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1.0

INTRODUCTION

The Z80-Counter Timer Circuit (CTC) is a programmable component with four independent channels that
provide counting and timing functions for microcomputer systems based on the Z80-CPU. The CPU can
configure the CTC channels to operate under various modes and conditions as required to interface with a
wide range of devices. In most applications, little or no external logic is required. The Z80-CTC utilizes
N-channel silicon gate depletion load technology and is packaged in a 28-pin DIP. The Z80-CTC requires
only a single 5 volt supply and a one-phase 5 volt clock. Major features of the Z80-CTC include:

All inputs and outputs fully TTL compatible.

Each channel may be selected to operate in either Counter Mode or Timer Mode.
Used in either mode, a CPU-readable Down Counter indicates number of counts-to-go until zero.

A Time Constant Register can automatically reload the Down Counter at Count Zero in Counter and
Timer Mode.

Selectable positive or negative trigger initiates time operation in Timer Mode. The same input is moni-
tored for event counts in Counter Mode.

Three channels have Zero Count/Timeout outputs capable of driving Darlington transistors.
Interrupts may be programmed to occur on the zero count condition in any channel.

Daisy chain priority interrupt logic included to provide for automatic interrupt vectoring without ex-
ternal logic.






2.0 CTC ARCHITECTURE

2.1 OVERVIEW

A block diagram of the Z80-CTC is shown in Figure 2.0-1. The internal structure of the Z80-CTC consists
of a Z80-CPU bus interface, Internal Control Logic, four sets of Counter/Timer Channel Logic, and Inter-
rupt Control Logic. The four independent counter/timer channels are identified by sequential numbers
from 0 to 3. The CTC has the capability of generating a unique interrupt vector for each separate channel
(for automatic vectoring to an interrupt service routine). The 4 channels can be connected into four con-
tiguous slots in the standard Z80 priority chain with channel number O having the highest priority.The
CPU bus interface logic allows the CTC device to interface directly to the CPU with no other external
logic. However, port address decoders and/or line buffers may be required for large systems.

Z80-CTC BLOCK DIAGRAM
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2.2 STRUCTURE OF CHANNEL LOGIC

The structure of one of the four sets of Counter/Timer Channel Logic is shown in Figure 2.0-2. This logic
is composed of 2 registers, 2 counters and control logic. The registers are an 8-bit Time Constant Register
and an 8-bit Channel Control Register. The counters are an 8-bit CPU-readable Down Counter and an
8-bit Prescaler.
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2.2.1

THE CHANNEL CONTROL REGISTER AND LOGIC

The Channel Control Register (8-bit) and Logic is written to by the CPU to select the modes and
parameters of the channel. Within the entire CTC device there are four such registers, correspond-
ing to the four Counter/Timer Channels. Which of the four is being written to depends on the en-
coding of two channel select input pins: CSO and CS1 (usually attached to AO and A1 of the CPU
address bus). This is illustrated in the truth table below:

CS1 CS0
Cho 0 0
Ch1 0 1
Ch2 1 0
Ch3 1 1

In the control word written to program each Channel Control Register, bit O is always set, and the
other 7 bits are programmed to select alternatives on the channel’s operating modes and parameters,
as shown in the diagram below. (For a more complete discussion see section 4.0: ““CTC Operating
Modes” and section 5.0: “CTC Programming.”)

CHANNEL CONTROL REGISTER
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2.2.2 THE PRESCALER

223

Used in the Timer Mode only, the Prescaler is an 8-bit device which can be programmed by the CPU
via the Channel Control Register to divide its input, the System Clock (®), by 16 or 256. The out-
put of the Prescaler is then fed as an input to clock the Down Counter, which initially, and every
time it clocks down to zero, is reloaded automatically with the contents of the Time Constant Re-
gister. In effect this again divides the System Clock by an additional factor of the time constant.
Every time the Down Counter counts down to zero, its output, Zero Count/Timeout (ZC/TQ), is
pulsed high.

THE TIME CONSTANT REGISTER

The Time Constant Register is an 8-bit register, used in both Counter Mode and Timer Mode, pro-
grammed by the CPU just after the Channel Control Word with an integer time constant value of 1
through 256. This register loads the programmed value into the Down Counter when the CTC is first
initialized and reloads the same value into the Down Counter automatically whenever it counts down
thereafter to zero. If a new time constant is loaded into the Time Constant Register while a channel
is counting or timing, the present down count will be completed before the new time constant is
loaded into the Down Counter. (For details of how a time constant is written to a CTC channel, see
section 5.0: “CTC Programming.’")



2.3

2.2.4 THE DOWN COUNTER

The Down Counter is an 8-bit register used in both Counter Mode and Timer Mode loaded initially,
and later when it counts down to zero, by the Time Constant Register. The Down Counter is decre-
mented by each external clock edge in the Counter Mode, or in the Timer Mode, by the clock out-
put of the Prescaler. At any time, by performing a simple 1/0O Read at the port address assigned to
the selected CTC channel, the CPU can access the contents of this register and obtain the number of
counts-to-zero. Any CTC channel may be programmed to generate an interrupt request sequence
each time the zero count is reached.

In channels 0, 1, and 2, when the zero count condition is reached, a signal pulse appears at the corres-
ponding ZC/TO pin. Due to package pin limitations, however, channel 3 does not have this pin and
so may be used only in applications where this output pulse is not required.

INTERRUPT CONTROL LOGIC

The Interrupt Control Logic insures that the CTC acts in accordance with Z80 system interrupt protocol
for nested priority interrupting and return from interrupt. The priority of any system device is deter-
mined by its physical location in a daisy chain configuration. Two signal lines (IEl and IEQ) are provided
in CTC devices to form this system daisy chain. The device closest to the CPU has the highest priority;
within the CTC, interrupt priority is predetermined by channel number, with channel O having highest
priority down to channel 3 which has the lowest priority. The purpose of a CTC-generated interrupt, as
with any other peripheral device, is to force the CPU to execute an interrupt service routine, According to
Z80 system interrupt protocol, lower priority devices or channels may not interrupt higher priority de-
vices or channels that have already interrupted and have not had their interrupt service routines com-
pleted. However, high priority devices or channels may interrupt the servicing of lower priority devices or
channels.

A CTC channel may be programmed to request an interrupt every time its Down Counter reaches a count
of zero. (To utilize this feature requires that the CPU be programmed for interrupt mode 2.) Some time
after the interrupt request, the CPU will send out an interrupt acknowledge, and the CTC's Interrupt Con-
trol Logic will determine the highest-priority channel which is requesting an interrupt within the CTC de-
vice. Then if the CTC’s IEI input is active, indicating that it has priority within the system daisy chain, it
will place an 8-bit Interrupt Vector on the system data bus. The high-order 5 bits of this vector will have
been written to the CTC earlier as part of the CTC initial programming process; the next two bits will be
provided by the CTC's Interrupt Control Logic as a binary code corresponding to the highest-priority
channel requesting an interrupt; finally the low-order bit of the vector will always be zero according to a
convention described below.

INTERRUPT VECTOR

D7 Dg Ds D4 D3 D2 D1 Do

V7 Ve Vg Va V3 X X 0
| I
0 0 CHANNEL 0
0 1 CHANNEL 1
1 0 CHANNEL 2
1 1 CHANNEL 3

This interrupt vector is used to form a pointer to a location in memory where the address of the interrupt
service routine is stored in a table. The vector represents the least significant 8 bits, while the CPU reads
the contents of the | register to provide the most significant 8-bits of the 16-bit pointer. The address in
memory pointed to will contain the low-order byte, and the next highest address will contain the high-
order byte of an address which in turn contains the first opcode of the interrupt service routine. Thus in
mode 2, a single 8-bit vector stored in an interrupting CTC can result in an indirect call to any memory
location.
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2.3 INTERRUPT CONTROL LOGIC (Cont'd)

There is a Z80 system convention that all addresses in the interrupt service routine table should have their
low-order byte in an even location in memory, and their high-order byte in the next highest location in
memory, which will always be odd so that the least significant bit of any interrupt vector will always be
even. Hence the least significant bit of any interrupt vector will always be zero.

The RETI instruction is used at the end of any interrupt service routine to initialize the daisy chain enable
line IEO for proper control of nested priority interrupt handing. The CTC monitors the system data bus
and decodes this instruction when it occurs. Thus the CTC channel control logic will know when the CPU
has completed servicing an interrupt, without any further communication with the CPU being necessary.



3.0 CTCPIN DESCRIPTION

A diagram of the Z80-CTC pin configuration is shown in Figure 3.0-1. This section describes the function
of each pin.

D7 - DO
Z80-CPU Data Bus (bi-directional, tri-state)

This bus is used to transfer all data and command words between the Z80-CPU and the Z80-CTC. There
are 8 bits on this bus, of which DO is the least significant.

CS1-CS0
Channel Select (input, active high)

These pins form a 2-bit binary address code for selecting one of the four independent CTC channels for an
I/O Write or Read (See truth table below.)

Cs1 Cso0
ChO 0 0
Ch1 0 1
Ch2 1 0
Ch3 1 1

CE
Chip Enable (input, active low)

A low level on this pin enables the CTC to accept control words, Interrupt Vectors, or time constant data
words from the Z80 Data Bus during an 1/O Write cycle, or to transmit the contents of the Down Counter
to the CPU during an |/O Read cycle. In most applications this signal is decoded from the 8 least signifi-
cant bits of the address bus for any of the four /O port addresses that are mapped to the four Counter/
Timer Channels.

Clock (®)
System Clock (input)

This single-phase clock is used by the CTC to synchronize certain signals internally.

M1
Machine Cycle One Signal from CPU (input, active low)

When Wi is active and the RD signal is active, the CPU is fetching an instruction from memory. When M1
is active and the TORQ signal is active, the CPU is acknowledging an interrupt, alerting the CTC to place an
Interrupt Vector on the Z80 Data Bus if it has daisy chain priority and one of its channels has requested
an interrupt.

IORQ
Input/Output Request from CPU (input, active low)

The TORQ signal is used in conjunction with the CE and RD signals to transfer data and Channel Control
Words between the Z80-CPU and the CTC. During a CTC Write Cycle, IORQ and CE must be true and
BD false. The CTC does not receive a specific write signal, instead generating its own internally from the
inverse of a valid RD signal. In a CTC Read Cycle, TORQ, CE and RD must be active to place the contents
of the Down Counter on the Z80 Data Bus. If TORQ and M1 are both true, the CPU is acknowledging an
interrupt request, and the highest-priority interrupting channel will place its Interrupt Vector on the Z80
Data Bus.
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3.0 CTC PIN DESCRIPTION (CONT’'D)
RD
Read Cycle Status from the CPU (input, active low)

The RD signal is used in conjunction with the TORQ and CE signals to transfer data and Channel Control
Words between the Z80-CPU and the CTC. During a CTC Write Cycle, IORQ and CE must be true and
RD false. The CTC does not receive a specific write signal, instead generating its own internally from the
inverse of a valid RD signal. In a CTC Read Cycle, IORQ, CE and RD must be active to place the contents
of the Down Counter on the Z80 Data Bus.

IEI

Interrupt Enable In (input, active high)

This signal is used to help form a system-wide interrupt daisy chain which establishes priorities when more
than one peripheral device in the system has interrupting capability. A high level on this pin indicates that
no other interrupting devices of higher priority in the daisy chain are being serviced by the Z80-CPU.
IEO

Interrupt Enable Out (output, active high)

The 1EO signal, in conjunction with IEI, is used to form a system-wide interrupt priority daisy chain. 1EOQ
is high only if IEI is high and the CPU is not servicing an interrupt from any CTC channel. Thus this sig-

nal blocks lower priority devices from interrupting while a higher priority interrupting device is being
serviced by the CPU,

INT
Interrupt Request (output, open drain, active low)

This signal goes true when any CTC channel which has been programmed to enable interrupts has a zero-
count condition in its Down Counter.

RESET

Reset (input, active low)

This signal stops all channels from counting and resets channel interrupt enable bits in all control registers,
thereby disabling CTC-generated interrupts. The ZC/TO and TNT outputs go to their inactive states, IEQ
reflects IEI, and the CTC's data bus output drivers go to the high impedance state.
CLK/TRG3—CLK/TRGO

External Clock/Timer Trigger (input, user-selectable active high or low)

There are four CLK/TRG pins, correspondmg to the four independent CTC channels. In the Counter
Mode, every active edge on this pin decrements the Down Counter. In the Timer Made, an active edge on
this pin initiates the timing function. The user may select the active edge to be either rising or falling.
ZC/TO2—Z2C/TO0

Zero Count/Timeout (output, active high)

There are three ZC/TO pins, corresponding to CTC channels 2 through 0. (Due to package pin limita:

tions channel 3 has no ZC/TO pin.) In either Counter Mode or Timer Mode, when the Down Counter
decrements to zero an active high going pulse appears at this pin.



Z80-CTC PIN CONFIGURATION
Figure 3.0-1

_ 25

D>
2

D1<—6I—

27
D2 <>

CPU D3
DATA BUS 1

D <t
2

D5 w3

3

4

D7 <«

18

[~ CSp—>
19
CS1—™

CHIP 16
cTC < ENABLE 14'

CONTROL W7 —
10
IORQ—>

__ 6

RD—>
17
L RESET—>

24
+5V —=

5
GND —»

15
e

— i

INT =

13
INTERRUPT J INT ENABLE 5y

CONTROL N 41
INT ENABLE <—
OUT

D=

MK3882
Z80-CTC

MK3882-4
Z80A-CTC

23 cL1/TRG

7
—» ZC/TO 0

22
«— CLK/TRG1
8
— ZC/TO1

21

l«—CLK/TRG2
9

= ZC/TO>

20
~— CLK/TRG3

, CHANNEL
SIGNALS




10



4.0 CTC OPERATING MODES

4.1

At power-on, the Z80-CTC state is undefined. Asserting RESET puts the CTC in a known state. Before
any channel can begin counting or timing, a Channel Control Word and a time constant data word must be
written to the appropriate registers of that channel. Further, if any channel has been programmed to
enable interrupts, an Interrupt Vector word must be written to the CTC’s Interrupt Control Logic. (For
further details, refer to section 5.0: “CTC Programming.’’) When the CPU has written all of these words to
the CTC, all active channels will be programmed for immediate operation in either the Counter Mode or
the Timer Mode.

CTC COUNTER MODE

In this mode the CTC counts edges of the CLK/TRG input. The Counter Mode is programmed for a
channel when its Channel Control Word is written with bit 6 set. The Channel’s External Clock (CLK/
TRG) input is monitored for a series of triggering edges; after each, in synchronization with the next ris-
ing edge of ® (the System Clock), the Down Counter (which was initialized with the time constant data
word at the start of any sequence of down-counting) is decremented. Although there is no set-up time
requirement between the triggering edge of the External Clock and the rising edge of @, (Clock), the
Down Counter will not be decremented until the following ® pulse. (See the parameter ts(CK) in section
8.3: “A.C. Characteristics.””) A channels’s External Clock input is pre-programmed by bit 4 of the Chan-
nel Control Word to trigger the decrementing sequence with either a high or a low going edge.

In any of Channels 0, 1, or 2, when the Down Counter is successively decremented from the original time
constant until finally it reaches zero, the Zero Count (ZC/TQ) output pin for that channel will be pulsed
active (high). (However, due to package pin limitations, channel 3 does not have this pin and so may
only be used in applications where this output pulse is not required.) Further, if the channel has been so
pre-programmed by bit 7 of the Channel Control Word, an interrupt request sequence will be generated.
(For more details, see section 7.0: “CTC Interrupt Servicing.”’)

As the above sequence is proceeding, the zero count condition also results in the automatic reload of the
Down Counter with the original time constant data word in the Time Constant Register. There is no
interruption in the sequence of continued down-counting. If the Time Constant Register is written to
with a new time constant data word while the Down Counter is decrementing, the present count will be
completed before the new time constant will be loaded into the Down Counter.

CHANNEL - COUNTER MODE
Figure 4.1-0
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4.2

CTC TIMER MODE

In this mode the CTC generates timing intervals that are an integer value of the system clock period. The
Timer Mode is programmed for a channel when its Channel Control Word is written with bit 6 reset. The
channel then may be used to measure intervals of time based on the System Clock period. The System
Clock is fed through two successive counters, the Prescaler and the Down Counter. Depending on the
pre-programmed bit 5 in the Channel Control Word, the Prescaler divides the System Clock by a factor of
either 16 or 266. The output of the Prescaler is then used as a clock to decrement the Down Counter,
which may be pre-programmed with any time constant integer between 1 and 256. As in the Counter
Mode, the time constant is automatically reloaded into the Down Counter at each zero-count condition,
and counting continues. Also at zero-count, the channel’s Time Out (ZC/TO) output (which is the out-

put of the Down Counter) is pulsed, resulting in a uniform pulse train of precise period given by the pro-
duct.

te * P * TC

where tc is the System Clock period, P is the Prescaler factor of 16 or 256 and TC is the pre-program-
med time constant.

Bit 3 of the Channel Control Word is pre-programmed to select whether timing will be automatically
initiated, or whether it will be initiated with a triggering edge at the channel’s Timer Trigger (CLK/TRG)
input. If bit 3 is reset the timer automatically begins operation at the start of the CPU cycle following
the 1/0 Write machine cycle that loads the time constant data word to the channel. If bit 3 is set the
timer begins operation on the second succeeding rising edge of ® after the Timer Trigger edge following
the loading of the time constant data word. If no time constant data word is to follow then the timer
begins operation on the second succeeding rising edge of ® after the Timer Trigger edge following the
control word write cycle. Bit 4 of the Channel Control Word is pre-programmed to select whether the
Timer Trigger will be sensitive to a rising or falling edge. Although there is no set-up requirement be-
tween the active edge of the Timer Trigger and the next rising edge of ®. If the Timer Trigger edge
occurs closer than a specified minimum set-up time to the rising edge of ®, the Down Counter will not
begin decrementing until the following rising edge of ®. (See parameter ts(TR) in section 8.3: "A.C.
Characteristics’.)

If bit 7 in the Channel Control Word is set, the zero-count condition in the Down Counter, besides
causing a pulse at the channel’s Time Out pin, will be used to initiate an interrupt request sequence, (For
more details, see section 7.0: “CTC Interrupt Servicing.”’)

CHANNEL - TIMER MODE
Figure 4.2-0
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5.0

5.1

CTC PROGRAMMING

Before a Z80-CTC channel can begin counting or timing operations, a Channel Control Word and a Time
Constant data word must be written to it by the CPU. These words will be stored in the Channel Control
Register and the Time Constant Register of that channel. In addition, if any of the four channels have
been programmed with bit 7 of their Channel Control Words to enable interrupts, an Interrupt Vector
must be written to the appropriate register in the CTC. Due to automatic features in the Interrupt Con-
trol Logic, one pre-programmed Interrupt Vector suffices for all four channels.

LOADING THE CHANNEL CONTROL REGISTER

To load a Channel Control Word, the CPU performs a normal 1/0 Write sequence to the port address
corresponding to the desired CTC channel. Two CTC input pins, namely CSO and CS1, are used to form
a 2-bit binary address to select one of four channels within the device. (For a truth table, see section
2.2.1: “The Channel Control Register and Logic”.) In many system architectures, these two input pins
are connected to Address Bus lines AD and A1, respectively, so that the four channels in a CTC device
will occupy contiguous |/O port addresses. A word written to a CTC channel will be interpreted as a
Channel Control Word, and loaded into the Channel Control Register, its bit O is a logic 1. The other
seven bits of this word select operating modes and conditions as indicated in the diagram below. Follow-
ing the diagram the meaning of each bit will be discussed in detail.

CHANNEL BLOCK DIAGRAM

Figure 5.1-0
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5.1

LOADING THE CHANNEL CONTROL REGISTER (CONT'D)

Bit7=1

The channel is enabled to generate an interrupt request sequence every time the Down Counter reaches a
zero-count condition. To set this bit to 1 in any of the four Channel Control Registers necessitates that
an Interrupt Vector also be written to the CTC before operation begins. Channel interrupts may be pro-
grammed in either Counter Mode or Timer Mode. If an updated Channel Control Word is written to a

channel already in operation, with bit 7 set, the interrupt enable selection will not be retroactive to a pre-
ceding zero-count condition.

Bit7=0
Channel interrupts disabled. Any pending interrupt by that channel will be cleared.
Bit6=1

Counter Mode selected. The Down Counter is decremented by each triggering edge of the External
Clock (CLK/TRG) input. The Prescaler is not used.

Bit6=20
Timer Mode selected. The Prescaler is clocked by the System Clock @, and the output of the Prescaler in
turn clocks the Down Counter. The output of the Down Counter (the channel’s ZC/TO output) is a
uniform pulse train of period given by the product.

tce *P*TC

where tc is the period of System Clock &, P is the Prescaler factor of 16 or 256, and TC is the time
constant data word.

3it5=1
(Defined for Timer Mode only.) Prescaler factor is 256.
Bitb=10

(Defined for Timer Mode only.) Prescaler factor is 16.

D7 De Dg Da D3 D2 D1 Do
INTERRUPT| MODE | RANGE | SLOPE [TRIGGER|Time. RESET 1
CONSTANT

\—V_J\_v_/

USED IN TIMER  USED IN TIMER
MODE ONLY MODE ONLY
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Bit4 =1

TIMER MODE - positive edge trigger starts timer operation.
COUNTER MODE - positive edge decrements the down counter.

Bit4=0

TIMER MODE - negative edge trigger starts timer operation.
COUNTER MODE - negative edge decrements the down counter. A



5.1

5.2

LOADING THE CHANNEL CONTROL REGISTER (CONT'D)

Bit3=1

Timer Mode Only - External trigger is valid for starting timer operation after rising edge of T2 of the
machine cycle following the one that loads the time constant. The Prescaler is decremented 2 clock
cycles later if the setup time is met, otherwise 3 clock cycles. Once timer has been started it will free run
at the rate determined by the Time Constant register.

Bit3=0

Timer Mode Only - Timer begins operation on the rising edge of T2 of the machine cycle following the
one that loads the time constant.

Bit2=1

The time constant data word for the Time Constant Register will be the next word written to this chan-
nel. If an updated Channel Control Word and time constant data word are written to a channel while it
is already in operation, the Down Counter will continue decrementing to zero before the new time con-
stant is loaded into it.

Bit2=0

No time constant data word for the Time Constant Register should be expected to follow. To program
bit 2 to this state implies that this Channel Control Word is intended to update the status of a channel al-
ready in operation, since a channel will not operate without a correctly programmed data word in the
Time Constant Register, and a set bit 2 in this Channel Control Word provides the only way of writing to
the Time Constant Register.

Bit1=1

Reset channel. Channel stops counting or timing. This is not a stored condition. Upon writing into this
bit a reset pulse discontinues current channel operation, however, none of the bits in the channel control
register are changed. If both bit 2= 1 and bit 1 =1 the channel will resume operation upon loading a
time constant.

Bit1=0
Channel continues current operation.
DISABLING THE CTC’S INTERRUPT STRUCTURE

If an external Asynchronous interrupt could occur while the processor is writing the disable word to the
CTC (01H): a system problem may occur. If interrupts are enabled in the processor it is possible that the
Asynchronous interrupt will occur while the processor is writing the disable word to the CTC. The CTC
will generate an INT and the CPU will acknowledge it, however, by this time, the CTC will have received
the disable word and de-activated its interrupt structure. The result is that the CTC will not send in its
interrupt vector during the interrupt acknowledge cycle because it is disabled and the CPU will fetch an
erroneous vector resulting in a program fault. The cure for this problem is to disable interrupts within
the CPU with the DI instruction just before the CTC is disabled and then re-enable interrupts with the El
instruction. This action causes the CPU to ignore any interrupts produced by the CTC while it is being
disabled. The code sequence would be:

LD A, O1H

DI ; DISABLE CPU
OUT (CTC), A ; DISABLE CTC
El ; ENABLE CPU

15



5.3

LOADING THE TIME CONSTANT REGISTER

A channel may not begin operation in either Timer Mode or Counter Mode unless a time constant data
word is written into the Time Constant Register by the CPU. This data word will be expected on the
next /O Write to this channel following the 1/0 Write of the Channel Control Word, provided that bit 2
of the Channel Control Word is set. The time constant data word may be an integer value in the range 1-
256. If all eight bits in this word are zero, it is interpreted as 256. If a time constant data word is loaded
to a channel already in operation, the Down Counter will continue decrementing to zero before the new
time constant is loaded from the Time Constant Register to the Down Counter.

TIME CONSTANT REGISTER

D7 Dg Ds D4 D3 D2 D1 Do
TC7 TCg TCq TC4 TC3 TC2 TC1q TCo
MSB LSB
CHANNEL BLOCK DIAGRAM
Figure 530 CHANNEL
TIME
CONTROL CONSTANT
RE%IEBE;TC REGISTER
(8 BITS) Sl
< s
INTERNAL BUS
~
ZERO COUNT/
> DOWN TIMEOQUT
i —————— ?SE,STCS?LER COUNTER ™
. (8 BITS)
EXTERNAL CLOCK/TIMER TRIGGER
54 LOADING THE INTERRUPT VECTOR REGISTER

The Z80-CTC has been designed to operate with the Z80-CPU programmed for mode 2 interrupt re-
sponse. Under the requirements of this mode, when a CTC channel requests an interrupt and is acknow-
ledged, a 16-bit pointer must be formed to obtain a corresponding interrupt service routine starting ad-
dress from a table in memory. The upper 8 bits of this pointer are provided by the CPU’s | register, and
the lower 8 bits of the pointer are provided by the CTC in the form of an Interrupt Vector unique to the

particular channel that requested the interrupt. (For further details, see section 7.0: “CTC Interrupt
Servicing”'.)

MODE 2 INTERRUPT OPERATION

Desired starting address pointed to by:
INTERRUPT
SERVICE
ROUTINE LOW ORDER } | REG 7BITS FROM | o
STARTING HIGH ORDER CONTENTS | PERIPHERAL
ADDRESS
TABLE

16



5.4 LOADING THE INTERRUPT VECTOR REGISTER (Cont'd)

The high order 5 bits of this Interrupt Vector must be written to the CTC in advance as part of the initial
programming sequence. To do so, the CPU must write to the |/O port address corresponding to the CTC
channel 0, just as it would if a Channel Control Word were being written to that channel, except that bit
0 of the word being written must contain a 0. (As explained above in section 5.1, if bit O of a word
written to a channel were set to 1, the word would be interpreted as a Channel Control Word, so a 0 in
bit O signals the CTC to load the incoming word into the Interrupt Vector Register.) Bits 1 and 2, how-
ever are not used when loading this vector. At the time when the interrupting channel must place the
Interrupt Vector on the Z80 Data Bus, the Interrupt Control Logic of the CTC automatically supplies a
binary code in bits 1 and 2 indentifying which of the four CTC channels is to be serviced.

INTERRUPT VECTOR REGISTER

D7 Dg Dg Dg D3 D2 D1 Do

V7 Ve V5 Va V3 X X 0

\4
SUPPLIED BY USER 0 CHANNEL 0 (Highest Priority)

1 CHANNEL 1
0 CHANNEL 2
1 CHANNEL 3 (Lowest Priority)

\-——V___l

AUTOMATICALLY INSERTED BY Z80-CTC

- -0 O

17
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6.0

6.1

CTC TIMING

This section illustrates the timing relationships of the relevant CTC pins for the following types of oper-
ation: writing a word to the CTC, reading a word from the CTC, counting, and timing. Elsewhere in this
manual may be found timing diagrams relating to interrupt servicing (section 7.0) and an A.C. Timing
Diagram which quantitatively specifies the timing relationships (section 8.4).

CTC WRITE CYCLE

Figure 6.1-0 illustrates the timing associated with the CTC Write Cycle. This sequence is applicable to
loading either a Channel Control Word, an Interrupt Vector, or a time constant data word.

In the sequence shown, during clock cycle T1, the Z80-CPU prepares for the Write Cycle with a false
(high) signal at CTC input pin RD 3D (Read). Since the CTC has no separate Write signal input, it generates
its own internally form the false RD input. Later, r, during clock cycle T2, the Z80-CPU initiates the Write
Cycle with true (low) signals at CTC input pins TORQ (1/0 Request) and CE (Chip Enable). (Note: M1
must be false to distinguish the cycle form an interrupt acknowledge.) Also at this time a 2-bit binary
code appears at CTC inputs CS1 and CSO (Channel Select 1 and 0), specifying which of the four CTC
channels is being written to, and the word being written appears on the Z80 Data Bus. Now everything is
ready for the word to be latched into the appropriate CTC internal register in synchronization with the
rising edge beginning clock cycle T3. No additional wait states are allowed.

CTC WRITE CYCLE
Figure 6.1-0

T1 T2 Tw* T3 T1
(I) —d —_—
€Sg-1, CE 4)( CHANNEL ADDRESS _5(
om0 \ /
RD
M1 1

DATA ><7 IN X

*AUTOMATICALLY INSERTED BY Z80-CPU

6.2

CTC READ CYCLE

Figure 6.2-0 illustrates the timing associated with the CTC Read Cycle. This sequence is used any time
the CPU reads the current contents of the Down Counter. During clock cycle T2, the Z80-CPU initiates
the Read Cycle with true signals at input pins RD (Read), IORQ (I/O Request), and CE (Chip Enable).
also at this time a 2-bit binary code appears at CTC inputs CS1 and CSO (Channel Select 1 and 0), speci-
fying which of the four CTC channels is being read from. (Note: M1 must be false to distinguish the
cycle form an interrupt acknowledge.) On the rising edge of the cycle T3 the valid contents of the Down
Counter as of the rising edge of cycle T2 will be available on the Z80 Data Bus. No additional wait states
are allowed. 19




CTC READ CYCLE

Figure 6.2-0

Tq T2 Tw* T3 T

CSo.1, CE X CHANNEL ADDRESS j(
o5 \ /
"D \_ /

”1 re

DATA ouT

*AUTOMATICALLY INSERTED BY Z80-CPU

6.3 CTC COUNTING AND TIMING

Figure 6.3-0 illustrates the timing diagram for the CTC Counting and Timing Modes.

CTC COUNTING AND TIMING
Figure 6.3-0

b

CLK / \ / \

INTERNAL
COUNTER / ZERO COUNT \

zc/To / \

TRG / \

INTERNAL /

TIMER START TIMING
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6.3 CTC COUNTING AND TIMING (Cont'd)

In the Counter Mode, the edge {rising edge is active in this example) form the external hardware con-
nected to pin CLK/TRG decrements the Down Counter in synchronization with the System Clock ®. As
specified in the A.C. Characteristics (Section 9.1) this CLK/TRG pulse must have a minimum width and
the minimum period must not be less than twice the system clock period. Although there is no set-up
requirement between the active edge of the CLK/TRG and the rising edge of ¢ if the CLK/TRG edge
occurs closer than a specified minimum time, the decrement of the Down Counter will be delayed one
cycle of &, Immediately after the decrement of the Down Counter, 1 to 0, the ZC/TO output is pulsed
true.

In the Timer Mode, a pulse trigger (user-selectable as either active high or active low) at the CLK/TRG
pin enables timing function on the second succeeding rising edge of . As in the Counter Mode, the trig-
gering pulse is detected asynchronously and must have a minimum width. The timing function is initi-
ated in syncronization with ®, and a minimum set-up time is required between the active edge of the
CLK/TRG and the next rising edge of ®. If the CLK/TRG edge occurs closer than this, the initiation of
the timer function will be delayed one cycle of ®.

21
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7.0

7.1

CTC INTERRUPT SERVICING

Each CTC channel may be individually programmed to request an interrupt every time its Down Counter
reaches a count of zero. The purpose of a CTC-generated interrupt, as for any other peripheral device, is
to force the CPU to execute an interrupt service routine. To utilize this feature the Z80-CPU must be
programmed for mode 2 interrupt response. Under the requirements of this mode, when a CTC channel
requests an interrupt and is acknowledged, a 16-bit pointer must be formed to obtain a corresponding
interrupt service routine starting address from a table in memory. The lower 8 bits of the pointer are
provided by the CTC in the form of an Interrupt Vector unique to the particular channel that requested
the interrupt. (For further details, refer to Chapter 8.0 of the Z80-CPU Technical Manual.)

The CTC’s Interrupt Control Logic insures that it acts in accordance with Z80 system interrupt protocol
for nested priority interrupt and proper return from interrupt. The priority of any system device is
determined by its physical location in a daisy chain configuration. Two signal lines (IEI and IEO) are
provided in the CTC and all Z80 peripheral devices to form the system daisy chain. The device closest to
the CPU has the highest priority; within the CTC, interrupt priority is predetermined by channel number,
with channel O having highest priority. According to Z80 system interrupt protocol, low priority
devices or channels may not interrupt higher priority devices or channels that have already interrupted
and not had their interrupt service routines completed. However, high priority devices or channels may
interrupt the servicing of lower priority devices or channels. (For further details, see section 2.3: “Inter-
rupt Control Logic™.)

Sections 7.1 and 7.2 below describe the nominal timing relationships of the relevant CTC pins for the
Interrupt Acknowledge Cycle and the Return form Interrupt Cycle. Section 7.3 below discusses a typ-
ical example of daisy chain interrupt servicing.

INTERRUPT ACKNOWLEDGE CYCLE

Figure 7.1-0 illustrates the timing associated with the Interrupt Acknowledge Cycle. Some time after an
interrupt is requested by the CTC, the CPU will send out an interrupt acknowledge (M1 and TORQ). To
insure that the daisy chain enable lines stabilize, channels are inhibited from changing their_interrupt re-
quest status when M1 is active. M1 is active about two clock cycles earlier than TORQ, and RD is false to
distinguish the cycle from an instruction fetch. During this time the interrupt logic of the CTC will de-
termine the highest priority interrupting channel within the CTC places its Interrupt Vector onto the
Data Bus when IORQ goes active. Two wait states (T\w*) are automatically inserted at this time to allow
the daisy chain to stablize. Additional wait states may be added.

INTERRUPT ACKNOWLEDGE CYCLE
Figure 7.1-0

T T2 Tw* Tw* T3 Ta

ﬁ’ﬁml
o TS N
DATA - { VECTOR )

N/
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7.2

RETURN FROM INTERRUPT CYCLE

Figure 7.2-0 illustrates the timing associated with the RET| Instruction. This instruction is used at the
end of an interrupt service routine to initialize the daisy chain enable lines for proper control of nested

priority interrupt handling. The CTC decodes the two-byte RETI code internally and determines whe-
ther it is intended for a channel being serviced.

When several Z80 peripheral chips are in the daisy chain IEI| will become active on the chip currently
under service when an EDH opcode is decoded. If the following opcode is 4DH, the peripheral being ser-
viced will be re-initialized and its IEQ will become active. Additional wait states are allowed.

RETURN FROM INTERRUPT CYCLE
Figure 7.2-0

T T2 T3 Tg T1 T2 T3 T4 T

v T LT

Do- D7 { 4D )
e T T T :/’

£ /

7.3

DAISY CHAIN INTERRUPT SERVICING

Figure 7.3-0illustrates a typical nested interrupt sequence which may occur in the CTC. In this example,
channel 2 interrupts and is granted service. While this channelis being serviced, higher priority channel 1
interrupts and is granted service.. The service routine for the higher priority channel is completed, and a
RETI instruction (see section 7.2 for further details) is executed to signal the channel that its routine is
complete. At this time, the service routine of the lower priority channel 2 is resumed and completed.

DAISY CHAIN INTERRUPT SERVICING
Figure 7.3-0

HIGHEST PRIDRITY CHANNEL
, Yq CHANNEL @ CHANNEL 1 CHANNEL 2 CHANNEL 3
HI HI HI HI
e IE0 1] IE0 1E) eo 4 e 1E0 f—o

1. PRIORITY INTERRUPT DAISY CHAIN BEFORE ANY INTERRUPT DCCURS.
UNDER SERVICE

+
HI HI l
— IEI IED IEI IEO il IEl IEO Lo 13 IEO | g

2. CHANNEL 2 REQUESTS AN INTERRUPT AND IS ACKNOWLEDGED.
UNDER SERVICE SERVICE SUSPENDED

. HI
L eob 1 e 160 p—2 4 ie 31] S p reo L2

3. CHANNEL 1 INTERRUPTS, SUSPENDS SERVICING OF CHANNEL 2,
SERVICE COMPLETE  SERVICE RESUMED

HI HI L Lo
L= i oA e IE0 IEI eo 24 ¢, IE0

4. CHANNEL 1 SERVICE ROUTINE COMPLETE, “RETI" ISSUED, CHANNEL 2 SERVICE RESUMED.
SERVICE COMPLETE

HI HI
(LIS 73 T3] Sl P T3] L Y 130) ML 1E0 f——o

5. SECOND “RETI” INSTRUCTION ISSUED ON COMPLETION OF CHANNEL 2 SERVICE ROUTINE
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7.4

USING THE CTC AS AN INTERRUPT CONTROLLER

All of the Z80 family parts contain circuitry ‘for prioritizing interrupts and supplying the vector to the
CPU. However, in many Z80 based systems interrupts must be processed from devices which do not con-
tain this interrupt circuitry. To handle this requirement the MK3882 CTC can be used, providing prior-
itized, independently vectored, maskable, edge selectable, count programmable external interrupt inputs.
The MK3882 parts may be cascaded, expanding the system to as many as 256 interrupt inputs.

Each MK3882 contains 4 channels with counter inputs able to interrupt upon one or more (up to 256)
edge transitions. The active transition may be programmed to be positive or negative. Each of the 4
channels has a programmable vector which is used in powerful Z80 mode 2 interrupt processing. When
an interrupt is processed the vector is combined with the CPU | register to determine where the interrupt
service routine start address is located. Additionally, priority resolution is handled within the MK3882
when more than one interrupt request is made simultaneously. When more than one MK3882 is used,
the prioritizing is done, with the |EI/IEQ chain resolving inter-chip priorities. Each channel can be inde-
pendently “masked’’ by disabling that channel’s local interrupt.

When programming the MK3882 to handle an input as a genera! purpose interrupt line, the channel is put
in the counter mode, with the count set to 1, the active edge specified and the vector is loaded. When
the programmed edge occurs a mode 2 interrupt will be generated by the CTC and the Z80-CPU can
vector directly to the service routine for the non-Z80 peripheral device. Note that after the interrupt,
the CTC down counter is automatically reloaded with a count of one and the CTC begins looking for
another active edge. The second interrupt will not be passed on to the CPU until after the RETI of the
first interrupts service routine.

CTC AS AN INTERRUPT CONTROLLER
Figure 7.4-0

SYS RESET B T

HIGHEST

| RESET  IEI PRIORITY
To cPu <| DATA _ 8US u> 007
[ 514 TRG 023 INTERRUPT 0
' 181 ¢so
a, Bles)  tRe 22 INTERRUPT |
ORG 19/ iora
_ 1a|— H
wi wi TRe 2|2 < INTERRUPT 2
Ao m &/
Nty 2l R 322 INTERRUPT 3

To
Z80-CPU

INTERRUPT 4

INTERRUPT &

INTERRUPT 6

INTERRUPT 7

C 1E0 LOWEST

[Az~ A7 > oecone 24 "I:s I PRIORITY
D
\ +5V GND

TO ADDITIONAL

MK 3882°'S
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8.0

Temperature Under Bias

ABSOLUTE MAXIMUM RATINGS

Specified Operating Range

StOrage TeMPEratUIe. . o o\ ettt e e et e et et e et e e -65°C to +150°C
Voltage on Any Pin with Respect to Ground .. ...... ... ... ... ... ... . . ... -0.3V to 47V
Power Dissipation . . .. . e 0.8v

8.1 D.C. CHARACTERISTICS
TA =0°C to 70°C, Vecc = 5V + 5% unless otherwise specified

SYMBOL | PARAMETER MIN MAX UNIT| TEST CONDITION
ViLe Clock Input Low Voltage —-0.3 45 \%

VIHC Clock Input High Voltage (1) Vee—6| Ve +3 | V

ViL Input Low Voltage -0.3 0.8 V

VIH Input High Voltage 2.0 Vee \%

VoL Output Low Voltage 0.4 \ loL=2mA

VoH Output High Voltage 2.4 \Y loH = —250 uA
Icc Power Supply Current 120 mA Tc = 400 nsec**

Iy Input Leakage Current 10 A ViN=0to Vee
ILOH Tri-State Output Leakage Current in Float 10 pA VouT =24 to Ve
lLoL Tri-State Output Leakage Current In Float -10 pA VouTt = 0.4V
IOHD Darlington Drive Current -1.5 mA | Vgy = 1.5V

**Tc = 250 nsec for MK 3882-4

8.2 CAPACITANCE

TA=25°C, f=1MHz

SYMBOL | PARAMETER MAX UNIT | TEST CONDITION
Cop Clock Capacitance 20 pF Unmeasured Pins
CIN Input Capacitance 5 pF Returned to Ground
CouT Output Capacitance 10 pF

*COMMENT

Stresses above those listed under ““Absolute Maximum Rating’’ may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other condition above those indicated in the operational sections of this specification is not

implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.
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8.3 A.C. CHARACTERISTICS MK 3882, MK 3882-10, Z80-CTC
TA=0"Cto70° C, Vec = +5 V + 5%, unless otherwise noted

Signal Symbol Parameter Min Max Unit Comments
® tc Clock Period 400 (1 ns
tw(®H) | Clock Pulse Width, Clock High 170 2000 ns
tw(dL) | Clock Pulse Width, Clock Low 170 2000 ns
tr, tf Clock Rise and Fall Times 30 ns
tH Any Hold Time for Specified Setup Time|0 ns
Cs, CE, etc. [ts®(CS) | Control Signal Setup Time to Rising 160 ns
Edge of & During Read or Write Cycle
tpRI(D) Data Output Delay from Rising Edge of 480 ns |(2)
RD During Read Cycle
tgd(D) Data Setup Time to Rising Edge of & 50 ns
During Write or M1 Cycle
Do-D7 tp (D) Data Output Delay from Falling Edge 340 ns |(2)
of IORQ During INTA Cycle
tr(D) Delay to Floating Bus {(Output Buffer 230 ns
Disable Time)
1E| ts(1El) IEI Setup Time to Falling Edge of IORQ [200 ns
During INTA Cycle
tpH(I0) | IEO Delay Time from Rising Edge of IE| 220 ns |((3)
tpL(IO) | IEO Delay Time from Falling Edge of IEI 190 ns ((3)
IEO tpm(10) | IEO Delay from Falling Edge of M1 _ 300 ns |(3)
{Interrupt Occurring just Prior to M 1)
IORQ tg®{IR) | IORQ Setup Time to Rising Edge of & |250 ns
During Read or Write Cycle
M1 ts(M1) | M1 Setup Time to Rising Edge of ® 210 ns
| During INTA or M1 Cycle
RD ts®(RD) | RD Setup Time to Rising Edge of & 240 ns
During Read or M1 Cycle
tpck (IT)| INT Delay Time from Rising Edge of 2tc(P) + 200 Counter Mode
INT CLK/TRG
tp®(IT) | TNT Delay Time from Rising Edge of @ tc(d) + 200 Timer Mode
tc(CK) Clock Period 2tc(P) Counter Mode
tr, tf Clock and Trigger Rise and Fall Times 50 ns
ts(CK) Clock Setup Time to Rising Edge of ¢ 210 ns [Counter Mode
for Immediate Count
tg(TR) Trigger Setup Time to Rising Edge of & [210 ns [Timer Mode
for Enabling of Prescaler on Following
Rising Edge of &
CLK/TRGQ-3
tw(CTH) | Clock and Trigger High Pulse Width 200 ns |Counter and
Timer Modes
tw({CTL) | Clock and Trigger Low Pulse Width 200 ns |Counter and
Timer Modes
tDH(ZC) | ZC/TO Delay Time from Rising Edge of 190 ns |Counter and
¢, ZC/TO High Timer Modes
ZC/TOQ.2 |tDL(ZC) | ZC/TO Delay Time from Falling Edge of 190 ns |Counter and
&  ZC/TO Low Timer Modes
OUTPUT LOAD CIRCUIT
NOTES: (1) te = tylDH) + eyt PL) + 1, + 4.

(2)

(3)

(4)

28

Increase delay by 10 nsec for each 50 pF increase in
loading 200pF maximum for data lines and 100pF
for control lines.

Increase delay by 2nsec for each 10pF increase in
loading, 100pF maximum,

cycles.

RESET must be active for a minimum of 3 clock

wwwwwwwwww

T
0.4

.
|

i )

vee
Bro21n T
Ry DRs NG OR EGUIVALENT
L 50 F ONALL Sins
ey
"




8.4 A.C.TIMING DIAGRAM

g v
CLOCK Vee - 6V 45V
QUTPUT 20V 8v
Timing measurements are made at the following voltages, unless otherwise specified INPUT 20V 8v
FLOAT AV +0.5V
T2 T3 TW T4/T3 m
| e o
ty (L) = ‘4— t, | |- > ‘4-“
-—tr— -—— 4 15} (CS)—— —| t4{CS) 1.._
e /
— <15, (RD)
| |
|
_ tpr (D}
&6 DR ‘ e
—| 1g,(D) |= — - te (D), tyR(D)
v N
Dg-D3 \ [
-t (D)
-+ tg (IR)|w
IORQ \ /
gy, (M1)—>
oy f
1DM[IO)—D— |<—
iEl
tgllEI)

EIO \
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/
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8.5 A.C. CHARACTERISTICS MK 3882-4,Z80A-CTC

TA=0° Cto 70° C, Vcc = +5 V + 5%, unless otherwise noted

Signal Symbol Parameter Min Max Unitl Comments
tc Clock Period 250 (1) ns
) tw(PH) | Clock Pulse Width, Clock High 105 2000 ns
twi(dL) Clock Pulse Width, Clock Low 1056 2000 ns
tr, tf Clock Rise and Fall Times 30 ns
tH Any Hold Time for Specified Setup Time |0 ns
CS, CE, etc [ts®(CS) | Control Signal Setup Time to Rising Edge[145 ns
of ® During Read or Write Cycle
tDR(D) | Data Output Delay from Falling Edge of 380 ns |(2)
RD During Read Cycle
tsd(D) Data Setup Time to Rising Edge of ® 50 ns
During Write or M1 Cycle
Dg-D7 tp (D) Data Output Delay form Falling Edge 160 ns |[{2)
of IORG During INTA Cycle
tr(D) Delay to Floating Bus (Output Buffer 110 ns
Disable Time)
IEI ts(IEl) IEl Setup Time to Falling Edge of TORQ |140 ns
During INTA Cycle
tpH(I0) | IEO Delay Time from Rising Edge of IE| 160 ns |[(3)
IEO tpL(10) | IEO Delay Time from Falling Edge of IE| 130 ns |[(3)
tpm(10) | IEO Delay from Falling Edge ofT\/TL 190 ns |(3)
(Interrupt Occurring just Prior to M1)
IORQ ts®(IR) | TORQ Setup Time to Rising Edge of ® [115 ns
During Read or Write Cycle
MT ts®(MT) | MT Setup Time to Rising Edge of @ 90 ns
During INTA or M1 Cycle
RD ts®(RD) | RD Setup Time to Rising Edge of ® 115 ns
During Read or M1 Cycle
INT tpcK (IT)[ INT Delay Time from Rising Edge of 2tc(d) + 140 Counter Mode
CLK/TRG
tp®(IT) | TNT Delay Time from Rising Edge of & te(®) + 140 Timer Mode
tc(CK) Clock Period 2tc(P) ns |Counter Mode
tr, tf Clock and Trigger Rise and Fall Times 30
ts(CK) Clock Setup Time to Rising Edge of ® 130 ns |Counter Mode
for Immediate Count
ts(TR) Trigger Setup Time to Rising Edge of ® [130 ns |Timer Mode
for enabling of Prescaler on Following
Rising Edge of ®
CLK/TRGp-3
tw(CTH) | Clock and Trigger High Pulse Width 120 ns |Counter and
Timer Modes
tw(CTL) | Clock and Trigger Low Pulse Width 120 ns |Counter and
Timer Modes
ZC/TO0-2 [tpH(ZC) | ZC/TO Delay Time from Rising Edge 120 ns |Counter and
of &, ZC/TO High Timer Modes
ZC/TOp-2 [tDL(ZC) | ZC/TO Delay Time from Rising Edge 120 ns |Counter and
of &, ZC/TO Low Timer Modes
NOTES: (1) to = tyw(PH) + tyy(BL) + 1, + 15 OUTPUT LOAD CIRCL\{‘I‘T

o=

(3.)

(4.)
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Increase delay by 10 nsec for each 50 pF increase in
loading, 200pF maximum for data lines and 100pF
for control lines,

Increase delay

by 2nsec for each 10pF increase in

loading, 100pF maximum.
RESET must be active for a minimum of 3 clock

cycles.
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8.6 PACKAGE DESCRIPTION AND ORDERING INFORMATION

PACKAGE DESCRIPTION - 28 Pin Dual-In-Line Plastic Package
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i NOM 4
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PIN SPACING I
(SEE NOTE)
NOTE:

1. The true position pin spacing is 0.100 between center
lines. Each pin centerline is located within £ .0100 of
its true longitudinal position relative to pins 1 and 28.

PACKAGE DESCRIPTION - 28 Pin Dual-In-Line Ceramic Package
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ORDERING INFORMATION

PART NO. PACKAGE TYPE MAX CLOCK FREQUENCY TEMPERATURE RANGE
MK3882N Z80-CTC Plastic 2.5 MHz

MK3882P Z80-CTC Ceramic 2.5 MHz 0° to+70° C

MK3882N - 4 Z80A - CTC |Plastic 4.0 MHz

MK3882P - 4 Z80A - CTC |[Ceramic 4.0 MHz

MK3882N - 10 Z80 - CTC |Plastic 2.5 MHz -40° Cto +85° C
MK3882P - 10 Z80- CTC |Ceramic 2.5 MHz -40° C to +85° C
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