TOSHIBA TMP95CS64/TMP95C265

CMOS 16-Bit Microcontrollers
TMP95CS64F and TMP95C265F

1. OUTLINE AND FEATURES

TMP95CS64/265 is a high-speed 16-bit microcontroller designed for the control of various mid- to large-
scale equipment. TMP95CS64 incorporates masked ROM, while TMP95C265 has no ROM. Otherwise,
all the functions of the products are the same.

TMP95CS64/265 comes in a 100-pin flat package.

Listed below are the features.

(1) High-speed 16-bit CPU (900/H CPU)

Instruction mnemonics are upward-compatible with TLCS-90/900

16M bytes of linear address space

General-purpose registers and register banks

16-bit multiplication and division instructions; bit transfer and arithmetic instructions
Micro DMA : Four-channels (640ns/2 bytes at 25MHz)

(2) Minimum instruction execution time : 160ns (at 25MHz)
(8) Built-inRAM : 2Kbytes

Built-inROM  : [r\po5cse4 | 64K-byte ROM
TMP95C265 No ROM

(4) External memory expansion
® Expandable up to 16M bytes (shared program/data area)
® External data bus width select pin (AM8/16)
® Can simultaneously support 8/16-bit width external data bus
- Dynamic data bus sizing

(5)  8-bit timers: 8 channels

® With event counter function : 2 channels
(6)  16-bit timer/event counter: 2 channels
(7)  General-purpose serial interface : 3 channels
(8)  10-bit A/D converter: 8 channels
(9)  8-bit D/A converter : 2 channels
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(10)
(11)
(12)

(13)

(14)

(15)

(16)

Watchdog timer

Chip select/wait controller : 4 blocks

Interrupts : 45 interrupts
® 9 CPU interrupts: Software interrupt instruction and illegal instruction

® 26 internal interrupts:
® 10 external interrupts:

Input/output ports

Standby mode

] Seven selectable priority levels

TMP95CS64

81 pins

TMP95C265

55 pins

® Four HALT modes: RUN, IDLE2, IDLE1, STOP

Operating voltage

® Vec=2.7T-33V
® Vee=4.5-55V

Package
TMP95CS64F | LQFP100-P-1414-0.50D
TMP95C265F | LQFP100-P-1414-0.50C
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ANO~AN2 I
(PAO~PA2) 900/H CPU :: vgsc [;]
AN3/ADTRG — VSS [3]
(PA3) 10BIT 8CH XWA WIA
AN4~AN7 AD XBC BlcC
(PAd~PAT7) CONVERTER XDE D E 0sc X
VREFH XHL Hl L X2
VREFL ol X
AvCC ——> CLK
AVSS ’ XY Y _
} X1z 1z ~—— AM8/16
L>-| XSP SP ~T—E
8BIT 2CH — 36 RESET
DAOUTO, 1 D/A —> -~
CONVERTER SR PORT 0 (PO0~P07)
[ Pc_ | DO~D7  *
TxDO (P80) SERIAL 1/O
RxDO (P81) (CH. 0) PORT 1 (P10~P17)
SCLKO/CTSO (P82) WATCHDOG D8~D15
TxD1 (P83) SERIAL I/O TIMER
RxD1 (P84) (CH. 1) PORT 2 (P20~P27)
SCLK1/CTS1 (P85) A15~A23 *
TxD2 (P86) SERIAL I/O
RxD2 (P87) (CH.2) PORT 3 (P30~P37)
SCLK2/CTS2 (P57) A8~A15 *
2KB RAM PORT 4 (P40~P47)
8BIT TIMER AO~A7  *
TIO/INT1 (P70) (TIMER 0) -
RD (P50) *
WR (P51) *
BIT TIMER WR
TO1 (P71) 8(T|MER 1 PORT5 HWR (P52)
BUSRQ (P53)
BUSAK (P54)
8BIT TIMER -
(TIMER 2) CSTWAIT WAIT (P55)
TS0 (P60)
eBIT TIVIER CONTROLLER CST(P61)
TO3/INT2 (P72) (4-BLOCK) 52 (P62)
(TIMER 3) CS3(P63)
8BIT TIMER INTERRUPT NMI
TI4/INT3 (P73) (TIMER 4) CONTROLLER INTO (P56)
8BIT TIMER 64KB ROM
T05 (P74) (TIMER 5)
8BIT TIMER (TIMER 8) TI9/INT6 (P91)
(TIMER 6) TO8 (P92)
TO9 (P93)
Notincluded in TIA/INT7 (P94)
8BIT TIMER 16BIT TIMER
TO7/INT4 (P75) (TIMER 7) ( TMP95C265 ) (TIMER 9) TIB/INT8 (P95)
TOA/TOB (P96)

Note: Pin states after reset

Product AMS8/16 Pin function after reset
TMP95CS64 | Fixed to high level | Multi-use pins can select function in parentheses ( ).
. Multi-use pins other than those marked by an asterisk can select functions in
High level
parentheses ( ).
TMP95C265
Multi-use pins other than those marked by asterisk can select function in
Low level . .
parentheses ( ). However, port 1 can select functions outside parentheses ( ).

Figure 1 TMP95CS64/TMP95C265 Block Diagram
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This section shows the TMP95CS64F/265F pin assignment, and the names and an outline of the

PIN ASSIGNMENT AND PIN FUNCTIONS

functions of the input/output pins.

2.1

Pin Assignment Diagram

Figure 2.1 is a pin assignment diagram for TMP95CS64F/265F.
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Figure 2.1 Pin Assignment Diagram (100-Pin LQFP)
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2.2 Pin Names and Functions
Table 2.2 shows the names and functions of the input/output pins.
Table 2.2 Pin Names and Functions (1/4)
Pin Name '\:;:crpi:esr Input/Output Function

PO0O~PQ7 8 Input/output | Port 0: 1/0 port. Input or output specifiable in units of bits

/D0~D7 Input/output | Data: Data bus0-7

P10~P17 8 Input/output | Port 1: I/O port. Input or output specifiable in units of bits

/D8~D15 Input/output | Data: Data bus8- 15

P20~P27 8 Input/output | Port 2: I/O port. Input or output specifiable in units of bits

/A16~A23 Output | Address: Address bus 16 - 23

P30~P37 8 Input/output | Port 3: I/O port. Input or output specifiable in units of bits

/ A8~A15 Output | Address: Address bus 8- 15

P40~P47 8 Input/output | Port 4: I/0 port. Input or output specifiable in units of bits

/ A0O~A7 Output | Address: Address bus0-7

P50 1 Output | Port 50: Output-only port

/RD Output |Read: Outputs strobe signal to read external memory (setting P5
<P50> =0 and P5FC <P50F> =1 outputs strobe signal at all read
timings)

P51 1 Output | Port 51: Output-only port.

/WR Output | Write: Outputs strobe signal to write data on pins DO - D7

P52 1 Input/output | Port 52: 1/0 port (with built-in pull-up resistor)

/HWR Output | Upper write: Outputs strobe signal to write data on pins D8 - D15

P53 1 Input/output | Port 53: 1/O port (with built-in pull-up resistor)

/BUSRQ Input | Bus request: Input pin to request external bus release

P54 1 Input/output | Port 54: 1/O port (with built-in pull-up resistor)

/BUSAK Output | Bus acknowledge: Output pin to acknowledge that CPU received
BUSRQ and released external bus.

P55 1 Input/output | Port 55: 1/0 port (with built-in pull up resistor)

/WAIT Input | Wait: Buswaitrequest pin for CPU (Effective when 1 + NWAIT mode,
or0 + NWAITmode. Setusing chip select/waitcontrol register.)

P56 1 Input/output | Port 56: 1/O port (with built-in pull-up resistor)

/INTO Input | Interrupt request pin 0: Interrupt request pin with programmable
level/rising edge. {
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Table 2.2 Pin Names and Functions (2/4)
Pin Name '\:;?i:esr Input/Output Function
P57 1 Input/output | Port 57: 1/O port (with built-in pull-up resistor)
/SCLK?2 Input/output | Serial clock input/output 2
/CTS2 Input | Serial data ready to send 2 (Clear-to-send)
P60 1 Output | Port 60: Output-only port
/CSO Output | Chip select 0: Outputs 0 if address is within specified address range
P61 1 Output | Port 61: Output-only port
/CS1 Output | Chip select 1: Outputs 0 if address is within specified address range
P62 1 Output | Port 62: Output-only port
/CS2 Output | Chip select 2: Outputs 0 if address is within specified address range
P63 1 Output | Port 63: Output-only port
/CS3 Output | Chip select 3: Outputs 0 if address is within specified address range
P70 1 Input/output [ Port 70: 1/0 port
/TIO Input | Timer input 0: Input pin fortimer 0
/INT1 Input | Interrupt request pin 1: Rising-edge interrupt request pin £
P71 1 Input/output [ Port 71: 1/0 port.
/TO1 Output | Timer output 1: Output pin for timer0 or 1
P72 1 Input/output [ Port 72: 1/0 port
/TO3 Output | Timer output 3: Output pin for timer 2 or 3
/INT2 Input | Interrupt request pin 2: Rising-edge interrupt request pin £
P73 1 Input/output [ Port 73: 1/0 port
/T4 Input | Timer input 4: Input pin for timer 4
/INT3 Input | Interrupt request pin 3: Rising-edge interrupt request pin £
P74 1 Input/output | Port 74: 1/0 port
/TOS Output | Timer output 5: Output pin for timer4 or5
P75 1 Input/output | Port 75: 1/0 port
/TO7 Output | Timer output 7: Output pin for timer6 or 7
/INT4 Input | Interrupt request pin 4: Rising-edge interrupt request pin  _f4
P80 1 Input/output | Port 80: I/O port (with built-in pull-up resistor)
/TxDO Output | Serial transmission data 0
P81 1 Input/output | Port 81: 1/0 port (with built-in pull-up resistor)
/RxD0O Input | Serial receive data 0
P82 1 Input/output | Port 82: 1/0 port (with built-in pull-up resistor)
/SCLKO Input/output | Serial clock input/output 0
/ CTSO Input | Serial data ready to send 0 (Clear-to-send)
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Table 2.2 Pin Names and Functions (3/4)
Pin Name I\LL;";i?:r Input/Output Function
P83 1 Input/output | Port 83: 1/O port (with built-in pull-up resistor)
/TxD1 Output | Serial transmission data 1
P84 1 Input/output | Port 84: 1/0 port (with built-in pull-up resistor)
/RxD1 Input [ Serial receive data 1
P85 1 Input/output | Port 85: 1/0 port (with built-in pull-up resistor)
/SCLK1 Input/output | Serial clock input/output 1
/CTST Input | Serial data ready to send 1 (Clear-to-send)
P86 1 Input/output | Port 86: 1/0 port (with built-in pull-up resistor)
/TxD2 Output | Serial transmission data 2
P87 1 Input/output | Port 87: 1/0O port (with built-in pull-up resistor)
/RxD2 Input | Serial receive data 2
P90 1 Input/output [ Port 90: 1/0 port
/TI8 Input | Timer input 8: Input pin for timer 8
/INT5 Input | Interrupt request pin 5: Interrupt request pin with programmable
rising/falling edge 4L
P91 1 Input/output [Port91: 1/0 port
/TI9 Input [ Timer input 9: Input pin for timer 8
/INT6 Input | Interrupt request pin 6: Rising edge interrupt request pin e
P92 1 Input/output [ Port 92: 1/0 port
/TO8 Output | Timer output 8: Output pin for timer 8
P93 1 Input/output [ Port 93: 1/0 port
/TO9 Output | Timer output 9: Output pin for timer 8
P94 1 Input/output | Port 94: 1/O port
/TIA Input | Timerinput A: Input pin for timer 9
/INT7 Input | Interrupt request pin 7: Interrupt request pin with programmable
rising/falling edge R
P95 1 Input/output | Port 95: 1/0 port
/TIB Input | Timer input B: Input pin for timer 9
/INT8 Input | Interrupt request pin 8: Rising edge interrupt request pin v
P96 1 Input/output | Port 96: 1/0 port
/TOA Output | Timerinput A: Output pin for timer 9
/TOB Output | Timerinput B: Output pin fortimer 9
PAO~PA2 3 Input [ Port A0 - A2: Input-only port
/ ANO~AN2 Input | Analog input 0-2: A/D converter input pins
PA3 1 Input | Port A3: Input-only port
/ AN3 Input | Analog input 3: A/D converter input pin
/ADTRG Input | External start trigger
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Table 2.2 Pin Names and Functions (4/4)

Pin Name I\LL;";i?:r Input/Output Function

PA4~PA7 4 Input | Port A4-A7: Input-only port

/ AN4~AN7 Input [ Analog input 4-7: A/D converter input pins

DAOUTO 1 Output | D/A output 0: D/A converter 0 output pin

DAOUT1 1 Output | D/A output 1: D/A converter 1 output pin

NMI 1 Input | Non-maskable interrupt request pin: Interrupt request pin with
programmable falling edge or both falling and rising edge

v S

CLK 1 Output | Clock output: Outputs external clock divided by 4.
Pulled up during reset.

EA 1 Input

AMS8 /16 1 Input

RESET 1 Input [ Reset: Initializes TMP95CS64/265 (with built-in pull-up resistor)

VREFH 1 Input | Reference voltage input pin for A/D converter (high)

VREFL 1 Input | Reference voltage input pin for A/D converter (low)

AVCC 1 Power supply pin for A/D converter and reference voltage input pin
for D/A converter: Connect to power supply

AVSS 1 GND pin for A/D converter and reference voltage input pin for D/A
converter : Connect to GND

X1/X2 2 Input/output | Oscillator connecting pin

VCC

VSS

Note: Disconnect the pull-up resistors from pins other than RESET pin by software.
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3.1

3.1.1

OPERATION

The following describes block by block the functions and basic operation of TMP95CS64/265.
Notes and restrictions for each block are outlined in “7, Use Precautions and Restrictions” at the end of
this manual.

CPU

TMP95CS64/265 incorporates a high-performance 16-bit CPU (900/H-CPU). For CPU operation, see
the “TLCS-900/H CPU”.

The following describes the unique functions of the CPU used in TMP95CS64/265; these functions are
not covered in the TLCS-900/H CPU section.

Reset

When resetting the TMP95CS64/265 microcontroller, ensure that the power supply voltage is within
the operating voltage range, and that the internal high-frequency oscillator has stabilized. Then hold
the RESET input to low level for at least 10 system clocks (ten states: 0.8 s at 25MHz).

When the reset is accepted, the CPU:

® Sets as follows the program counter (PC) in accordance with the reset vector stored at address
FFFFOOH - FFFF02H:
PC(7:0) <« value at FFFFOOH address
PC(15:8) < valueat FFFF01H address
PC(23:16) <« value at FFFF02H address

® Sets the stack pointer (XSP) to 100H.

® Sets bits <IFF2:0> of the status register (SR) to 111 (sets the interrupt level mask register to level
7.

® Setsthe <MAX> bit of the status register to 1 (MAX mode).
(Note: As this product does not support a MIN mode, don’t write 0 to <MAX>.)

® C(Clearsbits <RFP2:0> of the status register to 000 (sets the register bank to 0).

When reset is released, the CPU starts executing instructions in accordance with the program counter
settings. CPU internal registers not mentioned above do not change when the reset is released.
When the reset is accepted, the CPU sets internal I/O, ports, and other pins as follows.

@ Initializes the internal I/O registers.

® Sets the port pins, including the pins that also act as internal I/O, to general-purpose input or output
port mode.

® Pulls up the CLK pin to high level.

(Note: During reset, do not reduce the external voltage level as this can cause malfunction.)
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Figure 3.1 shows an example of the basic timing of the reset operation.

I AVAWAW AWRAWRW F;_/’\J’\J'\J’\J’\J'\J’\J'\JF\J'\_
T M. S T
RESET \ 7

po~D15 - —t {TPoulf [t -4--= —|-—f-—F-f-4-A-—-—F-F-1-1- —--
po-ses X S O O O O
X 7

* After confirmation that RESET = high, A0 - A23 are output at the X1 rising edge of the 10th or 12th clock.

Figure 3.1 TMP95CS64/265 Reset Timing Example

3.1.2 External Data Bus Width Selection (AM8/16 Pin)

(1) With TMP95CS64 (EA high level)

Connect the input pin to VCC. After a reset, this pin accesses ROM by the internal 16-bit bus.

The data bus width for an external access depends on the setting in the <BOBUS>, <B1BUS>,
<B2BUS>, or <BEXBUS> bit of the chip select/wait control registers. To access the 16-bit bus, set
port 1 to D8 - D15.

(2) With TMP95C265 (EA low level)

Selects the width of the external data bus by sampling the AM8/16 input pin at the rising edge of the
reset signal.

® When AM8/16 =low level
P00 - P17 function as a 16-bit data bus (DO - D15) (8- and 16-bit data bus width mixed, or 16-bit data
bus width fixed).
The data bus width for an external access depends on the setting in the <BOBUS>, <B1BUS>,
<B2BUS>, or <BEXBUS> bit of the chip select/wait control registers.

® When AM8/16 =high level
P00 - P07 function as an 8-bit data bus (DO - D7) (external 8-bit data bus fixed).
The <BOBUS>, <B1BUS>, <B2BUS>, or <BEXBUS > setting is ignored.
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3.2 Memory Map

TMP95CS64/265 uses 160 bytes of address space as an internal I/O area.
This is allocated to address area 000000H - 00009FH. The CPU can access this internal I/O by direct
addressing mode using short command code.

Figure 3.2 shows the memory map and the access widths for the CPU addressing modes.

000000H ¥
0000A0H Dlregg)a rea
000100H ¥
0008A0H
64K-byte area
(nn)
External memory
010000H f--============———~————- -
16M-byte area

(r32)

(-r32)
FFOOOOH (r32+)

(r32 +d8/16)

(r32 +r8/16)

(nnn)

In TMP95C265,
> external memory
area.
FFFFOOH
FFFFFFH

: internal areas)

Figure 3.2 TMP95CS64/265 Memory Map
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3.3

Interrupts

Interrupts are controlled by the CPU interrupt mask register <IFF2:0> (bits 14 - 12 of the status
register) and by the built-in interrupt controller.
TMP95CS64/265 has a total of 45 interrupts divided into the following five types:

Interrupts generated by CPU : 9
* Software interrupts : 8
* Illegal instruction : 1

Internal interrupts : 26
* Internal /O interrupts : 22
* Micro DMA transfer end interrupts : 4

External interrupts: 10
* Interrupts from external pins (NMI, INTO - INTS8)

A (fixed) individual interrupt vector number is assigned to each interrupt.

One of seven (variable) priority levels can be assigned to each maskable interrupt. The priority level of
non-maskable interrupts is fixed at 7, the highest level.

When an interrupt is generated, the interrupt controller sends the priority of that interrupt to the CPU.,
If multiple interrupts are generated simultaneously, the interrupt controller sends the interrupt with
the highest priority to the CPU. (The highest priority possible is level 7, used for non-maskable
interrupts.)

The CPU compares the priority level of the interrupt with the value of the CPU interrupt mask register
<IFF2:0>. If the priority level of the interrupt is higher than the value of the interrupt mask register,
the CPU accepts the interrupt. However, software interrupts and illegal instruction interrupts
generated by the CPU are processed without comparison with the <IFF2:0> value.

The interrupt mask register <IFF2:0> value can be updated using the value of the EI instruction
(executing EI num sets the content of <IFF2:0> to num). For example, specifying EI 3 enables the
acceptance of maskable interrupts whose priority level set in the interrupt controller is 3 or higher, and
enables the acceptance of non-maskable interrupts. However, if EI or EI 0 is specified, maskable
interrupts with a priority level of 1 or higher and non-maskable interrupts are accepted (operationally
identical to “EI1”).

Operationally, the DI instruction (<IFF2:0> is 7) is identical to the EI 7 instruction, but as the priority
level of maskable interrupts is 0 - 6, the DI instruction is used to disable maskable interrupts. The EI
instruction is valid immediately after execution begins. (With TLCS-90, the EI instruction is valid
after execution of the instruction following the EI instruction.)
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In addition to the general-purpose interrupt processing mode described above, TLCS-900/H interrupts
have a micro DMA processing mode as well.
Because the CPU transfers data (byte transfer, word transfer, or 4-byte transfer) automatically in micro
DMA mode, this mode can be used for speeding up interrupt processing, such as transferring data to I/O.
TMP95CS64/265 also has a micro DMA soft start function for requesting micro DMA processing by
software not by interrupt.
Figure 3.3 (1) shows the overall interrupt processing flow.

General-purpose
interrupt
processing

(Inte rrupt processi ng)

Interrupt specified
by micro DMA
start vector?

NO

YES

Micro DMA soft start
request

Interrupt vector value “V*
read

Interrupt request F/F clear

!

Clear interrupt request flag

Y

Data transfer by micro

DMA

PUSH PC
PUSH SR
SR<IFF2:0> ¢ Level of

accepted
interrupt + 1
INTNEST&«INTNEST + 1

!

PC « (FFFFOOH + V)

7

Interrupt processing
program

|

RETI instruction

POP SR
POP PC
INTNEST<INTNEST - 1

|

COUNT « COUNT -1

COUNT=0

NO

YES

Presupposes that one of four
channels of micro DMA start
vector register is set to FCH.

Micro DMA processing

Clear vector register
generating micro DMA

transfer end interrupt
(INTTCO- 3)

C End )

Figure 3.3 (1) Interrupt and Micro DMA Processing Flow
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3.3.1 General-Purpose Interrupt Processing

When the CPU accepts an interrupt, the CPU performs the following processing. However, in the case
of software interrupts and illegal instruction interrupts generated by the CPU, the CPU skips @ and ®
and executes steps @, @D, and ®.

@ The CPU reads the interrupt vector from the interrupt controller. If there are simultaneous
interrupts set to the same level, the interrupt controller generates an interrupt vector in accordance
with the default priority and clears the interrupt request.

(The default priority is already fixed for each interrupt: the smaller the vector value, the higher
the priority level.)

(@ The CPU saves the contents of the program counter (PC) and status register (SR) to the stack area
(indicated by XSP).

@ The CPU sets the value of the CPU’s interrupt mask register <IFF2:0> to the received interrupt
level incremented by 1. However, if the incremented value level is 7 or higher, the CPU just sets the
register to 7.

@ The CPU increments interrupt nesting counter INTNEST by 1.

® The CPU jumps to the address indicated by the data at address FFFFOOH + interrupt vector, and
starts the interrupt processing routine.

Table 3.3 (1) shows the times for the above processing.

Table 3.3 (1) Interrupt Processing Times for Bus Widths

Stack Area Bus Interrupt Vector Number of Interrupt Interr%eg:a;)essmg
Width (Bits) Area Bus Width | Processing Execution States @ fc = 25 MHz
3 8 28 2.24
16 24 1.92
8 22 1.76
16 16 18 1.44

When the CPU completed the interrupt processing, use the RETI instruction to return to the main
routine. This instruction restores the contents of the program counter and status register from the
stack, and decrements interrupt nesting counter INTNEST by 1.

Non-maskable interrupts cannot be disabled by program. Maskable interrupts can be enabled or
disabled by program. The program can set a priority level for every interrupt source. (Setting the
priority level to O (or 7) disables the interrupt request.)
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If a request is received for an interrupt with a higher priority level than that set in the CPU interrupt
mask register <IFF2:0>, the CPU accepts the interrupt. Set the CPU interrupt mask register
<IFF2:0> to the received interrupt priority level incremented by 1.

If, during interrupt processing, an interrupt is generated with a higher level than the interrupt being
currently processed, or if, during non-maskable interrupt processing, a non-maskable interrupt request
is generated from another source, the CPU suspends the currently processing routine and accepts the
later interrupt. Then, after the CPU finished processing the later interrupt, the CPU returns to the
interrupt it previously suspended and resumes processing.

After a reset, the interrupt mask register <IFF2:0> is initialized to 111, thus disabling maskable
interrupts.
The following steps (1) through (5) show the interrupt processing flow.

(1) Maskable interrupts

(Main) (INT1 interrupt processing)

En @ When the CPU accepts an interrupt, it sets IFF to the priority
FFed level of the interrupt incremented by 1.
e
0 @ INT2 _ﬂ_ Accordingly, if during interrupt processing an interrupt
(Lev?l 3) request is received with the same or a lower priority than
@ that of the interrupt being processed, because this priority
IFFez1 R:TI level is lower than the IFF value, the second interrupt
INT1 _ﬂ_ — O cannot be accepted until the processing of the prior
(Level 3) ® y interrupt is complete.

\FF(—4 @
@f IFFN%

(INT2 interrupt processing) Notes: _ (underline) : Instruction
@, @, : Execution flow
IFF :  Interrupt mask register

(2) Non-maskable interrupts (NMI, INTWD)

(Main) (INT1 interrupt processing)
% FFe_7 / When the DI instruction is executed (IFF is 7), only non-
&
@ ® maskable interrupts can be received (because the priority
¢ / ® level of non-maskable interrupts is fixed to 7.)
NMI _U— When the El instruction is executed, the CPU sets IFF to 7
(Lev?l 7 \ upon acceptance of an NMI or INTWD interrupt.
® @ _ RETI
l IFFe7 \
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(3) Non-maskable interrupts (Software interrupts, illegal instruction interrupts)
(Main) (SW13 processing)  (INT1interrupt processing) When the DI instruction is executed (IFF is 7),
EI3 IFF the CPU can accept interrupts. However,
| Nochange/l IFFe-4 / unlike with NMI or INTWD interrupts, IFF
@® <)
l /® * /@ does not change upon acceptance of an
® interrupt
INT1 pt.
SWi3 (|_evle| 3) _ﬂ_ Therefore, during processing of a software
| \ @ interrupt, if a request is received for an
9 I Y \FF 3© RETI interrupt with a priority the same or higher
l No change @ < \ than the IFF value, the interrupt is nested.
(4) Interrupt nesting
(Main) (INT1 interrupt processing) (INT2 interrupt processing) During interrupt processing, if a request is
EI3 received for an interrupt with a priority the
C{D IFFe-4 //<|@ IFFe5 / same or higher than the interrupt being
@ ¢ @ processed (the interrupt priority level is the
/ / ® same as or higher than the IFF value), the
INT1 _rl_ INT2 _rl_
(Level 3) (Levlel 4) CPU receives the second interrupt and nests
@D \ it.
©) Y ©_ ReTl
l IFF&3 wﬂ IFFe4 \
(5) Interruptsampling (Maskable interrupt nesting disabled)
(Main) (INT1 interrupt processing)
EI3 IFFe4 . . If, after the time the CPU accepted an interrupt but before the
DI I(?’Ic:;(a_r’;mstructlon) CPU begins processing it, the CPU receives a request for
INT2 / ‘ another interrupt with a higher priority, the second interrupt
@D (Level &) _ﬂ_ is nested after execution of the start instruction for processing
IFFed / @ the interrupt accepted first.
®@ l Accordingly, issuing the DI instruction as the start instruction
/ |FFe3 RETI disables nesting of maskable interrupts.
INTI AL «—©®
(Level 3) ® )
| IFFes @
©) Y
l - 3%11 Notes: __ (underline) : Instruction.
e
®,2, Execution flow
(INT2 interrupt processing) IFF Interrupt mask register

Table 3.3 (2) shows the TMP95CS64/265 interrupt vectors and micro DMA start vectors. With the
TMP95CS64/265, FFFFOOH - FFFFFFH (256 bytes) is allocated to the interrupt vector area.
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Table 3.3 (2) TMP95CS64/265 Interrupt Vectors and Micro DMA Start Vectors

Default T | . Vector value \]iector Micro DMA
priority ype nterrupt source and source of micro DMA request v r:de(;reenstsie start vector
1 Reset or [SWI0] instruction OO0OO0OOH|FFFFOOH -
2 [SWI1] instruction 0004 H|FFFFO4H -
3 lllegal instruction or [SWI2] instruction 0O008H|FFFFO8H -
4 [SWI3] instruction O0OOCH|FFFFOCH -
5 Non- [SWI4] instruction O0O1T0H|FFFF10H -
6 maskable | [SWI5] instruction 0014H|FFFF14H -
7 [SWi6] instruction 0018H|FFFF18H -
8 [SWI7] instruction 001CH|FFFF1CH -
9 NMI : NMI pin input 0020H|FFFF20H -
10 INTWD : Watchdog timer 0024H|FFFF24H -
- - Micro DMA (Note) - - -
11 INTO : INTO pin input 0028H|FFFF28H 28H
12 INT1 : INT1 pin input 002CH|FFFF2CH 2CH
13 INT2 : INT2 pin input O030H|FFFF30H 30H
14 INT3 : INT3 pininput 0034H|FFFF34H 34H
15 INT4 : INT4 pin input 0038H|FFFF38H 38H
16 INT5 : INT5 pin input O03CH|FFFF3CH 3CH
17 INT6 : INT6 pin input 0040H|FFFF40H 40H
18 INT7 : INT7 pin input 0044H|FFFF44H 44H
19 INT8 : INT8 pin input 0048H|FFFF48H 48H
20 INTTO : 8-bittimerO 004CH|FFFF4CH 4CH
21 INTT1 : 8-bittimer1 O050H|FFFF50H 50H
22 INTT2 : 8-bittimer2 0054H|FFFF54H 54H
23 INTT3 : 8-bittimer3 O058H]|FFFF58H 58H
24 INTT4 : 8-bittimer4 OO0O5CH|FFFF5CH 5CH
25 INTT5 : 8-bittimer5 O0O60H|FFFF60H 60H
26 INTT6 : 8-bittimer6 0064 H|FFFF64H 64H
27 INTT7 : 8-bittimer7 0068H|FFFF68H 68H
28 INTTR8 : 16-bittimer 8 (TREGS) O06CH|FFFF6CH 6CH
29 Maskable |INTTR9 : 16-bit timer 8 (TREG9) 0070H|FFFF70H 70H
30 INTTRA : 16-bit timer 9 (TREGA) 0074 H|FFFF74H 74H
31 INTTRB : 16-bittimer 9 (TREGB) 0078H|FFFF78H 78H
32 INTTOS8 : 16-bit timer 8 (Overflow) 007CH|FFFF7CH 7CH
33 INTTO9 : 16-bit timer 9 (Overflow) O0O80H|FFFF80H 80H
34 INTRXO : Serial receive (Channel 0) 0084 H|FFFF84H 84H
35 INTTXO0 : Serial transmission (Channel 0) 0088 H|FFFF88H 88H
36 INTRX1 : Serial receive (Channel 1) 008CH|FFFF8CH 8CH
37 INTTX1 : Serial transmission (Channel 1) 0O090H|FFFF90H 90H
38 INTRX2 : Serial receive (Channel 2) 0094 H|FFFF94H 94H
39 INTTX2 : Serial transmission (Channel 2) 0098H|FFFF98H 98H
40 INTAD : A/D conversion end O09CH|FFFF9CH 9CH
41 INTTCO : Micro DMA end (Channel 0) O0OAOH|FFFFAOH -
42 INTTC1 : Micro DMA end (Channel 1) O0A4H|FFFFA4H -
43 INTTC2 : Micro DMA end (Channel 2) O0OA8H|FFFFAS8H -
44 INTTC3 : Micro DMA end (Channel 3) 0O0ACH|FFFFACH -
- (Reserved O0OBOH|FFFFBOH -
§ § § § §
- (Reserved) O0OFCH|FFFFFCH -
- - Micro DMA soft start request - - FCH

Note: Micro DMA default priority
If an interrupt request is generated by a source specified by micro DMA, the interrupt has the highest
priority of the maskable interrupts (irrespective of the default priority allocated to all channels).
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Setting reset vectors and interrupt vectors

@ Reset vector

FFFFOOH PC(7:0)

FFFFOTH | PC(15:8)
FFFFO2H | pC (23:16)
FFFFO3H XX

@ Interrupt vectors (Other than reset vector)

Vector reference address + 0

(Setting example)

PC(7:0)
+1 | PC(15:8)
+2 | PC(23:16)
+3 XX

XX : Don't care

XX : Don't care

Where the reset vector is defined as FF0000H, the NMI vector as FFOABCH, and the INT1 vector as

FF3456H

ORG OFFO000H

LD A,B
ORG  OFF9ABCH
LD B, C

ORG ' OFF3456H

LD C.A

ORG  OFFFFOOH
DL OFFO000H

ORG OFFFF20H
DL OFF9ABCH

ORG OFFFF2CH
DL OFF3456H

Reference:
ORG and DL are assembler directives
ORG : For location counter control
[DL : To define (32-bit) long word data

, reset vector = FFOOOOH
; NMI vector = FFOABCH

; INT1 vector =FF3456H
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3.3.2 Micro DMA Processing

(1

In addition to general-purpose interrupt processing, TMP95CS64/265 supports a micro DMA function.
Interrupt requests set by the micro DMA perform micro DMA processing at the highest priority level of
maskable interrupts (level 6), regardless of the priority level of the particular interrupt source.

Because the function of micro DMA has been implemented with the cooperative operation of CPU, when
CPU is a state of stand-by by HALT instruction, the requirement of micro DMA will be ignored
(pending).

Micro DMA Operation

When an interrupt request is generated by an interrupt source specified by the micro DMA start vector
register, the micro DMA triggers a micro DMA request to the CPU at interrupt priority level 6 and
starts processing the request. The four micro DMA channels allow micro DMA processing to be set for
up to four types of interrupts at any one time.

When micro DMA is accepted, the interrupt request flip-flop assigned to that channel is cleared. The
data are automatically transferred from the transfer source address to the transfer destination address
set in the control register, and the transfer counter is decremented by 1. If the decremented counter
reads other than 0, DMA processing ends with no change in the value of the micro DMA start vector
register. If the decremented reading is 0, the micro DMA transfer end interrupt INTTCO - 3) passes
from the CPU to the interrupt controller. In addition, the micro DMA start vector register is cleared to
0, the next micro DMA is disabled, and micro DMA processing completes.

If a micro DMA request is set for more than one channel at a time, the priority is not based on the
interrupt priority level but on the channel number: the smaller the channel number the higher the
priority. (Channel 0 (high) --> channel 3 (low)).

If an interrupt request is triggered for the interrupt source in use during the interval between the
clearing of the micro DMA start vector and the next setting, general-purpose interrupt processing
executes at the interrupt level set. Therefore, if only using the interrupt for starting the micro DMA
(not using the interrupt as a general-purpose interrupt), first set the interrupt level to 0 (interrupt
requests disabled).

If using micro DMA and general-purpose interrupts together as described above, first set the level of the
interrupt used to start micro DMA processing lower than all the other interrupt levels. In this case, the
cause of general interrupt is limited to the edge interrupt.

Example:When using external interrupt INTO - 3 to start micro DMAO- 3, set:
External interrupt INTO - 3 interruptlevel ...... “1”
Level of other interrupts .............cooua... “27 ~ “g”

Like other maskable interrupts, the priority of the micro DMA transfer end interrupt is determined by
the interrupt level and the default priority.
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While the register for setting the transfer source/transfer destination addresses is a 32-bit control
register, this register can only effectively output 24-bit addresses. Accordingly, micro DMA can access
16M bytes (the upper eight bits of the 32 bits are not valid).

Three micro DMA transfer modes are supported: 1-byte transfer, 2-byte (one word) transfer, and 4-byte
transfer. After a transfer in any mode, the transfer source / destination addresses are incremented,
decremented, or remain unchanged. This simplifies the transfer of data from I/O to memory, from
memory to I/O, and from I/O to I/O. For details of the transfer modes, see 3.3.2 (4), Transfer Mode
Register.

As the transfer counter is a 16-bit counter, micro DMA processing can be set for up to 65536 times per
interrupt source. (The micro DMA processing count is maximized when the transfer counter initial
value is set to 0000H.)

Micro DMA processing can be started by the 30 interrupts INTO - INTAD) shown in the micro DMA
start vectors of Table 3.3 (2) and by the micro DMA soft start, making a total of 31 interrupts.

Figure 3.3 (2) shows the micro DMA cycle in transfer destination address INC mode (except for
COUNTER mode, the same as for other modes).

O Word transfer (the conditions for this cycle are based on an external 16-bit bus, 0 waits, transfer
source/transfer destination addresses both even-numbered values)

| One state | (Note 1) (Note 2)
r A Y r A Y
DM DM2 DM3 DM4 DM5 DM6 DM7 DM8
SAAVAVAVAVAVAV AVAV AVAVAVAVAVAV AVAV AVAV AVAVAVAV AW
A0~23 K Next Transjer source address T""’”“i&ﬁfé_&”‘"’“°” Next +2
- —
WR/HWR | [T
D0~15 x Dutput

Figure 3.3.(2)-1 Timing of Micro DMA Cycle

States1-3 : Instruction fetch cycle (gets next address code).
If three or more instruction codes are inserted in the instruction queue buffer, this cycle
becomes a dummy cycle.

States4-5 : Micro DMA read cycle
State 6 :  Dummy cycle (the address bus remains as in state 5)
States 7-8 : Micro DMA write cycle

Note 1: If the source address area is an 8-bit bus, it is incremented by two states.

Note 2: If the destination address area is an 8-bit bus, it is incremented by two states.
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(2)

(3)

Micro DMA Soft Start Function

In addition to starting micro DMA by interrupt, TMP95CS64/265 supports a micro DMA soft start
function. This starts micro DMA by generating a cycle to write to the soft DMA control register.

To code a soft start, write micro DMA start vector FCH to micro DMA start vector register DMAOV:3V
(at memory addresses 5AH, 5BH, 5CH, and 5DH).

Then, write any data to soft DMA control register SDMACRO0:3 (at memory addresses 6AH, 6BH, 6CH,
and 6DH). (The value of the data has no effect on the operation of the soft start.) This starts micro DMA
of the applicable channel once. Then, whenever data are written again to the soft DMA control register,
as long as the micro DMA transfer counter register values are other than 0, a soft start can be
continuously triggered (without rewriting the micro DMA start vector).

Setting the micro DMA start vector is a prerequisite for generating a micro DMA software start. (The
software start request is a one-shot request and not saved. Therefore, even if a cycle which writes to the
soft DMA control register is generated, unless the micro DMA start vector is already set, a soft start
cannot be generated.)

Structure of Micro DMA-Only Register

Figure 3.3 (3) shows the micro DMA-only registers. These registers are incorporated in the CPU. (See
3.2.5, Control Registers in Chapter 3, TLCS-900/H CPU.) To set the registers use the LDC instruction.
Set the transfer source address in the transfer source address register; the transfer destination address,
in the transfer destination address register. These address registers use only the lower 24 bits. They
support a 16 M-byte address space.

Use the transfer counter register to set the number of times micro DMA is performed between 1 and
65536.
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Channel 0
DMASO
DMADO
| DMACO
DMAMO
Channel 1
DMAS1
DMAD1
| DMAC!1
DMAM1
Channel 2
DMAS2
DMAD?
| DMAC2
DMAM?2
Channel 3
DMAS3
DMAD3
| DMAC3
DMAM3
| e
I 16bit
[ 32bit

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

Transfer mode register 0

] (Use only lower 24 bits)
(1-65536)

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

Setting example :

LD XWA, 100H Set transfer source
LDC DMASO, XWA / address

LD XWA, 1000H > Set transfer

LDC DMADO, XWA 7/ destination address
LD WA, 40H

LDC DMACO WA ) Set transfer count
LD A, 05H Select transfer
LDC DMAMO, A mode

Figure 3.3 (3) Micro DMA-Only Registers
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(4) Transfer Mode Register

To set micro DMA transfer mode, use transfer mode register DMAMO:3. Table 3.3 (3) shows the
settings for each mode and the numbers of execution states.

Table 3.3 (3) Micro DMA Transfer Mode

8-bit
DMAMO~3 |0 0 O Mode Note: When setting a value in this register, write 0 to the
upper three bit=s.
Number of Minimum
Number of Mode Description Executjon States | Execution Time
Transfer Bytes (%) fc=25MHz
(FQO?:I) 000 00 | Byte transfer Transfer destination address INC mode
xea)\ (| Forl
or /0 to memory 8 states 640 ns
01 |wordtransfer | (DMADN +) < (DMASn)
DMACh «~DMACnH -1
10 | 4-byte transfer | If DMACN =0, then INTTCn generated 12 states 960 ns
001 00 | Byte transfer Transfer destination address DEC mode
.................... For 1/0 to memory 8 states 640 ns
01 |Wordtransfer | (DMADn-) < (DMASn)
DMACn«<DMACh -1
10 |4-bytetransfer | 1f DMACn =0, then INTTCn generated 12 states 960 ns
010 00 |Byte transfer Transfer source address INC mode
.................... For memory to I/0 8 states 640 ns
01 |wordtransfer | (DMADN) < (DMASn +)
DMACn«<DMACh -1
10 |4-bytetransfer |If DMACN =0, then INTTCn generated 12 states 960 ns
011 00 |Byte transfer Transfer source address DEC mode
.................... For memory to I/0 8 states 640 ns
01 |Word transfer | (DMADN) ¢~ (DMASn -)
DMACn«<DMACHh -1
10 |4-bytetransfer |If DMACH =0, then INTTCn generated 12 states 960 ns
100 00 |Byte transfer Address fixed mode
......................... For1/Oto l/O 8 states 640 ns
01 |Wordtransfer |(DMADN) « (DMASn)
DMACn«DMACHh -1
10 |4-bytetransfer |If DMACN =0, then INTTCn generated 12 states 960 ns
101 00 (Counter mode
...... For counting number of times interrupts generated
DMASN«DMASN + 1 5 states 400 ns
DMACn«DMACHh -1
If DMACK = 0, then INTTCn generated

(3%) For external 16-bit bus, 0 waits, word/4-byte transfer mode, transfer source/transfer destination
addresses both have even-numbered values.

Note: n: Corresponding micro DMA channels0- 3
DMADN +/DMASN + : Postincrement (increments register value after transfer)

DMADRN -/ DMASN-

: Post decrement (decrements register value after transfer)

The I/Os in the table mean fixed addresses; memory means incremented and decremented addresses.
Do not use undefined code, that is, codes other than those listed above for the transfer mode

register.
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3.3.3 Interrupt Controller Control

(1

Figure 3.3 (4) is a block diagram of the interrupt controller circuit. The left-hand side of this diagram
shows the interrupt controller. The right-hand side shows the CPU interrupt request signal circuit and
CPU halt release circuit. (For details on halt modes, see 3.4, Standby Function.)
The interrupt controller has a total of 36 interrupt channels, consisting of NMI, INTWD, INTO - 8,
INTTO - 7,INTTRS8 - 09, INTRXO0 - TX2, INTAD, and INTTCO - 3.
Each interrupt channel supports:

* Interrupt request flag (36 channels)

* Interrupt priority setting register (34 channels (NMI and INTWD excluded)).
In addition, there are also four channels of start vector registers for performing micro DMA processing.

Interrupt request flags

The function of the interrupt request flag is to indicate the generation of an interrupt request. Apart
from NMI and INTWD, each channel has a clear bit <IxxC> for clearing the interrupt requests (see
Figure 3.3 (5), Interrupt Priority Setting Registers). Reading clear bit <IxxC> reads the state of the
interrupt request flag and indicates whether an interrupt request is generated or not.

The interrupt request flags are zero-cleared by the following operations:

@ A reset (clears all interrupt request flags)
(2 When the CPU accepts an interrupt and reads the vector of the accepted interrupt channel
(® When the CPU accepts the micro DMA request of the specified channel
@ When 0 is written to clear bit <IxxC> of the interrupt priority setting register
Note: @, ®), and @ operations do not include INTO level mode or INTRXO, 1, or 2.
In addition, flags are also cleared by the following operations.

Table 3.3 (4) Other Flag Clearing Operations

Flag clearing Oth tions that clear interrupt f
er operations that clear interrupt flags
Interrupt source ource P prias
Edge mode Switching to level mode
INTO
Level mode Change in pininput after interrupt is generated (high level — low level)
INTRXO, 1, 2 Reading serial channel receive buffer
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(INTO interrupt cautions)

Note the following cautions when using the INTO interrupt in level mode.

In level mode, the INTO pin input must be held continuously at high level until the interrupt response
sequence completes. Likewise, when releasing the halt in this mode, the INTO pin must be held
continuously at high level until the halt is released.

When using INTO level mode, be sure that an low level is not input as a result of noise (as this can cause
malfunction).

When switching the INTO pin operation mode from level to edge mode, first disable the INTO interrupt
as follows. (In level mode, an accepted interrupt request must be cleared.)

Setting example :
DI ; disable interrupt
LD (IIMC), XX0XX0XB ; switch from level to edge
LD (INTEOAD), XXXX0nnnB ; clear interrupt request flag and set INTO interrupt
level ton

EI ; enable interrupt
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Figure 3.3 (4) Block Diagram of Interrupt Controller
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(2) Interrupt Priority Setting Register

Figure 3.3 (5) shows the interrupt priority setting registers. Each of the 34 interrupt channels (INTO -
AD, INTTCO - 3) has an interrupt request level setting bit <IxxM2:0>. An interrupt request is
generated at six interrupt levels (levels 1 through 6). Setting the priority level to 0 (or 7) disables the
corresponding interrupt request. The priority level for non-maskable interrupts (NMI pin input) is
fixed to 7. If two or more interrupts with the same level occur simultaneously, the interrupts are
accepted in accordance with the default priority.

Symbol [ Address 7 i 6 i 5 i 4 3 i o2 i1 i 0
INTAD INTO «Interrupt source
INTEOAD | 70H IADC_: IADM2 : IADM1 : IADMO |o(cN : IOM2 : 10M1 i 1oMO | «bit Symb_ol
R/W W R/W (Note) | W «Read/Write
0 : 0 0 0 g 0 P00 «Afterreset
INT2 INT1
12C 12M2 12M1 12M0O 11C 11M2 1M1 11MO
INTE12 71H RIW W RIW W
0 i 0 0 0 i 0 I 0
INT4 INT3
INTE34 77H 14C 14M2 ¢ 14M1 14M0Q 13C 13M2 13M1 13MO
RW \ R/W wW
0 i 0 0 0 i 0 i 0
INT6 INTS
16C 16M2 16M1 16MO 15C 15M2 I5M1 I5MO
INTES6 73H RIW W RIW W
0o i o0 0 0 i o i o
INT8 INT7
18C 18M2 18M1 18M0 17C 17M2 17M1 17MOQ
INTE78 74H RIW W RIW W
0o : o0 0 0 i o I o0
i INTT1 (Timer 1) i i INTTO (Timer 0) .
INTETO1 75H IT1C ITIM2 : ITIM1 @ IT1IMO ITOC ITOM2 : ITOM1 : ITOMO
R/W W R/W w
0 {0 0 0 { 0 = o0
INTT3 (Timer 3) INTT2 (Timer 2)
IT3C : IT3M2 : IT3M1 : IT3MO IT2C : IT2M2 : IT2M1 : IT2MO
INTET23 76H RIW W RW W
0 : 0 0 0 : 0 : 0
(Do not use I I I
read-modify-
write
instructions.) 1
IXxxM2 | IxxM1 | IxxM0 Function (Write)
Note: In INTO level mode, 0 0 0 | Disables interrupt request
writing 0 to <I0C> 0 0 1 |Setsinterrupt priority level to 1
does not clear the 0 1 0 |Setsinterrupt priority level to 2
interrupt request 0 1 1 Sets interrupt priority level to 3
flag. 1 0 0 Sets interrupt priority level to 4
1 0 1 Sets interrupt priority level to 5
1 1 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt request
IxxC Function (Read) Function (Write)
0 No interrupt request Clears interrupt request flag
1 Interruptrequest | ----- Don't care-----

Figure 3.3 (5) Interrupt Priority Setting Registers (1/2)
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Symbol | Address 7 i 6 i 5 4 3 1 2 i 0
INTTS (Timer 5) INTT4 (Timer 4) «Interrupt source
: : : : : : «bit Symbol
INTETAS 771 IT5C § IT5SM2 @ IT5M1 @ IT5MO 1ITAC § IT4M2 : ITAM1 : ITAMO Yy ‘
RIW W RIW W «Read/Write
0o i o0 ) 0 0 i o0 ) 0 «After reset
__INTT7 ('I_'imer 7) _ __INTT6 ('I_'imer 6) i
IT7C : IT7M2 : IT7M1 @ IT7MO IT6C : IT6M2 : IT6M1 : IT6MO
INTET67 78H + +
6 8 RIW W RIW w
0O : 0 i © 0 0 : 0 i 0 0
INTTR9 (TREGY) INTTR8 (TREGS8)
IT9C : IT9M2 | ITOM1 i IT9MO | IT8C i IT8M2 i IT8M1 | IT8MO
INTET 79H 0 5
89 ’ RIW Wi RIW W
0 0 : 0 0 0 0 : 0 P00
INTTRB (TREGB) INTTRA (TREGA)
ITBC : ITBM2 { ITBM1 @ ITBMO ITAC ! ITAM2 ! ITAM1 ! ITAMO
INTETAB 7AH T - - T - -
RIW W RIW W
0 0 : 0 0 0 0 : 0 0
INTTO9 INTTO8
INTEOV 7BH ITO9C ITO9M2 : ITO9M1 : ITOIMO | ITO8C ITO8M?2 : ITO8M1 : ITO8MO
R/W W R/W W
0 i o0 i 0 0 0 i o0 i o0 0
INTTXO0 INTRXO
INTESO 7CH ITX0C ITXOM2 : ITXOM1 : ITXOMO | IRXOC IRXOM?2 : IRXOM1 : IRXOMO
RIW_: W R (Note) : W
0o : 0o i 0 0 0 : 0o i 0 0
_ INTTX1 _ _ INTRX1 ]
INTES1 7DH ITX1C D ITXTIM2 D ITXTMT 2 ITXTMO | IRX1C : IRX1M2 : IRX1TM1 : IRXTMO
RIW W R (Note) : Y
0 P00 : 0 0 0 P00 : 0 0
INTTX2 INTRX2
INTES2 7EH ITX2C f ITX2M2 @ ITX2M1 : ITX2MO | IRX2C f IRX2M2 : IRX2M1 : IRX2MO
RIW W R (Note) : W
0 i 0 : 0 0 0 i 0 : 0 0
INTTC1 INTTCO
ITC1C :ITCIM2 : ITCIM1 : ITCIMO | ITCOC :ITCOM2 : ITCOM1 : ITCOMO
INTETCO1 7FH T * - T - -
co RIW W RIW W
0 0 : 0 0 0 0 : 0 0
INTTC3 INTTC2
INTETC23 8OH ITC3C ITC3M2 : ITC3M1 : ITC3MO | ITC2C ITC2M2 : ITC2M1 : ITC2MO
RIW W RIW \W
0 : 0 i 0 0 0 : 0 i 0 0
L ] L
(Do not use
read-modify-
write "
instructions.) T 1
IxxM2 [ IxxM1 [ IxxMO Function (Write)
0 0 0 Disables interrupt request.
0 0 1 Sets interrupt priority level to 1
0 1 0 Sets interrupt priority level to 2
0 1 1 Sets interrupt priority level to 3
Note: As <IRX0C>, <IRX1C>, 1 8 (1) 29:5 !":e"UF’: F’r!°rifcy :e"e: :02
ets interrupt priority level to
and < IR_X2C> arfe .read- 1 1 0 Sets interrupt priority level to 6
only registers, writing 0 to 1 1 1 Disables interrupt request
them does not clear the IxxC Function (Read) Function (Write)
interrupt request flag. 0 No interrupt request Clears interrupt request flag
1 Interruptrequest | ----- Don'tcare-----

Figure 3.3 (5) Interrupt Priority Setting Registers (2/2)
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3)

From among simultaneous interrupts, the interrupt controller selects the interrupt request with the
highest level and sends its vector address to the CPU.

Then, the CPU compares the priority level of the interrupt request with the value of the interrupt mask
register <IFF2:0> in the status register. If the priority level of the interrupt request is higher than
the value of the interrupt mask register, the CPU accepts the interrupt. When the CPU side interrupt
mask register <IFF2:0> is set to the priority level of the received interrupt incremented by 1,
subsequent interrupt requests are only accepted if their level is equal to or greater than the
incremented value.

Micro DMA Start Vector

The interrupt controller has four channels of micro DMA start vector registers. Writing the micro DMA
start vector value (Table 3.3 (2)) for each interrupt source to these registers makes the applicable
interrupt request into a micro DMA request. But first set values in the registers for micro DMA
parameters (DMAS, DMAD, DMAC, DMAM). Figure 3.3 (6) shows the micro DMA start vector
registers.

The function of the micro DMA start vector registers is to select the interrupt to use with micro DMA
processing. The micro DMA start source is assigned to the interrupt source whose micro DMA start
vector matches the vector value set in the micro DMA start vector register.

When the value of the micro DMA transfer counter is set to 0 after micro DMA processing, the CPU
generates a micro DMA transfer end interrupt (INTTCO - 3) corresponding to the micro DMA start
vector register. When the micro DMA start vector register is cleared, the micro DMA startup source is
released. Therefore, when continuously performing micro DMA processing, set the start vector value in
the micro DMA start vector register again during processing of the micro DMA transfer end interrupt.
When the same vector is set in the micro DMA start vector registers of multiple channels, the lower the
channel number the higher the priority.

The channel with the lowest number is executed until the micro DMA transfer end interrupt. Unless
the micro DMA start vector is set again during the processing of the micro DMA transfer end interrupt,
the subsequent micro DMA startup moves to the next smallest channel number. (This operation is
called a micro DMA chain.)
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Micro DMAO start vector register
DMAOV 7 ¢ 6 i 5 i o4 i 3 i o2 i1 iQ
(005AH) | bit Symbol | DMAOV7 : DMAOV6 : DMAOV5 : DMAOV4 : DMAOV3 : DMAOV2 : :
(Donotuse | Read/Write w ’
read-modify- |'After reset 0 : 0 : 0 : 0 : 0 0
Y\"'te . Function | Set startup interrupt source for micro DMA channel 0
instructions.)
Micro DMA1 start vector register
DMA1V 7 ¢ 6 i 5 i 4 i 3 i o2 i1 10
(005BH) bit Symbol | DMA1V7 : DMA1V6 : DMA1V5 : DMA1V4 | DMA1V3 | DMA1V2 :
(Do not use Read/Write W !
read-modify- | After reset 0 : 0 : 0 : 0 : 0 0
write Function | Set startup interrupt source for micro DMA channel 1
instructions.)
Micro DMAZ2 start vector register
DMA2V 7 : 6 i 5 i 4 i 3 i 2 i 1 i 0
(005CH) bit Symbol | DMA2V7 : DMA2V6 : DMA2V5 : DMA2V4 : DMA2V3 i DMA2V2 :
(Do not use Read/Write W :
read-modify- | After reset 0 : 0 : 0 : 0 : 0 0
write Function | Set startup interrupt source for micro DMA channel 2
instructions.)
Micro DMAS3 start vector register
DMA3V 7 ¢ 6 i 5 i 4 i 3 i o2 i1 P00
(005DH) | bit Symbol | DMA3V7 : DMA3V6 : DMA3V5 : DMA3V4 : DMA3V3 : DMA3V2 ! :
(Do not use Read/Write W !
read-modify- | After reset 0 : 0 : 0 : 0 : 0 0
write Function | Set startup interrupt source for micro DMA channel 3

instructions.)

Setting micro DMA startup source

Micro DMA startup Value setin micro DMA Micro DMA startup Value setin micro DMA
source start vector register source start vector register
INT O interrupt 28H INTT 7 interrupt 68H
INT 1 interrupt 2CH INTTR 8 interrupt 6CH
INT 2 interrupt 30H INTTR 9 interrupt 70H
INT 3 interrupt 34H INTTR Ainterrupt 74H
INT 4 interrupt 38H INTTR B interrupt 78H
INT 5 interrupt 3CH INTTO 8 interrupt 7CH
INT 6 interrupt 40H INTTO 9 interrupt 80H
INT 7 interrupt 44H INTRX O interrupt 84H
INT 8 interrupt 48H INTTX O interrupt 88H
INTT O interrupt 4CH INTRX 1 interrupt 8CH
INTT 1 interrupt 50H INTTX 1 interrupt 90H
INTT 2 interrupt 54H INTRX 2 interrupt 94H
INTT 3 interrupt 58H INTTX 2 interrupt 98H
INTT 4 interrupt 5CH INTAD interrupt 9CH
INTT 5 interrupt 60H .
- Micro DMA soft start FCH
INTT 6 interrupt 64H

Figure 3.3 (6) Setting Micro DMA Start Vector Register and Startup Source
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(4) External Interrupt Control

Table 3.3 (5) shows the function settings for the external interrupt pins.

TMP95CS64/265 can select the operating mode for the NMI, INTO, INT5, or INT7 pins from among
external interrupt functions. (For details on the external interrupt function pulse width, see “4.8
Interrupt Operations”.)

Table 3.3 (5) Setting Functions on External Interrupt Pins

Interrupt pin|Shared pin Mode Setting method
“\_  Falling edge IIMCKNMIREE> =0
NS Both falling and rising IIMC<NMIREE> = 1
edges

_/  Rising edge IIMCKIOLE> =0, <IOIED> = 1
INTO P56

7 Level IIMCKIOLED = 1, <IOIE> = 1
INT1 P70 _f Rising edge _
INT2 P72 £ Rising edge _
INT3 P73 £ Rising edge _
INT4 P70 4 Rising edge S

4 Rising edge T8MOD <CAP12M1:0>=0,00r0, 1,0r 1, 1
INT5 P90

“\_ Falling edge T8MOD<KCAP12M1,0>=1,0
INT6 P91 £ Rising edge S

4 Rising edge TIMOD <CAP34M1:0>=0,00r0, 1,0r 1, 1
INT7 P94

“\_ Falling edge TIMODKCAP34M1, 0> =1,0
INTS P95 £ Risingedge _
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The input mode of the NMI and INTO interrupts can be controlled by interrupt input mode control
register IIMC.
Figure 3.3 (7) shows the interrupt input mode control register.

Interrupt Input Mode Control Register

7 : 6 : 5 : 4 ; 3 : 2 : 1 : 0
IIMC | bit Symbol - © I0IE : IOLE : NMIREE
(0059H) |Read/write : : w : ! : w
After reset 0 0 0 0
(Do not use : : : : : ; : : NMI
f : : : : (INTOinput :INTOinput :.
rea.g—modlfy— : :Note: : : ‘control icontrol §'Cr;t:,::;lpt
?"’”te tionsy| Function Besureto' : :0: Disabled :0:Rising >0 %
instructions. write 0. : {1:Enabled | edge i 7 9
5 5 5 i1: High edge
. 1: Both
level
edges

Note: The INTO pin can also be used for the
halt release described later.
When using as port 56 in HALT mode, be :
sure to set <IOIE> to 0 before entering 0 ge”r;ﬁ;a:z;:terrupt requeston

HALT mode. B N 1A
1 | Generates interrupt request on both

edges

L> NMI interrupt control

—>  INTO interrupt control

0 | Generatesinterrupt request on
rising edge

1 | Generates interrupt request on high
level

—>  INTO input control

0 | INTOdisabled

INTO enabled

Figure 3.3(7) InterruptInput Mode Control Register

(5) Caution

When the CPU fetches an instruction to clear the interrupt request flag for the interrupt controller
immediately before an interruptis generated, the CPU may execute the instruction between receiving the
interruptandreading theinterruptvector.

To avoid the above occurring, clear the interrupt request flag by entering the instruction to clear the
flag after the DI instruction. In the case of setting an interrupt enable again by EI instruction after the
execution of clearing instruction, execute EI instruction after clearing instruction and following more
than one instruction are executed. When EI instruction is placed immediately after clearing
instruction, an interrupt becomes enable before interrupt request flags are cleared.

In the case of changing the value of the interrupt mask register <IFF2:0> by execution of POP SR
instruction, disable an interrupt by DI instruction before execution of POP SR instruction.
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3.4 Standby Function
(1) HALT modes

When TMP95CS64/265 executes the HALT instruction, WDMOD <HALTM1:0 > of the watchdog timer
mode register can be used to set one of the following HALT modes: RUN, IDLE2, IDLE1, STOP. Figure
3.4 (1) shows the watchdog timer mode control register.

Watchdog Timer Mode Control Register

7 ¢ 6 i s 14 i3 b2 i1 i
WDMOD | bitSymbol WDTE : WDTP1 : WDTPO : WARM : HALTM1 : HALTMO : RESCR : DRVE
(006EH)  |Read/write R/W
After reset 1 i 0 ¢ o0 { o0 i 0 i 0 i 0 i 0
Controls iSelects watchdog timer {Warmup {Selects HALT mode i Controls { Pin control at
Function |watchdog idetectiontime itime {00: RUN mode i internal reset ; STOP mode
timer 100: 216/c 50: 214/fc 101:STOP mode éat runaway i 1: Drives pins
0:Disable  }01: 28/fc 1 216/f¢ 10:IDLE1 mode idetection : even
1:Enable 10: 220/fc 11:IDLE2 mode {1:Performs  during
11: 222/f¢ ! internal i STOP
: i resetby mode
: ¢ detecting
: i runaway
] ]

I" Controls pin state in STOP mode
0 | Input/output off

1 | Maintains state prevailing before HALT

— Controls internal reset at runaway detection
0 [Don't care

Executes internal reset on runaway
detection

1

L » SetsHALT mode

00 | RUN mode (CPU only halted)
01

10,
11 | IDLE2 mode (some I/O only operating)

—> Selects warmup time when returning from
STOP mode

0 | 214/fc (around 655 us @ 25 MHz)

1 | 216/fc (around 2.6 ms @ 25 MHz)

Selects watchdog timer detection time
00 | 216/fc (around 2.6 ms @ 25 MHz)

01 218/f¢ (around 10.5 ms @ 25 MHz)

10 220/f¢c (around 41.9 ms @ 25 MHz)

11 | 222/fc (around 167.8 ms @ 25 MHz)

Controls watchdog timer enable/disable
0 | Disable

1 | Enable

Figure 3.4 (1) Watchdog Timer Mode Control Register
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(2)

The characteristics of RUN, IDLEZ2, IDLE1, and STOP modes are as follows:

@® RUN

@ IDLE2

® IDLE1

@ STOP

dissipation drops considerably.

Table 3.4 (1) shows the operation of all blocks in HALT modes.

In this mode, the CPU only is halted. Power dissipation is almost the same as when the
CPU is operating.

The internal oscillator and specific internal I/O only operate. Power dissipation is
around one half that when the CPU is operating.

Only the internal oscillator operates; all other circuits are halted. Power dissipation is
one tenth of operating mode dissipation.

All internal circuits, including the internal oscillator, are halted. In this mode power

Table 3.4 (1) Blocks and I/0 Pin Operation in Halt Modes

Halt mode RUN IDLE2 IDLE1 STOP
WDMOD <HALTM1, 0> 00 11 10 01
CPU Halted
I/0 ports Maintains state prevailing at HALT instruction execution | See Table 3.4 (3)
8-bit timers
16-bit timers

Serial channels

A/D converter

D/A converter

Operating block

Watchdog timer

Interrupt controller

peraxng

Halted

Release from HALT mode

Release from HALT mode can trigger an interrupt request or a reset. A combination of the interrupt
mask register <IFF2:0> state and the halt mode determine the useable halt release source. (For

details, see Table 3.4 (2).)

® Release by interrupt request

The operation to release HALT mode by using an interrupt request differs according to the interrupt
enable state. If the interrupt request level set prior to the execution of the HALT instruction is
higher than the interrupt mask register value, after HALT mode is released, interrupt processing is
performed by this source, and processing starts from the next instruction following the HALT
instruction. If the interrupt request level is lower than the interrupt mask register value, HALT
mode is not released. (At a non-maskable interrupt, interrupt processing is performed after HALT

mode release irrespective of the mask register value.)

However, in the case of the INTO interrupt only, HALT mode can be released if the interrupt request
level is lower than the interrupt mask register value. In this case the interrupt processing is not
performed. Processing always starts from the next instruction following the HALT instruction.
(The INTO interrupt request flagisheld at 1.)
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® Release by reset

All HALT modes can be released by a reset. However, when releasing STOP mode, allow sufficient

reset time (at least 3ms) for the oscillator to stabilize.

When releasing HALT mode by a reset, the internal RAM retains the data prevailing immediately

prior to entering the HALT mode. However, other settings are initialized.

Table 3.4 (2) Halt Release Sources and Halt Release Operation

Interrupt enabled Interrupt disabled
Interrupt accept state
(interrupt request level) = (interrupt mask) | (interrupt request level) < (interrupt mask)
HALT mode RUN IDLE2 IDLE1 STOP RUN IDLE2 IDLE1 STOP
NMI © © ©) o™ - - - -
INTWD © X X X - - - -
. INTO © © © @ O O O o™
< o INT1~8 © © x x x x x x
3 § INTTO~7 © © X X X X X X
% 1;1 INTTRS, 9, A, B © © x x x X x x
v | = INTTOS, 9 © © x x x x x x
= E INTRXO0, TXO0 © © x X X X x x
z INTRX1, TX1 © © X X X X X X
INTRX2, TX2 © © x X X X x X
INTAD © X X X x X X X
RESET © © © © © ©
© After HALT mode release, the CPU starts interrupt processing (a reset initializes the LSI).
O After HALT mode release, processing starts from the next instruction following the HALT instruction.

(No interrupt processing)

x : Notused for HALT release.

- : Asthe highest priority level (interrupt request level) for a non-maskable interrupt is fixed to 7, this
combination is not available.

*1 : Releases HALT after the warmup time has elapsed.

Note: When releasing HALT in an interrupt enabled state by using a level mode INTO interrupt, maintain high
level on pin INTO until interrupt processing begins. If pin INTO changes to low level before interrupt
processing begins, interrupt processing cannot start correctly.
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(Example of release from HALT mode)
Releasing HALT mode using the edge mode INTO interrupt when the CPU is in RUN mode:

Address :

8203H LD  (IIMC), 00H ; selects INTO interrupt rising edge

8206H LD (INTEQAD), 06H ; sets INTO interrupt level to 6

8209H El 5 ; sets CPU interrupt level to 5

820BH LD (WDMOD), 00H ; sets to RUN mode

820EH HALT ; halts CPU

INTO pininput £\ INTO interrupt processing
RETI

820FH LD
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(3) Operation in each mode
@® RUN mode
In RUN mode, the system clock continues operating even after execution of the HALT instruction. Only
the CPU instruction execution operations stop.
In HALT mode, interrupt requests are sampled on the falling edge of the CLK signal.
All the external and internal interrupts can be used for releasing RUN mode. (See Table 3.4 (2), Halt
Release Sources and Halt Release Operation.)
Figure 3.4 (2) shows the timing example for releasing HALT mode using an interrupt.
AW W el W W WL WA W AW W AW WAl
H {( :
CLK X Y Y X ;é \ / \
po~23 _N__| Naxt ; Nex} + 2
_— : (( :
RD [ ) : /_ -
J— E (4
WR ; ) ;
: {(
NMI _ i Y
INTO N b
(LEVE|) : ’)]
INTO~8 ; ;
(Rising edge) ; S‘;—A : \
INTS, 7 : 4
(Falling edge) : “ l
Internal interrupt ()f) I
‘<] RUN/IDLE2 —
mode :
Figure 3.4 (2) Example of Timing for Releasing Halt by Interrupt (RUN or IDLE2 Mode)
@ IDLE2 Mode

In IDLE2 mode, the system clock is supplied only to specific internal I/O. CPU instruction execution
halts.

In IDLE2 mode, the timing for releasing HALT mode by interrupt is the same as in RUN mode.
External and internal interrupts, apart from INTWD/INTAD, can release IDLE2 mode. (See Table 3.4
(2), Halt Release Sources and Halt Release Operation.)

Before entering HALT mode in IDLE2 mode, disable the watchdog timer (to prevent the generation of a
watchdog timer interrupt immediately after halt mode release).
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@ IDLE1 Mode

In IDLE1 mode, only the internal oscillator operates. The system clock stops. The CLK pin outputs
high level.

The interrupt request sampling in HALT mode is asynchronous to the system clock. However, the
release (resumption of operation) is synchronous.

Release IDLE1 mode by an external interrupt (NMI, INT0). (See Table 3.4 (2), Halt Release Sources
and Halt Release Operation.)

Figure 3.4 (3) shows the timing example for releasing HALT mode by interrupt.

u
U e a WAV AW A T A WaWa W aWaWaWaWal
e Ty X / \
A0~23 KX Next :{' Next + 2
DO~15 -4——1+——|- DaE)—--———-é—— ——-59———-5-———- -—t+——|-(Data)- + -
® /N A T
WR )
i T\
INTO A
(Level) : ) ;
~INTO A\
(Rising edge) 2 :

‘< IDLE1 mode —>

Figure 3.4 (3) Example of Timing for Releasing HALT by Interrupt (IDLE1 Mode)
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@ STOP Mode

In STOP mode, all internal circuits, including the internal oscillator, are halted. The pin states in
STOP mode differ according to the setting of watchdog timer mode register WDMOD <DRVE >. (For
details on the WDMOD <DRVE > settings, see Figure 3.4 (1)). Figure 3.4 (3) shows the pin states in
STOP mode.

Release STOP mode by an external interrupt (NMI, INT0). When releasing STOP mode, system clock
output starts after the elapse of the warmup time (as set in the warmup counter) to stabilize the
internal oscillator. Set the warmup time in the WDMOD <WARM > register.

Figure 3.4 (4) shows an example of the timing for releasing HALT by interrupt.

Warmup tlme

X1 J‘U'\J'U‘U’ULHM;I‘\J_\J_\J_\J'\J_
cwk Y X X 3__,—55—\ o/ \ T
A0~23 _X Ngxt s——a\ '\ﬂ Nekt+2
DO~15 = 1 = =|— — 1 —(Data) - ——--—g—-ﬁs——g—ss-————éS———--——————(D_at_a)---—
_ : L « |
RD [ Ak ” [
Wﬁ \__53_ f)) SS
NVIT 3 ); W, %
INTO P
(Level) ) %a)
INTO 47\
(Rising edge) : ;
i STOP |
" mode

Figure 3.4 (4) Example of Timing for Releasing HALT by Interrupt (STOP Mode)
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Table 3.4 (3) Pin States in Stop Mode
. TMP95CS64 TMP95C265
Pin Name Input/Output
<DRVE>=0 <DRVE>=1 <DRVE>=0 <DRVE>=1
P0O0~07 Input mode A A X X
Output mode A Output X X
Input/output (DO ~ D7) - - - -
P10~17 Input mode A A A A
Output mode A Output A Output
Input/output (D8 ~ D15) - - - -
P20~27 Input mode A A A A
Output mode A Output A Output
Output (A16 ~ A23) - Output - Output
P30~37 Input mode A A X X
Output mode A Output X X
Output (A8 ~ A15) — Output — Output
P40~47 Input mode A A X X
Output mode A Output X X
Output (A0 ~ A7) - Output - Output
P50 (RD), P51 (WR) Output mode A Output X X
Output (RD, WR) - High level output - High level output
P52 ~ 55, P57 Input mode PU* PU
Output mode PU Output
P56 (INTO) Input mode PU PU
Output mode PU Output
Input mode (INTO) Input Input
P60~63 Output mode - Output
P70~75 Input mode - Input
Output mode — Output
P80, 83, 86 Input mode PU* PU lof
Output mode PU* Output Same as at left
P81, 82, 84, 85, 87 Input mode PU* PU
Output mode PU Output
P90~97 Input mode - Input
Qutput mode - Output
PAO~7 (ANO~7) Input A A
Input (ADTRG) - Input
DAOUTO, 1 Output Output (0V) Output (0V)
NMI Input Input Input
CLK Output - High level output
RESET Input Input Input
EA Input Fixed to High level [Fixed to High level | Fixed to low level | Fixed to low level
AMS8/16 Input Fixed to High level [Fixed to High level Input Input
X1 Input - - S left
X2 Output High level High level ame asatle

- : Indicates that input is invalid for an input pin or a pin in input mode. Also, that the pin is set to high impedance
for an output pin or a pin in output mode.

Input The input gate is functioning. To prevent the input pin from floating, fix the input voltage to low or high.

Output: Outputstate

PU :  Programmable pull-up pin. The input gate is functioning. Pins without pull-up set must be fixed to prevent
through current.

PU* Programmable pull-up pin. The input gate is disabled. A through current does not occur even if high
impedance is set.

A The input gate continues to operate if the HALT instruction is executed and the CPU is halted at the port register
address value. To prevent a through current in this case, either fix the pin or ensure by software that the
situation does not occur. In other cases, input isinvalid.

X Cannot be used.

Note The port register controls the programmable pull-up. However, if the function is set for a pin shared with an

output function (eg, TxD0), the pull-up selection for the pin depends on the output function data. For pins that
are shared with input functions, the port register setting alone determines whether or not a pull-up resistor is
used.
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3.5 PortFunctions

TMP95CS64 has a total of 81 bits for input/output ports. Assuming that external memory is connected
to TMP95C265, the total number of bits available for input/output ports is 47. (Ports 0 and 1 are the
data bus, ports 3 and 4 are the address bus, and P50 and P51 are used exclusively as the read and write
pins respectively.)

As well as being used as general-purpose I/O ports, port pins are also used for internal CPU and built-in
I/0 functions. Table 3.5 (1) lists port pin functions; Table 3.5 (2), pin settings.

Table 3.5 (1) Port Pin Functions

. Number . . Direction Pin Name for
PortName | PinName | ofping | Direction | R | setting Unit | Built-In Function

Port 0 P00 to P07 8 Input/output - Bit D0 to D7
Port 1 P10 to P17 8 Input/output - Bit D8to D15
Port 2 P20 to P27 8 Input/output - Bit A16to A23
Port 3 P30 to P37 8 Input/output - Bit A8to A15
Port4 P40 to P47 8 Input/output - Bit A0 to A7
Port5 P50 1 Output - (Fixed) RD_

P51 1 Output - (Fixed) WR

P52 1 Input/output T Bit HWR

P53 1 Input/output T Bit BUSRQ

P54 1 Input/output T Bit BUSAK

P55 1 Input/output | 1 Bit WAIT

P56 1 Input/output | 1 Bit INTO

P57 1 Input/output T Bit SCLK2/CTS2
Port 6 P60 1 Output - (Fixed) [i)

P61 1 Output - (Fixed) cs1

P62 1 Output - (Fixed) cs2

P63 1 Output - (Fixed) CS3
Port7 P70 1 Input/output - Bit TIO/INT1

P71 1 Input/output - Bit TO1

P72 1 Input/output - Bit TO3/INT2

P73 1 Input/output - Bit TI3/INT3

P74 1 Input/output - Bit TO5

P75 1 Input/output | - Bit TO7/INT4
Port 8 P80 1 Input/output Bit TxDO

P81 1 Input/output Bit RxDO

P82 1 Input/output Bit SCLKO/CTSO

P83 1 Input/output Bit TxD1

P84 1 Input/output Bit RxD1

P85 1 Input/output Bit SCLK1/CTS1

P86 1 Input/output Bit TxD2

P87 1 Input/output Bit RxD2
Port9 P90 1 Input/output - Bit TI8/INT5

P91 1 Input/output - Bit TI9/INT6

P92 1 Input/output - Bit TO8

P93 1 Input/output - Bit TO9

P94 1 Input/output | - Bit TIA/INT7

P95 1 Input/output - Bit TIB/INT8

P96 1 Input/output - Bit TOA/TOB
Port A PAQ to PA2 3 Input - (Fixed) ANO to AN2

PA3 1 Input - (Fixed) AN3/ADTRG

PA4 to PA7 4 Input - (Fixed) AN4 to AN7

R: T =With programmable pull-up resistor
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Table 3.5(2) Port Pin Setting Methods (1/3)
n : Corresponding portno. X:Don'tcare

Port Register Setting

Input port (no pull-up)

Input port (with pull-up)

P53 Output port

BUSRQ input (no pull-up)

BUSRQ input (with pull-up)

Input port (no pull-up)

Input port (with pull-up)

P>4 Output port

Port Name Pin Name Function
Pn PnCR PnFC
Input port (Note 1) 0
Port0 P00 to P07 Output port (Note 1) 1 None
DO to D7 X
Input port 0 0
Port 1 P10 to P17 Output port 1 0
D8to D15 0 1
Input port 0 X
Port 2 P20 to P27 Output port 1 0
Al16to A23 1 1
Input port (Note 1) 0 X
Port 3 P30 to P37 Output port (Note 1) 1 0
A81to A15 1 1
Input port (Note 1) 0 X
Port4 P40 to P47 Output port (Note 1) 1 0
AQ0to A7 1 1
Output port (Note 1) 0
Port5 P50 RD output at external access only 1
Always RD output None 1
Output port (Note 1) 0
P51 WR output at external access only 1
Input port (no pull-up) 0
P53 Input port (with pull-up) 0
Output port 0
HWR output 1
0
0
X
1
1
0
0
X
1

BUSAK output

Input port/WAIT input (no pull-up)

P55 Input port/WAIT input (with pull-up)
Output port

Input port/INTO input (no pull-up) (Note 2)
P56 Input port/INTO input (with pull-up) (Note 2)
Output port

None

Input port/ SCLK2/ CTS2 input (no pull-up)

Input port/ SCLK2/ CTS2 input (with pull-up)

P57 Output port

=200 = |O|0|=|O|0|=|=|0|0|0(O|—=|O|O|=|—=|O|O

SCLK2 output

Output port

Port6 P60 to P63 None

X[ X[ X|X|=|oX]|=|o[X[=]|o|X|X[=]o|=|c[X|[=|o| X[X|=]| X[ X[ = | X[ X[ >X] XXX >X[ XX X[ X[ X[ >X]X[X[>X]X

= |O|=|0O|O0|O

CS0 to CS3 output

Note 1: TMP95C265 does not use this function.
Note 2: When using pin P56 as an INTO input, enable interrupt input with interrupt input mode
control register IMC <IOLE >.
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Table 3.5(2) Port Pin Setting Methods (2/3)

n : Corresponding portno. X:Don'tcare

. . Port Register Setting
Port Name Pin Name Function
Pn PnCR PnFC
Input port/TIO/INT1 input X 0
Port7 P70 Output port X 1 None
Input port X 0 X
P71 Output port X 1 0
TO1 output X 1 1
Input port/INT2 input X 0 X
P72 Output port X 1 0
TO3 output X 1 1
Input port/TI4/INT3 input X 0
P73 Output port X 1 None
Input port X 0 X
P74 Output port X 1 0
TOS5 output X 1 1
Input port/INT4 input X 0 X
P75 Output port X 1 0
TO7 output X 1 1
Port 8 Input port (no pull-up) 0 0 0
P80 Input port (with pull-up) 1 0 0
Output port X 1 0
TxD0 output (Note 3) X 1 1
Input port/RxD0 input (no pull-up) 0 0
P81 Input port/RxD0 input (with pull-up) 1 0 None
Output port X 1
Input port/SCLKO/CTSO input (no pull-up) 0 0 0
P82 Input port/SCLKO/CTSO input (with pull-up) 1 0 0
Output port X 1 0
SCLKO output X 1 1
Input port (no pull-up) 0 0 0
P83 Input port (with pull-up) 1 0 0
Output port X 1 0
TxD1 output (Note 3) X 1 1
Input port/ RxD1 input (no pull-up) 0 0
P84 Input port/ RxD1 input (with pull-up) 1 0 None
Output port X 1
Input port/SCLK1/CTST input (no pull-up) 0 0 0
PS5 Input port/SCLK1/CTST input (with pull-up) 1 0 0
Output port X 1 0
SCLK1 output X 1 1
Input port (no pull-up) 0 0 0
P86 Input port (with pull-up) 1 0 0
Output port X 1 0
TxD2 output (Note 3) X 1 1
Input port/ RxD2 input (no pull-up) 0 0
P87 Input port/ RxD2 input (with pull-up) 1 0 None
Output port X 1

Note 3: Open drain enable register ODE <ODEO0:2> is used to set the open drain output mode for

pins TxDO to 2.
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Table 3.5(2) Port Pin Setting Methods (3/3)
n : Corresponding portno. X:Don'tcare

. . Port Register Setting
Port Name Pin Name Function
Pn PnCR PnFC
Input port/TI8/INT5 input X 0
Port9 P90
Output port X 1 None
P91 Input port/TI9/INT6 input X 0
Output port X 1
Input port X 0 X
P92 Output port X 1 0
TO8 output X 1 1
Input port X 0 X
P93 Output port X 1 0
TO9 output X 1 1
Input port/TIA/INT7 input X 0
P94
Output port X 1 None
PO5 Input port/TIB/INT8 input X 0
Output port X 1
P96 TOA/TOB output (Note 4) X 1 1
PortA | PAOtopA7 [—oRutpOlt X N
or ° ANO to AN7 input (Note 5) X one

Note 4: P9FC<TOS1 > is used to switch between the TOA and TOB timer outputs to pin P96.
Note 5: When PAQ to PA7 are used as A/D converter input channels, A/D mode control register

1ADMOD1 <ADCHZ2:0> is used to select the channel.
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3.5.1 Port 0 (P00 - P07)

Port 0 is an 8-bit general-purpose input/output port with each port bit settable as an input or output.

In addition to functioning as a general-purpose input/output port, port 0 also functions as the data bus
(DO to D7). The port 0 control register POCR sets the pins as inputs or outputs.

A reset sets all the bits of the POCR register to 0, and sets all pins to input mode.

When external memory is accessed, the port automatically functions as the data bus (D0 to D7) and all
bits of POCR are cleared to 0

™ ¢—G:<— Reset

Direction
control
(for each bit)

External access

POCR write External access (data write)

Output latch A S

Selector [ ] POO to PO7
. (DO to D7)

1 S

data bus

\

DO~D7 PO write

Internal

*—<— PO read

rd

N ) B

External access (data read)

]
v ;j

Selector

Figure 3.5(1) Port0 (P00 - PO7)
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Port 0 Register

7 ¢ 6 i 5 i 4 i3 20 i P0
PO bit Symbol PO7Z i PO6 i PO5 i PO4 i PO3 i PO2 i PO1 i POO
(0000H) -
Read/Write RIW
After reset Input mode (output latch register undefined)
Function Also functions as D7 to DO
Port 0 Control Register
7 ¢ 6 i 5 i 4 i3 P2 i P0
POCR bitSymbol | PO7C i PO6C : PO5C : POAC i PO3C : P02C : POIC : POOC
(0002H) -
Read/Write W
tywrite | After reset o i o { o i o i o i o i o i o
instructions H
i . Port 0 input/output settings
prohibited.
Function 0:lnput 1:Output

Note: When functioning as a data bus (DO to D7), POCR is cleared to 0.

Figure 3.5(2) Port 0 Related Registers

95CS64-47



TOSHIBA TMP95CS64/TMP95C265

3.5.2 Port1(P10-P17)

Port 1 is an 8-bit general-purpose input/output port with each port bit settable as an input or output.

In addition to functioning as a general-purpose input/output port, port 1 also functions as a data bus (D8
to D15). The port 1 control register PLCR and function register P1FC set the port 1 functions.

Reset sets all the bits of the P1 output latch register and all bits of the PICR and P1FC registers to 0,
and sets port 1 to input mode.

Reset

Direction
control
(for each bit)

P1CR write

|

Function

control
(for each bit)
[}
P1FC write

Output latch A

A
P1 write Selector {T] P10to P17

D8to D15 B (D8 to D15)

External access (data write)

S

Internal data bus

\

"< P1read

o

External access (data read)

Figure 3.5(3) Port1(P10-P17)
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Port 1 Register
7 6 5 P4 13 2 1 0
P1 bit Symbol P17 P16 P15 P14 : P13 P12 P11 P10
(0001H) -
Read/Write RIW
After reset Input mode (output latch register cleared to 0)
Function Also functions as D15 - D8
Port 1 Control Register
7 6 5 P4 103 2 1 0
P1CR bit Symbol P17C P16C P15C P14C P13C P12C P11C P10C
(0004H) -
Read/Write W
Read-modify- -
write After reset 0 0 0 0 0 0 0 0
instructions : - :
prohibited. Function Port 1 function settings
L
Port 1 Function Register
7 6 5 4 i 3 2 1 0
P1FC bit Symbol P17F P16F P15F P14F : P13F P12F P11F P10F
(0005H) -
Read/Write \i
Read-modify- -
write After reset 0 0 0 0 0 0 0 0
instructions = - =
prohibited. Function Port 1 function settings
—> Port 1 function settings
P1FC<P1xF>
0 1
P1CR<PIxC>
0 Input port (B?ga_%g)
1 Output port | Do notset

Note 1:

Note 2:

In TMP95C265, when the AMS8/16 pin is set to low, P1IFC is fixed to 1. Therefore, do not

set PICR to 1. (After a reset, PI(EE is cleared to 0.)
In TMP95C265, when the AM8/16 pin is set to high, setting port 1 as a data bus (D15 -

D8) sets pins P17 - P10 to high impedance.

Figure 3.5 (4) Port 1 Related Registers
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3.5.3 Port2(P20-P27)

Port 2 is an 8-bit general-purpose input/output port with each port bit settable as an input or output.

In addition to functioning as a general-purpose input/output port, port 2 also functions as an address
bus (A16 to A23). The port 2 control register (P2CR) and function register (P2FC) set the port 2
functions.

Reset sets all the bits of the P2 output latch register and all bits of the P2CR and P2FC registers to 0,

Reset
N S Internal address bus S

A16to A23

Direction
control
(for each bit)

P2CR write
Function
control

(for each bit)

A
P2FC write
B S

I'\
1 Selector > [] P20 to P27

(A16to A23)

Internal data bus

Output latch A

A

P2 write

ﬂ@f
d!
I~ \tcr_—‘_ P2 read

Figure 3.5(5) Port 2 (P20 -P27)
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Port 2 Register
7 6 5 1 4 i 3 2 i 0
P2 bit Symbol P27 P26 P25 I P24 ! P23 P22 i P21 I P20
(0006H) -
Read/Write RIW
After reset Input mode (output latch register set to 0)
Function Also functions as A23 - A16
Port 2 Control Register
7 6 5 1 4 i 3 2 i P
P2CR bit Symbol P27C P26C i P25C P24cC P23C P22C P21C P20C
(0008H) -
Read/Write W
Read-modify- . - "
write After reset 0 0 : 0 : 0 : 0 0 0 0
instructions - - -
prohibited. Function Port 2 function settings
L
Port 2 Function Register
7 6 5 4 i3 2 i P0
P2FC bit Symbol P27F P26F i P25F P24F : P23F P22F P21F : P20F
(0009H) X
Read/Write \i4
Read-modify- - - -
write After reset 0 0 : 0 : 0 : 0 0 0 0
instructions - - -
prohibited. Function Port 2 function settings

Port 2 function settings

L
P2FC<P2xF>
0 1
P2CR<P2xC>
0 Input port
1| oumtert | GTg

Note : When setting the address bus (A28 to A16), first set P2CR, then P2FC.
In TMP95C265, P2CR and P2FC are set to 1 after a reset, thus selecting the address bus

(A23 to A16).

Figure 3.5(6) Port 2 Related Registers
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3.5.4 Port3(P30-P37)

Port 3 is an 8-bit general-purpose input/output port with each port bit settable as an input or output.

In addition to functioning as a general-purpose input/output port, port 3 also functions as an address
bus (A8 to A15). The port 3 control register (P3CR) and function register (P3FC) set the port 3
functions.

Reset sets all the bits of the P3 output latch register and all bits of the P3CR and P3FC registers to 0,

Reset S Internal address bus S

A8~A15

Direction
control
(for each bit)

P3CR write

Function
control TMP95C265

(for each bit)

P3FCwrite

B S

P
l Selector > {] P30to P37

(A8to A15)

Internal data bus

Output latch A

A

P3 write

T
el
N T

Figure 3.5(7) Port 3 (P30-P37)
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TOSHIBA
Port 3 Register
7 6 5 1 4 i 3 2 1 P
P3 bit Symbol P37 P36 P35 P34 : P33 P32 P31 P30
(0007H) -
Read/Write RIW
After reset Input mode (output latch register cleared to 0)
Function Also functions as A15 - A8
Port 3 Control Register
7 6 5 ¢ 4 i 3 2 1 0
P3CR bit Symbol P37C P36C P35C P34C P33C P32C P31C P30C
(000AH) -
Read/Write
Read-modify-
write After reset 0 0 0 i 0 _ 0 0 0 0
insm.m.tions Function Port 3 function settings
prohibited.
Port 3 Function Register
7 6 5 P4 : 2 1 0
P3FC bit Symbol P37F P36F P35F P34F P33F P32F P31F P30F
(0O00BH) -
Read/Write

Read-modify-

write After reset 0 0 0 i 0 _ 0 0

insnh.lcﬁons Function Port 3 function settings

prohibited.

Port 3 function settings

L
P3FC<P3xF>
0 1
P3CR<P3xC>
0 Input port
1 Output port A((iqlrse:jsAbBL;s

Note: When setting the address bus (A15 to A8), first set P3CR, then P3FC.
In TMP95C265, the address bus (A15 to A8) is selected after a reset.

Figure 3.5(8) Port 3 Related Registers
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3.5.5 Port4 (P40 -P47)

Port 4 is an 8-bit general-purpose input/output port with each port bit settable as an input or output.

In addition to functioning as a general-purpose input/output port, port 4 also functions as an address
bus (A0 to A7). The port 4 control register (PACR) and function register (PAFC) set the port 4 functions.
Reset sets all the bits of the P4 output latch register and all bits of the PACR and P4FC registers to 0,
setting port 4 to input mode.

[ Reset S Internal address bus S

AO0~A7

Direction
control
(for each bit)

P4CR write

Function

control
(for each bit)

TMP95C265

data bus

P4FC write

B S

L Selector Ny [T] PA0~P47

L (AO~A7)

Output latch A

A

P4 write

Internal

ﬂ@f
pd
I~ \EGL-—<— P4 read

Figure 3.5(9) Port 4 (P40 - P47)
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Port 4 Register
7 ¢ 6 ¢ 5 i a4 i3 2 i 0
P4 bitSymbol4 | P47 i P46 i PA5 i PA4 i P43 i P42 i P41 i P40
(000CH) -
Read/Write RW
After reset Input mode (output latch register cleared to 0)
Function Also functions as A7 - A0
Port 4 Control Register
7 ¢ 6 i 5 o4 i3 b2 i 0
PACR bit Symbol P47C i P46C i P45C P4AC i P43C i P42C i P4IC P40C
(0O00EH) -
Read/Write W
Read-modify- - - . n - - n
write After reset 0 0 0 0 0 : 0 0 0
insm.m.tions Function Port 4 function settings
prohibited.
L
Port 4 Function Register
7 ¢ 6 ¢ 5 i 4 i 3 2 i P0
PAFC bit Symbol PA7F : PA6F i PASF i P44F i P43F i P42F i PAIF i PAOF
(000FH) -
Read/Write \i4
Read-modify- - - - - - - -
write After reset 0 0 0 0 0 : 0 0 0
insnh.lcﬁons Function Port 4 function settings
prohibited.
—>  Port 4 function settings
PAFC<P4xF>
0 1
PACR<P4xC>
0 Input port
Address bus
1 Output port (A7 -A0)

Note: When setting the address bus (A7 to A0), first set PACR, then PAFC.
In TMP95C265, the address bus (A7 to A0) is selected after a reset.

Figure 3.5(10) Port 4 Related Registers
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3.5.6 Port5(P50-P57)

Port 5 is an 8-bit general-purpose input/output port with each port bit settable as an input or output.
However, P50 and P51 are output-only ports.

In addition to functioning as a general-purpose input/output port, port 5 also has a CPU control/status
signal input/output function, a WAIT input function, an INTO external interrupt input function, and a
serial channel SCLK2/CTS2 function. The port 5 control register (P5CR) and function register (P5FC)
set the port 5 functions.

Reset sets all the bits of the P5 output latch register to 1 and clears all bits of PSCR (bits 0 and 1 are
unused) and P5FC (bits 5 and 6 are unused) to 0. Pins P50 and P51 output 1 and P52 to P57 are set to
input mode with resistors pulled up.

When P50 is set as the RD pin (when P5SFC<P50F> =1) or, in the case of TMP95C265, when
P5<P50> is cleared to 0, the P50 RD signal is output even when an internal address area is accessed,
and external PSRAM (pseudo SRAM) can be refreshed. If <P50> is set to 1, the RD signal is output
only when an external area is accessed

(1) Port50 (RD)

In addition to functioning as a general-purpose output-only port, port 50 can also function as the RD
pin. In TMP95C265, port 50 always functions as the RD pin.

’\T Reset

Function
control
(for each bit)

TMP95C265

P5FC write

-

(Set) A S
Output latch I~ —
A Selector | > ] P50 (RD)

P5 write B

External access (data read)
A P5<P50>
N

L\] Internal RD signal

—~ P5 read

Internal data bus

Figure 3.5 (11) Port5 (P50)
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(2) Port51(WR)

In addition to functioning as a general-purpose output-only port, port 51 can also function as the WR
pin. In TMP95C265, port 51 always functions as the WR pin.

(1 Reset
TMP95C265

¥

Function
control
(for each bit)

P5FC write

N

(Set) Output A S
latch N —
A Selector [] P51(WR)

P5 write |_, B
WR

data bus

Internal

e

\*\1

— P5 read

Figure 3.5(12) Port5 (P51)

(3) Ports 52, 54 (HWR, BUSAK)

In addition to being general-purpose input/output ports, port 52 can also function as the HWR pin, and
port 54 can also function as the BUSAK pin.

N Reset

Direction
control
(for each bit)

P5CR write
Function

control
(for each bit)

* Programmable
P5FC write >0 P'Ch< puli-up >
I
(Set) A S M , [] P52 (HWR)

Output latch L P54 (BUSAK)
+ Selector

data bus

Internal

P5 write B

e
Tn
I~ \DG PS5 read

Figure 3.5(13) Port5 (P52, P54)
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(4) Port53(BUSRQ)
In addition to being a general-purpose input/output port, port 53 also functions as the BUSRQ pin.

[ Reset

Direction
control
(for each bit)

P5CR write
Function

control
(for each bit)

A Programmable
P5FC write >0 P'Ch< pull-up )
I

(Setl)ai):}:put ll\/ ! 1 P53 (BUSRQ)

A

P5 write

Internal data bus

el
Pa—
\tﬁ P5 read

Internal
N BUSRQ

Figure 3.5 (14) Port5 (P53)
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(5) Port55 (WAIT)
In addition to being a general-purpose input/output port, port 55 also functions as the WAIT pin.

[ Reset

Direction
control
(for each bit)

A Programmable
P5CR write DO—{ P-ch pull-up )
¥

(Set) N -
Output latch | v { ] P55 (WAIT)

A

P5 write

data bus

Internal

Internal
N WAIT

Figure 3.5 (15) Port5 (P55)

(6) Port56 (INTO)

In addition to being a general-purpose input/output port, port 56 also functions as the external interrupt
request input INTO pin,

N Reset

Direction

p contrr?lb. )
or each bit
) —>0—+—] gp-ch
P5CR write Programmable )

pull-up
¥

(Set) N
Output latch | {_]1P56 (INTO)

A

P5 write 5 B

<] Selector V

A

Internal data bus

P5read

Level/rising edge

INTO ‘_G_T detection

gy IIMC<I0IE> IMC<IOLE>

Figure 3.5 (16) Port5 (P56)
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(7) Port 57 (SCLK2/CTS2)

In addition to being a general-purpose input/output port, port 57 also functions as the serial channel 2
SCLK2 input/output pin, or the CTS2 input pin.

N\

Reset

Direction

control
(for each bit)

P5CR write

| P |

Function

control
(for each bit)

P5FC write

I

(Set)

Internal data bus

Output latch

.5 s

A

P5 write

ol e

Programmable
ull-up

> [T] P57 (SCLK2/CTS2)

Selector

SCLK2

B

—
SB

§II
P5 read
CTS2

Selector

A

SCLK2

1]
<

Figure 3.5 (17) Port5 (P57)
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Port 5 Register
7 6 { 5 ¢ 4 i 3 2 i )
bit Symbol P57 P56 P55 P54 P53 P52 P51 P50
P5 '
(000DH) Read/Write RIW
After reset Input mode (Set to 1/ pulled up) Output only (setto 1)
Also : Also : Also i Also : Also : Also i Also : Also
Function functions : functions :functions :functions :functions :functions :functions :functions
as fasINTO  :asWAIT :asBUSAK :asBUSRQ :asHWR :asWR iasRD
SCLK2/CTS2: : : : : : :
Note: When port 5 is in input mode, the internal pull-up resistor is controlled by the P5
register. When using port 5 in input mode or in both input and output modes (if just
one bit is set to input mode), read-modify-write instructions cannot be executed. The
internal pull-up resistor setting may change depending on the state of the input pin.
Port 5 Control Register
7 6 : 5 i 4 i 3 2 1 0
P5CR bit Symbol P57C P56C P55C P54C P53C P52C
(0010H) -
Read/Write w
Read-modify- : - :
write After reset 0 0 g 0 : 0 g 0 0
instructions Function Port 57 - 52 input/output settings
prohibited. u 0: Input 1: Output
—> Port 56 function settings (Note 2) Port 55 function settings (Note 1)
<P56> 0 1 <P55> 0 1
<P56C> [<P55C>
Input port/ Input port/
0 Inputport/ |\ \70 input 0 Input port/ | AT input
INTO input WAIT input
(pull-up) (pull-up)
1 Output port 1 Output port
Note 1: When using port 55 as the WAIT pin, set PSCR<P55C> to 0 and set the chip select/wait

control register BxCS <BxW2:0> to 010 (1 WAIT + N) or 100 (0 + N WAIT).
When using port 56 as the INTO pin, set PSCR<P56C > to 0 and set the interrupt input
mode control register IIMC <IOIE > to 1.

Note 2:

Figure 3.5(18)-1 Port 5 Related Registers
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Port 5 Function Register

7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0
P5FC bit Symbol P57F PS4F i P53F i P52F i P51F  P50F
(0011H) -
Read/Write W : : \'\
Read-modify- - - - -
write After reset 0 0 0 0 0 0
instructions 0:Port : :0:Port :0:Port :0:Port :0:Port :0:Port
prohibited. Function |[1:SCLK2 : : {1:BUSAK : 1:BUSRQ :1:HWR :1:WR :1:RD
/CTS2 : : : : : :
— |
—> Port 53 function settings |—> Port 50 function settings
<P53F> 0 1 <P50> 0 1
<P53C> <P50F>
Input port BUSRQ input 0 Output port
hen <P53> =0) | /When <P53> =0) — 1=
0 nz:pu”ed s nﬁ:pu”ed e NormallyRD | RD output only
when <P53> =1, [[\ when <P53> =1, 1 output (for at external
pulled up pulled up PSRAM) access
1 Output port
. . —> Port 51 function settings
—> Port 54 function settings
0 Output port
<P54F> 0 N I et eeanteeeeeeeeeieeeee e e
<P54C> 1 WR output only at external access
Input port
hen <P54> =0, . .
0 not pulled up; Do not set —> Port 52 function settings
when <P54> =1, <P52F>
pulled up <P52C> 0 !
1 Output port BUSAK output Input port
When <P52> =0,
0 not pulled up; Do not set
—> Port 57 function settings when <P52> =1,
pulled up
<P57F> 0 1 —_—
<P57CS 1 Output port HWR output
Input port
SCLK2/CTS2
0 hen <P57> =0 Do not set
not pulled up;
when <P57> =1,
pulled up
1 Output port SCLK2 output

Figure 3.5(18)-2 Port 5 Related Register
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3.5.7 Port6 (P60 - P63)

Port 6 is a 4-bit general-purpose output-only port.

In addition to functioning as a general-purpose output port, port 6 also has a chip select signal output
function (CS0 to CS3). The port 6 function register P6FC sets the functions.

Reset sets the P60 to P63 output latch to 1. Reset also clears all bits of the P6FC register to 0, setting
port 6 to a general-purpose output port.

e Reset

Function
control
(for each bit)

P6FC write

I

(Set)

Output latch S
A A

P6 write

Internal data bus

\Y4

1 P60 (CSO)
I P61 (CS1)
Cs0, CS1, CS B P63 (CS3)

Selector

~ Reset

Function
control
(for each bit)

P6FC write

-

(Set)*
Output latch S
A A

P6 write Selector ,l> [ ] P62 (CS2)
CS2 B

Internal data bus

1 *  With TMP95C265 (EA = low level), reset clears

\*\I the output latch to 0.
G

P6 read

Figure 3.5(19) Port6 (P60 - P63)
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TOSHIBA
Port 6 Register
5 1 4 i 3 i 2 1 0
bit Symbol P63 i P62 i P61 i P60
P6 : , :
(0012H) Read/Write R/W

Output mode (setto 1)

After reset
i Also @ Also { Also ! Also
Function i functions : functions : functions : functions
asCS3. : asCS2. : asCS1. : asCSO.
I—><P62> initial value
TMP95CS64 (EA = high level) 1
TMP95C265 (EA = low level) 0
Note: After reset, the initial value for
<P62> only depends on the setting
of the EA pin.
Port 6 function register
5 ¢ 4 i3 i 2 i P
P6FC bit Symbol P63F i P62F : P6IF i P6OF
(0015H) - - - -
Read/Write W
Read-modify- - - -
write After reset : 0 : 0 5 0 : 0
instructions Function i0:Port i0:Port 0:Port :0:Port
prohibited. | T4 i1:C53  i1:C52  i1:C51  i1:C50

Note: The chip select/wait control register (BOCS, B1CS, B2CS, B3CS) sets the CS area

operations,

Figure 3.5 (20) Port 6 Related Registers
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3.5.8 Port7(P70-P75)

(1

Port 7 is a 6-bit general-purpose input/output port with each port bit settable as an input or output.

In addition to functioning as general-purpose input/output port pins, port 6 pins also function as event
count inputs for the 8-bit timer, outputs for the 8-bit timer, and INT1 to 4 inputs for the external
interrupt function.

Port 7 control register P7CR and port 7 function register P7TFC set the port 7 functions.

Reset clears all bits of the output latch register and P7CR to 0, setting all pins to input mode.

To enable the timer output function, write 1 to the corresponding bits in both P7CR and P7FC.

Port 70, 73 (TIO/INT1, T14/INT3)

In addition to functioning as a general-purpose input/output port, port 70 can also function as the event
count input TIO for timer 0 and as the external interrupt request input INT1.
In addition to functioning as a general-purpose input/output port, port 73 can also function as the event
count input T4 for timer 4 and as the external interrupt request input INT3.

Cautions when using INT1 and INT3 interrupts

Inputis always enabled for the INT1 and INTS external interrupt requests.

Caution is required if port 70 or 73 is used as a general-purpose input/output port or a timer event count
input while the INT1 and INT8 interrupt functions are in use. This is because rising edges on these
input/output signals generate interrupt requests.

Cautions when using timer event count inputs TI0 and TI4

Inputis always enabled for the timer event count inputs TI0 and TI4.

Caution is required if port 70 or 73 is used as a general-purpose input/output port or an INT1 or INT3
interrupt during event counting based on TI0 or TI4. This is because these input/output signals trigger
an event count on the timer.

~ Reset

Direction
control
(for each bit)

P7CR write

S

Output latch

A

P7 write
S :\Z
< Selector
T A

P6 read

data bus

{1 P70 (TIO/INT1)
P73 (TI4/INT3)

\

Internal

Rising edge

INT1,3 €=— .
detection

TIO, 4

Figure 3.5(21) Port7 (P70, P73)
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(2)

Port71,74 (TO1, TO5)

In addition to functioning as a general-purpose input/output port, port 71 also functions as TO1 for
output of timers 0 and 1. In addition to functioning as a general-purpose input/output port, port 74 also
functions as TO5 for output of timers 4 and 5.

N\

Reset

—

Direction

data bus

control
(for each bit)

P7CR write

I —

Function
control
(for each bit)

P7FC write

I

Internal

Output latch

— s

A

P7 write

[ ] P71 (TO)

Selector

Timer output
TO1:Timer0, 1
TO5: Timer4,5

!

B

—

SB

P7 read

Figure 3.5(22) Port7 (P71, P74)

Selector

P74 (TO5)

A
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(3) Port72,75(TO3/INT2, TO7/INT4)

In addition to functioning as a general-purpose input/output port, port 72 also functions as TO3 for
output of timers 2 and 3 and as the external interrupt request input INT2.
In addition to functioning as a general-purpose input/output port, port 75 also functions as TO7 for
output of timers 6 and 7 and as the external interrupt request input INT4.

Cautions when using INT2 or INT4 interrupts

Inputis always enabled for the INT2 and INT4 external interrupt requests.

Caution is required if port 72 or 75 is used as a general-purpose input/output port or timer event count
input port while the INT2 and INT4 interrupt functions are in use. This is because rising edges on these
input/output signals generate interrupt requests.

N Reset

—

Direction
control
(for each bit)

P7CR write
Function

control
(for each bit)

data bus

P7FC write

¥

Qutput latch [ A S

A Selector > ] P72 (TO3/INT2)

. P7 write P75 (TO7/INT4)
Timer output B

TO3:Timer2,3

TO7: Timer 6, 7 Yy
S B V

<] Selector

T A

P7 read

I~ -
INT2, 4 Rising e_dge
detection

Internal

Figure 3.5 (23) Port7 (P72, P75)
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Port 7 Register
7 ¢ 6 ¢ 5 i 4 i 3 2 1 0
P7 bit Symbol P75 P74 P73 : P72 P71 P70
(0013H) Read/Write R/W
After reset Input mode (output latch register cleared to 0)
Also Also Also Also Also Also
:functions : % nctions : functions : functions :%  ctions : functions
Function :as i as TO5 ias :as {as TO1 ias
{TO7/INT4 ETI4/INT3  :TO3/INT2 : ETIO/INTY
: (Note) : : (Note) : (Note) : : (Note)
Port 7 Control Register
7 ¢ 6 i 5 i 4 i 3 2 i 0
P7CR bit Symbol P75C P74C P73C P72C P71C P70C
(0016H) - -
Read/Write w
Read-modify- - : - :
write After reset : : 0 : 0 : 0 : 0 : 0 0
instrLlJc'tions Functi Port 7 input/output settings
prohibited. unction 0: Input 1: Output
Port 7 Function Register
7 ¢ 6 i 5 i 4 i 3 2 i 0
P7FC bit Symbol P75F P74F P72F P71F
Read/Write : E w w
Read-modify- - :
write After reset : : 0 g 0 : 0 g 0
instructions Functi i0:Port i0:Port i0:Port i0:Port
prohibited. unction {1:TO7  i1:TO5 (1:T03  :1:TO1
|
|—> Port 71 function settings
<P71F> 0 1
<P71C>
0 Input port
1 Output port | TO1 output
—> Port 72 function settings
<P72F> 0 1
<P72C>
0 Input port/INT2 input
1 Output port | TO3 output
Port 74 function settings
<P74F> 0 1
<P74C>
0 Input port
1 Output port | TO5 output
Port 75 function settings
Note: No register is provided to switch between the external . P75<CP>75F> 0 1
interrupt input, event counter input, and port input/output 5 | v
functions. Therefore, even when port 7 is used as a port, the 5 nput por To;nput
interrupt signal input and event counter input are enabled. ! utput port output

When using port 7 exclusively as a port, disable the
interrupt and event counter input.

Figure 3.5 (24) Port 7 Related Registers
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3.5.9 Port8 (P80 - P87)

(1

Port 8 is an 8-bit general-purpose input/output port with each port bit settable as an input or output.

In addition to being a general-purpose input/output port, port 8 also functions as a serial channel TxD
output, RxD input, and SCLK input/output.

Port 8 control register PSCR and port 8 function register PSFC set the functions.

Reset sets all bits of the output latch to 1. It also clears all bits of the PBCR and P8FC registers to 0,
setting port 8 to input mode using pull-up resistors.

Port pins 80, 83, and 86 have a programmable open drain function.

Ports 80, 83, 86 (TxDO, 1, 2)

Ports 80, 83, and 86 function as the serial channel TxDO0 to 2 outputs as well as input/output ports.
These ports have a programmable drain function. Setting open drain disables pull-up.

1 Reset

Direction
control
(for each bit)

P8CR write
Function

control
(for each bit)

data bus

P8FC write

—DO——'&P-ch
I
Programmable
(Set) Q - )
Output latch _|—>A S ui-up

A | I P80 (TxDO)
P8 write selector L~ L1 P83 (TxD1)
TxDO, TxD1, B P86 (TxD2)

TXD2 Open drain settable
5B

Internal

Note: ODE<ODE2:0>

e

Selector
T A

- P8 read

Figure 3.5 (25) Port 8 (P80, P83, P86)
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(2) Port81,84,87 (RxDO, 1, 2)

Ports 81, 84, and 87 function as serial channel RxDO0 to 2 inputs as well as input/output ports.

N\

data bus

Internal

Reset

Direction

control
(for each bit)

P8CR write

v

(Set)

Output latch

—lgP-ch

Programmable )
pull-up

A

P8 write

pd

SB

Selector

[]P81 (RxDO)
P84 (RxD1)
P87 (RxD2)

A

P8 read

RxDO, RxD1, RxD2
Figure 3.5 (26) Port 8 (P81, P84, P87)

(3) Port 82 (SCLKO/CTS0)

Port 82 functions as the SCLKO input/output for serial channel 0 as well as an input/output port. The
port also functions as the CTSO0 input.

N Reset

Direction
control
(for each bit)

P8CR write
Function

control
(for each bit)

data bus

P8FC write —{>or—] gp-ch
Y ﬁ’rogrammable )

(Set) A S \pull-up
Output latch

Internal

) Selector > [] P82 (SCLKO/CTSO)
P8 write
SCLKO B

—
SB

pd

Selector
T A

P8 read
CTSO T
SCLKO <

Figure 3.5 (27) Port 8 (P82)
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(4) Port 85 (SCLK1/CTS1)

Port 85 functions as the SCLK1 input/output for serial channel 1 as well as an input/output port. The
port also functions as the CTS1 input.

(N

Reset

Direction

control
(for each bit)

P8CR write

|

Function

control
(for each bit)

P8FC write

¥

(Set)

Internal data bus

Output latch

A S

P8 vtrite

B,

Programmable
ull-up

Selector
B

SCLK1

pd

—
S

\*\l

P8 read

Selector
A

r/\ { | P85 (SCLK1/CTST)

CTS1=<

I

SCLK1

!
~J
Figure 3.5 (28) Port 8 (P85)
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Port 8 Register

7 ¢ 6 i 5 i 4 i 3 12 i P00
P8 bit Symbol P87 : P86 i P85 i P84 i P83 i P82 i P81 i P80
(0018H) Read/Write R/W
After reset Input mode (Set to 1/pulled up)
Also i Also :Also i Also : Also :Also i Also : Also
Function functions : functions :functions :functions :functions :functions :functions :functions
unctio asRxD2 :asTxD2 :as ‘asRxD1 :iasTxD1 :as ‘asRxD0 :asTxDO
: iSCLK1/CTST: : {SCLKO/CTSO: :

Note: When port 8 is in input mode, the P8 register controls the internal pull-up resistor.
When using port 8 in input mode or in both input and output modes (if a bit is set to
input), do not execute read-modify-write instructions. The internal pull-up resistor
setting may change depending on the state of the input pin.

Open Drain Enable Register

7 i 6 i 5 i a4 i o3 i 2 i 1 i o0
ODE bit Symbol ODE2 : ODE1 : ODEO
(0058H) | Read/Write : : g : : RIW

After reset : 5 5 : : 0 5 0 0

: ; : : Port86  iPort83  iPort80
‘output  ‘output  output
Esettings Esettings Esettings
[0:CMOS  i0: CMOS  :0: CMOS
;1: Open 1 Open 1 Open
; drain drain drain

: ;

Function

—> Port 80 output settings

0 |CMOS output

1 [Open drain output

—> Port 83 output settings

0 [CMOS output

1 [Open drain output

—— > Port 86 output settings

0 |CMOS output

1 [Open drain output

Figure 3.5(29)-1 Port 8 Related Registers
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Port 8 Control Register
7 6 5 1 4 i 3 2 P 0
P8CR bit Symbol P87C P86C P85C P84C P83C P82C P81C P80C
(001AH) Read/Write w
Read-modify- -
write After reset 0 0 0 0 0 : 0 0 0
instructions . Port 8 input / output settin
prohibited. Function 0: Inpl?t 1p: Outpu’cg
Port 8 Function Register
7 6 5 i 4 i 3 2 P 0
P8FC bit Symbol P86F P85F P83F P82F P8OF
(001BH) - - -
Read/Write w w w
Read-modify-
write After reset : 0 : 0 : 0 : 0 : 0
instructions ‘0:Port :0:Port {0:Port :0:Port 0 Port
prohibited. | Fynction £1:TxD2 i 1:SCLK1 £1:TxD1  :1:SCLKO £1:TxDO
5 . [CTST § : [CTSO 5
|—> Port 85 function settings |—> Port 80 function settings
< P85F> 0 1 <P80OF> 0 1
<P85C> <P80C>
Input port Input port
SCLK1/CTS1 0 he: <ﬁ3g> =0, Do not set
'When <P85> =0, not pulied up;
0 not pulled up; Do not set when <P80> =1,
when <P85>=1, pulled up
pulled up 1 Output port TxDO output
1 Output port SCLK1 output
—> Port 82 function settings
—> Port 86 function settings <P82F>
<P86F> . 1 <Pg2C> 0 !
<P86C> Input port
Input port SCLKO/CTSO
When <P86> =0, 0 hen <P82> =0, Do not set
0 not pulled up; Do not set not pulled up;
when <P86> =1, when <P82>=1,
pulled up pulled up
1 Output port TxD2 output 1 Output port SCLKO output
—> Port 83 function settings
<P83F> 0
Note: When setting pins TxDO0 to 2 to open drain output, set <P83C> L
the open drain enable register ODE<ODEQ0:2> to 1. Input port
Pins P81/RxD0, P84/RxD1, and P87/RXD2 do not have 0 he: <ﬁ83> =0) Do not set
port/function switching registers. Therefore, even when when <P83> 2 1.
the pins are used as input ports, data are still input to pulled up
SIO as serial receive data. 1 Output port TxD1 output

Figure 3.5(29)-2 Port 8 Related Registers
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3.5.10 Port9(P90 - P96)

Port 9 is a 7-bit general-purpose input/output port with each port bit settable as an input or output.

In addition to its input/output port functions, port 9 also functions as a 16-bit timer input clock pin, a 16-
bit timer output pin, and inputs for INT5 to 8. Port 9 control register POCR and port 9 function register
PIFC set the port 9 functions.

A reset clears all bits of the P9 output latch and all bits of the PO9CR and PIFC registers to 0, setting
port 9 to input mode.

To enable the timer output function, write 1 to the corresponding bit in POFC.
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(1

Ports 90, 91, 94, 95 (TI8/INTS5, TI9/INT6, TIA/INT7, TIB/INTS8)

In addition to functioning as general-purpose input/output ports, ports 90 and 91 can also function as
timer 8 event count inputs TI8 and TI9, and as external interrupt request inputs INT5 and INT6. Ports
94 and 95, in addition to being general-purpose input/output ports, can also function as the timer 9
event count inputs TIA and TIB, and as the external interrupt request inputs INT7 and INTS.

Cautions when using INT5 to INT8 interrupts

Inputis always enabled for the INT5 to INT8 external interrupt requests.

Caution is required if ports 90, 91, 94, or 95 are used as general-purpose input/output ports or timer
event count inputs while the INT5 to INT8 interrupt functions are in use. This is because rising or
falling edges on these input/output signals generate interrupt requests.

Cautions when using timer event count inputs TI8 to TIB

Inputis always enabled for timer event count inputs TI8 to TIB.

Caution is required if ports 90, 91, 94, or 95 are used as general-purpose input/output ports or INT5 to
INTS8 interrupts during event counting based on TI8 to TIB. This is because these input/output signals
trigger an event count on the timer.

™ Reset
Direction
control
(for each bit)
P9CR write
- Output latch L~ ] P90 (TI8/INT5)
> P91 (TI9/INT6)
o A P94 (TIA/INT7)
s P9 write S A P95 (TIB/INT8)
@
©
— <] Selector
; T
c B
° P9 read
c
- INT6. 8 Rising edge
! detection
INT5 Rising / falling edge
detection
T8MOD < CAP12M1,0>
INT7 Rising / falling edge
detection
TIMOD<CAP34M1,0>

—~— TI§,9,A,B

Figure 3.5(30) Port9 (P90, P91, P94, P95)
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(2)

Ports 92,93 (TOS8, TO9)

In addition to operating as a general-purpose input/output port, port 92 also functions as the TO8 output
for timer 8. Port 93 operates as the TO9 output for timer 8 as well as functioning as a general-purpose
input/output port.

N\

Reset

—

Direction

data bus

control
(for each bit)

P9CR write
Function

control
(for each bit)

POFC write

I

Internal

Output latch [N S

A Selector IJI/ [ ] P92 (TOS8)

. P9 write P93 (TO9)
Timer output B

TO8 (timer 8 output)
TO9 (timer 8 output) 1]
5B

!

Selector
T A

P9 read

Figure 3.5(31) Port9 (P92, P93)
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3)

Port 96 (TOA/TOB)

In addition to functioning as a general-purpose input/output port, port 96 also functions as the TOA and
TOB outputs for timer 9.

data bus

Internal

Reset

—

Direction

|

control
(for each bit)

POCR write

Function
control
(for each bit)

POFC write

I

Timer output

TOA (timer 9 output) —A

TOB (timer 9 output) —~|B ¢

Output latch [N S
A

Selector

B

P9 write

Selector

A ¥

POFC<TOS1> S B
1

> [] P96 (TOATOB)

Selector
T A

P9 read

Figure 3.5 (32) Port9 (P96)
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Port 9 Register
7 ¢ 6 ¢ 5 i 4 i 3 2 1 0
P9 bit Symbol P96 P95 P94 P93 P92 P91 P90
(0019H) Read/Write RIW
After reset : Input mode (output latch register cleared to 0)
{ Also :Also functions:Also functions: Also i Also {Also functions: Also functions
Function i functionsas :asTIB/INT8 :asTIAANT7 :functionsas : functionsas :asTI9/INT6 iasTI8/ANTS
I TOATOB  i(Note) {(Note) 1 TO9 1108 {(Note) {(Note)
Port 9 Control Register
7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i o0
P9CR bit Symbol P96C P95C P94C P93C P92C P91C P90C
(001CH) Read/Write w
Read-modify- - : - : :
write After reset 0 : 0 § 0 _ 0 : 0 : 0 : 0
instructions . Port 9 input/ output settings
prohibited. Function 0: Input 1: Output
Port 9 Function Register
7 ¢ 6 i 5 i a4 3 2 F o1 b0
POFC bit Symbol TOS1 P96F P93F P92F
(001DH) -
Read/Write w w
Read-modify- - n
write After reset 0 0 : 0 0
instructions TOA/TOB :0:Port i0:Port  :0:Port
prohibited. Function |output :1:TOA : (1:TO9  :1:T08 :
selection : /TOB : : : : :
1:TOB : : : : :
|—>—POL 96 function settings |—V—Po‘rt 92 function settings
<P96F> 1 <P92F> 1
<P96C> 0 <P92CS 0
0 Input port 0 Input port
1 Output port TOA/TOB 1 Output port | TO8 output
output
—> Port 93 function settings

——>Timer out A/B output selection

0 Timer out A output

1 Timer out B output

<P93F> 0 1
<P93C>
0 Input port
1 Output port | TO9 output

Note: No register is provided to switch between the external interrupt input, event
counter input, and port input/output functions. Therefore, even when port 9 is used
as a port, the interrupt signal input and event counter input are enabled.

When using port 9 exclusively as a port, disable the external interrupts (INT5 to 8)

and event count inputs (TI8 to B).

Figure 3.5 (33) Port 9 Related Registers
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3.5.11 PortA(PAO-PA7)

Port A is an 8-bit input-only port with analog input pins (ANO to AN7). The PAS3 pin also functions as
the external trigger input for analog conversion (ADTRG).

N\
< [ ] PAOto PA2
3 \I\I (ANO to AN2)
o) PA3 (AN3/ADTRG)
o Port A read PA4 to PA7
® (AN4 to AN7)
©
©
c
© A/D
pa | conversion A/D Channel
- \I\I result [ | converter [ | selector
register
AD read
b~ (T TR
i ADTRG = <} T
' For PA3 only '
Figure 3.5(34) Port A (PAO-PA7)
Port A Register
7 ¢ 6 i 5 i 4 i3 2 i Po0
PA bit Symbol PA7 1 PA6 i PA5 i PA4 I PA3 i PA2 : PAl i PA0
(001EH) Read/Write R
After reset Input only
Also : Also :Also i Also : Also :Also i Also : Also
Function functions : functions :functions :functions :functions :functions :functions :functions
asAN7 :asAN6  :asAN5 :asAN4  :asAN3  :asAN2  :asANI :as ANO
: : : :/ADTRG : :

Note: A/D mode register 1, ADMODI, selects the A/D converter input channel.

Figure 3.5 (35) Port A Related Registers
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3.6

3.6.1

Chip Select/Wait Controller

In TMP95CS64/265, four user-specifiable address area blocks (CSO to CS3) can be set. The data bus
width and number of waits can be set independently for each address area (CS0 to CS3 and others).

The CSO to CS3 pins (which also function as P60 to P63) are the output pins for the CSO to CS3 areas.
When the CPU specifies an address in one of these areas, these pins output the chip select signal for that
address area (ROM/SRAM or PSRAM signal). However, to output the chip select signal, the port 6
function register PEBFC must be set. TMP95CS64/265 supports connection of external PSRAM as well
as ROM and SRAM.

The CSO0 to CS3 areas are set by a combination of memory start address registers MSARO to MSAR3 and
memory address mask registers MAMRO to MAMRS.

Use chip select/wait control registers BOCS to B3CS and BEXCS to specify the master enable, data bus
width, and number of waits for each address area.

The input pins controlling these states are the bus wait request pin (WAIT), the external data bus
selection pin (AM8/16), and the external memory access pin (EA). (See 3.1.2, External Data Bus Width
Selection Function.)

Specifying Address Areas

The CSO to CS3 address areas are specified using the start address registers (MSARO to MSAR3) and
memory address mask registers MAMRO to MAMRS3).

At each bus cycle, a compare operation is performed to determine if the address on the bus specifies a
location in the CS0 to CS3 areas. If the result of the comparison is a match, this indicates an access to
the corresponding CS area. In this case, the CS0 to CS3 pin outputs the chip select signal and the bus
cycle operates in accordance with the settings in chip select/wait control register BOCS to B3CS. (See
3.6.2, Chip Select/Wait Control Register.)
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(1) Memory Start Address Registers

Figure 3.6 (1) shows the memory start address registers. Memory start address registers MSARO to
MSARS3 set the start address for the CSO to CS3 areas. Set the upper eight bits (A23 to A16) of the start
address in <S23:16>. The lower 16 bits of the start address (A15 to A0Q) are permanently set to 0.
Accordingly, the start address can only be set in 64K-byte increments, starting from 000000H. Figure
3.6 (2) shows the relationship between the start address and the start address register value.

MSARO | MSAR1
(0094H) | (0096H)

MSAR2 | MSAR3
(0098H) [ (009AH)

Address
000000H

FFFFFFH

Memory start address register (CS0-CS2 areas)

7 i 6 i s P4 i3 i o2 ioq i

bit Symbol

s23 : S22 i s21 i s20 ! S19 i S18 i S17 i S16

Read/Write

RIW

After reset

(AR S TR (N S IR N S IS S B S

Sets start address A23-A16

Function
L) Sets start address of CS0O - CS2 area
Figure 3.6 (1) Memory Start Address Register
Start address Start address register value (MSARO - 3)
000000H ........ 00H
64 K bytes
010000H ........ 01H
020000H ........ 02H
030000H ........ 03H
040000H ........ 04H
050000H ........ 05H
060000H ........ 0§H
FFOOOOH ......... FFH

Figure 3.6 (2) Relationship Between Start Address and Start Address Register Value
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(2) Memory Address Mask Registers

Figure 3.6 (3) shows the memory address mask registers. Memory address mask registers MAMRO to
MAMRS3 are used to set the size of the CS0 to CS3 areas by specifying a mask for each bit of the start
address set in memory start address registers MSARO to MSAR3. The compare operation used to
determine if an address is in the CS0 to CS3 areas is only performed for bus address bits corresponding
to bits set to 0 in these registers.

Also, the address bits that can be masked by MAMRO to MAMRS differ between CSO to CS3 areas.
Accordingly, the size that can be set for each area is different.

Memory address mask register (CS0)

7 i e i s i o4 i o3 i o2 i o1 i
bitSymbol | V20 i V19 i V18 i V17 i V16 | VI5 : V14~9 i V8
MAMRO | Read/Write R/W
(0095H) | After reset (O A I T K S AN S IS
Function Setssize of CS0 area 0 : Used for address compare

The CSO0 area can be set within the following range: 256 bytes to 2M bytes.

Memory address mask register (CS1)

7 ¢ 6 i s o4 i3 i 2 i1 i 9
bitSymbol [ V21 i v20 ! V19 i WVvi8 i V17 i V16 : VI5~9 [ V8
MAMR1 | Read/Write R/W
(0097H) | After reset (AR S I (N S IS N S IS S N S
Function Setssize of CS1area 0: Used for address compare

The CS1 area can be set within the following range: 256 bytes to 4M bytes.

Memory address mask register (€52, CS3)

7 i e i s i o4 i o3 i o2 i o1 i
bitSymbol | v22 i v21 i v20 i V19 i VI8 i V17 i V16 i Vi5
MAMR2 / MAMR3 | Read/Write RIW
(0099H) [ (009BH) | After reset (AR S I AN S K A S D A
Function Sets size of CS2, CS3 area 0: Used for address compare

The €S2 and CS3 areas can be set within the following range: 32K bytes to 8M bytes.

Figure 3.6 (3) Memory Address Mask Registers
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3)

How to Set Memory Start Addresses and Address Areas

Figure 3.6 (4) shows an example of specifying a 64K-byte address area starting from 010000H using the
CSO area.

Set 01H in memory start address register MSAR0<S23:16 > (corresponding to the upper 8 bits of the
start address). Next, calculate the difference between the start address and the anticipated end address
(01FFFFH) based on the size of the CS0 area. Bits 20 to 8 of the result correspond to the mask value to
be set for the CS0 area. Setting this value in memory address mask register MAMRO <V20:8> sets the
area size. This example sets 07H in MAMRO to specify a 64K-byte area.

00000001, 1,11 1,1,1,1,1,1,1,1,1,1,1,1,1, Memory
I sl I N o I I A I A A B B | end
| 0 l 1 | F | F | F l F | H address CS0 area
size
$23 522 521 520 S19 518 S17 S16 M (64K bytes)
MsARo [o]o[o[o[ojo]o[1] oY
address
_> | 0 | 1 | H —
V20V19V18V17V16V15 V14 ~ V9 v8

MAMRO :o0:o0:0|ofofofofof[1]1 1 1 1 1 1|1|1 111111 1, Memoryaddres

mask register
| 0 l 7 | H setting

|—> Setting 07H specifies a 64K-byte area.

Figure 3.6 (4) CSO Area Setting Example

After a reset, MSARO to MSAR3 and MAMRO to MAMRS3 are set to FFH. BOCS<BOE>,
B1CS<BI1E>, and B3CS<B3E> are reset to 0. This di
as B2CS<B2M > is reset to 0 and B2CS<B2E> to 1

Iso, the bus width and number of waits
specified in BEXCS are used for accessing addresses outside the specified CS0 to CS3 areas. (See 3.6.2,
Chip Select/Wait Control Register.)
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(4) Address Area Size Specifications

Table 3.6 (1) shows the relationship between CS area and area size. A indicates areas that cannot be
set by memory start address register and memory address mask register combinations. When setting
an area size using a combination indicated by A, set the start address in the desired steps starting from
000000H.

If the CS2 area is set to 16M-byte or if two or more areas overlap, the smaller CS area number has the
higher priority.

Example: When setting CSO as a 128K-byte area:
@ Available start addresses

000000H 4 156K hytes

020000H ) 128K bytes Any of these start addresses can be set.
040000H

060000H ) 128K bytes

@ Unavailable start addresses

0000005 )64K bytes <« This exceeds the size of the steps that can be set. In
010000H ) this case, the following start addresses cannot set the
030000H 128K bytes desired area size.
050000H ) 128K bytes
Table 3.6 (1) CS Area and Area Size
Size
bytes)| 256 512 32K | 64K [ 128K | 256K | 512K | 1M 2M 4M 8M
CS area
Cso O O O O A A A A A
cs1 O O O A A A A A A
cs2 O O A A A A A A A
cs3 O O A A A A A A A
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3.6.2 Chip Select/Wait Control Registers

Table 3.6 (5) lists the chip select/wait control registers. The master enable/disable, chip select output
waveform, data bus width, and number of wait states for each address area (CSO to CS3 and others) are
set in their respective chip select/wait control registers, BOCS to B3CS and BEXCS.

Chip Select/Wait Control Register

7 : 6 : 5 : 4 : 3 : 2 : 1 : 0
BOCS bit Symbol BOE : : BOOM1 : BOOMO : BOBUS : BOW2 : BOW1 : BOWO
(0090H) | Read/Write W : : W
After reset 0 : : 0 : 0 : 0 : 0 : 0 : 0
Read- 0: Disable : :Chip select output :Databus | Number of Waits Do not set
modify-write| Function |1: Enable : ‘waveform selection :width : 000: 2 WAIT 100: 0 + N WAIT
instructions : :00: For ROM/SRAM  :0: 16-bit : 001: 1 WAIT 101
prohibited. : :01: For PSRAM i1:8-bit  : 010: 1 WAIT+N 110 p Do notset
: 510:}Don’tcare ©011: OWAIT 111
: 11 ; ;
B1cs [ bitSymbol BIE i { BIOM1 : BIOMO : B1BUS i B1W2 i BIWI1 : B1WO
(0091H) | Read/Write W g w
0 ; : 0 : 0 : 0 : 0 : 0 é 0
Read- 0: Disable :Chipselectoutput  :Databus | Number of Waits Do not set
modify-write | Function |1: Enable : ‘waveform selection  iwidth i 000: 2 WAIT 100: 0+ N WAIT
instructions : :00: For ROM/SRAM :0: 16-bit : 001: 1 WAIT 101
prohibited. : :01: For PSRAM i1:8-bit i 010: 1 WAIT+N 110 }Do not set|
: 310:}Don'tcare : © 011: OWAIT 111
: 11 : :
B2CS bit Symbol B2E i B2M i B20M1 i B20OMO : B2BUS : B2wW2 : B2W1 : B2WO0
(0092H) | Read/Write W
After reset 1 ‘0 § 0 ? 0 § 0 0 ? 0 ? 0
Read- 0: Disable : CS2 area :Chip select output ‘Databus i Number of Waits Do not set
modify-write | Function [1: Enable : selection :waveform selection Ewidthb : 000: 2WAIT 100: 0 + N WAIT
instructions :0:16M- :00: For ROM/SRAM :0: 16-bit i 001: 1 WAIT 101
prohibited. ! byte  i01:For PSRAM i1:8-bit i 010: 1 WAIT+N 110 } Do not set
i area 310:} ' : :011: OWAIT 111
: ‘ Don't care : :
:1:CSarea :11: : :
B3CS |bitSymbol [ B3E . B30OM1 i B3OMO : B3BUS : B3W2 i B3W1 : B3WO
(0093H) | Read/Write w_: : . W
0o P 0 0 0 : 0 : 0 : 0
Read- 0: Disable : :Chip select output ‘Databus i Number of Waits Do not set
modify-write| Function |1: Enable : ‘waveform selection  :width 1 000: 2WAIT 100: 0 + N WAIT
instructions : :00: For ROM/SRAM :0: 16-bit i 001: 1 WAIT 101
prohibited. : :01: For PSRAM 1:8-bit  : 010: 1 WAIT+N 110 }Do not set|
: :10: }Don'tcare : 1 011: OWAIT 111
: 11 : :
BEXCS | bit Symbol : i : . BEXBUS i BEXW2 i BEXWI1 : BEXWO
(009CH) | Read/Write E § 5 : W
After reset ! : ? : 0 : 0 : 0 ? 0
Read- : : § ‘Databus : Number of Waits Do not set
rnotd'fyt-,wme Function : : : ‘width £ 000: 2WAIT  100: 0+ N WAIT
instructions 5 : : :0: 16-bit i 001: 1 WAIT 101
prohibited. § : : 1:8-bit 1 010: 1 WAIT+N 110 } Do not set
: : : : :011: 0 WAIT 111
L I L ]
M ble bit Chip select output ; . .
aster enable bi waveform selection Number of address area waits setting
0 |Csareadisable I | 00 | ForROM/SRAM (See 3.6.2, (4) Wait Control.)
1 | CS areaenable 01 |FOrPSRAM .
CS2 areaselection «———1 (10 Don't care —> Data bus width selection
11
0. |16M-bytearea | — | 0 [l&bitdatabus
1 [ Address specification area 1 | 8-bit data bus

Figure 3.6 (5) Chip Select/Wait Control Registers
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(1) Master Enable Bits

Bit 7 (<BOE>, <B1E>, <B2E>, and <B3E>) of the chip select/wait control registers is the master
bit used to enable or disable settings for the address area. Writing 1 to the bit enables the settings.
Reset disables (sets to 0) <BOE>, <B1E>, and <B3E>, and enables (sets to 1) <B2E>. This
enables area CS2 only.

(2)

Selection of Chip Select Output Waveform

Bits 5 and 4 (<BOOM1, 0>, <B10M1, 0>, <B20M1, 0>, and <B30M1, 0>) of the chip select/wait
control registers specify the chip select output waveform for external memory access. Setting the bits to
00 outputs the chip select signal for selecting ROM and SRAM from the CSO to CS3 pins. Setting the
bits to 01 outputs the chip select signal for selecting PSRAM from the CS0 to CS3 pins.
For details on the waveform of the chip select signal during external memory access, see Figure 3.6 (6)

x1_/

\/

N/

\/

\/

N/

N/

\/

N/

Y

Y

CLK

X

X

X

X

X

N
X

A0~A23

s

area

cs

area

CS0~CS3

(ROM/SRAM)

CS0~CS3

(PSRAM)

RD/WR

N

Figure 3.6 (6) Waveform for Chip Select Signal Operation at
External Memory Access (CSO - CS3)
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3)

Selection of Data Bus Width

Bit 3 (<BOBUS>, <B1BUS>, <B2BUS>, <B3BUS>, and <BEXBUS>) of the chip select/wait
control registers specifies the width of the data bus. Set 0 to access memory when using a 16-bit data
bus. Set 1 when using an 8-bit data bus.

e TMP95CS64

Connect the EA and AM8/16 pins to VCC. This enables external memory to be accessed using the
data bus width set in the data bus width select bit.

e TMP95C265

Connect the EA pin to GND. This enables external memory to be accessed using the data bus width
set in the data bus width select bit only when the AM8/16 pin is at low level.
If the AMS8/16 pin is at high level, external address areas are accessed using an 8-bit data bus.

This method of changing the data bus width depending on the address being accessed is called dynamic
bus sizing. For details of this bus operation, see Table 3.6 (2).

Table 3.6 (2) Dynamic Bus Sizing

Operand Data |Operand Start| Memory Data CPU Data

Bus Width Address | BusWidth | CPUAddress —e—rg D7 -DO
8-bit 2n+0 8 bits 2n+0 XXXXX b7 -b0
(Even number) 16 bits 2n+0 XXXXX b7 -b0
2n+1 8 bits 2n+1 XXXXX b7 -b0
(Odd number) 16 bits 2n+ 1 b7 - b0 XXXXX
16-bit 2n+0 8 bits 2n+0 XXXXX b7 -b0
(Even number) 2n+1 XXXXX b15-b8
16 bits 2n +0 b15 -b8 b7 - b0
2n+1 8 bits 2n+1 XXXXX b7 -b0
(Odd number) 2n+2 XXXXX b15-b8
16 bits 2n+1 b7 -b0 XXXXX
2n+2 XXXXX b15-b8
32-bit 2n+0 8 bits 2n+0 XXXXX b7 -b0
(Even number) 2n+1 XXXXX b15-b8
2n+2 XXXXX b23-b16
2n+3 XXXXX b31-b24
16 bits 2n +0 b15-b8 b7 -b0
2n+2 b31-b24 b23-b16
2n+1 8 bits 2n+1 XXXXX b7 -b0
(Odd number) 2n+2 XXXXX b15-b8
2n+3 XXXXX b23-b16
2n+4 XXXXX b31-b24
16 bits 2n+1 b7 -b0 XXXXX
2n+2 b23-b16 b15-b8
2n+4 XXXXX b31-b24

xxxxx : Indicates that the input data from these bits are ignored during a read. During a

write, indicates that the bus for these bits goes to high impedance; also, that the
write strobe signal for the bus remains inactive.

95CS64-87



TOSHIBA TMP95CS64/TMP95C265

(4) Wait Control

Bits 2 to 0 (<BOW2, 0>, <B1W2, 0>, <B2W2, 0>, <B3W2, 0>, and <BEXW2, 0>) of the chip
select/wait control registers specify the number of waits to insert.

The following types of wait operation can be specified using combinations of these bits. Do not set
combinations other than those listed in the table.

Table 3.6 (3) Wait Operation Settings

<BxW2:0> No. of Waits Wait Operation
000 2WAIT Inserts a wait of two states, irrespective of the WAIT pin state.
001 TWAIT Inserts a wait of one state, irrespective of the WAIT pin state.
010 TWAIT+N Samples the state of the WAIT pin after inserting a wait of

one state. If the WAIT pin is low, the waits continue and the
bus cycle is extended until the pin goes high.

011 OWAIT Ends the bus cycle without a wait, regardless of the WAIT pin
state.
100 0 + NWAIT Continuously samples the WAIT pin state and inserts waits if

the pin is low, extending the bus cycle until the pin goes high.

Figures 3.6 (7) and (8) show the timing for N =0, 1 when the setting is 0 + NWAIT.

For the timings for settings other than 0 + NWAIT, see Figures 7 (1) - (5) in 7, Basic Timing, Chapter 3,
TLCS-900/H CPU.

Reset sets these bits to 000 (2 WAIT).
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A0 to A23
(D0 to D15 ><:D|n:>(
[D0to D15 X E Dout E X
| w T /

WAIT 7\

Wait sa:mpling

Read

Write

Figure 3.6 (7) 0 + NWAIT Read/Write Cycle (When N =0)

AOQto A23

D0 to D15 - X__pin

(D0 to D15 X Dout

Read

Write

L WR

WAIT \/ /\

Figure 3.6 (8) 0 + NWAIT Read/Write Cycle (When N = 1)
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(5

(6)

(7)

Bus Width and Wait Control Outside CS0 to CS3 Areas

The chip select/wait control register BEXCS controls the bus width and number of waits when locations
outside the four user-specified address area blocks (CSO to CS3) are accessed. The BEXCS register
settings are always enabled for areas other than CS0 to CS3.

16M-byte Area/ Address Setting Area Selection

Setting the chip select/wait control register B2CS<B2M> to 0 selects a 16M-byte address area
(0008A0H-FEFFFFH) for CS2. (In TMP95C265, 0008A0H - FFFFFFH is a 16M-byte area.) Setting
B2CS<B2M> to 1 selects the address area specified by start address register MSAR2 and address
mask register MAMR2 for CS2, and likewise for CS0, CS1, and CS3. Reset clears this bit to 0 and
selects a 16M-byte address area.

Chip Select / Wait Control Setting Procedure
When using the chip select/wait control function, set the registers as follows:

@ Setmemory start address registers MSARO to MSARS.
Set the CS0 to CS3 start addresses.

(@ Set memory address mask registers MAMRO to MAMRS.
Set the size of CS0 to CS3.

® Set control registers BOCS to B3CS.
Set the chip select output waveform, data bus width, number of waits, and master
enable/disable for CS0 to CS3.

The CSO0 to CS3 pins also function as pins P60 to P63. To output the chip select signal from these pins,
set the corresponding bits of port 6 function register P6FC to 1.

In the case of addresses set for one of the CS0 to CS3 areas but which specify an internal /O, RAM, or
ROM area, the CSO to CS3 pins do not output a chip select signal and the CPU accesses the internal
area.

Setting example:

This example sets the CS0 area as 010000H - 01FFFFH (64K-byte area) with a 16-bit bus and zero
waits:

MSARO=01H ... Start address: 010000H

MAMRO=07H ... Address area: 64K bytes

BOCS=83H ... ... ROM/SRAM, 16-bit data bus, zero waits, CSO area settings
enabled
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3.6.3 How to Connect External Memory

Figure 3.6 (9) shows an example of connecting external memory to TMP95C265.
In the example, ROM is connected using a 16-bit bus. RAM and I/O are connected using an 8-bit bus.

TMP95C265
CS0 p
[ ~
CcS2 p>—
A0~A15 Address bus
Q il Q ii Q i
[ < <
8-bit 8-bit
ROM RAM /0
OF OF WE OF WE
[¢] | l [¢] T [¢] [¢]
D8~D15 < ¢
__ DO0~D7 % ¢
EA N\
AMS8/16
RD p
R

Figure 3.6 (9) External Memory Connection Example
(ROM = 16-bit bus, RAM and 1/O = 8-bit bus)

After resetting TMP95C265, the <P62> bit of the port 6 register is cleared to 0 and pin P62 (CS2)

outputs a low signal. This enables the CS2 area.
However, as port 6 function register P6FC is cleared to 0, the CS signal output is disabled. When

outputting the CS signal, set the necessary P6FC bit to 1.
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3.7

8-Bit Timers

TMP95CS64/265 incorporates eight 8-bit timers (timers 0 to 7).
Each timer can operate independently or be cascaded to form four 16-bit timers. The 8-bit timers have
the following four operating modes.

These modes can be combined
(for example, four 8-bit timers and two 16-bit timers).

® 8-bitinterval timer mode (8 channels)
® 16-bit interval timer mode (4 channels)

® 8-bit programmable square wave pulse generation (PPG: variable cycle, variable duty) cutput mode
(4 channels)

® 8-bit PWM (pulse width modulation: variable duty at fixed cycle) output mode
(4 channels)

Figure 3.7 (1) shows the block diagram of 8-bit timers (timers 0, 1). Other 8-bit timers (timers 2 and 3, 4
and 5, and 6 and 7) have the same circuit configuration as timers 0 and 1.

Each 8-bit timer consists of an 8-bit up-counter, an 8-bit comparator, and an 8-bit timer register. One
timer flip-flop each (TFF1, TFF3, TFF5, and TFF7) is provided for the timer pairs, consisting of timers 0
and 1, timers 2 and 3, timers 4 and 5, and timers 6 and 7.

Of the input clock sources for the 8-bit timers, the ¢T1, ¢T4, 4T16, and $T256 internal clocks are
obtained from the 9-bit internal prescaler.

The 8-bit timers are controlled by nine control registers (T01MOD, T23MOD, T45MOD, T67MOD,
T02FFCR, T46FFCR, TSRUN, T16RUN, and TRDC).
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Figure 3.7 (1) 8-Bit Timer Block Diagram (Timers 0,1)
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3.7.1 8-Bit Timer Registers

Figure 3.7 (2) shows the 8-bit timer registers. Setting these registers controls the operation of the 8-bit

timers.
8-bit Timer Operation Control Register
7 ¢ 6 i 5 i o4 i o3 i 2 i1 i 0
bitSymbol [ T7RUN ! T6RUN { TS5RUN : T4RUN : T3RUN i T2RUN : TIRUN : TORUN
T8RUN  |Read/write RIW
(0020H) [xtrer reset o { o { o i 0o { 0 i 0 i 0 i 0
Timer7 :Timer6 :Timer5 :Timer4 :Timer3 :Timer2 :Timer1 :Timer0
operation :operation :operation :operation :operation :operation :operation :operation
control  icontrol  icontrol  icontrol icontrol icontrol  icontrol icontrol
Function |0:Stop  :0:Stop  :0:Stop  :0:Stop  :0:Stop  :0:Stop  :0:Stop  :0:Stop
and i and i and i and i and i and i and i and
clear i clear  clear i clear : clear : clear i clear : clear
1:Run :1:Run :1:Run :1:Run :1:Run :1:Run :1:Run :1:Run
L » 8-bittimer up-counter operation control
0 |[Stopandclear
1 |Run
16-Bit Timer Operation Control Register
7 ¢ 6 i 5 i o4 i3 i 2 i o1 i 0
bitSymbol | PRRUN ! T9RUN : T8RUN ' : '
T1ORUN [ cdWrite | RW 5 RIW
(003BH) ea rite :
After reset 0 : : 0 : 0
Prescaler : :Timer9  :Timer8
operation ‘operation :operation :
control icontrol  :control
Function |0:Stop :0:Stop  :0:Stop
and : i and i and
clear i clear i clear
1:Run : :1:Run :1:Run
[ . |
T 16-bit timer up-counter operation control

(See 3.8, 16-bit Timers/Event Counters.)

Prescaler operation control (Note)

0 |Stopandclear

Note: Set TLBRUN <PRRUN > to 1 when using an 8-bit timer.

Figure 3.7 (2)-1 8-Bit Timer Related Registers
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Timer Register Double Buffer Control Register
6 5 4 3 2 1 0
TRDC |bitSymbol : : TR6DE : TRADE : TR2DE : TRODE
(002 1H) | Read/Write RAW

After reset : 0 : 0 : 0 : 0

‘TREG6  TREG4  :TREG2  :TREGO

‘double :idouble :double :idouble

Functi ‘buffer ‘buffer ‘buffer ‘buffer

unction icontrol  icontrol  icontrol  :control

:0: Disable :0: Disable :0: Disable :0: Disable
i1: Enable i1: Enable :i1: Enable :i1: Enable

|—>Timer register 0 double buffer control

0 | Disable

1 |[Enable

—> Timer register 2 double buffer control

0 | Disable

1 Enable

—> Timer register 4 double buffer control

0 | Disable

1 | Enable

— > Timer register 6 double buffer control

0 | Disable

Figure 3.7 (2)-2 8-Bit Timer Related Register
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Timers 0, 1 Mode Control Register

7 ¢ 6 i 5 i o4 i 3 i 2 i 1 i 0
bit Symbol | TOTM1 i TO1MO : PWMO1 : PWMOO : T1CLK1 : TICLKO : TOCLK1 : TOCLKO
TOTMOD |Rread/write RIW
(0024H) Itterreset| o0 ¢ o ¢ o o o o o [ o
Set operating mode i PWMO cycle selection i Timer 1input clock i Timer 0 input clock
for timers 0, 1 : 00: Don'tcare : selection : selection
00: 8-bitinterval i 01:26-1 : 00: TOOTRG : 00:TIO
; timer P10:27-1 P01 ¢T1 P01 4T
Function 1 o1 1-bit interval Po11:28-1 i 10: 4T16 {10 4T4
timer : P11 4T256 P11 4T16
10: 8-bit PPG : : :
11: 8-bit PWM : :
| | |
|

l—>Tim«=,-r 0 input clock selection

00 | External clock TIO

11 | Internal clock ¢T16 (128/fc)

Timer 1 input clock selection

<TO01M1,0>#01 <TO01M1,0> =01
00 [Timer 0 comparator output | | imer 0 overflow
01 | Internal clock ¢T1 (8/fc) output
10 | Internal clock ¢T16 (128/fc) (16-bitinterval
........................................................ timer mcde)

11 | Internal clock ¢T256 (2048/fc)

—> PWMO cycle selection
(Except for PWM mode (<TO1M1, 0> = 11), don't care)

00 | Don'tcare

11 [ (28 - 1) xtimer 0 input clock cycle

Timers 0, 1 operating mode settings

00 | 8-bitinterval timer x 2 channels (timers 0, 1)

01 | 16-bitinterval timer

10 | 8-bit PPG output

8-bit PWM output (timer 0) + 8-bitinterval
timer (timer 1)

11

Figure 3.7 (2)-3 8-Bit Timer Related Register
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T23MOD
(0028H)

Timers 2, 3 Mode Control Register

7 ¢ 6 i 5 i o4 i 3 i 2 i 1 i 0
bitSymbol | T23M1 i T23M0 : PWM21 : PWM20 : T3CLK1 : T3CLKO : T2CLK1 : T2CLKO
Read/Write RIW
After reset o i 0 o i o o i 0o i o0 i 0

Set operating mode
fortimers 2, 3

{ PWM2 cycle selection | Timer 3 input clock
: selection

00: Don't care

i Timer 2 input clock
i selection

00: 8-bit interval 01:26-1 i 00: TO2TRG i 00: Don't care

; timer 10:27 -1 P01 ¢T1 P01 4T
Function 01: 16-bitinterval 11:28-1 ©10: gT16 ©10: 4T4
timer L1 4T256 P11 4T16

10: 8-bit PPG 5 :

11: 8-bit PWM : :

] ]

|

l—>Tim«=,-r 2 input clock selection

Don't care

Internal clock ¢T16 (128/fc)

Timer 3 input clock selection

<T23M1,0>#01

Timer 2 comparator output

................................................. Timer 2 overflow
Internal clock ¢T1 (8/fc) output

Internal clock ¢T16 (128/fc) (16-bitinterval
................................................. timer mcde)

Internal clock ¢T256 (2048/fc)

—> PWM2 cycle selection

(Except for PWM mode (<T23M1, 0> = 11), don't care)

Don't care

(28 - 1) xtimer 2 input clock cycle

Timers 2, 3 operating mode settings

00
01
10

11

8-bitinterval timer x 2 channels (timers 2, 3)

8-bit PWM output (timer 2)
+ 8-bitinterval timer (timer 3)

Figure 3.7 (2)-4 8-Bit Timer Related Register
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T45MOD
(002BH)

Timers 4, 5 Mode Control Register

7 ¢ 6 i 5 i o4 i 3 i 2 i 1 i 0
bit Symbol | T45M1 i T45MO0 : PWM41 : PWMA40 : T5CLK1 : T5CLKO : T4CLK1 : TACLKO
Read/Write RIW
After reset 0 i 0 0 ¢ 0 i 0 i 0 i 0 i 0

Set operating mode
fortimers 4,5

i PWMA4 cycle selection | Timer 5 input clock
: selection

00: Don't care

i Timer 4 input clock
i selection

00: 8-bit interval 01:26-1 i 00: TO4TRG {00: T4
; timer 10:27 -1 ©01: 4T P01: 4T
Function 01: 16-bitinterval 11:28-1 ©10: gT16 ©10: 4T4
timer L1 4T256 P11 4T16

10: 8-bit PPG : :

11: 8-bit PWM ; ;

| |

|

l—>Tim«=,-r 4 input clock selection

External clock TI4

Internal clock ¢T16 (128/fc)

Timer 5 input clock selection

<T45M1, 0> # 01

Timer 4 comparator output

................................................. Timer 4 overflow
Internal clock ¢T1 (8/fc) output

Internal clock ¢T16 (128/fc) (16-bitinterval
................................................. timer mcde)

Internal clock ¢T256 (2048/fc)

——> PWMA4 cycle selection

(Except for PWM mode (<T45M1, 0> = 11), don't care)

Don't care

(28 - 1) xtimer 4 input clock cycle

Timers 4, 5 operating mode settings

00
01
10

11

8-bitinterval timer x 2 channels (timers 4, 5)

8-bit PWM output (timer 4)
+ 8-bitinterval timer (timer 5)

Figure 3.7 (2)-5 8-Bit Timer Related Register
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T67MOD
(002FH)

Timers 6, 7 Mode Control Register

7 ¢ 6 i 5 i o4 i 3 i 2 i 1 i 0
bit Symbol | T67M1 : T67M0 : PWM61 : PWM60 : T7CLK1 : T7CLKO : T6CLK1 : T6CLKO
Read/Write RIW
After reset o i 0 o i o o i 0o i o0 i 0

Set operating mode
for timers 6, 7

{ PWMB6 cycle selection | Timer 7 input clock
: selection

00: Don't care

i Timer 6 input clock
i selection

00: 8-bitinterval 01:26-1 : 00: TO6TRG 00: Don't Care
; timer 10:27 -1 P01 ¢T1 P01 4T
Function 01: 16-bitinterval 11:28-1 ©10: gT16 ©10: 4T4
timer L1 4T256 P11 4T16

10: 8-bit PPG : :

11: 8-bit PWM : 5

| |

|

l—>Tim«=,-r 6 input clock selection

Don't care

Internal clock ¢T16 (128/fc)

Timer 7 input clock selection

<T67M1,0>+ 01

Timer 6 comparator output

................................................. Timer 6 overflow
Internal clock ¢T1 (8/fc) output

Internal clock ¢T16 (128/fc) (16-bitinterval
................................................. timer mcde)

Internal clock ¢T256 (2048/fc)

—> PWM6 cycle selection

(Except for PWM mode (<T67M1, 0> = 11), don't care)

Don't care

(28 - 1) xtimer 6 input clock cycle

Timers 6, 7 operating mode settings

00
01
10

11

8-bitinterval timer x 2 channels (timers 6, 7)

8-bit PWM output (timer 6)
+ 8-bitinterval timer (timer 7)

Figure 3.7 (2)-6 8-Bit Timer Related Register
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Timers 0, 2 Flip-Flop Control Register
TFF3 TFF1
I |
7 6 5 4 i 3 i o2 i1 P00
bit Symbol FF3C1 FF3C0 FF3IE FF3IS | FFICI FF1CO FF1IE FF11S
TO2FFCR | Read/Write w RIW : w : RIW
(0025H) Tafterreset | 1 1 1 & o { o : 1 i 1 i o i o0
TFF3 control E_TFF3 ) E,TFF?’ . iTFF1 control TEF E,TFH .
00: Invert TFF3 ;nversion :inversion : 00: Invert TFF1 ‘inversion élpversmn
icontrol  isignal : : : control isignal
, 01:Set  TFF3 {0: Disable selection :@ 01:Set  TFFI 50' Disable ‘selection
Function 10: Clear TFF3 :1:Enable :0:Inversion : 10:Clear TFF1 1: Enable {0 Inversion
11: Don't care : ! bytimer2: 11:Don'tcare P ! bytimer0
§‘I : Inversion : 1 : Inversion
! bytimer3: ! bytimer1
[
I |
I_’Timer flip-flop TFF1 inversion signal selection
(Except for 8-bit interval timer mode, don't care)
0 [ Inversion by timer 0
1 | Inversion by timer 1
—> Timer flip-flop TFF1 inversion control
0 | Disable
1 | Enable
—> Timer flip-flop TFF1 control
00 | Invert TFF1 value (software inversion)
01 [SetTFF1to 1
10 | Clear TFF1to 0
11 | Don't care (11 when read)
—>Timer flip-flop TFF3 inversion signal selection
(Except for 8-bit interval timer mode, don't care)
0 | Inversion by timer 2
1 [ Inversion by timer 3

Timer flip-flop TFF3 inversion control

Disable

Timer flip-flop TFF3 control

Invert TFF3 value (software inversion)

Don't care (11 when read)

Figure 3.7 (2)-7 8-Bit Timer Related Register
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Timers 4, 6 Flip-Flop Control Register
TFF7 TFFS
| 1 |
7 6 i 5 a i3 2 i1 0
bit Symbol FF7C1 FF7C0 i FF7IE i FF7IS FF5C1 FF5CO FFSIE | FF5IS
T46FFCR | Read/Write W _ RIW : W _ RIW
(002CH) [afterreset| 1 1 o : o : 1 . 1 i 0o I o0
TFF7 control :TFF7 ‘TFF7 :TFF5 control :TFF5 TFF5
00: Invert TFF7 ‘inversion iinversion ! 00: Invert TFF5 ‘inversion iinversion
01:Set  TFF7 icontrol  isignal i 01:Set TFF5 icontrol  isignal
. . 10: Clear TFF7 :0: Disable iselection : 10: Clear TFF5 :0: Disable iselection
unction 11: Don’t care :1:Enable :0:Inversion : 11: Don'tcare :1:Enable :0:Inversion
: © bytimer6: : ! bytimer4
§‘I : Inversion 1 : Inversion
! bytimer7: i bytimers
[
I |

L.

Timer flip-flop TFF5 inversion signal selection
(Except for 8-bit interval timer mode, don't care)

Inversion by timer 4

Inversion by timer 5

Timer flip-flop TFF5 inversion control

Enable

Timer flip-flop TFF5 control

Invert TFF5 value (software inversion)

Don't care (11 when read)

(Exce

—>Timer flip-flop TFF7 inversion signal selection

pt for 8-bit interval timer mode, don't care)

Inversion by timer 6

Inversion by timer 7

Timer flip-flop TFF7 inversion control

Disable

Timer flip-flop TFF7 control

Invert TFF7 value (software inversion)

Don't care (11 when read)

Figure 3.7 (2)-8 8-Bit Timer Related Register
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3.7.2 Block Structure

(1

Prescaler

The prescaler is a 9-bit divider circuit that divides its supplied clock (4/fc) by 2n (n=1, ..., 6, 9). The
clock supplied to the prescaler is the CPU clock (fc) divided by four (4/fc). The divided clock is used as
the input clock for such functions as the 8-bit timers, 16-bit timer/event counters, and baud rate
generator.

The prescaler count can be turned on and off using timer operation control register
T16RUN <PRRUN>. Setting TIGRUN <PRRUN > to 1 starts the count.

Setting 0 clears the divided clock to zero and stops the prescaler. A reset clears <PRRUN> to 0,
clearing and stopping the prescaler.

fc=25MHz Cvel
Input clock yce
$T1  (8/fc) 320 ns
¢T4 (32/f¢) 1.28 us
$T16 (128/fc) 5.12 us
$T256 (2048/fc) 81.92 us
$T2 478 4732
(16/fc) (64/fc) (256/fc)
¢TO ¢TI ¢T4 | 4T16 $T256
(4/fc) (8/fc) | (32/fc) [(128/fc) (2048/1c)
01 2 3 456 7 8
Oscillator | ¢
circuit ' 1/4 ' 9-bit prescaler
Trun /stop & clear
— 41
1/2 (System clock) T16RUN<PRRUN>
—>¢2
av — LT L L b L
4/fc ; !
(¢T0) 1 1

am—1 L L 1
T4 I_

Figure 3.7 (3) Prescaler
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(2)

3)

8-bit Up-Counters

The 8-bit up-counters UCO to 7 are the 8-bit binary counters for timers 0 to 7. The up-counters count up
on the internal or external clock selected by 8-bit timer mode control registers TO1MOD, T23MOD,
T45MOD, and T67MOD. The 8-bit timer operation control register TSRUN settings control the up-
counter operation,

The available input clocks for UCO, 2, 4, 6 are the internal clocks ¢T1, ¢T4, or $16. UCO and 4 can use
the external clocks input from the timer input pin (TI0 and TI4) signals.

The input clocks for UC1, 3, 5, 7 vary according to the operating mode.

In 16-bit timer mode, the overflow output signals of timer 0, 2, 4, 6 are used as the input clocks.

In other than 16-bit timer mode, the available input clocks are internal clocks ¢T1, ¢T16, ¢T256 or
TOxTRG (timer 0, 2, 4, 6 match detect signals).

A reset clears TSRUN and stops UCO to 7.

8-bit Timer Registers

The 8-bit timer registers are 8-bit registers for setting count values.

The comparator outputs a match detect signal when the value set in 8-bit timer register TREGO to 7
matches the 8-bit up-counter UCO to 7 value. If 00H is set, the match detect signal is output when the 8-
bit up-counter overflows.

8-bit timer registers TREGO, 2, 4, 6 have a double-buffer configuration (each has a dedicated register
buffer).

Timer register double-buffer control registers TRDC <TR0/2/4/6DE > enable or disable the double
buffer. Setting <TR0/2/4/6DE> to 0 disables the double-buffer; setting <TR0/2/4/6DE > to 1 enables
the double buffer.

When the double buffer is enabled, data are transferred from the register buffer to the timer register at
a 2n—1 overflow in pulse width modulation (PWM) mode, or at a cycle compare match in programmable
pulse generation (PPG) mode.

Always disable the double buffer in 8-bit and 16-bit interval timer modes.

A reset clears TRDC to 0 and disables the double buffer. When using the double buffer, first write data
to TREGO, 2, 4, 6 and set TRDC <TR0/2/4/6DE > to 1, then write the next settings.

As TREGO to 7 are undefined after a reset, set the registers before using the 8-bit timers.

Figure 3.7 (4) shows the configuration of timer registers 0, 2, 4, 6.
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Up-counter

N/

Comparator

N

Timer register 0, 2, 4, 6 |

AN

Shift trigger

_C(::: PPG cycle match detect
PWM 2" - 1 overflow

TREGO. 2. 4. 6

Selector

|

Register buffer0, 2,4, 6 | _l

Write

q Internal bus §

TRDC<TRO, 2, 4, 6DE>

Figure 3.7 (4) Configuration of Timer Registers 0, 2,4, 6

Note: The timer register and register buffer are allocated to the same address in memory.

When TRDC <TR0/2/4/6DE > is set to 0, the same value

is written to both the register

buffer and the timer register. When TRDC <TR0/2/4/6DE > is set to 1, the value is written
to the register buffer only. Accordingly, when writing the initial values to the timer

registers, first disable the register buffers.

The timer registers are located in memory as follows.

TREGO TREG1 TREG2 TREG3
8 bits 8 bits 8 bits 8 bits
000022H 000023H 000026H 000027H
TREG4 TREG5 TREG6 TREG7
8 bits 8 bits 8 bits 8 bits
000029H 00002AH 00002DH 00002EH

All registers are write-only and therefore cannot be read.
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(4)

(5

8-bit Comparator

The 8-bit comparator compares the 8-bit up-counter value with the 8-bit timer register value and
detects when the values are equal (match). If the values match, a match detect signal is output, the 8-
bit up-counter is cleared to zero, and an interrupt is generated (INTTO to 7).

Timer Flip-Flops

The timer flip-flops (TFF1, TFF3, TFF5, TFF7) are inverted by a match detect signal from the 8-bit
comparator.

Timer flip-flop control registers TO2FFCR <FF3IE >, <FF1IE >, and T46FFCR <FF7IE >, <FF5IE >
enable or disable inversion. Setting these bits to 0 disables inversion; setting to 1 enables inversion.
The timer flip-flop values after a reset are undefined. Writing 01 or 10 to TO2FFCR<FF3C1, 0>,
<FF1C1, 0>, or T46FFCR<FF7C1, 0>, <FF5C1, 0> sets the timer flip-flop to 0 or 1. Writing 00 to
the bits inverts the timer flip-flop value (software inversion).

The TFF1, TFF3, TFF5, and TFF7 values can be output to the timer output pins TO1 (shared with P71),
TO3 (shared with P72), TO5 (shared with P74), and TO7 (shared with P75) respectively.

As the timer output pins also function as P71, P72, P74, and P75, be sure to set the port 7 function
register (P7FC) before performing timer output.

(See Figure 3.5 (24) Port 7 Registers)
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3.7.3 Operation Description for Each Mode
(1) 8-bitInterval Timer Mode

The eight interval timers 0 to 7 can be used independently. When setting the functions and count data,
first stop timers 0 to 7.
The following describes the example of timer 1 only.

@ Generate interrupts at fixed intervals

Use TO1IMOD to select the operating mode and input clock. Set the interval time (cycle) in TREG1.
Enable interrupt INTT1 such that INTT1 is generated when a match occurs between UC1 and TREG1.
After setting the registers, start the timer counting.

Table 3.7 (1) shows the input clock selection.

Example: To generate a timer 1 interrupt every 32 us (at fe=25MHz), set the registers in the

following order:
MSB LSB
B 76543210
TBRUN ¢ - = — - — = 0 - Stop timer 1 and clear to zero.
TOIMOD « 00XXO01-~- Set 8-bit interval timer mode and set input clock to ¢T1
(0.32 us @fc =25 MHz).
TREG1 « 01100100 Set32 us + 4T1=100 (64H) in timer register.
INTETO1 « 1101 -~ -~ Enable INTT1 and set interrupt level to 5.
TIBRUN « 1 X --X XXX
TBRUN ¢ - - - - - - 1- Start timer 1 counting.
Note: X:Don’tcare - :no change

Table 3.7 (1) Selecting Interval and Input Clock for 8-Bit Timer Interrupt

Input Clock Interrupt Interval (@fc =25 MHz) Resolution
$T1 (8/fc) 03245 to 81.92 us 0.32 us
¢ T4 (32/fc) 1.28us to 327.7 us 1.28 us
$T16 (128/fc) 51245 to 1.311 ms 5.12 us
$T256 (2048/fc) 81.92us to 20.97 ms 81.92 us
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@ Generate square wave with 50%-duty cycle

To output a square wave with a duty cycle of 50%, set a count value equivalent to half the desired cycle
and TFF1 to invert on a match detect signal from timer 1 (TO2FFCR<FF1IE, FF1IS> =11).
Also, set P71 as a timer output (P7TCR<P71C> =1, P7TFC<P71F>=1)

Example: To output a square wave from pin TO1 with an interval of 1.92 us (at fc=25MHz), set the
registers in the following order:

MSB LSB
3 76543210
TBRUN ¢« —-X=-=---10 - Stop timer 1 and clear to zero.
TOIMOD « O00XXO01-~- Set 8-bit interval timer mode and set input clock to
4T1.
TREGIT « 000000 Set 1.92 us + ¢T1(0.32 us) + 2 =3 in timer register.
TO2FFCR ¢« - - - - Clear TFF1 to 0 and set to invert on match detect signal
from timer 1.
P7CR €« XX=-=-=-=-1- _
P7EC . X - - X -1X SetP71asTO1 pin.
T16RUN <« 1X-=-XXXX
| TBRUN ¢« = = = = = - 1- Start timer 1 counting.
Note: X:Don’tcare - :nochange
a1 I I I Irir i IrtrrrrYrri
T8RUN I
BIT7~2 _
Up- I ; I
counter BITT I I—I I_
BITO 0 | 1 | 2 | 3 of 1+ |2 |3 Lo 2 3 0
Compare
timire 11 M r rr nri
Comparator output g‘—l
(match detect) I—I I—I
INTT1 QT/ I_I I_I
Up-counter
clear ﬂ/ “ "
TEF1 \‘ | i
{ | .
TO1 i i\ /o

0.96 s @fc =25 MHz

Figure 3.7 (5) Square Wave (50% Duty Cycle) Output Timing Chart
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@ To count up at each timer 0 match output, set timer 1

Set 8-bit timer mode and the timer 0 comparator output as the timer 1 input clock (T01MOD <T1CLK1,

0>=00).
Timer 0 up-counter 1X2X3X4X5X1X2X3X4X5X1X2X3X:
(when TREGO = 5)
Timer 0 Timer 0
Timer 0 comparator match detect match detect
output
Timer 1 up-counter 1 X 2 X 1
(when TREG1 =2)
Timer 1 comparator |-| Timer 1
output match detect

Figure 3.7 (6) Using Timer 0 to Drive Timer 1 Count

(2) 16-Bit Interval Timer Mode

The 8-bit timers can be cascaded in pairs (timers 0 and 1, 2 and 3, 4 and 5, 6 and 7) to create 16-bit
interval timers.

Timers 0 and 1, 2 and 3, 4 and 5, 6 and 7 operate the same. Each pair can be used independently.

The following describes the example of timers 0 and 1.

To cascade timers 0 and 1 to form a 16-bit interval timer, set the timer 0, 1 mode control register
T01MOD <T01M1, 0> to 01.

When 16-bit interval timer mode is set, the T0O1MOD <T1CLK1, 0> setting is ignored and the timer 0
overflow output is forcibly set as the timer 1 input clock.

Figure 3.7 (2) shows the relationship between the timer (interrupt) interval and the input clock
selection.

Table 3.7 (2) 16-Bit Timer (Interrupt) Interval and Input Clock Selection

Input Clock Interrupt Interval (fc =25 MHz) Resolution
$T1 (8/fc) 032 s to 20.971ms 0.32 us
¢T4 (32/fc) 1.28 us to 83.885ms 1.28 us
$T16 (128/fc) 5.12 us to 335.539ms 5.12 us
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To set the timer interrupt interval, set the lower eight bits in timer register TREGO and the upper eight
bits in TREG1. Be sure to set TREGO first (as entering data in TREGO temporarily disables compare,
while entering data in TREG1 starts compare).

Example: To generate interrupt INTT1 every 0.32s at fe=25MHz, set the following values in timer
registers TREGO and TREG1:
Using ¢T16 (= 5.12 us @ 25MHz) as a timer input clock
0.32s + 5.12 s = 62500 = F424H
Therefore, set TREG1 to F4H, and TREGO to 24H.

When up-counter UC1 and TREG1 match, at comparator timing the timer 1 comparator outputs a
match detect signal.

When comparator match detect signals for both timer 0 and timer 1 are output at the same time, up-
counter 0 and up-counter 1 are cleared to 0 and interrupt INTT1 only is generated. When the timer flip-
flop inversion is enabled, the value of timer flip-flop TFF1 is inverted.

Table 3.7 (3) Differences Between 16-Bit Timer Mode and 8-Bit Timer Mode
(Timer 1 Input Clock: TOOTRG)
Timer 0 Timer 1
Counter operation Counter operation
~INTTO TO1 output when match (INTTH TO1 output when match
interrupt detected interrupt detected
16-bit timer mode No Output disabled | TREGO Interrupt Output enabled |TREG1 x 28 + TREGO
count-up timer 1 interrupt of asignal count-up even generated canoutput \ |: Fyl 16 bits
on each timer 0 generated || Ndicatinga when amatch a match (clear at match)
overflow match with occurs. Clear at signal for
TREGO is match with both timers
disabled TREG1 Oand1
8-bit timer mode Interrupt Output enabled | TREGO Interrupt Output enabled |TREG1 x TREGO
count up timer 1 generated either from (clear at match) | generated either from : Multiplication
on each timer 0 timer O or timer 0 or value
match timer 1 timer 1 (clear at match)
Example: When TREG1=04H and TREGO0 =80H:
Up-counter values
(uc1, uco) 0000H 0080H 0180H 0280H 0380H 0480H
Timer 0 comparator match "

detect signal

Interrupt INTT1

Timer output TO1

X Invert

Figure 3.7 (7) Timer Output for 16-Bit Timer Mode
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3)

8-Bit Programmable Pulse Generation (PPG) Output Mode

Timers 0, 2, 4, or 6 can output square waves with variable frequencies and variable duty
(programmable pulse generation). The output pulse can be set to either active low or active high.
Timers 1, 3, 5, and 7 cannot be used in this mode.
Timer 0 outputs from pin TO1 (shared with pin P71), timer 2 outputs from pin TO3 (shared with pin
P72), timer 4 outputs from TO5 (shared with pin P74), and timer 6 outputs from TO7 (shared with pin
P75).
The following describes the example of timer 0. (Timers 2, 4, 6 operate the same.)
A programmable square wave can be output from pin TO1 by setting 8-bit programmable square wave
output mode and enabling inversion of the timer flip-flop TFF1.
The TFF1 value is inverted by a match between 8-bit up-counter UC0 and TREGO, and by a match with
TREG1. UCO is cleared by a match with TREG1.
In PPG mode, timer 1 cannot be used, but timer 1 up-counter UCl must be run
(TSRUN<T1RUN> =1).
Also, the TREGO and TREG]1 settings in PPG mode must satisfy the following condition.

(TREGO setting value) < (TREG1 setting value)

Al Al

Match between TREGO
and UCO (interrupt INTTO)

Match between TREG1 H H
and UCO (interrupt INTT1) / /
TO1 TREGD,|
|
TREG1

Figure 3.7 (8) 8-Bit PPG Output Waveform
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TO1
Pin TIO —> T8RUN<TORUN> 4
#T1(8/fc) —>1 Selector _bi - =
476 (128/¢) 8-bit up-counter Cloar TFF1 |<— TO2FFCR<FF1IE>=1
$T256 (2048/fc) —>| (uco)
T f I | Invert
TO1MOD <TOCLK1, 0>
\l INTTO
A4
| Comparator | Comparator l INTT1
N\
L | TREG 0 |
N\
TREGO-WR->| Selector | shift trigger
| Register buffer | | TREG 1 |
TRDC<TRODE> AN AN

Internal data bus

Figure 3.7 (9) Block Diagram of 8-Bit PPG Output Mode

Enabling the timer register TREGO double buffer in this mode shifts the register buffer value to TREGO
when timer register TREG1 matches 8-bit up-counter UCO.
Using the double buffer facilitates handling of small duty waves (when changing the duty).

Match with TREGO

Match with TREG1

TREGO
(Compare value)

Register buffer

[

(Up-c

ounter=Q,)

(Up-counter =Q5)

(Shift from register buffer

Q1

A

Q2

7

Q2

X Qs

Figure 3.7 (10)

Write to register buffer

Register Buffer Operation
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Example: Output 1/4-duty 78.125kHz-pulse (@fc=25MHz)

Calculate the setting of the timer register.
Setting the frequency to 78.125kHz creates a square wave with a cycle of t=1/78.125kHz=12.8 us.

gy Iy
v

Using ¢T1=0.32 us (@fc=25MHz) results in
12.8 us + 0.32 us = 40

Accordingly, set TREG1=40=28H.

Next, set the duty to 1/4 as follows:
tX1/4 =12.8 usX1/4 = 3.2 us

As with TREG1,
32us +032us=10

Accordingly, set TREG0=10=0AH.

MSB LSB

76543210
[T8RUN « - - - - - - 00 Stop timers 0 and 1, and clear to 0.
TI6RUN « 0 X - - X X X X
TOIMOD « 10X X0101 Set 8-bit PPG mode and set input clock to ¢T1.
TO2FFCR¢ - - - - 011 x Set TFF1 and enable inversion.

Setting to 10 obtains negative logic output wave.

TREGO « 00001010 Write OAH.
TREG1T « 00101000 Write 28H.
PICR ¢ XX----1- _
PTFC ¢ XX - - X - 1X }SetP71toTO1p|n.
TI6RUN « 1 X - - X X X X
[ TBRUN ¢ - - - - - - 11 Start timers 0 and 1 counting.
Note: X:Don’t care - :no change
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(4) 8-Bit Pulse Width Modulation (PWM) Output Mode (PWM : Pulse Width Modulation)

Only timers 0, 2, 4, 6 can be set to this mode, which allows up to four pulse width modulation outputs
with 8-bit resolution. Timers 1, 3, 5, and 7 can be used as 8-bit timers.

In the case of timer 0, PWM is output to pin TO1 (shared with P71). In the case of timers 2, 4, 6, PWM is
output to pins TO8 (shared with P72), TO5 (shared with P74), and TO7 (shared with P75) respectively.
Here, the example of timer 0 is used. (Timers 2, 4, 6 operate the same as timer 0.)

Timer output inversion occurs when the 8-bit up-counter UCO setting and the timer register TREGO
setting match, or when 2n—1 (T01MOD specifies one of n=6, n="7, or n=8) counter overflow occurs.
UCO0 is cleared by the 2n—1 counter overflow.

In addition, the following conditions must be satisfied when using 8-bit PWM output mode:

(Timer register setting) < (2n —1 counter overflow setting)
(Timer register setting) # 0

Match between TREGO A Al I

and up-counter0 /
2n-1
overflow / /ﬂ /‘"
(interrupt INTTO) \ ( \ (

TO1 | *!_l o L

(PWM interval)

Figure 3.7 (11) 8-Bit PWM Output Waveform
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TO1
T8RUN <TORUN> A
TIO pi —>
¢$1p('8n/fc) 8-bit up-counter TO2FFCR
$T4(321f) — Selector (uco) Clear TR FEIE Pl
#T16 (128/fc) —>| )
| t
2n-1 TO1MOD nver
<T10M1,0>=11
TOTMOD <TOCLK1, 0> :(> overflow T01MOD
control <PWMM1, 0>
A4 Overflow
| Comparator I
AN
b INTTO
L | TREGO |
AN
Selector Shift trigger
TREGO-WR—| .
| Register buffer |
TRDC<TRODE> ﬁ
S Internal data bus S

Figure 3.7 (12) Block Diagram of 8-Bit PWM Output Mode

Enabling the TREGO double-buffer in this mode shifts the register buffer value to TREGO when 2n —1
counter overflow is detected.
Using the double buffer facilitates handling of small duty waves.

Match with TREGO " "
(Up-counter=Q) (Up-counter = Q)

2n -1
overflow

(Shift from register buffer

TREGO Q1 \X Q2

(compare value)

Q2 X Q3

Register buffer

Write to register buffer

Figure 3.7 (13) Register Buffer Operation
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Example: Output following PWM waveform to pin TO1 (@fc=25MHz)

28.8 us

I
L

l<— 40.64 ys —>

I

To realize a PWM interval of 40.64 us using ¢T1=0.32 us (@fc=25MHz):
40.64 us + 0.32 us = 127 = 2n—-1
Accordingly, setn="17.
As the low level cycle is 28.8 us, at 4T1=0.32 us,
28.8 us + 0.32 us = 90
Accordingly, set TREGO=90=5AH.

MSB LSB

B 76543210

TBRUN ¢ - - - = = - = 0 Stop timer 0 and clear to 0.

TOIMOD « 1110--01 Set 8-bit PWM mode (interval = 27 -1) and set input
clockto ¢T1.

TO2FFCR ¢ - ---101X Clear TFF1 and enable inversion.

TREGO « 01011010 Write 5AH.

P7CR « XX----1- )

PTEC € XX --X-1x } SetP71to pin TO1.

TIGRUN « 1 X - -X XXX

[TBRUN ¢ =- - - - - - - 1 Start timer 0 counting.

Note: X:Don’t care - :no change

Table 3.7 (4) shows the timer input clock source and the PWM interval determined by the (2n—1)

counter.
Table 3.7 (4) Setting of PWM Interval (@fc = 25MHz)
@0 -1) COL:::’:: o #T1 T4 $T16
26 -1 20.2 us (49.6 kHz) 80.6 us (12.4kHz) 322.6 us (3.1kHz)
27 -1 40.6 s (24.6 kHz) 162.6 us (6.2 kHz) 650.2 us (1.5 kHz)
28-1 81.6 us (12.3 kHz) 326.4 us (3.1kHz) 1.31 ms (0.8 kHz)
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(5) Timer Mode List

The 8-bit timers 0 to 7 can be set to 8-bit timer mode, 16-bit timer mode, 8-bit PPG mode, or 8-bit PWM
mode. Table 3.7 (5) lists settings for the timer modes.

Table 3.7 (5) Settings for All Timer Modes

Register Name TxxMOD TxxFFCR
Timer mode PWM interval Upper timer Lower timer input Inversion select
bit Symbol input clock clock
<TO1M1,0> <PWMO1, 00> <TICLK1,0> <TOCLK1, 0> <FF1IS>
Timer mode <T23M1,0> | <PWM21,20> | <T3CLK1,0> <T2cLk1, 05" <FR31s>
(for 8-bit timer <T45M1,0> <PWM41, 40> <T5CLK1,0> <T4CLK1,0> <FF5IS>
channels x 2) <T67M1,0> | <PWM61,60> | <T7CLK1,0> <T6CLK1, 05" <FF7IS>
00 : External input
e . 01: ¢T1
16-bit timer (full 16 bits) x 1ch 01 - - ¢ -
10: ¢T4
11: ¢4T16
8-bit timer 00 : External input
(8-bit x 8-bitmode) x 1ch 00 00 01: ¢T1 0: Lower timer
(Inputs lower timer comparator 10: ¢T4 1: Upper timer
output to upper timer) 11: 4T16
00: Don’tcare |[00: External input
8-bit timer x 2¢ch 00 _ 01:¢T1 01: ¢T1 0: Lowertllmer
10: ¢T16 10: ¢T4 1: Upper timer
11: 4T256 11: ¢T16
00 : External input
1:4T1
8-bit PPG x 1ch 10 - - 01: ¢ -
10: ¢T4
11: ¢4T16
00 : Don'tcare 00: Don'tcare |00 : External input
8-bit PWM x 1ch (lower) " 01:25-1 01: ¢TI 01: ¢T1
8-bit timer x 1ch (upper) 10:27 -1 10: 4T16 10: ¢T4
11:28 1 11: ¢T256 11: ¢T16

Note: External clock is not input to timer 2 or timer 6.
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3.8

16-Bit Timers/ Event Counters

TMP95CS64/265 incorporates two multi-function 16-bit timer/event counters (timers 8 and 9). Timers
8 and 9 have the same functions and can operate independently. The 16-bit timers have the following
three operating modes.

® 16-bit interval timer mode
® 16-bit event counter mode

® 16-bit programmable pulse generation (PPG) output mode

The capture function can also be used to perform the following operations.

® One-shot pulse output from the external trigger pulse
® Frequency measurement
® Pulse width measurement

® Time differential measurement

Also, the 16-bit timers can be used to output a signal with any phase difference.

Figure 3.8 (1) is a block diagram of the 16-bit timer/event counters (timer 8). Timer 9 also has the same
circuit configuration.

Each 16-bit timer / event counter consists of a 16-bit up-counter, a 16-bit comparator, a 16-bit timer
register, and a 16-bit capture register. Timers 8 and 9 each have two timer flip-flops (TFF8/9 and
TFFA/B).

Clock sources ¢T1, ¢T4, and ¢T16 input to the 16-bit timers are obtained from the internal 9-bit
prescaler (see 3.7.2 (1), Prescaler).

The 16-bit timer/event counters are controlled by six control registers (TSMOD, T9MOD, T8FFCR,
T9FFCR, T16RUN, and T89CR).
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Figure 3.8 (1) 16-Bit Timer Block Diagram (Timer 8)
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3.8.1 16-Bit Timer/Event Counter Registers

Figure 3.7 (2) shows the 16-bit timer/event counter related registers.
These register settings control the 16-bit timer/event counter operations.

Timer 8, 9 Control Register

7 ¢ 6 i 5 i a4 i 3 i 2 i 1 i 0
T89CR |bit Symbol | - - DBAEN : DBSEN
(003AH) Read/Write R/W R/W
After reset 0 0 0 0
Note: ‘Note: .TREGA  iTREGS
Always | : : : © Always .double  :double
cunction | foead to0. : : : ey Cbuffer ibuffer
unction | fixed to 0; : : : : Txedt00: ontrol  :control
: : : : :0: Disable :0: Disable
: : : {1:Enable :1:Enable
i R
Timer register A double buffer control Timer register 8 double buffer control
0 | Disable 0 | Disable
1 | Enable 1 | Enable
16-bit Timer Operation Control Register
7 ¢ 6 i 5 i a4 i 3 i 2 i 1 i 9
T16RUN | bit Symbol | PRRUN : . TORUN : T8RUN : : :
(003BH) Read/Write R/W R/W
After reset 0 0 0
Prescaler : ‘Timer9  iTimer8
Function | OPeration: ‘operation :operation :
control icontrol  icontrol
0:Stop :0: Stop  i0: Stop
and : : and : and
clear i clear i clear
1: Run : :1: Run :1: Run
l Timer 8 up-counter operation control
0 |Stopandclear
1 Run
Prescaler operation control (Note) Timer 9 up-counter operation control
0 |Stopandclear 0 |Stopandclear
1 |[Run 1 |Run

Note: When running a 16-bit timer, set TIGRUN <PRRUN > to 1.

Figure 3.8 (2)-1 16-Bit Timer/Event Counter Related Registers
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Timer 8 Mode Control Register
7 ¢ 6 i 5 i a4 i 3 L 2 i 1 i 9
T8MOD |bit Symbol | CAP2T9 i EQOT9 : CAPTIN CAP12M1:CAP12MO: CLE | T8CLK1 ; T8CLKO
(0038H) [geadwrite RIW Poow RIW
After reset 0 T o i 0 i o0 0
TFF9 inversion trigger ESoftware ECapture timing ETimer 8 ETimer 8 source clock
0: Trigger disable icapture  :00: Disable ‘up- iselection
. 1: Trigger enable icontrol ! INT5atrising edgeicounter :00:TI8
Function — 20 :Software 01: TIBT TI9] icontrol  :01: ¢T1
Atloading :Atmatch o i |NT5onrising edgei0: Clear :10: 4T4
ofup-  ibetween i, .5, .icaeit0:TIBT TIS| i disable i11: 4T16
counter  :up- : i INT5onfallingedgei1: Clear
valueto icounter M1:TFEIT TFFT)  © enable :
CAP2 iand : INT5 on rising edge' :
:TREGY : : :
| | | |

|-> Timer 8 capture timing

|:Timer8input clock

Capture control INT5 control
00 | Capture disable
............................. :...................... INTSgenerated OnTIS
01 CAP1 on TI8 rising edge rising edge 4
CAP2 on TI9rising edge
10 CAP1 on TI8 rising edge INT5 generated on TI8
CAP2 on TI8 falling edge falling edge _\_
CAP1on TFF1risingedge | INT5 generated on TI8
11 ) -
CAP2 on TFF1 falling edge | rising edge J_

(alwa

—>Software capture control

sread as 1)

At loading of up-counter 8 value to CAP1

Don't care

—> At match between up-counter and TREG9
Invert trigger of timer flip-flop 9 (TFF9)

Trigger disable (inversion disabled)

Trigger enable (inversion enabled)

— > At loading of up-counter value to CAP2

Invert trigger of timer flip-flop 9 (TFF9)

Trigger disable (inversion disabled)

Trigger enable (inversion enabled)

00, | External inputcock (T18)
N

101 8TABAI
11 $T16 (128/fc)

Up-counter (UC8) clear

Disable up-counter clear

1 | Clear at match with TREG9

Figure 3.8 (2)-2 16-Bit Timer/Event Counter Related Register
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Timer 8 Flip-Flop Control Register

7 ¢ 6 : 5 i 4 i 3 i 2 i 1 i 0
T8FFCR |bit Symbol | TFFC1 © TFFOCO | CAP2T8 i CAP1T8 | EQIT8 : EQ8T8 | TFF8C1 | TFF8CO
(0039H) Read/Write w R/W w
After reset 1 1 0 0 0 0 1 1
TFF9 control :TFF8 inversion trigger ‘TFF8 control
00: Invert TFF9 O Trigger disable ;OO: Invert TFF8
Function |01:Set  TFF9 :1: Trigger enable [01:Set  TFF8
10: Clear TFF9 ‘At loading At loading At match :Atmatch :10:Clear TFF8
11: Don't care iof up- ‘of up- :between :between 1. pon‘tcare
icounter  :icounter :UP- up- :
‘valueto ivalueto :counter icounter
{CAP2 {CAP1 iand TREG9 :and TREG8:

| | | [

|—>Timer flip-flop 8 (TFF8) control

00 | Invert TFF8 value (software inversion)

11 | Don't care (always read as 11)

—> At match between up-counter and TREG8
Invert trigger of timer flip-flop 8 (TFF8)

0 [ Trigger disable (inversion disabled)

1 | Trigger enable (inversion enabled)

—> At match between up-counter and TREG9
Invert trigger of timer flip-flop 8 (TFF8)

0 [ Trigger disable (inversion disabled)

1 | Trigger enable (inversion enabled)

—> At loading of up-counter value to CAP1
Invert trigger of timer flip-flop 8 (TFF8)

0 [ Triggerdisable (inversion disabled)

1 | Trigger enable (inversion enabled)

—> At loading of up-counter value to CAP2
Invert trigger of timer flip-flop 8 (TFF8)

0 | Trigger disable (inversion disabled)

1 | Trigger enable (inversion enabled)

Timer flip-flop 9 (TFF9) control

00 | Invert TFF9 value (software inversion)

11 | Don't care (always read as 11)

Figure 3.8 (2)-3 16-Bit Timer/Event Counter Related Register
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Timer 9 Mode Control Register
7 | 6 | 5 4 ¢ 3 i 2 i 1 i 0
TOMOD |bit Symbol | CAPATB | EQBTB : CAP3IN :CAP34M1:iCAP34MO: CLE : T9CLK1 : TICLKO
(0048H) IReadwrite RAW oW RIW
Afterreset| 0 ¢ o0 i 1 ¢ 0 i 0 i 0 i 0 i 0
TFFB inversion trigger ESoftware :Capture timing ETimerQ :Timer 9 source clock
0: Trigger disable icapture  :00: Disable fup- iselection
. 1: Trigger enable ‘control INT7 is rising edge icounter  :00: TIA
Function 99 : 0:software (01: TIAT TIBT  icontrol  :01: ¢T1
A;‘ loading §'§t match capture :  INT7 onrising edge :0: Clear  :10: T4
Orup  IDSWEN ipont  {10:TIAT TIAL i disable i11:4T16
value to écgunter care i INT7 on falling edgei1: Clear
CAPA . iand M1:TFF1T TFF1] | enable !
TREGB i INT7 onrising edge:
| | |

|-> Timer 9 capture timing

|:Timer 9 input clock

Capture control INT7 control
00 [ Capturedisable
.............................. ....................... INT7generated on
01 CAP3 on TlA rising edge TlArising edge __4

CAP4 on TIB rising edge

10 CAP3 on TlArising edge INT7 generated on
CAP4onTIA fallingedge | TIAfalling edge_\_
1 CAP3onTFF1risingedge |INT7 generatedon

CAP4 on TFF1 falling edge

TIA rising edge 4

—>Software capture control
(always read as 1)

0 | Atloading of up-counter 9 value to CAP3

1 | Don'tcare

External input clock (TIA)

$T16 (128/f¢)

—> Up-counter (UC9) clear

Disable up-counter clear

Clear at match with TREGB

—> At match between up-counter and TREGB
Invert trigger of timer flip-flop B (TFFB)

0 | Trigger disable (inversion disabled)

1 | Trigger enable (inversion enabled)

— > At loading of up-counter value to CAP2

Timer flip-flop B (TFFB) inversion trigger

0 | Trigger disable (inversion disabled)

1) | Trigger enable (inversion enabled)

Figure 3.8 (2)-4 16-Bit Timer/Event Counter Related Register
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Timer 9 Flip-Flop Control Register
7 6 : 5 i 4 i 3 i 2 i 1 i 0
TOFFCR |bit Symbol | TFFBC1 © TFFBCO | CAP4TA i CAP3TA | EQBTA : EQATA | TFFACT : TFFACO
(0049H) Read/Write w : R/IW w
After reset 1 1 0 0 : 0 0 1 1
TFFB control : TFFA inversion trigger ‘TFFA control
00: Invert TFFB 0 Trigger disable 500: Invert TFFA
Function |01:Set  TFFB :1: Trigger enable i01:Set  TFFA
10: Clear TFFB ‘At loading At loading At match Atmatch :10: Clear TFFA
11: Don't care :of up- iof up- ibetween :between :11.pon‘tcare
icounter icounter iup- fup- :
ivalueto :valueto :counter counter
:CAP4 :CAP3 :and TREG9 :and TREG8:
|

— | |

|—>Timer

flip-flop A (TFFA) control

Invert TFFA value (software inversion)

Don't care (always read as 11)

—>Atma
Timer

tch between up-counter and TREGA
flip-flop A (TFFA) inversion trigger

Trigger disable (inversion disabled)

Trigger enable (inversion enabled)

—>Atma
Timer

tch between up-counter and TREGB
flip-flop A (TFFA) inversion trigger

Trigger disable (inversion disabled)

Trigger enable (inversion enabled)

—>Atloa

Timer

ding of up-counter value to CAP3
flip-flop A (TFFA) inversion trigger

Trigger disable (inversion disabled)

Trigger enable (inversion enabled)

—>Atloa

Timer

ding of up-counter value to CAP4
flip-flop A (TFFA) inversion trigger

Trigger disable (inversion disabled)

Trigger enable (inversion enabled)

flip-flop B (TFFB) control

Invert TFFB value (software inversion)

Don't care (always read as 11)

Figure 3.8 (2)-5 16-Bit Timer/Event Counter Related Register
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3.8.2 Block Structure

(M

(2)

16-bit Up-Counters

16-bit up-counters UC8 and 9 are 16-bit binary counters for timers 8 and 9.

These up-counters count up on the external and internal clocks selected by 16-bit timer mode control
registers TSMOD and TO9MOD. To control the up-counter operations, use 16-bit timer operation control
register TIGRUN,

The UCS8, 9 input clock is selected from either internal clocks 4T1, 4T4, and 4T16, or the external clocks
input from the timer input pin (TI8 and TI9).

Any overflow from UC8 or 9 triggers interrupt request INTTO8 or INTTO9.

At areset, TI6RUN is cleared, and the prescaler and UC8, 9 are stopped.

16-Bit Timer Registers

Each timer has two internal 16-bit timer registers for setting counters. A match between these timer
register settings and the value of the 16-bit up-counter UC8, 9 outputs a comparator match detect
signal.

Data set to 16-bit timer registers TREG8, TREG9 and TREGA, TREGB use a 2-byte data transfer
instruction, or two 1-byte data transfer instructions; first for the lower eight bits, then for the upper
eight bits.

: TREG 8 TREG 9 :
Upper eight bits | Lower eight bits Upper eight bits | Lower eight bits
000031H 000030H 000033H 000032H

B I 82T T P

: TREG A TREGB
Upper eight bits | Lower eight bits Upper eight bits | Lower eight bits
000041H 000040H 000043H 000042H

TREGS8 to TREGB are write-only registers and therefore cannot be read.
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3)

Of the 16-bit timer registers, TREG8 and TREGA have a double-buffer configuration (each has a
register buffer).
Timer 8, 9 control register TSOCR<DB8EN, DBAEN > enables/disables the double buffer. Setting
<DB8EN, DBAEN > to 0 disables the double buffer; setting <DB8EN, DBAEN> to 1 enables the
double buffer.
With the double buffer enabled, data are transmitted from the register buffer to the timer register at a
match between up-counter UC8 and TREGY, or between UC9 and timer register TREGB.
As TREGS8 to TREGB are undefined after a reset, when using a 16-bit timer write the data first.
A reset clears T89CR to 0 and disables the double buffer. When using the double buffer, write data to
TREGS8, TREGA, set TSOCR<DBSEN, DBAEN > to 1, then write the next data to the register buffer.
The 16-bit timer registers and register buffers are allocated to the same addresses in memory. When
T89CR <DB8EN, DBAEN > is set to 0, the same value is written to the timer register and register
buffer.

When <DB8EN, DBAEN > is set to 1, the value is written to the register buffer only. Therefore, the
register buffer must be disabled before writing the initial value to the timer register.

Capture Register

The capture register is a 16-bit register for latching the 16-bit up-counter UC8, 9 value.
When reading the capture register, use a 2-byte data load instruction, or two 1-byte data load
instructions; first to read the lower eight bits, then to read the upper eight bits.

B T 2 = & T
: CAP 1 CAP 2
Upper eight bits | Lower eight bits Upper eight bits | Lower eight bits
000035H 000034H 000037H 000036H
B I 2 = 2
: CAP3 CAP4
Upper eight bits | Lower eight bits Upper eight bits | Lower eight bits
000045H 000044H 000047H 000046H

CAP1 to CAP4 are read-only registers and cannot be written by software.
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(4)

(5

Capture Input Control

The capture input control circuit controls the timing of the latching of the 16-bit up-counter UC8, 9
value to capture registers CAP1, CAP2, CAP3, and CAP4. Set the capture register latch timing with
the timer 8, 9 mode control registers TSMOD < CAP12M1, 0>, TOMOD <CAP34M1,0>.

The following describes the latch timing setting and operation.

® When TSMOD <CAP12M1, 0>, TOMOD <CAP34M1, 0> are set to 00:
The capture function is disabled. A reset also disables the capture function.

® When TSMOD <CAP12M1, 0>, T9IMOD <CAP34M1, 0> are set to 01:
On the external input rising edge of TI8 (shared with P90/INT5) and TIA (shared with P94/INT7),
capture register CAP1, CAP3 loads the up-counter value. On the external input rising edge of TI9
(shared with P91/INT6) and TIB (shared with P95/INT8), capture register CAP2, CAP4 loads the up-
counter value. (Time differential measurement)

® When TSMOD <CAP12M1, 0>, T9MOD <CAP34M1, 0> are set to 10:
On the TI8, TIA external input rising edge, capture register CAP1, CAP3 loads the up-counter
value. On the input falling edge, capture register CAP2, CAP4 loads the up-counter value.
Interrupt INT4, INTS6 is generated on a falling edge in this mode only. (Pulse width measurement)

® When TSMOD <CAP12M1, 0>, T9IMOD <CAP34M1, 0> are set to 11:
On the timer flip-flop TFF1 rising edge, capture register CAP1, CAP3 loads the up-counter value.
On the falling edge, capture register CAP2, CAP4 loads the up-counter value.
The UCS8, 9 up-counter value can also be loaded to a capture register on a software request. When 0
is written to TSMOD <CAP1IN >, TOMOD < CAP3IN >, the UC8, 9 up-counter value at that time is
loaded to capture register CAP1, 3.
The prescaler must first be set to RUN (set TLGRUN <PRRUN> = 1).

Comparator

To detect a match, the 16-bit comparator compares the 16-bit up-counter UC8, 9 with the 16-bit timer
register TREGS8, 9 and TREGA, B settings.

On detection of a match, the comparator outputs a match detect signal and generates interrupts
INTTRS, 9 or INTTRA, B from the respective 16-bit timer.

UCS8 is cleared by a match between the UC8 value and the TREGY value. UC9 is cleared by a match
between the UC9 value and the TREGB value. UC8, 9 clearing can be disabled by setting the timer 8,9
mode control registers TSMOD <CLE >, T9MOD <CLE > to 0.
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(6)

Timer Flip-Flops
Timers 8 and 9 have two timer flip-flops each. The flip-flops of each timer have different functions.
TFF8. TFFA

Flip-flops TFF8 and TFFA are inverted by a match signal from the comparator and a latch signal to the
capture register.

In timer 8 and timer 9, two different capture operations and two types of match detection can be
specified as inversion triggers. Use bits 2 - 5 of the TSFFCR and T9FFCR registers to set the inversion
triggers.

TFF9. TFFB

Timer flip-flops TFF9 and TFFB are inverted by a match signal from the comparator and a latch signal
to the capture register.

In timers 8 and 9, one type of capture operation and one type of match detection can be specified as
inversion triggers. Use bits 6 and 7 of the TBMOD and T9MOD registers to set the inversion triggers.

After a reset the timer flip-flop values are undefined. Writing 01 to TSFFCR <TFF8C1, 0>,
<TFF9C1, 0> or T9FFCR <TFFAC1, 0>, <TFFBC1, 0> sets the timer flip-flop to 0; writing 10 to
the bits sets the timer flip-flop to 1. Writing 00 to the bits inverts the timer flip-flop value (software
inversion).

The TFF8, TFF9, TFFA, and TFFB values can be output to timer output pins TO8 (shared with P92),
TO9 (shared with P93), TOA (shared with P96), and TOB (shared with P96) respectively.

As the timer output pins also function as P92, P93, and P96, set port 9 function register POFC before
performing timer output. (See Figure 3.5 (33), Port 9 Related Registers)
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3.8.3 Operation Description for Each Mode

(1

(2)

16-bit Interval Timer Mode

Interval timers 8 and 9 can be used independently as 16-bit interval timers. The following describes the
example of timer 8 only.

Example: Generate interrupts at fixed intervals

To generate timer interrupts at fixed intervals, set the interval time (cycle) in 16-bit timer register
TREG9 and use interrupt INTTRO.
Set the registers as follows.

TIBRUN « - X - 0 X X X X Stop timer 8.
INTET89 « 11001000 Enable INTTRY, set interrupt level to 4, and disable
INTTRS.
T8FFCR « 11000011 Disable trigger.
T8MOD <« 0 Set internal clock to input clock, disable capture
01,10, 11) function, clear and enable up-counter.
TREGO  « * * s ® & & & % Set interval time. (16 bits)
* ok ok ok ok ok ok K
TIBRUN « 1 X - 1 X X X X Start timer 8.
Note: X:Don’t care - :no change

16-Bit Event Counter Mode

Timers 8 and 9 can be set to operate as event counters by setting external inputs TI8 and TIA as the
timer clock sources. The following describes timer 8 only.

The 16-bit up-counter UC8 counts up on the rising edge of the TI8 input. The count value can be read by
performing a software capture and reading the capture value.

Timer input pin TI8 is shared with P90. However, there is no selection function. Therefore, event
counter operation can be performed at any time by setting timer 8 to operating state. Set the registers
as follows.

_ 76543210
TIBRUN « - X -0 X X X X Stop timer 8.
POCR € - - - - - - - 0 Set P90 to input mode.
INTET89 « 11 001000 Enable INTTR9 (level 4) and disable INTTRS.
T8FFCR « 11000011 Disable trigger.
T8BMOD « 00100100 Setinput clock to TI8.
TREG9 « * * % % % & % % Set number of counts (16 bits).
& sk sk ok ok ok sk ok
TI6GRUN « 1 X -1 X X X X Start timer 8.
Note1: X:Don’t care - :no change

Note 2: The prescaler must also be running when using a 16-bit timer as an event counter
(T16RUN <PRRUN> =1).
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3)

16-Bit Programmable Pulse Generation (PPG) Output Mode

Timers 8 and 9 can output a square wave with a user-specified frequency and duty (programmable
square wave). The output pulse can be either active-low or active-high.

Timer 8 outputs a square wave from pin TO8 (shared with P92); timer 9, from TOA (shared with P96).
The following describes timer 8 only.
A programmable pulse (square wave) can be output from pin TO8 by triggering inversion of timer flip-
flop TFF8 when a match occurs between the 16-bit up-counter UC8 and TREGS, or between UC8 and
TREGY. The TREG8 and TREG9 settings must satisfy the following condition:

(TREGS setting) < (TREGI setting)

Match with TREG8
(INTTR8 interrupt)

Match with TREG9
(INTTR9 interrupt)

Pin TO8

|-

L]

L
L

ﬂg\ l

U

Figure 3.8 (3) 16-Bit Programmable Pulse Generation (PPG) Output Waveform

Enabling the TREG8 double-buffer in this mode shifts the value of register buffer 8 to TREG8 when
TREG9 matches UC8. Using the double-buffer facilitates handling of small duty waves.

Match with TREG8
Match with TREG9

TREG8
(compare value)

Register buffer

I

]

Up-counter =Qq

Al

Up-counter=Q»

( Shift to TREG9

Q1 \X

Q2

fla

Q2

X Q3

TREGS8 write

Figure 3.8 (4) Register Buffer Operation
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Figure 3.8 (5) is a block diagram of 16-bit PPG output mode.

T16RUN<T8RUN>

TO8 (PPG output) TO9
TI8 (extefrnal input) — < * *
T1(8/1¢) — _bi -
$14(32/%0) —+ selector 16 b'taﬁ’c‘;‘)’“”te' Clear FIF F/F
¢T16(128/fc) —> (TFF8) (TFF9)
T8MOD
<T8CLK1,0>
\Z
16-bit comparator Match 16-bit comparator . Match
AN AN
TREG8
VAN
Selector
TREG8-WR —>
Register buffer 8 TREG9
T89CR<DBSEN>
AN AN
S Internal data bus S

Figure 3.8 (5) 16-Bit PPG Output Mode Block Diagram

In 16-bit PPG output mode, set the registers as follows.

— 76543210
TIBRUN ¢« - X -0 X X X X Stop timer 8.
TREG8 € ok ook ok ook R %k ok Set the duty. (16 bits)
sk sk sk sk ok ok ok sk
TREG9 ¢ * * * % % % *x x Set the interval. (16 bits)
d ok sk ok ok ok ok 3k
TBACR « 0 XXX X0-1 Enable TREGS8 double-buffer

(Duty/interval modified by INTTR9 interrupt)
T8FFCR « 11001110 Set TFF8 to invert at detection of match with TREG8
or TREG9. Set TFF8 initial value to 0.
Set input clock to internal clock, and disable capture

T8MOD <« 001

function.
PI9CR € - - == - 1-- } Set P92 as TOS.
POFC €eX-XX-1XX
[ TIBRUN « 1 X - 1 X X X X Start timer 8.
Note: X:Don’t care -:no change
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(4)

Example of Capture Function Application
Use the capture function to realize many applications, including the following examples.
@ One-shot pulse output from the external trigger pulse
@ Frequency measurement
® Pulse width measurement
@ Time differential measurement

The following describes these applications based on timer 8.

One-shot pulse output from external trigger pulse

Obtain one-shot pulse output from the external trigger pulse as follows.

Set 16-bit up-counter UC8 to free-running count-up using an internal clock.

Input the external trigger pulse from pin TI8. Load the up-counter value to capture register CAP1 on
the rising edge of the external trigger pulse using the capture function.

Interrupt INT5 is generated on the rising edge of the external trigger pulse. Add the value of capture
register CAP1 at this interrupt (c) to the delay time (d), and set timer register TREGS8 to the sum of
these values (c+d). Add the pulse width of the one-shot pulse (p) to TREGS, and set timer register
TREGO to the result (c+d +p).

In addition, set the timer 8 flip-flop control register TSFFCR<EQ9T8, EQ8T8> to 11 and enable the
trigger to invert timer flip-flop TFF8 when a match occurs between UC8 and TREGS8 or UC8 and
TREGY. Then, after output of the one-shot pulse, set the trigger back to disabled state during INTTR9
interrupt processing.

The (c), (d), and (p) notation above corresponds to ¢, d, and p in Figure 3.8 (6), One-Shot Pulse Output
from External Trigger Pulse (With Delay).

(r Set counter to free-running

Count clock _mw____wm__m_mm_-_

(internal clock) T

Up-counter value c c+d c+d+p

TI8 input l

(external trigger pulse) 1
[}

I

s Load counter value to capture register 1
(CAP1), generate INT5

Al

]
]
[} [}
1 1
1 1
Match with TREG8 : :
1
I | 1
I | Generate !
| F:fe?':on( | v |
. I 1 /i] 1
Match with TREG9 } H !
[ | Enable ! |
i ! inversion i
i I Y
Timer output TO8 pin ' J
1 1 .
Disable inversion /E Delay time i Pulse width |
on loading to CAP1 ! d 1 0 g

Figure 3.8 (6) One-Shot Pulse Output from External Trigger Pulse (With Delay)
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Example: On pin TI8, output 2ms one-shot pulse with 3ms-delay after external trigger pulse.

Main settings Set to free-running.
— ,—.I Set source clock to ¢T1.
T8BMOD « - -101001

Load counter value to CAP1 at TI8 input rising edge.
T8FFCR « 11000010
| R
Zero clear TFF8 output.
Disable TFF8 inversion.

POCR ¢ - - - - - 1- -

POFC ¢ X - XX -1 XX } Set P92 as TOS.

INTE45 ¢ - - --1100 Enable INT5 and disable INTTR8 and INTTR9.
INTET89« 1 0001000

[ TIGRUN « 1 X -1 X X X X Start timer 8.

Settings at INT5

_TREG8 € ok ok ok ok ok ok ok % CAP1+3ms/4T1
TREG9 « % ® % % & % % % TREG8+2ms/¢T1
T8FFCR ¢ - - - - 11 - -
- - Enable TFF8 inversion on match with TREG8 or TREG9.
| INTET89« 1100 - - - - Enable INTTRO.

Settings at INTTR9

T8FFCR« - ---00 - -

Disable TFF8 inversion on match with TREG8 or TREGY.
INTET89« 1000 - - - - Disable INTTR9.
Note: X:Don’t care - :no change

If delay time is not required, invert timer flip-flop TFF8 by loading capture register 1 (CAP1). Set timer
register TREG9 to the sum of the one-shot pulse width (p) and the value of CAP1 at interrupt INT5 (c) (¢
+ p). Set the TFF8 inversion on a match between TREG9 and UC8, and select inversion enable. On
interrupt INTTR9, disable the TFF8 inversion.
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Count clock _ """""" ____JHI_"_""_ _____ JI".".".".---

(internal clock)

TI8 input .
(external trigger pulse) | Load capture register CAP1
Generate INT5.

Load capture register CAP2

1

1

i " Generate INTTR9
Match with TREG9 1 /ﬂ

!

i

1

1

1

1

1

1

1

|

1

Enable inversion( '
1

Timer output TO8 pin N\ |

Pulse width

/

p Disable inversion on loading to CAP2

Enable inversion on
loading to CAP1.

Figure 3.8 (7) External Trigger Pulse One-Shot Pulse Output (No Delay)

@ Frequency measurement

The frequency of an external clock can be measured by the capture function.

The frequency is measured by combining the 8-bit timers (timers 0, 1) in 16-bit event counter mode.
(Timers 0 and 1 are used to set the measuring time by inverting TFF1.)

Select the TI8 input as the timer 8 count clock and count timer 8 on the external clock input. Set timer 8
mode control register TSMOD <CAP12M1, 0> to 11. This setting loads the counter value of 16-bit up-
counter UC8 into capture register CAP1 on the rising edge of timer flip-flop TFF1. It also loads the
counter value into capture register CAP2 on the falling edge of timer flip-flop TFF1. TFF1 is the timer
flip-flop of the 8-bit timers (timers 0, 1).

Based on the measuring time, the frequency is calculated from the difference between capture registers
CAP1 and CAP2 at the 8-bit timer interrupts (INTTO or INTT1).

Count clock (TI8 input) ""”""” """”

C1 Cc2
TEF1 : : ! —
1
c1 i " 1 1
Load to CAP1 \ 1 : 1 T
1 \ : !
1
1 1
! | ! flc
Load to CAP2 \ : ! : :
INTTO/INTT1 " " " "

Figure 3.8 (8) Frequency Measurement

For example, if TFF1 (8-bit timer flip-flop) is set to 1 for 0.5s, and the difference between CAP1 and
CAP2is 100, the frequency is 100 +0.5s=200Hz.
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@ Pulse width measurement

The high-level width of an external pulse can be measured using the 16-bit timer capture function.

To measure the pulse width, first set 16-bit up-counter UC8 to operate as a free-running up-counter
driven by an internal clock. Using the capture function, load the up-counter value into capture
registers CAP1 and CAP2 on the rising and falling edges respectively of the external pulse being
measured on the TI8 pin.

Using these settings, the high-level pulse width can be calculated during INT5 interrupt processing by
multiplying the difference between CAP1 and CAP2 by the internal clock cycle.

For example, if the difference between CAP1 and CAP2 is 100 and the internal clock cycle is 0.8us, the
pulse width is 100 X 0.84s=80us.

Caution is required for the case when the width of the pulse being measured exceeds the maximum UC8
count time (which is determined by the clock source). Software processing is required for this case.

Count clock
(internal clock)

I
|

T18 (external pulse)

Load to CAP1

Load to CAP2

i.lCZ
|

INT5

Figure 3.8 (9) Pulse Width Measurement

Note: Measure pulse width by setting the timer 8 mode control register TSMOD <CAP12M1, 0>
to 10. External interrupt INT5 is generated on the falling edge of the TI8 input pin. At
other settings, INT5 is generated on the rising edge of TI8.

The width of low level external pulses can also be measured. In this case, the pulse width is calculated
during the interrupt processing for the second INT5 interrupt by multiplying the internal clock cycle by
the difference between the value of C2 at the first INT5 interrupt and the value of C1 at the second
INTS5 interrupt. However, as the first C2 value has been overwritten by the time of the second INT5
interrupt, the C2 value must be saved during the first INT5 interrupt processing.
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@ Time difference measurement

The time difference between two events can be measured using the 16-bit timer capture function.

To measure time difference, first set the 16-bit up-counter UCB8 to operate as a free-running up-counter
driven by an internal clock. Load the value of up-counter UC8 is into capture register CAP1 on a rising
edge detected on the TI8 pin input pulse. At this time, interrupt INT5 is generated.

Similarly, on a rising edge detected on the TI9 pin input pulse, load the value of up-counter UC8 value
into capture register CAP2. At this time, interrupt INTS6 is generated.

When both values have been loaded into the capture registers, calculate the time difference by
multiplying the difference between CAP2 and CAP1 by the internal clock cycle.

Count clock _ """"" _______ JI.".IHI."_ _____

(internal clock) c1 c2

ol ——
Load to CAP1 ( \h / T
'\

Load to CAP2 i
\ \ |

d

\ i

INT6 "

Time difference

:
!
1
1
1
INT5 !.I
1
!
i
i
1
1

Figure 3.8 (10) Time Difference Measurement
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(5) Phase Outpu

Signals with a user-specified phase difference can be output using the 16-bit timer.

Select an internal clock as the clock source and set the 16-bit up-counter UC8 to free-running. Set the
phase difference in 16-bit timer registers TREG8 and TREG9, set timer flip-flops TFF8 and TFF9 to
invert when a match is detected for TREG8 and TREGY, and output the flip-flop values from TO8 and

TO9.

Counter
(free-running)

Match with TREGS ﬂ |-| |-| I-l

Match with TREG9

TO8 —

TO9

Figure 3.8 (11) Phase Output

Table 3.8 (1) lists the cycles (counter overflow times) that can be set for each clock source.

Table 3.8 (1) 16-Bit Up-Counter Overflow Times

20 MHz 25 MHz
$#T1 26.214 ms 2097 ms
$T4 104.856 ms 83.88 ms
$T16 419.424 ms 33554 ms

95CS64-136



TOSHIBA TMP95CS64/TMP95C265

3.9 Serial Channels

TMP95CS64/265 has three internal serial input/output channels. The serial channels have the
following four operating modes.
® T/O interface mode
|_ Mode 0: Can be used to expand the I/O by sending and receiving I/O data and the
associated synchronizing signal (SCLK).

® Universal asynchronous receiver transmitter (UART) mode

Mode 1: Send/receive data length: 7 bits
Mode 2: Send/receive data length: 8 bits
Mode 3: Send/receive data length: 9 bits

A parity bit can be added in modes 1 and 2. Mode 3 has a wake-up function that allows a master
controller to activate slave controllers via a serial link (multi-controller system).
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pmmmmmsmee- Serial Transfer Clock Generator Circuit -==---===-=====--= T

' Internal clock ¢1 (2/fc) i

1

| BROCR<BROCK1, 0> TO2TRG :

! T . (Timer 2 comparator output) |

: 1 <BR0OS3~0> :

i ! ¥ ! « | UART i

i gTO(4ifc) —I>| 5 N ! g mode N | SIOCLK

I ¢T2(16/fc) —> g g H @ s :

1 — T - v

| T84 —- g S & o :

: $T32 (256/fc) —E" w [a) i g !

I [}

i :._ Baud rate .__.E SC(?MT)D * * i

| generator 0 i

! <SC1,0> SCOMOD !

i < <SM1,0> |

1 [o} 1

' v I/0 interface mode]

: *2 < :

! SCLKO input 4 !

: i

1 1

| i

/ T/L—scmo SCOCR<10C>
External clock
enable
scLko [ <
(shared by P82) SCLKO INTRXO INTTXO
output A A
Receive counter| | SCOMOD | Serial channel Send counter
(+16in UART |[=¢ <WU>—| interrupt (+16in UART
mode only) control mode only)
RXDCLK ¥ A TXDCLK § A
SCOMOD . < <
<RXE>—>| Receive Send control Handshak
andshake
contrel SCOCR control (shafgjiy
>
<PE> <EVEN T P82)
Parity control SCOMOD<CTSE>
RxDO I:I——>| Receive buffer 1 (shift register) |
(shared by P81) {}
[ Res [Receive buffer2 (scoBUR) | [Errorflag | [ 788 | send buffer (scoBUR) ———>017xD0
T 1 (shared by
SCOCR P80)
<OERR><PERR><FERR>
S Internal data bus S

Figure 3.9 (1) Block Diagram of Serial Channel 0
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3.9.1 Serial Channel Registers

Each serial channel is controlled by three control registers (SCOCR, SCOMOD, and BROCR in the case of
channel 0). Data sent and received are stored in the serial send/receive buffer register in each channel

(SCOBUF in the case of channel 0).

(1) Serial Channel 0
Serial Channel 0 Mode Control Register
7 6 i 5 i 4 i 3 i 2 1 0
s o bit Symbol TB8 CTSE RXE Wwu SM1 SMO SC1 SCO
COMOD . y
Read/Write RIW
(004EH) - - -
After reset |Undefined: 0 0 : 0 : 0 : 0 : 0 : 0
Bit8of  :Handshake:Receive :Wake-up :Serial transfer mode :Serial transfer clock
send data function icontrol  :ifunction iselection :selection (UART mode)
‘control :0: Receive :0: Disable :00: I/O interface :00: TO2 trigger
Function 0: CTSO : disable :1: Enable : mode :01: Baud rate

: disable :1: Receive : :01: 7-bit UARTmode :  generator 0

1:CTSO  : enable : :10: 8-bit UART mode :10: Internal clock 41

i enable : :11: 9-bit UART mode :11: SCLKO pin input

: :  (external clock)
1 I
—— |
|—> Serial transfer clock selection (UART mode)
00 | Timer 2 comparator output
01 | Baud rate generator 0
10 [ Internal clock ¢1 (2/fc)
11 | SCLKO pin input (external clock)
—> Serial transfer mode selection
00 | 1/Ointerface mode
01 | 7-bit UART mode
10 | 8-bit UART mode
11 | 9-bit UART mode
——> Wake-up function

(Other than 9-bit UART mode, don't care)

Store bit 8 of send data

8-bit UART mode
(with parity)

9-bit UART mode

Store send parity bit
Store bit 8 of receive
data

L0 Disable
1 | Enable

Receive control

.0 |Receivedisable
1 | Receive enable

Handshake function (CTSO pin) enable

.0 | Disable (send always enabled)
1 | Enable

Figure 3.9 (2)-1 Serial Channel 0 Related Register
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Serial Channel 0 Control Register
7 6 . 5 i 4 i 3 2 1 0
scocR | DitSymbol | RS EVEN : PE OERR i PERR : FERR SCLKS i 10C
(004DH) Read/Write R RIW R (Cleared to 0 when read) RIW
After reset |Undefined 0 0 0 : 0 : 0 : 0 0
Bit8of  :Odd/even :Parity bit {SCLKO pin :Serial
receive  :parity ‘addition 1: Error linput ‘transfer
data :selection icontrol ’ ‘edge iclock
i0:0dd  :0: No Fetr e Sl @CEION is@lection
i1: Even | parity i - : . :0: Rising (1O interface
Function : © bit ngirrrﬁgg EZf:clatryﬂag 5::?2?229 i edge imode)
11: Parity : : :1: Falling :0:Baudrate
! bit : : : ! edge ! generator
H)
: : i1 : SCLKO pin
: input
|—> Serial transfer clock selection
(I/O interface mode)
0 [Baud rate generator 0 (Note 1)
1 [SCLKO pin input (external clock)
—> Edge selection in SCLKO pin input operations
Data send/receive at
0 .. 5
SCLKO rising edge
Data send/receive at
T IscLko falling edge (1 )
— Framing error flag
—> Parity error flag ﬁlliir:g)to 0when read.
—> Overrun error flag
Parity bit addition control
0 [No parity bit
1 [Parity bit
Even/odd parity selection
0 |Odd parity
1 |Even parity
Receive data store bit 8
8-bit UART mode Store receive parity
(with parity) bit
9-bit UART mode Store bit 8 of receive
data
Notes:

1. To use the baud rate generator, set TI6GRUN<PRRUN> to 1 and run the prescaler.
2. Asthe error flags are all cleared to 0 after reading, don’t test only one bit with a bit test

instruction.

Figure 3.9 (2)-2 Serial Channel 0 Related Register
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Baud Rate Generator 0 Control Register
7 6 : 5 i 4 i 3 i 2 i 1 i 0
BROCR |bitSymbol - : BROCK1 : BROCKO : BROS3 : BROS2 BROS1 BROSO
(004FH) |Read/Write R/W : R/W
After reset 0 N R N D 0 0
Note: : :Baud rate generator 0 :
Always ;input clock selection
Function Ig(gd 8(1) Z;g z?g/?c) Divisor setting for baud rate generator 0
£10: ¢ T8 (64/fc)
i11: $T32 (256/f¢)

I

L» Baud rate generator 0 divisor setting

0000 |Divideby 16

0001 |Divide by 1 (no division) (Note 1)
§ to

1111 |15

Baud rate generator 0 input clock selection

00 [Internal clock ¢TO (4/fc)

11 Internal clock ¢T32 (256/fc)

Note 1: The baud rate generator can be divided by 1 in UART mode only. Do not use this
setting in 1/0 interface mode.

Note 2 : Don’tread from or write to BROCR register during sending or receiving.
Serial Channel 0 Buffer Register
SCOBUF 7 ¢ 6 5 = 4 = 3 2 - 1 = 0
(004CH) bit Symbol RBO7 RB06 RBO5 RB04 RBO3 RB02 RBO1 RBOO
) 1t Symbo
Re?td-mod'fy- TBO7 TBO6 TBOS TBO4 TBO3 TBO2 TBO1 TBOO
write
instructions Read/Write R (receive) / W (send)
prohibited. After reset Undefined

Figure 3.9 (2)-3 Serial Channel 0 Related Registers
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(2) Serial Channel 1
Serial Channel 1 Mode Control Register
7 6 5 i 4 i 3 i 2 i 1 0
o bit Symbol TB8 CTSE RXE wuU SIVI1 SMO SC1 SCO
SC1MOD B
Read/Write R/IW
After reset [Undefined: 0 0 : 0 : 0 : 0 : 0 : 0
Bit8 of  :Handshake:Receive :Wake-up :Serial transfer mode :Serial transfer clock
send data function icontrol  :ifunction iselection iselection
‘control :0: Receive :0: Disable :00: I/0 interface {(UART mode)
0: CTS1 disable :1: Enable | mode :00: TO2 trigger
Function i disable :1: Receive : :01: 7-bit UART mode :01: Baud rate
i1: CTST  : enable : :10: 8-bit UARTmode :  generator 1
:  enable : : i11: 9-bit UART mode :10: Internal clock ¢1
: : i11: SCLK1 pininput
: i (external clock)
1 |
—— |
|—> Serial transfer clock selection (UART mode)
00 [ Timer 2 comparator output
01 |Baud rate generator 1 output
10 |Internal clock ¢1
11 | SCLK1 pin input (external clock)
—> Serial transfer mode selection
00 |[l/Ointerface mode
01 | 7-bit UART mode
10 | 8-bit UART mode
11 |9-bit UART mode
——> Wake-up function
(Other than 9-bit UART mode, don't care)
0 [Disable
1 |Enable
Receive control
0 | Receive disable
1 | Receive enable
Handshake function (CTS1 pin) enable
\ 0 | Disable (send always enabled)
storebit8ofsenddata e e e e
1 |Enable

8-bit UART mode
(with parity)

9-bit UART mode

Store send parity bit
Store bit 8 of receive
data

Figure 3.9 (2)-4 Serial Channel 1 Related Register
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Serial Channel 1 Control Register
7 6 5 i 4 i 3 2 i1 0
scicr | bitSymbol | RS EVEN : PE OERR i PERR : FERR SCLKS i 10C
(0051H) Read/Write R RIW R(Cleared to 0 when read.) RIW
After reset Undefined? 0 0 0 : 0 : 0 : 0 0
Bit8of :Even/odd :Parity bit {SCLK1 pin :Serial
receive  :parity ‘addition 1: Error linput ‘transfer
data iselection icontrol ’ ‘edge iclock
:0: Odd (0:NO e, terreeeireeeeie e s€lection  iselection
i1:Even | parity i Overrun i Parity | Framing :0: Rising (1O interface
Function : ! bit ierrorflag : errorflag : errorflag i edge  :imode)
i1: Parity : : i1: Falling :0: Baud rate
! bit ! edge ! generator
|
: : i1: SCLK1 pin
: input
|—> Serial transfer clock selection
(I/O interface mode)
0 [Baud rate generator 1 (Note 1)
1 [SCLK1 pin input (external clock)
—> Edge selection in SCLK1 pin input operations
Data send/receive at
0 .. §
SCLK1 rising edge
Data send/receive at
! SCLK1 falling edge (1 )
— Framing error flag
—> Parity error flag z:l\lle;creeg)to 0 when read.
—> Overrun error flag
Parity bit addition control
0 [No parity bit
1 [Parity bit
Even/odd parity selection
0 |Odd parity
1 |Even parity
Store bit 8 of receive data
8-bit UART mode Store receive parity
(with parity) bit
9-bit UART mode Store bit 8 of receive
data
Notes:

1. Tousethe baud rate generator, set TI6RUN<PRRUN> to 1 and run the prescaler.

2.

As the error flags are all cleared to 0 after reading, don’t test only one bit with a bit

test instruction.

Figure 3.9 (2)-5 Serial Channel 1 Related Register
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Baud Rate Generator 1 Control Register
7 6 : 5 i 4 i 3 i 2 i 1 i 0
BRICR |DitSymbol - : BRICK1 : BR1CKO : BR1S3 : BR1S2 : BR1S1 : BRISO
(0053H) |Read/Write R/W : R/W
After reset 0 N+ s T S+ S S+ RO S« R S |
Note: :Baud rate generator 1 :
Always :input clock selection i Divisor setting for baud rate generator 1
:00: ¢T0 (4/fc)

Function

fixed 0 0. ;

101: gT2 (16/fc)
£10: ¢ T8 (64/fc)
i11: gT32(256/fc)

L > Baud rate generator 1 input clock selection

I

L’ Baud rate generator 1 divisor setting
0000 |Divideby 16

0001 |Divide by 1 (no division) (Note 1)
§ to
1111 15

00 [Internal clock ¢TO (4/fc)

11 Internal clock ¢T32 (256/fc)

Note 1: The baud rate generator can be divided by 1 in UART mode only. Do not use this
setting in 1/0 interface mode.

Note 2 :

SC1BUF
(0050H)

Read-modify-
write
instructions
prohibited.

Don’t read from or write to BR1CR register during sending or receiving.
Serial Channel 1 Buffer Register
7 6 : 5 i 4 i 3 i 2 i 1 i 0

) RB17 RB16 : RB15 RB14 : RB13 i RB12 : RB11 : RB10

bit Symbol * * * * *
TB17 TB16 : TB15 TB14 : TB13 { TB12 : TB11 : TB10

Read/Write R (receive) / W (send)
After reset Undefined

Figure 3.9 (2)-6 Serial Channel 1 Related Registers
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(3) Serial Channel 2
Serial Channel 2 Mode Control Register
7 i 6 i 5 i 4 i 3 i o2 i 1 i 0
bit Symbol |  TB8 CTSE : RXE | WU [ SMI SMO i SC1 i SCO
SC2MOD . Y
Read/Write RW
(0056H) i : : . . . R
After reset |Undefined : 0 : 0 : 0 : 0 : 0 : 0 : 0
Bit8of  iHandshakeiReceive Wake-up :Serial transfer mode :Serial transfer clock
send data :function :control  :function :selection :selection
‘control :0: Receive :0: Disable :00: I/O interface :(UART mode)
0: CTS2 ¢ disable :1: Enable : mode :00: TO2 trigger
Function ¢ disable :1: Receive : :01: 7-bit UART mode :01: Baud rate
1:CTS2 ¢ enable : :10: 8-bit UARTmode :  generator
! enable : i11: 9-bit UART mode :10: Internal clock 41
: i11: SCLK2 pininput
: i (external clock)
L . 1
|—>Serial transfer clock selection (UART mode)
00 [ Timer 2 match detect signal
01 | Baud rate generator
10 | Internal clock ¢1
11 | SCLK2 pin input (external clock)
———>> Serial transfer mode selection
00 [ l/Ointerface mode
01 | 7-bit UART mode
10 [ 8-bit UART mode
11 [ 9-bit UART mode
—> Wake-up function
(Other than 9-bit UART mode, don't care)
0 | Disable
1 | Enable
Receive control
0 | Receive disable
1 | Receive enable
Handshake function (CTS2 pin) enable
0 [ Disable (send always enabled)
Store bit 8 of send data 1 | Enable
8-bit UART mode T
(with parity) Store send parity bit
9-bit UART mode Store bit 8 of receive
data

Figure 3.9 (2)-7 Serial Channel 2 Related Register
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Serial Channel 2 Control Register
7 6 . 5 i 4 i 3 2 i 0
scocr | DitSymbol | RS EVEN : PE OERR i PERR : FERR SCLKS i 10C
(0055H) Read/Write R RIW R(Cleared to 0 when read.) RIW
After reset |Undefined 0 0 0 : 0 : 0 : 0 0
Bit8of :Even/odd :Parity bit {SCLK2 pin :Serial
receive  :parity ‘addition 1: Error linput ‘transfer
data iselection icontrol ’ ‘edge iclock
:0: Odd (0:NO e, terreeeireeeeie e s€lection  iselection
i1: Even | parity iOverrun iParity i Framing :0: Rising (/O interface
Function : ! bit ierror flag ierrorflag :errorflag i edge imode)
i1: Parity : : i1: Falling :0: Baud rate
! bit ! edge ! generator
)
: : i1: SCLK2 pin
: input
|—> Serial transfer clock selection
(I/O interface mode)
0 [Baud rate generator 2 (Note 1)
1 [SCLK2 pin input (external clock)
—> Edge selection in SCLK2 pin input operations
Data send/receive at _
0 SCLK2 rising edge A
Data send/receive at
! SCLK2 falling edge (1 )
— Framing error flag
—> Parity error flag FI\Iliatreeg)to 0 when read.
—> Overrun error flag
Parity bit addition control
0 [No parity bit
1 [Parity bit
Even/odd parity selection
0 |Odd parity
1 |Even parity
Store bit 8 of receive data
8-bit UART mode Store receive parity
(with parity) bit
9-bit UART mode Store Bit 8 of receive
data
Notes:

1. To use the baud rate generator, set TI6GRUN<PRRUN> to 1 and run the prescaler.
2. Asthe error flags are all cleared to 0 after reading, don’t test only one bit with a bit test
instruction.

Figure 3.9 (2)-8 Serial Channel 2 Related Register
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Baud Rate Generator 2 Control Register
7 - . - T O T T O )
BR2CR |bitSymbol - i BR2CK1 i BR2CKO : BR2S3 : BR2S2 : BR2S1 : BR2S0
(0057H) |Read/Write RIW : RIW
After reset 0 P00 f 0 0 0 i 0t o
Note: :Baud rate generator 2 :
Always ‘input clock selection
:00: $T0 (4/f¢)

Function

fixed to 0.

101: T2 (16/f0) :  Divisor setting for baud rate generator 2

£10: ¢T8 (64/fc)
“11: ¢T32 (256/f¢)

——————> Baud rate generator 2 input clock selection

I

\—’ Baud rate generator 2 divisor setting
0000 |Divideby 16

0001 |Divide by 1 (nodivision) (note 1)
§ to
1111 15

00 |Internal clock ¢TO (4/fc)

11 |Internal clock ¢T32 (256/fc)

Note 1: The baud rate generator can be divided by 1 in UART mode only. Do not use this
setting in I/0 interface mode.
Don’t read from or write to BR2CR register during sending or receiving.

Note 2 :

SC2BUF
(0054H)

Read-modify-
write
instructions
prohibited.

Serial Channel 2 Buffer Register

7 6 5 a4 i 3 i o2 i1 0
i RB27 RB26 @ RB25 RB24 | RB23 | RB22 : RB21 : RB20
bit Symbol : : : : :
TB27 TB26 : TB25 TB24 i TB23 i TB22 i TB21 i TB20
Read/Write R (receive) / W (send)
After reset Undefined

Figure 3.9 (2)-9 Serial Channel 2 Related Registers
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3.9.2 Block Structure

(m

(2)

3)

As serial channels 0 to 2 operate identically, the following uses channel 0 as an example.
Serial Transfer Clock Generator Circuit

The serial transfer clock generator circuit generates SIOCLK (internal signal), which is the
send/receive basic clock. To generate SIOCLK, select the clock source required for the generation.

I/0 interface mode

As the clock source, select either baud rate generator 0, or SCLKO from an external source. Set the
clock source in bit 0 (<IOC>) of serial channel 0 control register SCOCR.

When baud rate generator 0 is selected (<IOC> =0), this circuit generates SIOCLK by dividing the
output of the baud rate generator by 2.

When external SCLKO is selected (<IOC> =1), SIOCLK is set to the same value as the external
source.

UART mode

In addition to the clock sources in I/O interface mode, the comparator output of timer 2 and internal
clock ¢1 (2/fc) can also be selected as clock sources.

Bits 1 and O of serial channel 0 mode control register SCOMOD <SC1,0> select the clock source.
SIOCLK is set to the same value as the selected clock source.

Receive Counter

The receive counter is a 4-bit binary counter used in UART mode.
The receive counter uses SIOCLK as the count clock to generate receive sampling clock RxDCLK
(internal signal).

Receive Control
1/0 Interface mode

In I/O interface mode, the receive data input to the RxDO pin are sampled synchronously with transfer
clock SCLKO.

Setting serial channel 0 control register SCOCR<IOC> to 0 samples the received data on the rising
edge of SCLKO. Setting SCOCR<IOC > to 1 samples the data on the rising or the falling edge of SCLK0O
as determined by the setting of SCOCR<SCLKS>.

UART mode

The receive data are sampled bit by bit using RxDCLK, which is generated with the receive counter.
Each bit of data is sampled three times, using majority rule. If two or more instances of the same value
are detected among three samples, the circuit recognizes the data as receive data. If the sampled data
are 1, 0, 1, for example, the data are evaluated as 1. If 0, 0, 1, the data are evaluated as 0.
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(4)

(5

Receive Buffer

The receive buffer has a double-buffer configuration to prevent overrun error. Receive buffer 1 stores
the data received bit by bit.
When receive buffer 1 contains seven or eight bits of data, the data are transferred to receive buffer 2
(SCOBUPF), generating interrupt INTRXO.

Reading the data in receive buffer 2 clears the interrupt request flag INTRX0 <IRX0C>.
Even before the CPU reads the data in receive buffer 2, the next data can be received and stored in
receive buffer 1.
However, receive buffer 2 must be read before all bits of the next data frame are received by buffer 1. If
not, an overrun error occurs and the contents of receive buffer 1 are lost, although the contents of
receive buffer 2 and the serial channel 0 control register SCOCR<RB8> are preserved.
In 8-bit UART mode (mode 2) with parity added, the parity bit is stored in SCOCR<RB8>. In 9-bit
UART mode (mode 3), the MSB is stored in SCOCR<RB8>.

Send Counter

The send counter is a 4-bit binary counter used in UART mode.
The send counter uses SIOCLK as its count clock, generating send clock TxDCLK (internal signals).

SIOCLK

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 2

TxDCLK [ ]

(6)

Figure 3.9 (3) Send Clock Generation

Send Control

@ /0 interface mode

7

In T/O interface mode, TMP95CS64/265 outputs send data from the TxDO pin synchronously with
transfer clock SCLKO.

Setting serial channel 0 control register SCOCR<IOC> to 0 outputs send data on the rising edge of
transfer clock SCLKO.

Setting SCOCR <IOC> to 1 outputs the send data on the rising or falling edge of SCLKO as determined
by the setting of SCOCR<SCLKS>.

UART mode

In UART mode, the send data are output synchronously with the rising edge of the TxDCLK send clock
generated by the send counter.

Send Buffer

Send buffer (SCOBUF) outputs the send data written by the CPU, beginning with the least significant
bit.
When all bits are output, the empty send buffer generates interrupt request INTTXO.
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(8)

(9)

Parity Control

Parity bit addition can only be set in 7-bit UART mode (mode 1) and 8-bit UART mode (mode 2).

When serial channel 0 control register SCOCR<PE> is set to 1, data can be sent with a parity bit
added. SCOCR<EVEN > selects even parity or odd parity.

A send operation automatically generates the parity bit determined by the send data. In mode 1,
SCOBUF<TB7> stores the parity bit; in mode 2, serial channel 0 mode control register
SCOMOD <TB8 > stores the parity bit.

Set both <PE> and <EVEN > before writing the send data in SCOBUF.,

When receiving, parity is calculated from the received data and compared with the received parity bit.
If the parities differ, a parity error occurs and parity error flag SCOCR<PERR > is set to 1.

Error Flags

To improve the reliability of data reception, serial channel 0 control register SCOCR contains the
following three error flags.

Overrun error <QERR>

When all bits of the next data frame have been received in receive buffer 1 while valid data are stored in
receive buffer 2 (SCOBUF'), an overrun error occurs.
At an overrun error, the data received in buffer 1 are lost.

Parity error <PERR>

The parity bit determined by the data stored in receive buffer 2 (SCOBUF) is compared with the
received parity bit. If the parities differ, a parity error occurs.

Framing error <FERR>

The stop bit of data received is sampled three times. If the majority of samples are 0, a framing error
occurs.

If an error occurs, these error flags are set to 1. Reading the SCOCR register clears the error flags to 0.
If an error occurs, fix by software.
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(10)

Handshake Function Control (only supported in UART mode)

The serial channels use the CTSO0 input pin to send data in one-frame units, thus preventing an overrun
error. The serial channel 0 mode control register SCOMOD < CTSE > enables or disables the handshake
function.

In send operations, sending starts when a low level signal is input to the CTSO0 pin.

When CTSO goes high, data sending is halted when sending of the current data completes and the pin is
set to wait state. Sending is not restarted until CTSO goes low again.

Although an RTSO pin is not provided, any port can be assigned to the RTSO function. When the
receiving side has completed reception, the receiving interrupt processing routine outputs a high-level
signal from the port assigned to the RTSO function. A handshake function can be easily configured by
connecting the sending side CTSO pin and the receiving side RTSO pin.

95CS64 95CS64
TxDO RxDO0
CTSO RTSO (any port)
Sending side Receiving side

Figure 3.9 (4) Handshake Function

Timing for writing J_I_g(, {d

data to send buffer

Sending halted {6
during this time ©)

CTSO

13 14 15 16 1 2 3 14 15 16 1 2 3

sock  —sd LT LML T
TxDCLK ~ —§ [ 4 [

H

[({

T™XDO  — 7 \ start bit A bit0

(O When the CTS0 signal rises during sending, sending of the current data frame
completes and sending of the next data frame halts.

(@ Sending begins at the first TxDCLK clock falling edge after the CTSO0 signal
drops.

Figure 3.9 (5) CTSO (Clear to Send) Signal Timing
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3.9.3 Description of Operation
As serial channels 0 to 2 operate identically, the following uses channel 0 as an example.
(1) Setting Send/Receive Clock Transfer Rate
@ Transfer rate setting with baud rate generator selected

The baud rate generator is a circuit used to generate a clock source for the send/receive clock that
controls the serial channel transfer rate.

The input clock for generating the clock source can be selected among ¢T0 (4/fc), 4 T2 (16/fc), 4T8 (64/fc),
or ¢T32 (256/fc) from the 9-bit prescaler (see 3.7.2 (1), Prescaler). The 8-bit and 16-bit timers share the
prescaler. Bits 5, 4 of baud rate generator control register BROCR <BROCK1:0> select the input clock.
The selected input clock is divided by the 4-bit divider performing 1 to 16 divisions. Bits 3 to 0 of
BROCR <BR0S3:0> set the divider. The divided clock is the output clock for the baud rate generator.

The following are the transfer rate calculation formulas when the baud rate generator is selected:
® 1/O interface mode
Baud rate generator input clock [Hz]

Transfer rate [bps] = +2
Baud rate generator divisor (2 to 16)

Note: In I/O interface mode, do not set divisor to 1.

® UART mode

Baud rate generator input clock [Hz]
Transfer rate [bps] = +16
Baud rate generator divisor (1 to 16)

The relationship between the input clock and the source clock (fe) is:

¢TO0 = 4/fc
4T2 = 16/fc
4T8 = 64/fc

¢T32 = 256/fc
Accordingly, with the source clock set to 12.288MHz, when 4T2 (16/fc) is selected as the input clock and
the divisor is 5, the transfer rate in UART mode is:

fc/16

Transfer rate = +16=12.288%X106+16+5+16=9600[bps]

Table 3.9 (1) shows examples of transfer rate settings in UART mode.
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@ Transfer rate settings with the timer 2 comparator output selected (UART mode only)
The following are the transfer rate calculation formulas when the timer 2 comparator output is selected:
Timer 2 input clock [Hz]

Transfer rate [bps]= +16
TREG2 (1 to 256)

The relationship between the timer 2 input clock and the source clock (fe) is:
¢T1 = 8/fc
¢T4 = 32/fc
¢T16 = 128/fc
Accordingly, with the source clock set to 25MHz, when the timer 2 input clock is set to 4T1 and
TREG2 is set to 1, the transfer rate is:

fc/8
TREG2

Transfer rate = +16 = 25%X106+8+1+16=195312 [bps]

Table 3.9 (2) shows examples of the transfer rate settings.

@ Transfer rate settings with external SCLK input selected
The following are the transfer rate calculation formulas when the external SCLK input is selected:

¢ T/O interface mode
Transfer rate [bps] = external SCLK input [Hz] + 2

¢ UART mode
Transfer rate [bps] = external SCLK input [Hz] + 16
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Table 3.9 (1) UART Mode Transfer Rate Setting Example (1) (Using Baud Rate Generator)

Unit: Kbps
fCIMHzZ] | pyiggr ——mPut clock (?1;‘2) (1¢61;$c) (6¢4-Efc) (z¢5T63/$c)
9.830400 1 153.600 38.400 9.600 2.400

2 76.800 19.200 4.800 1.200

4 38.400 9.600 2.400 0.600

8 19.200 4.800 1.200 0.300

16 9.600 2.400 0.600 0.150

12.288000 5 38.400 9.600 2.400 0.600
10 19.200 4.800 1.200 0.300

14.745600 1 230.400 57.600 14.400 3.600
3 76.800 19.200 4.800 1.200

6 38.400 9.600 2.400 0.600

12 19.200 4.800 1.200 0.300

17.2032 7 38.400 9.600 2.400 0.600
14 19.200 4.800 1.200 0.300

19.6608 2 153.600 38.400 9.600 2.400
4 76.800 19.200 4.800 1.200

8 38.400 9.600 2.400 0.600

16 19.200 4.800 1.200 0.300

22.1184 9 38.400 9.600 2.400 0.600
24.5760 5 76.800 19.200 4.800 1.200
10 38.400 9.600 2.400 0.600

Note: Inl/O interface mode, the transfer rates are 8 times the values in this table.

In 1/0 interface mode, do not set the baud rate generator divisor to 1.

Table 3.9 (2) UART Mode Transfer Rate Setting Example (2) (Using Timer 2 Input Clock ¢T1)

Unit: Kbps

fc 24.576 12.288 12 9.8304 8 6.144

TREG2 MHz MHz MHz MHz MHz MHz
1H 192 96 76.8 62.5 48
2H 96 48 38.4 31.25 24
3H 64 32 31.25 16
4H 48 24 19.2 12

5H 38.4 19.2 9.6
8H 24 12 9.6 6

AH 19.2 9.6 438
10H 12 6 4.8 3

14H 9.6 4.8 2.4
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(2) DataFormat

Figure 3.9 (6) shows the data format for each mode.

* 1/Ointerface mode (mode 0)

{oroX X2 X X X X X

<«— Transfer direction

¢ 7-bit UART mode (mode 1)

7-bit data et

starthit OX 1 X 2 X 3 6 >/stop
7-bit data reen
+ parity bit \starthit OX 1 X 2

6 Xparlt) stop
* 8-bit UART mode (mode 2)

Ao XX
A X A X
o bt date ”“\starthitOX‘X2X3X4X5X6
£ DD
R ED
A

4 5

3 4 5

8-bit data ree
+ parity bit \starthit OX 1 X 2
*  9-bit UART mode (mode 3)

9-bit data tee
start/(bit OX 1 X 2 X 3
9-bit data
(wake- upfunc‘uon) \starthVc OX X X X X

If bit 8 =1, address (select code)
If bit8=0, data

3 4 5

4 5

Figure 3.9 (6) Data Formats
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(3) 1/Ointerface mode (Mode 0)

In this mode, data transfer to an external device is synchronous with the transfer clock.

This mode is used to increase the number of /O pins for sending or receiving data to an external shift
register or other external destinations.

This mode consists of SCLKO output mode, which outputs a synchronous clock (SCLKO0), and SCLKO
input mode, which inputs a synchronous clock (SCLKO) from an external source.

Figures 3.9 (7) and (8) show connection examples of SCLKO output and input modes.

Output Input
expansion expansion
TMP95CS64/265 Shiftregister A |> |TMP95CS64/265 Shiftregister A |«
B = B |<—
TxDO Sl Cr—> RxDO QH C |~
Dr— D [=—
SCLKO SCK E—> SCLKO CLOCK E [~
F = F |
Port RCK G— Port S/L G [=—
H > H [——
Eg, TC74HC595 Eg, TC74HC165
Figure 3.9 (7) Example of SCLKO Output Mode Connection
Output Input
expansion expansion
TMP95CS64/265 Shiftregister aAls> |[TMP95CS64/265 Shiftregister A |<—
B — B [«
TxDO S| Ct> RxDO QH C [~
D— D |e—
SCLKO SCK E— SCLKO CLOCK E [~
F > F =
Port RCK G—> Port0 S/L G|=
H—> H <

Eg, TC74HC595
l«— External clock

Eg, TC74HC165

l«— External clock

Figure 3.9 (8) Example of SCLKO Input Mode Connection
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@ Sending

In SCLKO output mode, each time the CPU writes data in the send buffer, eight data bits are output
from the TxDO pin, and a transfer clock signal is output from the SCLKO pin. When all data have been
sent, INTESO <ITXO0C > is set, triggering an INTTXO interrupt request.

Timing for

writing ;ear]cgl n\\ "
SCLKO ~ £ L&k L & L&k LA
TxDO X_bito X bit1 X 3 X bit6 X bit7 X
TxDSFT I-l rl (C rl I-l I-l

—

ITX0C 4
(Request interrupt INTTXO0)

Figure 3.9 (9) Sending in I/O Interface Mode (SCLKO Output Mode)

In SCLKO input mode, pin TxDO0 outputs eight transfer data bits when SCLKO input is supplied and
data are written to the send buffer by the CPU.
When all data have been sent, INTESO <ITX0C > is set, triggering an INTTXO0 interrupt request.

tsngmode LA LA LAk L &k L A
sikoineut ' Y Y Y TV Y

((
TxDO X bito X bit1 )Q:bits X bite X bit7 X
1

TxDSFT I |'|_“ M I
ITX0C i |

(Request interrupt INTTXO)

Figure 3.9 (10) Sending in I/O Interface Mode (SCLKO Input Mode)
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@ Receiving

In SCLKO output mode, whenever the receive interrupt flag INTESO <IRX0C > is cleared by the CPU
reading the received data, a synchronous clock is output from the SCLKO pin and the next data frame is
shifted to receive buffer 1. When an 8-bit data frame is received, it is transferred to receive buffer 2
(SCOBUF), and INTES0 <IRX0C > is set again, triggering an INTRXO0 interrupt request.

IRX0C l —~ ( {\

(Request interrupt INTRX0) "\

<Lk e S I s PV e Y e Y <

RxDO bit 0 X bit1  Xbit 2\5 X bit6 X bit7 Y
Timing for shifting Generate request
data to receive for interrupt INTRX0

buffer 2

Figure 3.9 (11) Receiving in I/O Interface Mode (SCLKO Output Mode)

In SCLKO input mode, if SCLKO input is supplied when received data are read by the CPU, thus
clearing receive interrupt flag INTESO <IRXO0C >, the next data frame is shifted into receive buffer 1.
When an 8-bit data frame is received, it is shifted to receive buffer 2 (SCOBUF) and INTES0 <IRX0C >
is set again, triggering an INTRXO0 interrupt request.

{rsing mode) L A L& Lk L&k L4
SCLKO input 2 70 i 0 e 2

(falling mode)

L
RxDO bito X bit1 Xbit2, X bite X bit7 Y

R

Generate request for

Timing to shift data to interrupt INTRXO I'l

receive buffer 2

Figure 3.9 (12) Receiving in I/O Interface Mode (SCLKO Input Mode)

Note: To receive data, first enable reception (set SCOMOD <RXE > to 1) for either SCLKO input
mode or output mode.
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(4)

(5

7-bit UART Mode (Mode 1)

Setting serial channel 0 mode control register SCOMOD <SM1:0> to 01 specifies 7-bit UART mode.

A parity bit may be added in this mode. Enable or disable the addition of a parity bit by serial channel 0
control register SCOCR<PE >,

With <PE > set to 1 (parity bit added), SCOCR<EVEN > selects even or odd parity.

Setting example: send 7-bit data with an even parity bit added:

AT 0000005 .

«— Transfer direction (transfer rate: 2400bps @fc = 12.288MHz)

PBCR € - - - -~~~ 1 }Select P80 as TxDO pin.

P8FC ¢ X --X--X1

SCOMOD « X 0 - X 0101 Set 7-bit UART mode.

SCOCR « X1 1XXX00 Add even parity.

BROCR « 0X 100101 Set transfer rate to 2400bps.

TIBRUN « 1 X - - - - - - Start prescaler for baud rate generator.

INTESO « 1100 - - - - Enable interrupt INTTXO0 and set interrupt level to 4.
|SCOBUF « * * * & % % % % Set send data.

Note: X: Don’t care - : no change

8-bit UART Mode (Mode 2)
Setting serial channel 0 mode control register SCOMOD <SM1:0 > to 10 selects 8-bit UART mode.
A parity bit may be added in this mode. Enable or disable the addition of a parity bit by serial channel 0

control register SCOCR<PE>. With <PE> set to 1 (parity bit added), SCOCR<EVEN > selects even
or odd parity.

Setting example: send 8-bit data with an odd parity bit added:

_\Start/(bitOX 1 X 2 X 3 X 4 X 5 X ) X > Xp%drgyst:)““

<— Transfer direction (transfer rate: 9600bps @fc = 12.288MHz)
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Main routine settings:

[P8CR
SCOMOD
SCOCR
BROCR
T16RUN

| INTESO

1

S

Note: X:Don’t care

Select P81 (RxD0) as input pin.
1 Set 8-bit UART mode and enable reception.
X00 Add odd parity.
1 Set transfer rate to 9600bps.
- - - Start the prescaler for baud rate generator.

100 Enable interrupt INTRX0 and set interrupt level 4.

- :no change

Interrupt routine processing example:

(6)

Check for errors with SCOCR error flags (XOERR>, <PERR>, <FERR>). If there are no errors,
read the data received.

9-bit UART Mode (Mode 3)

Setting the serial channel 0 mode control register SCOMOD <SM1:0 > to 11 selects 9-bit UART mode.

A parity bit cannot be added in this mode.

When sending, the most significant bit (bit 9) is written to SCOMOD <TB8>.
When receiving, the most significant bit is saved in serial channel control register SCOCR<RB8>.
When the buffer is written to or read from, the most significant bit is always read or written first.

Wake-Up Function

In 9-bit UART mode, select the slave controller wake-up function by setting SCOMOD<WU> to 1.
When SCOCR<RB8> = 1, received data are interpreted as select code, and an INTRXO0 interrupt
request occurs.

H

TxD

Master

RxD

TxD

Slave 1

RxD TxD

Slave 2

RxD

TxD

RxD

Slave 3

Note: The TxD pin of the slave controller must always be set to open-drain output mode using the
ODE register.

Figure 3.9 (13) Serial Link with Wake-Up Function
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Protocol

D
®

®

®

®

Set the master controller and all slave controllers to 9-bit UART mode.

Set the serial channel 0 mode control register SCOMOD <WU > of each slave controller to 1 to enable
data reception.

The master controller sends one frame with the most significant bit (bit 8) SCOMOD <TB8> set to 1.
This frame contains the 8-bit select code of a slave controller.

\start,{bitoX X2 X3 XaXs XeX 7/), - Ystop‘,....

Slave controller select code 1

The slave controllers receive the above data frame. The slave controller whose select code matches the
select code in the data frame received clears its SCOMOD <WU > bit to 0.

The master controller sends data frames with their most significant bit (bit 8) SCOMOD <TB8> set to 0
to the specified slave controller (the controller whose SCOMOD < WU > bit is cleared to 0).

A0 00000

Data 0

The slave controllers whose SCOMOD <WU > bit is 1 ignore the received data as interrupt INTRXO is
not generated when the most significant bit (bit 8) SCOCR <RB8> remains cleared to 0 (when data are
sent).

The slave controller whose SCOMOD <WU > bit is cleared to 0 can inform the master controller of the
termination of a send it received by sending data to the master controller.
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Setting example: When linking two slave controllers serially with the master controller using

internal clock ¢1 as the transfer clock.

TxDO RxDO TxDO RxDO TxDO RxDO
Master Slave 1 Slave 2
Select code Select code
00000001B 00001010B

As serial channels 0, 1, and 2 operate identically in this mode, the following describes channel 0 only.
® Setting the master controller

Main routine:

PBCR ¢ === - -~ 01 '} SelectP80asTxDO pin, and P81 as RxDO pin.

PSFC ¢ X --X--X1

INTESO « 11 001101 Enable interrupt INTTXO0 and set interrupt level to 4.
Enable interrupt INTRXO0 and set interrupt level to 5.

SCOMOD « 1 0101110 Set ¢1 astransfer clock and set 9-bit UART mode.

|SCOBUF « 0000000 1 Set select code for slave controller 1.

INTTXO0 interrupt routine:

[scomon €0------- Set SCOMOD<TB8> to 0.

SCOBUF « * * * % % * % x Set send data.

Note: X: Don’t care - : no change

® Setting slave controller 2

Main routine:

P8CR ¢ - - - - - - 01 . .
Select P80 as TxDO pin (open-drain output), and P81 as RxDO0
P8FC « X --X--X1 in
in.
OE exxxxx--1 JP
INTESO « 110111 0 Enable interrupts INTTXO0 and INTRXO0.
SCOMOD « 00111110 Set 9-bit UART mode using transfer clock ¢1 (2/fc), and enable

wake-up mode (set <WU> to 1).

INTRXO0 interrupt routine:

Compare SCOBUF and select code (00001010B). If these match, clear SCOMOD <WU> to 0.

Note: X: Don’t care - : nochange
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(7) Signal Generation Timing

@ In I/O Interface mode

Timing forsend | SCLKO output mode | Immediately after rise of last SCLKO signal (See Figure 3.9 (9))

interrupt :
generation , Immediately after rise (rising mode) or fall (falling mode) of
SCLKOinputmode ||t < 0 signal (See Figure 3.9 (10).)
o Immediately after final SCLKO (When received data are
Timing for SCLKO output mode transferred to receive buffer 2 (SCOBUF)) (See Figure 3.9 (11).)

receive interrupt

generation SCLKO input mode Immediately after final SCLKO (When received data are

transferred to receive buffer 2 (SCOBUF)) (See Figure 3.9 (12).)

@ In UART mode

Receive

Mode 9-Bit 8-Bit + Parity 8-Bit, 7-Bit + Parity, 7-Bit

Timing for interrupt Around center of bit 8 Around center of

: L Around center of stop bit
generation parity bit

Timing for framing

. Around center of stop bit
error generation

Timing for parity Around center of
error generation parity bit

Timing for overrun Around center of

Around center of bit 8 Around center of stop bit

error generation parity bit
Send
Mode 9-Bit 8-Bit + Parity 8-Bit, 7-Bit + Parity, 7-Bit
Timing for interrupt Immediately before - -
generation stop bit sent
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3.10 Analog/Digital Converter

TMP95CS64/265 incorporates a high-speed, high-precision 10-bit successive approximation-type
analog/digital converter (A/D converter) with 8-channel analoginput.
Figure 3.10 (1) is a block diagram of the A/D converter. The 8-channel analog input pins (ANO to AN7)
are shared by input-only port A and can thus be used as an input port.

Note : When the power is reduced by setting IDLE2, IDLE1, or STOP mode, with some timings, the
system may enter standby mode even though the internal comparator is still enabled. Therefore,
be sure to check that A/D converter operations are halted before executing a HALT instruction.

Internal data bus

)

&

AN

AV

A/D mode control register 1 ADMOD1

A/D mode control register 0 ADMODO

ZAN

ADTRG

INTAD
interrupt

A/D conversion

result register
ADREGO04L~37L

ADREG0O4H~37H

ADMOD1 <ADTRGE >
<ADCH2:0>  <VREFON> <EOCF> <ADBF> <ITMO0> <REPET > <SCAN > <ADS >
o scan
[
g repeat
> 2 interrupt
busy
end
start
Channel select A/D converter control
Analog input circuit
AN7 (PAT) [
ANG (PAG) [ > =
ANS(PAS)[ }>| &
AN4 (PA4) D = Sample and .
ARTRE - hold
AN3/ADTRG (PA3) *r
AN2 (PA2) s _
AN1 (PA1)
ANO (PAO) I:l Comparator
vRerHL] ik D/A converter <
VRerL[ |

Figure 3.10 (1) A/D Converter Block Diagram
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3.10.1  Analog/Digital Converter Registers

The A/D converter is controlled by two A/D mode control registers: ADMODO and ADMOD1. Eight A/D
conversion data upper and lower registers (ADREG04H/L, ADREG15H/L, ADREG26H/L, and
ADREG37H/L) store the A/D conversion results.

Figures 3.10 (2) shows registers related to the A/D converter.,

A/D Mode Control Register 0

7 ¢ 6 i 5 i 4 i 3 o2 i i0
bitSymbol | EOCF : ADBF : - . - . ITMO : REPET : SCAN : ADS
ADMODO y : g : : : : :
(005EH) | Read/Write R § RIW
After reset o ¢ o { o { 0 { 0 f 0 f{ 0 i 0
AD IAD Note: iNote: dInterrupt iRepeat mode :Scan mode  :A/D
Function [conversion iconversion : Always : Always ispecification :specification :specification :conversion
end flag ibusy flag i fixedto0. : fixedtoO. :inconversion :0:Single :0 :Conversion :start
0 : Conversion : 0 : Conversion : : ‘channel fixed : conversion : channel :0:Don'tcare
inprogress : stopped : ‘repeatmode : mode ¢ fixed mode:1 :Start
1 :Conversion : 1 :Conversion : 10 :Every i1:Repeat  :1:Conversion: conversion
complete : inprogress : : * conversion : conversion ! channel :Alwaysread
H i : i1:Every { mode i scanmode :asO0.
fourth : : :
conversion :

|—> A/D conversion start

0 |Don'tcare

1 | Start A/D conversion

Note: Always read as 0.

——> A/D scan mode setting

0 | A/D conversion channel fixed mode

1 | A/D conversion channel scan mode

— > A/D repeat mode setting

1 | A/D repeat conversion mode

—> Specify A/D conversion interrupt for channel
fixed repeat conversion mode

Channel fixed repeat conversion mode
<SCAN> =0, <REPET> =1

0 | Generateinterrupt every conversion

1 | Generate interrupt every fourth conversion

A/D conversion busy flag
0 | A/D Conversion stopped

1 | A/D conversion in progress

A/D conversion end flag

1 | A/D conversion complete

Figure 3.10 (2)-1 A/D Converter Related Register
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A/D Mode Control Register 1
7 6 ¢ 5 i a4 i 3 i 2 i 0
[ | | VREFON : : :
ADMOD1 bit Symbo 0] : ADTRGE : ADCH2 : ADCH1 ADCHO
(005FH) |Read/Write R/W R/W
After reset 1 : 0 _ 0 0 : 0
VREF : :A/ID ! Analog input channel selection
Function |application: ‘external i
control : itrigger
0: OFF istart
1: ON icontrol !
:0: Disable
i1: Enable
| l
Analog input channel selection
<SCAN> 0 !
Channel Channel
<ADCH2,1,0> fixed scan
000 ANQ ANO
001 AN1 ANO—AN1
010 AN2 ANO—AN1T—SAN2
011 (Note) AN3 ANO—>AN1—->AN2—AN3
100 AN4 AN4
101 AN5 AN4—ANS5
110 ANG6 AN4—AN5—AN6
111 AN7 AN4—>AN5—SAN6—AN7
A/D conversion start control by external
trigger (ADTRG input)
..... 0. |Disable .
1 Enable

Control of application of reference voltage to
A/D converter

Before starting conversion (before writing 1
to ADMODO<ADS>), set the <VREFON> bit
to 1.

Note: As pin AN3 also functions as the ADTRG input pin, do not set <ADCH2 to 0> =011 when using
ADTRG with <ADTRGE > setto 1.

Figure 3.10 (2)-2 A/D Converter Related Register
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A/D Conversion Data Lower Register 0/4
7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0
ADREGOA4L | bitSymbol [ ADRO1 : ADROO : : : : . ADRORF
(0060H)  [geadnvrite R R
Afterreset Undefined 0
Function | Storeslower 2 bits of : ; : : ;A’D )
: ‘conversion
A/D conversion result : ‘data storage
: flag
:1:Conversion
¢ result stored
A/D Conversion Data Upper Register 0/4
A - . S T e T T
ADREGO4H| bitsymbol | ADRO9 : ADRO8 : ADRO7 : ADRO6 : ADRO5 : ADRO4 : ADRO3 : ADRO2
(0061H) Read/Write R
After reset Undefined
Function Stores upper eight bits of A/D conversion result.
A/D Conversion Data Lower Register 1/5
A - T N T - T O T T O
ADREG15L | bitSymbol [ ADR11 | ADR10 : : : : : . ADRIRF
(0062H) [geadwrite R R
Afterreset Undefined 0
Function | Storeslower 2 bits of : : : : ;A/D :
: ‘conversion
A/D conversion result : ‘result flag
: i1:Conversion
result
stored
A/D Conversion Data Upper Register 1/5
A - . S T e T T
ADREG15H| bit Symbol | ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 : ADRI13 ADR12
(0063H) Read/Write R
After reset Undefined
Function Stores upper eight bits of A/D conversion result.
9 8 7 6 5 4 3 2 1 0
Channel x
conversion result
L I L ]
ADREGxH i i ADREGxL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
'

® Bits 5-1arealwaysread as 1.

* Bit 0 is the A/D conversion data storage flag <ADRxRF>.
When the A/D conversion result is stored, the flag is set to
1. When either of the registers (ADREGxH, ADREGxL) is
read, the flag is cleared to 0.

Figure 3.10 (2)-3 A/D Converter Related Registers
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A/D Conversion Result Lower Register 2/6
7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0
ADREG26L | bitSymbol | ADR21 : ADR20 : : : : . ADR2RF
(0064H) Read/Write R . R
After reset Undefined : : 0
Function | Storeslower 2 bits of ;g’:version
A/D conversionresult : idata storage
: T Conversion
i result stored
A/D Conversion Data Upper Register 2/6
A - . S T e T T
ADREG26H | bitSymbol | ADR29 | ADR28 | ADR27 : ADR26 : ADR25 | ADR24 i ADR23 | ADR22
(0065H) Read/Write R
Afterreset Undefined
Function Stores upper eight bits of A/D conversion result.
A/D Conversion Data Lower Register 3/7
A - T N T - T O T T O
ADREG3T7L | bitSymbol | ADR31 : ADR30 : : : : . ADR3RF
(0066H) Read/Write R . R
After reset Undefined : : 0
Function | Storeslower 2 bits of ;g’:version
A/D conversionresult : idata storage
: T Conversion
¢ resultstored
A/D Conversion Result Upper Register 3/7
A - . S T e T T
ADREG37H| bitSymbol | ADR39 ADR38 ADR37 ADR36 : ADR35 ADR34 ADR33 ADR32
(0067H) Read/Write R
Afterreset Undefined
Function Stores upper eight bits of A/D conversion result.
9 8 7 6 5 4 3 2 1 0
Channel x

conversion result

ADREGxH
7 6

ADREGxL
5 4 3 2 1 0 7 6 5 4 3 2 1 0

~"

® Bits5-1arealwaysreadas1.

* Bit 0is the A/D conversion data storage flag <ADRxRF>.
When the A/D conversion result is stored, the flag is set to
1. When either of the registers (ADREGxH, ADREGxL) is
read, the flag is cleared to 0.

Figure 3.10 (2)-4 A/D Converter Related Registers
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3.10.2

(1

(2)

Description of Operation
Analog Reference Voltage

A high level analog reference voltage is applied to the VREFH pin; a low level analog reference voltage
to the VREFL pin. To perform A/D conversion, the reference voltage, the difference between VREFH
and VREFL, is divided by 1024 using string resistance. Then, the result of the division is compared
with the analog input voltage.

To turn off the switch between VREFH and VREFL, write 0 to A/D mode control register 1
ADMOD1<VREFON >. To start A/D conversion from the off state, first write 1 to <VREFON >, wait
3 us until the internal reference voltage stabilizes (not related to the fc), then write 1 to A/D mode
register ADMODO<ADS>.

Analog input channel selection
The analog input channel selection varies according to the operating mode of the A/D converter.

® Inanaloginput channel fixed mode (ADMODO <SCAN > =0)
Setting ADMOD1 <ADCH2 to 0> selects one channel among analog input pins ANO to AN7.

® In analoginput channel scan mode (ADMODO<SCAN>=1)
Setting ADMOD1 <ADCH2 to 0> selects one scan mode from among eight scan modes.

Table 8.10 (1) shows the analog input channel selection for each operating mode.

After a reset, ADMODO<SCAN > is set to 0 and ADMOD1<ADCH2 to 0> is initialized to 000, thus
selecting pin ANO as the channel fixed input. Pins not used as analog input channels can be used as
standard input ports.

Table 3.10 (1) Analog Input Channel Selection

<ADCH2~0> Channel fixed Channel scan
<SCAN> = "0" <SCAN>= "1"
000 ANO ANO
............. D R e
............. T ARG T AN AN TS AR
............. T T NG AN T AN AN
.............. T R AN
.............. O AR T T AN AR
.............. T R AN AN ARG
.............. G g e
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3)

(4

Starting A/D Conversion

To start A/D conversion, write 1 to A/D mode control register 0 ADMODO <ADS> or A/D mode control
register 1 ADMOD1 <ADTRGE > and input a falling edge on the ADTRG pin. When A/D conversion
starts, the A/D conversion busy flag ADMODO<ADBF > is set to 1, indicating A/D conversion is in
progress.

Writing 1 to <ADS> during A/D conversion restarts conversion. At that time, to determine whether
the A/D conversion results are preserved, check the conversion data storage flag
ADREGxL<ADRxRF>.

During A/D conversion, inputting a falling edge to the ADTRG pin is ignored.

A/D conversion modes and A/D conversion end interrupt
The four A/D conversion modes are:

* Channel fixed single conversion mode
* Channel scan single conversion mode

* Channel fixed repeat conversion mode
* Channel scan repeat conversion mode

A/D mode control register 0 ADMODO<REPET >, <SCAN > selects the A/D mode.
Completion of A/D conversion triggers the A/D conversion end INTAD interrupt request. Also,
ADMODO<EOCF > is set to 1 to indicate that A/D conversion is complete.

Channel fixed single conversion mode

Setting ADMODO<REPET >, <SCAN > to 00 sets conversion channel fixed single conversion mode.
In this mode, one specified channel is converted once only. When the conversion is complete, the
ADMODO<EOCF> flag is set to 1, ADMODO<ADBF> is cleared to 0, and an INTAD interrupt
request is generated.

Channel scan single conversion mode

Setting ADMODO <REPET >, <SCAN > to 01 sets conversion channel scan single conversion mode.

In this mode, the specified scan channels are converted once only. When scan conversion is complete,
ADMODO<EOCF> issetto 1, ADMODO <ADBF> is cleared to 0, and an INTAD interrupt request is
generated.
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@ Channel fixed repeat conversion mode

Setting ADMODO<REPET >, <SCAN > to 10 sets conversion channel fixed repeat conversion mode.
In this mode, one specified channel is converted repeatedly. When conversion is complete,
ADMODO<EOCF> is set to 1 and ADMODO<ADBF > is not cleared to 0 but held at 1. The INTAD
interrupt request generation timing is selected by ADMODO0 <ITMO0 >,

Setting <ITMO > to 0 generates an interrupt request when every A/D conversion completes.

Setting <ITMO > to 1 generates an interrupt request when every fourth conversion completes.

Channel scan repeat conversion mode

Setting ADMODO <REPET >, <SCAN > to 11 sets conversion channel scan repeat conversion mode.
In this mode, the specified scan channels are converted repeatedly. When each scan conversion
completes, ADMODO<EOCF> is set to 1 and an INTAD interrupt request is generated.
ADMODO<ADBF > is not cleared to 0 but held at 1.

To stop conversion in a repeat conversion mode (mode 3 or @), write 0 to ADMODO<REPET>. After
the current conversion is complete, the repeat conversion mode terminates and ADMODO<ADBF> is
cleared to 0.

Switching to a halt state IDLEZ2, IDLE1, or STOP) immediately stops the A/D converter even with A/D
conversion still in progress. In repeat conversion modes (modes ® and @), after the halt is released,
conversion restarts from the beginning. In single conversion modes (modes @O and 2)), conversion does
not restart (the converter remains stopped).

Table 3.10 (2) shows the relationship between A/D conversion modes and interrupt requests.

Table 3.10 (2) Relationship Between A/D Conversion Modes and Interrupt Requests

. ADMODO
Mode Interrupt request generation
<ITMO> <REPET> <SCAN>
Channel fixed After completion of X 0 0
single conversion mode conversion
Channel scan After completion of X 0 1
single conversion mode scan conversion
. Every conversion 0
Channel fixed 1 0
repeat conversion mode .
Every fourth conversion 1
Channel scan After completion of X 1 1
repeat conversion mode every scan conversion

X: Don'tcare
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(5)

(6)

A/D conversion time
84 states (6.72 us @fc =25MHz) are required for A/D conversion of one channel.
Storing and reading A/D conversion result

The A/D conversion data upper and lower registers (ADREG04H/L to ADREG37H/L) store the A/D
conversion results. (ADREGO04H/L to ADRG37H/L are read-only registers.)

In channel fixed repeat conversion mode, the conversion results are stored successively in registers
ADREGO04H/L to ADRG37H/L. In other modes, the ANO and AN4, AN1 and AN5, AN2 and AN6, and
AN3 and AN7 conversion results are stored in ADREG04H/L, ADREG15H/L, ADREG26H/L, and
ADREGS37H/L respectively.

Table 3.10 (8) shows the correspondence between analog input channels and A/D conversion result
registers.

Table 3.10(3)  Correspondence Between Analog Input Channels and
A/D Conversion Result Registers

A/D conversion result register
Analog input . Channel fixed re
peat
channel (port A) Conver:on quis other conversion mode
than atright (every 4th conversion)
ANO ADREGO4H/L
AN1 ADREG15H/L ADREGO4H/L
AN2 ADREG26H/L
ADREG15H/L
AN3 ADREG37H/L
AN4 ADREGO4H/L ADREG26H/L
AN5 ADREG15H/L
AN6 ADREG26H/L ADREG37H/L
AN7 ADREG37H/L

The A/D conversion data storage flag <ADRxRF > uses bit 0 of the A/D conversion data lower register.
The storage flag indicates whether the A/D conversion result register was read or not. When a
conversion result is stored in the A/D conversion result register the flag is set to 1. When either of the
A/D conversion result registers (ADREGxH or ADREGxL) is read the flag is cleared to 0.

Reading the A/D conversion result also clears the A/D conversion end flag ADMODO <EOCF > to 0.
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Setting example:
@ Convert the analog input voltage at the AN3 pin and write the result, using the A/D interrupt (INTAD)

processing routine, to memory address 0800H.

Main routine setting:
76543210

INTEOAD « 00001100 Enable INTAD and set level to 4.
ADMOD1 « 1 XX X 0011 Set analog input channel to pin AN3.
|ADMODO0 « X X 00000 1 Start conversion in channel fixed single conversion mode.

Interrupt routine processing example:

WA < ADREG37 Read value of ADREG37L and ADREG37H to general-
purpose register WA (16 bits).

WA >> 6 Shift contents read in WA six times to right and zero-fill
upper bits.

(0800H) « WA Write contents of WA to memory address 0800H.

(@ This example repeatedly converts the analog input voltages at the three pins ANO to AN2, using
channel scan repeat conversion mode.

INTEOAD « 0 0001000 Disable INTAD.

ADMODL « 1 XX X0010 Set pins ANO - AN2 as analog input channels.

ADMODO « X X 000111 Start conversion in channel scan repeat conversion mode.
Note: X:Don’t care - :no change
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3.11 Digital/Analog Converter

TMP95CS64/265 incorporates a 2-channel, 8-bit resolution digital/analog converter with the following
features.

* An R-2R-type 8-bit resolution D/A converter with two internal channels.

* The output analog voltage is determined by the potential difference between AVCC and AVSS and
by the value set in D/A conversion registers DAREGO and DAREG1.

Figure 3.11 (1) is a block diagram of the D/A converter.

Internal data bus

S
Reset 3 L 34 0 II

- - D/A converter
D/A conversion D/A conversion control circuit
register 1 register0
DAREG1 DAREGO I [ ] Avcc
DAODR>

|—'\ 8-bit D/A
—|/ converter 0 D DAOUTO

t
!

N 8-bitD/A
/ converter 1

<DA1DR>

[ ] bAouT1

! [ ] Avss

Figure 3.11 (1) D/A Converter Block Diagram
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3.111

The D/A converter is controlled by the D/A conversion drive register DADRV and two D/A conversion

Digital/Analog Converter Registers

value setting registers DAREG1 and DAREG2.
Figure 3.11 (2) shows the D/A converter related registers.

DADRV
(009DH)

DAREGO
(009EH)

Read-modify-
write
instructions
prohibited.

DAREG1
(009FH)

Read-modify-
write
instructions
prohibited.

D/A Conversion Drive Register

6 5 4 3 2 1 0
bit Symbol ' ' ' ' DATDR i DAODR
Read/Write RIW
After reset 0 : 0

éOutput pin éOutput pin
Function :DAOUT1 :DAOUTO
idrive idrive
ispecification ispecification
0: Fixed to OV output
i 1: D/A conversion result
output

D /A Conversion Value Setting Register 0

6 5 i 4 i 3 i 2 1 0
bit Symbol —

Read/Write w
Afterreset Undefined
Function Set D/A converter 0 conversion value N Output voltage V = (AV¢c - AVgs) x N/256

D /A Conversion Value Setting Register 1

6 5 i a4 i 3 i 2 1 0
bit Symbol —

Read/Write w
Afterreset Undefined

Function

Set D/A converter 1 conversion value N Output voltage V = (AV¢c- AVgs) x N/256

Figure 3.11(2) D/A Converter Related Registers
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3.11.2

Description of Operation
The analog voltage output by the D/A converter is expressed by the following formula:
Analog voltage = (AVCC - AVSS) x N/256

Here, “N” is the value (0 to 255) set in the D/A conversion value setting register DAREGO or DAREG1.
The channel 0 and 1 D/A conversion results are output from the DAOUTO0 and DAOUT1 pins
respectively.

Bits 1 and 0 of the D/A conversion drive register DADRV <DA1DR>, <DAODR> are the drive bits of
the DAOUT1 and DAOUTO pins respectively. Setting <DA1DR>, <DAODR> to 0 fixes the
DAOUT1:0 pins to 0 voltage. Setting to 1 sets the DAOUT1:0 pins to D/A conversion result output pins.
As a reset clears the D/A conversion drive register DADRV<DAIDR>, <DAODR> to 0, the
DAOUT1:0 pins output O0V. When performing D/A conversion following a reset, the contents of
DAREGO and DAREG1 are undefined. Therefore, be sure to set “N” first then <DA1DR>,
<DAODR> to 1.

Also, once D/A conversion has started, write “N” as required to output the desired analog voltage.
There is no need to clear <DA1DR>, <DAODR > when rewriting “N”,

Also, in STOP mode, the DAOUTO:1 pins output 0V regardless of the DADRV or DAREG setting.

Setting example : After a reset, output from the DAOUT1 pin VCC and VCC/2 consecutively (set to
AVCC=VCC,AVSS=GND):

76543210

255 .
DAREGLT « 11111111 Write FFH. DAOUTT=Veex 555 = Vec
DADRV « XX XXXX1- Output DAOUTI.
DAREGL « 10000000 Write 80H. Output% on DAOUTI.
Note : X : Don’t care - :no change
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3.12 Watchdog Timer (Runaway Detection Timer)

TMP95CS64/265 incorporates a watchdog timer for detecting a runaway (out-of-control) condition.

The watchdog timer (WDT) returns the CPU to its normal state when it detects the start of a CPU
runaway due to, for example, noise. When the watchdog timer detects a runaway, it generates an
INTWD (non-maskable) interrupt to notify the CPU of the condition.

In addition, the runaway detection result can be used for a forcible reset of the microcontroller itself.
The watchdog timer consists of a 22-step binary counter with 2/fc as the input clock, and a control block.
Figure 3.12 (1) is a block diagram of the watchdog timer (WDT).

OQ—D RESET
Internal reset 4—6_—67 WDMOD < RESCR>

Runaway detection

WDMOD Watchdog
<WDTP1, 0>—>1 Selector timerout [—> INTWD
™ control
2'6/fc | 2'8/fc | 2%/fc | 2%/fc Enable
22-step binary counter for Q
2fc —» watchdog timer F/F
R S
Reset
Reset
WDMOD<WDTE>
HALT instruction—>—
executing (STOP or Write Write
IDLE1 mode) clear code .
disable code
4EH
B1H

Watchdog timer
control register
WDCR

i

q Internal data bus )

Figure 3.12 (1) Watchdog Timer Block Diagram
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3.12.1 Watchdog Timer Registers

The watchdog timer (WDT) is controlled by two control registers. Figure 3.12 (2) shows watchdog timer
mode control register WDMOD and watchdog timer control register WDCR.

Watchdog Timer Mode Control Register

A T T - T I T I
WDMOD | bitSymbol | WDTE : WDTP1 i WDTPO : WARM : HALTM1 : HALTMO ; RESCR : DRVE
(006EH) [Read/write R/W
After reset 1 0 0 0 0 0 0 0
Watchdog {Watchdog timer iWarm-upi{HALT mode selection :internal reset : Pin control in
Function |timer idetection time ‘time {00:RUN mode controlat  :STOP mode
control iselection 10z 214/f¢ {01:STOP mode i runaway : 1: Drive pins
0: Disable i00: 216/fc 11 216/f¢ $10:1DLE1 mode idetection  inSTOP
1: Enable io01: 218c : {11:IDLE2 mode 1:Perform : mode
110: 220/f¢ : ; i internal
fag. : ; ¢ resetby
E'I1. 222/fc : : i runaway
: ' ; : detection
| | 1 |
!

(See 3.4, Standby Function)

Internal reset control at runaway detection

0 [Don't care

1 | Perform internal reset by runaway detection

Watchdog timer detection time selection

00 | 216/fc (approximately 2.6 ms @ 25 MHz)

11 | 222/fc (approximately 168 ms @ 25 MHz)

Watchdog timer enable/disable control

0 | Disable

Watchdog Timer Control Register
A - T - S T e O

WDCR bit Symbol -
(006FH) Read/Write w

After reset -

Function B1H : WDT disable code 4EH : WDT clear code

I—> Watchdog timer disable and clear

B1H Disable code

Others | Don't care

Figure 3.12 (2) Watchdog Timer Related Registers

95CS64-178



TOSHIBA TMP95CS64/TMP95C265

(1

(2)

Watchdog timer mode control register (WDMOD)
Setting watchdog timer detection time <WDTP1: 0>

This 2-bit register is used to set the watchdog timer interrupt time for detecting a runaway. After a
reset, WDMOD <WDTP1 : 0> is set to 00, which sets a detection time of 216/fc [s]. (The number of
states is approximately 32,768.)

Watchdog timer enable/disable control <WDTE >

After a reset, WDMOD <WDTE > is initialized to 1, enabling the watchdog timer.

Disabling the watchdog timer requires both clearing this bit to 0 and writing the disable code B1H in
watchdog timer control register WDCR. This two-step process is an insurance against an out-of-control
system disabling the watchdog timer.

To return from disable state to enable state, simply set <WDTE> to 1.

Runaway detection time internal reset control <RESCR>

This register determines whether or not the watchdog timer resets itself on detection of a runaway.
Setting WDMOD <RESCR> to 1 forcibly resets the microcontroller after detection of a runaway. On
reset, <RESCR> is initialized to 0. Therefore, detection of a runaway will not trigger an internal
reset. In such a case, the watchdog timer holds the runaway detection state until the clear code is
written to WDCR.

Watchdog timer control register WDCR
This register is used to disable the watchdog timer functions and to clear the binary counter.
® Disable control

After clearing WDMOD <WDTE> to 0, write the disable code B1H to WDCR to disable the
watchdog timer.

76543210

WDMOD « 0 - - - - - XX Clear <WDTE> 10 0.
WCR «10110001 Write disable code B1H.
Note: X:Don't care - :no change

® Watchdog timer clear control

Writing clear code 4EH to WDCR clears the binary counter and resumes the count.
WCR « 01001110 Write clear code 4EH.
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3.12.2

Description of Operation

After the detection time set by the watchdog timer mode register WDMOD <WDTP1 : 0> is reached,
the watchdog timer generates interrupt INTWD. The watchdog timer detection time can be selected
from 216f/c, 218f/c, 220f/c, and 222f/c. The binary counter for the watchdog timer must be cleared to 0 by
software (by instruction) before the INTWD interrupt is generated. If the CPU malfunctions (is out of
control) due to factors such as noise and does not execute an instruction to clear the binary counter, the
binary counter overflows and generates interrupt INTWD. The CPU interprets the INTWD interrupt
as a malfunction (runaway condition) detection signal, which can be used to start program-based anti-
malfunction measures to return the system to normal (normal mode).

Runaway detection can also be used for an internal reset (reset mode). To perform an internal reset by
runaway detection, first set WDMOD <RESCR> to 1.

The INTWD interrupt generation cycle is twice the watchdog timer detection time selected by
<WDTP1:0>.

WDT counter n X A5k /X o X 0
N
INTWD interrupt | | («

WDT

N
Write clear code 4EH
clear “ *{ |
(software)

1

Figure 3.12 (3) Normal Mode

Overflow

WDT counter n % « / 0

1

WDT interrupt | | («

Internal reset

R

I “ |

)
| |

! 8 to 20 states (640 nsto 1.6 us @ fc =25 MHz) !

Figure 3.12 (4) Reset Mode

The watchdog timer operates during RUN and IDLE2 modes. While an INTWD interrupt does not
occur during IDLE2 mode, to prevent an INTWD interrupt being triggered immediately after the halt
release, disable the watchdog timer. The watchdog timer is halted in IDLE1 and STOP modes.

As the binary counter continues counting during bus release (when BUSAK goes low), set the runaway
detection time in accordance with the bus release time. If the watchdog timer detects a runaway
condition during bus release, the watchdog timer generates an INTWD interrupt immediately after the
bus release
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Examples: O Clear the binary counter.
WDCR « 01001110 Write clear code 4EH.

@ Set the watchdog timer detection time to 218/fc.
WDMOD « 1 01 ---XX

(® Disable the watchdog timer.
WDMOD « 0 -~ - - - - X X Clear <WDTE> to 0.
WDCR « 10110001 Write disable code B1H.

@ Select IDLE1 mode.

WDMOD ¢« 0 — - -1 0 X X Disable WDT and set IDLE1 mode.
WDCR « 10110001
Execute HALT instruction. Set HALT mode.

® Select IDLE2 mode.
WDMOD « 0 — - -11 X X Disable WDT and set IDLE2 mode.
WDCR « 10110001
Execute HALT instruction. Set HALT mode.

® Select STOP mode. (Warm-up time 216/fc)
WDMOD ¢« —= - - 101X X Set STOP mode.
Execute HALT instruction. Set HALT mode.

Note: X:Don'tcare =-:nochange
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3.13 Bus Release Function

TMP95CS64/265 has a bus request pin (BUSRQ, shared with P53) for releasing the bus, and a bus
acknowledge pin (BUSAK, shared with P54). These pins are set by the P5CR and P5FC registers.

3.13.1 Description of Operation

When a low level signal is input to the BUSRQ pin, TMP95CS64/265 recognizes a bus release request.
When the current bus cycle terminates, the address bus (A23 to A0) and the bus control signals (RD,
WR, HWR, CS0 to CS3) first go high. Then these signals and the data bus (D15 to D0) output buffer are
set to off and the BUSAK pin outputs a low signal. This sequence indicates that the bus is released.
During bus release, TMP95CS64/265 disables all access to the internal I/O registers, although internal
I/O functions are not affected. Accordingly, the watchdog timer continues to count up during bus
release. When using the bus release function, set the runaway detection time in accordance with the
bus release time.

3.13.2 Pin States When Bus is Released

Table 3.13 shows the pin states when the bus is released.

Table 3.13 Pin States at Bus Release

Pin State at Bus Release
Pin Name
Port Mode Function Mode

P07 to POO No change Goes to high impedance.

(D7 to DO)

P17 to P10

(D15 to D8)

P27 to P20 No change Goes to high impedance. (Goes high

(A23to A16) immediately before bus release.)

P37 to P30

(A15to A8)

P47toP40

(A7 to AD)

P50 (RD)

P51 (WR)

P52 (HWR) No change Turns output buffer off. Internal
pull-up resistors are added
regardless of the output latch value.
(Goes high immediately before
bus release.)

P63 (CS3) No change Goes to high impedance. (Goes high

P62 (CS2) immediately before bus release.)

P61(CS1)

P60 (CS0)
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4, ELECTRICAL CHARACTERISTICS

4.1 Absolute Maximum Ratings

Symbol Parameter Rating Unit
Vcc Power Supply Voltage -05to +6.5 Y
VN Input Voltage -0.5toVcc+0.5 Vv
S loL Output current (total) +120 mA
S loH Output current (total) -120 mA
Pp Power Dissipation (Ta= + 70 °C) 600 mw
T SOLDER Soldering Temperature (10s) +260 °C
Ts1G Storage Temperature -65to + 150 °C
T oPR Operating Temperature -20to +70 °C

Note : Exceeding the maximum ratings for the LSI can cause permanent damage.
4.2 DCElectrical Characteristics
(1) Vecc=+5V*10%,Ta= -20to +70°C (fc=8to 25 MHz)

(Typical values are for Ta = +25°C, VCC= +5V.)

Symbol Parameter Min Max Unit Test Condition
Vi Input Low Voltage (DO to 15) -0.3 0.8 \Y
VL1 Port2to A -0.3 0.3 Vcc VvV
(except P56, P70, P72, P73, P75)
VL2 RESET,NMI,INTO to 4 -0.3 0.25 Vcc \
Vi3 EA, AM8/16 -0.3 0.3 V
ViLa X1 -0.3 0.2Vcc V
VIH Input High Voltage (D0 to 15) 2.2 Vcc+0.3 \Y
V IH1 Port2to A 0.7 Vcc Vec+0.3 \)
(except P56, P70, P72, P73, P75)
V IH2 RESET,NMI,INTO to 4 0.75 Vcc Vecc+0.3 \)
VH3 EA, AM8/16 Vece-0.3 Vec+0.3 V
V |Ha X1 0.8Vcc Vec+0.3 V
VoL Output Low Voltage 0.45 V [loL=1.6 mA
V oH Output High Voltage 2.4 V [l on=-400 A
V OH1 0.75 Vcc V [lony=-100 A
V OH2 0.9 Vcc V [loH=-20 A
| DAR Darlington Drive Current —1.0 -35 mA |[VExT=15V
(8 Output Pins max.) Rext=1.1kQ
I Input Leakage Current 0.02(Typ) | %5 #A |0.0=Vin=Vcc
Lo Output Leakage Current 0.05(Typ) | %10 #A 10.2=Vin=Vec-0.2
I cc Operating Current (RUN) 40 (Typ) 50 mA | fc=25 MHz
IDLE2 30 (Typ) 40 mA
IDLE1 3.5(Typ) 10 mA
STOP (Ta= -20to +70°C) 0.5 (Typ) 50 ¢A 10.2=Vin=Vec-0.2
STOP (Ta=0to +50°C) 10 #A 10.2=Vin=Vcc-0.2
V sToP Power Down Voltage 2.0 6.0 V [V i12=0.2 Vcc,
(@STOP, RAM Back up) VH2=0.8 Vcc
RRrp Pull Up Registance 45 160 kO
Cio Pin Capacitance 10 pF [fc=1MHz
V TH Schmitt Width 0.4 1.0 (Typ) \Y
RESET,NMI, INTO to 4

Note: IpaR guarantees up to eight pins from any output port.
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(2) Vec=+3VE10%,Ta=-20to +70°C(fc=4to 10 MHz)
(Typical values are for Ta= +25°C, VCC= +3V.)
Symbol Parameter Min Max Unit Test Condition
VL Input Low Voltage (DO to 15) —-0.3 0.6 \Y
VL1 Port2to A -0.3 0.3 Vcce V
(except P56, P70, P72, P73, P75)
Vi RESET,NMI,INTO to 4 —-0.3 0.25 Vcc \
Vi3 EA, AM8/16 -0.3 0.3 \
ViLa X1 —-0.3 0.2Vcc \Y
VIH Input High Voltage (D0 to 15) 2.0 Vec+0.3 \Y
V IH1 Port2to A 0.7 Vcc Vecc+0.3 \)
(except P56, P70, P72, P73, P75)
V H2 RESET, NMI, INTO to 4 0.75 Ve Vee +0.3 Y,
V |H3 EA, AM8/16 Vce-0.3 Vcc+0.3 \Y
V |Ha X1 0.8Vcc Vec+0.3 V
VoL Output Low Voltage 0.45 V [loL=1.6 mA
V oH Output High Voltage 2.4 V [lox=-400 A
I Input Leakage Current 0.02(Typ) | %5 #A 10.0=Vin=Vcc
Lo Output Leakage Current 0.05(Typ) |10 #A 10.2=Vin=Vcc-0.2
I cc Operating Current (RUN) 12 (Typ) 25 mA | fc=10 MHz
IDLE2 4.5 (Typ) 17 mA
IDLE1 0.8 (Typ) 5 mA
STOP (Ta= -20to +70°C) 0.5 (Typ) 50 #A |0.2=Vin=Vcc-0.2
STOP (Ta=0to +50°C) 10 #A [0.2=Vin=Vec-0.2
V stoP Power Down Voltage 2.0 6.0 V |V 2=0.2 Vcc,
(@ STOP, RAM Back up) VH2=0.8Vcc
RRrp Pull Up Registance 70 400 kO
Cio Pin Capacitance 10 pF |fc=1MHz
V TH Schmitt Width 0.4 1.0 (Typ) v
RESET, NMI, INTO to 4
Refer: Ipardefinition diagram.

RExT
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4.3  ACElectrical Characteristics
(1) Vec=+5VE10%,Ta=-20to +70°C
(fc=8 MHz to 25 MHz)
No. | Symbol Parameter - Formula 2_0 MHz 2_5 MHz Unit
Min Max Min | Max | Min | Max

1| tosc |Oscillation cycle (=x) 40 125 50 40 ns

2| tcik  |Clock pulse width 2.0x-40 60 40 ns

3| tak |AO0to 23 valid — Clock hold 0.5x-20 5 0 ns

4] tga |Clock valid - A0 to 23 hold 1.5x-60 15 0 ns

5| tac |AOto 23 valid - RDAVR fall 1.0x - 20 30 20 ns

6| tca |RD/WRrise = A0 to 23 hold 0.5x - 20 5 0 ns

7| tap |AOto 23 valid - D0 to 15 input 3.5x-40 135 100 | ns

8| tro |RDfall > D0to 15input 2.5x-45 80 55| ns

9| trr  |RD low pulse width 2.5x-40 85 60 ns
10| tyr  |RD rise = DO to 15 hold 0 0 0 ns
11| tww |WR low pulse width 2.5x-40 85 60 ns
12| tpw |DOto 15 valid = WR rise 2.0x-40 60 40 ns
13| twp |WRrise -DO0 to 15 hold 0.5x-10 15 10 ns
14| taw |AOto 23 valid > WAIT input  (\Wadae ) 3.5x - 90 85 50 | ns
taw |AOto 23 valid > WAIT input  ($5IVAT) 1.5x - 40 35 20 | ns

15| tcw |RDAWR fall - WAIT hold TWAT e )| 2.5x+0 125 100 ns
tcww |RDAWR fall - WAIT hold (GEAWATY 0.5x + 0 25 20 ns

16| tcp WR rise— PORT valid 200 200 200 | ns
17| tce  |CS Low pulse width (PSRAM mode) 3.0x-40 110 80 ns
18| tcea Cs fall-> D0 to 15 input (PSRAM mode) 3.0x - 60 90 60 | ns
19| tpasc Address setup time (PSRAM mode) 05x-15 10 5 ns
20| tpp | S Precharge time (PSRAM mode)| 0%~ 10 40 30 ns

AC measuring conditions

e Outputlevel : High2.2V/Low 0.8V

,CL=50pF

Input level : High2.4V/Low 0.45V (D0 to D15)
High 0.8 Vcc/ Low 0.2 Ve (except for DO to D15)
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(2) Vec=+3VE10%,Ta=-20to +70°C
(fc=4 MHz to 10 MHz)

No. | Symbol Parameter - Formula - 10 MHz Unit
Min Max Min Max

1| tosc [Oscillation cycle (=x) 100 250 100 ns
2| tcik  |Clock pulse width 2.0x-70 130 ns
3| tac |AOto 23 valid » RDAWR fall 1.0x-60 40 ns
4| tca |RD/WRrise— A0 to 23 hold 0.5x - 40 10 ns
5/ tap [AOto 23 valid > D0to 15input 3.5x-125 225 ns
6| trp |RDfall >DO0to 15input 2.5x-115 135 ns
7| trr  |RD Low pulse width 2.5x-40 210 ns
8| thr  |RDrise—> D0 to 15 hold 0 0 ns
9| tww |WR Low pulse width 2.5x-40 210 ns
10| tpw |DOto 15 valid = WR rise 2.0x-120 80 ns
11| twp |WRrise =D0to 15 hold 0.5x - 40 10 ns
12| taw |AOto 23 valid - WAIT input (\WAT.. ) 3.5x-130 220 | ns
taw |AOto 23 valid > WAIT input  (%53VAT) 1.5x - 80 70 | ns

13| tcwwv |RD/WR fall - WAIT hold TWAT )| 2.5x+0 250 ns
tcw |RD/WR fall > WAIT hold (QEnWATY 0.5x +0 50 ns

14| tcp WR rise— PORT valid 200 200 ns
15| tce | CS Low pulse width (PSRAM mode) 3.0x-70 230 ns
16/ tcea CS fall > D0 to 15 input (PSRAM mode) 3.0x - 160 140 ns
17| tpasc Address setup time (PSRAN mode) 0.5x — 30 20 ns
18| tpp |3 Prechargetime (PSRAM mode)| 10X 40 60 ns

AC measuring conditions
e Outputlevel: High 0.7x Vcc/Low 0.3xVce ,CL=50pF
e Inputlevel : High0.9xVcc/Low 0.1x Vcc
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(3) Read Cycle

X1

CLK

AOQto 23

CS0to CS3
(ROM/SRAM : :
mode) tAW

l\

DOto 15 ==

tcen L

teE! |

CSO to CS3 f
(PSRAM mode)

-
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(4) Write Cycle

X1

A0 to 23 :X

CS0to CS3
(ROM/SRAM
mode)

Port Output

WR, AWR \4'k —tyw

TN
N

: : : tDW ; 5
DOt015  m i e < Dpoto1s. ) SO

CS0 to CS3
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4.4 Serial Channel Timing
(1) /O interface mode

@® SCLK input mode
Vee= +5V+10%, Ta= - 20to + 70°C (fc = 8 to 25MHz)
Vee= +3V+10%,Ta= -20to +70°C (fc=4to 10MHz)

Formula 10 MHz 25 MHz .
Symbol Parameter - - - Unit
Min Max Min [ Max | Min | Max

tscy | SCLK cycle 16x 1.6 0.64 s
toss | Output Data — SCLK rise/fall* tscy/2 - 5x-50 250 70 ns
tons | SCLK rise/fall* — Output Data hold 5x-100 400 100 ns
thsr | SCLK rise/fall* — input data hold 0 0 0 ns
tsrp | SCLK rise/fall* - valid data input tscy — 5x— 100 1000 340 ns

*) SCLK rise/fall: In SCLK rising edge mode, SCLK rising edge timing; in SCLK falling edge mode, SCLK falling
edge timing

@ SCLK output mode
Vee= +5V+10%, Ta= - 20to + 70°C (fc = 8 to 25MHz)
Vee= +3V10%, Ta= - 20to +70°C (fc =4 to 10MHz)

Formula 10 MHz 25 MHz ;
Symbol Parameter - - - Unit
Min Max Min | Max | Min [ Max

tscy | SCLK cycle (programmable) 16X 8192x 1.6 |819.2 | 0.64 [327.6 | us
toss Output Data —SCLKrising edge | tscy —2x-150 1250 410 ns
tons | SCLK rising edge — Output Data hold 2x - 80 120 0 ns
tysr | SCLK rising edge — Input Data hold 0 0 0 ns
tspp | SCLK rising edge — valid data input tscy —2x— 150 1250 410 ns

SCLK e tscy |

(Output mode/ ) | ‘ I_ I_I_I_I_
—

input rising mode

SCLK
(Input falling mode) Fors
H
OUTPUT DATA l«—toss 20
TxD \ 0 X 1 X 2 X 3 X
tsep | tHSR
INPUT DATA - i
RxD X o X X X X 2 X X3 X
VALID VALID VALID VALID

(2) UART Mode (SCLKO to 2 External Input)
Vee= +5V+10%,Ta= —20to +70°C(fc=8to 25 MHz)
Vee= +3V+10%,Ta= -20to +70°C(fc=41t0 10 MHz)

Formula 10 MHz 25 MHz .
Symbol Parameter - - - Unit
Min Max Min | Max | Min [ Max
tscy SCLK cycle 4x + 20 420 180 ns
tseyL Low-level SCLK pulse width 2x+5 205 85 ns
tecyH High-level SCLK pulse width 2x+5 205 85 ns
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4.5 A/D Conversion Characteristics

Vee= +5V+10%,Ta= —20to +70°C (fc=8to 25 MHz)
Vee= +3V+10%,Ta= -20to +70°C(fc=4to 10 MHz)

Symbol Parameter Min Typ Max Unit Test Conditions
VRerH | A/D analog reference supply voltage (+) Vec-0.2 Vcc
VgerL | A/D analog reference supply voltage (-) Vss Vss +0.2
AVcc | Analog reference voltage Vee-0.2 Ve VvV
AVss | Analog reference voltage Vss Vss +0.2
Vain | Analoginput voltage VREFL VREFH
IRer | Analog reference <VREFON> =1 3.7 mA [Vcc=5V+10%
voltage supply 2.2 Vee=3V10%
current <VREFON> =0 0.02 5.0 uA | Vee=27t055V
Et Total tolerance 1 *+3 - Vee=5VE10%
(excludes quantization error) +1 +3 Vee=3V+10%

Note 1:1LSB=(VREFH - VREFL) /2 [V]
Note 2 :Power supply current ICC from the VCC pin includes the power supply current from the AVCC pin.

4.6 D/A Conversion Characteristics
Vee= +5V110%,Ta= —20to +70°C (fc=8to 25 MHz)
Vee= +3V110%,Ta= -20to +70°C (fc=4to 10 MHz)

Symbol Parameter Min Typ Max Unit Condition
AVce | Analog reference voltage Vec-0.2 Ve
\Y
AVss | Analog reference voltage Vss Vss +0.2
Total tolerance 7.0 LSB R=1MQ (Note)
4.0 LSB R=5MQ (note)
3.5 LSB R=10 MQ (Note)
Differential linear error 2.0 LSB

Note: Risthe external load resistance on the D/A converter output pin (DAOUT0, DAOUT1I).

4.7 Event Counter (External Input Clocks : TIO, TI4, TI8, TI9, TIA, TIB)

Vee= +5V+10%,Ta= —20to +70°C(fc=8to 25 MHz)
Vee= +3V110%,Ta= -20to +70°C (fc=4to 10 MHz)

Calculator 10 MHz 25 MHz .
Symbol Parameter - - - Unit
Min Max Min | Max | Min | Max
tyck | External input clock cycle 8x+ 100 900 420 ns
tyckl | External low-level input clock pulse width 4x + 40 440 200 ns
tycky | EXternal high-level input clock pulse width 4x + 40 440 200 ns

4.8 Interrupt Operation
Vee= +5V+10%,Ta= —20to +70°C(fc=8to 25 MHz)
Vee= +3V+10%,Ta= —20to +70°C(fc=4to 10 MHz)

Calculator 10 MHz 25 MHz .
Symbol Parameter - - - Unit
Min Max Min | Max [ Min | Max
tinTaL | NMI, INTO to 4 low-level pulse width 4x 400 160 ns
tinTan | NMI, INTO to 4 high-level pulse width 4x 400 160 ns
tinteL | INT5 to INT8 low-level pulse width 8x + 100 900 420 ns
tinTry | INT5 to INT8 high-level pulse width 8x + 100 900 420 ns
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4.9 BusRequest/Bus Acknowledge Timing
Vee= +5V+10%, Ta= —20to +70°C(fc=8to 25 MHz)
Vee= +3V+10%,Ta= -20to +70°C (fc=4to 10 MHz)

Calculator 10 MHz 25 MHz
Symbol Parameter Unit
Min Max Min | Max | Min | Max
terc | BUSRQ setup time for CLK 120 120 120 ns
tepar | CLK—BUSAK fall 2.0x+ 120 320 200 ns
tcgan | CLK—>BUSAK rise 0.5x+40 90 60 ns
taga | Time from output buffer off until BUSAK falling edge 0 80 0 80 0 80 ns
tgaa | Time from BUSAK rising edge until output buffer on 0 80 0 80 0 80 ns

(Note 1)

a XX XA X XX

< tBRC tepAL -] | tBRC
BUSRQ
tcBaH

BUSAK /
N ((
> le " (Note 2) tBaA
taBA ote —
DO to D15 SS - S <
| —
(Note 2)
A0 to A23 S S_/ | A ——————— e —————— _<‘
|
o (Note 2)
RD, WR, SS_/ \ S 7
HWR

g
2
C
i
[

Note1: When BUSRQ goes to low level to request bus release, if the current bus cycle is yet complete due to
a wait, the bus is not released until the wait completes.

Note 2: The dotted line indicates only that the output buffer is off, not that the signal is at middle level.
Immediately after bus release, the signal level prior to the bus release is held dynamically by the
external load capacitance. Therefore, designs should allow for the fact that when using an external
resistor or similar to fix the signal level while the bus is released, after bus release a delay occurs
before the signal goes to its fixed level (due to the CR time constant). The internal programmable
pull-up resistor continues to function in accordance with the internal signal level.
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5. LIST OF SPECIAL FUNCTION REGISTERS (SFR)

The special function registers (SFR), which control the input/output ports and peripheral components,

are allocated 160 bytes within the 000000H to 00009FH address range.

The registers built into TMP95CS64/265 cannot be accessed from outside TMP95CS64/265.

(1) Input/output port

(2) Input/output port control

(3) Timer control

(4) Serial channel control

(5) Interruptcontrol

(6) Watchdog timer control

(7) Chip select/wait controller

(8) D/A converter control

(9) A/D converter control

Table structure

Symbol

Name

Address

(Supplement for symbols used in Table)

@ Read/Write

¢ R/W
e R
e W

® *R/W .

Both readable and writable

Readable
Writable

—> bit Symbol
—> Read /Write
—> Initial value at reset

— Remarks

Read-modify-write (RMW) instructions are prohibited for controlling ON/OFF of the
pull-up resistors.

(@ RMW prohibited
@ Cannot be read, modified, and written. (Cannot use the following instructions: EX, ADD, ADC,
SUB, SBC, INC, DEC, AND, OR, XOR, STCF, RES, SET, CHG, TEST, RLC, RRC, RL, RR, SLA,

SRA, SLL, SRL, RLD, RRD)
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Table 5 List of TMP95CS64/265 Special Function Register Addresses

ADDRESS Register Name |ADDRESS| Register Name |ADDRESS| Register Name JADDRESS| Register Name

000000H | PO 30H| TREGSL 60H | ADREGOAL 90H| BOCS
1H| P1 1H| TREG8H 1H| ADREG04H 1H| B1CS
2H| POCR 2H| TREGIL 2H| ADREG15L 2H| B2CS
3H| (Reserved) 3H| TREG9H 3H| ADREG15H 3H|[B3CS
4H| P1CR 4H| CAP1L 4H| ADREG26L 4H| MSARO
5H| P1FC 5H| CAP1H 5H| ADREG26H 5H MAMRO
6H| P2 6H| CAP2L 6H| ADREG37L 6H| MSAR1
7H| P3 7H| CAP2H 7H| ADREG37H 7H| MAMR1
8H| P2CR 8H| T8MOD 8H | (Reserved) 8H| MISAR2
9H| P2FC 9H| T8FFCR 9H | (Reserved) 9H| MAMR2
AH| P3CR AH| T89CR AH| SDMACRO AH| MSAR3
BH| P3FC BH| T16RUN BH| SDMACR1 BH| MAMR3
CH| P4 CH CH| SDMACR2 CH| BEXCS
DH| P5 DH (Reserved) DH| SDMACR3 DH | DADRV
EH| P4CR EH EH| WDMOD EH| DAREGO
FH| PAFC FH FH| WDCR FH| DAREG1
10H| P5CR 40H | TREGAL 70H| INTEOAD
1H| P5FC 1H| TREGAH 1H| INTE12
2H| P6 2H| TREGBL 2H| INTE34
3H|P7 3H| TREGBH 3H| INTE56
4H| (Reserved) 4H| CAP3L 4H| INTE78
5H| P6FC 5H| CAP3H S5H|INTETO1
6H| P7CR 6H| CAP4L 6H| INTET23
7H| P7FC 7H| CAP4H 7H|INTET45
8H| P8 8H| TOMOD 8H| INTET67
9H| P9 9H| T9FFCR 9H| INTET89
AH| P8CR AH| (Reserved) AH|INTETAB
BH| P8FC BH| (Reserved) BH| NTETOV
CH| P9CR CH [ SCOBUF CH| INTESO
DH| P9FC DH|SCOCR DH| INTES1
EH| PA EH|SCOMOD EH|INTES2
FH| (Reserved) FH| BROCR FH| INTETCO1
20H| TSRUN 50H| SC1BUF 80H| INTETC23
1H| TRDC 1H| SC1CR 1H| )
2H| TREGO 2H|SC1MOD 2H
3H| TREG1 3H|BR1CR 3H
4H| TOTMOD 4H| SC2BUF 4H
5H| TO2FFCR 5H| SC2CR 5H
6H| TREG2 6H| SC2MOD 6H
7H| TREG3 7H| BR2CR 7H
8H| T23MOD 8H| ODE 8H| ~ (Reserved)
9H| TREG4 9H | lIIMC 9H
AH| TREG5 AH| DMAOV AH
BH| T4A5MOD BH| DMA1V BH
CH| T46FFCR CH| DMA2V CH
DH| TREG6 DH| DMA3V DH
EH| TREG7 EH| ADMODO EH
FH| T67MOD FH| ADMOD1 FH| J
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(1) Input/Output Ports
Symbol [ Name Address 7 6 5 4 3 2 1 0
PO7 : P06 i P05 i P04 i P03 i P02 i PO1 i POO
Port 0 R/W
PO O00H - -
Register Input mode (output latch register undefined)
shared with D7 to DO
P17 ¢ P16 { P15 i P14 i P13 i P12 i P11 i P10
Port 1 R/W
P1 01H -
Register Input mode (output latch register cleared to 0)
shared with D15 to D8
P27 : P26 : P25 : P24 : P23 : P22 : P21 : P20
Port 2 R/W
P2 06H -
Register Input mode (output latch register cleared to 0)
shared with D23 to D16
P37 : P36 i P35 i P34 i P33 i P32 : P31 i P30
Port 3 R/W
P3 07H ;
Register Input mode (output latch register cleared to 0)
shared with A15 to A8
P47 1 PA6 i PA5 1 P44 i P43 I P42 i PA1 I P40
Port 4 R/W
P4 OCH .
Register Input mode (output latch register cleared to 0)
shared with A7 to A0
P57 i P56 i P55 i P54 i P53 i P52 i P51 i P50
Port5 *RAW :
P> Register 0DH Input mode (set to 1/Pull-up) ‘Output only (set to 1) (Note 1)
Shared withShared withShared withShared withShared withShared withShared v W|thShared with
SCLKZ/CTSZ INTO i WAIT | BUSAK : BUSRQ : HWR : WR RD
: 5 5 i P63 i P62 i P61 § P60
Port 6 RIW
P6 Register 12H : Output mode (set to 1) (Note 2)
Shared withShared withShared withShared with)
: i CS3 i €S2 i ¢St i ©so
P75 i P74 ¢ P73 i p72 i P71 i P70
Port 7 RIW
P7 Register 13H Input mode (output latch register cleared to 0)
Shared withShared withShared W|th5hared withShared withShared with
H TO7/INT4 TO5 i TI4/INT3 TO3/[NT2 TO1 i TIO/INT1
P87 : P86 : P85 : P84 : P83 : P82 : P81 : P80
Port 8 *RIW
P8 Register 18H Input mode (set to 1/pulled up)
Shared withShared withShared withShared withShared withShared withShared withShared with|
RxD2 TxD2 SCLK1/CTS1 RxD1 TxD1 .SCLKOICTSO. RxDQ TxDO
© P96 i P95 i P94 i P93 i P92 i P91 i P90
Port9 R/W
P9 Register 19H Input mode (output latch register cleared to 0)
’Shared withShared withShared withShared withShared withShared withShared with
: TOA/TOB : TIB/INT8 : TIA/INT7 : TO9 : TO8 i TI9/INT6 : TI8/INTS
PA7 § PA6 : PAS : PA4 ; PA3 : PA2 : PA1 ; PAO
R
Port A
PA ) 1EH Input-only
Register Shared withShared withShared withShared withi*;\i{/ed withShared withShared withShared with
AN7 i AN6 i AN5 i AN4 Zooee i AN2 P ANT i ANO
Note 1: When P5<P50> is cleared to 0 with P50 set as an RD pin (PSFC<P50> =1 or TMP95C265), the P50 RD signal is still
output even when the internal address area is accessed (for PSRAM). EA = EA =
Note 2: Onlythe <P62> post-reset initial value differs according to the EA pin low level | high level
setting. <P62> initial value 0 1
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(2) Input/Output Port Control (1/2)
Symbol Name Address 7 6 5 4 3 2 1 0
Port 0 PO7C PO6C POSC : P04AC i P03C : P02C PO1C POOC
02H W
POCR | Control | pviw 0 0 o i o i o i o 0 0
Register |, ohibited) 0:IN 1:0UT
Port 1 P17C P16C PI5C : P14C : P13C : P12C P11C P10C
04H W
PICR | Control | pvw 0 0 o i o i o i o 0 0
Register |, rohibited) 0:IN 1:0UT
Port 1 P17F P16F PISF i P14F { P13F i P12F P11F P10F
, 05H W
PIFC | Function 4 enw 0 0 o ¢ o ! o o 0 0
Register | ohibited) 0: PORT 1:D15~D8 (P1CR = 00H)
Port 2 P27C P26C P25C ! P24C i P23C i P22C P21C P20C
08H W
P2CR | Control 1 rvw 0 0 o I 0o ¢ o I o 0 0
Register | ohibited) 0:IN 1:0UT
Port 2 P27F P26F P25F i P24F i P23F i P22F P21F P20F
, 09H W
P2FC | Function 1 enw 0 o 1 o 1 o | o 1 o 0 0
Register | ohibited) 0 : PORT 1: A23~A16 (P2CR = FFH)
Port 3 P37C P36C : P35C : P34C : P33C : P32C P31C P30C
0AH W
P3CR | Control | pvw 0 0 o ¢ o0 o I o 0 0
Register | ohibited) 0:IN 1:0UT
Port 3 P37F P36F P35F : P34F : P33F : P32F P31F P30F
, 0BH W
P3FC Func.tlon (RMW 0 0 0 0 . 0 0 0
Register | ohibited) 0: PORT 1: A15~A8 (P3CR = FFH)
Port 4 P47C P46C PASC i P44C i P43C : P42C P41C P40C
OEH W
PACR | Control | eviw 0 0 o o i o [ o 0 0
Register |, ohibited) 0:IN 1:0UT
Port 4 P47F P46F PASF i P44AF i P43F i P42F P41F P40F
, OFH W
PAFC | Function 1 enawy 0 0 o i o o i o 0 0
Register | ohibited) 0: PORT 1: A7~A0 (PACR = FFH)
Port 5 P57C P56C PS5C i P54C i P53C i P52C
10H W
P5CR Con.trol (RMW 0 0 0 : 0 0 0
Register | ohibited) 0:IN 1:0UT
P57F P54F i P53F :  P52F P51F P50F
Port5 W : : W
, 11H 0 : 0 0 0 0 0
PSFC | Function 0: PORT “0: PORT . 0: PORT :0: PORT :0: PORT :0: PORT
Register | rmw | 1: scik2 ©1: BUSAK : 1: BUSRQ :1: HWR :1: WR  :1: RD
rohibited)|  /CTS2 : : : ;
Note: Inthe external ROM version of TMIP95C265, port 0 functions as the data bus, port 3 and port 4 as the address bus, and

pins P50 and P51 as the RD and WR signal output pins respectively, regardless of the POCR, P3CR, P3FC, PACR, P4FC, and
P5FC<P50F>, <P51F> settings.
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Input/Output Port Control (2/2)

Symbol Name Address 7 6 5 4 3 2 1 0

P63F i P62F ! P6IF i PBOF

Port 6 : : : : w

P6FC | Function 15H ! : : : 0 : 0 ! 0 ! 0

Register | (RMW :0: PORT :0: PORT :0: PORT :0: PORT
rohibited) 5 5 5 i1: €83 i1: G52 i1:CST i1: TS0

P75C ¢ P74C ! P73C ! P72C¢ ! P71C i P70C

Port7 : :
16H : : W

P7CR I - ; - - - - -
CR | Control | e : " o0 ¢ o0 o0 I o I o 1 o

Register brohibited) 0:IN 1:0UT
: i P75F i  P74F i P72F i P7IF

Port 7 : i W i i w

P7FC | Function 17H : 0 0o : 0 0

(RMW :0: PORT :0: PORT :0: PORT :0: PORT

Register : : : : :
rohibited) : :1: TO7 :1: TOS : :1:TO3 :1: TO1

P87C : P86C : P85C : P84C : P83C : P82C : P8IC : P80C

Port 8

1AH W

P8CR | T ? T H ? T ?
8CR | Control 1 omw o . o0 . o . 0o I o I o I o0 T o

Register | ohibited) 0:IN 1:0UT

P86F : P85F © P83F : P82F : :  P8OF

1BH : 0 : 0 : : 0 : 0 : : 0

P8FC | Function :0: PORT :0: PORT : :0: PORT :0: PORT :0: PORT

Register | prw i1: TxD2  i1: SCLK1 : {1: TxD1  :1: SCLKO : i1: TxDO

rohibited) : LojeTst : ©eTS0 - :
i P96C i P95C i P94C i P93C ! P92C i P91C : P90C

Port 9 :
1CH : W

POCR | . : : : : : :
ICR | Control | enw T 0 0o . o0 I 0o I o o0 i o

Register rohibited) : 0:IN 1: OUT

TOS1 |  P96F ! é © P93F ! P92F

Port 9 w 5 : ? W

1DH 0o ¢ o 5 : 0 P o

POFC Function . - - - -
0: TOA  :0: PORT : : :0: PORT :0: PORT

Register | (RMW P : : : :
brohibited)| 1 TOB ;1' IgBA’ : 1:709 1: Tog
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(3) Timer Control (1/4)
Symbol | Name | Address 7 ? 6 5 ? 4 ? 3 ? 2 1 : 0
T7RUN T6RUN T5RUN T4RUN T3RUN T2RUN T1RUN TORUN
8 bit Timer 0 : 0 0 : 0 : 0 : 0 0 : 0
T8RUN Run 20H 8.-b|t _8-b|t .8-b|t .8-b|t .8-b|t .8-b|t .8-b|t .8-b|t
Control timer 7 timer 6 timer 5 timer4 timer 3 timer 2 timer 1 timer 0
Register 0: Stop and:0: Stop and :0: Stop and:0: Stop and:0: Stop and:0: Stop and:0: Stop and:0: Stop and
clear i clear i clear i clear  «clear  clear [ clear i clear
1: Count :1:Count :1:Count :1:Count 1 Count 1 Count 1 Count 1 Count
: : : TR6DE TR4ADE TR2DE TRODE
Timer R/W
Register : 0 : 0 : 0 : 0
TRDC Double :TREG6 :TREG4 :TREG2 :TREGO
Buffer 21H :double :double :double :double
Control ‘buffer ‘buffer ‘buffer ‘buffer
Register :0: Disable :0: Disable :0: Disable :0: Disable
:1: Enable :1: Enable :1: Enable :1: Enable
8bit Timer 22H —
TREGO Register 0 (Rmw W
9 prohibited) Undefined
8bit Timer 234 —
TREG1 \ (RMW \\
Register 1 . -
prohibited) Undeflned
TOTM1 TO1MO PWMO1 PWMO00 T1CLK1 T1CLKO TOCLK1 TOCLKO
- R/W
T T T T T T
gb;t 1mer 0o o0 ¢ o0 T o o T o T o T o
T01 I\/’Iode 24H Timer 0, 1 operating i PWMO cycle selection : Timer 1inputclock i Timer 0 input clock
MOD mode setting :  00:Don'tcare i selection i selection
Control 00: 8bittimer 01:26—1 :  00:TOOTRG 00 : TIO input
Register 01: 16bit timer 10:27-1 01: ¢T1 01: ¢T1
10: 8b!tPPG 11:28 -1 10: ¢T16 10: ¢T4
11: 8bitPWM ) 11: ¢T256 11: 4716
FF3C1 FF3CO FF3IE FF3IS FF1C1 FF1CO FF1IE FF1IS
w RW _ w RW
8bit Timer 1 : 1 : 0 : 0 : 1 : 1 : 0 : 0
0,2 25H 00: Invert TEF3  :TFF3 i0: Inversioni 0 : Invert TEF1 TFF1 :0: Inversion
T02 . : . : . : 5 . : .
FECR Flip-Flop 01:Set TFF3 linversion by timer i  01:SetTFF1 linversion by timer
Control 10:Clear TFE3  control ~ : 2 : }? %2?:,:5;1‘3 icontrol i 0
Register 11: Don't care :0: Disable :1: Inversion: ) :0: Disable :1: Inversion
1: Enable by timer : 1: Enable by timer
: 3 : : 1
8 bit Timer 26H =
TREG2 ) (RMW W
Register 2 . -
prohibited) Undefined
8 bit Timer 274 —
TREG3 \ (RMW W
Register 3 . -
prohibited) Undefined
T23M1 T23MO0 PWM21 PWM20 T3CLK1 T3CLKO T2CLK1 T2CLKO
- R/W
T : : : : ;
gb_': mer 0 T o0 o T o o T o o T o
T23 lV’Iode 28H Timer 2, 3 operating i PWM2 cycle selection : Timer 3inputclock  : Timer 2input clock
MOD mode setting :  00:Don'tcare i selection : selection
Control 00: 8bittimer 01:26-1 . 00:TO2TRG 00: Don't care
Register 01: 16bit timer 10:27 -1 01:¢T1 01:¢T1
10: 8bitPPG 1:28-1 10: 4T16 10: 474
11: 8bitPWM 11: gT256 11: ¢T16
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Timer Control (2/4)
Symbol | Name Address 7 6 5 4 3 2 1 0
8 bit Timer 29H —
TREG4 Registerd (RMW w
9 prohibited) Undefined
8 bit Timer 2AH —
TREGS Registers (RMW W
9 prohibited) Undefined
T45M1 T45M0 PWMA41 PWM40 T5CLK1 T5CLKO T4CLK1 T4CLKO
- RIW
Zb'sﬂ'mer o o0 o . o | 0o I o 0. o0
T45 I\/’Iode 2BH Timer 4, 5 operating PWMA4 cycle selection Timer.5 input clock : Timer.4input clock
MOD mode setting i 00:Don'tcare i selection i selection
Control 00: 8bittimer 01:26-1 00 : TOATRG : 00:Tl4input
Register 01: 16bit timer 10:27 -1 01:¢T1 01:¢T1
10: 8bitPPG 11281 10: ¢T16 10: ¢T4
11: 8bitPWM ) 11: 47256 11: 4T16
FF7C1 FF7CO FF7IE FF7IS FF5C1 FF5CO FF5IE FF5IS
W R/W : W R/W
8bit Timer 1 § 1 : 0 § 0 § 1 § 1 : 0 : 0
126 |+ 6 00:Invert TFF7  (TFF7 :0: :  00:InvertTFF5  :TFF5 :0:
FFCR Flip-Flop 2CH 01:SetTFF7 linversion Inversion 01:SetTFF5 iinversion :linversion
Control 10:Clear TFF7  icontrol  ibytimer6 ! 10:Clear TFF5  icontrol  ibytimer4
Register 11: Don't care 0: Disable i1: : 11: Don'tcare :0: Disable : 1:
:1: Enable :lnversion : i 1: Enable :Inversion
5 bytimer7 i 5 i by timer 5
8 bit Timer 2DH —
TREG6 . (RMW W
Register6 . -
prohibited) Undefined
8 bit Timer 2EH —
TREG7 . (RMW W
Register7 . -
prohibited) Undefined
T67M1 T67M0O PWM61 PWM60 T7CLK1 T7CLKO T6CLK1 T6CLKO
- R/W
T T
2b|7t imer 0 : 0 0 : 0 : 0 : 0 0 : 0
T67 | iode 2FH Timer 6, 7 operating | PWMB6 cycle selection i Timer 7inputclock : Timer 6input clock
MOD mode setting ' 00:Don'tcare : selection i selection
Control 00: 8bittimer 01:26-1 00: TO6TRG 00: Don't care
Register 01: 16bittimer 10:27 -1 01:¢T1 01:¢T1
10: 8bitPPG 11281 10: ¢T16 10: ¢T4
11: 8bitPWM ’ 11: ¢T256 11: 4716
16bit 30H -
TREGSL [Timer (RMW W
Register8L | prohibited) Undefined
16bit 31H -
TREGS8H [Timer (RMW W
Register8H | prohibited) Undefined
16bit 32H -
TREGOIL [Timer (RMW W
Register9L | prohibited) Undefined
16bit 33H -
TREGOH |Timer (RMW W
Register9H | prohibited) Undefined
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Timer Control (3/4)
Symbol | Name | Address 7 ? 6 ? 5 ? 4 ? 3 2 1 0
capyL |CBPtUre 34H R
Register1L -
Undefined
cap1y |CaPture 35H R
Register1H -
Undefined
capaL |CaPture 36H R
Register2L -
Undefined
capan |CBPtUTe 37H R
Register2H -
_ Undefined _
CAP2T9 EQIT9 CAP1IN : CAP12M1 : CAP12MO : CLE T8CLK1 T8CLKO
R/W Pow R/W
0 : 0 : 1 0 : 0 _ 0 0 : 0
16 bit TFF9 inversion trigger : 0:Software: Capture timing i Timer 8 up-; Timer 8 input clock
Timer 8 0 :Trigger Disable i capture : 00: Disable icounter  : selection
T8MOD |Mode 38H 1 :Trigger Enable ‘1:Don't : 01:TIB T TI9T i control 00: TI8input
Control Atloading Atmatch @ care 10:TI8 1 TI8 | 10: Clear  { 01:4T1
Register of up- ‘between T :TFF1T TFF1 | disabled: 10: ¢T4
9 : : i1: Clearat i 11: ¢T16
counter  :up-counter: Y match
valueto  :and TREGY : with
CAP2 ' 5 TREGY
TFFIC1 TFF9CO CAP2T8 CAP1T8 EQ9T8 EQ8T8 TFF8C1 TFF8CO
W : R/W : W
1 5 1 : § i ; 1 : 1
16 bit : 0 0 - .0 0 :
Timer 8 00 : Invert TFF9 TFF8 inversion trigger 00 : Invert TFF8
18FFCR |Flio-FI 39H 01:SetTFF9 0 : Trigger Disable 01:SetTFF8
Ip-rlop 10 : Clear TFF9 : 1:Trigger Enable 10 : Clear TFF8
::n;csr:elr 11: Don't care :Atloading :Atloading ‘Atmatch :Atmatch 11: Don’t care
9 :of up- iof up- ‘between ibetween
icounter  :icounter : :
ivalueto ivalueto UP-counter up-counter:
:CAP2 :CAP3 :and TREGY :and TREGS :
- 5 5 5 5 - ! DBAEN DBSEN
R/W R/W
Timer 8/9 0 : 0 0 0
T8ICR |Control 3AH |Note: :Note: : TREGA i TREGS
. Alwavs : ‘ Alwavs  double i double
register fixed )’Zo 0 : éfixed}’ZQ 0 : buffer : buffer
T : " 1 0: Disable :0: Disable
: 1: Enable :1: Enable
PRRUN T9RUN T8RUN 5 :
. R/W : : R/W
1.5 bit 0 0 0
Timer Prescaler : :16-bit :16-bit
T16RUN [Run 3BH |0: Stop ‘timer9  :itimer8
Control and {0: Stop  :0: Stop
Register clear i and ¢ and
1: Count i clear i clear
:1: Count :1: Count
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Timer Control (4/4)
Symbol Name Address 7 6 5 4 3 2 1 0
16bit 40H -
TREGAL [Timer (RMW \W
RegisterAL | prohibited) Undefined
16bit 41H -
TREGAH [Timer (RMW W
RegisterAH | prohibited) Undefined
16bit 42H -
TREGBL |Timer (RMW \
RegisterBL | prohibited) Undefined
16bit 43H -
TREGBH |Timer (RMW Wi
RegisterBH | prohibited) Undefined
cap3L [C@Pture 44H R
Register3L -
Undefined
cap3H [CaPture 45H R
Register3H -
Undefined
capa [CePUre 46H R
Register4L -
Undefined
CAP4H Capjcure 47H R
Register4H -
Undefined
CAP4TB : EQBTB CAP3IN : CAP34M1 : CAP34MO CLE TICLK1 T9CLKO
R/W : W : R/W
0 é 0 é 1 é 0 ; 0 0 i 0 i o0
16 bit TFFB inversion trigger EO:SoftwareECapture timing ETimerQ up-é Timer 8 input clock
Timer 9 0 :Trigger Disable ¢ capture : 00: Disable icounter  :selection
T9MOD [Mode 48H 1:Trigger Enable :1:Don’t 01 TIA T TIB?T ;control 00 TIA input
Atloading At match care 10:TIA T TIA | :o:.Clear 01:¢T1
Control = T:TFRID TFRU ) g L 10:4T4
; f up- ‘between : disabled : ié
Register ° ; : : : 11:4T16
counter  iup-counter: i1:Clearat !
valueto  iand TREGB : match
CAP4 ' : with
TREGB
TFFBC1 TFFBCO CAPATA CAP3TA EQBTA EQATA TFFAC1 TFFACO
w : . RAW : w
. 1 5 1 5 0 5 0 5 0 0 5 1 : 1
16 bit : , —— :
Timer 9 00 : Invert TFFB TFFA inversion trigger 00 : Invert TFFA
T9FFCR |Flio-FI 49H 01:Set TFFB 0: Trigger Disable 01:Set TFFA
Ip-riop 10 : Clear TFFB : 1: Trigger Enable 10 : Clear TFFA
:on.trol 11: Don't care "Atloading [Atloading ‘At match At match 11: Don't care
t : . : - : :
cgister ;ofup :of up ‘between ibetween
icounter  :icounter : :
‘value to ‘valueto éup-counter ;up-counter :
: CAP4 :CAP3 {and TREGB :and TREGA :
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(4) Serial Channel Control (1/2)

Symbol Name Address 7 6 5 4 3 2 1 : 0
Serial RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
Channel 0 TB7 TB6 TB5 TB4 : TB3 TB2 RB1 TBO

SCOBUF Buffer acH R (receive) /W (send)

Register Undefined
RB8 EVEN PE OERR : PERR FERR SCLKS 10C
R R/W R (cleared to 0 when read)
Serial .0 : 0 0 0 o T o T o
Channel 0 Bit8of  ‘Parity  iParity i ... LEION .. 0 SCLKO O interface
SCOCR c 4DH |receive  :0:0Odd ‘addition : Overrun Parity Framing (_r) imode clock
ontrol : : ) : : ‘selection
) data :1: Even :0: Disable : : : : :
Register : 1: Enable ? : L 1iscLkp (O oudrate
: : : : : : generator 1
’ ’ ' ' : (1) £1:SCLKO pin
: I input
TB8 CTSE RXE WU : SM1 SMO : SC1 SCO
R/W
Serial Undefined : 0 0 0 : 0 0 0 0
$CO- Channel 0 Bit 8 of ;Handshake ;Receive ;Wake—up Serial transfer mode UART mode clock selection
VIOD Mode 4EH  |senddata ifunction icontrol  ifunction iselection 8? ESZJ:'aGJt%ef
Control :0:CTS :0: Disable :0:Disable 00 : /O interface mode .geﬁeratoro
Register : Disable :1: Enable :1:Enable :01:7-bitUARTmode : 10:internal clock 41
1:CTS = £ 10 : 8-bit UART mode | 11:SCLKO pin input
! Enable {11:9-bitUARTmode | (external clock)
- BROCK1 BROCKO BROS3 BR0S2 BROS1 BROSO
R/W R/W
Baud Rate 0 ; 0 0 : 0 : 0 0 : 0
Generater Note: : Baud rate generator 0 : Baud rate generator 0 divisor setting

BROCR [0 4FH  |Always ¢ input clock selection 0000: Divide by 16
Control fixed to 0. :00: ¢TO  (4/fc) 0001: Divide by 1 (no division)
Register 01: ¢T2  (16/fc) s ¢

10: 478  (64/fq) 1111: Divide by 15

11: ¢T32  (256/fc) :
Serial RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
Channel 1 TB7 TB6 TB5 TB4 : TB3 TB2 RB1 TBO

SC1BUF | gy ffer >0H R (receive) /W (send)
Register Undefined
RB8 EVEN : PE OERR PERR FERR SCLKS 10C
R R/W R (cleared to 0 when read) R/W
. 0 : 0 0 ' 0 ' 0 0 i 0

Serial Bit8of  iParity  iParity i VEror ... j0:scki VO
Channel 1 receive  :0: Odd ‘addition  : Overrun Parity : Framing : (_r) ;lnterface

SCICR 51H  |data 1:Even  i0: Disable : : : ;mode clock
Control : : : : : : iselection
Register : 1 Enable i 1:SCLK1 EO:Baud rate

: ' (_L> i generato
Pord
21:SCLK1 pin
i input
TB8 CTSE RXE WU : SM1 SMO SC1 SCO
R/W
Serial Undefined: 0 0 0 L0 0 0 0
SC1- Channel 1 Bit 8 of EHandshake EReceive EWake-up : Serial transfer mode UART mode clock selection

VoD Mode 52H |senddata ifunction icontrol  ifunction :selection 8(1) ;22‘;?94[99"
Control :0:CTS :0: Disable {0:Disable ;00: /O interface mode : -geﬁer or 1
Register : Disable :1: Enable :1:Enable :01: 7-bit UARTmode : 10:|nternal clock #1

(1:CTS : :10: 8-bit UART mode : 11:SCLK1 pininput
: Enable i 11: 9-bit UART mode i  (external clock)
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Serial Channel Control (2/2)
Symbol Name Address 7 6 5 5 4 3 5 2 1 : 0
- BR1CK1 BR1CKO BR1S3 BR152 BR1S1 BR150
R/W R/W
Baud Rate 0 0 : 0 0 : 0 0 : 0
Generater Always Baud rate generator 1 Baud rate generator 1 divisor setting

BRI1CR |1 53H |fixed to 0. i input clock selection 0000: Divide by 16
Control o 00:4T0  (4/fq) 0001: Divide by 1 (no division)
Register 01: ¢T2  (16/fc) to

10: 78 (64/f0) 1111: Divide by 15
11: 4732 (256/fc) :
Serial RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
Channel 2 TB7 TB6 TB5 TB4 TB3 TB2 RB1 TBO
2BUF 4H
SC28U Buffen 5 R (receive) /W (send)
Register Undefined
RB8 EVEN : PE OERR : PERR : FERR SCLKS 10C
R R/W : R (cleared to 0 when read) R/W
i 0 i 0 i 0 i i 0 i 0 i 0
serial Bit8of  :Parity ‘Parity 1: Error 10:SCLK2 /O ;
. o rerty EOURRUORRPPRPOPO st O Sinterface
Channel 2 receive  :0: Odd ‘addition i Overrun Parity : Framing ( A > :

SC2CR 55H 2k 0: Di : : imode clock
Control data é1. Even é0. Disable : : ‘selection
Register :1: Enable :1:SCLKZ. 0. Baud rate

: ( ¥ > : generato
: Por2
: £1:SCLK2 pin
i input
TB8 CTSE RXE WU i SMH SMO SC1 SCO
R/W
Serial Undefined: 0 0 P00 P P00 0 i
sC2 Channel 2 Bit 8 of iHandshake :Receive  :Wake-up Serial transfer mode UART mode clock selection

MOD Mode 56H |senddata :function icontrol  ifunction :selection : 00:TO2 trigger
Control i0:CTS :0: Disable :0: Disable :00:1/O interface mode ! o1 'zzﬁgrﬁfm
Register : Disable :1: Enable :1:Enable :01:7-bitUARTmode ! 10:internal clock ¢1

:1:CTS : 10 : 8-bit UART mode : 11:SCLK2 pin input
: _Enable :11:9-bitUARTmode i  (external clock)
— BR2CK1 BR2CKO BR2S3 : BR2S2 BR2S1 BR2S0
RW RIW
Baud Rate 0 P 0 i o i 0o i 0o i 0 i 0
Generater Note: i Baud rate generator 2 Baud rate generator 2 divisor setting

BR2CR |2 57H Always : input clock selection 0000: Divide by 16
Control fixed t0 0. 00: 4TO  (4/fc) 0001: Divide by 1 (no division)
Register 01: ¢T2  (16/fc) to

10: 478 (64/f0) 1111: Divide by 15
11: 4T32  (256/fc) :
: : ODE2 ODE1 ODEQO
. R/W
| - -
f’)er::; . 0T 0o i o

ODE |Drain 58H éPSS:utput EPSftf)utput éPBS:utput
Enable :settings : settings  : settings
Reaister [0: CMOS ~ i0: CMOS  :0: CMOS

9 i1:Open  i1: Open  i1: Open
drain : drain : drain
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(5) Interrupt Control (1/3)
Symbol Name Address 7 l 6 l 5 l 4 3 l 2 | 1 l 0
INTO/AD INTAD INTO
INTE- Enable 70H IADC IADM2 IADM1 IADMO 10C o 10M2 10M1 10MO
0AD Reqister (RMW RIW % R/W Note) : W
9 prohibited) 0 : 0 : 0 0 0 : 0 : 0 0
INT1/2 : INT2 INT1
71H 12C : 12M2 12M1 12M0 11C 11M2 11TM1 11MO
INTE12 |Enable :
Register (RMW RW__: W AL W
prohibited) 0 : 0 : 0 0 0 : 0 : 0 0
INT3/4 INT4 INT3
72H 14C 14M2 14M1 14M0Q 13C 13M2 13M1 13M0O
INTE34 |Enable
Register RMW RW 5 W R/W : W
9 prohibited) 0 : 0 : o0 0 0 : 0 : o0 0
INTS/6 : INT6 INTS
73H 16C : 162 16M1 16MO 15C 15M2 I5M1 1I5M0Q
INTE56 |Enable *
Register (RMW R/W : W R/W : \"\"
9 prohibited) o : o0 . o 0 o 0 o 0
INT7/8 INT8 INTZ
74H 18C 18MV12 18M1 18MI0 17C 17M2 17M1 17M0Q
INTE78 |Enable
Reqister (RMW RIW : W R/W : W
9 prohibited) 0o | o 0 0 o 0o | o0 0
INTTO/1 INTT1 (tjmer 1) . INTTO (t.imer 0)
75H IT1C IT1IM2 ITIM1 ¢ ITIMO ITOC ITOM2 ITOM1 ITOMO
INTETO1]|Enable
Register (R RW | W RW W
prohibited) 0 : 0 _ 0 0 0 § 0 _ 0 : 0
INTT2/3 INTT3 (timer 3) INTT2 (timer 2)
76H 1T3C IT3M2 : IT3M1 { IT3MO 1T2C IT2M2  ©  IT2M1 IT2MO
INTET23 | Enable
Register (RMW RAW : W RIW : W
9 prohibited) 0o . o 0 0 0o . o 0
INTT4/5 INTT5 (timer 5) INTT4 (timer 4)
77H IT5C IT5SM2 ¢ ITSM1 : IT5MO 1T4AC IT4M2 :  IT4M1 ITAMO
INTET45 | Enable
Register (RMW RW__: W RW W
9 prohibited) 0o : o 0 0 0o : o 0 : 0
INTT6/7 INTT7 (timer 7) INTT6 (timer 6)
78H IT7C IT7M2 IT7M1  : IT7MO 1IT6C IT6M2 IT6M 1 IT6MO
INTET67 | Enable
Register (RMW R/W : " R/W : W
9 prohibited) 0o : o0 . 0 0 0o . 0 . 0 : o0
INTTR8/9 INTTRO (timer 8) INTTRS8 (timer 8)
INTET89 79H IT9C 1T9M2 ITOM1 ¢ IT9MO IT8C IT8MI2 IT8M1 IT8MO
Enable
Register (RMW RIW : W RAV : W
9 prohibited) 0 : o0 0 0 0 ¢ o0 0 o
INTTRA/B . INTTRB (timer 9) . INTTRA (timer 9)
IINTETAB Enable 7AH ITBC ¢ ITBM2 ITBM1 ITBMO ITAC ¢ ITAM2 ITAM1 ITAMO
Register (RMw RAW é W RIW : W
9 prohibited) 0 0 0 0 0 0 0 0
[ 11 I 1 o 11 ]
py T * T
L IxxM2 IxxM 1 IxxM0 Function (Write) Note : InINTO level mode,
0 0 0 Disables interrupt request the interrupt
0 0 1 Sets interrupt request level to 1 request flag cannot
0 1 0 Sets interrupt request level to 2 be cleared by
0 1 1 Sets interrupt request level to 3 writing 0 to
1 0 0 Sets interrupt request level to 4 <10C>
1 0 1 Sets interrupt request level to 5 ’
1 1 0 Sets interrupt request level to 6
1 1 1 Disables interrupt request
> IxxC Function (Read) Function (Write)
0 Indicates no interrupt request generated Clears interrupt request flag
1 Indicates interrupt requestgenerated | = ----- Don'tcare-----
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Interrupt Control (2/3)
Symbol Name Address 7 | 6 | 5 | 4 3 l 2 | 1 l 0
7BH lNTTOQ INTROB
INTEOV 'E'\r‘&?em w ITO9C © ITO9M2 : ITO9M1 : ITO9MO | ITO8C : ITO8M2 @ ITO8M1 : ITO8MO
Register . RW w R/W W
prohibited) 0 0 T 0 H 0 0 0 H 0 T 0
INTRXO0/ 7CH INTTX0 INTRXO0
INTESO TX0 ITX0C ITXOM2 | ITXOM1 ITXOMO IRX0C IRXOM2 : [RXOM1 IRXOMO
Enable RMW RIW W R (Note) W
Register | Prohibited) 0 0 : 0 5 0 0 0 : 0 : 0
INTRX1/ 7DH INTTX1 INTRX1
INTES1 X1 ITX1C ITX1M2 ITX1TM1 ITX1MO IRX1C IRX1M2 IRX1TM1 IRX1MO
Enable (RMwW RIW W R (Note) W
Register | Prohibited) 0 0 i 0 i 0 0 0 i 0 )
INTRX2/ 7EH INTTX2 INTRX2
TX2 ITX2C ITX2M2 ITX2M1 ITX2MO IRX2C IRX2IV12 IRX2M1 IRX2M10
INTES2 RMW
Enable ( RIW w R (Note) W
Register | Prohibited) 0 0 § 0 § 0 0 0 § 0 : 0
INTTCO/ 7FH INTTCT INTTCO
INTETC Enable ITC1C ITC1M2 ITC1M1 ITC1MO ITCO1C ITCOM2 ITCOM1 ITCOMO
01 . RMW RIW W RIW W
Register prohibited) 0 0 0 0 0 0 0 0
INTTC2/3 80H i |NTTC3 i INT'_TCZ
INTETC Enable ITC3C : ITC3M2 ITC3MI1 ITC3MO ITC2C  : ITC2M2 ITC2M1 ITC2MO
23 . RMW RW i W RW i w
Register | pronibited) 0 : 0 0 0 0 : 0 0 0
L o 11 N ] 1 o 11 N
b 1 T |
|_> IxxM2 IxxM 1 IxxMO Function (Write) Note: As <IRX0C>,
0 0 0 Disables interrupt request <IRX1C>, and
0 0 1 Sets interrupt request level to 1 <|RX2C> are read-
0 1 0 Sets interrupt request level to 2 only, an interrupt
(1) (1) (1) gets !nterru pt request :eve: toz request cannot be
etsinterrupt request level to cleared by writing 0
1 0 1 Sets interrupt request level to 5 +0 these fl
1 1 0 Sets interrupt request level to 6 0 these Tlags.
1 1 1 Disables interrupt request
> IxxC Function (Read) Function (Write)
0 Indicates no interrupt request generated Clears interrupt request flag
1 Indicates interrupt requestgenerated | = ----- Don'tcare-----
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Interrupt Control (3/3)

Symbol Name Address 7 6 | 5 4 | 3 l 2 1 0
: - I0IE I0LE NMIREE
Interrupt W
Input : 0 ; 0 0 0
IMC | Mode 59H iNote: JINTOinput INTO van
Contorol ;Alwaysset :0: Disable :0: 7 edge 0 1 edge
Register (RMW ;too : 1 Enable 1 level 1 1 | edge
prohibited) ! : : : ? ?
Il\)ﬂl{ﬁ,&oo DMAOV7 : DMAOV6 : DMAOV5 : DMAOV4 | DMAOV3 : DMAOV2
5AH W :
DMAOV \S/tfcr;tor (RMW 0 0 é 0 ' 0 é 0 é 0
Register prohibited) Micro DMAQO start vector :
Micro DMA1V7 : DMA1V6 : DMA1VS5 : DMA1V4 : DMA1V3 : DMA1V2 :
W :
DMAIV Vector (RMW 0 0 0 i 0 0 0
Register prohibited) Micro DMA1 start vector :
'l\DIIl{/lcerz DMA2V7 | DMA2V6 : DMA2V5 : DMA2V4 : DMA2V3 : DMA2V2
5CH W :
bMA2v ?/?cr’;[or (RMW 0 0 : 0 0 : 0 : 0
Register | o hibited) Micro DMA2 start vector ;
'l\DIIl{/lC,era DMA3V7 | DMA3V6 | DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2
5DH W
DMA3V ?/teacr’:or (RMW 0 0 : 0 : 0 : 0 : 0
Register prohibited) Micro DMA3 start vector
Note: The micro DMA software start is activated in the write cycle of SDMACR0/1/2/3 (6AH/6BH/6CH/6DH). (Data values are not

affected by a software start.)

(6) Watchdog Timer Control
Symbol Name Address 7 6 | 5 4 | 3 | 2 1 0
WDTE WDTP1 WDTPO WARM : HALTM1 : HALTMO : RESCR DRVE
RW :
Watch 11 0 i o0 0o . o i o i o :
WD- E&%Zlmer 6EH WDT ?WIDT detectiontime  iwarm-up (HALT mode selection ;1 Fe"foml‘ i1: Drive
selection e : . ¢ Internal : P
MOD | control cont.rol : 00: 216/fc itime 00: RUN mode reseton pinsin
Register 0: Disable 01: 218/fc :0: 214/fc 01: STOP mode runaway: STOP
1: Enable 10: 220/f¢ i1: 216/f¢ 10: IDLE1 mode detectio ! mode
11: 222/fc 11: IDLE2 mode n :
Watch 6FH —
Dog Timer W
WDCR Con_trol (RMW -
Register | | hibited) B1H: WDT disable code __4EH: WDT clear code
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(7) Chip Select/Wait Controller (1/2)
Symbol { Name Address 7 | 6 | 5 | 4 | 3 l 2 | 1 l 0
BOE : BOOMI1 BOOMO BOBUS : BOW2 BOW1 BOWO
% \'i%
z:;;\'/( A0|T 0 0 o0 0o : o0 _ o I o
BOCS Control 90H : Disable 00: ROM/SRAM iDatabus i 000: 2WAIT 100: NWAIT
: : : ‘width : :
Register : Enable 01: PSR;?\M “selection 001: TWAIT 101
(RMW 10: Don't care :0: 16-bit 010: IWAIT+N 110 ¢ Donotset
prohibited) 11: Don’t care :1: 8-bit : 011: OWAIT 111
B1E B1OM1 B1OMO B1BUS : BI1W2 B1W1 : B1WO
W W
('é's‘/’;\'/(/_:” 0o 0o o 0o o0 [ 0o i o
B1CS Control 91H : Disable 00: ROM/SRAM :Data bus 000: 2WAIT 100: NWAIT
. : i ‘width .
Register : Enable 01: PSR,?‘M selection 001: TWAIT 101 \L
(RMW 10: Don't care :0: 16-bit 010: TWAIT+N 110 p»Donotset
prohibited) 11: Don’'t care :1: 8-bit 011: OWAIT 111
B2E B2M B20OM1 B20OMO B2BUS B2W2 B2W1 B2wWOQ
\'i'
Block 2 - - - -
cs%v A 11 0 o o o { o0 _{ o i o
B2CS Control 92H : Disable :0: 16M 00: ROM/SRAM iData bus i 000: 2WAIT 100: NWAIT
. 1. . ‘width : .
Register : Enable E1. cs a.rea 01: PSR,?\M ‘selection 001: TWAIT 101
(RMW setting 10: Don't care ‘0: 16-bit : O010: TWAIT+N 110 7 Donotset
prohibited) 11: Don't care (1:8bit I 011: OWAIT 111
B3E B3OM1 B30OMO B3BUS : B3W2 B3W1 : B3WO
W %
Block 3 - - -
VAT 0o 0o 0 o ¢ o ¢ o o
B3CS Control 93H : Disable : 00: ROM/SRAM :Data bus 000: 2WAIT 100: NWAIT
. : . iwidth .
Register : Enable 01: PSR,?M selection 001: TWAIT 101
(RMW 10: Don't care :0: 16-bit 010: IWAIT+N 110 > Donotset
prohibited) 11: Don't care 11: 8-bit 011: OWAIT 111 J
H BEXBUS BEXBUS BEXW1 : BEXWO
W
External : 0 0 : 0 : 0
BEXCS CS/WAIT 9CH éw?d:h us 000: 2WAIT 100: NWAIT
Control :celection 001: TWAIT 101
Register (RMW 0 16-bit 010: TWAIT+N 110 7 Donotset
prohibited) 1 8-bit 011: OW,?IT 111E
Memory S23 522 S21 520 : S19 518 S17 S16
Start RIW
MSARO Address 94H 1 1 1 P P 1 P 1
Register 0 Start address A23 - A16 setting
Memory V20 V19 V18 V17 1 V16 V15 V14~9 V8
Address R/W
MAMRO Maslk 95H p 1 : 1 1 1 1 1 1
Register 0 CS0 area size setting  0: Used for address comparison
Memory $23 $22 i S21 $20 S19 S18 S17 S16
Start R/W
MSAR1 Address 96H 1 1 1 § 1 : 1 : 1 ; 1 1
Register 1 Start address A23 - A16 setting
Memory V21 V20 V19 1 V18 i V17 i V16 V15~9 V8
Address R/IW
MAMR1 Ma§k 97H p 1 : 1 1 1 : 1 1 1
Register 1 CS1areasize setting 0: Used for address comparison
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Chip Select/Wait Controller (2/2)
Symbol { Name Address 7 | 6 | 5 | 4 | 3 l 2 | 1 l 0
Memory $23 522 S21 $20 S19 18 S17 . S16
Start R/IW
MSAR2 98H H
Address 1 1 1 P 1 P 1 1
Register 2 Start address A23 - A16 setting
Memory V22 V21 V20 V19 : V18 V17 V16 V15
Address R/W
MAMR2 99H : - - - - -
Mask ° 1 1 P P P P P P
Register 2 CS2 area size setting 0: Used for address comparison
Memory $23 s22 . s 520 19 518 $17 516
Start R/W
MSAR3 9AH - - - - - -
Address 1 1 : 1 : 1 : 1 : 1 : 1 : 1
Register 3 Start address A23 - A16 setting
Memory V22 V21 V200 ¢ V19 i vi8 i V17 V16 V15
Address RIW
MAMR BH T T T T T T
3 Ma§k 3 1 1 : 1 : 1 : 1 : 1 : 1 : 1
Register 3 CS3 area size setting  0: Used for address comparison
(8) D/A Converter Control
Symbol | Name Address 7 6 5 4 3 2 1 0
DATDR ! DAODR
R/W
D/A 0
Conversion ‘DAOUT1 drive DAOUTO drive
DADRV . 9DH E :
Drive specification :specification
Register :0: Fixed to OV output
1: D/A conversion
result output
D/A 9EH V_V
DAREGO | Conversion -
) (RMW Undefined
Register 0 . - - -
prohibited) D/A converter 0 input data “N” setting
DA 9FH V_V
DAREG1 | Conversion -
) (RMW Undefined
Register 1 hibited - — -
prohibited) D/A converter 1 input data “N” setting
(9) A/D Converter Control (1/2)
Symbol | Name | Address 7 6 5 4 3 2 1 5 0
EQCF ADBF - - ITMO REPET SCAN ADS
R RIW
0 : 0 : 0 : 0 0 0 0 0
A/D A/D {AD :Note: :Note: :Interrupt  Repeat mode :Scanmode :AD
ADMOD | Mode conversion  :conversion Always :  Always E?ﬁiﬁg:szlon ispecification :specification :conversion
0 Control 5EH end flag ‘busy flag fixedto : fixed to ifixed repeat :0:Single i0:Conversion :start
Reai 0 0:Conversion :0:Conversion : 0. 0. iconversion i conversion : channel 0:Don’t Ca_re
egister inprogress : idle : 531;2323, : mode i fixed mode : 1:Conversion
1:Conversion :1:Conversion : i conversion :1:Repeat i1:Conversion | start
complete | inprogress : i1:Every i conversion | channel :Note:Always
: fourth : mode © scanmode ireadaso.
conversion : H
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A/D Converter Control (2/2)

Symbol | Name | Address 7 6 i 5 i 4 i 3 i 2 i 1 i 0
VREFON : : : ADTRGE : ADCH2 : ADCH1 : ADCHO
RW é 5 i RAW
A/D N H N H . H M
ADMOD |Mode 1 : : : : 0 : 0 : 0 : 0
Control SFH  [VREF : : : "External : :
1 , application  : : : Itrigger start : Analoginput
Register 1 control : : : i control : .
0:OFF : : g £ 0:Enable channel selection
1:0N : {1:Disable _ _
AD ADRO1 : ADROO : : : : : i ADRORF
AD |Conversion R \_\.\\_\_ R
Result 60H Undefined : : : : : : 0
REGOAL (Register : : A
0/4 Low Stores lower 2 bits of A/D conversion result Efggﬁg@rg ge
:Tlag
A/D ADRO9 : ADRO8 : ADRO7 : ADRO6 : ADRO5 : ADR0O4 : ADRO3 : ADR02
AD Conversion R
Result 61H -
REGO4H |Register Undefined
0/4 High Stores upper 8 bits of A/D conversion result
ADR11 : ADRI10 H : : : ADR1RF
A/D : ; : ; H H
AD |Conversion R g : : : : : R
Result 62H Undefined 5 z 5 z ; i 0
REG15L (Register : : AD
1/5 Low Stores lower 2 bits of A/D conversion result gigsrmg;gclcc’)gge
- - - - - - -tlag
A/D ADR19 : ADR18 : ADR17 : ADR16 : ADR15 : ADR14 : ADR13 : ADR12
AD Conversion R
Result 63H -
REG15H Regis:ter Undefined
1/5 High Stores upper 8 bits of A/D conversion result
ADR21 : ADR20 : : : i ADR2RF
A/D H . . = H H
Conversion R : : : : : : R
AD Result 64H Undefined : : : : : H 0
naeftine . : : : : :
REG26L |Register : : AD
H n n
2/6 Low Stores lower 2 bits of A/D conversion result EE[gsJ'ls;Stgage
-Tlag
A/D ADR29 : ADR28 : ADR27 : ADR26 : ADR25 : ADR24 : ADR23 : ADR22
AD Conversion R
Result 65H -
REG26H Regis:ter Undefined
2/6 High i ___Stores upper 8 bits of A/D conversion result i
ADR31 : ADR30 : : : : ADR3RF
A/D : : : : : :
AD |Conversion R : : : : ; : R
Result 66H Undefined ? 5 5 5 5 : 0
REG37L |Register - - .Y N
3/7 Low Stores lower 2 bits of A/D conversion result §E§snuvl$2§t§r?ige
-Tlag
A/D ADR39 : ADR38 : ADR37 : ADR36 : ADR35 : ADR34 : ADR33 : ADR32
AD Conversion R
Result 67H -
REG37H Register Undefined
3/7 High Stores upper 8 bits of A/D conversion result
Channel x A/D conversion result IL‘LILIL‘LILIL‘Z_ILIL‘
® Bits 5- 1 of ADREGxL are always read as 1. Bit 0 is the A/D L I |
conversion result storage flag (ADRxRF).
When the A/D conversion result is stored, the flag is set to 1. 7 6 54 3 2 1 0 7 6 543 2 10
Wheneither of the registers (ADREGxH, ADREGxL) are read, | | | | | | | | | TWWT
the flag is cl to 0.
e flagis cleared to 0 ADREGxH ADREGxL

95CS64-208



TOSHIBA TMP95CS64/TMP95C265

6. DIAGRAM OF EQUIVALENT CIRCUIT IN PORT BLOCK
® Reading circuit diagrams

TMP95CS64/265 uses essentially the same gate symbols as the standard CMOS logic IC (74HCxxx)
series.
The following lists the special symbols.
STOP: This symbol sets the HALT mode setting register to STOP mode
(WDMOD <HALTM1:0> =0,1). When the CPU executes the HALT instruction, STOP is
active 1.
Note that when the drive enable bit WDMOD <DRVE > is set to 1, STOP remains at 0.

® The input protection resistor operates in the range of tens to hundreds of O ms.

M PO (DO to D7), P1(D81to 15), P2 (A16 to A23), P3 (A8 to A15), P4 (A0 to A7)

Vce
Output data B P-ch
Output enable i
STOP = N-ch
Input data Wy [ ] Input/output
Input enable
W P50 (RD), P51 (WR), P6 (CSO to CS3)
Vcc

Output data | )c |- P-ch

? Output
STOP
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B P52to 55, P57, P81, P82, P84, P85, P87

Ve
Output data P-ch
r==="="=""a"\7.-"" A
Output enabl | i Vee | Programmable
utpu er;?_og < N-ch | el i pull-up resistor
e d
Input data <—o<]—oG_+ M ¢ EI Input/output
STOP
Bl P56 (INTO)
Vec
Output data |5 P-ch
Output enable ) <N-<ch|
sTop v Vect Programmable
! ! pull- ist
L >0 | pull-up resistor
Input data (—o<]—r—o@ MA—————"" %" [ ] Input/output
Interrupt request signal Schmitt
l P70 (INT1), P72 (INT2), P73 (INT3), P75 (INT4)
Vce
Output data |B P-ch
Output enable }
STOP o N-ch
Input data «———o<}4+—o(N Wy [ ] Input/output
Interrupt request signal Schmitt
STOP
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B P71, P74,P9
Vce

Output data B P-ch

Output enable .
STOP o N-ch

Input data <—o<]—<>C(7 W

STOP

B P30 (TxDO0), P83 (TxD1), P86 (TxD2)

Vce

Output data

STOP

Open drain So — )

output enable

[ ] Input/output

Input data <—O<]—°G_* Wy

STOP

M PAOto 2 (ANOto 2), PAdto 7 (AN4to 7)

Analog input >o - P-ch

channel selection T

Analog input
Ly

T N-ch

Input data

Input enable

. [ ] Input/output

[ ] Input
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Hl PA3 (AN3)

Analog input >o 1 P<ch

channel selection
Analog input I l [ ] Input
L%,—'

T N-ch

Input data
Input enable
A/D trigger ‘—OQ_QC(_TW
STOP
Bl NMI
NMI o<y Wy [ ] Input
Schmitt
B CLK

Internal clock Hj: —Ig’
EDH [ ] Output
STOP w%
N-ch
>o

Internal reset :

To test circuit
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H EA
Input data <——o<—\W [ ] Input
H AM8/16
Input data <—o<}—o<} AV El Input
B RESET
100 kO Vce
typ-\
Reset Input
Schmitt
Runaway detection
Reset enable
B X1, X2
Clock
..o §si_"_a_t_°_r_si_rsy_it_____?____
| | Wy [ ]x2
_ i P-ch  |N-ch i
Oscillator enable —>—i——[>o—|E> ’—||:<- |
| i m

B VREFH, VREFL

VREFON >o 1

P-ch
| D VREFH

1 String
resistors

% D VREFL
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7. USE PRECAUTIONS AND RESTRICTIONS
(1) Special Notations and Words
@ Description of internal I/0 registers: Register symbol <bit symbol>
Example:TSRUN <TORUN > - The TORUN bit of the TSRUN register
@ Read-modify-write instructions

Instructions which tell the CPU to read the data in memory, manipulate them, then write them back to
memory are called read-modify-write instructions.

Example 1) SET 3,(T8RUN) --- Setsbit 3 of the TSRUN register.

Example2) INC 1,(100H) -- Adds1 to the data at address 100H.

® TLCS-900 read-modify-write instructions

Conversion instruction
EX (mem),R

Arithmetic operations
ADD (mem), R/# ADC (mem), R/#
SUB (mem), R/# SBC (mem), R/#
INC #3, (mem) DEC #3, (mem)

Logic operations
AND (mem), R/# OR (mem), R/#
XOR (mem), R/#

Bit manipulation
STCF #3/A,(mem) SET #3, (mem)
RES #3, (mem) TEST #3, (mem)
CHG #3, (mem)

Rotate, shift

RLC (mem) RRC (mem)

RL (mem) RR(mem)

SLA (mem) SRA (mem)

SLL (mem) SRL (mem)

RLD (mem) RRD (mem)
@ Onestate

The single cycle resulting from dividing the oscillation frequency by 2 is called “one state”.
Example:At oscillation frequency 25MHz
2/25 MHz = 80 ns = 1 state
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(2) Use Precautions and Limitations
@ EA pin, AMS8/16 pin
This pin is connected to the VCC or the GND pin. Do not alter the level while the pin is active.
@ Warm-up counter

When releasing STOP mode (by interrupt, for example) in a system that uses an external oscillator, a
warm-up time is required until the system clock is output. The warm-up counter operates during the
warm-up time,

@ Programmable pull-up resistor

The pull-up resistor of a port can only be set to programmable or non-programmable in input port mode.
When using a port as an output port, its pull-up resistor cannot be set to programmable.

@ Watchdog timer

As the watchdog timer is enabled after a reset, disable the watchdog timer when it is not required.
Note that during bus release, the I/O block, including the watchdog timer, still operate.

® CPU (Micro DMA)

Only “LDC cr, r” and “LDC r, cr” can write or read data to or from control registers (eg, transfer source
register DMASX) in the CPU.

® As this device does not support minimum mode, do not use the MIN instruction.
@ POP SR instruction

Please execute POP SR instruction during DI condition.
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