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Featm. • Four independently programmable
counter/timer channels, each with a
readable downcounter and a selectable
16 or 256 prescaler. Downcounters are
reloaded automatically at zero count.

• Three channels have Zero Count/Timeout
outputs capable of driving Darlington
transistors.

• Selectable positive or negative irigger
initiates timer operation.

• Standard Z-80 Family daisy-chain interrupt
structure provides fully vectored, prioritized
interrupts without external logic. The CTC
may also be used as an interrupt controller.

• Interfaces directly to the Z·80 CPU or-for
baud rate generation-to the Z-80 SIO.
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General
Description

The Z·80 CTC four·channel counter/timer
can be programmed by system software for a
broad range of counting and timing applica­
tions. The four independently programmable
channels of the Z-80 CTC satisfy common
microcomputer system requirements for event
counting, interrupt and interval timing, and
general clock rate generation.

System design is simplified because the CTC
connects directly to both the Z·80 CPU and the
Z·80 SIO with no additional logic. In larger
systems, address decoders and buffers may be
reqUired.

Programming the CTC is straightforward:

each channel is programmed with two bytes; a
third is necessary when interrupts are enabled.
Once started, the CTC counts down, reloads
its time constant automatically, and resumes
counting. Software timing loops are completely
eliminated. Interrupt processing is simplified
because only one vector need be specified; the
CTC internally generates a unique vector for
each channel.

The Z-80 CTC requires a single + 5 V power
supply and the standard Z·80 single·phase
system clock. It is fabricated with n-channel
Silicon-gate depletion-load technology, and
packaged in a 28-pin plastic or ceramic DIP.
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Functlonal
DeKrlplion

Architecture

The 2-80 CTC has four independent counter!
timer channels. Each channel is individually
progrdmmed with two ";ords: a control word
and d llme-constdnt word. The control word
selects the operdting mode (counter or timer).
endbles or disables the channel interrupt, dnd
selects certdin other operating parameters. If
the timing mode is selected, the control word
also sets d prescaler, which divides the system
clock by either 16 or 256. The time-constdnt
word is d vdlue from 1 to 256_

During operation, the individual counter
chdnnel counts down from the preset time con­
stant value. In counter mode operation the
counter decrements on each of the CLK/TRG
input pulses until zero count is reached. Edch
decrement is synchronized by the system
clock. For counts greater than 256, more thdn
one counter can be cdscdded. At zero count,
the down-counter is dutomatically reset with
the time constant value.

The timer mode determines time intervdls dS
small as 4 ,.s (Z-80A) or 6.4 ,.s (2-80) without
additional logic or software timing loops. Time
intervals are generdted by dividing the system
clock with d prescaler that decr~ments

The CTC has four mdjor elements. as shown
in Figure 3.

• CPU bus VO
• Channel control logic
• Interrupt logic
• Counter/timer circuits

CPU Bus I/O. The CPU bus VO circuit
decodes the dddress inputs, and interfdces the
CPU data and control signals to the CTC for
distribution on the internal bus.

a preset down-counter.
Thus, the time interval is an integral mul­

tiple of the clock period, the prescaler value
(16 or 256) and the time constdnt that Is preset
in the down-counter. A timer is triggered dUto­
matically when its time constant vafue is pro­
grdmmed, or by an externdl CLKlTRG input.

Three channels have two outputs thdt occur
dt zero count. The first output is d zero­
count/timeout pulse at the ZCITO output. The
fourth channel (Channel 3) does not have a
ZCITO output; interrupt request Is the only
output available from Chdnnel 3.

The second output is Interrupt Request
(IN1'). which occurs if the channel has Its
Interrupt enabled during programming. When
the 2-80 CPU acknowledges Interrupt Request,
the Z-80 CTC places an interrupt vector on the
data bus.

The four channels of the 2-80 CTC are fully
prioritized and fit into four contiguous slots in
a standard 2-80 daisy-chain interrupt struc­
ture. Channel 0 is the highest priority and
Channel 3 the lowest. Interrupts can be
Individually eMbled (or disabled) for edch of
the lour channels.

InterDal Control Logic. The CTC interndl
control logic controls overall chip operating
functions such as the chip enable. reset, and
redd/v.rite logic.

Interrupt Logic. The interrupt control logic
ensures that the CTC interrupts interface prop­
erly with the 2-80 CPU interrupt system. The
logic controls the interrupt priority 01 the CTC
dS d function of the lEI signal. If lEI is High,
the CTC has priority. During interrupt
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processing, the Interrupt logic holds rEO Low,
which inhibits the interrupt operation on lower
priority devices. If the lEI input goes Low,
priority is relinquished and the interrupt logic
drives lEO Low.

If a channel is programmed to request an
interrupt, the interrupt logic drives lEO Low at
the zero count, and generates an INT signal to
the Z-BO CPU. When the Z-BO CPU responds
with interrupt acknowledge (MI and rORQ).
then the interrupt logic arbitrates the CTC
tnternal priorities, and the Interrupl conlrol
loqic places a unique interrupt vector on the
data bus.

If an interrupt is pending, the interrupt logic
holds lEO Low. When the Z-BO CPU issues a
Return From Interrupt (RETI) instruction, each
peripheral device decodes the first byte
(EOI6). If the device has a pending interrupt,
it raises rEO (High) for one MI cycle. This
ensures that all lower priority devices can
decode the entire RET! instruction and reset
properly.

lCtrO

Counter/Timer Circuits. The CTC has lour
independent counter/timer circuits, each con­
taining the logic shown in Figure 4.

Chcnmel Control Logic. The channel control
logic receives the 8-bit channel control word
when the counter/timer channel is pro­
grammed. The channel control logic decodes

the control word and sets the follOWing
operating conditions:

• Interrupt enable (or disable)
• Operating mode (timer or counter)
• Timer mode prescaler factor (16 or 256)
• Active slope for CLKITRG Input
• Timer mode trigger (automatic or CLK/TRG

input)
• Time constant data word to follow
• Software reset
Time CoDStcmt RegWier. When the counter/
timer channel is programmed, the time con­
stant register receives and stores an 8-blt time
constant value, which can be anywhere from I
to 256 (0 = 256). This constant is automatic­
ally loaded into the down-counter when the
counter/timer channel Is initialized, and subse·
quently after each zero count.

PreKallH. The prescaler, which is used only
in timer mode, divides the system clock fre­
quency by a factor of either 16 or 256. The
prescaler output clocks the down-counter dur­
ing timer operation. The effect of the prescaler
on the down-counter is a multiplication of the
system clock period by 16 or 256. The pre­
scaler factor is programmed by bit 5 01 the
channel control word.

Down-CaUDter. Prior to each count cycle, the
down-counter is loaded with the time constant
register contents. The counter is then
decremented one 01 two ways, depending on
operating mode:

• By the prescaler output (timer mode)
• By the trigger pulses into the CLK/TRG

input (counter mode)

Without disturbing the down-count, the Z-80
CPU can read the count remaining at any time
by performing an I/O read operation at the
port address assigned to the CTC channel.
When the down-counter reaches the zero
count, the ZCITO output generates a positive­
going pulse. When the interrupt is enabled,
zero count also triggers an interrupt request
signal (iN'T) Irom the interrupt logic.
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Programming Each. Z-BO CTC channel must be pro-
grammed prior to operation. Programming
consists of writing two words to the 110 port
that corresponds to the desired channel. The
first word is a control word that selects the
operating mode and other parameters; the
second word is a time constant, which is a
binary data word with a value from I to 256. A
time constant word must be preceded by a
channel control word.

After initialization, channels may be
reprogrammed at any time. If updated control
and time constant words are written to a chan­
nel during the count operation, the count con­
tinues to zero before the new time constant is
loaded into the counter.

If the interrupt on any Z-80 CTC channel is
enabled, the programming procedure should
also include an interrupt vector. Only one vec­
tor is required for all four channels, because
the interrupt logic automatically modifies the
vector for the channel requesting service.

A control word is identified by a I in bit O.
A 0 in bit 2 indicates a time constant word is to
follow. Interrupt vectors are always addressed
to Channel 0, and identified by a 0 in bit O.

Addreulng. During programming, channels
are addressed with the channel select pins CSt
and CS2. A 2-bit binary code selects the
appropriate channel as shown in the following
table.

Channel CSI CSo

0 0 0
I 0 I
2 I 0
3 I 1

Reset. The CTC has both hardware and soft­
ware resets. The hardware reset terminates all
down-counts and disables all CTC interrupts
by resetting the interrupt bits in the control
registers. In addition, the ZC/TO and Interrupt
outputs go inactive, lEO reflects lEI, and

Do-o-, go to the high-impedance state. All
channels must be completely reprogramJIled
after a hardware reset.

The software reset is controlled by bit I in
the channel control word. When a channel
receives a software reset, it stops counting.
When a software reset is used, the other bits in
the control word also change the contents of
the channel control register. After a software
reset a new time constant word must be written
to the same channel.

If the channel control word has both bits Dl
and D2 set to I, the addressed channel stops
operating, pending a new time constant word.
The channel is ready to resume after the new
constant is programmed. In timer mode, if
D3 = 0, operation is triggered automatically
when the time constant word is loaded.

Channel Control Word Programming. The
channel control word is shown in Figure 5. It
sets the modes and parameters described
below.

Interrupt Enable. 0-, enables the interrupt, so
that an interrupt output (lNT) is generated at
zero count. Interrupts may be programmed in
either mode and may be enabled or disabled
at any time.

Operatinq Mode. D6 selects either timer or
counter mode.

Prescaler Factor. (Timer Mode Only). Ds
selects factor-either 16 or 256.

Trigger Slope. D4 selects the active edge or
slope of the CLK/TRG input pulses. Note that
reprogramming the CLK/TRG slope during
operation is equivalent to issuing an active
edge. If the trigger slope is changed by a con­
trol word update while a channel is pending
operation in timer mode, the result is the same
as a CLK/TRG pulse and the timer starts.
Similarly, if the channel is in counter mode,
the counter decrements.
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Figure S. Channel Control Word
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ProgrammlDgTriqqer Mode (Timer Mode Only). 03 selects
(Continued) the trigger mode lor timer operation. When 03

is reset to 0, the timer is triggered automatic·
ally. The time constant word is programmed
during an 110 write operation, which takes one
machine cycle. At the end 01 the write opera­
tion there is a setup delay 01 one clock period.
The timer starts automatically (decrements) on
the rising edge 01 the second clock pulse (T2)
01 the machine cycle following the write opera­
tion. Once started, the timer runs contin­
uously. At zero count the timer reloads
automatically and continues counting without
interruption or delay, until stopped by a reset.

When 03 is set to I, the timer is triggered
externally through the CLKlTRG input. The
time constant word is programmed during an
I/O write operation, which takes one machine
cycle. The timer is ready for operation on the
rising edge 01 the second clock pulse (T2) 01
the following machine cycle. Note that the Iirst
timer decrement lollows the active edge 01 the
CLKlTRG pulse by a delay time of one clock
cycle if a minimum setup time to the rising
edge 01 clock is met. /I this minimum is not
met, the delay is extended by another clock
period. Consequently, lor immediate trigger­
ing, the CLK/TRG input must precede T2 by
one clock cycle plus its minimum setup time. /I
the minimum time is not met, the timer will
start on the third clock cycle (T3).

Once started the timer operates contin­
uously, without interrupUon or delay, until
stopped by a reset.

Time Conatant to Follow. A I in 02 indicates
that the next word addressed to the selected
channel is a time constant data word for the
time constant register. The time constant word
may be written at any time.

A 0 in 02 indicates no time constant word is
to follow. This is ordinarily used when the
channel is already in operation and the new
channel control word is an update. A channel
will not operate without a time constant value.
The only way to write a time constant value is
to write a control word with O2 set.

::J~~ ~~:~TCs~ L='C2
re. fe,

Figure 8. TIme ConstQllt Word
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Software Reset. Setting OJ to I causes a soft­
ware reset, which is described in the Reset
section.

Control Word. Setting Do to I identifies the
word as a control word.

Time CoDatant Programming. Before a chan­
nel can start counting it must receive a time
constant word from the CPU. During program­
ming or reprogramming, a channel control
word in which bit 2 is set must precede the
time constant word to indicate that the next
word is a time constant. The Ume constant
word can be any value from I to 256 (Figure
6). Note that 0016 is interpreted as 256.

In timer mode, the time interval is controlled
by three factors:

• The system clock period (<1»

• The prescaler factor (Pl. which multiplies
the interval by either 16 or 256

• The Ume constant (Tl. which is programmed
into the time constant register

Consequently, the time interval is the pro·
duct of <I> x P x T. The minimum timer resolu­
tion is 16 x <I> (4 p.s with a 4 MHz clock). The
maximum Umer interval is 256 x <I> x 256 (16.4 ms
with a 4 MHz clock). For longer intervals
timers may be cascaded.

Interrupt Vector ProgrClJDJDlng. II the Z·BO
CTC has one or more interrupts enabled, it
can supply interrupt vectors to the Z-BO CPU.
To do so, the Z-BO CTC must be pre·pro­
grammed with the most-signilicant live bits of
the interrupt vector. Programming consists of
writing a vector word to the 110 port cor­
responding to the Z-BO CTC Chonnel O. Note
that Do 01 the vector word is always zero, to
distinguish the vector from a chonnel control
word. 01 and 02 ore not used in programming
the vector word. These bits are supplied by
the interrupt logic to identify the channel
requesting interrupt service with a unique
interrupt vector (Figure 7). Channel 0 has the
highest priority.

1~1~1~1~1~1~I~i~1

~ ~ o. lNU.....UPT VECTORWORO
Yr-Y3 ---.J 1 • CONTROL WOAD

SUPPliED
IIV USI!l'

CHANNEL IDENTIFIER
(AU'otrI1A'ICAll~ INSEATED
avcrc,
o O. CHANNEL 0
o '" CHANNIL 1
to. CHANNEL a
, t. CHANNEL ,

FIgure 7. Interrupt Vector Word
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CE. Chip Enable (input. active Low). When
enabled the CTC accepts control words, Inter­
rupt vectors, or time constant data words Irom
the data bus during an I/O write cycle; or
transmits the contents 01 the down-counter to
the CPU during an I/O read cycle. In most
applications this signal is decoded Irom the
eight least significant bits 01 the address bus
lor any 01 the lour I/O port addresses that are
mapped to the lour counter-timer channels.

CU. System Cloclc (input). Standard single­
phase Z-80 system clock.

CU/TRGo-CU/TRG,. External Clock/Timer
Trigger (input. user-selectable active High or
Low). Four pins corresponding to the lour Z-80
CTC channels. In counter mode. every active
edge on this pin decrements the down-counter.
In timer mode. an active edge starts the timer.

CSo-CS). Channel Select (inputs active High).
Two-bit binary address code selects one 01 the
lour CTC channels lor an 1/0 write or read
(usually connected to fl.(J and AI).

Do-o,.. System Data Bus (bidirectional,
3-state). Translers all data and commands
between the Z-80 CPU and the Z-80 CTC.

'YITUl.....

-
IE,

''0

110

ngun •. A Typical Z-IO Ea_

lEI. Interrupt Enable In (input, active High).
A High indicates that no other interrupting
devices 01 higher priority in the daisy chain
are being serviced by the Z-80 CPU.

lEO. Interrupt Enable Out (output. active
High). High only if lEI is High and the Z-80
CPU is not servicing an interrupt Irom any
Z-80 CTC channel. lEO blocks lower priority
devices Irom interrupting while a higher
priority :interrupting device is being serviced.

INT. Interrupt Request (output, open drain.
active Low). Low when any Z-80 CTC channel
that has been programmed to enable interrupts
has a zero-count condition in its down-counter.

10RQ. Input/Output Re:J!!...est (i!:!E!1t Irom CPU,
active Low). Used with CE and RD to transler
data and channel control words between the
Z-80 CPU and the Z-80 CTC. During a write
cycle, 10RQ and CE are aclive and RD
inactive. The Z-80 CTC does not receive a
specific write signal; rather. it internally
generates its own Irom the inverse 01 an active
RD signal. In a read cycle. IORQ. CE and RD
are active; the contents 01 the down-counter
are read by the Z-80 CPU. If IORQ and Ml are
both true, the CPU is acknowledging an inter­
rupt request. and the highest priority inter­
rupting channel places its interrupt vector on
the Z-80 data bus.

MI. Machine Cycle One (input Irom CPU.
active Low). When Ml and IORQ are aelive.
the Z-80 CPU is acknowledging an interrupt.
The Z-80 CTC then places an interrupt vector
on the data bus il it has highest priorit~nd if
a channel has requested an interrupt (lNT).

RD. Reod Cycle Status (input, active Low).
Used in conjunelion with IORQ and CE to
transfer data and channel control words
between the Z-80 CPU and the Z-80 CTC.

RESET. Reset (input active Low). Terminates
all down-counts and disables all interrupts by
resetting the interrupt bits in all control
registers; the ZC/TO and the Interrupt outputs
go inaelive; lEO refleels lEI; Do-D7 go to the
high-impedance state.

ZC/TOo-ZCITOz. Zero Count/Timeout (output.
aelive High). Three ZC/TO pins corresponding
to Z-80 CTC channels 2 through 0 (Channel 3
has no ZC/TO pin). In both counter and timer
modes the output is an active High pulse when
the down-counter decrements to zero.

2041-0156



· 8-.:1 Cycle TlJIliDg. Figure 9 shows redd
cycle timing. This cycle rE!<!lds the contents of a
down-counter without disturbing the count.
During clock cycle T2. the Z-80 CPU initiates a
read ~Ie~rjvlngthe foilowing inputs
Low: RD. IORO, and CEo A 2-bit binary code
at inputs CSI and CSo selects the channel to
be read. MI must be High to distinguish this
cycle from an interrupt acknowledge. No addi­
tional wait states are allowed.

latched into the appropriate register with the
rising edge of clock cycle TWA. No additional
wait states are allowed.

-..- -----_..1

Figure I. IIeacI Cycle Tlm1rlg
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ngure 12. CoIlDm Noele TlmJDg
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Timer Operation. In the timer mode, a
ClKlTRG pulse input starts the timer (Figure
II) on the second succeeding rising edge of
ClK. The trigger pulse is asynchronous. and It
must have a minimum Width. A minimum lead
time (210 ns) is required between the active
edge of the CLKlTRG and the next rising edge
of CLK to enable the prescaler on the follow­
ing clock edge. If the ClKfTRG edge occurs
closer than this, the initiation of the timer
function is delayed one clock cycle. This cor­
responds to the startup timing discussed in the
programming section. The timer can also be
started automatically if so programmed by the
channel control word.

T,Tw.T.T,

eLK

Iii --,.,.------------­
_.I

DATA ----------<

Write Cycle Timing. Figure 10 shows write
cycle timing for loading control, time constant
or vector words.

The CTC does not have a write signal input,
so it generates one internally when the rE!<!ld
(RD) input is High during TI. During T2
IORO and CE inputs are Low. MI must be
High to distinguish a write cycle from an inter­
rupt acknowledge. A 2-bit binary code at
inputs CSt and CSc selects the channel to be
addressed. and the word being written is
placed on the Z-80 data bus. The data word is

CSo. ca•• a =::)( cttANMElAODIIlUS c=- \ ~
ii \ ~

FllIU"e 10. Wrlle Cycle nIDI""

Iii "7------------­
oJ

liD -7------------­
.J

Counter Operation. In the counter mode. the
CLKlTRG pulse input decrements the down­
counler. The trigger is asynchronous. but the
count is synchronized with CLK. For the
decrement to occur on the next rising edge of
CLK, the trigger edge must precede CLK by a
minimum lead time as shown in Figure 12. If
the lead time is less than specified, the count
is delayed by one clock cycle. The trigger
pulse must have a minimum Width, and the
trigger period must be at least twice the clock
period.

The ZCfTO output occurs immediately after
zero count, and follows the rising CLK edge.

T,T,Tw.

,. X~ _

T.T,

DATA -JX

cae. Cit. Ci ::::::=::::x CHAHN£L MKHIlns c:=
iDI \ ~
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Figure 13. DailY-Chain Interrupt Prlorlll.

The ·2-80 CTC follows the 2-80 system inter­
rupt protocol for nested priority interrupts and
return from interrupt, wherein the interrupt
priority of a peripheral is determined by its
location in a daisy chain. Two lines-lEI and
lEO-in the CTC connect it to the system daisy
chain. The device closest to the + 5 V supply
has the highest priority (Figure 13). For addi­
tional information on the 2-80 interrupt struc­
ture, refer to the Z-80 CPU Product Specifica­
tion and the Z-80 CPU Technical Manual.

Within the 2-80 CTC, interrupt priority is
predetermined by channel number: Channel 0
has the highest priority, and Channel 3 the
lowest. II a device or channel is being serviced
with an interrupt routine, it cannot be inter­
rupted by a device or channel with lower
priority until service is complete. Higher
priority devices or channels may interrupt the
servicing of lower priority devices or channels.

A 2-80 CTC channel may be programmed to
request an interrupt every time its down­
counter reaches zero. Note that the CPU must
be programmed for interrupt mode 2. Some
time alter the interrupt request, the CPU sends
an interrupt acknowledge. The CTC interrupt
control logic determines the highest priority
channel that is requesting an interrupt. Then,
il the CTC lEI input is High (indicating that it
has priority within the system daisy chain) it
places an 8-bit interrupt vector on the system
data bus. The high-order five bits of this vector

were written to the CTC during the program­
ming process; the next two bits are provided
by the CTC interrupt control logic as a binary
code that identifies the highest priority chan­
nel requesting an interrupt; the low-order bit
is always zero.

Interrupt Aclmowlec:lge Timing. Figure 14
shows interrupt acknowledge timing. After an
interrupt request, the 2-80 CPU sends an inter·
rupt acknowledge (MI and IORQ). All chan­
nels are inhibited from changing their inter­
rupt request status when MI is active-about
two clock cycles earlier than IORQ. RO is
High to distinguish this cycle from an instruc­
tion fetch.

The CTC interrupt logic determines the
highest priority channel requesting an inter­
rupt. II the CTC interrupt enable input (lEI) is
High, the highest priority interrupting channel
within the CTC places its interrupt vector on
the data bus when IORQ goes Low. Two wait
states (TWA) are automatically inserted at this
time to allow the daisy chain to stabilize. Addi­
tional wait states may be added.

Return from Interrupt Timing. At the end of
an interrupt service routine the RET! (Return
From Interrupt) instruction initializes the daisy
chain enable lines for proper control of nested
priority interrupt handling. The CTC decodes
the 2-byte RET! code internally and determines
whether it is intended for a channel being ser­
viced. Figure 15 shows RET! timing.

II several 2-80 peripherals are in the daisy
chain, lEI settles active (High) on the chip
currently being serviced when the opcode
EOl6 is decoded. II the follOWing opcode is
4016, the peripheral being serviced is released
and its lEO becomes active. Additional wait
states are allowed.

LOW.IT ".IORITV
DI!VICI

HI.MUT HlIORITY
DIVIC.
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iii~'- ..J/
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Figure 14. Interrupt AckDCwledge Timing Figure 15. Return From Interrupt Timing
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