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Preface

Thank you very much for making use of Toshiba microcomputer LSIs.
Before use this LS|, refer the section, “Points of Note and Restrictions”.
Especially, take care below cautions.

**CAUTION**

How to release the HALT mode

Usually, interrupts can release all halts status. However, the interrupts = (INTO)
which can release the HALT mode may not be able to do so if they are input during
the period CPU is shifting to the HALT mode (for about 3 clocks of fgpy) with IDLE1
or STOP mode (RUN and IDLE2 are not applicable to this case). (In this case, an
interrupt request is kept on hold internally.)

If another interrupt is generated after it has shifted to HALT mode completely,
halt status can be released without difficulty. The priority of this interrupt is
compare with that of the interrupt kept on hold internally, and the interrupt with
higher priority is handled first followed by the other interrupt.




TOSHIBA TMP93CS36

Low Voltage/Low Power CMOS 16-Bit Microcontroller

TMP93CS36UG

1. Outline and Device Characteristics

The TMP93CS36 is high-speed, advanced 16-bit microcontroller developed for controlling medium to
large-scale equipment.

The TMP93CS36UG is housed in 44-pin flat package.

The device characteristics are as follows:

(1)  Original 16-bit CPU (900/L: CPU)
® TLCS-90 instruction mnemonic upward compatible
® 16-Mbyte linear address space
® General-purpose registers and register bank system
® 16-bit multiplication/division and bit transfer/arithmetic instructions
® Micro DMA: 4 channels (1.6 us per 2 bytes at 20 MHz)
(2) Minimum instruction execution time: 200 ns at 20 MHz
(3) Internal RAM: 2 Kbytes
Internal ROM: 64 Kbytes
(4)  8-bit timer: 4 channels
(5)  16-bit timer: 2 channels
(6) Serialinterface: 2 channels
(7)  10-bit AD converter: 4 channels
(8) High current output: 2 ports
(99 Watchdog timer
(10) Interruptfunctions: 30
® 9 CPU interrupts (SWIinstruction, and illegal instruction)
® 16 internal interrupts
® 5 external interrupts
(11) T/O ports
33 pins for TMP93CS36
(12) Standby function: 4 HALT modes (RUN, IDLLE2,IDLE1, STOP)

:| T-level priority can be set.
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@ The information contained herein is subject to change without notice.

@ The information contained _herein is presented only as-a’'guide for the applications of our products. No responsibility is
assumed by TOSHIBA for any infringements /of patents or other rights of the third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of TOSHIBA or others.

@ TOSHIBA is /continually working to improve the quality and reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
It is-the responsibility of the buyer, when “utilizing TOSHIBA products, to comply with the standards of safety in
making-a safe design for the-entire system, ‘and to avoid situations in which a malfunction or failure of such TOSHIBA
products could cause loss of human! life, bodily injury or damage to property.

In .developing your designs, please ensure’that TOSHIBA products are used within specified operating ranges as set
forth.in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set
forth.in-the “Handling Guide for-Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

@ The TOSHIBA products listed in this_ document are intended for usage in general electronics applications (computer,
personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These
TOSHIBA products are neither intended nor warranted for usage in equipment that requires extraordinarily high
quality and/or reliability or a malfunction or failure of which may cause loss of human life or bodily injury
("Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or spaceship instruments,
transportation instruments, traffic signal instruments, combustion control instruments, medical instruments, all types of
safety.dkevices, etc.. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer's
own risk.

@ The products described in this document are subject to the foreign exchange and foreign trade laws.

@ TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and
sold, under any law and regulations.

@ For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the chapter
entitled Quality and Reliability Assurance/Handling Precautions.
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TOSHIBA TMP93CS36

(13) Clock-gear function

® Clock can be changed from fc to fe/16.
(14) Wide range of operating voltage

® Vec=2.7t05.5V
(15) Package

e P-LQFP44-1010-0.80A

900/ CPU et
ANO to AN2 (P50 to P52) <—=Vss[1]
AN3/ADTRG (P53) , XWA WA X1
AvCC 1°'bA"B4C"' XBC Bl cC osc o
AVSS XDE D|E
VREFH converter XHL Hl L
XIY Y controller
XIZ 1Z —> CLK
TXDO (P60) Serial /O XSP SP
RXDO (P61) (Channel 0) < 32bits —> < —EA
SR .F] ~<—RESET
TXD1 (P63) Serial /O
RXD1 (P64) <> (Channel 1)
Interrupt INTO (P35)
controller
P70
P71
Watchdog
Port7 timer
2-Kbyte RAM Port0 P00 to P07
8-bit timer
(Timer.0) Port 1 P10to P17
8-bittimer
(Timer 1)
8-bit timer
(Timer 2)
TO3 (P41) 8-bit timer
(Timer 3)
64-Kbyte ROM
INT4/T14 (P42) T
INT5/TI5 (P43) 16-bit timer
TO4 (P44) (Timer 4)
INT6/TI6 (P45) o
16-bit timer
INT7/TI17 (P46) (Timer 5)

Note: The items in parentheses ( ) are the initial setting after reset.

Figure 1.1 TMP93CS36 Block Diagram
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2. Pin Assignment and Functions

The assignment of input and output pins for the TMP93CS36, their names and functions are described
below.

2.1 Pin Assignment

Figure 2.1.1 shows pin assignment of the TMP93CS36.
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VREFL [T} 38 LQFP.44 18 [1T1 P04
AVSS 1139 17 [11—1/P0O3
AvCC 117 40 (10><:IO) 16 [FI1T—1'P02
(ANO) P50 [T 41 Top-View 15 111 P01
(AN1) P51 11 42 14 [[IT] POO
(AN2) P52 [11] 43 13 [IT1 vCC
(AN3/ADTRG) P53 (11 44 O 12 [TT1 RESET
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oFmﬁ'o‘—mx‘—Nr(
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so =<
[alNaRyalNa)
X X X X
cekbex

Figure 2.1.1 Pin‘Assignment (44-pin LQFP)
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2.2 Pin Names and Functions
The names of input/output pins and their functions are described below.

Table 2.2.1 Pin Names and Functions (1/2)

Pin Name I\g:crgihr\::r 110 Functions
P00 to P07 8 I/0 | Port 0: 1/0 port that allows selection 0f1/O/on a bit basis
P10to P17 8 I/0 | Port 1: 1/O port that allows selection of 1/O on a bit basis
P35 I/0 | Port 35: 1/O port

1 Input | Interrupt request pin 0: Interrupt request pin with —
INTO i progra;ma?ale Ie\i)el/risinge_dgep ; P j.t /
P41 1 1/0 | Port41: 1/0 port
TO3 Output | PWM output 3: 8-bit PWM timer 3 output
P42 1/0 |Port42: 1/O port
1 Input [ Timer input 4: Timer4 input
Ti4 Input | Interrupt request pin4: Interrupt request pin with
INT4 programmable rising/falling edge AN
P43 1/0 | Port 43: 1/O’port
TIS 1 Input [ Timer input5: Timer 4 input
INT5 Input | Interrupt request pin 5: Interrupt request pin with rising edge _#
P44 1 1/0 | Port44 : 1/O port
TO4 Output | Timeroutput 4: Timer4 output pin
P45 1/0 | Port45: 1/0 port
TI6 1 Input | Timer input 6: Timer 5 input
INT6 Input Ir_1t_errupt _request pin 6: Interrupt request pin with programmable
rising/falling edge

P46 1/Q | Port 46: 1/0 port
TI7 1 Input | Timer input 7:“Timer 5 input
INT7 Input | Interrupt request pin 7: Interrupt request pin with rising edge _#
P50 to P52 3 Input [ Port 50 to Port 52 Input port
ANO to AN2 Input [ Analog input: Analog signal input for AD converter
P53 Input | Port53: Input Port
AN3 1 Input | Analog input:” Analog signal input for AD converter
ADTRG Input | AD converter external start trigger input
P60 i 1/0/| Port 60: 1/0O port (with pull-up resistor)
TXDO Output | Serial send data 0
P61 1 /O | Port 61: 1/O port (with pull-up resistor)
RXDO Input| Serial receive data 0
P63 1 1/0-| Port 63: 1/O port (with pull-up resistor)
TXD1 Output | Serial send data 1
P64 1 I/0 | Port 64: 1/O port (with pull-up resistor)
RXD1 Input | Serial receive data 1
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TMP93CS36

Table 2.2.1 Pin Names and Functions (2/2)

Pin Name I\gl;rgi%e;r 110 Functions
P70 1 I/0 [ Port 70: 1/0 port (High current output available)
P71 1 1/0 | Port 71: 1/O port (High current output available)
Output | Clock output: Outputs “fsys + 2" Clock.
CLK 1 Pulled-up during reset.
Can be disabled for.reducing noise
EA 1 Input
RESET 1 Input | Reset: Initializes TMP93CS36. (with pull-up resistor)
VREFH 1 Input | Pin for high level reference voltage input to AD converter
VREFL 1 Input | Pin for low level reference voltage input to AD converter
AVCC 1 Input | Power supply pin for AD-converter
AVSS 1 Input | GND pin for AD converter (Q'V)
X1 1 Input | Oscillator connecting pin
X2 1 Output | Oscillator connecting pin
VCC 1 Input | Power supply pin (All Vcc pins are connected to the power supply.)
VSS 1 Input | GND pin (All Vss pinsare connected to the GND (0 V).)

Note: Built-in pull-up resistors can be released from the pins other than the RESET pin by software.
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3.1

Operation

This section describes the functions and basic operational blocks of TMP93CS36 devices.
See the 7. “Points of Concern and Restriction” for the using notice and restrictions for each block.

CPU

The TMP93CS36 device has a built-in high-performance 16-bit CPU (900/L-CPU). (For CPU operation,
see TLCS-900/L CPU in the previous section.)

This section describes CPU functions unique to the TMP93CS36 that are not described in the previous
section.

Reset

When resetting the TMP93CS36 microcontroller, ensure that the power supply voltage is within the
operating voltage range, and that the internal high-frequency oscillator has stabilized. Then set the
RESET input to Low level at least for 10 system clocks (16 xs at 20 MHz). Thus, when turn on the
switch, be set to 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 atleast for 10 system
clocks.

Clock gear is initialized 1/16 mode by reset operation. It means that the system clock mode fgys is set to
fe/32 (= fe/16 X 1/2).

When the reset is accept, the CPU:

® Program counter (PC) according to reset vector that is stored FFFF00H to FFFF02H.
PC<T7:0> <« Datainlocation FFFFO0H
PC<15:8> < Datain location FFFF01H
PC<23:16> « Data in location FFFF02H
Stack pointer (XSP) for system mode to 100H.
IFF2 to IFFO bits of status register to 111. (Sets mask register to interrupt level 7.)
MAX bit of status register to 1. (Sets to maximum mode.)
Bits RFP2 to 0 of status register to 000. (Sets register banks to 0.)

When reset is released, instruction execution starts from PC (Reset vector). CPU internal registers
other than the above are not changed.
When reset is accepted, processing for built-in I/Os, ports, and other pins is as follows

® Initializes built-in I/O registers as per specifications.
® Sets port pins (including pins also used asbuilt<in I/Os) to general-purpose input/output port mode.
® Pulls up the CLK pin to “H” level.

Note 2: . The’'CLK pin is pulled up to “H” level during reset. When the voltage is put down externally,
there is possible to cause malfunctions.

Figure 3.1.1 shows the reset timing chart of TMP93CS36.
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3.2 Memory Map
Figure 3.2.1 is a memory map of the TMP93CS36.

000000

000080

000100

000880H

64-Kbyte area
External Memory (nn)
01 OOOOH ..................................................
FF H 16-Mbyte area
0000 (r32)

(-r32)
(r32+)
(r32 +r8/16)
(r32 +d8/16)
(nnn)

FFFFOOH
FFFFFFH

=Internal area)

Figure 3.2.1 Memory Map
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3.3

Standby Function

Standby control circuits consist of (1) System clock controller, (2) Prescaler clock controller and (3)
Standby controller.

Figure 3.3.1 shows a transition figure. Figure 3.3.2 shows the block diagram.,

Figure 3.3.3 shows I/O registers. Table 3.3.1 shows the internal operation and system clock.

Reset
RUN mode Instruction Release Reset
(StOpS only CPU) Interrupt
\ Instruction
\DLE2 mode Instruction NORMAL mode nt . STOP mode
Interrupt nterrup Stops all circuits
(Stops CPU and AD) (fc/gear value/2) (Stop! ircuits)

Instructi

Interrupt

IDLE1 mode
(Operates only oscillator)

Figure 3.3.1 Operating Mode Transition Figure

Table 3.3.1 'Internal Operation and System Clock

Operating | Oscillator CPU Internal I/O System Clock

Mode fc fsys
RESET Reset Reset fc/32
NORMAL Operate

D), Operate
RUN Oscillation Programmable
IDLE2 Stop only AD (fc/2, fc/4, £¢/8, fc/16, fc/32)
Stop
IDLE1
Stop

STOP Stop Stop
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7 6 5 4 3 2 1 0
SYSCRO Bit symbol - - - - - - PRCK1 PRCKO
(006EH) Read/Write R/W
After reset 1 0 1 0 0 0 0 0
Function Always write | Always write | Always write | Always write | Always write | Always write | Select prescaler clock
" “" un “Q" “Q" =" 00: fepyy
(This bit is (This bit is (This bit is (This bit is (This bitis (This bit'is 01: (reserved)
readas”1”.) [ readas“0”.) | readas“1”.) | read as “0".) | readas “0".) [‘read as “0".) 10: fc/16
11: (reserved)
7 6 5 4 3 2 1 0
SYSCR1 Bit symbol = GEAR2 GEAR1 GEARO
(006FH) Read/Write R/W
After reset 0 1 0 I 0
Function Always write | Select gearvalue
"0 000: fc
(This bitis 001:fc/2
read as “0”.) 010: fc/a
011: fc/8
100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
7 6 5 4 3 2 1 0
CKOCR Bit symbol - CLKEN
(006DH) Read/Write R/W
After reset 0 0
Function Always write | CLK pin
“0” output
control
0: High-Z
output
1: CLK
output
7 6 5 4 3 2 1 0
WDMOD Bit symbol WDTE WDTP1 WDTPO WARM HALTM1 HALTMO RESCR DRVE
(005CH) Read/Write R/W
After reset 1 0 0 0 0 0 0 0
Function WDT control | WDT detection time Warm-up HALT mode 0: Don‘t Pin state
0: Disable 00: 215/fgys timer 00: RUN mode care control in
1: Enable 01:2"7/fgyg 0: 214/ 01: STOP mode 1: Connects | STOP mode
101219 gy frequency 10: IDLE1 mode WDT output | 0: /O off
113 22V gy input 11: IDLE2 mode to RESET pin | 1: Remains
1: 216/ internally. the state
frequency before
input halt
Note 1: SYSCR1<bit7:4> areread as "1".
Note 2: Resetting sets <CLKEN> bit to “0".

reset.

Figure 3.3.3 1/O Registers about Standby

The CLK pin is internally pulled up during

93CS36-11
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3.3.1 System Clock Controller

(1)

The system clock controller generates system clock (fgys) for CPU core and internal I/O. It contains a
oscillation circuit and clock gear circuit. The register SYSCR1<GEAR2:0> changes clock gear to
either 1, 2, 4, 8 or 16 (fc, fc/2, fc/4, fe/8 or f¢/16), and these functions can reducethe power consumption of
the equipment in which the device is installed.

The system clock (fgys) is set to fc/32 (fe/16 X 1/2) because of <GEAR2:0> =“100" by resetting.

For example, fgyg is set to 0.625 MHz by resetting the case of 20 MHz oscillator is connected to X1, X2
pins.

The fe clock can be easily obtained by connecting a resonator to the X1/X2 pins, respectively. Clock
input from an external oscillator is also possible.

X1 ) X1 X2
?Di <~ ook
777 777 é

(a) Crystal/Ceramicresonator (b) External Oscillator
Figure 3.3.4 Examples of Resonator Connection
Note: Accurate Adjustment of the Oscillation Frequency

The CLK pin outputs at 1/2 the system clock frequency (fsys/2) is-used to-monitor the oscillation clock.
With a system requiring adjustment of the oscillation frequency, an adjusting program must be written.

Clock gear controller

The clock gear select register SYSCR1<GEAR2:0> sets fppy to either fe, fe/2, fc/4, fe/8, fe/l6.
Switching frpy with the clock gear reduces the power consumption.

Clock setting example:

Changing gear value of the high-frequency clock

SYSCR1 EQU 006FH
LD (SYSCR1T), XXXX0000B . Changes fsys to fc/2
LD (SYSCR1), XXXX0100B —Changes fgys to fc/32

X: Don't care

(High-frequency clock gear changing)

To change the frequency of the clock gear, write the value to SYSCR1<GEAR2:0> register. It is
necessary to continue the warm-up time until changing after writing the register value.

There is a possibility that the instruction next to the clock-gear-changing instruction is executed by the
clock gear before changing. ' To execute the instruction next to the clock-gear-changing instruction by
the clock gear after changing, input the dummy instruction (Instruction to execute the write cycle) as
follows.

Example:

SYSCR1 EQU 006FH
LD (SYSCR1), XXXX0001B ;  Changes fsys to fc/4.
LD (DUMMY), 00H ; Dummy instruction
| Instruction to be executed by the clock gear after changing|

X: Don't care

93CS36-12 2004-02-17
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3.3.2 Prescaler Clock Controller

The 9-bit prescaler provides a clock to 8-bit timer 0, 1, 2, 3, 16-bit timer 4, 5, and serial interface 0, 1.
The clock input to the 9-bit prescaler is selected either frpy or fe/16 by SYSCRO< PRCK1:0 > register.
<PRCK1:0> register is initialized to “00” by resetting.

3.3.3 Internal Clock Pin Output Function

CLK pin outputs fgyg divided by 2 internal clock.
Outputs are specified by the clock output control register CKOCR<CLKEN >. Writing “1” sets clock

output, and writing “0” sets high impedance.
During reset, CLK pin is internally pulled up regardless of the value of <CLKEN> register. See

“TMP93CS36 Reset Timing Chart” in Figure 3.1.1.
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3.3.4 Standby Controller

(1) HALT mode

When the HALT instruction is executed, the operating mode changes RUN, IDLE2, IDLE1 or STOP
mode depending on the contents of the HALT mode setting register WDMOD <HALTM1:0>. Figure
3.3.5 shows the alternative states of the watchdog timer mode registers.

WDMOD
(005CH)

Watchdog Timer Mode Register

7 6 5 4 3 2 1 0
Bit symbol WDTE WDTP1 WDTPO WARM HALTM1 HALTMO RESCR DRVE
Read/Write R/W
After reset 1 0 0 0 0 0 0 0
Function Watchdog | Watchdog timer Warm-up [ HALT mode selection [Runaway . [STOP
timer detect time selection [timer detection |mode pin
control 00: 215/fgyg 0:21% 00: RUN mode internal control
0: Disable | 01: 217/fgys clock 01:.STOP mode reset 1:Drive
1: Enable | 10: 219/fgyg frequencys|.10:IDLE1 mode control pinsin
11: 221/fgys election 11: IDLE2 mode 1: Executes| ~ STOP
1: 216/ internall mode
clock reset by
frequency runaway
selection detection
S

I——> Pin state control in STOP mode
0. [1/O off

1 | Retains the state before halt

———> HALT mode setting
00 | RUN mode (only CPU stop)
01 [ STOP mode (all circuits stop)

10 [ IDLE1 mode (only oscillator operating)

11 | IDLE2 mode (partial I/0 operating)

L Warm-up time selection at returning from the
STOP mode (see Table 3.3.4)

0 |24/ select clock frequency

1 |26/ select clock frequency

Figure 3.3.5 Watchdog Timer Mode Register

The futures of RUN, IDLE2, IDLE1 and STOP modes are as follows.

@
@

®

@

RUN:
IDLE2:

IDLEL:

STOP:

Only the CPU halts ; power consumption remains unchanged.

The built-in oscillator and the specified I/O operates.
The power consumption is redced to 1/2 than that during NORMAL operation.

Only the built-in oscillator operates, while all other built-in circuits stop. The power
consumption is reduced to 1/5 or less than that during NORMAL operation.

All internal circuits including the built-in oscillator stop. This greatly reduces power
consumption,

The operations in the halt state is described in Table 3.3.2.
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(2)

Table 3.3.2 1/0 Operation during HALT Mode

HALT Mode RUN IDLE2 IDLE1 STOP
WDMOD<HALTM1:0> 00 11 10 01

CPU Stop

1/0 port Keep the state when the “HALT” instruction was executed. | See Table 3.3.5
v 8-bit timer
v
2 16-bit timer
[2a]

Serial channel

AD converter Stop

Watchdog timer

Interrupt controller

How to Release the HALT mode

These halt states can be released by resetting or requesting an interrupt. The halt release sources are
determined by the combinations between the states of interrupt mask register <IFF2:0> and the
HALT modes. The details for releasing the halt status are shown in Table 3.3.3.

Released by requesting an interrupt

The operating released from the HALT mode depends on the interrupt enabled status. When the
interrupt request level set before executing the HALT instruction exceeds the value of the interrupt
mask register, the interrupt due to/the sourceis processed after releasing the HALT mode, and CPU
starts executing an instruction that follows the HALT instruction. When the interrupt request level set
before executing the HALT instruction is less than the value of the interrupt mask register, releasing
the HALT mode is not executed. (In‘non-maskable interrupts, interrupt processing is processed after
releasing the HALT mode regardless of the value of the mask register.)

However only for INTO interrupts, even if the interrupt request level set before executing the HALT
instruction is less than the value of the interrupt mask register, releasing the HALT mode is executed.
In this case, interrupt processing is not processed, and CPU starts executing the instruction next to the
HALT instruction, but the interrupt request flagis held at “1”.

Note: Usually, interrupts can release all halts status. However, the interrupts = (INT0) which can release the HALT mode
may not be able to doso if they are input during the period CPU is shifting to the HALT mode (for about 3 clocks of
fepy) with IDLE1 or STOP mode (RUN and IDLE2 are not applicable to this case). (In this case, an interrupt request is
kept.on hold internally.)

If another interrupt is generated after it has shifted to HALT mode completely, halt status can be released without
difficultly.\ The priority of this interrupt is compare with that of the interrupt kept on hold internally, and the
interrupt with higher priority is handled first followed by the other interrupt.

Release by resetting

Releasing all halt statusis executed by resetting.

When the STOP mode is released by RESET, it is necessary enough resetting time (3 ms or more) to set
the operation of the oscillator to be stable.

When releasing the HALT mode by resetting, the internal RAM data keeps the state before the “HALT”
instruction is executed. However the other setting contents are initialized. (Releasing due to interrupts
keep the state before the “HALT” instruction is executed.)
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Table 3.3.3 HALT Releasing Source and HALT Releasing Operation

Interrupt Enable Interrupt Disable
Interrupt Receiving Status
(Interrupt level) = (Interrupt mask) (Interruptlevel) < (Interrupt mask)
HALT Mode RUN IDLE2 IDLE1 STOP RUN IDLE2 IDLE1 STOP
INTWDT ¢ X X X - - - -
INTO * L 4 L g &1 @ @) @) O*1
INT4to0 7 * L 4 X X x X X x
INTTO to 3 L 2 2 X x X x X x
HALT
re[easing |nte"upt INTTR4to 7 ’ ‘ X X X X X X
source INTO4, 5 * s X X X X X X
INTRX0, TXO * * X X x X x x
INTRX1, TX1 ¢ ¢ X X X X X X
INTAD L J X % X X X X X
RESET < < < L 2

x O®

: After releasing the HALT mode, CPU starts interrupt processing. (RESET initializes LSI.)
: After releasing the HALT mode, CPU starts executing an-instruction that follows the HALT instruction.
: It can not be used to release the HALT mode.

- : This combination type does not exist because the priority level(interrupt request level).of non-maskable interrupts is
fixed to highest priority level “7”.
*1: Releasing the HALT mode is executed after passing the warm-up time.

Note: When releasing the HALT mode is executed by INTO interrupt of the level mode'in the interrupt enabled status, hold
level “H" until starting interrupt processing._If level “L” is set, interrupt processing is correctly started.

(Example releasing “RUN” mode)
INTO interrupt releases halt state when the RUN mode is on.

Address
8203H
8206H
8209H
820BH
820EH

820FH

LD (lIMC), 00H

LD (INTEOAD), 06H
El 5

LD (WDMOD), 00H

HALT

INTO _/_\__

LD

Selects INTO interrupt rising edge.
Sets interrupt level to “6" for INTO.
Sets interrupt level to “5"” for CPU.

Sets HALT mode to “RUN".

Halts CPU.

RETI

INTO Interrupt routine
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(3) Operation
@® RUN mode
In the RUN mode, the system clock continues to operate even after a HALT instruction is executed.
Only the CPU stops executing the instruction. In the halt state, an interrupt request is sampled with
the falling edge of the “CLK” signal.
Releasing the RUN mode is executed by the external/internal interrupts: (See Table 3.3.3 “Halt
Releasing Source and Halt Releasing Operation”.)
Figure 3.3.6 shows the interrupt timing for releasing the halt state by interrupts in the RUN/IDLE2
mode.
X1 JU’\J‘\J‘\J’\J“\JU\J’\J‘\J’\J’\J‘U’\J’\
ax ey A LT
INTO : P b
(level) : ) :
INT4 to INT7 : Y A
(Rising edge) * )
INT4, INT6 : fr—,
(Falling edge) : ~ : I
Internal INT ( /
‘ < | RUN/IDLE2 :
T “mode _)
Figure 3.3.6 Timing Chartfor Releasing the Halt State by Interruptin RUN/IDLE2 Modes
@ IDLE2 mode

In the IDLE2 mode, the system clock is supplied to only specific internal I/O devices, and the CPU stops
executing the currentinstruction:

In the IDLE2 mode, the halt state is released by an'interrupt with the same timing as in the RUN mode.
The IDLE2 mode is'released by external/internal interrupt, except INTWDT/INTAD interrupts. (See
Table 3.3.3 “Halt Releasing Sourceand Halt Releasing Operation™.)

In the IDLE2 mode, the watchdog timer should be disabled before entering the halt status to prevent
the watchdog timer interrupt occurring just after releasing the HALT mode.
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@ IDLE1 mode

In the IDLE1 mode, only the internal oscillator operates. The system clock in the MCU stops, the CLK
pin is fixed at the level “H” in the output enable (CKOCR <CLKEN > =“1").

In the halt state, and interrupt request is sampled aynchronunsly with the system clock, however the
halt release (restart of operation) is performed synchronously with it.

IDLE1 mode is released by external interrupts (INTO). (See Table 3.3.3 “Halt Releasing Source and
Halt Releasing Operation”.)

When the IDLE1 mode is used, setting TRUN<PRRUN> to “0™ to stop 9, 5 bit prescaler before
“HALT” instruction reduces the power consumption.

Figure 3.3.7 illustrates the timing for releasing the halt state by interrupts in the IDLE1 mode.

AW AW W AW AW oW VLN o W AW AW W aWalal

cw T X O\ / \
INTO « /e
(Level) g 2 :
INTO A\
(Rising edge) : R :

Figure 3.3.7 Timing Chart of Halt Released by Interruptsin IDLE1 Mode

93CS36-18 2004-02-17



TOSHIBA

TMP93CS36

@ STOP mode

The STOP mode is selected to stop all internal circuits including the internal oscillator. The pin status
in the STOP mode depends on setting of a bit in the watchdog timer mode register WDMOD <DRVE >,
(See Figure 3.3.5 for setting of WDMOD <DRVE >.) Table 3.3.5 summarizes the state of these pins in

the STOP mode.

The STOP mode is released by external interrupts (INT0). When the STOP mode is released, the
system clock output starts after the warm-up time required to attain stable oscillation. The warm-up

time can be set using WDMOD <WARM>. See the example of warm-up time (Table 3.3.4).

In a system which supplies stable clock generated by an external oscillator, the warm-up time can be
reduced by using the setting of T45CR<QCU>.

Figure 3.3.8 illustrates the timing for releasing the halt state by interrupts during the STOP mode.

Warm-up
. . time /.
: -~
AW AWAWAWAW RUEFEESTE = ATVAW RW R W BW RW
CLK )| ) L - —/_S( \ « / \
i /e%(‘ '
INTO :
(Level) 4 -
)
INTO .
(Rising edge) : :
~—
! STOP
i mode
Figure 3.3.8 Timing Chart of Halt State Release by Interruptsin STOP Mode
Table 3.3.4) The Example of Warm-up Time after Releasing the Stop Mode
Clock Operation Warm-up Time [ms]
Frequency after Remark
the Stop Mode WDMOD<WARM>=0| WDMOD<WARM> =1
fc 0.8192 3.2768
fc/2 1.6384 6.5536
fc/d 3.2768 13.1072 fc =20 MHz
fc/8 6.5536 26.2144
fc/16 13.1072 52.4288

How to calculate the warm-up time

WDMOD <WARM > =“0": 214/(Clock operation frequency after releasing the halt in STOP mode)
WDMOD <WARM > =“1"; 216/(Clock operation frequency after releasing the halt in STOP mode)
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Table 3.3.5 Pin Statesin STOP Mode

Pin Name I{e] <DRVE>=0 <DRVE>=1

P00 to PO7 Input mode A A
Output mode High-Z Output

P10to P17 Input mode A A
Output mode/A8to A15 High-Z Output

P35 Input mode Invalid Invalid
Output mode High-Z Output

P41 to P46 Input mode Invalid Invalid
Output mode High-Z Output

P50 to P53 Input A A

P60, P61, P63, P64 Input mode PU* PU
Output mode PU* Output

P70, P71 Input mode Invalid Invalid
Output mode High-Z Output

CLK Output (<KCLKEN> = 1) High-Z “H” level output

RESET Input Input Input

EA Input “H" level fix “H" level fix

X1 Input Invalid Invalid

X2 Output "H" level output “H" level output

Input: Input gate in operation. Fix input voltage to 0 or 1 so that the input pin stays constant.
Output: Output state.

Invalid: Inputis not accepted.

High-Z: Outputis at high impedance.

PU: Programmable pull-up pin in input gate in operation. Fix.the pin to avoid through current since the input
gate operates when a pull-up pin resistance is not set.

PU*: Programmable pull-up/pin in/input gate disable state. ‘No through current even if the pin is set to high
impedance.

A: When a HALT instruction-is-executed and the CPU stops at the address of the port register, an input gate

operates. Fix thepinto avoid through current, and change the program.
In all other cases,/input is not accepted.

Note:  Port registers are used for controlling programmable pull-up. If a pin is also used for an output function
(e/g., TO3) and the output function is specified, whether pull up is selected depends on the output
function data. . If a pin is also used for an input function, whether pull up is selected depends on the port
register setting'value only.
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3.4

Interrupts

TLCS-900 interrupts are controlled by the CPU interrupt mask flip-flop (IFF2 to IFF0) and the built-in
interrupt controller.
Altogether the TMP93CS36 has the following 30 interrupt sources:

® Internalinterrupts -« 9

SWI instruction, illegal instruction execution
® Interrupts from external pins INTO, INT4 to INT7) - 5
® Interrupts from built-in I/Os - 16

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

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

The CPU compares the value of the priority sent with the value in the CPU interrupt mask register
<IFF2:0>. If the value is greater than that the CPU interrupt mask register, the interrupt is accepted.
The value in the CPU interrupt mask register <IFF2:0> can be changed using the EI instruction
(Executing EI n changes the contents of <IFF2:0> to n). For example, programming EI 3 enables
acceptance of maskable interrupts with a priority of 3 or greater, and non-maskable interrupts which
are set in the interrupt controller. The DI.instruction (<IFF2:0> =7) operates in the same way as the
EI7 instruction. Since the priority values for maskable interrupts are 0 to 6, the DI instruction is used
to disable acceptance of maskable interrupts. The EI instruction becomes effective immediately after
execution (with the TLCS-90, the El instruction becomes effective after execution of the subsequent
instruction).

In addition to the general-purpose interrupt processing mode described above, there is also a micro
DMA processing mode . Micro’ DMA is a mode used by the CPU to automatically transfer byte or word
data. It enables the CPU to process interrupts such as data saves to built-in I/Os at high speed.

Figure 3.4.11is a flowchart showing overall interrupt processing.
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General-purpose
interrupt processing

(Interru pt processing)

Read interrupt vector V.
clear interrupt request F/F.

l

Start vector
match of vector V and

Yes

micro DMA

No
PUSH PC
PUSH SR
SR<IFF2:0> <« Accepted
interrupt
level +1

INTNEST«— INTNEST + 1

!

PC « (FFFFOOH +V)

7

Interrupt processing
program

'

RETI instruction
POP SR
POP PC

INTNEST<«— INTNEST =1

Data transfer by
micro DMA

¥

COUNT « COUNT ~1

Y

COUNT=0

No

( End )

Figure 3.4.1 Interrupt Processing Flowchart

Micro DMA
processing
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3.4.1 General-purpose Interrupt Processing

When accepting an interrupt, the CPU operates as follows. In the cases of software interrupts or
interrupts generated by the CPU because of attempts to excute illegal instructions, the following steps
(1) and (3) are not excuted.

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

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

(3) The CPU sets a value in the CPU interrupt mask register <IFF2:0> that is higher by1 than the value
of the accepted interrupt level. However, if the value is 7, 7 is set without an increment,

(4) The CPU increments the INTNEST (Interrupt nesting counter):

(5) The CPU jumps to address stored at FFFFOOH + interrupt vector, then starts the interrupt processing
routine.

The following diagram shows all the above processing state number.

: Bus Width of
BusV\{(ldth of Interrupt Interrupt Processing State Number
Stack Area Vector Area
. 8 bits 35
8 bits 16 bits 31
. 8 bits 29
16 bits 16_bits 25

To return to the main routine after completion of the interrupt processing, the RETI instruction is
usually used. Executing this instruction restores the contents of the program counter and the status
registers and decrements INTNEST (Interrupt nesting counter).

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

The interrupt request with a priority higher than the accepted now interrupt during the CPU is
processing above (1) to (5) is accepted before the 1’st instruction in the interrupt processing routine,
causing interrupt processing tonest. (This is the same case of over lapped each non-maskable interrupt
(level “7”).) (Non-maskable interrupts (Level “7”) can be accepted, causing interrupt processing to rest.)
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The CPU does not accept an interrupt request of the same level as that of the interrupt being processed.

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

disabled.

The following @ to ® show a flowchart of interrupt processing.

(1) Maskable interrupt
(INTTO interrupt routine)

(main)
El 1 yd
IFFe2
& /@’
(IINT+T|0{|_ &
1
SN

l IFFe-1 RETI

During execution of the main program, the CPU accepts
an interrupt request. The CPU increments the IFF so
that the interrupts of level 1 are not accepted during
processing the interrupt routine.

(3) Interrupt nesting

(INTTO interrupt routine) (INTT1 interruptroutine)

(main)
EI3
IFFe4 IFFe5
& /@’ @ /@/
IN'#TOJ_L INT'*I'1_| :
(level 3) ~ (level 4) N ®
@ ®
| IFFe3\_ IFFe~4\_ RETI

During processing the interrupts of level 3,the IFF is set to 4.
When an interrupt with a level higher than level 4 is
generated, the CPU accepts the-interrupt with the higher
level, causing interrupt processing to nest.

(5) Interrupt sampling timing

(INTTO interrupt routine)

El 3 /
¥ @ {level 4)
INT'Il'O )J_I_/ g} \@ !
(level 3 AN ()
@
l RETI RETI

If an interrupt with a level higher than the interrupt being
processed is generated, the CPU accepts the interrupt with
the higher level. The program counter which returns at
® is the start address of INTTO interrupt routine.

(2) Non-maskable interrupt
(main) (INTWD interrupt routine)

% IFF<—®7 /
oo
eve

& \@

l IFFe RETI

)

Dl instruction is executed in‘the.main-program, so that
the interrupts of only level 7 are accepted. The CPU
does not increment the IFF even if the CPU accepts an
interrupt request of level 7.

(4) Software interrupt
(SWI3 routine)

(main)
D

®
v
swiz ®
5 e

| \_RETI

The CPU accepts the software interrupt request during
DI status(IFF = 7) because of the level 7. The IFF is not
changed by the software interrupts.

Example: (underline): Instruction
®,®@,-: Execution flow
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The addresses FFFFOOH to FFFFFFH (256 bytes) of the TMP93CS36 are assigned for interrupt vector

area.
Table 3.4.1 TMP93CS36 Interrupt Table
Ereiiar';clt Type Interrupt Source Vectt:r \"/alue Address Refer | Micro DMA
y v to Vector Start Vector
1 Reset or SWIO instruction 0000H FFFFOOH -
2 SWI 1 instruction 0004H FFFFO4H -
3 Illegal instruction, or SWI2 0008H FFFFO8H -
4 Non- SWI 3 instruction 000CH FFFFOCH -
5 maskable | SWI 4 instruction 0010H FFFF10H -
6 SWI 5 instruction 0014H FFFF14H -
7 SWI 6 instruction 0018H FFFF18H -
8 SWI 7 instruction 001CH FFFF1CH -
9 (Reserved) 0020H FFFF20H -
10 INTWD: Watchdog timer 0024H FFFF24H 09H
11 INTO: INTO pin input 0028H FFFF28H 0AH
12 (Reserved) 002CH FFFF2CH -
13 INT4: INT4 pin input 0030H FFFF30H 0CH
14 INT5: INT5 pin input 0034H FFFF34H ODH
15 INT6: INT6 pin input 0038H FFFF38H OEH
16 INT7: INT7 pin input 003CH FFFF3CH OFH
17 INTTO: 8-bittimer0 0040H FFFF40H 10H
18 INTT1: 8-bittimer1 0044H FFFF44H 11H
19 INTT2: 8-bittimer2 0048H FFFF48H 12H
20 INTT3: 8-bittimer3 004CH FFFFACH 13H
21 INTTR4: 16-bit timer4 (TREG4) 0050H FFFF50H 14H
22 Maskable [INTTR5: 16-bit timer4 (TREG5) 0054H FFFF54H 15H
23 INTTR6: 16-bit timer5(TREG6) 0058H FFFF58H 16H
24 INTTR7:-16-bit timer5 (TREG7) 005CH FFFF5CH 17H
25 INTTO4: 16-bit timer4 (Over flow) 0060H FFFF60H 18H
26 INTTOS: 16-bit timer5 (Over flow) 0064H FFFF64H 19H
27 INTRXO0: Serial receive (Channel0) 0068H FFFF68H 1AH
28 INTTXO: Serial send (Channel0) 006CH FFFF6CH 1BH
29 INTRX1: Serial receive (Channel1) 0070H FFFF70H 1CH
30 INTTX1: Serial send (Channel1) 0074H FFFF74H 1DH
31 INTAD: AD conversion completion 0078H FFFF78H 1EH
- (Reserved) 007CH FFFF7CH -
to to to to to
- (Reserved) O0FCH FFFFFCH -
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Setting to reset/interrupt vector

@ Reset vector

FFFFOOH
FFFFOTH
FFFFO2H
FFFFO3H

PC(7:0)

PC (15:8)

PC(23:16)

XX

@ Interrupt vector (Except reset vector)

Address refertovector +0
+1
+2
+3

(Setting example)

PC(7:0)

PC (15:8)

PC(23:16)

XX

XX: Don'tcare

Sets the reset vector: FFO000H, INTAD vector : 123456H.

ORG FFFFOOH
DL FFOO0OH
ORG FFFF78H
DL 123456H
ORG FFOO0OH
LD/ AB
ORG FF9ABCH
LD B, C

ORG ~ 123456H

b CA

) Reset = FFOO0OH
; INTAD = 123456H

Note:
ORG, DL are assembler directives.
ORG: Control location counter
[DL: Defines long word (32-bit) data
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3.4.2 Micro DMA

(1

In addition to the conventional interrupt processing, the TLCS-900 also has a micro DMA function.
When an interrupt is accepted, in addition to an interrupt vector, the CPU receives data indicating
whether processing is micro DMA mode or general-purpose interrupt. If micro DMA mode is requested,
the CPU performs micro DMA processing.

The TLCS-900 can process at very high speed because it has transfer parameters in dedicated registers
in the CPU. Since those dedicated registers are assigned as CPU control registers, they can only be
accessed by the LDC instruction.

Micro DMA operation

Micro DMA operation starts when the accepted interrupt vector value matches the micro DMA start
vector value. The micro DMA has four channels so that it can be set for up to four types of interrupt
source.

When a micro DMA interrupt is accepted, data is automatically transferred from’the transfer source
address to the transfer destination address set in the control register, and the transfer counter is
decremented. If the value in the counter after decrementing is other than 0, micro DMA processing is
completed; if the value in the counter after decrementing is 0, general-purpose interrupt processing is
performed.

32-bit control registers are used for setting transfer source/destination addresses. However, the TLCS-
900 has only 24 address pins for output. A 16-Mbyte space is available for the micro DMA.

There are two data transfer modes: One-byte mode and one-word mode.” Incrementing, decrementing,
and fixing the transfer source/destination address after transfer can be done in both modes. Therefore
data can easily be transferred between I/O.and memory and’between I/Os. For details of transfer modes,
see the description of transfer mode registers.

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

When the transfer counter is decremented to “0” after data is transferred with micro DMA, general-
purpose interrupt processing is performed. After processing the general- purpose interrupt, starting the
interrupts of the same channel restarts the transfer counter from 65536. If necessary, reset the transfer
counter.

Interrupt sources processed by micro DMA processingare those with the micro DMA start vectors listed
in Table 3.4.1.

The following timing chart is a micro DMA cycle of the transfer address increment mode (Condition:
MAX mode, 16-bit bus width for 16 Mbytes, 0 waits).
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(2) Register configuration (CPU control register)

Channel0
DMASO ;
Transfer source address register 0 :| (Use only lower 24 bits.)
DMADO Transfer destination address register 0
DMACO Transfer counter register 0 (1to 65536)
DMAMO | Transfer mode register 0
Channel1
DMAS1 Transfer source address register.1
DMAD1 Transfer destination address register 1
DMAC1 Transfer counter register 1
DMAM1 | Transfer moderegister-1
Channel2
DMAS2 Transfer source address register 2
DMAD2 Transfer destination address register 2
DMAC?2 Transfer counter register 2
DMAM?2 | Transfer mode register.2
Channel3
DMAS3 Transfer source address register 3
DMAD3 Transfer destination-address register 3
DMAC3 Transfer counter register 3
DMAM3 | Transfermode register 3
<8 bits—
16 bits
| 32 bits

These control register can not-be set only “LDC ecr, r” instruction.

Example:
LD XWA, 100H
LDC DMASO, XWA
LD XWA, 50H
LDC DMADO, XWA
LD WA, 40H
LDC DMACO, WA
LD A, 05H
LDC DMAMO, A
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(3) Transfer mode register details

(DMAMO to DMAMS3)

0 0 0 o0 Mode Note: When setting values for this
[ [ register, set the upper 4 bits to 0.
|
| Execution time
(Min) at 20 MHz
l y Z:0=Byte transfer, 1=Word transfer
0 0 0 Z |Transferdestination address INCmode ....... for 1/0to memory 16 states
(DMADN +) « (DMASN)
DMACn«<DMACHh -1 (1.6 us)
if DMACNH =0 then INT.
0 0 1 Z |Transferdestination address DEC mode ...... for I/0 to memory 16 states
(DMADnN =) « (DMASN)
DMACn«DMACH -1 (1.6 us)
if DMACNH =0 then INT.
0 1 0 Z |Transfersource addressINCmode .|/ .. .. for memory to I/0 16 states
(DMADN) « (DMASNh +)
DMACn«DMACH -1 (1.6 us)
if DMACNH =0 then INT.
0 1 1 Z |Transfersource addressDECmode ............. for memoryto I/O 16 states
(DMADN) « (DMASNh =)
DMACn«<DMACnh -1 (1.6 us)
if DMACn =0 then INT-
1 0 0 Z |Fixedaddressmode [............................... s for1/0 to 1/0 16 states
(DMADN) « (DMASnN)
DMACn«<DMACh =1 (1.6 us)
if DMACNn =0 then INT.
1 0 1 1 |Countermode . ... ../...................0= forinterrupt counter 11 states
DMASn<DMASNh + 1
DMACn«<DMACnh -1 (1.1 us)
if DMACNH =0-then INT.
(1-state =100 ns at 20 MHz, High-frequency mode)
Note 1: n: corresponds to micro DMA channels 0 to 3.
DMADn +/DMASnh +: Post-increment (Increments register value after transfer.)
DMADn —/DMASh —: Post-decrement (Decrement register value after transfer.)
Note 2: Execution time: When setting source address/destination address area to 16-bit bus, 0
waits.
Clock condition: fc =20 MHz, Clock gear: 1 (fc)
Note 3: Do not use the/codes other than the above mentioned codes for transfer mode register.
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3.4.3 Interrupt Controller

Figure 3.4.2 is a block diagram of the interrupt circuits. The left half of the diagram shows the
interrupt controller; the right half includes the CPU interrupt request signal circuit and the halt
release signal circuit.

Each interrupt channel (Total of 22 channels) in the interrupt controller has an interrupt request flip-
flop, interrupt priority setting register, and a register for storing the micro DMA' start vector. The
interrupt request flip-flop is used to latch interrupt requests from peripheral'devices. The flip-flop is
cleared to 0 at reset, when the CPU reads the interrupt channel vector after the aceceptance of interrupt,
or when the CPU executes an instruction that clears the interrupt of that channel. (Writes 0 in the clear
bit of the interrupt priority setting register).

For example, to clear the INTO interrupt request, set the registe .

For example, to clear the INTO interrupt request, set the register after the DI instruction as follows.
INTEOAD « ---- 0 ---B

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

The interrupt priority can be set by writing the priority in the interrupt priority setting register (e.g.,
INTEOQOAD, INTE45, ete.) provided for each interrupt source. Interruptlevelstobe set are from 1 to 6.
Writing 0 or 7 as the interrupt priority disables the corresponding interrupt request. The priority of the
non-maskable interrupt (Watchdog timer) is fixed to 7. If interrupt requests with the same interrupt
level are generated simultaneously, interrupts-are accepted in accordance with the default priority.
(The smaller the vector value, the higher the priority.)

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

The interrupt controller also has four registers used to'store the micro DMA start vector. These are I/O
registers; unlike other micro DMA registers (DMAS, DMAD, DMAM, and DMAC). Writing the start
vector of the interrupt source for the micro DMA processing (See Table 3.4.1), enables the corresponding
interrupt to be processed by micro DMA processing. The values must be set in the micro DMA
parameter registers(e.g., DMAS and DMAD) prior to the micro DMA processing.
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(1

Interrupt priority setting register

(Prohibit read-modify-write)

Figure 3.4.3 Interrupt Priority Setting Register

Symbol |Address | 7 | 6 | 5 | 4 3 | 2 [ a4 | o
INTAD INTO
IADC_[ TADM2 [ IADMIT [ TADMO | I0C I0M2 [ 10M1 [ —IOMO
INTEOAD 70H
0 0070 RIW W R/W W
0 o | o [ o 0 o | o ][0
|N|T5 | |N|T4 |
I5C I5M2 | 15M1 I5M0 14C 14m2 || | 14N 14M0
INTE4 71H
> 00 RIW W R/W w
0 o | o [ o 0 o -0 | o
INT7 INT6
INTEGE? | 0072H 17C i7v2 | 7M1 | 17M0 16C I6M2- [ 16M1 | 16MO
RIW W R/W w
0 o | o [ o 0 o -] o [ o
INTT1 (Timer1) INTTO (TimerQ)
IT1¢_ [ 1imim2 [ imim1 [ imimo [ aToc, [ iTom2 [ imom1 | ITomo
INTET10 | 0073H
RIW W RV W
0 0o | o [ o 0 0 [0 [ o
INTT3('i'imer3) | INTT2('i'imer2) |
IT3C_ [ 1T3m2 | 1m3m1 [ m3mo | Im2C [ 1m2m2 | 1m2m1 | IT2MO
INTET32 74H
3 00 RIW W R/W w
0 0 [ o ‘o 0 0o [ o] o
INTTR5 (Timer5) INTTR4 (Timer4)
ITSC [ 1T5m2 | 1imsm1[arsmo. | 1tac | iTam2 | atam1 | 1Tamo
INTET54 75H
5 0075 RV W RIW vy
0 0 .0 [ o0 0 0o [ o [ o
INTTR7 (Timer7) INTTR6 (Timer6)
IT7¢_ | 1Im7m2-|it7ma | 1T7mo [ “aTtec | 1Tem2 [ 1ITem1 | IT6mo
INTET7 76H
6| 0076 RIW W R/W. W
0 oo o [ o 0 o/ ] o J o
INTTO5 INTTO4
INTEOs4 | 00770 [TO5C ITO5M2 [ ITO5M1 [1ITO5MO [ 1IT04C [1TO4M2 [1ITO4M1 [ 1ITO4MO
RIW W RAW W
0 o] o [ o 0 o | o | o
INTTXO INTRXO
INTESO | oo78H —|TX0C | ITXOM2 [ITXoM1 | ITXOMO-|IRXOC | IRXOM2 [ IRXOM1 | IRXOMO
RIW W R/W W
0 0 -0 | 0 0 o | o [ o
INTTX1 INTRX 1
INTEST | oo7em TXIC [ITX1M2 [ mx1m1 imxamo | IRx1¢ [ IRX1M2 [ IRX1M1 [ IRX1MO
RIW W RIW w
0 o ] o [ o 0 0o [ o [ o
| 1] Il Il
Py I | |
Py
|—> IxxM2 xxM 1 IxxM0 Function (Write)
0 0 0 Prohibits interrupt request.
0 0 1 Sets interrupt request level to “1"”.
0 1 0 Sets'interrupt request level to “2".
0 1 1 Sets interrupt request level to “3”.
1 0 0 Sets interrupt request level to “4".
1 0 1 Sets interrupt request level to “5”.
1 1 0 Sets interrupt request level to “6".
1 1 1 Prohibits interrupt request.
> IxxC Function (Read) Function (Write)
0 Indicates no interrupt request. Clears interrupt request flag.
1 Indicates interruptrequest. | ----- Don‘t care-----
Note 1: Read-modify-write is prohibited.

«Interrupt source
«Bit symbol
<«Read/Write
«Afterreset
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(2) External interrupt control
Interrupt Input Mode Control Register
7 6 5 4 3 2 1
mc Bit symbol - I0IE IOLE
(007BH) -
Read/Write w w
After reset 0 0 0
Prohibit -
read- Function AI\{va)l"s } 1: !NTO 0: INTO AI\{vay/lls )
modify- write “0". input edge write “0”.
write enable mode
1: INTO
level
mode
i |—> INTOlevel-enable
L——— INTO input enable (Note)
0 [INTO disable (P35 function only) 0 |Rising edge detect interrupt
1 | Input enable High level interrupt
Note 1: The INTO pin can also be used for standby release as described later. Even if thepinisnot used for standby
release, setting this register to “0” maintains the port function during standby mode.
Note 2: Case of changing from level to edge for INTO-pin mode (<IOLE> "1"— "0")
Execution example:
LD (INTEOAD) , xxxx0000B +INTQ disable, clean the request flag
LD (IIMC) , Xxxxx10xB ; Change from level to edge
LD (INTEQOAD) , xxxxOnnnB ; Set_interrupt level “n” for INTO, clear
therequest flag
Note 3: IIMC<bit 7:3> is always read as “1".
Note 4: See Electrical characteristicsin section 4 for external 4 for external interrupt input pulse.
Figure3.4.4 InterruptInput Mode Control Register
Table 3.4.2 Setting of ExternalInterrupt Pin Functions
Interrupt Shared Pin Mode Setting Method
_f Risingedge |IIMCKIOLE> =0, <IOIE> =1
INTO P35
7 A_ Level IIMC<IOLE> =1,<I0IE> =1
e o1 _f" Risingedge |TAMOD<CAP12M1,0> =0,00r0,10r1,1
X _Fallingedge |T4MOD<KCAP12M1,0>=1,0
INT5 P43 /| Rising edge
INTG p4S J_ Rising edge T5MOD<CAP34M1,0> =0,00r0,10r1,1
“\_ Fallingedge |T5MOD<CAP34M1,0>=1,0
INT7 P46 f Rising edge _
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(3) Micro DMA start vector

When the CPU reads the interrupt vector after accepting an interrupt, it simultaneously compares the
interrupt vector (Bits 2 to 6 of the interrupt vector) with each channel’s micro DMA start vector. When
the two match, the interrupt from the channel whose value matched is processed in micro DMA mode.

If the interrupt vector matches more than one channel, the channel with the lower channel number has

a higher priority.
Micro DMADO Start Vector

7 6 5 4 3 2 1 0
DMAOV Bit symbol DMAOV4 | DMAOV3 | DMAOV2 | DMAOV1 | DMAOQOVO
(007CH) Read/Write w
Prohibit
read- After reset 0 | 0 | 0 | 0 0
VT:S:V' Function Micro DMA channel 0 processed by matchingbits 2 to 6 of the interrupt vector.

Micro DMA1 Start Vector

7 6 5 4 3 2 1 0
DMA1Y | Bitsymbol DMA1V4 | DMA1V3 | DMA1V2-| DMA1V1 | DMA1VO
(007DH) Read/Write W
Prohibit
read- After reset 0 | 0 | 0 | 0 0
V"\;zg:y' Function Micro DMA channel 1 processed by matching bits 2 to 6.of the interrupt vector.

Micro DMA2 Start Vector

7 6 5 4 3 2 1 0
DMA2V Bit symbol DMA2V4 | DMA2V3 | DMA2V2 | DMA2V1 DMA2V0
(007EH) Read/Write w
Prohibit
read- After reset 0 | 0 | 0 | 0 0
‘lef;fy- Function Micro DMA channel 2 processed by matching bits 2 to 6 of the interrupt vector.

Micro DMA3 Start Vector

7 6 5 4 3 2 1 0
DMA3V | Bijt symbol DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3VO
(007FH) Read/
Prohibit cad/Write w
read- Afterreset 0 | 0 | 0 | 0 0
modify- -
write Function Micro DMA channel 3 processed by matching bits 2 to 6 of the interrupt vector.

Figure 3.4.5 Micro DMA Start Vector Register
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(4)

Notes

The instruction execution unit and the bus interface unit of this CPU operate independently of each
other. Therefore, if the instruction used to clear an interrupt request flag of an interrupt is fetched
before the interrupt is generated, it is possible that the CPU might execute the fetched instruction to
clear the interrupt request flag while reading the interrupt vector after accepting the interrupt.

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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3.5

Functions of Ports

The TMP93CS36 has 33 bits for I/O ports.
These port pins have I/O functions for the built-in CPU and internal I/Os as well as general-purpose I/O
port functions. Table 3.5.1 lists the function of each port pin. Table 3.5:2 lists I/O registers and
specification.
Resetting makes the port pins listed below function as general-purpose I/Oports.
I/O pins programmable for input or output are set to input ports.
To set port pins for built-in functions, a program is required.

Table 3.5.1 Functions of Ports

PU = with programmable
pull-up resistor

Port Name | Pin Name | Pin No. | Direction | R Dlr.ectlon. Pin Name fqr Builtin
Setting Unit Function
Port0 P00 to PO7 8 110 - Bit ADO to AD7
Port1 P10to P17 8 110 - Bit AD8 to AD15/A8 to A15
Port3 P35 1 110 - Bit INTO
Port4 P41 1 110 - Bit TO3
P42 1 110 ~ Bit TI4/INT4
P43 1 110 - Bit TI5/INT5
P44 1 /0 - Bit TO4
P45 1 110 - Bit TI6/INT6
P46 1 110 - Bit TI7ZANT7
Port5 P50 to P52 3 Input - (Fixed) ANO to AN2,
P53 1 Input - (Fixed) AN3/ADTRG
Port6 P60 1 110 PU Bit TXDO
P61 1 /0 PU Bit RXDO
P63 1 /0 PU Bit TXD1
P64 1 1’0 PU Bit RXD1
Port7 P70 1 I/0 - Bit (High current output)
P71 1 110 - Bit (High current output)
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Table 3.5.2 1/0 Registers and Specification

X: Don't care

Port

Name

Specification

1/0 Register

-
=]

PnCR PnFC

Port 0

P00 to PO7

Input port

0

Output port

None

Port 1

P10to P17

Input port

Output port

Port3

P35

Input port/INTO input

Output port

Port4

P41

Input port

Output port

TO3 output

P42

Input port/TI4/INT4 input

Output port

P43

Input port/TI5/INT5 input

Output port

P44

Input port

Output port

TO4 output

P45

Input port/TI6/INT6 input

Output port

None

P46

Input port/TI7/INT7 input

Output port

=D O = | O| == |O|=|O|—=|O|=|=|O|=|O|=|0O|—

Port5

P50 to P53

Input port

ANO to AN3input(Note 2)

P
o

ne

Port 6

P60

Input port (without PU)

Input port (with PU)

Output port

TXDO output

o|lo|o|o

P61

Input port/RXDO input (without PU)

Input port/RXDO input (with,PU)

None

Outputport

P63

Inputport (without PU)

Input port (with PU)

Output port

TXD1 output

= O|O|O

P64

Input port/RXD1 input (without PU)

Input port/RXD1 input (with PU)

Output port

Port7

P70

Inputport

None

Output port

P71

Input port

Output port

XXX |X|X[=[O|X|X|=|O|X[=[O|X|X|=]|O[X[X[X|X]|X|X[X[X[X}X]|X]|X|[X|X[X[X]|X|X|X]|X[X[X

= |O|=|O|=|O(O|=|—-|0O|0|=|O|O|=|—-|O|OC

Note 1: Using P35 pin as INTO, IIMC register hs to be set enable interrupt.
Note 2: Using P50 to P53 pins as input channels for the AD converter, the channels are selected by ADMOD1<ADCH2:0>.
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3.5.1 Port 0 (P00 to P07)

Port 0 is an 8-bit general-purpose I/O port. I/O can be set on a bit basis using the control register POCR.
Resetting sets all bits of POCR to 0 and sets port 0 to input mode. Figure 3.5.3 shows the registers for
Port 0. To access external memory area, port 0 functions as an address data bus (ADO to AD7), and all
bits of the control register POCR are cleared to 0 automatically. Therefore please don’t access external
memory area.

N\t
Reset
Direction control
(on bit basis)
3
Kel
POCR write
@©
-
. Output
° Etfﬁ > [] Porto
- Output buffer P00 to P07
@
c PO write .
[}
: { Sl
c ]
- Selector A
L~
T \ Y
PO read
o[>
Y,

Selector

Figure 3.5.1 Port0
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3.5.2 Port1(P10to P17)

Port 1 is an 8-bit general-purpose I/0 port. I/O can be set on a bit basis using control register PICR and
function register PIFC. Resetting sets all bits of output latch P1, control register P1ICR, and function
register P1FC to 0 and sets port 1 to input mode.
Figure 3.5.3 shows the registers for port 1.

Reset

Direction control
(on bit basis)

A
P1CR write
|

bus

Function control
(on bit basis)

data

P1FC write

P

Output
latch

1 Port 1

Internal

pd!

P1 write

Output buffer

T

P1 read

S

Selector

B

A

L~

Figure 3.5.2 Port 1

P10to P17
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Port 0 Register
7 6 5 4 3 2 1 0
PO Bit symbol P07 P06 P05 P04 P03 P02 PO1 P00
(0000H) | Read/write RW
After reset Data form external port (Output latch register becomes undefined.)
Port 0 Control Register
7 6 5 4 3 2 1 0
POCR Bit symbol PO7C P06C PO5C P04C PO3C P02C PO1C POOC
(0002H) | Read/write w
fggg_'b't After reset 0 o [ o | o Jlo ] o [ o [ o
modify- | fynction 0:Input —1:Output
write
L Port 0 I/O’setting
0 [|Input
Port 1 Register ! [Output
7 6 5 4 3 2 1 0
P1 Bit symbol P17 P16 P15 P14 P13 P12 P11 P10
(0001H) | Read/write RV
After reset Data form external port (Output latch register is cleared to “0".)
Port 1 Control Register
7 6 5 4 3 2 1 0
P1CR Bit symbol P17C P16C P15C P14C P13C P12C P11C P10C
(0004H) | Read/Write w
Profibit T atter reset 0 o [ o T o ] o J o | o | o
modify- f runction 0:lnput  1:Output
write
Port 1 Function Register
7 6 5 4 3 2 1 0
P1FC Bit symbol P17F P16F P15F P14F P13F P12F P11F P10F
(000?"!) Read/Write w
ProPibIt Tafter reset 0 o [ o ] o ] o [ o ] o | o
vn\;zgeify- Function Always write “0”.
Figure 3.5.3 Registers for Ports 0 and 1
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3.5.3 Port3(P35)

Port 3 is an 1-bit general-purpose I/O port.

I/O can be set on a bit basis. I/O is set using control register P3CR and function register P3FC.
Resetting resets all bits of output latch P3, control register P3CR (Bits 0 and l'are unused), and function
register P3FC to 0.

P35 (INTO)

Port 35 is a general-purpose I/O port, and also used as an INTO pin for external interrupt request input.

Reset
/\/ ﬁ
Direction control

- (on bit basis)

3 A

< P3CR write

M IR

- S

Output latch L~ D P35 (INTO)

° A

< P3 write 5B

e 4 V4

- W ) Selector

- P3 rea

A

N . Level/edge

INTO interrupt detect

IIMC<IQIE> IIMC<IQOLE >

Figure 3.5.4 Port 35
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Port 3 Register

7 6 5 4 3 2 1 0
P3 Bit symbol P35 - - _
(0007H) Read/Write RIW RIW
After reset Data from 0 1 1
external
port
(Output
latch
registeris
setto1.)
Function Always Always write “1"
- write “0”. [ (This bitis read as.”1").
Port 3 Control Register
7 6 5 4 3 2 1 0
P3CR Bit symbol P35C —
(000AH) Read/Write W W
Prohibit
read- After reset 0 0
qun‘y- Function 0: Input Always
write 1: Qutput write '0".
L /O -setting
0 |Input
1 | Output
Port 3 Function Register
7 6 5 4 3 2 1 0
P3FC Bit symbol - - -
(000BH) | Read/Write w
Prohibit | After reset 0 | 0 | 0
read- L
modify- Function Always write “0
write (This bitisread as “1").

Figure 3.5.5_Registers for Port 3
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3.5.4 Port4 (P41 to P46)

Port 4 is a 6-bit general-purpose I/O port. I/O can be set on bit basis. Resetting sets Port 4 to the input
port. In addition to functioning as a general-purpose I/O port, Port 4 also shares functions as 16-bit
timer 4 and 5 clocks, an output for 8-bit timer F/F 3, 16-bit timer F/F4. Writing 1 in the corresponding

bit of the Port 4 function register (P4FC) enables output of the timer.

Reset

~ 1

Direction control

(on bit basis)

A
PACR write

R

S

DP42 (T14/INT4)

Output latch

A
P4 write
1

S

N
P4 read

b u

T4, INT4

S

Selector

B

A

\

Tis, INTS Roset
Tl6, INT6
oty [ ¥

Direction control

data

(on bit basis)

A
PACR write

¥

Function control

Internal

(on bit basis)

A

PAFCwrite

S
Output tatch ‘
)

P4 write

Timer F/F QUT

A—-S
Selec

B

tor

P43 (TI5/INT5)
P45 (TI6/INT6)
P46 (TI7/INT7)

TO3: Timer3
TO4: Timer 4
-1
N
P4 read

Selector

S

B

A

‘7

|

Figure 3.5.6 Port4 (P41 to P46)

{:] P41 (TO3)
P44 (TO4)
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Port 4 Register
7 6 5 4 3 2 1 0
P4 Bit symbol - P46 P45 P44 P43 462 P41
(000CH) Read/Write R/W
After reset 0 Data from external port (Output latch registerissetto 1.)
Function Always _
write “0”.
Port 4 Control Register
7 6 5 4 3 2 1 0
P4CR Bit symbol - P46C P45C P44C P43C P42C P41C
(00OEH) Read/Write w
Prohibit
read- After reset 0 0 0 o V] o o [l o
modify- It nction Always 0: Input
write write “0". 1: Qutput
L 5 Port4l/0 settirLg
0 |Input
1 | Output
Port 4 FunctionRegister
7 6 5 4 3 2 1 0
PAFC Bit symbol - P44F P41F
(0010H) Read/Write w w w
rP;:(I;\ibit After reset 0 0 0
deifY' Function Always 0: Port 0: Port
write write “0*/ 1: 704 1: TO3
Setting P44 js TO4 Setting P41 js T03
PAFC<PA44F > 1 PAFC<P41F> 1
PACR<P44C> 1 PACR<P41C> 1
Note: P42/T14, P43/TI5, P45/TI6, P46/TI7 pin does not have a register changing PORT/FUNCTION.

Forexample, when it is used as an input port, the input signal for port is inputted to 8-/16-bit timer as a timer

input.

Figure 3.5.7 Register for Port 4

93CS36-44

2004-02-17



TOSHIBA

TMP93CS36

3.5.5 Port5 (P50 to P53)

Port 5 is an 4-bit input port, also used as an analog input pin for the internal AD converter.
Additionally, P53 is also used as an analog conversion external trigger input pin (ADTRG).

w A Port 5
> P50 to P52
< \l\I (ANO to AN2)
3 Port 5 read P53 (AN3/ADTRG)
35
©
<
e Conversion
-
c AD Channel
- result H -
. converter selector
register
| AD read
= N N e A
i ADTRG <] : :
i N Only for P53 function i
| P — R . U, N g, . A S, d
Figure 3.5.8 Port5
7 6 5 4 3 2 1 0
P5 Bit symbol P53 P52 P51 P50
(000DH) Read/Write R
After reset Data from external port

Note: - The inputchannel selection of AD converterisset by AD converter mode register ADMOD1.

Figure 3.5.9 Registers for Port 5
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3.5.6 Port6 (P60, P61, P63, P64)

Port 60, 61, 63, 64 is a 4-bit general-purpose I/O port. I/Os can be set on a bit basis.

Resetting sets P60, P61, P63, P64 to an input port and connects a pull-up resistor.

It also sets all bits of the output latch register to 1.

In addition to functioning as a general-purpose I/O port, P60, P61, P63, P64 can also share function as
an I/O for serial channels 0 and 1. Writing “1” in the corresponding bit of the port 6 function register
(P6FC) enables this function.

Resetting sets the function register value to “0” and sets all bits to input ports.

(1) Port60(TXDO0), 63 (TXD1)

Ports 60 and 63 also function as serial channel TXD output pinsin addition to I/O ports.
They have a programmable open-drain function.

Reset

Direction control
(on bit basis)

A
P6CR write

Function control
(on bit basis)

A
P6FC write _I gP-ch

S Programmable
Output latch 'Lfa s ( pull up

A ™ ["] P60 (TXDO)
Selector
P6 write L P63 (TXD1)

TXDO, TXD1 B Open <.:lrain
possible

] ODE<ODE®63, 60>

S~ B

bus

data

Internal

\r, Selector

P6 read A

Figure 3.5.10° Ports 60 and 63
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(2)

Port 61 (RXDO), 64 (RXD1)

Port 61 and 64 are I/0 ports, and also used as RXD input pins for serial channels.

(S—

Riset

data bus

Direction
control

(on bit basis)

A
P6CR write

¥

S

Output latch

—{>O——| gp.ch C’rogrammable )

pull up

A

P6 write
P!

S

Internal

RXDO, RXD1

-~
P6 read

B

Selector

A

N P61 (RXDO)
L H P64 (RXD1)

Figure 3.5.11 _Ports 61 and 64
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Port 6 Register
6 5 4 3 2 1 0
P6 Bit symbol - P64 P63 - P61 P60
(0012H) -
Read/Write R/W R/W R/W R/W
After reset Data from external Data from external
0 port 0 port

(Output latch register (Output latch register

issetto 1) issetto 1)
Function Always Always

write “0”. write “0".

Note 1: When port P6 is used in the input mode, P6 register controls the built-in pull-up resistor. Read-
modify-write is prohibited in the input mode or the I/O mode. Setting the built-in pull-up resistor
may be depended on the states of the input pin.

Port 6 Control Register
6 5 4 3 2 1 0
P6CR Bit symbol - P64C P63C - P61C P60C
(0014H) -
Read/Write w
Prohibit
read- After reset 0 0 0 0 0 0
Vn;z?elfy- Function Always 0: Input Always 0: Input
write 10" 1: Output write 0" 1: Qutput
L > Port61/0 setting
0 |Input
1 | Output
Port 6 Function Register
6 5 4 3 2 1 0
P6FC Bit symbol - P63F - P6OF
(0016H) -
Read/Write w w W
Prohibit
read- After reset 0 0 0 0
Vn;ﬁgelfy- Function Always 0: Port Always 0: Port
write “0". 1: TXD1 write “0". 1: TXDO

P63 TXD1 output setting (Note)

|

|

P60 TXDO output setting (Note)

P6FC<P63F>

1

P6FC<P60F > 1

P6CR<P63C>

1

P6CR<P60C> 1

Note 2: To set the TXD pin to.open drain, write “1” in bit0 (for TXDO0 pin) or bit1 (for TXD1 pin) of the ODE

register.

P61/RXDO, P64/RXD1 pins do not have a register changing PORT/FUNCTION.
When using as input ports, the serial receive data is input to SIO.

Figure 3.5.12 Register for Port 6
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3.5.7 Port7 (P70, P71)

Port 7 is an 2-bit general-purpose I/O port. I/O can be set on a bit basis. Port 7 can output large current
and drive LED directly. Resetting sets the function register P7CR to 0, and all bits to input ports.

B Reset

o

Direction
control (on
bit basis)

A
P7CR write
S
Output latch
A

P7 write S B

1
N Selector

] P70

\

P7 read Al

bus

data

Reset

Direction
control
(on bit basis)

Internal

P7CR write

S
Output latch
A
P7 write S B

!
N Selector

] P71

\

P7 read Al

Figure 3.5.13 Port70to 71
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Port 7 Register

p7 7 6 5 4 3 2 1 0
(0013H) Bit symbol P71 P70
Read/Write RIW
After reset Data from external
port
(Output latch register
issetto 1)
Port 7 Control Register
P7CR 7 6 5 4 3 2 1 0
(0015H) Bit symbol P71C P70C
Read/Write
Prohibit W
read- After reset 0 | 0
modify- -
write. Function 0:Input/ /1: Output

Port 7 I/0 setting

0 |Input

1 | Output

Figure 3.5:14 - Registers for Port 7
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3.6

8-Bit Timers

The TMP93CS36 contains four 8-bit timers (Timers 0, 1, 2, 8), each of which can be operated
independently. The cascade connection allows these timers to be used as 16-bit timer. The following
four operating modes are provided for the 8-bit timers.

® 8-bitinterval timer mode (4 timers) Variable combination
16-bit interval timer mode (2 timers) (8 bits X 2, 16 bits X 1, etc.)
8-bit programmable square wave pulse generation (PPG: Variable duty with variable cycle) output
mode (1 timer)

® 8-bit pulse width modulation (PWM: Variable duty with constant cycle) output mode (1 timer)

Figure 3.6.1 shows the block diagram of 8-bit timer (Timer/ 0, 1), and Figure 3.6.2'shows the block
diagram of 8-bit timer (Timer 2, 3).

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

Among the input clock sources for the interval timers, the internal clocks of $T1, T4, §T16, and 4T256
are obtained from the 9-bit prescaler shown in Figure 3.6.3.

The operation modes and timer flip-flops of the 8-bit timer are controlled by five control registers
T10MOD, T32MOD, TFFCR, TRUN and TRDC:
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@ Prescaler

There are 9-bit prescaler and prescaler clock selection registers to generate input clock for 8-bit timer 0,
1,2, 3, 16-bit timer 4, 5 and serial interface 0, 1.
Figure 3.6.3 shows the block diagram. Table 3.6.1 shows prescaler clock resolution into 8-, 16-bit timer.

—\> to CPU
System clock (fsys)
frpH —> - 9-Bit Prescaler
o
- —>|2|4|8 16 32|64|128|256|512|
sl V7 T
@
4T1
(%21
ﬁﬁs to 8-bittimer0,1,2,3
T > 47256
SYSCRO
<PRCK1:0> $T1
Run/stop iﬁe to 16-bittimer 4,5
and clear
2 TRUN<PRRUN>
e 470 .
(] ¢T€23 to Serial interface 0, 1
—>-| T
w _> L §T3z
fe fo/2 | foa | fa8 | fd/16
SYSCR1<GEAR2:0>
X1
Figure 3.6.3._TheBlock Diagram of Prescaler
Table 3.6.1. Prescaler Clock Resolution to 8-, 16-Bit Timer
at fc=20 MHz
Select Prescaler Prescaler Clock Resolution
Clock Gear Value
<PRCK1:0% | <GEARZ0> 4T T4 4T16 47256

000 (f)  |fc/2® (0.478) |fc/2® (1.6s) |fc/27 (6.4 1s)  |fcr2" (102.4 s)

001 (fc/2)  |fc/2® (0.8 ps) [Tc/2® (3.2 us) |fc/2® (12.8 us) |fc/2 (204.8 us)

00 010 (fc/d)  |fcr2° (1.648) |fc/2” (6.4ps) |fc/2° (25.6 us) |fc/2™ (409.6 )
(fepR)

011 (fcs8), | [fc/2® (3.2 ps) [fc/2® (12.8 us) |fc/2"° (51.2 us) |fc/2™ (819.2 ps)

100 (fc/16) |f¢/2” (6.4 18) |Tc/2° (25.6 ps) | /2" (102.4 ps) | /2" (1.6384 ms)

1
0 XXX |fc27 (6.4 ) |20 (25.6 us) |2 (102.4 s) |§e/2'S (1.6384 ms)
(fc/16 clock)
XXX: Don't care [«—— 16-bit timer ———— >

[«——+————— 8-bit timer
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@

The clock selected among frpy clock and fe/16 ¢ and input to this prescaler. This is
selected by prescaler clock selection register SY
Resetting sets <PRCK1:0> to “00”, therefore frpr / 4 clock is 1nput

The 8-bit timer selects between 4 clock inputs: ¢T1, 4T4, 4T16, and 4T256 among the prescaler output.
This prescaler can be run or stopped by the timer control register TRUN <PRRUN>. Counting starts
when <PRRUN?> is set to “1”, while the prescaler is cleared to zero and stops operation when
<PRRUN> is set to “0”.

When the IDLE1 mode (Operates only oscillator) is used, set TRUN<<PRRUN> to “0” to stop this

prescaler before “HALT” instruction is executed.
Up counter

This is an 8-bit binary counter which counts up by the input clock pulse specified by T1I0MOD and
T32MOD.

The input clock of timer 0, 2 is selected from the three internal clocks ¢T1, T4, and ¢T16, according to
the set value of TI0OMOD/T32MOD registers.

The input clock of timer 1 and 3 differs depending on the operation mode. When setto 16-bit timer
mode, the overflow outputs of timer 0 and 2 are used as the input clock. When set to‘any other mode
than 16-bit timer mode, the input clock is selected from the internal clocks ¢T1, 4T16,and ¢T256 as
well as the comparator output (Match detection signal) of timer 0, 2 [according to the set value of
T10MOD and T32MOD registers.

Example:When T10MOD <T10M1:0> =01, the overflow output of timer 0 becomes the input clock of
timer 1 (16-bit timer mode).
When T1I0MOD <T10M1:0> =00 and TIOMOD <T1CLK1:0> =01, 4T1 becomes the input of
timer 1 (8-bit timer mode).

Operation mode is also set by TIOMOD and T32MOD registers. /When reset, it is initialized to
T10MOD <T10M1:0> =00 and T32MOD<T32M1:0> =00 whereby the up counter is placed in the 8-
bit timer mode.

The counting and stop and clear of up counter can be controlled for each interval timer by the timer
operation control register TRUN. When reset, all up counters will be cleared to stop the timers.
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® Timer register

This is an 8-bit register for setting an interval time. When the set value of timer registers TREGO,
TREG1, TREG2, TREG3, matches the value of up counter, the comparator match detect signal becomes
active. If the set value is 00H, this signal becomes active when the up counteroverflows.

Timer registers TREG2 are double buffer structure, each of which makes a pair with register buffer.
The timer flip-flop controll register TRDC <TR2DE > bits control whether the double buffer structure
in the TREG2 should be enabled or disabled. They are disabled when <TR2DE > =0 and enabled when
they are set to 1.

In the condition of double buffer enable state, the data is transfered from the register buffer to the timer
register when the 2n—1 overflow occurs in PWM mode, or at the PPG cyele in PPG mode. Therefore,
during timer mode, the double buffer can not be used.

When reset, it will be initialized to <TR2DE> =0 to disable the double buffer. To use the double
buffer, write data in the timer register, set <TR2DE > to 1, and write the following'data in the register
buffer.

Up counter

{1

Comparator (CP2)
AN

Timer registers 2 (TREG2)
ZA Matching detection of PPG

<« T——=< cycle

2n - 1 overflow of PWM

Shift trigger.

Selector

Register buffers 2 TREG2 WR
AN

Write

Internal data bus TRDC<TR2DE >

Figure 3.6.4 - Configuration of Timer Register 2

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

The memory address of each timer register is as follows.
TREGO: 000022H TREG2: 000026H
TREG1: 000023H TREG3: 000027H

All the registers are write-only and cannot be read.
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®

Comparator

A comparator compares the value in the up counter with the values to which the timer register is set.
When they match, the up counter is cleared to zero and an interrupt signal (INTTOQ, INTT1, INTT2,
INTTS3) is generated. If the timer flip-flop inversion is enabled, the timer flip-flop is inverted at the
same time.

Timer flip-flop (Timer F/F: TFF1, TFF3)

The timer flip-flop (TFF1, TFF3) is a flip-flop inverted by the match detect signal (8-bit comparator
output) of each interval timer.

Inverting is disabled or enabled by the timer flip-flop control register TFFCR <TFF3IE, TFF1IE >.
After reset operation, the value of TFF1, TFF3 is undefined. - Writing “01” or “10” to
TFFCR<TFF3C1:0, TFF1C1:0>sets “0” or “1” to TFF1, TFF3. Additionally, writing “00” to this bit
inverts the value of TFF1, TFF3 (Software inversion).

The signal of TFF3 is output through the TO3 pin (also used as P41). When using as the timer output,
the timer flip-flop should be set by port 4 function register PAFC beforehand. The output pin of TFF1
does not exist.
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Timer Operation Control Register

7 6 5 4 3 2 1 0
TRUN |Bit symbol PRRUN T5RUN T4ARUN T3RUN T2RUN T1RUN TORUN
(0020H) |Reagwrite | RAW RAW
After reset 0 0 | 0 | 0 | 0 | 0 I 0
Function Prescaler and timer run/stop control
0: Stop and clear
1: Run (Count up)
L————— Count operation
0 [Stopandclear
1 Count
PRRUN: [ Operation of prescaler
TS5RUN:  Operation of 16-bit timer/(Timer 5)
TARUN: Operation of 16-bit timer (Timer 4)
Note: TRUN<bit6> isalwaysread as “1". T3RUN:_Operation of 8-bit timer(Timer3)
T2RUN: . Operation of 8-bit timer (Timer 2)
TIRUN: “Operationof8-bit timer (Timer 1)
TORUN: Operation of 8-bit timer (Timer 0)
System Clock Control Register
7 6 5 4 3 2 1 0
SYSCRO |Bit symbol - - = - = - PRCK1 PRCKO
(006EH) Read/Write R/W
After reset 1 0 1 0 0 0 0 0
Function (Note) (Note) (Note) (Note) (Note) (Note) Select prescaler clock
Always Always Always Always Always Always. 00: fepy
write “17. write “0”. write “17. write “0” . write “0”. write “0” 01: (Reserved)
(This bitis (This bitis (This bitis (This bitis (This bit is (This bitis 10: fc/16
readas“1”) |readas“0”) | readas“1".) |read as“0".) | read as “0”.) [read as “0".) [ 11: (Reserved)

Select prescaler input clock

00 (fepnH

01 |(Reserved)

10 ([fc/16

11 [(Reserved)

Figure 3.6.5 8-Bit Timer Related Registers (1/5)
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Timer 0, 1 Mode Control Register
7 6 5 4 3 2 1 0
TIOMOD it symbol | T10M!1 T10MO TICLK1 | T1CLKO | TOCLK1 | TOCLKO
(0024H) -
Read/Write RIW R/W
After reset 0 0 0 0 0 0
Function Operation mode Source clock of timer1 Source clock of timer0
00: 8-bit timer 00: TOOTRG 00: Don't set
01: 16-bit timer 01: ¢T1 01: ¢T1
10: - 10: ¢T16 10: ¢4T4
11: - 11: $T256 11: ¢T16

|
VSN

\—>Input clock of timer.0

00

Don't'set

01

#T1 (Prescaler)

10

#T4" (Prescaler)

™

#T16(Prescaler)

Input clock of timer 1

TOMOD<TIOM1:0>+#01

T10MOD
<T10M1:0> =01

00

IComparator output
lof timer 0

Overflow output of
timer 0

01

Internal clock ¢T1

10

Internal clock ¢4T16

(16-bit timer mode)

1"

Internal clock 4T256

Set the operation mode of timer 0 and 1.

00

Two 8-bit timers
(Timer 0 and timer 1)

01

16-bit timer

10

1"

Figure 3.6.6 8-Bit Timer Related Register (2/5)
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Timer 2, 3 Mode Control Register
7 6 5 4 3 2 1 0
T32MOD | Bitsymbol | T32M1 T32M0 | PWM21 | PWM20 | T3CLK1 | T3CLKO | T2CLK1 | T2CLKO
(0028H)
Read/Write R/W
After reset 0 0 0 0 0 0 0 0
Function Operation mode PWM cycle Source clock of timer3 [Source clock of timer2
00: 8-bit timer 00: - 00: TO2TRG 00: Don'tcare
01: 16-bit timer 01: 251 01: ¢T1 017/ ¢T1
10: 8-bit PPG 10: 27-1 10: 4T16 10: T4
11: 8-bit PWM 11: 281 11: 47256 11: ¢T16

A

\—>Input clock of timer 2

00

Don’t set

01

¢T1 (Prescaler)

10

¢T4 (Prescaler)

1

¢ T16 (Prescaler)

L > Inputclock'of timer 3

T32MOD T32MOD
<T32M1:0>#01 <T32M1:0> =01

00 [Comparator output |Overflow output of
of timer 2 timer 2

01 |Internal clock 4T1

10 [Internal clock 4716 |(16-bit timer mode)

11 |Internal clock 47256

Select PWM cycle

00 | * Don'tcare

01 |(251) x Input clock frequency of timer 2

10 |(27-1) x Input clock frequency of timer 2

1

(28-1) x Input clock frequency of timer 2

Set the operation mode of timer 2 and 3.

00

Two 8-bit timers
(Timer 0 and timer 1)

01

16-bit timer

10

8-bit PPG output

1"

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

Figure 3.6.7 8-Bit Timer Related Register (3/5)

93CS36-60

2004-02-17




TMP93CS36

Timer Flip-Flop Control Register
7 6 5 4 3 2 1 0
TFFCR  |Bit symbol TFF3C1 TFF3CO TFF3IE TFF3IS TFF1C1 TFF1CO TFF1IE TFF1IS
25H
(0025H) Read/Write w R/W W R/W
After reset 1 1 0 0 1 1 0 0
Read-
modify-  |Function | 00: Invert TFF3 TFE3 | TFF3 00: Invert TFF1 TPE1 | TFF1
write is Inversion | Inversion Inversion | Inversion
" 01: Set TFF3 trigger source 01: Set TFF1 trigger source
prohibited.
10: Clear TFF3 0: Disable |0: Timer2 | 10: Clear TFF1 0: Disable |0: Timer 0
11: Don't care 1: Enable |1: Timer3 11: Don't care 1: Enable |1: Timer 1

Select inverse signal of timer F/F3

(“Don't care” except in 8-bit timer mode)

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

0 |Inversion by timer 2

0 |Inversion by timer 0

1 |Inversion by timer 3

1 |Inversion-by timer 1

L Inversion of Timer F/F3 (TFF3)

L Inversion of Timer F/F1 (TFF1)

0 |Disableinvert

0 |Disableinvert

1 |[Enableinvert

1 “{Enable invert

—>Control of Timer F/F3 (TFF3)

> Control of Timer F/F1 (TFF1)

Invert the value of TFF3

00 (software inversion)

00 (software inversion)

Invert the value of TFF1

01 |SetTFF3to "1". 01 |Set TFF1to "1".
10 [Clear TFF3to “0". 10 |Clear TFF1to “0".
11 |Don’t care 11 |Don’'t care

Note: TFFCR<TFF3C1:0, TFF1C1:0> is alwaysread as "1".

Figure 3.6.8 8-Bit Timer Related Register (4/5)
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Timer Register Double Buffer Control Register
6 5 4 3 2 1 0
TRDC  |Bit symbol TR2DE -
(0029H) Read/Write RAWV
After reset 0 0
Function 0: Double | Always
Buffer, | write “0".
Disable
1: Double
Buffer
Enable

(1) 8-bit timer mode

L Operation of timer register 2 double butter

0

Disable

1

Enable

Figure 3.6.9 8-Bit Timer Related Register (5/5)

Four interval timers 0, 1, 2, 3, can be used independently as 8-bit interval timer.

@ Generating interruptsin a fixed cycle (in case of timer 3)

To generate timer 3 interrupt at constant intervals using timer 3 (INTT3), first stop timer 3, then set
the operation mode, input clock, and a cycle to T32MOD and TREGS3 register, respectively. Then,
enable interrupt INTT3 and start the counting of timer 3.

Example:
MSB
76
TRUN «-X
T32MOD/ « 00
TREG3- « 0 0
INTET32 «/1 1
| TRUN «1X

1

X: Don’t care, —: No change

* Clock condition
Clock gear:
Prescalerclock: frpo

LSB
0

1 (fe)

Stop timer 3, and clearitto “0”.
Set the 8-bit timer mode, and select ¢T1 (0.4 s at fc =20 MHz)
as the input clock.
Set the timer register 10 xs + ¢T1=25=19H
Enable INTT3, and set it to “Level 5”.

Start timer 3 counting.

Use the Table 3.6.1 for selecting the input clock.

Note: The input clock of timer 2 and timer 3 are different from as follows.

Timer 2: 4T1, ¢T4, 4T16
Timer 3: Match output of timer 2, ¢T1, ¢4 T16, 4T256

To generate timer 3 interrupt every 10us-at fc=20 MHz, set each register in the following
manner.
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@ Generating a 50% duty square wave pulse

The timer flip-flop is included in timer 1 and 3.
The timer flip-flop (TFF3) is inverted at constant intervals, and its status is-output to timer output pin
(TO8). The output pin of TFF1 does not exist.

Example: To outputa 2.4 48 square wave pulse from TO3 pin at fc=20 MHz, set each register in the
following procedures. Either timer 2 or timer 3 may be used, but this example uses timer
3.

% Clock condition
Clock gear: 1 (fe)
Prescaler clock: frpu

[TRUN ¢ - X --0--- Stop timer 3, and clearitto "0".

T32MOD¢« 0 0 X X 0 1 - - Set the 8-bit timer mode, and select 4T1(0.4 us-atfc=20 MHz) as
the input clock.

TREG3 « 00000011 Setthe timer registerat 2.4 us + ¢T1+2=3.

TFFCR« 1011 - - - - Set TFF3 to “0”, and set to invert by the'match detect signal from
timer 3.

PACR ¢« XXXX=--1- }> _
Select P41-as TO3 pin:

PAFC « X XXX --1X

|TRUN ¢ 1 X --1-- - Start timer 3 counting.

X: Don’t care,—: No change

T1

L L L e e
TRUN
<T3RUN>
Bit7 to 2

Up .
counter Bit1

]
N
w
o
2
=
—
N
w
o
—
N
ﬂ
o

|

7 “ =:|:|:I[

PP 0
B 1TV el

fimng o 11 A_IEJ_I m
4
\
{

Comparator output
(matching detect)

INTT3

L J 11

UC3clear

TFF3

—

R s T

i
TO3 74

1.2 us at fc =20 MHz

Figure 3.6.10 Square Wave (50% duty) Output Timing Chart
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(® Making timer 1 count up by match signal from timer 0 comparator

(2)

(Same function is achieved by using timer 3 and timer 2)
Set the 8-bit timer mode, and set the comparator output of timer 0 as the input clock to timer 1.

Comparator output [ [
(Timer 0 match)

TimerQupcounter 1 X2 X3X4X5X1TX2X3X4X5R1X2X3)

(when TREGO =5)

Timer 1 up counter 1 X 2 X 1
(when TREG1=2)

Figure 3.6.11 Timer 1 Count Up by Timer 0

Timer 1 match output

16-bit timer mode

A 16-bit interval timer is configured by using the pairof timer 0 and timer 1 or timer 2 and timer 3.

To make a 16-bit interval timer by cascade connecting timer 0 and timer 1, set timer 1/0 mode register
T10MOD <T10M1:0> to “01”.

When set in 16-bit timer mode, the overflow output of timer 0 and 2 will become the input clock of timer
1 and 3, regardless of the set value of TIOMOD <T1CLK1:0 >and T32MOD <T3CLK1:0>. Table 3.7.1
shows the relation between the cycle of timer (Interrupt) and the seleetion of input clock.

The lower 8 bits of the timer (Interrupt) cycle are set by the timer register TREGO or TREGZ2, and the
upper 8 bits are set by TREG1 or TREG3. Note that TREG0 and TREG2 always must be set first.
(Writing data into TREGO and TREG2 disables the comparator temporarily, and the comparator is
restarted by writing data into TREG1 and TREG3.)

Setting example: To generate an interrupt INTT3 every 0.4 seconds at fc=20 MHz, set the following
values for timer registers TREG2 and TREGS3.

% Clock condition
Clock gear: 1 (fc)
Prescaler clock: fppi

When counting with input clock of ¢T16 (6.4 s at 20 MHz)
0.4s+6.4 us=62500=F424H
Therefore, set TREG3 =F4H and TREG2 =24H, respectively.
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3)

The comparator match signal is output from timer 2 each time the up counter UC2 matches TREG2,
where the up counter UC2 is not be cleared, and the interrupt INTT2 is not generated.

With the timer 3 comparator, the match detect signal is output at each comparator timing when up
counter UC3 and TREG3 values match. When the match detect signal is output simultaneously from
both comparators of timer 2 and timer 3, the up counters UC2 and UC3 are cleared to “0”, and the
interrupt INTTS is generated. If inversion is enabled, the value of the timer flip-flop TFF3 is inverted.

Example: When TREG3 =04H and TREG2=80H

Value of up counter
e ) 0000H 0080H 0180H 0280H 0380H. 0480H

Timer 2 comparator

match detect signal M I I I I
Interrupt INTT3 "
Timer output TO3 x Inversion

Figure 3.6.12 Timer Output by 16-bit Timer Mode

8-bit PPG (Programmable pulse generation) output mode

Square wave pulse can be generated at any frequency and duty by timer 2. The output pulse may be
either low-active or high-active. In this mode, timer 3 cannot be used.

Timer 2 outputs pulse to TO3 pin (also-used as P41).

In this mode, a programmable square wave is generated by inverting timer output each time the 8-bit
up counter (UC2) matches the timer registers TREG2 and TREGS3.

However, it is required that the set value of TREG2 is smaller than that of TREG3.

Though the up counter (UC3) of timer 3 is not used in this mode, UC3 should be set for counting by
setting TRUN<T3RUN >to 1.

Figure 3.6.14 shows the block diagram for this mode.
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1 tH ] tL |
I I 1
I |
I 1
TREG2 and UC2 match A fl
(Interrupt INTT2) / /
TREG3 and UC2 match /“ /"
(Interrupt INTT3) \ ( \ [
TO3 \ \
TREG2
TREG3
Figure 3.6.13 8-Bit PPGoutputwaveforms
TO3
TRUN<T2RUN> A
ﬂl .. 8-bit SR TFF3  |<—TFFCR
Zﬂﬁ —>| Selector up counter (UC2) <TFF3C1:0, TFF3IE>
T Inversion
T32MOD <T2CLK1:0>
INTT2
| Comparator |_> | Comparator |r, INTT3

I

TREG2-WR> Selector | gpift trigger

TRDC<TR2DE>

| TREG 2 |
4\

| Register buffer | | TREG 3
AN AN

Internal data bus

Figure 3.6.14 Block Diagram of 8-Bit PPG Output Mode

When the double buffer of TREG2-is enabled in this mode, the value of register buffer will be shifted in
TREG2 each time TREG3 matches UC2.
Use of the double buffer makes easy the handling of low duty waves (when duty is varied).
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Match with TREG2 I'I I'I

and up counter

(Up counter = Q) (Up counter = Q,)
Match with TREG3
(  Shift from register buffer
TREG2 A
(Value to be compared) Q x Q
1>
Register buffer Q. X Q;
& TREG2 (Register buffer)
write

Figure 3.6.15 Operation of Register Buffer
Example: Generating 1/4 duty 62.5 kHz pulse (at fc =20 MHz)

[T T1 11
<oz

* Clock condition
Clock gear: 1(fc)
Prescaler clock: fppy

® (Calculate the value to be set for timer register.
To obtain the frequency 62.5 kHz, the pulse eycle t should be: t=1/62.5 kHz=16 xs.
Given ¢T1=0.4 us (at 20 MHz),
16 us+0.4 us=40
Consequently, to set the timer register 3 (TREG3) to TREG3=40=28H
and then duty to 1/4, tX1/4 =16 us X 1/4=4 us
4 us+0.4 us=10
Therefore, set timer register 2 (TREG2) to TREG2=10=0AH.

3 76543210
TRUN ¢ - X =-—-00-~= Stoptimer 2, 3'and clearitto “0”.
T32MOD« 1 0 X X X X 0 1 Setthe 8-bit PPG mode, and select ¢T1 asinput clock.
TREG2 « 0 0001010 Write “0AH".
TREG3 « 00101000 Write “28H".
TFFCR « 01 1 X/= = = = Sets TFF3 and enable the inversion and double buffer
=R enable.
| Writing “10" provides negative logic pulse.
PACR_« X X X X =/=1 =
PAFC. € X'X X X —=1.X } Set P41 as the TO3 pin.
| FRON « 1 X = -1 852 Start timer 2 and timer 3 counting.

X: Don't care, —: No change
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(4) 8-bit PWM output mode

This mode is valid only for timer 2. In this mode, maximum 8-bit resolution of PWM pulse can be

output.

PWM pulse is output to TO3 pin (also used as P41) when using timer 2. Timer 3 can also be used as 8-bit

timer.

Timer output is inverted when up counter (UC2) matches the set value of timer register TREG2 or when
2n_1 (n=86, 7, or 8; specified by T32MOD <PWM21:20>) counter overflow occurs. Up counter UC2 is

cleared when 2n — 1 counter overflow occurs.

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

(Set value of timer register) < (Set value of 2n—1 counter overflow)
(Set value of timer register) # 0

TREG2 and

Al

UC2 match

2n-1
overflow

|

al

(interrupt INTT2)

TO3

\

B

L

\
trwm !—,

' (PWM cycle)

Figure 3.6:16 8-Bit PWM Waveforms

Figure 3.6.17 shows the block diagram of this mode.

TO3
TRUN <T2RUN> A
$T1—> 8-bit'up counter TFFCR
#T4—> Selector > (Uc2) Clear TFF3 <— <TFF3C1:0,
$T16—> TFF3IE>
T 2.1 T32MOD Invert
. £ <T32M1:0> = 11
T32MOD<T2CLK1:0> :> overflow K — oo 110D
control <PWM21:20>
A4 Overflow
| Comparator I
VAN
INTT 2
L | TREG2 |
PAN
Selgktor Shift trigger
TREG2-WR—> .
f | Register buffer |
TRDC<TR2DE>
S Internal data bus 5

Figure 3.6.17 Block Diagram of 8-Bit PWM Mode

In this mode, the value of register buffer will be shifted in TREG2 if 2n —1 overflow is detected when the
double buffer of TREG2 is enabled.
Use of the double buffer makes easy the handling of small duty waves.
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Match with TREG2 n |_|
Up counter = Q Up counter = Q,
2n - 1 overflow /I-I
{ shiftinto TREG2
TREG 2 Q1 X Q2
(Value to be compared) ﬁ
Register buffer Q> X Q3

A_TREG2 (Register buffer) write
Figure 3.6.18 Operation of Register Buffer

Example: To output the following PWM waves to TO3 pin atfc=20 MHz.

[ N R N S
(28-—8#54

50.8 us I

% Clock condition
Clock gear: 1 (fe)
Prescaler clock: frpo

To realize 50.8 us of PWM cycle by 4T1=0.4 us (at fc=20 MHz),
50.8 s + 0.4 ps = 127 = 2n_1

Consequently, n should be set to 7.

As the period of low level is 28.8 us, for ¢T1=0.4 us,

set the following value for TREG2.
28.8 us + 0.4 us = 72 ='48H

MSB LSB
76543210
[TRUN ¢ - x << -0 - - Stop timer 2, and clearitto “0".
T32MOD« 1 1 10~ ~01 Set 8-bit PWM mode (cycle: 27 - 1) and select 4T1 as the input
clock.
TREGZ « 01001000 Writes “48H".
TFFCR « 1. 001 X - - - - Clears TFF3, enable the inversion and double buffer.
PACR «X XXX --1- .
PAFC X XX X - — 1 X } Set P41 as the TO3 pin.
| TRUN- « 1 X - - =1 - - Start timer 2 counting.

X:Don't care, - : No change
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Table 3.6.2 PWM Cycle
at fc=20 MHz
PWM Cycle
select Prescaler Gear Value
Clock . 26-1 27 -1 28-1
<PRCK1:0> | <GEAR2:0>
$T1 #T4 #T16 #T1 474 $T16 4T1 #T4 #T16
000 (fc) 252 us | 100.8 us | 4032 us | 508 us | 203.2 us| 8128 us'| 1020 us | 408.0 us 1.63 ms
001 (fc/2) 504 us | 2016 us | 8064 us | 1016 us | 4064 us 163 ms| 2040 us | 816.0 us 3.26 ms
00 010 (fc/4) 1008 us | 403.2 us 161 ms| 2032 us | 812.8 us 326 ms | 4080 us 163ms| 6.53ms
(frpH)
011 (fc/8) 2016 us | 806.4 us 3.23ms| 406.4 us 1.63 ms 6.52ms| 8160 us 3.26:ms|  13.06 ms
100 (fc/16) 4032 us 1.61 ms 6.45ms| 8128 us 3.25ms|, 13.04ms 1.63 ms 653ms | 26.11ms
10 XXX 4032 us 1.61 ms 6.45ms| 8128 us 3.25 ms 13.04.ms 1.63.ms 6.53ms 26.11 ms
(fe/16 clock)
XXX: Don't care
(5) Timer mode setting registers
Table 3.6.3 shows the list of 8-bit timer modes.
Table 3.6.3 _Timer Mode Setting Registers
Register name T10MOD/T32MOD TFFCR
Name of Function in Register T10M/T32M PWM2 T1CLK/T3CLK TOCLK/T2CLK TFF1IS/TFF3IS
Function Timer Mode PWM Cycle Upper Timer Lower Timer Timer F/F Invert
Input Clock Input Clock Signal Select
*
ik _ _ #T1, 4T4, 4T16 _
16-bit timer mode 01 ©17 10" 11)
8-bit timer x 2 channels Lower tlnjler 4T1, 474, 4T16 0: Lower timer
00 N match: (01,10, 11) output
471,16, 256 P 1: Upper timer
(00,01, 10, 11) output
* * * *
i _ _ ¢T1, T4, 4T16 _
8-bit PPG x 1channel 10 ©1 10/ 1)
. * * * *
8-bit PWM x 1channel 11 26-1, 271, 28-1 _ #T1,4T4,4T16 -
(01,10, 11) (01,10, 11)
8-bit timer x 1channel I8 - #T1. 4716, 47256 - Output disabled
(01,10, 11)

—-: Don’tcare

* : Don’tsetin T1IOMOD
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3.7

16-Bit Timers/Event Counters

The TMP93CS36 contains two (Timer 4 and timer 5) multifunctional 16-bit timer/event counter with
the following operation modes.

® 16-bitinterval timer mode
® 16-bit event counter mode
® 16-bit programmable pulse generation (PPG) mode

Can be used following operation modes by capture function.

® TFrequency measurement mode
® Pulse width measurement mode
® Time differential measurement mode

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

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

Figure 3.7.1, 3.7.2 shows the block diagram of 16-bit timer/event counter (Timer 4 and timer 5) .

Timer 4 and 5 can be used independently.
All timer operate in the same manner, and thus only the operation of timer 4 will be explained below.
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Timer 4 Mode Control Register
7 6 5 4 3 2 1 0
T4AMOD  |Bit symbol CAP1IN | CAP12M1 | CAP12MO CLE T4CLK1 T4CLKO
(0038H) Read/Write w RIW
After reset 1 0 0 0 0 0
Read- Function Software [Capture timing 1: Uc4 Timer 4 source clock
modify- capture 00: Disable Clear 00- Ti4 pi
write control INT4 occurs at rising edge. Enable : pin
instruction 0: Soft- 01: miat Ts 01: ¢T1
is prohibited. Capture IN.T4 occurs at rising edge. 10: ¢T4
1:pomt [10FTHT L 11: 4T16
: INT4 occurs at falling edge: ‘4
care

11: TFF11 TFF1Y
INT4 occurs at rising edge.

\—>Timer 4 input clock

00 | External clock (T14)

01 | ¢T1

10 |4T4

114 ¢T16

L »-Clearing the up counter UC4

0 | Cleardisable

1| Clear by match with TREG5.

L >Capture timing of timer4

Capture control

INT4 control

00 | Capture disable

INT4 occurs on the

01 | CAP1atTl4rise rising edge of Tl4. =
CAP2 at TI5 rise
CAP1 at Tl4rise INT4 occurs on the

10 CAP2 at TI4 fall falling edge of Tl4. _\—

1 CAP1 at TFF1 rise INT4 occurs on the J_
CAP2 at TFF1 fall rising edge of Tl4.

Software capture

0 | The up counter 4 value is loaded to CAP1.

1 |Don'tcare

Figure 3.7.3-_16-Bit Timer/Event Counter Related Register (1/6)
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Timer 4 Flip-Flop Control Register
7 6 5 4 3 2 1 0
TAFFCR  |Bitsymbol CAP2T4 | CAP1T4 | EQ5T4 EQ4T4 | TFF4C1 | TFF4CO
(0039H)  |Read/Write RIW w
After reset 0 | 0 | 0 | 0 1 1
Read- Function TFF4 invert trigger TEF4 control
modify- 0: Triger disable 00: Invert TFF4
write 1: Triger enable 01:Set  TFF4
instruction Invertwhen [Invertwhen |Invertwhen |Invertwhen 10: Clear  TFF4
is prohibited. the UCvalue [the UCvalue [the UC the-uc 11: Don't care
isloadedto |[isloadedto |matches matches
CAP2 CAP1 TREGS TREG4

——>att

————>att

EE—— - | |

— (I

L i

er flip-flop 4 (TFF4) control

00

Inverts the TFF4 value (Software inversion).

01

Sets TFF4 to "1*.

10

Clear TFF4t0 "0".

11

Don't care. (Always read “11")

Tim

erflip-flop 4 (TFF4) invert trigger

—> at the up counter matches TREG4

0

Trigger disable (Invert prohibition)

1

Trigger enable (Invert permission)

Tim

erflip-flop 4 (TFF4) invert trigger

he up counter matches TREG5

0

Trigger disable (Invert prohibition)

1

Trigger enable (Invert permission)

Tim

er flip-flop 4 (TFF4) invert trigger

he up counter value is loaded to CAP1

0

Trigger disable (Invert prohibition)

1

Trigger enable (Invert permission)

Tim

er flip-flop 4 (TFF4) invert trigger

he up counter value is loaded to CAP2

0

Trigger disable (Invert prohibition)

1

Trigger enable (Invert permission)

Figure 3.7.4-16-Bit Timer/Event Counter Related Register (2/6)
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Timer 5 Mode Control Register
5 4 3 2 1 0
TSMOD Bit symbol CAP3IN | CAP34M1 | CAP34MO CLE T5CLK1 T5CLKO
(0048H) Read/Write \'' R/W
After reset 1 0 0 0 0 0
Read- Function Software |Capture timing TimerS /I “Timer 5 source clock
. capture 00: Disable UC control lect
mo.dlfy- control INT6 occursontherising |0+ Clear selec ]
write 0: Soft-  |edge. disable | 00: TI6 pin
instruction Capture [01: TI64  TI77 1: Clear 01: ¢T1
is prohibited. 1: Don't INT6 occurs at rising edge. enable 10: 4T4
care 10: 1161 TI6 | L é
INT6 occurs at falling edge. 11: ¢T16
11: TFF1T TFF1 )
INT4 occursat rising edge.

| | ‘
I—»Timer 5input clock
00 | External clock(T16 pin input)

01 | ¢T1

10 | ¢T4

11 [ ¢T16

L—-C|

0 /| Clear disable

earing the up counter UC5

1_ [ Clear by match with TREG7

L Timer 5 capture timing

Capture control INT6 Control
00 [ Capture disable
- INT6 occurs on the e

01 | CAP3atTl6rise rising edge of TI6.

CAP4 at Tl7 rise
10 CAP3 at Tl6 rise INT6 occurs on the

CAP4 at TI6 fall falling edge of TI6. _\—
1 CAP3 at TFF1 rise INT6 occurs on the —

CAP4 at TFF1 fall rising edge of TI6. J

L 5 Software capture

0 | The up counter 5 value is loaded to CAP3.

1 | Don'tcare

Figure 3.7.5 16-Bit Timer/Event Counter Related Register (3/6)
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Timer 5 Flip-Flop Control Register
5 4 3 2 1 0
T5FFCR
(0049H) Bit symbol CAPAT6 CAP3T6 EQ7T6 EQ6T6 = -
Read/Write R/W w
After reset o | o | o | o 1 1
Function TFF6 invert trigger Always write “11".
0: Disable trigger
1: Enable trigger
Invertwhen | Invertwhen | Invertwhen-| Invert when
the UCvalue | the UCvalue | the UC the UC
isloadedto |isloadedto | matches matches
CAP4 CAP3 TREG7 TREG6

— ([

Timer flip-flop 6 (TFF6) invert trigger
—> atthe up counter matches TREG6

0. | Trigger disable (Invert prohibition)

1 | Trigger enable (Invert permission)

Timer flip-flop'6 (TFF6) invert trigger
——>at the up counter matches TREG7

0/ | Trigger disable (Invert prohibition)

1 | Trigger enable (Invert permission)

Timer flip-flop/6 (TFF6) invert trigger
— > at the up counter value is loaded to CAP3

0. | Trigger disable (Invert prohibition)

1| Trigger enable (Invert permission)

Timer flip-flop 6 (TFF6) invert trigger
———>at the up counter value is loaded to CAP4

0 | Trigger disable (Invert prohibition)

1 | Trigger enable (Invert permission)

Figure 3.7.6 16-Bit Timer/Event Counter Related Register (4/6)
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Timer 4, 5 Control Register

7 6 5 4 3 2 1 0
T45CR  |Bit symbol QcCu DB6EN DB4EN
(003AH)  |Read/Write RIW RIW
After reset 0 0 0
Function |Watchdog Double buffer
/warm-up 0: Disable
timer 1:-Enable
control
Double Double
buffer of | bufferof
TREG6 TREG4

L— > Double buffer control

0. | Disable

1 | Enable

DB6EN: Double buffer of TREG6
DB4EN: Double buffer of TREG4

Watchdog timer/warm-up timer input control

0. |\Use 7 stage binary counter

1 |-Not use 7 stage binary counter (Note 1)

Note 1: In case of unused 7 state binary counter as a warm-up timer, the stable clock must be input from
external circuit.

Note 2: Bit6to 2 of TA5CR are read as“1".

Figure 3.7.7 16-Bit Timer/Event Counter Related Register (5/6)
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Timer Operation Control Register

7 6 5 4 3 2 1 0
TRUN |Bit symbol PRRUN T5RUN TARUN T3RUN T2RUN T1RUN TORUN
(0020H) Read/Write R/W R/W
After reset 0 0 | 0 | 0 | 0 | 0 | 0
Function Prescaler and timer run/stop control
0: Stop and clear
1: Run (Count up)

L—>-Count operation

0| Stop.andclear

1 [ Count

PRRUN: _ Operation of prescaler

T5RUN: Operation of 16-bit timer (Timer 5)
T4RUN: - Operation of 16-bit timer (Timer 4)
T3RUN: - Operation of 8-bit timer(Timer 3)
T2RUN: Operationof 8-bit timer (Timer 2)
T1IRUN: Operation of 8-bit timer (Timer 1)
TORUN: Operation of 8-bit timer (Timer 0)

Note: Bit6 of TRUN isreadas“1"”.

System Clock Control Register

7 6 5 4 3 2 1 0
SYSCRO |Bit symbol - - ¥ - ~ - PRCK1 PRCKO
(006EH) Read/Write R/W
After reset 1 0 1 0 0 0 0 0
Function (Note) (Note) (Note) (Note) (Note) (Note) Select prescaler clock
Always Always Always Always Always Always 00: frpy
write “1”, write “0”. write “1". write "0”. write “0". write “0". 01: (Reserved)
(This bitis (This bit is (This bit is (This bit is (This bitis (This bitis 10: f¢/16
readas “1™) | read as “0”.) | read as*1".) | read as “0".) |read as “0”.) | read as “0".) 11: (Reserved)

|—> Select gear value of high frequency

00 (fepH
01 (Reserved)
10 [fd16

11 (Reserved)

Figure 3.7.8 16-Bit Timer/Event Counter Related Registers (6/6)
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@ Prescaler

There are 9-bit prescaler and prescaler clock selection registers to generate input clock for 8-bit timer 0,
1,2, 3, 16-bit timer 4, 5 and serial interface 0, 1.
Figure 3.7.9 shows the block diagram. Table 3.7.1 shows prescaler clock resolution into 8-, 16-bit timer.

—\> to CPU
System clock (fsys)
frpH —> - 9-bit prescaler
o
- —>|2|4|8 16 32|64|128|256|512|
D% T
@
> 4T1
T4 N
f ﬁﬂs to 8-bittimer0,1,2,3
—> 4T256
SYSCRO
<PRCK1:0> $T1
T4 to 16-bit timer 4,5
Run/stop $T16
and clear
2 TRUN<PRRUN>
e 470 .
(] ¢T€23 to serial interface 0, 1
T
g —> I 5
fc f/2 | fda | fa/8 | fc/16 *
SYSCR1<GEAR2:0>
X1
Figure 3.7.9.__TheBlock Diagram of Prescaler
Table 3.7.1 Prescaler Clock Resalation to 8-, 16-Bit Timer
at f¢=20 MHz
Select Prescaler | Prescaler Clock Resolution
Clock Gear Value
<PRCK1:0> | SEEARZ0> #T1 T4 4T16 47256
000 (fc) fc/2® (0.4 us) | fc/2° (1.6 ) |[fc/27 (6.4 ps)  |fc/2"' (102.4 ps)

001 (fc/2) fc/2t (0.8 us) |Tc/2® (3.2 us) |[fc/2® (12.8 ps) |[fc/2' (204.8 ps)

00 010 (fc/d)  |fa2® (156,8) |fc2” (6.4,s) |fc/2° (25.6 us) |fc/2™ (409.6 )
(frp)

011 (fe/8) fe/25 (3.2 us) |fc/2® (12.8 us) [fc/2'0 (51.2 ps) [fFe/2' (819.2 us)

100 (fc/16) fcr2” (6.4 48) |fc/2° (25.6 us) [fc/2™ (102.4 us) |fc/2" (1.6384 ms)

10
XXX fe/2” (6.4 48) |fc/2° (25.6 us) [fc/2™ (102.4 us) |fc/2" (1.6384 ms)
(fc/16 clock)
XXX: Don't care €«——————— 16-bit timer ——— >

[<«—— 8-bit timer
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@

®

The clock selected among frpy clock and fe/16 clock is divided by 4 and input to this prescaler. This is
selected by prescaler clock selection register SYSCRO <PRCK1:0>.

Resetting sets <PRCK1:0> to “00”, therefore frpp/4 clock is input.

The 16 bit timer 4, 5 selects between 3 clock inputs: 4T1, 4T4, and 4T16 among the prescaler outputs.
This prescaler can be run or stopped by the timer operation control register TRUN<PRRUN >.
Counting starts when <PRRUN > is set to “1”, while the prescaler is cleared to zero and stops operation
when <PRRUN > is set to “0”.

When the IDLE1 mode (Operates only oscillator) is used, set TRUN <PRRUN> to “0” to stop this
prescaler before “HALT” instruction is executed.

Up counter

UC4 is a 16-bit binary counter which counts up according to the input clock specified by
T4MOD <T4CLK1:0 > register.

As the input clock, one of the internal clocks ¢T1, 4T4, and ¢T16 from 9-bit prescaler (also used for 8-bit
timer), and external clock from TI4 pin (also used as P42/INT4 pin) can be selected.. When reset, it will
be initialized to <T4CLK1:0> =00 to select TI4 input mode. Counting or stop and clear of the counter
is controlled by timer operation control register TRUN <T4RUN >.

When clearing is enabled, up counter UC4 will be cleared to zero each time it coincides matches the
timer register TREG5. The “Clear enable/disable” is set by T4AMOD <CLE>.

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

A timer overflow interrupt INTTO4) is generated when UC4 overflow occurs.

Timer registers

These two 16-bit registers are used to set the interval time." When the value of up counter UC4 matches
the set value of this timer register, the comparator match detect signal will be active.

Setting data for lower and upper registers (TREG4 and TREG5) is always needed. For example, either
using 2 byte date transfer instruction or using 1 byte date transfer instruction twice for lower 8 bits and
upper 8 bits in order.

TREG 4 TREG 5
Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits
(TREG4H) (TREG4L) (TREGSH) (TREG5L)
000031H 000030H 000033H 000032H
Tlmer 5 ......... TREGG .............................................................. TREG7 ............................
Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits
(TREG6H) (TREG6L) (TREG7H) (TREG7L)
000041H 000040H 000043H 000042H
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TREG4 to 7 are write-only registers, so these registers can not be read by software.
TREG4 timer register is of double buffer structure, which is paired with register buffer. The timer
control register TA5CR <DB4EN > controls whether the double buffer structure should be enabled or
disabled. Disabled when <DB4EN > =0, while enabled when <DB4EN> =1.

When the double buffer is enabled, the timing to transfer data from the register buffer to the timer
register is at the match between the up counter (UC4) and timer register TREG5.
After reset, TREG4 and TREG5 are undefined. To use the 16-bit timer after reset, data should be
written beforehand.
When reset, it will be initialized to <DB4EN > =0, whereby the double buffer is disabled. To use the
double buffer, write data in the timer register, set <DB4EN> =1, and then write the following data in
the register buffer.
TREG4 and register buffer are allocated to the same memory addresses 000030H/000031H. When

<DB4EN > =0, same value will be written in both the timer register and register buffer.

When

<DB4EN > =1, the value is written into only the register buffer. To write the initial-value to the timer
register, the register buffer should be disabled.

@ Capture register

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

Data in the capture registers should be read all 16 bits.

For example, using a 2-byte data load

instruction or two 1-byte data load instruction, from the lower 8 bits followed by the upper 8 bits.

CAP 1 to 4 are read-only registers, so these registers cannot be written by software.

CAP 1
Upper 8 bits Lower 8 bits
(CAP1H) (CAP1L)
000035H 000034H
CAP3
Upper 8 bits Lower 8 bits
(CAP3H) (CAP3L)
000045H 000044H

CAP2
Upper 8 bits Lower 8 bits
(CAP2H) (cAP2L)
000037H 000036H
CAP4
Upper 8 bits Lower 8 bits
(CAP4H) (CAP4L)
000047H 000046H
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®

®

@

Capture input control

This circuit controls the timing to latch the value of up counter UC4 into (CAP1, CAP2). The latch
timing of capture register is controlled by register TAMOD <CAP12M 1:0>.

® When TAMOD <CAP12M 1:0> =00
Capture function is disabled. Disable is the default on reset.
® When TAMOD <CAP12M1:0>=01

Data is loaded to CAP1 at the rise edge of TI4 pin (also used as P42/INT4) input, while data is
loaded to CAP2 at the rise edge of TI5 pin (also used as PA3/INT5) input.

® When T4AMOD <CAP12M1:0> =10

Data is loaded to CAP1 at the rise edge of TI4 pin input, while to CAP2 at the fall edge. Only in
this setting, interrupt INT4 occurs at fall edge.

® When TAMOD <CAP12M1:0>=11
Data is loaded to CAP1 at the rise edge of timer flip-flop TFF1, while to CAP2 at the'fall edge.

Besides, the value of up counter can be loaded tocapture registers by software. Whenever “0” is written
in TAMOD <CAP1IN > the current value of up counter will be loaded to capture register CAP1. It is
necessary to keep the prescaler in RUN mode (TRUN <PRRUN > to be “1”).

Comparator

These are 16-bit comparators which compare the up counter UC4 value with the set value of (TREG4,
TREGS5) to detect the match. When a match is detected, the comparators generate an interrupt
(INTTR4, INTTRS5) respectively. The up counter UC4 is cleared only when UC4 matches TREGS (The
clearing of up counter UC4 can be disabled by setting T4MOD < CLE > =0).

Timer flip-flop (TFF4)

This flip-flop is inverted by the match detect signal from the comparators and the latch signals to the
capture registers.” Disable/enable of inversion can be set for each element by TAFFCR<CAP2T4,
CAP1T4, EQ5T4,EQ4T4>. After reset, the value'of TFF4 is undefined. TFF4 will be inverted when
“00” is written in TAFFCR<TFF4C1,0>. Alsoitisset to “1” when “01” is written, and set to “0” when
“10” is written. The value of TFF4 can be output to the timer output pin TO4 (also used as P44). Timer
output should be specified by the function register.of port 4. (See Register for port 4 in figure 3.5.6.)
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(1) 16-bittimer mode

Generating interrupts at fixed intervals
In this example, the interval time is set in the timer register TREGS5 to generate the interrupt INTTRS.

76543210

[TRUN € -X-0--- - Stop timer 4.

INTET64 « 11 001000 Enable INTTR5 and sets‘interrupt level 4. Disable
INTTRA4.

TAFFCR « X Disable trigger.

TAMOD <« O Select internal clock forinput and
disable the capture function.

TREG5 <« * Set the interval time (16 bits).

*
TRUN «1 Start timer 4.

X: Don’t care, —: No change

(2) 16-bit event counter mode

In 16-bit timer mode as described in above, the timer can be used as an event counter by selecting the
external clock (TI4 pin input) as the input clock. To read the value of the counter, first perform
“software capture” once and read the captured value.

The counter counts at the rise edge of TI4 pin input.

TI4 pin can also be used as P42/INT4.

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

TRUN €« - X ~05 - =~ Stop timer 4.
P4CR By N\TE=EA 0- - Set P42 to input mode
INTET64 ¢« 1 1001000 Enable INTTR5 and sets interrupt level 4, while

disables INTTRA4.

TAFFCR « XX 000011 Disable trigger.

T4MOD « 0 Select Tl4 as the input clock.

TREGH ¢ * % * % & % % % Set the number of counts (16 bits).
k sk ok ok ok ok ok ok

TRUN «1X-1==--- Start timer 4.
X: Don’t care, —: No change

Note: When used as an event counter, set the prescalerin RUN mode.
(TRUN<PRRUN>="1")
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(3) 16-bit programmable pulse generation (PPG) output mode

Square wave pulse can be generated at any frequency and duty by timer 4. The output pulse may be
either low-active or high-active.

The PPG mode is obtained by inversion of the timer flip-flop TFF4 that is to be enabled by the match of
the up counter UC4 with the timer register TREG4 or 5 and to be output to TO4 (also'used as P44). In
this mode, the following conditions must be satisfied.

(Set value of TREG4) < (Set value of TREG5)
Match with TREG4 ﬂ |'| |'| |'| |'|
(Interrupt INTTR4) |

Match with TREG5 i /ﬂ -| -| _|
(Interrupt INTTR5) ; J

TO4 pin I ( :
N

Figure 3.7.10 Programmable Pulse Generation (PPG) Output'Waveforms

When the double buffer of TREG4 is enabled in this mode, the value of register buffer 4 will be shifted in
TREG4 at match with TREG5. This feature makes easy the handling of low duty waves.

Match with TREG4 Up counter = Q1 Up counter=Q>
Match with TREG5 ﬂ
w [ shiftinto the TREGS
TREG4 \
(Value to be Q1 X Q2
compared) 7]\
Register buffer Q2 X Q3

Write into the TREG4

Figure 3.7.11 -Operation of Register Buffer
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Shows the block diagram of this mode.
TRUN<T4RUN> TO4 (PPG output)
TI4 Qll |1'1_> ] (J
S2$T4—> Selector 16-bit t:)p::zounter Clear Ti/:tl
$T16— | | (TFF4)
. A
ﬂ AV
Match
16-bit comparator 16-bit comparator
PAN 2\
TREG4
PAN
Selector
TREG4-WR —>
Register buffer 4 TREG5
T45CR<DB4EN>

Il

Il

Internal data bus

Figure 3:7.12/ Block Diagram of 16-Bit PPG Mode

Setting 16-bit programmable pulse generation (PPG) output mode.

7
T45CR <0
TRUN & -
TREG4 « *

*
TREGS / « *

*®
T45CR  « 0
T4FFCR '« X
TAMOD « 0
PACR  « -
PAFC  « -
TRUN  «1

X: Don't care

6543210
XX'XXX-0
X-0-~--
L A R

*
*
*
*
*
*
*

0100
(** =01, 10, 11)

1 % =*

: No change

Double buffer of TREG4 disable
Stop timer 4.
Set the duty. (16 bits)

Set the cycle. (16 bits)

Double buffer of TREG4 enable
(Change the duty and cycle at the interrupt INTTR5)
Set the mode to invert TFF4 at the match with
TREG4/TREGS5, and also set the TFF4 to “0”.

j

the capture function.

Assign P44 as TO4.

Start timer 4.

Select the internal clock for the input, and disable
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(4) Application examples of capture function
Used capture function, they can be applied in many ways, for example:
O One-shot pulse output from external trigger pulse
@ Frequency measurement
@ Pulse width measurement
@ Time difference measurement
(O One-shot pulse output from external trigger pulse

Set to TAMOD <CAP12M1:0> =01,

Set the up counter UC4 in free-running mode with the internal input clock, input the external trigger
pulse from TI4 pin, and load the value of up counter into capture register CAP1 at the rise edge of the
TI4 pin.

When the interrupt INT4 is generated at the rise edge of TI4 input, set the CAP1 value (¢) plus a delay
time (d) to TREG4 (= ¢+d), and set the above set value (¢+d) plus a one-shot'pulse width (p) to TREG5
(= c¢+d+p). When the interrupt INT4 occurs the TAFFCR<EQ5T4, EQ4T4 > register should be set
“11” and that the TFF4 inversion is enabled only when the up counter value matches TREG4 or TREGS.
When interrupt INTTRS5 occurs, this inversion will be disabled after one-shotpulse is output.

The (¢), (d) and (p) correspond to ¢, d and p in Figure 3.7.13.

(’ Set the counter in free-running mode.

Count clock Jl"ﬂ"ﬂ_"_____ﬂ"ﬂm__ﬂ"nﬂ__ﬂu"ﬂ___

(Internal clock) c c+d c+d+p
TI4 pin input |
(External trigger pulse) .k Load'the up counter value into Capture
i Y Register 1 (CAP1). INT4 occurred i
Match with TREGA4 : Al i
: . i INTTRS5 occyrred
i Inversion : [ i
H enable ! /" i
Match with TREG5 — , - . T
1 Disables inversion\ 1 |nversion i '
| caused by loading\: enable ( I
| of the up counter X
Timer output pin TO4 :“ value nOLAPT. I
]
i Delay time i Pulse width
L) 1

(d) (p)

Figure 3.7.13 One-Shot Pulse Output (with delay)
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Setting example: To output 2 ms one-shot pulse with 3 ms delay to the external trigger pulse to TI4
pin

% Clock condition
Clock gear: 1 (fe)
Prescaler clock: frpn

Main setting Keep counting (Free runnig)
— — Countwith 4T1.
T4MOD ¢« --101001
T Load the up counter value into CAP1 atthe rise edge
TAFFCR « XX 000010 of Tl4 pin input.

Clear TFF4to zero.
Disable TFF4 inversion.

PACR ¢ ---1---1 l

PAFC « - XX1XX-X J Select P44 as the TOA4 pin.

INTE45 ¢« - ---1100 Enable INT4, and disable INTTR4 and INTTR5.
INTET64¢« 1 0001000

[ TRUN ¢« 1 X-1--- - Starttimer 4.

Setting of INT4

[ TREG4 « CAP1+3ms/4T1
TREGS « TREG4+2ms/4T1

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

| INTETS4¢ 1 100 - - - - Enable INTTR5.

Setting of INTTR5

T4FFCR ¢ X X --00 - -
Disable TFF4 inversion when the up counter value
matches TREG4 or 5.

INTETH4« 1000 - =~- = Disable INTTR5.

X: Don't care, =: No.change

When delay time is unnecessary, invert timer flip-flop TFF4 when the up counter value is loaded into
capture register 1 (CAP1), and set the CAP1 value (c) plus the one-shot pulse width (p) to TREG5 when
the interrupt INT4 occurs. The TFF4 inversion should be enabled when the up counter (UC4) value
matches TREGS, and disabled when generating the interrupt INTTR5.
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Count clock """""" """"" "I"""I
C

(Internal clock)

c+p
Tl4 pin input
(External trigger pulse) — |\, Load the up counter value into capture |
:§ register 1 (CAP1). INT4 occurred ! Load the up counter value into
! 2 INTTRS | capture register 2(CAP2).
Match with TREG5 E /" occurred i
i Inversion i |
| enable :
Timer output pin TO4 LY i
1

/

(p) Disablesinversion caused by loading of
the up'counter value into CAP2.

/| Pulsewidth
i

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

Figure 3.7.14 One-Shot Pulse Output (without delay)

@ Frequency measurement

The frequency of the external clock can be measured in this mode. The cloek is input through the TI4
pin, and its frequency is measured by the 8-bit timers (Timer 0 and timer 1) and the 16-bit timer/event
counter (Timer 4).

The TI4 pin input should be selected for the input clock of timer 4. The value of the up counter is loaded
into the capture register CAP1 at the rise edge of the timer flip-flop TFF1 of 8-bit timers (Timer 0 and
timer 1), and into CAP2 at its fall edge:

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

Count clock """""" —— __Jmﬂ.". ______

(internal clock) [ Cc2

-

TFF1 1

C1

_=___
a

Loading UC16 into CAP1 \

Loading UC16/into CAP2

—— luiah B

— = pha
0
N

INTTO/INTT1

Figure 3.7.15 Frequency Measurement

For example, if the value for the level “1” width of TFF1 of the 8-bit timer is set to 0.5 s. and the
difference between CAP1 and CAP2 is 100, the frequency will be 100+ 0.5 [s]=200[Hz].
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3 Pulse width measurement

This mode allows to measure the “H” level width of an external pulse. While keeping the 16-bit
timer/event counter counting (Free running) with the internal clock input, the external pulse is input
through the TI4 pin. Then the capture function is used to load the UC4 values into CAP1 and CAP2 at
the rising edge and falling edge of the external trigger pulse respectively. The interrupt INT4 occurs at
the falling edge of TI4.

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

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

Additionally, the pulse width which is over the UC4 maximum count time specified by the clock source
can be measured by changing software.

Count clock """""" "."."."."

(internal clock)

c1 Cc2
Tl4 pin I |
(external pulse) 1 ! 1 , |
\ 1
1 " 1 i II
Loading UC16 into CAP1 < : < E
1
, , ( \ﬂ &) fl 2
Loading UC16 into CAP2 \ '
N |

INT4

Figure 3.7.16 Pulse Width Measurement

Note: Only in this pulse width measuring mode (TAMOD<CAP12M1:0> = 10), external interrupt INT4
occurs at the falling edge of Tl4 pin input. In other modes, it occurs at the rising edge.

The width of “L” level can be measured by multiplying the difference between the first C2 and the
second C1 at the second INT4/interrupt and the internal clock cycle together. See Figure 3.7.17 “Time
Difference Measurement”.
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@ Time difference measurement

This mode is used to measure the difference in time between the rising edges of external pulses input
through TI4 and TI5.

Keep the 16-bit timer/event counter (Timer 4) counting (Free running) with the internal clock, and load
the UC4 value into CAP1 at the rising edge of the input pulse to TI4. Then the interrupt INT4 is
generated.

Similarly, the UC4 value is loaded into CAP2 at the rising edge of the input pulse to TI5, generating the
interrupt INT5.

The time difference between these pulses can be obtained from the difference between the time counts at
which loading the up counter value into CAP1 and CAP2 was performed. ( = (CAP2—-CAP1) X the
internal clock cycle)

Count clock I"l""" — __JI."."."."_ _____

(internal clock) c1 2

41

T14 pin input

TI5 pin input

[
[\
\
N

1
Time difference !
1
1

Loading UC16 into CAP1

Loading UC16 into CAP2

A B

T EEE EEEEE s EEEEE

INT4

INT5

Figure 3.7.17 Time Difference Measurement

93CS36-91 2004-02-17



TOSHIBA TMP93CS36

3.8 Serial Channel

TMP93CS36 contains 2 serial I/O channels for full duplex asynchronous transmission (UART).
The serial channel has the following operation modes.

I— Mode 1: 7-bit data
® UART mode I_ Mode 2: 8-bit data
(Channel 0 and 1) Mode 3: 9-bit data

In mode 1 and mode 2, a parity bit can be added. Mode 3 has wake<up function for making the master
controller start slave controllers in serial link.
Figure 3.8.1 shows the data format (for one frame) in each mode.

Serial Channel 0 and 1 can be used independently.

® Mode 1(7-bit UART mode)

No pa;i.t;/. \Startl(BitOX 1
Parity o \Start/(BitOX 1

® Mode 2 (8-bit UART mode)

No parli'.t).l-\StartKBitOX 1
Parity o \StartABitOX 1

® Mode 3 (9-bit UART mode)
””\StartKBitOX 1 X 2 X 6 X 7 X 8 YStop
”“\StartKBitOX 1 X 2 X X X 5 X 6 X 7 XBitSYStop (-V-\/-a'keup)

When bit8-=-1, address (Select code) is denoted.
When bit8 =0, data isdenoted.

ul

6 XParit) Stop

> | > > o<

1%

> > >N< > o<
w

>< > O > <
IS

> > o< >/ <

> - > o<
[=}]

Ul

w
N~

Figure 3.8.:1 Data Formats

93CS36-92 2004-02-17



TOSHIBA TMP93CS36

The serial channel has a buffer register for transmitting and receiving operations, in order to
temporarily store transmitted or received data, so that transmitting and receiving operations can be
done independently (full duplex).

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

In the UART mode, a check function is added not to start the receiving operation by error start bits due
to noise. The channel starts receiving data only when the start bit is detected to be normal at least
twice in three samplings.

When the transmission buffer becomes empty and requests the CPU/to send the next transmission data,
or when data is stored in the receiving data register and the CPU is requested to read the data, INTTX
or INTRX interrupt occurs. Besides, if an overrun error, parity error, or framing error occurs during
receiving operation, flag SCOCR/SC1CR <OERR, PERR, FERR > will be set.

The serial channel 0/1 includes a special baud rate generator, which can set any baud rate by dividing
the frequency of 4 clocks (¢T0, ¢T2, T8, and ¢T32) from/the'internal prescaler/(shared by 8-bit/16-bit
timer) by the value 1 to 16.
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3.8.1 Control registers

The serial channel 0 is controlled by 3 control registers SCOCR, SCOMOD and BROCR. Transmitted
and received data are stored in register SCOBUF.

The serial channel 1 has same registers (SC1CR, SC1IMOD, BR1CR and SC1BUF).

Serial Channel 0 Mode Control Register

7 6 5 4 3 2 1 0
SCOMOD [Bitsymbol TB8 - RXE wu SM1 SMO SC1 SCO
(0052H)  [Read/write RIW
Afterreset |Undefined 0 0 0 0 0 0 0
Function Transfer AI\{vays Receiying Wake.up Serial transmission-_ [Serial transmission
data |write “0”.|Function |Function |mode clock (UART)
bit8 0: Receive 00: Don't care 00: TO2 Trigger
disable |0: Disable|01: 7-bit UART 01: Baud rate
1: Receive| 1: Enable |10: 8-bit UART generator 0
enable 11: 9-bit UART 10:Internal clock 41
11: Don'tcare

|—_>Serial transmission clock (UART)

00. | Timer 2 match detect signal

01| Baud rate generator 0

10 | Internal clock ¢1 (fsys)

11 /| Don't care

—>Serial transmission mode

00 | Don'tcare

01 7-bitlength
10 UART 8-bit length
1 9-bit length

L~ sWakeupFunction
(Don’t care in the modes other than 9-bit UART)

0 | Disable
1 | Enable

Receiving Function

0 | Receive Disable

1 | Receive Enable

Transmission data bit 8

8-bit UART mode (Parity) [Storestransmission parity bit

9-bit UART mode Stores transmission data bit8

Figure 3.8.2 Serial Channel 0 Related Register (1/7)
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Serial Channel 0 Control Register

7 6 5 4 3 2 1 0
SCOCR Bit symbol RB8 EVEN PE OERR PERR FERR = -
(0051H)  [Read/write R RIW R (cleared to 0 when read) R/W
After reset |Undefined 0 0 0 0 0 0 0
Function Received |Parity Parity Always '\ [Always
data 0: Odd addition 10 Error write “0".[write “0".
bit8 1: Even |0: Disable
1: Enable Overrun Parity Framing

L— Framing error flag
L > Parity error flag Cleared to Zero

——————> Overrun error-flag J

when read. (Note 2)

Enable parity addition

0 |Prohibition (Disable)

1| Permission (Enable)

Addition/check of even parity

0 |Odd parity

1 |Even parity

Receving data bit8

8-bit UART mode (Parity)

Stores received parity bit

9-bit UART mode

Stores received data bit8

Note 1: To use baud rate generator,’set TRUN<PRRUN> to “1”, putting the prescaler in RUN mode.
Note 2: As all error-flags are cleared after reading, do not test only a single bit with a bit-testing instruction.

Figure 3.8.3 | Serial Channel 0 Related Register (2/7)
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Baud Rate Generator 0 Control Register

7 6 5 4 3 2 1 0
BROCR Bit symbol - BROCK1 BROCKO BROS3 BR0OS2 BROS1 BROSO
(0053H) Read/Write R/W R/W
After reset 0 0 0 0 0 0 0
Function AIvlvay"s . 00: 4T0
write "0”.
01: 472 Setting of the divided frequency
10: ¢T8
11: 4732

I:Setting of the divided frequency of baud

rate generator

000 [ 16divisions
0001 | 1 division (Notdivided)
to |[to (Note 2)
1111 | 15 divisions
Selecting theinput/clock of baud rate
generator
00 |Internal clock ¢T0
01._ [ Internal clock ¢T2
10 [ Internal clock 4 T8
11 | Internal clock ¢732
Note 1: To use baud rate generator, set TRUN<PRRUN> to “1”, puttingthe prescaler in RUN mode.
Note 2: “1 division” of baud rate generatorcan be used only UART'mode.. Do not set it in I/O interface mode.
Note 3: Bit 6 of BROCR is read as “1".
Note 4: Dont read from or write to|BROCR register during sendingor receiving.
Serial-Channel 0 Buffer Register
SCOBUF 7 6 5 4 3 2 1 0
(0050H) |Bit symbol RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
Prohibit TB7 TB6 TB5 TB4 TB3 TB2 TB1 TBO
d- , - .
ﬁzdify- Read/Write R (Receiving)/W (Transmission)
write. After reset Undefined
Figure 3.8:4 Serial Channel 0 Related Registers (3/7)
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Serial Channel 1 Mode Control Register

7 6 5 4 3 2 1 0
Bit symbol TB8 - RXE WU SM1 SO0 SC1 SCO
SCIMOD [ adnwrite RIW
(0056H)
Afterreset |Undefined 0 0 0 0 0 0 0
Function Transfered [Always |Receiving |Wakeup |Serial transmission  |Serial transmission
data write “0”.[function |function |mode clock (UART)
bit 8 0: Receive|0: Disable|00: Don't care 00: TO2 trigger
disable | 1: Enable [01: 7-bit UART 01: Baud rate
1: Receive 10: 8-bit UART generator
Enable 11: 9-bit UART 10: Internal clock’¢1

11: Don't care

l—_>Serial transmission\clock (For UART)

00 | Timer 2 match detect signal

01 | Baudrate generator

10 {.Internal clock ¢ 1 (fgys)

11 | Don'tcare

——>Serial transmission mode

00/| Don't care

01 7-bitlength
10 UART 8-bit length
1 9-bit length

L > WakeupFunction
(Don’t care in the modes other than 9-bit UART)

0 | Disable
1 | Enable

Receiving control

0 [ Receive disable

1 [ Receive enable

Transmission data bit8

8-bit UART mode (parity) |Storestransmission parity bit

9-bit UART mode Stores transmission data bit8

Figure 3.8.5"Serial Channel 1 Related Register (4/7)
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Serial Channel 1 Control Register

7 6 5 4 3 2 1 0
Bit symbol RB8 EVEN PE OERR PERR FERR - -
SCICR Read/Write R R/W R (Clear to 0 when read) R/W
(0055H) |— —— — — — T - — - y,
Atterreset |Undetfined 0 0 0 | 0 | 0 0 0
Function Received |Parity Parity Always < | Always
data 0: 0dd [addition 1: Error write “0”.| write “0".
bit8 1: Even |0: Disable
1: Enable Overrun | Parity Framing

Parity error flag

L———> Framing error flag

Cleared to Zero
when read

—— > Overrunerrorflag

Enable parity addition

0 |Disable

1 |Enable

Addition/check of even parity

0 |Odd Parity

1 |Even Parity

Receiving data bit8

8-bit UART mode (Parity)

Stores transmission parity bit

9-bit UART mode

Stores transmission data bit8

Note 1: To use baud rate generator, set TRUN<PRRUN>> to “1”, putting the prescaler in RUN mode.
Note 2: As all error flags are cleared afterreading, do not test only a single bit with a bit-testing instruction.

Figure 3.8.6 /Serial Channel 1 Related Register (5/7)
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Baud Rate Generator 1 Control Register

7 6 5 4 3 2 1
BR1CR |Bit symbol - BR1CK1 BR1CKO BR1S3 BR1S2 BR1S1 BR1S0
7H N
(0057H) Read/Write R/W R/IW
After reset 0 0 0 0 0 0
F ti Al
unction ways ) 00: 470
write "0".
01: 472 Setting of the divided frequency
10: 478
11: 4732
|—_>Setting of the divided frequency of baud
rate generator
000 | 16 divisions
0001 | 1 division (Not divided)
(Note 2)
to |to
1111 | 15 divisions
Selecting the input clock of baud rate
generator
00 | Internal clock ¢TO
01 [ Internal clock ¢T2
10 |Internal clock 4T8
11 | Internal clock 4732
Note1: To use baud rate generator, set TRUN<PRRUN>to “1”, putting the prescaler in RUN mode.
Note2:  “1division” of baud rate generator can be used only UART mode.
Note3: Bit6of BR1CRisreadas 1",
Note4: Don'tread from or write to BR1CRregister during sending or.receiving.
Serial'Channel 1 Buffer Register
7 6 5 4 3 2 1 0
SC1BUF  [Bit symbol RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
(0054H) 87 86 85 B4 83 82 TB1 TBO
ferggiblt Read/Write R (Receiving)/W (Transmission)
modify- |Afterreset Undefined
write.
Figure 3.8.7 Serial Channel 1 Related Registers (6/7)
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Port 6 Function Register

7 6 5 4 3 2 1 0
P6FC  |Bit symbol - P63F - P6OF
(0016H) -
Read/Write w w w w
Prohibit |After reset 0 0 0 0
LfﬁﬂEfy- Function Always 0: PORT | Always 0: PORT
write write “0”. 1: TXD1 |write "0”. 1: TXDO
|:Setting TXDO output of P60
0 |[Port
1 |TXDO0 output (Channel 0)
L— > Setting TXD1 output of P63
0./ [Port
1 |TXD1toutput (Channel 1)
Open Drain Enable Register
7 6 5 4 3 2 1 0
ODE Bit symbol - - ODE®3 ODE60
(0058H) Read/Write R/W
After reset 0 0 0 0
Function Always write “0”. P63 P60
(This bit is read as [0: CMOS |0: CMOS
“0".)) 1: Open [1: Open
drain drain

lj»Setting P60 as open-drain output

0 |CMOS output

1 |Open-drain output

L——»-Setting P63 as open-drain output
0 |CMOS output

Note: Bit7 to4of ODE are read as “1”.

1 |Open-drain output

Figure 3:8.8 'Serial Channel Related Registers (7/7)
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3.8.2 Configuration
Figure 3.8.9 shows the block diagram of the serial channel 0.
r—-------- Serial clock generation circuit -—-----——-—————————————— -
i i
! TO2TRG !
! K (Timer 2 comparator output) !
1
! i S |UARTmode | S 1SIOCLK
1 ! v v 1
| ! o o 1
I 1 —_— —_ 1
! 1 v o !
1 ]
1 : w (72 :
! I
i o ! ) bAoA
! +- Bau ""tte e SCOMOD SCOMOD ™ | !
! System generator <SC1:0> <SM1:0> |
| clock / fgys (41) i
1
i |
1 1
1 1
1 I
1 I
Lo o o o o o o o o o g " - —— 4
INTRXO INTTXO
Receive Serial channel Transmission
counter SCOMOD interrupt counter
(UART only =+ 16) |/ <WU> control (UART only + 16)
RXDCLK ¥ A TXDCLK y A
SCOMOD : —
<RXE>—>| Receive Transmission
e
control control
SCOCR
<PE> <EVEN>
Parity control
RXDO | Receive buffer1(Shift register)
(Shared by P61) {}
| RB8 | Receive buffer2 (SCOBUF) | | Error flag | | TB8 [ Transmission buffer (SCOBUF) TXDO
T 1 (Shared by P60)
SCOCR
<OERR> <PERR> <FERR>

Internal data bus

Figure 3.8.9 Block Diagram of the Serial Channel 0
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Figure 3.8.10 shows the block diagram of the serial channel 1.

Fo—————-- Serial clock generation circuit

BR1CR<BR1CK1:0>

1 1
1 1
i |
i P I . TO2TRG :
: ! <BR1$3:0> | ’j(T|mer 2 comparator output) :
1 ! ! 1
’ ! B 5 5 :
! ¢70 —> 5 o i + |UART mode| + | SIOCLK
. o122 e || ! 3 e '
' R © — — |
i $18 —> o 5 l v v :
o v w
! 732 : n o i !
1 1
! | i X T T !
i \__Baudrate ___] !
! ‘" generator $C1IMOD sciMop [
| System <S5C1:0> <SM1:0>" | |
: C|OCk/fSYS (¢1) :
[} 1
| :
1 1
1 1
e o o o o o o o 'l
INTRX1 INTTX1
Receive SCIMOD| Serial channel Transmission
counter kWU >> .interrupt counter
(UART only = 16) control (UART only = 16)
RXDCLK ¥ A TXDCLK ¥ 3
SC1MOD Receive y " Transmission
<RXE>  control <j ;> control
SCI1CR
<PE> <EVEN>
Parity control
RXD1|:|——)| Receive'buffer1(Shift register)

(Shared by P64)

| RB8

Receive buffer2 (SC1BUF) | | Error flag |

| TB8

Transmission buffer (SC1BUF)

SCICR
<OERR> <PERR><FERR>

Y ¥y

I—’D TXD1

(Shared by P63)

Internal data bus

Figure 3.8.10/Block Diagram of the Serial Channel 1
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Serial channel 0 and 1 can be used independently. All serial channels operate in the same manner, and
thus only operation of serial channel 0 will be explained below.

@ Prescaler

There are 9-bit prescaler and prescaler clock selection registers to generate input clock for 8-bit timer 0,
1,2, 3, 16-bit timer 4, 5, and serial interface 0, 1.
Figure 3.8.5 shows the block diagram. Table 3.8.1 shows prescaler clock resolution into the baud rate

generator.

to CPU
—> System clock (fsys)

frpp ——> - 9 -bit prescaler
[}
et >
o I_ |2|4|8 16 32|64|128|256|512|
v Y ¥

; +4
3 [~ e y
5116 to8-bittimer0,1,2,3
> 4T256

SYSCRO
<PRCK1:0> 471
T4 to 16-bittimer 4,5
Run/stop ﬁﬂs
and clear
TRUN<PRRUN >

81

#T0 -
$T2 toserial interface 0, 1
> 478
#732

SYSCR1<GEAR2:0>

ector

Se

fc fa/2 | foa | 18 | f/16

Figure 3.8.11 The Block Diagram of Prescaler
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Table 3.8.1 Prescaler Clock Resolution to Baud Rate Generator

at fc=20 MHz
Select Prescaler | Prescaler Output Clock Resolution
Clock Geg;\é;ue
<PRCK1:0> | SGEAR2:0> 470 4T2 478 4732
000 (fc) /22 (0.2 ps) fc/2* (0.8 ps) | fe/2° (3.2 u8) fc/28(12.8 us)

001 (fc/2) £0/23(0.4 45) | f/25(1.6 us) |Fcs27 (6.4 18) | §c/2° (25.6 15)

00 010 (fc/4) fc/24 (0.8 ps) | fc/25(3.2 ps) | Te/28(12.8 ps) | f¢/2'°(51.2 us)
(fepn)

011 (fc/8) f0/25(1.6 us) | f/27 (6.4 ps) | F/29(25.6 ps) | £c/2" (102.4 s)

100 (fc/16) | fe/2° (3.2 us) | /28 (12.8 4s) | $6/20(51.2 ps) | Fc/272 (204:8 pus)

10

XXX — fc/28 (12.8 1) [ /20 (51.2 us) | Tc/2124(204.8 ps)
(fc/16 clock) 7 # L

XXX: Don’t care, —: Can not use

The clock selected among frpy clock and fe/16 clock i __
selected by prescaler clock selection register SYSCRO <

Resetting sets <PRCK1:0> to “00” and selects the frpy clock input divided by 4.
The baud rate generator selects between 4 clock inputs ¢T0, ¢T2, ¢T8, and ¢T32 among the prescaler

outputs.

The prescaler can be run or stopped by the timer operation control register TRUN <PRRUN >.
Counting starts when <PRRUN> isset'to “1”, while the prescaler is cleared to zero and stops
operation when <PRRUN > is’set to “0”.

When the IDLE1 mode (Operates only oscillator) is/used; set TRUN <PRRUN> to “0” to reduce the
power consumption of thisprescaler before “HALTinstruction is executed.
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(@ Baud rate generator

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

The input clock to the baud rate generator, 4TO0, 4T2, ¢T8, or ¢T32 is generated by the 9-bit prescaler
which is shared by the timers. One of these input clocks is selected by the baud rate generator control
register BROCR<BROCK1:0>.

The baud rate generator includes a 4-bit frequency divider, which divides frequency by 1 to 16 values to
determine the transfer rate.

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

® UART mode

Input clock of baud rate generator

Baud rate= +16

Frequency divisor of baud rate generator

Accordingly, when source clock fc is 12.288 MHz, input clock is ¢T2 (fc/16), and frequeney divisor is 5,
the transfer rate in UART mode becomes as follows:

% Clock condition
Clock gear: 1 (fe)
Prescaler clock: frpu

Baud rate= _ =16

=12,288%106+16+5+16=9600 (bps)

The maximum baud rate of this baud rate generator is 307.2 kbps.

Table 3.8.2 shows an‘example of the transfer rate in UART mode.

Also with 8-bit timer 2, the serial channel can get a transfer rate. Table 3.8.3 shows an example of baud
rate using timer 2.
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Table 3.8.2 Selection of UART Transfer Rate (1) (When baud rate generator is used)

Unit (kbps)
fc[MHz] W (49 (folte) (@t (Foee)
9.830400 1 153.600 38.400 9.600 2.400

1 2 76.800 19.200 4.800 1.200

1 4 38.400 9.600 2.400 0.600

1 8 19.200 4.800 1.200 0.300

T 16 9.600 2.400 0.600 0.150

12.288000 5 38.400 9.600 2.400 0.600

T 10 19.200 4.800 1.200 0.300

14.745600 1 230.400 57600 14.400 3.600

0 3 76.800 19.200 4.800 1.200

1 6 38.400 9.600 2.400 0.600

0 12 19.200 4.800 1.200 0.300

17.2032 7 38.400 9.600 2.400 0.600

T 14 19.200 4.800 1.200 0.300

19.6608 2 153.600 38.400 9.600 2.400

T 4 76.800 19.200 4.800 1.200

T 8 38.400 9.600 2.400 0.600

T 16 19.200 4.800 1.200 0.300

Note: This table is calculated when fc/1 is selected as a clock gear, and the system clock as a
prescaler clock.
Table 3.8.3 Selection-of UART Transfer Rate (2)
(whentimer 2 (Input clock 4 T1) is used)
Unit (kbps)

fc| 19.6608 14.7456 12.288 12 9.8304 8 6.144

TREG MHz MHz MHz MHz MHz MHz MHz
1H 153.6 115.2 96 76.8 62.5 43
2H 76.8 57.6 48 38.4 31.25 24
3H 51.2 38.4 32 31.25 16
4H 38.4 28.8 24 19.2 12

5H 30.72 23.04 19.2 9.6
8H 19.2 14.4 12 9.6 6

AH 15.36 11.52 9.6 4.8
10H 9.60 7.20 6 4.8 3

14H 7.68 5.76 4.8 2.4

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

The clock frequency selected by the reqister SYSCRO<PRCK1,0>
TREG2X 8% 16

Transfer rate’=

T— (When Timer 2 (Input clock ¢T1)
is used)

Note: This table is calculated when fc/1 is selected as a clock gear, and frpy as a prescaler clock.
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®

®

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

UART mode
According to the setting of SCOMOD <SC1:0>, the above baud rate generator clock, internal clock
41 (Max 625 kbps at fc=20 MHz), the match detect signal from timer 2, or external clock SCLKO
will be selected to generate the basic clock SIOCLK.

Receiving counter

The receiving counter is a 4-bit binary counter used in UART mode and counts up by SIOCLK clock. 16
pulses of SIOCLK are used for receiving 1 bit of data, and the data bitis sampled three times at 7th, 8th
and 9th clock.

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

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

Receiving control

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

Receiving buffer

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

Received data are stored one bit by one bitin the receiving buffer 1 (Shift register type). When 7 bits or
8 bits of data is stored in the receiving buffer 1, the stored data are transferred to the receiving buffer 2
(SCOBUF), generating an interrupt INTRX0. The CPU reads only receiving buffer 2 (SCOBUF). Even
before the CPU reads the receiving buffer 2 (SCOBUF), the received data can be stored in the receiving
buffer 1. However, unless the receiving buffer 2 (SCOBUTF) is read before all bits of the next data are
received by the receiving buffer 1, an overrun error occurs. If an overrun error occurs, the contents of
the receiving buffer 1'will be lost, although the contents of the receiving buffer 2 and SCOCR<RB8> is
still preserved.

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

When in 9-bit UART mode, the wake-up function of the slave controllers is enabled by setting
SCOMOD <WU > to'“1”, and interrupt INTRXO0 occurs only when SCOCR<RB8> is set to “1”.

Transmission counter

Transmission counter is a 4-bit binary counter which is used in UART mode and counts by SIOCLK
clock, generating TXDCLK every 16 clock pulses.

SIOCLK
1516 % 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 2

1
TXDCLK ;
I

_3

Figure 3.8.12 Generation of Transmission Clock
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®

®

Transmission controller

UART mode
When transmission data are written in the transmission buffer sent from the CPU, transmission
starts at the rising edge of the next TXDCLK, generating a transmission shift clock TXDSFT.

Transmission buffer

Transmission buffer (SCOBUF) shifts out and sends the transmission data written from the CPU from
the least significant bit (LSB) in order. When all bits are shifted out, the transmission buffer becomes
empty and generates INTTXO0 interrupt.

Parity control circuit

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

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

For receiving, data are shifted in the receiving buffer 1, and parity is added after the data are
transferred in the receiving buffer 2 (SCOBUF), and then compared with SCOBUF <RB7> when in 7-
bit UART mode and with SCOMOD <RB8>'when in 8-bit UART mode. If they are not equal, a parity
error occurs, and SCOCR<PERR > flag is set.

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

1. Overrun error <OERR>

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

2. Parity error <PERR>

The parity generated for the data shifted in receiving buffer 2 (SCOBUF) is compared with the parity
bit received from RXD pin. If they are not equal, a parity error occurs.

3. Framing error <FERR>

The stop bit of received data is sampled three times around the center. If the majority is “0”, a
framing error oceurs.
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@ Signal generation timing

In UART mode

Receive

Mode

9-Bit

8-Bit + Parity

8-Bit, 7-Bit + Parity, 7-Bit

Timing for interrupt
generation

Timing for framing
error generation

Timing for parity
error generation

Center of last bit (Bit8)

Center of last bit
(Parity bit)

Center'of last bit
(Parity bit)

Center of stop bit

Center of stop bit

Center of stop bit

Timing for overrun
error generation

Center of last bit (Bit8)

Centeroflast bit
(Parity bit)

Centerof stop bit

Note: In 9-Bit and 8-Bit + Parity mode, interrupts coincide with the ninth'bit pulse. Thus, when
servicing the interrupt, it is necessary to wait for a 1-bit period (to allow the stop bit to be
transferred) to allow checking for a framing error.

Send
Mode 9-Bit 8-Bit + Parity 8-Bit, 7-Bit + Parity, 7-Bit
Timing forinterrupt Immediately before - -
generation stop bitsent
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3.8.3 Operational Description
(1) Mode 1(7-bit UART mode)

7-bit mode can be set by setting serial channel mode register SCOMOD <SM1:0> to “01”.

In this mode, a parity bit can be added, and the addition of a parity bit can be enabled or disabled by
serial channel control register SCOCR<PE>>, and even parity or odd parity is selected by SCOCR
<EVEN> when <PE> isset to “1” (enable).

Setting example: When transmitting data with the following format, the control registers should be
set as described below.

”"\StartI(BitOX 1 X 2 X 3 X 4 X 5 X 6 X;gﬁ?yﬁ_olg..-l

=< Direction of transmission (Transmission rate: 2400 bpsatfc=12.288 MHz)
% Clock condition
[Clock gear: 1 (fc)

Prescaler clock: frpH

76543210
PECR  « X X === = - ! } Select P60-as the TXD pin.
P6FC ¢« XX -X--X1
SCOMOD « X 0 - X 0101 Set'7-bit UART mode.
SCOCR « X 11XXX00 Add an even parity:
BROCR «0X100101 Set transfer rate at 2400 bps.
TRUN ¢ 1 X - - - - - - Start the prescaler for the baud rate generator.
INTESO « 1 - - = Enable INTTXO0 interrupt and set interrupt level 4.
| SCOBUF « * #* * % * % % % Set data for transmission.

X: Don’t care, —: No change

(2) Mode 2 (8-bit UART mode)

8-bit UART mode can be specified by setting SCOMOD <SM1:0> to “10”. In this mode, parity bit can be
added, the addition of a parity bit is enabled or disabled by SCOCR <PE >, and even parity or odd parity
is selected by SCOCR<EVEN > when <PE > isset to “1” (Enable).

Setting example: “When receiving data with the following format, the control register should be set as
described below.

— Nt e X X2 X3 X o X5 X6 X7 X0 sm

~— " Direction of transmission (transmission rate: 9600 bps at fc = 12.288 MHz)
% Clock condition
[Clock gear: 1 (fc)

Prescaler clock: frpH
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Main setting
76543210
[PBCR ¢ XX - - - -0 - Select P61 (RXD) as the input pin.
SCOMOD « - 01X 1001 Enable receiving in 8-bit UART mode.
SCOCR « X01XXXO00 Add an odd parity.
BROCR « 0 X010101 Set transfer rate at 9600 bps.
TRUN «¢1X-- -~~~ Start the prescaler for the baud rate generator.
| INTESO ¢ = - - - 1100 Enable INTRXO interrupt andsetinterrupt level 4.

Interrupt processing

Acc « SCOCR AND 00011100 } Check for error.
if Acc # 0 then ERROR
Acc « SCOBUF Read the received data:

X: Don’t care, —: No change

(3) Mode 3 (9-bit UART mode)

9-bit UART mode can be specified by setting SCOMOD <SM1:0>'to“11”, In this mode, parity bit
cannot be added.

For transmission, the MSB (9th bit) is-written in SCOMOD <TB8>, while in receiving it is stored in
SCOCR<RB8>. For writing and reading the buffer, the MSB is read or written first then SCOBUF.

Wake-up function

In 9-bit UART mode, the wake-up function of slave controllers is enabled by setting SCOMOD <WU >
to “1”. The interrupt INTRXO0 occurs only when <RB8> ="1.

TXD RXD TXD RXD TXD RXD TXD RXD

Master Slave 1 Slave 2 Slave 3

Note:-TXD pin of the slave controllersmust be in open drain output mode.

Figure 3.8.13 Serial Link Using Wakeup Function
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Protocol

@ Select the 9-bit UART mode for the master and slave controllers.
@ Set SCOMOD <WU > bit of each slave controller to “1” to enable data receiving.

® The master controller transmits one-frame data including the 8-bit select code for the slave controllers.
The MSB (Bit8) <TB8> is set to “1”.

”“\StartABitOX 1 X 2 X 3 X 4 X 5 X 6 X 7 y 8 VStopv"“

Select code of slave controller 1

@ Each slave controller receives the above frame, and clears WU bit to “0” if the above select code matches
its own select code.

(® The master controller transmits data to the specified slave controller whose SCOMOD <WU > bit is
cleared to “0”. The MSB (Bit8) <TB8> is cleared to “0”.

RS En'ED €3 65 €8 0 €3 EA T 0

Data 0

(® The other slave controllers (with the <WU> bit remaining at “1”) ignore the receiving data because
their MSBs (Bit 8 or <RB8>) are set to “0” to disable the interrupt INTRXO.
The slave controllers (<KWU> =0) can transmit data to the master controller, and it is possible to
indicate the end of data receiving to the master controller by this transmission.
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Setting example: To link two slave controllers serially with the master controller, and use the internal

clock ¢#1 as the transfer clock.

TXD RXD TXD RXD TXD RXD
Master Slave 1 Slave 2
Select code Select code
00000001 00001010

Since serial channels 0 and 1 operate in exactly the same way, channel 0 is used for the purposes of
explanation.

® Setting the master controller

Main
[P6CR ¢ X X - - - -

6 0 } Select P60 as TXDO pin.and P61 as RXDO pin.
P6FC « X X - -0X

INTESO « 11001101 Enable INTTX0 and set the interrupt level 4.

Enable INTRXO0 and set the interrupt level 5.

SCOMOD « 1 0101110 Set'41 as the transmission clock in 9-bit UART mode.
| SCOBUF « 0 0000001 Set the select code for slave controller 1.
INTTXO interrupt

SCOMOD « 0/~ ==\ - = = - Sets TB8to “0".

SCOBUF «/*(® # /k % % & # Set data for transmission.

® Setting the slave controller 2

Main

PBCR ¢« XX~ ---01 Select P61 as RXDO pin and P60 as TXDO pin (Open-drain

P6FC « XX -X-0X1 loutput).

ODE XXX XXX =1

INTESO « 11011110 Enable INTRX0 and INTTXO.

SCOMOD « 0 0 1 1. 1110 Set <WU> to “1” in the 9-bit UART transmission mode
with transfer clock ¢1.

INTRXO interrupt

Acc « SCOBUF

if Acc = Select code

Then SCOMOD« - - - 0 - - - - Clear <WU>to “0".
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3.9 Analog/Digital Converter

TMP93CS36 incorporate a high-speed, high-precision 10-bit analog/digital converter (AD converter)
with 4-channel analog input.

Figure3.9.1isablock diagram ofthe AD converter. The 6-channel analoginputpins (ANOto AN3)arealso
used asinput-only port P5 and can be also used asinput ports.

g Internal data bus §
{/E ? V4
ADMOD1 <ADTRGE > ADMODO
<ADCH2t00>  <VREFON> <EOCF> <ADBF> <ITM0> <REPET> < SCAN > <ADS >
; Scan
o
° Repeat
> : Interrupt
() Busy ADTRG
End
Start
Channel select AD/converter INTAD
i control circuit interrupt
Analog input
_ (U]
AN3/ADTRG (P53) [ >
AN2 (P52) D_) ) AD conversion
AN1 (P51) D" ; Sample + result register
ANO (P50) [] o hold ADREGO4L to 3L
- ADREGO04H to 3H
3
=
o ¢
vREFH[_} e DA converter <
VREFL[_}

Figure 3.9.1 Block Diagram of AD Converter

Note1: When the powersupply current is reduced in IDLE2, IDLE1, STOP mode, there is possible to set a
standby enabling the internal comparator due to a timing. Stop operation of AD converter
before execution of “"HALT" instruction.

Note 2: Inregard to the lowest operation frequency.
The operation of AD converter is guaranteed with clock of frppy = 4 MHz.
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3.9.1 Analog/Digital Converter Registers

AD converter is controlled by two AD mode control registers (ADMODO and ADMOD1). AD conversion
result is stored in eight AD conversion result registers (ADREG04H/L, ADREG15H/L, ADREG2H/L,

ADREGS3H/L).
AD Mode Control Register 0
7 6 5 4 3 2 1 0
ADMODO | Bit symbol EOCF ADBF - - ITMO REPET SCAN ADS
(00SEH) I3 dnwrite R RIW
After reset 0 0 0 0 0 0 0 0
Function AD AD Always write | Alwayswrite |Specifies Repeat mode [Scanmode | |AD
conversion conversion “0". “0". interrupts for |specification |specification [conversion
end flag busy flag fixed channel |0: Single 0: Fixed- start
0:Conver- 0: Conver- /repeat- conversion channel 0: Don‘tcare
sionin sion is conversion mode mode 1: Start
progress idle mode. 1: Repeat 1:'Channel conversion
1:Conver- 1: Conver- 0: Every conversion scanmode (Note)
sionend sionin conversion mode
progress 1:Every four
conversions

|—> AD conversion start

0 | Don'tcare
1 Start’/AD conversion

Note: Alwaysread as “0".

— > AD scan mode specification

0| AD conversion fixed-channel mode
1 | AD conversion channel scan mode

> AD repeat mode specification

0 | ADsingle conversion mode
1 | AD repeat conversion mode

> AD conversion interrupt specification for fixed-
channel/repeat-conversion mode

Fixed channel/repeat conversion mode
<SCAN> = “0", <REPET>= “1"

0 Generates interrupt every conversion.

Generates interrupt every four conversions.

AD conversion busy flag
0 | ADconversionisidle
AD conversion in progress

AD conversion end flag

0 | AD conversion in progress
1 | AD conversion end

Figure 3.9.2 Register for AD Converter (1/4)
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AD Mode Control Register 1
7 6 5 4 3 2 1 0
ADMOD1 | Bitsymbol VREFON ADTRGE ADCH2 ADCH1 ADCHO
(005FH)  TRead/write | R/W R/W
After reset 1 0 0 l 0 | 0
Function String Exterhal

resistance trigger start .

0: OFF Analog input channe

1: ON 0: Disable

1: Enable
—> Analog input channel selection
<SCAN> 0 1
(Chapnel) Channel)
<ADCH2:0> fix scan

000 ANO | ANO
001 AN1 ANO—AN1
010 AN2 ANO—AN1—->AN2
011 (Note) AN3 ANO—AN1T->AN2—AN3
100
101 reserved
110 eserve
111

————>7/Analog reference voltage

control

OFF

ON

Note:

Conversion-start control by external-trigger (ADTRG pin input)

Disable
Enable

Setthe <VREFON> bitto “1” before starting conversion
(write “1” to ADMODO<ADS>).

Note: Asthe AN3 and the ADTRG arethesame pin, <ADCH2:0> ="011" can’t be set when <ADTRGE > is
setto 1. and ADTRG'is used.

Figure 3.9.3 Register for AD Converter (2/4)
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AD Conversion Result Register 0/4 Low

7 6 5 4 3 2 1 0
ADREGO4L |[Bitsymbol | ADRO1 | ADROO ADRORF
(0060H) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of Conversion

result stored

AD conversion result. flag

1: Exist result

AD Conversion Result Register 0/4 High
7 6 5 4 3 2 1 0

ADREGO4H [Bit symbol ADRO09 ADRO08 ADRO7 ADRO6 ADROQ5 ADRO4 ADRO3 ADRO02
(0061H)

Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.

AD Conversion Result Register 1/5 Low

7 6 5 4 3 2 1 0
ADREG15L |Bitsymbol | ADR11 ADR10 ADRIRF
(0062H) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of Conversion
AD conversion result, ;:;"t stored
1: Exist result
AD Conversion Result Register 1/5 High
7 6 5 4 3 2 1 0

ADREG15H [Bit symbol ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
(0063H)

Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.

Channelx conversion result

ADREGxH l l ADREGxL
76 5 4 3 2 1 0 7 6 5 4 3 2 1 0

® Bits 5to1 are alwaysread as “1”.

® Bit0 is conversion result stored flag bit <ADRxRF>.
<ADRxRF > is set to “1” when the AD conversion result is
stored. Reading either the ADREGxH or the ADREGxL
registers clears <ADRxRF > to “0”.

Figure 3.9.4 Registers for AD Converter (3/4)
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AD Conversion Result Register 2 Low
7 6 5 4 3 2 1 0
ADREG2L [|Bit symbol ADR21 ADR20 ADR2RF
(0064H) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of Conversion
AD conversion result. ;?:;It stored
1: Exist result
AD Conversion Result Register 2 High
7 6 5 4 3 2 1 0
ADREG2H |Bit symbol ADR29 ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
(0065H) Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD.conversion result.
AD Conversion Result Register 3 Low
7 6 5 4 3 2 1 0
ADREG3L [Bit symbol ADR31 ADR30 ADR3RF
(0066H) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of Conversion
AD conversion result. ;,e:; ftstored
1: Exist result
AD-Conversion Result Register 3 High
7 6 5 4 3 2 1 0
ADREG3H |Bit symbol ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
(0067H) Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.
9 8 7 6 5 4 3 2 1 0
Channel-x conversion result
L 1 I
ADREGxH l l ADREGXxL
7 6 5 4 3 2 1 0 7 6 5 4 2 1 0
P J
® Bits 5 to1are alwaysread as “1”.

Bit0 is conversion result stored flag bit <ADRxRF>.
<ADRxRF > is set to “1” when the AD conversion
result is stored. Reading either the ADREGxH or the
ADREGxL registers clears <ADRxRF > to “0”.

Figure 3.9.5 Registers for AD Converter (4/4)
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3.9.2 Operation

(1

(2)

Analog reference voltage

High analog reference voltage is applied to the VREFH pin, and low analog reference voltage is applied
to the VREFL pin. The voltage between VREFH and VREFL is divided into 1024 increments using a
string resistor. AD conversion is based on comparing the analog input voltage with these reference
voltage increments.

To turn the switch between VREFH and VREFL off, write “0” to the ADMOD1 <VREFON > bit.

To start AD conversion when the switch is off, first write “1” to <VREFON >. After that, wait at 3 us
long enough to get the stabilized oscillation, write “1” to ADMODO<TADS>.

Selecting analog input channels
The procedure for selecting analog input channels depends on the operating mode of the AD converter.

® When analog input channel is used to fix (ADMODO0 <<SCAN > = “0”)
To set ADMOD1 <ADCH2:0 >, selecting one channel from analog input pins ANO-to AN3.

® When analog input channel is used to scan (ADMODO<SCAN > = “1”)
To set ADMOD1 <ADCH2:0>, selecting one channel from 4 scan mode.

Table 3.9.1 shows the analog input channel selection in each operating mode.

A reset initializes AD mode control register ADMOD1<ADCH2:0 > to “0007, selecting pin ANO for the
AD converter input.
The pins not used as analog input channels can be used as general-purpose input ports (P5).

Table 3.9.1/ Analog Input Channel Selection

<ADCH2 t0 0> Fixed Channel Channel Scan
<SCAN>=0 <SCAN> =1
000 ANO ANO
001 AN1 ANO—AN1
010 AN2 ANO—AN1—>AN2
011 AN3 ANO—AN1—->AN2—>AN3
100
101 Reserved
110
111
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(3)

(4)

Starting AD conversion

AD conversion starts when ADMODO<ADS> to “1”, or ADMOD1<ADTRGE > is set to “1” and the
falling edge is input through ADTRG pin.

When AD conversion starts, AD conversion busy flag ADMODO0<ADBF >ig set to “1”, indicating AD
conversion is in progress.

Writing “1” to <ADS> while conversion is in progress restarts the conversion. Check the conversion
result stored flag ADREGxL<ADRxRF> to determine whether the AD conversion data are valid at
this time.

Inputting the falling edge to the ADTRG pin while conversion is in progress isinvalid.

AD conversion modes and completion interrupt
Follow the four AD conversion modes are supported.

Fixed channel single conversion mode
Channel scan single conversion mode
Fixed channel repeat conversion mode
Channel scan repeat conversion mode

AD conversion mode can selected by setting AD mode control register ADMODO<REPET, SCAN >.
When AD conversion ends, AD conversion completion interrupt INTAD request occurs. And the
ADMODO<EOCF> flagis set to “1” to indicate that AD conversion has completed.

Fixed channel single conversion mode

Fixed channel single conversion mode can be specified by setting ADMODO <REPET, SCAN > to “00”.
In this mode, conversion of the specified single channel is executed once only. After conversion is
completed, ADMODO<EOCF > is set to “1?, ADMODO<ADBF> iscleared to “0” and occurs INTAD
interrupt request.

Channel scan single conversion mode

Channel scan single conversion mode can be specified by setting ADMODO<REPET, SCAN > to “01”.
In this mode, conversion of the specified channel are executed once only. After conversion is completed,
ADMODO<EOCF> is set to “1?, ADMODO<ADBEF > is cleared to “0” and occurs INTAD interrupt
request.

Fixed channel repeat conversion mode

Fixed channel repeat conversion mode can be specified by setting ADMODO <REPET, SCAN > to “10”.
In this mode, conversion of the specified single channel is executed repeatedly. After conversion is
completed, ADMODO0 <EOCF> issset to “1”, ADMODO <ADBF > remains “1”, not changed to “0”. The
timing of INTAD interrupt request can selected by setting of ADMODO <ITMO>.

When <ITMO > is set to “0”, interrupt request occurs after every conversion.

When <ITMO> is set to “1”; interrupt request occurs after every fourth conversion.
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@ Channel scan repeat conversion mode

Channel scan repeat conversion mode can be specified by setting ADMODO <REPET, SCAN > to “11”,
In this mode, specified channels are converted repeatedly. After every scan convert completion,
ADMODO<EOCF> is set to “1” and INTAD interrupt request occurs. ADMODO<ADBF> remains
“1”, not changed to “0”.

To stop the repeat conversion mode (& and @ modes), write “0” to ADMODO<REPET>. After the
current conversion is completed repeat conversion mode is terminated, and ADMODO<ADBF> is
cleared to “0”.

If the device enters the IDLE2, IDLE1 or STOP meodes during AD conversion, the conversion halts
immediately. After the HALT mode is released, AD conversion restarts from the beginning in repeat
conversion mode (3 and @), it does not restart in single conversion mode (D and ).

Table 3.9.2 shows the relations between AD conversion modes and interrupt request.

Table 3.9.2 Relation between AD Conversion Modes and Interrupt Request

Mode Interrupt Request ADMODO
Timing <ITMO> |<REPET>| <SCAN>
Fixed channel .
. . After conversion X 0 0
single conversion mode
Channel scan )
. . After conversion X 0 1
single conversion mode
Fixed channel repeat conversion After every 0
mode (Every conversion) conversion
1 0
Fixed channel repeat conversion After every fourth )
mode (Every fourth conversion) conversion
Channel scan After every scan X 1 1
repeat conversion mode conversion
X: Don't Care
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(5)

(6)

AD conversion time
140 states (14 us at fc=20 MHz) are required for AD conversion of one channel.
Storing and reading the AD conversion result

AD conversion results are stored in AD conversion result registers high/low, (ADREGO4H/L to
ADREG3H/L). These registers are read only.

In fixed channel repeat conversion mode, AD conversion results are stored in order from ADREG04H/L
to ADREG3H/L. Except in this mode, AD conversion results for channel ANO, AN1, AN2, AN3 are
stored severally ADREG04H/L, ADREG15H/L, ADREG2H/L, ADREG3H/L.

Table 3.9.3 shows correspondence between analog input channels and AD) conversion result registers.

Table 3.9.3 Correspondence Between Analog Input Channels and
AD Conversion Result Registers

| AD Conversion Result Registers
Analog Input -
g'ne Conversion Modes Fixed Channel Repeat
Channel (port5) ) Conversion Mode
Except Right (Every fourth conversion)
ANO ADREGO4H/L ADREGO4H/I
AN1 ADREG 15H/L ADREG15H/L
AN2 ADREG2H/L ADREG2H/L
AN3 ADREG3H/L ADREG3H/L

AD conversion result registers bit“0”is AD conversion result stored flag <ADRxRF>. The flag shows
that whether those registers are read or not. When AD conversion results are stored in those registers
(ADREGxH or ADREGxL), this flagis'set to “1”. When each register is read, this flag is cleared to “0”,
and AD conversion end flag ADMODO <EOQCF > isalso cleared to “0”.
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Setting example :

(D This example converts the analog input voltage at the AN3 pin. The INTAD interrupt routine
writes the result to memory address 0800H.

Main routine setting:
76543210

INTEOAD « 1100 - - - - Enables INTAD and sets level 4.
ADMOD1 « 1 XXX 0011 Sets analog input channel to AN3.
ADMODO0 « X X 000001 Starts AD conversion in fixed channel single conversion mode.

Example of interrupt routine processing:

WA « ADREG3 Reads ADREG3L and ADREG3H values and writes themto WA
(16 bits).

WA >> 6 Shifts right WA six times and zero-fills the upper bits.

(0800H) « WA Writes contents of WA to memory/address 0800H.

(2 This example repeatedly converts the analog input voltages at pins ANO to AN2, using channel scan
repeat conversion mode.

INTEOAD « 1 00 0 - - - - Disables INTAD.
ADMOD1 « 1 XX X0010 Sets ANO to AN2 as analog input channels.
ADMODO0O « XX 000111 Starts AD conversionin channel scan repeat conversion mode.

X: Don’t care, —: No change
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3.10 Watchdog Timer (Runaway detecting timer), Warm-up Timer

TMP93CS36 contains a watchdog timer of runaway detecting.

The watchdog timer (WDT) is used to return the CPU to the normal state when it detects that the CPU
has started to malfunction (Runaway) due to causes such as noise. When the watchdog timer detects a
malfunction, it generates a non-maskable interrupt INTWD to notify the CPU of the malfunction.
Connecting the watchdog timer output to the reset pin internally forces a reset.

This watchdog timer consists of 7-stage and 15-stage binary counters.

These binary counters are also used as a warm-up timer for the internal oscillator stabilization. This is

used for releasing the STOP.
3.10.1 Configuration
Figure 3.10.1 shows the block diagram of the watchdog timer (WDT).

RESET
Internal reset WDMOD < RESCR>

——— > WDTl interrupt

| Enable I
r::toe;{foﬁt Qs j:jiWDMOD<WDTE>
'f R Write disable code
to WDCR
WDMOD <WARM >—>|-Selector Selector. " |<—\WDMOD
(B1H)
TA5CR<QCU> * <WDTP1:0>
27 29 [211]213[215

7-stage 15-stage binarycounter

Selector
Selector

¥

binary Reset
: ese
. counter *—G_‘— Reset Write clear code
to WDCR
HALT instruction (4EH)
(STOP, IDLE1 mode)

CPU

Selector

4
a

fei2 | f/a|-fa/8 | fc/16
SYSCR1<GEAR2:0>

X1 [ z2|=4|+8|+16

Figure 3.10.1 Block Diagram of Watchdog Timer/Warm-up Timer
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WDT counter

The watchdog timer consists of 7-stage and 15-stage binary counters which use system clock (fsyg) as the
inputclock. The 15-stage binary counter hasfsys/21%, fgys/2!7, fsys/2!° and foys/22! output. Selecting one
of the outputs with the WDMOD <WDTP1:0 > register generates a watchdog interrupt when an overflow
occurs. The binary counter for the watchdog timer should be cleared to “0” with runaway detecting
result software (instruction) before an interrupt occurs.

Example:
LDW (WDMOD),B100H ; Disable
LD (WDCR), 4EH ;  Write clear code
SET 7, (WDMOD) ;  Enable again

The runaway detecting result can also be connected to the reset pin internally. In this case, the
watchdog timer resets itself.

{4
1}
£C X 0

1

WDT interrupt I I «

WDT counter n
WDT interrupt

Internal reset |

1

WDT clear Write clear codem
(Software) 4

1

Figure 3.10:2- Normal Mode

Over flow

¢
N

£C
A

(¢4 I

);
| |

8 to 20 states (12.8 to 32 us at 20 MHz)

Figure 3.10.3 Reset Mode

For warm-up counter, 27 and 29 output of 15-stage binary counter can be selected using
WDMOD <WARM > register. When _a stable-external oscillator is used, shorter warm-up time is
available using T45CR<QCU > register. When <QCU > =1, counting value 27 is selected.

When the watchdog timer is in operation, this shorter warm-up time function cannot be available. This
function can be available by setting. <QCU > =0.
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3.10.2

(1
)

@

®

(2)

Control Registers
Watchdog timer WDT is controlled by two control registers WDMOD and WDCR.
Watchdog timer mode register (WDMOD)
Setting the detecting time of watchdog timer <WDTP>

This 2-bit register is used to set the watchdog timer interrupt time for detecting the runaway. This
register is initialized to WDMOD <WDTP1:0> =00 when reset.
The defecting time of WDT is shown Table 3.11.1.

Watchdog timer enable/disable control register <WDTE >

When reset, WDMOD <WDTE > isinitialized to “1” enable the watchdog timer.

To disable, it is necessary to set this bit to “0” and write the disable code (B1H) in the watchdog timer
control register WDCR. This makes it difficult for the watchdog timer to be disabled by runaway.
However, it is possible to return from the disable state to'enable state by merely setting <WDTE > to
“177.

Watchdog timer out reset connection <RESCR >

This register is used to connect the output of the watchdog timer with RESET terminal, internally.
Since WDMOD <RESCR>is initialized to 0 at reset, a reset by the watchdog timer will not be
performed.

Watchdog timer control register (WDCR)
This register is used to disable and clear of binary counter the watchdog timer function.
® Disable control

By writting the disable code (B1H) in this WDCR register after clearing WDMOD <WDTE > to “0”, the
watchdog timer can be disabled.

WDMOD « 0 - - - ~ = X X Clear WDMOD<WDTE >to “0".
WDCR « 10110001 Write the disable code (B1H).

® Enable control
Set WDMOD <WDTE >to “1”.
® Watchdog timer clear control

The binary counter can be cleared and resume counting by writing clear code (4EH) into the
WDCR register.

WDCR/ ¢« 01001110 Write the clear code (4EH).

X:Don’tcare, ~: No change
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Watchdog Timer Mode Control Register
7 6 5 4 3 2 1 0
WDMOD |Bit symbol WDTE WDTP1 WDTPO WARM | HALTM1 | HALTMO | RESCR DRVE
(005CH) |Read/Write RW
After reset 1 o | 0 0 o | 0 0 0
Function WDT Select the detecting [Select the [Standby mode 1:/Internally| 1: Drive the
control time of WDT warm-up connects pin even
00: 213/;5\(5 time 00: RUN mode WDTout |  inSTOP
: 01: 217/ 01: STOP mode
: Disabl SYS tothe mode
0: Disable o 5 19/fys 10: IDLE1 mode reset pin
1:Enable |11; 221/f5ys 11: IDLE2 mode
See Table 3.10.1

Refer to
3.3 “Stanby function”

Watchdog timer enable/disable control Watchdog timer-out control
0 | Disable 0 [Don'tcare
1 | Enable 1—|-Connects WDT out to a reset

Select the warm-up time at fc=20 MHz
Gear Value T45CR<QCU> =0 TA5CR<QCU> =1
<GEAR2:0> <WARM>=0 | <WARM>=1 | <WARM> =X
000 (fc) 0.8192ms 3.277ms 6.4 us

001 (fc/2) 1.638 ms 6.554ms 12.8 us
010 (f¢/4) 3.277 ms 13.107 ms 25.6 us
011 (fc/8) 6.554 ms 26.214 ms 51.2 us
100-(fc/16) 13:107 ms 52.429 ms 102.4 s

Note: “When the watchdogtimer.is.in operation, TASCR<QCU > isset to “0”.

Figure 3.10.4_Watchdog Timer Related Register (1/2)
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Watchdog Timer Control Register
7 | 6 | 5 | 4 | 3 | 2 1 | 0
WDCR Bit symbol -
(005DH) Read/Write W
After reset -
Read- Function B1H: WDT disable code
modify-
write 4EH: WDT clear code
instruction
is prohibited.
——> Disable/clear WDT
B1H Disable code
4EH Clear code
Others | Don’tset
Note: When the watchdog timer is in operation, TA5CR<QCU > is setto-“0":
Figure 3.10.4 Watchdog Timer Related Register (2/2)
Table 3.10.1 Watchdog Timer Detecting Time
at f¢=20 MHz
Watchdog Timer Detecting Time
Gear Value
WDMOD<WDTP1:0>
<GEAR2:0> ° 0
00 01 10 11
000 (fc) 3.277 ms 13:107 ms 52.429 ms 209.715ms
001 (fc/2) 6.554 ms 26.214ms 104.858 ms 419.430 ms
010 (fc/4) 13.107 ms 52.429 ms 209.715ms 838.861 ms
011 (fe/8) 26.214ms 104:858 ms 419.430 ms 1.678s
100 (fc/16) 52.429 ms 209.715ms 838.861 ms 3.355s
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3.10.3

Operation

The watchdog timer generates interrupt INTWD after the detecting time set in the
WDMOD <WDTP1:0>. The watchdog timer must be zero-cleared by software before an INTWD
interrupt is generated. If the CPU malfunctions (Runaway) due to causes such as noise, but does not
execute the instruction used to clear the binary counter, the binary counter overflows and an INTWD
interrupt is generated. The CPU detects malfunction (Runaway) due to the INTWD interrupt and it is
possible to return to normal operation by an anti-mulfunction program: By connecting the watchdog
timer out pin to peripheral devices’ resets, a CPU malfunction can also be acknowledged to other
devices.

The watchdog timer stops its operation in the IDLE1 and STOP modes. In the RUN and IDLE2 modes,
the watchdog timer is enabled.
However, the function can be disabled when entering the RUN, IDLE2 mode.

Example: @ Clear the binary counter

WDCR « 01001110 Write-clear code (4EH):

@ Set the watchdog timer detecting time to 2!7/fgys

WDMOD « 101 - - - X X

(® Disable the watchdog timer.

WDMOD ¢« 0 - = = == XX ClearWDTE to “0".
WDCR « 10110001 Write disable code (B1H).

@ SetIDLE1 mode:

WDMOD « 0 - - =10 X X Disables WDT and sets IDLE1 mode.
WDCR « 10110001
Executes 'HALT command Setthe HALT mode

(5 Set the STOP mode (warming up time: 21%/fgyg)

WDMOD « - - - 1. 0-1 X X Set the STOP mode.
Executes HALT command. Set the HALT mode.

X: Don’tcare, —: No change
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4, Electrical Characteristics

41 Maximum Ratings

“X” used in an expression shows a cycle
of clock frpH. If a clock gear or a low
speed oscillator is selected, a value of
“X”is different. The value as an
example is (%ear =1/fc (SYSCR1<GEAR
2:0>=“000").

Parameter Symbol Rating Unit
Power Supply Voltage Ve -0.51t06.5 Y
Input Voltage VIN -0.5toVcc+0.5 \Y
Output Current (Per 1 pin) P7 loL1 20 mA
Output Current (Per 1 pin) except P7 loL2 2 mA
Output Current (total) SloL 120 mA
Output Current (total) S loH -80 mA
Power Dissipation (Ta=85T) Pp 350 mwW
Soldering Temperature (10°s) TSOLDER 260 o
Storage Temperature TstG -651t0 150 C
Operating Temperature Topr —40to 85 T

Note: The maximum ratings are rated values which-must'not be exceeded-during operation, even
for an instant. Any one of the ratings must not be exceeded.—If any maximum rating is
exceeded, a device may break down or its performance may be degraded, causing it to
catch fire or explode resulting in injury-to-the user. Thus, when designing products which
include this device, ensure that no maximum rating value will ever be exceeded.

Point of Note about Solderability of Lead Free Products (Attach “G" to package name)

Test
Parameter

Test Condition

Note

Solderability |(1) Use of Sn-63Pbsolderbath
Solder bath temperature = 230°C, dipping time = 5 seconds
The number of times = one, use of R-type flux

Pass:
solderability rate
until forming =95%

free)

(2)'Use of Sn-3.0Ag-0.5Cu solder bath
Solderbathtemperature = 245°C, dipping time = 5 seconds
The number of times-= one, use of R-type flux (use of lead
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4.2 DCCharacteristics (1/2)
Ta= —40to 85°C
Parameter Symbol Condition Min Typ. (Note) Max [Unit
fc=41t0 20 MHz 4.5
PowerS ly Voltage V 55 \
owersupply Voltag “ [fc=4t0 125 MHz 27
o Vcc= 45V 0.8
g| Port0, ViL Vec <45V 06
. Port3 to 7 (except P35) | V(L1 =03 0.3 Vcc
a > | RESET, INTO v 0.25 Ve
o ' 1L2 .
< :(EA ViLs Vec=271055V 03
~ [ x1 ViLa 0.2Vee | V
) Vee= 45V 2.2
2| Port0,1 VIH N <45V 2.0
3 Port3 to 7 (except P35) | ViH1 0.7 vee
« > [ RESET, INTO Viie |\ o iossy 0.75 vec v +0.3
gf" EA ViH3 cc=ss10o. vee-0.3
- x| X1 ViHa 0.8 vcc
Output Low Voltage voL [loL=16 m?v«: 594055 V) 045 | v
Output Low Current (P7) loL7 VoL=1.0V %22 : g ¥§ }8223 176 mA
loH = —400 £A
. VoHi (Vec=3+10%) | 24
Output High Voltage 8380 oA \Y
VoHy |/OHT ~9vL 4.2

(Vce=5V+10%)

Note: Typical values are for Ta =25°C.and V¢c)= 5 V unless otherwise noted.
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DC Characteristics (2/2)
Parameter Symbol Condition Min [Typ.(Note1) Max |Unit
. . Vext=15V
Darlington Drive Current IDAR R
. exT = 1.1kQ -1.0 -35 |mA
(8 Output Pins max.) (Note2) (Ve =5 V £ 10% only)
Input Leakage Current Il 0.0=V|N= Ve 0.02 5 A
Output Leakage Current Lo 02=VN= Vcc-02 0.05 +10 |~
Power Down Voltage VL2 =0.2 Vce,
(at STOP, RAM Backup) VSTOP |\ = 0.8 Ve 2.0 60 |V
Vce=5.5V 45 130
e — . Vee=45V 50 160
RESET Pull-up Resistance RRsT Vees33V 70 >80 kQ
Vee=2.7V 90 400
Pin Capacitance Cio |[fc=1MHz 10 pF
Schmitt Width
RESET, INTO VTH 0.4 1D v
Vce=5.5V 45 130
Programmable R Vec=4:5V 50 160 KO
Puli-up Resistance KH [Vecc=33V 70 280
Vee=2.7V 90 400
NORMAL (Note3) lcc |Vee=5V+10% 19 25
RUN fc =20 MHz 17 25
IDLE2 10 15
IDLE1 3.5 5 mA
NORMAL (Note3) ¥cc=3Vt 10% 6.5 10
RUN c=12.5 MHz 5.0 9
DLE2 (Typ.: Vcc=3.0V) 30 5
IDLE1 0.8 1.5
Ta = 50°C )\ 7y 10
) cC=<.
STOP Ta = 70°C t0 5.5V 0.2 20 uA
Ta = 85°C 50
Note 1: Typical valuesare for Ta =25°C.and Vcc =5V unless otherwise noted.
Note 2: Iparis guranteed for total of up to 8 ports.
Note 3: /lIccmeasurement conditions (NORMAL, SLOW):
Only CPU jis operational; output pins are open and input pins are fixed.
(Reference) Definition of Ipar
RAEXT
L——W
IDAR
VExT
|
777 777
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4.3

AD Conversion Characteristics

AVcc= Ve, AVss = Vss

Parameter Symbol Power Supply Min Typ. Max Unit
Vee=5VE10% Vee-0.2 Vv \Y
Analog Reference Voltage ( +) VREFH c« 2 « &« <«
Vec=3V10% Vee-0.2 Vec Vee
Vee=5V£10% Vs Vs Vgs +0.2 v
Analog Reference Voltage (-) VREFL
VCC =3V+10% Vss VSS VSS +0.2
Analog Input Voltage Range VaIN VREFL VREFH
Analog Current for Analog Vee=5V£10% 05 1.5
Reference Voltage IREF mA
<VREFON> =1 Vee=3V110% 0.3 0.9
(VRerL=0V) <€ -
<VREFON>=0 Vee=27t05.5V 0.02 5.0 A
Error Vcc:SVi 10% +1.0 +3.0 LSB
(Except quantization errors) Vee=3V+10% 1.0 5.0
Note 1: 1LSB = (VRerH — VRepL)/2'0 [V]
Note 2: The operation above is guaranteed for frpy = 4 MHz.
Note 3: The value Iccincludes the current which flows through the AVCCpin.
4.4 Event Counter Input Clock (External input clock: T4, TI5, T16, TI7)
Variable 12.5 MHz 20 MHz .
Parameter Symbol - - - Unit
Min Max Min | Max [ Min | Max
Clock Cycle tvek 8X + 100 740 500 ns
Low Level Clock Pulse Width tvekL 4X +40 360 240 ns
High Level Clock Pulse Width tvekH 4X +40 360 240 ns
4.5 Interrupt and Capture Operation
(1) INTO Interrupts
Variable 12.5 MHz 20 MHz .
Parameter Symbol - - - Unit
Min Max Min Max Min Max
INTO Low Level Pulse Width tINTAL 4X 320 200 ns
INTO High Level Pulse Width tinTAH 4X 320 200 ns
(2) INT4toINT7 Interruptsand Capture
Variable 12.5 MHz 20 MHz
Parameter Symbol Unit
Min Max Min Max Min Max
INT4 to INT7 Low Level Pulse Width tNTBL 4X + 100 420 300 ns
INT4 to INT7 High Level Pulse Width tintBH | 4X+ 100 420 300 ns
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5. Table of Special Function Registers

The special function registers (SFRs) include the I/O ports and peripheral control registers allocated to
the 128-bytes addresses from 000000H to 00007FH.

(1) I/O port

(2) /O port control

(3) Clock control

(4) Interrupt control

(5) Timer control

(6) Serial channel control
(7) AD converter control

(8) Watchdog timer control

Configuration of the table

Symbol Name Address 7 6 // 1 0
\ k >Bitsymbol
\\ >Read/Write
\ ] >Initial value after reset
// >Remarks

Note: “Prohibit RMW" in the table means that you cannot use RMW instructions on these registers.

Example: When setting only bit0 of register POCR, “SET-0, (0002H)" cannot be used. The LD (transfer)
instruction'must be used to write all eight bits:
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Table 5 1/0 Register Address Map

Address Name Address Name Address Name Address Name

000000H | PO 20H| TRUN 40H| TREG6L 60H| ADREG04L
TH| P1 21H] (Reserved) 41H| TREG6H 61H| ADREG04H
2H| POCR 22H| TREGO 42H| TREG7L 62H| ADREG15L
3H| (Reserved) 23H| TREG1 43H| TREG7H 63H| ADREG15H
4H| P1CR 24H]| T1IOMOD 44H| CAP3L 64H| ADREG2L
5H| P1FC 25H]| TFFCR 45H| CAP3H 65H| ADREG2H
6H | (Reserved) 26H| TREG2 46H| CAPAL 66H| ADREG3L
7H| P3 27H] TREG3 47H| CAP4H 67H| ADREG3H
8H| (Reserved) 28H| T32MOD 48H| TSMOD 68H | (Reserved)
9H| (Reserved) 29H| TRDC 49H| T5FFCR 69H | (Reserved)
AH|P3CR 2AH 4AH 6AH | (Reserved)
BH | P3FC 2BH 4BH 6BH | (Reserved)
CH| P4 2CH 4CH 6CH | (Reserved)
DH|P5 2DH (Reserved) 4DH (Reserved) 6DH| CKOCR
EH| PACR 2EH 4EH 6EH{ SYSCRO
FH| (Reserved) 2FH 4FH 6FH| SYSCR1
10H| P4FC 30H| TREGAL 50H|'SCOBUF 70H| INTEOAD
11H| (Reserved) 31H| TREG4H 51H| SCOCR 71H| INTE45
12H| P6 32H| TREG5L 52H| SCOMOD 72H| INTE67
13H| P7 33H| TREG5H 53H| BROCR 73H| INTET10
14H| P6CR 34H| CAPIL 54H| SC1BUF 74H| INTET32
15H| P7CR 35H| CAP1H 55H{ SC1CR 75H| INTET54
16H| P6FC 36H| CAP2L 56H| SC1MOD 76H| INTET76
17H| ™\ 37H]| CAP2H 57H| BR1CR 77H| INTEO54
18H 38H| T4AMOD 58H| ODE 78H| INTESO
19H 39H| TAFFCR 59H 79H| INTES1
1AH 3AH|.T45CR 5AH (Reserved) 7AH| (Reserved)
1BH| > (Reserved) 3BH 5BH 7BH| IMC
1CH 3CH 5CH| WDMOD 7CH| DMAOV
1DH 3DH (Reserved) S5DH|WDCR 7DH| DMA1V
1EH 3EH 5EH| ADMODO 7EH| DMA2V
1FH| -/ 3FH 5FH[ ADMOD1 7FH| DMA3V

Note: Do not access to-addresses which-do not have register names allocated.
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(1) /O port
Symbol Name Address 7 6 5 4 3 2 1 0
P07 P06 PO5 P04 P03 P02 PO1 P00
PO Port 0 00H R/W
Data from external port (Output latch register becomes.undefined.)
P17 P16 pis | P4 | P13 pi2 | P11 | P10
P1 Port 1 01H R/W
Data from external port (Output latch-register is cleared to 0)
P35 - [ - [ -
R/W R/W
Data from 0 1 1
external
port
P3 Port 3 07H (Output
latch
register is
setto “1".)
Always Always write “1”.
write “0”. | (This bit is read as 1)
- P46 P45 P44 P43 P42 P41
R/W R/W
P4 Port4 OCH 0 Data from external port (Output latch register is set to 1.)
Always
write “0”.
P53 Ps2 | P51 P50
P5 Port 5 ODH R
Data from external port
- P64 P63 - P61 | P60
R/W R/W R/W R/W
12H
P6 Port 6 (Prohibit 0 Datafrom external 0 Data from external
RIVIW*) port (Output latch port (Output latch
registerissetto “1".) registerissetto “1”.)
P71 | P70
R/W
P7 Port7 By Data from external
port (Output latch
registerissetto “1".)
Read/Write
R/W: Either read or write is possible
R: Only read is possible
W:_ Only write is possible

Prohibit RMW:  Prohibit read-modify-write. (Prohibit RES/SET/TSET/CHG/STCF/ANDCF/ORCF/XORCF instruction)
Prohibit RMW*: Read-modify-write is prohibited when controlling the PU resistor.
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(2) 1/0O port control

Symbol Name Address 7 6 5 4 3 2 1 0
P07C P06C PO5C P04C P03C P02C PO1C POOC
02H
w
Pock | PO | (pronibit
RMW) o | o [ o | o [ o | ‘o Jro [ o
0: Input 1: Output
pizc | pi6c | pisc | pac | pi3c [ pr2c [ pric | pioc
04H
w
PICR | Pt | (pronibit
contro RMW) o [ o [ o [ o [ o J 0o | o | o
0: Input 1: Output
pize. | pi6F | PisF [ pPiar | P13k | P12k [ P1IF | PIOF
05H
w
p1rc | (POt | (prohibit
u RMW) o [ o [ o [ o [ o | o [ 0o | o
Always write "0”.
P35C -
0AH W W
P3cR | O3 | (Prohibit 0 o
control RMW)
0: Input Always
1: Output write 0",
0BH w
P3FC P Port_3 (Prohibit 0 0 0
unction RMW)
Always Always Always
write “0". |write “0". |write “0".
- P46C P45C P44C P43C P42C P41C
OEH w
P4CR Port 4 (Prohibit 0 0 0 0 0 0 0
control RMW)
Always 0: Input  1: Output
write “0”.
< P44F P41F
10H W W \\
parc | (PO | (prohibit 0 0 0
unction RMW)
Always 0: Port 0: Port
write “0". 1: TO4 1: TO3
- P64C P63C - P61C P60C
14H W
P6CR Port ¢ (Prohibit 0 0 | 0 0 0 I 0
control RMW)
Always 0: Input Always 0: Input
write “0”. 1: Output write “0”. 1: Qutput
- - - - | - - P71Cc | P70C
15H
w
P7CR |- PO T prohibit
coqire RMW) - - - - | -1 - o [ o
Always write “1”. 0: Input 1: Output
- Pe3r | - P6OF
w W w
Port 6 16|-.| .
P6FC . (Prohibit 0 0 0 0
function RMW)
Always 0: Port Always 0: Port
write “0”. 1: TXD1  |write "0". 1: TXDO
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(3) Clock control
Symbol Name Address 7 6 5 4 3 2 1 0
- - - CLKEN
RW R/W
Clock
output 0 0 0 0
CKOCR | control 006DH |Always write “0”. Always CLK pin
register write “0”. [control
0:High-Z
output
1:CLK output
- - - - - - PRCK1 PRCKO
RW
System 1 0 1 0 0 0 0 0
SYSCRO clock 006EH Always Always Always Always Always Always Select prescaler clock
control write “1". [write "0". |write “1". |write”0”. |write "0". [write "0". -{00: fepn
register 0 01: (Reserved)
10: fc/16
11:(Reserved)
- GEAR2 | GEAR1 | GEARO
R/W
0 1 0 | 0
System Always Select gear value of high frequency (fc)
SYSCR1 clock 006FH write “0”. 000: fc
control 001: fer2
register 1 010: fc/d
011: fc/8
100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
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(4) Interrupt control (1/2)
Symbol Name | Address 7 | 6 | 5 | 4 3 2 | 1 ] o
INTAD INTO
70H
INTO/AD | 0070 JADC | 1ADM2 | IADM1 [ 1ADMO | _10C__ | 10M2 | 10M1 | 10MO
INTEOAD |  enable | (Prohibit [ray W RIW Y
register | PMW) 0 0 | o | o 0 0] 0 | o0
INT5 INT4
INT4/5 | 007TH I —er—T1em T sm1 | Mo/ | 1ac [ iav2 | 14V | 1amo
INTE45 enable (PI’Ohibit R/W W R/W W
register PMIW) 0 0 | 0 | 0 0 0 I 0 | 0
INT7 INT6
INT6/7 | 0072H e m T 7m1 | 7m0 | 16C_ | 16M2 | 16M1 | 16MO
INTE67 enable | (Prohibit [~ray W RIW W
register PMW) 0 0 | 0 | 0 0 0 I 0 | 0
INTT1 (Timer1) INTTO (TimerQ)
INTT1/0 | 0073H =y Trivp T imiM1 [ ITAM0 | IToc_ | ITom2_ | [ToMT | IT0MO
INTET10 enable [ (Prohibit Ry W RIW W
register | PMW) 0 0 | o0 [ o 0 0.1 0. ] o0
INTT3 (Timer3) INTT2 (Timer2)
74H
INTT3/2 | 00 IT3C_ [ IT3M2 | IT3MT [ [T3M0 | IT2C_ | IT2M2 [ IT2M1 | IT2M0
INTET32 | enable | (Prohibit RV W RW W
register | PMW) 0 0] o ] o 0 0, ] 0o [ o
INTTRS (TREG5) INTTR4 (TREG4)
75H
INTTS/4 | 0075 IT5C_| 1T5M2 | IT5M1 | [T5M0 | 1T4C [ IT4M2 | ITAM1 | ITAMO
INTET54 enable (PrOthlt R/W W RIW W
register PMW) 0 0 | 0 | 0 0 0 | 0 | 0
INTTR7(TREG7) INTTR6 (TREG6)
INTT7/6 | 0076H "o oMz | im7M1T [ 7m0 | 1T6C_ | IT6M2 | T6M1 | IT6MO
INTET76 enable (PI’OthIt RIW Y, RIW W
register | PMW) 0 0 | o | o 0 0o ] 0 | o
INTTO5 INTTO4
77H
INTTOS/4 | 00 ITOSC | ITO5M2 | ITO5M1]ITO5MO0 | ITO4C | ITO4M2 [ ITO4M1 | ITO4MO
INTEO54 | enable | (Prohibit RIW W RIW W
register | PMW) 0 0 | o0 [ o 0 0o ] o | o
INTTXO INTRXO
78H
INTRXO/TXO| | 0078H 5Tz | ITXOMT [ITXOMO | TRXOC [IRXOMZ | IRXOMT | IRXOMO
INTESO enable " [ (Prohibit [—Rv W RIW W
register| | PMW) 0 0.1 o0 [ o 0 0 [ o0 [ o
INTTX1 INTRX1
INTRXT/TX 1| 0079 T [ ITXAMT [TX1M0 | IRX1C_[IRXIM2 | IRXTMIT [ IRXTMO
INTES1 enable | (Prohibit v W RV W
register |/ PMW) 0 0 | o0 [ o 0 0 | 0 | o
Il Il I
I I I |
|
|—> IxxM2 IxxM1 IxxMO Function (Write)
0 0 0 Prohibits interrupt request.
0 0 1 Setsinterrupt request level to 1 :
0 1 0 Sets interrupt request level to ”2".
0 1 1 Sets interrupt request level to 3
1 0 0 Sets interrupt request level to 4
1 0 1 Sets!nterrupt request level to “5”.
1 1 0 Sets interrupt request level to “6".
1 1 1 Prohibits interrupt request.
L IxxC Function (Read) Function (Write)
0 Indicates no interrupt request. Clears interrupt request flag.
1 Indicates interruptrequest. | ----- Don'tcare-----
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Interrupt control (2/2)
Symbol Name Address 5 4 3 2 1 0
. DMAOV4 | DMAOV3 | DMAQV2 | DMAOV1 DMAOVO
Micro 7CH
DMA 0 o w
DMAOV (Prohibit
request RMW) 0 | 0 | 0 | 0 I 0
vector Micro DMADO start vector
. DMA1v4 | DMA1V3 | DMA1V2 [ DMATVT [ DMA1VO
Micro 7DH
DMA 1 L W
DMA1V (Prohibit
request RMW) 0 | 0 | 0 | 0 | 0
vector Micro DMAT1 start vector
. DMA2v4 | DMA2v3 | DMA2v2 | DMA2V1 | DMA2vO
Micro 7EH
DMA 2 o W
DMA2V (Prohibit
request RMW) 0 | 0 | 0 | 0 [ 0
vector Micro DMAZ2 start vector
. DMA3V4 | DMA3V3 | DMA3V2 [ DMA3V1 | DMA3VO
Micro 7FH
DMA 3 o W
DMA3V (Prohibit
request | “eniw) oo [ o [0 [0 [ o
vector Micro DMA3 start vector
- o [ e [ -
W w
Interrupt 7BH 0 0 0 0
IMC input (Prohibit Always 1: INTO 0: INTO Always
mode R:\)/N'v) write “0". input edge write “0".
contorol enable mode
1: INTO
level
mode
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(5) Timer control (1/3)

Symbol Name Address 7 6 5 4 3 2 1 0
PRRUN T5RUN T4RUN T3RUN T2RUN T1IRUN TORUN
. RIW R/IW
Timer run
TRUN control 20H 0 0 I 0 | 0 | 0 0 0
register Prescaler and timer run/stop control
0: Stop and clear
1: Run (Count up)
8-bit 22H -
TREGO timer (Prohibit w
register0 [ RMW) Undefined
8-bit 23H X
TREG1 timer (Prohibit W
register 1 RMW) Undefined
TI0M1 | T10MO T1CLK1 | T1ciko (| Tocik1 [ TOCLKO
8-bit RAW RAW
timer 0,1
T10 |source CLK 24H 0 | 0 0 | 0 0 | 0
MOD | and mode 00: 8-bit timer 00: TOOTRG 00: Don'tset
control 01: 16-bit timer 01: ¢T1 01: ¢T1
register 10: - 10: ¢T16 10: ¢ T4
1: - 11747256 11: ¢T16
TFF3C1 | TFF3CO TFF3IE TFF3IS TFF1C1 | TFF1CO TFF1IE TFF1IS
] W RIW W RAW
8-Bit
timer - 1 K 0 0 1 K 0 0
TFFCR | flip-flop (Prohibit 00: Invert TFF3 1:TFF3 TFF3 00: Invert TFF1 1: TFF1 TFF1
control RMW) 01: Set TFF3 invert inversion 01: Set TFF1 invert linversion
register 10: Clear TFF3 enable [source 10: Clear TFF1 enable [source
11: Don'tcare 0:Timer 2 11: Don't care 0: Timer 0
1:Timer3 1: Timer 1
8-bit 26H N
TREG2 timer (Prohibit w
register 2 RMW) Undefined
8-bit 27H -
TREG3 timer (Prohibit W
register3 [ RMW) Undefined
T32M1 T32MO PWM21 PWM20 T3CLK1 T3CLKO T2CLK1 T2CLKO
8-bit
timer 2, 3 0 0 0 0 0 0 0 0
732 |source CLK 28H 00: 8-bit timer PWM 00: TO2TRG 00: Don't set
MOD | and mode 01: 16-bit-timer Cycle 01: ¢T1 01: ¢T1
control 10: 8-bit PPG 00: - 10: 4T16 10: ¢T4
register 11: 8-bit PWM 01:26-1 11: $7256 11: ¢T16
10:27 -1
11:28-1
TR2DE -
Timer RIW
register 0 0
double -
TRDC | buffer 29H 0:Double |Always
buffer [|write "0".
control .
register disable
g 1: Double
buffer
enable
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Timer Control (2/3)
Symbol Name Address 5 4 3 2 1 0
16-bit 30H -
TREGA4L timer (Prohibit w
registerdl RMW) Undefined
16-bit 31H —
TREG4H timer (Prohibit w
register4dH [ RMW) Undefined
16-bit 32H -
TREGS5L timer (Prohibit w
registerSL RMW) Undefined
16-bit 33H -
TREG5H timer (Prohibit W
register5H [ RMW) Undefined
capiL | CaPture | gy W
registeriL
Undefined
cApiH | Capture 35H w
register1H
Undefined
capaL | CBPtUre | a6 W
register2L
Undefined
cap2H | CBPtUre | gy w
register2H
Undefined
CAP1IN | cAP12M1 [ CAP12MO CLE TACLK1 | T4CLKO
16-bit w RIW
timer 4 38H 1 0 | 0 0 0 I 0
TAMOD | source CLK (Prohibit 0: Soft: Capture timing 1:UC4 Source clock
and mode - Disabl | .
control RMW) capture 00: Disable Clear 00: T4
register 1:Don't 01:TI4 1TTI57 enable 01: ¢T1
re 10:TI4 1 TI4 | 10: ¢T4
11: TFF1 1 TFF1 11: 4T16
CAP2T4 CAP1T4 | EQ5T4 EQ4T4 TFF4C1 | TFF4CO
R/W w
0 o | o [ o I
16-bit TFF4 invert trigger 00: Invert TFF4
timer 4 39H 0: Trigger disable 01: Set TFF4
TAFFCR | flip-flop | (Prohibit 1: Trigger enable 10: Clear TFF4
control RMW) 11: Don't care
register Invert Invert Invert Invert :
whenthe |whenthe [whenthe |whenthe
UCvalueis |UCvalueis| UC uc
loaded to |loaded to | matches matches
CAP2 CAP1 TREG5 TREG4
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Timer Control (3/3)
Symbol Name Address 7 5 4 3 2 1 0
QcCuU DB6EN DB4EN
R/W R/W
T4,T5 0 0 0
T45CR | control 3AH |Warm-up 1: Double buffer
register timer enable
control Double Double
buffer of [buffer of
TREG6 TREG4
s 40H ~
TREG6L |'EPittimen o hibit W
register 6L
RMW) Undefined
i 41H 7
TREG6H |1 O-Dittimen o 1 ibit W
register 6H RMW
) Undefined
s 42H -
TREG7L |'Ebittimen o hibit W
register 7L RVW)
Undefined
iy 43H -
TREG7H |1E-Dittimen o ibit w
register 7H
RMW) Undefined
cap3L | Capture |y W
register 3L
Undefined
Capture
CAP3H register 3H 45H w
Undefined
cApaL | Capture | e W
register 4L
Undefined
Capture
CAPAH register 4H R w
Undefined
CAP3IN CAP34M1 | CAP34MO CLE T5CLK1 T5CLKO
16-bit timer| W
5
source CLK 48H 1 0 0 0 0 0
T5MOD [ and mode |-(Prohibit 0: Soft- Capture timing 1: UCs Source clock
control RMW) capture 00: Disable clear 00: Tle
register 1: Don't 01:7TI6 1+ 717 1 enable 01: ¢T1
care 10:Tle T TlI6 | 10: ¢T4
11: TFF1] TFF1 | 11: ¢T16
CAPAT6 | CAP3T6 | EQ7T6 EQ6T6 - e
R/W w
0 o | o [ o K
16-bit timer TFF4 invert trigger Always write “11".
. > 49'f| . 0: Trigger disable
T5FFCR | flip-flop | (Prohibit 1: Trigger enable
control RMW)
register Invert Invert Invert Invert
whenthe [whenthe [whenthe [whenthe
UCvalueis [UCvalueis |UC uc
loaded to |loaded to |matches |matches
CAP4 CAP3 TREG7 TREG6
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(6) Serial channel control
Symbol Name Address 7 6 5 4 3 2 1 0
Serial 50H RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
SCOBUF channel 0 (Prohibit TB7 TB6 TB5 TB4 TB3 TB2 RB1 TBO
r
buffer RI?IIVIV)I R (Receiving)/W (Transmission)
register Undefined
RB8 EVEN | PE OERR | PERR | FERR - | -
Serial R R/W R (Cleared to 0 by reading) R/W
channel 0 undefined 0 0 o [0 |0 0 0
SCOCR control 51H Receiving |Parity 1: Parity 1: Error Always Always
register data bit8 [0: Odd enable Overrun Parity Framing | write “0”. | write “0".
1: Even
TB8 - RXE WU SM1 SMO SC1 SCO
. R/W
serial undefined 0 0 0 o] o o | o
SCO channel 0 Transmisson | Always 1: Receive [1: Wakeup 00: Don't care 00: TO2 Trigger
MOD cr::t(izl 52H databit8 | write "0". enable enable 01: UART 7-bit 01: Baud rate
register 10: UART 8-bit generator
K 11: UART 9-bit 10: Intérnal clock ¢1
11: Don't care
- BROCK1_| BROCKO BROS3 | BROS2 BROS1 | BROSO
Baud rate RIL;N o] o 0 RI\IN o | o ] o
0 control
BROCR register 53H Fix at 00: 4TO Set frequency divisor
9 g 01: ¢T2 0000:\16 divisions
10: 478 0?21 1to 15 divisions
11: 4732 1111 )
Serial SaH RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
channel 1 hibi TB7 TB6 TB5 TB4 TB3 TB2 RB1 TBO
SC1BUF buffer (Prohibit R (Receiving)/W (Transmission)
register | RMW) Undefined
RB8 EVEN) [ pE OERR . | PERR [ FERR - T -
serial R R/IW R(Cleared to 0 by reading) R/IW
chaen::I 1 undefined 0 0 o. ] o | o 0 0
SC1CR control 55H Receiving_|Parity 1: Parity 1: Error Always Always
register data bit8 |0: Odd enable Overrun Parity Framing [ write “0”. | write “0".
9 1: Even
TB8 - RXE WU SM1 SMO SC1 SCO
Serial : RIW
channel undefined 0 0 0 o | o o [ o
sC1 mode 56H Transmisson | Always 1: Receive [1: Wakeup 00: Don't care 00: TO2 Trigger
MOD | ol databits | write “0". |  enable enable 01: UART 7-bit 01: Baudrate
. 10: UART 8-bit generator 1
register 11: UART 9-bit 10: Internal clock ¢1
11: Don't care
- BR1CK1 BR1CKO BR1S3 | BR1S2 BR1S1 | BR1S0
R/W R/W
Baud rate 0 0 | 0 0 | 0 | 0 | 0
BR1CR | 1.control 57H Fix at 00: ¢TO Set frequency divisor
register K 01: T2 0000: 16 divisions
10: 48 0?21 1to 15 divisions
11: ¢T32 1111
Serial - - | ODE63 | ODE60
ope | °PM™ 8H .
drain > 0 | 0 0 0
Always write “0". 1: P63 1: P60
enable Open drain |Open drain
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(7) AD converter control
Symbol Name Address 7 6 5 4 3 2 1 0
EOCF ADBF - - ITMO REPET SCAN ADS
R R/W
Az 0 0 0 ] 0 0 0 0 0
ADMOD| mode SEH [1:End 1: Busy (Note) O:Every  |0:5ingle_ |[O: Fixed- |1: START
0 control Alwavs write “0” conversion |1: Repeat channel |(Note)
register 0 y : 1: Every 1: Scan Always
fourth Read "1”.
conversion
VREFON ADTRGE ADCH2 ADCH1 ADCHO
AD R/W R/W
1 0 0 | 0 [ ©
ADMOD mode
1 control 5FH  0: OFF f’.‘tema't . Analog Input
register 1 1: ON Nl channel selection
0: Disable
1: Enable
ADRO1 ADROQO ADRORF
) con\'/AeEr)sion R R
AD result 60H Undefined 0
REGOAL | register 0/4 Stores lower two bits of AD Conversion
low conversion result ;Ie:;“ stored
AD . ADRO09 | ADRO0O8 ADRO07 ADRO06 ADRO5 ADR0O4 ADRO03 ADRO02
AD conver|5|on R
REGOAH |, oqisrer /4 61H Undefined
high Stores upper eight bits of AD conversion result
ADR11 | ADR10 ADR1RF
AD R
Ap V| conversion R
result 62H Undefined 0
REG15L |register 1/5 Stores lower two bits of AD Conversion
low conversion result 1zleas;;.ult stored
AD ADR19 | ADRI8 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
conversion
AD result 63H R
REG15H register 1/5 Undefined
high Stores upper eight bits of AD conversion result
AD ADR21 I ADR20 ADR2RF
1) conversion R R
AD result 64H Undefined 0
REG2L register 2 Storeslower two bits of AD Conversion
Low conversion result ;Ie:;"lt stored
AD . ADR29 | ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
conversion
AD result 65H R
REG2H register 2 Undefined
high Stores upper eight bits of AD conversion result
AD ADR31 | ADR30 ADR3RF
conversion R R
ADx)l  result 66H Undefined 0
REG3L | register 3 Stores lower two bits of AD Conversion
low conversion result ;Ie:;It stored
Ad . ADR39 | ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
AD converlsmn R
result 67H -
REG3H | register 3 ___Undefined ,
high Stores upper eight bits of AD conversion result
MSB LSB
Converted dataofchannel’x’ 9 8 7 6 5 4 3 2 1 0
*1: Data to be stored in AD conversion result register low are the | |
lower 2 bits of the conversion result. The contents of the 5 to 1 L 'l !
bits of this register are always read as “1”. ADREGxH ¢ ADREGxL

Bit 0 conversion result stored flag bit <ADRxRF >
< ADRxRF > is set to “1” when the AD conversion result is |

stored.
Reading either the ADREGxH or the ADREGxL registers

clears <ADRxRF > to “0”.

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

%’—/

Bit5to 1 are always read as “1”.
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(8) Watchdog timer control

Symbol Name Name 7 6 5 a 3 2 1 0
WDTE WDTP1 WDTPO WARM HALTM1 HALTMO RESCR DRVE
R/W
Watchdog 1 0 0 0 o [ o 0 0
WD ;'1’;‘5; scq | 1TWDT [ 00:2%fsys Warm-up | HALT mode 1: Connect | 1: Drive
MOD control enable | 01: 2"/ sys time 00: RUN mode internally the pin
regiser 10: 2"%fsys 0: 2"%/inputted | 01: STOP.mode WDT out in STOP
11: 221/fSYS frequency 10: IDLET-mode to Reset mode
: 216/in i
1: 216/inputted 11:IDLE2 mode Pin
frequency
watcraos) 5o 3
WDCR control (Prohibit
register RMW) =
9 B1H: WDT disable code 4EH: WDT clear code
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6. Port Section Equivalent Circuit Diagram
® Reading the circuit diagram

Basically, the gate symbols written are the same as those used for the standard CMOS logic IC
[74HCXX] series.
The dedicated signal is described below.

STOP: This signal becomes active “1” when the HALT mode setting register is set to the STOP
mode (WDMOD <HALTM1:0> =0, 1) and the CPU executes the HALT instruction. When
the drive enable bit WDMOD <DRVE > is set to “1”, however, STOP remains at “0”.

® The input protection resistance ranges from several tens of ohms to several hundreds of ohms.

MW PO, P1,P4,P7

vce
Outputdata — {5 P-ch
Output enable N-ch
STOP
Input data ﬂqﬁ W [ lwo
Inputenable
M P61, P64
Vcce
Output data P-ch
_____________ Programmable
] VCC 1 pull-up
Output enable ) <~ N-ch 0B P-ch | resistance
STOP lL Jl
Input data eoqﬁ Wy : [ lwo
Input enable
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Bl P35 (INTO)
VCC
Output data | P-ch
Output enable <« N-ch
STOP
Input data <—0<]——0@ Wy [ 1o
Interrupt request signal Schmitt
Bl P50 to P52 (ANO to AN2)
Analog input
channel select o _J‘;-_ P-ch
Analog input |_‘+ [ ] Input
T N-ch
Input data
Input enable
Bl P53 (AN3/ADTRG)
Analog input
channel select Do—1 P-ch
Analog input || [ ] Input
:|-+ N-ch
Input data
Input enable
AD trigger <—o<]_o<:(_T'W\’*
STOP
93CS36-148 2004-02-17



TOSHIBA TMP93CS36

B P60 (TXDO0), P63 (TXD1)

VCC
Output data . | P-ch
Open-drain
outputenable -—D°_|“ N-ch TS Jcc 1 Programmable
STOP ! 1pull-up
>0 b~ P-ch I resistance
Input data <—O<lﬁ MW————— — [ ] 1o
Input enable
B CLK
Outputenable ———— — VCC VvCC
Internal CLK ,—D"P_ChlE‘T; _Ig; Plch
% A D Output
STOP :D°—|<—
N-ch
Internal reset ‘ >o
Wy
Test circuit
Input enable
H EA
Inputdata <——o<J—W\ [ ] Input
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B RESET
VCC
Internal reset <—C(_— Input
Schmitt
WDTOUT :D_
reset enable
H X1, X2
Clock
o Oscillator ?
i =W L1x2
1 I
| P-ch N-ch | I
— Dol =
High-frequency | i
oscillation enablei i
e w %
B VREFH, VREFL
VREFON >o 1
P-ch
VREFH
String
I~_resistance
% D VREFL
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7. Points of Concern and Restriction
(1) Notation

@ Explanation of a built-in /0O register: Register Symbol <Bit symbol>
e.g.) TRUN<TORUN> --- Bit TORUN of Register TRUN

@ Read, modify and write instruction

An instruction in which the CPU executes following by one instruction.
1. CPU reads data of the memory.

2. CPU modifies the data.

3. CPU writes the data to the same memory.

exl) SET 3,(TRUN) - Setbit3 of TRUN

ex2) INC 1,(100H) - - Increment the data of 100H

® A sample read-modify-write instructions using the TLCS-900
Exchange
EX (mem), R
Arithmetic Operation
ADD (mem), R/#
SUB (mem), R/#
INC #3, (mem)
Logical Operation

ADC (mem), R/#
SBC (mem), R/#
DEC #38, (mem)

AND (mem), R/#

XOR (mem), R/#
Bit Manipulation

STCF  #3/A, (mem)

RES #3, (mem)

OR (mem),R/#

SET' #3,(mem)
TSET #83, (mem)

CHG #3, (mem)

Rotate and Shift
RLC (mem) RRC (mem)
RL (mem) RR (mem)
SLA (mem) SRA (mem)
SLL (mem) SRL (mem)
RLD (mem) RRD (mem)

@ fc, frpH, fsys, 1 state

The clock frequency input from pins X1 and X2 is called fc. The clock frequency selected by
SYSCR1<GEAR2:0> is called system clock frpH, and the clock frequency given by frpy divided by 2 is
called fgys. One cycle of fgygis called 1 state.
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(2)
®

@

@

©)

Care points

EA

Fix these pins V¢ unless changing voltage.
HALT mode (IDLE1)

When IDLE1 mode (Oscillator operation only) is used, set TRUN <PRRUN > to “0” to stop prescaler
before “HALT” instruction is executed.

Warm-up counter

The warm-up counter operates when STOP mode is released even if the system is using an external
oscillator. As a result, it takes warm-up time from inputting the releasing request to outputting the
system clock.

Programmable pull up resistance

The programmable pull up resistances can be turned ON/OFF by the program when the ports are used
as input ports. When the ports are used as outputs, they can not be selected ON/OFF by the program.
The data registers (e.g., P6 register ...) are used for the pull-up resistors ON/OFF.. Consequently, read-
modify-write instructions are prohibited.

Watchdog timer

The watchdog timer starts operation immediately after the reset is released. When the watchdog timer
is not used, disable it.

AD converter

The string register between VREFH and VREFL pins can be cut by a program to reduce power
consumption. When the standby mode is used, disable the resistor using the program before the
“HALT” instruction is executed.

CPU (Micro DMA)

Only the “LDC cr,r”, “LDC r{ cr” instructions can be used to access the control registers in the CPU like
the transfer source address register (DMASn).

POP SR instruction
Please execute POP SR instruction during DI condition.
Releasing the HALT mode by requesting an interruption

Usually, interruptscan release all/halts status. However, the interrupts = (INTO) which can release
the HALT mode may not be able to do so if they are input during the period CPU is shifting to the HALT
mode (for-about 3 clocks of frpy) with IDLE1 or STOP mode (RUN and IDLEZ2 are not applicable to this
case). (In thiscase, aninterrupt request is kept on hold internally.)

If another interrupt is generated after it has shifted to HALT mode completely, halt status can be
released without difficultly. The priority of this interrupt is compare with that of the interrupt kept on
hold internally, and the interrupt with higher priority is handled first followed by the other interrupt.
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8. Package Dimensions

P-LQFP44-1010-0.80A

Unit: mm

12.210.2
10.01+0.2

33
HAAAAAAAAAH

1.0TYP
o
:mﬁ ( 8
N
N
10.0+0.2
12.2+0.2

44 i 12
HE
\Bil
1.0TYP1 L 0-35t885 ‘MT]
L8
o =
{ 85
L 0] 52
+ 1
3
28
59
X

Note: palladium plating
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