CHAPTER 8 TIMER UNIT

The timer unit in the gPD70325 and 70335 can be used as an interval timer, 2 one-shot timer, or a square wave

output.
9.1 Timer Unit Structure and Operation

The timer unit consists of two 16-bit timer registers, two 16-bit moduloftimer registers, and ane 8-bit timer control
register. The structure and operation of each operation mode are explained below,

{1) interval timer mode
Whan the timer unit is set to the interval timer mode, timers 0 and 1 can be used as shown in Figure 8-1,

- -

Figure 9-1. Timer Unit Structure during Interval Timer Mode
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When the intarval timer mode is specified in the timer control register (T MCD) and the TSObitis setto 1, the MDO -
register value is set in the TMO register and the clock specified in the TCLKO bit is counted down. |f the timer value
is set to 0 during tha countdown, the MDO register valug is again set in the TMO register and the clock is counted

down, {(Count value = setting value + 1)
A similar count operation is also performed for the timer 1 registers.
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CHAPTER 9 TIMER UNIT

{2) One-shot timer mode
When the timer unit is set to the one-shot timer mode, timer 0 is used as shown in Figure 8-2. However,
timer 1 can also be operated as an interval timer at the same time.

Figure 9-2. Timer Unit Structure during One-shot Timer Mode
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When the one-shot timer mode is specified in the timer control register (TMCO} and the TS/MSO bit is set 1o
1, the clock specified in the TCLKO/MMCLKQ bit is counted down in the TMO/MDQ register. When the timer value
is setto 0 during the countdown, the count operation stops. At that time, 0000H is retained in the TMO/MDO register.
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CHAPTER 9 TIMER UNIT

9.2 Timer Control Ragisters {TMC0 and TMC1)

The TMCD register is an B-bit register that controls TM0O and MDO register operations. The TMC1 register is an
8-bit register that controls TM1 and MD1 register operations.

The registers can be written/read by making an 8-bit or 1-bit memory access, in which case up to six wait states
are inserted.

When RESET is input, the contants of each register are initiafized to 00H. The TMCO and TMC1 registers differ
in format as shown below.

{interval timer mode, one-shot timsr mods}

7 6 5 4 3 2 1 0 -
TMCO| TSO |TCLKO| MSO {MCLKO| ENTO | ALV [MOD1|MODRO

{Interval timer modae)

7 6 5 4 3 2 1 0
et | st jrak| o | o [ o [ o] o] o |

The operation mode of timer 0 consisting of TMQ and MDO {or timer 1 consisting of TM1 and MD1) is specified
by setting TMCO {or TMC1} register bits 0 and 1 (MODO and MOD1}).

[MODO | and | MOD1 I: Timer 0 (or timer 1) operation mode specification bits

Set both MODO and MOD1 to 0 to select interval timer operation mode. Set MODO to 1 and MOD1 to 0 to selact
one-shot timer operation mode. In the interval timer operation mode, TMO {or TM1} serves as a timer register
for counting down the setup velue and MDJ (or MD1} serves as a maodulo register for retaining the interval setup
value. In the one-shot timer operation mode, both TMO and MDO sefve as timer registers for counting down
the sstup value. TMC1 bits 0 and 1 are fixed to 0 and timer 1 operates only as an interval timer,

Therefore, timer 0 consisting of TMO and MDOQ operates as a 16-bit interval timer or 16-bit one-shot timer. Timer
1 consisting of TM1 and MD1 operates as a 16-bit interval timer,

Timer O can also output a square wave to the TOUT pin. Square wave output to the TOUT pin is controlled by
setting the TMCOregister, Howaver, because the TOUT pin is also used for P15, set port 1 mode control register
bit 5 {PMC15) 1o 1 to set the pin to the control mode before outputting a sguare wave to the TOUT pin. At this
time, square wave output to the TOUT pin depends on the CPU's internal timing and does not depend on CLKOUT
output.
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CHAPTER 9 TIMER UNIT

: Active level specification bit of TOUT pin cutput

When the ENTO bit is reset to 0, the TOUT pin output becomes active-low when the ALV bit is reset to 0 and
active-high when the ALV bit is set to 1.

ENTO|: Bit specifying operation of sguare wave output to TOUT pin

When the ENTO bit is reset to O, the TOUT pin lavel becomes inactive as specified in the ALV bit when in interval
timer mode.

During one-shot timer moda, the following changes occur accerding to the setup value in the ALV bit.

ALY | Timing of change | TOUT pin
0 T80 =1 1
TMFO = 1 0
3 TS0 =1 0
TMFQ =1 1

When the ENTO bit is set to 1, the TOUT pin level is inverted according to the timing whereby the timer unit
interrupt request flag (TMFO) is set to 1.

Figure 9-3. Output State of TOUT Pin {(during One-shot Timer Made)

Countvalue = 0 Count vaiue = 0 Count value = 0
Timer start Timer start Timer start
L i 1
TOUT pin
1 @) @® @ @ @ Q)

D ALV=1,ENTO=0
@ :ALV=0,ENTO=1

When the timer counter is started,@ is set.
After completion of the countdown (after inversion of TOUT output}, set as shown for ).
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CHAPTER 9 TIMER UNIT

Other hits in the TMCD and TMC1 registers are expiained below for each operation mode.

(1) Interval timer mode (MODO = 0, MOD1 = 0): Timars 0 and 1
[_TCLKDI anleCLK1_] : Count clock specification bits in TMO and TM1 registers

Table 9-1 lists the reference values when the system clock frequency (fcuk) is 8 MHz.

| TSO {and| TS1 | : Operation control bits for timers 0 and 1

When the TSO (or TS1) bit is set to 1, the MDO {MD1) register value is set in the TMO (TM1) register and the
TMO (TM1] register starts counting down. When the TS0 (TS1) bitis reset to §, the TMG (TM 1) register retains
the contents of the TMO (TM1) and MDQ (MO} registers and stops counting down.

If the timer value is set 1o 0 or if the TS0 {or TS1} bit is again set to 1 during the countdown, the MBQ (MB1)
register value i3 again set in the TMO (TM1} register and the TMO {TM1) register again starts counting down.

Table 9-1. TMn Count Tims in interval Timar Mode (n = 0 or 1)

Whaen fcik = 8 MHz

TCLKn Count clock | Resolution Full count
0 fok/6 0.75 us 49.1 ms
1 fouk/128 16 us 1.04s

(2) One-shot timer mode (MODO = 1, MOD1 = 0); Timer 0 only
TCLKO : TMO register count clock specification bit

Table 9-2 lists the referance values when the system clock frequency (fouk) is 8 MHz.

: TMO register operation controt bit

When the TS0 kit is set to 1, the countdown is started from the retained TMO ragister contents. When the
timer value is set to 0, the TS0 bit is reset to 0 and count operation is stopped. When the TS0 bit is reset
to 0, the TMO register retains the current value and stops counting.

MCLKOD| : MDO register count clock specification bit

Table §-2 lists the reference values when the system clock frequency (few) is 8 MHz. When the interval timar
mode is set, the MCLKD bit does not affect the count operation,
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CHAPTER 9 TIMER UNIT

MSQ | : MDQ register count operation control bit

When the MSQ0 bit is set to 1, the countdown is started from the retained MDO register contents. When the
timer value is set to 0, the MSO0 bit is raset to 0 and the count operation is stopped. When the MS0 bit is
reset to 0, the MDO register retains the current value and stops counting.

When the interval timer mode is set, the MSO bit does not affect the count operation.

Table 9-2. TMO and MP0 Count Time in One-shot Timer Mode

When fouk = B MMz

TCLKO/ Count clock | Resolution Full count
MCLKD
0 fow/12 1.5 us 98.3 ms
1 fek/128 16 us .04 s

Caution The TM0 register count clock when the interval timer mode is set differs from that when the one-
shot timer mode is set.
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CHAPTER 3 TIMER UNIT

Figure -4, TMCO

7 8 5 4 3 2 1 0 When reset  R/W
TS | TCLK | MS | MCLK MCD | MOD 00H R/W
ENTO | ALV
0 0 0 0 1 0
l_—j Operation mode specification
MOD | MCD e
1 0 Specification
0 0 Interval timer mode
0 1 One-shet timer mode
1 x Setting prohibited

Active level spacification of TOUT pin

Q

Active lavel of TOUT pin 18 low

1

Active level of TOUT pin is high

TOUT pin oparation specification

¢

TOUT pin level is fixed to inactive level of the ALV bit

1

TOUT pin level is inverted at the TMFQ setting timing

MDQ register clock scurce specification

foxf12 is specified as MOO register count clock

L {in one-shot timer mode)
0

1

fow/128 is specified as MDO register count clock

MDA register operation contr! {in one-shat timer mode)

0

Countdown stop (MDO retained)

1

MDQ countdown start

TMO register clock source specification

Ininterval] 0 | few is specified as TMO count clock
timer
maode 1 fo/12B is spacified as TMO count clock
onearot| O | fax12 is specified as TMO count clock
mods | 1| faxtt28is specified as TMO count clock

TMO register operation control

i vtares! 0 Countdown stop [TMOQ and MDO retained)
imer MDO contents are loaded into TMO and TMO
mode 1 ;

countdown is startad

enesnor| @ | Countdown stop (TMO retained)

e | 1| T™MO courvdown start

Note Be sure to write “0” into MCD1.
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Figure 9.5, TMC1

7 6 5 4 3 2 1 0 When reset RW
TS | TCLK QOH Rw

TM1 register clock source spacification

0 fouk/B is specified as count clock

1 fa/128 is specified as count ciock

TM1 register operation control

o] Count stop (TM1 and MD1 retained)

7 | MDP1 contents are loaded into TM1 and TM1
countdown is started
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CHAPTER 8 TIMER UNIT

9.3 Timer Unit Interrupt Requests

Three interrupt requests (TMFD to TMF2) occur from the timer unit. Their occurrence conditions vary depending
on the timer operation mode specification,

When the interval timer mode is set, TMFO is set to 1 when the TMO register value is set to 0 by counting down,
and TMF1 and TMF2 are set to 1 when the TM1 register value i5 set to 0 by counting down. (See Figure 9-6 {a).)

When the TMO and MDO registers are set to the cne-shot timer mode, TMFQ is set to 1 when the TMO register
value is set to 0 by counting down, and TMF1 is set to 1 when the MDO register value is set to O by counting down.
In this case, TMF2 is set to 1 when the value of the TM1 register operating as interval timer changes to 0 by counting
down.

Figure 9-6. Interrupt Requests Occurring from Timer Unit

(a) When TMO and MDO are set to interval timer mode

MDO
TMO ———— TMFQ set signal
MD1
............................. TMF1 set signat
T
TMF2 set signal

{b} When TM0 and MDO are set to one-shot timer mode

Do TMF1 set signal
MO — = TMF0 s6t signal
MDA

------—~~---';;n'1 """""""""" . TMF2 setsignal

TMFQ to TMF2: Timer unit interrupt request flags 0to 2
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CHAPTER 9 TIMER UNIT

9.3.1 Timer unit interrupt request control registers {TMIC0, TMIC1, and TMIC2)

The TMICn register {n = 0 to 2} is an 8-bit register that controls the corresponding three interrupt requasts that
cccur from the timer unit. These three interrupt requests make up one group and the pricrity level is pregrammable
as a timer unit interrupt request group. The priority levels in the group are fixed as follows.

TMFO>TMF1>TMF2

Figure 9-7. TMICO, TMIC1, and TMIC2

7 8 5 4 3 2 1 0
TMICO | TMFO |TMMKO|MS/INTI ENCS | 0 | PR2 | PRY | PRO

TMICT | TMFT [TMmciMSANT ENCS | © | & | 1 | 1

™2 [ TMF2 [mmkalMsANT Encs | o | 1 1

Caution Bits 2 to 0 of TMIC1 and TMICZ are fixed to 1. The TMIC? and TMICZ interrupt request priority
levels conform to the TMICO PR2 to PRO settings.

For details of the TMICn register bits, see section 4.8 Interrupt Request Control Register,

The registers can be written/read by making an 8-bit or 1-bit mamory access, in which case one wait state is
inserted.

When RESET is input, the TMICn register contents are initizlized to 47H.

9.3.2 Timer unit macro service control ragisters (TMMS0, TMMS1, and TMMS2)

The TMMS( to TMMS2 registers are 8-bit registers that control macro service which is started when three types
of interrupt requests accur from the timer unit.

The TMMS0 register is used to control the macro service that is started when the TMFG flag is set.

The TMMS1 register is used to control the macro service that is started when the TMF1 flag is set, and the TMMS2
register is used to contro! the macro service started when the TMF2 flag is set.

The registers can be written/read by making an 8-bit or 1-bit memory access, in which case one wait state is
inserted,

Figure 3-8. TMMS0, TMMS1, and TMMS52

7 6 5 4 3 2 1 0
MSM | MSM | MSM CH | CH | cM
DIR | ©
2 1 0 2 1 0

For details of the TMMSn register bits, see section 4.5.4 Macro service control register,
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