USER’S MANUAL

CHAPTER 6
COUNTER/TIMERS

6.1 INTRODUCTION

The Z8® MCU provides up to two 8-bit counter/timers, TO
and T1, each driven by its own 6-bit prescaler, PREO and
PREL1 (Figure 6-1). Both counter/timers are independent of
the processor instruction sequence, that relieves software
from time-critical operations such as interval timing or
event counting. Some MCUs offer clock scaling using the
SMR register. See the device product specification for
clock available options. The following description is typical.

Each counter/timer operates in either Single-Pass or Con-
tinuous mode. At the end-of-count, counting either stops or
the initial value is reloaded and counting continues. Under
software control, new values are loaded immediately or
when the end-of-count is reached. Software also controls
the counting mode, how a counter/timer is started or
stopped, and its use of I/0 lines. Both the counter and pres-
caler registers can be altered while the counter/timer is
running.
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Figure 6-1. Counter/Timer Block Diagram
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Counter/timers 0 and 1 are driven by a timer clock gener-
ated by dividing the internal clock by four. The divide-by-
four stage, the 6-bit prescaler, and the 8-bit counter/timer
form a synchronous 16-bit divide chain. Counter/timer 1
can also be driven by a external input (T,) using P31. Port
3 line P36 can serve as a timer output (Tqyy) through
which TO, T1, or the internal clock can be output. The timer
output will toggle at the end-of-count.

The counter/timer, prescaler, and associated mode regis-
ters are mapped into the register file as shown in Figure 6-
2. This allows the software to treat the counter/timers as
general-purpose registers, and eliminates the need for
special instructions.

6.2 PRESCALERS AND COUNTER/TIMERS

The prescalers, PREO (F5H) and PRE1 (F3H), each con-
sist of an 8-bit register and a 6-bit down-counter as shown
in Figure 6-1. The prescaler registers are write-only regis-
ters. Reading the prescalers returns the value FFH. Fig-
ures 6-3 and 6-4 show the prescaler registers.

The six most significant bits (D2-D7) of PREO or PRE1
hold the prescalers count modulo, a value from 1 to 64
decimal. The prescaler registers also contain control bits
that specify TO and T1 counting modes. These bits also in-
dicate whether the clock source for T, is internal or exter-
nal. These control bits will be discussed in detail through-
out this chapter.

The counter/timer registers, TO (F4H) and T1 (F2H), each
consist of an 8-bit down-counter, a write-only register that
holds the initial count value, and a read-only register that
holds the current count value (Figure 6-1). The initial value
can range from 1 to 256 decimal (01H,02H,..,00H). Figure
6-5 illustrates the counter/timer registers.

. DEC HEX Identifiers
247 Port 3 Mode F7
245 TO Prescaler F5
244 Timer/Counter0 Fa
243 T1 Prescaler E3
242 Time/Counterl E2
241 Timer Mode F1

Figure 6-2. Counter/Timer Register Map

R245 PREO
Prescaler O Register
(%F5; Write-Only)

|D7|D6|D5|D4|D3|D2|D1|D_o|

I— Count Mode
0 =T, Single Pass
1=T, Modulo-n

Reserved (Must be 0)

Prescaler Modulo

(Range: 1-64 Decimal
01-00 HEX)

Figure 6-3. Prescaler O Register

R243 PRE1
Prescaler 1 Register
(%F3; Write-Only)

ufufulu]ufufofoj

I— Count Mode
0=T, Single Pass
1=T, Modulo-n

Clock Source

1=T, Internal
0 =T, External (T\\)

Prescaler Modulo

(Range: 1-64 Decimal
01-00 HEX)

Figure 6-4. Prescaler 1 Register

R242 T1
Counter/Timer 1 Register
(%F2; Write/Read Only)

R244 TO
Counter/Timer O Register
(%F4; Write/Read Only)

|D7|D6|D5|D4|D3|D2|D1|D_o|

—— Initial value when written

(Range 1-256 decimal, 01-00 HEX)
current value when read

Figure 6-5. Counter / Timer 0 and 1 Registers
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6.3 COUNTER/TIMER OPERATION

Under software control, counter/timers are started and
stopped via the Timer Mode Register (TMR,F1H) bits D,-
D, (Figure 6-6). Each counter/timer is associated with a
Load bit and an Enable Count bit.

6.3.1 Load and Enable Count Bits

Setting the Load bit (D, for TO and D, for T1) transfers the
initial value in the prescaler and the counter/timer registers
into their respective down-counters. The next internal
clock resets bits Dy and D, to 0, readying the Load bit for
the next load operation. New values may be loaded into
the down-counters at any time. If the counter/timer is run-
ning, it continues to do so and starts the count over with
the new value. Therefore, the Load bit actually functions as
a software re-trigger.

R241 TMR
Timer Mode Register
(% F1; Read/Write)

LI [ [ [osfpz[orfoo]
L

0 = No Function
1=Load T,

0 = Disable T, Count
1 =Enable T, Count

0 = No Function
1=Load T,

0 = Disable T, Count
1 =Enable T, Count

Figure 6-6. Timer Mode Register

‘ M3 ‘ M1 ‘ M2 ‘

The counter timers remain at rest as long as the Enable
Count bits are 0. To enable counting, the Enable Count bit
(D, for TO and D4 for T1) must be set to 1. Counting actu-
ally starts when the Enable Count bit is written by an in-
struction. The first decrement occurs four internal clock pe-
riods after the Enable Count bit has been set. If T1 is
configured to use an external clock, the first decrement be-
gins on the next clock period. The Load and Enable Count
bits can be set at the same time. For example, using the
instruction:

OR TMR,#03H

sets both DO and D1 of the TMR. This loads the initial val-
ues of PREO and TO into their respective counters and
starts the count after the M2T2 machine state after the op-
erand is fetched (Figure 6-7).

R243 PRE1
Prescaler 1 Register
(% F3; Write-Only)
R245 PREO
Prescaler O Register
(% F5; Write-Only)

LI PP T ] oo

|— Count Mode
0 =T, Single Pass
1 =T, Modulo-n

Figure 6-7. Starting The Count

[T1{r2|r3 [Ta|r2fr3|T1|r2| 73|11 [r2] 73]

L

First Decrement Occurs
Four Clock Periods Later

TMR is Written, Counter/Timer
is Loaded

#03H is Fetched

Figure 6-8. Counting Modes
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6.3.2 Prescaler Operations

During counting, the programmed clock source drives the
6-bit Prescaler Counter. The counter is counted down from
the value specified by bits of the corresponding Prescaler
Register, PREO (bit 7 to bit 2) or PRE1 (bit 7 to bit 2). (Fig-
ures 6-3, 6-4). When the Prescaler Counter reaches its
end-of-count, the initial value is reloaded and counting
continues. The prescaler never actually reaches 0. For ex-
ample, if the prescaler is set to divide-by-three, the count
sequence is:

3-2-1-3-2-1-3-2-1-3...

Each time the prescaler reaches its end of count a carry is
generated, that allows the Counter/Timer to decrement by
one on the next timer clock input. When the Counter/Timer
and the prescaler both reach the end-of-count, an interrupt
request is generated (IRQ4 for TO, IRQ5 for T1). Depend-
ing on the counting mode selected, the Counter/Timer will
either come to rest with its value at 00H (Single-Pass
Mode) or the initial value will be automatically reloaded
and counting will continue (Continuous Mode). The count-
ing modes are controlled by bit 0 of PREO and bit O of
PREL. (Figure 6-8). A 0, written to this bit configures the
counter for Single-pass counting mode, while a 1 written to
this bit configures the counter for Continuous mode.

The Counter/Timer can be stopped at any time by setting
the Enable Count bit to 0, and restarted by setting it back
to 1. The Counter/Timer will continue its count value at the
time it was stopped. The current value in the Counter/Tim-
er can be read at any time without affecting the counting
operation.

Note: The prescaler registers are write-only and cannot
be read.

New initial values can be written to the prescaler or the
Counter/Timer registers at any time. These values will be
transferred to their respective down counters on the next
load operation. If the Counter/Timer mode is continuous,
the next load occurs on the timer clock following an end-of-
count. New initial values should be written before the de-
sired load operation, since the prescalers always effective-
ly operate in Continuous count mode.

The time interval (i) until end-of-count, is given by the
equation:

i =tXpXv
in which:
t = four times the internal clock period.

The internal clock frequency defaults to the external clock
source (XTAL, ceramic resonator, and others) divided by
2. Some Z8® microcontrollers allow this divisor to be
changed via the Stop-Mode Recovery register. See the
product data sheet for available clock divisor options.

Note that t is equal to eight divided-by-XTAL frequency of
the external clock source for T1 (external clock mode

only).

p = the prescaler value (1 — 63) for T, and T,.

The minimum prescaler count of 1 is achieved by loading
000001xx. The maximum prescaler count of 63 is
achieved by loading 111111xx.

v = the Counter/Timer value (1-256)

Minimum duration is achieved by loading 01H (1 prescaler
output count), maximum duration is achieved by loading
O0H (256 prescaler outputs counts).

The prescaler and counter/timer are true divide-by-n
counters.
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6.4 Ty MODES

The Timer Mode Register TMR (F1H) (Figure 6-9),isused  trolled by one of the counter/timers (TO or T1) or the inter-
in conjunction with the Port 3 Mode Register P3M (F7H) nal clock.

(Figure 6-10) to configure P36 for Ty, operation for TO

and T1. In order for T to function, P36 must be defined

as an output line by setting P3M bit 5 to 0. Output is con-

Register FIHR
Timer Mode Register (TMR)
(Read/Write)

7] | o3| | [oo]
Lo

= No Function
1=Load T,

0 = Disable T, Count
1 =Enable T, Count

Tout Modes:

Tout OFF =00

T, OUT =01

T,0UT =10

Internal Clock OUT =11

Figure 6-9. Timer Mode Register (T, Operation)

Register F7H
Port 3 Mode Register (P3M)
(Write-Only)

|D7|D6|D5|D4|D3|D2|D1|Do|

L 0 P31 = Input (T,y) P36 = Output (Toyr)
1 P31 =/DAV2/RDY2 P36 = RDY2//DAV2

Figure 6-10. Port 3 Mode Register (T, Operation)
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6.4 To,r MODES (Continued)

The counter/timer to be output is selected by TMR bit 7
and bit 6. TO is selected to drive the Tyt line by setting bit
7 to 0 and bit 6 to 1. Likewise, T1 is selected by setting bit
7 and bit 6 to 1 and 0, respectively. The counter/timer Tqyr
mode is turned off by setting TMR bit and bit 6 both to O,
freeing P36 to be a data output line.

Tour is initialized to a logic 1 whenever the TMR Load bit
(bit O for TO or bit 1 for T2) is set to 1. The Ty configura-
tion timer load, and Timer Enable Count bits for the
counter/timer driving the T pin can be set at the same
time. For example, using the instruction:

OR TMR,#43H
= Configures TO to drive the Ty pin (P36).
m  Sets the P36 Ty pin to a logic 1 level.

m  Loads the initial PREO and TO levels into their respective
counters and starts the counter after the M2T2 machine
state after the operand is fetched.

IRQ,

TMR

(TO End-of-Count) | D7-Dg=01

At end-of-count, the interrupt request line (IRQ4 or IRQ5),
clocks a toggle flip-flop. The output of this flip-flop drives
the Toyr line, P36. In all cases, when the selected
counter/timer reaches its end-of-count, Ty toggles to its
opposite state (Figure 6-11). If, for example, the
counter/timer is in Continuous Counting Mode, Tout will
have a 50 percent duty cycle output. This duty cycle can
easily be controlled by varying the initial values after each
end-of-count.

The internal clock can be selected as output instead of TO
or T1 by setting TMR bit 7 and bit 6 both to 1. The internal
clock (XTAL frequency/2) is then directly output on P36
(Figure 6-12).

While programmed as Tqr, P36 cannot be modified by a
write to port register P3. However, the Z8® software can
examine the P36 current output by reading the port regis-
ter.

\o_. +2 ¥ P3s > Tour

IRQsg
(T1 End-of-Count)

TMR
D, - Dg =10

Figure 6-11. TO and T1 Output Through Tgyt

Internal
Clock
oscrH»| =2
TMR Dg —]
TMR D; —

l O| A_ P36 —> TOUT

Figure 6-12. Internal Clock Output Through Tqt
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6.5 T,y MODES

The Timer Mode Register TMR (F1H) (Figure 6-13) is used
in conjunction with the Prescaler Register PRE1 (F3H)
(Figure 6-14) to configure P31 as T. T,y is used in con-
junction with T1 in one of four modes:

m  External Clock Input

m  Gated Internal Clock

m  Triggered Internal Clock

m  Retriggerable Internal Clock

Note: The T,y mode is restricted for use with timer 1 only.
To enable the T, mode selected (via TMR bits 4- 5), bit 1
of PRE1 must be set to 0.

Register F1H
Timer Mode Register (TMR)
(Read/Write)

L[ [ospo«] | [ | |

The counter/timer clock source must be configured for ex-
ternal by setting the PRE1 Register bit 2 to 1. The Timer
Mode Register bit 5 and bit 4 can then be used to select
the desired T, operation.

For T1 to start counting as a result of a T,y input, the En-
able Count bit (bit 3 in TMR) must be set to 1. When using
T,y @s an external clock or a gate input, the initial values
must be loaded into the down counters by setting the Load
bit (bit 2 in TMR) to a 1 before counting begins. In the de-
scriptions of Ty that follow, it is assumed the programmer
has performed these operations. Initial values are auto-
matically loaded in Trigger and Retrigger modes so soft-
ware loading is unnecessary.

—\_— T,y = Modes:

External Clock Input = 00

Gate Input =01

Trigger Input = 10 (Non-retriggerable)
Trigger Input = 11 (Retriggerable)

Figure 6-13. Timer Mode Register (T, Operation)

Register F3H
Prescaler 1 Register (PRE1)
(Write-Only)

|D7|D6|D5|D4|D3|D2|Dl|DO|

|— Clock Source

0 =T, External Enable T,y Mode
1 =T, Internal

Disable T,y Mode

Figure 6-14. Prescaler 1 Register (T, Operation)
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It is suggested that P31 be configured as an input line by
setting P3M Register bit 5 to 0, although Ty is still function-
al if P31 is configured as a handshake input.

Each High-to-Low transition on T,y generates an interrupt
request IRQ2, regardless of the selected T, mode or

the enabled/disabled state of T1. IRQ2 must therefore be
masked or enabled according to the needs of the applica-

tion.

6.5.1 External Clock Input Mode

The T,y External Clock Input Mode (TMR bit 5 and bit 4
both set to 0) supports counting of external events, where
an event is considered to be a High-to-Low transition on

T\ (Figure 6-15).

Note: See the product data sheet for the minimum
allowed T external clock input period (Tp T)y)-

TMR
Ds - D, =00
IRQ;
> D D PRE1 T1 —
N\ 2\
A
IRQ,
Internat >

Clock

Figure 6-15. External Clock Input Mode
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6.5.2 Gated Internal Clock Mode

The T,y Gated Internal Clock Mode (TMR bit 5 and bit 4 set
to 0 and 1 respectively) measures the duration of an exter-
nal event. In this mode, the T1 prescaler is driven by the
internal timer clock, gated by a High level on T,y (Figure 6-
16). T1 counts while T,y is High and stops counting while

. Internal
- ® >
osc> 2 Clock

TMR
Dy D, =01
®

T\ is Low. Interrupt request IRQ2 is generated on the
High-to-Low transition of T,y signalling the end of the gate
input. Interrupt request IRQ5 is generated if T1 reaches its
end-of-count.

+4 » PRE1| T1 — IRQ;

e

\Y \Y4
Tw = PSi> D | D > IRQ,
Gate
Figure 6-16. Gated Clock Input Mode
UM9728X0104 6-9
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6.5.3 Triggered Input Mode

The T, Triggered Input Mode (TMR bits 5 and 4 are set to
1 and 0 respectively) causes T1 to start counting as the re-
sult of an external event (Figure 6-17). T1 is then loaded
and clocked by the internal timer clock following the first
High-to-Low transition on the T,y input. Subsequent T
transitions do not affect T1. In the Single-Pass Mode, the
Enable bit is reset whenever T1 reaches its end-of-count.

Further T transitions will have no effect on T1 until soft-
ware sets the Enable Count bit again. In Continuous mode,
once T1 is triggered counting continues until software re-
sets the Enable Count bit. Interrupt request IRQ5 is gener-
ated when T1 reaches its end-of-count.

- Internal
oscp»| =2 Clock TMR
Ds=1
+4 » PRE1| T1 r@— IRQ;
Edge
Trigger
\Y4 \Y%
Tn ~—> P31 | D D H—» _L
Trigger
TMR
Dy;-D,=11
» IRQ,

Figure 6-17. Triggered Clock Mode

6-10
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6.5.4 Retriggerable Input Mode

The T,y Retriggerable Input Mode (TMR bits 5 and 4 are
set to 1) causes T1 to load and start counting on every oc-
currence of a High-to-Low transition on T, (Figure 6-17).
Interrupt request IRQ5 will be generated if the pro-
grammed time interval (determined by T1 prescaler and
counter/timer register initial values) has elapsed since the
last High-to-Low transition on T,y. In Single-Pass Mode,
the end-of-count resets the Enable Count bit. Subsequent

T,y transitions will not cause T1 to load and start counting
until software sets the Enable Count bit again. In Continu-
ous Mode, counting continues once T1 is triggered until
software resets the Enable Count bit. When enabled, each
High-to-Low T,y transition causes T1 to reload and restart
counting. Interrupt request IRQ5 is generated on every
end-of-count.

6.6 CASCADING COUNTER/TIMERS

For some applications, it may be necessary to measure a
time interval greater than a single counter/timer can mea-
sure. In this case, T, and Ty can be used to cascade TO
and T1 as a single unit (Figure 6-18). TO should be config-
ured to operate in Continuous mode and to drive Tor. Ty
should be configured as an external clock input to T1 and
wired back to Tr. On every other TO end-of-count, Tyt
undergoes a High-to-Low transition that causes T1 to
count.

T1 can operate in either Single-Pass or Continuous mode.
When the T1 end-of-count is reached, interrupt request
IRQ5 is generated. Interrupt requests IRQ2 (T,y High-to-
Low transitions) and IRQ4 (TO end-of-count) are also gen-
erated but are most likely of no importance in this configu-
ration and should be disabled.

oscH»| +2 »| +4 »|PREO| TO +2 >

P3, P3, | PREL| T1
TOUT TIN

— IRQ;

—» |RQ,

—» IRQ,

Figure 6-18. Cascaded Counter / Timers
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6.7 RESET CONDITIONS

After a hardware reset, the counter/timers are disabled

. ; R245 PREO

and the contents of the counter/timer and prescaler regis- Prescaler 0 Register

ters are undefined. However, the counting modes are con- (%F5; Write-Only)

figured for Single-Pass and the T1 clock source is set for | U | U | U | U | U | U | U | 0 |

external.

I— Count Mode

R242T1 ) 0 =T, Single Pass
Counter/Timer 1 Register 1 =T, Modulo-n
(%F2; Write/Read Only)
R244 TO Reserved (Must be 0)
Counter/Timer 0 Register Prescaler Modulo
(%F4; Write/Read Only) (Range: 1-64 Decimal
[uujulufufufu]y] PHOOHED

— Initial value when written

(Range 1-256 decimal, 01-00 HEX) Figure 6-21. Prescaler 0 Reset
current value when read

R.241 TMR .
Figure 6-19. Counter / Timer Reset Timer Mode Register
(% F1; Read/Write)
T,y is set for External Clock mode, and the Toyr modeis [ ofo]o [o[o]o[ofo]
off. Figures 6-19 through 6-22 show the binary reset B
values of the Prescaler, Counter/Timer, and Timer Mode 0 = No Function
registers. 1=Load T,
0 = Disable T, Count
1 = Enable T, Count
R243 PRE1 0 = No Function
Prescaler 1 Register 1=Load T,
(%F3; Write-Only)
L 0=Disable T, Count
[uJuJuJuluJuJo]o] 1= Enable T, Count
L Count Mode Tiy = Modes:
0=T, \E.Ainglel Pass External Clock Input = 00
1 =T, Modulo-n Gate Input = 01
‘13'9‘? ?&Eﬁ;l Trigger Input = 10
0= Ti External (T y) (Non-retriggerable)
Trigger Input = 11
Prescaler Modulo (Rgt?iggergme)
(Range: 1-64 Decimal
01-00 HEX) Tour Modes:
Tour OFF =00
T,OUT =01
Figure 6-20. Prescaler 1 Register Reset T,0UT =10

Internal Clock OUT =11

Figure 6-22. Timer Mode Register Reset

6-12 UM9778X0104



