED)

Addressing Modes Condition Code
Bit Bit
Indexed |Indexed|Indexed|Set/ | Test &

M ic| Inh 1 di Direct | Extended |Relative|(No Offset)| (8 Bits) |(16 Bits)|Clear [Branch| H| I IN|Z | C
RTI X HE B HE
RTS X oleojoj0o) o
SBC X X X X X X OO(AIA| A
SEC X olejele]| 1
SEI X ol1ele] @
STA X X 3 X X ole[an[A] @
STX X X X X X olefa|a] @
SuB X X X X X X olo[A|A]| A
Swi X olljeole|®
TAX X (JCIC AL AN ]
TST X X X X @|0|AN|A| @
TXA X ole|ole| e

Condition Code Symbols:

H Half Carry (From Bit 3) C Carry/Borrow

I Interrupt Mask A Test and Set if True, Cleared Otherwise

N Negative (Sign Bit) * Not Affected

Z Zero ? Load CC Register From Stack

EF6805 HMOS FAMILY
Features EF6805CT |EF6805P2|EF6805P4 | EF6805P6 EF6805R2IEF680583 EF6805T2 FSBOSUZEFSGOSU:{ EF6805TV

Technology HMOS HMOS HMOS HMOS HMOS HMOS HMOS HMOS HMOS HMOS
Number of Pins 40 28 28 28 40 40 28 40 40 40
On-Chip RAM (Bytes) 240 64 112 64 64 12 64 64 112 96
On-Chip User ROM (Bytes) 4096 1100 1100 1796 2048 3776 2508 2048 3776 6144
External Bus Yes None None None None None None None None None
Bidirectional 1/O Lines 29 20 20 20 24 24 19 24 24 32
Unidirectional 1/0 Lines None None None None 6 Inputs | 6 Inputs None 8 Inputs | 8 Inputs None
Other 1/O Features Timer,UART Timer Timer Timer |Timer,A/D|Timer, A/D|Timer, PLL] Timer Timer |Timer,D/A
External Interrupt Inputs 3 1 1 1 2 2 2 2 2 1
[sTOP and wAIT No No No No No No No No No No
2024 THOMSON SEMICONDUCTEURS
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TABLE 7 — EF6805 HMOS FAMILY OPCODE MAP

8it lation Branch Read-Modify-Write Control R / Memory
1 IMM I j%l ix1
Hi (] A [3 Hi
Low 0001 0010 67(0" . 0100 0101 0110 _om 1000 1001 - 1010 r ALTH] . 100 " 1101 . 1110 umn Low
7 7 7 7 5
0 BRSETO BSETO BRA NEG NEG NEG NEG ‘ NEG RTI sus sus sus sus sus sus 0
|—o00 3 BB {2 BSC 12 REL {2 DR {1 INH | 1 INH |2 X1 11 X |1 INH 2 IMM DR {3 EXT |3 X2 {2 X34 Xy 000 |
10 7 4 6 2 5 6 5 4
1 BRCLRO BCLRO BRN RTS CMmP CMP. CMP Ccmp CMP CMP 1
0001 3 8T8 |2 C 12 REL 1 INH 2 IMM | 2 OR |3 XT3 X2 |2 Xt 1x o001
7 4 5 6 5 [
2 BRSET1 BSET1 BHI SBC SBC SBC SBC S8C SBC 2
0010 3 BYB {2 BSC {2 IMM | 2 DIR |3 EXT 3 1X2 g X 0010
0 7 4 6 4 . 4 7 6 " 4 5 3 5 L]
3 BRCLR1 BCLRY BLS coMm COMA COMX com coMm Swi CPX CPX CPX cpPX CcPX CPX 3
[__oon 3 __BTi 7L BSC } REL g DIR ; INH l INH % X1 é x 11 INH 2 IMM } DIR g7 EXT X2 é X1 : X o)
‘4w GBRSEJTZB N BSE?SC N BCC’i LSR1 LSRAN LSRX LSR A LSR ANDMM ANODm AND" 5 ANDlxz B AND‘X‘ \ AND ; ‘4
| o100 z 2 2 D1 INH {1 INH | 2 X X 2 Il 2 g - £ 1 0 |
5 BRCLR2 BCLR2 BCS BIT BIT BIT BIT BIT BIT 5
|—oi01 3 87812  BSCl2 REL MM QIR |3 EXT |3 X212 X111 X 0101
0 7 4 3 3 q 7 6 2 4 5 3 5 4
6 BRSET3 BSET3 BNE ROR RORA RORX ROR ROR LDA LDA LDA LDA LDA LDA 6
0119 3 8T8 2 __Bsc 2 REL 2 LLES KL N1 2 CARE} X . 2 uM1g OiR g X113 1x2 % Ly X 0110
7 BRCLR3 BCLR3 BEQ ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA 7
ont 3 B1B 12 BSC 12 REL |2 QIRI 1 INH[1 INH | 2 X1 i IX 1 INH 2 DIR 13 EXT13 X212 X101 A% o
19 7 4 6 ) 3 7 3 Z Z 4 5 3 5 a
8 BRSET4 BSET4 BHCC LSt LSLA LSLX LsL LSt cLc EOR EOR EOR EOR EOR EOR 8
|0 13 B0 L2 BSC 12 REL g DIR |1 INH | Y ] 2 111 ix I NS ZL MM | 2 ok L EXT g X2 2 a1 X 1000
9 BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC ADC ADC ADC ADC 9
1001 3 87 ; BSC g R % _OIR 1 NH {1 INH ; 1X1 é 1X. ; INH |2 IMM | 2 DIR % EXT % 12 g X1 : X 100t
4 3 M
A BRSETS BSETS BPL DEC DECA DECX DEC DEC cul ORA ORA ORA ORA ORA ORA A
|_