TOSHIBA

TLCS-900 Series

TMP95C061

CMOS 16-bit Microcontrollers
TMP95CO061F

1. Outline and Device Characteristics

TMP95C061F is a high-speed advanced 16-bit microcontrol-

ler developed for controlling medium to large-scale equipment.

The TMP95CO061F is housed in an 100-pin flat package.
Device characteristics are as follows:

(1) Original 16-bit CPU

e TLCS-90/900 instruction mnemonic upward compatible.
e 16M-byte linear address space

e General-purpose registers and register bank system

e 16-bit multiplication/division and bit transfer/arithmetic
instructions

¢ High-speed DMA
- 4 channels (640ns/2 bytes at 25MHz)

(2) Minimum instruction execution time
- 160ns at 25MHz

(3) Internal RAM:  None
Internal ROM:  None

The information contained here is subject to change without notice

(4) External memory expansion

e Can be expanded up to 16M bytes (for both programs and
data)
e AMB8/16 pin (select external data bus width)
e Can mix 8- and 16-bit external data bus width.
*Dynamic data bus sizing
) DRAM Controller
) 8-bit timer: 2 channels
) 16-bit timer; 2 channels
) Pattern generators: 4 bits, 2 channels
) Serial interface: 2 channels
0) 10-bit A/D converter: 4 channels
1) Watchdog timer
2) Chip select/wait controller: 4 blocks
3) Interrupt functions
e 2 CPU interrupts™ -~ SWI instruction and lllegal instruction
e 18 internal interrupts
e 6 external interrupts
(14) 1/O ports: 56 pins
(15) Standby function
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:| 7-level priority can be set.

: 3 HALT modes (RUN, IDLE, STOP)

The information contained herein is presented only as guide for the applications of our products. No responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third parties
which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of TOSHIBA or others. These TOSHIBA products are intended for usage in general electronic
equipments (office equipment, communication equipment, measuring equipment, domestic electrification, etc.) Please make sure that you consult with us before you use these TOSHIBA products in equip-
ments which require high quality and/or reliability, and in equipments which could have major impact to the welfare of human life  (atomic energy control, spaceship, traffic signal, combustion control, all types
of safety devices, etc.). TOSHIBA cannot accept liability to any damage which may occur in case these TOSHIBA products were used in the mentioned equipments without prior consultation with TOSHIBA.
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Figure 1. TMP95C061 Block Diagram
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2. Pin Assignment and Functions 2.1 Pin Assignment
The assignment of input/output pins for TMP95C061, their Figure 2.1 shows pin assignment of TMP95C061.
name and outline functions are described below.

o W _ MCU mode
MCU mode A 88|AD
Wi 89| 87]a0
P52/ HWR 0| B6ja1
P53 /BUSRQ 91 85[a2
PS4 /BUSAK 92 8afa3
P55/R/W 93 83/a4
P60/ C50 94 82[as
vee 95 81]a6
P61/T51 96 80ja7
P62/ C52 97 79|a8
P63/C53/CAS 98 78]a3
P64 /RAS 99 77|a10
GND 100 {zela1r |
IJ“I iniminin
P65 (REFOUT T . [H 7sja12
P70 /PG00 2H [H 74fa13
P71/PGOY 3HC [H 73]a14
P721PGO2 ] 72|A15
P73/PGO3 s %: 71|P20/A16
P74/9G10 6] [H 7olpz17a17
P75 /PG 11 7] [H ealp2z/a18
P76/PG12 8 [H eslr23/A19
lflrpmz 9£ [H e7lp2araz0
NI 10 [H ss[pas/a21
P80/ TXDO 1] [H sslp26/a22
P81/RXDO 12E top view [H salp27/a23
P82 /CTS0/5CLKO | 13] [H s3fvce
P83/ TXD1 14 MFP100 'H 62lanp
P84/ RXD1 154 [H &1[ND.
PBS /SCLK 16 [H eofp17/015
AGND (Vo) 17 [H solpi6/D1a
Vage (Vagen) 13E [ H sgp1s/D13
=9 19 [H s7[p1a/piz
P90/ ANO 20 [H selp137D11
P91/ AN1 21 [H sslpiz/p10
P92/ ANZ 22 [H salp11/09
P93/ AN3 23] [H s3lpi0/08
AMB/ 6 24 [TH s2|o7
LK 25 [H silos
J_l LJLJLHL LICTLT TLL
GND 26) ’J s0[os
X1 27 49(D4
x2 28 48[p3
EA 29 47|02
[RESET 30 a6D1
WDTOUT 31 as|oo
PAD / WAIT 32 aa{vee
PAT/TIO 33 43[PB7 /INTO
PA2/TON 34 42{PB6/TO6
PA3/TO3 35 41lpBS /INT7/TI7
PBO/INTA/TIA 36 40[PBA/INTE /TI6
PB1/INTS/TIS 37| 39/PB3/TOS
38[PB2/TO4

Figure 2.1. Pin Assignment (100-pin QFP)

TOSHIBA CORPORATION 3



TMP95C061

2.2 Pin Names and Functions
The names of input/output pins and their functions are

described below.

Table 2.2. Pin Names and Functions

Pin name Number 110 Functions
of pins
DO to D7 8 110 Data 0 to 7 for data bus
P10 to P17 8 110 Port1: |/O portsthat allow /O to be selected on a bit basls
D8to D15 o] Data 81to 15 for data bus
P20 to P27 8 Output [Port2 Output ports
Al16to A23 Qutput | Address 16 to 23 for address bus
A8to A15 8 Output |[Address 810 15 for address bus
A0 to A7 8 Output | Address 0to 7 for address bus
RD 1 Output |Read Strobe signal for reading external memory
WR 1 Output | Write Strobe signal for writing data on pins DO to 7
P52 1 110 Port 52 I/0 port {(with pull-up resistor)
HWR Output | High Write Strobe signal for writing data on pins D8 to 15
P53 1 110 Port53 I/0 port (with pull-up resistor)
BUSRQ Input Busrequest : Signal used to request high impedance for DO to
15, AO to 23, RD, WR, HWR, RAW, CS0 to CS3, RAS,
CAS and REFOUT (*) pins. (for external DMAC)
P54 1 110 Port 54 . Ifo port (with pull-up resistor)
BUSAK Output |Bus Acknowledge : Signal indicating that DO to 15, AO to 23, RD,
WR, HWR, RAW, CS0 to CS3, RAS, CAS and
REFOUT (+) pins are at high impedance after
receiving BUSRQ. (for external DMAC)
P55 1 110 Port 55 Output port (with pull-up resistor)
RAW Output |Read/Write 1: indicates read or dummy cycle
0 : indicates write cycle
P60 1 Output |Port60 Qutput port
CsS0 Output | ChipSelect0: Outputs 0 when address is within specified address
area
P61 1 Output |Port61 Output port
[<3) Output |ChipSelect1: Output 0 when address is within specified address
area

Note : With the external DMA controller, this device's built-in memory or built-in 1/0 cannot be

accessed using the BUSRQ and BUSAK pins.
RAS, CAS, and REFOUT are set to high impedance only when bus release mode is set using the

(+)

DRAM controller. For details, see 3.7, Dynamic RAM (DRAM) Controller.
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Number

Pin name . 110 Functions
of pins

P62 1 Output |Port62 Output port

Cs2 Output |ChipSelect2: Outputs 0 if address is within specified address
area

P63 1 Output |Port63 : QOutputport

cs3 Qutput |[ChipSelect3: Outputs 0 if address is within specified address
area

CAS Output |Column address strobe : Outputs CAS strobe for DRAM if address is

within specified address area
Pe4 1 Output |Port64 Output port
RAS Output | Low address strobe :Output RAS strobe for DRAM if address is
within specified address area

P65 1 Output |Port65 Output port

REFOUT Output |Refresh Output: 0: indicates priod of refresh cycle

P70 to P73 4 /O Port70to 73: 1/O port that allow selection of I/O on a bit basis
(with pull-up resister)

PG00 to PGO3 Output |Pattern generator Port 00to 03

P74 to P77 4 f{e] Port 74to 77: /0 port that allow selection of /O on a bit basis
(with pull-up resister)

PG10to PG13 Output |Pattern generator Port 10to13

P80 1 /0 Port 80 1/0 port (with pull-up resister)

TXDO Output |Serial send data 0

P81 1 [I{e] Port 81 1/0 port (with pull-up resister)

RXDO Input Serial receive data 0

P82 1 1] Port 82 170 port (with pull-up resister)

CTSO Input Serial data send enable (clear to send)

SCLKO t{e] Serial Clock 10 0

P83 1 110 Port 83 I/O port (with pull-up resister)

TXD1 Output |Serial send data 1

P84 1 110 Port 84 110 port (with pull-up resister)

RXD1 Input Serial receive data 1

P85 1 110 Port 85 I/0 port (with pull-up resister)

SCLK1 Ve} Serial clock I/0 1

P90 to P93 4 Input Port9 Input port

ANO to AN3 Input Analog input Input to A/D converter

PAO 1 110 Port AD 1/0 port (with pull-up resister)

WAIT Input | Wait Pin used to request CPU us wait

PA1 1 /0 Port A1 1/0 port (with pull-up resister)

Tio Input TimerinputQ Timer 0 input

PA2 1 110 Port A2 I/0 port (with pull-up resister)

TO1 Output |Timeroutput1 : Timer0or 1output
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mper

Pin name N;# pins 110 Functions

PA3 1 110 Port A3 : I/O port (with pull-up resistor)

TO3 Output |Timeroutput3 : 8-bittimer 3 output

PBO 1 1e] Port BO : I/O port (with pull-up resistor)

Ti4 Input Timerinput4 : Timer 4 count/capture triggersignal input

INT4 Input Interrupt request pin 4 Interrupt request pin with

programmable rising / falling edge

PB1 1 110 Port 86 . /O port (with pull-up resistor)

TIS Input Timerinput5 Timer 4 count/ capture trigger signal input

INTS Input Interrupt request pin 5 Interrupt request pin with rising edge

PB2 1 110 PortB2 : I/O port (with pull-up resistor)

TO4 Output |Timer output4 Timer4 output

PB3 1 110 Port B3 : 1/O port (with pull-up resistor)

TOS Output | Timer output5 Timer4 output

PB4 1 1e] Port B4 : I/O port (with pull-up resistor)

Ti6 Input Timer input 6 Timer 5 count/ capture trigger signal input
Interrupt request pin 6 Interrupt request pin with

INT6 progmnable rising / fulling edge

PBS 1 (I{e] PortBS . 1/0 port (with pull-up resistor)

TI7 Input Timer input7 Timer 5 count/ capture trigger signal input

INT7 Input Interrupt request pin 7 Interrupt request pin with rising edge

PB6 1 fo] Port B6 1/O port (with pull-up resistor)

TO6 Output |Timer outputb Timer5 output pin

PB7 1 110 Port B7 1/0 port (with pull-up resistor)

INTO Input Interrupt request pin 0 Interrupt request pin with

progmmable level / rising edge

VRer (VREFH) 1 Input Pin for refereme voltage input to A/D connecter
AGND (VRerL) 7 Input Ground pin for A/D converter
WDTOUT 1 Output |Watchdog timer output pin
NMI 1 Input | Non-maskable interrupt request pin
Interrupt request pin with falling edge.
Can also be operated at rising edge by program.
CLK 1 Output |Clock output : Outputs [ System Clock +4 | Clock.
Pulled-up during reset.
EA 1 Input  |[fixed GND
AMS8/16 1 Input Address mode Selects external Data Bus width “0” should be
inputted with fixed 16 bit Bus width or 16 bit
Businterlorded with 8 bit Bus. "1 should be
inputted with fixed 8 bit Bus width
RESET 1 Input  |Reset : Initializes LS| (with pull-up resister)
X1/X2 2 110 Oscillator connecting pin
VCC 4 Power supply pin (+5V)
VSsS 4 GND pin (0 V)

Note : Pull-up resistor can be released from the pin by software.
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3. Operation
This section describes in blocks the functions and basic oper-
ations of TMP95C061 device.

Check the [7. Care Points and Restriction] because of the
Care Points, etc., are described.

3.1 CPU

TMP95C061 device has a built-in high-performance 16-bit
CPU (900/H CPU). (For CPU operation, see TLCS-900 CPU in
the previous section.)

This section describes CPU functions unique to
TMP95C061 that are not described in the previous section.

3.1.1 Reset
To reset the TMP95C061, the RESET input must be kept at O
for at least 10 system clocks (10 states: 800ns with a 25MHz
system clock) within an operating voltage range and with a
stable oscillation.

When reset is accepted, the CPU sets as follows:

e Program Counter (PC) to 8000H.

PC (7 :0) ~ stored data to OFFFFOOH
PC (15:8) ~ stored data to OFFFFO1H
PC (23:16) « stored data to OFFFFO2H

Stack pointer (XSP) for system mode to 100H.

IFF2 to O bits of status register to 111. (Sets mask register to
interrupt level 7.)

MAX bit of status register to 1. (Sets to minimum mode.)

e Bits RFP2 to 0 of status register to 000. (Sets register banks
10 0.)

When reset is released, instruction execution starts from
PC reset vector. CPU internal registers other than the above
are not changed.
When reset is accepted, processing for built-in 1/Os,
ports, and other pins is as follows:
e |nitializes built-in 1/O registers as per specifications.
e Sets port pins (including pins also used as built-in 1/0s) to
general-purpose input/output port mode.
e Sets the WDTOUT pin to 0. (Watchdog timer is set to enable
after reset.)

¢ Pulls up the CLK pin to 1.

3.1.2 External Data Width Selection Pin (AM18/16)

After reset operation, TMP95C061, the operates 8 bits or 16
bits external data width according to input to AM8/16 pin.

¢ Fixed 16 bit bus or 16 bit bus interlarded with 8 bit
bus

“0” should be input. Port 1 (P10 to P17) operate as
data bus D8 to 15. The data bus width for external
access is set by Chip Select/Wait Control resistor.

¢ Fixed 8 bit bus

“1” should be input. Port 1 (P10 to P17) operate as 8
bit data I/0 ports. The value set in Chip Select/Wait
Control resistor <BOBUS>, <B1BUS>, <B2BUS>,
<B3BUS> and <BEXBUS> are neglected.
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3.2 Memory Map

Figure 3.2 shows a memory map of the TMP95C061.

000000H

000080H

I e

000100H

010000H

FFFFOOH
FFFFFFH

External memory

Direct Area (n)

64K byte

area (nn)

(16M byte)

Vector Table (256 Byte)

16M byte area
(R

‘i=internal area)

(Note) After reset operation, Stack point (XSP) is set to 100H.

Figure 3.2. Memory Map
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3.3 Interrupts
TLCS-900 interrupts are controlled by the CPU interrupt mask

flip-flop (IFF2 to 0) and the built-in interrupt controller.
TMP95C061F has the following 26 interrupt sources:

e Interrupts from the CPU "2

e Interrupts from built-in I/Os 14
e Interrupts from high-speed DMA (HDMA) 4

(Software interrupts, privileged violations, and lllegal (undefined) instruction execution)
e Interrupts from external pins (NMI, INTO, and INT4 to 7)'6

A fixed individual interrupt vector number is assigned to
each interrupt source; six levels of priority (variable) can also be
assigned to each maskable interrupt. Non-maskable interrupts
have a fixed priority of 7.

When an interrupt is generated, the interrupt controller
sends the value of the priority of the interrupt source to the
CPU. When more than one interrupt is generated simulta-
neously, the interrupt controller sends the value of the highest
priority (7 for non-maskable interrupts is the highest) to the
CPU.

The CPU compares the value of the priority sent with the
value in the CPU interrupt mask register (IFF2 to 0). If the value
is greater than that of the CPU interrupt mask register, the
interrupt is accepted. The value in the CPU interrupt mask reg-
ister (IFF2 to 0) can be changed using the El instruction (con-
tents of the El num/IFF<2:0> = num). For example,
programming El 3 enables acceptance of maskable interrupts

with a priority of 3 or greater, and non-maskable interrupts
which are set in the interrupt controller. The DI instruction
(IFF<2:0> = 7) operates in the same way as the El 7 instruc-
tion. Since the priority values for maskable interrupts are 0 to 6,
the DI instruction is used to disable maskable interrupts to be
accepted. The El instruction becomes effective immediately
after execution. (With the TLCS-90, the El instruction becomes
effective after execution of the subsequent instruction.)

In addition to the general-purpose interrupt processing
mode described above, there is also a high-speed DMA
(HDMA) processing mode. HDMA is a mode used by the CPU
to automatically transfer byte, word and 4-byte data. It enables
the CPU to process interrupts such as data saves to built-in 1/0s
at high speed.

Figure 3.3 (1) is a flowchart showing overall interrupt
processing.
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General-purpose
interrupt
processing

Note :

— PC « (FFFFOOH + V)

Interrupt Processing

high-speed DMA
start vector match

Read the interrupt vector V

clearinterrupt request F/F

Clear interrupt
request F/F.

PUSH PC

PUSH SR

SR<IFF2 to 0> <«—Accepted
interruput
level +1

INTNEST«— INTNEST + 1

Data transfer by
HDMA

[

COUNT «~ COUNT -1

7

Interrupt processing
program

RETI Instruction
POP SR
POP PC

INTNEST« INTNEST =1

COUNT =0

NO

YES

HDMA
processing

TC Interrupt

Vector register clear

End

In case of read-only mode, always branches to “NO” without conditional branch.

Figure 3.3 (1). Interrupt Processing Flowchart

10
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3.3.1 General-Purpose Interrupt Processing
When accepting an interrupt, the CPU operates as follows:

(1) The CPU reads the interrupt vector from the interrupt
controller. When more than one interrupt with the
same level is generated simultaneously, the interrupt
controller generates interrupt vectors in accordance
with the default priority (which is fixed as follows: the
smaller the vector value, the higher the priority), then
clears the interrupt request.

(2)  The CPU pushes the program counter and the status
register to the system stack area (area indicated by the
system mode stack pointer(XSP)).

(8)  The CPU sets a value in the CPU interrupt mask regis-
ter <IFF2 to 0> that is higher by 1 than the value of the
accepted interrupt level. However, if the value is 7, 7 is
set without an increment.

(4)  The CPU increments the INTNEST (Interrupt Nesting
Counter).

(65)  The CPU jumps to address FFFFOOH + interrupt vec-
tor, then starts the interrupt processing routine.

Bus Width of Bus Width Interrupt Processing State Number
Stack Area Interrupt MAX Mi
Vector Area mode in mode
. 8 bit 23 24
8 bit .
16 bit 24 20
. 8 bit 22 20
16 bit :
16 bit 18 16

To return to the main routine after completion of the inter-
rupt processing, the RETI instruction is usually used. Executing
this instruction restores the contents of the program counter
and the status registers and decements the INTNEST (Inter-
rupt Nesting Counter).

Though acceptance of non-maskable interrupts cannot
be disabled by program, acceptance of maskable interrupts
can. A priority can be set for each source of maskable inter-
rupts. The CPU accepts an interrupt request with a priority
higher than the value in the CPU mask register <IFF2 to 0>.
The CPU mask register <IFF2 to 0> is set to a value higher by
1 than the priority of the accepted interrupt. Thus, if an inter-
rupt with a level higher than the interrupt being processed is
generated, the CPU accepts the interrupt with the higher level,
causing interrupt processing to nest.

If an interrupt generated while the CPU is performing pro-
cesses (1) to (5) for an earlier interrupt, the new interrupt is
sampled immediately after the start instruction of the interrupt
processing is executed. Setting DI as the start instruction dis-
ables maskable interrupt nesting. (Note: With the 900 and
900/L, an interrupt is sampled before the start instruction is
executed.)

Resetting initializes the CPU mask registers <IFF2 to 0>
to 7; therefore, maskable interrupts are disabled.

The addresses OFFFFOOH to OFFFFFFH (256 bytes) of
the TMP95C061 are assigned for interrupt processing entry
area.

TOSHIBA CORPORATION
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Table 3.3 (1) TMP95C061 Interrupt Table

Dejaylt Type interrupt source Vect?r ralue Address refer HDMA
priority v to vector | start vector
1 Reset, or SWIQ instruction OOOOH|FFFFOOH -
2 SWI 1 instruction 0004 H|FFFFO4H -
3 INTUNDEF : Illegal instruction, or SWI2 0008 H|FFFFO8H -
4 Non- SWI 3 instruction 0O0O0CH|FFFFOCH -
5 maskable |SWI 4 instruction 0010H|FFFF10H -
6 SWI 5 instruction 0014 H|FFFF14H -
7 SWI 6 instruction 0018H|FFFF18H -
8 SWI 7 instruction 001 CH|FFFF1CH -
9 NMI Pin 0020H|FFFF20H -
10 INTWD  : Watchdog timer 0024 H|FFFF24H -
- (HDMA) - - -
11 INTO pin 0028 H|FFFF28H 0AH
12 INT4 pin 0O02CH|FFFF2CH 0BH
13 INT5 pin 003 0H|FFFF30H OCH
14 INT6 pin 0034 H|FFFF34H ODH
15 INT7 pin 0038 H|FFFF38H OEH
- (Reserved) 003 CH|FFFF3CH -
16 INTTO : 8-bittimer0 0040H|FFFF40H 10H
17 INTT1 : 8-bittimer1 0044H|FFFF44H 11H
18 INTT2 . 8-bittimer2 0048 H|FFFF48H 12H
19 INTT3 : 8-bittimer3 0O04CH|FFFF4CH 13H
20 Maskable [INTTR4 : 16-bit timerd (TREG4) OO050H|FFFF50H 14H
21 INTTRS  : 16-bit timerd (TREGS) 0054H|FFFF54H 15H
22 INTTR6  : 16-bittimer5 (TREGE) 0058 H|FFFF58H 16H
23 INTTR7  : 16-bittimer5 (TREG7) 0OO05CH|FFFF5CH 17H
24 INTRX0 : Serial receive (Channel.0) O060H|FFFFGOH 18H
25 INTTXO : Serial send (Channel.0) 0064 H|FFFF64H 19H
26 INTRX1 : Serial receive (Channel.1) 0068 H|FFFF68H 1AH
27 INTTX1 . Serial send (Channel.1) 006 CH|FFFF6CH 1BH
28 INTAD ¢ A/D conversion completion 0070H|FFFF70H 1CH
29 INTTCO HDMA completion (channel.0) 007 4H|FFFF74H -
30 INTTC1 HDMA completion {channel.1) 007 8H|FFFF78H -
31 INTTC2 HDMA completion (channel.2) 007 CH|FFFF7CH -
32 INTTC3 HDMA completion (channel.3) 0080H|FFFF80H -
- (Reserved) 0084H|FFFF84H -
to to to to to
- (Reserved) 0OO0FCHI|FFFFFCH -
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Setting to Reset/Interrupt Vector

(D Reset Vector

FFFFOOH
FFFFOTH
FFFFO2H
FFFFO3H

PC(7:0)

PC(15:8)

PC(23:16)

XX

@ Interrupt Vector (except Reset Vector)

(Address refer to vector)

(Setting Example)

+0
+1
+2
+3

PC (7:0)

PC(15:8)

PC(23:16)

XX

XX : don't care

Reset Vectir: 8100H, NMI Vector : 9ABCH, INTAD Vector : 123456h.

ORG
LD

ORG
LD

ORG
LD

ORG
DL

ORG
DL

ORG
DL

8100H
A,B

9ABCH
B,C

123456H
CA

OFFFFOOH
008100H

OFFFF20H
009ABCH

OFFFF70H
123456H

The value "99H’ as a vector is for the explaining
and it does not have a special meaning

(cf)
ORG, DL are the Assembler Directive.
ORG : control location counter
[DL : define the long word (32 bits) data

; Reset =8100H

;N

<

u

I=9ABCH

: INTAD = 123456H

TOSHIBA CORPORATION
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3.3.2 High-Speed DMA (HDMA)

In addition to the conventional interrupt processing,
TMP9O5C061 also has a high-speed DMA (HDMA) function.
Each interrupt request starts HDMA operation in level “6” irrele-
vant to the set interrupt level. Level “6” is the interrupt level
which has the highest priority among maskable interrupts.

(1)

HDMA Operation

When the interrupt is generated in the interrupt request
source set by HDMA start vector resistors, the inter-
rupt controller sends the HDMA request to the CPU in
level “6” irrelevant to the set interrupt level.

The HDMA has four channels so that it can be set up
for up to four types of interrupt source.

When an HDMA interrupt is accepted, data is auto-
matically transferred from the transfer source address
to the transfer destination address set in the control
register, and the transfer counter is decremented. If the
value in the counter after decrementing is not 0,
HDMA processing is completed; if the value in the
counter after decrementing is 0, the CPU notifies the
interrupt controller of the HDMA transfer end interrupt
(INTTCn), zero-clears the HDMA start vector register,
disables re-start of the HDMA, and ends the HDMA
processing.

The priority of the HDMA transfer end interrupt gener-
ated at this time is determined by its interrupt level and
default priority, same as with other maskable inter-
rupts.

The priorities of HDMA requests generated simulta-
neously in multiple channels are irrelevant to their input
levels. The HDMA request which is generated in the
channel with the small number has a higher priority.
(CHO: highest priority; CH3: lowest priority).

The 32-bit control registers are used for setting transfer
source/destination addresses. However, the TLCS-
900 has only 24 address pins for output. A 16M-byte
space is available for the high-speed HDMA. Thereare
two data transfer modes: one-byte mode and one-
word mode. Incrementing, decrementing, and fixing
the transfer source/destination address after transfer
can be done in both modes. Therefore data can easily
be transferred between 1/0O and memory and between
I/Os. For details of transfer modes, see the description
of transfer mode registers.

The transfer counter has 16 bits, so up to 65536 trans-
fers (the maximum when the initial value of the transfer
counter is 0000H) can be performed for one interrupt
source by high-speed DMA processing.

Interrupt sources processed by HDMA processing are
those with the high-speed HDMA start vectors listed in
Table 3.3 (1).

14
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2 Register Configuration (CPU Control Register)

Channel0

DMASO

DMADO

DMACO

!

DMAMO

Channel1

DMAS1T

DMAD1

DMAC1T
DMAM1

i

Channel2

DMAS2

DMAD2

DMAC2
DMAM?2

!

Channel3

DMAS3

DMAD3

DMAC3
DMAM3

|<—8 bit—>

~—16 bit——-

32 bit

Transfer source address register 0
Transfer destination address register 0
Transfer counter register 0

Transfer mode register 0

Transfer source address register 1
Transfer destination address register 1
Transfer counter register 1

Transfer mode register 1

Transfer source address register 2
Transfer destination address register 2
Transfer counter register 2

Transfer mode register 2

Transfer source address register 3
Transfer destination address register 3
Transfer counter register 3

Transfer mode register 3

These Control Registers cannot be set only “LCD cr, r” instruction.

:I(Use only lower 24 bits.)

(110 65536)

TOSHIBA CORPORATION
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3) Transfer Mode Register Details

(DMAMO to 3)
{ 0 0 0 | Mode
| | | | |

I —

22: 0 =byte transfer, 1 =word transfer,
J I 2 = 4-byte transfer, 3 = reservation

Note : When setting values for this
register, set the upper 3 bits to 0.

execution time
(Min.at 25 MHz)

'

0 0 0 Z Z |Transferdestination address INC mode ....

(DMADR + ) « (DMASR)
DMACn«DMACH ~ 1
if DMACNH =0 then INTTC.

8 states (640 ns)
@ Byte / word transfer
12 states (960 ns)
@ 4-byte transfer

for I/0 to memory

0 0 1 Z Z |Transferdestination address DEC mode ...

(DMADNR -) « (DMASRn)
DMACh«<-DMACh -1
if DMACN =0 then INTTC.

8 states (640 ns)
@ Byte / word transfer
12 states (960 ns)
@ 4-byte transfer

for I/O to memory

0 1 0 2 Z |Transfersource addressINC mode ... ..
(DMADR) « (DMASN +)
DMACNn«DMACH -1

if DMACNn =0then INTTC.

8 states (640 ns)
@ Byte / word transfer
12 states (960 ns)
@ 4-byte transfer

for memaory to 110

0 1 1 Z Z |Transfersource address DECmode ..........

(DMADnN) « (DMASNh =)

8 states (640 ns)
@ Byte / word transfer

for memory to IO

DMACNh«DMACH - 1 12 states (960 ns)
if DMACH =0 then INTTC. @ 4-byte transfer
1 0 0 2 Z |Fixedaddressmode ..., 170 to 110 8 states (640 ns)
(DMADRN) « (DMASN) @ Byte / word transfer
DMACNn«DMACH - 1 12 states (960 ns)
if DMACn =0 then INTTC. @ 4-byte transfer
1701 0 0 |Countermode ... ... forinterruptcounter 5 states

DMASNn«DMASH + 1
DMACn«DMACH -1
if DMACNH =0 then INTTC.

(400 ns)

Note: n : corresponds to «HDMA channels 0 to 3.

(1 states =80 ns at 25 MHz)

DMADn +/DMASN + : Post-increment (Increments register value after transfer.)
DMADn —/DMASnN — : Post-decrement (Decrement register value after transfer.)
“I/O” means the fixed address, “memory” means the increased or decreased address in this

table.

Do not use undefined codes for transfer mode control.

16
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3.3.3. Interrupt Controller

Figure 3.3.3 (1) is a block diagram of the interrupt circuits. The
left half of the diagram shows the interrupt controller; the right
half includes the CPU interrupt request signal circuit and the
HALT release signal circuit.

Each interrupt channel (total of 24 channels) in the inter-
rupt controller has an interrupt request flip-flop, interrupt prior-
ity setting register, and a register for storing the high-speed
micro DMA start vector. The interrupt request flip-flop is used
to latch interrupt requests from peripheral devices. The flip-flop
is cleared to O at reset, when the CPU reads the interrupt
channel vector after the acceptance of interrupt, or when the
CPU executes an instruction that clears the interrupt of that
channel (writes O in the clear bit of the interrupt priority setting
register).

For example, to clear the INTO interrupt request, set the
register after the DI instruction as follows.

INTEOQAD « ---- O --- Zero-clears the INTO Flip-Flop.

The status of the interrupt request flip-flop is detected by
reading the clear bit. Detects whether there is an interrupt
request for an interrupt channel.

The interrupt priority can be set by writing the priority in
the interrupt priority setting register (e.g., INTEOAD, INTE45,
etc.) provided for each interrupt source. Interrupt levels to be
set are from 1 to 6. Writing O or 7 as the interrupt priority dis-

ables the corresponding interrupt request. The priority of the
non-maskable interrupt (NMI pin, watchdog timer, etc.) is fixed
to 7. If interrupt requests with the same interrupt level are gen-
erated simultaneously, interrupts are accepted in accordance
with the default priority (the smaller the vector value, the higher
the priority).

The interrupt controller sends the interrupt request with
the highest priority among the simultaneous interrupts and its
vector address to the CPU. The CPU compares the priority
value <IFF2 to O> set in the Status Register by the interrupt
request signal with the priority value sent; if the latter is higher,
the interrupt is accepted. Then the CPU sets a value higher
than the priority value by 1 in the CPU SR <IFF2 to O>. Inter-
rupt requests where the priority value equals or is higher than
the set value are accepted simultaneously during the previous
interrupt routine. When interrupt processing is completed (after
execution of the RETI instruction), the CPU restores the priority
value saved in the stack before the interrupt was generated to
the CPU SR <IFF2 to 0>.

The interrupt controller also has four registers used to
store the HDMA start vector. These are I/O registers; unlike
other HDMA registers (DMAS, DMAD, DMAM, and DMAC),
they can be accessed in either normal or system mode. Writing
the start vector of the interrupt source for the HDMA processing
(see Table 3.3 (1)), enables the corresponding interrupt to be
processed by micro HDMA processing. The values must be set
in the HDMA parameter registers (e.g., DMAS and DMAD) prior
to the micro HDMA processing.

TOSHIBA CORPORATION
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INTWD

INTO

INT4
INTS
INT&
INT?7
INTTO
INTT1
INTT2
INTT3
INTTR4
INTTRS
INTTRE
INTTR7
INTRXO
INTTXO
INTRX1
INTTX1
INTAD
INTTCO
INTTCY
INTTC2
INTTC3

HDMA

Interrupt controller

CPU

Interrupt request flip flop

RESE(@
Interrug’

Vector V read

S

R

Q

V=20H

ry

V=24H

Interrupt request

Interrupt enable

flag on CPU side Reset

Priority encoder signal to CPU IFF2to 0 |*—————El 1t07
Dn ——> \ - D
1
Dn+1—=[D Q 5 rlighet a \' 3 Interrupt
ODn+2 —=| CLR priority \3 INTRQ2t0 0 level —— Interrupt request
—h A Interrupt o}/ Interrupt vecto dilect signal
Interrupt level select read +
equest F/F 5
s q >——bn+3 6 oo (if INTRQZ to 02 IFF2 to Oithen 1)
Reset R 7 o1
D2
Interrupt request flip flop read (Highest priority:7)
Interrupt request clear Dn+ 3 03
Interrupt accept \2(0 Da
HDMA accept V= 28H DS
= V:Z(H — Interrupt
r 3 — vector D6
V= 30H y generation o7
4+ V=34H 4 Buring
* v=38H y D8 IDLE]
* V =40H . —During
> x v-aai —1 STOP
4 V = 48H
+ V =4acH
4+ V=50H
+ —san 14
4+ v=584 F—1
+ V=5CH -
4 V=60H [— ’_r\
* W =BaH
- Veean  —] HALT release
+ voecHn —1 4
+ V= 70H Reset
+ W =74H
- y = 78H y INTO
—
+ V=7CH 4
4 V = B0H = NMI
HDMA start vector setting register 4 Input OR
D4 —= ] 4 ~ HDMA
. [ HDOMA request
03— 18 L enable dilect
p2—= D Q -
D1 s Selector (if15IFFF2to 0= 6then 1)
DO —> CLR 0
ﬁ 1 AP 2 2 HOMA
B—" 7 channel specification
Reset INTTCO DMAQV 2
DMATV 3
N DMAZV HDMA channel
4 DMA3V priority encoder

Figure 3.3.3 (1). Block Diagram of Interrupt Controller

18
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1

Interrupt Priority Setting Register

Symbol | Address 7 6 i 5 4 3 21 0
) \NTAD _ IN]'O
IADC : IADM2 : IADM1 : IADMO 10C 1I0M2 ¢ I0M1 10M0
INTEOAD | 0070H RW W — RIW ™
0 H 0 H 0 0 0 0 : Q 0
INTS INT4
15C I5M2 i 15M1 15M0 14C M2 1 14M1 14M0
INTE4S 0071H n T
RW_: W RIW _: W
0 : 0 : 0 0 0 : 0 : 0 0
INT?7 INTE
17C 17M2 17M1 1710 16C 16M2 16M 1 16MO
INTE67 0072H W W W W
0 o i o 0 0 0 o0 0
INTT1 (Timer 1) INTTO (Timer 0)
ITIC : ITIM2 : ITIM1 @ ITIMO ITOC : ITOM2 : {TOM1 : ITOMO
INTETO1 0073H * +
RW W RIW ¢ W
0 o P o 0 0 P o i o 0
INTT3 (Timer 3) INTT2 (Timer 2)
IT3C © IT3M2 : IT3M1 : IT3MO IT2C : IT2M2 @ 1T2M1 © IT2MO
INTET2 74H - :
ET23 0o R/W wW RIW wW
0 0 o 0 0 : 0 : 0 0
INTTRS (TREGS) INTTR4 (TREG4} )
INTET4s | 0075H ITSC_© ITSM2 © ITSM1 i ITSMO | IT4C i IT4AM2 : IT4M1 _: IT4MO
RIW W RW W
0 : 0 : 0 0 0 : 0 : 0 0
INTTR7 (TREG7) INTTR6 (TREG6)
IT7C_ © IT7M2  ITZM1 : IT7MO | IT6C | IT6M2 | IT6M1 : IT6MO
INTET67 | 0076H > - . " - -
RIW W RW %
0 : 0 : 0 0 0 : 0 : 0 Q
INTTX0 INTRX0
ITX0C : ITXOM2 : ITXOM1 § ITXOMO | IRXOC :IRXOM2 | IRXOM1 | [RXOMO
INTESO 0077H W W W W
0 ¢ 0o o 0 0 o0 0 0
INTTX1 INTRX1
H H H IRX1M2 © IRXTM1 { IRX1MO
INTES1 0078H ITX1C ; ITXIM2 D ITX1M1 © ITXTMO
RW W : W
0 i o i o 0 0 i 0o i o 0
INTTC1 INTTCO
i : : i 1 L 1TCOM
INTETCO1| 0O79H ITC1C :ITC‘IMZ ITCIM1 : ITCIMO ITCOM2 : ITCOM1 | ITCOMO
RIW @ W W
o o i o 0 9 o0 s
INTTC3 INTTC2
: : : S ITC2M2 | 1TC2M1 | ITC2MO
NTETC23 | 007AH ITC3C ITC3M2 : ITC3M1 : ITC3MO 1TC. C.
RAW ¢ W w
0 : 0 P00 0 0 0 0 0
L IL JL —J i
T T T T
I:- 1xx\M2 IxxM 1 IxxMO Function (Write)
0 0 0 Prohibits interrupt request.
Q 0 1 Sets interrupt request level to “1”.
0 1 0 Setsinterrupt request level to “2".
0 1 1 Sets interrupt request level to “3".
1 0 0 Sets interrupt request level to "4".
1 0 1 Sets interrupt request level to "5”.
1 1 0 Sets interrupt request level to “6”.
1 1 1 Prohibits interrupt request.
1xxC Function (Read) Function (Write)
Q Indicates no interrupt request. Clears interrupt request flag.
1 Indicates interruptrequest. | ----- Don'tcare-----

«Interrupt source
«bit Symbol

«Read/Write
«After reset

TOSHIBA CORPORATION
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@) External Interrupt Control
7 6 5 4 3 2 1 0
IIMC | bit Symbol 10IE 10LE NMIREE
(0078H) Read/Write w w w
After reset 0 0 0
1 INTO 0: INTO 1: Can be
input edge accepted
P i enable mode in NMI
unction 1: INTO rising
level edge.
mode
Read-modify-write is I
prohibited.
L INTOinputenable (Note) L' NMI rising edge enable
0 [INTOdisable (P87 function only) 0 | |nterrupt request generation at
1 | Inputenable falling edge
1 | Interrupt request generation at rising
Note: The INTO pin can also be used for standby release as described later. /falling edge
Even if the pin is not used for standby release, setting this register to
“0” maintains the port function during standby mode.
D INTO level enable

0 |Rising edge detect interrupt

1 [ High level interrupt

Setting of External Interrupt Pin Functions

Interrupt | Pin name Mode Setting method
o e Fallingedge |IIMCKNMIREE> =0
NMI — - .
Falling and rising _
N ciges IIMC<NMIREE> = 1
f Rising edge IIMCCIOLE> =0, <IOIE> =1
INTO PB7
/7 U Level IIMCCIOLE> =1, <I0IE> =1
_f Rising edge TAMOC<CAP12M1,0> =0,00r0,10r 1,1
INT4 PBO
“\_ Fallingedge |[T4MOD<CAP12M1,0>=1,0
INTS PB1 £ Rising edge R
f Rising edge T5MOC<CAP34M1,0> = 0,00r0,10r 1,1
INTG PB4
"X Fallingedge |TSMOD<CAP34M1,0>=1,0
INT7 PBS _f Rising edge -

20
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HDMA Start Vector

Register used to assign HDMA processing to an inter-
rupt source. The interrupt source whose HDMA start
vector matches the vector value set in this register is
assigned as the HDMA start source.

When the HMDA transfer counter value reaches 0, the
controller is notified of the HDMA transfer end interrupt
corresponding to the channel, the HDMA start vector is
cleared, and the HDMA start source of the channel is
also cleared. To continue the HDMA processing, the
HDMA start vector register must be set again within

the HDMA transfer end interrupt processing.

If the same vector is set in the HDMA start vector regis-
ters of the multiple channels, the interrupt generated in
the channel with the smaller number has a higher prior-
ity.

Thus, if the same vector is set in the HDMA start vector
registers of two channels, the interrupt generated in
the channel with the smaller number is processed until
the HDMA transfer end. If a HDMA start vector is not
set, then the HDMA processing is started for the chan-
nel with the larger number is processed.

HDMAUO Start Vector (read-modify-write is not possible.)
7 i 6 5 4 3 i o2 ¢ 1 0
DMAQV |bit Symbol ' ; DMAOVS | DMAOV7 | DMAOV6 : DMAQVS | DMAOV4
(007CH) Read/Write w
After reset : 0 : 0 0 0 0
HDMAT1 Start Vector (read-modify-write is not possible.)
7 6 5 a ¢ 3 i 2 i 1 i 0
DMA1V |bit symbol : : DMATVE | DMAIV7 | DMAIVG | DMATVS | DMATV4
(007DH) Read/Write W
After reset : 0 i 0 0 0 0
HDMAZ2 Start Vector (read-madify-write is not possible.)
7 i 6 i s 4 1 3 i o2 1 i 0
DMA2V | bit Symbol \ : DMA2V8 ; DMA2V7 i DMA2V6 ; DMA2VS | DMA2V4
(007EH) Read/Write : w
After reset : 0 i 0 0 0 0
HDMAS3 Start Vector (read-modify-write is not possible.)
7 i 6 i 5 4 ¢ 3 ¢ 2 i 1 i 0
DMA3V |bit symbol 1 : DMA3V8 : DMA3V7 | DMA3V6 | DMA3VS | DMA3V4
(007FH) Read/Write w

TOSHIBA CORPORATION
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(4)  Notes request flag while reading the interrupt vector after
accepting the interrupt. If so, the CPU would read the
The instruction execution unit and the bus interface default vector “0028H" and start the interrupt process-
unit of this CPU operate independently of each other. ng from th? address “FFFF28H". . .
Therefore, if the instruction used to clear an interrupt To avoid this, make sure that the instruction used to
request flag of an interrupt is fetched before the inter- clear the interrupt request flag comes after the Dl
rupt is generated, it is possible that the CPU might instruction.
execute the fetched instruction to clear the interrupt
INTO Level mode IF INTO is not an edge-based interrupt, the function of Interrupt Request
Flip-flop is canceled. Therefore the interrupt request signal must be held
until the interrupt request is acknowledged by the CPU. A change in the
mode (edge to level) automatically clears the interrupt request flag.
| When PU has bee 1ok
following se
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.
INTRX level mode The Interrupt Request Flip-flop is cleared only by resetting or reading the
serial channel receiving buffer, and not by an instruction.
22

TOSHIBA CORPORATION



TMP95C061

3.4 Standby Controller

When the “HALT” instruction is executed, the operating mode
changes RUN, IDLE, or STOP mode depending on the con-
tents of the HALT mode setting register WDMOD <HALTM 1 :
0>.

(1)  RUN : Only the CPU halts; power consumption
remains unchanged.
(2)  IDLE : Only the built-in oscillator operates, while all

other built-in circuits stop. The power con-
sumption is reduced to 1/10 or less than that
during NORMAL operation.

(8)  STOP: All internal circuits including the built-in oscilla-
tor stop. This greatly reduces power con-
sumption.

The HALT release depends on these three modes. For
details, see “Table 3.4 (2)”. (Note: The HALT state cannot be
released by HDMA start.)

(Example releasing “RUN” mode)

INTO interrupt releases HALT state when the RUN mode
is on.

; sets input to enable for INTO

; setsinterrupt level to ‘6’ for INTQ
; sets interrupt level to 5’ for CPU
; sets HALT mode to 'RUN’

; halts CPU

Address E
8203H LD (1IMC), 04H
8206H LD (INTEOAD), 06H
8209H El 5
820BH LD (WDMOD), 00H
820EH HALT:

INTQ J \
820FH

When the halt state is released by a reset, the status in

INTO Interrupt routine

LD XX, XX RETI

effect before entering the halt status is hold.

TOSHIBA CORPORATION
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(1) RUN Mode

Figure 3.4.1 shows the timing fro releasing the HALT
state by interrupts in the RUN mode.

In the RUN mode, the system clock in the MCU contin-
ues to operate even after a HALT instruction is exe-

cuted. 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.
The external interrupts (INT4, 5, 6, 7) releases only
RUN mode.

A U e AW AW AW W WL VAW AW AW AW aWalal
(«
ak | J \ i \ g \ / \
_— I
A23t00 X Nelxt P Next +2
= i
D15t00 =4 ==F=—|=(@a@)= === ==t = m === ==L =~ @)} -
75 / § aE
WR 3
[(
NMI Y X/
INTO i« /
(level) D)
INTO, 4, 5,6,7
(rising edge) 4 A\
INT4, 6 A
(falling edge) Y A
Internal INT 4 l
Interrupt Acknowledge
HALT instruction execution sequence sequence

Figure 3.4.1. Timing Chart for Releasing the HALT State by Interrupt in RUN Modes
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(2)  IDLE Mode

Figure 3.4.2 illustrates the timing for releasing the HALT
state by interrupts in the IDLE mode.

In the IDLE mode, only their internal oscillator oper-
ates. The system clock in the MCU stops, and the
CLK pin is fixed at the “1” level.

In the HALT state, an interrupt request is sampled
asynchronously with the system clock, however, the
HALT release (restart of operation) is performed syn-
chronously with it.

The interrupts except NMI and INTO is disable during
this mode.

SR AW AW AW AW AW AW WA W AW AW A WAW
{C
a _| \ / —\ / \
— 10
A23t00 X Next 7 Nex}t+ 2
- i
DISt00 =A==t === (G )f - SRS S SR SN B 17 o O
RD / 45 T
WR 3
o I
NMI R Wi
INTO i
(level) )
(risi IdNTC; 4 A\
rising edge
geds Interrupt Acknowledge
HALT instruction execution sequence sequence

Figure 3.4.2. Timing Chart for Releasing the HALT State by Interrupts in RUN Mode
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(3)

STOP Mode

Figure 3.4.3 is a timing chart fro 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 internal operation of the
MCU. Note, however, that the pre-halt state (the status

WDMOD <DRVE> to “1”. The content of this register is
initialized to “0” by resetting.

When the CPU accepts an interrupt request, the inter-
nal oscillator is restarted immediately. However, to get
the stabilized oscillation, the system clock starts its
output after the time set by the warming up counter
WDMOD <WARM>. A warming up time of either the
clock oscillation time x 2'* or 216 can be set by setting
this bit to either “0” or “1”. This bit is initialized to “0” by

prior to execution of HALT instruction) of all output pins resetting.
can be retained by setting the internal I/O register
Warming up
time
X1 AYAYAVAY AN VAW AW AWAWRW AW
CLK \ lam™= 4 L \ Insn
A23to0 Nelxt = == :’:‘ Next + 2
I )
ADIS100 == =|m = A (B f = —fm == e — o oL — L (T} - -
RD \ g g /
WR g 3
{
NMI TN
INTO ( !
(level) I 1
) Ji\
~INTO 4
(rising edge) Interrupt Acknowledge
HALT instruction execution sequence sequence

Figure 3.4.3. Timing Chart for Released by Interrupt in STOP Mode

Only either the NMI, INTO, or RESET can release the
STOP mode.

When the STOP is released by the except RESET, the
system clock is started outputting after warming up
time to get the stabilized oscillation.

When the STOP mode is released by RESET, it is nec-
essary to keep the RESET signal at “0” long enough to

release to get the stabilized oscillation because the
warming up counter is ignored.

The warming up counter operates when the STOP
mode is released even the system which is used as an
external oscillator. As a result, it takes warming up time
from inputting the releasing request to outputting the
system clock.

26
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Table 3.4 (1) Pin States in STOP Mode

Pin name 110 DRVE=0 DRVE =1
DOto 7 110 HI-Z* HI-Z*
P10to P17 (D8 to D15) Input mode (P10 to P17) HI-Z* HI-Z*
Qutput mode (P10to P17) HI-Z* Qutput
1/0 (D8 to D15) HI-Z* HI-Z*
P20 to P27 (A16 to A23) Output HI-Z Output
AQto A15 Output HI-Z Output
RD, WR Output HI-Z "
P52 to P55 Input mode PU* PUA
(HWR, BUSRQ, BUSAK, R/W) Output mode PU* Output
P60 to P65 (CS, RAS, CAS, REFOUT) Output HI-Z Output
P70 to P77 (PG00 to PG13) Input mode PU* PUA
Output mode PU* Output
P80 to P85 (TXD, RXD, SCLK, CTS) input mode PU* PUA
Output mode PU* Output
P90 to P93 (ANO to AN3) input (PORT) invalid invalid
Input (ANO to AN3) © @
PAO (WAIT) Input mode PU* PUA
Output mode PU* Output
PA1to PA3(TIO, TO1,TO3) Input mode PU* PUA
Output mode PU* Output
PBO to PB6 (TI4 to 7, TO4 to 6, INT4 to 7) | Input mode PU* PUA
Output mode PU* Output
PB7 (INTQ) Input mode PUA PUA
Output mode PUA Output
NMI Input valid valid
WDTOUT Output Output Output
CLK Output HI-Z "
RESET Input valid valid
AM (8/76) Input © ©
EA Input © (@
X1 Input invalid invalid
X2 Output " "1

Qutput: Output state before HALT state.

PU :  Programmable pull-up pin.

* . Input gate disable state. No through current even if the pin is set to high impedance.

JAN : Fix the pin to avoid through current since the input gate operates when the pin is at high
impedance.

© : need to be driven externally.

valid : Inputisvalid.

invalid :  Inputisinvalid. No through currentsince input gate is disable.
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Table 3.4 (2) I/0 Operation and Cancel During Halt Mode

Halt mode

RUN

IDLE

STOP

WDMOD ( HALTM1,0 )

10

01

CPU

Stopped

1/Q port

N

See Table
3.4(1)

8 bit Timer

8 bit PWM Timer
Operation | 16 bit Timer
block Pattern Generator
Serial Interface
AJD Converter
Watch Dog Timer

DRAM Controller

Interrupt Controller

|

Stopped

Interrupt mask, Interrupt request level Interrupt request level*2
request level Z Interrupt mask ( IFF2t00) <Interrupt mask ( IFF2to0 )
Halt mode RUN IDLE STOP RUN IDLE STOP
NMI © © @n © @] @n
INTWD © x x © X x
INTO @ @ 0 O O
Halt | Inter- INT4-7 © x x x x x
release | rupt
sources INTTO-3 © X x x x x
INTTR4-7 (@] x X X X X
INTRXDO, 1 © X X x X x
INTTXDO, 1 © X X x X x
INTAD @ X x x x x
RESET © © © © © ©
@ : Interrupt processing is processed after releasing HALT state. (Reset initializes LSI.)
(O :  Start excuting an instruction that follows the HALT instruction after releasing HALT state.
x : Cannot be used for halt release.
*1 : Release HALT state after the warming up time.
*2 :  The Dlinstruction operates in the same way.

28
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3.5 Functions of Ports These ports are also used for internal CPU and I/0. Table

The TMP95C061 has a total of 56 bits when the AM8/16 pinis 3.5 lists port pin functions.
set to 1; a total of 48 bits when the AM8/16 pin is set to 0.

(R: 1t = With programmable pull-up resistor
I = WIth programmable pull-down)

Table 3.5 Functions of Ports

Port Name Pin Name Nur::it:]esr of Direction R Direction Setting Unit Pin Name for Built-in Function
Port1 P10 to P17 8 I/0 - Bit D8to D15
Port2 P20 to P27 8 Output - (Fixed) A16 to A23
Ports P50 1 1/0 1 Bit HWR

P53 1 1/0 1 Bit BUSRQ
P54 1 /0 1 Bit BUSAK
P55 1 1/0 1 Bit R/W
Port6 P60 1 Output - (Fixed) €S0
P61 1 Output - (Fixed) CS1
P62 1 Output - (Fixed) cs2
P63 1 Output - (Fixed) CS3/CAS
P64 1 Output B (Fixed) RAS
P65 1 Output - (Fixed) REFOUT
Port7 P70to P77 8 1/0 1 Bit PG00 to PGO3,
PG10to PG13
Port8 P80 1 1/0 1 Bit TXDO
P81 1 I/0 0 Bit RXDO
P82 1 1/0 0 Bit CTS0/SCLKO
P83 1 I/0 1 Bit TCD1
P84 1 I/0 0 Bit RXD1
P85 1 1/0 1 Bit SCLK1
Port9 P90 to P93 4 Input - (Fixed) ANO to AN3
PortA PAO 1 /0 t Bit WAIT
PA1 1 /0 1 Bit TIO
PA2 1 /0 1 Bit TO1
PA3 1 I/0 1 Bit T03
PortB PBO 1 1/0 1 Bit TI4/INT4
PB1 1 1/0 1 Bit TI5/INTS
PB2 1 I/0 1 Bit T04
PB3 1 I/0 1 Bit T05
PB4 1 1/0 1 Bit TI6/INTE
PB5 1 I/0 1 Bit TI7/INT7
PB6 1 I/0 ) Bit T06
PB7 1 I/0 0 Bit INTO
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3.5.1 Port 1 (P10 - P17)

Port 1 is an 8-bit general-purpose I/0 port. I/0O can be set on a
bit basis using control register P1CR. Resetting resets all bits

In addition to functioning as a general purpose I/0 port,
Port 1 also functions as an address data bus (D8 to 15).

Port 1 always functions as a data bus (D8 to 15) (AM8/16

of output latch P1 and control register P1CR to O and sets Port ="0").
1 to input mode.
Reset
Y
Direction control
(on bit basis)
4
- P1CR write
=1
o
@
(1]
-
© Output R
c latch L D POPTC} to P17
- Output buffer (D80 D15)
- P1 write
- t
/i\r—(h,
U

P1read

Figure 3.5 (1). Port 1
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7 6 i 5 i a4 3 i 2 g 0
P1 bit Symbol | P17 PI6 . P15 . P14 | P13 | P12 | PI P10
(0001H) Read/Write R/W
After reset Input mode (Output latch register is cleared to "0".)
Port 1 Control Register
7 6 ¢ 5 i 4 i 3 i 2 i A 0
P1CR |bit Symbol | P17C PIGC | PISC | Pl4C | PI13C | P12 : PIIC P10C
(0004H) Read/Write w
After reset 0 0 0 0 0 0 : 0 0
Function 0:IN 1:0UT
Brohibited fo egistersP1CR Port 1 function setting
AMB8/ 16 0
PICR <PIXC>
0 Address data Input port
, bus (D15 to 8) Output port

Note: <P1XC>isbitXin register P1CR.

Figure 3.5 (2). Registers for Port 1
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3.5.2 Port 2 (P20 to P27) With the TMP95C061, which has no internal ROM, all
bits of P2FC are set to “1” and operate A23 to A16 after reset

Port 2 is an 8-bit general-purpose 1/O port. I/O can be set on ot
input.

bit basis using the control register P2FC. Resetting resets all
bits of output latch P2 and function register P2FC. Resetting
also sets P2 to input mode.

Reset Internal Address bus
“ Function
5 control
o (on bit basis)
L] .
- P2FC write
o
n I B2
_ Output 2y [~ D
Port2
® latch Al Y - P20 to P27
c - Output buffer (A16to A23)
- @
@ P2 write bl
-
=
P2 read
AN

Figure 3.5 (3). Port 2
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p2
(0006H)

P2FC
(0009H)

7 ¢ 6 i 5 i 4 i 3 i 2 1 0
bit Symbol [ P27 i P26 i P25 P24 | P23 | P22 P21 P20
Read/Write R/IW
After reset (Output latch registerisset to “1")

Port 2 Function Register

7 : 6 : 5 i 4 i 3 i 2 1 0
bit Symbol | P27F . P26F  P2SF | P24F | P23F | P22F P21F P20F
Read/Write w
Afterreset 0 0 0 0 0 0 0 0

Function

0: Port, 1: Address bus (A23 1o A16)

Read-maodify-write is prohibited for registers and P2FC.

Figure 3.5 (4). Registers for Port 2
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3.5.3 Port 5 (P52 to P55) Resets all the bits of the output latch, the control register
Port 5 is a 4-bit general-purpose I/O port. /O can be seton bit ~ PSCR and the function register PSFC to “0” and sets each port
basis using control register P5CR and the function register input mode with pull-up resistors.

P5FC. Resetting does the following:

Reset

[

Direction
control
(on bit basis)

P5CR write
3
Function

control
(on bit basis)

bus

data

P5FC write [>0- B P-ch (Programmable pull-up

I

S
Output
latch

A

B

b I‘
P5 write

_1__|HWR, BUSAK, RAW
!

™ : [] P52(AWR)

L~ !
P54(BUSAK)
ff
Qutput buffer PSS(RAN)

Selector|«—m—r—
w

Internal

L—
Tt

Port5 read

Figure 3.5 (5). Port5 (P50, P51, P52, P54, P55)
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Reset

[

Direction

bus

Control
(on bit basis)

P5CR write

|

Function

data

Control
(on bit basis)

PSFC1write

R

S

Internal

Output
latch

{>0-{ B P-ch (Programmable pull-up)

P5 write

<1

Y

T |

Port5 read _g

Internal

BUSRQ

Figure 3.5 (6). Port5 (P53)

[ P53 (BUSRQ)
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Port5 Register

7 i 6 i s ioa i o3 i 2 i 1 1 o0
ps bit Symbol i pss i psa | P53 i P52 !  RDE
(000DH) | Read/write RW

Input mode (Pulled-up)
Afterreset T T : T n T
A S T I S R
RD setting ¥
0 |PSRAM mode
1 pa—
Resetting to 0 outputs RD
strobe even when accessing
Port5 Control register the internal address area.

7 ¢ 6 i s i oa i o3 i o2 i 1 i 0
pscR | bitSymbol ! pssc i Psac | Ps3c i Psac
(0010H) | Read/write w

After reset 0 0 0 0
Function 0:IN 1:0UT
L |
[ 1/0 setting
0 |Input
1 | Output
Port5 Function Register

7 0 f e i o5 i o4 i o3 io2 i1 o0
psEc | bitsymbol i PSSF i PSaF i PS3F | P52F | '
(0011H) Read/Write w

After reset 0 0 0 0
Function {0:PORT i0:PORT i0:PORT :0:PORT _
{ {1:RW 11:BUSAK ;1:BUSRQ {1:HWR ! !
L—)— HWR setting

Read-modify-write is
prohibited for registers
P5CR, P5PC

P5FC <P52F > 1

[_‘—— PSCR <P52C> 1
BUSRQ setting

P5FC <P53F> 1
PSCR <P53C> 0

BUSAK setting
PSFC <PS4F> 1
PSCR <P54C> 1

L —» R/W setting
PSFC <PS5F> 1
P5CR <P55C> 1

Figure 3.5 (7). Registers for Port5
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3.5.4 Port6 (P60 to P65)

Port 6 is a 6-bit general-purpose output port. Resetting sets
each output latch P62 = “0”, P60, P61, P63 to P65 = “1”.

bus

Reset

pp—1

Function

data

Control
(on bit basis)

Iy
PBFC write

T
S
Output

™~

Functions can be selected using P6FC and provided chip
select and DRAM control functions (CSO to 3, CAS, RAS and
REFOUT). After resetting, each port operates as output port.

D P60 (CS0)

latch

PG write

g
2 Vo vy

(9]
(=]

S

. ’

Selector

L
Output buffer

83 Internal

bus

=

Reset

[

Function

CS3/CAS, RAS, REFOUT
P

6 read

data

Control
(on bit basis)

A
P6FC write

T

A

™

P61 (CS1)

P63 (CS3/1LCAS)
P64 (RAS)

P65 (REFOUT)

R
Qutput

latch

P6 \f\.'rite

B

~

Selector

CS2

8 Internal

-1
Tl—«— P6 read

|
Output buffer

Figure 3.5 (8). Port6

[ r62(C52)
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Port 6 Register

7 6 5 4 3 i 2 1 0
Pe bit Symbol P65 P64 P63 i P62 P61 P60
(0012H) Read/Write RW
After reset 1 1 1 5 0 1 1
Port 6 Function Register
7 6 . 5 i o4 i 3 i o2 i1 0
P6FC  |bit Symbol | P6SF | PGAF | PG3F | P62F i PGIF P6OF
(0015H) Read/Write w
After reset 0 0 0 0 0 0
Function 0:PORT 1:CS/CAS, RAS, REFOUT
Read-modify-write is 4]
prohibited for registers
P&FC Port (P60)
50
Port (P61)
[<3]
Port (P62)
cs2
Port (P63)
CS3/CAS
Port (P64)
RAS
Port (P65)
REFOUT

Note: The function of P63 (CS3/ CAS) is selected using B3CS register.

Figure 3.5 (9). Register for Port 6
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3.5.5 Port7 (P70 to P77)

Port 7 is an 8-bit general-purpose I/0 port. I/O can be seton a

bit basis. Resetting sets Port 7 as an input port and conne
a pull-up resistor. It also sets all bits of the output latch to 1
addition to functioning as a general-purpose 1/O port, Port

also functions as a pattern-generator PGO/PG1 output. PGO is

assigned to P70 to P73; PG1, to P74 to P77. Writing in the

cts corresponding bit of port 7 control register (P7CR) and func-
In tion register (P7FC) enables PG output. Resetting resets the
7 function register P7FC value to 0, and sets all bits to ports.

—>o—+—] gp-ch

(Programmable pull-up)

Selector

8

—

S
B

™~
%

Reset
(\( Direction
Control
(on bit basis)
4
P7CR write
© r —3
=] :
a Function
Control
© {on bit basis)
+ .
o P7FCwrite
o }
— S
@ Output
S latch A S
-
w +
- P7 write
- PGO, 1
-1
ha
=/

P7 read

Selector
A

Figure 3.5 (10). Port 7

{] Port7

(PG00 to PG13)
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p7
(0013H)

P7CR
{0016H)

P7FC
(0017H)

Port 7 Register

7 6 | s a i3 i 2 1 0
bit Symbal P77 P76 . P75 P74 P73 | P72 P71 P70
Read/Write RAW
Input mode {with pull-up resistor)
After reset - : H H
1 [ N D N 1 1
Port 7 Control Register
7 & . 5 i 4 i 3 i 2 10
bit Symbol P77C P76C : P75C P74C P73C ; P72C P71C P70C
Read/Write w
After reset 0 0 0 o i 0 0 o i 0
Function 0:IN 1:0UT
| |
I Port 7 1/O setting
0 |Input
1 [Output
Port 7 Function Register
7 6 . s . 4 i 3 | 2 i o
bit Symbol | P77F P76F . PISF P74F © PTIF | PIZF PTIF | PIOF
Read/Write w
Afterreset | 0 o i o i o i o i o0 o i o
Function 0: PORT 1:PG1-0OUT : 0: PORT 1:PGO-OUT

Read-modify-write is
prohibited for registers
P7CR and P7FC

Port 7 Function setting

0

General-purpose port

1

Stepping motor control /
Pattern generation port

Figure 3.5 (11). Register for Port 7
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3.5.6 Port 8 (P80 - P85)

Port 8 is a 6-bit general-purpose I/O port, also used as an ana-
log input pin. I/0O can be set on a bit basis. Resetting sets Port
8 as an input port and connects a pull-up resistor. It also sets
all bits of the output latch register P8 to 1. In addition to func-
tioning as a general-purpose 1/0 port, Port 8 also functions as
an I/O for serial channel 1, 0. Writing “1” in the corresponding
bit of Port 8 function register enables those functions. Reset-
ting resets the function register value to “0”, and sets all bits to

ports.

R?set
(1

(1)

Port 80, 83 (TXDO/TXD1)

P80 and P83 also function as serial channel TXD out-
put pins in addition to I/O ports. They have program-
mable open drain function.

<1

Direction
Control
(on bit basis)
[}

v PSCR write
3
Ee]

Function
@ > control
- {on bit basis)
© )
o P8FC write

|—[>0——|€:P-ch
Tu 5 {Programmable pull-up)
c Output latch ~[A s
. J | - P8O (TXDO)
@ P8 write selector L L] P83 (TXD1)
| TxD0, TxD1 —————>{g Open drain
< possible
ODE<OQODE1, 0>
 —
S B

7\1

P8read

Selector

A

Figure 3.5 (12). Port 80, 83
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(2)

Port 81, 84 (RXDO, 1)

P81 and P84 are I/O ports, and also used as RXD

input pins for serial channels.

S 8

—DO——' gp—ch
(Programmable pull-up)
> (] P81 (RXDO)
P84 (RXD1)

Selector

A=

™ RTet
i Direction
3 Control
o on bit basis
A
© PBCR write
-
L
Ee] S
Qutput latch
i P8 +'t
- write
- <7
[
- P8read
=
RxD0, RxD1
i

Figure 3.5 (13). Port 81, 84

Port 82 (CTS0/SCLKO)

P92 is an I/O port, and also used as a CTS input pi

R?set

Direction

!

nor

as a SCLKO I/O pin for serial channels.

control _
(on bit basis)

P8CR write

bus

Function
»| control
(on bit basis)

A
P8FCwrite

data

s
Output latch | —>

f

P8 write

SCLKO QUT

Internal

!

A S
Selector

B

ol o

(Programmable pull-up)

W

— D P82 (CTS0/SCLKO)

R
D

T\I

P8 read
o SCLKO IN

Selector

A

CTS0

Figure 3.5 (14). Port 82
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(4)  Port 85 (SCLK1)

SCLK1 I/O pin for serial channel 1.

P85 is a general-purpose I/O port. It is also used as a

R%set

[
Direction
control
(on bit basis)
A
v PBCR write
]
< Function
control
© (on bit basis) g
-
@ PBFC write —— >o-_._{ P-ch
° (Programmable pull-up)
S
- Output latch —fA S
©
c ) Selector {> D P85 (SCLK1)
. P8 write
| SCLK1 OUT B
+ ¥
c 5 B
ﬁ Selector
~J P8 read A

SCLK1IN

Figure 3.5 (15). Port 85
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Port 8 Register

7 6 s ¢ a4 i 3 P2 1 0
P8 bit Symbol i pes ! psa : P83 . P82 | P8l | P8O
(0018H) : : - . - - -
Read/Write H RAW
Input mode (Pull-up)
After reset T g - - -
[N A T T S D T
Port 8 Control Register
7 i 6 s o4 i3 io2 i1 i
PBCR | bitsymbol | pesc i psac | pe3c | psac | psic | psoC
(UO'[AH} K : :
Read/Write : : w
After reset 0 0 0 0 0 0
Function 0:IN 1:ouT
]
I Port 8 IO setting
0 |input
1 | Output
Port 8 Function Register
[ T O T O T I D T
PBFC | pitsymbol ©opasF | i P83F | PB2F | i paor
(001BH) : ' : : ; : ;
Read/Write : W i w W : HE
After reset Poo I o
Function {0:PORT : {0:PORT [0:PORT ! {0: PORT
{ f1rscLkt {1:TxD1 {1:5CLKO i i1:TxDO

P80 TxDO0 output setting (Note)
P8FC <P80OF> 1
P8CR <P80C> 1

P82 SCLKO output setting

P8FC <P82F> 1
P8CR <P82C> 1
[_' P85 SCLK1 output setting ———— P83 TxD1 output setting (Note)
P8FC <P85F> 1 P8FC <P83F> 1
P8CR <P85C> 1 P8CR <P83C> 1

Note: To set the TxD pin to open drain, write ‘1’ in bit 0 (for TxDO pin) or bit 1 (for TxD1 pin) of the
ODE register.
P81/RXDO0, P84/ RXD1 pins do not have a register changing PORT / FUNCTION.
Therefore this is the same as P70/ TIO pin.

Figure 3.5 (16). Register for Port 8
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3.5.7 Port 9 (P90 to P93)
Port 9 is a 4-bit input I/0 port, also used as analog input pins

for the internal A/D Converter.

>
o

_ Port9
© W\J D
- P90 to P93
© Port 9 read (AND to AN3)
o
»
=
o Co?:;rlstlon A/D | | Channel
: Tj register Converter selector
N AD read

Figure 3.5 (17). Port 9
Port 9 REgister
7 1 e o5 i o4 .3 i 2 1 1 i 0
P9 bit Symbol ‘ ' Y pe3 i pe2 i po1 | PgO
(0019H)

Read/Write R
After reset Input mode

Figure 3.5 (18). Register for Port 9

3.5.8 Port A (PAO to PA3)

Port A is a 4-bit general-purpose I/O port. /0O can be set on a
bit basis. Resetting sets Port 7 as an input port and connects
a pull-up resistor. In addition to functioning as a general-pur-
pose I/0 port, Port AO also functions as wait input pin WAIT;

Port A1 as an 8-bit timer input (T10), Port A2 as a PWMO out-
put (TO1), and Port A3 as a PWM1 output (TO3) pin. Writing 1
in the corresponding bit of the Port A function register (PAFC)
enables output of the timer. Resetting resets the function regis-
ter PAFC value to 0, and sets all bits to ports.
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Reset
Iy

¥
Direction
Control
(on bit basis)

[>0—|B-P-ch
PACR write

— (Programmable pull-up)

S I | {:I PAOD
Output latch L~ (WAIT)
Output buffer

PACR write

< - 1
Internal PA read ¥
WAIT Reset

bus

Direction
Control

(on bi;basis) _|>o—-—i E‘P"h

PACR write (Programmable pull-up)

data

s N
Output latch | El ?ﬁ(-)l)

PA write S Bl=
ﬂ Selector
PA read A

TI0

Internal

Reset

Direction
Control |
(on bit basis)
A

PACR write

Function
Control |
(on bit basis)

PAFC write

— i
S ——>0——f——|B-Pch
Output latch 1 A S (Programmable pull-up)
L Selector [ D PA2, PA3
. 1 .
Timer F/F OUT PA write 8 (TO1,TO3)

TO1: Timer 1
TO3: Timer 3

B

Selector

L PA read s A

S

Figure 3.5 (19). Port A
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Port A Register

7 6 | 5 i 4 1 3 i 2 1 0
PA bit Symbol : : ! pA3 PA2 PAT PAD
(001EH) Read/Write RW
Input mode (Pull-up)
After reset ; ] T . .
Port A Control Register
7 6 5 i 4 i 3 i 2 i 1 0
PACR |bit Symbol i : © pasc : PAIC i PAIC PAOC
(002CH) Read/Write w
After reset 0 0 0 0
Function 0:IN 1:0uT
|
T—, Port A I/0 setting
0 |Input
Port A Function Register 1 | Output
7 6 { 5 4 [ 3 i 2 1 0
PAFC  |bit Symbol { PA3F PA2F :
(002DH} Read/Write w
Afterreset ‘ 0 0
{0:PORT :i0:PORT
Function f:103 1:TOM

Read-modify-write is
prohibited for registers
PACR and PAFC

Note:

L Timeout 1 outputsetting

PAFC <PA2F>

1

PACR <PA2C>

1

& Timeout 3 output sett

ng

PAFC <PA3F>

1

PACR <PA3C>

1

PA1/TIO pin does not have a register changing Port/ Function. For example. when it is used as

an input port (PA1), the input signal for PA1 is inputted to 8 bit timer 0 as a timer input 0 (TI1).

Figure 3.5 (20). Register for Port A
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3.5.9 Port B (PBO to PB7) clocks, an output for 16-bit timer F/F 4, 5, and 6 output, and
Port B is an 8-bit general-purpose I/O port. I/O canbe setona  aninput for INTO. Writing “1” in the corresponding bit of the
bit basis. Resetting sets Port B as an input port and connects ~ Port B function register (PB FC) enables those functions.

a pull-up resistor. It also sets all bits of the output latch register ~ Resetting resets the function register PBFC value to “0”, and
PB to 1. In addition to functioning as a general-purpose /0 sets all bits to ports.

port, Port B also functions as an input for 16-bit timer 4 and 5
(1) PBO~PB6

Reset

Direction
Control

(on bit basis)
A >0 ig-P-ch

PBCR write

(Programmable pull-up)

S
[> L _( PBO (T14/INT4)

Output latch 1 PB1 (TI5/INTS5)
¥ S Bl PB4 (T16/INT6)

P8 write BS (TI7 /INT7
< Selector PBS (TI7/ )

W
PB read

TI4, TIS
TI6, TI7

Reset

bus

Direction
Control
{on bit basis)
A

PBCRwrite

data

Function
control
{on bit basis)

PBFC write

Internal

Qutput latch

1

PB write

(Programmable pull-up)

; L SO R S

A S

[~ PB2 (TO4)
Selector
© L~ Ll P82 {TO5)

Timer F/F OUT B PB6 (TOG)

04 : Timer 4
TOS5: Timer 4 BT
TOG6 : Timer 5 A

Selector

G
PB read

S A

- ;

Figure 3.5 (21). Port B (PBO - PB6)
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(2) PB7 (INTO) as an INTO pin for external interrupt request input.

Port B7 is a general-purpose I/O port, and also used

Reset

bus?

Direction
Control
(on bit basis)

Y —D&gl ET’P'Ch

PBCR write (Programmable pull-up)

s M
»——{ ] PB7 (INTO
Output latch ( )

A
PB write 5 B

g
Selector
< cto

PB read A

INTO Interrupt —G_‘—

IMC<IQIE> HMC<IOLE>

data

<A

[Internal

level / edge

Figure 3.5 (22). Port B7
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Port B Register

7 i 6 i 5 i a4 i 3 i 2 i 1 i 0
PB bit Symbol | PB7 i PB6  PBS i PB4 i PB3 i PB2  PB1 i PBO
(001FH) |Readiwrite RAW
Input mode
After reset T 1 : ; : : :
1 : 1 : 1 1 : 1 : 1 H 1 : 1

Port BControl Register

7 ¢ 6 i 5 i o4 i3 i o2 i1 o0
PBCR |bit Symbol| PB7C : PB6C : PBSC : PBAC | PB3C  PB2C | PBIC | PBOC
(002EH) Read/Write w
Afterreset| 0 : o i o0 i o 0 i 0 i 0 i 0
Function 0:IN 1:0UT
I » Port B 1/O setting
0 |Input
1 | Qutput
Port B Function Register
7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0
PBFC  |bit symbol [ PBEF | © PB3F | PB2F
(002FH) Read/Write w Pow Pow
After reset 0 0 0
_ 0:PORT [0:PORT 0:PORT
Function :T06 | [1:705 11:704

Read-modify-write is
prohibited for registers

PBCR and PBFC L———— PB2 Timerout 4 output setting
PBFC <PB2F> 1
PBCR <PB2C> 1

'—— PB3 Timerout 5 output setting
PBFC <PB3F> 1
PBCR <PB3C> 1

PB6 Timerout 6 output setting
PBFC <PB6F> 1
PBCR <PB6C> 1

Note) PB0/TI4, PB1/TI5, PB4/TI6 and PB5/TI7 pins do not have a register changing Port / Function.
Therefore this is the same as PA1/TIO0 pin.
‘When P87 /INTO pin is used as an INTO pin, set PBCR<PB7C> to “0” and [IMC <I0IE> to “1”.

Figure 3.5 (23). Register for Port B
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3.6 Chip Select/Wait Control, AM8/16 pin

TMP96C061 has a built-in chip select/wait controller used to
control chip select (CSO to CS3 pins), wait (WAIT pin), and
data bus size (8 or 16 bits) for any of the three block address
areas.

Additionally, there is an AM8/16 pin which selects exter-
nal data bus width for TMP95C061.

3.6.1 Control Register

Table 3.6 (1) shows control registers

Each block address area is controlled by 1-byte CS/
WAIT control registers. Start address register (MSARO to
MSARRS) and address mask register (MAMO to 3).

Table 3.6 (1) Chip Select/Wait Control Register

7 6 5 : 4 3 2 1 : 0
bit Symbel { BOE — BOBUS BOW1 : BOWO
Read/Write W — w w

BOCS [ After reset P00 — i 0 0o : 0
(0068H) 11:BOCS —  0:16BIT 00: 2 WAIT
Function i master : $1:88BIT 01: 1 WAIT
bit : 10: 1 WAIT+n
: 11: 0 WAIT
bit Symbol i BIE — B1BUS B1W1 | BIWO
Read/Write Y — w w
B1CS Afterreset 0 0 0 : 0
(0069H) ‘ — :
(1:B1CS — 00: 2 WAIT
Function ! master 01: 1 WAIT
: bit 10: 1 WAIT +n
: 11: Q WAIT
bit Symbol : B2E B2M B2wW1 i B2wO
Read/Write w w W
B2CS ;
(00BAH) After reset i 1 : 0 0 : 0
11:B2CS :0:16M 00: 2 WAIT
Function i master | Area 01: 1 WAIT
¢ bit i1:5et 10: 1 WAIT +n
: MREG 11: 0 WAIT
bit Symbol i B3E B3CAS i B3BUS B3W1 | B3WO0
Read/Write : : w
B3CS * H
(0068H) After reset i 0 : 0
o 00: 2 WAIT
Function : 01: 1 WAIT
: 10: TWAIT+n
output : i 11: 0WAIT
bit Symbol — — . BEXBUS : BEXW1 : BEXWO
Read/Write — — : w w
BEXCS ; T
(006CH) After reset — — 0 0 : 0
0:16BIT ' g0: 2wAIT
Function = —  118BIT 01: 1WAIT
: 10: T WAIT+n
11: 0 WAIT
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1

Enable

Bit 4 (BOE, B1E, B2E, and B3E) of control register
BXCS is a master bit used to specify enable (1)/disable
(0) of the setting.

Resetting sets BOE, B1E, and B3E to disable (0) and
B2E to enable (1).

Data bus size select

Bit 2 (BOBUS, B1BUS, B2BUS, B3BUS, BEXBUS) of
the control register is used to specify data bus size.
Setting this bit to 0 accesses the memory in 16-bit
data bus mode; setting it to 1 accesses the memory in
8-bit data bus mode.

This bit is effective only in 16 bit bus mode (AM8/16 =
0). In 8-bit bus mode (AM8/16 = 1), this bit is negligible
and all external memory areas are accessed in fixed 8
bit bus (See 3.1.2 External Data width selection pin

(AM8/16)).

Changing data bus size depending on the access
address is called dynamic bus sizing. Table 3.6 (2)
shows the details of the bus operation.

Note:

Wait control

Control register bits 1 and 0 (BOW1, 0; B1W1, 0; B2W1,
0; B3WA1, 0; BEXWH1, 0) are used to specify the number
of waits. Setting these bits to 00 inserts a 2-state wait
regardless of the WAIT pin status. Setting them to 01
inserts a 1-state wait regardless of the WAIT status.
Setting them to 10 inserts a 1-state wait and samples
the WAIT pin status. If the pin is low, inserting the wait
maintains the bus cycle until the pin goes high. Setting
them to 11 completes the bus cycle without a wait
regardless of the WAIT pin status.

Resetting sets these bits to 00 (2-state wait mode).

In case of competition of accessing and refreshing to DRAM,
TMP95C061 automatically inserts refresh cycle in addition to set-
tled wait cycle.

CS/CAS Waveform Select

Bit 3 of control register B3 is used to specify waveform
mode output from the chip select pin (CS3/CAS). Set-
ting this bit to 0 specifies CS3 waveforms; setting it to
1 specifies CAS waveforms.

Resetting clears bit 5 to 0.

Table 3.6 (2) Dynamic Bus Sizing

Operand Operand Memory CPU Address CPU Data

Data Size Start Address Data Size D15 to D8 D7 to DO
2n+0 8 bits 2n+0 XXXXX b7 to b0
8 bits (ven number) 16 bits 2n+0 XXX b7 to b0
2n+1 8 bits 2n+1 XXXXX b7 to b0

(odd number) 16 bits n+1 b7 to b0 0K
8 bits 2n+0 XXXXX b7 to b0
2n+0 2n+1 XXXXX b15to b8
(even number) 16 bits Nn+0 b15 to b8 b7 o b0
16 bits 8 bits n+1 XXXXX b7 to b0
2n+1 2n+2 XXXXX b15to b8

(odd number) bt 2n+1 b7 to b0 X000x
2n+2 XXXXX b15to b8
2n+0 XXXXX b7 to b0
n+1 XXXXX b15to b8
n+0 8 bits 2n+2 XXXXX b23 to b16
(even number) 2n+3 XXXXX b31to b24
16 bits 2n+0 b15to b8 b71to b0
2 bi 2n+2 b31 to b24 b23to b16
15 2n+1 XXXXX b7 to b0
2n+2 XXXXX b15to b8
on+1 8 bits 2n+3 XXXXX b23 to b16
(odd number) n+4 XXXXX b31 to b24

n+1 b7 to b0 XXXXX
16 bits 2n+2 b23 to b16 b15to b8
n+4 XXXXX b31 to b24

xxxxx:  During a read, data input to the bus is ignored. At write, the bus is at high impedance and the write strobe signal remains non-active.
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Extra CS Area Bus/Wait Control

BEXCS register is used to specify the data bus size and
the number of wait in case of accessing address area
which is not specified using CS0 to 3 register.s This reg-
ister has no master enable bit, so always enable to
unspecified area. Each bit has same meaning as BxCS.

Setting B2CS <B2M> = 0 selects CS2 in the 16M-
byte area (000080H to FFFFFFHF). Setting B2CS
<B2M> = 1 selects CS2 according to the setting area
for start address register MSAR2 and address mark
register MAMR2, the same as for CS0 and SC1. A
reset zero-clears this bit.
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3.6.2 Address Area Specification is a match, the specified space is assumed to be accessed
The address space is specified with the start address register ~ @nd a low strobe signal is output from the corresponding chip

(MSARO to 3). For each bus cycle, the chip select controller select pin (CSO to CSY) if it is enabled (BOE to B3E = “17).
compares the address on the bus and value of this start If the set address areas overlap or CS2 is enable for the
address register. The value of the address mask register is 16M-byte area, the one with a smaller CS number is selected.

used to ignore result of this address comparison. When there

CS0to3

Figure 3.6 (1). Chip Select (CS0 to CS3) Operation Timing
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ABto A23
A23 .
A22 !
A21 '
—————————
———
A19 Do
A1 ___‘:DDO:[
A17 :'DDOJ o> €50
A16 —J.D[):’—‘
A15 .;iD
Do—
A14~9 Mo
22 ; o
(o] 0O 0 O Q
VIVIVIVIVIV]E|V sisis|slisls|sl|s BOCS <BOE>
20[19]18[17|16|15{13 |8 23(22|21]20[19/18[17[16
Start address mask register Start address register

Figure 3.6 (2). CS0 Address Decode Block Diagram

ABto A23
A23 ’]
A22 ]
—[ >0
A21 QDDO
e —
A20 J
B> l_
A19 [SDO -
—— L—o»
A18 -5&?
—o [
A1 ——=>
—j>
A15~9 i~
= ! Do
00 Q0 00
vivivlv|v|v|y|v sTsIslsIslsls]s B1CS <B1E>
21[20[1918/17[16/12| 8 23[22[21[20[19[18|17|16

Address mask register Start address register

Figure 3.6 (3). CS1 Address Decode Block Diagram
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A8to A23
A23 )
A22 — —
]
A21 —=]
A20 DDO—|—| -
—) | o>(52-C53
A19 QDDOJ—_F_
— )
A18 ——{ °
— I
A7 DDo—
A6 —
A15 , o
0 bdedbdo
B2E
vIv[vv]v]v]v]v s[s[s[s]s[s[s[s el
22[21|20[19]18[17]16[15 2322|21/20{19|18[17]16
Address mask register Start address register
Figure 3.6 (4). CS1 Address Decode Block Diagram
(1)  Memory start address register Memory address mask register

Table 3.6 (3) Memory Start Address Register

Memory address register (CS0to @)

7 i 6 . s . 4 i 3 i 2 i 1 i g9
MSARO /MSAM bitSymbol |  §23 s22 ¢ s21 | s20 519 s18 . 517 516
(003CH) | (003EH) |Read/write RIW
MSAR2 | MSAR3 | Afterreset 1 . o A P N P 1
(005CH) ;(UDSEH) Function Set start address A23 to A16

L. Set start address for C50 to C53
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Table 3.6 (4) Memory Address Mask Register

Memory address mask register (C50)

7 i 6 s ioo4 i3 i o2 i1 i
bitSymbol | v20 | V19 vig i Vvi7 i VIe | VIS i Vidto9 i V8
MAMRO |Read/Write RAW
(003DH) [ After reset 1 P 1 N . o o 1
Function 0: Compare enable 1: Compare disable

1

L. control comparison of CS0 address

A8to A20
Memory address mask register (CS1)
7 i 6 s iooa i3 bz b b0
bitSymbol | V21 i V20 vig i vig i V17 i Vi6 [ Vi5te9 [ V8
MAMR1 |Read/Write RAW
(003FH) [ After reset i L L 1
Function 0: Compare enable 1: Compare disable

L Control comparison of C51 address

A8to A21
Memory address mask register (CS2, CS3)
7 i 6 s 14 i3 2 L 0
bitSymbol | V22 i V21 v20 i V19 i ViB i Vvi7 1 Vi6 V15

R/W

MAMR2 | MAMR3 |Read/Write
(005DH) | (DO5FH) | After reset 1 1

1 : 1 1 H 1 1

Function

0: Compare enable 1: Compare disable

|

I—. Contral comparison of C52 to CS3

address A15to A22
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MSARO 3 < S23> to <S16> correspond to addresses
A23to A16 and S15, S14 to0 9, and S8 corresponding
to addresses A15, A14, to 9, and A8 are “0” by
default. MAMRO <V20> to <V8> enable/disable com-
parison of value set with MSARO and address and
<V20> to <V8> correspond to <S20> to <S16>, S15,
S14 t0 9, and S8. In addition, V21, V22, and V23 cor-
responding to <S21>, <S22>, and <S23> are “0” by

CS1, CS2, and CS3 can be used in the same manner.
Resetting sets the registers MSARO, MSA1, MSAR2,
MSAR3, MAMRO, MAMR1, MAMR2 and MAMR3 to
“OFFH”, and sets the control register bits BOE, B1E, to
“0”. So, chip select CS0, CS1, and CS3 are disable
after resetting, while Bit B2E = 1, B2M = 0 and CS2 is
enable for memory area 000080H to OFFFFFFH (16M

byte).

default and comparison is always enabled.

(2)  How to the Start Address
Example of enabling/disabling comparison
(CSO registers MSARO and MSAMRO) The address decoder is output by specifying the start
address for CS output and the space size.
When comparison is disabled by setting <V16> =1, The start address is set every 64K-byte because it is
the comparison of the value of <S16> and address decoded by A16 to A23 as shown in the block dia-
A16 is disabled and the value of <S16> becomes gram.
invalid. In other words, the DRAM start address is set to one
When comparison is enabled by setting <V16> = 0, of the 64K-byte intervals after “O000000H”.
the comparison of the value of <S16> and address However, note that the start address may be changed
A16 is enabled and CSO0 is enabled only when they due to the value of the MAMR.
match.
Start address Start addressregister value (MSARO to 3)
Address
000000} 000000 ---...... 00y
6ak-byte ( 010000y ......... 01y
unit 0200004 ......... 024
0300004 ......... 03y
040000H ...-..... 04y
0500001 ......... 054
060000 ......... ngH
< FFOO0OH ......... FFu

Figure 3.6 (5). Where to Set Start Address
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(8)  How to Set the Address Space ures 3.6 (2) to (4)), CSO, CS1, or CS2/CS3 can specify
the address area for which the chip select signal can
The address space is specified by setting the memory be output depending on whether to compare the
start address mask register (MAMRO to 3). E\(/Jlgll;ess A8 10 A20, A8 to A21, or A15 to A22, respec-

As shown in the address decoder block diagram (Fig-

cs Siz€| oee | 512 | 32K | 64K | 128K | 256K [512K| 1M | 2M | 4M | 8M
cso O O O O O O O O O
cs1 O O O O @) O O O O
cs2 O @) O O O o O O O
€s3 O O O O O O O O O
Figure 3.6 (6). Chip Select and Space Size
(4)  Start Address/Address Space Setting Procedure (Setting Example)
O Set memory start address register (MSARX) When the setting the CSO0 area to 64Kbyte (010000
(Set address) to O1FFFFH), 16 bit data width and non-wait,
0 Set memory start address mask register (MAMRX) MSARO = 01H start address 010000H
(Set area start area) MAMRO = 07H address area 64Kbyte
BOCS = 13H 16 bit data width, O-wait

O Set control register (BXxCS)

data bus width, number of waits, enable/disable of
the area
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3.7 Dynamic RAM (DRAM) Controller
TMP95C061 consists of a control circuit to refresh DRAM, an

access circuit to perform read/write.

1)

refresh mode
CAS before RAS refresh mode

refresh interval
31-195 states (programmable)

refresh cycle width
2-9 states (programmable)

address mapping size
CS3 area: 64K-8M byte

memory access address length
8-11 bits

wait controller
depends on the setting CS/WAIT controller

arbitration between refresh and memory access

refreshing is prior to memory access, automatically
inserted wait cycle during memory access cycle.
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Control Register

7 6 5 4 3 2 1 0
bitSymbol | DM RS2 RS1 RSO | RW2 | RWI i RWO RC
DREFCR Read/Write R/W
Aft t 0 0 0 : i
(005AH) er rese : 0 : 0 0 i 0 : 0
) Dummy  :Refresh cycle insertion interval  :Refresh cycle width {Refreshcycle
Function |cycle : 000:  31states : 000: 2 states 10:
0: Prohibit | 001:  62states 001: 3states iNotinserted
1: Execute ; 010:  78Bstates 010: 4states [RE
: 011:  97states 011;  Sstates iInserted
100: 109 states 100: 6 states :
101: 124 states 101:  7states
110:  154states 110:  Bstates ;
111 195 states 111:  9states
I—»Refresh cycle control
0 | notinsert refresh cycle
1 |insert refresh cycle
—— Refresh cycle width control
RW2 | RW1 | RWO0 Refresh cycle width
0 0 0 2 states
0 0 1 3 states
0 1 0 4 states
0 1 1 5 states
1 0 0 6 states
1 0 1 7 states
1 1 0 8states
1 1 1 9 states

Refresh cycle insertion interval See
Table 3.7 (2).

Dummy cycle control

0 | Prohibit dummy cycle

1 | Execute dummy cycle

Figure 3.7 (1). Refresh Control Register
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DMEMCR
(00SBH)

Read-modify-write is
prohibited for registers DMEMCR

7 5 4 3 2 1 0
bitSymbol | SRFC BRM | MACM | MUXE @ MUXW1 | MUXWO i MAC
Read/Write w R/W
After reset 1 0 0 0 0 0 0

Self- é:;euliase i memory multiplexed addresslength | memary
Refresh ! mode faccess 00: 8bit access
Function | 0: Execut { control i control : disable 01: 9bit control
1: Release :10: release :0: nomal Enable 10: 10 bit 0: disable
i1: not 11 slow 11: 11 bit 1: Enable
release
L»l“'\?l’\"\fi‘ry access control
0 |disable
1 |enable

—>multiplexed address length control
(enable only when MUXE ="1")

MUXW1(MUXWO0

multiplexed address length

0 0
0 1
1 0
1 1

8bit
9bit
10 bit
11 bit

‘—— address multiplex control

0 |disable

1 enable

l——————> memory access control

0 Nomal access mode

1 Slow access mode

bus release mode Control

0 DRAM control signals are also released

1 DRAM control signals are not released

Self-refresh control

0 Execute self-refresh

1 Release self-refresh

Figure 3.7 (2). DRAM Memory Access Control Register
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Operation Description

(1)

Memory Access Control

Access control is enable when DMEMCR <MAC> = 1.
And then DRAM control signals (RAS, CAS, and
REFOUT) are output during the time CPU access CS3
area. The cycle (bus width and number of wait) depend

on the value of CS/WAIT controller

To facilitate connection with low-speed DRAM, the
DRAM controller can accelerate RAS rise at wait inser-

tion and delay RAS precharge time (RAS high width).
This is called slow access mode. Set mode to slow
access using DMEMCR <MACM>.

In the access cycle, Address multiplexer outputs row/
column address through AO to A11 pin. The enable/
disable setting of address multiplexing and multiplexed
address width are controlled by DMEMCR <MUXE>
and <MUXWO, 1>. The relation between address width
and bus width is below.

Figures 3.7 (3), (4) show the access timing.

Table 3.7 Address Multiplex

column address
row address 8BIT 98IT 108IT MBIT | e
8 16 8 16 8 16 8 16 |bus width
depend on the
A0 A8 - A9 - | a0 [ - | An - value of
A1 A9 | A9 | Aat0 | A10 | A11 | A1l | A2 | A12 (fzr"t"mz )
A2 A0 | A0 | A1 | A1l | A12 | Af2 | A13 | A13
A3 A1 | A1 | A12 | A12 | A13 | A13 | A14 | A4
A4 A12 | A12 | A13 | A13 | A4 | A4 | A15 | A5
AS A13 | A13 | A14 | A14 | A15 | A15 | A16 | Al6
A6 A4 | A1 | A15 | A15 | A16 | A16 | A17 | A17
A7 A15 | A15 | A16 | A16 | A17 | A17 | A18 | A8
A8 - | a16 | A17 | A17 | A8 | A18 | A19 | A19
A9 - - - | a8 | A19 | Aa19 | A20 | A20
A10 - - - - - | A20 | A21 | A2
A1 - - - - - - - | A2
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X1

CLK

A12to 23,
AD

Alto 11

x row

column|

row

columry

T\

|/
DO UT_>

-

DouT

/

<«— 0 Wait access ——|

/

1 Waitaccess —— |

Figure 3.7 (3). DRAM Access Timing (Normal Access Mode)
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X1_/

CLK

A12t023]
AQ

Alto11 |

X row column

column|

T\

DIN

< DouT

DOUT

<« 1 Wait Access

I

2 Wait Access ——————

Figure 3.7 (4). DRAM Access Timing (Slow Access Mode)
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(2)  Refresh Controller i) CAS before RAS interval refresh mode
The TMP95C061 can output RAS/CAS used to The refresh interval and refresh width for CAS before
refresh the DRAM. At the same time the state signal RAS interval refresh mode depends on the DRAM
REFOUT which indicates a refresh cycle is output. being used.
(Only for interval refresh mode.) Therefore, TMP95C061 enables the refresh interval
DRAM can be refreshed easily because RAS/CAS/ and refresh cycle width to be set with the refresh con-
REFOUT output frequency and pulse width are pro- troller register value according to the system clock
grammable. and DRAM that are being used.
The refresh controller has the following features. Figure 3.7 (5) shows a timing example for CAS before

RAS refresh cycle.
¢ Refresh mode: CAS before RAS interval refresh
mode
CAS before RAS self refresh mode

¢ Refresh interval: 31 to 195 states (program-
mable)

¢ Refresh cycle width: 2 to 9 states (programma-
ble)
e Dummy cycle can be generated
¢ Refresh cycle is asynchronous with CPU operation
cycle

S VAVAVAVANE UAVAVAVAVAVA YA

RAS
CAS —
REFOUT /_ /_
2 states wide 3 states wide
a) When the refresh cycle width b) When the refresh cycle width
isset to 2 states is set to 3 states

Figure 3.7 (5). Refresh Cycle Timing Example
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How to set the register is described next.

Figure 3.7 (1) shows the bit structure of the refresh
control register DREFCR.

[0 Refresh cycle insertion interval

The insertion interval is set with the three bits DREFCR
<RS22 to 0> according to the system clock being
used.

When the system clock is 256MHz and the
DRAM refresh cycle is to be 15.6s, set
these bits to “111”.

Example:

Table 3.13 (2) Refresh Cycle Insertion Interval

O The three bits DREFCR <RW?2 to 0> can be used to
change the refresh cycle width (RAS, CAS Low out-
put width). (2 to 9 states)

O Refresh cycle control

The refresh cycle can be disabled/enabled with the bit
DREFCR <RC>.

Refresh Cycle Insertion Frequency (fosc)
Interval

RS2 | RS1 | RSO | (states) | 8MHz | 10MHz [12.5 MHz| 14 MHz | 16 MHz | 20 MHz | 25 MHz
0 0 0 31 7.55 6.2 4.96 4.43 3.88 3.1 25
0 0 1 62 |[(55)| 124 9.92 8.86 7.75 6.2 5.0
0 1 0 78 19.5 1248 | 11.14 9.75 7.8 6.2
0 1 1 97 2425 | 194 13.86 | 12.13 9.7 7.7
1 0 0 109 27.25 | 21.8 | 17.44 1363 | 109 8.7
1 0 1 124 31.0 248 | 1984 | 1772 [(355)| 124 9.9
1 1 0 154 38.5 308 | 247 220 19.3 123

1 1 1 195 97.5 48 39.0 31.2 273 24.4

(Unit: wus)

i) CAS before RAS self refresh mode

This mode is used when DRAM controller or is halted
with HALT (IDLE, STOP) instruction while refreshing
with CAS before RAS interval refresh mode (hereafter
referred to as interval mode).

However, REFOUT is not output. (“1” is output.)
Figure 3.7 (6) shows the self refresh mode timing dia-
gram.
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Warming up interval

X1 J'\I\J'\./“\JL\[\ " WWWWWWW
Ras i 5 5t v/
CAS \ § i o |
HALT (STOP)
execution
Interval mode sequence
Self mode Interval mode —

Figure 3.7 (6). Self Refresh Cycle Timing

This mode is executed as follows. First, the settings are
made fro normal interval mode. Then B3CS <SRFC> is
set to “0” before a HALT instruction to perform one
normal refresh. Then the CAS pin and RAS pin are kept
at low level and the self refresh mode is entered. Can-
celling HALT and supplying a clock to the DRAM con-
troller automatically sets DMEMCR <SRFC> to 1 and
cancels self refresh mode. After cancellation, refresh is
performed once normally and processing returns to
interval mode. (Note that when HALT is cancelled by a
reset, the 1/O registers are initialized, therefore, refresh
is not normally performed.)

After DMEMCR <SRFC> to “0”, make sure that the
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Priority

The DRAM refresh cycle may overlap with the DRAM
read/write cycle because it is not synchronized with
the CPU operating cycle. In this case, the DRAM con-
troller gives priority to the cycle that starts operation
first. If the priority is given to the refresh cycle, a wait is
automatically inserted in the memory access cycle.

Bus Release Mode

The TMP95C061 has a bus release function. Setting
dedicated DRAM control pins (RAS, CAS, REFOUT)
enables selection of release mode (by setting the pins
to high impedance like other pins) or non-release
(remain driving) mode in which refresh cycle output is
supported. For the states of other pins at bus release,
see 3.14 (2), Pin states at bus release.

(i) Mode used by DRAM control dedicated pin to
release bus (DMEMCR <BRM> = 0)

When the bus release request (BUSRQ) pin is set to
active (low level), the TMP95C061 acknowledges
the bus release request. After the current bus cycle
(including DRAM access cycle) ends, the
TMP95C061 sets the DRAM control dedicated pin
(RAS, CAS, REFOUT) to high, sets the output buffer

to off, and sets the pin to high impedance.

The refresh cycle is asynchronous with the access
cycle. When a refresh request is generated and the
refresh cycle is at wait because of a conflict with the
access cycle until the bus release, the bus release
timing is delayed until the refresh cycle is completed.
The refresh counter keeps counting during bus
release. The refresh request generated during bus
release is held for one cycle. The refresh cycle is
performed immediately after the TMP95C061
regains bus mastership.

The bus release request or refresh counter is asyn-
chronous with the bus cycle. To use this mode, the
external bus master must generate a refresh cycle
during bus release.

(i) Mode not used by DRAM control dedicated pin to

release bus (DMEMCR <BRM> = 1)

Valid even if the DRAM is not accessed by the exter-
nal bus master during bus release. If this mode is
set, the DRAM dedicated pin does not release the
bus even if a bus release request is generated but
keeps supporting a refresh cycle only. Note that all
the other pins release the bus. Unlike (i), bus release
timing is not influenced by a refresh request.

A reset DMECR <BRM> to 0 and the DRAM control
dedicated pin to bus release mode.
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(6)  Connection Example

(1) 8 bit bus configuration

TMPI5C061
DRAM
DOto7 /0110 8
RD OEF
WR WE
RAS RAS
CAS CAS
AOto 8 ~1A0to 8
(2) 16 bit bus configuration
TMP95C061
— DRAM
DOto7 » 1/01t0 8
RD OE
WR WE
RAS RAS
CAS CAS
Alto9 A0to 8
DRAM
D8to 15 /0O1t0 8
OF
HWR WE
RAS
CAS
L——————>A0to8

70
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3.8 8-bit Timers

TMP95C061 contains four 8-bit timers (timers O, 1, 2 and 3),
each of which can be operated independently. The cascade
connection allows these timers to be used as 16-bit timers.
The following four operating modes are provided for the 8-bit tim-
ers:

e 8-bit interval timer mode (4 timers)

¢ 16-bit interval timer mode (2 timers)

e 8-bit programmable square wave pulse generation (PPG:
variable duty with variable cycle) output mode (2 timers)

e 8-bit pulse width modulation (PWM: variable duty constant
with cycle) output mode (2 timers)

Figure 3.8 (1) shows the block diagram of the 8-bit timer
(timer O and timer 1).

Timers 2/3 have the same circuit configuration as timer O
and timer 1. The difference between Timer O and Timer 2 is
that Timer O has an external clock input pin (TI0), while Timer 2
has none.

Each interval timer consists of an 8-bit comparator, and 8-
bit timer register. Besides, timer flip-flops (TFF1, TFF3) are pro-
vided for each pair of timer 0/1 and timer 2/3.

Among the input clock sources for the interval timers, the
internal clocks of @T1, @14, @T16, and 1256 are obtained
from the 9-bit prescaler shown in Figure 3.8 (2).

The operation modes and timer flip-flops of the 8-bit timer
are controlled by five control registers TO1TMOD, T23MOD,
TFFCR, TRUN, and TRDC.
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TFFCR<FF1C1,0>

b

*1 Set
*2 Clear
*3 Invert

F/F control

'1'1’4.31

TFF1

Software trigger —> L ro1

TRUN<TORUN> TRUN<TIRUN>
TMOD<T10M1,0>
TFFCR<TFF1IE>
I:D“ Selector
]
_vli I
RUN Clear RUN iCIear
TIO pin—> 8-bit 8-bit ‘*
$T1 —>|select | up-counter > up-counter TFFCR<TFF1IS>
aTa  —m| TN (uco) 1 $T1  —=| Selector {ucy
¢T16 — > $T16 —=
f % $T256 —
TMOD<TOCLK1, 0> )
TMOD<TI1CLK1, 0>
comparator comparator  —
INTTO Y
le—
Selector TOTMOD <TO1M1,0>
PPGTRG 1 =~
PWMTRG | c.act
TREG-WR TREG!1 INTT1
—_— E—
T Register buffer
TRDC<TRODE> TT
Internal bus

Figure 3.8 (1). Block Diagram of 8-bit Timers (Timers 0 and 1)
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O Prescaler 2116 and @T256 among the prescaler output.
This prescaler can be run or stopped by the timer opera-
These are 9 bit prescaler and prescaler clock selection tion control register TRUN <PRRUN>. Counting starts
register to generates input clock for 8-bit Timer 0/1, when <PRRUN> is set to “1”, while the prescaler is
Timer 4/5 and Serial Interface 0/1. cleared to zero and stops operation when <PRRUN>
is set to “0”".

The 8-bit Timer 0, uses 4 types of clock: oT1, T4,

Cycle
Clock fc 25 MHz
$T1 (8/fc) 320 ns
T4 (32/c) 1.28 ps
$T16 (128/fc) 5.12 us
$T256 (2048/fc) 81.92 us

4T 4T8  ¢T32
470 4T1 T $T4 TgST‘IGT $T256
0 1 2 3 4 5 6 7 8
oscillation | f¢
circuit ! 1/4 9 bit Prescaler

ATrun /stop & clear

—)-‘;51

1/2 TRUN<PRRUN >
—>¢2

Figure 3.8 (2). Prescaler
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0 Up-counter

There is an 8 bit binary counter which counts up by the
input clock pulse specified by the Timer 0/1 mode reg-
ister TOTMOD and Timer 2/3 mode register T28MOD.

The input clocks of timer 0/2 are selected from the
three internal clocks @T1, T4, and @T16 and the
external clock input (TI0: timer O only) using the mode
register TOIMOD and T23MOD.

The input clocks of timer 1/3 differ depending on the
operation mode. When the timers are set to 16 bit
timer mode, the overflows output of timer 1/3 are used
as the input clock. When the timers are not set to the
16 bit mode, the input clock is selected from the inter-
nal clocks @T1, @T16, and T256, and the output
comparator (match detection).

Example: When TOTMOD <T10M1,0> = 01
the overflow output of timer O
becomes the input clock of timer 1
(16-bit timer).

When TO1TMOD7, 6 = 00 and
TOIMODS3, 2 = 01, aT1 becomes
the input of timer 1 (8 bit timer
mode).

Operation mode is also set by TO1TMOD register and
T23 MOD register. When reset, it is initialized to
TOIMOD <T01M1, 0> = 00, T23MOD <T23M1, 0> =
00, whereby the up-counter is placed in the 8-bit timer
mode.

The counting and stop and clear of up-counter can

be controlled for each interval timer by the timer operation
control register TRUN. When reset, all up-counters will
be cleared to stop the timers.

O Timer register

This is an 8-bit register for setting an interval time.
When the set value of timer registers TREGO, TREGT,
TREG2, TREG3, matches the value of up-counter, the
comparator match detect signal becomes active. If the
set value is O0H, this signal becomes active when the
up-counter overflows.

Timer register TREGO/TREG2 is of double buffer struc-
ture, each of which makes a pair with register buffer.
The timer register double buffer register TRDC
<TRODE, TR2DE> bit controls whether the double
buffer structure in the TREGO/TREG2 should be
enabled or disabled. It is disabled when <TRODE>/
<TR2DE> = 0, and enabled when they are set to 1.

In the condition of double buffer state, the data is
transformed from the register buffer to the timer regis-
ter when the 2" - 1 overflow occurs in PWM mode, or
at the PPG cycle in PPG mode.

When reset, it will be initialized to <TRODE>/<TR2DE>
= 0 to disable the double buffer. To use the double
buffer, write data in the timer register, set <TRODE>/
<TR2DE> to 1, and write the following data in the reg-
ister buffer.
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Up-counter

[

Comparator |

AN

Timer registers 0/2
I Matching detection of PPG

— (=< cycle
Shift trigger selector 2n - 1 overflow of PWM
| Register buffers 0/2 J - TREGO/2 WR
AN
Write
{ y <TRODE>/<TR2DE>
Internal bus

Figure 3.8 (3). Configuration of Timer Register 0/2

Note: Timer register and the register buffer are allocated o the same memory address. When <TRODE>/<TR2DE> = 0, the same value is written in the regis-
ter buffer as well as the timer register, while when <TRODE>/<TR2DE> = 1 only the register buffer is written.

The memory address of each timer register is as follows. All the registers are write-only and cannot be read.

TREGO: 000022H
TREG1: 000023H
TREG2: 000026H
TREG3: 000027H

The initial value is indeterminate; when using the 8-bit
timer, always write data to the timer register.
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7 i 6 i 5 i 4 i 3 . 2 i 1 i g

TOTMOD|bit Symbol | TOIM1 | TOIMO ; PWMOT | PWMOO i TICLKI | TICLKO | TOCLK1 ; TOCLKO

(0024H) foeaamwrite RW RW RW RAW
After reset o i o 0o i o o | o i o I o
00: 8 bit Timer Fo0: - i 00: TOOTRG S00: TIO

01: 16 bit Timer
Functien |49 g bit pPG
11: 8 bit PWM

§01:261 pwpn i 01: 4TI P01 gTH
§10:27-1 cycle 1 o10:4T16 ©10: T4
1:28-1 D 11: 47256 P11 4T16

L,

Input clock of timer 0

00 |External clock InputTIO
01 |Internal clock ¢T1

10 [Internal clock ¢T4
11 |Internal clock 4T16

————— Input clock of timer 1

TO/MOD7, 6 =01
TOIMOD7,6+01 <T10M1,0> =01

00 |comparator output| Overflow
. output of timer
|10

O e o (16-Dit timer
11 |Internal clock 47256 mode)

Select PWM cycle

{Don't care except PWM mode)

00 —_

e—_ .

01 26-1
10 27 -1
1 281

Set the operation mode of timer 0 and 1.

00 |Two 8-bittimers
(timer 0 and timer 1)

01 | 16-bit timer
10 |8-bit PPG output

11 |8-bitPWM output (timer Q)
+ 8-bit timer (timer 1)

Figure 3.8 (4). Timer 0/1 Mode Control Register (TO1MOD)
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701 e o5 b4 b3 b2 i g
bitSymbol | T23M1 | T23MO0 | PWM21 | PWM20 | T3CLK1 | T3CLKO | T2CLK1 | T2CLKD
T23MOD| poad/write RIW RIW : RIW : RW
(0028H) I frer reset 0o o0 o i o 0 o i o i
00: 8 bit Timer 00: - 00: TO2TRG {00: -
Function 01: 16!}1tTimer 01:26-1 PWM 01: ¢T1 01: ¢T1
10: 8 bit PPG 10: 27-1 Cycle 10: 4T16 §10: T4
11: 8 bit PWM 11:28 1 {110 47256 111 4T16
L L J

L Input clock of timer 2

00

01

Internal clock ¢T1

10

Internal clock ¢ T4

1

Internal clock ¢T16

— Input clock of timer 3

T23MOD7, 6 # 01

T23MOD7,6=01

00

Comparator output of

timer 2

01

Internal clock gT1

10

Internal clock ¢T16

"

Internal clock ¢T256

Overflow output of
Timer 2

(16-bit timer mode)

> Select PWM cycle

(Don't Care except PWM mode)

00 e
01 26-1
10 27 -1
1" 28-1

Set operation mode of timer 2, 3

00

Two 8-bit timers (timer 2, 3)

01

16-bit timer

10

8-bit PPG output

"

+B-bit timer (timer 3)

8-bit PWM output (timer 0)

Figure 3.8 (5). Timer 2/3 Mode Register (T23MOD)
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TFF3 TFF1
I T 1
bitSymbol | FF3C1 : FF3CO : FF3IE : FF3IS | FFICT : FFICO : FFIE | FFIIS
;g:g“ Read/Write w : RIW w : RAW
H H T H T
( ) After reset - : 0 : 0 : - : 0 :
00: Invert TFF3 e i0: i 00: Invert TFF1 N
01:Set  TFF3 ?TFFJ HInversion by 01:Set  TFF1 ETFF1
10: Clear TFF3 Invert  iTimerz  : 10: Clear TFF1 iInvert
Function 11: Don'tcare {Enable - 1 : 11: Don't care :Enable
: ' Inversion by : :
}T\merS

E—— R T

Select inverse signal of timer F/F1
(“Don't care” except in 8-bit timer mode)

Q

Inversion by timer 0 match signal

1

Inversion by timer 1 match signal

“—— Inversion of Timer F/F 1 (TFF1)

0 | Disable

1 |Enable

————— > Control of Timer F/F 1 (TFF1)

00 |Invert the value of TFF1 (soft ware
inversion)

01 |SetTFF1to "1".

10 | Set TFF1to "0".

11 | Don’t Care (Always read as “11".)

——————> Select inverse signal of timer F/F3
("Don't care” except in 8-bit timer mode)

0 |Inversion by timer 2

1 |Inversion by timer 3

‘—————————> |nversion of Timer F/F 3 (TFF3)

0 |Disable

1 |Enable

Control of Timer F/F 3 (TFF3)

00 |1

nvert the value of TFF1 (soft ware
nversion)

01 |Set TFF3to "1".

10 | Set TFF3to "0”.

11 |Don't Care (Alwaysreadas “11".)

Figure 3.8 (6). 8-Bit Timer Flip-flop Control Register (TFFCR)
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1E-bi1Tir[ner 8-bit Timer :
7 5 a4 P 3 s o2 L1 o
bit Symbol | PRRUN TSRUN | T4RUN | T3RUN | T2RUN | TIRUN @ TORUN
TRUN Read/Write AW R/W
(0020H) 17 Fter reset 0 0 ¢ 0 ¢ o i 0 i o i o0
Prescaler & Timer Run/ Stop Control
Function

0: Stop & Clear
1: Run (Count up)

Operation of Timer 0

1 | Count

0 |Stop &Clear

—=Operation of Timer 1

1 | Count

0 |[Stop & Clear

“—QOperation of Timer 2

1 | Count

0 | Stop & Clear

———————>Operation of Timer 3

1 | Count

0 |[Stop & Clear

Operation of 16 bit Timer (Timer 4)

1 | Count

0 |Stop &Clear

Operation of 16 bit Timer (Timer 5)

1 | Count

0 |Stop &Clear

Operation of prescaler

0 |Stop & Clear

Figure 3.8 (7). Timer Operation Control Register (TRUN)
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7 L e ios o4 o3 . 2 i o1 i o0
bit Symbol : ; : : : TR2DE | TRODE
TROC | Readwrite RIW
29H :
(0029H) After reset 0 : 0
0: Double Buffer
. Disable
Function 1: Double Buffer
Enable

0 | Disable

1 |Enable

0 | Disable

1 | Enable

LOperation of Timer Register 0 Double buffer

Operation of Timer Register 2 Double buffer

Figure 3.8 (8). Timer Register Double Buffer Control Register (TRDC)
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Comparator

A comparator compares the value in the up-counter
with the values to which the timer register is set. When
they match, the up-counter is cleared to zero and an
interrupt signal (INTTO to 3) is generated. If the timer
flip-flop inversion is enabled, the timer flip-flop is
inverted at the same time.

Timer flip-flop (timer F/F)

The status of the timer flip-flop is inverted by the match
detect signal (comparator output) of each interval timer
and the value can be output to the timer output pins
TO1 (also used as PA2) and TO3 (also used as PA3).
The timer F/F are provided for a pair of timer 0/1 and
timer 2/3. The outputs of timer F/F are TFF1 and TFF3,
and output signals through the TO1 and TO3.

MSB LSB
6543210

~J

TRUN €-X----0-
TOIMOD « 00 XX01--
TREGT « 01100100
INTETOL « 1101 - - - -
TRUN € 1X----1-

Note : X:don’t care —; no change

Use Table 3.8 (1) for selecting the input clock.

The operation of 8-bit timers will be described below:

(1)

8-bit Timer Mode

Four interval timers, O, 1, 2, and 3, can be used indepen-
dently as an 8-bit interval timer. All interval timers oper-
ate in the same manner, and thus, only the operation
of timer 1 will be explained below.

O Generating interrupts in a fixed cycle

To generate timer 1 interrupt at constant intervals
using timer 1 (INTT1), first stop timer 1, then set the
operation mode, input clock, and synchronization to
TOTMOD and TREG1, respectively. Then, enable interrupt
INTT1 and start the counting of timer 1.

Example: To generate timer 1 interrupt every 32us at
fc = 25MHz, set each register in the follow-
ing manner.

Stop timer 1, and clearitto “0”.

Set the 8-bit timer mode, and select ¢T1(0.32 us @ fc =25 MHz)
as the input clock.

Set the timerregister 32 us + 4T1 =100 = 64H

Enable INTT1, and set it to “Level 5”.

Start timer 1 counting.

Table 3.8 (1) Setting the Interrupt Period and Input Clock for 8 Bit Timer

Input clock Interrupt period (at fc = 25MHz) Resolution
gT1 (8/fc) 3215 to 81.9215 3215
o714 (32/ic) 12.815 10 327.78 1.2818
gT16 (128/fc) 512ps 10 1.311ms 5128
21256 (2048/fc) 81.9215 10 20.97ms 81.9215
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O Generating a 50% duty square wave pulse Example: To output a 1.92us square wave pulse from
TO1 pin at fc = 26MHz, set each register in the

The timer flip-flop is inverted at constant intervals, and following procedures. Either timer O or timer 1

its status is output to a timer output pin (TO1). may be used, but this example uses timer 1.

I
>
I
I
|
|
o
I

TRUN « Stop timer 1, and clearitto “0”.
TOIMOD« 0 0 X X 0 1 - - Set the 8-bit timer mode, and select ¢T1 as the input clock.
Set the timer registerat 1.92 us+ ¢T1+2=3.

TREG1 Clear TFF1 to “0“, and set to invert by the match detect signal

1
o
o
o
(=]}
o
o
-
-

TFFCR ¢ = = =--1011 from timer 1.

Select PA2 as TO1 pin.
PACR ¢« X X X X-1--
PAFC ¢« X X X X - 1X X } Start timer 1 counting.
TRUN « 1 X----1-
Note : X ;don’t care  —;no change

R Sy oy Yy Yy Y A Sy

0.96 us @ fc =25 MHz

TRUN
BIT7to 2
Up-
copunter BIT1—JW—
B,Tao|11213!%\1L_1_|3M123°
Somparter M A1 1 1
C t tput
Gomearator cutps NN M M
INTT1 k r—l m
UCclear 4,{'7 “ "
TFF1 k{i | |
TO1 i/ :\

Figure 3.8 (9). Square Wave (50% Duty) Output Timing Chart
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O Making timer 1 count up by match signal from timer
0 comparator

Comparator output

Set the 8-bit timer mode, and set the comparator output
of timer O as the input clock to timer 1.

M

(Timer 0 match)

Timer Qup-counter 1 X2 X3 X4 X5 X1 X2X3X4X5X1 X2X3)

(when TREGQ =5)

Timer 1 up-counter 1

2 X 1

(when TREG1=2)

n

Timer 1 match output

Figure 3.8 (10). Timer 1 Count Up by Timer 0

O Output inversion with software

The value of timer flip-flop (timer F/F) can be inverted,
independent of timer operation.

Writing 00 into TFFCR <FF1C1, 0> inverts the value of
TFF1. Writing 00 into TFFCR <FF3C1, 0> inverts the
value of TFF3.

O Initial setting of timer flip-flop (TFF)

The value of TFF can be initialized to “0” or “1”, inde-
pendent of timer operation.

For example, write “10” in TFFCR <FF1C1, 0> to
clear TFF1 to “0”, while write “01” in TFFCR
<TFF1C1, 0> to set TFF1 to “1”.

Note: The value of timer F/F and timer register cannot
be read.
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(2)  16-bit timer mode When set in 16-bit timer mode, the overflow output of
timer O will become the input clock of timer 1, regardless of
A 16-bit interval timer is configurated by using the pair the set value of clock control register TCLK.
of timer 0/1 and timer 2/3. The lower 8 bits of the timer (interrupt) cycle are set by
Timer 2/3 operate as Timer 0/1, so described have the timer register TREGO, and the upper 8 bits are set
about Timerp0/1 . by TREG1. Note that TREGO always must be set first
To make a 16-bit interval timer by cascade connection (Writing data into TRECO disables the comparator
. ; . Y . temporarily, which is restarted by writing data into
timer O and timer 1, set timer O/timer 1 mode register TREG1)
TO1MOD <T01M1, 0> to “0, 1”. '
Table 3.8 (2) Interrupt Period and Input Clock in 16 Bit Timer Mode
Input clock Interrupt period (at fc = 25MHz) Resolution
aT1 (8/ic) 321510 20.971ms 3215
gT4 (32/fc) 12.81s to 83.885ms 1.2815
2T16 (128/fc) 51215 0 335.539ms 51215
Setting example: To generate an interrupt INTT1 every 0.32 The comparator match signal is output from timer O
seconds at fc = 256MHz, set the following each time the up-counter UCO matches TREGO,
values for timer registers TREGO and where the up-counter UCQ is not be cleared, and then
TREGH. the INTTO is not decremented.
When counting with input clock of T16 With the timer 1 comparator, the match detect signal is
(6.12ps @ 25MHz) output at each comparator timing when up-counter
0.32s +5.12us = 62500 = F424H UC1 and TREG values match. When the match
Therefore, set TREG1T = F4H and TREGO = detect signal is output simultaneously from both com-
24H respectively. parators of timer 0 and timer 1, the up-counters UCO
and UC1 are cleared to “0”, and the interrupt INTTT is
generated. If inversion is enabled, the value of the
timer flip-flop TFF1 is inverted.
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Input overflow of
Timer 0 to Timer 1

(

Timer0 Timer1
Compared Compared
INTT1 TO1
INTTO o1 Value N Value
16 bit Timer mode not generate | outputdisable | TREGO generate the output enable [ TREG1.28
the interrupt interrupt +TREGO

Continued
to count up

after match

)

8 bit Timer mode
( input match of Timer)

generate the outputenable

()

interrupt Timer O or

. Timer 1
0to Timer 1

TREGO TREG1» TREGO

Cleared
after match

generate the
interrupt

output enable

(T\merﬂor

Timer 1

)

Example: When TREG1 = 04H and TREGO = 80H

Value of up-counter
(uci,uco

Timer 0 comparator
match detect signal

Interrupt INTT1

0000H 0080H 0180H 0280H 0380H 0480H

— 01

L1

jﬂ

Timer output TO1

Inversion

X

Figure 3.8 (11). Timer Output by 16-Bit Timer Mode

(8)  8-bit PPG (Programmable Pulse Generation) Mode

Square wave pulse can be generated at any frequency
and duty by timer O and timer 2. The output pulse may

be either low-active or high-active. In this mode, timer
1 and timer 3 cannot be used.
Timer O outputs pulse through TO1 pin (also used as

PA2). Timer 2 outputs pulse to TOS pin (also used as
PA3).
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As an example, Timer O will be explained below. Timer 2 provides the same functions.

TREGO and UCO match ﬂ
(Interrupt INTTO)
TREG1 and UCO match
(Interrupt INTT1) f ) f
TO REGD i

| JREG1
TO1
TIO pin  — TRUNO
$T1 —> 8-bit P— TFF1
$T4 —> Selector
4T16 up-counter (UCOQ)
Inversion
TMOD <TOCLK1, 0>

i/ INTTO
Comparator Comparator | INTT1

.

TREGQ-WR->

Selector

S | A

Internal bus

Figure 3.8 (12). Block Diagram of 8-bit PPG Output Mode
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When the double buffer of TREGO is enabled in this mode,

the value of register buffer will be shifted in TREGO each
TREG1 matches UCO.

Match with TREGO n
and up-Counter

Use of the double buffer makes easy the handling of low
duty waves (when duty is varied).

(Up-counter = Q,)

Match with TREG 1

(Up-counter = Q;)

TREGO Q,

{  Shift from register buffer
D Q;

(Value to be compared)

7

Registe buffer

1 Qs

the operation of register buffer \ write register buffer

Example: Generating 1/4 duty 78.125kHz pulse (at fc =
25MHz)

ML Il
|‘1—m’|

e Calculate the value to be set for timer register
To obtain the frequency 78.125kHz, the pulse
cyc;e t should be: t = 1/78.125kHz = 12.8ps

Given @T1 = 0.32us (at 25MHz),

12.8us +0.32us = 40
Consequently, to set the timer register 1 (TREG1) to
TREG1= 40 = 28H and then duty to 1/4, t x 1/4 = 12.8us
x1/4 =3.2us

3.2ps +0.32pus = 10
Therefore, set timer register O (TREGO) to TREGO = 10
= OAH.

MSB LSB
« 76543210
TRUN ¢« 0X----00 Stop timer 0 and timer 1 and clearitto “0".
TOIMOD« 10 X X 0101 Set the 8-bit PPG mode, and select 4T1 as input clock.
TFFCR ¢ - - - -011 x Sets TFF 1 and enable the inversion and double buffer

enable.
Writting “10" provides negative logic pulse.

TREGO « 00001010
TREG1 « 00101000
PACR ¢« XXX X-1--
PAFC « X X X X -1XX
TRUN « 1 X ----11
Note: X;don’t care - ;no change

Write "0AH".
Write “28H".
Set PA2 as the TO1 pin.

Start timer 0 and Timer 1 counting.
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(4)  8-bit PWM (Pulse Width Modulation) Mode

This mode is valid only for timer 0/2. In this mode, 2-8
bit resolution of PWM pulse can be output. PWM pulse
is output through TO1 pin) when using timer 0. When
using timer 2, the pulse is through TO3 pin. Timer 1
and timer 3 are valid for 8-bit timers.

As an example, the PWM mode operation of Ti mer O
will be explained below. Timer 2 provides the same
operation as Timer O.

Timer output is inverted when up-counter (UCO)

TREGO and UCO
match

2" =1

matches the set value of timer register TREGO or when
2n -1 (n =6, 7 or 8; specified by TO1TMOD <PWMO0T1,
0>) counter overflow occurs. Up-counter UC1 s cleared
when 2n - 1 counter overflow occurs.

To use this PWM mode, the following conditions must
be satisfied.

(Set value of timer register) < (set overflow value of 2" -
1 counter)

(Set value of timer register) # 0

Al

Al

Overflow
(Interrupt INTTO)

TO1

=

7
Y

i trwm l

R T Ees——
(PWM cycle)
Figure 3.8 (13) shows the block diagram of this mode.
) TO1
TRUN <TORUN> A
TTI? 8-bit up-counter
:Td—-— Selector (uco) Clear TFF1
#T18 Invert
2n.1
TMOD <TOCLK1, 0> :D- overflow
control
Overflow

I Comparator

S

INTT O

|
Selector Shift trigger ﬂ
TREGO-WR—> -

\ Register buffer |

TRDC <TRODE>

Internal bus

Figure 3.8 (13). Block Diagram of 8-Bit PWM Mode
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In this mode, the value of register buffer will be shifted in

TREGO if 2" - 1 overflow is detected when the double buffer of
TREGO is enabled.

Match with TREGO n

Use the double buffer makes easy the handling of small
duty waves.

1

Up-counter = Q4
2n - 1 overflow

Up-counter = Q;

[ shiftinto Register Buffer

TREG O Q
(value to be compared)

X Q2

Register buffer Q2

i)
X Q3

A write register buffer
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Example: To output the following PWM waves to TO1

pin at fc = 25MHz.

~zga
~ 3064 |
MSB LSB
76054 2190
TRUN « X X --- -~ 0
TOIMODs 1 110--01
TFFCR ¢« - - --101X
TREGO « 01011010
PACR +« XXX X-1--
PAFC « X XXX -1XX
TRUN « 1 X --- -~ 1
Note: X ;don’t care - ;no change

To realize 40.64ps of PWM cycle by oT1 = 0.32us
(at fc = 256MHz),

40.64us + 0.32us = 127 = 2" -1
Consequently, n should be set to 7.

As the period of low level is 28.8ps, for T1 = 0.32s,
set the following value for TREGO.

28.8ps + 0.32ps = 90 = 5AH

Stop timer 0, and clear it to “0".

Set 8-bit PWM mode (cycle: 27 - 1) and select $T1 as the
input clock.

Clears TFF1, enable the inversion and double buffer.
Writes “5AH".

Set PA2 as the TO1 pin.

Start timer 0 counting.

Table 3.8 (3) PWM Cycle and Selection of 2" - 1 Counter

PWM cycle (@fc = 25MHz)

oT1 aT16 aT256
261 20,245 80,645 (12.4kHz) 322,645 (3.1kHz)
21 40618 162,645 (6.2kHz) 650,245 (1.5kHz)
281 81.618 326.445 (3.1kHz) 1.31ms (0.8kHz)
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5) Table 3.8 (4) shows the list of 8-bit timer modes.

Table 3.8 (4) Selection of 8 Bit Timer Mode and Control Register

Timer mode Upper input Lower input Invert select
(8-bit timer x 2 &g;m) (Ewmg) T1CLK TOCLK FF1IS
channels) (T3CLK) (T2CLK) (FF31S)
16-bit timer 01 _ (External clock 3
(16-bit) x 1 ¢ch oT1,4,16)
8-bit timer ) .
(Input of upper timer is 00 - 00 (E;tﬁmil glg)ck ?j bowz; Erm”g
output of power one) nr +opp
. B (External clock 0: Lower timer
8-bit timer x 2 ch 00 (eT1, 16, 256) o1, 4, 16) 1 Upper time
8-bit PPG x 1 ch 10 - - (Baena o -
8-bit PWM x 1 ch (Lower) (External clock _
8-bit timer x 1 ¢h (Upper) " PWM cycle (61, 16,256) @11, 4,16)
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3.9 16-bit Timer

The TMP95C061 contains two (timer 4 and timer 5) multifunc-
tional 16-bit timer/event counter with the following operating
modes:

16-bit interval timer mode

16-bit event counter mode

16-bit programmable pulse generation (PPG) mode
® Frequency measurement mode

Pulse width measurement mode

¢ Time differential measurement mode

Timer/event counter consists of 16-bit up-counter, two
16-bit timer registers, two 16-bit capture registers (one of them
applies double-buffer), two comparators, capture input controller,
and timer flip-flop and the control circuit.

Timer/event counter is controlled by 4 control registers:
T4MOD/T5MOD, T4FFCR/T5FFCR, TRUN, and T45CR.

Figure 3.9 (1), (2) shows the block diagram of the 16-bit
timer/event counter (timer 4 and timer 5).
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Internal bus

Upper byteﬁ ﬁtower byte Upper bytﬁ ﬁwwer byte

Capture register 1 Capture register 2
CAP1
T4AMOD <CAP1IN>

CAPZ TAMOD < CAP2TS, EQ5T5>
Trigger. Tri T4FFCR
Software Capture rigger U

Capture ¢ Timer [ TFF4 T04
T4 control

TS

o L e
tt

TFF1—>

TRUN<T4RUN >,
Control
TaMOD $T1 — Clear s _1
<CAP12M1, MO> ¢T4 Selector 16-bit up-counter M
T4 #T16 uca PGO F2
shift
VI A A TRUN<T4RUN> T4AMOD<CLE> trigger 22
i TAMOD <T4ACLK1, 0> -
. 1l
Match Match
Comparator detection Comparator | | detection
CP4 CP5
TREG4 TREGS
ﬁ<—— Selector
~<— TREGA4-WR
Register bufferd
TASCR<DB4EN>
Upper byte TTLower byte Upper byte Lower byte
Internal bus

Figure 3.9 (1). Block Diagram of 16-Bit Timer (Timer 4)
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TFF1—>

TI6
TI7

INT7

Internal bus

{
Upper by’teﬁ

ﬂLower byte

Upper by‘teTT

INT6=<—1

Internal bus

Lower byte
Capture register 3 Capture register 4
TSMOD < CAP3IN> CAP3 CAP4
Trigger: . TSFFCR
Software Capture ﬁ Trigger T TT J\J/
Capture Timer
control
FIF
TRUN<TS5RUN>
T T Control
T5MOD #T1 > Clear L
<CAP3aM1, MO> 274 " celect 16-bit up-counter Wl
4T16 —| >elector BRAAL
Ti6 ’ ucs o
A shift =~
+ * TRUN<TSRUN=> T5SMOD<CLE> tngger;;
TSMOD<TBCLK1, 0> -
Match J\l Match
Comparator detection Comparator | | detection
CP6 CcP7
TREG6E TREG?7
TF—' Selector
[<—— TREG6-WR
Register buffer 6
T45CR<DBGEN>
Upper byte T ﬁLower byte Upper byte Lower byte

Figure 3.9 (2). Block Diagram of 16-bit Timer (Timer 5)
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7 i 6 5 i a4 i 3 2 F 10
TAMOD | bit Symbol | CAP2TS | EQSTS | CAPTIN (CAP1ZM1:CAPIZMO: CLE : TACLK1 | TACLKO
(0038H) [zeaqwrite RAW W RW RW RAW
After reset o { o ¢ 1 i 0o i 0o i o0 0o i 0
TFFSinvert trigger ;0" é°ﬁ£ Zggpg-!rel::mi“g : :LCJICA : Timer 4 source clock
o . apture :00: Disable i Clear |
0: Disable trigger 1 . don't . 'NTAoceursatrise edge. i Enable : 00: T14
Function |!: Enable trigger e care 01:1i4at  TST : P01 ¢TH
: ¢ INT4occurs at rise edge. : 1 10: 4T4
Invert invert 10:Tat  Tay : : ¢
when the. EWhen the INT4 occurs at fall edge. 11: ¢T16
UC value is {up-counter: H1:TREIY TR .
Icc::;jzed to fr";éé:es INT4 occurs at rise edge. |
— Timer 4 input clock
External clock (T14)
$T1(8/1c)
10 |4T4(32/1c)
11 |¢T16(128/1¢)
» Clearing the up-counter UC4
0 |Cleardisable
1 |Clear by match with TREGS.

Figure 3.9 (3). 16-Bit Timer Mode Controller Register (T4MOD) (1/2)
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T4MOD
(0038H)

7 ¢ 6 i s i 4 i 3 i 2 0
bit Symbol | CAP2T5 © EQSTS | CAPIIN :CAP1ZM1iCAPIZMO: CLE | TACLK1 | T4CLKO
Read/\WVrite RAW wo RAW i RW RIW
After reset o i 0 Tt 0 0 io 0

TFFSinverttrigger (0 EOﬂt- ;Captl{re t;ming i gfq i Timer 4 source clock
; rei00: i Clear
0: Disable trigger : e O;N?Ls:ch:u‘:satrise edge. . Enable | 00:TI4
Function |1. : iidon't i 98- L 01 4T
1: Enable trigger £ care 01:Tiag TIS T H : 01: ¢
Invert lnvert ¢ INT4occurs atrise edge. 10: ¢T4
when the whenthe ! jl0:mer Tl : P11 4T16
UC value is: up-counter. i INT4occursatfalledge. : :
: : HAUTRRIY O TRRIY i
loaded to : matches INT4 occurs atrise edge i
CAP2 :TREGS H i
- 1 e

Capture timing of timerd

Capture control

INT4 control

00 |Capturedisabl
CAP1 atTl4 rise

CAP2 at TFF1 fall

“lat the rise edge

“Tinterrupt occurs
at the fall edge X

input.

01
CAP2 at TI5 rise
10 CAP1 at Tl4 rise
CAP2 at T4 fall
CAP1 at TFF1 rise
1

Interrupt occurs

of TI4 (INT1)
input.

of Ti4 (INT1)

interrupt occurs
at the rise edge )
of TI4 (INT1)
input.

L Software capture

o |Theup-counter4 valueisloaded to CAP1

1 |Alwaysread as “1".

(software capture).

Timer flip-flop 5 (TFF5) invert trigger

0 |Trigger disable (Invert Prohibitio

1 |Trigger enable (Invert permission)

CAP2T5 : Invert when the up-counter value is loaded to CAP2

EQSTS

: Invert when the up-counter matches TREG5S

Figure 3.9 (4). 16-Bit Timer Mode Controller Register (T4MOD) (2/2)
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7 1 6 5 i a4 3 . 2 1 i 0
T4FFCR |bit Symbol | TFFSC1  TFF5C0 | CAP2T4 | CAPIT4 | EQST4 - EQ4T4 . TFF4C1 | TFFACO
(0039H) | peagwrite w Y RAW RIW RW w
After reset o i 0 o i 0 o ¢ 0o ¢ 0o ¢ o
00: Invert TFF5 {TFF4invert trigger :00: Invert TFF4
01:Set  TFF5 {0: Disable trigger :01:Set  TFF4
Function |10:Clear TFF5 : :10: Clear  TFF4

11:don’t care

Alwaysread as “11”.

i1: Enable trigger

invert when ‘invertwhen

dnvertwhen

: 111:don't care
dnvertwhen

the UCvalue :the UCvalue ithe UC ‘the UC (% Always read as
isloadedto iisloadedto 'matches  matches ;117
car Rl STREGS TREGA :

1

]

L Timer

flip-flop 4 (TFF4) control

00

Don't care (Alwaysread as “11") .

Inverts the TFF4 value (software inversion).
Sets TFF4to “1".

Clear TFF4to “0".

— Timer

flip-flop 4 (TFF4) invert trigger

0
1

Trigger disable (Invert prohibition)

Trigger enable (Invert permission)

CAP2T4 :
CAP1T4 ;
EQ5T4
EQ4T4

Invert when the up-counter value is loaded to CAP2
Invert when the up-counter value is loaded to CAP1

. Invert when up-counter matches TREG5S
: Invert when up-counter matches TREG4

Timer flip-flop 5 (TFF5) control

00

Inverts the TFF5 value (software inversion).
Set TFF5to “1”.
Clear TFF5to “0".

Don’t care (Always read as “11".)

Figure 3.9 (5). 16-Bit Timer 4 F/F Control (T4FFCR)
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T5MOD
(0048H)

7 i 6 i 5 4 i 3 f 2 1 i g
bit Symbol : | CAP3IN [CAP34M1 ICAP3AMO{ CLE | TSCLK1 { TSCLKO
Read/Write RIW Pow RIWY EOoRwW RIW
After reset S R S T N B o i 0

i0: Soft-  iCapture timing {1:UCS Timer 5 source clock
Capture :00: Disable i Clear ! 00-TI6
1 don't ! INT6occursatriseedge. i Enable | “7-
Function E e (TET TI7Y : P01 gT1
INT6 occurs at rise edge. | S10: T4
ITET  TI6| : o
INTG occurs at fall edge. : 11: ¢T16
CTRRIT TRF1) :
INT4 occurs at rise edge. |
— Timer 5 input clock
00 |External clock (Ti4)
o1 [4T1(8/fc)
10 |¢T4(32/4c)
11 |¢T16(128/fc)
L, Clearingtheup-counterUc5
0 |Cleardisable
1 |Clear by match with TREG7

Figure 3.9 (6). 16-Bit Timer Mode Control Register (TSMOD) (1/2)
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TSMOD |bit Symbol

(0048H) Read/Write

5 4 103 2 2 1 i 0
| CAP3IN CAP3AM1iCAP3AMO: CLE | TSCLKI | T5CLKD
w RAW RAW RIW
After reset 1 : 0 0 0 0 0
Soft-  Capture timing i1: UCs i Timer S source clock
Capture :00: Disable i Clear 00: TI6
i1: don't i INT6occursatriseedge. : Enable : :
o 01:mer TI7 i P01 gTt
care B H
i INT6occurs atrise edge. : 110 T4
110:TI6T  TI6 : : .
i INT6occurs at fall edge. 11:4T16
P11 TFRIY TFFT : :
: INT4 occurs at rise edge
Timer 5 Capture timing
Capture control INT6 Control
00 |Capturedisable Interrupt occurs
CAP3 at Tl6 rise at the rise edge
01 of TI6 (INT6) _f
CAP4 at TI7 rise input.
e L S S G ECTS
CAP3 at Tl6 rise at the fall edge
10 of TI6 (INT6) L
CAP4 at TI6 fall input.
T e R S
CAP3 at TFF1 rise at the ris? edgﬁ s
1 of TI6 (INTE
CAP4 at TFF1 fall input.
L » Software capture
o0 |The up-counter 5 value is loaded to CAP3.
1 |Alwaysreadas “1".

Figure 3.9 (7). 16-Bit Timer Mode Control Register (TSMOD) (2/2)
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T5FFCR
(0049H)

7 | 6 i s a . 3 i 2 i 1 i 0
bit Symbol : . CAP4TE : CAP3T6 | EQ7T6 | EQETE | TFF6CT : TFF6CO
Read/Write iORW RIW RIW RW w
After reset 0 0 0 0 0 0

ETFFG invert trigger 500: Invert TFF6
:0: Disable trigger 01:5et  TFF6
;10: Ciear TFF6

Function

1: Enable trigger

111: don'tcare

;Invert when élnvenwhen Emvertwhen ;Invert when :
Ethe UCvalue ithe UCvalue | the UC ithe UC iX Always read as
E-sloaded to isloaded to Ema(:hes atches 11"
‘capa ‘cap3 {TREGT : TREGE :
L |
L Timer flip-flop 6 (TFF6) control
00 |Invertsthe TFF6 value (software inversion)
01 |SetsTFF6to "1".
10 |[ClearTFF6to “0".
11 |Don't care (Always read as “11").
“— Timer flip-flop 6 (TFF6) invert trigger
0 |Triggerdisable (Invert prohibition)
1 |Trigger enable (Invert permission)
CAP4T6 : Invert when the up-counter value is loaded to CAP4
CAP3T6 : Invert when the up-counter value is loaded to CAP3
EQ7T6 : Invertwhen up-counter matches TREG7
EQ6T6 : Invert when up-counter matches TREG6

Figure 3.9 (8). 16-Bit Timer 5 F/F Control (T5SFFCR)
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7 5 0 4 i 3 i 2 i 1 i 0
T45CR  [bit Symbol - PGIT | PGOT | DB6EN : DB4EN
(003AH) Read/Write RAW RAW
After reset 0 i : 0 3 0 0 0
Write 0" . PGIshift  iPGOshit
e : ‘Trigger :Trigger .
# Always ] ‘0:8 bit {0:8 bit ;0: Disable
read as H : Timer Trigger: Timer Trigger: 1: Enable
"0” : 3 (Timer 2,3) 11 (Timer0, 1) ‘Double :Double
{1 16bIt 1 96bt fp trerof buffer of
,TumerTrngger:TwmerTnggeriTREGG {TREG4
{Timer 5) H{Timer 4) : :
L Double buffer countrol
0 |Disable
1 |Enable
DB6EN : Double buffer of TREG6
DB4EN : Double buffer of TREG4
Figure 3.9 (9). 16-Bit Timer (Timer 4, 5) Control Register (T45CR)
7 s i a4 i 3 i 2 . 1 . 0
TRUN |bit Symbol | PRRUN { TSRUN | T4RUN | T3RUN { T2RUN { TIRUN : TORUN
(0020H) Read/Write RAW RAW
After reset 0 0 0 0 0 0 Q

Function

Prescaler & Timer Run/ Stop CONTROL
0: Stop &Clear
1: Run(Countup)

L Operation of 16-bit timer (Timer 4)

1 |Count

0 |Stop & clear

L Operation of 16-bit timer (Timer 5)

1 |Count

0 |Stop & clear

Operation of prescaler

1 |Count

0 |Stop &clear

Figure 3.9 (10). Timer Operation Control Register (TRUN)
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0 Up-counter (UC16)

UC16 is a 16-bit binary counter which counts up
according to the input clock specified by TAMOD
<T4CLK1, 0> register or TSMOD <T5CLK1, 0> register.
As the input clock, one of the internal clocks oT1, oT4,
and oTI6 from 9-bit prescaler (also used for 8-bit
timer), and external clock from Tl4 pin (also used as
PBO/INT4 pin) and TI67 pin (also used as PB4/INT6
pin) can be selected. When reset, it will be initialized to
<T4CLK1, 0>/<T5CLK1, 0> = 00 to select Tl4, TI6
input mode. Counting or stop and clear of the counter
is controlled by timer operation control register TRUN
<T4RUN>, <T5RUN>.

When clearing is enabled, up-counter UC4/UC5 will be
cleared to zero each time it coincides or matches the

TREG 4

timer register TREG5, TREG7. The “clear enable/dis-
able” is set by T4AMOD <CLE> and TSMOD <CLE>.

If clearing is disabled, the counter operates as a free-
running counter.

O Timer Registers

These two 16-bit registers are used to set the value of
counter. When the value of up-counter UC4/UC5
matches the set value of this timer register, the com-
parator match detect signal will be active.

Setting data for timer register (TREG4, TREG5/TREG6
and TREG7) is executed using 2 byte data load
instruction or by using 1 byte data load instruction
twice for lower 8 bits and upper 1 bits in order.

TREGS

‘ Upper 8 bits ]Loweerits |

[ Upper 8 bits I Lower 8 bits I

000031H 000030H

TREG 6

000033H 000032H

TREG7

{ Upper 8 bits ]Loweerits ‘

| Upper 8 bits [Loweerits ‘

000041H 000040H

The timer register TREG4/TREG6 make double buffer
structure, which are paired with register buffer. The
timer control register T45CR <DB4EN, DB6EN> con-
trols whether the double buffer structure should be
enabled or disabled. : disabled when <DB4EN, DB6EN>
= 0, while enabled when <DB4EN, DB6EN> = 1.

When the double buffer is enabled, the timing to transfer
data from the register buffer to the timer register is at
the match between the up-counter (UC4 and UC5)
and timer register TREG5 and TREG?.

When reset, it will be initialized to <DB4EN, DBGEN> =
0, whereby the double buffer is disabled. To use the double
buffer, write data in the timer register, set <DB4EN,
DB6BEN> = 1, and then write the following data in the regis-
ter buffer.

000043H 000042H

TREG4, TREG6 and register buffer are allocated to the
same memory addresses 000030H/000031H and
000040H/000041H. When <DB4EN, DB6EN> = 0, the
same value will be written in both the timer register and
the register buffer. When <DB4EN, DBGEN> = 1, the
value is written into only the register buffer.

Since the timer register is indeterminate after a reset,
always write data to higher and lower bits.

O Capture Register (CAP1 and CAP2)

These 16-bit registers are used to hold the values of
the up-counter.

Data in the capture registers should be read by a 2-
byte load instruction or two 1- byte data load instruction,
from the lower 8 bits followed by the upper 8 bits.

CAP1 CAP 2
l Upper 8 bits l Lower 8 bits 1 I Upper 8 bits l Lower 8 bits |
000035H 000034H 000037H 000036H
CAP3 CAP4
I Upper 8 bits l Lower 8 bits ] I Upper 8 bits ‘ Lower 8 bits J
000045H 000044H 000047H 000046H
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O Capture Input Control Circuit

This circuit controls the timing to latch the value of
up-counter UC4/UCS5 into (CAP1, CAP2/CAPS,
CAP4). The latch timing of capture register is controlled by
register T4AMOD <CAP12M1, 0>/T5MOD <CAP34M1,
0>.

¢ \When T4AMOD <CAP12M1, 0>/T5SMOD <CAP34MT1,
0>=00

Capture function is disabled. Disable is the default on

reset.

¢ \When T4MOD <CAP12M1, 0>/TSMOD <CAP34M1,
0> =01

Data is loaded to CAP1/CAPS at the rise edge of Tl4

pin (also used as PBO/INT7) input, while data is loaded

to CAP2/CAP4 at the TI5 pin (also used as P81/INT5)

and TI7 pin (also used as PB5/INT7) input. (Time differ-

ence measurement)

¢ \When T4MOD <CAP12M1, 0>/T5SMOD <CAP34M1,
0>=10

Data is loaded to CAP1/CAPS at the rise edge of the

TI4 pin/T16 pin input, while data is loaded to CAP2/CAP4

at the fall edge. Only in this setting, interrupt INT4/INT6

occurs at fall edge. (Pulse width measurement)

e \When T4AMOD <CAP12M1, 0>/T5SMOD <CAP34M1,
0>=11

Data is loaded to CAP1/CAP3 at the rise edge of timer flip-

flop TFF1, while to CAP2/CAP4 at the fall edge.

Besides, the value of up-counter can be loaded to
capture registers by software. Whenever “0” is written
in T4AMOD <CAPIN>, TSMOD <CAP3IN>, the current
value of up-counter will be loaded to capture register
CAP1/CAPS. It is necessary to keep the prescaler in
RUN mode (TRUN <PRUN> to be “17).

0 Comparator

These are 16-bit comparators which compare the up-

76543210

counter UC4/UCS5 value with the set value of (TREG4,
TREG5, TREG5/TREG6, TREG7) to detect the match.
When a match is detected, the comparators generate
an interrupt (INTTR4, INTTR5/INTTRG, INTTR7), respec-
tively. The up-counter UC4/UC5 is cleared only when
UC4/UC5 matches TREGS/TREGY. (The clearing of up-
counter UC4/UC5 can be disabled by setting T4AMOD
<CLE>/T5MOD <CLE> = 0).

O Timer Flip-flop (TFF4/TFF6)

This flip-flop is inverted by the match detect signal
from the comparators and the latch signals to the cap-
ture registers. Disable/enable of the inversion can be
set for each element by T4FFCR <CAP2T4, CAP1T4,
EQ5T4, EQ4T4> /T5FFCR <CAP 4T6, CAP3TS,
EQ7T6, EQ6T6>. TFF5/TFF6 will be inverted when
“00” is written in T4FFCR < TFF4C1, 0>/T5FFCR <
TFFBC1, 0>. Also, it is set to “1” when “10” is written,
and cleared to “0” when “10” is written. The value of
TFF4 can be output to the timer output pin TO4 (commonly
used as PB2)/TO6 (also used used as PB6).

O Timer Flip-flop (TFF5)

This flip-flop is inverted by the match detect signal
from the comparator and the latch signal to the cap-
ture register CAP2. TFF5 will be inverted when “00” is
written in T4FFCR < TFF5C1, 0>. Also, it is set to “1”
when “10” is written, and cleared to “0” when “10” is
written. The value of TFF5 can be output to the timer out-
put pin TO5 (commonly used as P82).

Note: This flip-flop (TFF5) is contained only in the 16-bit timer 4.

16-bit Timer Mode

Timer 4 and Timer 5 can be operated independently. Both
can be operated all the same, so, Timer 4 is shown here
for the purposes of illustration only.

Generating interrupts at fixed intervals, the interval time
is set in the timer register TREGS to generate the inter-
rupt INTTRS.

Enable INTTRS and sets interrupt level 4. Disable

Select internal clock for input and
disable the capture function.
Set the interval time (16 bits).

TRUN «-X-0---- Stop timer 4.
INTET45 « 1 1 001000
INTTRA4.
TAFFCR « 11000011 Disable trigger.
TAMOD « 001001 **
(**=01,10,11)

TREGE ~ % * & K ® ¥ ¥ ¥

* kK ok Kk Kk Kk K %
TRUN «1X-1---- Start timer 4.
Note: X;don’t care - ;no change
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(@)

16-bit Event Counter Mode

In timer mode as described in above, the timer can be
used as an event counter by selecting the external
clock (Tl4 pin/TI6 pin input) as the input clock. To read
the value of the counter, first perform “software cap-
ture” once and read the captured value.

TRUN
PBCR - - =---~- - 0
INTET45 « 11001000

TAFFCR « 1100001
T4MOD <« 0010010
TREGH R EEREEEEE

ok ok ok ok Kk ok ok

TRUN «1X-1----

Stop timer 4.

The counter counts at the rise edge of Tl4 pin/TI6 pin
input.

T4 pin/TI6 pin can also be used as PBO/INT4 and
PB4/INT®6.

Since both timers operate in exactly the same way,
timer 4 is used for the purposes of explanation.

Set P80 to input mode

Enable INTTRS and sets interrupt level 4, while
disables INTTR4.

Disable trigger.

Select Tl4 as the input clock.

Set the number of counts (16 bits).

Start timer 4.

Note : When used as an event counter, set the prescaler in RUN mode.

3) 16-bit Programmable Pulse Generation (PPG) Output flip-flop TFF4 that is to be enabled by match of the up-
Mode counter UC4 with the timer register TREG 4 or 5 and to
be output to TO4 (also used as P82). In this mode, the
Timer 4 and Timer 5 can be operated all the same, following conditions must be satisfied.
Timer 4 is used for the purposes of explanation.
The PPG mode is obtained by inversion of the timer (Set value of TREG4) < (Set value of TREGY)
76543210
TRUN €«-X-0---- Stop iimer 4.
TREG4 € ok ok K K oK K K K Set the duty. (16-Bit)
* ok ok ok ok Kk ok &
TREGE « # % % % % % % # Set the cycle. (16-Bit)
* * * %k %k *
T45CR « 0 X X X - - -1 Double Buffer of TREG4 enable
(Change the duty and cycle at the interrupt INTTRS5)
TA4FFCR ¢« 11001110 Set the mode to invert TFF4 at the match with
TREG4/TREGS, and also set the TFF4to “0".
T4MOD « 001001 ** Select the internal cleck for the input, and disable
(**=0G1,10,11) the capture function.
PBCR € - - - - - 1--
PREC eX - XX-1XX } Assign P82 as TO4.
TRUN «1X-1---- Start timer 4.
Note: X ;don’t care  -;no change
eSS | I | NN | NN | |
ey LTI
TO4 pin U u |_| l_l
Figure 3.9 (11). Programmable Pulse Generation (PPG) Output Waveforms
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When the double buffer of TREG4 is enabled in this
mode, the value of register buffer 4 will be shifted in

|

TREG4 at match with TREGS. This feature makes easy
the handling of low duty waves.

1

Match with TREG4 Up-counter = Q.

Up-counter =Q

Match with TREGS

( shift into the TREGS

TREG4
(value to be Qi

A

Q2

compared)

7]\

Register buffer

Q2

X Q3

Write into the TREG4

Figure 3.9 (12). Operation of Register Buffer

TRUN<TARUN>

TOA4 (PPG output) TOS
T4 —
Tl — -Bi -
;Tq - 16-Bit up-counter clear F/F F/F
sTIE™ uca (TFF4) (TFF5)
T4MOD | I
<T4CLK1,0> i
N AV
matc
16-Bit Comparator > 16-Bit Comparator . match
A AN
TREG4
FaN
Selector
TREG4-WR —>»|
Register buffer 4 TREGS
T45CR<DB4EN> ﬁ ﬁ
Internal bus

Figure 3.9 (13). Block Diagram of 16-Bit PPG Mode
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(4)  Application examples of capture function O One-shot pulse output from external trigger pulse
Timer 4 and Timer 5 can be operated all the same, Set the up-counter UC4 in free-running mode with the
Timer 4 is used for the purposes of explanation internal input clock, input the external trigger pulse
The loading of up-counter (UC4) values into the capture reg- from Tl4 pin, and load the value of up-counter into the
isters CAP1 and CAP2, the timer flip-flop TFF4 inversion capture register CAP1 at the rising edge of Tl4 pin.
due to the match detection by comparators CP4 and Then set to TAMOD <CAP12M1, 0> = 01.

CP5, and the output of the TFF4 status to TO4 pin can When the interrupt INT4 is generated at the rising edge
be enabled or disabled. Combined with interrupt func- of Tl4 input, set the CAP1 value (c) plus a delay time (d)
tion, they can be applied in many ways, for example: to TREG4 (= ¢ + d), and set the above set value (c + d)
pulse a one shot pulse width (p) the TREG5 (=¢c + d +
0 One-shot pulse output from external trigger pulse p). When the interrupt INT4 occurs the TAFFCR
0 Frequency measurement <EQ5T4, EQ4T4> register should be set that the TFF4
9 , Y inversion is enabled only when the up-counter value
0 P.ulse W'dth measurement matches TREG4 or 5. When interrupt INTTR5 occurs,
O Time difference measurement this inversion will be disabled.
(* Set the counter in free-running mode.
countclock __ [N _ _ _ MMM _ _ TR _ _ SR _
(internal clock) ¢ - c+d c+d+p
TI4 pin input |
(external triggg: g:fl‘:e) .& Load the up-counter value into Capture
I~ Register 1 (CAP1) INT4 occurred E
Match with TREG4 E 44| :
1 . i INTTRS occyrred
) Inversion ' d !
) j enable E /ﬂ :
Match with TREGS : Disablesinversion\ ! Inversion ! 1
i caused byloading \ | anable !
! of the up-counter
Timer output pin TO4 :’ valueinta CAPI, !
i Delay time i Pulse width |
) R
Figure 3.9 (14). One-Shot Output (with Delay)
106

TOSHIBA CORPORATION



TMP95C061

Setting example: To output 2ms one-shot pulse with a 3ms delay to the external trigger pulse to TI4 pin.
Main setting Keep counting (Free-runnig)
— [ Countwith ¢T1.
TAMOD ¢ --101001

Load the up-counter value into CAP1 at the rise edge
TAFFCR« 11000010 of Tl4 pin input.

Clear TFF4 to zero.

Disable TFF4 inversion.

PBCR ¢ - - - - - 1--
PBFC ¢ X -XX-1XX } Select PB2 as the TO4 pin.

INTE45 « - - --1100 Enable INT4, and disable INTTR4 and INTTRS.
INTET45« 1 0001000

LTRUN ¢« 1 X ~-1- - - - Start timer 4.

Setting of INT4

TREG4 « CAP1+3 ms/¢T1
TREGS « TREG4+2 ms/sT1

T4FFCR « - - - - 11 - -
Enable TFF4 inversion when the up-counter value
matches TREG4 or 5.

INTET45« 1100 - - - - Enable INTTRS.

Setting of INTS

TAFFCR « - - - =00 - -
Disable TFF4 inversion when the up-counter value
matches TREG4 or 5.

INTET45« 1000 - - - - Disable INTTRS.

Note: X;don't care  -;no change
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When delay time is unnecessary, invert timer flip-flop

TFF4 when the up-counter value is loaded into capture
register 1 (CAP1), and set the CAP1 value (c) plus the
one-shot pulse width (p) to TREGS when the interrupt

INT4 occurs. The TFF4 inversion should be enabled
before the up-counter (UC4) value matches TREGS,
and disabled when generating the interrupt INTTRS.

Count clock "””"”" ””””" ”"”""
C c+p

(internal clock)

Tl4 pin input
(external trigger pulse)

1

Match with TREGS

Load the up-c
Register 1 PCAP1

nter value into Capture
). INT4 occurred Load the up-counter value into

A INTTRS Capture Register 2 (CAP2).

!

Inversion
e a%\e

Timer output pin TO4

/

Enables inversion caused
by loading of the up-
counter value into CAP1

1
i
v
i

()]

1]

i

I

[}

i

/ﬂ occurred 1
1 :
'

i

I

1

1

i

Pulse width

= 7

I

' Disables inversion caused by loading of
the up-counter value into CAP2.

Figure 3.9 (15). One-Shot Pulse Output (without Delay)

O Frequency measurement

The frequency of the external clock can be measured
in this mode. The clock is input through the T14 pin,
and its frequency is measured by using the 8-bit timers
(Timer O and Timer 1) and the 16-bit timer/event
counter (Timer 4).

The Tl4 pin input should be selected for the input clock

of Timer 4. The value of the up-counter is loaded into

the capture register CAP1 at the rise edge of the timer
flip-flop TFF1 of 8-bit timers (Timer 0 and Timer 1), and
into CAP2 at its fall edge.

The frequency is calculated by the difference between
the loaded values CAP1 and CAP2 when the interrupt
(INTTO or INTT1) is generated by either 8-bit timer.

Count clock "”"” ______
(internal clock) <1 -~ I
TFF1 ; ! !'_
! I
1 ]
C1

Loading UC16 inta CAP1 £ . n :

1 | ;

\ i [l c2 ) “ 2

Loading UC16 into CAP2 \l ] ‘ f
| | | |

TNTTO/INTT?

Figure 3.9 (16). Frequency Measurement

For example, if the value for the level “1” width of TFF1
of the 8-bit timer is set to 0.5 sec. and the difference

between CAP1 and CAP2 is 100, the frequency will be
100/0.5 [s] - 200 [Hz].
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O Pulse width measurement

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 Tl4 pin.
Then the capture function is used to load the UC4 val-
ues into CAP1 and CAP2 at the rising edge and falling

(internal clock)

edge of the external trigger pulse respectively. The
interrupt INT4 occurs at the falling edge of Tl4.

The pulse width is obtained from the difference
between the values of CAP1 and CAP2 and the internal
clock cycle.

For example, if the internal clock is 8.0 microseconds
and the difference between CAP1 and CAP2 is 100,
the pulse width will be 100 x 0.8us = 80ps.

Count clock I”"””"l ""”""
e et R

Ti4 pin
(external pulse) H
Cl

E

Loading UC16 into CAP1

Loading UC16 into CAP2

—_— T
0
N

INT4

Figure 3.9 (17) Pulse Width Measurement

modes, it occurs at the rising edge.

The width of “L” level can be measured from the difference
between the first C2 and the second C1 at the second
INT1 interrupt.

O Time difference measurement

This mode is used to measure the difference in time
between the rising edges of external pulses input
through T14 and TI5.

Keep the 16-bit timer/event counter (Timer 4) counting

Note: Only in this pulse width measuring mode (T4AMOD <CAP12M1, 0> = 10), external interrupt INT1 occurs at the falling edge of Tl4 pin input. In other

(free-running) with the internal clock, and load the UC4
value into CAP1 at the rising edge of the input pulse to
Tl4. Then the interrupt INT1 is generated.

Similarly, the UC4 value is loaded into CAP2 at the ris-
ing edge of the input pulse to T15, generating the inter-
rupt INT2.

The time difference between these pulses can be
obtained from the difference between the time counts
at which loading the up-counter value into CAP1 and
CAP2 has been done.

TOSHIBA CORPORATION

109



TMP95C061

Count clock
(internal clock) —J-l'n‘l;l!ln- —_——— —— J.I-IC]-JWL _____
Ti4 pininput / :
i
'
P ’ |
TIS pininput . L

Loading UC16 into CAP1

1]

Loading UC16 into CAP2 \

INT1

INT2

Time difference

et hibn ! =ty EEEH

Figure 3.9 (18). Time Difference Measurement

(5)  Different Phased Pulses Output Mode When the value in up-counter UC4 and the value in
TREG4 (TREGS5) match, the value in TFF4 (TFF5) is
In this mode signals with any different phase can be |nv'erted and output to TO4 (TOQ'
output by free-running up-counter UC4. This mode can be used only in Timer 4.

Counter
(free-running)

Match with TREG4 ” | ! I-I
Match with TREGS ﬂ |-I |-|

TO4

TOS

Figure 3.9 (19). Phase Output

Cycles (counter overflow time) of the above output

waves are listed on Table 3.9 (2). The following table 20MHz 25MHz

shows cycles (counter overflow) of the above output aT1 26.214ms 20.97ms

wave. oT4 104.856ms 83.88ms
gT16 419.424ms 335.54ms
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3.10 Stepping Motor Control/Pattern Generation Port

TMP95C061 contains two channels (PGO and PG1) of 4-bit
hardware stepping motor control/pattern generation (herein
after called PG) which actuate in synchronization with the (8-
bit/16-bit) timers. The PG (PGO and PG1) are shared in 8-bit I/
O ports P7.

Channel 0 (PGO) is synchronous with 8-bit timer 2 or
timer 3, 16-bit timer 5, to update the output.

The PG ports are controlled by control registers
(PGO1CR) and can select either stepping motor control mode
or pattern generation mode. Each bit of the P7 can be used as

Different Points between PGO and PG1

the PG port.

PGO and PG1 can be used independently.

All PG operate in the same manner except the following
points, and thus only the operation of PGO will be explained
below.

Different Points between PGO and PG1

PGO PG1
Triaaer Sianal from 8-bit timer 0, 1 or | from 8-bit timer 2, 3 or
gger >1g 16-Dit timer 4 16-bit timer 5

153 T spo3

o

o
T
0}
(=]
N

Bus
w
>
o
o

Internal
o
«
o
[a]
[=]

SA00

~ 1

1-2 excitation
;_—J 1/2 excitatjon

4.[3 P62 /PG02

4;.[] P61/PG01

PGO PG1
Tri Signal from 8-bit timer 0, 1 from 8-bittimer 2, 3
rigger-igna or 16-bit timer 4 or 16-bit timer 5
™ b7
\ P73 /PGO3
| Peos [ (P77/PG13)

(P76/PG12)

v C
w O
P
W ©
>
Vv o
oo

(P75/PG11)

b4
PG00 - ~[] P60/PGOO
(P74/PG10)
b0 J

Figure 3.10 (1). PG Block Diagram
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PGO1CR
(004EH)

7 6 s i 4 1 3 L 2 1 i 0
bit Symbeol PAT1 ccwi PGIM | PGITE i PATO CCWO0 PGOM PGOTE
Read/Write R/IW : R/IW
After reset 0 o { o { o { o { o i o i o

PG1write (PG1 PG1 mode PG1 PGOwrite :PGO ‘PGO mode :PGO
mode iRotaing  i(excitation)itrigger :mode :Rotaing  (excitation)trigger
0: 8bit §dIFeCtIDn E0: iexmatmnélenan;::IE 0 8bit gdarectzon 50: ‘Iexcntatlor\slennpal.i;t!e
Function | write 0:Normal { > €N i write  0:Normal | '
e i rotationi, ‘¥®ONg: gisable [, . i rotation:, excrta mrL;Ct: disable
1: 4bit i ERE i :1: 4bit : ti- .
1: Reverse : 1:enable : - :1: Reverse ! :1: enable
write "1 excitation ! i write : .1 excitation:
rotation: : H :  rotation: :
f l | | |

L' PGO Trigger input enable

0 | Triggerinputdisable to PGO
1 Trigger input enable to PGO

L Setthe operation mode of PGO

0 | 1or2excitation (full step)

1 1-2 excitation (half step) / PG mode

PGO (stepping motor control)
Rotaing direction control

0 Normal rotation /PG mode

1 Reverse rotation

Selecting PGO write mode

0 8-bit write

4-bit write / PG mode
(Only shifter alternate register can be
written.)

Figure 3.10 (2a). Pattern Generation Control Register (PGO1CR)
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7 6 5 .4 3 0 2 1 P00
PGO1CR |bit Symbol | PAT1 COW1 | PGIM | PGITE : PATO | CCWO | PGOM | PGOTE
(004EH) Read/Write R/W RIW
After reset 0 o i 0 i ¢ 0 0 1o

PG1write :PG1

PG1 mode :PG1

iPGOwrite PGO

‘PGO mode :PGO

mode :Rotaing  i(excitation):trigger imode :Rotaing  (excitation).trigger
0: 8bit jd\rectlon 3O: lfxmanoniwennlzubt‘e ‘0: 8bit ;dlrectlon O ‘e“"auorf::qiﬁe
Function write  :0: Normal : (2) tat n§ ¢ write  0:Normal : ;’rx Lt ﬂ
) i rotation:, ‘¥OMy. gisable ) . rotation] "7 disable
1: 4bit : BT : :1: 4bit B RERE :
. :1: Reverse : . il:enable : . i1: Reverse : __i1:enable
write 1 excitation | Powrite ! 1 excitation
i rotation: : H ¢ rotation: :

PG1 trigger input enable

1

0

Trigger input enable to PG1

L———— Setthe operation mode of PG1

1

0

1 or 2 excition (full step)

1-2 excitation (half step) / PG mode

PG1 (stepping motor control)

Rotaing direction control

0
1

Reverse rotation

Normal rotation /PG mode

Selecting PG1 write mode

0

8-bit write

4-bit write / PG mode
(Only shifter alternate register can be
written.)

Figure 3.10 (2b). Pattern Generation Control Register (PGO1CR)
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7 6 5 4 3 2 1 0
PGOREG | bit Symbol PGO3 PG02 PGO1 PG00 SA03 SA02 : SA01 SA00
{004CH) Read/Write w R/W
After reset 0 0 i 0 0 Undefined

Function

Pattern Generation 0 (PGO) output
latch register

(Reading the P7 thatis set to the

PG port allows to read-out.

iShift alternate register 0
:For the PG mode (4-bit write) register

Prohibit Read
maodify write

Figure 3.10 (3). Pattern Generation 0 Register (PGOREG)

7 6 5 4 3 2 1 Q
PG1REG | bit symbol | PG13 PG12 PG11 PG10 SA13 SA12 SAT SA10
(004DH) [ peadnvrite w RIW
After reset 4] 0 : 0 0 Undefined

Function

Pattern Generation 1 (PG1) output
latch register

Reading the P7 that is set to the
PG port allows to read-out.

(

)

:Shift alternate register 1
:For the PG mode (4-bit write) register

Prohibit Read
modify write

Figure 3.10 (4). Pattern Generation 1 Register (PG1REG)
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7 5 S 4 C3 ; 2 : 1 )
T45CR | bit Symbol - PGIT | PGOT : DBEEN | DB4EN
(003AH) Read/Write R/W R/W
After reset 0 g : 0 ; 0 0 0
Fixat"0" . PGishift  PGOSRiIft
Al Trigger itrigger 10
re:f::f 0:8-bittimer :0:8-bittimer : 1: Enable
Function g H i trigger3  © trigger1
i (timer2.3) i (timer0.1) : Doyble | Double
A:16-bittimer [ 1:16bitimer ! by ffer of : buffer of
; tigger D wigger ! TREG6 | TREGA
: (timerS) t (timerd) :

I | I |

|

L— Double buffer control

0 Disable

1 Enable

DB6EN : Double buffer of TREGSE
DB4EN : Double buffer of TREG4

L—————— Selecting PGO shift trigger

0 | 8-bittimertrigger (timer0, 1)

1 16-bit timer trigger (timer 4)

Selecting PG1 shift trigger

0 | 8-bittimertrigger (timer 2, 3)

1 16-bit timer trigger (timer 5)

Write “0" to this bit, when this register is modified.

Figure 3.10 (5). 16-bit Timer Trigger Control Register (T45CR)
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8-Bit timer >
(timerQ, 1) Lala [
select PGD |, Port70t073
B S —
16-Bit timer 4 I 1
PGOT
8-Bit timer A —
(timer 2, 3) PG1 Port74t0 77
Select —
s B S —
16-Bit timer 5 T
PG1T

Figure 3.10 (6). Connection of Timer and Pattern Generator

Pattern Generation Mode

PG functions as a pattern generation according to the
setting of PGO1CR <PAT1>. In this mode, writing from
CPU is executed only on the shifter alternate register.
Writing a new data should be done during the interrupt
operation of the timer for shift trigger, and a pattern can
be output synchronous with the timer.

In this mode, set PGO1CR <PGOM> and <PG1M> to
1, and PGO1CR <CCWO0> and <CCW1> to 0.

The output of this pattern generator is output to port 7;
since port and functions can be switched on a bit basis
using port 7 function control register P7FC, any port
pin can be assigned to pattern generator output.
Figure 3.10 (7) shows the block diagram of this mode.

Trigger Signal from Timer rl rI I I
ITimer Interrupt Writing data to $A3 to 00 o
E L Timer Interrupt 1 1 i k [ A
Shift alternate register nJ[,\ X n ‘\ X n+1 .\ X_ n+2 ,\ X n+3
output \‘\ Shifting data from &\‘ \\ \\\
(5A03 to 00) SA03 to 00 to PGO3 to 00
Pattern Generator register X n-1 X n X n+1 X n+2

output
(PGO3 to 00)

Example of pattern generation mode

116
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~ 1
Shift alternate register PGO3 DFPG?;)

T

-~ A
5053

]
PGO02
PGO2 Lie72)

bus

-~ - SA02
g port

v}
1
< PGO1
; PGO1 D(p'ﬂ)
4 T
c
ATV
1
PGOO
PGOO Clip7o)
|
~J
Shift due to the shift trigger from timer
Figure 3.10 (7). Pattern Generation Mode Block Diagram (PGO)
In this pattern generation mode, only writing the output mode. Accordingly, the data shifted by trigger signal from a

latch is disabled by hardware, but other functions do the same timer must be written before the next trigger signal is output.
operation as 1-2 excitation in stepping motor control port
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tepping Motor Control Mode igure 3. and Figure 3. show the output
@ S ing M C | Mod Fi 3.10 (8) and Fi 3.10 (9) sh h
waveforms of 4-phase 1 excitation and 4-phase 2
i i i . excitation, respectively, when channel O (PGO) is
O 4-phase 1-Step/2-Step Excitation selected.

Trigger signal

from timer | i I | ﬂ I_l n J-l J-I
‘b4 b7 b6 bs ba [ |
PGO0 (P70)
‘bs b4 b7 [o6 [ bs [
PGO1(P71) E
PGO2 (P72) b6 I b5 b4 b7 ibﬁ l
PGO3 (P73) 1b7 b6 b5 ba b7 | I

Initial value PGOREG « 0100 x x x x

Note: bnindicates the initial value of PGOREG « b7 b6 b5 b4 X X X X

® Normal Rotation

Trigger signal

from timer | 'l I'l rl |-| I—I n
‘b4 b5 b6 b7 b4 |_—_L_

PGOO (P70)
T o ba bs — 1

PGO1 (P71)
PGO2(P72) D6 I b7 b4 b5 o6 |
PGO3 (P73) b7 b4 b5 | b6 | b7 |_

Initial value PGOREG « 0100 x x x x

@  Reverse Rotation

Figure 3.10 (8). Output Waveforms of 4-Phase 1-Step Excitation (Normal Rotation and Reverse Rotation)
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Trigger signal

from timer I‘I i'l |'| n |'| rl n

PG00 (P70) b‘“_.l b7 b6 ~Jbs ba | 1

PGO1 (P71) %bs b4 b7 b6 bs —

PGO2 (P72) f-bﬁ—l b5 b4 | b7 b6 i

PG03(P73) b7 b6 b5 b4 I b7 | I_
}

Initial value PGOREG « 1100 x x x x

Figure 3.10 (9). Output Waveforms of 4-Phase 2-Step Excitation (Normal Rotation)

The operation when channel O is selected is explained 1-step excitation will be selected when only one bit is
below. set to “1” during the initialization of PG, while 4-phase
The output latch of PGO (also used as P86) is shifted at 2-step excitation will be selected when two consecu-
the rising edge of the trigger signal from the timer to be tive bits are set to “1”.

output to the port. The value in the shift alternate registers are ignored
The direction of shift is specified by PGO1CR when the 4-phase 1-step/2-step excitation mode is
<CCWO0>: Normal rotation (PG00 — PGO1 — PG02 — selected.

PGO03) when <CCWO0> is set to “0”; reverse rotation Figure 3.10 (10) shows the block diagram.

(PGOO ~ PGO1 ~ PGO2 —~ PGO3) when “1”. 4-phase

‘ ) PGO Output latch
Shift alternate Register j_Lu e ¢
= PGO3 —>=[_]PG03 (P73)
e SAD3
>3
2| b — L
PGO2 F
_ —[_]PG02 (P72)
e SA02 i
o2 PGO1 |—v—-——>i:]peo1 (P71)
el sa01 Il
24 > PG00 —=[]PGOO (P70)
e ]

A | isshowing to shift the signal at the
rising edge of trigger signal from
timer.

Figure 3.10 (10). Block Diagram of 4-Phase 1-Step Excitation/2-Step Excitation (Normal Rotation)
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O 4-Phase 1-2 Step Excitation

Figure 3.10 (11) shows the output waveforms of 4-
phase 1 -2 step excitation when channel O is selected.

Trigger signal n i M n M n

‘b4 b0 jo7 b3 b6 | b2 bS b1
PG00 (P70)

: b1 b4 b0 b7 b3 b6 b2
PGO1(P71) I I_
PG02(P72) | b6 | b2 b5 b1 ba b0 b7 b3
PGO3 (P73) V7 b3 b6 |b2 bs b1 ba b0

Initial value PGOREG « 11001000

Note: bn denotes the initial value PGOREG « b7 b6 b5 b4 b3 b2 bl b0

@ Normal Rotation

Trigger signal

from timer J_l n n I_I n I_I

bi b5 b2 b6 b3 b7 b0
PGOO (P70) il [0
‘b5 b2 b6 b3 b7 ] b0 ba b1
PGO1(P71)
: b7 bo b b1 bS b2
po2(p72) | °° b3 I
PGO3 (P73) | b7 | bo b4 b1 b5 b2 b6 b3

t

Initial value PGOREG « 11001000

@  Reverse Rotation

Figure 3.10 (11). Output Waveforms of 4-Phase 1-2 Step Excitation (Normal Rotation and Reverse Rotation)
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The initialization for 4-phase 1-2 step excitation is as
follows:

By rearranging the initial value “b7 b6 b5 b4 b3 b2 b1
b0” to “b7 b3 b6 b2 b5 b1 b4 b0”, the consecutive 3
bits are set to “1” and other bits are set to “0” (positive
logic).

For example, if b7, b3, and b6 are set to “1", the initial
value becomes “11001000”, obtaining the output
waveforms as shown in Figure 3.10 (11).

To get an output waveform of negative logic, set values
1’s and O’s of the initial value should be inverted. For

example, to change the output waveform shown in
Figure 3.10 (11) into negative logic, change the initial
value to “00110111”.

The operation will be explained below for channel 0.
The output latch of PGO (shared by P7) and the shifter
alternate register (SAQ) for Pattern Generation are
shifted at the rising edge of trigger signal from the timer
to be output to the port. The direction of shift is set by
PGO1CR <CCWO0>.

Figure 3.10 (12) shows the block diagram.

PGO Output
Shifter alternate
register L
b7 PGO3 +—— PGO3 (P73)
A
L
o]
41
2 PG02 — PG02 (P72)
L0
- AL
]
N ) Il
w
Lz PGO1 '——» PGO1 (P71)
=
b1 fL
I
L AL
b4 PGOO }———-— PG00 (P70)
L
_bD_’_ SAQ00
A

_,}_L is showing to shift the signal at the rising
edge of trigger signal from the timer.

Figure 3.10 (12). Block Diagram of 4-Phase 1-2 Step Excitation (Normal Rotation)
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Setting example: To drive channel O (PGO) by 4-phase 1-2 timer O is selected, set each register as follows:
step excitation (normal rotation) when

76543210
TRUN ¢ - X - - - - - 0 Stop timer 0, and clear it to zero.
TMOD «00XX--01 Set 8-bit timer mode and select ¢ T1 as the input clock of timer 0.
TFFCR « X XX 01010 Clear TFF1 to zero and enable the inversion trigger by timer 0.
TREGO « * *= * * » * * & Set the cycle in timer register.
P7CR «----1111 Set P70 to P73 bits to the output mode.
PIFC ¢« ----1111 Set P70 to P73 bits to the PG output.
PGOICR + - - - -0011 Select PGO 4-phase 1-2 step excitation mode and normal rotation .
PGOREG « 11001000 Set an initial value.
TRUN «1X--- -~ 1 Start timer 0.
Note: X;don'tcare - ;nochange
(8)  Trigger Signal From Timer not equal to the trigger signal of timer flip-flop (TFF1,
TFF4, TFF5, and TFF6) and differs as shown in Table
The trigger signal from the timer which is used by PG is 3.10 (1) depending on the operation mode of the timer.
Table 3.10 (1) Select of Trigger Signal
TFF1 Inversion PG Shift
8-bit timer mode Selected by TFFCR <TFF11S> when the up-counter value matches
TREGO or TREG1 value.
16-bit timer mode When the up-counter value matches with both TREGO and TREG1 -
values. (The value of up-counter = TREGT*28 + TREGO)
PPG output mode When the up-counter value matches with both TREGO and TREG1. | When the up-counter value matches TREG1 value (PPG cycle).
PWM output mode When the up-counter value matches TREGO value and PWM cycle. | Trigger signal for PG is not generated.

Note:  To shift PG, TFFCR <FF1IE> must be set to “1” to enable TFF1 inversion.

Channel 1 of PG can be synchronized with the 16-bit trigger is generated when the value in UC4 and the
timer Timer 4/Timer 5. In this case, the PG shift trigger value in TREG5 match. When using a trigger signal
signal from the 16-bit timer is output only when the up- from Timer 5, set TSFFCR <EQ7T6> to 1. Generates a
counter UC4/UC5 value matches TREG5/TREG?T. trigger when the value in UC5 and the value in TREG7
When using a trigger signal from Timer 4, set either match.

T4FFCR <EQ5T4> or TAMOD <EQ5T5> to “1” and a
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(4)  Application of PG and Timer Output

As explained in “Trigger signal from timer”, the timing
to shift PG and invert TFF differs depending on the
mode of timer. An application to operate PG while

operating an 8-bit timer in PPG mode will be explained

below.

To drive a stepping motor, in addition to the value of
each phase (PG output), synchronizing signal is often
required at the timing when excitation is changed over.
In this application, port 7is used as a stepping motor
control port to output a synchronizing signal to the
TO1 pin (shared by PA2).

TREG!
TO1(PA2) I_I
PGOO (P70} TREGO J ]
PGO1 (P71) | L
PGO2 (P72) I r
PGO3 (P73) [ L

Figure 3.10 (13). Output Wav

Setting example:

TRUN ¢ -X=----00
TMOD « 10X XXXO01

TFFCR « X X 0 1
TREGO(_*II‘C"*‘
TREGL € * * % % % % *

PACR « X XXX--1-

PAFC € XXX X--1X

P7CR «----1111

PIFC «----1111
PGOICR « - - - -000 1

PGOREG + * * * # % % % %

TRUN «1X-=---11

Note: X;don't care  -;no change

eforms of 4-Phase 1-Step Excitation

Stop timer 0, and clear it to zero.

Set timer 0 and timer 1 in PPG output mode and select
¢T1 as the input clock.

Enable TFF1 inversion and set TFF1to “1".

Set the duty of TO1 to TREGO.

Set the cycle of TO1to TREG1.

} Assign PA2asTO1.

} Assign P70 to 73 as PGO

Set PGO in 4-phase 1-step excitation mode.

Set an initial value.
Start timer 0 and timer 1.
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3.11 Serial Channel The serial channel has the following operation modes:
TMP96C061 contains two serial Input/Output channels.

— o |/O interface mode Mode O: To transmit and receive I/O data as well as
the synchronizing signal SCLK for extending 1/O.

Mode 1:  7-bit data
— e Asynchronous transmission AE Mode 2: 8-bit data
(UART) mode Mode 3: 9-bit data

In mode 1 and mode 2, a parity bit can be added. Mode Figure 3.11 (1) shows the data format (for one frame) in
3 has wake-up function for making the master controller start each mode.
slave controllers in serial link (multi-controller system).

® Mode 0 (/O interface mode)

«— Transfer direction
® Mode 1(7-bit UART mode)

o for Y YN
oo on000 =

® Mode 2 (8-bit UART mode)

e aaona0ns
o000 00 s

® Mode 3 (9-bit UART mode)

oo aa00000s
PO 000000000

When bit 8 = 1, address (select code) is denoted.
When bit8 = 0, dataisdenoted.

Figure 3.11 (1). Data Formats
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The serial channel has a buffer register for transmitting
and receiving operations, in order to temporarily store trans-
mitted or received data, so that transmitting and receiving
operations can be done independently (full duplex).

However, in I/O interface mode, SCLK (serial clock) pin is
used for both transmission and receiving, the channel
becomes half-duplex.

The receiving data register is of a double buffer structure
to prevent the occurrence of overrun error and provides one
frame of margin before CPU reads the received data. The
receiving data register stores the already received data while
the buffer register receives the next frame data.

By using CTS and RTS (there is no RTS pin, so any one
port must be controlled by software), it is possible to halt data
send until CPU finishes reading receive data every time a frame
is received (Handshake 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 the transmission buffer becomes empty and
requests the CPU to send the next transmission data, or when
data is stored in the receiving data register and the CPU is
requested to read the data, INTTX or INTRX interrupt occurs.
Besides, if an overrun error, parity error, or framing error occurs
during receiving operation, flag SCOCR/SC1CR <OERR,
PERR, FERR> will be set.

The serial channel 0/1 includes a special baud rate gen-
erator, which can set any baud rate by dividing the frequency
of four clocks (@T0, @r2, g8, and @I'32) from the internal pres-
caler (shared by 8-bit/16-bit timer) by the value 2 to 16.

In I/O interface mode, it is possible to input synchronous
signals as well as to transmit or receive data by external clock.

3.11.1 Control Registers

The serial channel is controlled by three control registers
SCOCR, SCOMOD, and BROCR. Transmitted and received
data is stored in register SCOBUF.
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SCOMOD
(0052H)

7 1 6 5 s i 3 2 1 0
bitSymbol | TB8 | CISE RXE WU i SMI SMO sCi 5CO
Read/Write R/W
Afterreset | 0 i 0 0 0o 0 i 0 0o i 0

Transfer éHand ;Recewmg ;Wake up ESerLal transmission éSerial transmission
data ishake  iFunction iFunction imode iclock (UART)
Bit8 ;0: Receive: 00: WO interface {00: TO2 Trigger
. ; : disable!  mode i01: baud rate
Function 0 cTS : Enable éUI! 7-bit UART generator
i disable: i10: 8-bit UART 110: Internal clock &1
1 CTS i11: 9-bit UART 11: don't care
: enable : :
| | | 1 | 1 ]
|
I—> Serial transmission clock (UART)
00 | Timer 2 metch detect signal
01 |Baudrate generator
10 |Internal clock @1
11 |don'tcare
—— Serial transmission mode
90 |0 imterfacemode
01 ;
”107 UART
¥ £ 9-bit length
‘———— Wake-up Function
9-bit UART Other mode
0 |Interrupt when
data are received don't care
1 |Interrupt only
when RB8 =1
t————————— Receiving Function
0 |Receive Disable
1 |Receive Enable
Hand shake function (CTS Pin) enable
0 ways Trans e)
1 |Enable
Transmission data bit 8
Note: Thereis SC1IMOD (56H) in Channell

Figure 3.11 (2). Serial Mode Control Register (Channel 0, SCOMOD)
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5;4235211}0

bit Symbol

RB8

EVEN

PE | OERR PERR FERR | SCLKS : 10C

SCOCR Read/Write

RAW : R(cleared to Zerowhenread) : RAW

(0051H)
After reset

0

Function

Received EFarity

data
Bit8

(0: 0dd
i1: Even

o ¢ 0o ¢ o ¢ 0o i 0 i 0

: £0: SCLKO :0:

C _‘5_) éaaud Rate
: Generator

:SCLKO :1:SCLKO

(1) éPin input

fParity
‘addition : 1:
10z Disablel..

i1: Enable |
: : Overrun

error

: Parity : Framing

] 1 | ] ]

Note :

L> Select /0 interface input clock (Notel)

0 |Baud rate generater

1 |SCLKO Pininput

-— Edge selection in SCLK pin input mode

Transmits and receives ( _+m )
data at raise edge of SCLK

Transmits and receives ( i )
data at fall edge of SCLK

L——=Framing error flag
———>Parity error flag
——>Qverrun error flag

Cleared to Zero
when read.

-———————— > Enable parity addition

0 |Prohibition (disable)

1 |Permission (enable)

Addition/ check of even parity

0 |Odd parity

1 |Even parity

Receving databit8

Serial control register for channel 1is SC1CR (55H).

Note: As all error flags are cleared after reading do not test only a single bit with a bit-

testing instruction.

Figure 3.11 (3). Serial Control Register (Channel, SCOCR)
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7 . 6 i s i o4 . 3 . 2 1 i g
BROCR | bit Symbol — | BROCK1 : BROCKO : BROS3 : BROS2 : BROS1 : BROSO
(Q053H) Readwrite H RAW
After reset 0 0 0 0 0 0 0

Fixat "0" :
: £ 00: $T0 (4/fc)

:01:4T2 (16rto) © setting of the Divided frequency
i 10: T8 (64/fc)
i 11: 4732 (256/f¢)

Function

Setting of the divided frequency
of baud rate generator

divisions

tset

210 15 divisions

L Selecting the input clock of
baud rate generator

00 |Internal clock gTO (4/fc) 7

01 |Internal clock ¢T2 {16/fc)
10 |Internal clock ¢ T8 (64/fc)

11 |Internal clock ¢ 732 (256/fc)

Note: Set TRUN<PRRUN> to‘l’ when the baud rate generator is used.

Figure 3.11 (4). Serial Channel Control (Channel 0, BROCR)

7 6 5 4 3 2 1 0
‘TB?ETBGETBS§TB£1§TB3§TBZ§TB‘I éTBOI(Transmission)

SCOBUF

(50H)
7 6 5 4 3 2 1 0

[ RB7 | RB6 : RB5 : RB4 | RB3 : RB2 | RB1 : RBO I(Receiving)

Figure 3.11 (5). Serial Transmission/Receiving Buffer Registers (Channel 0, SCOBUF)
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4 3 2 1 0
SCIMOD bit Symbol TB8 — RXE Wu SM1 SMO SC1 SCO
Read/Write RW
(0056H) -
After reset 0 0 0 0 0 0 0 0
Transtered : Fix at “0” :Receiving : Wake up Serial Transmission  Serial Transmission
data {Function :Function mode iclock {UART)
Bit8 0: ReceiveiO: disable 00: I/Ointerface i00: TO2 Trigger
i disable 1:enable i mode ‘01: Baud rate
Function :1: Receive! 01: 7-Bit UART i generator
i Enable ! i10: 8Bit UART 10: Internal clock &1
: : i11: 9-Bit UART 11: don't care
1 ] L 1 1 | ]

]

L» Serial transmission clock {For UART)

00 [Timer 2 match detect signal
01 |Baud rate generator
10 |Internal clock @1
11 [don't care
Note: The clock selection for the I/O interface
mode is controlled by the serial control
register (SC1CR).
— Serial transmission mode
00 I/Q interface mode
o T8itlength
10 |UART mode ;3 Bit length
1 9.Bitlength
————— Wake up Function
9-Bit UART Other mode
0 |Interruptwhen
data are received don't care

Interrupt only
when RB8 = 1

Receiving control

0 |Re

Receive enable

Transmission data bit 8

Figure 3.11 (6). Serial Mode Control Register (Channel 1, SC1MOD)
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SC1CR
(0055H)

7 i 6 a i3 f o2 0o i
bitSymbol | RB& : EVEN OFERR | PERR : FERR | SCLKS [ 10C
Read/Write R RW R (clear to Zero when read) RW
After reset i 0 0 0 0 : 0 0

Received gParity fParity 0: SCLK1 0

data :0:0dd addition 1. error : (_f_ ‘Baud rate

Bit8 i1:Even [0:Disable et i generator

Function H i1: Enable : E .1 1:SCLK1 i1; SCLK1

Overrun : Parity raming : N
: : : : :Pin input
: (o

| L ] | | ]

L’ Select I/O interface input clock (Notel)

0 |Baud rate generate

1 |SCLK1 Pininput

Edge selection in SCLK pin input mode

Transmits and receives ( J_ )
O | data at raise edge of SCLK
Transmits and receives ( i )
data at fall edge of SCLK

L——= Framing error flag

————— Parity error flag

'——————————> Qverrun error flag

> Enable parity addition
0 |Disable

1 [Enable

Addition/ check of even parity
0 |Odd Parity

1 |Even Parity

testing instruction.

Receiving data bit 8

Note: As all error flags are cleared after reading, do not test only a single bit with a bit-

Figure 3.11 (7). Serial Control Register (Channel 1, SC1CR)
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7 1 e 5 i o4 3 i 2 i 1 i o0
BR1CR | bitSymbol - i BRICK1 i BRICKO | BRIS3 | BRIS2 | BRIS1 | BRISO
(0057H) Read/Write i R/W
After reset 0 S0 0 0 0 0 0

Fixat "0" ‘
: 1 00: 4TO (4/fc)

i 01: ¢T2(16/fc) i Setting of the Divided frequency
S 10: $T8 (64/f)
i 11 ¢T32(256/F¢)

Function

Setting of the divided frequency of baud rate
generator

0000

0010
to 2 to S divisions
mn

L, Selecting the input clock of baud rate generator

00 |Internal clock ¢TO (4/fc)
01 |Internal clock ¢T2(16/fc)
10 Internal clock ¢ T8 (64/fc)

11 [Internal clock ¢T32 (256/fc)

Note: Touse baud rate generator, set TRUN <PRRUN >to “1", putting the prescaler in RUN
mode.

Figure 3.11 (8). Baud Rate Generator Control Register (Channel 0, BROCR)

7 6 5 4 3 2 0
! TB7 | TB6 : TBS | TB4 | TB3 | TB2 | TB1 TBO ](Transmission)

SC1BUF
(0054H)

6 5 4 3 2 1 0
| RB7 | RB6 : RB5 : RB4 : RB3 | RB2 RB1 . RBOJ (Receiving)

Figure 3.11 (9). Serial Transmission/Receiving Buffer Registers (Channel 1, SC1BUF)
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A R T O T T R T
pgFC | bit Symbol P8SF | P83F P82F P8OF
(001BH)| Readrwrite ; : W : Wi W : w
‘ P00 P00 i g )
: : 0:PORT : { 0:PORT : 0:PORT : i 0: PORT
: © 11 SCLK1 : £ 1:TxD1 i 1:SCLKO ! i 1:TxDO
Prohibit Read l_|_l l—h
modify write L
Setting TXDO/ TXD1 output
0 |Port output
1 | TxD output
Setting SCLKO / SCLK 1 output
0 {Port output
1 |SCLK output
Figure 3.11 (10). Port 9 Function Register (P9FC)
7 i 6 s i 4 i 3 fo2 b o
ODE | bitSymbol \ E— © ODE!l | ODEO
(0058H) | Read/write : : : : RW
H H H H H H 0 0

© P83 i P8O
{0: cMOSs  i0: cMOs
1: OPEN 1: OPEN
{ Drain : Drain

: :

Setting P80 as Open-drain output
0 |CMOS output

1 |Open-drain output

——> Setting P83 as Open-drain

0 |CMOS output

1 |Open-drain output

Port 3.11 (11). Port 9 Open Drain Enable Register (ODE)
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3.11.2 Configuration
Figure 3.11 (12) shows the block diagram of the serial channel O.

---- Serial clock generation circuit

i 1
i I
! BROCR<BROCK1,0> __ TO2TRG (Timer 2 comparator output) |
! i <BR0S$3:0>1 i
| . b .
: ? o I 5 s | |
' #T0 4l 5 @ ! b o ! SIOCLK
E $T2 4= T K 1 @ @ ;
! 418 | 2 = [ E » ;
H ' L3 z ] e ) [ '
i $T32 4> 0 a ! 1
| | I
| : : b R
i +- Baudrate ---—* | | ceqmop SCOMOD |
' 41(fa2) generator <5C1,0> <SM1.0>E
i
1 1
| L| +2 s 1
: +~ | VOinterface mode i
i s :
|
scLkoDh !
(Shared | 4
37227 st St
v ) SCOMOD
<|oC>
SCLKO OO -
(Shared by P82) iNT;XD IN';T)(G
Receive SCOMOD Serial channel Transmission
counter <WU> —| interrupt counter
(UART only = 16) control (UART only +16)
RXDCLK } } h T TXDCLK
SCoMOD -
< RXE > Receive Transmission
control control
SCOCR
<PE> <EVEN>

C

Parity control

Thereisn'tin

RxDO D*—‘hb{ Receive buffer1(Shift register) channel 1
(Shared by P91) i}
RB8 lReceive buffer2 (SCOBUF) || Error flag I rTBS Transmission buffer (SCOBUF) O TxD0

(Shared by P80)

SCOCR_ | 1
<OERR> <PERR> < FERR>
Y
bus S

Internal

—

Figure 3.11 (12). Block Diagram of the Serial Channel 0
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Figure 3.11 (13) shows the block diagram of the serial channel 1.

[l Serial clock generation circuit

BR1CR<BR1CK1,0>

1 1
| i
1 1
I 1
l [ W bl :
H 1 1 ° UART ; H
: #T0 —> 5 > H 2 - | SIOCLK
I P - P ¥
R = v @ |
! “ - - 1
A St o0 Kl I R P 4 :
; $T32 4 » o ! !
] 1
! ' i '
i \__Baudrate ___} * + { f |
i generator SC1IMOD SC1IMOD H
1 4 (fcr2) <sC1,0> <5M1,0> |
| |
i 5 i
I - 1]
i % | VOinterface mode |
- 1
SCLK1 D‘l g H
input H ;
(Shared | !
byPgs)  b----- Smmmmemmmmmesnsmsememmmedeeeeeaeeeeaamsanme——an— J
SC1IMOD
SCLK1 O ‘<|0C>
Output INTRX1 INTTX1
(Shared + ;’
by P85) X - .
Receive SCIMOD| serial channel Transmission
counter WU>> interrupt counter
(UART only + 16) control (UART only + 16)
RXDCLK 1 T TXDCLK § ]
SC1MOD Receive Transmission

<RXE>

ontrol

SCICR
<PE> <EVEN>

Parity control

RxD1 [O———¢3 Receive buffer1({Shift register)

(Shared by P84) i

control

| RB8

Receive buffer2 (SC1BUF) ‘ [ Error flag I

| TB8

Transmission buffer (SC1BUF) J—.D TxD1

SCICR
<QERR> <PERR> <FERR>

vy od

(Shared by P83)

Internal bus

Figure 3.11 (13). Block Diagram of the Serial Channel 1
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0 Baud Rate Generator

Baud rate generator comprises a circuit that gener-
ates transmission and receiving clocks to determine the
transfer rate of the serial channel.

The input clock to the baud rate generator, @r0 (fc/
4), @2 (fc/16), @8 (fc/64), or @32 (fc/256) is generated
by the 9-bit prescaler which is shared by the timers. One

o UART mode

Transfer rate =

Input clock of baud rate generator

of these input clocks is selected by the baud rate genera-
tor control register bit <BROCK1/0>/<BR1CK1.0> of
BROCR/BR1CR.

The baud rate generator includes a 4-bit frequency
divider, which divides frequency by 2 to 16 values to
determine the transfer rate.

How to calculate a transfer rate when the baud rate
generator is used is explained below.

+16

Frequency divisor of baud rate generator

e |/O interface mode

Transfer rate =

Input clock of baud rate generator

Frequency divisor of baud rate generator

The relation between the input clock and the source clock (fc) is as follows:

@lo = fc/4
@2 = fc/16
QI8 = fc/64

@r32 = fc/256

Accordingly, when source clock fc is 12.288 MHz, input clock is ¢l2 (fc/16), and frequency divisor is 5, the transfer rate

in UART mode becomes as follows:

Transfer rate = fc/16
5

+16

= 12.288 x 106/16/5/16 = 9600 (bps)

Table 3.11 (1) shows an example of the transfer rate in UART mode.
Also with 8-bit timer 2, the serial channel can get a transfer rate. Table 3.11 (2) shows an example of baud rate using

timer 2.
Table 3.11 (1) Selection of Transfer Rate (1) (When Baud Rate Generator is Used)
Unit (kbps)
Input Clock
fc [Mhz] ¢ro @r2 T8 @r32
Frequency (fc/4) (fc/16) (fc/64) (fc/256)
Divisor
9.830400 2 76.800 19.200 4.800 1.200
1 4 38.400 9.600 2.400 0.600
1 8 19.200 4800 1.200 0.300
1 16 9.600 2.400 0.600 0.150
12.288000 5 38.400 9.600 2.400 0.600
1 A 19.200 4.800 1.200 0.300
14.745600 3 76.800 19.200 4.800 1.200
1 6 38.400 9.600 2.400 0.600
1 C 19.200 4.800 1.200 0.300

Note:  Transfer rate in I/O interface mode is 8 times as fast as the values given in the above table.
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Table 3.11 (2) Selection of Transfer Rate (1) (When Timer 2 (Input Clock ¢T1) is Used)

Unit (Kbps)
TREGO fo 12.288MHz 12MHz 9.8304MHz 8MHz 6.144MHz
1H 96 76.8 62.5 48
2H 48 384 31.25 24
3H 32 31.25 16
4H 24 19.2 12
5H 19.2 9.6
8H 12 9.6 6
AH 96 48
10H 6 48 3
14H 48 24

How to calculate the transfer rate (when timer 2 is used):

Transfer rate = fc

TREG2 x8x 16

L (When Timer 2 (input clock ¢T1) is used)

Input clock of Timer 2
g1 = 8/fc
@4 = 32/fc

@r16 = 128/fc

Note 1: Timer 2 match detect signal cannot be used as the transfer clock in I/O interface mode.

O Serial Clock Generation Circuit

This circuit generates the basic clock for transmitting
and receiving data.

1) 1/O interface mode (channel 1 only)

When in SCLK output mode with the setting of SC1CR
<IOC> = “0", the basic clock will be generated by
dividing by 2 the output of the baud rate generator as
described before. When in SCLK input mode with the
setting of SCOCR <IOC> = “1", the rising edge or fall-
ing edge will be detected according to the setting of

SCOCR <SCLKS:> register to generate the basic clock.

2) Asynchronous Communication (UART) mode

According to the setting of SCOMOD/SC1MOD <SCH1,
0>, the above baud rate generator clock, internal clock
@l (max. 500 Kbps @ fc = 16MHz), or the match
detect signal from timer O will be selected to generate
the basic clock SIOCLK.

O Receiving Counter

The receiving counter is a 4-bit binary counter used in
asynchronous communication (UART) mode and
counts up by SIOCLK clock. Sixteen pulses of SIOCLK
are used for receiving one bit of data, and the data bit
is sampled three times at 7th, 8th and 9th clock.

With the three samples, the received data is evaluated
by the rule of majority.

For example, if the sampled data bit is “1", “0” and “1”
at 7th, 8th and 9th clock respectively, the received data
is evaluated as “1”. The sampled data “0", “0” and “1”
is evaluated that the received data is “0”.

O Receiving Control
1) I/O interface mode (channel 1 only)

When in SCLK1 output mode with the setting of
SC1CR <IOC> = “0", RxD1 signal will be sampled at
the rising edge of shift clock which is output to SCLK
pin.

When in SCLK input mode with the setting SC1CR
<IOC> = “1", RxD1 signal will be sampled at the rising
edge or falling edge of SCLK input according to the
setting of SC1CR <SCLKS> register.
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2) Asynchronous Communication (UART) mode

The receiving control has a circuit for detecting the
start bit by the rule of majority. When two or more “0”
are detected during 3 samples, it is recognized as start
bit and the receiving operation is started.

Data being received is also evaluated by the rule of
majority.

O Receiving Buffer

To prevent overrun error, the receiving buffer has a
double buffer structure.

Received data is stored one bit by one bit in the receiv-
ing buffer 1 (shift register type). When 7 bits or 8 bits of
data are stored in the receiving buffer 1, the stored
data is transferred to another receiving buffer 2
(SCOBUF/SC1BUF), generating an interrupt INTRXO0/
INTRX1. The CPU reads only receiving buffer 2
(SCOBUF/SC1BUF). Even before the CPU reads the
receiving buffer 2 (SCOBUF/SC1BUF), the received
data can be stored in the receiving buffer 1. However,
unless the receiving buffer 2 (SCOBUF/SC1BUF) is

read before all bits of the next data are received by the
receiving buffer 1, an overrun error occurs. If an over-
run error occurs, the contents of the receiving buffer 1
will be lost, although the contents of the receiving
buffer 2 and SCOCR <RB8> SC1CR <RB8> are still
preserved. Reading data from receive data buffer 2
(SCOBUF/SC1BUF) clears interrupt request flags
INTRO <IRXOC> and INTRX1 <IRX1C7>.

The parity bit added in 8-bit UART mode and the most
significant bit (MSB) in 9-bit UART mode are stored in
SCOCR <RB8>/SC1CR <RB8>.

When in 9-bit UART mode, the wake-up function of
the slave controllers is enabled by setting SCOMOD
<WU>/SC1MOD <WU> to “1", and interrupt INTRX0/
INTRX1 occurs only when SCOCR <RB8>/SC1CR
<RB8> is set to “1”.

O Transmission Counter

Transmission counter is a 4-bit binary counter which is
used in asynchronous communication (UJART) mode
and, like a receiving counter, counts by SIOCLK clock,
generating TXDCLK every 16 clock pulses.

1516 1% 2 3 4 5 6 7

TXDCLK

9 10 11 12 13 14 15 16 [T 2
[

i
1

Figure 3.11 (14). Generation of Transmission Clock

O Transmission Controller
1) 1/0 interface mode

In SCLKO output mode with the setting of SC1CR
<IOC> = “0", the data in the transmission buffer are
output bit by bit to TxD1 pin at the rising edge of shift
clock which is output from SCLK1 pin.

In SCLK1 input mode with the setting SC1CR <IOC> =
“1", the data in the transmission buffer are output bit

by bit to TxD1 pin at the rising edge or falling edge of
SCLK input according to the setting of SC1CR
<SCLKS> register.

2) Asynchronous Communication (UART) mode

When transmission data is written in the transmission
buffer sent from the CPU, transmission starts at the ris-
ing edge of the next TXDCLK, generating a transmis-
sion shift clock TxDSFT.
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Handshake function

Serial channel 0 has a CTSO0 pin. Using this pin, data
can be sent in units of one frame; thus, overrun errors
can be avoided. The handshake function is enabled/
disabled by SCOMOD <CTSE>.

When the CTS0 pin goes high, after completion of the
current data send, data send is halted until the CTSO
pin goes low again. The INTTXO Interrupts are gener-

95C061

ated, requests the next send data to the CPU.
Though there is no RTS pin, a handshake function can
be easily configured by setting any port assigned to the
RTS function. The RTS should be output “High” to
request data send halt after data receive is completed
by a software in the RXD interrupt routine.

95C061

TxD

RxD

c1s

Sender

RTS (any port)

Receiver

Figure 3.11 (15). Handshake Function

Timing to write I]_“

transmission buffer
. ASend is suspended
CTS | from (1) to (2).

13 14 15 16 1

sloclk  —
TxDCLK 4 I e
(%
TxD \ start bit A bito

Note1: Ifthe CTS signal rises during transmission, the next data is not sent after the

completion of the current transmission.

Note 2: Transmission starts at the first TxDCLK clock fall after the CTS signal falls.

Figure 3.11 (16). Timing of CTS (Clear to Send)
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0O Transmission Buffer

Transmission buffer (SCOBUF/SC1BUF) shifts to and
sends the transmission data written from the CPU from
the least significant bit (LSB) in order, using transmis-
sion shift clock TXDSFT which is generated by the
transmission control. When all bits are shifted out, the
transmission buffer becomes empty and generates
INTTXO/INTTX1 interrupt.

O Parity Control Circuit

When serial channel control register SCOCR <PE>/
SC1CR <PE> is set to “1", it is possible to transmit
and receive data with parity. However, parity can be
added only in 7-bit UART or 8-bit UART mode. With
SCOCR <EVEN>/SC1CR <EVEN> register, even (odd)
parity can be selected.

For transmission, parity is automatically generated
according to the data written in the transmission buffer
(SCOBUF/SC2BUF), and data are transmitted after
being stored in SCOBUF <TB7>/SC1BUF <TB7>
when in 7-bit UART mode while in SCOMOD <TB8>/
SC1MOD <TB8> when in 8-bit UART mode. <PE>
and <EVEN> must be set before transmission data are
written in the transmission buffer.

For receiving, data is shifted in the receiving buffer 1,
and parity is added after the data is transferred in the
receiving buffer 2 (SCOBUF/SC1BUF), and then com-
pared with SCOBUF <RB7>/SC1BUF when in 7-bit

® Generating Timing

1) UART mode

UART mode and with SCOMOD <RB8>/SC1MOD
when in 8-bit UART mode. If they are not equal, a par-
ity error occurs, and SCOCR <PERR>/SC1CR
<PERR> flag is set.

O Error Flag

Three error flags are provided to increase the reliability
of receiving data.

1. Overrun error <OERR>

If all bits of the next data are received in receiving buffer
1 while valid data is stored in receiving buffer 2
(SCBUF0/1), an overrun error will occur.

2. Parity error <PERR>

The parity generated for the data shifted in receiving
buffer 2 (SCBUF0/1) is compared with the parity bit
received from RxD pin. If they are not equal, a parity
error OCCurs.

3. Framing error <FERR>

The stop bit of received data is sampled three times
around the center. If the majority is “0", a framing error
occurs.

Receiving
Mode 9 Bit 8 Bit + Parity 8 Bit, 7 Bit + Parity, 7 Bit
Interrupt timing Center of last bit (Bit 8) Center of last bit (parity bit) Center of stop bit
Framing error timing Center of stop bit Center of stop bit Center of stop bit
Parity error timing Center of last bit (Bt 8) Center of last bit (parity bit) Center of stop bit
QOverrun error timing Center of last bit (Bit 8) Center of last bit (parity bit) Center of stop bit

Note:

Framing error occurs after an interrupt has occurred. Therefore, to check for framing error during interrupt operation, it is necessary to wait for 1 bit

period of transfer rate.

Transmitting

Mode 9 Bit

8 Bit + Parity

8-Bit, 7 Bit + Parity, 7 Bit

Just before last bit is transmitted.

Interrupt timing

—

—
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2) 1/O Interface mode

Transmission interrupt timing

SCLK output mode

Immediately after rise of last SCLK signal. (See Figure 3.11 (19).)

SCLK input mode

Immediately after rise of last SCLK signal (rising mode), or immediately after fall in falling mode.
(See Figure 3.11 (20).)

Receiving interrupt timing

SCLK output mode

Timing used to transfer received data to data receive buffer 2 (SC1BUF); that is, immediately after
last SCLK. (See Figure 3.11 (21).)

SCLK input mode

Timing used to transfer received data to data receive buffer 2 (SC1BUF); that is, immediately after
SCLK. (See Figure 3.11 (22).)
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3.11.3 Operational Description for transmitting or receiving data to or from the external

shifter register.

(1) Mode 0 (/O interface mode) This mode includes SCLK output mode to output syn-
chronous clock SCLK and SCLK input mode to input
This mode is used to increase the number of I/0 pins external synchronous clock SCLK.
Qutput Input

extension extension

TMP35CO61 Shiftregister A | — TMP9SCO61 Shiftregister A| «—

B| — B| =

T*D S| | — RxD QH c| —

D| — D| =

SCLK SCK E| - SCLK CLOCK E| —

F| — F| =—

Port RCK G| — Port S/L G| =—

H|l — H —-—

TC74HC595 or TC74HC165 or
the like the like

Figure 3.11 (17). Example of SCLK Output Mode Connection

Output port Input port
extension extension

TMPISCO61 Shiftregister A | — TMP95C061 Shiftregister A| -

B| — B| =—

TxD Sl Cc| — RxD QH C| =—

D| — D| =

SCLK SCK E| — SCLK |= CLOCK E| =—

F| — F| -—

Port RCK G| — Port =(S/L G| =—

H| — H| =

TC74HC595 or TC?ZFHC‘LGS or
External clock— the like External clock — the like

Flgure 3.11 (18). Example of SCLK Input Mode Connection
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O Transmission

In SCLK output mode, 8-bit data and synchronous clock
are output from TxD pin and SCLKO pin, respectively, each

Timing to write
transmission H\

time the CPU writes data in the transmission buffer. When
all data is output, INTESO <ITXOC> will be set to generate
INTTXO interrupt.

L0

data

\ 7T
SCLK1 output s Y Y N W P W Y W

TxD1 X__bito X bit1 X X _bit6 X _bit7 X
TXDSFT 1 i ! [1 M
ITX1C (INTTX1 I ’

interrupt request)

L

Figure 3.11 (19) Transmitting Operation in I/0 Interface Mode (SCLK Output Mode) (Channel 1)

In SCLK output mode, 8-bit data are output from TxDO
pin when SCLKO input becomes active while data are
written in the transmission buffer by CPU.

When all data are output, INTESO <ITXOC> will be set
to generate INTTXO interrupt.

S(&E}lsilp&tﬂising edge mode) u L—A |—§$J |—A u
[ 2 N i 0 e 2

SCLK1input

(SCLKS = 1: Falling edge mode)

TxD X bito X bit1 XY bits X bite X bit7 X
TxDSFT M M1 I

ITX1C (INTTX1

—

interrupt request)

Figure 3.11 (20). Transmitting Operation in I/0 Interface Mode (SCLK Input Mode)
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O Receiving <IRXOC> is cleared by reading the received data.
When 8-bit data are received, the data will be trans-
ferred in the receiving buffer 2 (SC1BUF) at the timing
shown below, and INTES1 <IRX1C> will be set again
to generate INTRX1 interrupt.

In SCLK output mode, synchronous clock is output
from SCLK pin and the data is shifted in the receiving
buffer 1 whenever the receive interrupt flag INTESO

IRX1C I “-.\ 4 I\
SCLK1 ~—t A LA LA LA LXK
RxD1 bit0 » bit1 ( Y bt X bit7 Y

imi i H Generate
Timing to shiftdatain
the receiving buffer 2 INTRX1 \rl

Figure 3.11 (21). Receiving Operation in I/0 Interface Mode (SCLK Output Mode)

In SCLK input mode, the data is shifted in the receiving data will be shifted in the receiving buffer 2 (SC1BUF) at
buffer 1 when SCLK input becomes active, while the the timing shown below, and INTES1 <IRX1C> will be set
receive interrupt flag INTES1 <IRX1C> is cleared by read- again to generate INTRX interrupt.

ing the received data. When 8-bit data is received, the

(SSS:CLLKIJS‘S%L:HRis\ng edge mode) u l._A ng_* I_A l_A
| Yy v My v v
SCLK1 input
(SCLKS = 1: Falling edge mode)
RxD1 bito X bit1 )(Sitz(i X _bite X bit7 Y

Timing to shift data Generate \*ﬂ

in the receiving INTRX1
buffer 2

Figure 3.11 (22). Receiving Operation in I/0 Interface Mode (SCLK Input Mode)

Note:  For data receiving, the system must be placed in the receive enable state (SC1MOD <RXE> = “1”)
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(@)

Mode 1 (7-bit UART Mode) and even parity or odd parity is selected by SCOCR
<EVEN> /SC1CR <EVEN> when <PE> is set to “1”

The 7-bit mode can be set by setting serial channel (enable).

mode register SCOMOD <SM1,0> /SC1MOD

<SM1,0> to “01”. Setting example: ~ When transmitting data with the fol-

In this mode, a parity bit can be added, and the addi- lowing format, the control registers

tion of a parity bit can be enabled or disabled by serial should be set as described below.

channel control register SCOCR <PE> /SC1CR <PE>, Channel O is explained here.

even

«—— Direction of transmission (transmission rate: 2400 bps at fc = 12.288 MHz)

76543210
PBCR  « X K === = - ! } Select P80 as the TxD pin.
PBFC €« X X - X--X1
SCOMOD « X 0 - X 0101 Set 7-bit UART mode.
SCOCR ¢« X11XXX00 Add an even parity.
BROCR « 0X100101 Set transfer rate at 2400 bps.
TRUN «1X------ Start the prescaler for the baud rate generator.
INTESO « 1100 - - - - Enable INTTXO0 interrupt and set interrupt level 4.
SCOBUF « * * * * % * x x Set data for transmission.
Note: X; don’t care -; nochange
(8)  Mode 2 (8-bit UART Mode) even parity or odd parity is selected by SCOCR
<EVEN>/SC1CR <EVEN> when <PE> is set to “1”
The 8-bit UART mode can be specified by setting (enable).
SCOMOD <SM1,0> / SCTMOD <SM1,0> to “10”. In
this mode, parity bit can be added, the addition of a Setting example:  When receiving data with the follow-
parity bit is enabled or disabled by SCOCR <PE>, and ing format, the control register
should be set as described below.
POO0 00000 5
<«—— Direction of transmission (transmission rate: 9600 bps at fc = 12.288 MHz)
Main setting
76543210
PBCR € X X - =-=- -0 - Select P81 (RxD) as the input pin.
SCOMOD « - 01X 1001 Enable receiving in 8-bit UART mode.
SCOCR « X0 1 XXXO00 Add an odd parity.
BROCR «0X010101 Set transfer rate at 9600 bps.
TRUN 1 X------ Start the prescaler for the baud rate generator.
INTESO « - - - =-1100 Enable INTRX0 interrupt and set interrupt level 4.
Interrupt processing
Acc « SCOCR AND 00011100 } Check for error.
if Acc # 0 then ERROR
Acc « SCOBUF Read the received data.
Note: X;don't care =-;no change
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(4)  Mode 3 (9-bit UART Mode) Wake-up function
The 9-bit UART mode can be specified by setting In 9-bit UART mode, the wake-up function of slave
SCOMOD <SM1 0> /SC1MOD <SM1.0> to “11”. In controllers is enabled by setting SCOMOD <WU> /
this mode, parity, bit cannot be added SC1MOD <WU> to “1”. The interrupt INTRX1/INTRXO
For transmission, the MSB (9th bit) is written in oceurs only when <RB8> = 1.

SCOMOD <TB8>, while in receiving it is stored in
SCCR <RB8>. For writing and reading the buffer, the
MSB is read or written first, then SCOBUF/SC1BUF.

TxD RxD TxD RxD TxD RxD TxD RxD

Master Slave 1 Slave 2 Slave 3

Note: TxD pin of the slave controllers must be in open drain output mode.

Figure 3.11 (23). Serial Link Using Wake-Up Function
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Protocol O The master controller transmits one-frame data includ-
. ing the 8-bit select code for the slave controllers. The
O Select the 9-bit UART mode for master and slave con- MSB (bit 8) <TB8> is set to “1”.
trollers.

O Set SCOMOD <WU>/SC1MOD <WU> bit of each
slave controller to “1” to enable data receiving.

| S—

DO 000000 a0
.

Select code of slave controller

O Each slave controller receives the above frame, and

O The master controller transmits data to the specified
clears WU bit to “O” if the above select code matches slave controller whose SCOMOD <WU>/SC1MOD
its own select code. <WU> bit

is cleared to “0.” The MSB (bit 8) <TB8> is cleared to
“0”.

D060 60 0600
——

Data 0

O The other slave controllers (with the <WU> bit remain-

The slave controllers (WU = 0) can transmit data to the
ing at “1”) ignore the receiving data because their master controller, and it is possible to indicate the end
MSBs (bit 8 or <RB8>) are set to “0” to disable the of data receiving to the master controller by this trans-
interrupt INTRXO/INTRX1. mission.
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Setting Example:  To link two slave controllers serially
with the master controller, and use

the internal clock ¢l (fc/2) as the
transfer clock.

TxD RxD

Master

TxD RxD TxD RxD
Slave 1 Slave 2
Select code Select code
00000001 00001010

Since serial channels 0 and 1 operate in exactly the

® Setting the master controller

Main

PBCR « X X - - - -
PBFC « X X - X - X
INTESO « 110011

SCOMOD « 1010111

SCOBUF

T+

INTTX0 interrupt

SCOMOD « 0 - = = = - - -

SCOBUF « * * * * » &

0000000

same way, channel O is used for the purposes of expla-
nation.

} Select P80 as TxDO pin and P81 as RxD0 pin.

Enable INTTXO0 and set the interrupt level 4.

Enable INTTXO0 and set the interrupt level 5.

Set ¢1 as the transmission clock in 9-bit UART mode.
Set the select code for slave controller 1.

Sets TB8 to”0".

Set data for transmission.

® Setting the slave controller 2

Main

]
1
1

P8CR ¢« X X -
P8FC ¢ X X
ODE « X X
INTESO « 1 1
SCOMOD « 0 0

= o >
Ll e
Lol - S |
=R > X

INTRXO interrupt

Acc +« SCOBUF
if Acc = Select code

Then SCOMOD & - - - 0 - - - -

> o

ey

1
1
1
0
0

Select P81 as RxDO pin and P90 as TxDO pin (open drain
output).

Enable INTRX0 and INTTXO.
Set <WU> to “1” in the 9-bit UART transmission mode
with transfer clock ¢1 (fe/2).

Clear <WU>to "0".
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3.12 Analog/Digital Converter Figure 3.12 (1) shows the block diagram of the A/D con-
TMP95C061 contains a high-speed analog/digital converter verter. The 4-channel analog input pins (AN3 to ANO) are
(A/D converter) with 4-channel analog input that features 10-bit shared by input-only P9 and so can be used as input port.
successive approximation.

Internal bus

@ PN

AJD converter mode register (ADMOD)

ADCH EOCF ADBF RElPET SCAN SPEED ADS

1-0 VREFON
repeat yscan yyspeed ystart
end |busy

Decoder A/D converter  |_INTAD
control circuit interrupt

. |
Analog input | o]

-

Channel select
AN3 [~

AN2[—~ —_— L—»

Multiplexer AJD conversion result register
AN1J— | (ADREGO to ADREG3)

ANO—=

Vrer (Vrern) [
D/A converter
AGND (Vgepl) O

Figure 3.12 (1). Block Diagram of A/D Converter

Note 1: This A/D converter does not have a built-in sample and hold circuit. Therefore, when A/D converting high-frequency signals, connect a sample and
hold circuit externally.

Note 2: To lower the power supply current in IDLE or STOP mode, depending on the timing, standby mode can be entered with the internal comparator in
enable state. Thus, stop A/D conversion before executing the HALT instruction.

The ladder resistor between Veer (Vrerr) - AGND (Vrer ) cannot be disconnected internallly.
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ADMOD
(006DH)

76 5 4 3 02 TP 0
bitSymbol | EOCF : ADBF REPET | SCAN ADCS : ADS | ADCH1 | ADCHO
Read/Write R R/W
After reset 0 : 0 0 0 0 0 0 0

AD ;ND ;Repeal ES:an Mode ;ND ;ND Analog Input Channel
Conversion : Conversion | Mode : Conversion :Conversion : Selection
EndFlag  BUSY Flag 101 convension tgpeeg iStart :
;0: Single Channel :
Function |T:END  [1:BUSY 1 Mode | rues 10 highspesd | :
:1: Repeat 11 channel @ Mode :
Mode : Scan Mode \ Low Speed ;
: : 1 mode :
| | 1 ] 1 L
] l
& Analog Input Channel Selection
Normal Scan Mode
00 ANO ANO
01 AN1 ANO—AN1
10 AN2 ANO—AN1—-AN2
1 AN3 ANO—-AN1—-AN2—SAN3

Conversion Start

Start Conversion

le— A/D

Conversion Speed

Note) Always "0" when data is read

A/D High Speed Conversion Mode : 160 States=12.8 us (at 25 MHz)

A/D Low Speed Conversion Mode : 320 States = 25.6 us (at 25 MHz)

Scan Mode

Channel Scan Mode

Fixed Channel Mode

Repeat Mode

0 |Single Mode
1 |RepeatMode
BUSY flag
0 |NOTBUSY
ey
A/DEnd Flag
0 |NOTEND

Figure 3.12 (2). A/D Control Register
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om
NG
T
=

7 0 6 i s i a4 0

bit Symbol | ADR0O1 i ADROO :

Read/Write R

After reset Undefined 1 1 : 1
Function Lower 2 bits of A/D result for ANQ are stored.

7 L 6 15 1 a4 0
bitSymbol | ADR03 : ADRO8 : ADRO7 : ADRO6 : ADROS ADRO2
Read/Write R
After reset Undefined

Function Upper 8 bits of A/D result for ANO are stored.

7 L6 1 s i a4 0

bitSymbol | ADR11 | ADRIQ : :

Read/Write R

After reset Undefined 1 1 1
Function | Lower 2 bits of A/D result for AN1 are stored.

7 ¢ 6 15 a4 _ 0
bitSymbol | ADR19 | ADR18 | ADR17 | ADR16 : ADRI5 ADR12
Read/Write R
After reset Undefined

Function

Upper 8 bits of A/D result for AN1 are stored.

Figure 3.12 (3-1). A/D Conversion Result Register (ADREGO, 1)
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‘%ESEEH%L bitSymbol | ADR21 : ADR20 : : :
Read/Write R
After reset Undefined B
Function Lower 2 bits of A/D result for AN2 are stored.
7 i 6 i s i o4 o3 P 2 i 1 i 0
ABBEGM [Tbitsymbol | ADR23 | ADR2S : ADR27 | ADR26 | ADR2S | ADR24 | ADR23 | ADR22
Read/Write R
After reset Undefined
Function Upper 8 bits of A/D result for AN2 are stored.
7 . 6 5 4 i 3 i o2 i 1 i 0
‘%8&5&% bitSymbol | ADR31 i ADR30 ‘ : i :
Read/Write R
After reset Undefined 1 : 1 1 1 1 1
Function Lower 2 bits of A/D result for AN3 are stored.
7 0 6 s o4 . 3 2 i 1 i 0
"3‘(%’5‘&%3)"* bitSymbol | ADR39 : ADR38 | ADR37 | ADR36 . ADR35 | ADR34 . ADR33 : ADR32
Read/Write R
After reset Undefined

Function Upper 8 bits of A/D result for AN3 are stored.

Figure 3.12 (3-2). A/D Conversion Result Register (ADREG2, 3)
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3.12.1 Operation 5)

(1)

Analog Reference Voltage

High analog reference voltage is applied to the VREF

(VRrerH) pPIN, and low analog reference voltage is

applied to AGND (Vggr) pin.

The reference voltage between VREG (Vrgry) and

AGND (VRrgr) is divided by 1024 using ladder resis- )
tance, and compared with the analog input voltage for

A/D conversion.

A/D Conversion Speed Selection

There are four A/D conversion speed modes. The
selection is executed by ADMOD <ADMCDSPEED>
register.

When reset, ADMOD <ADCS> will be initialized to “0,”
so that high speed conversion mode will be selected.

A/D Conversion End and Interrupt

e A/D conversion single mode
ADMOD <EOCF> for A/D conversion end will be set to

() Analog Input Channels “1” ADMOD <ADBF> flag will be reset to “0,” and
) i INTAD interrupt will be enabled when A/D conversion
Analog input channel is selected by ADMOD <ADCH1, of specified channel ends in fixed conversion channel
0>. However, which channel to select depends on the mode or when A/D conversion of the last channel ends
operation mode of the A/D converter. in channel scan mode.
In fixed analog input mode, one channel is selected by e A/D conversion repeat mode
ADMOD <ADCH1, 0> among four pins: ANO to AN3. For both fixed conversion channel mode and conver-
In analog input channel scan mode, the number of sion channel scan mode, INTAD should be disabled
channels to be scanned from ANO is specified by when in repeat mode. Always set the INTEOAD at
ADMOD <ADCH1, 0>, such as ANO - AN1, ANO - “000,” that disables the interrupt request.
ANT - AN2, and ANO - AN1 - AN2 - ANGS. Write “0” to ADMOD <REPET> to end the repeat
When reset, A/D conversion channel register will be ini- mode. Then, the repeat mode will be exited as soon as
tialized to ADMOD <ADCH1, 0> = 00, so that ANO pin the conversion in progress is completed.
will be selected.
The pins which are not used as analog input channel (7)  Storing the A/D Conversion Result
can be used as ordinary input port P9.
, ) The results of A/D conversion are stored in ADREGO to
(3  Starting A/D Conversion ADREGS registers for each channel. In repeat mode,
the registers are updated whenever conversion ends.
A/D conversion starts when A/D conversion register ADREGO to ADREGS3 are read-only registers.
ADMOD <ADS> is written “1". When A/D conversion
starts, A/D conversion busy flag ADMOD <ADBF> (®  Reading the A/D Conversion Result
which indicates “conversion is in progress” will be set
to “1".
The results of A/D conversion are stored in ADREGO to
. ADREGS registers. When the contents of one of
(4)  A/D Conversion Mode ADREGO to ADREGS registers are read, ADMOD
‘ . <EOCF> will be cleared to “0".
Both fixed A/D conversion channel mode and A/D con- Reading data from the upper 8 bits of the register
version qhannel scan mode have two conversion (ADREGOH, ADREG1H, ADREG2H, ADREG3H) for
modes, .e., single and repeat conversion modes. one of the channels in use clears interrupt request flag
In fixed channel repeat mode, conversion of specified INTEOAD <IADC>.
one channel is executed repeatedly.
In scan repeat mode, scanning from ANO, -~ - AN3 is
executed repeatedly.
A/D conversion mode is selected by ADMOD <REPET,
SCAN>.
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Sample : @ When the analog input voltage of the AN3 pin is A/D converted in high
speed mode (160 states) and the results is stored in the memory address
0100H by A/D interrupt INTAD routine.

Main setting
INTEOAD « 1100 - - - - Enable INTAD and set interrupt level 4.
ADMOD «XX000111 Specify AN3 pin as an analog input channel and

starts A/D conversion in 160 states speed mode.

INTAD routine

WA + ADREG3 Read ADREG3L and ADREG3H values and write to
WA (16 bit)

WA >> 6 Right-shifts WA six times and writes 0 in upper
bits. .

(O0FF10H)e WA Writes contents of WA in memory at OFF10H

@ When the analog input voltage of ANO to AN2 pins is A/D converted in
high speed / channel scan mode.

INTEOAD « 1000 - - - - Disable INTAD
ADMOD «XX110110 specify ANO to AN2 as an analog input channel
and start A/D conversion in high speed / channel

Note) X :don’t care - :no change S5¢anmode.
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3.13 Watchdog Timer (Runaway Detecting Timer)

TMP95C061 is containing watchdog timer of Runaway detect-
ing.

The watchdog timer (WDT) is used to return the CPU to
the normal state when it detects that the CPU has started to
malfunction (runaway) due to causes such as noise. When the

watchdog timer detects a malfunction, it generates a non-
maskable interrupt to notify the CPU of the malfunction, and
outputs 0 externally from watchdog timer out pin WDTOUT to
notify the peripheral devices of the malfunction.

Connecting the watchdog timer output to the reset pin
internally forces a reset.
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3.13.1 Configuration (WDT).
Figure 3.13 (1) shows the block diagram of the watchdog timer

T JR—
WDTOUT 1 {>o—{ WoTouT
RESET internal reset WDMOD<RESCR> [
WD WDOUT control
I
WDMOD—> enabie
<WDTP1, 0> —| Selector T [
EREN 4/fc  reset
[P iy o g
B et o
olw|o |~
[ iy I Y
o~ ™~ N~
é (2f)—= 22 Stage Binary Counter Q
R S
reset reset
WDMOD
\ ] <WDTE>
reset

HALT Instruction
(STOP, IDLE1 mode)
4EH B1H

write write

WDT control register

ﬂ )

g internal Bus

Figure 3.13 (1). Block Diagram of Watchdog Timer
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The watchdog timer is a 22-stage binary counter which
uses @(fc/2) as the input clock. There are four outputs from the
binary counter: 2'%/fc, 218/fc, 22%/fc, and 22%/fc. Selecting one
of the outputs with the WDMOD register generates a watch-
dog interrupt, and outputs watchdog timer out when an over-
flow occurs.

Since the watchdog timer out pin (WDTOUT) outputs “0”
due to a watchdog timer overflow, the peripheral devices can
be reset. The watchdog timer out pin is set to “1” after dis-
abling WDT and clearing the watchdog timer (by writing a clear
code 4EH in the WDCR register).

(Example)

LDW  (WDMOD), B100OH ; disable
LD (WDCR), 4EH ; write clear
SET 7, (WDMOD) ;  enable again

In other words, the WDTOUT continues to output “0” until
the clear code is written.

The watchdog timer out pin (WDTOUT) outputs O to 8 to
20 states (640ns to 1.6us @ 25MHz) and resets itself.

¢

{
wor couner 5 X BRI X

W

L

L
Clear code of write  — i)j
I{e
L
I

Ll

Normal Mode

WDT Interrupt l
WOT Clear
(Soft ware)
WDTOUT mL
Figure 3.13 (2).
Over flow

WDT Counter n %
WDT Interrupt | |

I

WDTOUT

L

" [

(Internal Reset)
|

7T
I

8 to 20 states =640 nsto 1.6 us (25 MHz)

Figure 3.13 (3). Reset Mode
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3.13.2 Control Registers

Watchdog timer WDT is controlled by two control registers
WDMOD and WDCR.

(1)  Watchdog Timer Mode Register (WDMOD)

0 Setting the detecting time of watchdog timer
<WDTP>

This 2-bit register is used to set the watchdog timer
interrupt time for detecting the runaway. This register is
initialized to WDMOD <WDTP1, 0> = 00 when reset,
and therefore 216/fSyq is set. (The number of states is
approximately 32,768).

O Watchdog timer enable/disable control register
<WDTE>

When reset, WDMOD <WDTE> is initialized to “1”
enable the watchdog timer.

e Disable control

WDMOD - 0 - - - - - X
WDCR - 1 0 1 1 0 0 0

—_ X

e Enable control

Set WDMOD <WDTE> to “1".

¢ Watchdog timer clear control

To disable, it is necessary to clear this bit to “0” and
write the disable code (B1H) in the watchdog timer
control register WDCR. This makes it difficult for the
watchdog timer to be disabled by runaway.

However, it is possible to return from the disable state
to enable state by merely setting <WDTE> to “1".

O Watchdog timer out reset connection <RESCR>

This register is used to connect the output of the
watchdog timer with RESET terminal, internally. Since
WDMOD <RESCR> is initialized to O at reset, a reset
by the watchdog timer will not be performed.

Watchdog Timer Control Register (WDCR)

This register is used to disable and clear the binary
counter of the watchdog timer function.

Clear WDMOD <WDTE> to “0".
Write the disable code (B1H).

The binary counter can be cleared and resume
counting by writing clear code (4EH) into the WDCR reg-
ister.

WDCR ~ 0 1 0 0 1 1 1 0 Write the clear code (4EH).
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WDMOD
(006EH)

7 1 6 s 0 a4 i3 f 2 b1 i
bitSymbol | WDTE : WDTP1 | WDTPO | WARM | HALTM1: HALTMO | RESCR @ DRVE
Read/Write R/W
After reset 1 0 0 0 0 0 0 0

WOT fSelect detecting time_:Wafming ;Slandby mode 1: 1:
control :Uptime linternally  :Drive the
100: 216/fgys 10: 21%f¢ igp: RUN mode ‘connects  :pinevenin
Function 101: 218/fys i01: STOP mode {WOToutto ;STOP mode
. : S1: 218/ ‘thereset pin:
1: Enable '1q; 220/f5ys : :10: IDLE1 mode : :
111 222fgys ;11: IDEL2 mode care :
| l 1 1
L DRVE (explanation by standby function)
Watchdog timer out control
0 |—
1 | Connects WDT out to a reset

——> Select the standby mode HALT instruction
00 | RUN mode (Only the CPU stops)

0 STOP mode (A I cwrcu:ts stop)

10 IDLE mode On\ytheqsm\lamroperates)

11 | Don‘tcare

‘——— Select the detecting period of watchdog
timer

0 214Ifc(approx 655 ,usat25 MHz)

1 | 218/f¢c (approx. 2 6 ms at 25 MHz)

—————————— > Select the detecting time of watchdog timer
00 215Hc (approx 2. 6 ms at 25 MHz)

10 219,'{: (approx 4 9msat 25 MHz}

1 221Ifc (appmx 168 ms at25 MHz)

Watchdog timer Enable / Disable control
0 Dlsable

1 Enahle

Figure 3.13 (4). Watchdog Timer Mode Register
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WDCR
(006FH)

7 6 5 4 3 2 1 o]
bit Symbol -
Read/Write w
After reset -
B1H : WDT disable code
4EH : WDT clear code
Function

L——> Disable /clear WDT

B1H Disable code
4EH

Figure 3.13 (5). Watchdog Timer Control Register
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3.13.3 Operation

The watchdog timer generates interrupt INTWD after the
detecting time set in the WDMOD <WDTP1, 0> register and
outputs a low level signal. The watchdog timer must be zero-
cleared by software before an INTWD interrupt is generated. If
the CPU malfunctions (runaway) due to causes such as noise,
but does not execute the instruction used to clear the binary
counter, the binary counter overflows and an INTWD interrupt
is generated. The CPU detects malfunction (runaway) due to
the INTWD Interrupt and it is possible to return to normal oper-

ation by an anti-malfunction program. By connecting the
watchdog timer out pin to peripheral devices’ resets, a CPU
malfunction can also be acknowledged to other devices.

The watchdog timer restarts operation immediately after
resetting is released.

The watchdog timer stops its operation in the IDLE and
STOP modes. In the RUN mode, the watchdog timer is
enabled.

However, the function can be disabled when entering the
RUN mode.

Example : @ Clear the binary counter

WOCR « 01001110

Write clear code (4EH).

@ Set the watchdog timer detecting time to 218/fc

WOMOD ¢« 1 01 - - - X X

@ Disable the watchdog timer.

WOMOD € 0 - - - - -

>

X
WOCR «10110001

@ Set IDLE1 mode.

WOMOD « 0 - - - 10X X
WCR « 10110001

Executes HALT command

Clear WDTE to “0".
Write disable code (B1H).

Disables WDT and sets IDLE mode.

Set the standby mode

® Set the STOP mode (warming up time: 218/fc)

WDMOD « - - - 101X X

Executes HALT command.

(note) X : don't care

Setthe STOP mode.
Execute HALT instruction. Set the standby
mode.

- :no change
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3.14 Bus Release Function
The TMP95C061 supports a bus request pin (BUSRQ: also

used as P53) and a bus acknowledge pin (BUSAK: also used
as P54). Set these pins using P5CR and P5FC.

3.14 (1) Operation Description

When O is input to the BUSRQ pin, the TMP95C061 acknowl-
edges a bus request. When the current bus cycle ends, the
TMP95C061 sets the address bus (A23 to AQ) and bus control
signals (RD, WR, R/W, CSO0 to 3) to high, then sets these sig-
nals and the data bus (D15 to DO) output buffer to off, sets the

BUSAK pin to low to indicate the bus is released. For bus
release timing and DRAM dedicated pin state when the DRAM
controller is in use, see 3.7 (5) Bus release mode.

During bus release, the TMP95C061 cannot access
internal I/Os and internal 1/0s keep functioning. Therefore, the
watchdog timer continues counting. To use the bus release
function, set runaway detect time with bus release time in con-
sideration.

3.14 (2) Pin States as Bus Release
Table 3.14 shows pin states at bus release.

Table 3.14 Pin States as Bus Release

) PIN status as bus release
Pin name
Port mode Function mode
D0to D7 — Becomes high impedance.
P10to P17 No status change. Becomes high impedance.
(D8 to 15)
P20 to P27 No status change. First sets all bits to high, then sets them
(A16to A23) to high impedance.
AQ to A15 First sets all bits to high, then sets them
RD to high impedance.
WR
P52 (HWR) No status change. First sets all bits to high, then sets
P55 (R/W) output buffer to off. Internal pull-up is
added regardless of output latch value.
P60 (CS0) No status change. First sets all bits to high, then sets them
P61 (CST) to high impedance.
P62 (CS2)
P63 (CS3)

For P63 (CAS), P64 (RAS), P65 (REFOUT), see the description of “3.7 (5) Bus release mode”.
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4. Electrical Characteristics

4.1 Absolute Maximum

Symbol Parameter Rating Unit

Vee Power Supply Voltage -05~65 V

VIN Input Voltage -05~V+0.5 Vv

> 10L QOutput Current (total) 102 mA

> I0H Output Current (total) -120 mA

PD Power Dissipation (Ta = 70°C) 600 mw

T SOLDER Soldering Temperature (10s) 260 °C
TSTG Storage Temperature -65 ~ 150 °

TOPR Operating Temperature -20~70

4.2 DC Characteristics
Ve =5V £ 10%, Ta = -20 to 70 C (8 to 25MHz) (Typical values are for Ta = 25 C and V. = 5V unless otherwise noted)

Symbol Parameter Min Max Unit Test Condition
VIL Input Low Voltage (AD0-15) -0.3 0.8 V
VIL1 P5, P7, P8, P9, PA, PB -0.3 0.3Vge Vv
VIL2 | RESET, NMI, INTO (PB7) 03 0.25V, v
VIL3 | EA AV8/16 03 03 v
VIL4 X1 -0.3 0.2V, Vv
VIH Input High Voltage (DO to 15) 2.2 Ve +0.3 v
VIH1 P5, P7, P8, P9, PA, PB 0.7Vee Ve +0.3 Vv
VIH2 RESET, NMI, INTO (PB7) 0.75V, Ve +0.3 Vv
VIH3 | EA AM8/16 Ve -03 Ve +03 v
VIH4 X1 0.8V, Ve +0.3 Vv
VOL Output Low Voltage 0.45 V | 10L=1.6mA
V OH Output High Voltage 2.4 V| 10H =-400pA
V OH1 0.75V,, V| 10H=-100pA
V OH2 0.9V, V | 10H=-20pA
| B e G s | [vETe
['LI Input Leakage Current 0.02 (Typ) 5 PA | 0.0< Vi<V
ILO Output Leakage Current 0.05 (Typ) +10 PA | 02< VsV -02
I(%)pl—eéating Current (RUN) 26 (Typ) ?8 m fc = 256MHz
e o 1.7 (Typ)
STOP (Ta=-20 ~ ZO C) 02 () 50 PA 025V Vg -02
STOP (Ta= 0~ 50°C) 10 PA | 02<VipsV,-02
vt |Fombo o | v [t
RRST RESET Pull Up Register 50 150 KQ
C10 Pin Capacitance 10 pF | fc=1MHz
VTH %FE”%I%’TTNTO o8 04 1.0 (Typ) v
RK Pull Down/Up Register 50 150 KQ

Note: I-DAR is guaranteed for a total of up to 8 ports.
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4.3 AC Electrical Characteristics

V. = 5V+10%, Ta = -20 ~ 70°C (8MHz to 25MHz)

Variable 20MHz 25MHz
No. Symbol Parameter Unit
Min Max Min Max Min Max
1 tosc Osc. Period (= x) 40 125 50 40 ns
2 tok CLK width 2x-40 85 40 ns
3 tak A0 to 23 Valid - CLK Hold 0.5x - 20 il 0 ns
4 tka CLK Valid - AQ to 23 Hold 1.5x - 60 24 0 ns
5 tae A0 to 23 Valid — RD/WR fall 0.5x- 20 16 20 ns
6 fea RD/WR rise - A to 23 Hold 0.5x - 20 1 0 ns
7 tan A0 to 23 Valid - DO - 15 input 3.0x-35 140 105 ns
8 trp RD fall - DO - 15 input 3.5x-40 85 60 ns
9 trR RD Low width 2.0x - 40 85 60 ns
10 thR RD rise - DO to 15 Hold 0 0 0 ns
1 fw WR Low width 2.5x-40 85 60 ns
12 tow DO to 15 Valid — WR rise 2.0x - 40 60 40 ns
13 two WR rise — D0 to 15 Hold 0.5x-10 15 10 ns
14 taw A0 to 23 Valid— WAIT input (1WAIT + n mode) 3.5x-90 85 50 ns
15 tow WR Low width 25x-0 125 100 ns
16 tapH A0 to 23 Valid — PORT input 2.5x-90 35 10 ns
17 tapHo A0 to 23 Valid — PORT Hold 2.5x - 50 175 150 ns
18 tep WR rise — PORT Valid 200 200 200 ns

AC Measuring Conditions

e Qutput Level:

e |nput Level:

High2.2V  /Low 0.8V, CL50pF
(However, DO to D15, AO to A23, ALE, RD, WR, HWR, R/W, CLK, TS0 to CS3, CL = 100pF)
High 2.4V /Low 0.45V (DO to D15)

High 0.8Vcc /Low 0.2Vcc (except for DO to D15)

TOSHIBA CORPORATION

163




TMP95C061

(1) Read Cycle

X1

le— teLk — '
ak : j ;EA‘:

g , f .
A0t023 Y : ; ; EC
% : : 5 1

CS0to3

—taw

tAPH2—
Port Input -;—-—--5P-H£-E--- ------ -< }- ——————— a{nin

DO to 15 .._ _______ ..‘ ________ _ _______ .Z‘ DOtd 15 >§-.-—_

RN‘V_]
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(2) Write Cycle

X1

CLK

AOto 23

Port Qutput

WR, HWR

D0to 15

Ww

tDw

D0to 15
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4.4 DRAM Control AC Characteristics
Ve = 5V+10% TA = -20 ~ 70°C (8MHz to 25MHz)

Variable 20MHz 25MHz
No. Symbol Parameter Unit
Min Max Min Max Min Max
1 tre RAS cycle time 4x 200 160 ns
2 thac RAS acoess time 3x -40 110 80 ns
3 feac CAS access time 1.5x- 25 40 25 ns
4 tan Column address access time 2.5x-35 70 45 ns
5 torr Input data hold time 0 0 0 ns
6 trp RAS precharge time 15x-10 65 50 ns
7 thas RAS low pulse width 2.5x-30 65 70 ns
8 tRsH RAS hold time 1x-15 65 25 ns
9 tos CAS hold time 3x-35 65 85 ns
10 foas CAS low pulse width 15x-15 65 45 ns
11 tRep RAS - CAS delay time 1.5% - 40 1.5x 35 75 20 60 ns
12 trAD CAS column address delay time 0.5x-5 0.5x-20 20 45 15 40 ns
13 foRp RAS - CAS precharge time 1x-35 15 5 ns
14 tp CAS precharge time 2.5x- 35 90 65 ns
15 tasr Low address setup time 0.5x-15 10 5 ns
16 traH Low address hold time 0.5x-5 20 15 ns
17 tasc Column address setup time 1x-25 25 15 ns
18 tcaH Column address hold time 2x-35 65 45 ns
19 traL Column address RAS read time 2x- 30 70 50 ns
20 towl Write command CAS read time 2.5x-35 90 65 ns
21 tps Data output setup time 0.5x-5 10 5 ns
22 toH Data output hold time 2x-35 65 45 ns
23 twes Write command setup time 1x-30 20 10 ns
24| togr | CAShold time 2x-50 50 30 ns
25 tapce | RAS precharge CAS active time 1.5%- 30 45 30 ns
26| tesgr | CASsetup time 0.5x-10 15 10 ns
27 trps*o RAS precharge time 6x - 50 250 190 ns
28|  tcuso | CASholdtime 0 0 0 ns
29 torL Refresh setup time 1x-5 45 35 ns
30 torH Refresh hold time 1x-10 40 30 ns
*1 CAS before RAS interval refresh mode
*2 CAS before RAS self-refresh mode
* Both refresh modes
AC Measuring Conditions
e QOutput Level: High 2.2V /Low 0.8V, CEO& _
(However CL = 100pF for DO to D15, AQ to A23, RD, WR, HWR, R/W RAS)
¢ |nput Level: High 2.4V /Low 0.45V (ADO ~ AD15)

High 0.8Vcce/Low 0.2Vec (except for DO to D15)
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(1) Read/Write Access Cycle

AtCAH

<—1tRSH

1
[
.
1
CAS-
|

RAC

tesH

N
T

tasc

row

4
.

X
X

X1

CAS
AO to 23
DOto 15

N
—

= Z

[
o

DO to 15
multiplexed
address
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(2) CAS Before RAS Interval Refresh Cycle

(3) CAS Before RAS Self-Refresh Cycle
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4.5 A/D Conversion Characteristics

Ve =5V£10% TA = -20 ~ 70°C (8 to 25MHz2)

Symbol Parameter Min Typ Max Unit
Veer Analog reference voltage Ve -15 Ve Vee
Asnp Analog reference voltage Vs Vss Vss Vv
Vaiy Analog input voltage range Vss Vee
lRer Analog current for analog refergnce voltage 0.5 1.5 mA
Slow mode #5 #.0
Error 4 <fc < 16MHz Fast mode 430 6.0
(Quantize error of LSB
0.5 LSB not included) Slow mode .5 #.0
16<fc<25MHz - Frasimode 0 480
4.6 Serial Channel Timing - I/0 Interface Mode
Vee = 5V+10% TA = -20 to 70°C (8 to 25MHz)
(1) SCLK Input Mode
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tsoy SCLK cycle 16x 0.8 0.64 18
toss Output Data - rising edge of SCLK tscy/2 - 5% - 50 100 70 ns
toHs SCLK rising edge — output data hold 5x-100 150 100 ns
tHsr SCLK rising edge — input data hold 0 0 0 ns
tsrp SCLK rising edge — effective data input tsoy - 5x- 100 450 340 ns
Ve =5V£10% TA = -20 to 70°C (8 to 25MHz2)
(2) SCLK Output Mode
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tsoy SCLK cycle (programmable) 16x 8192x 0.8 512 0.64 409.6 13
toss Output Data - rising edge of SCLK tsoy - 2x- 150 550 410 ns
toHs SCLK rising edge — output data hold 2x - 80 20 0 ns
tHsr SCLK rising edge — input data hold 0 0 0 ns
tsrp SCLK rising edge - effective data input tsoy - 2x- 150 550 410 ns
4.7 Timer/Counter Input Clock (TIO, TI4, TI5, TI6, TI7)
Ve = 5V£10% TA = -20 to 70°C (8 to 25MHz)
Variable 20MHz 25MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tyck Clock cycle 8x+100 500 420 ns
tyokL Low level clock pulse width 4x+40 240 200 ns
tyckH High level clock pulse width 4x+40 240 200 ns
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4.8 Interrupt Operation
Vee = 5V+10% Ta = -20 to 70°C (8 to 25MHz)

Variable 20MHz 25MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tjal | NMI, INTO Low level pulse width 4x 200 160 ns
tjman | NMI, INTO High level pulse width 4x 200 160 ns
tiNTBL INT4 ~ INT7 Low level pulse width 8x+100 500 420 ns
tinTeH INT4 ~ INT7 High level pulse width 8x + 100 500 420 ns

170 TOSHIBA CORPORATION



TMP95C061

4.9 Timing Chart for I/0 Interface Mode

LI L LI o

| tscy |
SCLK I‘ —i—_l__’—L_l—
toss tOHS’

OUTPUT DATA

|
” e [ X ) G X___ s by

INPUT DATA

RxD X VALID X X VALID ‘>< X VALID X X VALID X:
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4.10 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK)

(Note)

o XA X X X XX

1
- 18RC N teraL . - tgRC
BUSRQ
4§ 46 tcean

DO to D15 SS 5."’13‘_‘____.5(,___' _______________ <

ADto A23 (S_/ """""" A e AN
RD, WR 58_/ b A ]
Cs0toCS3, ————Fr———t——————— A ————————————
RAW, RAS, 5 N
CAS S—/

'] f

Tl

o

Variable 20MHz 25MHz
Symbol Parameter Unit
Min Max Min Max Min Max

tarc BUSRAQ setup time for CLK 120 120 120 ns
teeaL CLK - BUSAK falling edge 1.5x+120 220 200 ns
tcBaH CLK - BUSAK rising edge 0.5x + 40 65 60 ns
taga Floating time to BUSAK fall 0 80 0 80 0 80 ns
taaa Floating time to BUSAK rise 0 80 0 80 0 80 ns

Note:  The bus will be released after the WAIT request is inactive, when the BUSRQ is set to “0” during “wait” cycle.
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5. Table of Special Function Registers

(SFRs)

(SFR; Special Function Register)

The special function registers (SFRs) include the I/O ports
and peripheral control registers allocated to the 128-byte

addresses from 000000H to 00007FH.

(1) 1/O port
(2) 1/O port control

Configuration of the table

(8) Timer control

(4) Pattern Generator control
(6) Watch Dog Timer control
(6) Serial Channel control
(7) A/D converter control
(8) Interrupt control

(9) Chip Select/Wait Control
(10) DRAM Control

Symbol

Name

Address

[ 1310
\l ¢ i |-bit symbol
N\ |>Read/write
H ! > Initial value afrer reset
// >Remarks
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Table 5 I/0 Register Address Map

JADDRESS NAME ADDRESS NAME ADDRESS NAME ADDRESS NAME

000000H 20H| TRUN 40H| TREGS6L 60H | ADREGOL
1H|P1 21H 41H| TREG6H 61H| ADREGOH
2H 22H| TREGO 42H| TREG7L 62H| ADREG1L
3H 23H| TREG1 43H| TREG7H 63H|{ ADREG1H
4H|P1CR 24H( TO1MQOD 44H| CAP3L 64H| ADREG2L
5H 25H| TFFCR 45H| CAP3H 65H| ADREG2H
6H| P2 26H| TREG2 46H | CAPAL 66H| ADREG3L
TH 27H| TREG3 47H| CAP4H 67H| ADREG3H
8H 28H| T23MOD 48H| T5MOD 68H | BOCS
9H| P2FC 29H| TRDC 49H| T5FFCR 69H | B1CS
AH 2AH 4AH 6AH | B2CS
BH 2BH 4BH 6BH|B3CS
CH 2CH| PACR 4CH [ PGOREG 6CH| BEXCS
DH|P5 2DH| PAFC 4DH| PG1REG 6DH| ADMOD
EH 2EH| PBCR 4EH| PGO1CR 6EH| WOMOD
FH 2FH| PBFC 4FH 6FH|{ WDCR
10H | P5CR 30H| TREG4L S0H | SCOBUF 70H| INTEOAD
11H| P5FC 31H| TREG4H 51H[SCOCR T1H| INTE4S
12H| P6 32H| TREGSL 52H|SCOMOD T72H| INTE67
13H|P7 33H| TREG5H 53H|BROCR 73H|INTET10
14H 34H] CAPIL 54H|SC1BUF 74H| INTET32
15H | P6FC 35H| CAP1H 55H|SCICR 75H | INTET54
16H | P7CR 36H | CAP2L 56H|SC1MOD 76H [ INTET76
17H| P7FC 37H| CAP2H 57H|BR1CR T7H|[INTESO
18H| P8 38H| TAMOD 58H| ODE 78H | INTES1
19H| P9 39H| TAFFCR 59H 79H| INTETCO1
1AH| PBCR 3AH| T45CR 5AH| DREFCR 7AH|INTETC23
1BH | PBFC 3BH 5BH| DMEMCR 7BH | IMC
1CH 3CH| MSARO 5CH| MSAR2 7CH | DMAQV
1DH 3DH| MAMRO 5DH| MAMR2 7DH] DMA1V
1EH| PA 3EH| MSAR1 SEH| MSAR3 7EH| DMA2V
1FH| PB 3FH|{ MAMR1 S5FH| MAMR3 7FH| DMA3V
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(1) I/0 Port

Symbol Name Address 7 6 : S : a : 3 2 : 1 : 0
P17 : P16 : P15 H P14 : P13 : P12 H P11 : P10

P1 PORT1 01H R/W

Input mode

0 : 0 : 0 H 0 H 0 i 0 : 0 H 0
P27 i P26 i P25 i P24 i P23 i P2 i P21 i P20

[ PORT2 06H RAW

i Output mode ] i
1 j 1 : 1 : 1 : 1 1 : 1 : 1

: : P55 P54 P53 P52 RDE
P5 PORTS 0DH : : RAW
; : input mode (Pulled-up) -
1 : 1 : 1 i 1 i : 1
: : P65 P64 P63 P62 : P61 : P60
P6 PORTE 12H B : RIW
i i Output mode
: : 1 : 1 : 1 0 : 1 : 1
P77 H P76 : P75 : P74 H P73 i P72 H P71 : P70
P7 PORT7 13H R/W
Input mode (Pulled-up)
1 1 1 P : 1 1 1 1 : 1
: i P85 Ps4 . pe3 . pe2 : P8t i P80
P8 PORTS 18H ; H RIW.

Input mode (Pulled-up)
H 1 : 1 H 1 ; 1

: : : S P93 ¢ P92 i P91 i P90
P9 PORT9 19H : ; R

H : : ; Input mode

i ‘ : i PA3 . PA2 1 PAl__ i PAD
PA PORTA 1EH i 1 : : R

Input mode (Pulled-up)

i ! ‘ o1 I I : 1
PB7 . PB6 . PB5 i PB4 : PB3 | PB2 : PBI i PBO
PB PORTB 1FH RAW

Input mode (Pulled-up)
H 1 H 1 H

1 : 1 : 1 1 ; 1 i 1

Note : Clearing “RDE” to “0” outputs the RD strobe form RD pin (for PSRAM), even when the
internal address is accessed.
If“RDE” remains “1”, the RD strobe is output only when the external address is accessed.

Read/Write
RW ; Either read or write possible
R ; Only read is possible
W ; Only write is possible

Prohibit RMW ; Prohibit Read Modify Write (Prohibit RES/SET/TSET/CHG /STCF/ANDCF/
ORCF / XORCEF Instruction)
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(2) 1/0 Port Control (1/2)

Symbol | Name | Address 7 6 5 4 3 2 1 ] 0
P17C P16C P15C P14C P13C P12C P11C P10C
PICR | PORTI 04H w
Control | (Prohibit 0 0 0 0 : 0 0 0 0
RIMIW) 0:IN __ 1:0UT
P27F P26F P25F P24F P23F P22F P21F P20F
P2FC | PORT2 09H w
Function | (Prohibit 0 0 0 : 0 ] 0 : 0 0 0
RMW) 0:PORT __1:A23~Ai6
: P55C 0 P54C  : PS3C ¢ Ps2C
PS5CR | PORTS 10H : W
Control | (Prohibit : 0 0 : 0 0
RVIW) : 0:IN 1:0UT
. P55F P54F P53F P52F
PSFC | PORTS 11H : w
Function : 0 : 0 : 0 : 0
(Prohibit i0:PORT :0:PORT :0:PORT :0:PORT
RMW) S1:RAV 1 1:BUSAK :1:BUSRQ :1:HWR
P6SF P64F P63F 1 PB2F P61F P6OF
P6FC | PORT6 15H w
Function | (Prohibit 0 0 : 0 H 0 0 : 0
RMW) 0:PORT _ 1:CS/CAS, RAS, REFOUT
p77¢ P76C P75C P74C | P73C_ i P72C P71C P70C
P7CR | PORT7 16H W
Control | (Prohibit 0 0 0 : 0 : 0 : 0 0 : 0
RMW) 0:IN 1:0UT
P77F P76F P7SF . P74F . P73F P72F P71F P70F
P7FC | PORT? 17H w
Function | (Prohibit 0 0 : 0 0 0 0 0 i 0
RMWV) 0: PORT 1:PG1-OUT 0: PORT 1: PGO-OUT
: : P85C P8AC P83C P82C P81C P8OC
P8CR |PORT8 1AH w
Control | (Prohibit 0 0 0 i 0 0 0
RMW) 0:IN 1:0UT
P85F P83F P82F P8OF
P8FC | PORT8 1BH W W W w
Function 0 : 0 : 0 : 0
(Prohibit :0:PORT 0:PORT :0:PORT :0:PORT
RMW) 11:5CLK1 S1:TxDI i 1:SCLKO 11:TxDO
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(2) I/0 Port Control (2/2)

| Symbol Name Address 7 6 5 4 3 2 1 0
PA3C PA2C PA1C PAOC
PACR | PORTA 2CH
Control | (Prohibit : 0 0 0 0
RMW) : 0:IN 1:0UT
T——_ | PA3F_ PA2F
PAFC | PORTA 2DH : : W
Function : 0 : 0
{Prohibit {0:PORT :0:PORT
RMW) : (1:T03  i1:TO1
PB7C : PB6C PBSC PBAC : PB3C PB2C PB1C PBOC
PBCR |PORTB 2EH w
Control | (Prohibit 0 : 0 0 0 : 0 i 0 0 0
RMW) (N 1:0UT
PB6F PB3F PB2F
PBFC | PORTB 2FH w w w
Function : 0 H 0 i 0
(Prohibit :0:PORT {0:PORT :0:PORT
RMW) 11:TO6 i1:7O5  11:TO4
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(3) Timer Control (1/3)

Symbol Name Address 7 [ 5 4 3 : 2 1 0
PRRUN TSRUN T4ARUN T3RUN T2RUN T1RUN TORUN
RW RW
TRUN Timer 20H 0 0 0 0 : 0 0 0
Control Prescaler & Timer Run/Stop CONTROL
0:Stop & Clear
1: Run (Countup)
- 22H -
TREGO Bﬂk;';;'tr:re(; (Prohibit W
RMW) Undifined
- 23H -
TREG1 8;;';;'::: (Prohibit W
RMW) Undifined
TOIM1 TO1MO PWMO1 PWMOO i TICLK1 T1CLKO TOCLK1 TOCLKO
8 bit Timer Y
01 0,1 0 : 0 0 0 i 0 : 0 0 : 0
mMop |3ouree 24H 00: 8bitTimer 00;: - 00 : TOOTRG 00: TIO INPUT
CLK & 01: 16 bit Timer 01:26-1 PWM 01:¢T1 01:4T1
MODE (Prohibit 10 SbitPPG 10:27-1 Cycle 10:4T16 10: 474
RMW) 11: 8bitPWM 11:28-1 11: ¢T256 11:4T16
TFF3C1 TFF3CO TFF3IE TFF3IS TFF1C1 TFF1C0 TFF1IE TFF1IS
w R/W wW RIW
8 bit Timer - H 0 0 0 : 0 : 0 : 0
TFFCR |Flip-Flop 25H 00:InvertTFF3  i1: TFF3  :1: Inversion: 00:Invert TFF1  i1: TFF1  i1:inversion
Control 01 :SetTFF3 Invert of Timer : 01:5SetTFF1 i Invert i of Timer
(Prohibit 10 : Clear TFF3 Enable i 3 : 10 : Clear TFF1 Enable @ 1
RMW) 11: Don'tcare : 11: Don'tcare :
PWM 26H -
TREG2 |Timer (Prohibit W
Register2| RMW) Undifined
PWM 27H -
TREG3 [Timer (Prohibit w
Register 3| RMW) Undifined
T23M1 T23MO PWM21 PWM20 T3CLK1 T3CLKO T2CLK1 T2CLKO
- w
gzm Timer 0 0 0 0 : 0 0 0 0
T23 | e 28H 00: 8bit Timer 00: - 00 : TO2TRG 00:TI2
MOD CLK & 01: 16 bit Timer 01: 26-1PWM 01:¢T1 01:4T1
" 10: 8bitPPG 10: 27-1Cycle 10: ¢T16 10: 474
MODE | (Prohibit 11: 8bitPWM 1: 28-1 11: ¢T256 11:4T16
RMW)
TR2DE TRODE
Timer Reg. Rrw
Double 0 i 0
TRDC |Buffer 29H : Double Buffer
Control Disable
Reg. : Double Buffer
Enable
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(3) Timer Control (2/3)

Symbol | __Name Address 7 6 5 4 3 2 1 0
16 bit 30H -
TREGAL [Timer {Prohibit 7
RegisterdL | RMW) Undefined
16 bit 31H -
TREG4H |Timer {Prohibit W
RegisterdH| RMW) Undefined
16 bit 32H -
TREGSL |Timer (Prohibit w
Register5L | RMW) Undefined
16 bit 33H -
TREGSH [Timer (Prohibit wW
Register5H| RMW) Undefined
capiL |CaPIUrE 34H R
Register1L
Undefined
capiy |C3PIUTE 35H R
Register1H -
Undefined
CAP2L Cap?ure 36H R
Register2L -
Undefined
capan |CoPIUTe 37H R
Register2H -
Undefined
CAP2TS EQSTS CAP1IN i CAP12M1 | CAP12MO |  CLE T4CLK1 T4CLKO
16 bit RIW : W : R/W
Timer 4 0 : 0 : 1 0 : 0 0 0 : 0
T4MOD {Source 38H TFFS INV TRG : Capture Timming Source Clock
CLK & 0: TRG Disable :0:Soft- : 00: Disable : 00:TI4
MODE 1: TRG Enable . Capture : 01:Ti4 TTIST 1:UCd 01:¢T1
(Prohibit ‘1:Don't | 10:T4 1TTI4] i Clear © 10:4T4
RMW) : care i 11:TFF1 T TFF1] Enable | 11:¢T16
TFF5C1 TFF5CO CAP2T4 CAP1T4 EQS5T4 EQAT4A TFF4C1 | TFF4CO
W : R/W w
16 bit 0 : 0 : 0 0 : 0 0 0 : 0
TAFFCR Ti.mer4 39H 00: Invert TFF5 TFF4 Invert Trigger 00 : Invert TFF4
Flip-Flop 01:Set TFF5 0 : Trigger Disable 01:Set TFF4
Control " 10 : Clear TFF5 1: Trigger Enable 10: Clear TFF4
(Prohibit 11 : Don't care 11: Don't care
RMW)
- PG1T PGOT . DBGEN DB4EN
RAW RAW
: 0 % 0 : 0
T4,T5 0 : 0 >
T45CR 3AH Fix at iPG1shift  {PGOshift 1: Double
Control “0" : trigger trigger Buffer
i0:timer2,3 (0: timer0, 1 Enable
i1 timers 11 timerd
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(3) Timer Control (3/3)

Symbol | Name | Address 7 . 6 5 i a4 i 03 i 2 i 1 i 0
16bit 40H -
TREG6L |Timer (Prohibit w
Register6L | RMW) Undifined
16 bit 41H -
TREGEH |Timer (Prohibit w
Register6H | RMW) Undifined
16 bit 42H -
TREG7L |Timer (Prohibit W
Register7L | RMW) Undifined
16 bit 43H -
TREG7H |Timer {Prohibit W
Register7H| RMW) Undifined
Capture —~
CAP3L 4
3 Register3L a4aH .R.
Undifined
Capture —
CAR3H Register3H 45H ‘R‘
uUndifined
Capture =
capaL RegisterdL A6H ,R.
Undifined
Capay [C3PUre 47H R
RegisterdH e
Undifined
H CAP3IN : CAP34M1 : CAP34MO : CLE : TSCLK1 @ TS5CLKO
16 bit : Poow RIW
Timer s R R R R
Source : : ¢ CaptureTimming i SourceClock
T5MQD : : :
© CLK & 48H : :0:Soft- i 00: Disable : o 00:TI6
MODE L : i Capture ! 01:TI6 T TI? T i1:UCS 01 gTH
(Prohibit : i1:Don't | 10:Ti6 T TI6 | : Clear : 10:¢74
RMW) care i 11:TFF11 TFF1 | : Enable | 11:4T16
CAP4T6 : CAP3T6 : EQ?T6 : EQ6T6 i TFF6C1 : TFFGCO
RAW : w
. ;
6 bit ; R T N S R S N S N B
Timer 5 49H + ] +
TSFFCR Flip-Flop : : TFF6 Invert Trigger i 00:Invert TFF6
. 1 (Prohibi : 0: Trigger Disable i 01:SetTFFé
ontrol | (Prohibit : : 1: Trigger Enable ©10:Clear TFF6
RMW) © 11:Don‘tcare
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(4) Pattern Generator

Symbol | Name | Address 7 B 5 4 o3 P2 1 i o
PGO 4CH PGO3 PG02 i PGO! PGOO  SA03 i SA02 SAOD1 i SAQ00
PGOREG . (Prohibit W : RIW
Register RIMWY) 0 0 : 0 0 : Undefined
PG1 ADH PG13 PG12 : PG11 PG10 : SA13 : SA12 SA11 : SA10
PG1REG . (Prohibit w : R/W
Register | 0 0o o 0o Undefined
PAT1 CCW1 i PGIM PGITE i PATO | CCWO PGOM : PGOTE
R/W
PGO. 1 0 P 0 0 . 0 0 0 I 0
PGO1CR Con;orol 4EH 0: 8-bit i0: Normal 0: 4-bit iPG1 trigger; 0: 8-bit 0: Norrr?al ;D: 4-bit PGO
write | Rotation : Step iinput H write ! Rotation : Step : trigger
1: 4-bit 1: Reverse 1: 8-bit Eenable 1: 4-bit 1: Reverse 1: 8-bit input
write | Rotation ! Step i1: Enable write ! Rotation : Step | enable
: : : { i H i1: Enable
(5) Watch Dog Timer
Symbol | _Name | Address 7 6 : s 4 1 3 P2 ; 1 i 0
WDTE WDTP1 : WDTPO WARM © HALTM1 @ HALTMO : RESCR : DRVE
RIW
Watch 1 0 : 0 : 0 0 0 0 0
WD- | Dog 6EH 00: 216/fc iWarming : Standby Mode 11: Connect | 1: Drive
MOD | Timer 1: WDT 01: 218/fc ‘upTime © 00: RUN Mode i internally :  the pin
Mode Enable i  10:220/fc f0:2vfc ¢ 01:STOP Mode WOTout : inSTOP
P11 222fc {1:216/f¢  : 10: IDLE Mode pnto : mode
H ©  11:Don'tcare Reset Pin |
Watch -
'[F)'\trj'r?er 6FH W
WDCR | Control (Prohibit -
Register RIMVV) B1H: WDT Disable Code AEH: WDT Clear Code
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(6) Serial Channel

Symbol Name Address 7 6 5 : 4 3 2 1 0
Serial RB7 RB6 RBS RB4 RB3 RB2 RB1 RBO
SCOBUF | channel 0 50H TB7 TB6 TB5 TB4 TB3 TB2 TB1 TBO
Buffer R (Receiving) W (Transmission)
Undefined
RB8 EVEN PE OERR PERR FERR SCLK 10C
R RIW R (Cleared to 0 by reading) RAW
Serial : 0 : 0 : 0 : 0 : 0 H 0 0
SCOCR | Channel 0 51H Receiving :Parity e AiError o i0:SCLKO P 1:input
Control databit8 :0: Odd iParity i Overrun : Parity : Framing : (J_) { SCLKO pin
1: Even Enable: : ; 11:SCLKQ,
s ; : e
TB8 CTSE RXE Wu SM1 SMO : SC1 : SCO
RAW
sco. [|oenial Undefined: 0 0 I : 0 ) : 0 0
MOD Channel 0 52H Trans- 1 1 00: I/O Interface mode EOO: TO2 Trigger
Mode mission iCTS eceive  iWakeup ! ?(1] gig ;E‘t ?é lBatUd raltelgel?:r:wr
[P : 110: i 110: Internal cloc
databit8 ; Enable: Enable; Enable; 11: UART 9bit “11° Don't care
- BROCK1 | BROCKQ BROS3 BROS2 BROS1 B8ROSO
RIW RW
Baud Rate 0 0 : 0 : 0 : 0 0 : 0
BROCR control|  23H Fix at 00: 70 (4/fc) | Set frequency divisor
0" 01: ¢T2  (16/fQ) |
10: g78  (64/fc) | OtoF
11: gT32  (256/c) | (*1* prohibited)
) RB7 RB6 RBS RB4 : RB3 RB2 RB1 RBO
serial 187 86 85 TB4 783 TB2 TB1 T80
SCIBUF Chann;l ! S4H R (Receiving) /W (Transmission)
Buffen Undefined
RB8 EVEN PE OERR PERR FERR SCLKS 10C
R RIW R (Cleared to 0 by reading) RIW
Serial : 0 ; 0 0 0 0 : 0 i 0
SCICR | Channel 1 55H Receiving :Parity : 1: Error $0:SCLK1  :i1:Input
Control databit8 i0: Odd Parity {“Overrun | Parity | Framing i (_[_) iSCLK1 pin
{1:Even i  Enable: : : P15CLK]
; " T
TB8 - RXE SM1 SMO : SC1 H SCO
Serial Undefined : 0 0o o 0 . o0
SC1- Channel 1 S6H Trans- 00: /O Interface 00: TO2 Trigger
MOD Mode mission eceive 01: UART 7bit 01: Baud rate
databit8 Enable’ Enable! 10: UART 8bit generator
i H H 11: UART 9bit 10: Internal clock ¢1
11: Don't care
- BR1CK1 BR1CKO BR153 BR152 BR1S1 BR150
RAW : : : ;
Baud Rate 0 0 : 0 0 i 0 0 : 0
BR1CR control| > Fix at 00: 7O (4/fc) Set frequency divisor
“0* 01: gT2 (16/fc)
10: 978 (64/fc) | Otaf
11: ¢T32  (256/fc) : ("1" prohibited)
i : : ODE1 ODEO
Serial RAW
ope | OPen saH 0o, 90
Drain 1:P83 1:P80
Enable Open- Open-
drain drain
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(7) A/D Converter Control
Symbol [ Name | Address 7 : 6 5 4 : 3 2 1 0
) ADRO1 ADROO :
MEAE :
REGOL |02 Undefined 1 1 i 1 1 1 1
DR i
o AD Result o ADRO9 ADRO8 ADRO7 ADRO6 : ADROS ADRO4 ADRO3 ADRO2
REGOH |Reg 0 high
9 9 Undefined
"M A5 Result ADR11 ADR10 :
AD o fls:w 62H R
ReGiL |9 Undefined [ 1 i 1 1
1 A DR1 ADR1 ADR14 ADR13 ADR
o AD Result oo ADR19 DR18 ADR17 ADR16 - 5 12
REG1H |Reg 1 high
g1 Undefined
*1) ADR21 ADR20 :
D :.SR;TU\: 64H R
REG2L | 9°'° Undefined 1 1 1 1 1 1
ADR29 | ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
lAD AD Result 65H R
REG2H |Reg 2 high
9 9 Undefined
) ADR31 ADR30 :
o ot | :
REG3L |9 Undefined 1 1 1 1 1 1
: 4 ADR ADR32
o AD Result o ADR39 ADR38 ADR37 ADR36 - ADR35 ADR3 33
REG3H |Reg 3 high
g:hg Undefined
EOCF ADBF REPET SCAN ADCS ADS ADCH1 ADCHO
A/D R RAW
IADMOD |Converter 6DH 0 : 0 Q 0 0 : 0 0 0
Mode reg 1: End “1: Busy i1: Repeat :1:Scan 1 Slow i1: START Analog Input
: ; mode mode' mode: Channel Select

*1) Data to be stored in A/D Result Reg Low are the lower 2 bits of the conversion result. The

contents of the lower 6 bits of this register are always read as “1”.
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(8) Interrupt Control (1/2)

Symbol | Name | Address 7 | 6 | s 4 3 [ 2 [ 1+ | o
INTerrupt INTAD T - INTO -
INTE- Enable 70H IADC . JADM2 : IADM1 _: IADMO 10C PIoM2 oMt ;oMo
0AD 0 & A/D {Prohibit RIW : w RW - W
RMW) 0 : 0 : 0 : 0 4] 0 H 0 : 0
INTS INT4
| T T - - -
NTerrupt |y I5C_ . I5M2 : ISM1__: I5M0 4C P 1aM2 P M1 P 14MO
INTE4S |Enable o - T
45 (Prohibit RAW : W RIW w
RMW) 0 : 0 : 0 : 0 0 : 0 : 0 : 0
INTerrupt INTZ INTE
INTEE7 |Enable P 72H 17C oM 1Imi ©17MO 16C PO1BM2 P 16M1 : 16MO
6/7 (Prohibit RAW : Y RW : w
RMW) 0 ) 0 io 0 0 i o0 i o
INTT1 (Timer 1) INTTO (Timer 0)
INTerrupt T T T T ;
73H IT1C ITIM2 @ ITIM1 :  ITIMO ITOC ©OTOM2 ¢ ITOM1 : ITOMO
INTETO1|Enable " . :
Timer 1/0 (Prohibit RIW W RW w
RMW) 0 i 0o i 0o i 0 0 i 0o i 0o i o
INTerrupt INTT3 (Timer 3) INTT2 (Timer 2)
74H IT3C SOT3M2 : IT3M ¢ IT3MO 1T2C CoqT2mM2 2 IT2M1 P IT2MO
INTET23 [Enable . * H
Timer 3/2 (Prohibit RW : W R/W H W
RMW) 0 0 s 0 : 0 0 : 0 i o0 : 0
INTerrupt _ INTTRS (TREGS) i . INTTR4 (TREG4) ]
INTETAS Enamep 75H ITSC POTSM2 ¢ ITSMT ¢ ITSMO IT4C SO TAM2 ¢ ITAMY P 1TAMO
Treq 5/4 (Prohibit R/W H W RAW W
N RMW) o . o0 . o o o : o0 o0 . o0
INTerrupt INTTR7 (TREG7) INTTR6 (TREG6)
up 76H IT7C_ © IT7M2_: IT7M1_ ¢ IT7MO IT6C__ : IT6M2_ : IT6M1 : IT6MO
INTET67 [Enable . T :
T 716 (Prohibit R/W H W R'W H W
re9 RMW) o 0 . o o o 0 o
INTerrupt INTTXO INTRX0
INTESO | En bleup 77H ITXOC § ITXOMZ2 : ITXOM1 { ITXOMO IRXOC | IRXOM2 | IRXOM1 i IRXOMO
. 2 5 | tpronibit | RW w RW W
ena RMW) o . 0 [ o I o o o 1 o : o
INTerruot INTTX1 INTRX1
INTES1 Enablep 78H ITX1C © ITXIM2 © ITXIM1 § ITXIMO IRX1C ¢ IRX1M2 @ IRXIM1 : IRX1MO
serial 1 (Prohibit RW : W RIW W
RMW) 0 : 0 : 0 : 0 0 : 0 : 0 : 0
INTerrupt INTTC1 INTTCO
INTETC Enab\ep 79H ITCIC ¢ ITCIM2 ¢ ITCIM1 @ ITCIMO ITCOC  : ITCOM2 : JTCOM1 : ITCOMO
o1 | on (Prohibit RW w RW W
RMW) 0 ) i o i 0 0 0 i o i 0
INTerrupt INTTC3 INTTCZ .
INTETC | ¢ b'I YPL 1 7aM ITC3C  © mC3V2 | ITC3M1 | [TC3MO_ | MC2C . ITC2M2 | ITC2M1: ITC2MO
23 Tgame (Prohibit | RW | W RW w
RMW) 0 H 0 H 0 H 0 0 : Q : 0 : o]
L 1T T 1 1T T
3 T T W
vy
L Ixx\12 IxxM1 IxxMO Function (Write)
0 0 0 Prohibit interrupt request.
0 0 1 Set interrupt request level to "1"
0 1 0 Set interrupt request level to 2"
0 1 1 Set interrupt request level to “3"
1 0 0 Setinterrupt request level to 4"
1 0 1 Set interrupt request level to “5"
1 1 0 Setinterrupt requestlevel to "6"
1 1 1 Prohibit interrupt request.
> IxxC Function (Read) Function (Write)
[i] Indicate no interrupt request. Clear interrupt request flag.
1 indicate interruptrequest. | @ ----- Don'tcare-----
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(8) Interrupt Control (2/2)

Symbol Name Address 4 3 2 : 1 0
I0IE : I0LE NMIREE
w : wW w
: 0 : 0 0
Interrupt - -
Input :1:INTO :0: INTO Operate
Hmc i :
Mode 7BH input edge evenat
enable : mode NMi rise
Contorol :
“1: INTO edge
(Prohibit level
RMW) : mode
DMA D : HDMAQ Start vector
7CH { DMAQV8 | DMAOV7 i DMADV6 : DMADVS @ DMAOV4
DMAOV |request (Prohibit *
Vector onibi ] w _
RMW) 0 0 : 0 : 0 0
DMA 1 H HOMA1 Start vector
70H : DMA1V8 : DMA1V7 : DMA1V6 | DMAI1VS5 | DMA1V4
DMAI1V |request . +
Vector (Prohibit w
RMW) 0 0 : 0 : 0 0
DMVIA 2 : HDMAZ2 Start vector )
7EH : DMA2V8 : DMA2V7 @ DMA2V6 : DMA2V5 @ DMA2v4
DMA2V |request - T
Vector (Prohibit : W
RMW) 0 0 : 0 : 0 0
DMA 3 : HDMASJ Start vector i
7FH i DMA3V8 : DMA3V? : DMA3V6 : DMA3V5 | DMA3V4
DMA3V |request L T
Vector (Prohibit : W
RMW) 0 0 : 0 : 0 0
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(9) Chip Select/Wait Control (1/2)

Symbol | Name Address 7 6 5 [ 4 | 3 [ 2 1 |
: BOE : - BOBUS BOC1 BOCO
Block 0 V: — _ "3’ ‘g’ - ":
BOCS CSJWAIT 68H :0: BOCS : - 10: 16 BIT 00: 2WAIT
control H : H
register 51: n'?aster : 51: 88BIT 01: 1WAIT
(Prohibit i bit : 10: IWAIT+n
RMW) i ! 11: OWAIT
: B1E : - B1BUS Biw1 | BI1WO
Block 1 = L
B1CS CSIWAIT 69H i0: B1CS : - :0: 16 BIT 00: 2WAIT
control H : :
register N 51: master i1: 8BIT 01: 1WAIT
(Prohibit ¢ bit : 10: T\WAIT+n
RMW) : : 11: OWAIT
i B2E :  B2M B2BUS B2W1  B2WO
: W : w : w W H w
B2CS control 6AH 0 B2CS EO: 16M O 16BIT 00: 2ZWAIT
register :1:master :  area i1 8BIT 01: TWAIT
(Prohibit i bit i1: MREG 10: IWAIT +n
RMW) :  setting 11: OWAIT
B3E  : B3CAS B3W1 : B3WO
Block 3 : V: V: "g v:
B3CS CS/WAIT 6BH 0:B3CS  (0:CS3 00: 2WAIT
con;ro\ ‘1: master output 01: TWAIT
register | (prohibit P obit i1:TAS 10: 1WAIT +n
RMW) i output 11: OWAIT
- - BEXW1 BEXWO
- - w
External — — 0 : 0
BEXCS f:::::” 6CH - - 00: 2WAIT
register 01: IWAIT
(Prohibit 10: IWAIT +n
RMW) : H : 11: OWAIT
Memory 523 522 s21  : 520 519 i 518 S17 i S16
RIW
MSARO f:::ress 3cH 1 1 T 1 L 1 1 1 1
A23t0 A16
Reg. 0 Memory start address setting
Memory V20 V19 V18 : V17 H V16 : V15 V14~9 V8
Start RW
MAMRO | Address 3DH 1 1 1 1 : 1 : 1 1 1
Mask 0: Comparison is valid
Reg. 0 1: Comparison is invalid
523 522 521 © 520 s19  :  s18 $17 1 516
Memory W
MSAR1 ifj;tre“ 3EH 1 1 T 1 1 1 1 1
A23to A6
Reg. 1 Memory start address setting
Memory V21 V20 V9 1 VI8 i V17 i V16 Vi5~9 i VB
Start RIW
MAMR?1 | Address 3FH 1 1 1 1 i 1 1 1 1
Mask 0: Comparisonisvalid
Reg. 1 1: Comparisonisinvalid
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(9) Chip Select/Wait Control (2/2)

Symbol | _Name | Address 7 6 [ 5 [ & [ 3 T 5 T T o
523 522 521 520 519 518 517 516
Memory
Start RIW
MSAR2 5CH 1 1 1 1 : 1 1 1 1
Address
Reg. 2 A23to Al6
i Memory start address setting
Memory V22 V21 V20 vi9 i vie 1 w17 V16 V15
Start R/AW
MAMR2 | Address 5DH 1 1 1 1 : 1 1 1 1
Mask 0 : Comparison is valid
Reg. 2 1: Comparison isinvalid
523 522 S21 520 519 S18 517 S16
Memory
Start RIW
MSAR3 SEH 1 1 1 1 : 1 1 1 1
Address
Reg. 3 A23t0 A6
3 Memory start address setting
Memory V22 V21 V20 ; V19 V18 V17 V16 V15
Start RAW
MAMR3 [ Address SFH 1 1 1 1 H 1 1 1 1
Mask Q: Comparison is valid
Reg. 3 1: Comparison is invalid
(10) DRAM Control
Symbol Name Address 7 6 5 4 3 2 1 0
DMI RS2 RS1 RSO RW2 RW1 RWO RC
RW
0 0 0 0 0 0 0o 0
Dummy Refresh cycle insertion interval Refresh cycle width : Refresh
cycle 000: 31states 000: 2states Ccycle
Refresh o :
0: Prohibit : 001: 62states 001: 3 states :0: Not
DREFCR | Control SAH : X
R 1: Execute : 010: 78 states 010: 4 states inserted
eq.
9 011: 97 states 011: 5states : inserted
100: 109 states 100: 6 states
101: 124 states 101: 7 states
110: 154 states 110: 8states
111: 195 states 111: 9states
SRFC : BRM MACM MUXE | MUXW1 i MUXWO i MAC
w - RW
1 - 0 0o 0o 0 0 0
Memory + - T T
A saH Self :DRAM pin : 0: Normal :Address | Multiplexed addresslength | Memory
ccess : : H :
DMEMCR Control refresh :Bus access :multiplex | 00: 8bit ! access control
ontrol : H : i H
R 0: Execute : - :Release  :1:Slow  :0:Disable : 01:  9bit i 0: Disable
eq. : H : H :
9 ... | 1: Release : :0:Release : access : 1:Enable 10:  10bit {1: Enable
(Prohibit : : : : . H
“1: Not 11: 11 bit H
RMW) H
release :
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6. Port Section Equivalent Circuit Diagram STOP: This signal becomes active “1” when the hold
e Reading The Circuit Diagram mode setting register is set to the STOP mode

. . (WDMOD <HALTM1,0> = 0,1) and the CPU
Basically, the gate symbols written are the same as executes the HALT instruction. When the drive
those used for the standard CMOS logic IC [74HCXX] enable bit [DRVE] is set to “1”, however, STP
Series. _ . , _ remains at “0”.

The dedicated signal is described below. ¢ The input protection resistor ranges from several tens of
ohms to several hundreds of ohms.

e DO to D7, P1 (D8 to 15)

vCC

Output Data —— P-ch
Qutput Enabl
utout e <
Input Data _@ﬁ AWy {] vo
Input Enable
e P2 (A16 to A23), AO to A15, RD, WR, P6
veC

Output Data

Qutput
STOP
-

* P52 52, P7, P81, P82. P84, P85, PA, PB6 ~ BO

VCC
Output Data
-1 VCC 1 Programmable
1 | o] ! Pull Up Resistor
Output Er;gr%IS |~ : i ull Up i
[ S J
Input Data —ﬂﬁ Wy 4 D 110

Input Enable
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e P9 (ANO to 3)

Analog Input
Channel Select

e
Analog Input [] Input
L]
L 7T
Input Data
Input Enable
e P87 (INTO)
vcc
Output Data
Output ET;%%'S PR . Programmable

____________

v VCG pull Up
! {>0_{ ! Resistor
i ]

Schmitt

e P80 (TXDO), P83 (TXD1)

VCC
Output Data —?}—I
Open Drain _g
Output Enable >—D°_[ e AP Ve Programmable
' ! PullUp
SToP '_Do_lg i Resistor
Input Data q__oq_aG_l MW—————— =[] vo
Input Enable
e NMI
NMI o< f———[ ] Input
Schmitt
e WDTOUT
WDTOUT So—o1 > { ] Output
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e CLK
VCC VvCC
Internal CLK PCh% -
D Output
STOP e
N-ch
Internal Reset {>o
—o——W
Test Circuit
* EA, AM8B/16
jW——D Input

e RESET

100 k2 VvCC

typ-\

Reset Input
Schmitt
WDTOUT
Reset Enable
e X1, X2
Clock

STOP ——1—

______________________

* VREF vrerH), AGND (vrer)

A/D Converter
GND

T
O
g
]
X

[} VREF (VRerH)

1 Ladder

% Resistor

[ "] AGND (VrerL)
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7. Care Points and Restriction

1

Special Expression

0 Explanation of a built-in I/O register: Register

Symbol <Bit Symbol>
ex) TRUN <TRUN> - - - Bit TORUN of Register TRUN

0 Read, Modify and Write Instruction

An instruction which CPU executes following by one
instruction.

1. CPU reads data of the memory.
2. CPU modifies the data.
3. CPU writes the data to the same memory.

ex1) SET 3, (TRUN) ' - - set bit3 of TRUN
ex2) INC1, (100H) - - - increment the data of 100H

¢ The representative Read, Modify and Write
Instruction in the TLCS-900

SET imm, mem, RES imm, mem

CHG imm,mem, TSET imm, mem

INC imm, mem, DEC imm, mem

RLD A, mem, ADD imm, reg
0O 1 state

One cyclecycle clock divided by 2 oscillation frequency
is called 1 state.

ex) Oscillation frequency is 25MHz.
2/25MHz = 80ns = 1 state

Care Points

O EA, pin, AM/16 pin

Fix these pins VCC or GND unless changing voltage.
O Warming-up Counter

The warming-up counter operates when the STOP
mode. is released even the system which is used an
external oscillator. As a result, it takes warming up time
from inputting the releasing request to outputting the
system clock.

O Programmable Pull Up/Down Resistance

The programsmmable pull up/down resistors can be
selected ON/OFF by program when they are used as
the input ports. The case of they are used as the out-
put ports, they cannot be selected ON/OFF by pro-
gram.

0 Bus Releasing Function

Refer to the “Note about the Bus Release” in 3.5 Func-
tions of Ports because the pin state when the bus is
released is written.

O Watch Dog Timer

The watch dog timer starts operation immediately after
the reset is released. When the watch dog timer is not
used, set watch dog timer to disable.

0 CPU (HDMA)

Only the “LDC cr, r*, “LDC r, cr” instruction can be
used to access the control register like transfer source
address register (DMASN) in the CPU.
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