8 BIT
MICROCONTROLLER




Notice to Potential TLLCS-90* Customers:

This Databook contains a preliminary Data Sheet for Toshiba’s new TLCS-90 Series 8-bit
Microcontrollers. Although the Data contained therein is generally believed to be current, it is
recommended that you contact you local Toshiba Sales Person or Office to obtain the latest
Specs prior to any actual System Design.

Thus you will be ensured of having the latest Device Electrical Specs to incorporate into your
System Design Process.

* The TLCS-90 Series currently inciudes the following devices:

TMP9O0C840N
TMP80C840F
TMPS0C841N
TMP90C841N
TMP90C840E

Future TLCS-90 Series Devices will be added to this expanding Family.
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TOSHIBA TMP 8048A/TMP8035A, TMP 8049A/TMP 8039A

NMOS 8-BIT MICROCONTROLLER (TLCS-48)

TMP8048AP/TMP 8035AP
TMP 804 9AP /TMP 80 39AP
TMP 8048AT/TMP 8035AT
TMP8049AT /TMP 8039AT

GENERAL DESCRIPTION

The TMP8048AP /TMP8049AP, from here on referred to as the TMP8048A except
in case of no need to specify each parts, is a single chip microcontroller
internal 8-bit parallel architecture.

The following basic architectural functions of a computer have been
included in a single chip; an 8-bit CPU, RAM data memory, ROM program memory,
27 1/0 lines and an 8-bit timer/event counter.

The TMP8048A is particularly efficient as a controller. It has extensive
bit handing capability as well as facilities for both binary and BCD arith-
metic.

The TMP8035A/TMP8039A is the equivalent of a TMP8048A/TMP8049A without
ROM program memory on chip. By using this device with external EPROM or RAM,
software debugging becomes easy.

The TMPB048AP/TMP8035AP, TMP8049AP/TMP8039AP are packaged in a standard
40 pin Dual Inline Plastic Package.

The TMP8048AT/TMP8035AT, TMP8049AT/TMPB039AT are packaged in the JEDEC
standard type &44pin PLCC (Plastic Leaded Chip Carrier).

FEATURES

. 1.36 us Instruction Cycle . 27 1/0 lines

. All instruction 1 or 2 cycles . Interval Time/Event Counter
. Over 90 instructions; 70% single byte . Single level interrupt

. Easy expandable memory and I/0 . Single 5V supply

Parts Number Program Memory (ROM) Data Memory (RAM)

TMP8048A 1 k Byte 64 Byte
TMP 8049A 2 k Byte 128 Byte
TMP8035A - 64 Byte
TMP 80394 - 128 Byte
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TOSHIBA TMP 8048A/TMP8035A, TMP 8049A/TMP 80394

PIN CONNECTIONS (Top View)

Togy Y 40pvee (+5V)
XTAL1 02 39p Ty
XTAL, O3 38D P27
RESET O4 370 Pag
55 45 360 Pyg
INT g6 35p Pyy
EA Q7 3403 P17
RD ds 3313 P16
FSEN 09 320 Pyg
WR Q10 31P P14
ALE O11 3083 P13
DBQ 012 293 P12
DBy §13 281 Py,
DB, 014 2703 Pio
DB5 §15 26 3 Vyyp(+5V)
DB, H16 253 PROG
pBg 017 24 Pos
DB 418 238 P22
(ovyVss H20 21P Py

INT g P24
EA [ g} P17
RDi 2] P16

FSEN X1 P15
WK 21 pl4
NC] X1 NC

ALE XIPI13

DBO K Pl2

DB 1] <7 P1l

DB 2j P10

DB3 VDD

P20
p2l
p22
P23 |
PROG
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TOSHIBA TMP8048A/TMP 80354, TMPB049A/TMP 80394

PIN NAMES AND PIN DESCRIPTION

VSS (Power Supply)
Circuit GND potential

VDD (Power Supply)
+#5V during operation Low power standby pin for TMP8048A RAM

VCC (Main Power Supply)
+5V during operation

PROG (Output)
Output strobe for the TMP8243P 1/0 exapnder

P10-P17 (Input/Output) Port 1
8-bit quasi-bidirectional port (Internal Pullup = 50 kohm).

P20-P27 (Input/Output) Port 2
8-bit quasi-bidrectional port (Intermal Pullup = 50 kohm).
P20-P23 Contain the four high order program counter bits during an

external program memory fetch and serve as a 4-bit I/0 expander bus for
the TMP8243P.

DB0-DB7 (Input/Output, 3 State)
True_bidirectional port which can be written or read synchronously using
the RD, WR strobes. The port can also be statically latched. Contains
the 8 low order program counter bits during an external program memory
fetch, and receives the addressed instruction under the control of PSEN.
Also contains the address and data during an external RAM data store

instruction, under control of ALE, RD and WR.

TO  (Input/Output)
Input pin testable using the conditional transfer instructions JTO and
JNTO. TO can be designated as a clock output using ENTO CIK instruction.

T1 (Input)
Input pin testable using the JT1 and JNTl instruction. Can be designated
the event counter input using the timer/STRT CNT instruction.

INT (Input)
External interrupt input. Initiates an interrupt if interrupt 1is
enabled. Interrupt is disabled after a reset. Also testable with
conditional jump instruction. (Active Low)

&l

(Output)

Output strobe activated during a Bus read. Can be used to enable data
onto the Bus from an external device. Used as a Read Strobe to External
Data Memory (Active Low).

WR (Output)
Output strobe during a Bus write (Active Low). Used as a Write Strobe to
External Data Memory.
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TOSHIBA

TMP 8048A/TMP 80354, TMP8049A/TMP 80394

BLOCK DIAGRAM
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Port 0 Port 1 Port 2
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The lower order 4 bits of
port 2 output latch are
used also for input/out-
put operations with the
I1/0 expander.

The output latch of port
0 is also used for
address output.
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TOSHIBA TMP 8048A/TMP 80354, TMP 8049A/TMP 80394

RESET (Input)

-ALE

PSEN

EA

XTAL

XTAL

Active Low signal which is used to initialize the Processor. Also used
during Power down.

(Output)

Address Latch Enable. This signal occurs once during each cycle and is
useful as a clock output. The negative edge of ALE strobes address into
external data and program memory.

(Output)
Program Store Enable. This output accurs only during a fetch to extermal
program memory (Active Low).

(Input)

Single Step input can be used in conjunction with ALE to "single step'
processor through each instruction when SS is low the CPU is placed into
a wait state after it has completed the instruction being excuted.

(Input)

External Access input which forces all program memory fetchs to reference
external memory. Useful for emulation and debug and essential for
testing and program verification. (Active High).

1 (Input)
One side of crystal input for internal oscillator. Also input for
external source.

2 (Input)
Other side of crystal input.

FUNCTIONAL DESCRIPTION

1.

(1)

System Configuration

. The following system functions of the TMP8048A are described in detail.

(1) Program Memory (6) Stack (Stack Pointer)

(2) Data Memory (7) Flag 0, Flag 1

(3) 1/0 Port (8) Program Status Word (PSW)
(4) Timer/Counter (9) Reset

(5) Interrupt Control Circuit (10) Oscillator Circuit

Program Memory

. The maximum memory that can be directly addressed by the TMP8048A is
4096 bytes. The first 1024 bytes from location O through 1023
(TMP8048A) or the first 2048 bytes from location 0 to 2047 (TMP8049A)
can be internal resident mask ROM. The rest of the 3072 bytes or the
2048 bytes of addressable memory are external to the chip. The
TMP8035A and TMPB039A have has no internal resident memory; all memory
must be external.

MCU48-5



TOSHIBA TMP8048A/TMP8035A, TMP8049A/TMP8039A

There are three locations in Program Memory of special importance.

Address 1
4095

Memory Bank 1

2048

2047 W//Z )

[ Internal ROM

Program Memory Area

Memory Bank 0O

Location 0
Activating the Reset line of the processor causes the first instruction
to be fetched from Location 0.

Location 3
Activating the interrupt line of the processor (if interrupt enabled)
causes a jump to subroutine defined by address held in Location 3.

Location 7
A timer/counter interrupt resulting from a timer/counter overflow (if
enabled) causes a jump to a subroutine defined by address held in
Location 7.

Program address 0-2047 and 2048-4095 are called memory banks 0 and 1 respec-
tively switching of memory banks is achieved by changing the most
significant bit of the program counter (PC) during execution of an
uncoditional jump instruction or call instruction executed after using SEL
MBO or SEL MBI.

Reset operation automatically selects Bank O.

(2) Data Memory

. Resident Data Memory (volatile RAM) is organized as 64 words (TMP8048A)
or 128 words (TMP8049A) by 8-bits wide.

. The first 8 locations (0 - 7) of the memory array are designed as
working registers and are directly addressable by several instructiomns.
By executing a Register Bank switch instruction (SEL RBl) locations 24
- 31 are designated as the working registers in palce of 0 - 7.
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TOSHIBA TMP 8048A/TMP 8035A, TMP 8049A/TMP 80394

Address
127
Data Memory
32
3llResister Bank 1
246 RB1
23~ T T T ]
8 Level Stack
8 (16 byte)
7{Resister Bank O]
0 RBO

Internal Data Memory Area

. RAM locations 8 - 23 serve a dual role in that they contain the program
counter stack which is a stack 2 bytes wide by 8 levels deep. These
locations store returning addresses from subroutines. If the level of
subroutine nesting is less than the permitted 8, you free up 2 bytes of
RAM for general use for every level of nesting not utilized.

. All 64 (TMP8048A) or 128 (TMP8049A) locations are indirectly
addressable through either of two RAM Pointer Registers which reside at
RO and Rl of the Register array.

. The TMP8048A architecture allows extension of the Data Memory to 256
words.

(3) 1Input/Output Ports
. The TMP8048A has 27 I/0 lines which can be used for either input or
output. These I/0 lines are grouped into 3 ports each having 8
bidirectional lines and 3 '"test" inputs which c¢an after program
sequences when tested by conditional jump instructions.

. Ports 1 and 2 are each 8-bits wide and have identical characteristics.
Data written to these ports is statically latched and remains unchanged
until rewritten. As input ports these lines are non-latching, i.e.,
inputs must be present until read by an input instruction.

. All lines of Ports 1 and 2 are called quasi-bidirectional because of a
special output circuit structure (illustrated in Figure 1). Each line
is continuously pulled to a +5V level through a high impedance
resistive device (50kohm) which is sufficient to provide the source
current for a TTL high level yet can be pulled low by a standard TTIL
gate thus allowing the same pin to be used for both input and output.
In order to speed up the "0" to "l1" transition a low impedance device
(S5kohm) is switched in momentarily whenever a '"l1" is written to line.
When "0Q" is written to line a low impedance device overecomes the
pullup and provides TTL current sinking capability.
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TOSHIBA TMP 8048A/TMP 80354, TMP 8049A/TMP 8039A

(4)

ANL, ORL
L‘ 45V +5V
~N

$50kN
<
Internal -Bus D Q r_D__,‘ tSKSl
‘ D-Type 50k 1/0 pins
Flip-Flop Portl or 2
[_ CLK Q 4
Write Pulse :

Inter Buffer
__
T

Fig.l Input/Output Circuit of Port 1, Port 2

. Reset initializes all lines to a high impedance "1'" state.

. When external data memory area is not addressed during execution of an
internal program, Port 0 (DBO - DB7) becomes a true bidirectional port
(bus) with associated input and output strobes. If bidirectional
feature not needed Bus can serve as either a statically latched output
port or a non-latched input port. However, I/0 lines of this port
cannot be intermixed.

. As a static port data is written and latched using the OUTL instruction
and inputted using the INS instruction these two commands generate
pulses on the corresponding RD and WR strobe lines.

. As a bidirectional port the MOVX instructions are used to read and
write the port which generate the RD and WR strobes.

. When not being written or read, the Bus lines are in a high impedance
state.

Timer /Event Counter

. The 8-bit binary up counter can use either of the following frequency
inputs

(1) 1Internal clock (1/480 of 0SC frequency)
cesesesessesss Timer mode

MCU48-8



TOSHIBA TMP 8048A/TMP 8035A, TMP8049A/TMP8039A

(2) External input clock form Tl terminal
(minimum cycle time 3 x ALE cycle)
N .+... Event Counter mode

The counter is presettable and readable with two MOV instructions
which transfer the content of the accumulator to the counter and vice
versa. The counter content 1s not affected by a Reset and 1is
initialized solely by the MOVT, A instruction. The counter is stopped
by a Reset or STOP TCNT instruction and remains stopped until started
by STRT T instruction or as an event counter by a STRT CNT. One
started the counter will increment to its maximum count (FF) and
overflow to Zero continuing its count until stopped by a STOP TCNT
instruction or RESET.

The increment from maximum count to Zero (overflow) results in the
setting of an overflow flag and the generation of an interrupt request.

When interrupt acknowledged a subroutine call to Location 7 will be
initiated. Location 7 should store the starting address of the timer
or counter service routine. The state of the overflow flag is testable
with the conditional Jump (JTF). The flag is reset by excuting a JTF
or by RESET.

Figure 2 illustrates the concept of the timer circuit.

Timer Overflow Flag
1/32 -
XTAL/15— — | Flip-Flop
Pre-scaler
Cleared on Start Timer JTF Instruction
STRT T
8-Bit Timer/
STOP TCNT O ol
Counter
STRT CNT Timer Interrupt
Request Flip-Flop
T1 Edge Detector Read/Write Enable | ‘ INT

Timer Interrupt Enable

Fig. 2 Concept of Timer Circuit
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TOSHIBA TMP 8048A/TMP 80354, TMP 8049A/TMP 8039A

JTF —1S Conditional Jump Logic
Instruction Timer
Flag F-F
R
Reset

Timer Overflow

S Q] ‘
Timer
Timer Interrupt Qverflow o b
Execution R F-F D_S ‘g‘_s LLQ
Reset RETR -
Instruc— R £ 3 &5
tion =R
T pin[ p———>P
. Inter-
;:'E‘t X External :I.nte:Tj
ALE LK 3 5 BN Recognize
Last cycle Timer int:rrupt
of Instruction _QRecog‘n ze
CLR
ENI ,
Instruction—S % QFEN TQT1l —s & QI
£ Instruction 2 Execution of Inter-
¢ 3 § . rupt Call Instruction
PV & e
RESL REE L
Reset '
DIs 1
DIS TCNT1
Instruction Instruction

Fig. 3 Concept of Interrupt Control Circuit
(5) Interrupt Control Circuit
. There are two distinct types of Interrupts in the TMP8048A.
(1) External Interrupt from the INT terminal

(2) Timer Interrupt caused by timer overflow

MCU48-10



TOSHIBA TMP 8048A/TMP 8035A, TMP 8049A/TMP 80394

. The interrupt system 1is single level in that once an interrupt is
detected all further interrupt requests are ignored until execution of
an RETR (which should occur at the end of an interrupt service routine)
reenables the interrupt logic.

. An interrupt sequence is initiated by applying a low level "0" to the
INT pin. INT is level triggered and active low which allows "Wire
Oring'" of several interrupt sources. The interrupt level is sampled
every machine cycle during ALE and when detected causes a "jump to
subroutine' at Location 3. As in any call to subroutine, the Program
Counter and Program Status Word are saved in the stack.

. When an overflow occurs 1in the 1internal timer/event counter an
interrupt request 1is generated which 1is reserviced as outlined in
previous paragraph except that a jump to Location 7 is used instead of
3. If INT and times overflow occur simultaneously then external
request INT takes precedence.

. If an extra external interrupt is needed in additiom to INT this can be
achieved by enabling the counter interrupt, loading FFH in the counter
(one less than the terminal count), and enabling the event counter
mode. A "1" to "0" transition on Tl will cause an interrupt vector to
Location 7.

. The interrupt service routine pointed to be addresses in Location 3 or
7 must reside in memory between 0 and 2047, i.e., Bank O.

Figure 3 illustrates the concept of the interrupt control circuit.
(6) Stack (Stack Pointer)

. An interrupt or Call to subroutine causes the contents of the program
counter to be stored in one of the 8 register pairs of the Program
Counter Stack. The pair to be used is determined by a 3-bit stack
pointer which 1is part of the Program Status Words (PSW explained in
section (8)). Data RAM locatioms, 8 through 23 are available as stack
registers and are used to store the program counter and 4-bits of PSW
as shown in the figure.

. The stack pointer when initialized points to RAM location 8 and 9. The
first subroutine jump or interrupt results in the program counter con-
tents being transferred to Locations 8 and 9. Then the stack pointer
is incremented by one to point to Locations 10 and 11. Eight levels of
subroutine are obviously possible.

. At the end of a subroutine signalled by a RET or RETR causes the stack
pointer to be decremented by one and the contents of the resulting pair
to be transferred to the Program Counter.
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TOSHIBA TMP 8048A/TMP 80354, TMP8049A/TMP 80394

\ 23
7 |
; 22
6 i 21
! 20
]
5 l 19
| 18
4 E 17
i 16
|
3 : 15
K 14
]
2 : 13
; 12
{ 11
1 '
} 10
PSW | PC8 11 9
of------ Y el
]
PC4n 7 ! PCO~ 3 8
Stack RAM
Pointer Address

(7) Flag 0, Flag 1 (F0, Fl)

. The TMP8048A has two flags FO and Fl which are used for conditional
jump. These flags can be set, reset and tested with the conditional
jump instruction JFO.

. FO is a part of the program status word (PSW) and is saved in the stack
area when a subroutine is called.

(8) Program Status Word (PSW)

. An 8-bit status word which can be loaded to and from the accumulator
exists called the Program Status Word (PSW). The PSW is read by a MOV
A, PWS and written to by a MOV PSW, A. The information available in
the PSW is shown in the diagram below.
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(9

Stack Pointer

/
|c lac |Fo [BS |1 [s2 [si {s0 |

MSB | [ LSB
i H_|

Saved in stack area Spare (1" during Read)
at the time of Sub-
routine Call.

Bits O - 2 : Stack Pointer Bits (SO0, Sl, S2)

Bit 3 : Not used ("1" level when read.)
Bit 4 : Working Register Bank Switch Bit (BS)
0 = Bank 0
1 = Bank 1
Bit § : Flag 0 (FO)
Bit 6 : Auxiliary Carry (AC) carry bit generated by an ADD
instruction and used by the decimal adjust instruction
Da, A (AC)
Bit 7 : Carry (C) flag which indicates that the previous opera-

tion has resulted in the accumulator. (C)

Reset

. The reset input provides a means for initialization of the processor.

This Schmitt trigger input has an internal pullup register which in
combination with an external luF capacitor provides an internal reset

pulse sufficient length to guarantee that all internal logic 1is
initialized.

1kQ
O O~ ' RESET

e 1
I
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TMP 8048A/TMP 8035A, TMP 8049A/TMP 8039A

If the pulse is generated externally the reset pin must be held at ground
(£0.8V) for at least 10mS after the power supply is within tolerance.

. Reset performs the following functions within the chip:

(1)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(x)
(xi)

Sets PC to Zero.

Sets Stack Pointer to Zero.

Selects Register Bank 0.

Selects Memory Bank O.

Sets BUS (DBO - DB7) to high impedance state. (Except when EA=5V)
Sets Ports 1 and 2 to input mode.
Disables interrupts (timer and external).
Stops Timer.

Clears Timer Flag.

Clears FO and F1.

Disables clock output from TO.

(10) Oscillator Circuit

. TMP8048BA can be operated by the external clock input in addition to
crystal oscillator as shown below.

+5V
4700 % L
2F xTAL 1 4{:::>> 2b xTAL 1
1 / 4
4 # TTL Gate ’
=] ’ [
L, b~
30 XTAL 2 4709 3f XTAL 2
I F +5V .

(a) Crystal Parameters and External Capacitance

The frequency of the oscillator will be calculated from the following
formula.

f = (1+C0/2(CL+C)) /2nJLxCO

Load Capacitance BL
CL=(C1+Cf1)(C2+C£2)/((CL+C£1)+(C2+C£2))

Cfl

: Input Capacitance (4pF Typ.)+Stray Capacitance (less than 5pF)

Cf2 : Output Capacitance(6pF Typ.)+Stray Capacitance (less than S5pF)
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TMP 8048A/TMP 8035A, TMP 8049A/TMP 80394

However the recommended value in the following table will be
better by the reason of the start of the oscillation will depend on the

used

Equivalent Series Resistance Rl and the External Capacitances Cl+Cfl,
C2+Cf2.
Frequency Equivalent External Capacitance
Series Res. Cl=C2(pF)
f(MHz) R(ohm) Recommended Typical
Value Allowance
11 25 Max. 10 5 to 17
11 30 Max. 10 5 to 15
10 25 Max. 10 5 to 20
10 30 Max. 10 5 to 17
8 30 Max. 15 5 to 25 .__J\/v\r___.
8 40 Max. 10 5 to 20 R¢
6 40 Max. 20 5 to 35
6 80 Max. 10 5 to 17 XTALI 2 3 XTALZ
5 50 Max. 20 5 to 40
5 80 Max. 15 5 to 25 |71
4 100 Max. 15 5 to 30 pmm s TTesmemmes
4 150 Max. 10 5 to 20 : l I :
3 100 Max. 20 5to40 Cg i Cy C2| Cg2
3 200 Max. 15 5 to 25 — . — —_—
2 400 Max. 25 5 to 40 —— —_ —_— —_—
2 500 Max. 15 5 to 25 : :
1 800 Max. 25 10 to 40 77;7 s . -
(b) Ceramic Resonator and Extermal Capacitance
Frequency External Capacitance
Recommended Value
£(MHz) Ci=c2 (pF)
— TR0 A
3 to 11 33
1to 3 100 o—1» b co R 1

2. Basic Operation and Timing

The

(1)
(2)
(3)
(4)
(5)
(6)

following basic operations and timing are explained

Instruction Cycle

External Memory Access Timing
Interface with I/0 Expander TMP8243P
Internal Program Verify (Read) Timing
Single Step Operation Timing

Low Power Stand-by Mode
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TOSHIBA TMP8048A/TMP 80354, TMP 8049A/TMP8039A

(1) Instruction Cycle

. The instruction of TMP8048A are executed in one or two machine cycles,
and one machine cycle contents of five states.

. Fig. 4 illustrates its relationship with the clock input to CPU.

. #2 clock shown in Fig. 4 is derived to outside by ENTO CILK instruction.

. ALE can be also used as the clock to indicate the machine cycle as well
as giving the external address latch timing.

(2) External Memory Access Timing
(i) Program Memory Access
. TMP8048A programs are executed in the following three modes.

(1) Execution of internal program only.
(2) Execution of both external and internal programs.
(3) Execution of external program only.

The external program memory 1s accessed (instructioms are fetched)
automatically when the internal ROM address is exceeded in mode (2) and
from initial start address O in mode (3).

. In the external program memory access operation, the following will
occur

. The contents of the 12-bit program counter will be output on BUS(DBO
- DB7) and the lower 4-bits of Port 2.

. Address Latch Enable (ALE) will indicate the time at which address is
valid. The trailing edge of ALE is used to latch the address
externally. ,

. Program Store Enable (PSEN) indicates that an external instruction
fetch is in progress and serves to enable the external memory device.

. Bus (DBO =- DB7) reverts to Input mode and the processor accepts its
8-bit contents as an Instruction Word.

. Figure 5 illustrates the timing.

(ii) Access of External Data Memory

. In the extended data memory access operation during READ/WRITE cycle
the following occurs

. The contents of RO Rl is output onto BUS (DBO - DB7).

. ALE indicates address is valid. The trailing edge of ALE is used to
latch the address extermally.

. A read RD or write WR pulse on the corresponding output pins
indicates the type of data_memory access in progress. Output data
valid at_trailing edge of WR and input data must be valid at trailing
edge of RD.

. Data (8-bits) is transferred over BUS.

MCU48-16



TOSHIBA TMP 8048A/TMP 80354, TMP 8049A/TMP 80394

XTAL1 Input I'] r'] l l I l l ] l l ’ l 1'1 r'] l ] l l I l l I ' l l | I l

(6MHZz)
0S-SR s IRy NN o NN o N
z
Generated ’ l ’ l ' l ' I I I
internally ¢2 1
State 1 2 3 4 5 1
a Instruction Decode Execution Execution Execution
Fetch
1 State 1 Cycle
]
Next Address Latch Timing
ALE Jv
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Fig. 4 Instruction Cycle Timing
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Fig. 5 Timing of External Program Memory Access
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I External Data Memory Access Instruction ]
L ol

Suggest we have two diagrams

’——-\ Read nwrite
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Fig. 6 Timing of Accessing External Data Memory
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. Figure 6 illustrates the timing of accessing the external data memory
during execution of external program.

(3) Interface with I/0 Expander (TMP8243P)

. The TMP8048A I/0O can be easily expanded using the TMP8243 I/O Expander.
This device uses only the lower half 4-bits of Port 2 for communica-
tion with the TMP8048A. The TMP8243 contains for 4-bit I/O ports which
serve as extensions of one chip I/0 and are addressed as Ports (4-7).
All communication takes place over the lower half of port 2 (P20 - P23)
with timing provided by an output pulse on the PROG pin. Each transfer
consists of two 4-bit nibbles the first containing the '"OP Code" and
port address and second containing the actual 4-bits of data.

+12v
e ovf
RESET ov " A o (\;
/
ALE 8 >—\_,‘ [\, ¥ X%
- Input of Internal Output of Intermal Input of Internal
DBO - DB7 ROM Address _ ROM Data >EROM Address
Input of Internal
P20, p21 Input of Internmal ROM Address >(§OM Address

Fig. 7 Timing of Reading Internal Program Memory

5V
sV 10K
ss
10K RUN ;L
5v sv—ep 5 opb—-—r §3
l 10K 74
T 0

Fig. 8(a) Single Step Circuit
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Reading of Internal Program Memory

. The processor is placed in the READ mode by applying +12V to the EA pin
and 0V to the RESET pin. The address of the location to be read is
then applied to BUS and the low order 2 or 3 bits of Port 2. The
address is latched by a 0 to 1 transition on RESET and the high level
causes the contents of program memory location addressed to appear on
the eight lines of BUS.

. Figure 7 illustrates the timing diagram for this operation.
(5) Single Step Operation.

. A single step feature useful for debug can be implemented by utilizing
a circuit shown in Figure 8 (a) combined with the SS pin and ALE pin.

. A D-type flip flop with set and reset is used to generate SS. In the
run mode S5 is held high by keeping the flip flop set. To enter single
step, set is removed allowing ALE to bring SS low via reset input. The
next instruction is started by clocking a "1" into the FF which will
not appear on SS unless ALE is high removing reset. In respounse to SS
going high the processor begins an instruction fetch which brings ALE
low resetting FF and causing the processor to again enter the stopped
state.

. The timing diagram in this case is as shown in Figure 8 (b). (EA=5V)
(6) Lower Power Stand-by Mode

. The Lower TMP8048A has been organized to allow power to be removed from
all but the volatile, 64 x 8 or 128 x 8 data RAM array. In power down
mode the contents of data RAM can be maintained while drawing typically
10 - 15% of normal operating power requirements.

. VCC serves as the 5V supply for the bulk of the TMP8048A while the VDD
supplies only the RAM array. In standby mode VCC is reduced to OV but
VDD is kept at 5V. Applying a low level to reset inhibits any access
to the RAM by the processor and guarantees that RAM cannot be inadver-
tently altered as power is removed from VCC.

s —0oJ \
ALE X / L

__________ _}For two
Instruction Input instruction
DBO - DB7 _Address (pC) 9k )l Address (PCH)
P20- P23 Address (PC) x X Address (PC+1)

Port20- 23
Data

Fig. 8(b) Single Step Operation Timing
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[ I Y | | (PCY<——(PC)+2

TOSHIBA TMP 8048A/TMP 8035A, TMP 80494 /TMP 8039A
|” Mnemonic | Instruction Code " Operation [Bytes [Cycles| Flagl
| |D71D6|D5|D4[D3!/D2|D1]DO] | | | cTac|
JINC Rr I ol o] o] t] 1] rf r] r} (Rr)<--(Rr)+l |1 I 1 | =] -1
| 101l e=0-7 | | [
| INC @Rr I ol of of 11 ol ol o) r] ((R£))<-((Re))+1 | 1 S S I B
| 1l r=0,1 | | [
|DEC Rr ] 1] 11 o] of 1] ] rl r] (Rr)<--(Rr)-1 |1 | 1 | -] -]
| Ll rg=0-=7 I I [
Branch Instruction
| Mnemonic | Instruction Code |  Operation [Bytes [Cycles|_Flag]
| | ' D7[D6[D5/D4&[D3[D2|D1[DO] | | | clacC|
|JMP Address |alOa9]a8] O] O] 1| 0] 0](PCO-7)<-—(a0-7) | 2 | 2 | -] -
| | a7la6la5|asla3la2]alla0| (PC8~10)<~-(a8-10 | | [
! I 1 1 1 1 1 | [(PCLI)<~-DBF I | [
|IMPP @A [ 1] 0l 1] 1] ol of 1] 1](CoO-7)<—(CaY)y | 1 | 2 | -] -|
|IDINZ Rr | 11 1] 1} o] 1] £l ¢l rl(Rr)<--(Rr)-1 | 2 I 2 | -1~
| Address | a7la6la5la4la3la2lalla0l/if Rr not O } | 1 |
| | f 0 11 1 I 1(eco-7)<--(a0-7) | | O
{JC Address | 1] 1] LI 1] o] 1] 1] ol(C0-7)<—(a0-7) | 2 | 2 | -| -|
| | a7la6laSla4]a3la2falla0lif C =1 | | I
| | I bbb 1 1ee)<—(PC)+2 { | I
| [ 1 1 1 1 1 1 | lifc=0 | ] P
[INC Address | 1| 1] 1] of Ol 1| 1| 0] (PC0O-7)<-(a0-7) 2 1 2 ] -] -
| | a7la6la5|as{a3la2lalla0lif C =0 | ! Il
I | I 1 P 1 1 | j@c)—(pc)+2 | | [
| bbbl lifec=1 | | I
|JZ Address | 1| 1l 0] ol of 1| 1} 0l(PCO-7)<~--(a0-7) | 2 | 2 | -| -]
| | a7]la6la5|asla3la2]lalla0]if (A) = | | ]
| | It b T 1®e)<-~(PC)+2 | ] I
| | I 1 1 1 | 1if (A).NEQ.O | | o
[INZ Adress | 1] 0] o] 1| ol 1] 1} 0l(PCO-7)<—(a0-7) | 2 | 2 | =] -]
] | a7la6laS|asla3la2lalla0]if (A).NEQ.O | | [
| | I I(PC)<-—(PC)+2 I ] I
| | bbb Tif (a) = | ] [
|JTO Adress | 0f 0] 1] 1] ol 1| 1} ol(pco- 7)<--(aO 7 2 2 -] -
| | a7la6la5]a4la3la2lalla0lif TO =1 | | I
| I b1 1 b 1 lee)<—(pC)+2 ] | A
| | Pl ligT0=0 | | |
|INTO Address| 0] 0] 1] o] o] 1] 1] ol(pco- 7)<--(ao—7) 2 | 2 ] -1 -l
| | a7la6laSla4la3|a2]lal|a0lif TO = 0 | I b
| bbb 1 I(Pe)<——=(PC)+2 | | [
I Pt lifTo =1 | | ol
|JT1 Address | 0] 1] 0} 11 o] 1| 1] 0l(PCO-7)<—=(a0-7) | 2 | 2 | =] -|
| | a7la6la5la4la3la2lalla0lif T1 =1 | | [
| | I b 1 1 I 1 le)<—~(rpC)+2 | | [
| [ 11 1 1 | JifTL =0 | l b
|INT1 Address| Of 1| 0] ol 0| 1| 1] 0](PCO-7)<==(a0-7) | 2 | 2 | -] -|
{ a7la6la5|a4la3|a2]lalla0]if Tl = 0 | | I
I ! | (I
| I I | |11

[ Jif Tl = 1
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| Mnemonic | Instruction Code |  Operation IBytes [Cycles| Flagl
| | D7/D6[DS5ID4[D3[D2[D1][DO| | I |_clAcl
|JFO Address | 1] Of 1l 11 ol 1] 1| of(pCc0o-7)<-=(a0=7) | 2 | 2 | =} -|
| | a7la6laSladla3la2lalla0lif FO = 1 | | |
| [ bbb b 1 (eo<-=(PC)+2 ] | (I
| | -t F 1 1 1t Jif FO =0 | | R
|JF1 Address | O] 1] 1| 1] o] 1} 1| 0l(PCcO-7)<--(a0-7) | 2 I 2 | -] -}
| | a7ia6{aS|atla3la2lalla0lif F1l =1 | | [
| | [0 1 1 1 1 J@Ee<-—=(PC)+2 | | bl
| I b1 HEFL =0 I I I
[JTF Address | O} 0f 0} 1| o] 1} 1] ol(PcO~-7)<--Ca0-7) | 2 | 2 | -| -]
| | a7la6la5|atla3la2lalla0|if TF = 1 | | [
| | b1 (ee)<==(pC)+2 | I [
{ | b b1 JiETF =0 I | [
[JNI Address | 1| 0] of o} of 1] 1] 0](PCO-7)<—=(a0-7) | 2 | 2 | -| -]
| | a7la6la5{as{a3|a2lalia0|if INT = 0 | } I
I I b b1 (e <-~(pC)+2 | I [
[ I b b1 Jif INT =1 I | I
JIJBb Address | b2|blib0| 1| 0f 0Ol 1] 0l(PCO-7)<--(a0-7) | 2 | 2 | -} -]
| | a7la6la5la4la3fa2lalla0lif (Bb) = [ | |
| | Pl bbb [(ee)<-=(PC)+2 | | I
J | bbb 1if (Bb) = ! ] [
| | P11 e=0-7 | | A
| CALL Address|al0|a9]a8] 1} 0] 1] 0] 0] ((SP))<— [ 2 | 2 | -] -l
| | a7la6la5lasla3ta2lalla0l (PC), (PSW4-7) ! | |
I | bbb b1 1 1(sp)<—=(8P)+1 I I (I
I I 1 b b 11 1(pc8-10)<~-(a8~-10) | | [
I { L1 b 1(co-7)<--(a0-7) | [ I
| I [ 1 t 1 1 1 1 1(pPCL1)<--DBF | | o
|RET I 11 o} ol o]l ol ol 1l 1[(SP)<--(sP)-1 | 1 o2
I I It 1 1(ee)<—-((sp)) I | [
|RETR f 11 01 ol 11 ol of 1l 1}(sp)<—(sp)-1 | 1 | A
| | bbb 10t b 1 ee)<—=((sp)) | | [
I | L b b 1(pswa-7)<==((sp)) | I P
Flag Manipulation Instruction

| Mnemonic |__ Instruction Code [ Operation |Bytes |Cycles| Flagl|
| | D7|/D6|D5}D4|D3|D2|{D1|DO] | clAcC)
[CLR C |17 ol of 1] of 1] 1] 11(c)<--0 1 1 [ ol -1
lcPL C | 1y 0l 1] ol of 1f 1} 1}(C)<--NOT(C) | 1 ] 1 ] o] -
| CLR FO | 11 ol ol ol of 1| ol 1[(FO)<~-- 0O [ S S S A
|CPL FO | 1] 0l ol 1} 0} 1] 0} 1/(FO)<--NOT(F0) |1 | R Y
|CLR F1 | 1t ol 1] of o) 1] of 1{(F1)<--0 | 1 S B S
|CPL Fl f 1} ol 1] 1f of 1] of 1](F1)<-=-NOT(F1) | 1 | 1 -1 -]
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TOSHIBA
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Timer/Counter Instruction

| Mnemonic | Instruction Code | Operation |Bytes |Cycles| Flag]|
| | D7ID6ID5/D4[D3TD2[D1[DO | I |_clac|
|MOV A,T | 0] 11 0l of o] of 1] 0l(A)<~=(T) U U Y
|MOV T,A | ol 11 11 ol ol of 1] 0|(T)<--(a) | | 1 | =l -]
ISTRT T | ol 11 0! 1l 0o} 1] 0l l|Counting is 1 1 | =1~
| | [ 1 I I 1 | | lstarted in the | | [
\ | [ 1 1 1 1 | | [ltimer mode | | I
[ STRT CNT | ol 1| ol ol ol 1] 0! llCounting 1is | 1| 1 | -1 -]
| | I I I I | | | lstarted in the | l I
| | I 11 I | | | [levent counter | | [
| | 1 b1 Imode | | [
jsTop TCNT | 0| 1l 1} 0l ol 1! O] 1|Stop both time [ S N
| | 111 1 1 1| laccumulation and | | T
| | [ I 1 | | | | Jlevent counting | | |
|EN TCNT1 | ol ol 11 ol ol 1] O} l|Timer interrupt | 1] 1 | =] -]
| | 1 b I I | | Jlis enabled | | [
|DIS TCNT1 | ol ol 1] 1] o] 1] 0] 1l|Timer interrupt | 1 | 1 |- -]
| | bbb 1 1 1 1 lis disabled | ] |11
Control Instruction

| Mnemomic |__ Instruction Codeé | Operation |Bytes |Cycles! Flagl
! | D7|D6{D5ID4ID3|D2ID1|DO] | | | clac]
| EN I { ol ol of ol o] 1] O] l|External interrupt] 1] 1 | =] -]
| ! b1 b1 1 | lis enabled l | I
| DIS I | ol ol ol 11 o] 1] 0] llExternal interrupt| 1 | 1 | -1 -]
! l [ I 1t | } | Iis disabled | | [
| SEL RBO | 1l 11 of ol o] 1] ol 1j(BS)K-- 0 ] 1 ] 1 =1 -]
| SEL RB1 | 1] 1l ol 1! o] 1] o] 1]1(BS)K-—1 | 1] 1 ] -] -
| SEL MBO {11 1}t 1] ol ol 1} O] 1|(DBF)<~- 0 1 1 1 |-~
| SEL MB1 |1l 1] 1] 11 ol 1] o] L|(DBF)<— 1 S S ES S B A
| ENTO ¢cLX | ol 1] 1} 1l ol 1] O| 1[TO is enabled to | 1 | 1 | -] -|
| I [ I 1t 1 | Jact as the clock | I I
| | 1t 1 | | | Jloutput [ [ [
| NOP | ol ol ol ol 0ol 0] 0l OlNo operation [ T T
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| _SYMBOL ITEM | _RATTING l
| VDD VDD Supply Voltage (with respect to GND (VSS)) [-0.5V to +7V |
jvee [VCC Supply Voltage (with respect to GND (VSS)) -0.5V to +7V |
|VINA [Input Voltage (Except EA) -0.5V to +7V |
| VINB [Tnput Voltage (Only EA) =0.5V to +13V |
|PD Power. Dissipation (Ta = 70°C) 1.5W |
[TSOLDER |Soldering Temperature (Soldering Time 10 sec) 260°C |
| TSTG |Storage Temperature ~-55°C to 150°C |
| TOPR |Operating Temperature 0'C to 70°C |

DC CHARACTERISTICS

TA=0°C to 70°c, VCC=VDD=+5V+10%Z, VSS=0V, Unless Otherwise Noted.

| SYMBOL | TEST CONDITIONS!IMIN.|TYP.|MAX.| UNIT|
[VIL Input Low Voltage -0.5] -10.8 v |
|VIH Input High Voltage | 2.0 - vecel v
l | (Except XTAL],XTAL2,RESET | |
|VIHL [Input High Voltage 3.8/ - | vcc v |
l (XTALI ,XTAL2 ,RESET) |
VoL Qutput Low Voltage (BUS) I10L=2.0mA - - 10.45 v |
|voLl Output Low Voltage I0L=1.8mA |- - 10.45 v
| (RD, WR, PSEN, ALE) I
| VOL2 Qutput Low Voltage (PROG) I10L=1.0mA - - ]0.45 v |
|voL3 Output Low Voltage I0L=1.6mA - - 10.45 v |
| [(For other output pins) | |
| VOH [Output High Voltage (BUS) IOH=-400uA 2.4] - - v |
[ VOH1 [Output High Voltage I0H=-100uA | 2.41 - - v
| (RD, WR, PSEN, ALE) I
| VOH2 Output High Voltage TIO0H=-40uA 2.4 - - v
| (For other output pins) | :
| [
|TLI |Input Leak Current (T1, INT) |vSS < VIN < vec|l - | - | +10] uA :
| |
JILI1 Input Leak Current VSS+0.45<VINS | -500] wuA |
| (P10-17, P20-27, EA, SS) vCC -] ! l
|ILO Output Leak Current (BUS, TO) |[VSS+0.45<VINS | | +10] uA |
| | (High impedance condition | vce - | | | |
DC CHARACTERISTICS

TA=0°C to 70°C, VCC=VDD=+5V+10%, VSS=0V, Unless Otherwise Noted.
| l |  TMP8048A/ [ TMP 80494/ l
| SYMBOL | PARAMETER | TMP80354 l TMP 8039A I
I l MIN. |TYP.|MAX.|MIN.|TYP.|MAX.| UNIT|
| IDD VDD Supply Current - 10 1151 =-11571 20 mA |
|ICC+IDD | Total Supply Current - 65 1 90 | - 185 [120 | mA |

MCU48-27



TOSHIBA

TMP 8048A/TMP 80354, TMP 8049A/TMP 8039A

AC CHARACTERISTICS

Ta=0°C to 70°C, VCC=VDD=+5V+10%, VSS=0V, Unless Otherwise Noted.

| SYMBOL | PARAMETER [TEST [ £ (&) | 11 MHz |

| CONDITION MIN.|MAX.| UNIT
It Clock Cycle Time 1/xtal £ 9011000| ns
[eLL ALE Pulse Width 3.5t=170 | 150) - ns
[t AL Address Setup Time (ALE) 2t-110 70| - ns
[tLA Address Hold Time (ALE) CL=20pF t=40 50| - ns
| —

ftccl Control Pulse Width (RD,WR) 7.5t-200 480 -~ ns
| _

jtcc2 Control Pulse Width (PSEN) 6t-200 350 - ns
| _ |

[ £DW Data Setup Time (WR) 6.5t—200 390 - ns
! |

| £WD Data Hold Time (WR) CL=20pF | t-50 40) - ns
| _ | |

| £DR Data Hold Time (PSEN,RD) CL=20pF | 1.5t-30 0] 110] ns
| |

[tRD1 Data Input Read Time (RD) | 6t-170 -] 375 ns
| [ |
|tRD2 Data Input Read Time (PSEN) 4.,5t-170 -] 240] =ms
| | |

| £ AW Address Setup Time (WR) | 5¢-150 300 -| ns
I _ | ,

| eAD1 Address Setup Time (RD) 10.5t£-220 -| 730] ns
I |

| tAD2 Address Setup Time (PSEN) 7.5t-200 ~-| 460] ns
| |

| tAFC1 Address Float Time (RD) CL=20pF 2t-40 140 -] uns
l

| tAFC2 Address Float Time (PSEN) CL=20pF | 0.5t-40 10| -1 ns
| | |

| tLAFC1 |ALE to Control Time (RD,WR) 3t-75 2001 -] ams
| |

|tLAFC2 |ALE to Control Time (PSEN) 1.5t-75 60 -] us
ltcal [Control to ALE Time t-65 25 -l ns
| (RD,WR,PROG) | | | l

I | | ! l

ftcaz Control to ALE Time (PSEN) 4t-70 | 290 -1 us
leCY Cycle Time 15t 1.36/15.0] us
|ecp Port Control Setup Time (PROG) 1.5t-80 50] - | ns
[tpC Port Control Hold Time (PROG) 4t-260 100] - | ms
| tPR [Port 2 Input Data Set Time | | 8.5t~120 -] 650] ns

(PROG)
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TMP 8048A/TMP 8035A, TMP 8049A/TMP 8039A

jsymMBoL | PARAMETER | TEST | £ (¢) | 11 MHz !
1 CONDITION MIN. |MAX.| UNIT]
| £DP Port2 Output Data Setup Time 6t-290 250 - ns |
l | (PROG) | |
| tPD |Port2 Output Data Hold Time 1.5t-90 40 - ns |
| (PROG) [ l
|tPF Port 2 Input Data Hold Time 1.5¢ 0l 140] ns |
I | (PROG) l | I
| tPP PROG Pulse Width 10.5t~-2501 700] -~ ns |
|ePL Port2 1/0 Data Setup Time (ALE) 4t-200] 160} - ns_|
|eLP [Port2 I/0 Data Hold Time (ALE) 0.5t~30 15 - ns |
| tpV Port Output Delay Time (ALE) 4.5c+100 -1 510] ns |
| tOPRR Qutput Clock Cycle Time (TO) 3t 270 - ns |
1. Control Outputs CL=80pF, BUS Output CL=150pF.

2. Address Float Time:

3. f(t):

BUS Hi-Impedance, CL=20pF

Assume the 507 duty clock is inputed to X1, X2.
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TOSHIBA TMP 8048A/TMP 80354, TMP 80494/ TMP 80394

TIMING WAVEFORM

A. Instruction Fetch from External Program Memory

tey
tLL
ALE 7 N ]‘ \
LAFC tca
PSEN tra /
t tce
AL tDR
g
/// trRD Instruction
Address taAD

B. Read from External Data Memory

w /T T\

t
tee CA
® N\ 7
tAFC tDR
/ t L
RD
Address’// tAD

C. Write into External Data Memory

ae [\ ]i:_—_\\______

CA
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TMP 8048A/TMP8035A, TMP 804 9A/TMP 8039A

D. Timing of Port 2 during Expander Instruction Execution
- E
w7\ M\ i
tpr | frp tpp Epp
PORT20
| X PCH X X Port b{w: ut Data X
PORT23 L % Control P J
(Qutput Data) Port {20 =23 tpr | tpF
PORT20 Data |
! PCH QFfol X * % X
PORT23 A A — e b
(Input Data) Port 20-23 "CP pC Input Data
Data
PROG S 2
tpp
* Input Enabled State
TYPICAL CHARACTERISTICS
c -t TYPICAL CURVE _
tppsgr RESET = 'RESET InL Vou - lop TYPICAL CURVE
(ms) (mA)
100 40
/
60 -
30 e 30 4/
10 . 20 !
6 Ut L
e A
3 10
2
0.01 0.020.03 0.06 0.1 0.20.3C v
(ur) RESET 1 2 3 4 VoW
Vour - log TYPICAL CURVE Vout ~ loy TYPICAL CURVE
(PORT 1,2) (DB,CONTROL)
1 2 3 4 s VourV) 1 2 3 4 5 VourV
//
-100
/ -10 //
-200 //
// -20
-300 - Ing
Toy (mA)
(ua)
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TOSHIBA TMP 8048A/TMP 8035A, TMP 80494 /TMP 80394

PROGRAM TAPE FORMAT

TMPB8048A programs are delivered in the form of paper tape with the
following format and it required to attach the tape list. The format of paper
tape is same as the Intel type object tape (hexadecimal tape output by Intel
MDS system, PROMPT 48 Development Tool, etc.)

(1) Tape Format

]T///T\\\\]? Leader, 50 "NULL" characters or more

Corments | ----- Comment (Record mark ":" is not included)
(CR) Option
(.5
. ----- Record Mark
Record Length (2 hexadecimal digits)
Loading Address (4 hexadecimal digits)
00" .... Normal Record
Record Type (2 Digits) wmgi" . .. End of File Record
Data
= 3
{
Check Sum (2 hexadecimal digits)
(CR) JDummy characters (RUBOUT, BLANK) before and after "(CR)(LF)" are
(LF) optional.
I EA Al Record Mark (Repeated below)
L
= T
(CR)_
(LF)
]
A . P ]Trailer. S0 "NULL" characters or more

(2) Example of Tape List (TMPB04BAP)
TOSHIBA MICRO COMPUTER TLCS-48
:100000000665C7D79CF50F3F951FED55A8FF16E570
:1000100088884DDE67D31FSD8ABA6DF292F113F5C1
:100020004FF1FB5DFFDAA96A99CF7DF94A346B7C09
:10003000197352F729F12F79AA9C057C5B851EED77

:1003CO005DFDBSE556A67277F61A51C631CF9FOESBO
:1003D000BD2F6F20EBBB1977E3FB5SAD1IF41 FDAATE2
:1003E000B53D42EQEC32546025B7308CDD52063D1D
:1003F000B4BE9YE9E345B6138060B20VC372BF 60BD6 -
:00000001FF
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TOSHIBA TMP 8048A/TMP 8035A, TMP8049A/TMP 80394

OUTLINE DRAWING

TMP 8048 AP /TMP 8035AP , TMP 8049 AP /TMP 80 39 AP
Unit in mm

40 21
maisrimimimininininEnininisinSaiaisEsein s

\ %
14.2MAX

AN G S O U [ 5 G U J W s ey o
1 20

15.24 £0.25

S1.3IMAX !

05IMIN

|

0.5%0.15
1.4 £0.15 0~15°

Ci-o
=
o
[\
wn
| +
oo
O =
wn

Note: 1. This dimension is measured at the center of bending point of leads.
2. Each lead pitch is 2.54mm, and all the leads are located within
+0.25mm from their theoritical positions with respect to No.l and
No.40 leads.
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TOSHIBA TMP 8048A/TMP 8035A, TMP 8049A/TMP 8039A

OUTLINE DRAWING

TMP 8048 AT /TMP 80 35AT , TMP 8049AT /TMP 80 39AT

PRELIMINARY s
. 1 a4 40 Unit in mm
r:'u:jr-1r—1r-u-1r1r-1rﬂ!"lr")w 3 /
C O 2
C 1
O B |
O ) ~ £
O N 2 e
) o~
: A 2
O % |
O i
17 129
g g e s e g e K\
18 28
17.5220.12 ———¥
16.6 TYP.
0.7120.1

——

e 4,320, 2>

i
LU

||o.41:o.1 I '|1.27 TYP
15.76 TYP.
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TMP80C48AP /-6 ,TMP80C35AP /~6,TMP 80 C48AF /-6,
TOSHIBA TMP80C48AT, TMP8OC35AT

8-BIT SINGLE-CHIP MICROCOMPUTER

TMP80C48AP /TMP 80 C48AP -6
TMP80C35AP /TMPB0OC35AP~-6
TMP 80 C48 AF /TMP 80 C4BAF~6
TMP80C48AT/TMP80C35AT

GENERAL DESCRIPTION

The TMP80C48A is a single chip microcomputer fabricated in Silicon Gate MOS
technology which provides internal 8-bit parallel architecture.

The following basic architectural functions of a computer have been included
in a single chip; an 8-bit CPU, 64 x 8 RAM data memory, 1K x 8 ROM program
memory, 27 I/0 lines and an 8-bit timer/event counter.

The TMPB80OC48A is particularly efficient as a controller. It has extensive bit
handling capability as well as facilities for both binary and BCD arithmetic.

The TMP80C35A/-6 1is the equivalent of a TMP80C48A/-6 without ROM program
memory on chip. By using this device with external EPROM or RAM, software
debugging becomes easy.

The TMP80C48AP/-6 and TMP80C35AP/~6 are in a standard Dual Inline Package.
The TMP80C48AF/-6 is in a 44-pin Flat Package.

The TMP80C48AT and TMP80C35AT are packaged in the JEDEC standard type 44pin
PLCC (Plastic Leaded Chip Carrier)

FEATURES
.TMP80 C48AP /TMP 80 C35AP /TMP 80 C48AF / . Low Power
TMP 80C48 AT /TMP80C35AT 10mA MAX. in Normal Operation
1.36us Instruction Cycle Time (vce=5V, fXTAL=6MHz)
0°C to 70°C, 5V & 10% 10pA Max. in Power Down Mode
. TMP80C48AP~6/TMP 80 C35AP ~6/ TMP 80 C48AF-6 (vce=5v, fXTAL : DC)
2.5 us Instruction Cycle Time . Single Power Supply
-40°C to 85°C, 5V % 20% . Power Down Mode (Stand-by Mode)
. Software Upward Compatible with . Halt Mode (Idle Mode)

TMP8048AP /INTEL's 8048
. HALT Instruction (Additional Instructionm)
. 1K x 8 masked ROM
. 64 x 8 RAM
. 27 1/0 lines
. Interval Timer/Event Counter
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TMP 80 C4BAP /-6 ,TMPBOC35AP /-6 , TMP 80O C4BAF /-6,
TOSHIBA TMP80C48AT , TMPBOC35AT

PIN CONNECTIONS (TOP VIEW)

Tocfi N/ 40 Vec(+5V)
XTAL; 92 39T,
XTAL, 33 38 P27
Tl O34 37 P26
£S5 36 P25
ITigg6 35P,,
Ay’ 3LPPy g
RDC18 333 P
PSERLYD 3287,
wRE10 31 @Py,
ALECD1] 30D Py
DBo 12 28 {3Py2
DB 13 283 P
DB, 14 27BPyq
DE,C315 26 9
DB, 16 25 P PROG
DBsrdl7 24 =2
DBGCIB 23 :P22
DB, 19 22 0F,,
VSS:ZO 21 DPZD
Flat Package PLCC
<+ > O NN~ O
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
CEEEEEEEEEE e 4
NC [—i3e 22 ""JPROG X
P25 [——i35 21— P23 =
P26 [——j36 /P22 3
P27 C”3Ja7 1 p21 o4
TiC——Jas 18———yPr20 e
Voo ——]39 TOP VIEW 17— Nc x
ToC—J40 16[—""3Vses x
XTALY C—J4a 15 ——3p8B"7 o
XTAL2 ] a2 : 16 1 DBS ®
FESET ] 43 13f———0BS o
ES——]+¢ 12——JDBe
- en O ©®0Oo
PEBEE3EZEE

NC: No Cennertion
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TMP 80 C48AP /-6 , TMP80C35AP /-6 ,TMP 80 C48AF /-6,

TOSHIBA ) TMP80C48AT,TMP80C35AT
BLOCK DIAGRAM

DBp-DB7 Pro-F17 P2o-Pzv
T
IFT FORT O BUFFER| |PORT 1 BUFFER| |PORT 2 BUFFER
w{ } +
£XTALAS ﬂ (
OUTPUT OUTPUT OUTFUT R
LATCH LATCH TCH
em— RV ROM
132 1K x 8
’_/ (BROGRAM AREA)

INTERRUPT TIMER,
CIRCUIT COUNTER L

g U

1

U d

e e (VI

LATOR RY ROG
> pa pow | R4 ADDRES
INSTRUC— REGISTER
ACCUMULA-
TOR LATCHE

TION RE- RAM
GISTER/
DECODER T IMER | S

PLAG 64 X 8
A0/ Fo Fy | CARRY

ACCUMULATOR

CONDITIONAL
BIT ) JUMP CIRCUIT

TEST
To T, INT
POWER___d ==
BAVE Fs ! !
XTALg
XTAL, TRESET INT £s §5 ALE PSEN RD WR PROG
o v nE
—. 2 T EEOEER 33 sp 2%
z W 8 me B B =Y Q = > oo
g a = < m% me ox @ 7’;’ o>
C o~ 3 AE Q [ ma =] Tz
aE SE R ah PE 3 &2
m; = S = - Q =
= ] 3 T
IS IS > o
B = 5] o
5] =
B
[

Note 1) The lower order 4 bit of port 2 output latch are used also for
input /output operations with the I/0 expander.
Note 2) The output latch of port O is also used for address output.

MCU48-37



TMP 80 C48AP /-6 ,TMP80C35AP /-6 ,TMP 80 C4BAF /-6,
TOSHIBA TMP80C48AT,TMP80C35AT
PIN NAMES AND PIN DESCRIPTION

VSS (Power Supply)
Circuit GND potential

VCC (Power Supply)
+5V during operation

PS (Input)
The control signal for the power saving at the power down mode (Active

Low)

PROG (Output)
Output strobe for the TMP82C43P I/0 expander.

P10 - P17 (Input/Output) Port 1

8-bit quasi-bidirectional port (Internmal Pullup = 50KQ).
P20 - P27 (Input/Output) Port 2
8-bit quasi-bidirectional port (Intermal Pullup = 50KQ).

P20 - P23 contain the four high order program counter bits during an external
program memory fetch and serve as a 4-bit I/0 expander bus for the
TMP8243P.

DBO - DB7 (Input/Output, Tri-State)
True_bidirectional port which can be written or read synchronously using
the RD, WR strobes. The port can also be statically latched. Contains
the 8 low order program counter bits during an external program memory
fetch, and receives the addressed instruction under the control of PSEN.
Also contains the address and data during an external RAM data store inst-
ruction, under control of ALE, RD, and WR.

TO (Input/Output)
Input pin testable using the conditional transfer instructions JTO and
JNTO. TO can be designated as a clock output using ENTO CIK instruction.

T1 (Input)
Input pin testable using the JT1 and JNT1 instruction. Can be designated
the event counter input using the timer/STRT CNT instructionm.

INT (Input)
External interrupt input. Initiates an interrupt if interrupt is enabled.

Interrupt is disabled after a reset. Also testable with conditional jump
instruction. (Active low)

RD (Output)
Output strobe activated during a Bus read. Can be used to enable data
onto the Bus from an extermal device. Used as a Read Strobe to External
Data Memory (Active Low).

WR (Output)

Output strobe during a Bus write (Active Low). Used as a Write Strobe to
External Data Memory.
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TMP80C4BAP /-6 ,TMP80C35AP /-6 ,TMP80C48AF /-6,
TOSHIBA TMP80C48AT , TMPBOC35AT

RESET (Input)
Active Low signal which is used to initialize the Processor. Also used
during the power down mode.

ALE (Oupput)
Address Latch Enable. This signal occurs once during each cycle and is
useful as a clock output. The negative edge of ALE strobes address into
external data and program memory.

PSEN (Output)
Program Store Enmable. This output occurs only during a fetch to external
program memory (Active Low).

SS (Input)
Single step input can be used in conjunction with ALE to '"single step"
processor through each instruction when SS is low the CPU is placed into a
wait state after it has completed the instruction being executed. Also
used during the power down mode.

EA (Input)
External Access input which forces all program memory fetches to reference
external memory. Useful for emulation and debug and essential for testing
and program verification. (Active High)

XTAL 1 (Input)
One side of crystal input for internal oscillator. Also input for exter-
nal source.

XTAL 2 (Input)
Other side of crystal input.
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TICS-48 LIST OF INSTRUCTIONS (1/4)

TLCS-48 LIST OF INSTRUCTIONS (2/4)

T i
Assembler Object Code Assembler Object Code

;t {1st) Function flag Lycle 1 (1st) function flag Lycle

’ Hnemonic (2rd) i Hnemonic (2nd)

1 Bin. Hex. Bin. Hex. C.AC
AOD _ A, Ar | O110Trrr | 68:1 | (AM)e(A)+(RF). 1] OUTL__Pp, A | 0011100p | 38+p | (Pp) «(A) P12 K
A0 T AL oRe | 0110000 | 60or | (M= (A)[(RFYT o
ADD ALt | 00000011 03| (A)e-(A)si 2
, iiliiini i
ADOC A, Rr |01 1rer | 78er | (R)e=(R)+(RrY+(C) | R TR ST S SO o .
ADDE A .!Rr._ 01110007 | 70sr"| " (A)e-(A)+ [ (Rr) ]+ B MU Pp, ¥ | 100110pp | 98+p | (PP) «(PP)A i p=1,2 2
ADDCT A48T} 00010011 | 13 ] (A)e=(A)+is(C) 2 Vot PR )

A dnidi) il K {ORC "o, Ti 7] 1000100p | 88+p ) (PD) ~(PpIV i P=1.2 2

¢ [ANUAUREFo10merr [Saer | TSR A®RN T ’ i Pl Vg i) -

¢ |7, SR ] 0101000F | S04 | (A)e—(R) Amr)i TR0 IV U [TRSTTAT, 8IS 00001000 {08 | (R {BiS) 2

o [ALTTA 8 T 01010011 53] (M) e-(A) A T [ouri 8IS, A [00000010 | 02| (BUS)e—(AC) e

] idiiiiti i /

w [ORUTW, Rr [01001rrr | 48er | TAY=(AY VRF) """ r=0~7" LI N 18 D . PR Ao

1 {oRL A .!Rr 0100000r | 40+r [ (A)=(A) V((RFYY " "r=0, U] pe PANCTTURES,E | 10611000 |98 | T(RUS - (BUSY A ?

a [ORLT A, v 01000011 ] A3 (A-(A) Vi 2 | O UL L »

1 R | TN P | ORT RUS, Wi 10001000 | 88 | (BUS)«(BUS) Vi 2

o |XRU N, Re frioviere | 08 | AYTRY W (RF) vl Piliidii] i

r[XRU T A ®Re ] 1101000r | 00:r | AV (A) W LRMYT T r=0,1 T

i (1010011 03] (A-(A) Wi SRR IURUTS A P e .

1 AHIGIRI HOVD™ A", Bp | 600011pp | 0Cep | T(K)<3:0> «~I(Pp) p=a~1 ?

n 0001018 177 (R)e-(A)+1 PRTRE BN I B 01 £ ST o S ,

s " 00000111 [ 07| ()= (A)-1 HOVD™ Bo, A | B0T11%on | 3Cep | (PR) ~(A)<3:0> T pe~T ]

t T e010011 | 27] (A0 ANLD™ Pp, A7 | 100111pp | 9C:n | (PP) —(PDIA(A)<3:0> p=d~T 7

r Jooviorn] a7 |7 (a)e-Not (A ORLD "Pp, A [100011pn | 8C+p | (Pp) —(PP)V(A)<3:0> p=a~T 2

1 “101010111 ] 757 | (A) - (A)BCD INC__Rr fooonirer [ 18er | (RF) —(Rr)sY  r0~T | | 1

t 101000111 | a1 “(AcT4> (RTEITT (W INCRF T 00010000 | 1008 | ((RF)) —~[(RP)j+1  p=0.1 1

t 1M00111 ] BT ] (A)em D> () DEC " Rr 11001rrr | C8+r | (Rr) —(Rr)-1 r=0~17 1

[N R S A AN —(A)<T> =0~ |} JHP 3 aloo100 fali+a | (PC)<10:0> «—a 2

o |RC TN PIRONT F | (e D = (A T I e ALY L (PE)<AT> < (DBF) .

n (C)e-(R) <> 8 16110017 | B (PC)<7: 00 PROLPOI B S (AT} T 2
e R ~{R<0> «(C) L o 20 N O r 110trer | E8+r | (Rr) «(Rr)-1 r=0~7 2
fR A 0TI ] 771 (A —(A)wi> ™ “n=0~6 1 a aML il (Rr) #0then(PC)<T:0>—aML
o S B LIS St (YIS SRS RSO N LI CO— o _else no operation N
RRC A 01760177 767 | (M C(Mewis 1 1 O 11110110 [ F6 ] i(C)=1 then(PC)<7:0>+—aML ?

(€C)—(R)<0> oo o). B ff else no operation o} b
|| (N> ~(0) n=0~6 WNea 11100190 { €6 | i f(C}=0 then(PC)<F: 0> eali 2
M__ A, Po_[00001000 {08+p{ (A)e(Pp)_ P=1,2. 2 1 ol ML 1 oelse no operation o O}

1 n 17000190°] "C6 | if(A)=0 then(PC)<T: 0> aNi 2

Il o S N LI g a0 else no operation o f |

0 t (0N 10010110°] 796 | 1F(A)#0 then(PC)<7:0> —ali 2

s s 8NE L | @15€ DO operation i P
i a 00110190 | “"36°| i€ 10=1 then(PC)<T 05 all ?
aHL else no operation

VEIHSOL
‘9-/dV8YD08 WL 9-/ dVSED O8ANL 9~/ dV 87D 08 dHL

LVSED08dHL 1V 87008 dHL

Register Instruction



VEIHSOL

T7-8% N0

I ]
[ | Assesbler Object Code Assembler Object ‘Code
1] {1st) Function Flag [iycle ' (1st) function Flag b:le
#|  MHesonic (2nd) Hremonic {20d)
3 Bin. Hex. C,AC Bin. Hex. C.AC
N0 a 00100110 | 26| if T0=0 then(PC)<7:0>+allL 2 MOV Rr.$i 10111rrr | B8+r | (RF) i r=0~17 2
e MU} else no operation s KL LIEIER DAL B g1
B {JT1T a 01010110 | 56| if T1=1 then{PC)<7:0>+-aMlL 2 HOJHOV T ERF ET 10110000 | 8O« r | {(Rr)J i r=0,1 2
el oM | jelsenocperation | f b oo o fiiiiii | .,
o [T 2 TTUI09000130) @6 | it T1=0 then(PC)<TiB> M ) T 1 E v ROV APSH T 11000111 {7 C7 | {8) —(PSW) , i
n! "l aMl | | else no operation e [HOV T PSW.A 11010111 D7 | (PSH) ~(A) ) 1
c |Jio" " a 10110110°) "B6| i FO=1 then(PC)<T 0>« aL ? XeH UARe Tlontotrrr [28er | (A) (BT T pe0~T 1
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o (J8b a bbbI06TO | 92 | iT (A)<b>=1"Then 2 of{EXN  TCNTI | 00100101 | 25 {Lmable Timer/Counter Interrupt! 1 1
n aML {PC)<T:0>—aML r {018 TICKRTIT 00110101 | 35 | Disable limer/Counter interrupt 1
else no operation b=0~17
TAIL__a____| ani0i00 |a+i& [(SP)] ~(PSW)<I:4>« (PC) 7 -
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. AR @80)
() REY 10000011 | 83| (SP) «{5P}-1 2
IS P . __"’C) «[(SP)]<11:0> —_—
RETR 10010017] 931 "(5P) (5P)-1 11]2 RO [DURUTOTN S SRRSO AU I
{PC) —[(SP)1<11:0> l
(PSH)<7:4> —[(5P)]<15:12> ¢ S T S .
CLR_C 10010111 971 (C)~0 1 0 { 00000101 { 05 { Enable External Interrupt | | 1%
CPL__C 1010011} A7 N(C)«NOI(C IR n 00010101 | 15| Disable External Interrupt 1y
B CIR __FO 110000101 | 85| (F0) «0 1 t 10001011 CSy(BS}«0 1 1
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WV AL BRr | 1111000 | FOr (Alo-HRr) ) ] RN
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TMP 80 C48AP /-6 ,TMP80C35AP /-6 ,TMP 80 C4BAF /-6,
TMP80C48AT, TMP80C354AT

TOSHIBA

TMP80OCA48 AP / TMP80C35AP /TMP80CL8 AF / TMP 80 C48 AT/ TMPBOC35AT
ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

| _SYMBOL ITEM I RATING |
| vee VCC Supply Voltage (with respect to GND (VSS))| =-0.5V to +7V |
| VINA |Input Voltage (Except EA) | =0.5V to VCC+0.5V |
| VINB |Input Voltage (Only EA) | =0.5V to 13V |
| PD |[Power Dissipation (Ta=70'C) | 250mW |
| TSOLDER |Soldering Temperature (Soldering Timer 10 sec)| 260°C |
| TSTG |Storage Temperature | =65°C to 150°C

| TOPR |Operating Temperature | 0°C to 70°C |

DC CHARACTERISTICS

TOPR=0"C to 70°C, VCC=+5V+10%, VSS=0V, unless otherwise noted.

| SYMBOL PARAMETER TEST CONDITIONS | MIN.| TYP.| MAX.| UNIT|
|VIL Input Low Voltage (Except -0.5 - 0.8 v |
| |XTAL1, XTAL2, RESET) I I | | I I
|VIL] {Input Low Voltag | }-0.5 1 - lo.61 v |
| | (XTAL1, XTAL2, RESET) I | I | | |
| VIH [Input High Voltage (Except | | 2.2} - |vect v |
[ |XTALl, XTAL2, RESET, PS) | | | I | I
[VIH1] |Input High Voltage | 0.7 | - |Jvec!| v |
I | (XTAL1, XTAL2, RESET, PS) | | _vcel I | |
|VOL |Output Low Voltage {I0L=1.6mA I - | = 10.451 v |
| | (Except P10-P17, P20-P27) | I | I I |
|[VOL1 |Output Low Voltage |10L=1.2mA [ - ] - 10.451 v |
I |(P10-P17, P20-P27) I I I I I I
JVOH11 |Output High Voltage |TOH=-1.6mA | 2.4 1 - | - | v |
| | (Except P10-P17, P20-P27) | I | | I |
[VOH12 |Output High Voltage | TOH==400uA fvee-f - | - | v |
| | (Except P10-P17, P20-P27) | | __0.8] | I |
|VOH21 |Output High Voltage | I0H=-50uA 241 - | - | v |
| | (P10-P17, P20-P27) I | I I I I
|VOH22 |Output High Voltage | TOH=-25uA flvee- | - | - | v |
I | (P10-P17, P20-P27) | |_0.8] I | |
|ILI |Input_Leak Current | VSSSVINLVCC | = 1 =~ | 210 | wa |
| | (Tl, INT, EA, PS) | | | | I I
JILI1 II_Rut Leak Current | VSSSVINGVCC = I - | =50 | ua |
I | (§S, RESET) | | | I | |
|ILI2 |Input Leak Current |vsS+0.45v<VINGVCC] - | - |-500 | uA |
| | (P10-P17, P20-P27) | I | I I I
JILO  |Output Leak Current (BUS,TO)|VSS+0. 45V<VIN<VCC| - | - | %10 | wA |
| | (High impedance condltlon) | | | | | |
|Tccl | | Normal |vcC=5v, fXTAL=6MHz| - | - | 10 | [
| |vVCC Supply |_operation |VIH=VCC-0.2V | I | | ma |
IICCHl : Current I HALT Mode IVIL-O.zv I - I - : 2.5= I
|Tcc2 | | Normal |vcc=5v, -1 - 1 15| |
{ }VCC Supply % operation ;fXTAL 11MHz l } : | mA }
1CCH2 Current VIH=VCC-0.2V - - 4.01
| | | BALT Mode 14174 oy I I I I I
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TMP 80C48AP /-6 ,TMP80C35AP /~6 ,TMP80C48AF /-6
TOSHIBA TMP80C48AT , TMP8OC35AT

TMPB80C48AP/TMPBOC35AP /TMP80C48AF /TMP80C48AT /TMP80C35AT

AC CHARACTRISTICS
TOPR=0"C to 70°C, VCC=+5V£10%, VSS=0V, unless otherwise noted.

| SYMBOL | PARAMETER | TEST IO | 11 MHz JUNIT|
| CONDITION MIN. [ MAX. I
| t Clock Period Note 2 1/xtal £] 90.9] 1000| ns |
| tLL |ALE Pulse Width 3.5c¢-170 | 150 - ns_|
| tAL |Address Setup Time (ALE) 2t-110 70 - ns |
| tLA |Address Hold Time (ALE) CL=20pF t=-40 50 - ns |
| tccl |Control Pulse Width 7.5£-200 | 480 - ns |
| (RD, WR) : I
| £tCC2 [Control Pulse Width 6t-200 | 350 - ns |
| (PSEN) I |
| tDW |Data Setup Time | 6.5t-200 | 390 - ns |
I (WR) I
| tWD |[Data Hold Time CL=20pF £-50 40 - ns |
I (WR) !
| tDR [Data Hold Time CL=20pF 1.5t-30 0| 110 | ns |
| (RD, PSEN) [
| tRD1 |Data Input Read Time 5.5t-120 - 375 | ns |
l (RD) !
| tRD2 |Data Input Read Time 4t-120 - 240 | ns |
I (PSEN) I
| tAW [Address Setup Time 5t-150 | 300 - ns |
| (WR) I
| tAD1 |Address Setup Time 10t-170| - 730 | ns |
| (RD) I
| tAD2 [Address Setup Time 7t-170 - 460 | ns |
| (PSEN) |
| tAFCl|Address Float Time CL=20pF 2t-40 140 - | ns |
I (RD, WR) |
| tAFC2{Address Float Time CL=20pF 0.5t-40 10 - ns |
| (PSEN) |
|t LAFC1[ALE_to Control Time 3t-75 200 | - | ns |
| (RD, WR) [
|tLAFC2|ALE to Control Time 1.5t-75 60 - ns |
! (PSEN) |
| tCAl [Control_to ALE Time t-65 25 - | ns |
| (RD, WR, PROG) |
| tCA2 |Control to ALE Time 4t-70 290 - ns |
| (PSEN) |
| t® [Port Control Setup Time (PROG) 1.5t-80 50 - ns |
| tPC_ [Port Control Hold Time (PROG) 4t-260 | 100 - [ ns |
| tPR |Port 2 Input Data Setup Time 8.5t-120 - 650 | ns |
I (PROG) [
| tPF |Port 2 Input Data Hold Time 1.5t 0 140 | ns |
I (PROG) |
| tDP  |Port 2 Output Data Setup Time 6t-290 | 250 - ns |
I (PROG) I
| tPD |Port 2 Output Data Hold Time 1.5t-90 40 - ns |
I | _(PROG) | I I | ! I
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TMP 80C48AP /-6 ,TMP80C35AP /-6 ,TMP 80 C48AF /-6,
TOSHIBA TMP80OC4B8AT,TMP80C35AT

TMP80C4BAP /TMP80C35AP / TMP 80 C48 AF/TMP80C48AT/TMP8OC35AT

AC CHARACTRISTICS (CONTINUE)
TOPR=0"C to 70°C, VCC=+5V+10%, VSS=0V, unless otherwise noted.

| SYMBOL | PARAMETER |TEST | f(t) | 11 MHz |UNIT|
| . | CONDITION | MIN.| MAX. |
| tPP  [PROG Pulse Width [10.5¢-250] 700 - ns_|
| tPL [Port 2 I/0 Data Setup Time(ALE) | 4t-200 | 160 - ns |
| tLP |Port 2 I/0 Data Hold Time (ALE) |0.5t-30 15 - ns |
| tPV_ |Port Output Delay Time (ALE) | |4.5£+100 - 510 | ns |
| tOPRR|TO Clock Period | 3t 270 - ns |
| tCY Cycle Time | 15t 1.36[15.0 | us |

Note : 1. Control Output CL=80pF. BUS Output CL=150pF.
2. The £(t) assumes 50% duty cycle on XTALl and XTAL2.

The Max. Clock frequency is 11MHz. and the Min. Clock frequency is
1MHz.
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TMP80C48AP /-6 ,TMP80OC35AP /-6 ,TMP 80 C48AF /-6,
TOSHIBA TMP80C48AT , TMPBOC35AT

TMP80C48AP-6/TMP80OC35AP~6/TMPB80OC4BAF~-6 ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

| SYMBOL ITEM RATING |
| vce VCC Supply Voltage (with respect to GND (VSS))| =0.5V to +7V |
| VINA |Input Voltage (Except EA) | -0.5V to VCC+0.5V |
| VINB |Input Voltage (Only EA) | =0.5V to 13V |
| PD |Power Dissipation (Ta=85°C) | 250mW |
| TSOLDER |Soldering Temperature (Soldering Timer 10 sec)]| 260°C |
| TSTG |Storage Temperature | =65°C to 150°C |
| TOPR |Operating Temperature | =40°C to 85°C 1

DC CHARACTERISTICS (I)
TOPR = -40°C to 85°C, VCC=+5Vx107%, VSS=0V, unless otherwise noted

| SYMBOL PARAMETER | TEST CONDITIONS | MIN.| TYP.]| MAX.| UNIT]
|VIL Input Low Voltage | |-0.5 - 0.8 v o
I | | | I I I I
[VIE  |Input High Voltage (Except | 2.2 - fveel v |
| |XTALl, XTAL2, RESET, PS) | I I I | I
[VIH1 |Input High Voltage | lo | - lvec] v |
| | (XTAL1, XTAL2, RESET, PS) | [x vch | | |
| vOL |Output Low Voltage |I0L=1.6mA | = 1 - 1 0.45] Vv |
I | (Except P10-P17, P20-P27) | | I | | I
|VOLI |Output Low Voltage |TOL=1.2mA -1 - 1 0.5 v |
| [(P10-P17, P20-P27) I | | I | |
|VOHI1 |Output High Voltage |IOH=-1.6mA 2.4 1 -~ | - | v |
| | (Except P10-P17, P20-P27) | | | I | J
|VOH12 |Output High Voltage | IOH=-400pA [vee- | - | - | v |
I | (Except P10-P17, P20-P27) | [ 0.8] I I |
|VOH21 |Output High Voltage [TOH=-50uA 2.4 - | = | v |
| [(P10-P17, P20-P27) I I I | I |
[VOH22 |Output High Voltage [ IOH=~25u4 flvee- 1 - | - | v |
| |(P10-P17, P20-P27) | | 0.8] | I |
[ILI  [Input_Leak Current | vsSSVINGVCC [ - | - | £10 | ua |
| I(T1, INT, EA, PS) I ~ I I I I |
[ILI1 II_But Loak Current | VSSSVINSVCC - 1 - | -50 | wa |
I | (S5, RESET) I | I I I |
ITLI2 lInput Leak Current |VSS+0.45V<VINSVCC] ~ | - [-500 | A |
| | (P10-P17, P20-P27) I ] | I [ |
|ILO  |Output Leak Current(BUS,TO)|VSS+0.45VSVINSVCC] - | - | #10 | pa |
| |(High impedance condition) | | | | | |
jTccl | [ Normal |vce=5v, fXTAL=6MAz| - | - | 10 | |
I vCC Supply | operation |VIH=VCC-0.2V I | I | ma |
|ICCHI | Current [ |VIL=0.2V | - - I 2.5] I

| | I I

| | I HALT Mode |
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TMP 80 C48AP /-6, TMPB0C35AP /-6 ,TMP 80 C48AF /-6,
TOSHIBA TMP80C48AT, TMPBOC35AT

TMPB80C48AP-6/TMPBOC35AP-6/TMP80C48AF-6 ELECTRICAL CHARACTERISTICS

DC CHARACTERISTICS (II)
TOPR=-40"C to 85°C, VCC=+5V+20%, VSS=0V, unless otherwise noted.

|'SYMBOL | PARAMETER TEST CONDITIONS | MIN.| TYP.| MAX.| UNIT|
|VIL [Input Low Voltage -0.5 - lo.15 v |
| I | I I Ix _vccl |
IVIH  |Input High Voltage (Except | lo.s | - f{vcci| v |
! |XTAL1l, XTAL2, RESET, PS) |x vcel I | |
|VIHL |Input High Voltage __ 0.7 | - fvecl| v |
| | (XTAL1, XTAL2, RESET, PS) | lx _vcel | I |
|VOL  |Output Low Voltage |TOL=1.6mA I - 1 = 1o0wus5] v |
I | (Except P10-P17, P20-P27) | I I I ! I
IVOoLl |Output Low Voltage |T0L=1.2mA I - 1 - 10.45] v |
| | (P10-P17, P20-P27) | I I I | |
|VOH12 |Output High Voltage | TOH=-400uA fvece- | - | - 1 v |
I | (Except P10-P17, P20-P27) | | _0.8] | | |
|VOH22 [Output High Voltage | TOH=-25uA lvee- | - | - | v |
I |(P10-P17, P20-P27) | |_0.8] I | |
JILT  |Input_Leak Current " |VSSLVINGVCC I = | = [ 10 | wa |
| |(T1, INT, EA, PS) [ | I I I |
JTLI1 |Input_Leak Current | VSSSVINGVCC - | - [-vcCc | wa |
| | (SS, RESET) | | | | 0.1 | I
[ILI2 |Input Leak Current |VSs+0.45VSVINGVCC| - | - [-vcC | wA |
| | (P10-P17, P20-P27) I I I | 0.01} |
[ILO  |Output Leak Current(BUS,TO)]|VSS+0.45VSVINSVCC| - | - | #10 | wa |
| |(High impedance condition) | | | | I |
[1ccl | | Normal. IVCC=5V,fXTAL=6MHzI - | - 1 10| I
I VCC Supply |_Operation |yru-vce-o.2v | | | | mA |

e =1 ="1"2.5] |
JTCccHl | Current | 1VIH=0.2V ' I | l '

| | I HALT Mode
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TMP 80 C48AP /-6, TMP80C3SAP /-6, TMP 80 C48AF /=6,
TOSHIBA TMP 80C48AT , TMP 80 C35AT

TMP80C48AP~-6/TMPBOC35AP~-6/TMP 80C4BAF~6

AC CHARACTRISTICS
TOPR=-40°C to 85°C, VCC=+5V%20%, VSS=0V, unless otherwise noted.

| SYMBOL | PARAMETER |TEST | £(t) | 6 MHz |UNIT|
| CONDITION | MIN.| MAX. |
| t Clock.Period Note 2 | 1/xtal f|166.6] 1000] ns |
| tLL ALE Pulse Width 13.5t-170 410 | - ns |
| tAL [Address Setup Time (ALE) 2t-110 220 - ns |
| tLA |Address Hold Time (ALE) CL=20pF t-40 120 - ns |
| tCCl [Control Pulse Width |7.5c-200 [1050 - ns |
! (RD, WR) | I
| £CC2 |Control Pulse Width [ 6t-200 | 800 - ns |
| | (PSEN) I
| tDW [Data Setup Time 6.5c-200 | 880 - ns |
| (WR) I
" tWD |Data Hold Time CL=20pF t-50 120 - ns |
| (WR) I
| tbR Data Hold Time CL=20pF 1.5t-30 0 220 ns |
| (RD, PSEN) I
| tRD1 [Data Input Read Time 5.5¢-120 - 800 | ns |
| (rRD) |
| tRD2 [Data Input Read Time 4t-120 - 550 | ns |
| (PSEN) I
| tAW |Address Setup Time : 5t-150 | 680 - ns |
I (WR) | I
| tAD1 |Address Setup Time | 10t-170] - {1500 | ms |
I (RD) |
| tAD2 |Address Setup Time 7t-170 - 11000 | ns |
I (PSEN) |
| tAFCl|Address Float Time CL=20pF 2t-40 290 - ns |
I (RD, WR) |
| tAFC2|Address Float Time CL=20pF 0.5t-40 40 - ns |
I (PSEN) | I
|tLAFC1|ALE_to Control Time 3t¢-75 | 420 | - | ms |
I | (RD, WR) I
|tLAFC2]ALE to Control Time 1.5t-75 175 - ns |
I (PSEN) |
| tCAl |Control to ALE Time t=-65 100 - ns |
[ (RD, WR, PROG) I
| tCA2 |Control to ALE Time 4t-70 590 - ns |
I (PSEN) I
| tCP |Port Control Setup Time (PROG) 1.5t-80 170 - ns_|
| tPC [Port Control Hold Time (PROG) 4t-260 | 400 - ns |
| tPR |Port 2 Input Data Setup Time 8.5t-120 - 11290 [ ns |
I (PROG) |
| tPF |Port 2 Input Data Hold Time |1.5¢ 01 250 | ns |
| (PROG) I
} tDP  |Port 2 Output Data Setup Time 6t-290 | 710 - ns |
| (PROG) I I
| tPD |Port 2 Output Data Hold Time [1.5t-90 160 - ns |
| | __(PROG) ! I | I I
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TMP80C48AP /-6 ,TMP80OC35AP /-6, TMP 80 C48AF /-6,
TOSHIBA TMP 80 C48 AT, TMP80C35AT

TMP 80 C4BAP—-6/TMP80C35AP-6/TMP80C4BAF-6

AC CHARACTRISTICS (CONTINUE)
TOPR=-40"C to 85°'C, VCC=+5V+20%, VSS=0V, unless otherwise noted.

| SYMBOL | PARAMETER |TEST | £(t) | 6 MHz |UNIT]
| CONDITION MIN.| MAX. |
| tPP |PROG Pulse Width 10.5t-25011500 - ns |
| tPL |Port 2 1/0 Data Setup Time(ALE) 4t-200 | 460 - ns_|
| tLP |Port 2 1/0 Data Hold Time (ALE)] 0.5t-30 130 - ns |
| tPVv Port Output Delay Time (ALE) | 4.5t+100 - 850 ns |
| tOPRR|TO Clock Period ] 3t 500 - ns |
| £C¥Y {Cycle Time | [ 15t | 2.5 [15.0 us |

Note : 1. Control OQutput CL=80pF. BUS Output CL=150pF.
2. The £(t) assumes 50% duty cycle on XTALl and XTAL2.

The Max. Clock frequency is 6MHz. and the Min. Clock frequency is
1MHz.
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TOSHIBA

TMP 80 C48AP /-6 ,TMPB0C354P /-6 ,TMPB0 C4BAF /-6,

TMP 80 C48AT , TMP80OC35AT

TIMING WAVEFORM

A. Instruction Fetch from External Program Memory
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TMP 80 C48AP /-6 ,TMP80C35AP /-6 ,TMP80C48AF /-6,
TOSHIBA TMP80C48AT, TMP80C35AT

C. Write into Extermal Data Memory

'LAFC1™™ tcar =
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WR ;\
‘pw — 'wp

l |

P S —

D. Timing of Port 2 during Expander Instruction Execution
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TMP 80 C48AP /-6 ,TMP80C35AP /-6 ,TMP 80 C48AF /-6,
TOSHIBA TMP80OC48AT, TMP80C35AT

POWER DOWN MODE (I) ......... Data Hold Mode in RAM

The operation of oscillation circuit is suspended by setting PS terminal to
low level after RESET terminal has been set to low level. Consequently, all
the data in RAM area can be held in low power consumption.

The minimum hold voltage of VCC in this mode is 2V.

PS terminal is set to high level to resume oscillation after VCC has been
reset to 5V, and then RESET terminal is set to high level, thus, the normal
mode is restarted from the initialize operation (address 0).

DC CHARACTERISTICS
TMP 80 C48AP /35AP ,TMP 80 C48AF ,TMP80 C48AT/35AT: TOPR=0"C to 70°C, VSS=0V

TMPBOC48AP-6/35AP-6 ,TMP80C48AF -6 : TOPR=-40°C to 85°C, VSS=0V
| SYMBOL | PARAMETER TEST CONDITION MIN.| TYP.| MAX.| UNIT|
I l |
| VSBl | Standby Voltage(l) | | 2.0 | - | 6.0 1 v |
| ; |VCC=5V,VIH=vCC-0.2V, ! | I I l
| ISBl | Standby Current(l) |VIL=0.2V | - 1 0.5] 10 | ua |

AC CHARACTERISTICS
TMP 80 C48AP /35AP , TMP 80 C48AF , TMP 80 C48AT /35AT: TOPR=0"C to 70°C, VSS=0V

TMP80C48AP-6/35AP-6 , TMP80C48AF-6 : TOPR=-40°C to 85°C,VCC=5V+20%,VSS=0V
| SYMBOL PARAMETER |TEST CONDITION| MIN.| TYP.| MAX.] UNIT|
{tPSHR |Power Save Hold Time (RESET) | 10 - - us :
:tPSSR :Power Save Setup Time (RESET) 10 - - mS ’
:tVH ’vcc Hold Time (PS) 5 - - us :
:tVS ;VCC Setup Time (PS) I 5 | - - | _us :

Note: tCY=2.5uS (fXTAL=6MHz)

TIMING WAVEFORM

Vee !i —

1 tyvH tvs

FETTTTN . a2

7

1/

tpSHR tpSSR
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TMPSOC&SAP/ 6,TMP80C35AP /-6 ,TMP 80 C4BAF /-6,
TOSHIBA TMP80C48AT ,TMPBOC35AT

POWER DOWN MODE (II) ......... ALL Data Hold Mode

The operation of oscillation circuit is suspended by setting'§§ terminal to
low level after SS terminal has been set to low level. Consequently, all data
can be held in low power consumption.

The minimum hold voltage of VCC in this mode is 3V.

PS terminal is set to_high level to resume oscillation after VCC has been
reset to S5V, and then SS terminal is set to high level, thus, the normal mode
is restarted continuously from the state just before the power down mode (II).

DC CHARACTERISTICS
TMP 80 C48AP /35AP , TMP 80 C48 AF , TMP 80 C48AT /35AT: TOPR=0"'C to 70°C, VSS=0V

0.5 10

TMP80C48AP-6/35AP-6 , TMP80CLB AF-6 : TOPR=-40°C to 85°C, VSS=0V
| SYMBOL PARAMETER TEST CONDITION MIN.| TYP.| MAX.| UNIT|
I ! I
| vsB2 | Standby Voltage(2) | | 3.0 - 6.0 v |
| I
l |

|
| |VCC=5V,VIH=VCC-0.2V, l |
l

l |
l l
I1SB2 | Standby Current(2) |VIL=0.2V | - | I

UHA

AC CHARACTERISTICS
TMP 80 C48 AP /35AP , TMP 80 C48 AF , TMP 80 C48 AT /35AT : TOPR=0"C to70°C,VSS=5V+10%,VSS=0V

TMPB0C4BAP-6/35AP~6, TMPBOCLE AF-6 : TOPR=-40°C to 85°C,VCC=5V+20%,VSS=0V
| SYMBOL P ARAMETER [TEST CONDITION| MIN.| TYP.]| MAX.| UNIT|
l:PSHs |Power Save Hold Time (SS) | 10 - - us }
ICPSSS IPower Save Setup Time (S%) . 10 - - m$S :
}tVH VCC Hold Time (PS) 5 - - us :
!tVS |VCC Setup Time (PS) | 5 | - - | us :

Note: tCY=2.5uS (fXTAL=6MHz)

TIMING WAVEFORM

Vee e
= tvy tys
ss . y
- '8
75 ” 4
tpsus tpsss
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TMP80C48AP /~6 ,TMP80C35AP /-6 ,TMP 80 C48AF /-6,

TOSHIBA TMP80OC48AT , TMP80OC35AT

HALT MODE

. 1 HALT INSTRUCTION

OP code is "OlH". HALT INSTRUCTION is an additional instruction to the
standard 8048/8049 instruction set.

. 2 Entry to HALT MODE

On the execution of HALT INSTRUCTION, TMP80C48A/TMP80C35A enter HALT
MODE.

3 Status in HALT MODE

The oscillator continues its operation, however, the intermal clocks and
internal logic values just prior to the execution of HALT INSTRUCTION are
maintained. Power consumption in HALT MODE is less than 50% of normal
operation. The status of each pins are described in the following table.

« 4 Release from HALT MODE

(1)

(2)

HALT MODE is released by either of two signals (RESET,INT).

RESET Release Mode : An active RESET input signal causes the normal reset
function. TMP80C4B8A/TMP80C35A start the program at address '"000 H".

INT Release Mode : An active INT input signal causes the normal oper-
ation.

In case of interrupt enable mode (EI MODE), TMP80C48A/TMP80C35A execute
the interrupt service routine, after the execution of one instruction

- which is located at the next address after HALT INSTRUCTION.

In case of interrupt disable mode (DI MODE), TMP80C48A/TMPB0C35A execute
normal operation from the next address after HALT INSTRUCTION.

. 5 Supply Voltage Range in HALT MODE

The operating supply voltage range and the operating temperature range
are same as in normal operation.
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TMP 80 C48AP /-6,TMPB0C35AP /~6,TMP 80 C48AF /-6,
TOSHIBA TMP80C48AT ,TMP80C35 AT

PIN STATUS IN POWER DOWN MODE (I) (II)

|~ PIN NAME STATUS |
|__DBO - DB7 High impedance |
|_P10 - P17 | ; luc disabled |
| " P20 —.p27__| '"P I
| TO | High impedance, input disabled |
7Tl | Input disabled |
| XTALl | Bigh impedance I
|7 XTAL2 | Output "High" Level |
| _ | Input disabled when oscillator is stopped. [
| RESET, SS | Pull-up transistors turn off. |
! fﬁf, EA ; Input disabled when oscilltor is stopped. }
| | |
| RD, WR, ALE | High impedance l
| _PROG, PSEN | |

PIN STATUS IN HALT MODE

PIN NAME STATUS
DBO - DB7

Values prior to the execution of HALT

| I
| | |
P10 - P17 .. .
NSTRUCTION t d.
" P20 — P27 | I R ON are maintaine |
[ TO | Status prior to the execution of HALT |
| | INSTRUCTION is maintained. |
| Tl | Input disabled |
| XTAL1, XTAL2 | Continue oscillation |
I | |
| RESET, INT | Input enabled |
: SS. A { Input disagbled :
| | |
| RD, WR, | Output "High" level |
| PROG, PSEN | |
| ALE | Output "Low' level l
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TOSHIBA

TMP80 C48AP /-6 ,TMP80C35AP /-6 ,TMP80 C48AF /-6,

TMP 80C48AT , TMP80OC35AT

OSCILATOR

QUARTZ CRYSTAL

f = IMHz to 4MHz Cl = ¢C2 =
f = 4MHz to 11MHz Cl = C2 =
CERAMIC RESONATOR
f = IMHz to 3MHz : Cl = C2 =
f = 3MHz to 11MHz Cl = C2 =
TYPICAL CHARACTARISTICS: Vcc =

30pF
20pF

100pF
30pF

XTAL)

cl1 = 2
s

T st

XTALZ

ARy

ARA

c2 =
.

5V, Ta = 25°C, unless otherwise noted.

v

out ~!

oL TYPICAL CURVE

3 4 5V

ourV)

VOUT - IOH TYPICAL CURVE

(PORT 1,2)

1 2 3 4 5 VourV)

/

vOUT - IOH TYPICAL CURVE

(DB,CONTROL)

1 2 3 4 s Your'V)

—

N Vee © fyax, TYPICAL CURVE
cc Ioy
(V) (mA)
6 F m
40
5 30
/ 20
4 /
//////] 10
3 ,Z
5 10 15 fx.rAL(MHz)
. fyraL - Icc TYPICAL CURVE
cc
(mA)
-50
10
- -100
-
5 // -150
/ -200
. Ton
5 10 15 fyppp (MH2) - D0
c -t TYPICAL CURVE
tppspr RESET - 'RESET
(ms)
100
60 /,/ -5
30 A
20 . -10
10 -
6 - 15
3 -20
2
0.0] 0.020.03 0.06 0.1 0.20.3C ‘ou
. - . . . . . R:SET (MA)

(uF)
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TMP80C48AP /-6 ,TMP80C35AP /-6 ,TMP 80 C48AF /-6,

TOSHIBA TMPB80C48AT, TMP8OC35AT

OUTLINE DRAWING (DUAL INLINE PACKAGE)
Unit in mm

40 21
a B s B o B e I B o B s B s O o Y S e B o e B s B s s s B b B o B
=<
<
) =
N
ll_.lLJLJL_J [ S W [ D G O O O
20
=
<
= 4
p . [
S 51.3MAX = 15.24 +0.25
e
<
4 - / !
i S +0.1
= | 0.5+0.15 2.54 £0.25 025—005 j&
hond [ -~
s 1.4 +0.15 ~
= 0~15
o

Note: 1. This dimension is measured at the center of bending point of leads.
2. Each lead pitch is 2.54mm, and all the leads are located within
+0.25mm from their theoritical positions with respect to No.l and

Na LN TV ada
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TOSHIBA

TMP 80 C48AP /-6 ,TMPB0OC35AP /-6,TMP 80 C4BAF /-6,
TMP80C48AT , TMPB0C35AT

OUTLINE DRAWING (FLAT PACKAGE)

0.15:0.1

TR

A% 32 3) 302 4027 262 £
CIT 34 ’ . « I3
IS [ = m s—
| m— Y ! ' -0 v o mm——
| o— 19 ~
C—T1r3s MARKING JB'E el &
—=== ——- PRS- S| o
/x40 !AREA 1671 <]
C—xTie) . ' 15— -
| — = {3 /3
e hR s m sm— |
1T« - ’ - 2/
%Jb\ 1234567 601012
>4
7 a
|
14.0£0.1
(16.9)
s
MARK 1.4510.’3 =
Vo]
~
~
Y \.
e
woN
e -
15.220.3 =
l L
0.8520.3

Urnit in mm
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TMP 80C4BAP /-6 ,TMP80C35AP /-6 ,TMP 80 C48AF /-6,

TOSHIBA TMP 80 C48AT , TMPBOC35AT

OUTLINE DRAWING (Plastic Leaded Chip Carrier)

unit in m®m

6 1 44 40
7 39 l
: :
o
& )
w ~
:‘ N
17 29 l
1 O s B
18 28
17.52:0.12 ——————®
16.6 TYP.
0.7140.1
b \ :
N
| o :
H ~
. [ -
&‘U‘J | i
”0.41:0.1 ! |].27TYP g ~
= o
g &
15.76 TYP. e ~
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TMP 80C49AP /-6 ,TMP 80 C39AP /-6 ,TMP80C49AF /-6,
TOSHIBA TMP 80C49AT , TMP80C39AT

8-BIT SINGLE-CHIP MICROCOMPUTER

TMP 80 C49AP /TMP 80 C49AP -6
TMP80C39AP /TMPB0C39AP-6
TMP 80 C49AF /TMP80C49AF -6
TMP80C49AT/TMP80C39AT

GENERAL DESCRIPTION

The TMP80C49A is a single chip microcomputer fabricated in Silicon Gate QMOS
technology which provides internal 8-bit parallel architecture.

The following basic architectural functions of a computer have been included
in a single chip; an 8-bit CPU, 128 x 8 RAM data memory, 2K x 8 ROM program
memory, 27 I/0 lines and an 8-bit timer/event counter.

The TMP80C49A is particularly efficient as a controller. It has extensive bit

handling capability as well as facilities for both binary and BCD arithme-
tic.

The TMP80C39A/-6 is the equivalent of a TMP80C49A/~-6 without ROM program
memory on chip. By using this device with externmal EPROM or RAM, software
debugging becomes easy.

The TMP80C49AP /-6 and TMP80C39AP/-6 are in a standard Dual Inline Package.
The TMP80C49AF/-6 is in a 44-pin Flat Package.

The TMP80C49AT and TMP80C39AT are packaged in the JEDEC standard type 44pin
PLCC (Plastic leaded Chip Carrier).

FEATURES
. TMP80C49AP /TMP80 C39AP / TMP 80 C49AF/ . Low Power
TMP80C49AT/TMP 80C39AT 10mA MAX. in Normal Operation
1.36us Instruction Cycle Time (VCC=5V, fXTAL=6MHz)
0°C to 70°C, 5V = 10% 10uA Max. in Power Down
. TMP80C49AP-6/TMP80C39AP -6/ TMP 80 C49AF -6 (vce=5v, £XTAL: DC)
2.5 us Instruction Cycle Time . Single Power Supply
-40°C to 85°C, 5V + 20% . Power Down Mode (Stand-by Mode)
. Software Upward Compatible with . Halt Mode (Idle Mode)

TMP8049AP /TMP80C49P-6/INTEL's 8049
. HALT Instruction (Additional Instruction)
. 2K x 8 masked ROM
. 128 x 8 RAM
. 27 I/0 lines
. Interval Timer/Event Counter
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TOSHIBA

TMP 80 C49AP /-6 ,TMPBOC39AP /-6 ,TMP 80 C49AF /-6,
TMP80CA4IAT , TMPBOC39AT

PIN CONNECTIONS (TOP VIEW)

Tocy N/ 4«0pVec(+5V)
XTAL; 2 39PT,
XTAL, 33 383 P27
g4 378 P2e
§535 36 P25
TRIg6 358 P;,
EALZY 34 SP”
RD58 33P P
1333 =] 32P7F,,
TREZ10 31 PP,
ALEC]I 303P),
DBoJ1 2 293P0
DBy 13 286837,
DB20314 27 PP,
DB,015 260
DB,LT16 25 P PROG
DBge317 24 :PI’B
DB, 318 238P,,
DB,319 227,
Vss320 21 B P,y
Flat Package PLCC
SR 282882 8o 33
fefrennmanr a2 o 2 2 O rowow
”ﬂ”””nnﬂ””ﬂ mE::a‘z’gzza’:
TR EEREEEEETED
Nc:ul@ﬁnﬁ&’«&&«& 22 " PROG !ﬁ:; :::
Pas 335 Y s } 21 e o x
Pzer 3% 20f——p22 s 56 =
P27 ——37 18——3Jp21 s 3
TIC/Tas 18[——pP20 WR LR: x
Vece—]3e TOP VIEW 17— xc NCEx ®
To ——]+« 16 —Vgs ALE ‘:‘; k4
XTALl C—a 15 ——3pB7 g:‘l’ o %
XTaL2 Qa2 pUY wmm— ) 5) 1] o ~
RESET ——43 13 ——3DBS DBy ¥ ®
{3 m— U1 bE] — T} DB3IE o
- e O OO 2 ]

(2]
&
[=]

YESBEFZ 253

NC: No Conneciion
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TMP 80 C49AP /~6,TMP80C39AP /-6, TMP 80 CLIAF /-6,
TOSHIBA TMP80C49AT , TMP 80 C39AT

BLOCK DIAGRAM

DB0O-Lby Fio-F17 Peou-Fzv
n_ O 0; 0
1] R O B"“TE} k{ﬂ\'}' 1 BUFr & I’PJ""J" < BJ!'?‘.‘."J

CUTTUT CUTE
L&TCH T CE

Mig: RON

REXNE

> {(FRIGRAN LKEZ)

INTERRUFT
CIRCUIT FOL
T Q
psw | [Ra¥ ADRESS
INSTRUC- REIISTER
TION RE- =
GISTER/ [___f 5
DECODER Jmes 7 1zexs
Fflll CA}IEY
ACCUMILATOE CONDI TIORAL
7 T A
TEéT::> JUMF C1KCUIT
POWER =
SAVE et VE XTALg To T3 IFT
XTaLy TKRESETIFT Es ST ALE FSEX KU TR FROG j T T
(NP T T A
Ce f 5% ERSE BB AT o B
ZE B & ;; RE ZEEE 2% 3%
SE - " 5: B “pEE & &S
V.E — c 5 C nu  E &= B
= 2] - = w q
- bl -3 T
(= (= > (=]
= S
g c
E
v

Note 1) The lower order &4 bit of port 2 output latch are used also for
input/output operations with the I/0 expander.
Note 2) The output latch of port 0 is also used for address output.
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TMP80C49AP /~6,TMP80C39AP /-6, TMP B0 C49AF /-6,
TOSHIBA TMP80C49AT, TMPBOC39AT
PIN NAMES AND PIN DESCRIPTION

VSS (Power Supply)
Circuit GND potential

VCC (Power Supply)
+5V during operation

PS (Input)
The control signal for the power saving at the power down mode (Active

Low)

PROG (Output)
Output strobe for the TMP82C43P I/0O expander.

P10 - P17 (Input/Output) Port 1

8-bit quasi-bidirectional port (Internmal Pullup = 50KQ).
P20 - P27 (Input/Output) Port 2 »
8~bit quasi-bidirectional port (Internal Pullup = 50KQ).

P20 - P23 contain the four high order program counter bits during an external
program memory fetch and serve as a 4-bit I/0 expander bus for the
TMP8243P.

DBO - DB7 (Input/Output, Tri-State)
True_bidirectional port which can be written or read synchronously using
the RD, WR strobes. The port can also be statically latched. Contains
the 8 low order program counter bits during an external program memory
fetch, and receives the addressed instruction under the control of PSEN.
Also contains the address and data during an external RAM data store inst-
ruction, under control of ALE, RD, and WR.

TO0 (Input/Output)
Input pin testable using the conditional transfer instructions JTO and
JNIO. TO can be designated as a clock output using ENTO CLK instruction.

T1 (Input)
Input pin testable using the JT1l and JNT1 instruction. Can be designated
the event counter input using the timer/STRT CNT instruction.

INT (Input)
External interrupt input. Initiates an interrupt if interrupt is enabled.

Interrupt is disabled after a reset. Also testable with conditional jump
instruction. (Active low)

RD (Output)

Output strobe activated during a Bus read. Can be used to enable data
onto the Bus from an external device. Used as a Read Strobe to External
Data Memory (Active Low).

WR (Output)

Output strobe during a Bus write (Active Low). Used as a Write Strobe to
External Data Memory.

MCU48-62



TMP 80 C49 AP /~6 ,TMP 80 C39AP /-6, TMP 80 C49AF /-6,
TOSHIBA TMP80C49AT , TMP 80 C39AT

RESET (Imput)
Active Low signal which is used to initialize the Processor. Also used
during the power down mode.

ALE (Oupput)
Address Latch Enable. This signal occurs once during each cycle and is
useful as a clock output. The negative edge of ALE strobes address into
external data and program memory.

PSEN (Output)
Program Store Enable. This output occurs only during a fetch to external
program memory (Active Low).

SS (Input)
Single step input can be used in conjunction with ALE to "single step"
processor through each instruction when SS is low the CPU is placed into a
wait state after it has completed the instruction being executed. Also
used during the power down mode.

EA (Input)
External Access input which forces all program memory fetches to reference
external memory. Useful for emulation and debug and essential for testing
and program verification. (Active High)

XTAL 1 (Input)
One side of crystal input for intermal oscillator. Also input for exter-
nal source.

XTAL 2 (Inmput)
Other side of crystal input.
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TACS-48 LIST OF INSTRUCTIONS (1/4)

TLCS-18 LIST OF INSTRUCTIONS (2/4)

b

Assembler Object Code

| (1st) Function Flag Uycle

Mnewonic (2nd)
Bin. Hex. C,AC

ADD A, Rr JO1101rrr [ 68+r ]| (A)e(A)+(Rr) AEEA
ADD_ A, SRr | 0110000r | 60+r | (A)e—(A)+[(RF)] " 3L
ADD ALt 00000011 | 03| (A)e—(A)+i 112
N iy i
ch A, R ,_01111rrr 1Ber | (A)«-(A) (Rr)‘(C) __Mr=0~7“_ T
IDDC A, !Rr _joro00r | 70+r | (A)o—(A)*[(Rl‘)]‘(C),_Wr=0 ity
ADDCT AL % 00010011 13] (A)=(A)+i+(C) T1]?

(] ) IR

¢ AL NRe [ 01000eee ($8er | TRY<(RY A (RN

¢ [MUTTh L 8Re T 0101000r | S0or | (AYe=(A) AR

o [MELTA LS 01010011 53| (A)e~(A) A

" ik i

v | 01001err | 48+r ) (A) = (A) VRF)

! r.{0100000r § 40+¢ [ (A)e=(A) V{(RF)]

3 01000011 431 (A)e(A) Vi

t _siihlll_i iy

0 110‘"", 08+ | (A)=(AY W(RF)

r 1101000r | D0:r | ()~ (A) W [(Rr)]

11010011] 03] (A)e(A) wi
I RELLUITIN I |
n Jo0010in ] a7 A
s .} 00000111 | do
t A LR B Y.
r | 00110111 T(M) e-NOT( 1
] oo | “{A)+-(A)BCD 11
¢ 7101000111 | 47 ] (A)<T:a> o (R)<d: A
t 1100111 (A< 1> —(A)<n> 1
i Aot | RO AT 0~ ) L
(] MO BT (A< 1> «(A)<m> 1 1
n (C)e=(A)<D>
L Ao fo | AV =€) M0~ ]
RR A 01100191 | IT ] (Mem (A>T T n=0~6 i
SRS WS W i AR A0
RC R 01100111} 67 (A)en> «(A)<cmD> 1 1
(C) —(R)<0>
. | 1 (A)<t> «~(C) n=0~6
" K, To_ 00007000 | 08°p | (A)—(PD)__ L T 2.
[ U D R
0

160110196 |

aHL

else no operation

if 10=1 then(PC)<T:O>e-afil |

1
Assenbier Object Code
) (1st) function Flag Cycle
7 Hnemonic (2nd)
Bin. Hex. C.AC
TTL_Po, A 00117000 | 38+p | (Pp) (A} 17 7
ANL  Pp.%1 | 100110pp | 98+p| (Pp) —(PP)A i P=1,2 2
| S e LT LET R BT
N | ORL i | 100010pp | 88+p | (PP} «—(Pp)V i P=1,2 2
4 il
(1] 08| (R~ (BUS) 2
T - 02 (BUS)—(AC) 12
/
L I IS U EE
U | ANL  BUS, %) | 10011000 | 98| (BUS)«~(BUS) Ai 2
P |ORL  BUS, %i | 10001000 88 (BUS)«(BUS) Vi 2
[N iiliiiii| i
1
o] (A)<3:0> «(Pp) p=d~T1 2
A ] e -0 _ _.
) 3C:p ] (Pp) «—(A)<3:0> p=d~T 2
|ANLD " Pp, A7 100111pp | 9C+p | (Pp) —(PPIA(AIE:> pa~T | T ] 2
ORLD Pp, A 100011pp | 8C+p | (Pp) —(Pp)V/(A)<3:0> p=4~T 2
INC _ReToootirrr | 18+r ] (Rr) «(Rr)+1 r=0~T7 ) 1
(V) INC.__®Rr 1 0001000r | 10+r | {(Rr)} «~{(Rr)]+1 r=0.1 1
DEC_ Rr 11001¢err | CB+r | (Rr) +—(Rr)-1 r=0~1 1
JHPa al00100 | all+4 | (PC)<10:0> +a 2
e ML (PE)<I> —(D8F) .
8 JHP!? ______ TR M10110011A B (PC)<1 0>0—PR0[(PC)<11 8)-(!)] -
r [ONETRe, 2T 111010rr [ €8er | (RP) = (Rr)-1 r=0~T7 2
a aL if(Rr) #0then(PC)<7:0>+aHL
nlo else no operation | | _
¢ |JC a 11110110 | F6 ] iF(C)=1 then(PC)<7:0>alL 2
L D am. f | elsenooperation | |
JNC a 11100190 €6 if(C)=0 then(PC)<7:0>aMi 2
Pl Jo M || oelse nooperation
o {JI a 11000110 ] €6 ] if(A)=0 then(PC)<7.0>«aHL ?
s ... J.oam )l oelse no operation o
t NN a 10010110} 96| if(A)+#0 then(PC)<7:0> aMl 2
2

VEIHSOL

1V6£D08dWML  LV6YD08dHL

‘9-/ V67D 08 dNL 9~/ dV6ED 08 NI 9/ dV640 08 AWL
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TICS-48 LIST OF INSTRUCTIONS (3/4) TLCS-48 LIST OF INSTRUCTIONS (4/4)

VEIRSOL

| 1
D | Assesbler Object Code , Assembler Object Code
ik (1st) Function Flag Lycle i {1s1) function Flag Lycle
| Mnemonic (2nd) a Hnemonic (2nd)
3 Bin, Hex. _ C.AC El Bin, flex. C.AC
N0 3 00100110 { 26 1f 70=0 then(PC)<7:0>aML 2 MOV Rr 4i 10111rrr | B8«r | (Rr)ei r=0~1 2
| @MU L | else no operation o P e 1L ETLIN DR LN v ]
B {JI1 a2 01010110 { 56 [ "if T1=1 then(PC)<7:0>+alil 2 H {HOV  BRr K0 | 1011000r | BO+F § [(Rr) i r=0.1 2
el . |..aM | | elsenooperation B P I A S ELTTITTIN B TE
o [T 3 Tioi0001907 S it 110 thentpe)<ii0bealil T 1 v A PSH | 11000111 | C7 ) (A} —(PSH) i
n! 77 7 @MU | |'elsenooperation T e TUPSH,A T 111010111 ] DT | (PSH) «(A) 1
¢ |J0 " a 10110110°| " 86| il FO=1 then(PC)<7:0>«ahL 2 TUARe L o0101rrr [ 28er | (A) —(RF) F=0~T7 1
Wy Lo ML [ | else Do operation . T {XCH _ A@Rr | 0010000r [ 20+ [ (A) «[(RF)] r=0.1 1
i 07110890 | 76| if Fi=1 then(PC) < 0> all 2 A [ XCHD™ A @RF ] 0011000r | 30+r | (A)<€3:0>+[{RF)<3:0>] r=0.1 1
P oo @M f letsenooperation 1} 1 ls {HOvK " eRe.A ) 10010007 | 90-r | EXTI(R)) <(8)  ~eD.1 1
n 3 Ta 00010190°] " 167 if TF=1"then(PC)<7: 05« aHi 2 U [Hovx " A.@Rr 7| 1000000r | 80+r § (A} «IXI[(RF)]  r=0.1 1
S ... ). ai 1 | elsenooperation | b HOVP A, 88 T 110100011 | A3 (A) «PROJ(PO)I:B M) | T L
t{Ml a 100001101 861 if INT =0 then(PC)<7:0>+aML 2 HOVP3 A, 8A 11100011 | £3 1 (A) <PROJ(PC)<11>+ 011« (A)] 1
P | | elsenooperation f | TCTHOV AT 101000010 | 42 (A) «(TR) — 1
v io [ MOV T AT 101100010 |62 | (TRY-(A) 1
3 I I e T e . mu | STRT T 777101010101 | 55| Start Tieer 1
t en | SIRT  CNT 01000101 | 45 | Start counter 1
LI DR IO S . ri {STOP  TONT | 01100101 | 65 ) Stop Timer/Counter 1
o |JBb a bbb10GT0 [ b+92 | if "(A)<b>=1 then 2 o |EN _ TCNTI__[00100101 | 25| [nahle Timer/Counter Interrupt! | 1
n aML (PC)<7:0>aHL r{DIS  TCNTI_ 00110101 35| Disable Timer/Counter Interrupt 1
else no operation b=0~7
CALL_ a_ | aH10100 [at+14 [(SP)]) «(PSW)<l:4>+(PC) | 12 | -
ML (SP) «(SP)+1 :
(PC)<10:0> +-a () F—
o - (PC)<11> «(DBF)
) RET 10000071 | 837 (5P) «(8P)-1 2
| | APC) e [(SPY]<11:0>
RCTR 10010011 93| (SP) «(SP)-1 11)2
(PC) «[(SP)]<11:0> |
(PSH)<7:4> «[(SP)]<15:12> c T SO v
CIR_C  J10010111] 97| (C)=0 - 0 100000101} 05 | Enable Ixternal Interrupt 1
L C 110100111 | A7} (C)eNOT(C) _ RN n 00010101 [ 15 | Disable External Interrupt 1
I3 CIR _FO 110000101 ] 85} (F0) «0 s t ] 11000101 C5 1 (BS)e- 0 1
CPL___ PO _ 110010101 95| (FO) ~NOT(F0) 1. r L 11010101 | DS} (BS)e— 0 O
CLR _F1 110100101 | "AS| (1) «0 1 0 _HBO 111001011 ES|(DBF) ~ 0 R
CPL K 10110101 BS | (F1) —NOT{F1) 1 | | SEL_ HBY 11110101 ) BS (DB} 1 11
MV A Re_T1Trer [F8+er ] (A)(Rr)_ kN L CLK_ 101110101 75 | Enable Clock Output on 70 | 1
WV A, Rr | 1111000{ FOsr (A)-—[(Rr)] R
"V ALt o000 | 231N i 2 SRRSO SN SN NP I I
N L LI LLLER A HALT 00000001 | 01| Halt 1
WV Rr, AL 10101rer | ABer | (RFY = (R) r=0~7 ] 1 1. (6)] NOP 00000000 | 00 | no bpration 1
MOV eRr, A_|1010000r | A0+T unr)i«—m r=01 1 (§) wooeer A/D Converter fnstruction  (6) seeee Other

(2) =~ Subroutine Instruction (3) «---- Flap Instruction
(€) ses Move Instruction

IV6ED08 AL  LV6%D08dHL
$9—/AV6Y008dNL 9~/ dV6ED08dWL 9~/ dV670 08 dHL




TOSHIBA

TMP80C49AP /-6, TMPBOC39AP /-6, TMP 80 C49AF /-6,
TMP80C4IAT , TMP8OC39AT

TMP80C49AP /TMP 80C39AP /TMP 80 C49AF /TMP 80C49AT /TMPBOC39AT
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

| SYMBOL ITEM RATING |
| vce VCC Supply Voltage (with respect to GND (VSS))| -0.5V to +7V |
| VINA |Input Voltage (Except EA) | -0.5V to VCC+0.5V |
| VINB |Input. Voltage (Only EA) | =0.5V to 13V I
| PD |[Power Dissipation (Ta=70'C) | 250mW I
| TSOLDER |Soldering Temperature (Soldering Timer 10 sec) | 260°C |
| TSTG |Storage Temperature | -65°C to 150°C |
| TOPR |Operating Temperature | 0°C to 70°C l

DC CHARACTERISTICS
TOPR=0"C to 70°C, VCC=+5V+10%, VSS=0V, unless otherwise noted.

| | HALT Mode

[VIL=0.2V

| SYMBOL PARAMETER TEST CONDITIONS | MIN.| TYP.| MAX.[| UNIT|
IVIL Input Low Voltage (Except -0.5 - 0.8 v o
| |XTAL1, XTAL2, RESET) I I I I | I
|VIL]  |Input Low Voltage | f-0.5 | - | 0.6 v |
| | (XTAL1, XTAL2, RESET) | | I I I |
I[VIH  |Input High Volt tage (Except | f2.2]1 - Jvecl v |
| |XTAL1, XTAL2, RESET, PS) | | | | I I
|[VIE] |Input High Voltage o 0.7 | - Jvec| v |
| | (XTAL1, XTAL2, RESET, PS) | Ix vcel I I I
[VOL  |Output Low Voltage {IOL=1.6mA I = | = 10.451 v |
| | (Except P10-P17, P20-P27) | I I I I |
|voL1 |Output Low Voltage |I0L=1.2mA |- | - | 0.451 v |
I |(P10-P17, P20-P27) I l | l | I
|VOHI1 |Output High Voltage |IOH—-1 6mA 2.6 - | - | v |
| | (Except P10-P17, P20-P27) | I I | | I
[VOH12 |Output High Voltage | TOH=-400uA [vee- | - | - | v |
| | (Except P10-P17, P20-P27) | | _0.8] I I I
[VOH21 |Output High Voltage |IOH=-501A 2.4 - | - L v |
| | (P10-P17, P20-P27) | | I | I I
|VOH22 |Output High Voltage | TOH=-25uA lvee- | - | - | v |
I | (P10-P17, P20-P27) | | _0.8] | | I
|ILI |Input_Leak Current |vsSSVINGVCC | = 1 = ] £10 | uA |
| [(T1, INT, EA, PS) | I I [ I I
[ILI1 II_Epc Leak Current |VSSSVINGVCC - | - | -50 | ua |
| | (SS, RESET) | I I | | 1
fILI2 lInput Leak Current |vss+0.45VVINGVCC] - | - [-500 | wa |
I | (P10-P17, P20-P27) | - [ I | |
|TLO  |Output Leak Current(BUS,TO)|VSS+0.45VSVINGVCC| - | - | 210 | wa |
| | (High impedance cond1t10n) J | | I | |
lIcer | | Normal |vcCc=5V,fXTAL=6MHz| - | - | 10 | |
| |vee Supply | _operation |VIH=VCC-0.2V | | I | ma |
iICCHl % Current I HALT Mode IVIL-O.ZV i - : - I 2. 51 ‘
Tcc2 | | Normal jvce=5v, I -1 = 1 15} |
| [vCC Supply | operation |fXTAL=11MHz | I | | mA |
f1CcCH2 | Current | | VIH=VCC-0.2V | =1 - | 4.0| |

I | I | |
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TOSHIBA

TMP80C49AP /-6 ,TMPB0OC39AP /~6,TMP 80 C49AF /-6,
TMPBOC49AT, TMPB8OC39AT

TMP80C49AP /TMP80OC39AP /TMP 80C49AF /TMP 80C49AT /TMP 80C39AT

AC CHARACTRISTICS
TOPR=0"C to 70°C, VCC=+5V£10%, VSS=0V, unless otherwise noted.

| SYMBOL | PARAMETER |TEST | £(t) | 11 MHz |UNIT

J CONDITION | | MIN.| MaX.|

| t Clock Period Note 2 | 1/xtal £] 90.9] 1000]| ns

| tLL ALE Pulse Width [3.5t-170 150 - ns

| tAL Address Setup Time (ALE) | 2t-110 70 - ns

| tLA |Address Hold Time (ALE) CL=20pF | t-40 50 - ns

| tCCl [Control Pulse Width | [7.5t-200 [ 480 - ns

| | (RD, WR)

| £tCC2 |Control Pulse Width 6t-200 | 350 - ns

I | (PSEN)

| tDW [Data Setup Time 6.5t-200 | 390 - ns

I | (WR)

| tWD |Da£3 Hold Time CL=20pF t-50 40 - ns

| | (WR) |

| tDR |Data Hold Time | CL=20pF 1.5t-30 0 | 110 | =ms

I | (RD, PSEN)

| tRD1 [Data Input Read Time 5.5t-120 - 375 ns

I | (RD)

| tRD2 |Data Input Read Time 4t-120 - 240 ns

| | (PSEN) |

| taw IAdgEess Setup Time | 5t-150 300 - ns

I | (WR)

| tAD1 |Adg£ess Setup Time 10t-170 - 730 ns

{ (RD)

| tAD2 |Address Setup Time 7t-170 - 460 | ns

| (PSEN)

| tAFCl Address Float Time CL=20pF 2t-40 140 - ns

| (RD, WR)

| tAFC2|Address Float Time CL=20pF 0.5t-40 10 - ns

| (PSEN)

|tLAFCI|ALE_to Control Time 3t-75 200 - ns

I (RD, WR)

|tLAFC2|ALE to Control Time 1.5t-75 60 - ns

I (PSEN)

| tCAl [Control to ALE Time t-65 25 - ns

I | (RD, WR, PROG)

| tCA2 |Control to ALE Time 4t-70 290 - ns

I (PSEN)

| £t |Port Control Setup Time (PROG) 1.5t~80 50 - ns

| tPC |{Port Control Hold Time (PROG) 4t-260 | 100 - ns

| tPR [Port 2 Input Data Setup Time 8.5t-120 - 650 | ns

I (PROG) | I |

| tPF [Port 2 Input Data Hold Time I1.5¢ 0 | 140 | ns

I | (PROG) I I | I

| tDP |Port 2 Output Data Setup Time | 6t-290 | 250 | - | ms

| (PROG) I I |

I tPD |Port 2 Output Data Hold Time {l.St-QO 40 [ - | ns
| I

(PROG)

I
I
!
I
|
|
I
|
I
I
I
I
I
I
|
|
I
|
I
I
I
I
I
|
I
|
|
I
|
I
|
I
|
I
I
|
|
I
I
I
I
I
I
I
!
I
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TMP80C49AP /-6 ,TMP80C39AP /-6 ,TMP80C4IAF /-6,
TOSHIBA TMP8OC49AT, TMPBOC39AT

TMP80C49AP /TMP 80C39AP /TMPBOCLIAF /TMPBOCLIAT/TMPBOC39AT

AC CHARACTRISTICS (CONTINUE)
TOPR=0"C to 70°C, VCC=+5V+107%, VSS=0V, unless otherwise noted.

| SYMBOL } PARAMETER |TEST | f(t) [ 11 MHz |UNIT]
] CONDITION | MIN.| MAX. ]
| tPP |PROG Pulse Width 10.5t-250] 700 - ns |
| tPL |Port 2 I/0 Data Setup Time(ALE) 4t-200 160 - ns |
| tLP |Port 2 I/0 Data Hold Time (ALE) 0.5t-30 15 - ns |
| tPV  |Port Output Delay Time (ALE) ) 4.5¢+100 - 510 ns |
| tOPRR|TO Clock Period | 3t 270 - ns |
| tCY [ICycle Time | 15t 1.36/15.0 | us |

Note : 1. Control Output CL=80pF. BUS Output CL=150pF.
2. The £(t) assumes 50% duty cycle on XTALl and XTAL2.
The Max. Clock frequency is 11MHz. and the Min. Clock frequency is
1MHz.
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TMP 80 C49AP /-6, TMP80 C39AP /-6, TMP 80 C49AF /-6,
TOSHIBA TMP80C49AT , TMP 80 C39AT

TMP80C49AP-6/TMPB0OC39AP~-6/TMPB0C4IAF~6 ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

| SYMBOL ITEM RATING

| vcc VCC Supply Voltage (with respect to GND (VSS))| -0.5V to +7V

| VINA [Input Voltage (Except EA) | -0.5V to VCC+0.5V
| VINB |[Input-Voltage (Only EA) | =0.5V to 13V

| PD |Power Dissipation (Ta=85°C) | 250mW

| TSOLDER |Soldering Temperature (Soldering Timer 10 sec) | 260°C

| TSTG |Storage Temperature | =65°C to 150°C

| TOPR |Operating Temperature | -40°C to 85°C

DC CHARACTERISTICS (I)
TOPR = -40°C to 85°C, VCC=+5V+10%, VSS=QV, unless otherwise noted.

| SYMBOL PARAMETER TEST CONDITIONS | MIN.| TYP.| MAX.| UNIT
}VIL lInput Low Voltage | I-O .5 | - | 0.8 | v
[VIH  |Input High Voltage (Except | 2,21 - |veel| v
| |XTALl, XTAL2, RESET, PS) | I | I I
[VIH1 |Input High Voltage I 0.7 | - Jvec| v
| | (XTAL1, XTAL2, RESET, PsS) | |x vccl I I
[VOL  |Output Low Voltage |I0L=1.6mA I~ | = |1 0.45] vV
I | (Except P10-P17, P20-P27) | I | I |
|VOL1 |Output Low Voltage |TOL=1.2mA [ - | - 1 0.45] V
I | (P10-P17, P20-P27) I | I I I
|VOHI1 |Output High Voltage |TOH=-1.6mA 2.4 - | - | Vv
| | (Except P10-P17, P20-P27) | | | | [
[VOH12 |Output High Voltage | TOH=-400pA fvee- | - | - | v
I | (Except P10-P17, P20-P27) | |_0.8] I I
|VOH21 |Output High Voltage |TOH=-50uA 2.4 - | - | v
I | (P10-P17, P20-P27) I [ I I |
|VOH22 |Output High Voltage | TOH=-25uA lvee- | - | - | v
I | (P10-P17, P20-P27) I | _0.8] | I
ITLI  |Input_Leak Current [vss<vINgvCC - 1 - | #10 | uaA
I I(T1, INT, EA, PS) - - | | I I
ITLI1  |Input Leak Current |VSSSVINLVCC -1 = [ -50 | naA
I [ (SS, RESET) | I I I I
[ILI2 |Input Leak Current [VSss+0.45VSVINGVCC] - | - [-500 | wA
| [(P10-P17, P20-P27) I I I I I
[ILO  |Output Leak Current(BUS,TO)|VSS+0.45VSVINSVCC| =~ | - | 10 | uA
| | (High impedance condltlon) | ! | [ |
ITccl | ~ | Normal |vCC=5V, fXTAL=6MHz] - | - | 10 |

[ |vVCC Supply | operation |VIH=VCC-0.2V | | | | mA
|1CcHl | Current | |VIL=0.2V I - I - | 2.55

|

| HALT Mode |
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TMP80C49AP /-6, TMP80C39AP /-6, TMP80C49AF /-6,
TOSHIBA TMPBOC4IAT , TMPBOC39AT

TMP80C49AP-6/TMP80C39AP-6/TMP80C49AF-6 ELECTRICAL CHARACTERISTICS

DC CHARACTERISTICS (II)
TOPR=-40°C to 85°C, VCC=+5V+20%, VSS8=0V, unless otherwise noted.

| SYMBOL PARAMETER TEST CONDITIONS | MIN.| TYP.| MAX.| UNIT
|VIL Input Low Voltage . [-0.5 - ]0.15 v
| I | l | |x_vecl
|VIH |Input High Voltage (Except | jo.5 x| - | vece | v
| |XTAL1, XTAL2, RESET, PS) | veel | J
|[VIH1]  |Input High Voltage _ (0.7 x| - Jvcc| Vv
! | (XTAL1, XTAL2, RESET, PS) | | wvecl l |
[VOL  |Output Low Voltage |IOL=1.6mA | - | - 0.5 v
| | (Except P10-P17, P20-P27) | I | | |
|VOL1 |Output Low Voltage [IOL=1.2mA [ - | = | 0.45] Vv
| [(P10-P17, P20-P27) | | | | |
|VOHI2 |Output High Voltage | IOH=-400uA fvce- | - | - | Vv
] | (Except P10-P17, P20-P27) | | 0.8] | !

| VOH22 |Output High Voltage | TOH=-25uA fvee- | - | - | v
| | (P10-P17, P20-P27) | | 0.8l I |
|1LI {Input Leak Current | vSSEVINLVCC | - | = | £10 | uA
| | (T1, INT, EA, PS) |- I I [ I
|[ILI1  |Input_Leak Current |VSSSVINGVCC | - 1 - [-vcc | na
l | (§S, RESET) | I I | 0.1 |
JILI2 |Input Leak Current |vss+0.45V<VINSVCC| - | - |-vCcC | uA
I | (P10-P17, P20-P27) I 1 I | 0.01]
J1L0 |Qutput Leak Current(BUS,TO)|VSS+0.45VSVINCVCC| - | - | 210 | uA
| | (High impedance condition) | - ! | | [
lTccl | [ Normal =~ lyooosy exrar=ewmnz! - | - | 101

J vCC Supply. |_Operation |grv_vceeo.ov | | | | mA
JICCHI | Current | e I - I - : 2.5I

| | | HALT Mode 'VIH=O.2V
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TMP80C49AP /-6 ,TMP80C39AP /-6, TMPB0C4IAF /-6,
TOSHIBA TMP80C49AT, TMPBOC39AT

TMP80C49AP~-6/TMP80C39AP-6/TMP80C49AF-6

AC CHARACTRISTICS
TOPR=-40"C to 85°C, VCC=+5V+20%, VSS=0V, unless otherwise noted.

| SYMBOL | PARAME TER [TEST [ f(e) | 6 MHz |UNIT|
| CONDITION MIN.| MAX. |
| t Clock Period Note 2 1/xtal £]166.6] 1000] ns |
| tLL |ALE Pulse Width 3.5t-170 | 410 - ns |
| tAL |Address Setup Time (ALE) 2t-110 | 220 - ns |
| tLA |Address Hold Time (ALE) CL=20pF t-40 120 - ns |
| £CCl |Control Pulse Width 7.5.-200 1050 | - | ns |
| | (RD, WR) I | |
| tCC2 |Control Pulse Width I |  6t-200 | 800 - ns |
I (PSEN) | |
| tDW [Data Setup Time [ 6.5t-200 | 880 - ns |
I | (WR) I
| tWwD |Data Hold Time CL=20pF t=-50 120 - | ns |
I (WR) I
| tDR |Data Hold Time CL=20pF 1.5¢-30 0} 220 | ns |
| (RD, PSEN) I
| tRD1 [Data Input Read Time 5.5t-120 - 800 | ns |
I (RD) I
| tRD2 |Data Input Read Time 4£~120 - 550 | ns |
I (PSEN) I
| tAW Address Setup Time 5t~150 680 - ns |
| | (WR) !
| tAD1 IAdQEess Setup Time 10t-170 - 1500 ns |
I | (RD) | !
| tAD2 |Address Setup Time | 7t-170 - ]1000 | ms |
| (PSEN) I
| tAFCl|Address Float Time CL=20pF 2t-40 290 - ns |
| (RD, WR)

| tAFC2|Address Float Time CL=20pF 0.5t-40 40 - | ns |
| (PSEN) |
[tLAFC1|ALE to Control Time 3t-75 420 - ns |
| (RD, WR) |
[tLAFC2|ALE to Control Time 1.5e-75 175 - ns |
[ (PSEN) |
| tCAl |Control to ALE Time t-65 100 - ns |
I (RD, WR, PROG) ‘ |
| tCA2 |Control to ALE Time 4t-70 590 - ns |
| (PSEN) |
| tCP |Port Control Setup Time (PROG) 1.5t-80 170 - ns |
| tPC JPort Control Hold Time (PROG) 4t-260 | 400 - ns |
| tPR [Port 2 Input Data Setup Time 8.5t-120 - 11290 | ns |
I (PROG) | | |
| tPF |Port 2 Input Data Hold Time |1.5¢t 0] 250 | ns |
I (PROG) |
| tDP  [Port 2 Output Data Setup Time 6t-290 | 710 - ns |
I (PROG) i
| tPD  [Port 2 Output Data Hold Time 1.5t-90 160 - ns |
| | (PROG) | | | I | |
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TMP 80 C49AP /-6 ,TMP 80 C39AP /-6, TMP 80 C49AF /-6,
TOSHIBA TMP80C49AT , TMP 80 C39AT

TMP80C49AP-6/TMP80C39AP-6/TMPB0C49AF-6

AC CHARACTRISTICS (CONTINUE)
TOPR=-40"C to 85°C, VCC=+5V20%, VSS=0V, unless otherwise noted.

| SYMBOL | PARAMETER |TEST [ £(t) f 6 MHz |UNIT|
[ CONDITION | MIN.| MAX. |
| tPP  [PROG Pulse Width [10.5t-25011500 - ns |
| tPL |Port 2 I/0 Data Setup Time(ALE) | 4t-200 | 460 | - ns |
| tLP |Port 2 I/0 Data Hold Time (ALE) 0.5t-30 130 | - ns |
| tPV  |Port Output Delay Time (ALE) | 4.5t+100 - 185 [ ns |
| tOPRR|TO Clock Period | | 3t | s00 | - ns |
| £ [Cycle Time | | 15t | 2.5 [15.0 | us |

Note : 1. Control Output CL=80pF. BUS Output CL=150pF.
2. The £(t) assumes 50% duty cycle on XTALl and XTAL2.

The Max. Clock frequency is 6MHz. and the Min. Clock frequency is
1MHz.
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TMP80C49AP /-6 ,TMP80C39AP /-6, TMP80C49AF /-6,
TOSHIBA TMP80C49AT , TMP 80C39AT

TIMING WAVEFORM

A. Instruction Fetch from External Program Memory

oy
— 'LL [‘ = 'Larc2 ‘*——’cAz —
ALE ‘ / \
- p'arce
o lcc2 ———
PSEN
ntA
t t
XLA- = jarm——s RD2 =~ — r_ DR
DBO-?W AD};SSXI’E 2 E 2 ’ INSTRUCTION (////V//ﬁ
%]
'AD2
B. Read from External Data Memory
'LAFC I+ , toal —
ALE
{ {
I teca .
RD
,.‘Arcz ‘Rp1 - '—‘pn
L

SN, D LA, i 7, B

—_—  _t'am
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TMP 80 C49AP./~6 ,TMP 80 C39AP /-6, TMP80 C49AF /-6,
TOSHIBA TMP80C49AT, TMPBOC39AT

C. Write into External Data Memory

1
LAFC1™™ tcal ™

ALE

r—_ tCCJ _—
| Vo— tDW —J lWD

|
20177 S N XN N ovrer oana X

p— TAW D ———

WR

D. Timing of Port 2 during Expander Instruction Execution

ALE __/———-\ [—-\

~

—'1 tcal =4
PORTI1,2 PORT 1,2 DATA X NEW PORT 1,2 DATA
b— 'pL —d 'Wp r—
PORT zo-zsPORT 20-23 DATA ” PCH )PORT 20-23 DATA (PORT CONTROL XOUTPUT DATA
‘op -—J‘ro
A INPUT
PORT 20-23PORT 20-23 DATA PCH PORT 20-23 DATA J PORT CONTROL DATA
od P |k
: PR~
t
PROG PP
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TMP 80 C49AP /-6 ,TMPBOC39AP /-6 ,TMP 80 C49AF /-6,
TOSHIBA TMP80C49 AT ,TMP80C39AT

POWER DOWN MODE (I) ......... Data Hold Mode in RAM

The operation of oscillation circuit is suspended by setting PS terminal to
low level after RESET terminal has been set to low level. Consequently, all
the data in RAM area can be held in low power consumption.

The minimum hold voltage of VCC in this mode is 2V.

PS terminal is set to high level to resume oscillation after VCC has been
reset to 5V, and then RESET terminal is set to high level, thus, the normal
mode is restarted from the initialize operation (address 0).

DC CHARACTERISTICS
TMP 80 C49AP /39AP , TMP 80 C49AF , TMP 80 C49AT /35AT: TOPR=0°C to 70°C, VSS=0V

TMP80C49AP-6/39AP-6, TMP80C4LIAF-6 : TOPR=-40°'C to 85°C, VSS=0V
| SYMBOL PARAMETER | TEST CONDITION | MIN,| TYP.| MAX.| UNIT|
[ [ l | | |
| VSBl | Standby Voltage(l) | | 2.0 | -~ | 6.0 v |
| | |vCC=5V,VIH=VCC-0.2V, I l I | l
| 1SB1 | Standby Current(l) |VIL=0.2V | - 10.5] 10 | ua |

AC CHARACTERISTICS
TMP 80 C49 AP /39AP ,TMP 80 C49AF , TMP 80 C49AT /39AT : TOPR=0"C to 70°C,VCC=5V10%,VSS=0V

TMP 80C4IAP~6/39AP -6 , TMP 80 CAIAF—6 : TOPR=—40°C to 85°C,VCC=5V£20%,VSS=0V
| SYMBOL PARAMETER TEST CONDITION| MIN.| TYP.| MAX.| UNIT|
;tPSHR [Power Save Hold Time (RESET) | | 10 | - - | us ;
1tPSSR IPowar Save Setup Time (RESET) 10 ~ - mS ;
}tVH VCC Hold Time (PS) 5 - - us :
;tVS |VCC Setup Time (PS) [ 5 | =~ - 1 us ;

Note: tCY=2.5uS (fXTAL=6MHz)

TIMING WAVEFORM

Vee — /
et t t

RESET ——————\ Vil vs

_'f'L
— B %
PS e

L/
tpSHR tPSSR
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: TMP 80 C49AP /-6, TMP 80 C39AP /-6, TMP 80 C49AF /=6,
TOSHIBA TMP8OC49AT , TMP 8OC39AT

POWER DOWN MODE (II) ......... ALL Data Hold Mode

The operation of oscillation circuit is suspended by setting PS terminal to
low level after SS terminal has been set to low level. Consequently, all data
can be held in low power consumption.

The minimum hold voltage of VCC in this mode is 3V.

PS terminal is set to_high level to resume oscillation after VCC has been
reset to 5V, and then SS terminal is set to high level, thus, the normal mode
is restarted continuously from the state just before the power down mode (II).

DC CHARACTERISTICS
TMP 80 C49AP /39AP ,TMP 80 C49AF ,TMP80 C49AT /39AT: TOPR=0'C to 70°C, VSS=0QV

TMP 80 C49AP-6/394P-6 , TMP8OCLIAF~6 : TOPR=-40°C to 85°C, VSS=0V

| SYMBOL | PARAMETER I TEST CONDITION | MIN.| TYP.| MAX.| UNIT|
I I I I [ I R
| vSB2 | Standby Voltage(2) | [ 3.0l - 16.0 1 v |
| | |[VC€C=5V,VIH=VCC-0.2V, | I I I I
| 1sB2 | Standby Current(2) |VIL=0.2V | - 0.5 10 | uAa |

AC CHARACTERISTICS
TMP 80 C49AP /39AP , TMP 80 C49AF , TMP 80 C49AT /39AT : TOPR=0"C to 70°C,VSS=5V10%,VSS=0V

TMP80C49AP-6/39AP-6 ,TMP80C49AF-6 : TOPR=~40°C to 85°C,VCC=5V+207%,VSS=0V
| SYMBOL PARAMETER |TEST CONDITION| MIN.| TYP.| MAX.| UNIT|
}tPSHS Power Save Hold Time (SS) | 10 - | - WS }
:tPSSS |Power Save Setup Time (SS) 10 - - mS‘{
{tVH |vcc Hold Time (PS) 5 - - us {
}tVS |VCC Setup Time (PS) | 5 | - - 1 us !

Note: tCY=2.5uS (fXTAL=6MHz)

TIMING WAVEFORM

v;

tvH tys

Ll

v/ ﬂ
tpsus tpsss
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TMP80C49AP /-6, TMP80C39AP /-6, TMP80C49AF /-6,

TOSHIBA TMPB8OC4IAT ,TMPB8OC39AT

HALT MODE

1 HALT INSTRUCTION

OP code is "QlH". HALT INSTRUCTION is an additional instruction to the
standard 8048/8049 instruction set.

2 Entry to HALT MODE

On the execution of HALT INSTRUCTION, TMP80C49A/TMP80C39A enter HALT
MODE .

. 3 Status in HALT MODE

The oscillator continues its operation, however, the internal clocks and

. internal logic values just prior to the execution of HALT INSTRUCTION are

maintained. Power consumption in HALT MODE is less than 50% of normal
operation. The status of each pins are described in the following table.

. 4 Release from HALT MODE

1)

(2

HALT MODE is released by either of two signals (RESET,INT).

RESET Release Mode : An active RESET input signal causes the normal reset
function. TMP80C49A/TMP80C39A start the program at address "000 H".

INT Release Mode : An active INT input signal causes the normal oper-—
ation.

In case of interrupt enable mode (EI MODE), TMP80C49A/TMPB0C39A execute
the interrupt service routine, after the execution of one instruction
which is located at the next address after HALT INSTRUCTION.

In case of interrupt disable mode (DI MODE), TMP80C49A/TMP80C39A execute
normal operation from the next address after HALT INSTRUCTION.

. 5 Supply Voltage Range in HALT MODE

The operating supply voltage range and the operating temperature range
are same as in normal operation.
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TOSHIBA

TMP 80 C49AP /-6, TMP 80 C39AP /-6, TMP 80 C49AF /-6,
TMP80C49AT , TMPBOC39AT

PIN STATUS IN POWER DOWN MODE (I) (II)

| PIN NAME STATUS

| __DBO - DB7 High impedance

|_PI10 - P17 | Input disabled

|~ P20 < p27___| P

| TO | High impedance, input disabled

| T1 | Input disabled

| XTALL | High impedance

| XTAL2 | Output "High' Level

| . | Input disabled when oscillator is stopped.
| RESET, SS | Pull-up tramsistors turn off.

| | ) - :

| INT, EA | Input disabled when oscilltor is stopped.
| |

| RD, WR, ALE | High impedance

| PROG, PSEN |

PIN STATUS IN HALT MODE

| PIN NAME STATUS

{ g?g : g?; | Values prior to the execution of HALT
" 720 =727 | INSTRUCTION are maintained.

| TO | Status prior to the execution of HALT
| | INSTRUCTION is maintained.

| Tl | Input disabled

| XTALl, XTAL2 | Continue oscillation

| |

| RESET, INT | Input enabled

| | .

| S5, FA | Input disabled

I |

| RD, WR, | Output "High" level

| _PROG, PSEN |

| ALE | Output "Low'" level
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TMP 80 C49AP /-6 ,TMP80C39AP /-6 , TMP80C49AF./-6,
TMP80OC49AT , TM?80C39AT

TOSHIBA
OSCILATOR -
TZ CRYSTAL xTALly
QUARTZ c1 £ =T
f = IMHz to 4MHz : Cl = C2 = 30pF T 1 ‘L
f = 4MHz to l1MHz : Cl = C2 = 20pF ? 3
3f
CERAMIC RESONATOR cz i XTALZ
f = 1IMHz to 3MHz Cl = C2 = 100pF 7 /
f = 3MHz to l11MHz Ccl = €2 = 30pF
TYPICAL CHARACTARISTICS : Vcec = 5V, Ta = 25°C, unless Otherwise noted.
V. - f TYPICAL CURVE _
Vee cc ~ ‘max. . Vour - lop TYPICAL CURVE
) oL
6 (mA)
40
5 30 /,/"
4 )/// 20 ///,
//////] 10
3 _
5 10 15 f (MHz)
XTAL 1 2 3 4 5 Vour(V)
. C vRICAL GURVE Vour - loy TYPICAL CURVE
- A (PORT 1,2)
XTAL .
Iec ce 1 2 3 4 5 VourV)
(mA)
-50
10 //
L -100
-
5 ] -150 ,//
/
/ -200
- 5 10 15 f (MHz) ‘on
XTAL (uA)
Vour - Ion TYPICAL CURVE
- (DB,CONTROL)
— CreseT - trespr TYPICAL CURVE : ! , . s Vour™)
(ms)
123 // -5
v
30 /’//7 /////
20 L -10
1o P /
4 -15 -
6 — —
3L
> 20
9.6] 0.020.03 0.06 0.1 0.20.3C loy
' The s et €93 CRESET  (mA)

(uF)
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T™MP80C494P /-6 ,TMP80C39AP /~6,TMPBOC49AF /-6,

TOSHIBA TMP80C49AT, TMPBOC39AT

OUTLINE DRAWING (DUAL INLINE PACKAGE)

Unit in mm

40 21
oma B W v e O B e B o O s B e B B e O M e B o B e B o B
=<
<
) =
N
G A g I G o |
1 20
=<
= z
° 51.3MAX o 15244025
w
w
<
-T— ": g‘-
4 YT ogsto1
= 0.5+0.15 2.54 £0.25 =005 _|
— i [
= 1.4+0.15 0~1:
o
L)
Note: 1. This dimension is measured at the center of bending point of leads.

2. Each lead pitch is 2.54mm, and all the leads are located within
$0.25mm from their theoritical positions with respect to No.l and
No.40 leads.
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TMP 80 C49AP /-6, TMP80C39AP /-6 ,TMP 80 C49AF /-6,

TOSHIBA TMP80C49AT,TMPBOC39AT

OUTLINE DRAWING (FLAT PACKAGE)

0.35
0.8 pitch
HBQL B ‘l u r £ |
ar 3z 3. 302.’—2;::27262;4.’5 [
| ——— - ' =T
cC—rias LA/
136 ! . P8 = m—
C—r 1 —
138 MARKING T el &
—=== f . S 3 &
o !ARBA 16 [T/ «| Z
—Ija : ' 15— -
X<z YY) s s |
 m—nn P BT
[ - - S¥] w—
%‘>L 1236t 67 69101
>4 H
” ]
14.010.1
(16.9)
<
_ MARK 1.4520.3 $
E / 3
ﬂ ~N
= — —
S i
)
' 15.210.3 ° <
0.8520.3'
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TMP 80C49AP /-6 ,TMP 80C39AP /-6 ,TMP80C49AF /-6,
TOSHIBA TMPB80C49AT, TMP80C39AT

OUTLINE DRAWING (Plastic Leaded Chip Carrier)

unit in mm

6 1 44 40
o B v B s I B 8 B e N o /
7 39 :
0 O i ./
C ]
0 1
C 0 = 3
i D3 ;
O J = S
C ]
O ]
0 N
17[0 129
I g g e e g e B
18 28
17.52:0.12 =
16.6 TYP.
0.7120.1
i \ :
e
]
™
\ <«
Lf ]
0.41#0.1 1.27 TYP g ~
= o
o &
2 R
15.76 TYP. d ~
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TMP 80 C50AP /-6 ,TMP 80 C40AP /-6 ,TMPBOC50AF /-6,
TOSHIBA TMP80CS0AT,TMP80C40AT

8-BIT SINGLE-CHIP MICROCOMPUTER

TMP 80 C50AP /TMP 80 C50AP -6
TMP80C40AP /TMP80C40AP-6
TMP 80 C50 AF /TMP 80 CS0AF -6
TMP 80CSOAT/TMP 80C40AT

GENERAL DESCRIPTION

The TMP80OC50A is a single chip microcomputer fabricated in Silicon Gate CMOS
technology which provides internal 8-bit parallel architecture.

The following basic architectural functions of a computer have been included
in a single chip; an 8-bit CPU, 256 x 8 RAM data memory, 4K x 8 ROM program
memory, 27 I/0 lines and an 8-bit timer/event counter.

The TMP80C50A is particularly efficient as a controller. It has extensive bit
TOSHIBAg capability as well as facilities for both binary and BCD arithme-
tic.

The TMP80C40A/-6 is the equivalent of a TMP80C50A/-6 without ROM program
memory on chip. By using this device with external EPROM or RAM, software
debugging becomes easy.

The TMP80CS50AP /-6 and TMP80C40AP/-6 are in a standerd Dual Inline Package.
The TMP80C50AF/-6 is in a &44-pin Flat Package.

The TMP80C50AT and TMP80C40AT are packaged in the JEDEC standard type 44pin
PLCC (Plastic Leaded Chip Carrier).

FEATURES
. TMP80C50AP /TMP 80C40AP /TMP80C50AF / . Low Power
TMP 80 C50AT / TMP 80 C40AT 10mA MAX. in Normal Operation
1.36us Instruction Cycle Time (VCcC=5V, fXTAL=6MHz)
0°C to 70°C, 5V % 10% 10uA Max. in Power Down Mode
. TMP80CS50AP -6/ TMP 80 C40AP -6/ TMP 80 C50AF -6 (Vce=5V, £XTAL : DC)
2.5 us Instruction Cycle Time . Single Power Supply
~40°C to 85°C, 5V = 20% . Power Down Mode (Stand-by Mode)
. Software Upward Compatible with . Halt Mode (Idle Mode)

TMP 8049AP /TMP80C49AP -6/INTEL's 8049.
. HALT Instruction (Additional Instruction)
. 4K x 8 masked ROM
. 256 x 8 RAM
. 27 1/0 lines
. Interval Timer/Event Counter
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TMP80C50AP /-6 ,TMP 80 C40AP /-6 ,TMP80C50AF /-6,

TOSHIBA

TMPBOCS50AT ,TMP 80 C40AT

PIN CONNECTIONS (TOP VIEW)

Tocfs \_/ 40 S Ve (+5V)
XTALy 2 3907,
XTAL,E53 3B P27
RETES O 375p2¢
£S5 36 P2s
"6 350 P,,
EALT7 3413P,,
RDE38 33 = Pe
PSENT]9 32 :}‘,5
TRE310 31 PPy,
ALECTI 303P),
DBoL312 298Py
DB 313 28 Py,
DB, 14 278°P 0
DB3C15 26 B
DB, LJ16 253 PROG
DBsg17 24 ::st
DBSCIS 23 :Pn
DB,L319 22 =)
VSS 20 21 :on
Flat Package PLCC
<+t © O<d N~ O
fofaagss gB 2 53
v < < L] ~ o "
NN pESEee8rEss
XEEEIEEE EEEERERELD
NC T3¢ 22 —=—"IPROG T (<
P25 =435 21 —rz23 EAL
P26 3% P22 ROt
b 2 se— W Op21 FEERLE
Ti1C—/Tas i8f——r20 WRiZ
Vee—/]39 TOP VIEW 17— NC NCIXN
TOC——J40 16— Vgs ALELE
XTALI T3 41 15— pB7 PROL XS
XTAL2 T a2 14 3 DB6 DBIf W
RESET 43 13f———3DBS pe2tE
|1y mmeemem L2 1238 pE3I
-0 en ©r @00 Faes P ry Py ey Pa pn e ra P
L?EPF’F"E?’WEE'_’:
- o~ O=nN ™D
aEEBP=Raace
~

< Z ® O mN®”
YESREFZEZEE

NC: No Connection
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TMP 80 C50AP /-6, TMP 80 CLOAP /-6, TMPBOCS0AF /-6,
TOSHIBA TMP 80 C50AT , TMP 80 C40 AT

BLOCK DIAGRAM

DBo-DBy P10-F17 Pzo-P27

G|

‘fORT o] BU'FFF_EI PORT 1 BUFFER] |[PORT 2 BUFFER

fxTAL/ 15 (2)(} ﬁ (l)ﬁ ¢

OUTPUT OUTFUT OUTEUT s
LATCH LATCE LATCH N

p ————————"  MASK ROM

(PROGRAM ARE:)

INTERRUPT

: TIMER
CIRCUIT R EDH POL U
U U U I O
PSW

i@
ACCUMU-| {TEMPO- FLAGE

LATOR RARY ROG
RAM ADDRES S|
INSTRUCH REGISTER
TION RE- T
GISTER/ TIMER RAM
DECODER FL*;{G 256%8
Fo ) | caRRY
[ i
ACCUMULATOR CONDITIONAL
BIT JUMP CIRCUIT
TEST _
POWER _ To Ty INT
sAVE —dFs
XTaLg - bt
XTAL, RESET INT ES §F aALE FSen KD WR PROG
— o«
no B 22 3E 32585 22 wp =28
za o g e %z =g =2Q =5 g
e G B SR EE Q axX O = - ox»
G = 3 =Sk d3 ©c xz3 &3 5> o=z
e B Az &= b o=> [ =R~
m; — c > ©na = = =
= N = o« 2
g E g
= =] G =7
5] =
o
B
o

Note 1) The lower order 4 bit of port 2 output latch are used also for
input /output operations with the I/0 expander.
Note 2) The output latch of port 0 is also used for address output.
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TMP 80 CSOAP /-6, TMP 80 C40AP /-6 ,TMP 80 CS0AF /-6,
TOSHIBA TMP 80 CSOAT , TMP80C40AT
PIN NAMES AND PIN DESCRIPTION

VSS (Power Supply)
Circuit GND potential

VCC (Power Supply)
+5V during operation

PS (Input)
The control signal for the power saving at the power down mode (Active

Low)

PROG (Output)
Output strobe for the TMP82C43P I/0 expander.

P10 - P17 (Input/Output) Port 1

8-bit quasi-bidirectiomal port (Internal Pullup = 50KQ).
P20 - P27 (Input/Output) Port 2
8-bit quasi-bidirectional port (Internal Pullup = 50KQ).

P20 - P23 contain the four high order program counter bits during an external
program memory fetch and serve as a &4-bit I/O expander bus for the
TMP8243P.

DBO - DB7 (Inmput/Output, Tri-State)
True_bidirectional port which can be written or read synchronously using
the RD, WR strobes. The port can also be statically latched. Contains
the 8 low order program counter bits during an external program memory
fetch, and receives the addressed instruction under the control of PSEN.
Also contains the address and data during an external RAM data store inst-
ruction, under control of ALE, RD, and WR.

TO (Input/Output)
Input pin testable using the conditional transfer instructions JTO and
JNTO. TO can be designated as a clock output using ENTO CLK instruction.

T1 (Input)
Input pin testable using the JT1 and JNTl instruction. Can be designated
the event counter input using the timer/STRT CNT instruction.

INT (Input)
External interrupt input. Initiates an interrupt if interrupt is enabled.
Interrupt is disabled after a reset. Also testable with conditional jump
instruction. (Active low)

RD (Output)
Output strobe activated during a Bus read. Can be used to enable data
onto the Bus from an external device. Used as a Read Strobe to External
Data Memory (Active Low).

WR (Output)
Output strobe during a Bus write (Active Low). Used as a Write Strobe to
External Data Memory.
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TMP 80 C50AP /-6, TMP80 C40AP /-6, TMP 80 C50AF /-6,
TOSHIBA TMP 80 CSOAT , TMP80 C40AT

RESET (Input)
Active Low signal which is used to initialize the Processor. Also used
during the power down mode.

ALE (Oupput)
Address Latch Enable. This signal occurs once during each cycle and 1is
useful as -a clock output. The negative edge of ALE strobes address into
external data and program memory.

PSEN (Output)
Program Store Enable. This output occurs only during a fetch to external
program memory (Active Low).

SS (Input)
Single step input can be used in conjunction with ALE to "single step"
processor through each instruction when 8S is low the CPU is placed into a
wait state after it has completed the instruction being executed. Also
used during the power down mode.

EA (Input)
External Access input which forces all program memory fetches to reference
external memory. Useful for emulation and debug and essential for testing
and program verification. (Active High)

XTAL 1 (Input)
One side of crystal input for internal oscillator. Also input for exter—
nal source.

XTAL 2 (Input)
Other side of crystal input.
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TUCS-48 LIST OF INSTRUCTIONS (1/4)

TLCS-A8 LIST OF INSTRUCTIONS (2/4)

]
[Tt | Assemdler object Code Assombler Object Code
;E (1st) function Flag Lycle | (1st) Function Flag Lycle
Mnesonic {2nd) i Mnemonic (2nd)
i Bin, Hex, C.AC gin. fiex. C.AC
K00 A, Rr_[ofioirer [68sr | (AJ—(M*(Rr) ——+0~T [TT [ 1 OUTL _Pp. A  1001110pp | 38+p | (Pp) «(A) P=1.2 2
ADD A ORr | 0110000r | 60+r | (A)=(A)s[RPY] "~ =01 | 1T |1
A0 A LS 00000011 | 03] (A)e—(A)+i O I N N R I »
o KL ETEILE D L R, " .
ADOC_ A, Rr | 01ittrer | 78er | (R)=(A)+(R)S(C) — r=0~T | 1] 1 SR DR S PR o e
ADDC__ A ,®Rr | 0111000r | 70+r ,(A)_g:,(k)_?[,_(ﬂr)]?.m), =01 1t ML Pp, i 100110pp [ 98+p | (Pp) —(PP)A i P=1,2 2
ADDC At 100010011 13| (A)e=(A)+is(C) 1t]2 | S . ki) i o [ U
LN e AL E IR e LA N |ORL  Pp,¥i {100010pp | 88+p | (Pp) «(Pp)V i P=1.2 2
¢ [ANL__N.Rr [ o1001rrr |S8+r | (AY(R) A(Rr) P I o
C (ANL___A ,®Rr [ 01010001 | 50+r | (A)e=(A) A((Rr)]w U 08| (A)+(BIKS) 12
v [ANLT ALt 01010011 53 (A)e(A) Al T 02| (BUS)(AC) 12
] e L LU R AR /
w [ORU A, Rr 101001rer | 48er | (AYe=(A) V(Rr) LI Y IR U B .
! JORL_ A", 8Rr ] 0100000r | 40+r | (A)e=(A) V[{Rr}] U | ANLTTRUS)EE | 10011060°) 98 | TTBUSY —(BUSY A 2
8 [ORLT A, 50 [ 01000011 | 43 ] (A)-(A) Vi | T A CTLEULE L o
L I RILEEAELR DL P JORL  BUS, ¥i| 10001000 88| (BUS)«(BUS) Vi 2
o MU A, Rr | 11011rre | 08+ | (A)Y<(AY W (RF) 1] fiiiiini | i
PXRL A, Wr 1101000r | 00+7 | (A)(A) V[(Rl‘)l“_ T
XRL AL | 11010011 03] (A)e—(A) Wi R N R P
1 NRLLILLILR LR T e WVD A, Pp [000011pp [0C:p | (A)<3:0> «(Pp) p=A~T 2
ni 0001017} 17 {AYe=(R)+1 1. SR U LIS .
S 00000111 | 07| (A)e(A)-1 B HOVD. Pp, A 1 001111op 1 3C+p | (PD) «(A)<3:0>  p=d~T 2
t 00100111 27 ] (A)e-0 I ANLD  Pp, A [ 100111pp 1 9C+p | (PP) «—(PPIN(A)<3:0> p=d4~T | 1 2
r 00110111 31| (A)e=NOT(R) 11 ORLD "'Pp, A |100011pp | 8C+p | (Pp) —(Pp)V{A)<3:0> p=4~T1 2
u 101010111 7ST| (A) = (A)BCD R INC__Rr___[o001trer [18er | (Rr) —(Rr)sT r<0~T7 | | 1
4 101000111 | 47 ] (A)<T4> —(R)<3I0> A (V] INCaRr” ) 0001000r | 10:7 | [(Rr}] —[(Rr)]e1 r=0.1 1
t 1110011 | E7] (A)ens 1> e~ (A)<n> 1 DEC  Rr 11001rrr [ €847 | (Rr) —(Rr)-1 r=0~1 1
Vb LA (> ne0~6 [} - a ahe0100 1 all+4 | (PC)<10:0> «a 3
o |RIE A 00T H | () > = (Ayen>” T o f (PC)<11> «(DBF) A
n (C)e=(n)<T> B 18110017 | BI Pei<7:0>-PROL(PC)<T1:8> - (MY ] TR
o it LM< () =06 | r 1101err { E8+r | (RP) «—(Rr)-1 r=0~7 2
RR A TT90901 | 7T | (ayem = (A) > n=0~6 1 a EL il(Rr) #£0then(PC)<T:0>«—all
U, R LW ema Ml o | L etse nooperation
RRC A 101700171 ] "8 (A)em> e=(A)eme 15 1 1 ¢ |JC a 1110110} F6 | if(C)=1 then(PC)<7:0>aML 2
(€) (N 0> bl || else nooperation | f
1 nep e(0) = NEd 11100110 | €6 | if(C)=0 then(PC)<:0>eaHl 2
N__A, Po_|0000100p [ 08+p | (A)<(Pp) P=1,2. WL Dl ML | else no operation 1 1
1 njJz a 11000170 €6 | ir(A)=0 then(PC)<T:0>eaH{ ?
Il — s G M) 1 oelse nooperation ]
0 t 10010110 | 96| if(A)+#0 then(PC)<7:0> aMt 2
i) 8HL B L else no operation |
JIO  a 00110110} 36| if T0=1 then(PC)<7:0>«aML 2
aML else no operation

V4IHSOL

1V0%7008dWI‘ V0S5O 08 dHL

Reaicter Inctrurtion

“9-/AV0SD08dWL 9~/ dVO%D 08 dHI‘ 9~/ dV0SI 08 dW1
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TICS-48 LIST OF INSTRICTIONS (3/4)

TICS-48 LIST OF INSTRUCTIONS (4/4)

(§) ooeses Move [nstruction

1 Il
[0 | Assesbler Object Code Assembler Object Code
ik (1st) Function Flag Lycle I (1s0) Function Flap Dycle
_ Mnemonic (2nd) Hnemonic (2nd)
s Bin, Hex. C,AC s Bin. tfex. C.AC
NI a 00100110 | 26 1f T0=0 then(PC)<7:0>«aML 2 WOV Re,8i ] 1011%rrr [ B8 | (Rr)«i r=0~7 2
o . a1 | else no operation . _ g | R S "
B |JTT a 01010110 | 56 if T1=1 then(PC)<7:0>«aMlL 2 K[ HOV " ERr, §71 10110000 | B0+ | [TRFY] i 0,1 2
el | a1 | else no operation ol e i . ,_
a |MI 3 | 070001707 @B | if T1-0 then(PC)<T:05aH 3 v IHOVTTAPSHTT | 11000111 | €7 | (A) «(PSW) i
n 4 _aML | |'else no operation | e [Hov TUPSW.A 1101011 | D7 | (PSH) () 1
c |0 a 10110110°| 86| if FO=1 then(PC)<7:0>+aHl 2 XCH AR | 00101rrr | 28er | (A) = (RF) re0~T 1
U M || else no operation L I |XCH " A@Rr 100100007 | 2047 | (A) ~[(RT))  r=0.0 1
J 611101507 | T8 | if Fi=1 then(PC)<T > aMi 2 | XCHD A, BRE T 0011000F | 3048 | (A)<3:0>[(Rr)<3:0>] =01 1
| I S Jj..aML 11 else no_operation e S | HOVX  @Rr,A | 1001000r | 90+r | EXT((RF)] —(A) ~0.1 1
n I Ta 00010190 96| if TF=1"then(PC) <7105« aHi[ 2 U [HOVX A GRr "1 10000000 | 80+r | (A) ~[XTL(RF}] ~ =01 1
s ... | |elsenooperation | | HOVP "R, @A [ 10100011 | A3 | (A) —PRO[(PC)<11:B> < (A)] B
1 I a 10000110 | 85| if INT =0 then(PC)<7:0>—aML 2 HOVP3 A, A 11100041 | E3 | (A) —PROJ(PC)<11> - on-m] 1
[ I M| | else ro operation TC{HOV AT __[01000010 | a2 [(A) =(IR) 1
] io WV 101100010 |62 | (IR)-(A) T 1
el . SO N R S wi [ STRT T "1 01010101 | * 55 | Start Tiner 1
t ) en | STRT 01000101 | " 45 [ Start counter 1
U 1. ) rt | STOP  TONT 01100101 | 65 | Stop Timer/Counter 1
o |JBb a bbb16616 Tt iAY<b>=1 then H o|EN  TONT1 | 00100101 | 25 | Enable Timer/Counter Interrunt! | 1
n aML (PC)<T:0>+aMl r{DIS TCNI1_ {00110101 [ 35| Disable Timer/Counter Interrupt 1
else no operation b=0~7
CALL_ a_ ] aH10100 [aH+14 [(SP)] «(PSW)<7:4> .« (PC) _ 2 ~ )
aML ($P) «(SP)+1
(PC)<10:0> «a (S)f_ —_—
T R (PC)<11> «(DBI)
) ke7 10000011} 83| (SP) «~(SP)-1 2
IR | APC)_=1(8P))<11:0> N
RET 10010037] 793 "(sP) " (SP)-1 11})2
{PC) «[(SP)]<11:0>
(PSH)<7:4> «[(SP)]<15:12> C —. T T NN
TR ¢ 1010111 97| (=0 T 0 7771 00000101 | 05 | Enable External Interrunt i
CPL_ C [10100111] A7 | (C)NOT( 11 n |DIS 1 +00010101 | 15 Disable External Interrupt R
()l CLR™ " FO 7777110000101 | "85 | "(FO) -0 " RN to[stu7RRG T 11000101 | eS| (BS)+- 0 1
CPL__FO  _ [J0010101]| 951 (FO) «—NOT(FO) A rofSEL  RRY 111010101 ] D5 f(BS)e- 1 U
CLR 1 17101001014 AS| (F1) «0 A1) jo |SEL_ HWBO 111100101 | ESY(DBF) <O | 1
L 1 10110101 ] BS ! (F1) «NOT(F1 1 | |SEL_ MBY  J11110101| F5|(DBF) ~1 | 1
MV _ A, Rr [ 1U0rrr | F8er] (A)—(Rr) L 0~T 1 INTO CLK 01110101 | 75 ] Enable Clock Outpst on 70 | 1
WOV A LBRP 1 1111000r | FOsr | (A)[(Rr)] - Ao
" AL |B0w0001t ) 23] (0) i 2 PSRRI BN S IR .
B LT EL R R LY T e B HALT 00000001 | 01 | Halt 1
WOV e A | 1010ferr | ABr | {RE< (R} r=0~7 (6)f NoP 00000000 | 00 [ no opration 1
MOV eRr, A_|1010000r | AO+T | {(Rr)Ye(A) r=0, 1 (5) o= A/D Converter Instruction  (6) - Other
(2) —- Subroutine Instruction (3) - Flag InStruction
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TMP 80 C50AP /-6 ,TMP 80 C40AP /-6 ,TMP80C50AF /-6,

TOSHIBA TMP80CS50AT, TMP80C40AT
TMP80CSOAP /TMP 80C40AP /TMP 80 C50AF /TMP 80 C50AT /TMP 80 C40AT

ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

| SYMBOL TTEM RATING I
| vcce VCC Supply Voltage (with respect to GND (VSS))| =0.5V to +7V !
| vVINA {Input Voltage (Except EA) | ~0.5V to VCC+0.5V |
| VINB [Input Voltage (Only EA) | =0.5V to 13V |
| PD |Power Dissipation (Ta=707C) ! 250mW |
| TSOLDER |Soldering Temperature (Soldering Timer 10 sec) | 260°C

| TSTG |Storage Temperature | =65°C to 150°¢C

| TOPR |Operating Temperature | 0°C to 70°C

DC CHARACTERISTICS

TOPR=0"C to 70°C, VCC=+5V+107

VSS=0V, unless otherwise noted.

| SYMBOL PARAMETER TEST CONDITIONS | MIN.| TYP.| MAX.| UNIT|
| VIL Input Low Voltage (Except -0.5 - 0.8 v |
| |XTAL1, XTAL2, RESET) I I I | I |
[VIL] |Input Low Voltage | 0.5 | - 0.6 Vv |
| | (XTAL1, XTAL2, RESET) | | | I I |
IVIH  |Input High Voltage (Except | [ 2.2 - [vec| v |
| |XTAL1, XTAL2, RESET, PS) | I | I I I
[VIHI |Input High Voltage I j0.7 | - [|vec| v |
| | (XTAL1, XTAL2, RESET, PS) | | vecl | | |
IVOL  |Output Low Voltage |IOL=1.6mA | = | = 10.45] v |
I | (Except P10-P17, P20-P27) | I I | I |
[VOLl  [Output Low Voltage fIOL=1.2mA [ - | = 10.45 v |
I | (P10-P17, P20-P27) I I I I I I
[VOH11 |Output High Voltage |I0H=-1.6mA [ 2.4 | - | - | v |
| | (Except P10-P17, P20-P27) | | I | | |
[VOH12 |Output High Voltage | TOH=~400uA lvee- | - | - | v |
| | (Except P10-P17, P20-P27) | |__0.8] | | |
|VOH21 |Output High Voltage | TOH=-50uA f2aa | - | - | v |
| | (P10-P17, P20-P27) I | I I I |
|VOH22 |Output High Voltage | TOH=-25uA Ivcc- -1 -1 v |
| | (P10-P17, P20-P27) I |_0.8] | I |
JILI |Input_Leak Current | VSSSVINGVCC | - | = | £10 | wa |
I |(T1, INT, EA, PS) | | | | | |
JILI1 II_Eut Leak Current | VSSSVINSVCC b - | = | =50 | ua |
| | (SS, RESET) I I | I I I
|TLI2 |Input Leak Current |VSS+0.45V<VINGVCC] - | - [-500 | uA |
| | (P10-P17, P20-P27) | [ I [ | [
{ILO  |Output Leak Current (BUS,TO) | VSS+0.45VSVINSVCC| - | - | £10 | wa |
| |(High impedance condltlon) | | | [ | |
|Tccl | | Normal |vce=5v, fXTAL=6MHz| - | - | 10 | |
! |VCC Supply | _operation |VIH=VCC-0.2V | I I | ma |
}ICCHI ‘ Current I HALT Mode IVIL 0.2v I ‘ I 2.55 I
|Icc2 | | Normal jvce=5v, I - 1 - 1 15| |
| |vCC Supply | _operation |fXTAL=11MHz | | | | ma |
|TCcu2 I Current | VIH=VCC-0.2V ‘ - | - 1 4.0] |

I I I

= HALT Mode

|viL=0.2V
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TMP 80C50AP /-6 ,TMP80C40AP /-6 ,TMP B0 C50AF /-6,
TOSHIBA TMP80CS50AT , TMP80OC40AT

TMP 80 C50AP /TMP 80 C40AP /TMP 80 CS0 AF / TMP 80 C50 AT /TMP 80 C40AT

AC CHARACTRISTICS
TOPR=0"C to 70°C, VCC=+5V+10%, VSS=0V, unless otherwise noted.

| SYMBOL | PARAMETER |TEST [ £(e) | 11 MHz |UNIT|
[ | CONDITION MIN.| MAX. |
| ¢ Clock Period Note 2 1/xtal £1 90.9| 1000 ns |
| tLL ALE Pulse Width 3.5t-170 150 - ns |
| tAL |Address Setup Time (ALE) 2t-110 | 70 - ns |
| tLA |Address Hold Time (ALE) CL=20pF t=-40 50 - ns |
| tCCl |Control Pulse Width | 7.5t-200 | 480 - ns |
I (RD, WR) |

| £CC2 |Control Pulse Width | 6t-200 350 - ns |
I (PSEN) I
| tbW [Data Setup Time 6.5t-200 390 - ns |
I (WR) I
| tWD |Data Hold Time CL=20pF t-50 40 - ns |
| (WR) |
| tDR |Data Hold Time CL=20pF  |1.5t-30 0| 110 | ns |
| (RD, PSEN) I
| tRD1 |Data Input Read Time 5.5t-120 - 375 | ns |
I (RD) |
| tRD2 [Data Input Read Time 4t-120 - 240 | ns |
I | (PSEN) |
| tAw IAdgEess Setup Time 5¢-150 300 - ns |
J (WR) |
| tAD1 |Address Setup Time 10t-170f - 730 | ns |
| | (D) I |
| tAD2 [Address Setup Time | 7t-170 - 460 | ns |
I (PSEN) I
| tAFCl|Address Float Time CL=20pF 2t-40 140 - ns |
I (RD, WR) I
| tAFC2|Address Float Time CL=20pF 0.5t~40 10 - ns |
| | (PSEN) |
|tLAFC1|ALE_to Control Time 3t-75 200 - ns |
| (RD, WR) I
|t LAFC2|ALE to Control Time 1.5t-75 60 - ns |
| (PSEN) I
| tcAl [Control_to ALE Time t-65 25| - | ns |
| (RD, WR, PROG) I
| tCA2 [Control to ALE Time 4t-70 290 - ns |
! (PSEN) |
| tCP [Port Control Setup Time (PROG) 1.5t-80 50 - ns |
| tPC [Port Control Hold Time (PROG) 4t-260 [ 100 - ns_|
| tPR |Port 2 Input Data Setup Time 8.5t-120 - 650 | ns |
I (PROG) I I
| tPF |Port 2 Input Data Hold Time [ j1.5¢ 0 140 | ns |
I (PROG) I I
| tDP  |Port 2 Output Data Setup Time | 6t-290 | 250 - ns |
I (PROG) | | | I
| tPD |[Port 2 Output Data Hold Time | [1.5¢-90 | 40 - ns |
| | (PROG) | | I l I
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TMP80C50AP /~6,TMP 80 C40AP /-6 ,TMP80C50AF /=6,
TOSHIBA TMP80C50AT, TMP80C40AT

TMP80CSOAP /TMP80C40AP /TMP 80 C50AF /TMP80C50AT/TMP 80C40AT

AC CHARACTRISTICS (CONTINUE)
TOPR=0"C to 70°C, VCC=+5V+10%, VSS=0V, unless otherwise noted.

| SYMBOL | PARAMETER |TEST | £(t) | 11 MHz |UNIT|
| CONDITION MIN.| MAX. |
| tPP |PROG Pulse Width 10.5t-250] 700 - ns |
| tPL |Port 2 I/0 Data Setup Time(ALE) 4t-200 | 160 - ns |
| tLP |Port 2 1/0 Data Hold Time (ALE) 0.5t-30 15 - ns |
| tPV _ |Port Output Delay Time (ALE) 4.,5¢+100 - 510 | ns |
| tOPRR|TO Clock Period 3t 270 - ns |
| tC¥ |[Cycle Time 15t 1.36/15.0 | us |

Note : 1. Control Output CL=80pF. BUS Output CL=150pF.
2. The £(t) assumes 50% duty cycle on XTALl and XTAL2.
The Max. Clock frequency is 11MHz. and the Min. Clock frequency is
1MHz.
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TOSHIBA

TMP80C50AP /-6 ,TMP80C40AP /-6,TMP80CS0AF /-6,
TMP80CS0AT, TMP 80 C40AT

TMP 80C50AP—-6/TMP80C40AP-6/TMP80C50AF-6 ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

| SYMBOL ITEM RATING |
|_vcc VCC Supply Voltage (with respect to GND (VSS))| -0.5V to +7V |
| vINA [Input Voltage (Except EA) | =0.5V to VCC+0.5V |
| VINB |Input Voltage (Only EA) | =0.5V to 13V |
| PD |Power Dissipation (Ta=85°C) [ 250mW |
| TSOLDER |Soldering Temperature (Soldering Timer 10 sec)| 260 °C |
| _TSTG [Storage Temperature | -65°C to 150°C |
| TOPR |Operating Temperature | -40°C to 85°C |

DC CHARACTERISTICS (I)

TOPR = -40°C to 85°C, VCC=+5V+10%, VSS=0V, unless otherwise noted.

| SYMBOL PARAMETER | TEST CONDITIONS | MIN.| TYP.| MAX.| UNIT|
:YIL 'Input Low Voltage l -0.5 - 0.8 v |
| I I | | I

[VIH  |Input High Voltage (Except | | 2.2 1 - Jveel v |
I |XTALl, XTAL2, RESET, PS) | I | | I |
|[VIH] |Input High Voltage 1 lo.7 | - Jvecc| v |
I |(XTALl, XTAL2, RESET, PS) | fx vccl I | I
[VOL  |Output Low Voltage |TOL=1.6mA [ - | - [0.45] v |
| | (Except P10-P17, P20-P27) | I I I | I
|VOLl |Output Low Voltage |I0L=1.2mA I - 1 = 10.45 v |
| |(P10-P17, P20-P27) | | I I | |
|VOHI1 [Output High Voltage |I0H=-1.6mA P24 - | - | v |
| | (Except P10-P17, P20-P27) | I | | I I
|VOH12 |Output High Voltage | TOH=-400u4 fvee- | - | - | v |
| | (Except P10-P17, P20-P27) | | 0.8] ! I I
|VOH21 |Output High Voltage | IOH=-50uA F2.46 | - | - | v |
| |(P10-P17, P20-P27) [ I | I I I
[VOH22 |Output High Voltage | TOH=-25uA [lvee- | - | - | v |
| [(P10-P17, P20-P27) [ |_o0.8] | | |
|ILI  |Input_Leak Current | VSSSVINLVCC I - 1 - | 210 | ua |
| [(T1, INT, EA, PS) I I | [ I I
|TLI1 II_Rut Leak Current |VSSSVINGVCC - 1 - | -50 | ua |
I | (SS, RESET) I | I I I |
[ILI2 |Input Leak Current |vss+0.45vvINgveel - | - |-500 | wAa |
| [(P10-P17, P20-P27) | ] | I I I
[TLO  |Output Leak Current(BUS,TO)|VSS+0.45VSVINSVCC] - | - | 10 | wA |
| |(High impedance condltlon) | | | | | I
Jiccr | | Normal |vcCc=5V, fXTAL=6MHz| - | - | 10 | [
| vee Supply | _operation [ VIH=VCC-0.2V | | [ | mA |
|TccHl | Current | | VIL=0.2V -1 -1 2.5] |
I l l I I

I I

HALT Mode |
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TOSHIBA

TMP80C50AP /-6 ,TMP80C40AP /-6, TMP80CSOAF /-6,

TMP80C50AT ,TMP80C40AT

TMP80CS50AP-6/TMP80C40AP-6/TMP80C50AF-6 ELECTRICAL CHARACTERISTICS

DC CHARACTERISTICS (II)
TOPR=-40°C to 85°C, VCC=+5V+20%, VSS=0V, unless otherwise noted.

| SYMBOL PARAMETER TEST CONDITIONS | MIN.| TYP.| MAX.| UNIT
|VIL Input Low Voltage -0.5 - l0.15 v
| | I | Ix vecel
[VIH  |Input High Voltage (Except | 0.5 x| - | vcc| v
| [XTAL1l, XTAL2, RESET, PS) | vecl I |
[VIHI |Input High Voltage _ [0.7 x| - {vcc| v
| | (XTAL1, XTAL2, RESET, PS) | |__vccl | I
|VOL  [Output Low Voltage ]TOL=1.6mA | - | - | 0.5 v
| | (Except P10-P17, P20-P27) | I I I I
[VOLl |Output Low Voltage |TOL=1.2mA -} = 10.45] v
| |(P10-P17, P20-P27) I I l | I
|VOH12 |Output High Voltage |IOH=-400uA [vee- | - | - Vv
| | (Except P10-P17, P20-P27) | | 0.8] | |
|VOH22 |Output High Voltage | TOH=-25uA lvee- | - | - | v
I | (P10-P17, P20-P27) | | 0.8] I |
|ILI  |Input_Leak Current |vsSSVINGVGC | = | = | £10 | uA
| |(Tl, INT, EA, PS) I I I | I
[ILI1 |Input_Leak Current |VSSSVINGVCC | - | - I-vecc | ua
| [ (SS, RESET) I I | | 0.1 |
[ILI2 |Input Leak Current |Vss+0.45VSVINSVCC| - | - |-vCC | uA
| | (P10-P17, P20-P27) | - I I | 0.01}
|TLO  |Output Leak Current(BUS,TO) |VSS+0.45V<VINKVCC| = | = | 210 | uA
| |(High impedance condition) | T ! | | [
lTcel | | Normal * lyceosy exrav=emszl - | - | 10
| |VCC Supply | _Operation | - © °~ | | | | mA
jICCHY | Current | IVIH-VCC 0.2v, | I - | 2.5]
HALT Mode |VIH=0.2V | | L7
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TOSHIBA

TMP 80 CS50AP /-6 ,TMP 80 C40AP /~6,TMP80C50AF /-6,

TMP80OCS0AT ,TMPBOC40AT

TMP80CS0AP-6/TMP 80C40AP-6/TMP80CSOAF-6

AC CHARACTRISTICS
TOPR=-40"C to 85°C, VCC=+5V+20%, VSS=0V, unless otherwise noted.

| SYMBOL | PARAMETER |TEST | £(t) | 6 MHz |UNIT
CONDITION MIN.| MAX.
t Clock Period Note 2 1/xtal £]166.6| 1000| ns
tLL ALE Pulse Width 3.5t-170 410 - ns
tAl. |Address Setup Time (ALE) 2t-110 | 220 - ns
tLA |Address Hold Time (ALE) [ CL=20pF | t—-40 120 - ns
tCCl |Control Pulse width | |7.5¢~200 [1050 - ns
| (RD, WR)
tCC2 |Control Pulse Width 6t-200 | 800 - ns
| (PSEN)
tDW IDagé Setup Time 6.5t~-200 880 - ns
| (WR) | |
tWD |Data Hold Time [CL=20pF | t-50 120 - ns
(WR)
tDR  |Data Hold Time CL=20pF 1.5¢-30 0 | 220 ns
| (RD, PSEN) .
tRDl [Data Input Read Time 5.5t-120 - 800 | ms
(RD)
tRD2 |Data Input Read Time 4t-120 - 550 ns
(PSEN) |
tAW |Address Setup Time | 5t-150 | 680 - ns
(WR)
tAD] [Address Setup Time 10t-170] - {1500 | ms
| (RD)
tAD2 |Address Setup Time 7t=170 - 1000 ns
| (PSEN)
tAFCl|Address Float Time CL=20pF 2e-40 | 290 | - | ns
(RD, WR)
tAFC2|Address Float Time CL=20pF 0.5t-40 40 - ns
(PSEN)
tLAFCL|ALE to Control Time 3t-75 420 - ns
(RD, WR)
tLAFC2|ALE to Control Time 1.5t-75 175 - ns
(PSEN)
tCAl |Control_to ALE Time t-65 100 - ns
(RD, WR, PROG)
tCA2 |[Control to ALE Time 4t-70 590 - ns
(PSEN)
tCP |Port Control Setup Time (PROG) 1.5¢-80 170 - ns
tPC [Port Control Hold Time (PROG) 4t£-260 | 400 - ns
tPR  |Port 2 Input Data Setup Time 8.5t-120 - 1290 | ns
(PROG) I |
tPF  |Port 2 Input Data Hold Time |1.5¢ | 0] 250 | ms
(PROG)
tDpP Port 2 Output Data Setup Time 6t-290 | 710 - ns
(PROG)
tPD |Port 2 Output Data Hold Time 1.5t-90 160 - ns

I
I
I
I
I
I
I
I
I
I
I
|
|
!
I
I
I
I
I
I
I
I
I
|
I
I
I
I
I
|
I
I
I
|
I
I
I
I
I
I
I
I
I
I
I

|  (PROG)
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TMP80C50AP /-6 ,TMP80C4LOAP /~6 ,TMP80C50AF /-6,
TOSHIBA TMPBOC50AT, TMPBOC40AT

TMP80C50AP—-6/TMP80CLOAP -6/ TMPBOCS50AF-6

AC CHARACTRISTICS (CONTINUE)
TOPR=-40"C to 85°C, VCC=+5V+20%Z, VSS=0QV, unless otherwise noted.

| SYMBOL | PARAMETER |TEST | £(t) [ 6 Miz |UNIT|
| CONDITION MIN.| MAX. |
| tPP |PROG Pulse Width 10.5t-25011500 - ns |
| tPL |Port 2 I/O Data Setup Time(ALE) 4£~200 | 460 - ns |
| tLP |Port 2 I/0 Data Hold Time (ALE) 0.5t-30 130 - ns |
| tPV  |Port Output Delay Time (ALE) 4.5e+100 - 850 | ns |
| tOPRR|TO Clock Period 3t 500 - ns |
| tC¥ |Cycle Time | 15t 2.5 [15.0 | us |

Note : 1. Control Output CL=80pF. BUS Output CL=150pF.
2. The f(t) assumes 50% duty cycle on XTALl and XTAL2.

The Max. Clock frequency is 6MHz. and the Min. Clock frequency is
1MHz.
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TOSHIBA

TMP80C50AP /~6 ,TMP80C40AP /-6 ,TMP80C50AF /-6,
TMP80CS0AT,TMP 80 C40AT

TIMING WAVEFORM

A. Instruction Fetch from External Program Memory

ALE J

Ccy

= YLaFc2 —tc\; —

'AFC2

PSEN

e 'RD2 —of —

t

02017777 /ﬁu@gs x///ﬁ msmucrloﬂ///// 221

P,

D2

B. Read from External Data Memory

- DR

tLAFC teal -
ALE
| !
tccl >
RD
AFCI-——— tapy  —
INPUT DATA

950-77/////){*3225

X7//////

| S U — AD) a———————
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TMP80C50AP /-6 ,TMP80C40AP /-6 ,TMP80OC50AF /-6,
TOSHIBA TMP80CS50AT ,TMP80C40AT

C. Write into External Data Memory

' AFC 1 a1 ™

ALE

r—— tcca
WR N
Dw | twD

|
DB0-7 7///&*’//////AA = ZZ 4

|

‘Aw —

D. Timing of Port 2 during Expander Instruction Execution

ALE , \ f
PSEN \_____J I_. tpy — teal — -

PORT1,2 PORT 1,2 DATA ) NEW PORT 1,2 DATA

L— . — 'wp —

PORT 20-23PORT 20-23 DATAX PCH )PORT 20-23 DATA (PORT CONTROL ” OUTPUT DATA

}( INPUT b<
PORT 20-23 PORT 20-23 DATAX PCH lPORT 20-23 DATA PORT CONTROL m DATA
‘cp "[ t‘rc - . _l ‘pr I'-
PR
1} ———
PROG . H rr ﬁ
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TMP 80 C50AP /-6, TMP 80 C40AP /-6 ,TMP 80 CS0AF /-6,
TOSHIBA TMP 80 C50AT , TMP 80 C40 AT

POWER DOWN MODE (I) ......... Data Hold Mode in RAM

The operation of oscillation circuit is suspended by setting PS terminal to
low level after RESET terminal has been set to low level. Consequently, all
the data in RAM area can be held in low power consumption.

The minimum hold voltage of VCC in this mode is 2V.

PS terminal is set to high level to resume oscillation after VCC has been
reset to 5V, and then RESET terminal is set to high level, thus, the normal
mode is restarted from the initialize operation (address 0).

DC CHARACTERISTICS
TMP 80 C50AP /40AP , TMP 80 CS0AF , TMP 80 CS0AT /40AT: TOPR=0°C to 70°C, VSS=0V
TMP 80 CSOAP-6/40AP~6 , TMP 80 C50AF-6 : TOPR=-40°'C to 85°C, VSS=0V

| SYMBOL PARAMETER TEST CONDITION T MIN.| TYP.| MAX.| UNIT

|

I
|
| vSBl | Standby Voltage(l) | | |
1 | |vcc=5v,VIH=vCC-0.2V, | I I I I
| ISBl | Standby Current(l) |VIL=0.2V | |

AC CHARACTERISTICS
TMP 80 C50AP /40AP , TMP 80 C50AF ,TMP 80.C50AT /40AT :TOPR=0"C to 70°C,VCC=5Vz10%,VSS=0V

TMP80C50AP-6/40AP-6 ,TMP 80 C50AF -6 : TOPR=-40°C to 85°C,VCC=5V+207%,VSS=0V
| SYMBOL PARAMETER TEST CONDITION| MIN.| TYP.| MAX.| UNIT|
{tPSHR |Power Save Hold Time (RESET) 10 - - us :
{tPSSR ;Power Save Setup Time (RESET) 10 - - mS :
=tVH Ivcc Hold Time (PS) 5 - - us {
:tVS Ivcc Setup Time (PS) | | 5 | - - | us {

Note: tCY=2.5uS (fXTAL=6MHz)

TIMING WAVEFORM

Vee _ 447

v/

- t t
RESET —————— WV vs
— Ry
PS ¥ —
1/
tpSHR tpSSR
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TMP 80 C50AP /~6 ,TMP 80 C40AP /-6 ,TMP80C50AF /=6,
TOSHIBA TMP80OCSOAT , TMP 80 C40AT

POWER DOWN MODE (II) ......... ALL Data Hold Mode

The operation of oscillation circuit is suspended by setting PS terminal to
low level after SS terminal has been set to low level. Consequently, all data
can be held in low power consumption.

The minimum hold voltage of VCC in this mode is 3V.

PS terminal is set to_high level to resume oscillation after VCC has been
reset to 5V, and then SS terminal is set to high level, thus, the normal mode
is restarted continuously from the state just before the power down mode (II).

DC CHARACTERISTICS
TMP 80C50AP /40AP ,TMP 80C50AF ,TMP 80 C50AT /40AT: TOPR=0"C to 70°C, VSS=0V

TMP80C50AP-6/40AP-6 , TMP 80 C50AF -6 : TOPR=-40°C to 85°C, VSS=0V
SYMBOL PARAMETER TEST CONDITION MIN.| TYP.| MAX.| UNIT
Standby Voltage(2) | 3.0

I
I
| [ - 6.0 v |
| |VCC=5V,VIH=VCC-0.2V, [ |
| I |

ISB2 | Standby Current(2) |VIL=0.2V

AC CHARACTERISTICS
TMP 80 C50AP /40AP ,TMP 80 C50AF , TMP 80 C50AT /40AT : TOPR=0"C to 70 °C,VSS=5V+10%,VSS=0V

TMP 80 CS0AP-6/40AP -6 , TMP80C50AF—6 : TOPR=-40°C to 85°C,VCC=5V+20%,VSS=0V
| SYMBOL PARAMETER TEST CONDITION| MIN.| TYP.| MAX.| UNIT|
I I
| tPSHS |Power Save Hold Time (SS) 10 - - us |
I I I
|tPSSS |Power Save Setup Time (SS) 10 - - mS |
I [ I
[tvH  |VCC Hold Time (PS) 5 - - us |
| [ I
[tvs  [vCC Setup Time (PS) | 5 | = - 1 wus |
Note: tCY=2.5uS (fXTAL=6MHz)
TIMING WAVEFORM

Vee _ )7

=] tvy tvs
SS = /
75 ~ /
tpsHs tpsss
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TMP 80 C50AP /-6 ,TMP80C40AP /-6 ,TMP80C50AF /-6,
TOSHIBA TMP80CS0OAT , TMP80C40AT

HALT MODE
. 1 HALT INSTRUCTION

OP code is "OlH". HALT INSTRUCTION is an additional instructionm to the
‘standard 8048/8049 instruction set.

. 2 Entry to HALT MODE

On the execution of HALT INSTRUCTION, TMP80C50A/TMP80C40A enter HALT
MODE.

. 3 Status in HALT MODE
The oscillator continues its operation, however, the internal clocks and
internal logic values just prior to the execution of HALT INSTRUCTION are
maintained. Power consumption in HALT MODE is less than 50% of normal
operation. The status of each pins are described in the following table.
. 4 Release from HALT MODE
HALT MODE is released by either of two signals (RESET,INT).

(1) RESET Release Mode : An active RESET input signal causes the normal reset
function. TMP80C50A/TMP80C40A start.the program at address "000 H".

(2) INT Release Mode : An active INT input signal causes the normal oper-
ation.

In case of interrupt enable mode (EI MODE), TMP80CS0A/TMP80C40A execute
the interrupt service routime, after the execution of one instruction
which is located at the next address after HALT INSTRUCTION.

In case of interrupt disable mode (DI MODE), TMP80CS0A/TMP80C40A execute
normal operation from the next address after HALT INSTRUCTION.

. 5 Supply Voltage Range in HALT MODE

The operating supply voltage range and the operating temperature range
are same as in normal operation.
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TMP80C50AP /-6 ,TMP80C40AP /-6 ,TMP80C50AF /~6,
TOSHIBA TMP80C50AT ,TMP80C4OAT

PIN STATUS IN POWER DOWN MODE (I) (II)

PIN NAME STATUS
DBO - DB7

High impedance

| |
| I
= T : Input disabled }
| TO | High impedance, input disabled |
| T1 | Input disabled |
|  XTALl | High impedance |
| XTAL2 | Output "High' Level |
! _ | Input disabled when oscillator is stopped. |
| RESET, SS | Pull-up transistors turn off. |
’ INT. EA { Input disabled when oscilltor is stopped. 1
| | |
| RD, WR, ALE | High impedance |
| PROG, PSEN | I

PIN STATUS IN HALT MODE

PIN NAME STATUS
DBO - DB7

Values prior to the execution of HALT

L INSTRUCTION are maintained.

TO Status prior to the execution of HALT
INSTRUCTION is maintained.

T1 Input disabled

XTAL1, XTAL2 Continue oscillation

Input enabled

RESET, INT

§§’ A Input disabled

RD, WR, Output "High" level
PROG, PSEN

ALE OQutput "Low'" level

MCU48-102



TMP80C50AP /-6 ,TMP80C40AP /-6 ,TMP 80C50AF /-6,

TOSHIBA TMP80CS0AT , TMP 80 C4OAT
OSCILATOR -
QUARTZ CRYSTAL xtaLsf
f = IMHz to 4MHz : Cl = C2 = 30pF c1 £ 33
f = 4MHz to l1MHz : Cl = C2 = 20pF o é;ﬁ E $
% 'P
CERAMIC RESONATOR T st
f = IMHz to 3MHz : Cl = C2 = 100pF CZi XTALZE
£ = 3MHz to lIMHz : Cl = C2 = 30PF o

TYPICAL CHARACTARISTICS: Vcc = 5V, Ta = 25°C, unless otherwise noted.

Vec ™ fmax. TYPICAL CURVE v - 1, TYPICAL CURVE
v out ~ ToL
ccC IOL
(v) (mA)
6
40
5 30 e
/ 20 /
4 A z//’
///’/// 10
3 ]
5 10 15 fyp 2y (MH2) 1 2 3 4 5 Vour(V)
f Vour - loy TYPICAL CURVE
- I_._. TYPICAL CURVE (PORT 1,2)
xTaL " lcc '
1 1 2 3 4 5 YourV)
cc
(mA)
-50
¢ gt
. -100
-~ /'
- /
5 // =150}
/ -200
. oy
5 10 15 fXTAL(MHz) (uA)
VOI(JT - 1,,; TYPICAL CURVE
_ DB,CONTROL)
c t TYPICAL CURVE
tppspr (RESET ~ 'RESET 1 2 3 4 5 VourV)
(ms)
100
60 P -5 L

30 I/ /
20 -~ -10
10 ,/’//

-20

1
OH
0.0] 0.020.03 0.06 0.1 0.20.3 CRESET (mA)

(uF)

N W o
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TOSHIB

TMP80C50AP /~6,TMP 80 C40AP /-6 ,TMP80C50AF /-6,
TMP80CS0AT,TMP80C40AT

A

OUTLINE DRAWING (DUAL INLINE PACKAGE)

Unit in mm

15.24 +0.25

40 21
oo B o B e e B O s B s O o B B e B o 8 e O s s B B
>
<
) =
N
O N O O
1 20
<
<
2 s13MAx =
w
<
> 0.5+0.15 2.54 £0.25
— i T 1
= 1.4 £0.15
(]
)
Note: 1. This dimension is measured at the center of bending point of leads.

2. Each lead pitch is 2.54mm, and all the leads are located within
3#0.25mm from their theoritical positions with respect to No.l and

No .40 leads.
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TMP 80C50AP /-6 ,TMP 80 C4L0AP /-6, TMP 80 C50AF /-6,
TOSHIBA TMP 80 CSOAT , TMP 80 C40 AT

OUTLINE DRAWING (FLAT PACKAGE)
Unit in mm

0.35
0.8 pitch
an 3% 3j 352 fszz 26 2 534:;
I - 74 5 5 wwm—]
I3 apfgr—
| s o 8 K ! ‘ 20 T—3
s = n by lefarT——3 -
s 2 MARKING b1} o e | g &
—=FF 10 ! - rEE—=— S| 4
—x +o | AREA Y e — <| =
[ emansn u n P 91 H ' s/ -
w1 wuhar—
1T b} = o somen |
I« - , - 12—
%.)D\ 12 34¢¢7 60301
o 8
< i
14.010.1
(16.9)
s
MARK 1.4510.3 =
-: [Ta]
o r~
" ~
L (T T T appe——
e \
wl &
s =
J 0.8520.3'

MCU48-105



TMP80C50AP /-6 ,TMPBOC4OAP /-6 ,TMP80C50AF /-6,
TOSHIBA TMPB80CSOAT , TMP 80 C40AT

OUTLINE DRAWING (Plastic Leaded Chip Carrier)

unit in mm

6 1 44 40
B oon O T e B s O o O o I o B o B o B o

/ ) e
O

15.76 TYP.

17

__
| DN [ SN N WS D OO NN Dy N |
17.52¢0.12

WD W N O R Gy S g sy sy s o B
18 28

17.5220.12 —————*
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N
| B \ i
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! | =
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. © &
bt =
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TOSHIBA TMP8048P1,TMP8035P1

8-BIT SINGLE-CHIP MICROCOMPUTER
GENERAL DESCRIPTION

The TMP8048PI, from here on referred to as the TMP8048, is a single chip
microcomputer fabricated in N-channel Silicon Gate MOS technology which
provides internal 8-bit parallel architecture.

The following basic architectural functions of a computer have been
included in a single chip; an 8-bit CPU, 64 x 8 RAM data memory, 1K x 8 ROM
program memory, 27 I/0 lines and an 8-bit timer/event counter.

The TMP8048 is particularly efficient as a controller. It has extensive
bit handing capability as well as facilities for both binary and BCD
arithmetic.

The TMP8035PI is the equivalent of a TMP8048 without ROM program memory on
chip. By using this device with external EPROM or RAM, software debugging
becomes easy.

FEATURES

.« 2.5 S Iastruction Cycle . 6~ x 8 Ra¥

. 411 instruction ! or 2 cvcles . 27 I/0 lines

. Over 90 instructions; 70% singie bvte . Imtervel Timzr/Event Couzter
. Easy expandable memory and I/0 . Single level interrupt

. 1K x 8 masked ROM . Single 5V supply

-40°C to +85°C Operation

PIN CONNECTIONS (Top View)

1~ 4wohvee (+5v)
XTAL1 02 39 T1
XTAL, O3 380 py7
RESET Q4 37P Pag
§5 05 gg Pos
INT g6 Py
EA Q7 34 P Py
RD ds 330 Py
PSEN O9 32p Py
WR 010 1P Pyy
ALE 011 300 P13
pBg 012 290 Py,
DB, 13 gs 0 P13
DB, 014 78 Pio
DB, gl5 263 Vp (+5V)
DB}, G16 25 PROG
DBs Q17 24P Poq
DBg §18 23Q P35
DB, 019 2201 Py
covyVss H20 210 P,
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TOSHIBA

TMP 8048PT, TMP8035P1

BLOCK DIAGRAM

DBy-DB7 Pl O-Pll PZD-P27
Port O Port 1 Port 2
Buffer Buffer Buffer
IRT 1
T (@ ,T mﬂ | 4
Oscillation ootour outont Outout 2
Frequency utpu utpu utpu
juency Latch Latch Latch —————————— Mask ROM
l 1 [ [ 1 1K x 8
17480 (Program
Area)
Interrupt{ ITimer/ PCH PCL
Circuit Counter
Ll 0 A A \ [\ H ‘\/L
]
U H [ U (
‘\) '
sccunmu- | | Texpo- — RaV Address \/
K3 s T - ~— Sy
laztor Tzry Reg Legs - ostrus o fericter J‘
U Fion Re— i -
= =
n | _lgister/
L::> ccumula Timer 64 x 8
tor Latch Decoder Flag
U FO F1 Carry
Y(; V U i
ALU Accumulator .
Bit Test D Condlt:!.onal
Jump Circuit
Ty T, INT
Control and Timing Circuit } ’ —‘
XTALZ
XTAL, RESET INT EA 55 ALE PSEN RD WR PROG| wNote 1) The lower order & bits of
T T 7 ? ] T ‘ T 7 T T port 2 output latch are
R — used also for input/output
=S mEd eD E grer g f_’,’g operations with the I/0
TEL REF OF & HHo®m B e B expander.
o "o~ [ ] - e on T3
“F LT3 LB P LEFE 2 RR
fn 2 B B~ ®» oo A " Note 2) The output latch of port O
S T " &> & © & is also used for address
I~ € g> & o g is a e or addre
"l L » output.
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TOSHIBA TMP 8048P1,TMP8035P1

PIN NAMES AND PIN DESCRIPTION

VSS (Power Supply)
Circuit GND potential

VDD (Power Supply)
+5V during operation Low power standby pin for TMP 8048 RAM

VCC (Main Powér Supply)
+5V during operation

PROG(Output)
Output strobe for the TMP8243P I/0 expander

P10-P17 (Input/Output) Port 1
8-bit quasi =-bidirectional port (Intermal Pullup=50kQ).

P20-P27 (Input/Output) Port 2
8-bit quasi-bidirectional port (Internal Pullup=50kQ).
P20-P23 Contain the four high order prograz counter bits during an

external progras memory fetch and serve as a 4-bit I/0 expander bus for
the TMP8243P.

b

IR

in i

(v p]
b

e -

srograT counte gram memary
fetch, and receives the addressed instruction under the control of PSEN.
Also contains the address and data during an_external RAM data store

instruction, under control of ALE, RD, and WR.

T0 (Input/Output)
Input pin testable using the conditional transfer instructicns JTO and
JNTO. TO can be designated as a clock output using ENTO CLK instruction.

T1 (Input)
Input pin testable using the JT1 and JNT! instruction. Can be designated
the event counter input using the timer/STRT CNT instruction.

INT (Input)
External interrupt input. Initiates an interrupt if interrupt is
enabled. Interrupt is disabled after a reset. Also testable with
conditional jump instruction. (Active Low)

gl

(Output)

Output strobe activated during a Bus read. Can be used to enable data
onto the Bus from an external device. Used as a Read Strobe to External
Data Memory (Active Low).

WR  (Output)
Output strobe during a Bus write (Active Low) Used as a Write Strobe to
External Data Memory.
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TOSHIBA TMPBO48P1,TMP8035P1

RESET (Input)
Active Low signal which is used to initialize the Processor. Also used
during Power down.

ALE (Output)
Address Latch Enable. This signal occurs once during each cycle and is
useful as a clock output. The negative edge of ALE strobes address into
external data and program memory.

PSEN (Output)
Program Store Enable. This output occurs only during a fetch to external
program memory (Active Low).

SS (Input)
Single step input can be used in conjunction with ALE to "single step"
processor through each instruction when SS is low the CPU is placed into
a wait state after it has completed the instruction being excuted.

EA (Input)
External Access input which forces all program memory fetches to reference
externzl mecorv-. Useful for e-ulation and debuz and essential for testing
and program vérification. (Activé High).

XTAL 1 (Input)
Onz sids of crvsta

al source.

XTAL 2 (Imput)
Other side of crystal input.

FUNCTIONAL DESCRIPTION
1. System Configuration

The following system functions of the TMP8048 are described in detail.

(1) Program Memory (6) Stack (Stack Pointer)

(2) Data Memory (7) Flag 0, Flag 1

(3) 1/0 Port (8) Program Status Word (PSW)
(4) Timer/Counter (9) Reset

(5) 1Interrupt Control Circuit (10) Oscillator Circuit

(1) Program Memory
. The maximum memory that can be directly addressed by the TMP8048 is
4096 bytes. The first 1024 bytes from location 0 through 1023 can be
internal resident mask ROM. The rest of the 3072 bytes of addressable
memory are external to the chip. The TMP8035 has no internal resident
memory; all memory must be external.
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TOSHIBA TMP 8048P1,TMPBO35P1

There are three locations in Program Memory of special importance.

Address 3
4095

Memory Bank 1

2048
2047

1024

1023 ;;7 /(jéy/ /é/ Memory Bank O

nternal ROiéEE
o[ J

Program Memory Area

. Location 0
Activating the Reset line of the processor causes the first instruc-
tion to be fetched from Location O.

. Location 7
A timer/counter interrupt resulting from a timer/counter overflow
(if enabled) causes a jump to a subroutine defined by address held in
Location 7.
. Program address 0-2047 and 2048-4095 are called memory banks 0 and 1
respectively switching of memory banks is achieved by changing the
most significant bit of the program counter (PC) during execution of
an unconditional jump instruction or call instruction executed after
using SEL MBO or SEL MBI.

Reset operation automatically selects Bank 0.

(2) Data Memory

Resident Data Memory (volatile RAM) is organized as 64 words by 8-bits
wide.

. The first 8 locations (0 -7) of the memory array are designated as
working registers and are directly addressable by several
instructions. By executing a Register Bank switch instruction (SEL
RB1) locations 24 - 31 are designated as the working registers in
place of 0 - 7.
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TOSHIBA TMP 8048P1,TMP8035P1

Address
63
Data Memory
32
31{Resister Bank 1
264y _ __Rl__ |
23
8 Level Stack
(16 byte)
———————————— 4
7| Resister Bank O
0 RBO

Internal Data Memory Area

. RAM locations 8 - 23 serve a dual role in that they contain the program
counter stack which is a stack 2 bytes wide by 8 levels deep. These
locations stors returaing addresses froz subroutines. If the level of
subroutine nesting is less than the permitted 8, vou free up 2 bytes of
RAM for general use for every level of nesting not utilized.

(3)Input/Output Ports

. The TMP8048 has 27 I/0 lines which can be used for either input or output.
These I/0 lines are grouped into 3 ports each having 8 bidirectional lines
and 3 "test" inputs which can alter program sequences when tested by con-
ditional jump instructions.

. Ports 1 and 2 are each 8-bits wide and have identical characteristics.
Data written to these ports is statically latched and remains unchanged
until rewritten. As input ports these lines are non-latching, i.e., inputs
must be present until read by an input instruction.

. All lines of Ports 1 and 2 are called quasi-bidirectional because of a
special output circuit structure (illustrated in Figure 1). Each line is
continously pulled to a +5V level through a high impedance resistive device
(50kQ ) which is sufficient to provide the source current for a TTL high
level yet can be pulled low by a standard TTL gate thus allowing the same
pin to be used for both input and output. In order to speed up the "0"
to "1" transition a low impedance device (5kQ ) is switched in momentarily
whenever a "1" is written to line. When a "0" is written to line a low
impedance device overcomes the pullup and provides TTL current sinking
capability.
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TOSHIBA

ANL, ORL
11 45V 45V
~N

2 50Kk
<
Internal Bus D Q _D___|L:SK,,7
D_ -
“Type 50kQ 1/0 pins
Flip-Flop Portl or 2
[—-CLK q 1
Write Pulse 4

Inter Buffer
<L

1

Fig.l Input/Output Circuit of Port 1, Port 2

. Reset initializes all lines to a high impedance "1'" state.

. When external data memory area is not addressed during excution of an

internal program, Port O (DBO - DB7) becozmzs a true bidirectional port
(bus) with associated input and output strobes. If bidirectional feature
not needed Bus can serve as either a staticzliy larcched output port or

a non-latched input port. However, I/0 lines of this port cannot be

intermixed.

. As a static port data is written and latched using the OUTL imstruction
and inputted using the INS instruction these two commands generate
pulses on the corresponding RD and WR strobe lines.

As a bidirectional port the MOVX instructions are used to read and write
the port which generate the RD and WR strobes.

. When not being written or read, the Bus lines are in a high impedance
state.
(4)Timer /Event Counter

. The 8-bit binary up counter can use either of the following frequency
inputs

(1) Internal clock (1/480 of 0SC frequency)
teeeessseses Timer mode
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TOSHIBA TMP8048P1,TMP8035P1

(2) External input clock form Tl terminal
(minimum cycle time 3 x ALE cycle)
........ +e... Event Counter mode

The counter is presettable and readable with two MOV instructions
which transfer the content of the accumulator to the counter and vice
versa. The counter content is not affected by a Reset and is initialized
solely by the MOVT, A instruction. The counter is stopped by a Reset or
STOP TCNT instruction and remains stopped until started by START T
instruction or as an event counter by a START CNT. Once started the
counter will increment to its maximum count (FF) and overflow to Zero
continuing its count until stopped by a STOP TCNT instruction or RESET.

The increment from maximum count to Zero (overflow) results in the setting
of an overflow flag and the generation of an interrupt request. When
interrupt acknowledged a subroutine call to Location 7 will be initiated.
Location 7 should store the starting address of the timer or counter
service routine. The state of the overflow flag is testable with the
conditional JUM? (JTF). The flag is reset by excuting a JTF or by RESET.
Figure 2 illustrates the concept of the timer circuit.

Timer Overflow Flag

1/32 -
XTAL/15——— - | Flip-Flop

Tl

Pre-scaler

1

Cleared on Start Timer JTF Instruction
STRT T
8-Bit Timer/
STOP TCNT O Counter 1
STRT CNT Timer Interrupt
Request Flip-Flop
Edge Detector Read/Write Enable | INT

Timer Interrupt Enable

Fig.2 Concept of Timer Circuit
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TOSHIBA TMP8048PI.TMP 8035P1

ITF —i1S Conditional Jump Logic
Instruction Timer
Flag F-F
R
Reset
Timer Overflow
S Q
Timer
Timer Interrupt Overflow R
Execution : F-F S E—gj 4 Q
Reset RETR : |°:C T
Instrucc_I|R ¥ ¢ E
tion e o
INT pin D——L"‘

Inter- ,——
t
F External inter—

F-F - ter-
LE CLK T s X Q_l‘g;::_ Recognized
Last cycle Timer %nterrupt
of Instruction Recognized
T
CLR
I : -
Instruction =S £ QL—J:x TCT1 —s o of=
LT Instructien < Execution of Izrter-
Py c s rupt Call Imstruction
v T fa E & &
R & &) R € 1 |
[ S - |l
Reset |
DIS 1 ,
Instruction ?i:t:uczzion

Fig.3 Concept of Interrupt Control Circuit

(5) Interrupt Control Circuit
. There are two distinct types of Interrupts in the TMP8048.
(1) External Interrupt from the INT terminal

(2) Timer Interrupt caused by timer overflow
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TOSHIBA TMP 8048P1,TMP8035P1

The interrupt system is single level in that once an interrupt is detected
all further interrupt requests are ignored until execution of an RETR
(which should occur at the end of an interrupt service routine) reenables
the interrupt input logic.

. An interrupt sequence is initiated by applying a low level "0" to the INT
pin. INT is level triggered and active low which allows "Wire Oring" of
several interrupt sources. The interrupt level is sampled every machine
cycle during ALE and when detected causes a "jump to subroutine" at Loca-
tion 3. As in any call to subroutine, the Program Counter and Program
Status Word are saved in the stack.

. When an overflow occurs in the internal timer/event counter an interrupt
request is generated which is reserviced as outlined in previous paragraph
except that a jump to Location 7 is used instead of 3. If INT and times
overflow occur simultaneously then external request INT takes precedence.

. If an extra external interrupt is needed in addition to INT this can be
achieved by enabling the counter interrupt, loading FFH in the counter
(one less than the terminal count), and enabling the event counter mode.
A "1" to "0" tranmsition on Tl will cause an interrupt vector to Location 7.

R
o

-
<
’

He b

7,
Figure 3 illustrates the concept of the interrupt control circuit.

(6) Stack (stack Pointer)

. An interrupt or Call to subroutine causes the contents of the program
counter to be stored in one of the 8 register pairs of the Program Counter
Stack. The pair to be used is determined by a 3-bit stack pointer which is
part of the Program Status Words (PSW explained in section (8)). Data RAM
locations, 8 through 23 are available as stack registers and are used to
store the program counter and 4~bits of PSW as shown in the figure.

. The stack pointer when initialized points to RAM location 8 and 9. The
first subroutine jump or interrupt results in the program counter contents
being transferred to Locations 8 and 9. Then the stack pointer is incre-
mented by one to point to Locations 10 and 11. Eight levels of subroutine
are obviously possible.

. At the end of a subroutine signalled by a RET or RETR causes the stack
pointer to be decremented by one and the contents of the resulting pair
to be transferred to the Program Counter.
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TOSHIBA TMP 8048P1,TMP8035P1

T
| 23

7 |
! 22
' 21

6 \
! 20

[}
5 : 19
| 18
. i 17
! 16

]
3 ! 15
i 14

I
2 : 13
! 12
| 1

1 |
: 10
PSW | PC8N 11 9
PCL~ T E PCON 3 8

Stack Fav
Pointer Address

(7) Flag 0, Flag 1, (F0, Fl)

. The TP 8048 has two fla
Thesz flags czn be se

instruction J¥0.

FO is a part of the program status word (PSW) and is saved in the stack
area when a subroutine is called.

(8) Program Status Word (PSW)

. An 8-bit status word which can be loaded to and from the accumlator exists
called the Program Status Word (PSW). The PSW is read by a MOV A, PSW and
written to by a MOV PSW, A. The information available in the PSW is shown
in the diagram below.
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TOSHIBA TMP8048P1,TMP8035P1

Stack Pointer

/
|c |AC |FO [BS {1 [S2 [|S1 !so |

MSB | [ LSB
| |
Saved in stack area Spare ("1" during Read)
at the time of Sub-
routine Call.

Bits 0 - 2 : Stack Pointer Bits(SO, Sl, S2)

Bit 3 : Not used ("1" level when read.)
Bit 4 : Working Register Bank Switch Bit
(BS)
0 = Bank O
1 = Bank 1
Bit 5 : Flag 0 (FO)
Bit 6 : Auxiliary Carrvy (AC) carrv bit gemerated by an 42D
instruction and used by the decimal adjust instruciion

Da, 4 (&CH

Bit 7 : Carry (C) flag which indicates that the previous
operation has resulted in the accumulator.
<)

(9) Reset

. The reset input provides a means for initialization of the processor.
This Schmitt trigger input has an internal pullup registor which in
combination with an external luF capacitor provides an internal reset
pulse sufficient length to guarantee that all internal logic is

initialized.

1k
o—W\ ' RESET

1yF ;L
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TOSHIBA TMP 8048P1,TMP8035P1

If the pulse is generated externally the reset pin must be held at ground
(£0.5V) for at least 50mS after the power supply is within tolerance.

Reset performs the following functions within the chip:

(1) Sets PC to Zero.

(i1) Sets Stack Pointer to Zero.

(iii) Selects Register Bank O.

(iv)  Selects Memory Bank 0.

(v) Sets BUS (DBO - DB 7) to high impedance state. (Except when EA = 5V)
(vi) Sets Ports 1 and 2 to input mode.

(vii) Disables interrupts (timer and external).
(viii) Stops Timer.

(1x) Clears Timer Flag.

(x) Clears FO and F1l.

(xi)  Disables clock output from TO.

(10) Oscillator Circuit

. TMP8048 can be operated by the external clock input in addition to
crystal oscillator as shown below.

+5V
) 4705 % ’
2P xTaL 1 2f wmar 1
L L
20 pF # #
# TTL Gate
3 XTAL 2 4700 3[ xTaL 2
’ +5V 5
F 2

20 pF;ﬂ‘—

2. Basic Operation and Timing

The following basic operations and timing are explained
(1) Instruction Cycle

(2) External Memory Access Timing

(3) Interface with 1/0 Expander TMP8243P

(4) Internal Program Verify (Read) Timing

(5) Single Step Operation Timing

(6) Low Power Stand-by Mode
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(1) Imstruction Cycle

. The instructions of TMP8048 are executed in one or two machine cycles,
and one machine cycle contents of five states.

Fig.4 illustrates its relationship with the clock input to CPU.
. @2 clock shown in Fig.4 is derived to outside by ENTO CLK instruction.

ALE can be also used as the clock to indicate the machine cycle as well
as giving the external address latch timing.

(2) External Memory Access Timing
(i) Program Memory Access

. TMP8048 programs are excuted in the following three modes.

(1) Execution of internal program only.
(2) Execution of both external and internal programs.
(3) Execution of external program only.

The external program memory is accessed (instructions asre fetched)
automatically when the internal ROM address is exceeded in mode (2)

e B - Sty A - ARz N 3= emada (%)
gnd froz imitial star:c address O inm mode (3!.

. In ths externzl prograz mesmory access operation, the following will occzur

. The contents of the 12-bit program counter will be output on BUS(DBO -
DB7) and the lower 4-~bits of Port 2.

. Address Latch Enable (ALE) will indicate the time at which address is
valid. The trailing edge of ALE 1is used to latch the address
externally.

. Program Store Enable (PSEN) indicates that an external instruction
fetch is in progress and serves to enable the external memory device.

. BUS (DBO - DB7) reverts to Input mode and the processor accepts its
8-bit contents as an Instruction Word.

. Figure 5 illustrates the timing.
(11) Access of External Data Memory

. In the extended data memory access operation during READ/WRITE cycle the
following occurs

. The contents of RO Rl is output onto BUS (DBO - DB7).

. ALE indciates address is valid. The trailing edge of ALE is used to
latch the address externally.

. A read RD or write WR pulse on the corresponding output pins indicates
the type of data memory access in progress. Output data valid at_trail-
ing edge of WR and input data must be valid at trailing edge of RD.

. Data (8-bits) is transferred over BUS.
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e UL LU e

(6 MHz)
(Mil)
z
Generated l I I l I l | I l
internally ¢2
1 2 3 4 5 1
State .
Instruction Decode Execution Execution Execution
Fetch
(500ns)
1 State (2.5p sec)

Next Address Latch Timing

ALE ' ;

(400KHz)

Fig.4 Instruction Cycle Timing

Port Port Port
P20 -P23 X Daga X Address x Data X Address Data Address
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. Figure 6 illustrates the timing of accessing the external data memory
during execution of external program.

(3) Interface with I/0 Expander (TMP8243P)

. The TMP8048 1/0 can be easily expanded using the TMP8243 1/0 Expander.
THis device uses only the lower half 4-bits of Port 2 for commuication
with the TMP8048. The TMP8243 contains four 4-bit I/0 ports which serve
as extensions of one chip 1/0 and are addressed as Ports (4-7). All
communication takes place over the lower half of port 2 (P20 - P23) with
timing provided by an output pulse on the PROG pin. Each transfer consists
of two 4-bit nibbles the first containing the "OP Code' and port
address and the second containing the actual 4-bits of data.

+12V
-
RESET OV " A
—
sE ) h \
.7
DEO-DB7 input of Internal Output of Internal Input of Internal
ROM Address ROM Dzta QM Address
Input of Intermal
P20, P21 Input of Internal ROM Adlress Ro; Address °
Fig.7 Timing of Reading Internal Program Memory
5v
5v 10K
Ss
10K RUN ;J,
S —
5V 5V—p QF— §§
°| 10K 74
—o0 T g Q

"’ Lq__ ALE

Fig.8 (a) Single Step Circuit
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Reading of Internal Program Memory

. The processor is placed in the READ mode by applying +12V to the EA pin and
OV to the RESET pin. The address of the location to be read is then
applied to BUS and the low order 2-bits of Port 2. The address is latched
by a 0 to | transition on RESET and the high level causes the contents of
program memory location addressed to appear on the eight lines of BUS.

Figure 7 illustrates the timing diagram for this operation.
(5) Single Step Operation.

. A single step feature useful for debug can be implemented by utilizing a
circuit shown in Figure 8 (a) combined with the SS pin and ALE pin.

. A D-type flip flop with set and reset is used to generate SS. 1In the run
mode SS is held high by keeping the flip flop set. To enter single step,
set is removed allowing ALE to bring SS low via reset input. The next
instruction is started by clocking a "1" into the FF which will not appear
on SS unless ALE is high removing reset. 1In response to SS going high
the processor begins an instruction fetch which brings ALE low resetting
FF¥ znd csusing.the precessor to again enter the stopped state.

. The timing diagram in this case is as shown in Figure 8 (b). (EA = 5V).

(6) Lowsr Power Szznd-bv Mode.

. The Lower TMF8ZZE has been organized to allow power to be removed from ail
but the volatile, 64 x 8 data RAM array. In power down mode the contents
of data RAM can be maintained while drawing typically 10 - 157 of normal
operating power requirements.

. VCC serves as the 5V supply for the bulk of the TMP8048 while the VDD
supplies only the RAM array. In standby mode VCC is reduced to OV but VDD
is kept at 5V. Applying a low level to reset inhibits any access to the
RAM by the processor and guarantees that RAM cannot be inadvertently
altered as power is removed from VCC.

s—0F 0\

ALE —\ : j L _j For two

Instruction Input instruction

DBO — DB7  Address (PC) 44)——(:::}———————<TVAAddress (PC+1)
P20-P23 Address (PC) X X ddress (pc+D)

Port20 —23
Data

Fig.8(b) Single Step Operation Timing
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TMP8048PI,TMPB0O35SPI

I
I
l
l
|
-1
I
I
|
|
I

I

| . | Instruction Code | . lay | Flag|

| Mnemonic |571D61D51D41D31D2]DI1D0| Operation IB)tes CyCIeSI—ETX_I

IRL A [ 11 1] 11 ol ol 11 1] 1[(An+1)<~(An) |1 | 1 | -] -]

| 1 b1t Iln= 0-6 | | o

| bbb 1 1(a0)<=(aT) | | .

|RLC A 1111 oof 1l 1l 11 (An+1)<-(An) | 1| 1 | -]

| ot tn= 0-6 | | [

| b He<=(aT) I | [

I bbb 1 <=(0) [ I (.

[RR A [ 0i 1) 1] 1 ol 11 1] 1!(An)<-(An+1) | 1] I

! 1t 1111 In= 0-6 | | P

I bbb 1(a7)<-(4A0) I | [

|RRC A ol 1] 11 ol o 11 1] 1}(An)<-(An+l) [ T 1 ] -

I b 1l In= 0-6 | | [

| [ H N R B B N N R ¢XeD | | [

I A O A O T I O R V.Y R €0 I | I

Input/Output Instruction

' | “Instruction Code ! . I I | la§|

| Mnerzonic |D7D6 D5 D&ID3 D2 DI D0 Operation IB}*tes iCycl s| T |

|IN A,Pp | 01 of ol of 1l o] P| P{(A)<-(Pp) 1 b 2 =] -l

I [ T A B R I I 2 T I | (I

'OUTL Po,A bet et 1t 1l 1t 08 P oRI(PR)<~(A) oo oto2 -]

' A R e T ‘ ‘ v
&NL Pp,=lzta . 1 C0 G0 1:i 10 0. Pl BPl(Fpi{~{Pplani Datz 2 2 b=

jaT d€'¢s@sle3le’dlids o= 1, 2 : i .

[ORL Pp,#Data | 1! 0! 0! 0l 1} ol Pl Pi(Pp)<- (Pp)or Data | 2 | 2 | -}

I [d7id 6|d51d4ld3Id2Idl|d0I P= 1, 2 I | I

| INS A,BUS | ol ol of o] 1| ol o! 0!(a)<-(BUS) 1 b2 -]

[ouTL BUS,A | 0] of 0l 0] o] 0} 1} 0! (BUS)<-(A) [ 1 1 2 1 -]

|ANL BUS,#Datal 1| 0] O] 1] 1| 0l 0ol 0l(BUS)<-(BUS) and | 2 | 2 |-

I |d71d61d5]dald3ld21d1]do| Data I | |

|ORL BUS,#Datal 1] 0! 0l 0] 1| 0ol 0| 0l(BUS)<~(BUS) or 2 2 | -]

| 1d71d6!d5/d4|d3ld2/d1}d0!Data | | |

[MOVD A,Pp [ ol ol ol ol 1] 1| 2| Pl(A0-3)<-(Pp) 1 2 |-

I bbb 1 b 1(as=7)<=0 | | I

| [ N R T B O N/ | { [

|MOVD Pp,A | of ol 1 1t 1] 1| P| P|(Pp)<~(AO-3) [ 1 1 2 |-

J It 11 1 1 1 | {p=4&=~-7 ! ! [

|ANLD Pp,A [ 1] ol ol 1] 1} il p| Pl(Pp)<~(Pp)and | 1 ] 2 | -]

| 001 1 1(a0-3) | | P

I [ e B A | [ [

|ORLD Pp,A [ 11 ol ol ol 1] 1] P} Pi(Pp)<-(Pplor(a0-3)1 1 | 2 | -|

I I bbbl lp=4-=-7 I i |
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TMP 8048P1,TMP8035P1

Register Imstruction

. | Instruction Code | . ! e | F1
: Mnemonic |D7TD61D5 D41D31D2]D1TD0| Operation IBytes IC)clesl——T—A—
| INC Rr f ol of of 1 1l ¢l rf rl(Re)<—(Rr)+1 | 1 1|
| N e e T B | | (.
| INC @Rr ol of of 11 of of ol rl((Re))I<=((Rr))+1 | 1 1 1 |
| -t = 0,1 [ | [
| DEC Rr b1 1 0b ol 18 rl r! r](Rr)<=-(Rr)-1 | 1 I -] -
| b lr= 0-=17 | | L
Branch Instruction
| Mnemonic | Instruction Code [ Operation IBytes [Cvcles| Flagl|
| | D7iD6!D5'D4ID3ID2{D1'DO]| | | | claci
|JMP Address |alOIa9 a8i 01 0] 1} ol 0] (PCO-7)<~-(a0-7) | 2 | 2 | -| =1
| la7 la6la5ia4la3la2lalla0! (PC8-10)<--(a8-10)] | (I
| [ 1 11 | | 1(PC11)<--DBF | | [
|JMPP @A [ 11 ol 11 11 o} oO! 1| 11 (PCO-7)<~=((A)) | 11 2 |
IDJNZ Rr, [ 10 11 11 0ol 1] ¢! ¢} rl(Re)<==(Rr)-1 2 2 |
| Address | a7la6la5!at|a3ia2lalla0lif Rr not O | | |
I | (b 1 1 1 I 1(co-7)<--(a0-7) | I |
1JC Address ! 14 1P 11 11 07 11 11 0/ (PCO-7)<==(a0-7) | 2 | 2 | -]
] | 1t 1 HHEc=1 ! | P
| | a7la6la5'asla3la2lalladl(PC) = (PC)+2 | | |
| ! | S I T Iif c=0 | | [
IJNC Address | 1! 11 11 0! ¢! 1! 1! 0!(PC0-7)<=(20~7) L2 b2
f i z7'abia3 az4ia3'aZ al a0iif C =0 : : ?
i oo b Hpai<— (P02 : ! .
I I A S £ A : i Eoy
|3z Address | 11 11 0! 0l o] 1] 1] OI(PCO 7)<——(aO 7y 2 b 2
| | a7la6laStasla3la2lalla0lif (&) = | | |
| [ A A N R I(PC)<—-(PC)+2 | I [
| I [t 0 b 1 | | Jif (&) .NEQ.O | | |
|INZ Address | 1] 0] 0f 1] ol 1] 1] 0}/(PCO-7)<==(a0-7) | 2 | 2 |
| | a7la6la5|asla3la2lalla0lif (A) .NEQ.O | I [
| | [ I S N A |(PC)<--(PC)+2 | I I
I | bbb Tif a) = | | [
[JTO Address | 0] Of 1| 1] o} 1] 1| ol(pco- 7)<—-(a0 o2 0 2 -l
| | a7la6la5lasla3la2lalla0fif TO = 1 I I I
I | L1 1 1(eC)<—(PC)+2 I | I
| [ L1 b 11 lifto=0 | I .
[INTO Address| O/ 0l 11 0] o} 1} 1] 0l(PCcO-7)<~-(a0-7) | 2 | 2 |
I | a7Ia6|a5Ia4Ia3Ia2Ia1Ia [if TO = 0 I | I
! | bbb T@ee)<—(pec)+2 | | |
! | 11 1t 1} lifto=1 J I P
[JT1 Address | 0Ol 1| 0] 1] 0ol 1| 1] 0](PCO-7)<==(a0-7) | 2 | 2 | -|
| | a7|a6|aSIa&Ia3|aZ|al|a [1f T1 =1 | | [
! | bbb eo<—(Pe)+2 | I [
| I P b 1 1 1 HfT1 =0 | I P
[INT1 Address| 0] 1| 0] 0l 0] 1] 1] 0l(PCO-7)<=-(a0-7) | 2 | 2 |
| | a7la6la5latla3la2lalla0lif T1 = 0 | | [
| I b1 b b 11 eO)K—(PC)+2 | I I
| I b lifTr =1 | | I
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TOSHIBA TMP 8048P1,TMP8035P1
| Mnemonic | Instruction Code | Operation [Bytes [Cycles| Flagl|
I | D7ID6{D5|/D4!D3|D2ID1[DO] | I | clac|
|JFO Address | 1] O] 1] 1] ol 1] 1} 0](PCcO-7)<--(a0-7) | 2 | 2 =] -]
| - | a7la6laS|asla3la2lalla0lif FO = 1 ! | |
] [ b 11 (PC<==(PC)+2 f ! [
I I 01 1 1 |if FO =0 | I [
|JF1 Address | 0} 11 1} 1} ol 1! 1| 0l(PCO~-7)<--(a0-7) | 2 | 2 | =1 -]
| | a7la6laSlatla3la2lalla0lif F1 =1 | | I
| | Pt b1 1 1| 1(pPC)<—=(PCI+2 ! | [
| | bl b lif Fl =0 | | bl
[JTF Address | O} O} 0] 1} 0l 1] 1! 0](PCO-7)<--(a0-7) | 2 2 | =1 -]
| | a7lablaSia4sta3la2lalla0lif TF =1 | | I
| I v bbb Hee<==(PC)+2 | [ [
I | 1 1 1 | |if ITF =0 | | [
[JNI Address | 1] 0] 0] 01 0] 1} 1] 0ol(PCO-7)<--(a0-7) | 2 | 2 | -1 -]
| | a7la6!a5|at|a3la2/alla0lif INT = 0 | | b
| I [ bbb T T(PC<==(PC)+2 | | [
| | L1 b 1 1 | Jif INT =1 | I [
[JBb Address | b2!bl|b0] 1] ol 0} 1! 0!(PCO-7)<--(a0-7) | 2 | 2 | -] -]
! | a7la6!a5!a4{a3ta2lalla0f{if Bb = 1 | ! |
I I b1 111 1(eO<=(PC)+2 I I R
I ! o b1 lif Bb =0 i ! (I
| I 1 Ie=0-=-7 I | (I
| CALL Address!al0la9!a8] 1| 0l 1] 0l 0]((SP))<~- b2 0 2 |-l -
! I a7IaS a5|a fa3la2lalla0] (PC), (PSW4-7) | | Pl
; ! ! t ! ‘ ‘(cv\/_(cu).n ! i I ! i
I ! b i 1(PCE-10)4--(a8-10)! i !
r P b i EC-TI<—(a0-7) | : 3 ;
I | i1 b 1 111 [(PCl1)<--DBF I i o
[RET [ 1} of of ol ol ol 1| 1{(sSp)<~-(sp)-1 1y 1 2 1 |
[ | b b 111 1(peI<==((sp)) I | [
|RETR [ 1f of ol 1] ol o] 1] 1](sP)<--(sp)~-1 [ T A A N
I I b 1 1 1 ee)<-=((sp)) | I [
| | L LT b Heswa=7)<==((sp)) | I L
Flag Manipulation Instruction
| Mnemonic | Instruction Code Operation Bytes [Cycles| Flagl
| | D71D6|D5(D4ID3|D2|D1[DO clac|
| CLR C |17 ol of 17 ol 1T 1T 11(C)<-- 0 1 1 ol -1
| CPL C |11 ol 1] o] of 1} 1} 1{(C)<--NOT(C) | 1 1 | ol -
| CLR FO [ 1] of o} ol ol 1] ol 1I(FO)<-- 0 | 1] 1 ] =1 -
| cPL FO | 1] 0ol ol 1] ol 1] of 1|(FO)<--NOT(FO) | 1] 1 |-l -]
| CLR Fl {1l ol 11 ol ol 1] o] 1I(F1)<-- 0 D S O e
| cPL Fl I 11 ol 11 1} o) 1l ol 11(F1)<--NOT(F1) [ S S U e
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Data Transfer Instruction
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TOSHIBA TMP 8048P1 , TMP8035P1
Timer/Counter Instruction

| Mnemonic | Instruction Code ! [Bytes |[Cycles| Flag]
[ | D7/D6ID5{D4D3!D2[D1|DO]| | | | clacl
|MOV A,T | ol 11 o} o] o o] 1] 0l(AX<——(T) | 1 1 ] =1 -
[MOV T,A I ol 11 11 ol ol ol 1] 0/ (T)<~=(a) | 1 | =1 -
[STRT T | ol 1!l ol 11 0l 11 0l 1iCounting is [ U B S A
| | I L | | 1 | lstarted in the | | 1
| | 01 1 I | 1 Jltimer mode | | [
[ STRT CNT [0t 1l of ol ol 1! 0l liCounting is [ T N S
| | 1t} I | | Istarted in the | | I
| | I It | | | | [levent counter [ S
| | ol 1111 Imode | | [ .
fstop TcNT | 0! 1f 11 0! 0! 1] 0} 1|Stop both time [ S S S
| | Pt 11 I I | laccumulation and | | N
| | I I 1 1 1 | | [levent counting | [ [
|EN TCNT1 I ol ol 1} 0! of 1l ol 1/Timer interrupt | 1 | 1 | =| =]
{ ! LI | I 1 | lis enabled | | A
[DIS TeNT1 | ol o) 11 1} ol 11 Ol 1{Timer interrupt. | 1 | 1 | -} -|
] lis disabled | | [
Control Instruction

| Mnemonic | Instruction Code | Operation |Bytes |Cycles| Flagl
I | D7'D6ID5/D4[D3ID2ID1(DO] | ! | C AC!
PEN I ' 07 0 00" 0 1! 0F 1'Exzernel izterrupt! 1 10 - <
! bbb b s enabls o ! ' |
! DIS I i 00 0! Gi 1P 0ol 1 0 liEmzernzl interrupt! 1 11 - =
| | [ 0| | 1 | lis disabled | i | |
| SEL RBO [ 11 17 ol 1 of 1} 0] 11(BS)<--0 [ 1] - -
| SEL RBI [ 10 1] ol 11 o] 11 ol 11(BS)<=- 1 1 11 - -l
| SEL MEO 1] 1] 11 of ol 1! o] 1I(DBF)<-- 0 S T 1] - -
| SEL MBI [ 1] 11 1] 1t ol 11 of 1[(PBF)<-- 1 1 1l - -l
| ENTO cLK | 0f 1l 11 1] ol 1| 0| 1I|TO is enabled to | 1 | 14 - -
| | I 1 I I t | 1 Jlact as the clock | | | !
l I 1 L I 1 I | Jloutput | | | |
| NoOP | o] o] ol of ol ol 0] O|No operationm | 1 1 ] - -
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TMP 8048P1,TMP8035P1

| TMPB048PI/8035P1: INDUSTRIAL SPECIFICATION |

ABSOLUTE MAXIMUM RATTINGS

| SYMBOL | ITEM | RATTING

| VDD [VDD Supply Voltage (with respect to GND (VSS)) [-0.5V to + 7V
lvce [VCC Supply Voltage (with respect to GND (vSS))  [-0.5V to + 7V
|VINA {Input Voltage (Except EA) -0.5V to + 7V
[VINB |Input Voltage (Onlv EA) -0.5V to + 13V
|PD [Power Dissipation (Ta = 70°C) 1.5W
|TSOLDER [Soldering Temperature (Soldering Time 10 sec) 260°C
|TSTG |Storage Temperature [-55°C to 150°C
[TOPR [Operating Temperature [-40°C to 85°C

DC CHARACTERISTICS

|
I
|
l
|
l
I
|
|

|TA=-40"C to 85°'C{, VCC=VDD=+5Vz]10%, VSS=0QV, Unless Otherwise Noted.

| SYMBOL | PARAMETER TEST CONDITIONS |MIN. |TYP.|MAX. |UNIT
[VIL Input Low Voltage -0.51 - | 0.7] V

I (Except XTAL1,XTAL2,RESET) | l |

IVIL1 Input Low .Voltage I-0.5! - | 0.6!

| | (XTAL1 ,XTAL2 ,RESET) | i | 1 |
|VIH |Tnput High Voltage [ I 2.21 - [ veelv
| (Except XTAL1,XTAL2,RESET) l | |

[VIHI Input High Voltage I 3.8 - : vee! v
| : 411 ,XT4L2 RESEZT ;

VoL Low Veltzszz (BUS) [ IOl = 1.6 &2 - - 0.LrX
'voLl Low Voltags P I0L = 1.6 mA o= 1= i0.L5t W
l I(RD WR, PSEN, ALE) | I

[vOL2  [Output Low Voltage (PROG) I0L = 0.8 mA - I - 10.451 ¥
[voL3 {Output Low Voltage IOL = 1.2 mA -1 - 10.45] Vv
| | (For other output pins) I !

| VOH lOutput High Voltage (BUS) IOH =-280pA N I v
[VOH1  [Output High Voltage IOH =-80uA 2.4 - | -V
| |(RD, WR, PSEN, ALE) I | |

Ivon2 [Output High Voltage | IOH =-30n4A 2.4 - | -1V
l (For other output pins) | |

| | |

J1LI [Input Leak Current (T1, INT) |vSS < VIN < vCC | - | - | 10| uA
l I - - | |

1111 Input Leak Current _ [vSS+0.45<VINCvCC] - | - T[-700] nA
l (P10-17, P20-P27, EA, SS) - |

[1L0 Output Leak Current (BUS, TO) |VSS+0.45<VINCVCC|] =~ | - | #10] naA
| (High impedance condition) | - | |

| 1DD VDD Supply Current -1 -1 20| mA
|IDD+ICC|Total Supply Current | -1 - 1 145] mA
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AC CHARACTERISTICS
|TA=-40"C to 85°Cl|, VCC=VDD=+5V+10%, VSS=0V, Unless Otherwise Noted.

| SYMBOL | PARAMETER TEST CONDITIONS |MIN.|TYP.|MAX.|UNIT|
[tLL ALE Pulse Width 2001 - | - ns |
[tAL Address Setup Time (ALE) 120] - - ns |
[tLA |Address Hold time (ALE) 80| - - ns |
| | . | | |
ltce Control Pulse Width(PSEN,RD,WR)! | 400! - | - ns |
! . [ [ l [ |
| £DW [Data Setup Time (WR) | 420} =~ - ns |
| ! I | I
| tWD |Data Hold Time (WR) | 80l - | - ns_|
|tCy Cvcle Time | 2.5 = 15.0! wus |
[ | [ | |
| tDR Data Hold Time (PSEN,RD) CL = 20 pF | ol - 200| ns |
| | | [ |
I tRD Data Input Read Time (PSEN, RD) | =1 = | 400! ns |
| [ | | ] I
| tAW Address Setup Time (WR) | 230] - - | ms |
) Address Setup Time (Data Input) - | - 600] ns |
! ‘ | { | !
1 i

| tAFC Address Float Time (RD, PSEN) -40] - - | ns |
ftCA Internal between Control Pulse 10] - - | ns |
I land ALE | | ! | |
it iPort Contral Setun Tims {(FROG) | P11st - - ns -
ferc '"Port Contrsl Hold Time (PROC) ' 65! = 1 = ! ng |
'tPR {Port 2 Input Data Set Time ! P-4 - 1 863 ms ;
| (PROG) I ] i
| tDP Output Data Setup Time (PROG) 230] - - | ns |
[ tPD [Output Data Hold Time (PROG) 25] - - | ns |
| tPF jPort 2 Input Data Hold Time o] - 160] ns |
l (PROG) , !
|tPp PROG Pulse Width 920] - - | ns |
tPL Port 2 I/0 Data Setup Time 300] - - | ns |
|tLP Port 2 1/0 Data Hold Time 120 - - ns |

Note :tCY=2.5us, Control Output:CL=80pF, BUS Output: CL=150pF, PORT20-23:
CL=80pF.
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TIMING WAVEFORM

A. Instruction Fetch from External Program Memory

tCY
fLL
ALE
s/ N 7\
LAFC toa
~ |
PSER A 3
tAL | tcc -
1
s A XTI X ——
t N -
Address / £AD RD | Instruction

B. Read from External Data Memory

ws 7/~ 35@///// T Y,
Address/ !'LBD— ]

C. Write into External Data Memory

ae /N Mo

_ tee
W
' \ 7

tow twp

BUS X/ R pata 7@(

t
Address/ AW
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D. Timing of Port 2 during Expander Instruction Execution

Ton (ma)

Ion (pA)

—
ALE _/_\ Z \ ] tca
7 M . top tpD
PORT20 { -
Poa%23 PCH X, KchaEte1 Moutput Data]
1
(Output Data) Port 20— 23 ‘ tpR | L teF
PORT20 Data | | [
x g ort y‘
POR'T23 Fo —);.’7’ oottt K+ R \:
(Input Data) Port 23‘23 tep ' trc Input Data
ata
PROG 5 'é
s
tpp
* Input Enabled State
TYPICAL CHARACTERISTICS
1) BUS: Ioy = Vou 3) BUS, P1, P2: Iop - Vor
-50 Vpp=Vcc=5V 50 VpD=VCe=5V
TA=25°C < TA=25°C
N
=30 = 30 —
N P
-10 —~ : 10 —
0 T~ 0
0 2 Vou (v) 4 0 2 4
Vo (M)

2) Pl. PZZIOH ~VoH

-500 Vpp=Vcc=5V
TA=25°C
-300
-100 =
0
0 2 4
Vou (v)
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PROGRAM TAPE
TMP 8048 pr

format and it

is same as th

FORMAT

ograms are delivered in the form of paper tape with the following
is required to attach the tape list. The format of paper tape

e Intel type object tape (hexadecimal tape output by Intel MDS

system, PROMPT 48 Development Tool, etc.)

(1} Tape Format

1
tf///i\\\t[ }Leader, 50 "NULL" characters or more

n_on

Cormentsg | ----- Comment (Record mark
(CR)
(=)

is not included)

Option

----- Record Mark
Record Length (2 hexadecimal digits)

Loading Address (4 bexadecimzl digits)

"00" .... Normzl Record
Record Type (2 Digits) wp1® ... End of File Record

Data
o -4
<
Check Sux (2 hexadecimal digits)
(CR) Du——y charzcters {RUBOUT, BLANK) before and after "(CR) (LF)" are
(i7) crricnzl.
: -=-----Record Mzrk (Repeated below)
-~ =
_(Cr)
(F
]
A ! < ]Trailer. 50 "NULL" characters or more

(2) Example of Tape List

TOSHIBA MICRO COMPUTER TLCS-48
:100000000665C7D79CFSOF3F951 FED55A8FF16E570
:1000100088884DDE67D31F5D8ABA6DF292F113F5C1
:100020004FF1 FBSDFFDAA96A99CF7DF94A346B7C09
:10003000197352F729F12F79AA9C057C5B851EED77

:1003C0005DFDBSES556A67277F61A51C631CFI9FOESQ
:1003D000BD2F6F20E8BB1977E3FB5AD1F41 FDAATE2
:1003E000B53D42EOEC32546025B7308CDD52063D1D
:1003F000B4BE9E9E 345B6138060B20VC372BF60BD6
:00000001FF
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OUTLINE DRAWING

40
jmisisinimininiminliainisiaisisissleE sl
=<
<
=
N
-
NS NS Y OO G R S Jy S N U S O N S N G D J N J W0 W |
1
z
v o
S1.3IMAX =

3.2MIN

0.5%+0.15

1.4 £0.15

Unit in mm

Note: 1. This dimension is measured at the center of bending point of leads.
2. Each lead pitch is 2.54mm, and all the leads are located within
+0.25mm from their theoritical positions with respect to No.l and

No.40 leads.
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8-BIT SINGLE-CHIP MICROCOMPUTER
GENERAL DESCRIPTION

The TMP8049PI-6, from here on referred to as the TMP8049, is a single chip
microcomputer fabricated in N-channel Silicon Gate MOS technology which
provides internal 8-bit parallel architecture.

The following basic architectural functions of a computer have been
included in a single chip; an 8-bit CPU, 128 x 8 RAM data memory, 2K x 8 ROM
program memory, 27 I/0 lines and an 8-bit timer/event counter.

The TMP8049 is particularly efficient as a controller. It has extensive
bit handing «capability as well as facilities for both binary and BCD
arithmetic.

The TMP8039PI is the equivalent of a TMP8049 without ROM program memory on
chip. By wusing this device with external EPROM or RAM, software debugging
becomes easy.

FEATURES

« 2.5 WS Instruction Cycle . 128 x 8 RAM

. All instruction 1 or 2 cycles . 27 1/0 lines

. Over 90 instructions; 70% single byte . Interval Timer/Event Counter
. Easy expandable memory and I/0 . Single level interrupt

. 2K x 8 masked ROM . Single 5V supply

-40°C to +85°C Operation

PIN CONNECTIONS (Top View)

-3

om N sop Voo (4+5V)
XTAL1 2 390 T1
XTAL, O3 3813 pyy
RESET G4 378 Pag
55 05 36 Pyg
INT O6 35p Py
FA 007 34 P Py
RD O3 33D Pyg
FSER 09 320 Pys
WR 010 31Q Py
ALE O11 308 P13
pBg H12 293 Pyp
DB, Qi3 2803 P11
DB, 014 270 Pio
DBy QL> 260 Vi (+5V)
DB, 016 258 PROG
pBg 017 26 Ppq
DBbl:lS 23p Poo
(ovyVss g2o 2P 7,
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BLOCK DIAGRAM

DBO“D” P10-P1y P20-P27
Port O Port 1 Port 2
Buffer Buffer Buffer
.
INT
Oscillation p— F— — )
F utpu utpu utpu
ey Latch Latch Latch —————{ Mask ROM
l 1 { 1K x 8

1/480 ~l “ (Pﬁism
Interrupt | {Timer/ PCH PCL
Circuit Counter
T 0 | 0 g U

N e
IJ AV II Il
;:i::u- :::;p;;g. rlags Instruc— PSW 2‘: :i:i::esj] N4
U l:i.on Re/- | = RAM
e Jorcoer pe |
Flag
FO F1 Carry

<Y Uil
A Accumulator:> Conditional

Bit Test
Jump Circuit
To Ty INT
Control and Timing Circuit I l !
XTAL2
XTAL, RESET INT EA S5 ALE PSEN RD WR PROG
‘ T T T ? T T Note 1) The lower order 4 hits of
I ‘ T T port 2 output latch are
- o F oo 8D @ LR ow v v m used a%so for:- input/output
s B8 @ Bo po 5 mefo ~ g} operations with the I/0
c = © 0 [ 3] [+ -] 0o O Q0 ] o
f o m et bR = IO ooH o3 expander.
n = 2} = n n wv [ =%
] -t [<] w o (720" =] (23 o
g 2 % E- gz 3 § " Nete 2)
2 2 P> B o s Note 2) The output latch of port O
" fT 7 7 2 is also used for address

output.
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PIN NAMES AND PIN DESCRIPTION

VSS (Power Supply)
Circuit GND potential

VDD (Power Supply)
+5V during operation Low power standby pin for TMP8049 RAM

VCC (Main Power Supply)
+5V during operation

PROG(Output)
Output strobe for the TMP8243P I/0 expander

P10-P17 (Input/Output) Port 1
8-bit quasi -bidirectional port (Internal Pullup=50kQ).

P20-P27 (Input/Output) Port 2
8-bit quasi-bidirectional port (Internal Pullup=50kQ).
P20-P23 Contain the four high order program counter bits during an

external program memory fetch and serve as a 4-bit I/O expander bus for
the TMP8243P.

DBO-DB7 (Input/Output, 3 State)
True_bidirectional port which can be written or read synchronously using
the RD, WR strobes. The port can also be statically latched. Contains
the 8 low order program counter bits during an external program memory
fetch, and receives the addressed instruction under the control of PSEN.
Also contains the address and data during an_external RAM data store
instruction, under control of ALE, RD, and WR.

TO (Input/Output)
Input pin testable using the conditional transfer instructions JT0 and
JNTO0. TO can be designated as a clock output using ENTO CLK instruction.

T1 (Input)
Input pin testable using the JT1 and JNT!l instruction. Can be designated
the event counter input using the timer/STRT CNT instruction.

INT (Input)
External interrupt input. Initiates an interrupt if interrupt is_
enabled. Interrupt is disabled after a reset. Also testable with
conditional jump instruction. (Active Low)

RD (Output)
Output strobe activated during a Bus read. Can be used to enable data
onto the Bus from an external device. Used as a Read Strobe to External
Data Memory (Active Low).

WR  (Output)
Output strobe during a Bus write (Active Low) Used as a Write Strobe to
External Data Memory.

MCU48-139



TOSHIBA TMP8049P1-6,TMPB8039P1~6

RESET (Input)
Active Low signal which is used to initialize the Processor. Also used
during Power down.

ALE (Output)
Address Latch Enable. This signal occurs once during each cycle and is
useful as a clock output. The negative edge of ALE strobes address into
external data and program memory.

PSEN (Output) ‘
Program Store Enable. This output occurs only during a fetch to external
program memory (Active Low).

SS (Input)
Single step input can be used in conjunction with ALE to "single step"
processor through each instruction when SS is low the CPU is placed into
a wait state after it has completed the instruction being excuted.

EA (Input)
External Access input which forces all program memory fetches to reference

external memory. Useful for emulation and debug and essential for testing
and program verification. (Active High).

XTAL 1 (Input)

One side of crystal input for internal oscillator. Also input for extern-
al source.

XTAL 2 (Input)
Other side of crystal input.

FUNCTIONAL DESCRIPTION
1. System Configuration

The following system functions of the TMP8049 are described in detail.

(1) Program Memory (6) Stack (Stack Pointer)

(2) Data Memory (7) Flag 0, Flag 1

(3) 1I/0 Port (8) Program Status Word (PSW)
(4) Timer/Counter (9) Reset

(5) Interrupt Control Circuit (10) Oscillator Circuit

(1) Program Memory
. The maximum memory that can be directly addressed by the TMP8049 is
4096 bytes. The first 2048 bytes from location O through 2047 can be
internal resident mask ROM. The rest of the 2048 bytes of addressable
memory are external to the chip. The TMPB039 has no internal resident
memory; all memory must be external.
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There are three locations in Program Memory of special importance.

Address W
4095

Memory Bank 1

2048

2047 7/////7///7/_7/7-

by

- Internal ROM

i

Program Memory Area

Memory Bank O

. Location 0
Activating the Reset line of the processor causes the first instruc-
tion to be fetched from Location O.

. Location 3
Activating the interrupt line of the processor (if interrupt enabled)
causes a jump to subroutine defined by address held in Location 3.

. Location 7
A timer/counter interrupt resulting from a timer/counter overflow
(if enabled) causes a jump to a subroutine defined by address held in
Location 7.
. Program address 0-2047 and 2048-4095 are called memory banks 0 and 1
respectively switching of memory banks is achieved by changing the
most significant bit of the program counter (PC) during execution of
an unconditional jump instruction or call instruction executed after
using SEL MBO or SEL MBI.

Reset operation automatically selects Bank 0.

(2) Data Memory

. Resident Data Memory (volatile RAM) is organized as 128 words by 8-bits
wide.

. The first 8 locations (0 ~7) of the memory array are designated as
working registers and are directly addressable by several
instructions. By executing a Register Bank switch instruction (SEL
RB1) locations 24 - 31 are designated as the working registers in
place of 0 - 7.
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Addrecs
127
Data Memory
32
31l Resister Bank 1
24 | RB1
23 T T T T T T T
8 Level Stack
8 (16 byte)
7[Resister Bank O |
0 RBO

Internal Data Memory Area

. RAM locations 8 - 23 serve a dual role in that they contain the program
counter stack which is a stack 2 bytes wide by 8 levels deep. These
locations store returning addresses from subroutines. If the level of
subroutine nesting is less than the permitted 8, you free up 2 bytes of
RAM for general use for every level of nesting not utilized.

. ALL 128 1locations are indirectly addressable through either of two RAM
Pointer Registers which reside at RO and Rl of the Register array.

. The TMP8049 architecture allows extension of the Data Memory to 256 words.

(3)Input/Output Ports

. The TMP8049 has 27 I/0 lines which can be used for either input or output.
These I/0 lines are grouped into 3 ports each having 8 bidirectional lines
and 3 "test" inputs which can alter program sequences when tested by con-
ditional jump instructions.

. Ports 1 and 2 are each 8-bits wide and have identical characteristics.
Data written to these ports is statically latched and remains unchanged
until rewritten. As input ports these lines are non-latching, i.e., inputs
must be present until read by an input instruction.

. All lines of Ports 1 and 2 are called quasi-bidirectional because of a
special output circuit structure (illustrated in Figure 1). Each line is
continously pulled to a +5V level through a high impedance resistive device
(50kQ ) which is sufficient to provide the source current for a TTL high
level yet can be pulled low by a standard TTL gate thus allowing the same
pin to be used for both input and output. In order to speed up the "0"
to "1" transition a low impedance device (5kQ ) is switched in momentarily
whenever a "1" is written to line. When a "0" is written to line a low
impedance device overcomes the pullup and provides TTL current sinking
capability.
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ANL, ORL
+5V 45V
\ Lo

Internal Bus D 0 _:i::>___4

D-Type
Flip-Flop

[—— CLK
Inter Buffer

_~
w T

Fig.l Input/Output Circuit of Port 1, Port 2

_______{:] 50kQ I/0 pins
Portl or 2

Q ]

Write Pulse—

Reset initializes all lines to a high impedance "1" state.

. When external data memory area is not addressed during excution of an
internal program, Port 0 (DBO - DB7) becomes a true bidirectional port
(bus) with associated input and output strobes. If bidirectional feature
not needed Bus can serve as either a statically latched output port or
a non-latched input port. However, I/0 lines of this port cannot be
intermixed.

. As a static port data is written and latched using the OUTL instruction
and inputted using the INS instruction these two commands generate
pulses on the corresponding RD and WR strobe lines.

. As a bidirectional port the MOVX instructions are used to read and write

the port which generate the RD and WR strobes.
. When not being written or read, the Bus lines are in a high impedance
state.
(4)Timer /Event Counter

. The 8-bit binary up counter can use either of the following frequency
inputs

(1) Internal clock (1/480 of 0SC frequency)
cesetesseess Timer mode
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(2) External input clock form Tl terminal
(minimum cycle time 3 x ALE cycle)
esesssnsssssas Event Counter mode

The counter is presettable and readable with two MOV instructions
which transfer the content of the accumulator to the counter and vice
versa. The counter content 1is not affected by a Reset and is initialized
solely by the MOVT, A instruction. The counter is stopped by a Reset or
STOP TCNT instruction and remains stopped wuntil started by START T
instruction or as an event counter by a START CNT. Once started the
counter will increment to its maximum count (FF) and overflow to Zero
continuing its count until stopped by a STOP TCNT instruction or RESET.

The increment from maximum count to Zero (overflow) results in the setting
of an overflow flag and the generation of an interrupt request. When
interrupt acknowledged a subroutine call to Location 7 will be initiated.
Location 7 should store the starting address of the timer or counter
service routine. The state of the overflow flag is testable with the
conditional JUMP (JTF). The flag is reset by excuting a JIF or by RESET.
Figure 2 illustrates the concept of the timer circuit.

Timer Overflow Flag

1/32 .
XTAL/15——t | Flip-Flop
Pre-scaler

—

!

JTF Instruction

Cleared on Start Timer

8-Bit Timer/

NT O
STOP TCNT Counter

STRT CNT Timer Interrupt
Request Flip-Flop

T1 Edge Detector

Read/Write Enable | INT

Timer Interrupt Enable

Fig.2 Concept of Timer Circuit
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ITF —1S Conditional Jump Logic
Instruction Timer

Flag F-F

R

Reset

Timer Overflow

S Q
Timer
Timer Interrupt Overflow

o b
Execution r F-F D_S s X 10
=
Reset RETR E ®=
-—
Instrucz JR ¢ T 3
tion i
INT pin| D
Inter-
ot . External inter-
ALE CLK Qrupt Recognized
D
Last cycle Timer interrupt
of Instruction Recognized
T
CLR
EX I _ « e
Instruction —(S ¥ Q— &3 TGl —s o QF—
LT Instruction £ Execution of Inter-
T 2 EE rupt Call Instructiom
- R E & =
REEL REEL —
Reset
?iztiuction DIS TCKT1
Instruction

Fig.3 Concept of Interrupt Control Circuit

(5) Interrupt Control Circuit
. There are two distinct types of Interrupts in the TMP8049.
(1) External Interrupt from the INT terminal

(2) Timer Interrupt caused by timer overflow
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The interrupt system is single level in that once an interrupt is detected
all further interrupt requests are ignored until execution of an RETR
(which should occur at the end of an interrupt service routine) reenables
the interrupt input logic.

. An interrupt sequence 1is initiated by applying a low level "0" to the INT
pin. 1INT is level triggered and active low which allows 'Wire Oring" of
several interrupt sources. The interrupt level is sampled every machine
cycle during ALE and when detected causes a "jump to subroutine' at Loca-
tion 3. As in any call to subroutine, the Program Counter and Program
Status Word are saved in the stack.

. When an overflow occurs in the internal timer/event counter an interrtupt
request is generated which is reserviced as outlined in previous paragraph
except that a jump to Location 7 is used instead of 3. If INT and times
overflow occur simultaneously then external request INT takes precedence.

. If an extra external interrupt is needed in addition to INT this can be
achieved by enabling the counter interrupt, loading FFH in the counter
(one less than the terminal count), and enabling the event counter mode.
A "1" to "0" transition on Tl will cause an interrupt vector to Location 7.

- The interrupt service routine pointed to be addresses in Location 3 or 7
must reside in memory between 0 and 2047, i,e., Bank O.

Figure 3 illustrates the concept of the interrupt control circuit.

(6) Stack (stack Pointer)

. An interrupt or Call to subroutine causes the contents of the program
counter to be stored in one of the 8 register pairs of the Program Counter
Stack. The pair to be used is determined by a 3-bit stack pointer which is
part of the Program Status Words (PSW explained in section (8)). Data RAM
locations, 8 through 23 are available as stack registers and are used to
store the program counter and 4-bits of PSW as shown in the figure.

. The stack pointer when initialized points to RAM location 8 and 9. The
first subroutine jump or interrupt results in the program counter contents
being transferred to Locations 8 and 9. Then the stack pointer is incre-
mented by one to point to Locations 10 and 11. Eight levels of subroutine
are obviously possible.

. At the end of a subroutine signalled by a RET or RETR causes the stack
pointer to be decremented by one and the contents of the resulting pair
to be transferred to the Program Counter.
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TOSHIBA

T
| 23

7 1
! 22

!
21

6 |
! 120

1
5 : 19
| 18
4 E 17
i 16

|
3 : 15
i 14

]
2 : 13
! 12

i
] 11

1 |
! 10

N i "
[ rsi__freeru |
PCan T ! PCON 3 8
Stack RAM
Pointer Address

(7) Flag 0, Flag 1, (F0, F1)

The TMP8049 has two flags FO and Fl which are used for conditional jump.
These flags can be set, reset and tested with the conditional jump
instruction JFO.

FO is a part of the program status word (PSW) and is saved in the stack
area when a subroutine is called.

(8) Program Status Word (PSW)

An 8-bit status word which can be loaded to and from the accumlator exists
called the Program Status Word (PSW). The PSW is read by a MOV A, PSW and
written to by a MOV PSW, A. The information available in the PSW is shown
in the diagram below.
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Stack Pointer

/
fc 1aC |FO IBS [1 !s2 [S1 |s0Q |

MSB | [ LSB
| IR
Saved in stack area Spare ("1" during Read)
at the time of Sub-
routine Call.

Bits 0 - 2 : Stack Pointer Bits(SO, S1, S2)

Bit 3 : Not used ("1" level when read.)
Bit &4 : Working Register Bank Switch Bit
(BS)
0 = Bank 0
1 = Bank 1
Bit 5 : Flag 0 (FO)
Bit 6 : Auxiliary Carry (AC) carry bit generated by an ADD
instruction and used by the decimal adjust instruction
DA, A (AC)
Bit 7 : Carry (C) flag which indicates that the previous
operation has resulted in the accumulator.
<)

(9) Reset

. The reset input provides a means for initialization of the processor.
This Schmitt trigger input has an internal pullup registor which in
combination with an external 1uF capacitor provides an internal reset
pulse sufficient 1length to guarantee that all internal logic 1is

initialized.

1k§
o—MW ! RESET

o £
, 7
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If the pulse is generated externally the reset pin must be held at ground
(£0.5V)for at least 50mS after the power supply is within tolerance.

. Reset performs the following functions within the chip:

(1) Sets PC to Zero.

(ii) Sets Stack Pointer to Zero.

(iii) Selects. Register Bank O.

(iv) Selects Memory Bank O.

(v) Sets BUS (DBO - DB 7) to high impedance state. (Except when EA = 5V)
(vi) Sets Ports 1 and 2 to input mode.

(vii) Disables interrupts (timer and external).
(viii) Stops Timer.

(ix) Clears Timer Flag.

(x) Clears FO and Fl.

(xi) Disables clock output from TO.

(10) Oscillator Circuit

. TMP8049 can be operated by the external clock input in addition to
crystal oscillator as shown below.

g
Y}
(o]
0]
L —
[\ &)
-

2:XIAL 1 D° [ XTAL 1
- e
1 '[ l - a
OPFI = TTL Gate g
3} XTAL 2 4708 30 XTAL 2
F +5V #

10pF l

2. Basic Operation and Timing

The following basic operations and timing are explained
(1) Instruction Cycle

(2) External Memory Access Timing

(3) Interface with I/0 Expander TMP8243P

(4) Internal Program Verify (Read) Timing

(5) Single Step Operation Timing

(6) Low Power Stand-by Mode
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(1) Instruction Cycle

. The instructions of TMP8049 are executed in one or two machine cycles,
and one machine cycle contents of five states.

. Fig.4 illustrates its relationship with the clock input to CPU.
. 62 clock shown in Fig.4 is derived to outside by ENTO CILK inmstruction.

. ALE can be also used as the clock to indicate the machine cycle as well
as giving the external address latch timing.

(2) External Memory Access Timing
(i) Program Memory Access
. TMP8049 programs are excuted in the following three modes.

(1) Execution of internal program only.
(2) Execution of both extermal and internal programs.
(3) Execution of external program only.

The external program memory is accessed (instructions are fetched)
automatically when the internal ROM address is exceeded in mode (2)
and from initial start address 0 in mode (3).

. In the external program memory access operation, the following will occur

. The contents of the 12-bit program counter will be output on BUS(DBO -
DB7) and the lower 4-bits of Port 2.

. Address Latch Enable (ALE) will indicate the time at which address is
valid. The trailing edge of ALE 1is used to latch the address
externally.

. Program Store Enable (PSEN) indicates that an external instruction
fetch is in progress and serves to enable the external memory device.

. BUS (DBO - DB7) reverts to Input mode and the processor accepts its
8-bit contents as an Instruction Word.

. Figure 5 illustrates the timing.
(ii) Access of External Data Memory

. In the extended data memory access operation during READ/WRITE cycle the
following occurs

. The contents of RO Rl is output onto BUS (DBO - DB7).

. ALE indciates address is valid. The trailing edge of ALE is used to
latch the address externally.

. A read RD or write WR pulse on the corresponding output pins indicates
the type of data memory access in progress. Output data valid at_trail-
ing edge of WR and input data must be valid at trailing edge of RD.

. Data (B-bits) is transferred over BUS.
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(6MHz)
(zmﬁ) —‘l
enerated I | I l l I ] l AJ L
nternally ¢2 7
State 1 2 3 4 5 1
Instructien Decode Execution Execution Execution
Fetch
1 State 1 Cvcle
t
Next Address Latch Timing
ALE ]
(400kHz)

Fig.4 Instruction Cycle Timing

Port
P20 - P23 X ggggx Address ggggX Address Dota X Address
_ Add- Add- Adad-
Instruction Instruction
ALE \ \

—
e | 1 — -

Fig. 5 Timing of External Program Memory Access
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Program Address Data Address Program Address
S G D G = G S b
Instruction Input/Output Data Instruction

ALE J \ | {
RD (WR)
| —
PSER
| j

I External Data Memorv Access Instruction l
- —

Suggest we have diagrams

Read I_.\ Write
ALE ﬂ ALE
{ ) BUS Add Data
BUS { Add.) Data .

Fig. 6 Timing of Accessing External Data Memory
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. Figure 6 illustrates the timing of accessing the external data memory
during execution of external program.

(3) Interface with 1/0 Expander (TMP8243P)

- The TMPB049 I/0 can be easily expanded using the TMP8243 I/0 Expander.
THis device uses only the lower half 4-bits of Port 2 for commuication
with the TMP8049. The TMP8243 contains four 4-bit I1/0 ports which serve
as extensions of one chip 1/0 and are addressed as Ports (4-7). All
communication takes place over the lower half of port 2 (P20 - P23) with
timing provided by an output pulse on the PROG pin. Each transfer consists
of two 4-bit nibbles the first containing the "OP Code" and port
address and the second containing the actual 4-bits of data.

+12V
-
RESET OV L, A
4
ALE - E VPR S
Output of Intermal Input of Internal
DBO — DB7 £8§“ng£e§2ternal RO)PData POM tdéress
Input of Internal
P20, P21 Input of Internal ROM Address ROM Address

Fig.7 Timing of Reading Internal Program Memory

5v
5V 10K
Ss
10K RON ]
3
5y 5V—p Q 55
] 10K 74
T R Q

Fig.8 (a) Single Step Circuit
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Reading of Internal Program Memory

. The processor is placed in the READ mode by applying +12V to the EA pin and
OV to the RESET pin. The address of the location to be read is then
applied to BUS and the low order 2-bits of Port 2. The address is latched
by a 0 to ] transition on RESET and the high level causes the contents of
program memory location addressed to appear on the eight lines of BUS.

. Figure 7 illustrates the timing diagram for this operation.
(5) Single Step Operationm.

. A single step feature useful for debug can be implemented by utilizing a
circuit shown in Figure 8 (a) combined with the SS pin and ALE pin.

. A D-type flip flop with set and reset is used to generate S§S. In the run
mode SS is held high by keeping the flip flop set. To enter single step,
set is removed allowing ALE to bring SS low via reset input. The next
instruction is started by clocking a "1" into the FF which will not appear
on SS unless ALE is high removing reset. In response to SS going high
the processor begins an instruction fetch which brings ALE low resetting
FF and causing the processor to again enter the stopped state.

. The timing diagram in this case is as shown in Figure 8 (b). (EA = 5V).

(6) Lower Power Stand-by Mode.

. The Lower TMP8049 has been organized to allow power to be removed from all
but the volatile, 128 x 8 data RAM array. In power down mode the contents
of data RAM can be maintained while drawing typically 10 - 15% of normal
operating power requirements.

. VCC serves as the 5V supply for the bulk of the TMP8049 while the VDD
supplies only the RAM array. In standby mode VCC is reduced to OV but VDD
is kept at 5V. Applying a low level to reset inhibits any access to the
RAM by the processor and guarantees that RAM cannot be inadvertently
altered as power is removed from VCC.

s—7/ \

ALE _\ / L _,: For two

Instruction Input instruction

DBO - D87 _address (PC)  »—{ )———{  Address (PC+l)
P20- P23 Address (PC) ::jX(i x Address (PC+1)

Port20- 23
Data

Fig.8(b) Single Step Operation Timing
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INSTRUCTION
ACCUMULATOR INSTRUCTION

. | Instruction Code | ; ] | | FlagI
| Mnemonic \peoT A’DBIDlellDOI Operation |Bytes |Cycles|—goc
| ADD A,Rr ol 11 1 ol 11 rl rl rl(a)<-(aA)+(Rr) | 1| 1 | ol ol
| o te= 0-7 I | [
|ADD A,@Rr [ ol 1] 1] o} 0! 0} o rl(a)<-(a)+((Rr)) [ 1 ] 1 | ol of
I b te= 0,1 I | [
|ADD A,#Data | 0| 0| 0] 0l 0| 0] 1| 1/(a)<-(A)+Data I 2 1 2 | ol ol
| |d7]d6]d5]dsald3]d2]41(do! I I ol
|ADDC A,Rr ol 11 21 11 1] o] rf rlCA)<=(A)+(R)+(CY | 1 | 1 | ol ol
| [ T A E Y R R N S S | [ [
|aDDC A,ERr | O] 1] 11 1} 0} o] O] r{(A)<=(a)+(Re)+ | 1 | 1 | o} ol
| (T O A A A KA o). | I [
| o br=0,1 I I N
|ADDC A,#Data | 0] 0l Ol 1} 0l Ol 1| 1i(A)<-(a)+Data+(C) | 2 | 2 | o} ol
| 1d71d61d5{d4!1d3]d21d11d0] | | [
|ANL A,Rr | ol 11 o) 1] 1} rl r! rl(a)<-(a) and (Rr) | 1] 1 | -] -]
| T e T O O A B | | [
|ANL A,GRr | ol 11 ol 11 ol ol ol r!(aA)<-(A)and (RN} 1 | 1 | = -|
I b r=o0,1 | | N
|ANL A,#Data | 0} 1] 0] 1} ol ol 1] 1l(a)<~ (A) and Data | 2 | 2 | -] -
| |d71d6id51d4ld3ld2aldlidol [ I |
|ORL A,Rr ol 11 of o} 1! rf ¢l rl(a)<-(a) or (Rr) | 1 | 1 | -] -}
[ = 0-7 I ] (R
|ORL A,@Rr | ol 11 ol ol o} ol of riCaA)<-(A) or ((ReI 1 | 1 | -] -
J b b= 0,1 J { [
|ORL A,#Data | Ol 1] ol o] o! o] 1} 1{(A)<-(A) or DPata | 2 | 2 | -| -}
| |d71d61d51d41d3|d21d1]d0| | I [
|XRL A, Rr 1)1t ol 1) 1 ol el rl(A)<-(A) EOR (Re) | 1 | 1 | - -
| -t le= 0=~7 I | I
IXRL A,@Rr [ 11 1] ol 11 ol ol ol rl(a)<-(a) EOR((ReM)| 1 | 1 | -] -
I e T e T B N D | I [
[XRL A,#Data | 1| 1| 0] 1| 0l 0| 1] 1l1(A)<-(A) EOR Data | 2 | 2 | -| -|
| {d7]1d6ld5]d4ld3]d2]d1ld0] I I [
|INC A [ o] ol o 1] o] 11 11 11(A)<-(A)+1 | 1 1 | -] -
|DEC A | ol of 0] ol of 1] 1] 1]CA)<-(a)-1 | U T S B
[CLR A [ ol ol 1] ol o} 1} 1| 1{(a)<-0 I 1 | 1 | -l -
[CPL A [ ol ol 1] 1] o] 1] 1| 1|(A)<-NOT (&) [ 1 | 1 [ = -]
DA A [ ol 11 ol 1] ol 1] 1] 1|Decimal Adjust o1 1 | ol -
| 11 1t | | lAccumulator | | (I
|SWAP A | ol 1| ol ol of 1| 1| 11(A&-7)->(a0-3) |1 | 1 |-l -
! A A Y T T I <~ I | (I

L I | o
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| | Instruction Code | . | | | Flagl
| Mnemonic ID71D61D5/D41D3|D2ID11D0] Operation lBytes |Cycles‘-6--£|
IRL A | 11 1] 1] ol o] 1] 1} 1](An+1)<-(An) 1 1 1 |- -l
I b+ 11 1 tn= 0-6 I | [
I P 1a0)<-(a7) I | [
|RLC A [ 11 11 1) 11 0] 1] 1] 1] (An+1)<~(An) |1 1 1 | -1~
| 11 1 11 1 fta= 0-¢8 I I [ ]
I A A E R N R N N K ROV D] I | [
| N A I R N I N N N (DR (9] | I [
[RR A o1 11 11 11 ol 11 1] 1} (Aan)<~(An+l) [ N
| [t b 111 Ia= 0-6 I I B
| bbb 1T 1a7)<-(a0) ] | bl
|RRC A ol 11 1} ol ol 1] 1} 1li{(An)<-(an+1) [ N S e
I bbb = 0-6 I | [
| [ T N R N T R K €2 0D | | [
| b0 1an<-(o) | | P
Input/Output Instruction
. Instruction Cod . F

| Mnemonic ;D7ID6ID5 D4|D3|D2|D1[D0|  Operation ;Bytes {CY°1651'27§%}
[IN A,Pp | 0] o] ol o] 1] ol Pl P (A)< (Pp) | 1 | 2 | -] -}
| N R R R T R A 4 1, 2 | | [
|OUTL Pp,A IOIOI1I1I110IPIPI@pK (a) 1 2 -1 -
| N R A A A T T O 1, 2 | | [
|ANL Pp,#Data | 1] 0| 0} 1] 1} O] P| PI(Pp)< (Pp)and Datal 2 | 2 | -] -]
| d71d6|d5|d4]d3/d21d11do| P 1, 2 | ! [ 1]
|ORL Pp,#Data | 11 0} 0] 0| 1| O} P| P|(Pp)< (Pp)or Data | 2 | 2 | =] -]
| |d71d6|d5]d41d3]d2|d11d0| P 1, 2 | | I
| INS 4,BUS | ol ol ol of 1] o} ol 0|(A)< (BUS) 1 1 2 |- -]
JOUTL BUS,A | 0] 0} 0] 0l ol o] 1} 0l(BUS)<-(A) 1 2 | -] -
| ANL BUS,#Datal 1| 0} 0l 1] 1} 0| O] Ol (BUS)<-(BUS) and | 2 | 2 | -| ~|
I |a71d61d5]d41d31d2!d11d0| Data I I [
|ORL BUS,#Datal 1| 0| 0} ol 1| Ol 0| Ol (BUS)<~-(BUS) or | 2 | 2 | =] -]
| |d7/d6|d51d4}d3}d2|d11d0|Data ! | [
|MOVD A,Pp [ ol ol 0l 0l 1] 1| P| P](a0-3)<-(Pp) [ 1 1 2 | -] -]
| [ N N A I R R O-VS DR | | [
| v 1 b le=4-=7 | ! [
|MOVD Pp,A | ol ol 1] 11 1] 11 P| P|(Pp)<-(a0-3) I T A A
I R T N N I A | J I
| ANLD Pp,A [ 11 ol ol 1} 1] 1| P| P|(Pp)<-(Ppland D S A

R R O-OE)) | | [ .
| N N - | | I
|ORLD Pp,A | 11 o] o] ol 1| 1] p| P|(Pp)<-(Pplor(a0-3)| 1 | 2 | =] ~|
| L Lt b lrp=4-=-7 I L
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Register Instruction

a7labla5ia4]a3|a2lalla0lif T1 =0

bbb 11 T ee)=-=(PC)+2

| . | Instruction Code | . I [ [ Flag|
| Mmemonmic oo R TDSTD4|D3|D2IDIIDO|  OPeration |Bytes |Cycles —mroe)
| INC Rr { 01 ol ol 1] 1] r| rl r|(Rr)<-=(Rr)+l T 1 T 1 ]-=]-]
| b te= 0-7 | | [
| INC @Rr ol ol of 11 0] 0} Of ! ((Re))<=((Re))+1 | 1 | 1 | -] -]
| 111 1 1 tr= 0,1 I I N
| DEC Rr 11 11 0l of 1l rl rl r{(Rr)<--(Rr)-1 A R
| L le=0-7 I | L1
Branch Instruction

|” Mnemonic | Instruction Code { Operation [Bytes [Cycles| Flagl|
I | D7iD6!D5|D4|D3|D2iD1/DO] | I | clacl
|JMP Address |al0|a9!a8} 0] O] 1] O} 0I(PCO-7)<--(a0-7) | 2 2 | -1 -
| la7 |a6la5|atla3la2ialla0|(PC8-10)<--(a8-10)| | [
| I [ ¢t | | | [(PCl1)<--DBF I [ [
|JMPP EGA |11 ol 11 11 o] ol 1] 11(PcO-7)<~--((a)) [ 1 1 2 |-} -]
IDINZ Rr, 1) 1p 1 o 1] «f ¢l ¢l (Rr)<==(Rr)-1 2 1 2 | -] -]
|Address | a7la6la5|a4la3|a2ialla0lif Rr not O | | [
| | I 1 b b 1(pc0-7)<--(a0-7) | | [
|JC Address | 1| 11 1| 11 O] 1] 1] 0[(PCO-7)<=~(a0-7) | 2 | 2 | -l -}
| I bbb lifec=1 I | I
| | a7la6la5|asla3ia2lalla0l(PC) = (PC)+2 I I I

| 1 1 1 1 1 lifc=0 | | (I
|INC Address | 1| 1| 1] o] o] 1| 1] 0l(Pco-7)<-(a0-7) | 2 | 2 | -] -]
| | a7la6iaSla4ta3la2laliallif C = 0 | | I
I bt 111 1ee<-~(pc)+2 | | (I
| N N N R A R B € o | | I I
|3z Address | 1] 1] o] o} o} 1| 1] 0l(PCO-7)<~=(a0-7) | 2 | 2 ] -] -]
| | a7la6la5|asla3la2lalla0lif (A) =0 | I [
I | 1 L1 b 1 1 1ea<=-=(rC)+2 | I I
| I b b1 I Iif (A) .NEQ.O | | [ ] ]
|IJNZ address | 1| ol 0] 11 O] 1| 1} 0}(PCO-7)<=~(a0-7) | 2 | 2 | -| -]
| | a7la6la5|asla3la2lallallif (A) .NEQ.O ! | [
| 1 1 b bbb Iee)-=(PC)+2 | I [
| Pt 1if Ay =0 I | [
|JTO Address | 0] 0] 1] 1| ol 1] 1| 0](PCO-7)<=-(a0-7) | 2 | 2 | -| -|
| | a7la6la5]atla3la2lalla0lif TO =1 ! | I
| oL 1 11 feey<-—=(pe)+2 I | [
| Pt b b 11 fifTo=0 | | I
{INTO Address| 0| 0| 1] 0l 0| 1] 1} Ol(PCO-7)<-=(a0-7) | 2 | 2 | -1 -|
| | a7la6la5las|a3la2lalla0lif TO = 0 | | [
| [P 1 b1 b ee<--(rpC)+2 | | [
| 1 11 lifTo=1 ! | [
[JT1 Address | 0 1} o} 1] o] 1| 1| 0l(PCO-7)<--(a0-7) | 2 | 2 | =| =]
| | a7{a6la5|asla3la2lalla0lif T1 =1 | | I
| oL b1 1 eeXk-=(PC)+2 ! | (I
| P10 b b lifTL =0 I | b
|INT1 Address! 0| 1] 0o} 0} o] 1| 1| 0l (PCO~7)<--(a0-7) | 2 | 2 | -| -|
| | [ | [t
i I | | [
| | ! | [

bbb JifT =1
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| Mnemonic | Instruction Code i Operation {Bytes [Cycles| Flagl
| | D71D6[D5]D4|D3|D2|D1|DO] | ! | clac|
[JFO Address | 1] O] 1] 1} O] 1] 1] 01 (PCO-7)<--(a0=7) | 2 | 2 | -| -|
| | a7la6la5|asla3lazlalla0lif FO =1 | | (N
I ! b1 T 1(ee)<--(re)+2 I | |
| b b1 111 lifFO =0 [ | [
[JF1 Address | 0} 1| 1| 1} Ol 1| 1] 0}(®CO-7)<-=(a0-7) | 2 | 2 | -] -|
| | a7la6laStasla3la2lalla0}if F1 =1 I | [
I | [ L1 L1} l(peI<-—=(pC)+2 I | 1 ]
| | Pt b b1 lifEFL =0 | [
|JTF address | O] 0l 0} 1] ol Y| 1| 0l(PCO-7)<--(a0-7) | 2 | 2 | -] -l
| | a7la6laSlatla3ia2lallal|if TF =1 | | |1
[ bbb b ee)<-=(PC)+2 | | |1
| | bbb b lifETF =0 | I 1
|JNI Address | 1] 0} o] o] of 1| 1} 0} (PCO-7)<--(a0-7) | 2 | 2 | -] -}
| | a7la6la5latla3fa2lalla0lif INT = 0 | | T
| | 1 bbb EeK=—=(rC)+2 ! | [
I | I e Iif INT = 1 o I b
|JBb Address | b2|bl|bo| 1| 0] Ol 1l 0] (PCO-7)<-=(a0-7> | 2 | 2 | -| =}
| | a7la6la5la4tla3|a2lalla0lif Bb = 1 | | |
| I L 0 b1 11 1Ee=(pc)+2 | | [
| ! I 1 1 1 1 | | lifBb =0 | | I I
| ! L te=0-7 | | I I
| CALL Address|al0la9]a8] 1] 0f 1} 0| Ol((SP))<-- [ 2 1 2 | -] -l
| I 7la6laStastla3la2lalladl (PC),(PSW4-7) | | T
] ! bbb 11 1(sPI<—(sp)+1 | | |
I I P11 b1 11 1(pce-10)<--(a8-10) | | R
| | bbb b T(eeo-7)<--(a0-7) | | |
| bt 1 0t 1 1 | [1(cll)<--DBF I I [ 1
|RET | 11 ol o} ol ol O] 1] 1](SP)<~-=-(Sp)-1 R U I S T
| | bbb b b1 Jee)<-=((sp)) I ] [
|RETR | 1] ol o] 1} ol of 11 1](SP)<--(SP)-1 [y 7 2 1
| | b 11 1 1 b 1(pe)<==((sp)) | | |
| I bbb bbb L (psws-7)<==((sP)) | I L
Flag Manipulation Instruction

| Mnemonic | Instruction Code |  Operation Bytes |Cycles| Flagl|
| | D7ID6|D5[D4ID3[D2]D1[DO C|AC|
| CLR C [ 1] o] o} 1} o 1] 1] 1j(C)<--0 1 1 ol -|
| cPL ¢ | 1} 0l 11 of o] 1] 1] 1](c)<--NOT(C) | 1 | 1 | ol -]
| CLR FO [ 1] o} o] o]l ol 1| 0] 1|(FO)<-- 0 I 1 | 1 |- -]
| CPL FO | 1] ol ol 11 o} 1} o] 1/(FO)<--NOT(F0) ! 1 1 | -] -
| CLR F1 | 1] 0] 1] 0ol o} 1] o} 1|(F1)<-- 0 S S B
| CPL Fl [ 1l ol 11 1} ol 1l o] 1[(F1)<--NOT(F1) 1 b 1 | -] -]
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Data Transfer Instruction

| (PC8-11)<~-0011

| Mnemonic | Instruction Code | Operation |Bytes [Cycles]| 1agI
| | D71D6|D5{D4ID3[D2[D1/DO| I | clacl
MOV A, Rr | 1] 1] 1] 17 1] r] ¢l rl(a)<-= (Rr) 1§ 1 | -] -l
| | bl r=0-7 | ! | =1 -]
IMOV A, @Rr | 1| 1] 11 1} o} 0l Ol r!(A)<-- ((Rr)) [ S S B
I | L1 fr=o0,-1 I | [
[MOV A, #Data] 0} 0l 1] 0! 0l 0] 1] 1](a)<--Data o2 1 2 |- -
| | d71d61d5!d4]d3|d2|d1do] | | | I
IMOV Rr, A | 11 0} 1} o] 1}l £} rl rl(Rr)<—(a) b 1 1 ] -]
| | Ll btr=0-7 | | I I
IMOVE@Rr,A | 1l ol 11 ol o} ol O] ri((Rr))<-(a) | 1 1 | -] -
I | bbb br=0,1 | [ P
IMOV Rr,#Datal 1] O} 1| 1] 1} r] r| rI(Rr)<—-Data I 2 | 2 | -l -
| | d71d6!d5/d4]d3!d2141/d0] r =0 - 7 | I [
|MOV@Rr,#Datal 1] 0l 11 11 o] of 0| rl((R r))/--Data 2 0 2 | -~
| | a7lablaSlasla3la2lallall r =0, 1 | | |
IMov A,pSsWw | -1 1l of o] o} 1] 1] 1](a)<-- (PSW) 1 1 1 | -t -
IMOv Psw, a | 11 11 0 1} o] 11 1] 1](PSW)<--(4) 1 1 1 |-l -
[xcd A, re | o} o] 1] o] 1] rf ¢l rl(aA)—>(Rr) | S R S A
| | | T A R T A B RSt I | [
[ | b1 fr=0-7 | I [
|XCH A,6Rr | 0f 0] 1] 0! 0l 0l 0ol rl(A)-->({(Rr)) b1 1 1 ) -l -
| ! [ | I (-
| | b r=0,1 | | [
|XcED A,@Rr | O] Ol 1] 1] 0] 0} Ol ri(A0-3)-->((Rr0-3))] 1 1 1 ] -1 -
I | H T T AR A A B <-- | I P
I I [ O e I O T A I | I | [
IMOVX A,@Rr | 1] 0] 0ol ol o} 0] 0} rl(a)<--((Rzr)) 1y 0 2 |-l -
| I 1t b br=0,1 I I I
[MOVX @Rr,A | 1| ol o] 11 ol o] of ri((Rr))<--(4) 1 1 2 |-l
| | Lt 1 b Tr=0,1 I I [
[MovP A, @a | 1| ol 1| ol ol ol 1] 1l1(PC0-7)<--(a) I N
| | b0 Ta<-=ee)) | | |
[MOVP3 A,@a | 11 1] 1f 0! ol o} 1] 11(PCO-7)<~--(a) 1 1 2 | -]

| [ R A A I | | o

| (A | | [

| (A)<--((PC))
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Timer/Counter Instruction

| Mnemonic | Instruction Code | [Bytes |Cycles| Flagl
| | D7ID6|D51D4|D3[D2|D1]DO] | | | clacl
IMOV A,T | ol 11 o] ol ol o 1] 0](a)<-—-(T) T 1 1T 1 -1~
MOV T,A [0l 11 1] ol o} ol 1] 0l(T)<~--(a) 1 | 1 | -1~
|STRT T [0l 1] o] 1l ol 1| O] liCounting is I 1 1 1 |-~
| ! b LI I I | | Vlstarted in the | | ol
| | L 1 | | ltimer mode J | N
| STRT ONT {0i 11 of ol o] 1| 0} 1liCounting is | U I B A
| | L1 I | | |started in the | | [
| | b1 L | I | | [levent counter [ 1 | 1 | -] -]
| | L1 1T 1 1t | Imode | | [
lsTop TCNT | 0| 1f 1] 0l 0l 1| O 1|Stop both time 1 1 1 | -] -]
I | b1 1 1 I | | laccumulation and | | |
I | b1 1 I 1 1 | Jlevent counting | | [
|EN TCNT | o} ol 1] ol ol 1} 0l 1i{Timer interrupt | 1| 1 | -] -]
| | I I 1 1 I | 1 1lis enabled | | o
|DIS TCNTI | ol ol 1l 1] ol 1| Ol 1|Timer interrupt | 1 | 1 | - -
| |is disabled f | L
Control Instructiomn

| Mnemonic | Instruction Code | Operation |Bytes [Cycles| Flagl
| | D7|D6|D5!D4i{D3|D2{D1|DO! | | | C AC|
|"EN 1 [" 0!l 0] of 0] o] 1] Ol liExternal interrupt| 1 | 1] - -
! I I b L I 1 | | |is enabled { ! |
| DIs 1 I ol ol ol 11 ol 1| 0| 1|External interrupt| 1 | 11 - -
| | o 0I | 1 1 1is disabled I | | |
| SEL RBO | 1} 11 ol Tl ol 1] ol 11(BS)<-- 0 | 1 11 - -
| SEL RBI | 1] 1] ol 1] ol 1| 0] 11(BS)<--1 |1 | 1] - -
| SEL MBO I 10 11 11 ol o] 11 ol 1/(DBF)<-- 0 | 1 ] 1] - =
| SEL MBI f 11 1 11 1} ol 1] of 1{(DBF)<-- 1 1 1] - -
| ENTO CLK | 0] 1} 1{ 1] 0] 1} O} 1|{TO is enabled to | 1 | 11 - -
| | 1 I} | | Jlact as the clock | | ! |
| | P11 b1 loutput | | | !
| Nop | ol ol ol o] ol 0f 0|l OINo operation | 1 | 11 - -

MCU48-160



TOSHIBA TMP 8049P1-6,TMP8039P1-6

|TMP8049P1/8039P1: INDUSTRIAL SPECIFICATION|

ABSOLUTE MAXIMUM RATTINGS

| SYMBOL | ITEM T RATTING I
{vDD VDD Supply Voltage (with respect to GND (VSS)) [-0.5V to + 7V |
vce VCC Supply Voltage (with respect to GND (VSS)) [-0.5V to + 7V |
| VINA Input Voltage (Except EA) . 1-0.5V to + 7V |
| VINB Input Voltape (Onlv EA) 7-0.5V to + 13V |
|PD Power Dissipation (Ta = 70°C) I 1.5%W I
|TSOLDER !Soldering Temperature (Soldering Time 10 sec) 1 260°C |
| TSIG Storage Temperature 7-55"C to 150°C |
| TOPR Operating Temperature |-40°C to 85°C |

DC CHARACTERISTICS
[TA=-40"C to 85°c|, VCC=VDD=+5V£10%, VSS=0V, Unless Otherwise Noted.

| SYMBOL! PARAMETER |TEST CONDITIONS |MIN.ITYP.|MAX.|UNIT]
JVIL [Input Low Voltage | -0.5] - 0.7 v |
| | (Except XTAL1,XTAL2,RESET) | | I
jVIL1 [Input Low Voltage -0.5] - 0.6 Vv |
| (XTAL1,XTAL2,RESET) I I
|ViH Input High Voltage 2.2} - | veel v |
| | (Except XTALI1,XTAL2,RESET) |
[VIHI |Input High Voltage 3.8 - veel v
| (XTAL]l ,XTAL2 ,RESET) |
|voL Qutput Low Voltage (BUS) IOL = 1.6 mA - - 10.451 v |
{voLl Output Low Voltage IOL = 1.6 mA -1 - Jo.wsT v |
| (RD, WR, PSEN, ALE) I
|voL?2 Qutput Low Voltage (PROG) IOL = 0.8 mA - | - {0.45] v |
|voL3 Output Low Voltage IOL = 1.2 mA - - 10.451 v |
| (For other output pins) |
| VOH Output High Voltage (BUS) 10H =-280uA 2.4 - - lv |
| VOH1 [Output High Voltage I0H =-80ua 2.4 - - v |
| (RD, WR, PSEN, ALE) | | I
| VOH2 Output High Voltage I0H =-300A [ 2.4] - -1 v |
| (For other output pins) | |
| | |
|ILI |Input Leak Current (Tl, INT) fvss < VIN < vec | - | - | th{ HA I
| | | - - I | |

|ILT1 [Input Leak Current _ [VSS+0.45<VINCVCC] - | = T-700] na |
I |(P10-17, P20-P27, EA, SS) | S | | | I
|1LO [Output Leak Current (BUS, TO) [VSS+0.45KVINCVCCT =~ [ - [ =I0[ wA |
| (High impedance condition) _ I
| 1DD VDD Supply Current - - 50| mA |
| IDD+ICC|Total Supply Current - | - 170] mA |

MCU48-161



TOSHIBA

TMP8049P1-6,TMP 8039P1-6

AC CHARACTERISTICS
|TA=-40"C to 85°Cl|, VCC=VDD=+5V+10%, VSS=0V, Unless Otherwise Noted.

TEST CONDITI

| SYMBOL PARAMETER ONS [MIN.[TYP.|MAX.|UNIT

ltLL ALE Pulse Width 2001 - | - ns

| tAL Address Setup Time (ALE) | 1200 - - ns

| tLA Address Hold time (ALE) | [ 801 - | - : ns

| } [ i |

Itcc ICOntroa Pulse Width(PSEN,RD,WR) | | AOO% - 1 - } ns
I i |

| tDW |Data Setup Time (WR) | | 4201 - | - | ns

| | . [ T I | |

| twD |Data Hold Time (WR) | 80| - - | s

ltcy {Cvcle Time ' | 2.5} - 15.0] us

| | . | | |

| tDR Data Hold Time (PSEN,RD) CL = 20 pF | 0] - 200! ns

I | |

| tRD Data Input Read Time (PSEN, RD) fo- ] - 400] ns

! |

| AW Address Setup Time (WR) | 230 - - ns

| tAD Address Setup Time (Data Input)] -1 - 600! ns

I !

| tAFC Address Float Time (RD, PSEN) -40| - - ns

ltca Internal between Control Pulse 10| - - ns

| and ALE ]

jece Port Control Setupr Time (PROG) 115) - - ns

{tPC Port Control Hold Time (PROG) 65! - - ns

| tPR Port 2 Input Data Set Time [ 860! ns

| (PROG) |

| tDP Qutput Data Setup Time (PROG) 2301 - - | ns

|tPD Output Data Hold Time (PROG) 25| - - | ns

| tPF Port 2 Input Data Hold Time ol - 160 ns

I | (PROG) | | |

[tpP PROG Pulse Width 920} - - | ns

[tPL Port 2 I/0 Data Setup Time 300} - - | ns

|tLp Port 2 I/0 Data Hold Time 120 -~ - | ns

Note :tCY=2.5us, Control Output:CL=80pF, BUS Output:
CL=80pF.

CL=150pF, PORT20-23:

I
I
I
I
|
:
I
I
I
|
I
I
I
I
I
I
I
I
I
I
|
I
|
|
:
I
I
|
I
|
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TOSHIBA TMF 8049P1-6,TMPBO39PI-6

TIMING WAVEFORM

A. Instruction Fetch from External Program Memory

toy
tr
|
T h T\
| LAFC Ton
? |
PSEXN i tLAJ&
tAL I tc’c ! -
BUS é¢f42222%f P i /ZZV}Z?Z?Z:’ N ;><&//
g t N\ TInst tion
Address / tAD m_‘ nstruction

B. Read from External Data Memory

. tce

) N\ 7
s IR X s
Address//y] LEBB“

tAD

C. Write into External Data Memory

t
Address/// AW
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Ton (mr)

Iow (pA)

TOSHIBA TMPB8O49PI-6,TPB0O39PI-6

D. Timing of Port 2 during Expander Instruction Execution

TYPICAL CHARACTERISTICS

ALE / \ 4{““\

i tea
t'E’LI tip tpp g ‘tPD
PORT20 b—-.—-——P — r
i T
PogT23 PCH .7 Control XOutput Data
/ ! <
(Output Data) Port |20 =23 . tpR N
PORT20 Data f | T
P, S ey XX
PORT23 i - =y
(Input Data) Port 20—-23 "CP rc | Input Data
Data
. —
PROG % ).
trp

* Input Enzbled State

TYPICAL CHARACTERISTICS

1) BUS:Igy ~ Vog 3) BUS, P1, P2: IoL - VoL

Ry =\ =8V
-50 Vpp=Vcc=5V 50 Vpp=Vce=5V
TA=25°C < TA=25°C
-30 = 30
N o<
-10 ~] 7 |
0 — 0
0 2y 4 0 2 4
OH (V)
Voo ()
2) Pl ’ P2 !IOH -VOH
-500 Vpp=Vce=5V
TA=25°C
-300
~100 =
o ]
0 2 4
Vor (V)

MCU48-164



TOSHIBA TMP8049P1~-6,TMPB8039PI-6

PROGRAM TAPE FORMAT

TMP8049 programs are delivered in the form of paper tape with the following
format and it is required to attach the tape list. The format of paper tape
is same as the Intel type object tape (hexadecimal tape output by Intel MDS
system, PROMPT 48 Development Tool, etc.)

(1) Tape Format

! .
& ! & JLeader, 50 "NULL" characters or more

Comments | -~--- Comment (Record mark ":" is not included)
(&) .
RE3) Option
. |=ee-- “Record Mark

Record Length (2 hexadecimal digits)

loading Address (4 hexadecimzl digits)

) "00" .... Normal Record
Record Type (2 Digits) wo1" || . End of File Record

Data

Check Sum (2 hexadecimal digits)

(CR) Dummy characters (RUBOUT, BLANK) before and after '(CR)(LF)'" are
an crtional.

...... Record Mark (Repeated below)

3
L4
) W,
) —

1
]i///i\\\:f ]Trailer, 50 "NULL" characters or more

(2) Example of Tape List

TOSHIBA MICRO COMPUTER TLCS-48
:100000000665C7D79CF50F3F951FED55A8FF16E570
:1000100088884DDE67D31F5DBABAGDF292F113F5C]
:100020004FF1FB5DFFDAA96A99 CF7DF94A346B7C09
:10003000197352F729F12F79AA9C057 C5B851EED77

:1003CO005DFDB5ES56A67277F61A51 C631 CFOFQESQ
:1003D000BD2F6F20E8BB1977E3FB5AD1IF41FDAATE?2
:1003E000B53D42E0EC32546025B7308CDD52063D1D
:1003F000B4BESE9E345B6138060B20VC372BF60BD6
:00000001FF
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TOSHIBA TMP8049P1-6,TMP8039P1-6

OUTLINE DRAWING

Unit in mm

40 2)
<
<
) =
o
-
| W0 J S T (N N N U O N NS P WO (N Wy MO Wy 0 O i
1 20
5
= z
-— |
= 513MAX = 15.24 +£0.25
‘r:’ -
-
<
/F\—-—fts.
- :': :!‘."\.
1 by W
- +0.1
= | 05013 | 2.54%0.25 0-25_ 405 __L
— i [
= 1.4 £0.15 0~15°
N
-

Note: 1. This dimension is measured at the center of bending point of leads.
2. Each lead pitch is 2.54mm, and all the leads are located within
$0,25mm from their theoritical positions with respect to No.l and
No.40 leads.
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TOSHIBA

TMPB24 3P/ TMP824 3P ]

INPUT/OUTPUT EXPANDER

GENERAL DESCRIPTION

The TMP8243P is an input/output expander designed specifically to provide a low

cost means of 1/0 expansion for the TLCS-84 family.

The 1/0 ports of the TMPE243P serve as a direct extension of the resident 1/0

facilities of the TLCS-84 microcomputers and are accessed by their own MOVD,

ANLD, and ORLD instructions.

FEATURES

o Low cost

o Simple interface to TLCS-84 microcomputers

o Four 4-bit I/0 ports

o AND and OR directly to ports

o Single 5V supply

o High output drive

o Direct extension of resident TMP8048P/TMP8049P I/O ports.

o Compatible with intel's 8243

o -40°C to +85°C Operation (TMP8243PI: Industrial Specification)

PIN CONNECTION (TOP VIEW)

[

Psod
F40 [
Fe1 [
Pan[J4
F3[Qc

< Qe
PROG 7
iyl
r2z e
r210ac
Pzoll 12
anp{d 32

[ IS

2.7 vee
=[] Psa
=[] P52
2] psc
mg ¥6C
18] e
1s[] pez
7] Ps3

as] Prz
1] P72
1] P70

BLOCK DIAGRAM

PORT 2 TN MUX

ADDRESS >
AR SR LATCH ) PORT 4
INPUT
INSTRUC. BUFFER o
DECODER
ll LATCH ["7 ) PORT 5
4 INPUT
BUFFER =
TEMP

PROG ™™

-

CONTROL

_——

RESET

CIRCUIT

U

AND/OR
LOGIC

LATCH

[ ) PORT 6

INPUT
BUFFER

ol

LATCH |

7—) PORT 7

CRE R arag 1y

INPUT
BUFFER
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TOSHIBA TMP8243P/TMPBZ24 3P

PIN NAMES AND PIN DESCRIPTION

PROG (Input)
Clock Input. A high to low transistion on PROG signifies that address and
control are available on P20-23, and a low to high transition signifies that

data is available on P20-23.

cs (Input)
Chip Select Input. A high on CS inhibits any change of output or internal

status.

P20-23 (Input/Output, 3-state)

Four (4) bit bi-directional port contains the address and control bits on a
high to low transition of PROG. During a low to high transition contains the
data for a selected output port if a write oepration, or the data from a

selected port before the low to high transition if a read operation.

P40-43, P50-53, P60-63, P70-73 (Input/Output, 3-state)
Four (4) bit bi-directional I/0 ports. May be programmed to be input (during
read), low impedance latched output (after write) or a 3-state (after read).

Data on pins P20-23 may be directly written, ANDed or ORed with previous data.

Vee (Power)
+5 volt supply

GND (Power)
0 volt supply

FUNCTIONAL DESCRIPTION

General Operation
The TMP8243P contains four 4-bit 1/0 ports which serve as an extension of the
on-chip 1/0 and are addressed as ports 4-7. The following operations may be
performed on these ports.

o Transfer accumulator to port

o Transfer port to accumulator

o AND accumulator to port

o OR accumulator to port
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TOSHIBA TMP8243P/TMPB243P1

All communication between the TMP8048P and the TMP8243P occurs over Port 2
(P20-23) with timing provided by an output pulse on the PROG pin of the pro-

cessor. Each transfer consists of two 4-bit nibbles.

A high to low transition of the PROG line indicates that address is present
while a low to high transition indicates the presence of data. Additional
TMP8243P'S may be added to the 4-bit bus and chip selected using additional
output lines from the TMP804BP/8035P.

Power On Initialization

Initial application of power to the device forces input/output ports 4, 5, 6,
and 7 to the tri-state and port 2 to the input mode. The PROG pin may be either
high or low when power is applied. The first high to low transition of PROG
causes device to exit power on mode. The power on sequence is initiated if Vg¢

drops below 1V.

P21 P20 Address Code P23 P22 Instruction Code
0 0 Port 4 0 0 Read
0 1 Port 5 0 1 Write
1 0 Port 6 1 0 ORLD
1 1 Port 7 1 1 ANLD

Write Modes

The device has three write modes. MOVD Pi, A directly writes new data into the
selected port and old data is lost. ORLD Pi, A takes new data, OR's it with
the old data and then writes it to the port. ANLD Pi, A takes new data AND's
it with the old data and then writes it to the port. Operation code and port
address are latched from the input port 2 on the high to low transition of the
PROG pin. On the low to high transition of PROG data on port 2 is transferred
to the logic block of the specified output port.

After the logic manipulation is performed, the data is latched and outputed.

The old data remains latched until new valid outputs are entered.
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TOSHIBA TMP8243P/TMPB243P1

Read Mode

The device has one read mode. The operation code and port address are latched
from the input port 2 on the high to low transition of the PROG pin. As soon
as the read operation and port address are decoded, the appropriate outputs are
3-stated, and the input buffers switched on. The read operation is terminatec
by a low to high transition of the PROG pin. The port (4, 5, 6 or 7) that was
selected is switched to the 3-stated mode while port 2 is returned to the

input mode.

Normally, a port will be in an output (write mode) or input (read mode). 1If
modes are changed during operation, the first read following -2 write should be
ignored; all following reads are valid. This is to allow the external driver
on the port to settle after the first read instruction removes the low impedance
drive from the TMP8243P output. A read of any port will leave that port in a

high impedance state.

125

100 1

75

GUARANTEED WORST CASE
CURRENT SINKING
CAPABILITIES OF ANY I/0
PORT PIN vs. TOTAL SINK
25 F  CURRENT OF ALL PINS

50

TOTAL SINK CURRENT ( £1p1,) (mA)

Pl i 1 1 1 1 1 1

[ 1 » |
01 2 3 4 5 6 7 8 9 10 11 12 13

MAXIMUM SINK CURRENT ON ANY PIN@.45V
MAXIMUM 1p1 WORST CASE PIN(mA)
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TOSHIBA

TMPB243P/TMPB243P1

Sink Capability

The TMP8243P can sink 5 mAE.45V on each of its 16 I/0 lines simultaneously.

1f, however, all lines are not sinking simultaneously or all lines are not fully

loaded,

the drive capability of any individual line increases as is shown by

the accompanying curve.

For example, if only 5 of the 16 lines are to sink current at one time, the

curve shows that each of those 5 lines is capable of sinking 9 wmAG.45V (if any

lines are to sink 9 mA the total I0L must not exceed 45 mA or five 9 m& loads).

Example:

Example:

How many pins can drive 5 TIL loads (1.6 mA) assumipg remzining pins

are unloaded?

IoL = 5 x 1.6 mA = 8 mA
eIoL = 60 mA from curve
#fipins = 60 mA ¢+ 8 mA/pin = 7.5 = 7

In this case, 7 lines can sink 8 mA for a total of 56 mA. This leaves
4 mA sink current capability which can be divided in any way among the
remaining 9 1/0 lines of the TMPE243P.

This examples shows now the use of the 20 mA sink capability of port

7 affects the sinking capability of the other I/0 lines.
An TMP8243P will drive the following loads simultaneously.

2 loads - 20 mA@lV (port 7 only)
8 loads - 4 mAR.45V

6 loads - 3.2 mA@.45V
Is this within the specified limits?
eIoL = (2 x 20) + (8 x 4) + (6 x 3.2) = 91.2 mA. From the curve:

for IoL = 4 mA, €loL = 93 mA since 91.2 mA <93 mA the loads are

within specified limits.

Although the 20 mA@lV. load are used in calculating elgp, it 1is the
largest current required @.45V which determines the maximum allow-

able elpL.
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TOSHIBA

TMP8243P/TMP8243P1

TMP824 3P

ABSOLUTE MAXIMUM RATINGS

Symbol Item Rating
Vee VCC Supply Voltage with Respect to GND -0.5V to +7.0v
Vix Input Voltage with Respect to GND -0.5V to +7.0V
Vout Outpﬁt Voltage with Respect to GND -0.5V to +7.0V
Fp Pover Dissipation 800mk

TsoLpER Soldering Temperature (Scldering Time 10 sec.) 260°C
Tsrg Storage Temperature -55°C to +15G°C
Torr Operating Temperature 0°C to +70°C

D.C. CHARACTERISTICS Ta = 0°C to 70°C, Vg = 5V % 10%

Syvmbol Parameter Test Condition Min. l Typ.] Max. |Units
ViL Input Low Voltage -0.5 0.8 \Y
Viy |Input High Voltage 2.0 VCEO'S v
VOL1l |Output Low Voltage Ports 4-7 IoL = SmA¥* 0.45 v
VoL2 |[Output Low Voltage Port 7 IoL = 20maA 1 v
VoL3 |Output Low Voltage Port 2. ToL=0. 6ma 0.45 v
Vonl [Output High Voltage Ports 4-7 Tonu=-240u4 2.4 v
Vop2 |Output High Veltage Port 2 Ion=-100.4 2.4
T111 |Input Leakage Port 4-7 Ovsvinivee -10 20 LA
1112 {Input Leadage Port 2, CS, PROG O0VsVinsVee ~-10 10 LA
Icc Vee Supply Current 10 20 mA
IoL |Sum of all 10p, of 15 Outputs 5 mA Each Pin 80 mA
* See following graph for additional sink current capability
A.C. CHARACTERISTICS Ta = 0°C to 70°C, VcCc = 5V + 10%

Symbol Parameter Test Condition Min. Typ.| Max. |{Units
ta |Code Valid Before PROG CL = 80pF 100 ns
tg |Code Valid After PROG CL = 20pF 60 ns
tc |Data Valid Before PROG CL = 80pF 200 ns
tp |Data Valid After PROG CL = 20pF 20 ns
tH Floating After PROG CL = 20pF 0 150 ns
tx |[PROG Negative Pulse Width 700 ns
tcs |CS Valid Before/After PROG 50 ns
tpo |Ports 4-7 Valid After PROG €1 = 100pF 700 ns
tLPl |Ports 4=7 Valid Before/After PROG 100 ns
LACC [Port 2 Valid After PROG Cl = 80OpF 650 ne
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TOSHIBA

TMPB8243P/TMPB24 3P ]

[TMPB243PT : INDUSTRIAL SPECIFICATION]

ABSOLUTE MAXIMUM RATINGS

Svmbol ITtem Rating

Vee Vee Supply Voltage with Respect to GND -0.5V to +7.0V
Vix Input Veltage with Respect to GND -0.5Vv to +7.0V
Vour Output Vcltage with Respect to GXD ~0.5V to +7.0V
Pp Power Dissipation 800mW
TSOLDER | Soldering Temperature (Soldering Time 10 sec.) 260°C

TsTg Storage Temperature -55°C to +150°C
TopPr Operating Temperature -40°C to +85°C

D.C. CHARACTERISTICS

TA=-40°C to 85°C,

Ve=5v10%

Symbol Parameter Test Condition Min. Typ. Max. |Units
ViL Input Low Voltage -0.5 0.8 Y
V1y Input High Voltage 2.0 Vee+0.5) v
Vora Outptu Low Voltage Ports 4-7 IoL=4.5mA 0.45 v
VoL2 Output Low Voltage Port 7 IoL=20mA 1 v
VoL3 Output Low Voltage Port 2 I5L=0. 6maA 0.45 v
Voul Output High Voltage Ports 4-7| Igy=_240.A 2.4 \Y
Vou2 Output High Voltage Port 2 Iop=-100ua 2.4

I111 Input Leakage Ports 4-7 Ovsvinsvee -10 20 LA
I712 Input Leakage Port 2, CS5,PROG| OVIViNSVee -10 10 LA
Icc Vee Supply Current 10 20 mA
IoL Sum of all Inp of 16 outputs | 4.5mA each pin 72 ma

* See following graph for additional sink current capability

A.C. CHARACTERISTICS

TA=-40°C to 85°C,

VCC=SV:10Z

,  Symbol Parameter Test Condition Min. Typ. Max. | Units
tA Code Valid before PROG CL = 80pF 100 ns
ts Code Valid after PROG CL = 20pF 60 ns

| te Data Valid before PROG CL = 80pF 200 ns

Pt Data Valid after PROG CL = 20pF 20 ns

@ ty Floating after PROC CL = 20pF 0 150 ns

h7t1.( PROG Negative Pulse Width 700 ns
tes CS Valid before/after PROG 50 ns
tpo Ports 4-7 Valid after PROG CL = 100pF 700 ns
tLpl Ports 4~7 Valid before/after PROG 100 ns

L tace Port 2 Valid after PROG Cl. = 80pF 650 ns
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TOSHIBA TMP8243P/TMP8243P1

TIMING WAVEFORM

PROG
1 /|
. tK ’
tA :;L_i r.liL__ _iﬂ+__
PORT2 i:><€%STRUCIIO§><i FLOAT 4j><i DATA j;(: FLOAT
tacc ,

%
PORT2 i\ OUTPUT }<
VALID

OUTPUT

PORT4-7 PREVIOUS OUTPUT VALID VALID

tIp tip

j><\7 INPUT VALID X
tcs tcs
S ————-\Xk

PORT4-7
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TOSHIBA TMPB243P/TMP8243P]

OUTLINE DRAKINGS

Unit irn mm
Z5 R° 20 Q1 202812S 17152816 27
e

T 1

3

g o <

- =

&

H <

g ] -
. R L L
[ G ) W0 2 B 5 Y B[ W0 ) B R y By
12 245 € 7 & giC112

az4 MAT, 1 1222 7TYF, |

>

<

=

[rs)

' cs*cas

Note: Each lead pitch is 2.54mm. All leads are located within
0.25mm of their true longitudinal position with respect
to No.l and No.24 leads.

All dimensions are in millimeters.
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TOSHIBA TMP82C43P

INPUT/OUTPUT EXPANDER

GENERAL DESCRIPTION

The TMP82C43P is an input/output expander designed specifically to provide

a low cost means of 1/0 expansion for the TLCS-84C family.

The I/0 ports of the TMP82C43P serve as a direct extension of the resident
1/0 facilities of the TLCS-84C microcomputers and are accessed by their own
MOVD, ANLD, and ORLD instructioms.

FEATURES

o CMOS LSI for low power dissipation

° Low cost .

o Simple interface to TLCS-84C microcomputers

o Four 4-bit I/0 ports

o AND and OR directly to ports

° Single 5V supply

° High output drive

°o Direct extension of resident TMP80C49P-6 1/0 ports.
o PIN compatible with intel's 8243

- ° Extended operation temperature range -40°C to 85°C

BLOCK DIAGRAM
PIN CONNECTION (TOP VIEW)

ADDRESS
ECORDERI— ? LATCH []YQPORT 4

S INPUT
P O 2 g, INSTRUC. BUFFER
F00s 23[} e, DECORDER
iy = PORT 5
falQe 2050 LATCH[ Z )
Qe 2=

PORT 2{THMUX
1 2 L

INPUT
iy UFFER
& Qd- 1 Pra TEMP.
15 u 16 Prs: M [_ LATCH ﬂ}PORT 6

[
I
s

[

o)

- . _
Fon E s 17 3 162 (@]
1 Qe 16 P PROC  — E | | AND/OR INPUY
N 15 g LOGIC BUFFER
1080 1P L4t —7)PORT 7
v Qi 13040 ' LATCH[_4
RESET
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PIN NAMES AND PIN DESCRIPTION

PROG (Input)

Clock input. A high to low transistion on PROG signifies that address and
control are available on P20-23, and a low to high transition signifies

that data is available on P20-23.

C5 (Input)
Chip Select Input. A high on CS inhibits any change of output or internal

status.

P20-23 (Input/Output, 3-state)

Four (4) bit bi-directional port contains the address and control bits on a
high to low transition of PROG. During a low to high transiticn contains
the data for a selected output port if a write operation, or the data from

a selected port before the low to high transition if a read operation.

P40-43, P50-53, P60-63, P70-73 (Input/Output, 3-state)
Four (4) bit bi-directional 1/0 ports. May be programmed to be input (during
read), low impedance latched output (after write) or a 3-state (after read).

Data on pins P20-23 may be directly written, ANDed or ORed with previous data.

Vee (Power)
+5 volt supply

GND (Power)
0 volt supply

FUNCTIONAL DESCRIPTION

General Operation
The TMP82C43P contains four 4-bit 1/0 ports which serve as an extension of
the on-chip I/0 and are addressed as ports 4-7. The following operations

may be performed on these ports.

o Transfer accumulator to port
o Transfer port to accumulator
o AND accumulator to port

o OR accumulator to port
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All communication between the microcomputer (TMP80C49P-6) and the TMPB2C43P
occurs over Port 2 (P20-23) with timing provided by an output pulse on the

PROG pin of the processor. Each transfer consists of two 4-bit nibbles.

A high to low transition of the PROG line indicates that address is present
while a low to high transition indicates the presence of data. Additional
TMP82C43P's may be added to the 4~bit bus and chip selected using additional

output lines from the microcomputer.

Power On Initizlization

Initial application of power to the device forces input/cutput ports 4, 5,

6, and 7 to the tri-state and port 2 to the input mode. The PROG pin may be
either high or low when power is applied. The first high to low transition
of PROG causes device to exit power on mode. The power on sequence is ini-

tiated if Vgc drops below 1V.

P21 P20 Address Code P23 P22 Instruction Code

0 0 Port 4 0 0 Read
0 1 Port 5 0 1 Write
1 0 Port 6 1 0 ORLD
1 1 1 1 ANLD

Port 7

Write Modes

The device has three write modes. MOVD Pi, A directly writes mew data into
the selected port and old data is lost. ORLD Pi, A takes new data, OR's it
with the old data and then writes it to the port. ANLD Pi, A takes new data
AND's it with the o0ld data and then writes it to the port. Operation code
and port address are latched from the input port 2 on the high to low transi-
tion of the PROG pin. On the low to high transition of PROG data on port 2
1s transferred to the logic block of the specified output port.

After the logic manipulation is performed, the data is latched and outputed.

The old data remains latched until new valid outputs are entered.
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Read Mode

The device has one read mode. The operation code and port address are
latched from the input port 2 on the high to low transition of the PROG
pin. As soon as the read operation and port address are decoded, the
appropriate outputs are 3-stated, and the input buffers switched on.
The read operation is terminated by a low to high transition of the
PROG pin. The port (4, 5, 6 or 7) that was selected is switched to the

3-stated mede while port 2 is returned to the input mode.

Normally, a port will be in an output (write mode) or input (read-mode).
If modes are changed during operation, the first read following a write
should be ignored; all following reads are valid. This is to allow the
external driver on the port to settle after the first read instruction
removes the low impedance drive from the TMPB2C43P output. A read of

any port will leave that port in a high impedance state.
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THMPB243P

ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING
Vee Vce Supply Voltage with Respect to GRD -0.5V to +7.0V
VIK ! Input Voltage with Respect to GND -0.5V to Vpc+0.5Vv
Vout ; Output Voltage with Respect to GKND -0.5V to Vgct0.5v
Py Power Digsipation 250mW

ATSOLDER} Soldering Temperature (soldering Time 10 sec.) 260°C
Tg1g Storage Temperature -65°C to +150°C
ToPR | Operating Temperature i -40°C to +85°C

D.C. CHARACTERISTICS (I) Tgpg=-40°C ™ 85°C, V(c=5V:10%, Vgg=0V

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MaX. URITS
ViL |Input Low Voltage : -0.5 0.8 Y
Viy Input High Voltage 2.2 \Y
VoLl |Output Low Voltage Ports 4-7 1oL=5ma 0.45 \Y
Vor2 |Output Low Voltage Port 7 I51=20mA 1.0 v
VoL3 [Output Low Voltage Port 2 1o =0.8ma 0.45 \Y
Voni1 |Output High Voltage Ports 4-7 |Igy=-1.2mA 2.4 Y
Voy21|Output High Voltage Port 2 Iop=-0.6mA 2.4 \Y
VoH12 {Output High Voltage Ports 4-7 |Igg=-0.6mA Vee-0.8 v
Von22|Output High Voltage Port 2 Ioy=-0.3mA Voc-0.8 v
T111 |Input Leakage Port 4-7 VSSEVINEVCC 10 HA
1112 |1nput Leakage Port 2, CS,PROG |Vss<ViN<Vcc +10 VA
Icc1 |power Supply Current (1) gg;:éZéYé%zg.zv 2 mA
PROG PERIOD=5,S
Vee=5V, V1L=0.2V

Icc2 |Power Supply Current (2) Vig=Vec-0.2V » 1C WA
PROG=V(e-0. 2V

ToL |{sum of all IgL of 16 Outputs |[SmA Each pin 80 mA

MCU48-180



TOSHIBA

TMP82C4 3P

.C. CHARACTERISTICS (II)

Toor=-40°C to 85°C, Veg=5Vz20%, Vgg=0V

YMEOL PARZMTTER JTEST CONDITION| MIN. | T¥P., | MAX. | UNITS
V1L | Input Low.Voltage !b.OVSVCCEA.SV | -0.s ! |o.15vcc v
Vin LInput HEigh Voltage 'S.SYchcﬁé.OV '0'5VCC i Vee v
VoLl %Output Low Voltage Ports 4-7 TgL=bmA E k 0.45- v
VoL2 | Output Low Voltage Port 7 IOL=15mA E 1.0 \Y
VoL3 Output Low Voltage Port 2 ! Iop=0.6mA % 0.45 v
Voui2! Output High Voltage Ports 4-7 | Iou=-200uA !VCC-O.S{ f Y
VOHZ2! Output High Voltage Port 2 1y=-100pA Vec-0.8| i v
ToL | sum of all In;, of 16 outputs 4mA Each Pin 64 nA
.C. CHARACTERISTICS  Tqpg=-40°C to 80°C, V((=5V:20%, Vgg=0V
syMBoL| PARAMETER TEST CONDITION| MIN. TYP. MAX. | UNITS
Ty Code Valid Before PROG Cy=80pF 100 ns
tg Code Valid after PROG CL=20pF 60 ns
tc Data Valid Before PROG C1=80pF 200 ns
tp Data Valid After PROG Cr=20pF 20 ns
ty Floating After PROG Cr=20pF 0 150 ns
tr PROG Negative Pulse Width 700 ns
tes CS Valid Before/After PROG 50 ns
tpg | Ports 4~7 Valid After PROG CL=100pF 700 ns
typ | Porte 4-7 Valig Befgre/After 100 ns
tacc | Port 2 Valid After PROG CL=80pF 650 ns
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TIMING WAVEFORM

PROG !

ty

|
3

tA ‘ tB. tC !

PORT2 INSTRUC'IIa>< FLOAT X DATA '>< ~FLOAT

tacc !

.~ OUTPUT
PORT2 VADID

tH,
Ll

tpo
OUTPUT

PORT4-7 PREVIOUS OUTPUT VALID 47><:

VALID

-
PORT4-7 :><\ INPUT VALID

X
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OUTLINE DRAWINGS

PLASTIC PACKAGE

Unit in mm

%3 22 222] RLI+1E17IF 12 R 1T
- mors e e e gy e g ey e
T

_ro b
Jf._.;.--~‘17.
L

,‘I

i

|

o

14.2 MAX.

¥

(Note)

Note : Each lead pitch is 2.54mm. All leads are located within

0.25mm of their true longitudinal position with respect

to No.l and No.24 leads.
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TOSHIBA TMP90C840

CMOS 8-BLT MICROCONTROLLERS
TMP90C840N/TMP9OC841IN
TMP90C840F

1. OUTLINE AND CHARACTERISTICS

The TMP90C840 is a high-speed advanced 8-bit micro controller applicable
to a variety of equipment.

With its .8-bit CPU, ROM, RAM, A/D converter, multi-function timer/event
counter and general-purpose serial interface integrated into a single CMOS
chip, the TMP90C840 allows the expansion of external memories for programs
(up to 56K bytes) and data (1M bytes).

The characteristics of the TMP90C840 include:
(1) Efficient instruction system
163 basic instructions
Multiplication, division, 16-bit arithmetic operations, bit
manipulation instructions
(2) Minimum instruction executing time: 400 ns (at 10 MHz oscillatiom
frequency)
(3) 1Internal ROM: 8K bytes
(4) 1Internal RAM: 256 bytes
(5) Memory expansion
External program memory: 56K bytes
External data memory: 1M bytes
(6) Super-precision 8~bit A/D converter (6 channels)
(7) General-purpose serial interface (1 channel)
Asynchronous mode, I/0 interface mode
(8) Multi-function 16-bit timer/event counter
(9) Four 8-bit timers
(10) 2-channel stepping motor control port
(11) Input/Output ports (54 pins)
(12) Interrupt function: 10 internal 1interrupts and 4 external
interrupts
(13) Micro Direct Memory Access (DMA) function (11 channels)
(14) Watchdog timer
(15) Standby function (4 HALT modes)
(16) Complementary metal oxide semiconductor (CMOS)
(17) Single power source
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NMT »[INTERRUPT | | - e
P80/INTO CONTROLLER < L <+ VSS(GND)
L} C
' D | E
WATCH DOG [*]] , T T
TIMER | ' - g -
T BT osc rig
1 ] El
~ P30/RXD - | 3. T | o CIK
P31/RXD SERIAL 1/0 BX] IX -~
P32/RTS/SCLK/TXD — BY| 1Y ~——ESET
P33/TXD 1CH ; gp ‘
P34/CTS T t-- <
PS0VPS55 / " Lo
ANOVANS 8BIT 6CH — I_L
—r PORT
VREF A/D o <> P00 v PO7
AGND CONVERTER /D0 N D7
P60/TOL/MOO STEPPING
P61/MOL < MOTOR —
P62/M02 1 ] %%I;?rR%L - RAM = PORT K> p10 v P17
P63/MO3 " —1 (256 B) 1 /A0 " A7
P70/T03/M10 = *| STEPPING
P71/M11 MOTOR —T
P72/M12 CONTROL
<=1~ PORT 1
P73/M13 L
A PORT K> 20 v P27
] TIMER | /A8 " Al5
8BIT 2CH |—i
(TIMERO/1)
S_— TIMER -t ROM > =
8BIT 2CH —= (8 KB) - PORT ‘935/&'1
—< (TIMER2/3) — 3 | ii?ﬁ%
'P81/INTL/TI4 TIMER/EVENT|>
] | "
P82/INT2/TIS5 COUNTER L{ PORT |~ 1;:26 NP:ig
P83/T03/T04 16BIT 1CH 4
(TIMER4) |

Fig. 1 TMP90C840 Block Diagram
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2. PIN ARRANGEMENT AND FUNCTIONS

The arrangement of input/output pins, their names and functions are
described below.

2.1 Pin Arrangement
Fig. 2.1 shows where the input/output pins are located in the TMP90C840.

N
VREF[]1 64 Jvce
AGND ]2 63[]P37 (WAIT)
(aN0) p50[]3 62{T]P36 (WR)
(aN1) psi[T]4 61[T]P35 (RD)
(aN2) PS2[T]5 60[JP34 (CTS)
(an3) p53[]e 59[JP33 (TxD)
(an4) p54[]7 58[]P32 (TxD/RTS/SCIK)
(ANS) ps55[]8 57 JP31 (RxD)
(Tol/M00) P60T]9 56{_]P30 (RxD)
(Mo1) pel[]10 55(]JEA
(M02) pe2[J11 54[]P43 (al9)
(M03) p63[]12 53][JpP42 (Als)
(T03/M10) P70[]13 52[Jp41 (AL7)
(M11) p71[]14 51[]p40 (ale)
(M12) p72{]15 50{JP27 (Al5)
(M13) p73[]16 40[T]P26 (Al4)
(INTO) P8O[}17 48[ ]P25 (A13)
(INT1/T14) Pp81[]18 47(Jp24 (A12)
(INT2/TI5) P82[]19 46[JP23 (a11)
(To3/T04) p83[]20 45| JpP22 (A10)
NMI]21 44[Jp21 (R9)
RESET []22 43[Jp20 (n8)
CLx []23 42{JP17 (A7)
(p0) poO[J24 41]7]prl6 (a6)
(pL) po1[2s 40[Jpr15 (a5)
(D2) po2[26 , 39[]P14 (n4)
(D3) pPO3[]27 38[Jpr13 (Aa3)
(D4) po4["]28 37(Jpr12 (a2)
(D5) P05[]29 36[Jp11 (al)
(D6) p06[]30 35[_JP10 (a0)
(D7) PO7[]31 34[x2 '
(aND) vss[]32 33[x1

Fig. 2.1-(1) Pin Arrangement (Shrink Dual Inline Package)
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2.2 Pin Names and Functions
The names of input/output pins and their functions are summarized in

Table 2.2.

Table 2.2 Pin Names and Functions
Pin Name ! No. of | 1/0 ! Function l
pins 3 states |
P00 - PO7 8 1/0 Port 0: 8-bit I/0 port that allows selec~ |
! | 3 states | tion of input/output on byte basis |
/DO - D7 | | | -= |
| | | Data bus: Also functions as 8-bit bidirec-|
tional data bus for external memory |
P10 - P17 8 1/0 Port l: 8-bit I/0 port that allows selec- |
[ | /Output | tion on byte basis |
/A0 - A7 | | | -]
| | | Address bus: The lower 8 bits function as |
address bus for external memory i
P20 - P27 8 1/0 Port 2: 8-bit I/0 port that allows selec- |
| | /Output | tion on bit basis |
/A8 - Al5]| | | l
| I | Address bus: The upper 8 bits function as |
address bus for external memory |
P30 1 Input Port 30: 1-bit input port !
| | [E— N |

/RxD Serial data receiving
P31 1 Input Port 31: 1-bit input port |
| | [ e - |
/RxD Serial data receiving |
P32 1 Output Port 32: 1-bit output port I
| | i —-- SR
/TxD I | | Serial data tramnsmission |
/PTS | | | -—— - -—— -—— !
/SCLK | f | Request serial data transmission |
| | l - l
Serial clock output |
P33 1 Output Port 33: 1l-bit output port |
| | |--mm — |
/TxD Serial data transmission |
P34 1 Input Port 34: 1-bit input port I
| | b |
/CTS Capable of serial data transmission |
P35 1 Qutput Port 35: 1-bit output port I
| I l |
/RD | | | Read: Generates strobe signal for reading |

external memory

P36 1 Output Port 36: 1-bit output port |
| J | e |
/WR | I | Write: Generates strobe signal for writing |
into external memory |
P37 1 Input Port 37: 1-bit input port |
| | [ A |
/WAIT | | | Wait: Input pin for connecting slow access|

| memory or peripheral LSI |
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Pin Name ! No: of | ‘ 1/0 ! Function I
| pins | 3 states | |
P40 - P43} 4 | Output | Port 4: 4&4-bit output port that allows |
| | | selection of port/address bus on bit basis |
/A16 - Al9] | e e e - -
| | | Address bus: Also functions as address bus|
| | | for external memory (4 bits of bank |
address) I
P50 - P55 6 Input Port 5: 6-bit input port |
| | [ ot |
ANO - ANS| | | Analog input: 6 points for anmalog input |
to A/D converter
VREF 1 Input of reference voltage to A/D |
converter |
AGND 1 Ground pin for A/D converter [
P60 - P63 4 I/0 Port 6: 4-bit I/O port that allows I/O |
| | | selection on bit basis |
[/M00 - MO3| I I I
|/TOL | | /Output | Stepping motor control port 0 |
| | | l
] | __/Output | Timer output 1: Output of Timer 0 or 1 |
P70 - P73} 4 | 1/0 | Port 7: 4-bit 1/0 port that allows I/0 |
| | | selection on bit basis |
[/M10 - M13] . ! l —— e |
{/T03 | | /Output | Stepping motor control port 1
| | [ B
/Output | Timer output 3: Output of Timer 2 or 3 !
P80 1 Input | Port 80: 1-bit input port
| | | mm e |
/INTO | | | Interrupt request pin 0: interrupt request]
| pin (Level/rising edge is programmable) !
P81 1 Input | Port 8l: 1-bit input port |
| | | |
/INT1 | | | Interrupt request pin l: interrupt request|
/Tl4 | | | pin (Level/falling edge is programmable) |
| | [=mm e - ——— !
| | | Timer input 4: Counter/capture trigger |
| | | signal for Timer 4 |
P82 | 1 | 1Input | Port 82: I-bit input port |
| | l |
/ INT2 | | | Interrupt request pin 2: rising edge in- |
/T15 | | | terrupt request pin
| | [ |
| [ | Timer input. 5: capture trigger signal for |
Timer 4 l
P83 1 Output Port 83: l-bit output port !
| | | |
/T03/T04 Timer output 3/4: Output of Timer 3/4 !
NMI 1 Input Non-maskable interrupt request pin: |
|

| Falling edge interrupt request pin
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Pin Name ! No: of | L/0 ! Function
pins 3 states
CLK 1 Qutput Clock output: Generates clock pulse at 1/4

I l
| l
l I
| | | | frequency of clock oscillation. It is a |
| high-level while resetting.

| EA 1 Input External access: Connects with Vcec pin in |
| | | | the TMP90C840 using internal ROM, and with |
| | | | GND pin in the TMP90C841 with no internal |
I |
| |
l |
I |
| |
| |

ROM.
RESET T Tnput Reset
X1/X2 2 Input/ Pin for quartz crystal oscillator
Out put
Vece 1 Power supply pin (+5V)
Vss (GND) 1 Ground pin (0V)
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3. Op
Th

A TMP90C840
ERATION
is chapter describes the functions and the basic operations of the

TMP90C840 in every block.

3.1

3.1.1

(D

(2)

(3

CPU

The TMP90C840 incorporates a high-performance 8-bit CPU. This CPU
improves its speed of processing, addressing and executing instructions
compared to the conventional 8-bit versions.

This section describes the CPU functions available to the programmer.

Memory map

The TMP90C840 supports a program memory of up to 64K bytes and a data
memory of maximum 1M bytes.

The program memory may be assigned to the address space from 00000H to
OFFFFH, while the data memory can be allocated to any address from
00000H to FFFFFH.

Internal ROM

The TMP90C840 internally contains an 8K~byte ROM. The address space
from 0000H to IFFFH is provided to the ROM. The CPU starts executing
a program from 0000H by resetting.

The addresses 0010H to OO7FH in this internmal ROM area are used for
the entry area for the interrupt processing.

Internal RAM

The TMP90C840 also contains a 256 byte RAM, which is allocated to the
address space from FECOH to FFBFH. The CPU allows the access to a
certain RAM area (FFOOH to FFBFH, 192 bytes) by a short operation code
(opcode) in a "direct addressing mode".

The addresses from FFIOH to FF7FH in this RAM area can be used as
parameter area for micro DMA processing (and for any other purposes
when the micro DMA function is not used).

Internal I/0

The TMP90C840 provides a 48-byte address space as an internal I/0
area, whose addresses range from FFCOH to FFEFH. This I/0 area can be
accessed by the CPU using a short opcode in the '"direct addressing
mode".

Fig. 3.1 (1) is a memory map indicating the areas accessible by the CPU
in the respective addressing mode.

. MPU90-8



TOSHIBA TMP90C840
00000H [/ \
Internal ROM
/' (8K byte)
0200CH
Program & Data Area
External Memory Data Area
(56K byte) (BC) (IX)
(DE) (1Y)
(HL) (IX+d)
(SP). (Iy+d)
(sp+d)
(HL+A)
OFECOH (nn)
OFFOOH
Internal RAM
(256 byte)
OFFCOH Internal 1I/0 Direct Area
(48 byte) (n)
OFFFOH | External Memory
(16 byte) y
10000H
External Memory
(960K byte)
FFFFFH

Fig. 3.1 (1) Memory Map

MPU90-9



TOSHIBA

TMP90C840

3.1.2

(D

(2)

Registers

Fig. 3.1 (2) shows the configuration of registers.

7 0 7 o _
l A F I I
| B C | | Main registers
| D E | l
l H L b
| A' F' I
| B' c' | | Alternative
| D' E' | | registers
| H' L' [
30 15 o
" B X T X | |
| BY I Y | | Special purpose
S P | |  registers
| P _C |

Fig. 3.1 (2) Configuration of Registers

The TMP90C840 uses main registers, alternative registers and dedicated
registers. The main registers and the alternative registers are
allowed to be exchanged of their contents by a register exchange
instruction.

Register A
This is an 8-bit register used mainly for 8-bit arithmetic and logic
operations.

Register F
This is an 8-bit register that stores the status of operation results.

Configuration of register F is shown in Fig. 3.1 (3).

7 6 5 4 3 2 1 0

MSB | s | z |[IFF| H | X |p/V| N | Cc | LsB

Fig. 3.1 (3) Configuration of Register F

Sign flag (S)

The sign flag is set to "1'" when the arithmetic result is negative.
It stores the contents of the most significant bit (MSB) of the
arithmetic and logic unit (ALU).

Zero flag (2)

Z flag is set to "1" when the all bits of the ALU after operation are
lloll .
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o

Parity/Overflow flag (P/V)

This flag has two functions. One 1is to indicate the parity (P)
resulted from a logical opepration (AND, OR, or XOR). It 1is set to
"1" when the result is even, and "0" for odd parity.

The other is to indicates the overflow (V) in an arithmetic operation
(ADD, ADC, SUB, SBC, or CP). The flag is set to '"1" when the result
cannot be expressed by a signed integral number.

The P/V flag selects either function according to the instruction.
Carry. flag (C)

The flag is set to "1" if a carry or borrow has occurred on the MSB of
the ALU.

Expansion carry flag (X)

Like the carry flag (C), it is set to "1" when the MSB of the ALU
involves a carry or borrow as a result of an operation except that it
applies to a wider range of instructions (e.g., INC rr).

Half carry flag (H)

It is set to "l1" when a carry or borrow has occurred on the 4th bit of
the lower side in the ALU.

Addition/Subtraction flag (N)

This flag is set to '"l1" if the executed operation is a subtraction
(SuUB, SBC, CP, or DEC).

Interrupt enable flag (IFF)

A maskable interrupt is enabled or disabled by this flag. This flag
is set to "1" by an EI instruction and "Q'" by an DI instruction.

(Note) This flag is shared with the alternative register F'.

(3)

(4)

(5)

Registers B, C, D, E, H and L

All these registers have an 8-bit configuration. They function as
16-bit register pairs (concatenated BC, DE and HL) as well as
independent 8-bit register. Registers B or register pair BC 1is also
used as a counter for the loop instruction (DJNZ). Register pair HL
is used for 16-bit data processing including 16-bit arithmetic/logic
operations.

Registers A', F', B', C', D', E', H' and L'
These registers have the same structure as the main registers (A, F,
B, C, D, E, H and L). They are called alternative registers. There
is no instruction that directly accesses these alternative registers,
but its data can be processed by a register exchange instruction.
Following are examples of register exchange insturctions that allow
the exchange of data between a main register and an alternative
register:

EX AF ,AF"

EXX

Registers IX, 1Y, BX and BY

IX and IY are 16-bit independent registers called index registers. BX
and BY are 4-bit independent registers and referred to as bank
registers.

These registers are used mainly for specifying memory addresses, and
generate 20-bit addresses. IX and IY registers are also used for
16-bit additions.
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(6)

@)

(8)

3.1.3

(n

(2)

BX and BY registers are allocated to the memory addresses FFECH (BX
register) and FFEDH (BY register) in the internal I/0 address spaces.
Only their lower four bits are effective, with the upper four bits
being undefined. These undefined bits are always set to '"1" when reat
out. By resetting, the lower four bits of BX and BY registers are
initialized to "0".

BX | - -1 -1 - |BX3|BX2|BX1|BX0| R/W
(FFECH) —~=m——m—m—m e —— e e e e e m

BY | = | -1 -1 - IBY3|BY2|BY1|BYO| R/W
(FFECH) _—

SP register

SP register is a l6-bit register called a stack pointer (SP), that
stores the start address of the memory stack area (Last in, first out
basis). It is decremented when a CALL or PUSH instruction is executed
or an interrupt 1is accepted. It is incremented by execution of RET
instruction or a POP instruction.

PC register

This is a 16-bit register called a program counter, and stores the
memory address of the next instruction to be executed.

It is initialized to 0000H when the RESET pin becomes low.

Other

By executing the data exchange instruction [EXX] between a main
register and an alternative register, the EXF bit (exchange flag: Bit
1 of memory address FFD2H) of the internal I/0 register is inverted.
This is a read-~only bit, and is not initialized by resetting.

Addressing modes

Eight addressing modes are available for the TMP90C840. They are used
in combination with various instructions to enhance the CPU's
processing capabilities.

They are: Register mode, immediate mode, register indirect mode, index
mode, register index mode, extend mode, direct mode and relative mode.
The first seven addressing modes are used most frequently. The
relative addressing mode is only applicable to specific instructionms.

Register addressing mode
In the register addressing mode, the operand represents a specified
register.
Example: LD A, B
The contents of Register B are loaded into Register A.

Immediate addressing mode
In this mode, the operand is in the instruction.
Example: LD A, 12H
Immediate data "12H'" are loaded into Register A.
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(3) Register indirect addressing mode
In the register indirect addressing mode, the operand is located in a
memory address indicated by a register pair (BC, DE, HL, IX, IY or
SP).
Example: LD A, (HL)

Memory
CPU

|

|

.
- | 45 2000H

|

I

|

"45H" in the memory address 2000H is loaded into Register A.

(4) 1Index addressing mode
In the index addressing mode, the operand 1is located in a memory
address specified by adding an 8-bit displacement value in the opcode
to the contents of a specified register pair (IX, IY or SP).
Example: LD A, (SP+2)
Memory
CPU

|

I

l_
I - | 67 3002H

|

l

|

"67H" in the memory address 3002H is loaded into Register A. The
displacement value ranges from -128 to +127.

(5) Register index addressing mode
In this mode, the operand is located in a memory address specified by
adding the displacement value of Register A to the contents of
register pair HL.
Example: LD B, (HL+A)

MPU90-13
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(6)

(7N

Memory

89 20031

HL |2 0 0 0| |

"89H" in the memory address 2003H is loaded into Register B. 1In this
mode, the data in Register A are considered as 8-bit signed number,
and the displacement value ranges from -128 to +127.

Extended addressing mode
In this mode, the operand is accessed by 2-byte (l6-bit) data in the
opcode.

Example: 1D A, (2000H)

Memory
CPU

45 2000H

"45H" in the memory address 2000H is loaded into Register A.

Direct addressing mode

The operand in this mode is located in a memory address from FFOOH to
FFFFH specified by l-byte (8 bits) data in the opcode. Compared with
the extended addressing mode, it saves both program memory and
executing time. This mode allows the access to 256-byte addresses
from FFOQH to FFFFH.

.or the TMP90C840, this direct area is divided into the internal RAM
(192 bytes from FFOOH to FFBFH) and the internal I/0 area (48 bytes
from FFCOH to FFEFH).
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Example: LD A, (FFlOH)
Memory
CPU
|
A |_56 I<~|=====~ |
- 56 FF10H

(8)

"56H" in the memory address FF10H is loaded into Register A.

Relative addressing mode

In the relative addressing mode, the operand is found at the address
relative to the current instruction. This mode 1is applicable to
instructions involving an 8-bit displacement value (JR and DJNZ) and a
16-bit displacement value (LDAR, JRL and CALR).

Example: JR  2034H
Memory
c8 20000 |
32 20014 __| JR instruction
2002H

e e —— s — — —— — e ——

In this example, the program execution jumps to the address 2034H.
Since the program counter is already incremented by 2 at the time of
address computation, the displacement is obtained by the following
formula based on the "memory address of the JR instruction + 2":
Destination address - (address of instruction being executed
+ 2)
In the example, the displacement '32H" is obtained by:
2034H - (20008 + 2)
In any other instructions using the relative addressing mode (DJNZ,
LDAR, JRL and CALR), the displacement is always calculated based on
the "address of the current instruction + 2.
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(9)

Addressing modes for extended data area
The TMP90C840 provides up to 1M bytes of data.
The addresses 00000H to OFFFFH can be accessed in a normal addressing
mode.
However, the addresses from 10000H to FFFFFH called an '"extended data
area" require a special addressing mode for access.
Accessing the extended data area requires to select the addressing
mode which uses the index register IX or IY for obtaining the address
of the operand (the register indirect addressing mode or the index
addressing mode).
The following four special modes are available:

(IX)

(1Y)

(IxX+d)

(1Y+d)
In these modes, the extended data area .is accessed by using a 20-bit
address consisting of a 16-bit offset address (address bus A0 to Al5)
and a bank address (address bus Al6 to Al9).
The 16-bit offset address is obtained by the same way as in a normal
address computation. The 4-bit bank address is specified by the bank
register BX or BY. The register pair BX is selected when the index
register IX is used, and BY is selected when IY is used.

Example: LD A, (IX)

Memory
CPU

I

A TR I<s]mmmn
| -
I
I

45 62000H

I
I
|
I
I
I
I
I

BX | 6 | 1Xx | 2000 ||
I

"45H" in the address 62000H is loaded into Register A.
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In the index addressing mode, a carry resulted from calculating the
16-bit offset address is ignored; i.e., it is not added to the bank
address.

Example: LD A, (IY+23H)

Memory
CPU

45 60013H

In this example, "45H" in the address 60013H is loaded into Register
A,

In any other addressing mode that accesses a non-extended data area
(the index register IX or IY is not used for address computing of the
operand), the 4-bit bank address (address bus Al6 to Al9) becomes "0",
indicating that the access range is from 00000H to OFFFFH.

(Note) Given "FFECH'" to the IX value of (BX address) an instruction "LD

3.1.4

(1

(IX), x", the normal write cycle is not performed, making the
result indefinite.

Instructions

The TMP90C840 supports a rich variety of addressing modes as well as
powerful instruction sets. There are 163 basic instructions as
categorized into the following nine groups:

8-bit transfer instruciton

16~bit transfer instruciton

Exchange, block transfer and search instructions
8-bit arithmetic and logical operation instruction
Special operation and CPU control instructioms
16-bit arithmetic and logical operation instruciton
Rotate and shift instructions

Bit manipulation instruction

Jump, call and return instruction

O 00 0O0O0O0O0OO

Table 3.1 (1) 1lists the 163 basic instructions. Table 3.1. (2)
describes the mmemonics and their meaning.

8-bit transfer instruction

The 8-bit transfer instructions inclued those for ttansferrlng 8-bit
data between registers, register and immediate address, register and
memory, or memory and immediate address.
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(2)

(3)

(4)

16-bit transfer instruction

The 16-bit transfer instructions include those for transferring 16-bit
data between registers, register and immediate address, register and
memory, and memory and immediate address, PUSH and POP instructions
using the stack, and LDA (Load Address) instruction that calculates an
effective address and loads its value into a register.

Exchange, block transfer and search instructions

The data exchange instructions are executed to exchange l6-bit data
between registers, between memory and register, or between a main
register and an alternative register.

The block tramsfer instructions can transfer data in any memory block
to other memory area.

The block search instructions are executed to find out a particular
8-bit character in a given memory block. LDIR, LDDR, CPIR and CPDR
included in the block transfer and search instructions read the
current instruction each time a 1l-byte memory is transferred or
compared, thus making it possible to acknowledge an interrupt before
reaching to the end of the block.

8-bit arithmetic and logical operation instruction

8-bit arithmetic and logical operation instructions perform 8-bit
arithmetic and logical operations between Register A and another
register, Register A and immediate address, Register A and memory,
register and immediate address, and memory and immediate address (ADD,
ADC, SUB, SBC, AND, OR XOR and CP), or increment/decrement the
contents of register or memory by 1 (INC, DEC, INCX and DECX).

The INCX (Increment if X) instruction increments the contents of a
memory specified by the operand if the X flag is "1", and does nothing
if not. The DECX instruction performs the same operation except that
it decrements the data. These instructions are executed to increment
or decrement the data with 20-bit width in the 20-bit address pointers
(registers BX and IX or BY and IY) mainly to access an extended data
area.

Examples:
INC IX : Increment Register IX
INCX (FFECH) : Increment Register BX if X
LD A, (IX) : Load contents of memory into Register A
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Table 3.1 (1) TMP90C840 Basic Instructions (163 types)

"D r,r [ SBC r,n [ MUL HL,r | RRCA |
| LD r,n | SBC mem,n | MUL HL,n | RRC r |
| LD r,mem | AND A,r | MUL HL,mem | RRC mem |
| LD mem,r | AND A,n | DIV HL,r | RLA |
| LD mem,n | AND A,mem | DIV HL,n | RL r |
| LD rr,rr. | AND r,n | DIV HL,mem | RL  mem |
| LD rr,nn | AND mem,n | ADD HL,rr | RRA |
| LD rr,mem | OR A,r | ADD HL,nn | RR r |
| 1D mem,rr | OR A,n | ADD HL,mem | RR  mem |
| LDW mem,nn | OR  A,mem | ADC HL,rr | SLAA |
| PUSH qq ' | OR  r,n | ADC HL,nn | stLA [
| POP qq | OR  mem,n | ADC HL,mem | SLA mem |
| LDA rr,mem | XOR A,r | SUB HL,rr | SRAA |
| EX  DE,HL | XOR A,n | SUB HL,nn | SRA r !
| EX AF,AF' | XOR A,mem | SUB HL,mem | SRA mem |
| EXX | XOR r,n | SBC HL,rr | SLLA |
| EX mem,rr | XOR mem,n | SBC HL,nn | SLL r |
| LDI | cp A,r | SBC HL,mem | SLL mem [
| LDIR | cP A,n | AND HL,rr | SRLA |
| LDD | CP A,mem | AND HL,nn | SRL r |
| LDDR | CP r,n | AND HL,mem | SRL mem |
| ¢cPI1 | CP  mem,n | OR HL,rr | RLD mem |
| CPIR | INC ~ | OR HL,nn | RRD mem |
| CPD | INC mem | OR  HL,mem | BIT b,r |
| CPDR | DEC r | XOR HL,rr | BIT b,mem ]
| ADD A,r | DEC mem | XOR HL,nn | RES b,r |
| ADD A,mem | INCX (n) | XOR HL,mem | RES b,mem |
| ADD r,n | DECX (n) | cp  HL,rr | SET/TSET b,r |
| ADD mem,n | DAA A | cP  HL,nn | SET/TSET b,mem |
| ADC A,r | CPL A | CP HL,mem | JP  cc,mem |
| ADC A,mem | NEG A | ADD - ix,rr | JR  cc,PC+d |
| ADC r,n | LDAR HL,PC+dd | ADD ix,nn | JRL PC+dd |
| ADC mem,n | ccF | ADD ix,mem | CALL cc,mem |
| SUB A,r | SCF | INC rr | CALR PC+dd l
| SUB A,mem | RCF | INCW mem | DINZ [BC, JPC+d |
| SUB r,n | NOP | DEC rr | RET cc |
| SUB mem,n | HALT | DECW mem | RETI |
| SBC A,r | pI | RLCA | |
| SBC A,n | EL | RLC r [ |
| SBC A,mem | SWI | RLC mem | |
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Table 3.1 (2) TMP90C840 Mnemonics and Their Meaning

Mne- | . | Mne- | . |
. Meaning . Meaning
monic | | monic | |
LD | Load | MUL | Multiply
LDW | Load Word | DIV | Divide |
PUSH | Push | INCW | Increment Word |
POP | Pop | DECW | Decrement Word |
LDA | Load Address | RLCA | Rotate Left Circular |
EX | Exchange | | Accumulator |
EXX | Exchange X | RLC | Rotate Left Circular |
LDI | Load and Increment | RRCA | Rotate Right Circular
LDIR | Load, Increment and Repeat | |  Accumulator
LDD | Load and Decrement | RRC | Rotate Right Circular |
LDDR | Load, Decrement and Repeat | RLA | Rotate Left Accumulator |
CPI | Compare and Increment | RL | Rotate Left f
CPIR | Compare, Increment and | RRA | Rotate Right Accumulator I
| Repeat | RR | Rotate Right |
CPD | Compare and Decrement | SLAA | shift Left Arithmetic |
CPDR | Compare, Decrement and | | Accumulator |
| Repeat | SLA | Shift Left Arithmetic |
ADD | Add | SRAA | shift Right Arithmetic f
ADC | Add with Carry | |  Accumulator |
SUB | Subtract | SRA | Shift Right Arithmetic |
SBC | Subtract with Carry | SLLA | Shift left Logical |
AND | And | | Accumulator |
OR | or | SLL | shift Left Logical |
XOR | Exclusive Or | SRLA | Shift Right Logical |
CcP | Compare | | Accumulator |
INC | Increment | SRL | shift Right Logical !
DEC | Decrement | RLD | Rotate Left Digit
INCX | 'Increment if X | RRD | Rotate Right Digit !
DECX | Decrement if X | BIT | Bit Test |
DAA | Decimal Adjust Accumulator | RES | Reset Bit |
CPL | Complement | SET | Set Bit |
NEG | Negate | TSET | Test and Set |
LDAR | Load Address Relative | Jp | Jump |
CCF | Complement Carry Flag | JR | Jump Relative |
SCF | Set Carry Flag | JRL | Jump Relative Long |
RCF | Reset Carry Flag | CALL | call |
NOP | No Operatiom | CALR | Call Relative [
HALT | Halt | DJNZ | Decrement and Jump if Non |
DI | Disable Interrupt | | Zero
EIl | Enable Interrupt | RET | Return |
SWI | Software Interrupt | RETI | Return from Interrupt |
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(5)

(6)

(7

(8

(9)

Special operation and CPU control instruction

Special operations are used to control Register A (DAA, CPL and NEG),
load the data in a relative address into a register (LDAR), control
the carry flag (CCF, SCF and RCF), multiply an 8-bit data by an 8-bit
data and convert the result into a l6-bit representation (MUL), divide
a l6-bit data by an 8-bit divisor and obtain an 8-bit quotient with an
8-bit residual (DIV), and to nothing (NOP).

If a quotient cannot be represented by an 8-bit number (outside the
0-255 range) or if the divisor is 0 (e.g., '"divide 1,000 by 0" or
"divide 5,000 by 0"), the overflow flag is set to "1".

CPU control instructions are executed to suspend the CPU operation
(HALT), enable/disable a maskable interrupt (EI/DI), and to execute a
software interrupt (SWI).

16-bit arithmetic and logical operation instruction

The 16-bit arithmetic and logical operation instructions perform
16-bit arithmetic logical operations between the register pair HL and
another register pair, the register pair HL and immediate address, and
the register pair HL and memory (ADD, ADC, SUB, SBC, AND, OR, XOR and
CP), perform an addition between the index registers IX and IY or
Stack Pointer SP and a register pair, or immediate address and memory
(ADD), or increment/decrement the contents of a register pair or
memory by 1 (INC, INCW, DEC, and DECW).

Note that "ADD HL,rr'", "ADD ix,gg', "INC rr" and "DEC rr" result in a
different flag status.

Rotate and shift instructions

The rotate and shift instructions use 8-bit data (RLC, RRC, RL, RR,
SLA, SRA, SLL and SRL) or binary-coded decimal (BCD) data (RLD and
RRD) .

Bit manipulation instruction

The bit manipulation 1instructions perform testing, setting and
resetting a particular bit in a register or memory (BIT, SET and RES).
A test and reset instruction (TSET) is also available for executing
multiple tasks.

Jump, call and return instructions

A jump instruction can be used, in addition to the register indirect,
index, register index, and extended addressing modes, in the 8~bit and
16-bit relative addressing modes. Note, however, that the 16-bit
relative addressing mode can be used only for an unconditional jump
instruction.

A call instruction uses the 16-bit relative addressing mode, as well
as the register 1indirect, index, register index, and extended
addressing modes. Again, 16-bit relative addressing mode 1is only
applicable to an unconditional call instruction.

Return instructions contain unconditional return instruction,
conditional return instruction and RETI instruction for return back
from the interrupt processing.

These instructions pop up the program couater PC and the register pair
AF from the stack. 16 condition codes and over 16 mmemonics are used
in these instructions, because certain flags have more than one
meaning (e.g. Z and EQ, NZ and NE, PE and OV, PO and NOV).
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In addition to the above instructions, '"DJNZ PC+d" and "DJNZ BC,PC+d"
may be used to control program loops.

"DJNZ PC+d" decrements the contents of the Register B (8-bit) each
time the instruction is executed, and executes a relative jump until
it becomes zero. "DJIJNZ BC,PC+d" decrements the contents of the
register pair BC (l6-bit), and executes a relative jump until it
becomes zero.

Appendix A lists the TMP90C840 machine instructions. . The table
includes the instruction groups, mmnemonics, codes, functions, flag
status and executing time.

The executing time can be calculated using the value in the "T"
column, which denotes the number of states. Time for one state 1is
equivalent to a time twice as long as the clock oscillation cycle.
For example, if the clock oscillation frequency is 10MHz, the time for
one state 1is 200 ns.

Executing "LD A,r" at the clock frequency of 10MHz requires two
states, and thus takes 200ns x 2 = 400ns for the execution.

Appendix B contains code maps. The TMP90C840 supports l-byte opcode
instructions and 2-byte opcode instructions. The l-byte opcode
instruction is formatted as follows:

LD A,B | Opcode |

LD A,n | Opcode | n |

LD HL,mn | Opcode | n | m |

LD (w),n | Opcode | w | n |

LDW (w) ,mn | Opcode | w | n | m
JR PC+d | Opcode | d |

CALL mm | Opcode | n | m
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As shown in the code format, a l-byte opcode instruction has an opcode
in the first byte and operand codes in the subsequent bytes. If there
are two l-byte operand codes, the lower operand 1is placed before the
upper operand. If both a source and a destination are included as
operand codes, the destination is placed first.

A 2-byte opcode instruction begins with the first opcode, followed by
an operand code specified by the first opcode, then the second opcode
and its operand code. For example,

LD B,C | 1st Op Code| 2nd Op Codel|

LD B,(n) |1st Op Codel 0 |2nd Op Code|

LD B, (IX+d) [lst Op Codel d |2nd Op Code}

LD B,(m) |1st Op Code] n | m |2nd Op Codel

ADD B,n |1st Op Codel2nd Op Code]| n |

ADD (VW) ,n |lst Op Codel w | v [2nd Op Code! n |

In a 2-byte opcode instruction, the position of the second opcode is
determined by the first opcode. Basically, the first opcode in a
2-byte opcode instruction provides data to select the mode of
addressing the operand in the range of EOH to FEH. The first operand
code that follows the first opcode serves to specify the memory
addressing mode. The second operand code that follows the second
opcode specifies the immediate addressing mode. Their roles can be
summarized as follows:

| lst opcode |lst operand code| 2nd opcode | 2nd operand code]

|<Specify >I< Specify >I<Specify >[< Specify im- >|
| addressing | memory | instruction| mediate ad- |
" mode addressing dressing
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3.2

3.2.1

Read
Cycle

Write

Cycle

Basic Timing

Each instruction of the TMP90C840 is executed by combination of read,
write and dummy cycles. These are basic cycles that synchronize with
the system clock. 1/2 of the frequency of the clock oscillation is used
as the system clock; e.g., 1if the clock frequency is 10 MHz, the
frequency of the system clock is 5 MHz. The system clock cycle is also
called a "state'.

The TMB90C840 bus operation are basically synchronous, and each of
memory read, memory write and dummy cycles is completed in two states,
unless they are not requested to wait.

The '"CLK" pin generates a pulse at a frequency that further halves the
frequency of the system clock. This CLK signal synchronizes with the
bus cycles with no wait request.

Read/Write cycles

Fig. 3.2.(1) is a timing chart of external memory read/write cycles.
The left side shows the bus operation timing with no wait request, and
on the right side shows that with a 2-state wait request.

Each wait consists of a multiple of two states, making a bus cycle

wait for two, four, six, eight states, etc.

State
B

A VA VAVAVA VAR VAVANANAVAVANANAW,

CLK

ag-19 ) X

LD¢ ~ 7——-———-———.——4——- - e e —— " o o] - — - . - —--—————-

=
o
\I

Fig. 3.2.(1l) Timing of External Memory Read/Write Cycles
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3.2.2

The TMP90C840 CPU has a wait control register (WAITC) that controls
waits by using software. The configuration of this register is shown
in Fig. 3.2 (2).

7 6 5 4 3 2 1 [}
l | | | | |
P3CR | WAITC | RDE | ODE | TXDC | RXDC |
(FFCTH) | l | l | I l | |
I I |
|
0 0 = 2~-state wait
0 1 = Normal wait See "3.5.4 Port 3'".
1 0 = No wait
1 1 = Reserved

Fig. 3.2 (2) Wait Control Register

This register is assigned to the bits 6 and 7 of the memory address
FFC7H in the internal 1/0 register area (the other bits are used for
controlling other functions). It 1is reset. to "00", whereby the
register is placed in the 2-state wait mode.

In the "2-state wait mode'", only the first wait in a bus cycle is
sampled, and all subsequent waits are ignored.

In the '"normal wait mode'", all wait requests are sampled. The ''mo
wait mode" ignores all waits.

Dummy cycles

The timing of dummy cycles is shown in Fig._3.2 (3). All through the
dummy cycles, the level of both the RD and WR signals remains at "1"
and wait requests are ignored, with the address bus being undefined.

A dummy cycle is also called an '"internal operating cycle". The bus
cycle becomes the dummy cycle when the CPU reads or write the data
from/to the internal memory or intermal I/0 area.

AVAYTANATAWA

Fig. 3.2 (3) Timing of Dummy Cycles
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3.2.3 Interrupt Acknowledge Timing

Fig. 3.2 (4) shows the basic timing of interrupts being acknowledged.
An interrupt request may be sampled by the CPU at the falling edge of
the CLK signal in the last bus cycle of each instruction. Note,
however, that the sampling of a non-maskable interrupt (NML) is
delayed a half the system clock cycle.

When an interrupt request is acknowledged, the CPU starts an interrupt
response sequence that proceeds as follows: 1) A read cycle (In this
cycle, the read data 1is not used in the CPU because the pipeline
processing prefetches instructions. The pipeline processing 1is
described in "3.2.6 Bus Operation for Executing Instructioms'".), 2)
two dummy cycles (the CPU receives: an interrupt vector from an
internal interrupt controller), 3) output of the interrupt vector
(000H for the upper address locations A8 to Al9) and read out of the
dummy cycle, 4) one dummy cycle, 5) saving the contents of the program
counter PC and those of the register pair AF into the stack (four
write cycles), and 6) the CPU resets the interrupt enable flag IFF to
"0" (to disable interrupts) and jumps to the interrupt processing
routine.

If a '"micro DMA processing" is specified as the interrupt, the CPU
follows the sequence to be described in "3.3.2 Micro DMA processing".

x1 NANANANANANANANANA ANV

CLK /

Ad ~ 19 Last Next + 1 Dummy

Dg ~ 7 -—----—--—-( In }--—--——---—--——---

NMI v \
INTY

(Level) J \

INTg-1-2
(Rising Edge) /

Internal INT 44/

~ Last Instruction Interrupt Acknowledge
Execution Cycle Sequence

Fig. 3.2 (4) Interrupt Acknoledge Timing
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3.2.4

Reset

The basic timing of the reset operation is indicated in Fig. 3.2 (5).
In order to reset the TMP90C840, the RESET input must be maintained at
the '"0" level for at least ten system clock cycles (10 states). When
a reset request is accepted, all I/0 ports (Port 0/data bus DO to D7,
Port 1/address bus A0 to A7, Port 2/address bus A8 to Al5, Port 6 and
Port 7) function as input ports (high impedance state). The RD, WR
and CLK pins that always function as output ports turn to the "1"
level, and the other input ports (P32, P33, Port 4/address bus Al6 to
Al9 and P83) turn to the "0" level. The dedicated input ports remain
unchanged. The registers and external memory of the CPU also remain
unchanged. Note, however, that the program counter PC, the interrupt
enable flag IFF and the bank registers BX and BY are cleared to "0".
Register A shows an undefined status.

When the reset is cleared, the CPU starts executing instructions from
the address 0O0O0OH.

o LA A AL A AL AL
CLK -
RESET
ag-15 X Undefinedjm=—— = f=— —{Undefined 0000H
al6~19 X UndeLined
RD I~
WR
Dg ~ 7 ad adds Badt - —— - F————t—~In }—-

Fig. 3.2 (5) Reset Timing
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3.2.5 System flowchart

Fig. 3.2 (6) 1is a system flowchart of the TMP90C840. A normal
operation repeats a loop between "Fetch instruction'" and "Execute
instruction".

When an interrupt is acknowledged, the CPU proceeds to 'Interrupt
processing". Executing the return instruction RETI makes the CPU
return to the address that follows the address of the SWI imstruction
in the same way as the SWI instruction is executed under software
control.

When a HALT instruction 1is executed, the CPU suspends the operation
until an interrupt 1s requested. When the interrupt is acknowledged,
the CPU starts the interrupt processing. However, when a maskable
interrupt is requested with the interrupt enable flag at '"QO"
(interrupts are disabled), the CPU only releases the HALT state and
starts executing an instruction that follows the HALT instruction.

For details of the interrupt processing, refer to "3.3 Interrupt
Function". The timing of releasing the HALT state is described in
"3.4 Standby Function".

By setting the RESET input level to "0'", the CPU always returns to
"RESET" start position without regard to its current position in the
flowchart.
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NO

PC <« 0000H

IFF <« O

BX,BY <« O

I/0 Initialize

Instruction
Fetch

PC + PC-1 l

SWI

Instruction

HALT
Instruction

Instruction Interrupt
Execution processing
Y \ \

Fig. 3.2 (6) TMP90C840 System Flowchart
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3.2.6 Bus operation for executing instructions

The TMP90C840 adopts a pipeline processing method in which it executes
an instruction simultaneous with the next instruction fetch. The
concept of this processing is illustrated in Fig. 3.2 (7).

Address | 100 | 101 | 102
| Fetch imstruc- | Execute in- |
| tion in address| struction in |
| 100 | address 100 |
| Fetch instruc- | Execute in- !
| tion in address| strcution in |
| 101 | address 101 |

| Fetch instruc- |
| tion in address|
| 102 |

Fig. 3.2 (7) Pipeline Processing

This pipeline processing allows the TMP90C840 to obtain a higher
executing speed than the conventional method that fetches the next
instruction after the previous instruction 1s executed. The bus
operation for each instruction begins with '"fetching a code in the
address that follows the f£first 1instruction code'", and not with
"fetching the first instruction code'". The first instruction code is
fetched when the CPU is executing the previous instruction. An
example of this processing is shown in Fig. 3.2 (8).

Address | INC A | LD B,A | ADD A,n | n | DECH | |

| Execute | Execute | Execute | Execute | Execute |
CPU | INCA | LD B,A | internal| ADD A,n | DEC H |
| | | operation]| | |

| I | | |

|<INCA >|<LD B,A >|< ADD A,n >|< DEC H >|
Bus Bus Bus operation Bus
operation operation operation

Fig. 3.2 (8) Pipeline Processing and Bus Operation
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Table 3.2 is a list of the bus operations for each imstruction. Their
cycles (read, write or dummy) are indicated by symbols in the table.
Each bus cycle is represented by a single symbol (a character string
with one to three characters length) and delimited by a colon '":'".
The bus operations should be read from the left to right.

A capital letter denotes an effective bus cycle, and a small letter (n
or d) denotes an invalid bus cycle. For example, data read out in the
read cycle of the "n" bus operation have no effect on the CPU
operation, and are ignored. The symbol '"d" represents an internal
operation cycle that involves no read or write of memory.

I3

Table 3.2 Bus Operations for Executing Instructions

Meaning of symbols

| Symbol Data Bus Address Bus I
| N Next Code Read Next Op Code Address |
| n | Next Code Read(dummy) | Next Op Code Address |
I 1 | 1st Code Read | Jump/Call/Return Address |
| 2 | 2nd Code Read | Op Code Address+l !
| 3 | 3rd Code Read | Op Code Address+2 |
| 4 | 4th Code Read | Op Code Address+3 |
| 5 | 5th Code Read | Op Code Address+4 ]
| 6 | 6th Code Read | Op Code Address+5 |
| d | Dummy (No Read/Write) | Undefined |
| R | 1st Data Read | 1st Data Address |
| R+l | 2nd Data Read | 2nd Data Address |
| W | 1st Data Write | 1st Data Address !
| w+l | 2nd Data Write | 2nd Data Address I
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1. 8-BIT LOADS 16-BIT LOADS(Continued)
Mnemonic Bus Operation Hnemonic Bus Operation |
LD Ar N LD (gg),mn 2:3:4:N:W: W1
r,A N (ix+d),mn | 2:d:3:4:5:N:H: W+
r.g 2:N (HL+A),mn | 2:d:d:d:d:3:4:N:
................ AL 2. DA WoHe
A, (n) g (vw),mn 2:3:4:5:6:N:H: W1
r.{99) (w), mn 2:d:3:4: N W W1
r, (ix+d) PUSH qq N:d: (SP-1) «qqH:
r, (HL+A) (SP-2) «qal
r, (mn) :4:R: POP  ag n: qql—(SP):
................ rAn) 123k agH < (SP+1):
(n), A :N: d:N
{gg).r N:H DA rr,ix+d 2:d:3:N:d
{ix+d),r :3:N: rr HL+A 2:d:d:d:d:N:d
(HL+A), 1 d
(mn), r 2:3:4:N:¥
(n),r 2:3:N: 4 3. EXCHANGES,
{9g),n 2:3:H:N BLOCK TRANSFERS AND SEARCHES
(ix+d),n 2:d:3:4:W:N Mnemonic Bus Operation
{HL+4),n 2:d:d:d:d:3:¥:N EX DE, HL N
(vw),n 2:3:4:5:W:N EX AF AF N
{w),n 2:d:3:4:N EXX N
£X (gg),rr 2:R:R+1:
2. 16-BIT LOADS d:H:HW+1:N
Mnemonic Bus Operation {ix+d),rr | 2:d:3:R:R+1:
LD HL,rr N:d d:W:W+1:N
re,HL N:.d (HL+A),rr | 2:d:d:d:d:R:R+1:
rr,9g 2:N:d d:W:H+1:N
rr,mn 2:3:N (mn), rr 2:3:4:R:R+1:
L, (n) 2:d:R:R+1:N d:W:W+1:N
rr.(99) | 2:R:Re1:N (n), rr 2:3:R:R+1:
re, (ix+d) | 2:d:3:R:R+1:N d:W:W+1:N
rr, (HL+A) | 2:d:d:d:d:R:R+1:N LDI/LDD 2:n:R:H:d:d:N
rr, (mn) 2:3:4:R:R+1:N LDIR/LDDR repeat | 2:n:R:W:d:d:d:d:1
............... r () BBRREN F L end | 2incRbdidiN
(n), HL 2:d:N: WM+ “CPI/CPD Sl 2meRidididN
(gg),rr 2:NW CPIR/CPDR repeat | 2:n:R:d:d:d:d;d:1
(ix+d),rr | 2:d:3:N:H:W+1 end | 2:n:R:d:d:d:N
(HL+A),rr | 2:d:d:d:d:N:W:W+1
(mn),rr 2:3:4:N:W: W1
(n), rr 2:3: N WK+
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4. 8-BIT ARITHMETIC 5. SPECIAL FUNCTIONS
AND LOGIC OPERATIONS Mnemonic Bus Operation
Mnemonic Bus Operation DAA A N:d
ADD/ADC/SUB/SBC/ CPL/NEG A N
AND/OR/XOR LDAR HL,PC+cd | 2:3:N:d
A g 2:N CCF/SCF/RCF N
A n 2:N NOP N
A, {99) 2:R:N HALT N:d
A, (ix+d) 2:d:3:R:N DI/EL L
A, (HL+A) | 2:d:d:d:d:R:N w1 T nidid:1:d:
A, {mn) 2:3:4:R:N (SP-1) «PCH:
D) RN (8P-2) PCL:
g,n 2:3:N (SP-3) «A:
(g9).n 2:3:R:N:¥ (SP-4) —F:
{ix+d),n 2:d:3:4:R:N:H 1
(HL+A),n 2:d:d:d:d:3:R:N: ¥ MUL/DIV HL,g 2:n:d:d:d:d:d:d:N
{vw),n 2:3:4:5:R:N:H HL.n 2:d:d:d:d:d:d:N
(%), n 2:3:4:R:N:H HL, (9g9) | 2:R:d:d:d:
cP A g 2:N d:d:d:N
AN 2:N HL, (ix+d)l 2:d:3:R:d:d:d:
A, (g9) 2:R:N d:d:d:N
A, (ix+d) 2:d4:3:R:N HL, (HL+A) 2:d:d:d:d:R:d:d:
A, (HL+A) 2:d:d:d:d:R:N d:d:d:d:N
A, (mn) 2:3:4:R:N HL, (mn) ] 2:3:4:R:d:d:d:
A, (n) 2:d:R:N d:d:d:N
g,n 2:3:N HL, (n) 2:3:R:d:d:d:
(gg),n 2:3:R:N d:d:d:N
(ix+d),n 2:d:3:4:R:N
(HL+A),n 2:d:d:d:d:3:R:N
{vw),n 2:3:4:5:R:N
(wW),n 2:3:4:R:N
INC/DEC r N
(g9) 2:R:N:H
{ix+d) | 2:d:3:R:N:¥
(HL+A) | 2:d:d:d:d:R:N:H
(mn) 2:3:4:R:N:H
.................. () | 2i:RNH
INCX/DECX (n)true 2:d:R:N:W

2:d:R:
falsé 2:d:N
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6. 16-BIT ARITHMETIC 7. ROTATES AND SHIFTS
AND LOGIC OPERATIONS Mnemonic Bus Operation
Mnemonic Bus Operation RLC/RRC/RL/RR/
ADD/ADC/SUB/SBC/ SLA/SRA/SLL/SRL
AND/OR/XOR/CP A N
HL, g9 2:N:d:d 9 2:\
HL, mn 2:3:N (99) | 2:R:N:M
L. (99) 2:R:R+1:K {ix+d) | 2:d:3:R:N:¥
HL, (ix+d) | 2:d:3:R:R+1:N (HL+A) | 2:d:d:d:d:R:N:¥
HL, (HL+A) | 2:d:d:d:d:R:R+1:N (mn) 2:3:4:R:N:H
HL, (mn) 2:3:4:R:R+1:N (n) 2:3:R:N:¥
HL, (n) 2:d:R:R+1:N RLD/RRD  (gg) | 2:R:d:d:N:H
ADD  iX, g9 2:N:d:d (ix+d) | 2:d:3:R:d:d:N:H
ix,mn 2:3:N (HL+A) | 2:d:d:d:d:
ix, {(0g) 2:R:R+1:N Rid:d:N:W
ix, (jx+d) | 2:d:3:R:R+1:N (mn) 2:3:4:R:d:d:N:H
ix, (HL+A) | 2:d:d:d:d:R:R+1:N (n) 2:3:R:d:d:N:H
ix, (mn) 2:3:4:R:R+1:N
ix, (n) 2:3:R:R+1:N
INC/DEC rr N:d 8. BIT OPERATIONS
INCH/DECH (99) 2:R:R+1: Mnemonic Bus Operation
N:W:H+1 BIT b,g 2:N
(ix+d) | 2:d:3:R:R+1: b, (09) 2:R:N
N:W: W+ b, (ix+d) | 2:d:3:R:N
(HL+A) | 2:d:d:d:d:R:R+1: b, (RL+A) | 2:d:d:d:d:R:N
N:H:H+1 b, (mn) 2:3:4:R:N
{mn) 2:3:4:R:R+1: b, (n) 2:d:R:N
N W1 SET/RES b, g 2:N
{n) 2:d:R:R+1: b, (99) 2:R:N:d:¥
N:W: W+l b, (ix+d) [ 2:d:3:R:N:d:¥
b, (HL+4) | 2:d:d:d:d:
R:N:d: W
b, (mn) 2:3:4:R:N:d: W
b, {n) 2:d:R:N:d:¥
TSET b,g 2:N:d:d
b, (99) 2:R:N:d:d:H
b, (ix+d) | 2:d:3:R:N:d:d:H
b, (HL+A) | 2:d:d:d:d:
R:N:d:d:W
b, (mn) 2:3:4:R:N:d:d: M
b, (n) 2:3:R:N:d:d:¥
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3. JUMPS, CALLS AND RETURNS Mnemonic i Bus Operation
Mnemonic Bus Operation DJNZ PC+d truq 2:d:d:d:1
JP cc,g0  true 2:n:d:1 false 2:d:d:d:N
false 2:N:d BC,PC+d trug 2:d:d:d:1
cc,ix+d true 2:d:3:n:d:1 false 2:d:d:d:N
false 2:d:3:N:d RET n:
cC,HL+A true 2:d:d:d:d:n:d:1 PCL—(SP):
falsg 2:d:d:d:d:N:d PCHe (SP+1):
cc,mn true 2:3:4:n:d:1 d:1
............................. falsg 2:3:40:0 | |RETcc  trud 2omed:
JRcc,PC+d trug 2:n:d:1 PCL—(SP):
I falss 2N POHe- (SP+1):
JP mn 2:3:d:1 d:1
JRL_PCcd 2:3::0:1 falsg 2:N:0
CALL cc,09 trug 2:n:d:d: RETI n:
(SP-1) «PCH: F—(SP):
(SP-2) «PCL: Ae(SP+1):
1 PCLe (SP+2):
falsel 2:N:d PCHe (SP+3):
cC, ix+d trud 2:d:3:n:d:d: d:1

false
¢c, HL+A true

false

¢c,mn  true

CALL mp

CALR PC-cd

(SP-1) «PCH:
(SP-2) «PCL:

1

:d:3:N:d
d:d:d:d:n:d:d:
(SP-1) «PCH:
(SP-2)«PCL:

1
d:d:d:d:N:d
3:4:n:d:d:

(8P-1) «PCH:
(SP-2) «PCL:

{(GP-1) «PCH
(SP-2) «PCL
1
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10. INTERRUPT

MODE

Bus Operation

NORMAL INTERRUPT

n+1:d:d:1:d:
(SP-1) «PCH:
(SP-2) «PCL:
(SP-3) «A:
(SP-4) «F:
1

MICRO DMA

Cf COUNT =0
: then execute

n+1:d:d:d:
DSTLe< (FFOOH+V+1):
DSTHe (FFOOH+V+2) :
SRCL(FFOOH+V+3):
SRCHe (FFOOH+V+4):
CMD < (FFOOH+V+5):
TEMP— (SRC):
{DST) «TEHP:
TEMP«(SRC+1) / d:
(DST+1) «TEMP / d:
d:
d:
{FFOOH+V+4) «SRCH':
(FFOOH+V+3) «SRCL":
(FFOOH+V+2) «DSTH':
{FFOOH+V+1) «<DSTL":
COUNT «(FFOQH+V):
d:
{FFOOH+V) «COUNT":

(SP-1) «PCH:
(SP-2) «PCL:
(SP-3) «A:
(SP-4) <F:

1
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3.3

3.3.1

Interrupt Functions

The TMP90C840 supports a general purpose interrupt processing mode to
acknowledge internal and external interrupt requests, as well as a micro
DMA processing mode that enables automatic data transfer by the CPU.
Immediately after the reset state is released, all interrupt requests
are processed in the general purpose interrupt processing mode.
However, they can be processed in the micro DMA processing mode by using
a DMA enable register to be described later.

Fig. 3.3 (1) is a flowchart of the interrupt response sequence.

(interrupt Processin&j

l Reading of Interrupt Vector 'V’ J

Micro-DMA
Processing
Mode

General-Purpose Micro-DMA
Interrupt Processing Processing

Fig. 3.3 (1) Interrupt Response Flowchart

YES

When an interrupt is requested, the source of the interrupt transmits

the request to the CPU via an intermal interrupt controller. The CPU
starts processing the interrupt if it is a non-maskable or maskable
interrupt requested in the EI state. However, a maskable interrupt

requested in the DI state 1s ignored and acknowledged.

Having acknowledged an interrupt, the CPU reads out the interrupt vector
from the internal interrupt controller to find out the interrupt source.
Then, the CPU checks if the interrupt requests the general purpose
interrupt processing or the micro DMA processing, and proceeds to each
processing..

As the reading of an interrupt vecotors is performed in the internal
operating cycles, the bus cycle at that time results in dummy cycles.

Normal interrupt processing

A normal interrupt is processed as shown in Fig. 3.3. (2).

The CPU stores the contents of the program counter PC and the register
pair AF into the stack, and resets the interrupt enable flag IFF to
"0" (disable interrupts). It then transfers the value of the
interrupt vector "V'" to the program counter, and the processing jumps
to an interrupt processing program.

MPU90-37



TOSHIBA

TMP90C840

The overhead for the entire process from accepting an interrupt to
jumping to an interrupt processing program is 20 states.

General-Purpose
Interrupt Processing

(Ssp-1) <« PCH
(sp-2) < PCL
(sp-3) <« A
(Sp-4) « F
SP + SP-4
IFF <« O

|'Pc<|—v 1

Interrupt
Processing
Program

[*Tnstruction J
of RETI

C END )

Fig. 3.3 (2) General Purpose Interrupt Processing Flowchart

An interrupt processing program ends with a RETI instruction.

When this instruction is executed, the #data previously stacked from
the program counter PC and the register pair AF are restored.

After the CPU reads out the interrupt vector, the source of an
interrupt requested acknowledges that the CPU accepts the request, and
clears the request.

A non-maskable interrupt cannot be disabled by programming. A
maskable interrupt, on the other hand, can be enabled or disabled by
programming. An interrupt enable flip flop (IFF) is provided on the
bit 5 of Register F in the CPU. The interrupt is enabled or disabled
by setting IFF to "1" by the EI instruction or to 0" by the DI
instruction, respectively. IFF is reset to "0" by the reset operation
or the acceptance of any interrupt (including non-maskable interrupt).
The EI instruction is executed after the subsecuent instructions is
executed.
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Table 3.3 (1) lists the possible interrupt sources.

Table 3.3 (1) Interrupt Sources

| | Start ad-|Start ad-

| | | l
| Priority] | [Vector|dress of |dress of |
| order | Type | Interrupt source [value [general |[Mico DMA

I I ’ | | purpose |processing]
| | | [ | interrupt|{parameter |
| ] l l | process- | l
| ing |
| 1 Non SWI instruction 10H 0010H -

| 2 |maskable |¥MI(Input from NMI pin) | 184 | O0018H | - |
| 3 INTWD (watchdog) 20H 0020H - |
I 4 INTO (External inmput 0) 284 00284 FF28H [
| 5 | INTTO (Timer 0) | 30H | 0030H | FF30H |
| 6 | | INTT1 (Timer 1) | 384 | O0038H | FF38H |
| 7 | | INTT2 (Timer 2) | 40H | O0040H | FF40H |
| 7 | | INTAD (A/D Converter) | 40H | O0040H | FF40H |
| 8 [Maskable| INTT3 (Timer 3) [ 48d | 0048H | FF48H I
| 9 l | INTT4 (Timer 4) | S50H | OO50H | FF50H |
| 10 | | INT1 (External input 1) | 58H | 00584 | FF588 |
| 11 | | INTT5 (Timer 5) | 60H | O0060H | FF60H |
| 12 | | INT2 (External input 2) | 684 | O0068H | FF68H |
| 13 | | INTRX (End of serial | 70H | OO70H | FF70H |
| | | receiving) | l | I
| 14 | | INTTX (End of serial | 784 | 0078H | FF78H |
| | | transmission) | | | 1

(Note) Either INTIT2 or INTAD is selected by software.

3.3.2

The "priority order" in the table is the order of the interrupt source
used by the CPU for accepting more than one interrupt requested at one
time.

If interrupt of fourth and fifth orders are requested simultaneously,
for example, an interrupt of the "5th'" priority is acknowledged after
a "4th" priority interrupt processing has been completed by a RETI
instruction. However, a lower priority interrupt can be acknowledged
immediately by executing an EI instruction in a program that processes
a higher priority interrupt.

The internal interrupt controller merely determines the priority of
the sources of interrupts to be acknowledged by the CPU when more than
one interrupt are requested at a time. It is, therefore, unable to
compare the priority of interrupt being executed with the one being
requested.

Micro DMA processing

Fig. 3.3 (3) is a flowchart of the micro DMA processing. Parameters
(addresses of source and destination, and transfer mode) for the data
transfer between memories are loaded by the CPU from an address
modified by an interrupt vector value. After the data transfer
between memories accroding to these parameter, these parameters are
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updated and saved by the CPU into the original locations. The CPU
then decrements the number of transfers, and completes the micro IMA
processing unless the result is "0Q".

If the number of transfer becomes '"0", the CPU proceeds to the general
purpose interrupt handling described in the previous chapter.

( Micro DMA Processing)

Loading of Parameters
DST <— (FFOOH+V+1)W
SRC <— (FFOOH+V+3)W
CMD --— (FFOOH+V+5)

l

Data Transfer between Memories
(DST) -~e— (SRC)
DST -«— DST + 0/1/2
SRC -~«— SRC *0/1/2

Saving of Update Parameters
(FFOOH+V+3)W <— SRC
(FFOOH+V+1)W <€— DST

Decrement of No. of Transfer
Count <€— (FFOOH+V)
Count <— Count-1l
(FFOH+V) --— Count

Count = 0 res

General-purpose
Interrupt Processing

C =)

Fig. 3.3 (3) Micro DMA Processing Flowchart

The micro DMA processing is performed by using only hardware to
process interrupts mostly completed by simple data transfer. The use
of hardware allows the micro DMA processing to handle the interrupt in
a higher speed than the conventional methods using software. The CPU
registers are not affected by the micro DMA processing.

Fig. 3.3.(4) shows the functions of parameters used in the micro DMA
processing.
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FFOOH+V+0 : | Number of transfer |
FFOOH+V+]1 : | Destination address (Lower) I
FFOOH+V+2 : | Destination address (Upper) |
FFOOH+V+3 : | Source address (Lower) I
FFOOH+V+4 : | Source address (Upper) |

FFOOH+V+5 : | |  (Transfer mode)

!

!

| 0 0 = Fix current destina-
| tion/source addresses
| 0 1 = Increment destination
| address

| 1 0 = Increment source ad-
| dress

| 1 1 = Decrement source ad-
! dress

I

0 = l-byte transfer

1 = 2-byte transfer

(Note) x : don't care

Fig. 3.3 (4) Parameters for Micro DMA Processing

Parameters for the micro DMA processing are located in the internal
RAM area (See Table 3.3 (l) Interrupt Sources). The start address of
each parameter is "FFOOHH + interrupt vector value'", from which a six
bytes' space is used for the parameter. This space can be used for
any other memory purposes if the micro DMA processing is not used.

The parameters normally consist of the number of transfer, addresses
of destination and source, and transfer mode. The number of transfer
indicates the number of data transfer accepted in the micro DMA
processing.

The amount of data transferred by a single micro DMA processing is
limited to one or two bytes. Both the destination and source
addresses are specified by 2-byte data. The address space available
for the micro DMA processing ranges from 0000H to FFFFH.

Bits 0 and 1 of the transfer mode indicates the mode updating the
source and/or destination, and the bit 2 indicates the data length
(one byte or two bytes).
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I
|
I
I
I
I
I
|
I
I
|
|
[
I
I
I
I
|

Table 3.3 (2) shows the relation between the transfer mode and the
result of updating the destination/source addresses.

Table 3.3 (2)

Addresses Updated by Micro DMA Processing

Transfer | Function | Destination| Source |
mode | | address | address|
000 | 1-byte transfer: Fix the current source/ | 0 | 0 |
| destination addresses I I
001 | 1-byte transfer: Increment the destination| + 1 | 0 |
| address | | [
0l0 | 1-byte transfer: Increment the source | 0 ! +1 |
| address I I |
011 | l-byte transfer: Decrement the source | 0 | -1 |
! address | | |
100 | 2-byte transfer: Fix the current source/ | 0 | 0 |
| destination addresses | |
101 | 2-byte transfer: Increment the destination] + 2 | 0 |
| address | I |
110 | 2-byte transfer: Increment the source | 0 | +2 |
| address ! I !
111 | 2-byte transfer: Decrement the source | 0 | -2 |
| address | | !

In the 2-byte transfer mode, data are transferred as follows:

(Destination address) <~ (Source address)
(Destination address+l) <~ (Source address+l)

Similar data transfers are made in the modes that '"decrement the
source address', but the updated results are different as shown in the
table 3.3 (2).

Fig. 3.3 (5) shows an example of the micro DMA processing that handles
data receiving of internmal serial I/0.

This is an example of executing "an interrupt processing program after
serial data receiving" after receiving 7-frame data (Assume 1 frame =
1 byte for this example) and saving them into the memory addresses
from FFOOH to FFO6H.

MPU90-42



TOSHIBA

TMP90C840

; Initial setting for serial receiving

CALL
SET

SET
LD
LDW
LDW
LD

EI

ORG

SIOINIT
1,(FFE6H)

1, (FFESH)
(FF70H),7
(FF71H) ,FFOOH
(FF734) ,FFEBH

(FF75H),1

00701

2

3

3

Enable an interrupt for serial data
receiving.

Set the micro DMA processing mode for the
interrupt.

Set the number of transfer =7

Set FFOOH for the destination address.
Set FFEBH for the source (serial
receiving buffer) address.

Set the transfer mode (l-byte transfer:
Increment destination address).

|

| Interrupt processing program
| after serial data receiving
|

REETI

Fig. 3.3 (5)

Example of Micro DMA Processing

The bus operation in the general purpose interrupt processing and the
micro DMA processing is included in '"Table 3.2 Bus Operation for
Executing Instructions" in the previous section.

The micro DMA processing time (when the number of transfer is not
to 0) is 46 states without regard to the l-byte/2-byte
transfer mode.
Figure 3.3 (6) shows the interrupt processing flowchart.

decremented
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C

Interrupt
Processing

Reading of
Interrupt
Vector 'V'

Micro-DMA
Processing
Mode

YES

No Data Transfer
- for Micro-DMA
General-Purpose PUSH PC
Interrupt PUSH AF COUNT <+ COUNT-1
Processing IFF < 0
PC « V YES COUNT=0
% NO
Interrupt
Processing
Program
Instruction
of RETI
POP AF
POP PC
Fig. 3.3 (6) Interrupt Processing Flowchart

Micro-DMA Processinc
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3.3.3

IRFL |
(FFC2H)

IRFH |
(FFC3H)

Interrupt controller

Fig. 3.3 (8) outlines the interrupt circuit. The left side of this
figure represents an interrupt controller, and the right side
comprises the CPU's interrupt request signal circuit add HALT release
signal circuit (See "3.4 Standby Function'" for the HALT operation).
The interrupt controller consists of Interrupt Request Flip-flops,
interrupt enable flags, and micro DMA enable flags allocated to each
of 14 channels. The Interrupt Request Flip-flops serve to latch
interrupt requests from peripherals. Each flip-flop is reset to '0"
when a reset or interrupt 1is acknowledged by the CPU and the vector of
the interrupt channel is read into the CPU, or when the CPU executes
an instruction that clears a request to interrupt that channel (write
"vector divided by 8" into the memory address FFC3H). For example, by
executing

LD (FFC3H), 58H/8,
the Interrupt Request Flip-flops for the interrupt channel "INTI"
whose vector is 58H is reset to '"0".
The status of an Interrupt Request Flip-flops is found out by reading
the memory address FFC2H or FFC3H. "0" denotes there is no interrupt
request, and "1" denotes that an interrupt is requested. Fig. 3.3 (7)
illustrates the bit configuration indicating the status of Interrupt
Request Flip-flops.

- |IRFO |IRFTQ|IRFT1| - | EXT |PICR [POCR |

| I
See "3.5.2 Port 1",

I

I

I

| R 5 INTTI request flag
R INTITQO request flag
R

I |
[ I
I [
I I
I I
| S INTO request flag

IRFT2|IRFT3| IRFT4| IRF1 |[IRFTS5|IRF2 |IRFRX|IRFTX]

I | I
I I I
I I
I

INTTX request flag
INTRX request flag
INT2 request flag
INTTS5 request flag
INT1 request flag
INTT4 request flag
INTT3 request flag
INTT2/INTAD request
flag

I
I
I
[
I

I
[
I
I
I
I

I
[
I
[
I
I
I
I

FUPUWWWWFUIW
VVVVYVYVVYV

I
I
|
[
I
I
I
[
I

(Caution) Writing '"vector divided by 8'" into the memory address FFC3H

clears the Flip-flop for the specified interrupt request.

Fig. 3.3 (7) Configuration of Interrupt Request Flip-flops
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INTWD ~—»— V=20
Micro DMA
Enable Flag
D
Dn Q 3 Input OR
CLR i aa Ny
Lo Non
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Enable Flag Maskable
Dn D Interrupt |interrupt Enable
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Interrupt
Reset Request F/F 1FF
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11 Input OR
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Dn L Maskable
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Read of
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Interrupt Request
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V=40H] D3
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INTL > v = 58H [ 14 to 4 D6
INTTS —» V=60HY
D7
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INTRX —»— V = 70H Read of
INTTX —» V= 78H— Interrupt
Vector

Reset:—b-——J

Interrupt
Request
Signal

Halt Release
Signal
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The interrupt enable flags provided for all interrupt request channels
are assigned to the memory address FFE7H or FFESH. Setting any of
these flags to "1'" enables an interrupt of the respective channel.
These flags are initialized to ''0" by resetting.

The micro DMA enable flag also provided for each interrupt request
channel 1is assigned to the memory address FFE6H or FFE7H. The
interrupt request for each channel 1is placed in the micro DMA
processing mode by setting this flag to '"1". This flag is initialized
to "0!" (general purpose interrupt processing mode) by resetting.

Fig. 3.3. (9) shows the bit configuration of the interrupt enable
flags and micro DMA enable flags.

Interrupt by Timer 2 (INTT2) and that by A/D converter (INTAD) use a
common interrupt request channel. The interrupt controller first
accepts INIT2 after a reset. INTAD can be used by setting the
"INTT2/INTAD selection bit" (ADIS: Bit 3 of memory address FFE7H) to
'l1'|.

Attention should be paid to the following three modes having special
circuits:

INTO Level mode If INTO is not an edge-based interrupt, the |
function of Interrupt Request Flip-flop 1is !
cancelled. Therefore the interrupt request |
signal must be held until the interrupt |
request is acknowledged by the CPU. A change |
in the mode (between edge and level) automat-— |

ically clears the interrupt request flag. |

[
I
I
I
|
I
I
- -- - -—- 1
|
I
I
I
|
I
I

INTAD level mode The Interrupt Request Flip~flop can be cleared|
only by resetting or reading the register that|
stores A/D conversion value, and cannot be
cleared by an instruction. A change in the
interrupt source (between INTAD and INTT2)
automatically clears the interrupt request
flag.

I
I
I
I
I
B e el
I
I
I
I

INTRX level mode | The Interrupt Request Flip-flop is cleared
| only by resetting or reading the serial
| channel receiving buffer, and not by an
I

instruction.

I
I
I
I
I
I
|
I
I
I
[
I
I
I
|
I
I
I
|
I
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INTEL |IET2 |IET3 |IET4 |

(FFE6H)

Interrupt enable flags

IE1 | IETS

IE2 | IERX |IETX |

I
I
I
I
I
|
}
I
I
I
|
I
I
I

I
I
l
I
I
I
I
I
I
I
|
I

I
I
|
[
|
I
|
|
|
I
I

I
I
|
I
|
I
I
I
I

I
I
I
I
I
I
I

—>
|

I

o
_—

I

I

Interrupt and micro DMA enable flags

INTEH | "0'" | DEQO |DETO |DET1 [ADIS | IEQ [IETQO |IET1 |

(FFE7H)

DMAEH |DET2 |DET3 |DET4 | DEl |[DETS | DE2 |DERX |DETX |

(FFE8H)

I
I
I
I
I
I
I
I
I
I
I

I

I

I |
—_—

I

I

R/W

INTTX interrupt
enable flag
INTRX interrupt
enable flag
INT2 interrupt
enable flag
INTT5 interrupt
enable flag
INT1l 1interrupt
enable flag
INTT4 interrupt
enable flag
INTT3 interrupt
enable flag
INTT2 interrupt
enable flag

R/W

INTT1 interrupt
enable flag
INTTO interrupt
enable flag
INTO interrupt
enable flag

INTT2/INTAD selection

* indicates the initial

Micro DMA enable flags

I
|
I
|
|
|

>
>
>
>

VVVVVYVYVYV

* | 0

INTT2

| 1 ] INTAD

st

INTT1 DMA enable
INTTO DMA enable
INTO DMA enable
Write "0"

value after reset.

R/W

INTTX DMA enable
INTRX DMA enable
INT2 DMA enable
INTT5 DMA enable
INT1 DMA enable
INTT4 DMA enable
INTT3 DMA enable
INTT2 DMA enable

Fig. 3.3 (9) Interrupt/Micro DMA Enable Flags

flag
flag
flag

flag
flag
flag
flag
flag
flag
flag
flag
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3.4 Standby Function

When a HALT instruction 1s executed, the TMP90C840 selects omne of the
following modes as determined by the halt mode set register:

(1) RUN : Suspends only the CPU operation. The power consumption
remains unchanged.

(2) IDLEI : Suspends all internal circuits except the 1internal
oscillator. In this mode, the power consumption 1is less
than 1/10 of that in the normal operation.

(3) IDLE2 : Operate only the internal oscillator and specific internal
I/0 devices. The power consumption is less than 1/3 of
that in the normal operation.

(4) STOP : Suspends all 1internal circuits including the internal
oscillator. In this mode, the power consumption 1is
considerably reduced.

The HALT mode set register (HALTM) is assigned to the bits 2 and 3 of
the memory address FFD2H in the intermal I/0 register area (other bits
are used to control other functions). The register is reset to '00"
(RUN mode) by resetting.

These HALT state can be released by resetting or requesting an
interrupt. Either a non-maskable or maskable interrupt is acknowledged
and processed if the CPU executes the EI (enable interrupt) instruction.
However the CPU executes the DI (disable interrupt) instruction, a
maskable interrupt may be accepted, and the CPU starts executing the
instruction following the HALT instruction.

7 6 5 4 3 2 1 0

(FFD2H) | | I
See "3.10 Watchdog Timer" s

WDMOD |WDTE | WDTOUT |WARM | HALTM | EXF [DRVE |
|
| See "3.4.4 STOP mode"
!
| Exchange flag

See "3.1.2 Registers"”

I
I
l
I
I
I

0 0 = RUN

0 1 = §8TOP
1 0 = IDLE1
1 1 = [1IDLE2

Fig. 3.4 (1) HALT Mode Set Register
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3.4.1 RUN Mode

Fig. 3.4 (2) shows the timing for releasing the HALT state by
interrupts in the RUN/IDLE 2 mode.

In the RUN mode, the system clock in the MCU continues to operate even
after a HALT instruction is executed. Only the CPU stops executing
the instruction. Until the HALT state is released, the CPU repeats
dummy cycles. In the HALT state, an interrupt request is sampled with
the rising edge of the '"CLK" signal.

o L\ AL U UL

CLK \ SI
e Ve -5
Ag ~ 19 _x Next . Next + 1
23
i) ¥ f—
WR 5

Dg~7 =f==—dm——r==o In f=—t——t-——— i == ==t === In }—

NMI T\

INT@ /
(Level) ]

INTg-1-2

(Rising Edge) — ¢ /

Internal INT <0 /
R

B HALT instruction Interrupt Acknowlec
Execution Sequence Sequence

Fig. 3.4 (2) Timing Chart for Releasing the HALT State by
Interrupts in RUN/IDLE 2 Modes
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3.4.2

X1

CLK

Ag ~ 19

INTg
(Level)

g-1-2
ising Edge)

3.4.3

IDLE 1 mode

Fig. 3.4 (3) illustrates the timing for releasing the HALT state by
interrupts in the IDLE 1 mode.

In the IDLE 1 mode, only the internal oscillator and the watchdog
timer counter operate. The system clock in the MCU stops, and the CLK
signal is fixed at the "1" level.

In the HALT state, an instruction request is sampled asynchronously
with the system clock, however the HALT release (restart of operation)
is performed synchronously with it.

(Note)

An interrupt requested by the watchdog timer

through the HALT period in this mode.

L i

—q
)

is prohibited

[
- 1}
X Next L,
)
L ——
3 /
{ ¢
R

Next + 1

—de o | o  fe e e d T -——————————55———--——-}-——--—.— -

\
{C _[

2]

In

£ C
R

44
27

Interrupt Acknowledge
Sequence

HALT Instruction
Execution Sequence

Fig. 3.4 (3) Timing Chart of HALT Released by

Interrupts in IDLE1 Mode

IDLE 2 mode

Fig. 3.4 (2) shows the timing of HALT release caused by interupts in
the RUN/IDLE 2 mode.
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3.4.4

In the IDLE2 mode, the HALT state is released by an interrupt with the
same timing as in the RUN mode, except the internal operation of the
MCU. In the RUN mode, only the CPU stops executing the current
instruction, and the system clock is supplied to all internal devices.
In the IDLE 2 mode, however, the system clock is supplied to only
specific internal I/0 devices. As a result, the HALT state in the
IDLE 2 mode requires only a 1/3 of the power consumed in the RUN mode.
In the IDLE 2 mode, the system clock is supplied to the following I/O
devices:

o 8-bit timer

o 16-bit timer

o Serial interface

o Watchdog timer
STOP mode

Fig. 3.4 (4) is a timing chart for releasing the HALT state by
interrupts in the STOP mode.

The STOP mode is selected to stop all internal circuits including the
internal oscillator. In this mode, all pins except special ones are
put in the high-impedance state, independent of the intermal operation
of the MCU. Table 3.4 summarizes the state of these pins in the STOP
mode. Note, however, that the pre-halt state can be retained by
setting the internal I/0 register DRVE (Drive enable: Bit 0 of memory
address FFD2H) to "1". The content of this register is initialized to
"0" by resetting.

When the CPU accepts an interrupt request, the internal oscillator is
restarted immediately. However, to stabilize the oscillation, the
system clock starts its output after the time set by the warming up
counter WARM (Warming up: Bit 4 of ‘memory address FFD2H) hasMPassed16
A warming-up time of either the clock oscillation time x 2 or 2
can be set by setting this bit to either "0" or "l1". This bit 1is
initialized to "O" by resetting.
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Warming-up
Time
X1l
AVAVAVAVANA " l_/ \_/'\_/'\J'\_/"\rﬂ_f
f—
CLK ST . \
— F
ag~19 K Next ——-55-——C:{ Next + 1
(4 —
) | " /
DE~7 =t — _.____-;_____.__55-__ _55__—_.__.___‘._____;_
e,
NMI ’ .
J
o &
INTg % ’
(Level) ” .
.1-2 es '
ing Edge) a
hl HALT Instruction < Intexrrupt Acknowledge
Execution Sequence Sequence

Fig. 3.4 (4) Timing Chart of HALT Released by
Interrupt in STOP 2 Mode

The internal oscillator can be also restarted by the input of the

RESET signal at "0" to the CPU. In this case, however, the warming-up
counter remains inactive because the power is turned on too quickly.
As a result, the normal clock operation may not be performed due to
the unstable clock supplied immediately after restarting the internal
oscillator. To avoid this, it is necessary to keep the RESET signal
at "0' long enough to release the HALT state in the STOP mode.
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3.5

Table 3.4 State of Pins in STOP Mode
(DRVE bit is set to "0")

Pin Name State

POO0 - PO7/DO0 - 7
P10 - P17/A0 - 7
P20 - P27/A8 - 15

High impedance
High impedance
High impedance

P30 - P37 High impedance
P40 - P43/Al6 - 19| High impedance
P50 - PS5 High impedance
P60 - P63 Pre-HALT state
P70 - P73

I [ l
l | |
| | l
| | |
I l l
l | |
| | l
| | |
| | |
| | Pre-HALT state |
| P80 | Ready for input |
| | !
| | |
| | |
l I |
| | |
| | |
| | |
| | |
| | |

P81 High impedance (Note)
P82 High impedance (Note)
P83 High impedance

NMI Ready for input

CLK High impedance

EA Ready for input

RESET Ready for input

X1 High impedance

XZ "1 "

(Note) P81 and P82 are pulled up slightly in the zero-cross
detection mode.

Functions of Ports

The TMP90C840 contains total 54 bits input/output ports. These ports
function not only for the general-purpose I/0 but also for the
input/output of the internal CPU and I/O devices. Table 3.5 describes
the functions of these ports.
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Table 3.5 Functions of Ports

| Port | Pin name |[No. of| Direction |Direction set unit| Pin name for |
| name | | pins | | | internal function |
|Port 0] POO - PO7] 8 | 1/0 ] Byte [ DO - D7 |
| === [ == [ = | == [===mmmm e oo I
|Port 1} P10 - P17| 8 | 1/0 | Byte | AD - A7 |
| === [ === -] -1 e ety I -- I
| Port 2| P20 - P27| 8 | 1/0 | Bit | A8 - Al5 |
[ =mm—= [ == | ===—=~ [~ [ = e e it I
|Port 3| P30 | 1 Input | - | RxD

I | P31 [ 1 | Input | - | RxD ___ |
| | P32 [ 1 | Output | - | TxD/RTS/SCLK |
| | P33 | 1 | Output | - | TxD |
| | P34 | 1 | Input | - | CTS f
I | P35 | 1 | Output | - | RD |
| | P36 | 1 | Qutput | - | R

| | P37 I 1| Input | - | WAIT |
[ ====—- [ === | ==mmmm I I e | - I
|Port 4| P40 - P43 4 |  Output | - | Alé - Al9 I
| === it | == [- [ - -] -—= -]
|Port 5/ P50 - P55 6 | Input | - | ANO - ANS |
| === b [=mm——= | =mmm——— - I - -==| —— I
|port 6] P60 - P63} 4 | 1/0 | Bit | MO0 - MO3/TO1 |
e e B e D it K ko
|Port 7| P70 - P73 4 | 1/0 I Bit | M0 - M13/T03 |
el B B B e I |
| Port 8| P80 1 Input | - | INTO |
| | P81 | 1 | Input | - | INT1/TI4 I
| | P82 [ Input | - | INT2/TIS |
! | P83 ] 1 | Output | - | T03/TO4 I

These port pins function as the general-purpose input/output ports by
resetting. The port pins, for which input or output is programmably
selectable, function as input ports by resetting. A separate program is
required to use them for an intermal function.

The TMP90C841 functions in the same way as the TMP90C840 except:

Port 0 always functions as a data bus (DO to D7).

Port 1 always functions as Address bus (A0 to A7).

Port 2 always functions as Address bus (A8 to Al5).

P35, P36 and P37 of Port 3 always function as RD, WR and WAIT
pins, respectively.

o 0 0 O

3.5.1 Port 0 (P00 - PO7)

Port 0 is an 8-bit general-purpose I/0 port (PO: memory address FFCOH)
whose I/0 function is specified by the control register (POC: bit 0 of
memory address FFC2H) for each byte. By resetting all bits of the
control register are initialized to "0", whereby Port 0 turns to the
input mode, and the contents of the output latch register are
undefined.
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3.5.2

In addition to the general-purpose I/0 port function, it functions as
a data bus (DO - 07). Access of an external memory makes it
automatically function as a data bus.

R t
s ese
Direction
Controller
Write POCR
()
5
& !
2 Output Port O
= Latch [:](POO-PO7)
g f Output
g Write PO Buffer
w
I+
0
A
Ta=
/\‘}—CP“_
- A

Read PO
Fig. 3.5 (1) Port O

Port 1 (P10 - P17)

Port 1 is an 8-bit general-purpose I/0 port (PL: memory address FFClH)
whose 1/0 function is specified by the control register (P1C: bit 1 of
memory address FFC2H) for each byte. All bits of the output latch and
the control register are initialized to "0" by resetting, whereby Port
1 is put in the input mode.

In addition to the general-purpose I/0 port function, it functions as
an address bus (A0 ~ A7). The address bus function can be selected by
setting the external extension control register (EXT: bit 2 of memory
address FFC2H) to "1" regardless of the status of the above control
register (P1C). The EXT register is reset to '"0" whereby Port 1 and
Port 2 turn to the general-purpose 1/0 mode.

The EXT register of the TMP90C841 is always set to "l1" so that Port 1
functions as an address bus (A0 - A7).
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"W Reset

Direction

Controllerxr
g Write PICR
Ias |
[0] ;
Ia]
5 Output port 1
- Latch | (P10 ~ P17)
E Output
by Write Pl Buffer
w
o
0

A

L

T
" \

Read Pl

Fig. 3.5 (2) Port 1
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Port 0 Register

PO | P07 | P06 | POS | PO4 | PO3 | PO2 | POl | POO | R/W
(FFCOH)

Port 1 Register

Pl | P17 | P16 | P15 | P14 | P13 | P12 | Pil | P10 | R/W
(FFC1H)

Port 0/l Coutrol Register

POICR | - |IRFO |IRFTO|IRFT1| - | EXT | P1C | POC |
(FFC24) W
| R | I |__, Set I/0 of Port 0
See '"3.3.3 Interrupt controller" |

| * | 0 | Input |
| [ a— |
| | 1| Output |
I
I

| 1 | Output |

I
-
I
I
I
I
I
I
I
I
I
I
I

> Set general-purpose
port/address bus of
Ports 1 and 2

0 | Genmeral- |
| purpose |
| port I
||
!
|

1 | Address |
bus |

* indicates initial
value after reset.

Fig. 3.5 (3) Registers for Ports 0 and 1
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3.5.3

Port 2 (P20 - P27)

Port 2 is an 8-bit general-purpose I/0 port (P2: memory address FFC4H)
whose I/0 functionsis specified by the control register (P2CR : bit 1
of memory address FFC5H) for each bit. All bits of the output latch
and the control register are initialized to '"O0" by resetting , whereby
Port 2 turns to the input mode.

In addition to the general-purpose 1/0 port function, it functions as
an address bus (A8 - Al5). The address bus function can be selected
by setting the EXT register (EXT: bit 2 of memory address FFC2H,
shared with port 1) to "1" and setting the Port 2 control register
(P2CR) to the output mode. When the Port 2 control register is set to
"0", Port 2 functions as an input port, regardless of the status of
the EXT register.

For the TMP90C841, all bits of the EXT register and the control
register are always set to ''1", and Port 2 functions as an address bus
(A8 to Al5).

Reset
N
Direction
Contxol
Write
5 P2CR
=
0]
H
5 Output Port 2
= Latch _'l ](pzo ~ p27)
E Output
g Write Buffer
g P2
[
1
1
\/‘L@-—q
A
Read P2

Fig. 3.5 (4) Port 2
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Port 2 Register

P2 | P27 | P26 | P25 | P24 | P23 | P22 | P21 | P20 | R/W
(FFC4H)

Port 2 Control Register

P2CR |P27C |P26C |P25C |P24C |P23C |P22C [P21C {P20C | W

(FFC5H) | l I [ l [ I
| | | | | [ |
| [ | I | I [ | |
| | l I | | o l
Y \ A A A4 Y Y ¥ A Y_
* |EXT=0| 0 |Input |Input |Input |Input |Input |Input |Input |[Input |
|EXT=0| 1 |Output]|Output]|OQutput|Output|Output|Output]|Output|Output|
|EXT=1] O |Input |Input |Input |Input |Input |Input |Input |Input |
| EXT=1] 1 Al5 Al4 Al3 Al2 All Al0Q A9 A8 |

* indicates initial value after reset.

Fig. 3.5 (5) Registers for Port 2
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3.5.4

Port 3 (P30 - P37)

Port 3 is an 8-bit general-purpose I/0 port (P3: memory address FFC6H)
with fixed I/0 function. All bits of the output latch are set to "1™,
and "1" is generated to the output port.

In addition to the I/0 port functiom, P30 - P34 have the I/0 function
for the internal serial interface, while P35 - P37 have the external
memory control function. The additional functions can be selected by
the control register (P3CR: memory address FFC7H). All bits of the
contrdl register are initialized to "0'" by resetting, by which the
port turns to the general-purpose I/0 port mode.

However, access of an external memory makes P35 - P37 automatically
function as the memory control pins (RD, WR and WALT), and access of
an internal memory makes them function as general-purpose I/0 ports.
When an external memory is accessed , therefore, the output latch
registers P35 (RD) and P36 (WR) should be kept at "1" which is the
initial value after the reset.

The bit 5 (RDE) of the control register is intended for a pseudostatic
RAM. When set to "1", it always functions as an RD pin. It is set to
"0" by reading the internal I/0 unit.

Reset
~A +

Output NG Port 3 Output

Latch |V (P32, P33, P35, P36)
g Output Buffer
(-'- .
o Write P3
5
o
=
o <1
D ‘}rf
cr
)
o Read P3
<t
0

P Port 3 Input
*?F’ (P30, P31, P34, P37)

— Read P3

Fig. 3.5 (6) Port 3
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Port 3 Register

P3 | P37 | P36 | P35 | P34 | P33 | P32 | P31 | P30 |
(FFC6H) R R/W  R/W R R/W R/W R R

Port 3 Control Register

P3CR | WAITC | RDE | ODE | TXDC | RXDC |
(FFC7H)
l (. | R/W l
| l |
| | | See "3.8 Serial Channel'.
| | [ R/W
| | | 5 Set port P33 to open drain output
| |
I | * | 0 | CMOS output |
| | | === -- -——= -—-- -1
| | | 1 | Open drain output I
| |
I ( R/W .
| | N Set port P35 to fixed RD mode
|
| * | 0 | General-purpose 1/0 port |
| [==-1 - ——-- |
| | 1 | Fixed as RD pin |
| )
| R/W
|

WAIT control

* | 00| 2-state wait {

* | 01| Normal wait |

Reserve |

* indicates initial value after reset.

Fig. 3.5 (7) Register for Ports 3
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3.5.5

Port 4 (P40 - P43)

Port 4 is a 4-bit port (P4: memory address FFC8H) intended only for
the output. All bits of the output latch are initialized to '"0" by
resetting, and "0" is generated from the port.

In addition to the output port function, it works as an address bus
(Al6 - Al9). The selection of the address bus function is made by the
control register (P4CR: memory address FFC9H). The output port or
address bus function can be selected for each bit. All bits of the
control register are initialized to '"0" by resetting, by which the
port turns to the output mode.

~—1
-
2 Output N Port 4
e Latch - (P40 ~ P43)
] Output Buffer
=
8 Write P4
ot
o
w ra!
o
7
L Read P4

Fig. 3.5 (8) Port 4
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Port 4 Register

P4 | - - | = ] - TpPes3 ] pa2 ] P&l | P4O | R/W
(FFC8H)

Port 4 Control Register

P4CR | - - | = | - Ip43C |P42C |P41C [P4OC | W
(FFC9H)

| | | | 5 Set output port/
address bus

* indicates initial
value after reset.

Bank register BX

BX |_ - - | -7 - 1 B3| BX2 | BXl | BXO | R/W
(FFECH)

| | | | , Address bus
Al6 - Al9

Bank register BY

BY |_ = - | - | - [ BY3 ] BY2 | BYl | BYO | R/W
(FFEDH)

| | | ! 5 Address bus
Al - Al9

Fig. 3.5 (9) Registers for Port &4
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3.5.6 Port 5 (P50 - P55)

Port 5 1s a 6-bit input port (P5: bit 0 - 5 of memory address FFCAH)
and also used as an analog input pin (ANO - ANS).
Writing data into Port 5 register is prohibited.

~—")

A Port 5
g ~N (P50 ~ P55/ANO ~ ANS)
=
[0} Read P5
K
=
[}
'—l
]
)
&

ADREG a/D ingia“"el
g Regi- | Convert-j-y 1 o9 -
w ster er Multi-
plexer
Read
ADREG
Fig. 3.5 (10) Port 5
Port 5 Register
PS5 | _0 | 1 | P55 | P54 | P53 | P52 | P51 | P50 | R

(FFCAH)

Fig. 3.5 (l11) Register for Port 5
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3.5.7

Port 6 (P60 - P63)

Port 6 is a 4-bit general-purpose I/0 port (P6: memory address FFCCH)
whose function is specified by the control register (P67CR: bits 0 - 3
of memory address FFCEH) for each bit. The control register 1is
initialized to "O0" by resetting, and Port 6 enters in the input mode.
This port 1s also serviceable as a stepping motor control port channel
0 (MO0 - MO3), so either the general-purpose I/0 or the stepping motor
contrdl port can be selected by the control register (SMMOD: bits O
and 1 of memory address FFCBH). This port is served as the general-
purpose 1/0 port by resetting.

Reset
- Y
Direction
Control
\
Function Write P67CR
Control
Write SMMOD
Shift - + Y
5 Output N Port 6
o »{ Latch L: (P60~P63
MOO~MO03)
K ] SAG A Output /
o Buffer
= shift Alternate | _
nUJ Register
3 A
w
c .
) Write Po
1
Pl
N !
A
Read P6

Fig. 3.5 (12) Port 6
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3.5.8 Port 7 (P70 - P73)
Port 7 is a 4-bit general-purpose I/0 port (P7: memory address FFCDH)
whose I/O function is specified by the control register (P67CR: bits 4
-~ 7 of memory address FFCEH). The control register is initialized to
"0" by resetting, whereby Port 7 turns to the input mode.
This port is also serviceable as a stepping motor control port channel
1 (M10 - MI13), so either the general-purpose I/0 or the stepping motor
control port can be selected by the control register (SMMOD: bits &
and 5 of memory address FFCBH). It is served as the general-purpose
I1/0 port by resetting.
Reset
~"] %
Direction
Control
¥
Function Write P67CR
Control
Write SMMOD
Shift—» | 1 Y
* Output N Port 7
g Latch l/\ (P70~P73
g \ J Output /M10~M13)
3 | Sa7 Buffer
21 shift Alternate
Register
5
g t
E Write P7
2]
1
ye!
L~
3
A
Read P7

Figm 3.5 (13) Port 7
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Port 6 Register

P6  |SA63 [SA62 [SA61 [SA60 | P63 | P62 | P6l | P60 |
(FFCCH)
| W l R/W I

Stepping motor Port 6
control port

Channel 0 shifter

alternate register

Port 7 Register

P7 [SA73 [SA72 |SA7Ll |SA70 | P73 | p72 | P71 | P70 |
(FFCDH)
| W ! R/W I

Stepping motor Port 7
control port

Channel 1 shifter

alternate register

Port 6 and 7 Register

P67CR |P73C {P72C |[P71C |P70C |P63C |P62C |P61C |P60C |
(FFCEH)
I | |

|
| | w
| | Select input/output of
——
| port 6
l
| * | 0| Input |
| | | |
[ | 1| Output |
|
| W
| 5 Select input/output of
port 7
* | 0| Input |
| | |
| 1| Output |

* indicates initial
value after reset.

Fig. 3.5 (l4a) Registers for Ports 6 and 7
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Stepping motor mode register

SMMOD | SM7M | P70C | SM6M | P60C | See '"3.7 Stepping motor control
(FFCBH) port".
! I | I I
I I
| |
| | R/W
| | Select function of Port 6.
| (Port 6 Output Control)
I
| | 1 p63 | P62 | Pel | P60 | Shift |
I I | | | | trigger |
| = |00| IN/OUT | IN/OUT | IN/OUT | IN/OUT | - |
- B E—— B |
| 01| IN/OUT | IN/OUT | IN/OUT | IN/TOL | - I
[ =] - | == —— |- | ===~ -1
| [10] | | I | |
| |--1 IN/MO3 | IN/MO2 | IN/MOl | IN/MOO | Timer 0,1 |
I [11] | [ | | |
|
I Shift trigger signal output timer for S
| stepping motor control
I
| R/W
| Select function of Port 7.
(Port 7 Output Control)
| 1 P73 | P72 | P71 | P70 | Shift |
[ I | | |  trigger |
* |00] IN/OUT | IN/OUT | IN/OUT | IN/OUT | - |
| == ] = | === [~ [~ e I
jo1] IN/OUT | IN/OUT | IN/OUT | IN/TO3 | - {
B B B
|10] | | | | Timer 2,3 |
|--| IN/M13 | IN/M12 | IN/M11 | IN/MIO |-~—=-—~==== I
[11] | | I | Timer 4 [
Shift trigger signal output timer for -
stepping motor control
* indicates initial value after reset.
(Note) SM6M and SM7M are included in Fig. 3.7.

Fig. 3.5 (14b) Register for Port 6 and 7
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3.5.9

@)

(2)

(3)

Port 8 (P80 - P83)

Port 8 is a 4-bit general-purpose I/0 port (P8: memory address FFDOH),
with P80 to P82 intended only for the input and P83 only for the
output. The output latch of P83 is reset to "0", whereby the output
level turns to '"L".

Port 8 also has the functions of interrupt request input, clock input
for a timer/event counter, and timer output.

P80/ INTO

P80 1is a general-purpose input port, also used as the external
interrupt request input pin INTO. INTO allows the selection of either
an "H" level interrupt or rising edge interrupt by using the control
register (P8CR: Bit 0 of memory address FFDIH).

<l - <@ﬂ [:] P80/INTO

Read P8

Interrupt

INTO ¢ Level/Edge

Detection

A

Write P8CR

sng ejeq Teuxsjul

-

Fig. 3.5 (15) Port P80/INTO

P81/INT1/TI4

P81 is a general-purpose input port, also used as the external
interrupt request input pin INT1 and the clock input pin TI4 for the
timer/event counter.

This port incorporates a zero-cross detection circuit, and enables
zero-cross detection by connecting an external capacitor. The zero-
cross detection can be disabled/enabled by using the control register
(P8CR: Bit 1 of memory address FFDIH). This control register is reset
to "0", making the zero-cross detection disabled.

P82/INT2/TI5

Like P81, P82 is a general-purpose input port, also used as the
external interrupt request input pin INT2 and the clock input pin TI5
for the timer/event counter. This port also contains -a zero-cross
detection circuit, and disables/enables the zero-cross detection by
using the control register (P8CR: Bit 2 of memory address FFDIH).
When this control register is reset, the zero-cross detection is
disabled.
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F/ Capacitor
] —<
.
2 l P81/INTL/TI4
o
5 Read pg  INTL, TI4 (P82/INT2/TIS)
2 (INT2, TIS)
e
o
g
o]
[os}
@ PSCR
Write P8CR

Fig. 3.5 (16) Port P81/INT1/TI4 and P82/INT2/TIS

(4) P83/T03/T04
P83 is a general-purpose output port, also used as the timer output
pins TO03/T04. Either function can be selected by using two control
registers (P83C: bit 3 of memory address FFD1H; SMMODs 5 and 4: bits 5
and 4 of FFCBH).

| P830C | SMMODS,4 | Function |
[eu— | =mmm e mmme ! - |
| 0 | XX | P83 output port | * indicates initial
| [ e [ o e | value after reset.
[ 1 | ()4 I I
| —===mmv | —mmmmmmm e | T04 1
[ 1 | 10 I l
| === -| -
1 | 11 l T03 |
Qutput
Latch |
o A .
E{ Write P8 f Selector——' |P83/T03/T04
]
= :Selector
5
7 o
@ TO3 TO04 SMMODS , 4 P830C
(2]
P8CR
| J
Write P8CR

Fig. 3.5 (17) Port P83/T03/T04
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Port 8 Register

P§ | - - [ -~ [ - 17P83 [ p82 | P8l | P80 |

(FFDOH) R/W R R R

P8CR | - - - - |P830C|ZCE2 |ZCEl1 |EDGE |

(FFD1H)
| | W
I | 5 Control INTO
I
I * | 0 | Interrupt by "H" |
| | | level detection |
I [-~=1 ~-= - |
| | 1 | Interrupt by ris-
| | | ind edge detection]
[
I W
!

P81/INT1/TI14 zero-cross
enable

(Zerp-Cross Enable P81)
* | 0 | Disable |
== |-- -
| 1 | Enable |

I
|
I
|
I
I
I
I
|
I
|
I
]
I
I
|
I
|
| W

i P82/INT2/TIS5 zero-cross

enable

(Zerp-Cross Enable P82)
* | 0 | Disable |
[==-1 |
| 1 | Enable |

I
I
I
I
I
I
I
|
|
|
I
I
I
I
I
I
|
I
I
I
I
I
I
|
I
I
I
| W
!

S Select P83 function

(P83 Qutput Control)
| 0| p83 |
[==-| -

| 1 | TO3/T04

*

* indicates initial value
after reset.

FIG. 3.5 (18) Registers for Port 8
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3.6

3.6.1

Timers

The TMP90C840 incorporates four 8-bit timers and a 16-bit multi-function
timer/event counter.

The four 8-bit timers can operate independently, and also function as
two 16-bit timers through cascade connection. The following four
operating modes are provided for the 8-bit timers:

o 8=bit interval timer mode (4 timers)
"o 16-bit interval timer mode (2 timers)
Possible arrangements: 8-bit x 2 and 16-bit x 1, or 16-bit x 2
o 8-bit programmable square wave {pulse) generation (PPG) mode (2
timers)
o 8-bit pulse width modulation (PWM) mode (2 timers)

The 16-bit multi-function timer/event counter can operate 1in the
following six modes:

16-bit interval timer mode

16-bit event counter mode

16-bit programmable square wave (pulse) generation (PPG) mode
Frequency measurement mode

Pulse width measurement mode

Timer deviation measurement mode

O o0 0 0oo0oOo

8-bit timers

The TMP90C840 incorporates four 8-bit interval timers (Timers 0, 1, 2
and 3), each of which can be operated independently. The cascade
connection of Timer O and 1, or Timer 2 and 3 allows these timers used
as l6-bit internal timers.

Fig. 3.6 (1) is a block diagram of the 8-bit timers (Timer 0 and Timer
.

Timer 2 and 3 have the same circuit configuration as Timer 0 and Timer
1 respectively.

Each interval timer 1is composed of an 8-bit up-counter, an 8-bit
comparator and an 8-bit timer/register, with a Timer Flip-flop
(TFF1/TFF3) provided to each pair of Timer 0 and Timer 1 and Timer 2
and Timer 3.

Internal clocks (gT1l, @¢T1l6 and ¢T256), some of the input clock sources
for the interval timers, are generated by the 9-bit prescaler shown in
Fig. 3.6 (2).

Their operating modes of the 8-bit timers and flip-flops are
controlled by four control registers (TCLK, TFFCR, TMOD and TRUN).
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THCDZ, 2

¥

éTL —{ &
e

gTL6 - 3
o
41256 S
TCLKI,

(=]

TFFCR3, 2
Timer set Timer
Flip-Flop reset Flip-rlop [—»TOL
Control (TFFL)
Inversion Trigger
Software TRUNL 32
Trigger
TRUNOQ
- r-Timer Ll ——e——__J
] | TMOD3,2 |
| Over- I '
8 bit | flow | ! > © !
U;iag%\;\ntex i : 0 — Up-Counter [ & =
i T ) (ucl) >~ ¢ '
! | ¢mim 8 . '
1
L i Match 1 ATL 6~ § ? ? } !
1.0
CB:bit N ; =¢T256-> o TMOD3 ~ C :
omparator T 1 Comparator L
(CPO) ! Y rd teen) Match |
< T' i INTTO | TCLK3,2 i
! I )
1
J 1 T }
%'bit/Re ister : : 8 bit :
imer. gl Ti Register
| | imer Reg
(TREGO ! : (TREGL) :
i
3

Interrial Data Bus

Fig. 3.6 (1)

Block Diagram of 8-bit Timers (Timers O and 1)

Selector

::= ~—fioyn0 {05

0
Y
o

'

TMOZZ, 2

NTTL
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@

Prescaler

An 9-bit prescaler is provided to further devide the clock frequency
already divided to a 1/4 of the frequency of the source clock (fc).
It generates a input clock pulse for the 8-bit timers, 16-bit
timer/event counter, the baud-rate generator, etc.

For the 8-bit timers, three types of clock are generated (oTl, oTl6
and oT256).

The prescaler can be run or stopped by using the 5th bit TRUNS5 (PRRUN)
of the timer control register (TRUN). Setting TRUN5 to "1" makes the
prescaler count, and setting it to "0'" clears the prescaler to stop.
By resetting, TRUNS is initialized to '"0", making the prescaler cleare
and stop.

Cycle
| fc | 8MHz | 10MHz |
| Input | | I
| elock |
| oT1 1.0us 0.8us |
| oT 16 16us 12.8us |
| oT356 256us 204.8us |

Oscillator gTL ¢T4 ¢T16 gT64 4T256
circuit Ln ? 1 ? ! ]
01 23 456 78

fc
i 1/4 Fo/d > 9 Bit Prescaler

f run/stop & cleaxr
/2 91 TRUNS
g2

Fig. 3.6 (2) Prescaler
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@

Up-counter

This is an 8-bit bimary counter that counts up by an input clock pulse
specified by an 8-bit timer clock control register (TCLK) and an 8-bit
timer mode register (TMOD).

The input clock pulse for Timer 0 and 2 is selected from ¢T1l, 4T16 and
#T256 according to the setting of the TCLK register.

However, #7256 cannot be selected as the input clock pulse for these
timers in the 16-bit timer mode (TMOD3,2=01/TMOD7,6=01).

Example: When setting TCLK1, 0 = "Ol", ¢Tl1 is selected as the input
clock pulse for Timer O.

The input clock pulse to Timer 1 and 3 is selected according to the
operating mode. In the 16-bit timer mode, the overflow output of
Timer O and 2 is automatically selected, regardless of the setting of
the TCLK register.

In the other operating modes, the clock pulse is selected among the
internal clocks ¢Tl, #T16 and ¢T256, and the output of the Timer 0 and
2 comparator (match signal).

Example: If TMOD3,2 = 0l, the overflow output of Timer 0 is selected
as the input clock to Timer 1.
If TMOD3,2 = 00 and TCLK3,2 = 01, ¢Tl is selected as the
input clock to Timer 1.

The operating mode is selected by the TMOD register. This register is
initialized to TMOD3,2=00/TMOD7,6=00 by resetting, whereby the
up-counter is placed in- the 8-bit timer mode.

The up-counter can control its functions, count, stop or clear, for
each interval timer as selected by the timer control register TRUN.
By resetting, all up-counters are cleared to stop the timers.
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TMOD
(FFDAH)

(Note)

|
I
l
I
|

Timer 2, 3

Timer 0, 1

7 6 5 413

l

2 l1 0
] :

|

: : : : |
T23M | PWM3 | TOIM | PWMLI |
: : : l

I

[
|R/W

l—->

W
~
=

Select PWM 1 cycle

("Don't care'" in non-PWM modes)

00] -

| == =g e |
forl 27 -1

[y |
0] 2’ -1 !
[ |
1 2% -1 !

N Set operating mode of Timer 0 and 1.

*

R/W

100] 8-bit timer x 2 |
oll Teovir cimr T |
7o) Bobir 276 ourpmr 1
111 amvir s oweor (rimer >
| | +8-bit timer (Timer 0) |

R/W
S Select PWM 3 cycle

("Don't care'" in non-PWM modes)

* |00] -- |
[ | |
lo1] 2% -1 |
[==] === !
0] 2’ -1 |
e -]
1] 2% -1 |

5 Set operating mode of Timer 2 and 3.

* |00[ 8-bit timer x 2 |

| = | <mmmmm e e e |
|01] 16-bit timer |

== [ mmm e e |
|10] 8-bit PPG output |
[ == e |
|11] 8-bit PWM output (Timer 3) |
| | +8-bit timer (Timer 2) ]

* indicates initial value after reset.
R/W denotes that read or write is possible.
8-bit Timer Mode register (TMOD)

Fig. 3.5 (3)
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Timer 3 Timer 2 Timer 1 Timer 0
l'7 615 413 211 0]
l : l : | | : |
TCLK | T3CLK | T2CLK | T1CLK | TOCLK |
(FFD8H) | | | |
| | | | I
| [ [ [
| | [ [R/W
| | | I___> Timer 0 input clock
| | |
| | | | TMOD3,2 = 01 TMOD3,2 = 01 |
! | | * (00 — - l
| | | |01] Internmal clock ¢T1 | Intermal clock ¢T1 |
| | | (10 " #T16 " pT16 |
! | | (11 " $T256 | Not used |
| | !
| | |
| l | R/W
| | | 5 Timer 1 input clock
[ |
| I | TMOD3,2 = 01 TMOD3,2 = 01 |
| | * |00| Timer O comparator '
| | ] output | Timer 0 overflow |
| | |01] Internal clock ¢T1 | output |
l l [10 " #T16 | |
| ! 11 " ¢T256 | I
| !
| |
| | R/W
| | 5 Timer 2 input clock
|
| | TMOD7,6 = 01 TMOD7,6 = 01 |
| * |50 = = |
| 101] Intermal clock ¢§T1 | Intermal clock ¢T1 |
| 10 " ¢T1l6 " #T16 |
| 11 " ¢T256 Not used |
|
[
| R/W
| N Timer 3 input clock
| TMOD7,6 = 0l TMOD7,6 = 01 !
* |00| Timer 2 comparator
| out put | Timer 2 overflow |
{0l] Intermal clock #Tl1 |  output |
|10 " $T16 | |
|11 " $T256 | |
(Note) * indicates initial value after reset.

Fig. 3.6 (4)

8-bit Timer Clock Control Register (TCLK)
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TRUN
(FFDBH)

(Note)

16-bit timers 8-bit timers

7 6 5 | 4 | 3 2 1

0

I

BRATE | PRRUN | T4RUN | T3RUN| T2RUN| T1RUN | TORUN|

I I I I I I

I——>

*

R/W

o ———— e ——— e

R/W

R/W

| R/W

Select Timer 0

operation

Stop and

clear

0
1

Count

Select Timer 1

operation

I

Stop and

clear

0
1

Count

S Select Timer 2

operation

I

Stop and

clear

I

0
1

Count

Select Timer 3

operation

Stop and

clear

I
I

0
1

Count

Select 1l6-bit timer
(Timer 4) operation

Stop and

clear

0
1

Count

Select prescaler operation

Stop and

clear

0
1

Count

N Select transfer speed of serial I/0

baud rate generator (fc=9.8304MHz)

*

* indicates initial value after reset.

5Cc1,0=01

SC1,0=11

|00

300 baud

150 baud

ol

1200 baud

600 baud

[10

4800 baud

2400 baud

11

19200

9600 baud

R/W denotes that read or write is possible

Fig. 3.6 (5) Timer/Serial Channel Control Registers (TRUN)

I
I
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TFF3 TFF1
|7 6 5 4 3 2 1 0
I : I [ : I | I
TFFCR | FF3C  |FF3IE|FF31S| FFIC  |FFLIE|FF1IS|
(FFDYH) | I | : I I I
I I I [ I
I I | I I |
I I I I I I
i I | I I
] I I |
N I I
I I I I
[ , Select inverse signal of timer flip-flop TFF1
[ I T I .
[ | TMOD3,2| 00 | 01 | 10 | 11 |
N | FF11S |
[ T O R o 8-bit timer - - - |
Pl I mode (Timer 0) |
[ | 1 8-bit timer 16-bit timer mode|PPG mode |PWM mode |
N I [ [mode (Timer 1)|(Timers 0 & 1) [(Timer 1)|(Timer 1)]
111 rR/W
1 : || : I 5 Invert timer flip-flop TFFI
Ll * | 0 Disable [
P I 1 Enable |
LLL W
[ 5 Control timer flip-flop TFF1
[
[ 11 {00 Clear TFFl to "0Q" |
|1 |__01 Set TFFl to "1" |
[ | 10 Invert value of TFFl (Software inversionm) |
| ] | 11 Don't care (Always set at "11" when read out) |
| 1 | R/W
{ I S Select inverse signal of timer flip-flop TFF3
|
| | TMOD7,6| 00 | 01 | 10 | 11 |
[ [FF31s |
[ * | 0 8-bit timer - - =~ |
| | | mode (Timer 2) [
|1 I 1 8-bit timer 16-bit timer mode|PPG mode |PWM mode |
| | | |mode (Timer 3)[(Timers 2 & 3) [(Timer 3)|(Timer 3)|
I | R/W
: | 5 Invert timer flip-flop TFF3
| I 0 Disable |
| | 1 Enable |
| w
| 5 Control timer flip-flop TFF3
| 00 Clear TFF3 to "0" I
| ol Set TFF3 to "1" |
! 10 Invert value of .TFF3 (Software inversion) |
[ 11 Don't care (Always set at "l1" when read out) !
Fig. 3.6 (6) 8-Bit Timer Flip-Flop Control Register (TFFCR)

MPU90-80



TOSHIBA

TMP90C840

©)

(n

Timer registers

8-bit registers are provided to set the interval time. When the set
value of a timer register matches that of an up-counter, the match
signal of their comparators turn to the active mode. If "OOH" is set,
this signal becomes active when the up-counter overflows.

Comparators

A comparator compares the values 1in an up-counter and a timer
register. When they matches, the comparator clears the up-counter to
"0'", "and generates an interrupt signal (INTTn). If the timer
flip-flop 1inversion 1is enabled by the Timer Flip-Flop control
register, the comparator inverts the Timer Flip-flop.

Timer flip-flops (Timer F/Fs)

The status of the Timer Flip-flop 1is inverted by the match signal
(output by comparator). Its status can be output to the timer output
pin TOl (also used as P60) and TO03 (used as P70 or P80).

A Timer F/F is provided to each of the timer pairs Timer 0 - Timer 1
and Timern 2 - Timer 3, and is called TFFl and TFF3, respectively.
The status of TFFl is output to TOl, and that of TFF3 to T03. TO3 has
2 pins (P70 and P83). P83 is selected only when the port 7 is used as

- a stepplng motor control port.

The Timer F/Fs are controlled by a timer flip-flop control register
(TFFCR).

In the case of TFFl (timer F/F for the Timer O and Timer 1), the
flip-flop operation is described as follows:

TFFCRO (FF1IS) selects the signal for inversion of TFFl. 1In the 8-bit
timer mode, inversion is enabled by the match signal from Timer 0 if
this bit is set to "1", or by the signal from Timer 1 if set to '"0'".
In any other mode, FF1IS must be always set to "1". It is initialized
to "0" by resetting.

TFFCR1 (FFlIE) controls the inversion of TFFl. Setting this bit to
"1" enables the inversion and setting it to "0'" disable.

FF1IE is initialized to "O" by resetting.

The bits TFFCR3 and TFFCR2 (FFIC) are used to set/reset TFFl or enable
its inversion by software. TFFl is reset by writing '"00", set by "Ol"
and inverted by "10".

Similarly, TFF3 is controlled by TFFCR7 - 4.

The 8-bit timers operate as follows:

8-bit timer mode

The four interval timers 0, 1, 2 and 3 can operate independently as an
8-bit interval timer. Only the operation of Timer 1 is described
because their operations are the same.

Generating interrupts at specified intervals

Periodic interrupts can be generated by using Timer 1 (INTT1) in the
following procedure: Stop Timer 1, set the desired operating mode,
input clock and cycle time in, the registers TMOD, TCLK and TREGI
enable INTT1, and start the counting of Timer 1.
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Example: To generate Timer 1l interrupt every 4.0us at fc=l0 MHz, the
registers should be set as follows:
MSB LSB

- 76543210

TRUN <= = = = = = - 0 - Stop Timer 1, and clear it to "0".

™OD <- - - - = 00 x x Set the 8~bit timer mode.

TCLK <= - - - = 0 1 - - Select OT1 (0.8us @fc=10 MHz) as the

(2]

input clock.
TREGL <- 00110010 Set the timer register at 40us/T1 = 50.

INTEH - = = = = = = = 1 Enable INTT1.
_IRUN (- - -1 - - -1+~ Start Timer 1.
(Note) x: Don't care - : No change

Use the following table for selecting the input clock:

Table 3.6 (1) 8-bit timer interrupt cycle and input clock

|  Interrupt cycle @fc=10 MHz Resolution | Input clock |
| 0.8us - 204us 0.8us #T1 |
| 12.8us —~ 3.264ms | 12.8us | #T16 |
| 204.8us - 52.429ms |  204.8us ! 21256 |

Caution for using Timer 2

Interrupts generated by Timer 2 (INTT2) uses the same interrupt mask
flag (INTEL 7) as used for those of the A/D converter (INTAD). To
select either interrupt, another flag INTEH3 is provided. Setting
this flag to "0" enables interrupts by Timer 2 and disables those by
the A/D coaverter.

Generating pulse at 50% duty
The Timer Flip-flop is inverted at specified intervals, and its status
is output to a timer output pin (TOl or TO3).

Example: To output pulse from TOl at fc=10 MHz every 4.8us, the
registers should be set as follows:
This example uses Timer 1, but the same operation can be
effected by using Timer O.

)
[«
w
o
w
N
—
o

| TRUN <= = = = = - = 0 - Stop Timer 1, and clear it to "0".
| TMOD K- - - - - 00 x x Set the 8-bit timer mode.
] TCLK <= = = - = 01 - - Select pTl as the input clock.
| TREGL <- 00000010 Set the timer register at 4.8us/gTl/2=3.
| TFFCR <= - - - - 0011 Clear TFFl to "0", and set to invert by
| the match signal from Timer 1.
| SMMOD <- - - - - x x 01 Select P60 as TOl pin.
| P67CR <~ = = = - - ~ = 1  Seléct P60 as TOl pin.
| TRUN <~ - -1-- -1~ Start Timer 1.
(Note) x: Don't care - : No change
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PS8 N o o s Y T Y N N s O s O

1
| | !
1 1
i

|

| i
| ! I
I 1
| ! : ,
BIT7~ 2 " ] ! ' : T
Up— j— 1 ! i | :t\ ‘ ___[_—__—-l__
Counter ——-—t—-:.—.'—. : : N 4 L
| ! ™} 0 {
BITO L. P El : 2 3 X |
] 1 1 I
T I
TeEing FTY L
Comparator Output = r-]
(Match signal) |
i
NTTL Aji r-1

UC Clear

TFFL

TOL

E;Z

T
|

E
\|“ 1 | 0 335

Y
RN N

2.4 us ¢ =10 MHz

Fig. 3.6 (7) Pulse Output (50% duty) Timing Chart

() Making Timer 1 count up by match signal from Timer O comparator.

Select the 8-bit timer mode, and the set output of Timer 0 comparator
as the input clock to Timer 1.

Timer O fl, J]

Comparator Match Signal
Up-Counter of

e 6 6.0 6 68 6 5 0 6 68 6 6

Up-Counter of
Timer 1 1 X 2 Xj 1
(TREGL = 2)

Match Signal ‘ n
from Timer 1

Fig. 3.6 (8)

C) Software inversion

The timer flip-flops can be inverted by software independent of the
timer operation.

Writing "10" into the bits TFFCR3 and TFFCR2 inverts TFFl, and writing
the same into TFFCR7 and TFFCR6 inverts TFF3.

C) Initial setting of Timer Flip-Flops

The Timer Flip-flops can be initialized to either '"0" or "1'" without
regard to the timer operation.

TFFl is initialized to "0" by writing "00" into TFFCR3 and TFFCR2, and
"1" by writing "01" into these bits.

(Note) Reading the data from the Timer Flip-flops and timer registers 1is
prohibited.
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(2)

16-bit timer mode

The Timer 0 and Timer 1 or Timer 2 and Timer 3 can be used as one
16-bit interval timer.

As both timer pairs have the same function, only the timer pair Timer
0 and Timer 1 is discussed.

Cascade connection of Timer 0 and Timer 1 to use them as a 1l6-bit
interval timer requires to set the bits 3 and 2 of the mode register
TMOD to "O1".

By selecting the 16-bit timer mode, the overflow output of Timer 0 is
automatically selected as the input clock to Timer 1, regardless of
the set value of the clock control register TCLK. The input clock to
Timer 0 is selected by TCLK. Note, however, that ¢T256 cannot be
selected in the 16-bit timer mode. Table 3.6 (2) shows the
combinations of timer (interrupt) cycle and imnput clock.

Table 3.6 (2) 16-bit timer (interrupt) cycle and input clock

| Timer (interrupt) cycle | Resolution | Input clock |
| @fc=10 MHz to Timer 0 |
| 12.8us ~ 52.43ms 0.8us #T1

| 12.8us - 838.86ms 12.8us #T16 |

The timer (interrupt) cycle is selected by the lower eight bits set by
TREGO and the upper eight bits set in TREGl. Note that TREGO must be
always set first (Writing data into TREG0 disables the comparator
temporarily, which is restarted by writing data into TREG1).

Example: To generate interrupts INTT1 at fc=8MHz every 1 second, the

timer registers TREGO and TREGl should be set as follows:
As pT16 (=1l6us @8MHz) is selected as the input clock,
1 sec/l6us = 62500 = F424H

Therefore,
TREGl = F4H
TREGO = 24H

The match signal is generated by Timer 0 comparator each time the
up-counter UCO matches TREGO. In this case, the up-counter UCO is not
cleared, and the interrupt INTTO is not generated.

Timer 1 comparator also generates the match signal each time the
up-counter UCl match TREGI. When the match signal 1is generated
simultaneously from comparators of Timer 0 and Timer 1, the
up-counters UCO and UCl are cleared to "0", and the interrupt INTTIl is
generated. If the Timer Flip-flop inversion is enabled by the Timer
Flip-flop control register, the timer flip-flop TFFl is inverted at
the same time.
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Example: Given TREGl = 04H and TREGO = 80H,

value of
Up-Counter 0400H
(UCl, UCO) 0QOOH 0080H 0180H 0280H 0380H 0480H

Timer O _"L n ﬂ n "

Comparai:or Match Signal

Timer 1 M
Comparator Match ﬂﬂﬂﬂﬂﬂ_
Signal !
Interrupt INTTL J]

1
t
1
¥
1

Timer Output TOLl X Invert Signal

Fig. 3.6 (9)

(3) 8-bit PPG (Programmable pulse generation) mode

Pulse can be generated at any frequency and duty rate by Timer 1 or
Timer 3. The output pulse may be either low- or high-active.

In this mode, Timers 0 and Timer 2 are not be used.

If Timer 1 is used, pulse is output to TOl (also used as P60), and the
use of Timer 3 results in the output to TO3 (also used as P70/P83).

J Iy B

Following is the timing of Timer 1 (The operation is the same as when
Timer 3 is selected):

TREGO = UCL

P,
TREG1 = UCL1 ( ﬂ ( ﬂ\
o NN
TREGO .

TREG1

In the 8-bit PPG mode, programmable pulse is generated by the
inversion of the timer output each time the 8-bit up-counter 1 (UC1)
matches the timer register TREGO or TREGI.
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Note that the set value of TREGO must be smaller than that of TREGI.

In this mode, the up-counter UCO of Timer 0 is disabled (Set TRUN 0 =

0, and stop and clear Timer 0).

o

The PPG mode can be illustrated as follows:

$TL — TRUNL TOL
#T16 —f Clock ] 8 bit
#T256—] Control Up-Counter UCL | TFFCRL
ﬁ ﬁ Clear TFF1 -1
TMOD3,2 TCLK3,2 # 00 Invert Signal
=10 J ; g L
Comparator 0O Comparator 1
TREGO TREGL

7S 75

Internal Data Bus

Fig. 3.6 (10) Block Diagram of 8-bit PPG Mode

Example: Generate pulse at 50kHz and 1/4 duty rate (@fc = 8MHz)

J I nr

-

t=1/50 (ms)

Calculate the set values of the timer registers. .
To obtain the frequency of 50kHz, the pulse cycle t should be:
1/50kHz = 20us.
Given oTl = lus (@8MHz),

20us/lus = 20
Consequently, the timer register 1 (TREGLl) should be set to 20 =
14H.
Given a 1/4 duty, t x 1/4 =20 x 1/4 =5 us

5us / 1 us =5
As a result, the timer register 0 (TREGO) should be set to 5 = OS5H.
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| TRUN <= = = = = = = 0 0 Stop Timer 0 and Timer 1, and clear thenm
I to IIOII.
| TCLK <= = - - - 0 1 x x Select oTl as the input clock.
| TMOD <- - - - - 1 0 x x Set 8-bit PPG mode.
| TFFCR <- - - - - 0011 Clear the output, and enable the inver-
| |l sion by Timer 1.

! Writing "0l" provides negative logic pulse —--
| TREGO <- 00000101 Write "SH". I
| TREGL <- 0001 0100 Write "14H". |
| SMMOD <~ - - - - x x 01 Select P60 as the TOl pin. !
| P67CR <= = = = = - = - 1 !
| TRUN <---1---10 Start Timer 1. [
I

(Note) x: Don't care - : No change |

(4)

8-bit PWM (pulse width modulation) mode

This mode is only available for Timer 1 and Timer 3, and generates two
types of 8-bit resolution PWM (PWMl and PWM3).

Pulse width modulation is output to TOl pin (also used as P60) when
using Timer 1, and to T03 pin (also used as P70 or P83) when using
Timer 3.

Timer 0 and Timer 2 can be also used as 8-bit timers.

Following is the timing of Timer 1 (PWMl) (The operation is the same
as when Timer 3 is selected):

The inversion of the timer output occurs when the up-counter (UC1)
matches the set value of the timer register TREGl, as well as when an
overflow of 2n - 1 (n = 6, 7 or 8 selected by TMODl or TMOD0) occurred
at the counter. The up-counter UCl is cleared by the occurrence of an
overflow of 2n - 1.

The following condition must be obtained in this PWM mode:

(Set value of timer register) < (set overflow value of 2™ -~ 1 counter)

Match signal
from Comparator /fl’ ‘41 Jj]
o ol oaf

A1
ver lz;l \\{___&1 \\{——Lq \

.

- tpwM

The PWM mode can be illustrated as follows:
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TRUNS TRUN1

Comparator Output
of Timer 0 —pf
$TL —— Clock Clear

FT16 —f Control Up-Countexr UCl

gT256 ~——f

TCLK3,2 - =1
' 2P-1 Counter fw—- TMOD3,2= 11
2"-1  overiiow lt——T1ODL, 0
L Control «—— (n = 6, 7 or 8)

Comparator 1

ifi

TREG1 TFFl = TO0l1
Invert

ﬁ TFFCRTB ? 0

Internal Data Bus

Fig. 3.6 (l1) Block Diagram of 8-bit PWM Mode

Example: Generate the following PWM to the TOl pin at fc=10MHz.

Assuming the PWM cycle is 50.4 ps when oT1 = 0.8 us and @fc =

10MHz, 6

50.4us/0.8us =63 = 2°~ 1

Consequently, n should be set at 6 (TMOD1,0 = 01).

Given the "H'" level period of 36us, setting 9T1=0.8us results:
36us/0.8us = 45 = 2DH

As a result, TREGl should be set at 2DH.

| TRUN <~ - = = = = = 0 - Stop Timer 1.

| TCLK <~ - - - - 01 -- Select zTé as the input clock.

| T™MOD <- - = - - 1101 Set the 2°- 1 cycle in the PWM mode.

| TFFCR K- - = - = 0011 Set the initial output to 0 ("L'" level).
| TREGI K- 00101101 Write "2DH".

| SMMOD <- - - -~ = x x 0 1] Select P60 as the TOl pin.

| P67CR <= = = = = - = - 1

| TRUN <= - -1 -=--1~ Start Timer 1.

(Note) x: Don't care - : No change
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Table 3.6 (3) PWM Cycle and Selection of 2™- 1 counter

| | PWM cycle (@fc = 10MHz)

| | ¢T1 ! Tl6 | ¢T256 g
RN
{—27- I—i! 101.6us } 1625.6us :“;;j&;“:
T | avkous | szt | 52w

3.6.2 Multi-function 16-bit timer/event counter (Timer 4)

The TMP90C840 incorporates a multi-function 16-bit timer/event counter
that functions in the following operating modes:

16-bit timer

16-bit event counter
16-bit PPG mode

Frequency measurement
Pulse width measurement
Time deviation measurement

O 0O OO0 O0O0

Fig. 3.6 (12) is a block diagram of the 16-bit timer/event counter.

TO4
Timer Flip-Flop
Internal Data Bus TFF4
Highexﬁ Lower ]/T I ===
data data T4FFCR1,0 Timer Flip-Flop
Capture Captuxe —p{ 4 Control
T4MODS Register 1 ) Register 2 l
CAP1 l6-bit CAP2 lé-bit
T4MOD4, 3 W/ Triggex A ﬁ’if 1 Trigger
¥ - T
Trigger
TFFL ICapture T4
TI4 Input T4MoD1,0 g
TI5 ontrol Aig,f TRUN4
#T1 TS T4FFCR2
#T16 Selector Up-Counter
uclie clear |
#’ TRUN4 }#J L, T4MOD2 T4FFCR3
e 1 o
Interrupt
e . Match N Match
Comparator 4 |[Detection Comparator 5 atc
INT2 CP4 CP5
Interrupt . \
INTTY ]
16-bit. Interrupt [Tg°% INTTS
szer Reg:.ster K T:.mer Register q Interrupt

Higher Lower
data data

Internal Data Bus

Fig. 3.6 (12) Block Diagram of 16-bit Timer/Event counter (Timer 4)
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T4MOD
(FFE4H

(Note) * indicates initial *

Fig. 3

The timer/event counter is composed of a 16-bit up-counter, two 16-bit
timer registers, two 16-bit capture registers, two comparators, a
capture input control, a timer flip-flop and its control circuit.

The timer/event counter 1is controlled by four control registers
(T4MOD, T4FFCR, TRUN, and P8CR). The TRUN register also controls the
8-bit timers. For details, refer to Fig. 3.6 (5).

The P8CR register is the control register for the port P8.

7 6 5 4 3 2 1 0
| : [CAPIN] CAPMM | CLE| T4CLKK |
I : | I I | I
)| I I I I |

| I
|
| R/W

| N Timer 4 input clocks

I

|

|

|

|

| * |00| External clock (T1l4)
| |01] Internal clock gTl
I

I

|

|

|

|10] Internal clock gTl6
|11] Not used

R/W
> Clear up-counter UC16

* | 0| Clear disable |
1| Clear if equal to TREG5 |

| CAP 2 at TFFl fall| falling edge of TI4
| | input

R/W
5 Control capture/interrupt INTI
| Capture control INT1 control |
* |00] Capture disable Interrupt occurs at |
[01] CAP 1 at TI4 rise | rising edge of TI4 |
| CAP 2 at TI5 rise | input |
|10] CcAP 1 at TI4 fall Interrupt occurs at |
| | CAP 2 at TI5 fall | falling edge of TI4 |
! input |
|11] CAP 1 at TFFl rise| Interrupt occurs at |
I |
I |

|
I
I
|
I
|
I
I
I
I
I
I
I
|
I
I
I
I
I
|
|
I
I
I
I
I
I
I
I
|
I
I

N Trigger software capture

| 0| Capture up-counter value into CAPl |
value after reset. | (Softwre capture) |
| 1| Always set at "1" when read out |

o R/W denotes either
reading or writing is possible.

.6 (13) 16-Bit Timer/Event counter (Timer 4) Control Mode registers
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T4FFCR

at "11" when read out)

TMP90C840
7 6 5 4 3 2 1 0
| | f : : : | : |
| | | CAP2TE:CAPITE: EQSTE :EQ4TE | T4FFC |
(FFE5H) | | | : : : | : |
| | |
| |
[ I w
I N Control of Timer Flip-flop 4 (TFF4)
|
| | 00 | Clear TFF4 to 'OV |
| o | e e |
| | 01 | Set TFF4 to "I |
[ R |
| | 10 | Invert TFF4 value |
| | | (software inversion) |
| [====1 ettt |
| | 11 | Don't care (Always set |
| | | i
|
f
l

Trigger inversion of Timer Flip-—
flop 4 (TFF4)

* | 0 | Disable trigger |

| 1 | Enable trigger |

CAP2TE: When capturing up-counter value into CAP2
CAP1TE: When capturing up-counter value into CAPl
EQ5TE : When equalizing up-counter with TREGS
EQ4TE : When equalizing up-counter with TREG4

Fig. 3.6 (14) 16-bit Timer/Event Counter Timer Flip-Flop 4 Control Registers

1

Up-counter (UC16)

UCl6 is a 16-bit binary counter that counts up by the input clock
specified by the register T4MOD (T4CLK) (bits 1 ams 0).

Its input clock 1is selected from the intermal clocks ¢TIl and ¢Tl6
generated by the 9-bit prescaler (also used as the 8-bit timer), or
the external clock from the T14 pin (also used as P81/INT1). By
resetting, the bits 0 and 1 of T4MOD are initialized to '"00", whereby
Tl4 is selected as the input clock to this up-counter.

The Timer Control Register TRUN 4 (T4RUN) controls the counter to
start, stop or clear.

Clearing the up-counter UCl6 is controlled by the bit 2 of T4MOD2
register (CLE). The up-counter UCl6 1is cleared to '"0" when matching
the timer register TREGS.

Timer registers (TREG4 and TREGS)

Two 16-bit registers are provided to set the counter value. When the
values in these timer registers equal with the value of the up-counter
UCl6, the match signal of the comparator becomes active.
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Data for the timer registers TREG4 and TREGS are provided by a 2-byte
data load instruction or two l-byte data load instructions, from the
lower eight bits followed by the upper eight bits.

TREG4 TREGS

I : I I : I
| Upper 8 bits : Lower 8 bits | | Upper 8 bits : Lower 8 bits |
| : | I : |

FFElH FFEOH ] FFE3H FFE2H

3  Capture registers (CAP1 and CAP2)
CAP1 and CAP2 are 16-bit registers that hold the wvalues of the
up-counter UCl6.
Data in the capture registers are read by a 2-byte data load
instruction or two l-byte data load instructions, from the lower eight
bits followed by the upper eight bits.

CAP1 CAP2

I : I I : I
| Upper 8 bits : Lower 8 bits | | Upper 8 bits : Lower 8 bits |
I : I | : I

FFDDH FFDCH FFDFH FFDEH

4  Capture input control circuit
This circuit controls the timing that the capture registers (CAPl and
CAP2) latch the UCl6 up~counter value.
The latch timing is set by the register T4MOD4,3 (CAPM).

o If T4MOD4,3 = 00,
The capture function is disabled. Theese bits are initialized to
this mode by resetting.

o If T4MOD4,3 = 01,
The up-counter value is latched into CAPl at the rising edge of the
TI4 (also used as P81/INT1) input, and into CAP2 at the rising edge
of TI5 (also used as P82/INT2) input.

o If T4MOD4,3 = 10,
The up-counter value is latched into CAPl at the rising edge of the
TI4 input, and by CAP2 at its falling edge. Only in this mode, the
interrupt INT1 occurs at the falling edge.

o If T4MOD4,3 = 11,
The up-counter value 1is latched into CAPl at the rising edge of the
timer flip-flop TFFl, and into CAP2 at its falling edge.

The up-counter value can be also latched into the capture registers by
using software. In this case, the current up-counter value is latched
into CAPl each time "O" is written into the T4MOD5 (CAPIN) register.
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(n

(2)

Comparators (CP4 and CPS5)

The 16-bit comparators detect the match of the up-counter UCl6 and the
timer register TREG4 or TREGS.

When the up-counter matches registers TREG4 or GREGS, the interrupt
INTT4 or INTT5 occurs, respectively. The up-counter is cleared only
when it matches TREGS (the clear operation can be disabled if
necessary).

Timer Flip-flop (TFF4)

This Timer Flip-flop 1is inverted by the match signal from the
comparators (CP4 and CP5) and the latch signal to the capture
registers (CAPl and CAP2).

It is possible to enable/disable the inversion for each of these
sources by using TRFFCR5-2.

Also TFF4 can be inverted, cleared to "0" and set to "1" under
software control.

Its value can be output to the timer output pin TO4 also used as P83
or TO3. Either pin function may be selected by the registers P8CR and
SMMOD. TO4 is selected by setting P8CR3 = 1 and SMMOD5,4 = 11.

16-bit timer mode
In this mode, the interval time is set in the timer register TREGS5 to
generate the interrupt INTTS.

| TRUN <-=-=-=-0-- - - Stop Timer 4.

| INTEL <- - -0 -1 - - - Enable INTT5 and disable INTT4.

| T4FFCR<- x x 0 0 0 0 1 1 Disable trigger.

| T4MOD <- x x 1 0 0 1 * = Select internal clock for input, and
i (**=01,10,11) disable the capture function.

| TREGS <~ *¥%¥% k¥ Jk%k %%%k Set the interval time (16 bits).

| TRUN <-=-~-11=-- -~ Start Timer 4.

(Note) x: Domn't care - : No change

16-bit event counter mode

This timer can be used as a 16-bit event counter by selecting the
external clock (TI4) as the input clock in the above timer mode (1).
The counter counts up at the rising edge of the TI4 input clock.

The TI4 pin is also used as P81l or INTI.

TTRUN K- - - -0 - - - - Stop Timer 4.
PBCR <= = = = = = = * - *=0; TI4 is square wave.
*=]1; TI4 is sign (zero-cross) wave

INTEL <~ - - 001 - Enable INTTS5 and disable INTT4 and

1
)

INTI.
T4FFCR<- x x 0 0 0 0 1 1 Disable trigger.
T4MOD <= xx 100100 Select TI4 as the input clock.
TREGS <= #¥%% ¥¥¥% *kk® *%%*% Set the number of counts (16 bits).
_TRUN <---11---- Start Timer 4.
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(3)

(4)

e 6000

16-bit programmable pulse generation (PPG) mode

The PPG mode is obtained by inversion of the Timer Flip-flop TFF4 to
be enabled by match of the up-counter UCl6 with the timer register
TREG 4 or 5 and output it to TO04 (also used as P83/T03). In this mode
the following condition must be satisfied.

(Set value of TREG4) < (Set value of TREGS)
| TRUN <= = = =0 - = - - Stop Timer 4.
| TREG4 <= #w¥id %k ik %u%% Set the duty rate.
| TREGS <= #¥¥k &k *idid %k¥% Set the cycle.
| T4FFCR{- x x 001100 Set the TFF4 inversion to be effected
| by match with TREG4 or 5.
| Initialize TFF4 to '"0".
| T4MOD <- x x 1 0 0 1 ** Select the internal clock for the
| (*%=01,10,11) input,and disable the capture fuaction.
| SMMOD <= - = * * - - - -
|
I
|

(*%=00,01,10) Select P83 as the TO4 pin.

P8CR <~ - - - - 1 -=--
_TRON <--=-11-- -~ Start Timer 4.
(Note) x: Don't care - : No change
Match with TREG4 n 1k M 1

Match with TREGS N I N

TO4 4_J S R A I

Fig. 3.6 (15) Programmable Pulse Qutput

Application examples of capture function

Loading the up-counter (UCl6) value into CAPl or CAP2, the Timer Flip-
flop TFF4 inversion by the match signal from CP4 or CP5, and the
output of the TFF4 status to TO4 pin can be enabled or disabled.
Various applications are available by combining with the interrupt
function:

One-shot pulse output by using external trigger pulse.

Frequency measurement.

Pulse width measurement.

Time deviation measurement.

One-shot pulse output from the rising edge of external trigger pulse.
Keep the up-counter (UCl6) counting (free~running) with by the
internal clock input by setting T4RUN of the TRUN register to "1'".
The input an external trigger pulse through the TI4 pin, and also load

the up-counter value into the capture register CAPl at the rising edge
of TI4 (T4MOD4,3 = Ol).
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When the interrupt INTl is generated at the rising edge of TI4 input,
set the CAP1 value (c) plus a delay time (d) to TREG4, and set the

above set value (c+d) plus a one-shot pulse width (p) to TREGS.

When

the interrupt INT1 occurs the register T4TRG is selected that the TFF4
inversion is enabled only when the up~counter value matches TREG4 or

5.

When interrupt INTITS5 occurs, the inversion is disabled.

Keep counting (Free-Running)

Count Clock
(Internal Clock)

Input of TI4
(External Trigger Pulse)

Match with TREG4

c

- - - -

c+d c+d+p

-

Load the up-counter value into Capture
Resister 1 (CaP1)

INT1

fl

Match with TREGS

Timer Output TO4

Delay Time

B |

|

: Inversion / |

! Enable | /VINTTS

[

' A %
: Inversion jInversion/ | [
! disable | Enable

e

i

I

I

-

| '
Pulse Width

Fig. 3.6 (16)

(d)

aal

(p)

One-Shot Pulse Output (with delay)

Example:
30ns)
Main setting
' >
—>

b1

- 1

|"T4MOD <~ x x 1 0100 1

| I

: -

| T4FFCR<- x x 0 0 0000

[ I I

| T,

| | 2

| SMMOD <= — = % * = = = =

| (#%=00,01,10)

| PBCR <~ - - - - 1---

| INTEL <~ - ~010 -~ -

| TRON <-=-=~-11-=---

Generate a 2ms one-shot pulse with a 3ms delay from the rising
edge of an external trigger pulse ("H"

level width: 10ms

Keep counting (Free-running)
Count with oTl.

Load the up-counter value into CAP1l at
the rising edge of TI4 input.

Clear TFF4 to '"0".
Disable TFF4 inversion.

Select P83 as the TO4 pin.

Enable INT1, and disable INTT4 and INTTS.
Start Timer 4.
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Setting of INT1

| TREG4 <~ CAP1+3ms/gT1

| TREG5 <- TREG4+2ms/gT1
| T4FFCRS- x x — - 1 1 -
I ||
}
|

[ 5 Enable TFF4 inversion when the up-counter
value matches TREG4 or 5.
INTEL {- - - - - 1l - -- Enable INTTS.

Setting of INTS

| T4LFFCR{- x x - = 0 0 - -
| [_|
| | N Disable TFF4 inversion when the up-
| counter value matches TREG4 or 5.
[_INTEL {= = = = = 0 - - - Disable INTTS.

(Note) x: Don't care - : No change

When no delay time is required, invert the TFF4 when the up-counter
value 1is loaded into CAPl, and set the CAPl value (c) plus the
one-shot pulse width (p) to TREG5 when the interrupt INT1 occurs. The
TFF4 inversion should be enabled when the up-counter (UCl6) wvalue
matches TREGS5, and disabled when generating the interrupt INTTS.

(Entecnas ¢ UL .. U JHUUUL
(Internal Clock) . e m--
C c+p

Input of TI4

(External pR— .
. . Loading the up-counter
Trigger Pulse) {t: value into | hoadi th £
I X INT  Loading the up-counter
I 1 —» INTTS | value into Capture
Match with TREGS ! | Register 2 (CaP2)
i Inversion/ | :
Enable \
Timer output TO4 i
|
R |
Inversion Enable - ™) 74 Inversion Disable
P

Pulse width

Fig. 3.6 (17) One-Shot Pulse Output (with no delay)
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CD Frequency measurement

The frequency of the external clock can be measured in this mode. The
clock is input through the TI4 pin, and its frequency is calculated by
using the 8-bit timers (Timer O and Timer 1) and the 16-bit
timer/event counter (Timer 4);

The frequency of the external clock is calculated by using the
frequency of the input clock to Timer 4 (TI4). The value of the
up-counter is loaded into the capture register CAPl at the rising edge
of the Timer Flip-flop TFFl of 8-bit timers (Timer O and Timer 1), and
into CAP2 at its falling edge.

The frequency is calculated by using the number of input clock in a
certain period (the difference between the loaded values in CAP1 and
CAP2 when the interrupt (INTTO or INTT1) is generated by either 8-bit
timer.

Count Clock
(mput of tze) JUUUUL .. JUUUL ___

Cl c2

TFF1

Loading UCl6 into Cl

1
i :n

j c2 i c2
I 1

CAP1

Loading UCl6 into
CAP2

INTTO/INTTL

____J:j__
(@]
=

=

-

Fig. 3.6 (18) Frequency Measurement

C) Pulse width measuremmt
This mode allows to measure the "H" level width of an external pulse.
While keeping the 16-bit timer/event counter counting (free-running)
with the internal clock input, the external pulse is input through the
TI4 pin. Then the capture function is used to load the UCl6 values
into CAPl and CAP2 at the rising edge and falling edge of the external
trigger pulse respectively. The interrupt INT1 occurs at the falling
edge of TI4.
The pulse width is obtained from the difference between the values of
CAPl and CAP2 and the internal clock cycle.

(Internal Clock) o1 - — 5 _—

TI4 L_______J
(External Pulse) —‘—‘—(? ' I !

i [}

[lc o I

Loading UCl6 into

capl \\h

]
Loading UCl6 into {c2

|

]

CAP2
INTL

Fig. 3.6 (19) Pulse Width Measurement
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Loading UCl1l6 into (

Loading UCl16 into

3.7

(Not

Coun

Inpu

INT1

INT2

St

e) The external interrupt INT1 occurs at the falling edge of TI4 only
in this pulse width measurement mode (T4MOD4,3 = 10). In any
other mode, the interrupt occurs at its rising edge.

The width of "L" level can be obtained from the difference between the
first €2 and the second Cl when the second INT1l interrupt 1is
generated.

Time difference measurement

This mode is used to measure the difference in time between the rising
edges of external pulses input through TI4 and TIS.

Keep the 16~bit timer/event counter (Timer 4) counting (free-running)
with the internal clock, and load the UCl6 value into CAPl at the
rising edge of the input pulse to TI4. Then the interrupt INT1l 1is
generated.

Similarly, the UClé value is loaded into CAP2 at the rising edge of
the input pulse to TI5, generating the interrupt INT2.

The time difference between these pulses can be obtained from the
difference between the time loading the up-counter value into CAPl and
CAP2.

e UL THun_
(Internal Clock) - - | ———
Cl c2

t T14 A1

t TIS /(

Inpu

|

CAP1

e

CAP2

|
I—

| Ll L
]

1
|
|
—pd
[

Time Difference

i

Fig. 3.6 (20) Time Difference measurement

epping Motor control ports (P6 and P7)

The TMP90C840 has two 4-bit hardware stepping motor control ports (SMC

po

rts MO and M1) that synchronize with the (8-bit/16-bit) timers. These

SMC ports MO and Ml are also used as the I/0 ports P6 and P7.

The channel 0 (MO) synchronizes with the trigger signal of the Timer
Flip-flop TFFl, and the channel 1 (Ml) is synchronous with that of the
Timer Flip~flop TFF3 or TFF4, for output.
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The SMC ports are controlled by three control registers (P67CR, SMMOD,
and SMCR), and allow the selection of driving method: 1) 4-phase
l-step/2-step excitation and 2) 4-phase 1-2 step excitation.

3.7.1 Control registers

(1) Port 6 and Port 7 I/O selection register (P67CR)
This register specifies either input or output for each bit of the
4-bit I/0 ports 6 and 7.
When all bits of P67CR are initialized to '"0" by resetting, Ports 6
and 7 function as input ports.
P67CR is a write-only register (mot for readout).

(2) Stepping motor control port mode register (SMMOD)
Ports 6 and 7 also function as SMC Ports (MO and Ml) or Timer Output
Ports (TOl and TO03), as selected by SMMODl, 0 or SMMODS, 4.
When Port 6 is used as SMC Port (MO), SMMOD1, 0 should be set to 10 or
11.
When Port 7 is used as SMC Port (Ml), SMMODS, 4 should be set to 10 to
make it synchronize with the trigger pulse of the timer flip-flop TFF3
and set at 11 to make it synchronize with the trigger pulse of the
Timer Flip-flop TFF4. P83 (also used as T03 and T04) can function as
TO3 only when SMMOD5, 4 are set at 11.
SMMOD2 and SMMOD6 serve to select the excitation method. With '0" the
full-step (l-step/2-step) excitation 1is selected and with "1'" the
half-step (1-2 step) excitation 1s selected. When full-step
excitation is selected, the selection of either 1 or 2-step excitation
is determined by the initial output value.
SMMOD3 and SMMOD7 allow to set the number of phases.

(3) Stepping motor control port rotating direction control register (SMCR)
This register controls the rotating direction. The direction of the
channel 0 (MO) is set by SMCRO (CCW6) and that of the channel 1 (M1)
is set by SMCR4 (CCW7).

"0" denotes normal rotation and "1" denotes reverse rotation.

(4) Port 6
This is a 4-bit I/0 port allocated to the address FFCCH.
The lower four bits are assigned as Port 6, while the upper four bits
function as the shifter alternate register (SA6) for driving the
stepping motor with the half-step (1 - 2) excitation.

(5) Port 7
This is a 4-bit I/0 port allocated to the address FFCDH.
The lower four bits are assigned as Port 7, while the upper four bits
function as the shifter alternate register (SA7) for driving the
stepping motor with the half-step (1 - 2) excitation.
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| : : : | : : : |
P67CR |P73C:P72C:P71C:P70C|P63C:P62C:P61C:P60C|
(FFCEH) | : : : | : : : |

|

!

| N Select Port 6 I/0

| (On bit basis)

i * | 0 | Input |
| R |
| | 1 | Output |
|

[

|

5 Select Port 7 1/0
(On bit basis)
*# | 0 | Input {

| 1 | Output |

(Note) *: 1initial value after reset.
w: write only.

Fig. 3.7 (1) Ports 6 and 7 I/0 Selection Registers
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P7 P6
|7 6 5 4 |3 2 1 0 |

| : : : :
SMMOD | SM7M | p70C | sSM6M P60C
(FFCBH) | : . .

[
l
| :
[ R/W
I

Select Port 6 function (On bit basis)

I
[ |
| I
| |
[ I l | P63 [ P62 | P61 [ P60 | SMC |
| | | Trigger signall
| | * | _00 |IN/OUT|IN/OUT|IN/OUT]|IN/OUT - ]
| | | 01 | IN/OUT|IN/OUT|IN/OUT|IN/TOl - |
| | | 10 |IN/MO3|IN/MO2|IN/MO1]|IN/MOO|TFF]l (Timer O |
| | ] 11 | | | | |or Timer 1) |
I |
! | IN : Input port Out : Output port
| | TOl : Timer output port
| ! M00-3: Stepping motor control port O
l l
I | R/W
| | N Stepping motor control port 0 mode
[ (excitation)
l
| * | 0] 1 or 2 excitation (Full-step) |
| S e i |
| | _1 | 1-2 Excitation (Half-step) |
|
| R/W
| > Stepping motor control port 0 mode
(Phase)
* | 0] - |
[====]-= mmmmmm e --|
| 1 | 4-phase |

Fig. 3.7 (2a) Stepping Motor Control Port Mode Registers
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|7 6 5 4 |3 2 1 0 |

I : : : | :
SMMOD | SM7M | P70C | SM6M | P60C
(FFCBH)| : R

| 5 Select Port 6 function (On bit basis)

] 1] 1 -2 excitation (Half-step) |

| |

| I

| |

| |

| | | | p73 | P72 | P71 | P70 | P83 | SMC |
| | | | Trigger signal]
| | * | 00 [IN/QUT|IN/OUT]|IN/QUT]|IN/OQUT| -

I I |01 |IN/OUT]|IN/OUT|IN/OUT]|IN/TO3|QUT/TO4| I
I I I | | TFF3 I
| | | 10 | IN/M13|IN/M12|IN/ML1} IN/MLO| | (Timer 2 and |
| | | | | I [ | Timer 3 I
| | |11 | I | I | OUT/TO3 TFF4 |
: : | i | | | | (Timer 4) |
| i IN : Input port OUT : Output port

| | T03,T04 : Timer output port’

! f M10-3: Stepping motor control port 1

| |

! | R/W

| | N Stepping motor control port 1 mode

| (excitation)

I

| * | 0| 1 or 2 excitation (Full-step) I
|

|

|

|

[

> Stepping motor control port 1 mode
(Phase)

Fig. 3.7 (2b) Stepping Motor Control Port Mode Registers
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P7(M1) P6(M0)
| 7 6 5 4 |3 2 1 0 |

| : : : :
SMCR | - : - : = |Cccw7] =-: =-: - |Cccwe]|
(FFCFH) | : :

R/W
Stepping motor control port 0 rotating
direction

| 1 | Reverse rotation |

R/W

%
(=)
&
[
st
a)
[e]
T
[
r
-
[e]
=]

Stepping motor control port 1 rotating
direction

Fig. 3.7 (3) Stepping Motor Control Port Rotating Direction Control Registers

| : : | | : : | |

P6 | SA63:SA62:5461 ]| SA60| P63: P62: P6l| P60
(FFCCH) | : : | | : : | |
| | |

J
I | R/W , Port 6
[

N Shifter alternate register 0 for
stepping motor control

7 6 5 4 3 2 1 0

I : : | | : : [ |
P7  |SA73:SA72:SA71|SA70| P73: P72: P71| P70]|
(FFCDH) | : : | | : : | |

| I I I
: |_R/W
I

N Port 7

Shifter alternate register 1 for
stepping motor control

Fig. 3.7 (4) Ports 6 and 7
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3.7.2 4-phase l-step/2-step excitation

Figs. 3.7 (5) and (6) show the output waveforms of &4-phase l-step
excitation and 2-step excitation when Channel 0 is selected.

Sets circle by using TIMER-O or TIMER-1

Trigger of- TFF1l rL n n . rL ﬂ rL n

|
MOO (P60)  1bO b3 b2 bl 50 | |
MOL(P61)  |bl b0 3 [v2  |»1 [
|

MO2 (P62) b2 bl b0 b3 |b2 I
|

MO3 (P63) b3 |r2 bl b0 b3 l |

Initial Vvalue (Note) "bn" is Internal Value
P6 + xxxx0100 P6 < xxxxb3b2blb0.

@ Normal rotation

Trigger of TFF1 ' I-L ﬂ ﬂ rL ﬂ_ n ﬂ

MOO (P60) (b0 bl b2 b3 b0 [ |

!

|
MOl (P61) bl [bz o3 b0 bl | |

MO2 (P62) :b2 b3 b0 bl |b2 l

MO3(P63) (b3 b0 bl [62 | o3 |

+

Initial vValue P6 < xxxx0100

@ Reverse rotation

Fig. 3.7 (5) Output Waveforms of 4-phase l-step Excitation
(Normal Rotation and Reverse Rotation)
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Trigger of

S| B— m_n _n n T

|

MOO (P60) 1O |b3 b2  |bl o [ 1
I

MOl (P61)  Ibl b0 3 b2  |bl [

MO2 (P62) :b2 bl b0  [b3 b2 | [

o

MO3 (P63) ¥b3 b2 bl b0 |b3 l

Initial value P6 + xxxx1100

Fig. 3.7 (6) Output Waveforms of 4-phase l-step Excitation
(Normal Rotation)

When Channel 0 is selected, for example, the stepping motor control
port is controlled as follows:

The output latch of MO (also used as P6) rotates at the rising edge of
the TFF1 trigger pulse (that inverts the value of TFFl) and is output
to the port.

The rotating direction is selected by SMCRO (CCW6). Setting SMCRO to
"0" selects the normal rotatiom (MOO -~> MOl -> MO2 -> MO3), and
setting it to "l1" results in the reverse rotation (MO0 <- MOl <- MOQ2
<~ MO03). The 4-phase l-step excitation can be obtained by
initializing any one bit of Port 6 to "1", and setting two succeeding
bits to "l1" produces the 4~phase 2-step excitation.

Fig. 3.7 (7) is a block diagram of the two excitations.

Sifter Alternate OQutput Latch
Register )
41
{ LATCH63 t—>{] M03 (P63)

—[ Larce2 }-——»sz(psz)

'll LATCH61 l-———»[:]uoupsl)

3

sa6l 51

*—l‘] LATCHE0 t-——bi IMOO(PGO)

1 is showing to shift

the signal at the

Rising-Edge of TFFl-tigger pulse

Fig. 3.7 (7) Block Diagram of 4-phase l-step/2-step Excitation
(Normal Rotation)

sng ejeq TeuIrdjul
>
o
~N
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3.7.3 4-phase 1-2 step excitation

Figs. 3.7 (8) shows the output waveforms of 4-phase 1-2 step
excitation when Channel 0 is selected.

Trigger of TFFl n n rL ﬂ ﬂ rL ”

MOO(P60) b0 b4 [b3 b7 bz  |B6___ bl b5
|

|
MOL(P61) bl bS5 b0 b4 b3 b7 b2 b6
| 1 |
MO2 (P62) }bz b6 bl b5 b0 b4 b3 b7
1
MO3(P63) 1b3 b7 b2  |b6 bl b5 b0 b4
Initial value (Note) The 'bn' is initial value.
P6 « 10001100 P6 « b7b6b5bdb3b2blb0.

@ Normal rotation

Trigger of TFF1l m ” ﬂ_ n m L L

MO0 (P60) b0 b5 bl b6 |b2 b7 b3 b4
i loe

MOL(P6L) bl b6 [b2 b7 b3  |b4 b0 b5
I

MO2(P62) b2 b7 b3  |b4 ) bS5 bl b6
|

MO3 (P63)
03 | b4 ) b5 bl b6 [o2 b7

Initial Vvalue P6+ 10001100

@ Reverse rotation

Fig. 3.7 (8) Output Waveforms of 4-phase 1-2 step Excitation
(Normal Rotation and Reverse Rotation)
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The 4-phase 1-2 step excitation is obtained as follows:

Given the Port bits | b7 b6 b5 b4 b3 b2 bl b0 | initialially
arranged as | b3 b7 b2 b6 bl b5 b0 b2 |, set three succeeding
bits to '"1", and the other bits to "0'" (Positive logic).

For example, initializing b3, b7 and b2 to '"l" provides the initial
value "10001100", which produces the waveforms in Fig. 3.7 (8).

To obtain the negative logic output, the above initial value of Port 6
should be inverted.

That 1is, the waveforms in Fig. 3.7 (8) can be converted to the
negative logic output by initializing the P6 bits to "011110011".

When Channel 0 is selected, for example, the stepping morot control
port is controlled as follows:

The output latch of MO0 (also used as P6) and the stepping motor
control shifter alternate register (SA6) rotate at the rising edge of
the TFFl trigger pulse and are output to the port. The rotating
direction is selected by SMCRO (CCW6).

Fig. 3.7 (9) is a block diagram of this excitation.

Output
Sifter Alternate Latch
Register I-FL_
b3
» LATCH63 »{ ]M03 (P63)
1 A
b7 JL
Sa63 _ﬂ_
A
b2 ~
= —»| LATCH62 »{ ] M02 (P62)
g A
s —1
= |b6
B, > SAG2
51
o A
& b1 -
Yy » LATCH61 »{ ] MO1(P61)
o
g . A
b5
- Sacl ‘FL
i fL
b0 =
» LATCH60 =[] MO0 (P60)
—— 1T i
b4
> SA60

Fig. 3.7 (9) Block Diagram of 4-phase 1-2 step Excitation
(Normal Rotation)
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Example: The registers should be set as follows to drive Channel 0O
(M0) with the 4-phase 1-2 step excitation (normal rotation)
when Timer 0 is selected:

B 76543210
| TRUN <~ = = = - = = = 0 Stop Timer 0, and clear it to "0'".
| TMOD <~ - - - = 00 x x Set the 8-bit timer mode.
| TICLK <= = = = = = = 0 1 Select 4Tl as the input clock.
| TREGO <~ * * % % % % * ¥  Set the cycle in Timer register.
| TFFCR K- - - - - 0010 Clear TFFl to "0", and enable inversion
| trigger by Timer 0
| sMMOD <~ - - - - 111 x Select 4-phase 1-2 step excitation mode.
| SMCR £- = = = = = = = 0 Select normal rotation.
| P67CR - - - - - 1111 Set all P6 bits to the output mode.
| P6 <- 10001100 Initialize the P6 bits.
| TRUN <---1-~---1 Start Timer O.
(Note) x: Don't care - : No change
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3.8 Serial Channel

The TMP90C840 1incorporates a serial I/0 channel for full-duplex
asynchronous transmission (UART) and I/0 expansion.
The serial channel has the following operating modes:

o 1/0 interface mode --- Mode O: Transmit/receive I/0 data for
| expand I/0 and transmit its
| synchronous signals (SCLK)
|
|

o Asynchronous transmission (UART) mode
| | Mode 1 : 7-bit data
————————— |-- Mode 2 : 8-bit data
|_ Mode 3 : 9-bit data

The Mode 1 and Mode 2 allow the addition of a parity bit. The Mode 3
accommodates a wake-up function to start the slave controllers in
controller serial link (multi-controller system).

Fig. 3.8 (1) shows the data format (l-frame data) in each mode.

. Mode 0O (I/0 Interface Mode)

«—— Transfer direction

. Mode 1 (7-bit UART Mode)

T=A\start,
CEX X2 XX XS KE) ster
Wy E 6 90 0.0 5Ees
. Mode 2 (8-bit UART Mode)
R H.00860000 3
SR X 2 XXX XX TN stor

. Mode 3 (9-bit UART Mode)

AW 00000000
w060 00000 TR
\ /

When Bit 8 = Address (select code) is denoted.
When Bit 8 = 0 Data.is denoted.

Fig. 3.8 (1) Data Formats
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Data received and transmitted are stored temporarily into separate
buffer registers to allow independent transmission and receiving
(Full-duplex).

In the I/0 interface mode, however, the data transfer is half-duplex due
to the single SCLK (serial clock) pin is used for transmisison and
receiving.

Two pins are provided for receiving (RxD, also used as P30 and P31) and
transmission (TxD, also used as P32 and P33), which allows two serial
transmisison/receiving using the time-sharing technique. The pin
function is selected by the P3CR registers. For example, P30 can be
used as the RxD pin by setting P3CRl, 0 to Ol.

The receiving buffer register has a double-buffer structure to prevent
overruns. The one buffer receives the next frame data while the other
buffer stored the receive data is read by the CPU.

The use of CTS and RTS allows to halt the data transmission until the
CPU completes reading of the receive data for each frame (Hand-shake
function).

In the UART mode, a check function is added not to start the receiving
operation by error start bits due to noise. The channel starts
receiving data only when the start bit is detected to be normal at least
twice in three samplings.

When an request is issued to the CPU to transmit data after the
transmitting buffer becomes empty or to read data after the receiving
buffer completed to store data, the interrupt INTTX or INTRX occurs
respectively. In receiving data, the occurrence of an overrun error,
parity error or framing error sets the flag (SCCR4, 3 or 2) accordingly.
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3.8.1 Control Registers

The serial channel 1is controlled by four control registers (SCMOD,
SCCR, TRUN, and P3CR). The received/transmitted data are stored into

SCBUF.
7 6 5 4 3 2 1 0
| | ] | | : | : f
SCMOD | TB8 | O | RXE | WU | SM | SC i
(FFE9H) | ! | l | : I : l
[ |
_ [ | R/W
| ]___> Serial transfer clock
| UART mode I/0 interface
* |00| Timer 2 match
| signal |
R e |
|01

|
f
|
|
Baud rate genetator | fc/8 |
l
|
I
I
l

|11] Bauda rate generator |
| 1/2 clock |

R/W N Serial transfer mode

* |00 1/0 interface mode i
101 | 7-bit data |
-1 [ |
| 10| UART mode | 8-bit data |
|-=1 [ !
j11] | 9-bit data |

R/W

N Wake~up function

9-bit UART Other modes
0| Interrupt if data
are received.

Interrupt only if

|

|

[ |

--| don't care |

l l

RB8 = 1. I l

Enable receiving data

* | 0] Disable |
1 Enable |

[
|
|
|
I
|
I
|
l
|
|
!
|
|
|
|
[
|
|
I
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
I
| R/W
|

N Transmission data bit 8

Fig. 3.8 (2) Serial Channel Mode Register

MPU90-111



TOSHIBA

TMP90C840

SCCR
(FFEAH)

(Caut

SCBUF
(FFEBH

7 6 5 4 3 2 1

I I I I I I I
|RB8 |EVEN| PE IOERR]PERRIFERRI\QCTSEI
| | l I I | I N

I
I
I
I
I * |0
|
I
|
I

| R/W
S Enable hand-shake function

Disable (always transmitt-|

|

!

Always
cleared to
"0" when
read out

S Enable parity addition

I

N Add/check even parity

I | | | |

| I | | |

| | | I |

| I | | |

| | I | | |

| | | | I | able)

| | I | | e

| I | I | 1 | Enable

| | | | | R

| I | I | , Framing error flag
| l | I | R

| | | | I S Parity error flag
! I I | R

I | | | , Overrun error flag
I | |

| I | R/W

| | |

| I

I I * | 0 | Disable

| | -—-|

| | 1 | Enable

| |

I | R/W

| |

|

| * | 0 | 0dd parity
|

|

|

|

|

N Receiving data bit 8 (SR8)

ion) Since all error flags are cleared after readout, avoid testing

for only one bit by using a bit-testing instruction.

Fig. 3.8 (3) Serial Channel Control Register

7 6 5 4 3 2 1 0
| : : : : : : :
| TB7:TB6:TB5:TB4: TB3: TB2: TB1: TBO
| S

)

7 6 5 4 3 2 1 0
| : : : : : : :
|RB7:RB6:RB5:RB4:RB3:RB2:RB1:RBO
| : : : : : : :

(Transmisison)

(Receiving)

Fig. 3.8 (4) Serial Transmission/Receiving Buffer Registers
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R/W

7 6 5 4 3 2 1 0
! : | l [ | | | |
TRUN | BRATE | PRRUN | T4RUN|T3RUN|T2RUN|T1RUN| TORUN|
(FFDBH) | : | | | | l | l
l |
R | R/W
| f N Timer 2 function
|
| * | 0| Stop & clear |
| [ R |
| | 1| Count
|
|
|

R/W

N Select transfer speed of serial
I/0 baud rate generator

I |'scMoD1,0=01] scMoDl,0=11 |

* | 00/ 300 baud | 150 baud

B o

l
l
[ 01| 1200 baud | 600 baud |
l
!

|--=1-- |--—- -

| 10| 4800 baud | 2400 baud

|| | === mmmee l

| 11119200 baud | 9600 baud |

@fc = 9.8304MHz
(Note) Also refer to Fig. 3.6 (5)

Fig. 3.8.(5) Timer/Serial Channel Operation Comntrol Register
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Output port |

______________ |
RTS/SCLK pin |

R/W

7 6 5 4 3 2 1 0
| : l | | : l : |
P3CR | WAITC | RDE | ODE | TXDC | RXDC |
(FFCTH) | : I | | i : l
[ !
| | |
| | |
| [
| [
| | | R/W
| 1 N Select P30 and P31l functions
| I
| | * | | P31 | P30
| | [ === | = e | == e |
[ | | 00| Input port | Input port |
TR R i P [t |
| | | 01] Input port | RxD pin |
| | R R | —mom e
| ! | 10| RxD pin | Input port !
| | e R !
| | | 11] Not used
f I
| |
J | R/W
| | N Select P32 and P33 functions
|
| * |
|
|
|
|
|
|
|
|
|
I
|

s Select P33 CMOS/Open-drain output

* {0 | CMOS output [

R |

| 1 | Open-drain output |

Fig. 3.8.(6) Port 3 Control Register
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3.8.2 Architecture
Fig. 3.8 (7) is a block diagram of the serial channel.
r—-Serial Clock Circuit-———~———-—--—————s————-q
| |
i TRUN7.6 TO2TRG (Timer2 Comparator Output”
|
[ 2 A i
| $T4 w @« w |-
1 #TLE % e, % 1SIOCLK
[}
| 9164 e i % |UART Mode| @ |
| 4T256 2 | o 0 1
! ! ! N " !
! L.Baud Rate . i
{ 51 Generator } ¥ :
i sC1,0 SML,0
1 I
| fc—af 52 » 4 !
{ 1/0 Interface '
e e Mode ____________ A
INTRX INTTX
Y \J
RX Serial Channel] Tx
Counter wo é:.:i::‘fpz Counter
RXDCLKy & AT T TXDCLK y
. RXE—{ RX <: TX
m/u Control > Control CTs
ScLx RXDC1,0 YN ®24
(P32) ‘ PaTTEy CTSE
Y Control TXDCL,0
o RX
RxD [0 ~>[Buffer 1 (Shift Reg.q M TxD
(P30) |@ &
ol Y Y '5‘ (p32)
1?;1;1 % |[re8]rx Buffer 2 (SCBUF)|  [error-fiag] |rB8| Tx Buffex (SCBUF) g,
| | A R [1TxD
OERR PERR FERR ($33)

Internal Data Bus

Fig. 3.8 (7)

Block Diagram of Serial Channel
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Baud-rate generator

The baud-rate generator comprises a circuilt that generates a clock
pulse to determine the transfer speed for transmission/receiving in
the asynchronous communication (UART) mode.

The input clock to the baud-rate generator ¢T4, ¢T16, ¢gT64 or @gT256 is
generated by the 9-bit prescaler. One of these input clocks 1is
selected by the timer/serial channel control register TRUN7, 6
(BRATE).

Also,.either no frequency division or 1/2 division can be selected by
the serial channel mode register SCMOD1l, 0 (SCl, 0).

Table 3.8 (1) shows the baud-rate when fc = 9.8304 MHz.

Table 3.8 (1) Baud Rate Selection

BRATE | Imput clock | No division(SC1,0=01) | 1/2 division(SC1,0=11) |
S o e
T e T e e T e e
B S = v L
S S T P 550 boe |

)

1)

2)

9

@fc = 9.8304 MHz

Serial clock generating circuit
This circuit generates the basic clock for transmitting and receiving
data.
In case of I/0 interface mode
It generates a clock at a 1/8 frequency of the system clock (fc).
This clock is output from the SCLK pin (also used as P32/RTS).
In case of asynchronous commumication (UART) mode
A basic clock is generated based on the above baud rate generator
clock, the internal clock ol, or the match signal from Timer 2, as
selected by bits 1 and 0 of SCMOD register (SC).

Receiving counter

The receiving counter is a 4-bit binary counter used in the
asynchronous communication (UART) mode and is counted by using SIOCLK.
16 pulses of SIOCLK is used for receiving 1 bit data. The data are
sampled three times at 7th, 8th and 9th pulses and evaluated by the
rule of majority. For example, if data sampled at the 7th, 8th and
9th clock are "1", "0" and "1", the recieved data is evaluated as "1".
The sampled data "O0", "0" and "1" is evaluated that the received data
i.S "0".

Receiving control
In case of I/0 interface mode
The RxD signal is sampled on the rising edge of the shift clock
which is output to the SCLK pin.
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2)

In case of asynchronous communication (UART) mode

The receiving control features a circuit for detecting the start bit
by the rule of majority. When two or more "0" are detected during 3
samples, it 1is recognized as normal start bit and the receiving
operation is started.

Data being received are also evaluated by the rule of majority.

Receiving buffer

The receiving buffer has a double-buffer structure to prevent
overruns. Received data are stored into the Receiving buffer 1 (shift
register type) for each 1 bit. When 7 or 8 bits data are stored in
the Receiving buffer 1, the stored data is transferred to the
Receiving buffer 2 (SCBUF), and the interrupt INTRX occurs at the same
time. The CPU reads out the Receiving buffer 2 (SCBUF). Data may be
stored into the Receiving buffer 1 before the CPU reads out the
Receiving buffer 2 (SCBUF). Note, however, that am overrun occurs
unless the CPU reads out the Receiving buffer 2 (SCBUF) before the
Receiving buffer 1 receives all bits of the next data. When an
overrun occurred, the data in the buffer 2 and RB8 are not lost,
however, that in the buffer 1 are lost.

SCCR7 (RB8) stores the parity bit in the case adding parity in the
8-bit UART mode and the MSB in the 9-bit UART mode.

In the 9-bit UART mode, setting SCMOD4 (WU) to "1" enables the wake-up
function of the slave controllers, and the interrupt INTRX occurs only
if RB8=1.

Transmission counter

This 1s a 4-bit binary counter used in the asynchronous communication
(UART) mode. Like the receiving counter, it counts based on SIOCLK to
generate a transmission clock TXDCLK for every 16 counts.

STIOCLK

15165152345678910111213141516}152

TXDCLK I ! l L;J

@
1

2)

Transmission control
1/0 interface mode
Data in the transmission buffer are output to the TxD pin for each
bit at the rising edge of the shift clock output from the SCLK pin.
Asynchronous communication (UART) mode
When the CPU have written data into the transmission buffer,
transmission is started with the next rising edge of TxDCLK, and a
transmission shift clock TxDSFT is generated.

Hand-shake function

The TMP90C840 _supports a hand-shake _function, by which the
connection of CTS of one TMP90C840 and RTS of the other TMP90C840
allows receiving/transmitting data on a frame basis to prevent
overrun errors. This function is enabled or disabled by the control
register SCCRO (CTSE).
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When the last bit (parity bit or MSB) of l-frame data is received by
the receiving unit, the RTS pin turns to the "H" level to request
the transmission unit to halt transmission.

When the CTS pin turned to the "H" level, the transmission unit
halts transmission, after completing the current data transmission,
until the pin turns to the "L" level. At this time, the interrupt
INTTX is generated, to request the CPU to transfer data. Then the
data is written into the transmission buffer, and the CPU is placed
in the standby mode. _
When the received data are read by the receiving unit, the RTS pin
returns to the "L'" level, requéesting that the transmission 1is
restarted.

TMPO0C840 TMP90C840
_/ A/
TxD »| RxD
CTS | RTS
Transmission unit Receiving unit

Fig. 3.8 (8) Hand-shake Function

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 2

RxD

Sampling

Timing

IRFRX

RTS

X

o

End Bit

X stop bit

-—+-14-
__.{ -

e

(Note)

In case of 8-bit asynchronous communication (UART), the last bit
is the bit 7 in the non-parity mode, and the parity bit in the
parity-added mode..

Fig. 3.8 (9) Timing Chart of RTS (request to send) Signal
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Data write timing ——-,[_Lg;— {F—
|
cTs ISto'.:pecx (C
TransmlSSlo !
14 |15 16 1 2 3 14 15 1.6 1 2 3
A
2

SIOCLK I |I |lJI| l| H || || ” || H ” ll ||
-

o .
tart bit
\s ax 6

(Note) 1) KReep the CTS signal at the "H'" level until data are written into

the transmission buffer (SCBUF).
A fall of the CTS signal halts the transmisison of the next
data.

2) The transmission is _restarted from the first fall of TXDCLK
after a fall of the CTS signal.

Fig. 3.8 (10) Hand-shake by CTS (clear to send ) Signal

Transmission buffer

The transmission buffer (SCBUF) shifts out the data written by the CPU
from the LSB as based on the shift clock TXDSFT generated by the
transmission control wunit. When all bits are shifted out, the
transmission buffer becomes empty, generating the interrupt INTTX.

Parity control circuit

Setting the serial channel control register SCCRS (PE: Parity enable)
to "1" allows the addition of a parity bit in transmitting/receiving
data, only in the 7-bit UART or 8-bit UART mode. Either even or odd
parity can be selected by the SCCR6 (EVEN) register.

In the transmission mode, the parity is automatically generated as
based on the data written into the transmission buffer (SCBUF),
storing into the 7th bit (TB7) of SCBUF in the 7-bit UART mode or into
TB8 in the 8-bit UART mode for transmission. PE and EVEN should be
designated before writing data into the transmission buffer.

In the receiving mode, the parity is generated from data shifted into
the receiving buffer 1 and transferred to the receiving buffer 2
(SCBUF). A parity error is detected and the PERR flag is set if the
parity status mismatches the 7th bit (RB7) of  SCBUF in the 7-bit UART
mode or RB8 in the 8-bit UART mode.

Operation

Mode 0 (I/0 interface mode)

This mode is used to increase the number of I/0O pins of the TMP90C840
for transmitting/receiving data and supplying a synchronous clock
(SCLK) to an external shift register.

MPU90-119



TOSHIBA TMP90C840
~ Output Port Expansion Input Port Expansion
Shift Shift
. Al - Al -
TMPO0C84C Register TMPO0C840 Register
B - B -—
TxD h cl-» RxD OH cl|l=-
D|— D | -
SCLK SCK E|— SCK —=1 CLOCK E |-
F|— F | -
Port -1 RCK Gl —» Port s/1 G | -
H - H -—
TC74HC595 TC74HC166

Fig. 3.8 (11)

Transmission

Each time the CPU writes data into the transmisison buffer, 8-bit data
When all data are output,

are output from TxD pin.
the interrupt INTTX occurs.

2 3 4

s L

3 4 1 2 3 4
|

'

i

TX Data __n\

- ———

1/0 Interface Mode

IRFTX is set,

aink Ealebell SEEENY

,__.____

i
Ll
|
|
I

—f--b------

dAriting T 3
Timing X !
1 A i i i
SCLK \‘-J___T: '| ]—. : LA : L.__t | ‘L_j' :
i [ [ | I
] 4! = ! | b | ‘N
TxD X pit 0 X bit 11 X \EXbitG!x bit 7 |
L f 7 —
1t 1 ) | |
1 | | ! 1
TXDSFT ,n 'H (¢ ‘H 'z” {”
IRFTX <« I

(INTTX Interrupt Flag)

Fig 3.8 (12)

Receiving
Each time

interrupt flag IRFRX,
buffer 1. When 8-bit data are
the receiving buffer 2 (SCBUF),

interrupt INTRX.
For receiving data,
(RxE=1).

received,
which

the receiving enable

Transmitting Operation (I/0 Interface Mode)

sets

state 1is

the CPU reads the receiving data and clears the receiving
the next data are shifted into the receiving
the data are transferred to
IRFRX and generates

previously
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w2 JUHUUnn Uy JUUIL
iuu ~ =
IRFRX 1234123412341 23 3412
(INTRX ) | Pl 0 ; ! i
interrupt flag) # f: :ﬁ’ ; , :
| | | ! I
! - | 1 .
SCLK L% |_”__f L4 ¢,
il Vi \ ! P
1} |/ 1 | 1 !
RxD bit O X pit 1 Xbit 2\D( bit 6 X bit 7 Y |
|
|
!
Transfer timing to H

receiving buffer 2

(2)

Fig 3.8 (13) Receiving Operation (I/0 Interface Mode)

Mode 1 (7-bit UART mode)

The 7-bit UART mode is obtained by setting the serial channel mode
register SCMOD3 2 (SM) to "Ol".

This mode allows the addition of a parity bit, which is enabled or
disabled by the serial channel control register SCCR5 (PE). When PE =
1 (enable), even or odd parity can be selected by SCCR6 (EVEN).

Example: When transmitting data with the following format, the
control registers should be set as described below.

even
parity

i Gy E OO O W

(Baud Rates 2400 baud @fc = 9.8304 MHz)

<«——— Transfer direction

|"P3CR <- - - - - 9 1 - - Select P32 as the TxD pin.

| s¢MOD <- x 0 - x 0 1 11 Set the transfer speed at 2,400 bps in
] TRUN <~ 101 -~---- - the 7-bit UART mode.

| SCCR <- x1 1 x x x x0 Add an even parity.

| INTEL <=~ - - = = - = - 1 Enable INTTX interrupt.

I

_SCBUF <~ * % % % % % % % Set data for transmission.

(Note) x: Don't care - : No change
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(3)

(4)

Mode 2 (8-bit UART mode)

The 8-bit UART mode is obtained by setting SCMOD3 and SCMOD2 (SM) to
""10". This mode also allows the addition of a parity bit, as enabled
or disabled by SCCR5 (PE). When PE = 1 (enable), even or odd parity
can be selected by SCCR6 (EVEN).

Example: When receiving data with the following format, the control

registers should be set as described below.

odd
parity

w69 E.ENE OO 6 G

(Baud Rates 9600 bps @fc = 9.8304 MHz)
4————————— Transfer direction

Main setting:

| P3CR <= - - - - - - 01 Select P30 as the RxD pin.

| SCCR <= x 0 1 x x x x0 Add an odd parity.

| TRUN <-111--- -~ Set the transfer speed at 9,600 bps in
| SCMOD <- - 0 1 x 1 0 11 the 8-bit UART mode.

| _INTEL <= = = = - - - 1 - Enable INTIX interrupt.

INTRX processing

I—Acc <~ SCCR ~ 00011100 Check errors.
| If Acc = 0 then erro ~
|_Acc <~ SCBUF Read out the received data.

(Note) x; Don't care - ; No change

Mode 3 (9-bit UART mode)

The 9-bit UART mode is obtained by setting SCMOD3, 2 (SM) = "11". The
addition of a parity bit is disabled in this mode.

The MSB (9th bit) is written into TB8 for transmission, and into RB8
for receiving. Writing into or reading from the buffer must begin
with the MSB followed by SCBUF.

Wake-up function

In the 9-bit UART mode, setting SCMOD4 (WU) to "1" allows the wake-up
operation of the slave controllers. The interrupt INTRX occurs only
when RB8 = 1.
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A 1\ A A
\ i Y i
TxD RxD TxD RxD TxD RxD TxD RxD
(P33) (P33) (P33)
Master Slave 1 Slave 2 Slave 3
TMPO0C840 TMP9O0C840 TMP90C840 TMP90C840
(Note) For the wake—up operation, P33 should be always selected as the
TxD pin of the slave controllers, and put in the open drain
output mode.
Fig. 3.8 (14) Serial Link Using Wake-up Function MPU90-137
| Protocol]
Select the 9-bit UART mode for the master and slave coantrollers.
Set the WU bit of each slave controller to "1" to enable data
receiving.
(3) The master controller transmits l-frame data including the 8-bit

The MSB (bit 8) is set to "1".

w9 6.6 6 O0.0.0 8 >
\ / \ /

select code of slave controller. "t

select code for the slave controllers.

C) Each slave controller receives the above frame, and clears the WU bit
to "0" if the above select code matches its own select code.

(5) The master controller transmits data to the specified slave controller
(whose WU bit is cleared to "0"). At the same time, the MSB (bit 8)
is cleared to "0".

- bit ==
- o 08080000
\_ / N/
Data YIOII

MPU90-123



TOSHIBA

TMP90C840

®

The other slave coatrollers (with the WU bit remaining at "1") ignore
the receiving data because their MSBs (bit 8 or RB8) are set to "0" to
disable the interrupt INTRX.

When the WU bit is cleared to "0'", the interrupt INTRX occurs, making
it possible to read the receiving data.

Only when WU = 0, the slave controllers can transmit data to the
master controller, including those indicating the end of data
receiving.

Example: Link two slave controllers serially with the master
controller, and use the internal clock ol as the transfer
clock.

4 A A
\ \ \
TxD RxD TxD RxD TxD RxD
Master Slave 1 Slave 2

Select Code Select Code

00000001 00001010
o Set the master control
Main
P3ICR K- - ~=-0011 Select P32 as TxD and P31 as RxD.
INTEL <- = = = = - = 1 Enable INTRX and INTTX.

0

1

0 Disable the hand-shake function.

0 Select ol as the transfer clock in the
9~-bit UART mode.

SCBUF K- 00000001 Set the select code for the slave con-

troller 1.

|

|

| SCCR <= %x X x X x X X
| sScMOD <- 1010111
|
|
|

INTTX interrupt

| SCMOD <~ 0 - - = - - - - Set TB8 to "O".
|_SCBUF <~ % % % % % % % *# Set data for transmission.

o Set the slave coatroller 2
Main
| PICR <~ - -=-11010 Select P33 as TxD and P31 as RxD.
| INTEL <= - - = - = - 11 Enable INTRX and INTTX.
| SCCR <= x x x x x x x 0 Disable the hand-shake function.
| scMOD<- 00111110 Set WU to 1 in the 9-bit UART mode

(transfer clock: ol) .
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3.9

INTRX interrupt
| "Acc <~ SCBUF
| if Acc = Select code
| _then SCMOD <= - - -0 - ~ - = Clear WU to "O".

(Note) x: Don't care ~ : No change

Analog/Digital Converter

The TMP90C840 incorporates a high-speed and high-precision

digital converter (A/D converter) with six analog input channels that

features f8-bit sequential comparison.

Fig. 3.9 (1) is a block diagram of A/D converter. The 6-channel analog

input pin (AN5 - ANO) is also used as the input port P5.

TMP90C840

Internal Data Bus

A/D Converter
Mode Register O(ADMOD) Z}

| it =1

| I

! ADCH;_, EOCF ADB ADCS ADS |

| S TR TR S JE E T, 4

end busy Is-peealstart
INTAD
JV \ A/D Converter|terrupt
Analog In ¢ controll -
ANS ontroller
U'—ﬂ =

AN4EI—->1 e [

AN3O— & >+ | A/D Conversion Result
AN2[ > é‘ _ Register (ADREG)
anid—» © p

ANO
VRegpO———f |

REF D/A Converter
AGNDF—————>{ ,

Fig. 3.9 (1) Block Diagram of A/D Converter
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3.9.1 Control Registers

(Note) Always cleared to "0" when read out

R/W ,
5 A/D conversion speed selection
* | 0 | 95 states (19us) |
I I ———= s |
] 1 | 190 states (38us) |

(Note) Conversion speed calculated at fc=10MHz

| : [ I I I : : I
ADMOD |><:EOCFIADBFIADCSI ADS | : ADCH |
(FFEFH) | : I | | | : : I
I I [ I
I I I I
| I I | R/W
| | ! | 5 Analog input channel select
I I I
I I I * | 000 ANO |
| | I | o0l AN |
I | I | 010 AN2 |
| | I | 011 AN3 |
| | | | 100 AN I
| | | | 101 AN5 |
| | | | 110 Not used |
I I I | 111 | I
I I I
| I | R/W
| | | 5 A/D conversion start
I I
I | |0 | - |
I I |-———- f o e e I
| | | 1 | Start A/D conversion
I I
I |
I I
I I
I [
I
I
|
I
I
I
I
|

N A/D conversion busy flag

* | 0 | A/D conversion not busy |
[ ==——- Jmm e |

| 1 | A/D conversion busy |

I
I
|
I
|
|
|
I
|
|
I
I
I
|
|
I
I
I
I
!
|
l
I
I
|
I
I
|
I
I
|
I
|
I
I
I
I

N End of conversion flag

* | A/D conversion not ended |
| 0 | nor started |
= [=m e e |
| 1 | A/D conversion ended |

Fig. 3.9 (2) A/D Converter Mode Register
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. . . . . . .

ADREG
(FFEEH) | : : : : : : :
A/D conversion result register (Read only)
Fig. 3.9 (3) A/D Conversion Result Register
3.9.2 Operation
(1) Analog reference voltage
The high analog reference voltage is applied to the VREF pin, and the
low analog reference voltage is applied to the AGND pin.
The reference voltage between VREF and AGND 1is divided by 256 by
connecting ladder resistance, and compared with the analog input
voltage for A/D conversion.
(2) Analog input channels
For the A/D conversion, one of the six analog input channels (ANO
(PS0) to ANS (P55)) is selected by the register ADMOD2-0 (ADCH).
ADCH 1is initialized to "000" by resetting, whereby the ANO pin is
selected.
The pins not used for the analog input can be used for ordinary input
(P5).
(3) Selection of A/D conversion speed
Normally, the A/D converter is used in the high-speed conversion mode
that completes the operation in 95 states (19 us @fc=10MHz).
When using an oscillation frequency of more than 1OMHz, set the
register ADMOD4 (ADCS) to ''1" and obtain the conversion speed of 190
states (38 us, @fc=10MHz).
ADCS is initialized to '"0" by resetting, by which the A/D converter
turns to the high-speed conversion mode.
(4) Starting A/D conversion
The A/D conversion is started by writing "1'" into the register ADMOD3
(ADS). When the A/D conversion is started, the ADMOD5 (ADBF) flag is
set to "1", indicating that the conversion is in progress.
(5) A/D conversion end and interrupt

When the A/D conversion is completed, the ADMOD6 (EOCF) flag is set to
"1", indicating that the A/D conversion is completed. Then the ADBF
flag is cleared to "0'" to generate the interrupt INTAD.

INTAD (interrupt by the A/D converter) is controlled by the interrupt
enable flag INTEL 7 (IET2), also used for INTT2 (interrupt by Timer
2). Either INTAD or INTT2 is selected by the INTEH3 (ADIS) flag. To
generate INTAD interrupt, both IET2 and ADIS should be set to "l1'".
Both INTAD and INTT2 jump to the same vector address (0040H), but can
be distinguished by the ADIS flag.

When INTAD is latched, the INTAD status cannot be cleared by software.
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(6)

Reading A/D conversion results

The results of A/D conversion are stored into the ADREG register.

By reading the contents of the ADREG register, EOCF flag is cleared to
"0" .

When the contents of the ADREG register 1is read while the A/D
conversion is performed, the A/D conversion results become undefined.
A/D conversion 1is stopped by a HALT instruction except in the RUN
mode, by which the A/D conversion results also become undefined.

In the RUN mode, A/D conversion is not stopped by a HALT instructionm.

Example: [1] Analog input voltage to the AN3 pin is converted to a
digital wvalue 1in the high-speed conversion mode (95
states), and the result is stored into the memory address
FF10H by using A/D interrupt INTAD service routine.

Main setting

| INTEH <- - - - - 1 - - - Set INTADE to "1".

] INTEL <~ 1 - - = = = = - Enable INTT2

| ADMOD <- x x x 01011 Select AN3 as the analog input channel,

| and start the A/D comversion in the high-
| speed conversion mode.

A/D interrupt service routine

I~ a <~ ADREG Load the contents of ADREG into the ac-.

| (FF10H) <~ A cumulator. Store the accumulator value

l_ into the memory address FF10H.

Example: [2] Analog input voltage to the AN2 pin is converted to a
digital wvalue 1in the high-speed conversion mode (95
states), and the result is loaded into the accumulator when
the end of conversion is detected by the EOCF flag.

| ADMOD <~ x x x 01010 Select AN2 as the analog input channel,
I and start the A/D conversion in the high-
| speed conversion mode.
| loop:
| if EOCF = 0 then loop

else A <~ ADREG

(Note) x: Don't care - : No change

3.10 Watchdog timers (Runaway detecting timer)

When the mulfunction (runaway) of the CPU occurs due to any cause such
as noise, the watchdog timer (WDT) detects it to return to the normal
sate. When WDT has detected malfunction, a non-maskable interrupt is
generated to indicate it to the CPU.
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3.10.1 Architecture

Fig. 3.10 (1) is a block diagram of the watchdog timer (WDT).

The watchdog timer consists of a 20-stage binary counter (input clock:
o @fc/2), a flip-flop that disables/enables the selector, a selector
that selects one of the four output clocks generated from the binary
counter, and two control registers.

INTWD Interrupt
—

JWDTPl,O Selector - enable
—

\ X \ \
£c/215)ec /21 ec /219 g0 /221

y Twenty-stage Binary Q
- Counter for Watch Dog F/F
(fc/2) i
imer R s
Reset
Reset
Reset
Under Execution i WDTE
of HALT Instruction Write ert?
(Stop Mode) 14EH" BlH

Watch Dog Timer
Control Register
(WDCR)

=

Internal Data Bus

Fig. 3.10 (1) Block Diagram of Watchdog Timer

3.10.2 Control Registers

WDT is controlled by two control registers (WDMOD and WDCR).

(1) Watchdog timer mode register (WDMOD)
1 Set the detecting time of watchdog timer (WDTP)
The WDT interrupt period is set by this 2-bit flag. WDTP 1is

iTitialized to "00" by resetting, providing the initial set value of
27" /fc (sec.) (approx. 8,192 states).

MPU90-129



TOSHIBA

TMP90C840

@

WDT enable/disable control (WDTE)

WDTE is initialized to '"1" by resetting, which enables the watchdog
timer function.

To disable the function, the bit should be cleared to '"0" and the
disable code '"BlH" should be written into the WDCR register. By
using this dual procedure, it becomes hard to disable the WDT even
if the malfunction occurs.

The disable state can be returned to the enable state by setting the
WDTE bit to "1".

MPU90-130



TOSHIBA TMP90C840

7 6 5 &4 3 2 1 0
! : I l : I [

| WDTP |WARM| HALTM | EXF|DRVE
l : l l : I l

| l

|
WDMOD | WDTE
|

00 | 214/fc (Approx. 1.6 ms)

ol | 216/fc (Approx. 6.6 ms)

10 | le/fc (Approx. 26.2 ms)

11 | 220/fc (Approx. 105 ms)
[
(Note) fec = 10 MHz

(FFD2H)
l P | [_R/W_, See "3.4.4 STOP Mode'.
| [ l I [ R
| | | | | 5 Invert at each EXX instruc-
| | | | tion execution.
l | J | R/W
l | | | , Select standby mode by HALT
| | | instruction (HALT mode)
| I |
I I l * |00 RUN Mode
I I l | o0l STOP Mode |
| I | |10 IDLE]l Mode |
| l | | 11 IDLE2 Mode
| | | R/W
| ‘ | > Select warming-up time when
I | returned from stop mode.
f f
| | ST T . |
| | | 0 | 2°7/fc (Approx. 1.6 ms) |
| | | | I
| | T . |
| | | 1 | 2°7/fc (Approx. 6.6 ms) |
I | | [ I
| | (Note) £fc = 10 MHz
l | R/W
| | Select detecting period of
l watchdog timer (WDTP).
I
| * |
|
I
l
|
I
|
|
|
|
f
!
|
[
I

5 Watchdog timer enable/disable control

| 0 Disable (Interactive with WDCR)]|
| 1

* Enable |

(Note) To disable the WDT function, the disable code should be written
into the WDCR register.

Fig. 3.10 (2) Watchdog Timer Mode Register
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(2)

WDCR
(FFD3H)

Watchdog timer control register (WDCR)

This register is used to disable the watchdog timer function and clear
the binary counters.

o]

—

_

o]

Disable WDT

The watchdog timer can be disabled by, after clearing WDMOD7
(WDTE) to "0", writing the disable code (BlH) into this WDCR
register.

WDMOD {~ 0~=——- XX Clear WDTE to '0".
WDCR <- 10110001 Write disable code (BlH).

Clear binary counter
The binary counter can be cleared and resume counting by writing

the clear code (4EH) into the WDCR register.

WDCR  <- 01001110 Write clear code (4EH).

5 Disable/clear watchdog timer.

| BIlH Disable code !
| 4EH | Clear code
| Other - |

Fig. 3.10 (3) Watchdog Timer Control Register
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3.10.3

Operation

The watchdog timer generates INTWD (watchdog timer interrupt) after a
time specified by the register WDMOD6, 5 (WDIP). The binary counter
for the watchdog timer is cleared to "0'" by software (imstruction)
before the interrupt occurs. If the CPU caused a malfunction
(runaway) for reason such as noise and fails to execute the
instruction to clear the binary counter, the counter will overflow and
the watchdog timer interrupt INTWD occurs. The CPU detects the
malfunction (runaway) by this interrupt.

The watchdog timer starts its operation as soon as the reset state is
cleared.

The watchdog timer stops its operation only in the STOP mode. When
the STOP mode 1is released, the watchdog timer starts its operation
after a specified warming-up time.

In the other standby mode (IDLE 1, IDLE 2 or RUN modes), the watchdog
timer 1s enabled. However, the function can be disabled before
selecting any of these modes.

Example: (1) Clear the binary counter.
WDCR <- 01001110 Write clear code (4EH)

(2) Set 216/fc for the detecting time of watchdog timer.
WDMOD <~ 101---XX

(3) Disable the watchdog timer.
WDMOD <~ Q-=—--- XX Clear WDTE to "0"
WDCR <- 10110001 Write disable code (B1H)

(4) Select the IDLE 2 mode.
WDMOD <~ 0---11XX Disable WDT and set IDLE 2 mode
WDCR <~ 10110001 Select the standby mode
Execute HALT instruction

(5) Select the STOP mode (Warming-up time: 216/fc)
WDMOD <- ---101XX Select STOP mode
Execute HALT instruction

Select the standby mode
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4. ELECTRICAL CHARACTERISTICS
TMP90C840N/TMP90CB40F/TMPI084IN
4.1 Absolute maximum ratings
| Symbol Parameter Rating Unit |
| vce Supply voltage -0.5 - +7 v |
| VIN Input voltage -0.5 - Vee +0.5 | v |
| PD Power dissipation (Ta=85°C) 250 oV |
| TSOLDER| Soldering temperature 260 ‘c |
| 1STG Storage temperature -65 - 150 ‘C_ |
| _ TOPR Operating temperature -40 - 85 ‘C |
4.2 DC characteristics
TA=-40 ~ 85°C Vecc=5Vx10%
| Symbo1l | Parameter | Min. | Max. |Unit| Test |
| Condition |
| VIL |{Input Low Voltage (PO) -0.3 0.2Vcc-0.1] V |
| VvIL1 P1,P2,P3 ,P4,P5,P6,P7,P8 -0.3 0.3Vecc \ |
| VIL2 [/RESET,INTO,/MMI,x1,x2 -0.3 0.25Vcc v |
|_VIL3 [/EA -0.3 0.3 v I
| VIH |Input High Voltage (PO) 0.2Vec+1.1]|Vec+0.3 v
| VIHL | PL,P2,P3,P4,P5,P6,P7,P8  |0.7Vce Vec+0.3 v |
| VIH2 |/RESET, INTO,/NMI,x1,x2 0.75Vec | Vee+0.3 v I
| _VIH3 [/EA Vcc-0.3 Vcc+0.3 v I
| VOL |Output Low Voltage 0.45 V |IOL=1.6mA |
| VOH [OQutput High Voltage 2.4 Vv | IOH=-400UA |
| voHl | [0.75Vce | | v |IOH=-100UA |
| _VoH2 0.9Vce V_ |IOoH=-20UA |
| IDAR [Darlington Drive Current -1.0 -5.0 mA |VEXT=1.5V |
| (81/0 pins) REXT=1.1kQ |
| ILI |Input Leakage Current £5 UA ]0.2<Vin<Vcc |
| -0.2 |
| ILO |Output Leakage Current £10 UA [0.2<vin<Vcc |
| -0.2 I
| ICC |Operating Current (RUN) 40 mA |tosc=10MHz |
| | Idle 1 I |5 | mA | I
| | Idle 2 | |15 | mA | I
| ] STOP | | TBD | vA 0.2<Vin<Vcc |
| -0.2 |
|V STOP|Power Down Voltage TBD 6 V |Vce MIN: RAM|
| BACK UP |
|R REST | /RESET Pull Up Register 50 150 Kohm I
| cIOo Pin Capacitance 10 PF |testfreq= |
| 1MHz |
| "VIH | Schmitt width/RESET,/NMI, 0.4 v |
| |

| INTO
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4.3 AC power characteristics
TA=-40 - 85°C Vcc=5V:10%

CL=50PF

| Symbo1l | Parameter |10MHz Clock Variable | Units |
| Min.  Max. [Min. Max. |
| t0SC |0SC. Period=x 100 100 1000 ns |
| £CYC |CLK Period 400 4x  4x ns |
| tWL |CLK Low width 160 2x-40 ns |
| tWH CLK High width 160 2x~40 ns |
| tAC |Address Setup to /RD, /WR 50 x-50 ns |
| tRR [/RD Low width 210 3x-90 ns |
| tCA |Address Hold Time After/RD./WR 30 30 ns |
| tAD |Address to Valid Data In 240 4x-160] ns

| tRD /RD to Valid Data In 170 3x~-130| as |
| tDR |Data Setup to/RD 40 40 ns |
| tHR | Input Data Hold After /RD 0 0 ns |
| tWW |/WR Low width 210 3x~90 ns |
| tDW |Data Setup to /WR 150 2x~50 ns |
| tWD Data Hold After /WR 30 90 30 x-10 ns |
| tCWA |[/RD,/WR to Valid /WAIT 50 2x~150 ns |
| tAWA |Address to Valid /WAIT 120 3x~-180 ns |
| tWAS |/WAIT Setup to CLK 70 70 ns |
| tWAH |/WAIT Hold After CLK 0 0 ns |
| tRV |Recovery Time 90 x-10 ns |
| tCPW |CLK to Port Data Output 300 x+200] ns |
| tPRC |Port Data Setup to CLK 200 2x ns |
| tCRP |Port Data Hold After CLK 100 X ns |

o AC output level High 2.2V / Low 0.8V
o AC input level High 2.4V / Low 0.45V (D0-0.7)
High 0.8Vce/ Low 0.2Vcc (excluding DO-D7)
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4.4 A/D conversion characteristics
TA=-40 - 85°C Vcc=5V+10%

l | l 1 l

| |
|  Symbol | Parameter | Min. | TYP. | Max. | Unit |
| : |
|VRET Analog reference voltage VCC-1.5 vCcC VCC j
| AGND Analog reference voltage VSS VSS 0.5 f

|VREF-AGND |Allowable analog reference 2.5 fvo
| voltage |

| VAIN Allowable analog input voltage| VSS vCC !
| IREF Supply current for analog 0.5 1.0 mA |
| reference voltge |
| Nonlinear error TBD |
| |Zero error TBD | LSB |
| | Full-scale error TBD | |
| | Total error TBD | [

4.5 Zero-cross characteristics
TA=-40 - 85°C Vce=5V£10%

!
| Symbol| Parameter | Condition | MIN.| Max.| Unit
l |
| Vzx |Zero-cross detection input |AC connection C=0.l1uF| 1 TBD |{VAC p-pl
| Azx |Zero-cross accuracy 50/60Hz sine wave TBD mV I
| Fzx |Zero-cross detection input 0.04] 1 KHz |
I | frequency I I | | |
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4.6 Timing chart

CLK

4 tWH

/ \
A0-19 >1 ><
\ /
— N tRR —— tCA
= , \
tAD tRYV
—y e T et >
tAC tRD ;D
(1)
Read Data - tHR
- T —\_ tWW /'———\
WR | J
- tWD
. tDW
Write
Data ~_ tCWA
— - tWAS
~tAWA
\ —_— tWAH
WAIT \
tCPW
Port Output
Port Input
"7 &PRC tCPR
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5. OUTSIDE DIMENSIONS

5.1 DIP package

Unit: mm

=<

<

=

®

—
x<
g <
< 57.7MAX g 19.05+0.15
ok - e
1 }o. g
A [l 0.46t0.1 - 1.78%0.25 | 0-25%0.1 \/
S 11 1.0%0.2 o150
[\
~

Note) Lead pitch: 1.78
Tolerance: +0.25 to the theoretical center of each lead
obtained as based on the No. 1 and No. 64 pins.
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5.2 Mini-flat package

Unit: mm
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6. CAUTIONS

Followings are some important cautions for the user of the TMP90C840:

(1) An undefined or write-only bit of the internal 1/0 register is always
set to "1" when read out.

(2) The write-omly bit 1is always calculated as '"1" when internmal I/0
register containing the write-only bit 1is accessed by wusing a
read-modify-write instruction (operation between memory and immediate
address, bit set/reset imstruction, etc.).

(3) The system adopts the pipeline processing in which it prefetches a 1
byte instruction. Thus a jump instruction may cause the system to
fetch the instruction that follows the jump instruction. This may
also occur for call or return instruction.

(4) 1f an undefined code is executed, no subsequent operation will be
guaranteed.

(5) The internal watchdog timer 1is returnd to the '"enable" mode by
resetting. If ‘this function is not required, the watchdog timer
should be placed in the 'disable" mode.

(6) After the power is turned on, no internal device can be reset until
the oscillator starts its operation, placing the output and I/0 ports
in the undefined state. In order to define their status, a separate
external circuit is required.
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Appendix A Table of Machine Iastructions

Appendix A Table of Machine Instructioms (1/11)

1. 8-bit transfer

| Instruction| Mnemonic | Code ] Function ] SZIHXVNC| T
l [LD A, [20+r [al-r P
|LD r,r |LD r,A |28+ | e<-A R
I |LD r,g |F8+g:30+r I r<-g 'f ________ I, 4
| | == -] | mmmm e e e

/LD r,n | LD r,n |30+r:n | r<-n . | 4
| [ === | | -—— -

| [ A, () |27:n | A<~ (n) [ | 8
| | LD r,(gg)  |EO+gg:28+rt | r<-(gg) S | 6
|LD r,mem [LD  r,(ix+d) |FO+ix:d:28+r [r<-(ix+d) [E— | 10
I |LD v, (HL+A) |F3:28+r | r<=(HL+A) [ | 14
[ I LD r,(mn) |E3:n:m:28+r |r<-(mn) [E—— | 10
I Il r,(n) |EF:n:28+r | r<=(n) [ [ 8
! ! | | ! [

! [LD (n),A [2F:n | (r)<-A [—— | 8
| | LD (gg),r |E8+gg:20+r | (gg)<-r [——— | 6
|LD mem,r [LD (ix+d) ,r |F4+ix:d:20+r |(ix+d)<-r ——— I 10
| | LD (HL+A),r |F7:20+r | (HL+A)<-r [—— | 14
I |LD (mn),r |EB:n:m:20+r |(m)<-r —— | 1o
[ | LD (n),r |EF:n:20+r | (n)<=r [ | 8
f ! -1 | | |

| | LD (gg),n |E8+gg:37:n | (gg)<-n [S——— | 8
| |LD (ix+d) ,n [F4+ix:d:37:n |(ix+d)<-n P | 12
|LD wmem,n |LD (HL+4) ,n |F7:37:n | (HL+A)<-n |mmommem] 16
| |LD (vw),n  |EB:w:v:37:n |(vw)<-n fmmmmemm| 12
I | LD (w),r |37:w:n | (w)<=n — ] 10
2. 16-bit transfer

| Instruction| Mnemonic | Code | Function | SZIHXVNC| T
| [LD HL,rr [460+rr [HL<-rr Tommam %
[LD rr,rr |LD rr,HL |48+rr | rr<~-HL [ —— A
| {LD rr,gg {F8+gg:38+rr !rr(-gg —— l] 6
l |

ILD rr,on [LD  rr,m |38+rr:n:m | rr<~m [ES———— | 6
| I | | | |

| | LD HL,(n) 147:n [HLL=(n)W [ | 10
| |LD rr,(gg) [|EO+gg:48+rr  |rri-(gg)W | —— | 8
|LD rr,mem |LD rr, (ix+d) |FO+ix:d:48+rr |rr<-(ix+d)W ES—— | 12
| LD rr, (HL+A) | F3:48+1r | rr<-(HL+A)W | — | 16
! LD rr,(mn) |E3:n:m:48+rr |rr<-(mn)W - | 12
| |LD rr,(n) |E7:n:48+rr | rr<=(n)W | E— | 10
| - | | | |

| /LD (a),HL  [4F:n | (n)W<~HL [— | 10
| | LD (gg),rr |E8+gg:40+rr | (gg)W<-rr e | 8
/LD mem,rr |LD (ix+d) ,rr|F4+ix:d:40+rr |(ix+d)W<~-rr R—— | 12
| | LD (HL+A) ,rx| F7:40+rr | (HL+A)W<~rr Jemmmm—] 16
| | LD (m),rr [EB:n:m:40+rr |(mn)W<-rr fmmmmm e | 12
! ILD (n),rr  |EF:n:40+rr | (n)W<-rr [E—— | 10
| | | | I

| | LDW (gg),mm |[E8+gg:3F:n:m |[(gg)W<~mn [ | 12
| [LDW  (ix+d) ,mn|F4+ix:d:3F:n:m| (ix+d)W<-mn |~=m====-] 16
|LDW mem,nn |LDW  (HL+A),mm|F7:3F:n:m | (HL+A)W<-mn P, | 20
l % |LbW  (vw),mn |EB:w:v:3F:in:m |(vw)W<-mn e | 16
I [LDW _ (w),mn _ [3F:w:n:m | (w)W<-mn —— | 14
| PUSH [PUSH qq [50+qq [sP<~5P-2, (SP)W<-qq | 8
| poP [POP__ qq [58+qq |qq<~(SP)W,SP<-5P+2 J—— | 10
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Appendix A Table of Machine Instructions (2/11)

|Instruction]| Mnemonic | Code | Function ] SZIHXVNC| T
|LDA rr,mem |LDA rr,ix+d |F4+ix:d:38+rr |rri-ix+d |-—==—=--] 10
| |LDA rr,HL+A  |F7:38+rr | re<-HL+A | | 14
3. Exchange, block transfer and search
| Instruction] Mnemonic | Code | Function | SZIHXVNC| T
l [EX DE,HL To8 TDE<-—>HL | P — 2
|EX rr,rr |EX AF,AF' |09 | AF<==DAF* [ | 2
| | EXX | oA lIBC/DE/HI..(—>BC'/DE'/HL’ l| -------- ll 2
[~ | [
| |EX (gg),rr |EO+gg:50+rr | (gg)W<-->rr R | 14
| |EX (ix+d),rr |{FO+ix:d:50+rr |(ix+d)W<--Drr |o=eeeee] 18
|EX mem,rr |EX (HL+A),rr |[F3:50+rr | (HL+A)W<~-=>rT |mmmmme | 22
| |EX (m),rr |E3:n:m:50+rr | (m)W<=-->rr [ | 18
| |[EX (n),rr |E7:n:50+rr | (n)W<==D>rr ﬂ -------- | 16
| | | | [
| LDI | LDI |FE:58 | (DE)<- (HL) |---0-M0-] 14
| | | | DE<-DE+1 | |
| | | | HL<-HL+1 | |
| | | | Bc<-BC-1 | |
| | | | | |
|LDIR |LDIR | FE: 59 | (DE)<-(HL) |---0-00-118/14
] | | |DE<-DE+1 ! |
| j | |HL<-HL+1 | |
| | | :BC(-BC-I, Repeat until BC=0. g {
| | |
| LDD | LDD |FE:5A | (DE )<~ (HL) [---0-M0-| 14
| | | | DE<-DE-1 | |
[ | | | HL<-HL~-1 | |
| [ | | Bc<~BC-1 | |
| | | | | |
| LDDR | LDDR | FE: 5B | (DE)<=(HL) |---0-00-118/14
| | J | DE<-DE~1 | |
| | | | HL<~-HL~1 | |
{ : I :Bc(-BC-l, Repeat until BC=0, : }
|cP1 |cPI | FE:5C | A= (HL) | *N-%*M1-| 14
| ! | | HL<~HL+1 | |
J | | | Bc<-BC-1 | |
| | ! | | |
|CPIR |CPIR |FE:5D | A= (HL) | *N~*%M1-]|18/
| | | | HL<-HL+1 | |
| | | | BC<~BC-1 | |
: | = |Repeat until A=(HL) or BC=0. 1 1
| |
{cPD | cPD | FE: 5E | A-(HL) [*N-%*M1-| 14
| | | | HL<-HL-1 | |
| [ | | Bc<~BC-1 | J
| | | | | |
| CPDR | CPDR |FE:SF | A-(HL) | *N-*%M1-]18/1
| | | | HL<-HL-1 | |
{ | | |BC<-BC-1 ! |
| | | | Repeat until A=(HL) or BC=0. |
(Note) Flag M: If BC=0 after execution, P/V flag is 0, and otherwise l.
Flag N: If A=(HL), Z flag is 1, and otherwise O.

!
|
}
l
l
|
I
:
|
|
|
|
|
|
{
;
|
l
l
!
|
I
|
!
|
I
!
|
I
|
{
I
I
|
|
[
I
I
4
l
|
I

<{- repe
/no rep

<{- repe
/no rep

<~ repe
/no reg

<~ repe
/no rep
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Appendix A Table of Machine Instructiomns (3/11)

4. 8-bit arithmetic operation

| Instruction| Mnemonic [ Code | Function JSZIHXVNC| T
|'ADD &, r [ADD A,g [F8+g:60 [a <<a+g [*xxxy0*| 4 |

| | | |===-- |
|ADD A,n |ADD A,n 168:n |a <-A+n |#x—dexyQxl 4 |
| - | | | = |
| |ADD A, (gg) |EO+gg:60 A <-a+(gg) [rx-xryo*| 6 |
| {ADD A, (ix+d) [FO+ix:d:60 JA <=A+(ix+d) [Hek—dxyox| 10 |
|ADD A,mem |ADD .A,(HL+A) |F3:60 |A <-A+(HL+a) [Fek~dxyOx| 14 |
| |ADD A, (mn) |E3:n:m:60 JA <=A+(m) [*kask*y0x| 10 |
| |ADD A, (n) 160:n A <-A+(n) [**dkyQx| 8 |
| I | | |
|ADD r,n |ADD g,n |F8+g:68:n g <-g+n |*k—dnyQx| & |
| I | | | |-
| |ADD (gg),n |E8+gg:68:n | (gg)<~(ggl)+n . |*k-kkyQx| 10 |
| [ADD  (ix+d),n |F4+ix:d:68:n |(ix+d)<~(ix+d)+n [*k-kxyO*| 14 |
|ADD mem,n [|ADD (HL+A),n |[F7:68:n | (HL+A)<~(HL+A)+n [**kkkyQ*| 18 |
| fADD  (vw),n |EB:w:v:68:n | (vw)<=(vw)+n |**-%xy0x| 14 |
| |ADD  (w),n |EF:w:68:n | (w)<=(w)+n [Fk—dekeyQ*i 12 |
| | | | I I |
|ADC A,r |ADC A, g |F8+g:61 |A <-A+g+CY [**—xkyQ*x| 4 |
| | I | | [ ——mm- |
|ADC A,n |ADC A,n 169:n |A <-A+n+CY [RHrdreyQk| 4 |
| | ! | | | |
| |apc A, (gg) |EO+gg:61 |A <-A+(gg)+CY |*k_dkkyOx| 6 |
! |aDC A, (ix+d) |FO+ix:d:61 |A <-A+(ix+d)+CY [*xakxyox| 10 |
|ADC A,mem |ADC A, (HL+A) |F3:61 |A <-A+(HL+A)+CY [FH—dekyOx| 14 |
| lapc A, (m) |E3:n:m:61 |A <~A+(ma)+CY [*xexkyox| 10 |
| |ADD A, (n) [61:n A <-A+{n)+CY [#%adny0x| 8 |
| | | | | }vme—e |
|ADC r,n |aDC g,n |F8+g:69:n |g <~g+n+CY [HkkyO%| 6 |
| | | | | | === |
] |ADC  (gg),n |E8+gg:69:n 1 (gg)<-(ggl+n+CY [*x—kky0*| 10 |
| |ADC (ix+d),n [F4+ix:d:69:n |(ix+d)<-(ix+d)+n+CY [Hex—kwyO*| 14 |
|ADC mem,n [ADC (HL+A),n [F7:69:n | (HL+A )<~ (HL+A )+n+CY |de_deyO*| 18 |
| |ADC  (vw),n |EB:w:v:i69:n | (vw)<-(vw)+n+CY [rr—kxyox| 14 |
| |apC  (w),n |EF:w:69:n | (w)<=(w)+n+TY |HxadreyOr| 12 |
| | | | | | === |
|SUB A,r |SuB A,g | F8+g:62 | <-A-g [Fhadeieylx| 4 |
| | | | |
|SUB A,n |SUB A,n |6A:n |A <-A-n |Hde_rryle| 4 |
| | | | | | ===
| |sUB A, (gg) |EO+gg:62 |A <-A-(gg) |[He—dxyl*] 6 |
| |SUB A, (ix+d) |FO+ix:d:62 |A <=A-(ix+d) |Rx—sxylx| 10 |
|SUB A,mem |SUB A, (HL*A) [F3:62 |A <~A-(HL*A) |*k-dky1x| 14 |
| |suB A, (mm) |E3:n:m:62 |A <-A-(mm) [**~kkylx| 10 |
| |suB A,(n) [62:n |A <-A=(n) |¥xakrylx| 8 |
| | | | |
|SUB r,n |suB g,n |F8+g:6A:n |g <-g-n |#keadxvi| 6 |
| | | | | | |
i |SUB  (gg),n |E8+gg:6A:n | (gg)<-{gg)-n [Hk—dexylx| 10 |
| |SUB  (ix+d),n |F4+ix:d:6A:n |(ix+d)<~(ix+d)-n |*k-kkylx| 14 |
|SUB mem,n |SUB (HL#A),n |F7:6A:n | (HL+A )<~ (HL+A)-n |[*x-sokyixf 18 |
| |SUB  (vw),n JEB:w:v:6A:n  |{(vw)<=(vw)=n |FHakkyln| 14 .|
| |SUB  (w),n |EF:w:6A:n | (W)<=(w)-n |*hdkey 1 x| 12 |
| | | | I
|sBC A,r |sBC A,g |F8+g:63 |A <-A-g-cCY [*raxryix| 4 |
| | |
|SBC A,n |SBC A,n |6B:n [A <~A-n-CY [ekxneylx| 4 |
! | | | | | !
| |SBC A, (gg) |EO+gg:63 |A <-A-(gg)-cY [*r—dexyin| 6 |
] |SBC A, (ix+d) [FO+ix:d:63 |A <~A-(ix+d)~CY |#*k-rekyl*| 10 |
|SBC A,mem |SBC A,(HL+A) |[F3:63 |A <-A=(HL+A)-CY |*retexy i) 14 |
| |SBC A, (m) |E3:n:m:63 |A <=A-(mn)-CY | Rk-*xylx| 10 |
| |SBC A, (n) 163:n |A <-A-(n)-CY Hekxneyx| 8 |
| | | ! | !
|SBC r,n |sBC g,n | F8+g:6B:n |g <-g~n-CY jrrxrylx| 6 |
| | | i f-- |
| |sBC  (gg),n |E8+gg:6B:n | (gg)<-(gg)-n-CY |[*x—keyix| 10 |
| |SBC (ix+d),n |F4+ix:d:6B:n |(ix+d)<-(ix+d)~-n-CY¥ [Hx-wxylx| 14 |
|SBC mem,n |SBC (HL+A),n [F7:6B:n | (HL+4 )<~ (HL+A )-n~CY |hx—sky]*| 18 |
| |SBC (vw),n |EB:w:v:6B:n | (vw)<-(vw)-n-CY [edk—skekeylr| 14 |
| |SBC  (w),n |EF:w:6B:n | (W)<=(w)=-n=-CY [Fd—dexylx| 12 |

Appendix-3



TOSHIBA Appendix A Table of Machine Ianstructions

Appendix A Table of Machine Imstructioms (4/11)

|Iastruction|  Mnemonic | Code | Function ISZIHXVNCI T |
|aND A,r [AND A,g |F8+g: 64 |a <~A AND g [*%*-10P00| & |
! | | | - |
{AND 4,n |AND A,n {6C:n |A <-A AND n |**-10P00] & |
| | | | |
| ~ |aND A, (gg) |EO+gg: 64 |A <-A AND (gg) |*%*-10P00| 6 |
| |AND A, (ix+d) |FO+ix:d:64 |a <-A AND (ix+d) |**-10P00| 10 |
|AND A,mem |AND A,(HL+A) |[F3:64 | <=A AND (HL+a) |**~10P00| 14 |
| {AND A, (mn) |E3:n:m: 64 |A <-A AND (mn) |*%-10P00| 10 |
| |AND A, (n) |64:n |4 <~A AND (n) |**-10P00| 8 |
! | | | |
|AND r,n {AND g,n | F8+g:6C:n |g <-g AND n |**-10P00] 6 |
| ! | 2= | |
| |AND  (gg),n |E8+gg:6C:n {(gg)<-(gg) AND n |**-10P00] 10 |
| |AND (ix+d),n |F4+ix:d:6C:n |(ix+d)<-(ix+d) AND n |%%*-10P00| 14 |
| AND mem,n |AND (HL+A),n |[F7:6C:n . | (HL+A)<-(HL+A) AND u [**-10P00| 18 |
| |AND  (ww),n |EB:w:vi6C:n | (w)<~(vw) AND n |**-10P00| 14 |
| |AND  (w),n |EF:w:6C:n | (w)<-(w) AND n |**~10P00] 12 |
| | | | | | |
|OR A,r |OR  A,g | F8+g:66 la<-AO0R g |**-00P00| & |
! | | | | | |
[OR A,n JOR  A,n |6E:n |A<~AO0Rn |**-00P00| 4 |
| | | | | | |
| |oR  4,(gg) |EO+gg: 66 {a <-A OR (gg) |*#%-00P00| 6 |
| [OR  A,(ix+d) |FO+ix:d:66 1A <-A OR (ix+d) |**-00P00| 10 |
|OR A,mem |OR A&,(HL+A) |F3:66 |A <-A OR (HL+A) | #%-00P00| 14 |
| |OR A, (mm) |E3:n:im:66 |a <-A OR (mn) |**-00P00| 10 |
| [OR  A,(n) 166:n |A <-4 OR (n) |**-00P00| 8 |
| | | | |
{OR r,n |oR g,n |F8+g:6E:n lg <-g OR n |**-00P00| 6 |
| | | | | |
| |oR  (gg),n |E8+gg:6E:n | (gg)<~(gg) OR n |*%~00P00| 10 |
| {OR  (ix+d),n |F4+ix:d:6E:n | (ix+d)<-(ix+d) OR n |**-Q0P00| 14 |
|OR wmem,n |OR (HL*A),n [F7:6E:n | (HL+A)<-(HL+A) OR n |*%-00P00| 18 |
| |OR  (ww),n |EB:w:v:6E:n | (vw)<-(vw) OR n |*%-00PO0| 14 |
| |[OR  (w),n |EF:w:6E:n | (w)<=(w) OR n | *%-Q0P00| 12 |
| | | | | | |
|XOR A,r |XOR A,g | F8+g:65 {A <-A XOR g |**-00P00| 4 |
| | | | | [ |
{XOR A, |XOR A,n |6D:n |A <A XOR n |*#%*-00P00| & |
| | | | | | |
| |XOR 4, (gg) |EO+gg: 65 |A <-A XOR (gg) |**~00P00| 6 |
| |XOR A, (ix+d) |FO+ix:d:65 [A <-A XOR (ix+d) |**-00P00| 10 |
|XOR A,mem |[XOR A,(HL+A) |F3:65 {A <-A XOR (HL+A) |**-00P00| 14 |
| |XOR A, (mn) |E3:n:m:65 |A <-A XOR (m) |*%-00P00| 10 |
| [XOR A, (n) 165:n |A <-A XOR (m) |*%-00P00| 8 |
| | | | | | |
|XOR r,n {XOR g,n |F8+g:6D:n |g <-g XOR n | **-00P00| 6 |
| | | | |
| |XOR (gg),n |E8+gg:6D:n | (gg)<-(gg) XOR n | *%-00P00| 10 |
| |XOR (ix+d),n |F4+ix:d:6D:n |(ix+d)<~(ix+d) XOR n |**-00P00| 14 |
| XOR mem,n |XOR (HL+A),n |F7:6D:n | (HL+A)<-(HL+A) XOR n | *%-00P00| 18 |
| |XOR  (vw),n |EB:w:v:6D:n | (wvw)<~(vw) XOR n |**-Q0P00O| 14 |
| |XOR (w),n |EF:w:6D:n | (w)<=(w) XOR n |**-00P00| 12 |
| | | | | | i
ICP A,r icP A,g | F8+g:67 la~g [*h—kkyi*| 4 |
| | | | |
{CP A,n ICP  A,n |6F:n |A-a [hraryix| 4 |
| | | | |
| ICP A,(gg) |EO+gg:67 |a-(gg) [Hkdkyl*| 6 |
| |[CP A, (ix+d) |FO+ix:d:67 | A= (ix+d) [Wk—dkyl¥| 10 |
|{CP A,mem |CP A, (HL+A) |F3:67 | A=(HL+A) [Hhadkylx| 14 |
| |ce A, (mn) |[E3:n:m:67 | A= (mn) [#k—dkyl¥x| 10 |
| |lcp A,(n) {67:n | A=(n) [*he~knylx| 8 |
| | | | | | |
ICP r,n |CP  g,n |F8+g:6F:n |g=n |*de—kkyle| 6 |
| | 1 | | | |
| IcP (gg),n |E8+gg:6F:n |(gg)-n |[Hk—kwyl¥| 8 |
| [P (ix+d),n [F4+ix:d:6F:n |(ix+d)-n [#k—dkyle| 12 |
|[CP mem,n |CP  (HL+A),n |F7:6F:n | (HL+A)=n |*k—kxyi¥| 16 |
] [ce (wi),n |EB:w:v:6F:n | (w)-n |ddeadkey*| 12 |
| [CP__ (w),n |EF:w:6F:n ] (w)=n [*k-k*y1¥| 10|
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| Instruction| Mnemonic | Code | Function ] SZIHXVNC] T |
|'INC ¢ INC r 180+ fr <-r+l [**-**y0-| 2 |
! | [ | | }
| |INC (gg) |EO+gg:87 [ (gg)<-(gg)+1 |**-%ky0~| 8 |
| JINC (ix+d) |FO+ix:d:87 | (ix+d)<=(ix+d)+1 |¥%—xey0-| 12 |
| INC mem |INC (HL+A) |F3:87 | (HL+4)<-(HL+A)+1 |F*-dky0O~-| 16 |
| |INC (mn) |E3:n:m:87 | (mn)<=(mm)+1 |*k-iky0-| 12 |
| JINC (m) 187:n | (n)<=(n)+1 [*%—dky0-] 10 |
| ! | ! ! | I
|DEC r |DEC r |88+r lr <~r-1 [¥k—kryl-] 2 |
| | | ! ! | i
| IDEC (gg) |EO+gg: 8F | (gg)<-(gg)-1 [#kadryl-| 8 |
| |DEC  (ix+d) | FO+ix:d:8F | (ix+d)<=(ix+d)~1 [#Fedkyl-| 12 |
|DEC mem |DEC  (HL+A) |F3:8F | (HL+A)<~(HL+A)~1 [Fk-k*yl-| 16 |
| |DEC  (mm) |E3:n:m:8F | (mn )<= (m)-1 |*k—dryl-| 12 |
| |DEC  (m) |8F:n [(n)<=(n)-1 |*k-kxyl-| 10 |
| J I | | !
| INCX | INCX (n) |107:n | If X=1, (n) <~ (a)+1 | **-*xy0-| 6/10]
| [ ! I | | |
| DECX |DECX (n) |0F:n JIf X=1, (n) <~ (n)-1 |Fx-kkyl-| 6/10]
(Note) If X=0 in INCX and DECX instructions, all flags remain unchanged.
5. Special operation and CPU control
| Inst ruction| Mnemonic | Code | Function | SZIHXVNC| T |
|A register |DAA A 10B IDec1mal adjust accumulator [*k~dxp-x| 4 |
| operation |CPL A |10 [A < A |e==1-=1-] 2 |
INEG A |11 |A < 0-A [#k—dkyle| 2 |
| ==———- | | | | | |
| LDAR | LDAR HL,PC+cd [17:d:c | HL<~PC+cd |mm————— | 8 |
I ! | | I
|cY flag |cCF |OE |cY<~- cy |===X*~0%| 2 |
| operation |SCF 0D JcY<-1 |---01-01| 2 |
| | RCF loc | cY<~0 |--=00-00] 2 |
| | =mememm ] | | |
| NoP | NOP |00 | No operation e 2
[ | | - ! ! | [
|HALT |HALT |01 |Halt CPU [memmm— | 4 |
| | | I I
| Interrupt |DI 102 | Interrupt disable (IFF <=~ 0) |==0---=-] 2 |
| operation |EI 103 | Interrupt enable (IFF <- 1) (B EEEE |2 |
| | SWIL |FF | Software interrupt |-=0---—-- | 20 |
| | |’ | (PC <~ 0010H) | Il |
J | | | f
|MUL HL,r |MUL HL,g |F8+g:12 | HL<~Lxg |=—————- | 18 |
| -=| [ | | ) |
IMUL HL,n |MUL HL,n |12:n | HL<~Lxn | I"16 |
| | ! | | | |
! IMUL HL,(gg) |EO+gg:12 |HL<~Lx(gg) e | 18 |
| |MUL HL, (ix+d) |FO+ix:d:12 |HLL ~Lx{(ix+d) |mmmm———e | 22 |
|MUL HL,mem |MUL HL,(HL+A) |F3:12 |HL<-Lx(HL+A) [=mmm——— I 26 |
| IMUL HL,(mn) |E3:n:m:12 | HL<-Lx(mn) |=mmmmem] 22 |
| |MUL HL, (n) |E7:n:12 |HL<-Lx(n) |emmmm—— | 20 |
| | | | | | !
DIV HL,r [DIV HL,g |F8+g:13 | L<-HL-g ,H(- Remainder [mmmmmma I 18 |
| | | ] | | |
|DIV HL,n |DIV HL,n [13:n | L<~HL-n ,H{- Remainder [=m—————— | 16
I ! | | J f |
| |DIV HL,(gg) |EO+gg: 13 |L<-HL-(gg) ,H<- Remainder |~—m v=-| 18 |
| IDIV HL, (ix+d) |FO+ix:d:13 | L<~HL- (ix+d) ,H<~ Remainder |omme= v--| 22 |
|DIV HL,mem [DIV HL,(HL+A) [F3:13 | L<~HL-(HL+d) ,H<~ Remainder |=e=e=y==| 26 |
| |DIV  HL,(mn) |E3:n:m:13 |L<-HL~(mn) ,H<- Remainder | === v—-1 22 |
| |DIV HL,(n) |E7:n:13 |L<-HL-(n)  ,H<- Remainder |-====y-=| 20 |

<- X=0/1

<- X=0/1
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6. 16-bit arithmetic operation

| Instruction] Mnemonic | Code | Function |SZIHXVNC| T
|ADD HL,rr |ADD HL,gg |F8+gg:70 JHL<-HL+gg |-=--X*-0%| 8
| -mmmmmm e fmemme | | -

| 4DD HL,nn |ADD HL,mn |78:n:m | HL<~HL+mn [#e-xxy0*| 6
| f=--- - | | |

| |ADD HL, (gg) |EO+gg:70 | HL<~HL+ (gg)W |**-X*y0*x| 8
| |ADD  HL, (ix+d) |FO+ix:d:70 HL<-HL+ (ix+d)W | ¥%-X*V0*x| 12
|ADD HL,mem {ADD HL, (HL+A) |F3:70 | HL<-HL+ (HL+A)W |**-X*V0*| 16
| |app  HL, (mn)  |E3:0:m:70 | HL<~HL+ (mn)W |*%-x*vo*| 12
| |ADD  HL, (n) {70:n | HL<-HL+(n)W |[**-X*v0*| 10
fmmmmmme e | === e | | | |
|ADC HL,rr |ADC HL,gg |F8+gg:71 | HL<-HL+gg+CY [*k-xxy0*| 8
| e | ====mmmmmmm o ! J
|ADC HL,nn |ADC HL,mn 179:n:m { HL<-HL+m+CY [#x-X*xyO*| 6
| mm e | === | |-~ -- -1 |

| |aDC  HL, (gg) |EO+gg:71 JHL<~HL+ (gg) w+CY |Fx-xxv0o*| 8
| |aDC  HL, (ix+d) |FO+ix:d:71 |HL<-HL+ (ix+d)W+CY re-X*v0%*| 12
|ADC HL,mem |ADC HL, (HL+A) [F3:71 | HL<~HL+ (HL+A) W+ CY [#*-x*vO*| 16
| JADC HL,(mm)  |E3:n:m:71 | HL<=HL+ (mn ) W+CY | #%-X*y0*| 12
| |aDC  HL, (n) [71:n |HL<-HL+ (n) WCY |*x-x*v0O*| 10
| | | |===mmmm o e I |
|SuB HL,rr |SUB HL,gg |F8+gg:72 |HL<-HL-gg |*x—xxyix| 8
f==mn f=--- - ——-- I |
[SUB HL,nn |SUB HL,mn [7A:n:m | HL<-HL-mm [Fr-x*v1*| 6
| [ =~~~ -==| | -- | |

| |SUB HL,(gg) |EO0+gg:72 |HL<-HL=(gg)W |#*-X*v1*| 8
| |SUB HL, (ix+d) |FO+ix:d:72 {HL<-HL-(ix+d)W HR-x*vi*| 12
|SUB HL,mem |SUB HL,(HL+A) |F3:72 | HL<-HL- (HL+A)W [ek-X*y1%| 16
| |sUB 'HL,(m) |E3:n:m:72 | HL<=HL- (m )W jrx-x*y1*| 12
| |SUB  HL, (n) [72:0 | HL<-HL~ ()W Jrr-xxy1x| 10
== |-~-- | | -- | |
|SBC HL,rr {SBC HL,gg |F8+gg:73 | HL<-HL-gg-CY |*x-Xxy1*{ 8
R R --- | | |
[SBC HL,nn |SBC °HL,mn |7B:n:m | HL<-HL~mn~CY |**-xxv1*| 6
| | === -~ | | -

| |SBC HL,(gg) |EO0+gg:73 | HL<-HL~ (gg) W-CY [**-x*¥y1*| 8
[ | SBC HL,(ix+d) |FO+ix:d:73 | HL<-HL~(ix+d)W-CY [*k-x*y1%| 12
|SBC HL,mem |SBC HL, (HL+A) |F3:73 | HL<-HL~ (HL+A) W~-CY |[#*-Xxy1*| 16
! |sBC HL,(mm) |E3:n:m:73 | HL<~HL~- (mn YW-CY |##-X*V1%| 12
| |SBC HL, (n) |73:n | HL<~HL~ (n) ¥-CY |#x-x%xy1*| 10
| =] ===- ---1 R b ----1

|AND HL,rr |AND HL,gg | F8+gg:74 |HL<-HL AND gg [**-10x00| 8
fommm e | ] - | --1
|AND HL,nn [AND HL,mn j7C:n:m |HL<-HL AND mn [**-10X00| 6
| - | |

| |AND HL,(gg) |EO+gg:74 |HL<-HL AND (gg)W |**-10%00| 8
| |AND HL, (ix+d) |FO+ix:d:74 JHL<-HL AND (ix+d)W | *#*-10X00] 12
| AND HL,mem |AND HL, (HL+A) |F3:74 |HL<-HL AND (HL+A)W |**%-10%001| 16
| JAND HL,(mn) |E3:n:m:74 |HL<~HL AND (mn)W |*#*-10X00| 12
| |AND HL,(n) [74:n |HL<-HL AND (n)W |**-10X00| 10
| -|=-=- | |

JOR HL,rr [OR HL,gg | F8+gg:76 HL<-HL OR gg |**-00X00| 8
| ! - -=| |
JOR HL,nn |OR HL,mn |7E:n:m |HL<-HL OR mn |**-00X00] 6
e =|m————-- | | !

| {OR  HL,(gg) |EO+gg:76 |HL<-HL OR (gg)W |**-00x00( 8
| |OR  HL,(ix+d) |F0+ix:d:76 |HL<~HL OR (ix+d)W | **-00X00} 12
|OR HL,mem |OR  HL, (HL+A) |F3:76 |HL<-HL OR (HL+A)W |**-00X00| 16
| |OR  HL,(m) [E3:n:m:76 |HL<-HL OR (mn)W |**-00X00| 12
| [oR__HL,(n) [76:n |HL<-HL OR _(n)W |**-00X00] 10
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Appeadix A Table of Machine Instructions (7/11)

| Instruction| Mnemonic | Code | Function | SZIHXVNC| T
|XOR HL,rr [XOR HL,gg | F8+gg:75 |HL<-HL XOR gg }**-00X00| 8
| === === | |

|XOR HL,nn [XOR HL,mn |7D:n:m | HL<-HL XOR mn | **-00X00] 6
| o m e | | |

| |XoR HL,(gg)  |EO+gg:75 | HL<-HL XOR (gg)W |**-00X00| 8
I [XOR HL,(ix+d) |FO+ix:d:75  [HL<-HL XOR (ix+d)W |**-00x00| 12
|XOR HL,mem [XOR HL,(HL+A) |F3:75 [HL<-HL XOR (HL+4)W |**-00%00| 16
| |X0R HL,(mn)  |E3:n:m:75 | HL<-HL XOR (mn)W [**-00%00{ 12
| |XOR HL,(n) [75:n |HL<-HL XOR (n)W | *#*-00X00| 10
| |-=--- = |m—————- !

[cP HL,rr |CP HL,gg |F8+gg:77 |HL~gg |**-x*yi*] 8
J |===- - | | [~=———=
{CP HL,nn |CP HL,mn |7F:n:m | HL-mn [*k-X*yl*| 6
| === === | | | |

| |cP HL,(gg) |EO+gg:77 |HL-(gg)W |**-X*xy1*| 8
| jCP  HL,(ix+d) |FO+ix:d:77 | HL~ (ix+d)W [*x-x*y1*| 12
|CP HL,mem |CP HL, (HL+A) |F3:77 | HL- (HL+A)W |**-Xxy1*| 16
| fcP HL,(mn)  [E3:n:m:77 [ HL~(mn)W [#%-xkv1*| 12
| |cp  HL,(n) [77:n |HL- (o)W [ #%-X*V1*| 10
| ==~ |-- | | |

|ADD ix,rr |ADD ix,gg |F8+gg:14+ix  |ix<-ix+gg |-==X*-0*| 8
| | | [ === |
{aDD ix,nn |ADD ix,mn |l4+ix:n:m | ix<~ix+mn | **-X*X0*| 6
| - ! ! | |

| |ADD  ix,(gg) |EO+gg:l4+ix  |ix<-ix+(gg)W |**-Xxx0%| 8
] |ADD  ix,(jx+d) |FO+jx:d:14+ix [ix<-ix+(jx+d)W |*H-X*X0*| 12
|ADD ix,mem |ADD ix,(HL+A) |F3:14+ix | ix<=ix+(HL+A)W [ *%-X*X0*| 16
| |ADD  ix, (mn) JE3:n:m:14+ix [ix<-ix+(mn)W [*H-X*X0%| 12
| |ADD ix,(n) |E7:n:14+ix | ix<=ix+(n)W | **-X*X0*| 10
| | | |

|INC rr JINC rr 190+rr | rr<-rr+l |=m—keae| 4
| |- l | - J-mmmn
| | INCW (gg) |EO+gg:97 |(gg)W <-gg)w+l [#%-X*v0-| 12
| | INCW (ix+d) |FO+ix:d:97 | (ix+d)W <= (ix+d)W+l |#%-X*v0~| 16
| INCW mem | INCW (HL+A) |F3:97 | (HL+A)W <~(HL+A)W+1 J#**-X*v0~| 20
| | INCW (mn) |E3:n:m:97 | (mn)W <-(mn)W+l [#%-X%v0-| 16
| | INCW (a) [97:0 [ (@)W <=(n)W+l |#%-X*y0~| 14
| | | | |

|DEC rr |DEC rr 198+rr | rr<-rr-1 e e
! - | |

| |DECW (gg) |EO+gg: 9F | (gg)W <-gglw-1 |*e-x*yl-] 12
| |DECW (ix+d) | FO+ix:d:9F | (ix+d)W <=(ix+d)W-1 | *x-xxv1-| 16
|DECW mem  [DECW (HL+A) |F3:9F | (HL+A)W <~(HL+A)W-1 |*%-x*v1-| 20
| |DECW (mn) |E3:n:m:9F | (mn)W <={(mn)W-1 |**-X*v1-| 16
| |DECW (n) |9F:n | (n)W <-(n)W-1 |**-X*V1-| 14
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Appendix A Table of Machine Instructions (8/11)

7. Rotate, Shift

|Instruction| Mnemonic | Code | Function | SZIHXVNC| T |
|IRLC = RLCA 1AD T J===0X-0%] 2 |
| |RLC ¢ | F8+g: A0 | [*%-0XPO*| & |
[--- | | | | | - = [ |
I |RLC  (gg) |EQ+gg: A0 | ——— R | |**-0xPO*| 8 |
| JRLC  (ix+d) |FO+ix:d: A0 | J et | <—=17 <= 0 |== |**=0xP0*| 12 |
|RLC mem  |RLC (HL+A) |F3:A0 | mmem e | #%-0XPO*| 16 |
| JRLC  (mn) |E3:n:m: A0 | |*%-QXPO¥*| 12 |
| [RLC  (n) [E7:n:40 | [*#%-0XPO*| 10 |
| | | | | |
|RRC r | RRCA [al | |===0X-0%| 2 |
| IRRC g |F8+g: AL | |**-0XPO*| 4 |
| | | bl | e ad et |
| I[RRC  (gg) |EO+gg: Al || ememmmemeeee | ~-==  |*%-QXPO*| 8 |
| |RRC  (ix+d) |FO+ix:d:Al | -] 7 ==> 0| —=>] CcY | |*¥*-0XP0*| 12 |
|[RRC mem  |RRC (HL+A) |F3:A1 | e ———= | ¥%-0XPO*| 16 |
| |RRC  (mn) |E3:n:m: Al | |*%-0XP0*| 12 |
| |RRC  (n) |E7:n:AlL | |**-0XPO*| 10 |
| | | | | | |
|IRL |RLA | A2 | |=-=--0X-0*| 2 |
| IRL g |F8+g: A2 | |**-0XPO*| 4 |
! | | |1 | |me——— ———|m——— |
| |RL (gg) {EO+gg: A2 | R et L e P | |**-0xpP0*| 8 |
| [RL  (ix+d) |FO+ix:d:A2 | ==] CY {<==} 7 <K== 0 |-- [**-0XPO*| 12 |
[RL  mem |RL  (HL+4&) |F3:42 | e —— [*%-0XPO*| 16 |
| {RL  (mn) |E3:n:m:A2 | |**-0XP0O*| 12 |
| |RL (@) |E7:n:A2 | |*%-0XPO*| 10 |
| | | | | ! |
[RR r | RRA |A3 | |-—-0%X-0%| 2 |
| IRR g | F8+g:A3 | |*%-0XPO*| & |
J | | [ | | ||
| |IRR  (gg) |EO+gg:A3 | | —mmmmmmeee- ~——= ] |¥**-0XPO*| 8 |
| |[RR  (ix+d) |FO+ix:d:A3 | ==] 7 ==> 0 |==>] ¢cY |-= [|**-0xP0*| 12 |
|[RR  mem |RR  (HL+A) |F3:A3 | —————————— —— |*%-0XPO*| 16 |
| |IRR  (mn) |E3:n:m: A3 | |**-0XPO*| 12 |
| |[RR  (n) |E7:n:A3 | [**-0XPO*| 10 |
| f | | | | |
jsLa ¢ | SLAA | a4 i |-==0X-0%| 2 |
| |sta g | F8+g: a4 | |#%-QXPO*| 4 |
| ! [ | R |
| |sLA  (gg) |EO+gg: A4 | e e |#*%-0xp0*| 8 |
| |SLA  (ix+d) | FO+ix:d: A4 1Y | <= 17 < 0] <0 [**~0XPO*| 12 |
|SLA mem |SLA (HL+A) |F3:a4 T |%*-0XPO*| 16 |
| |SLA  (m) |E3:n:m:A4 | | *%-0XPO*| 12 |
| |sta  (m) |E7:n:464 | |#*-0xPO*| 10 |
| | | | | | |
|sRA ¢ | SRAA |AS | |-~-0X-0%] 2 |
! |SRA g | F8+g: AS | [**-0XPO*| 4 |

| | | jommmmn—— [=m=m- |
| |sRa (gg) |EO+gg: A5 { e ——-= |*%-0XPO*| 8 |
| [SRA  (ix+d) |FO+ix:d:AS | ==17 ==> 0| ==>1| CcY | |*#*-0xPO*| 12 |
[SRA mem |SRA (HL+A) |F3:A5 | | emmmm——e—eeee ——m= | *%-0XPO*| 16 |
| |SRA  (mn) |E3:n:m:AS | | |**-0XPO*| 12 |
f |SRA" (n) |E7:n:A5 | |[**-0XPO*| 10 |
| | == | | | ! |
ISLL ¢ | sLLA | A6 | |---0%-0%| 2 |
; |[RLL g | F8+g: A6 | |*%-0XPO*| 4 |

| | it | === !
| |SLL  (gg) |EO+gg: A6 | === mmmmmeeeeee |**-0XPO*| 8 |
| |SLL  (ix+d) |FO+ix:d: A6 J 1l ey | =17 <K= 0] <=0 [**=0xP0*| 12 |
|SLL mem |SLL (HL+A) |F3: A6 | em—— e [#*~0XPO*| 16 |
| |sSLL  (mn) |E3:n:m: A6 | |[*%-0XPO*| 12 |
{ [SLL  (n) |E7:n:A6 | |**-0XPO*| 10 |
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Appendix A Table of Machine Instructions (9/11)

| Instruction]| Mnemonic ] Code | Function |SZIHXVNC] T |
|SRL r | SRLA |7 | |-=~0x-0*] 2 |
| |SRL g |F8+g: A7 I :**-oxx’o*: 4 :
| e e bt it N et et
| |SRL  (gg) |EO+gg:A7 I ~===  [**~0XPO*| 8 |
| | SRL  (ix+d) | FO+ix:d:A7 1 0=->17 ~=> 0] => CY | |**-0XP0O*| 12 |
|SRL mem |SRL (HL*A) |F3:47 [ mnn s S ====  |**-0XPO*| 16 |
| |SRL  (m) [E3:n:m:A7 | [**-0XPO*| 12 |
| |SRE  (n) |E7:n:A7 | l**—OXPO*‘I 10 |I
| === fommm oo | ===mmmmmmm f o e | === oo
| |RLD (gg) |EO+gg:10 | Areg memory |**-00P0-| 12 |
| [RLD  (ix+d) |FO+ix:d:10 | R — 1 |**-00P0-| 16 |
|RLD mem |RLD (HL+A) |F3:10 | - |**-~00P0-| 20 |
! |RLD  (mn) |E3:a:m: 10 [ 17 413 ol |7 4]3 0] |**-00P0-] 16 |
| [RLD (n) |E7:n:10 | | |**-00P0-| 14 |
I | | | 4 I 4 I |
[ ===mmmmmem [====mmmmmmme - === [-- --
| IRRD (gg) |EO+gg: 11 | Areg memory |**-00P0-] 12 |
| |RRD  (ix+d) |FO+ix:d:11 | .E -------------- I |**-00P0-| 16 |
|RRD mem |RRD (HL+A) |F3:11 | mmmmm— = emmemmedeee |**-00P0-| 20 |
I |RRD  (wmn) |E3:n:m:11 I 17 413 0ol |7 4|3 0] [**-00P0-| 16 |
! |RRD  (n) |E7:n:1l | ——— | | *#*-00P0~| 14 |
| | | | | L u |
I I | | | I |
8. Bit manipulation
| Instruction| Mnemonic | Code | Function | SZIHKVNC! T |
|BIT b,r |BIT b,g | F8+g:A8+b | 2 <-~g.b I[x*-lxxo-: 4 I'
................. | ] SRRV RSN P
| |BIT b, (gg) |EO+gg:A8+b | 2 <=~ (gg).b |X*-1xxX0-] 6 |
| |BIT b,(ix+d) |FO+ix:d:A8+b | 2 <-" (ix+d).b |X*-1xx0-| 10 |
|BIT b,mem |BIT b, (HL+A) [F3+A8+b | 2 <~ (HL+A).b |X*~1XX0~| 14 |
| |BIT b,(m) |E3:n:m:48+b | 2 <~ (mm).b |X*-1xx0~] 10 |
] | BIT b,(n) |A8+b:n | 2 <-~(n).b ||xﬂr-1xxo-= 8 l’
| =memmmm e R bbb | |
|SET b,r |[SET b,g | F8+g:B8+b | g-b<-1 R | 4 }
! -|=-=- -===| | == m e e ====e-- |-——--
| |SET b,(gg) |EO+gg: B8+b | (gg).b <-1 o= | 10 |
| |SET b,{(ix+d) [FO+ix:d:B8+b [(ix*d).b <~1 | === } 16 |
|SET b,mem |SET b,(HL+*A) |F3+B8+b | (HL+a).b <~ 1 === | 18 |
| |SET b, (mm) |E3:n:m:B8+b |(mm).b <~ 1 [====-=== | 14 |
] |SET b,(n) |B8+b:n [(a).b<-1 |emam——— l| 12 |
| -mm——- Jmmmm e e | | |
|IRES b,r ;RES b,g iF8+g:BO+b | geb<-0 ll -------- : 4 ll
' .................... - -
I |RES b, (gg) |EO+gg:BO+b |(gg).b <~ 0 et | 10 |
] |RES b,(ix+d) |FO+ix:d:BO+b |(ix+d).b <~ 0 o= | 14 |
|RES b,mem |RES b,(HL+A) |F3+BO+b | (HL+A) .b <~ 0 |==mmmme | 18 |
I IRES b,(m)  [E3:n:m:BO+b [(m).b <- 0 I | 14 |
| :RES b,(n) llBO+b:n {(n).b <~ 0 'I -------- : 12 }
| ___________ ———— e ———————————
|TEST b,r |TEST b,g |F8+g:18+b | 2 <-~g.b :g.b <-~1 |X*-1xx0-|{ 8 |
|- --== | === I |
| |TEST b,(gg) |EO+gg:18+b | 2 <=~ (gg).b :(gg).b <-1 [X*-~1xx0~| 12 |
| |TEST b,(ix+d) |FO+ix:d:18+b | Z <=~ (ix+d).b:(ix+d).b <~1  [X*-1XX0-] 16 |
|TEST b,mem |TEST b, (HL+A) |F3+18+b | 2 <~~~ (HL+A).b: (HL+A).b <-1  [X*-1XX0-| 20 |
| |TEST b, (m) |E3:n:m:18+b | Z <=~ (m).b :(mn).b <-1 |X*-1XX0~-| 16 |
| | TEST b, (n) |E7:n:18+b | Z<-~(n).b_ :(n).b <-1 [X*-1XX0-| 14 |
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9. Jump, call and return
{ Instruction]| Mnemonic | Code | Function | SZIHXVNC| T |
| |JP cc,gg |E8+gg:CO+cc  |If ecc, PC <- gg |==mmmmm | 6/8 |
| |JP cc,ix+d  |F4+ix:d:CO+cc |If cc, PC <~ ix+d | == |10/12]
|JP cc,mem|{JP cc,HL+A  |F7:CO+cc |If cc, PC <- HL+A fmmmmm—- |14/16|
| 1JP cc,m |EB:n:m:CO+cc |If cc, PC <~ mn |-==m=m- l10/12]
| {JR  cc,PC+d  |CO+cc:d |1f ce, PC <~ PC+d [-mmmmo | 4/8 |
| [ - —-- | [ +mmen]
| [JP mn |1a:n:m |PC <~ mn R {8 |
| |JRL  PC+cd |1B:d:c |BC <~ PC+cd |~=—mmmmm |10 |
fommmm e | mmm——— | -1 | i |
| |CALL cc,gg |E8+gg:D0+cc  |If cc, PUSH PC,PC <- gg [ ~=m=mm—e | 6/14]
| |CALL cc,ix+d  [F4+ix:d:DO+cc |If cc, PUSH PC,PC <- ix+d |=mmmm e |10/18]
| CALL cc,mem|CALL cc,HL+A  |F7:D0O+cc | L1f cc, PUSH PC,PC <- HL+A |==emmmee l14/22]
| | CALL cc,mn |EB:n:m:DO+cc | If cc, PUSH PC,PC <~ mn |+mmmemem |10/18]
| [ woroemm e | ww e |
| {CALL mn [1C:n:m | PUSH PC,PC <- mn
| |CALL PC+cd [1D:d:c | PUSH PC,PC <~ PC+cd
|- g o |
|DJNZ | DINZ PC+d [18:d |B <-B-1, if B< >0, PC<-PC+d
| |DJNZ BC,pC+d  |19:d |Bc<-BC~-1, if BC< >0, PCK-PC+d
| - | -|=—-- - -
| |RET |1E | POP PC
|RET |RET cc | FE: DO+cc |1f cc, POP PC |=mmmmm e | 6/14]
| | RETI |LF | POP AF, POP PC  [— | 14 |
Condition codes l“cc_l
| Symbol | Meaning | Flag value | Code |
| F | Always false i - | 0 |
| {(None) | Always true [ | 8 |
! | | | |
| Z | Zero | z=1 | 6 |
| NZ | Not Zero | z=0 | E |
| e | | --=|
| c | Carry | ¢c=1 | 7 |
| NC | No carry | ¢=0 | F |
I- | | | 1
| PL or P | Plus | s=0 | D |
| MI or M | Minus | s=1 | 5 |
| | SR Sy A |
| NE | Not equal | z2=0 | E i
I| EQ | Equal | z=1 ll 6 l
| |
| ov | Overflow | B/V=1 | 4 |
| NOV | No overflow | P/V=2Q | c |
| |=--=--- -- i ——-- | ---1
| PE | Parity is even | P/V =1 | 4 |
| PO | Parity is odd | B/V=0 | c I
| | | | |
| GE | Greater tham or equal (signed) | (S XOR P/V) =0 | 9 |
| LT | Less than (signed) (S XOR P/V) =1 | 1 |
| | | |
| GT | Greater than (signed) | [z OR (S XOR P/V)] =0 | A |
| LE | Less than or equal (signed) | [z OR (S XOR P/V)] = 1 | 2 |
| mmmmmem e | | l '
| UGE | Unsigned greater than or equal | ¢=0 | F |
| ULT | Unsigned less than | ¢=1 | 7 |
| | - e - | === |
| UGT | Unsigned greater than | (CorR2)=0 | B |
| ULE | Unsigned less than or equal ] (COR Z) =1 | 3 |

{=
{~
&
-~
<

<
(-
<
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Appendix A Table of Machine Instructions (11/11)

10. Meaning of symbols

Category Symbo 1 Meaning
r, g Register : A,B,C,D,E,H,L
rr, gg Register pair : BC,DE,HL,IX,1Y,SP
gg Register pair : BC,DE,HL,IX,IY AF
ix, jx Register pair : IX,IY,SP
n 8-bit constant : 004 - FFH
mn 16-bit constant : 0000H - FFFFH
d 8-bit displacement : =128 - +127
cd 16-bit displacement : -32768 - +32767
Operand b Bit number : 0 -7
cc Condition code

l l

| l

l |

| |

| |

l l

l l

| [

| |

[ (gg) | Register indirect:(BC),(DE), (HL), (IX),(IY),(SP)

| (ix+d),(jx+d) | Index : (IX+d),(IY+d), (SpP+d)

| (HL+A) | Register index : A=-128 - +127

| (mm),(vw) | Extend : (0000H) - (FFFFH)

| (n),(w) | Direct : (FFOOH) ~ (FFFFH)

| (=W | 2-byte memory data

| s | Signed flag. Set MSB according to operation

| | result.

| z | Zero flag. Set to 1 if operation result is

| | zero.

| L | Interrupt enable flag "IFF"

Flag | H | Half carry flag

| X | Expansion carry flag

| v | Parity/overflow flag (P/V)

N | Addition/subtraction flag

| C | Carry flag
| = [ mm | mm e e e e e I
| |0 | Reset to O according to operation |
I |1 | Reset to l according to operation [
| Flag | - | No change l
| Status | * | Subject to operation result |
I I X | Undefined |
| | P | Treated as parity flag |
| | v | Treated as overflow flag |
| Time | T | Number of states indicating executing time
| l | I

(1 state = 200 ns @10MHz)

(Note) The value of displacement object code in the relative addressing mode
is calculated with respect to the address ""The start address plus 2".

| r,g | Code | | rr,gg | Code | | qq | Code | lix,jx | Code | | b | Codel|
| A 6 | | BC 0 | | BC o | | IX 0o | 1o 0o |
| B | o | | DE | 1 | | DE | 1 | ] 1y | 1 | 1] 1 |
¢ | 1 | | w8 | 2 | (8Ll 2 | | s, | 2 [ |21 2|
| | 2 | | 11X | 4 | t1x]| 4 | 31 3 |
| E | 3 1 | Iy | 5 | | 1y | 5 4| &4 |
| 8 | 4 | |_sp | 6 | | AF | 6 | 5] 5 |
I L | 5 | el 6 |

7.1 7 1
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Appendix B Table of Machine Instruction Codes (1/4)

1-byte opcode instruction

o

JH\L] } 1 | 2 | 3 : 4 1 5 | 6 | 7 1 8 | 9 | A | B { cC | b | E |
oo | | [ | |

| 0 | NOP | HALT| DI EL | | INcX | EX EX EXX | DAA | RCF SCF CCF |DE
|1 | | | | (n) |DE,HL AF AF' | A | b o(
0 ] | [ | 1 |

| 1| cpL NEG | MUL DIV | ADD ADD ADD | LDAR |DJNZ DJNZ | JP JRL |CALL CALR | RET RE
| | A A | HL,n HL,n|/IX,nn IY,nn SP,nn| HL,dd| d BC,d | nn dd | nn dd |

| | | ] ]
|21 b LD LD LD LD LD LD | b | LD LD LD LD LD LD w | L
| | A,B A C AD AE AH AL AA|lA(n|BA CA DA EA HA LA AA |(n
(] | ] ! ] i

1 311D LD LD LD LD LD b | b | LD LD L | | LD LD W |L
| | B,n C,a D,n Emn H,n L,n A,n | (a)n [BC,nn DE,nn HL,nn| |IX,nn 1Y,an SP,an|(n
(I | | { | | | |

| 4] LD LD L | | LD LD b | Lb | LD LD w | | LD LD w | L
| | HL,BC HL,DE HL,HL]| |HL,IX HL,IY HL,SP|HL(n) |BC,HL DE,HL HL,HL]| JIX,HL IY ,HL SP,HL|(n
| | | [ | ] | 1

| 5| PUSH PUSH PUSH | |PUSH PUSH PUSH | | pOoP POP  POP | | pOP POP  POP |

| | BC DE HL | | IX 1Y AF | | BC DE HL | | IX 1Y AF |
b |

| 6 | aDbD ADC SUB SBC AND XOR OR CP | ADD ADC SUB SBC AND XOR OR c
| | 4,(n) A,(n) A,(n) A,(n) A,(n) A,(n) A,(n) A,(n) | A,n A,n An A,n An A,n  A,n A
I ]

| 7 | aDD ADC SUB SBC AND XOR OR CP | ADD ADC SUB SBC AND XOR OR C
| | HL(n) HL(n) HL(n) HL(n) HL(n) HL(n) HL(n) HL(n) |HL,nn HL,nn HL,nn HL,nn HL,nn HL,nn HL,nn HL
] ] ] |

| 8 | INC INC INC INC INC INC INC | INC | DEC DEC DEC DEC DEC DEC DEC | D
| | B c D E H L A | (n) | B [ D E H L A |
[ | | | | | |

| 9 | InC INC  INC | | INC INC INC | INCW | DEC DEC DEC | | DEC DEC DEC | D
| | BC DE HL | | IX 1Y SP_| (n) | BC DE HL | | IX 1Y SP

| ] [

| A ] RLC RRC RL RR SLA SRA  SLL SRL | BIT BIT BIT BIT BIT BIT BIT E
| | A A A A A A A A {0,(n) 1,(n) 2,(n) 3,(n) 4,(n) 5,(n) 6,(n) 7,
| |

| B | RES RES RES RES RES RES RES RES | SET SET SET SET SET SET SET §
| }Ogn)lJn)ZJn)3Jn)AJp)SJn)6Jn) 7,(n)]10,(n) 1,(n) 2,(n) 3,(n) 4,(n) 5,(a) 6,{(n) 7,
|

| ¢ | Jr JR JR JR JR JR JR JR JR JR JR JR JR JR JR J
| | F,d LT,d LE,d ULE,d PE,d M,d 2,d ¢C,d d GE,d GT,d UGT,d PO,d P,d NzZ,d NC
(|

| D

| |

| | |

| E| sre src srec  src src  src src¢ src |dst dst dst dst dst dst dst d
|__ ] (BC) (DE) (HL) (nn) (IX) (I¥) (SP) (m) |(BC) (DE) (HL) (nn) (IX) (IY) (SP) (
| | | | 1

| F| sre  src src src | dst dst dst dst |reg reg reg reg reg reg reg g
| |

(IX+d)(1Y+d)(SP+d) (HL+A)] (IX+d) (1Y+d)(SP+d)(HL+A)[B/BC C/DE D/HL E H/IX L/IY A/SP

(Note) Codes located in "EOH to FEH" are part of 2-byte opcode instructions.
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—ndix B Table of Machine Instruction Codes (2/4)

byte opcode F8H - FEH: reg g/gg

o 1 1 | 2 1 3 1 4 [ 5 1 6 1 7 [ 8 9 A B C D E | F
]

|

!

f I J | ]

| | MUL DIV | ADD ADD  ADD | |TSET TSET TSET TSET TSET TSET TSET TSET
: | HL,g HL,g|IX,gg IY,gg SP ggl 1 0,g l,g 2,g 3,8 4,g 5,8 6,8 7,8
|

|

| I ! |

| LD LD LD LD LD LD L | | LD LD LD LD LD D |

} B,g C,g D,g Eg Hg Lig Agl |BC,gg DE,gg HL,gg I1X,gg IY,gg SP,ggl

!

!

] | (NOTE)
f | LI LDIR LDD LDDR CPI CPIR CPD CPDR
! |

| |

| ADD ADC SUB SBC AND XOR OR CP | aADD ADC SUB SBC AND XOR OR cp
]!_A,g A,g Ag Ag Ag Ag Ag ALgl[gLn gn g g,n g,n g,nm g0 g0
| ADD ADC SUB SBC AND XOR OR cr |

I HL,gg HL,gg HL,gg HL,gg HL,gg HL,gg HL gg HL,gg |

|

|

|

|

| .

B ]

| RLC RRC RL RR SLA SRA SLL SRL | BIT BIT BIT BIT BIT BIT BIT BIT
: g g g g g g g g IIOLg l,g 2,8 3,8 4,g S,g 6,8 1.g
| RES RES RES RES RES RES RES RES | SET SET SET SET SET SET SET  SET
||0,g l,g 2,g 3,g 4,g 5,8 6,8 7,21 0,g l,g 2,g 3,8 4,8 5,8 6,8 1,8
|

|

] (NOTE)
| RET RET RET RET RET RET RET RET RET RET RET RET RET RET RET RET
} F LT LE ULE PE M 2. ¢ GE _ GT UGT PO P Nz NC
|

|

|

|

|

te) The first byte of block transfer instructions (LDI, LDIR, LDD and LDDR), block search
instructions (CPI, CPIR, CPD and CPDR) and a conditional return instruction (RET cc) must be

"FEH".
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Appendix B Table of Machine Instruction Codes (3/4)

1st byte code EOH - E7H/FOH - F3H: src (x)

IH\L||0|112|3|4|516|7|8'|9|A|BIC|D]EI
|

| o1

|1

[ | | | |

{ 1| RLD RRD | MUL DIV | ADD ADD  ADD | |TSET TSET TEST TSET TSET TSET TSET TS
| | (%) (x). |HL(x) HL{x)|IX(x) IY¥(x) SP(x)] 10, (x) 1,(x) 2,(x) 3,(x) 4,(x) 5,(x) 6,(x) 7,
i I ]
P2 | LD LD LD LD LD LD |
|1 [B,(x) C,(x) D,(x) E,(x) H,(x) L,(x) &,(x)]
(I

| 31

||

[ i | | |

| 4 | | LD LD L | | Lb L LD |
| |BC(x) DE(x) HL(x)| JIX(x) IY(x) SP(x)|
[ | | |

| 51 EX EX EX | | EX EX EX |

| 1 (x)BC (x)DE (x)HL| [ (x)IX (x)IY (x)SP|

(I |

| 6 | aDD ADC SUB SBC AND XOR OR cp |

| | A, (x) A, (x) A, (x) A,(x) A,(x) A, (>x) A,(x) A, (x)]

I ]

| 7| abp ADC SUB SBC AND XOR OR cp |

| l[ HL(x) HL(x) HL(x) HL(x) HL{x) HL(x) HL(x) HL(x) |

| I | ]

| 8| | INC | | D
i | (x) 1 1 ¢
I ] | I
191 | INCW | |DE
| { | (x) : ] ¢
|

| 4] RLC RRC  RL RR SLA  SRA  SLL SRL | BIT BIT BIT BIT BIT BIT BIT B
| } (x) (x) (%) (x) (x) () (x) (x) 10,(x) 1,(x) 2,(x) 3,(x) &,(x) 5,(x) 6,(x) 7,
| |

| B | RES RES RES RES RES RES RES RES | SET SET SET SET SET SET SET §
| ; 0,(x). 1,(x) 2,(x) 3,(x) &4,(x) 5,(x) 6,(x) 7,(x) [0,(x) 1,(x) 2,(x) 3,(x) &4,(x) 5,(x) 6,(x) 7,
|

| ¢ |

1

I

| D |

l__1

I

| E |

I

o

| F I

I
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-endix B Table of Machine Instruction Codes (4/4)

byte code E8H - EFA/F4H - F7H: dst (x)

CALL CALL CALL CALL CALL CALL CALL CALL CALL CALL CALL CALL CALL CALL CALL CALL
F,x LT,x LE,x ULE,x PE,x M,x 2,%, C,x X GE,x GT,x UGT,x PQO,x P,x NZ,x NC,x

-

e —

L 0 [ 1 | 2 ] 3 T 4 [ 5 [ 6 [ 7 1 8 [ 9 1T aT 811 ¢ o[ ETF :
]
t |
! |
| |
| I
| |
| | |
| LD LD LD LD LD LD LD | |
I[ (x),B (x),C (x),D (x),E (x),H (x),L (x) ,A: ; ] | ; Il
| | b | LD LD w | | LD LD LD | LDW |
| | (x)n [BC,x DE,x HL,x | JIX,x IY,x SP,x |(x)nn|
i [ ] ] [
| LD LD L | | LD LD b | |
] (x)BC (x)DE (x)HL]| J(x)IX (x)IY (x)SP] :
[
| |
| |
T I |
| | ADD ADC SUB SBC AND XO0R OR cp |
| J(x),n (x),n (x),n (x),n (x),n (x),n (x),n (x),nl
i |
| |
| |
| |
o |
| |
| |
| |
I I
] |
. |
| |
l |
; I
|
|
H JP Jp JP JP Jp JP JP JP JP JP JP JP JP Jp JP Jp |
F,x LT,x LE,x ULE,x PE,x M, x Z,x C,x X GE,x GT,x UGT,x PO,x P,x NZ,x NC,x |
|
|
|
|
|
|
|
|
|
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Appendix C
Table of Special Function Registers

The special function regisﬁers include the I/0 ports, peripheral control
regisers and bank registers (BX and BY) allocated to the 48-byte
addresses from FFCOH OFFEFH.

(1)" 1/0 port .

(2) 1/0 port control

(3) Stepping motor coatrol port control

(4) Watchdog timer control

(5) Timer/event counter comntrol

(6) Serial channel control

(7) A/D converter control

(8) Interrupt control

(9) Bank register

Format of table

| Symbol | Name | Address | 7 : 6 : : 1 : 0]

| : : : : | => bit Symbol

| : : : | => Read/Write

| ! | | : : : : | => Initial value after reset
| |

| |

| 1

-> Remarks
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TOSHIBA Appendix C Table of Special Function Registers
.} 1/0 Port
MSB LSB
jymbol | Name |Address| 7 : 6 : 5 : 4 3 : 2 : 1 : 0 |
| | | P07 : P06 : P05 : P04 P03 : P02 . POL : P00 |
PO | Port O |OFFCOH | |
| | | Input mode i
{ 1 | P17 : _Plb6 : P15 : Pl4 P13 : P12 : Pll Pl0 |
Pl | Port 1 |OFFCIH | I
! | | Input mode |
| | | P27 ;P26 : P25 : P24 P23 : P22 : P21 P20 |
P2 | Port 2 |OFFC4H | |
| | | Input mode |
[ | |_P37 : P36 _: P35 : Pl P33 : P32 : P31 : P30 |
P3 | Port 3 |OFFC6H | R : R/W : R/W : R R/W : R/W : R : R |
| | | Input : 1 : 1 : Input 1 : 1 : Input : Input |
| | I : : : P43 : P42+ P4l . P40 |
P4 | Port & |OFFC8H | R/W ]
| | | : : : 0 : 0 : 0 : 0 |
Il 1 I' 0 : : PS5 : P54 P53 : PS2 : P51 : P50 ]
N . R |
PS5 | Port 5 |OFFCAH | : Input only |
: : : : Shared with analog input pin (ANO - ANS) :
T T | __SA63 SA62 Sa61l SA60 P63 : P62 : P61l : P60 |
| | I W R/W !
P6 | Port 6 |OFECCH | Undefined Input mode |
| | | Stepping motor control Port 0 Shared with stepping motor |
| | | shifter alternate reg. control port 0 (MO) ]
| ] [__sa73 SA72 sa7l SA70 P73 ___: P72 __: Pl P70 |
I | | ] R/W |
P7 | Port 7 |OFFCDH | Undefined Input mode |
| | | Stepping motor comntrol Port 1 Shared with stepping motor |
| | | shifter alternate reg. control port 1 (Ml) |
| ] | : : P83 : P82 : P81 : P80 |
P8 | Port 8 |OFFDOH | R/W : R : R : R |
I | | Q : Input mode |
(Note) Read/Write
R/W : Either read or write is possible.
R : Only read is possible.
1) : Only write is possible.
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Appendix C Table of Special Function Registers

I
\
l
|
|
|
|
|
|
|
|
|
|
|
|
I
I
!
|
|
l
i
I
|
|
|
I
[
|
\
f
|
\
!

(2) L/0 Port comtrol

| Symbol ! Name | Address| 7 6 f 5 : 4 : 3 2 1 0

| | | | IRFO IRFTO : IRFT1 EXT PiC POC
|POLCR | Port 0/1 |OFFC2H | R W W W

| (IRFL) | Control Reg.| | 0 : 0 : 0 : 0 : 0 : 0

| | | | Interrupt Request Flag :P1-P2  :Pl :PO

| | | | : 1. Interrupt being :control :control :control
| | | | requested : 0: I/0 :

| | | | Port: :

| | | | S :0: In : 0: In
| | | | : Address: 1: Qut : 1: Out
| | | | : bus :

| | | | P27C P26C P25C P24C P23C P22C P21C P20C
|P2CR | Port 2 {OFFC5H | W

| | Control Reg.| | 0 : 0 : 0 : 0 ) : 0 ) : 0

| | | | 0:In 1:0ut  (I/0 selected bit by bit)

| | | 1 WAITCL : WAITCO : RDE ODE TXDC1l : TXDCO : RXDC1l : RXDCO
| | | | R/W R/W R/W R/W : R/W

| | | [__0 0 : 0 ) : 0 ) : 0 0

| | | | Wait control :RD :P33 : P33 P32 : P31 P30
|P3CR | Port 3 |OFFC7H | 00: 2 state wait:comntrol :comtrol : 00:0ut OQut : 00:In In
| |Control Reg.| | 0l: normal wait :0: RD  :0: CMOS : 0l:0Qut TxD : Ol:In RxD
| | i | 10: non wait :for only:l: Opem : 10:TxD Out : 10:RxD In
| | | | 11: reserved :external: drain: 11:TxD RTS/: 11:

| | | | taccess : SCLK: Not used

[ [ | | :1: Al- :

| | | | :ways RD : :

| | | J : : . P43C_:  P42C P4IC P40C
|P4CR | Port 4 |OFFC9H | : : : ]

| |Control Reg. | | : : 0 : 0 : 0 : 0

| | | | : : 0: Out (Port) l: Address output
| S ! |__P73C P72C__: P71C P70C P63C P62C P61C P60C
|P67CR | Port 6/7  |OFFCEH | W : W

| | Control Reg.| | 0 : 0 : 0 : 0 : 0 : 0 ) : 0

| | | | 0: In 1: Out :  0: In ‘ 1: Out

| | | | : : P830C : 2ZCE2 ZCEL EDGE
|P8CR | Port 8 |OFFD1H | W W H W H W

| [Control Reg.| | : 0 : 0 . 0 : 0

| | | | :P83 :INT2/TI5: INTL/TI4: INTO

| | | | :control :control :comtrol :control
| | | | : 0: P83 : 1: ZCD : 1: ZCD :0: level
| | | | 1: TO3/: enable: enable:l: |

| i | | TO4 : : ¢ edge

Symbol in (

) denotes another name.
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{3) Stepping motor control port control
| Symbol | Name laddress | 7 : 6 : 5 &4 : 3 2 : 1 : 0 |
| | | | SM7M1 : SM7MO : P70Cl : P70CO SM6M1 : SM6MO : P6OCl : P60CO |
| | | | R/W : R/W : R/W : R/W |
| | Stepping | |0 : 0 : 0 : 0 : 0 : 0 : 0 ) |
' SMMOD | Motor |OFFCBH | :0:1-step: 00: IN/OUT : :0:1-step: 00: IN/OUT |
| | Mode Reg. | | : /2-step: O0l: IN/OUT,TO3 : : /2-step: 0l: IN/OUT,TOl |
i | | 10: 3= : excita-: 10: IN/MI :0: 3- : excita-: 1X: IN/MO |
I | | | phase : tion (Timer 2, : phase : tion (Timer 0> |
| | [1: 4=  :1:1-2 Timer 3) tl: 4= :l:1-2 Timer 1) |
| | | phase : step 11: " (Timer 4): phase : step |
| | | : excita-: : ¢ excita=-: |
| | | : tion : tion |
] J | CCW7 CcCWé |
| | [ R/W R/W__|
| Stepping | ! 0 : 0 |
SMCR | Motor |OFFCFH | :0:Normal: :0:Normal|
| Control Reg.| | :rotation: :rotation|
| | :1: Re- :1: Re- |
[ | | 1verse :verse |
| | | :rotation: :rotation|
Also refer to P67CR, P6 and P7 registers.
4) Watchdog timer control
MSB LSB
Symbol | Name |Address | 7 : 6 : 5 4 : 3 : 2 : 1 0 |
| | |~ WDTE WDTP1 : WDTPQ WARM : HALTM1 : HALTMO : EXF DRVE |
| | |_R/W R/W R/W__: R/W R R/W___|
| | | 1 : 0 : 0 : 0 : 0 : 0 : Un- 0 |
| Watchdog | | : : : : : : defined: |
WDMOD | Timer |OFFD2H | : Detecting time :Warming~: Standby mode :Invert :l: |
' | Mode Reg. | | : 4 :up time : 00: RUN mode :each :to drive]
| | | 1: wDT : 00: 216/fc i 14, ¢ Ol: STOP mode :time EXX:pin in |
| | | Enable: OI: 218/f° :0:216/fc: 10: IDLEl mode :instruc-:STOP |
| | | : 10 Zzo/fc :1:2°7/fc: 11: IDLE2 mode :tion is :mode. |
! | [ 11: 2°7/fc : : texecuted: |
WDCR | Watchdog  |OFFD3H | - !
| Timer | | ] |
|Control Reg.| | z |
| | | BlH: WDT Disable code 4EH: WDT Clear code |
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(5) Timer/event counter control
| Symbol | Name | Address| 7 6 S 4 3 2 1 0

| 8-bit Timer| | —
|TREGO | Register 0 |OFFD4H | W
| I | Undefined
| | 8-bit Timer| | p
ITREGL | Register 1 |OFFDSH | W
| | | | Undefined
} | 8-bit Timer| | =
|TREG2 | Register 2 |OFFD6H | ]
| | | | Undefined
| 1-8=-bit Timer]| | -
|TREG3 | Register 3 JOFFD7H | W
| | | Undefined
| | T T T3CLK1 : T3CLKO : T2CLKl : T2CLKO : TICLKI : TICLKO : TOCLKL : TOCLK(Q
| | | | R/W : R/W : R/W : R/W
| | 8-bit Timer| | 0 : 0 : 0 : 0 : 0 : 0 1] : 0
ITCLK |Source Clock|OFFD8H | 8-bic 00: - 8-bit 00: -
| |Control Reg.| | 00: TO2TRG 0l: ¢T1 00: TOOTRG 0l: ¢T1
| | | 0l: ¢T1 : 10: ¢T16 0l: ¢T1 10: ¢T16
| | | | 10: ¢Tl6 : 11:  4T256 10:  ¢T16 : ll: ¢T256
| | | | 11: oT256 :(8-bit mode only): 11l: ¢T256 :(8-bit mode only
| ] [ | TFF3CL : TFF3CO : TFF31E : TFF3IS : TFFICL : TFFLCOQ : TFF11E : TFFL1S§
| | | | W R/W : W : R/W
| | 8-bit Timer| | - : 0 : 0 : - : 0 : 0
{TFFCR | Flip-Flop |OFFDY9H | 00: Clear TFF3 :1: TFF3 :0: : 00: Clear TFFl :1: TFFl :0:
| |Control Reg. | | 01: Set TFF3 : Invert :Invert : Ol: Set TFF1 : Invert :Invert
| | | | 10: Invert TFF3 : Enable :by 8-bit: 10: Invert TFFl : Enable :by 8-bi
| | | | 11: Don't care : :timer 2 : 1ll: Don't care : ttimer C
| | | [ T23M1 : T23M0 : TWM21 : PWM20 TIOMI : TIOMO : PWMOl : PWMOC
| | | | R/W : R/W : R/W : R/W
| | 8-bit Timer| | [1] : 0 : 0 : 0 : 0 : 0 : 0 : 0
|T™MOD | Mode Reg. |OFFDAH | 00: 8-bit Timer : .PWM Frequency : 00: 8-bit Timer : PWM Frequency
| | | | 01: 16-bit Timer: 00: 6 " : OL: l6-bit Timer: 00: . -
| | [ | 10: 8-bit PPG o1: 2, -1 : 10: 8-bit PPG oL: 2, -1
I | | | 11: 8-bit PWM 10: 24 -1 11: 8-bit PWM 10: 25 -1
: } : : 11: 2° -1 11: 27 -1
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| Symbol | Name |Address| 7 : 6 : 5 : 4 : 3 : 2 : i ! 0 |
| ] ] | BRATE]l : BRATEQ : PRRUN : T4RUN : T3RUN : T2RUN : TIRUN : TORUN |
| |8-bit Timer/| [ R/W : R/W |
| | Serial ] | 0 : 0 : 0 : 0 : 0 : 0 0 0 |
| TRUN | Channel |OFFDBH | 00: 300/150 baud: Prescaler & Timer Run/Stop Control |
| | Baud Rate | | 01:1200/600 : |
| |Control Reg.| | 10:4800/2400 : 0: Stop & Clear |
| | ] ] 11:19200/9600 : 1: Run (Count up) !
| |16-bit Timer| ] - |
ICAPIL |/Event | OFFDCH | R |
' | Counter | } Undefined |

| Capture ! | - |
CAP1H | Register 1 |OFFDDH | R |
| | Undefined |
|16~bit Timer| | - |

CAP2L |/Event | OFFDEH | R !
| Counter | | Undefined |

| Capture | | - |
CAP2H | Register 2 |OFFDFH | R !
| | | Undefined |

| | | - |
TREG4L[16-bit Timer|OFFEOH | W I
|/Event | | Undefined |

| Counter | ] - |
TREG4H| Register & |OFFELH | W |
| Undefined |

| | | = |
TREGSL]16-bit Timer|OFFE2H | W |
|/Event | Undefined |

| Counter | | ~ |
TREGSH| Register 5 |OFFE3H | W |
| | | Undefined !
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| Symbol| Name | Address| 7 6 : 5" : 4 : 3 2 : 1 : 0
| | | : CAPIIN : CAPMI : CAPMO CLE __: T4CLKl : T4CLKO
| | | | W R/W R/W R/W
! | | ! - 0 0 0 0 )]
| |16-bit Timer| | : Capture timing : Timer 4 source
| T4MOD |/Event |OFFE4H | : : : : clock
| | Counter | | :0: Soft-: 00: Disable : L: : 00: TI4
| | Mode Reg. | | : ware : 0l: TI4& $ TIS § : UClée : Ol: Tl
| | | | : Capture: 10: TI4 4 TI4 § : Clear : 10: oT16
i | | | :1: Don't: 11:TFFl } TFFL §: Enable: 1l: -
| | | | : care : :
| | | | : : CAP2TE : CAPITE : EQSTE : EQ4TE : TFF4CL : TFF4CO
| ] | | : : R/W : W
| |16-bit Timer| | : 0 : 0 : 0 0 : -
| T4FFCR|Flip~Flop 4 |OFFESH | : TFF 4 inversion trigger
| |Control Reg.| | : 0: Disable trigger 00: Clear TFF4
| | | : 0l: Set TFF4
| | | | 1: Enable trigger 10: Invert TFF4
| | | | : 11: Don't care
(6) Serial channel control
| Symbol | Name | Address| 7 6 : 5 4 3 2 : 1 0
| | | | TB8 :Fixed at: RXE wu SM1 SMO SC1 SCO
| | l | ng .
| | | | R/W
f } Serial | |Ondefined 0 i 0 ) : 0 : 0 ) 0
] SCMOD | Channel |OFFE9H |Trans- :1: :1: : 00:1/0 interface: 00: TO2TRG U
| | Mode Reg. | |mission : : Receive: Wake up: Ol: UART 7-bit : Ol: BR A
| | | |Bit-8 : Enable : Enable : 10: UART 8-bit : 10: ol R
| | | |data in : : : : 11: UART 9-bit : 1l: BR 1/2 T
| | | j9-bit  : : : : :
| | | | UART : : :
| | | |_RB8 EVEN PE OERR PERR _: FERR : CTSE
| | Serial | | R : R/W R(Cleared to "0" by reading) R/W
| SCCR | Channel |OFFEAH |Undefined 0 : 0 : 0 0 : 0 : : 0
| | Control | | Receiv- : Parity :1: : 1: Error : :1: CTS
| | Register | |ing Bit-: 0: 0dd : Parity : : : Enable
| | | |8 data : 1: Even: Enable : Overrun: Parity :Flaming : :
| | Serial | ~ | RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
|SCBUF | Channel |OFFEBH | TB7 TB6 TBS TB4 TB3 TB2 TB1 TBO
| | Buffer | | R (Receiving)/W (Transmission)
| | Register | | Undefined

Also refer to P3CR, TRUN register. (Note) BR: Baud Rate Generator
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Appendix C Table of Special Function Registers

.7) A/D Converter control
MSB LSB
Symbol | Name |Address| 7 : 6 : 5 A : 3 : 2 : 1 : 0
| | | EOCF ADBF ADCS ADS : ADCH2 : ADCH1 : ADCHO
| A/D | | : R R/W R/W R/W
ADMOD | Converter |OFFEFH | : 0 : 0 ;0 : 0 0 : 0 : 0
| Mode Reg. | | 1: END : l: Busy: 0: 95s :1: Start: Analog Input Channel
! | | : 1:190s : Select
| A/D Result | | -
ADREG | Register  |OFFEEH | R
| | | -
8) Interrupt control
Symbol ! Name | Address| 7 6 : 5 4 i3 : 2 1 : 0
| | | *IET2 : IET3 IET4 :  IEL IETS IE2 IERX IETX
INTEL | Interrupt |OFFE6H | R/W
| Enable | | 0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
| Mask Reg. | | 1: Enable 0: Disable
| | | - :  DEO DETO DET1 ADIS IEQ IETO IET1
INTEH |oviinnnannnn |OFFE7H | R/W : R/W
(DMA | | | 0 : 0 : 0 : 0 : 0 : 0 ) : 0
EL)| Micro DMA | | 1: Enable 0: Disable : 1: Enable 0: Disable
| Enable | ] DET2 : DET3 DET4 DE1 DETS DE2 DERX DETX
DMAEH | Register |OFFE8H | R/W
| | | 0 : 0 : 0 f 0 : 0 : 0 : 0 : 0
| | | 1: Enable 0: Disable
| | | IRFO IRFTOQ : IRFT1l : EXT PICR POCR
| | | R : : W : W
| | | 0 : 0 : 0 : : 0 : 0 : 0
IRFL | JOFFC2H | Interrupt Request Flag : : P1,P2 : Pl : PO
(POl— | Interrupt | | :Controls: Control: Control
CR)| Request | | 1: Interrupt being re- : 0:I/0 : 0: In : 0: Im
| Flag & | | quested port : l: Out : 1: Out
| IRF | ] 1: Ad- : :
| Clear | | dress:
| | ! bus _:
| | | _IRFT2 IRFT3 : IRFT4 IRF1 IRFTS5 IRF2 : IRFRX IRFTX
| | | R (Only IRF Clear code can be used to write.)
IRFH | |OFFC3H | 0 : 0 : 0 : 0 : : 0 : 0 : 0
| | | 1: Interrupt being requested (IRF is cleared to "0" by writing
| | | IRF Clear code.)
Symbol in ( ) denotes another name. * Share with IEAD (If ADIS=l, use as INTAD Mask Reg.)
9) Bank register
MSB . LSB
Symbol | Name |Address | 7 : 6 : 5 4 : 3 : 2 : 1 : .0
BX | Bank |OFFECH | H : H :  BX3 s BX2 :  BXl :  BX0
| Register X | | R/W
| | | 0 0 : 0 0
BY | Bank |OFFEDH | BY3 BY2 BY1 BYO
| Register Y | | R/W
| | | 0 0 0 0
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