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SUMMARY

The purpose of this analysis is to gain first-hand knowledge on
physical and electrical structuring of this circuit. This permits
identification of the strong and weak features of this device and
isolation of areas requiring in-depth analysis. In this way, a basis
will be provided for predicting circuit reliability and establishing a

background for future analysis.

The 780-Counter Timer Circuit (CTC) provides counting and timing func-
tions for microcomputers based on the Z80-CPU. The four independent
channels are programmable to operate as either a counter or a timer.
This circuit requires a single 5-volt supply and a single-phase 5-volt
clock. The Z80-CTC utilizes N-channel silicon-gate depletion-load MOS
technolegy and is packaged in a 28-pin DIP. A priority interrupt
structure that is dedicated to the 7Z80-CPU provides for automatic

interrupt vectoring without external logic.
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INTRODUCTION

To evaluate the Zilog Z80 Counter-Timer-Circuit (CTC) a total of four
parts were used. Two of these parts were received from a Zilog repre-
sentative. These were engineering samples and were not used for any
electrical testing. The remaining two devices were ordered from a
Tocal distributor and received within two weeks. These MOS devices
were received inserted in conductive foam and boxed for static

discharge protection.

The engineering samples received from the Zilog representative had no
package markings. The devices received from the local distributor were
marked with the Zilog logo, part number (Z80-CTC), date code (7714),
and Tot control number (08201). The devices were packaged in 28-pin
ceramic dual-in-line packages having standard operating ranges of 5V +
5% and 0°C to 70°C. The ceramic package and standard operating range

were the only options available at the time the devices were ordered.

The two devices purchased from a local distributor were used for the
physical analysis including X-ray, leak tests, gas analysis, package
examination, internal visual and SEM inspection. The remaining

mechanical samples were used only for circuit tracing.



SECTION I - EXTERNAL PACKAGE ANALYSIS

1.1 - Visual

The Z80-CTCs were packaged in 28-pin ceramic DIPs with Kovar gold-plat-
ed 1ids which were soldered on to provide a hermetic seal. FKovar gold-
plated leads were side brazed to the package. Physical measurements
were taken and compared with the package outline in the data sheet.

All measurements were within the tolerances stated. Table 1-1 is a

comprehensive listing of the external physical measurements.

Photographs of the Zilog 7Z80-CTC package (sample 2K) are provided in

Figure 1-1.

1.2 - X-Ray

Sample 2K was X-rayed, and the results are shown in Figure 1-2. One

edge of the die is unsupported, with no eutectic material visible. I

=ty

the wire bonding operation takes place above the unsupported edge of
the silicon, then microcracks can result. This hazard should be moni-
tored as a reliability problem. The X-ray shows that the other three
edges are adequately supported and have no excessive build-up of the

eutectic material.
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FIGURE 1-1. ZILOG Z80-CTC PACKAGE PHOTOGRAPHS.
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TABLE 1-1

ZILOG 780-CTC PACKAGE SPECIFICATIONS

PACKAGE DIMENSIONS:
PACKAGE MATERIAL:
LID DIMENSIONS:

LID MATERIAL:
SEALING METHOD:
LEAD SPACING:

LEAD MATERIAL:

LEAD DIMENSIONS:

LEAD ATTACHMENT METHOD:

LEAD FRAME MATERIAL IN BONDING AREA:

L: 1.4" W: 0.59" TH: 0.082"
Dark Ceramic

Ly 0.5% We 0E*® TH: 0.01"
Kovar Gold-Plated

Soldered

0.59" x Q.08"

Kovar Gold-Plated

L: 0.13" W: 0.016" TH: 0.01"
Side Brazed

Gold-Plated



FIGURE 1-2. ZILOG ZB0-CTC X-RAY PHOTOGRAPHS.



In the lead frame area, there are virtually no voids or any spacing

problem with lead interconnect.
1.3 - Leak Test and Gas Analysis

Leak tests were performed on sample 2K per MIL-STD-883B, Method 1014.2,
Conditions B and C. During both fine and gross leak tests, the part
exhibited a leak rate of less than 1 x 10-% atm cc/sec., the test

Timit.

Gas analysis was done on sample 2K per MIL-STD-883B Method 1018.1. The
results of these tests are shown in Table 1-2. The moisture content
was 0.09%, which is judged to be a safe level. The water vapor should
be no greater than 0.5%, and ideally less than 0.1%. Gas analysis
results would imply that these circuits were sealed in a dry nitrogen

atmosphere.



TABLE 1-2
GAS ANALYSIS OF THE Z80-CTC SAMPLE 2K

CONSTITUENT CONCENTRATION (%VOL/VOL)
ARGON (Ar) 0.44
HYDROGEN (Ho) 0.57
NITROGEN (Np) 98.9
WATER VAPOR (H00) 0.09



SECTION I1 - INTERNAL PACKAGE ANALYSIS

The 1id of the Zilog Z80-CTC (sample 2K) was mechanically removed and
the die cavity inspected according to the procedures prescribed in
MIL-STD-883B, Method 2010.3, Test Condition B. This is not a compari-
son to MIL-STD's but this MIL-STD provides a detailed inspection proce-

dure.

Figure 2-1 is a whole die photograph of the Z80-CTC. A view of the
assembled die in the cavity is seen in the SEM photograph of the cavity
area in Figure 2-2. There is a good fit between the circuit die and
the cavity. Since the bonding pad layout on the die necessitates the
use of a bonding wire 140 mils long, this should be an area of concern.
Long bonding wires can sag and eventually cause a clearance problem
between the bonding wire and the die. This would be most Tikely to
occur under shock conditions. As seen in Figure 2-2, the wires are
forward bonded, which does produce better clearance. Workmanship in

the assembly area is good.

2.1 - Die Separation and Mounting

The Zilog 780-CTC die was separated from adjacent die by the saw and
break method as shown in in Figure 2-3. SEM inspection of sampie 1K
disclosed no chips or cracks along the edge of the die, nor cracks
extending inward toward any active circuit element. A void under the
die of sample 2K is shown in Figure 2-4. This is the same sample that
was X-rayed and determined to be unsafe. Since there is a bonding pad
above the unsupported silicon, the reliability hazard of microcracks
does exist. Further observation in the SEM revealed no evidence of

flaking, balling or excessive build-up of the eutectic material. Die
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TABLE 2-1
Z{LOG Z80-CTC DIE SPECIFICATIONS

Cavity Size: 250 mils x 250 mils
Die Size: 90 mils x 135 mils
Area: 12,150 sq. mils
Thickness: Approx. 15 mils
Die Separation Technique: Saw and Break
Die Attach Method: AuSi Eutectic
Wire Bonding Method: Ultrasonic Wedge Bonding
Wire Bonding Material: 1.2 mil Aluminum Wire
Longest Span: 140 mils
Minimum Bonding Pad Size: 4.3 mils x 4.3 mils
Minimum Bonding Pad Window: 4,0 mils x 4.0 mils
Minimum Bonding Pad Spacing: 3.0 mils
Minimum Spacing Pad to Scribe: 4.0 mils
Minimum Spacing Pad to Nearest Metal Line: 1.3 mils
Minimum Contact Size: 0.3 mils dia.
Minimum Diffusion Spacing: 0.25 mils
Minimum Diffusion Width: 0.3 mils
Minimum Metal Line Width: 0.25 mils
Minimum Metal Line Spacing: 0.4 mils
Minimum Polysilicon Width: 0.25 mils
Minimum Polysilicon Spacing: 0.3 mils
Minimum Gate Size: L: 0.25 mils W: 0.3 mils
Bond Strength Test 28 Wires
Average: 4.42 grams High: 5 grams Low: 3.5 grams Std. Dev: 0.44 grams

Die Shear Test: Did not shear at 2500 grams

10
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shear testing was performed on sample 1K. The die did not shear at

2500 grams.

2.2 - Interconnection

The Zi7og Z80-CTC was interconnected by ultrasonic wedge bonding. A
typical wedge bond is seen in Figure 2-5. The interconnection material
was aluminum wire 1.2 mils in diameter. All bonds were inspected in
the SEM and found to be adequate. The forward bonding technique was
used on this device. Forward bonding provides good clearance between

the wire and the circuit die.

Bond strength tests were done on sample 1K. The majority of failures
were wire breaks at the neck down point; that is, the point at which
the cross section of the wire is reduced due to the bonding process.
The average puil strength was 4.42 grams. The lowest pull sirength was
3.5 grams, well above the MIL-STD-883B Method 2011.2 minimum

requirement of 2 grams for 1.2 mil wire.

2.3 - Examination of the Die Surface

Examination of the die surface was done on both sample 1K and 2K, first

with the glassivation intact and then with glassivation removed. At

both steps no anomalies were found. All spacings and line widths

13



appeared to be adequate for high yields and reliability concerns. An
SEM photograph of metallization step coverage is shown in Figure 2-6.
The step coverage was good and all contact holes were completely

covered with metallization.

14
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FIGURE 2-6. ZILOG Z80-CTC METAL STEP COVERAGE.
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SECTION ITI - PROCESSING

The Zilog 780-CTC was fabricated with an N-channel! silicon-gate
éepletian-1aad MOS process using local oxidation to isolate adjacent

diffusions. Table 3-1 presents the postulated processing sequence.

16



TABLE 3-1
POSTULATED PROCESS SEQUENCE FOR THE ZILOG Z80-CTC

STARTING MATERIAL: HIGH RESISTIVITY P-TYPE SUBSTRATE

STEP
SIEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP

STEP 1

STER
STEP
SLEP

STEP

STEP ¢

STEP
STEP
STEP

O O ~N o o B W

o T T S T S S O N S e S e e S e S i e
gl B oW N = O O O~ oy W N = O

GROW THIN OXIDE
DEPOSIT NITRIDE
APPLY PHOTORESIST AND PATTERN (FOR FIELD OXIDATION) MASK
ETCH NITRIDE
ION IMPLANT BORON (FIELD DOPING)
GROW FIELD OXIDE
TRIP NITRIDE AND UNDERLYING OXIDE
GROW THIN OXIDE LAYER

APPLY PHOTORESIST AND PATTERN (FOR DEPLETION LOADS) MASK
ION IMPLANT
APPLY PHOTORESIST AND PATTERN (FOR BURIED CONTACTS) MASK

ETCH OXIDE FOR CONTACTS

DEPOSIT POLY

APPLY PHOTORESIST AND PATTERN (GATES AND INTERCONNECTS) MASK
ETCH POLY AND EXPOSED GATE OXIDE

DIFFUSE N+ (PHOSPHOROUS) TO FORM THE SOURCE AND DRAIN REGIONS
DEPOSIT INTERMEDIATE OXIDE

APPLY PHOTORESIST AND PATTERN (FOR METAL CONTACTS) MASK
ETCH INTERMEDIATE OXIDE

OEPOSIT ALUMINUM

APPLY PHOTORESIST AND PATTERN (FOR INTERCONNECT ETC.) MASK
ETCH ALUMINUM

DEPOSIT GLASSIVATION

APPLY PHOTORESIST AND PATTERN (FOR BONDING PAD OPENINGS) MASK
ETCH GLASSIVATION

17



SECTION IV - CIRCUIT AND LOGIC ANALYSIS

4.1 - Die Partitioning

The 780 Counter-Timer-Circuit (CTC) is divided inte four independent
programmable channels that provide counting and timing functions for

the 780-CPU. Figure 4-1 shows the channels across the middle of the
chip. The layout is generally very compact with Tittle wasted space.
The bidirectional data bus is at the top, and the internal data bus runs
vertically through the interrupt vector register, interrupt control Tog-
ic and the counter/timer channels. Data bus latches are at the end of
the internal data bus at the bottom of the chip. The four clock/trigger
inputs are at the right edge with associated control circuitry. The
three zero count/timeout outputs are along the left side with the
channel interrupt logic. Read/Write control surrounds the RD input.

The remaining interrupt and control lines enter the chip along the bot-
tom edge. Two channel select Tines enter at the Tower right corner and

are decoded in each channel.

Vgg (ground) enters the chip at the upper left corner. There are a
few ground crossunders, but none that are connected to output driver
circuits. With a total Vgg metal width of 3.5 mils, the average
current density is about 35 mA/mil. Vgc enters the chip from the

upper right corner with a wide metal run extending down the right side.
The unbuffered clock enters the chip from the middle of the bottom edge

and is distributed along both sides of the chip.

18
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4.2 - Read/Write (CE, MI, IORQ, and RD Inputs).

The circuitry illustrated in Figures 4-2 through 4-5 is part of the
internal control logic block shown in Figure 1 (CTC Block Diagram) of
the Z80-CTC product specification. This Togic controls the transfer of

data and control words between the Z80G-CPU and the CTC.

Figure 4-2 illustrates a type-D flip-flop that is used throughout the

CTC circuitry. The state of the Data (D) input is transferred to the
outputs (Q and Q) on the rising edge of the Clock (C) input signal.

The Reset (R) input makes Q "low" and Q "high". A logic block will be used
to represent this circuit in the remaining schematics. In some flip-

flops the connections to the inverter formed by transistors 1 and 2 are
reversed, thus changing the D input to a D input. In other flip-flops

the C input is complemented by reversing the two latches of the flip-

flop. Data is then transferred on the falling edge of the Clock (C)

input. A schematic of a complex gate is shown formed by transistors

7 through 11.

Figure 4-3 illustrates the use of this flip-flop (FF1l) in the Machine
Cycle 1 (M1) input. The M1 signal originates in the Z80-CPU and
indicates that the current machine cycle is an op code fetch cycle.
The NOR gate latch and cutput driver composed of transistors 6 through

17 insure that transitions of ML will occur when Clock is "lTow." FF1

fully synchrnnizes'ﬁfﬁ to the rising edge of Clock.

20
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A
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& = Vg (GROUND)

FIGURE 4-3. ZILOG Z80-CTC MACHINE CYCLE ONE (M1) INPUT.
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Figure 4-4 i1lustrates the circuitry used in transferring data from the
CTC to the CPU. The four input NOR gate formed by transistors 8
through 12 detects a CPU read cycle. The READ REG signal is "Tow"

whenever the CPU reads the current contents of the Down Counter.

Another CTC to CPU data transfer occurs during the interrupt acknowl-

edge cycle. The NOR gate composed of transistors /2 through 76

(Photographed in Figure 4-5A) detects M1 and IORQ "Tow" when there is a

CTC interrupt active and Interrupt Enable In (IEI) is "low".

Transistors 15 through 20 enable the data bus output drivers during s

read cycle or an interrupt acknowledge cycle.

The four input NOR gate composed of transistors 77 through 81 detects a
possible interrupt acknowledge cycle when ML is "low” while IORQ and RD are
"high". FF2 synchronizes this signal to the leading edge of Clock. READ
VECTOR places the interrupt vector onto the internal data bus. The

vector is read by the CPU only when OUT is active.
Figures 4-5A and 4-5B 1illustrates the circuitry controlling data transfers to the

CTC either from the CPU during a write cycle or program memory during a return

from interrupt cycle.
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FIGURE 4-4. ZILOG Z80-CTC READ CYCLE STATUS (RD) INPUT WITH READ CYCLE
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The combination of FF11 and the 5 input NOR gate (transistors 23 through
28) detect the beginning of a write cycle. The output of the NOR gate
is "high” only until the next rising edge of Clock following a failling

edge of I0RQ. Data is transferred to the CTC registers in two steps.

Data is transferred to the CTC registers in two steps.

First, external data is sampled by STROBE DB and transferred to the
internal data bus by IN. Then FF13 (photographed in Figure 4-7A) delays
one full clock cycle and WRITE REG transfers internal data to the

register latches.

During a return from interrupt cycle the CTC must decode the RETI
instruction. FF3 and two NOR gates (Transistors 1 through 6) detect the
beginning of an op code fetch cycle. FF4 delays this signal by one half
clock time and generates the internal FETCH signal. Transistors 33
through 43 form a latch that accomplishes the two step data input

function described earlier.

The ENABLE DB signal forces a Togic "one" on the internal data bus
whenever it is not being used for any data transfer function.
Transistors 54 through 64 detect all data bus transfers while the latch
composed of transistors 82 through 93 (photographed in Figure 4-7A)
extends the ENABLE DB signal by one half clock time at the end of a

write cycle.
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4.3 - Bidirectional Data Bus (D7 through DO)

Bit six of the Z80-CTC data bus buffer is illustrated in Figure 4-6.
Transistors 1 through 14 form an output driver for the internal data
bit D6. The driver circuit is enabled only when data is transferred
from the CTC to the CPU. Otherwise, OUT is "high" and the driver is in
a high impedance state. Data to be transferred to the CIC is first
sampled by transmission gate 19 when Ciack is "low". When Clock is
"high", data is latched by transistors 22 through 26. Transmission
gate 27 samples the latched data and transistors 29 through 31 drive
the internal data bus during write or fetch cycles. Transistor 32
forces the internal data bus to a “highk’ state when it is not being
used for data transfers. Transistors 33 through 37 (photographed in
Figure 4-3) provide a latch for the data bus during the two step data

transfers described in the previous section.

4.4 - Interrupt Servicing (IE Input, INT and 1EQ Outputs).

The circuitry illustrated in Figure 4-7B decodes the RETI instruction
used to reset CTC interrupts. The output of FF5 goes "high" after the
first byte of any two byte instruction; that is, op codes CByg,

0D16, ED1g Or FD1g. If the op code is EDyg, then FF6

changes state and EE'goes "low". This enables the circuitry that
decodes the 4015 op code (Transistors 48 through 57). The RETI

signal will go "high" after the rising edge of the RD input (IN=0) and

will go "low" after the falling edge of FETCH.

28
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Interrupt Enable In (IEI) and Interrupt Enable Out (IEC) form a system

daisy chain for interrupts in which the device closest to the CPU has

the highest priority. Within the CTC, interrupt priority is determined

by channel number with chann21 zero having highest priority. When IEI

is "high", no other interrupting devices of higher priority in the daisy chain

are being serviced by the CPU.

The CTC interrupt circuitry is shown in Figure 4-8. Each channel (CHQ,
1, 2, and 3) has four outputs indicating the channel status to the
priority interrupt system. IEI signals form the daisy chain within the

CTC. Section 4.10 describes the channel interrupt Togic.

When a channel down counter reaches zero, the CPU receives an Interrupt
Request (Tﬁ? = 0) from one or more of the channels and sends an Interrupt
Acknowledge signal (M1 + TIORQ = 0). The interrupt pending (IP) signal

inhibits acknowledgement of lower priority interrupts.

The highest priority interrupt requestor (the one with IEI

n

0) places

its interrupt vector on the data bus (ACK = 1, READ VECTOR = 0) and

sets its interrupt-under service latch (IUS = 1).

The Z80-CPU executes a two byte RETI (RETurn from Interrupt) instruction
at the end of an interrupt service routine. This instruction is

decoded by the CTC and is used to reset the interrupt-under-service
latch. The normal daisy chain operation can be used to detect a

pending interrupt (IP=1). When the first byte (EDig) of a two byte
instruction is decoded {ED = 0), the daisy chain is modified by
inhibiting all pending interrupts so that the device presently under

service is the only one with IEI = 1 and [EO = Q.

32



£t

72

CHY | 1o

INT1?

ACKA1

gj
Y.
E

1Us1

50

INTACK —

READ VECTOR E IJ_‘ 0o

READ VECTOR

65 ot 71
.

66

ol

INT3

ACK3

—

CH3 | IpP3

1Us3

HEAD VECTOR

£
77 D

69

WRITE
VECTOR

e Y
READ
ol VECTCLR‘D—{ !jis

o6 —a—F 40— 4

%]

33
O

(EO
"

—hi,

FIGURE 4-8. ZILOG Z80-CTC IE! INPUT AND W IEQ OUTPUTS WITH PRIORITY

INTERRUPT,



[T the next byte is 4D1g, the interrupt-under-service latch is reset

(1US = 0).

4.5 - Channel Select (CS1 and CSO Inputs)

These inputs select one of four CTC channels for writing the
channel control register (CCR) or time constant register (TCR) and
reading the down counter (DC). The channel read/write circuitry of
Figure 4-9 is part of the channel control logic block of Figure 2

(Channel Block Diagram) in the Z80-CTC specificaticn. Channel zero

generates WRITE VECTOR which loads an interrupt vector when DO=0.

READ REG and WRITE REG are generated by the Read/Write circuitry
discussed in Section 4.2. READ OC is synchronized to the rising edge
of clock by FF19. WRITE TC is enabled by FF7 if, in the previous write

to channel zero, DO * D2 = 1.

4.6 - Channel Control Register

Fach of the four channel control registers (CCR) select operating modes and
conditions for a CTC channel. (SO and CS1 are used to form a two bit

binary address to select one of the channels. CCR bits 0 and 2 are
associated with the channel READ/WRITE circuitry and are discussed in

the previous section. Figures 4-10A and 4-10B illustrate CCR bits D1

and D3 through D7. Bits D4 through D7 are stored conditions and have

latches on each bit. INTENA (bit 7) is initialized by reset so that no

CTC channel can interrupt after RESET. Bit 1 (Reset Channel) resets FF8
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FIGURE 4-10B. ZILOG Z80-CTC CHANNEL CONTROL REGISTER (CHANNEL ¢).
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which discontinues the counter operation. Counting is resumed when a
time constant is loaded. Bit 3 controls the timer mode trigger source.
[f bit 3 = 0, the timer begins operation on the rising edge of Clock.

If bit 3

1 the external trigger (CLK/TRG) is valid for starting the
timer operation following the rising edge of Clock. Note that bits 1

and 3 are not stored conditions.

4.7 - Channel Trigger (CLK/TRG 3 through CLK/TRG O Inputs).

The External Clock/Timer Trigger input for channel zero is illustrated in
Figure 4-11. The active edge of this input is determined by SLOPE (Bit
4} from the channel control register. In the counter mode, every active
edge on this input decrements the down counter. In the timer mode, an
active edge initiates the timing function. FF2 latches the trigger

input asynchronously, then FF10 synchronizes TRG to the rising edge of
Clock. The latch formed by transistors 6 through 17 resets FF9. Note
that when STOP is "high", FF9 is reset; thus trigger inputs are not

recognized when the counter is disabled.
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4.8 - Channel Prescaler, Time Constant Register and Down Counter

[n the timer mode, the prescaler is an 8-bit counter which can be
programmed by bit 5 of the channel control register to divide the
system clock by either 16 or 256. Figure 4-12 illustrates bit 6 of the
prescaler. When START TIMER is "high" the prescaler is reset.
Transistors 10 through 19 form a latch that changes state on the rising
edge of Clock depending on a toggle input (T or T) and the feedback
Tine from Q er'ﬁ. Figure 4-14 illustrates how the 8 bits of the
prescaler are connected. PF16 and PF256 are the prescaler outputs used

in the channel counter control described in the next section.

Bit 6 of the time constant register and down counter are illustrated in
Figure 4-13. The down counter stage operates in the same manner as the
prescaler. WRITE TC loads the time constant register latch formed by
transistors 37 through 41. LOAD DC transfers the time constant to the
down counter while READ DC transfers the contents of the down counter
to the internal data bus. Transistor 55 is part of a zero detect gate.
ZERO is an 1input to the channel interrupt circuitry (Section 4.10).

The 8 down counter stages are connected in the same manner as the

prescaler (Figure 4-14).
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4.9 - Channel Counter Control

In the counter mode (Bit 6 = i) the down counter is decremented by each
trigaering edge of the external Clock input. Figure 4-15 illustrates
the circuitry that geneiates the Clock and Load signals for the
prescaler and the down counter  The counter mode is enabled by a NOR
gate and an inverter (Transistors 69 through 73). TRG becomes the down
counter clock (DC CLK) through 2 NOR gates and a non-inverting driver
(transistors 74 through 85). In both the counter and the timer mode
the down counter is loaded when it reaches a zero count or when the
channel stops counting or timing. Transistors 86 through 90 generate
the Toad DC signal whenever STOP or T01 = 1. (Transistors 80 through

90 are photographed in Figure 4-16).

The timer mode (Bit 6 = 0) is inhibited by a reset condition on FF4
when mode = 1 (See Figure 4-10 channel control register bit 3). When
the timer mode is selected the output of the prescaler clocks the down
counter. One prescaler output {(PF16 or PF256) is selected by the RANGE
bit (Transistors 53 through 65). If START TIMER is enabled by FF14
then the output of FF15 controls DC CLK {transistors 48 through 79 are

photographed in Figure 4-10).

An inverting buffer (not photographed) for the system clock drives the

prescaler clock.
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4,10 - Channel Interrupt (ZC/T02 through ZC/T0g Inputs)

The channel generates a possible interrupt request sequence every time
the down counter reaches a zero count condition. Figure 4-16
illustrates the interrupt control circuitry for channel cne. FF16 is
set when the down counter reaches zero. FF17 delays the zero count
signal and resets FF16 when Clock equals "0". Transistors 1 through 12
form a two stage inverting driver for the ZC/T01 output (Pin 8). The Q
output of FF17 also is an input to the channel interrupt circuitry that
implements the Z80 system of nested priority interrupts. Transistors
19 through 25 latch the zero count c¢ondition if the channel interrupt
is enabled (Tﬁ?fﬁﬁ = 0) and there is not already an finterrupt under
service (IUST1 = D). INT1 goes "high" and generates an Interrupt Request

(INT = 0) that is "wire-ORed" to the CPU INT input.

To ensure that the daisy chain enable Tines are stable during an

interrupt acknowledge cycle, transistors 31 through 38 latch the

interrupt condition only when ML is "high". IP1 becomes "high" and is used
to inhibit lower priority interrupts as discussed in Section 4.4. ACKl

is used in the Read/Write circuitry to enable reading of the interrupt
vector during an interrupt acknowledge cycle. The signal is also an input
to the interrupt vector register. The two input NOR gate composed of
transistors 55 through 57 is used to reset the interrupt

input and set the interrupt-under-service latch (FF18). IEI2 is
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generated by transistors 42 through 50 as part of the internal
interrupt daisy chain. FF18 is reset at the end of a return from
interrupt instruction if there are no higher priority interrupts (TETT
= 1). Refer to Section 4.4 for a discussion of how the channel

interrupt signals are used in CTC interrupt servicing.
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SECTION V - SPECIFICATION REVIEW

The information and comments in this section are based on a Zilog
Product Specification dated April 1978 included in the Appendix of this

report.

The Z80-CTC Features list should include the timer resolution and
maximum delay times. These are useful points of comparisen among timer
circuits. The resolution is 8 microseconds (prescaler # 16) and the

maximum delay is 32 milliseconds (prescaler 2 256).

The block diagrams in Figures 1 and 2 should separate the internal data
bus from the control lines to show more clearly the function of each

control Tine.

Timing Waveforms on pages 3 and 4 show bus timing relationships for
each of the CPU cycles. Explanation for the return from interrupt

cycle is correct but not clearly written.

The Programming section details the channel operation in both the timer
and counter modes. The timer resolution and maximum delay time can be

calculated from the formula given under Bit 6 = (.
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A.C. characteristics are shown both for the Z80-CTC (page 6) described
in this report and the faster Z80A-CTC (page 7). The maximum clock
frequency for the 780-CTC is 2.5 MHz while the Z80A-CTC is 4MHz. An

A.C. Timing Diagram is on page 8.

AbsoTute Maximum Ratings are listed for the commercial temperature
range of 0°C to 70°C. The rating for the voltage on any pin with
respect to ground of -0.3V to +7V is specified to insure that the input
junctions do not become forward biased {~0.3V) or the input voltage is
not greater than the punch-through voltage or field threshold voltages
(+7V) which may damage the device. The power dissipation rating of
0.8W is siightly greater than the maximum operating power dissipation
[Ice (Voo + 5% Vec)] of 0.64W. Power dissipation of 0.8W

is adequately conservative for a ceramic package at 70°C ambient.

The DC characteristics include Darlington Drive Current (Igup) of
-1.5 mA at Vgy = Vpx7r = 1.5V. This is the source current
available to drive the base of high current transistors in the Darling-

ton configuration.

Capacitance is measured at 1MHz separately for the clock, input pins

and output pins. Package capacitance has a significant effect.
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SECTION VI - CONCLUSIONS

The Z80-CTC, as well as the 780 PIO and SIC are not general purpose
devices. The control signals are unique to the Z80-CPU, and the addi-
tional circuitry required for the interface would not justify using the
CTC in other microcomputer systems. Moreover, the CTC relies on the

780-CPU RETI op codes for interrupt processing.

The maximum timer delay of 32 ms. is a limitation compared to competi-

tive timer circuits.

The daisy chain interrupt structure implemented in the part limits the
ability to program the interrupt priority, but has the advantage of re-

ducing software requirements.

The bus timing specifications are critical when designing a system with
many peripherals and Targe memory. Buffers are almost always required
to drive the address and data bus. Delay times must be revised and in

some cases the system clock speed may have to be reduced.
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SECTION VII - RECOMMENDATIONS

If a programmable counter and timer function is needed in a Z80-CPU
microprocessor system, the ZB0-CTC will be the most favorable choice,
since other timer circuits (such as the Intel 8283 Counter/Timer) are

not directly compatible with the Z80 control signals.

The time required for testing the Z80-CTC should not be excessive,
since the four channels can be tested concurrently. A gate level
description of the part is required to estimate the fault coverage of

proposed test sequences.

Workmanship exhibited in the samples examined in this report was good.
However, traditional military part testing must be continued to catch
reoccurring problems such as package 1id seal leaks, loose wire bonds
and intermetallic formation. Long bonding wires and voids in the die
attach area are potential reliability hazards encountered in this

examination (Section II).

Chip temperatures and metal current densities should be re-evaluated

for any versions of this part specified for higher temperature

ambients.
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Z.80-CTC
Z.80A-CTC

Z1ilog

The Zilog Z80 product line is a complete set of micro-
computer components, development systems and support
software. The Z80 microcomputer component set includes
all of the circuits necessary to build high-performance
microcomputer systems with virtually no other logic and
a minimum nuwmber of low cost standard memory elements.

The Z80-Counter Timer Circuit {CTC)is a programmable,
four channel device that provides counting and timing
functions for the Z80-CPLi. The Z80-CPU configures the
780-CTC’s four independent channels to operate under
various modes and conditions as required.

Structure

N-Channe! Silicon Gate Depletion Load Technology
28 Pin DIP

Single 5 volt supply

Single phase 5 volt ¢clock

Four independent programmable 8-bit counter/16-bit
timer channels

Features

® FHach channel may be selected to operate in either a
counter mode or limer mode.
® Programmable interrupts on counter or timer states.

Product Specification

APRIL 1978

® A fime constant register automatically reloads the
down counter at zero and the cycle is repeated.

® Readable down counter indicatesnumber of counts-to-go
until zero.

® Selectable 16 or 256 clock prescaler for each timer
channel,

o Selectable positive or negative trigger may initiate Liner
operation.

® Three channels have zero count/limeout ontputs capable
of driving Darlington transistors.

® Daisy chain priority interrupt logic included to provide
for automatic interrupt vectoring without external logic.

® All inputs and outputs fully TTL compatible.

® Outputs directly compatible with Z80-S10.

CTC Architecture

A block diagram of the Z80-CTC is shown in figure 1.
The internal siructure of the Z80-CTC consists of a Z80-CPU
bus interface, internal control logie, four counter channels,
and interrupt control logic. Fach channel has an interrupt
vector for automatic interrupt vectoring, and interrupt
priority is determined by channel number with channel {§
having the highest priority.

The channel logic is composed of 2 registers, 2 counters
and control lngic as shown in figure 2. The registers include
an 8-bit time constant register and an 8-bit channel control
register. The counters include an 8-bit readable down
counter and an 8-bit prescaler. The prescaler may be
programmed to divide the system clock by either 16 or 256.

INTERNAL

R
[r—— ZERO COLNT TIMEOUT @

CHANNEL @
s | OCK/TRIGCER @

———

p——— {LRO COUNT/TIMEOUT 1

CHANNEL |

) o
)3

9

LINES

. CONTROL
i GND &
i l l LOGIC 1
L
BATA CPU
BUS INTERNAL BUS
CONTHON e ¥o —

INTERRUPT CONTROL

FIGURE 1
CTC BLOCK DIAGRAM

e L OCK/TRIGGER |

p— [ F RO COUNTTIMEOUT 2

e | OCK, TRIGGER 2

(| OCK/TRIGGER 3
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Channel Counter and Register Description

Time Constant Register — 8 bits, loaded by the CPU to
initialize and re-load Down Counter at a count of zero.

Channel Control Register — 8 bits, loaded by the CPU to
select the mode and conditions of channel operation.

Down Counter — 8 bits, loaded by the Time Constant
[tegister under program control and automatically at a

count of zero. Al any time, the CPU can read the number
of counts-to-go until a zero couni. This counizcr is de-
cremented by the prescaler in timer mode and CLK/TRIG
in counter mode.

Prescaler — 8 bit counter, divides system clock by 16 or
256 for decrementing Down Counter. It is used in timer
mode only.

CHANNEL
CONTROL
REGISTER
AND LOGIC
{8 BITS)

TIME
CONSTANT
REGISTER
(8 BITS)

ﬁ INTERNAL BUS

PRESCALER
(8 BITS)

EXTERNAL CLOCK/TIMLER TRIGGLR

DOWN
COUNTER
(8 BITS)

ZERO COUNT/TIMEOUT

FIGURE 2
CHANNEL BLOCK DIAGRAM

Z80-CTC Pin Description
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] -"——"'2_ —-——————— CLK/TRGg
. i
o1 -T2 7w zciTDp
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CPU | p z 22 =
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pata | 2 1 - CLKITRGY
gus | T4 —— T ZCTOY ) CHANNEL
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&
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INTERRUPT | |59
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CLK}TRG@ Charnnel ¢ External Clock or Timer Trigger
(Input)
CLK/TRG) Channel | External Clock or Timer Trigger
(Input)
CLK/TRG> Channel 2 External Clock or Tuner Trigger
(Input)
CLK/TRG3 Channel 3 External Clock or Timer Trigger
(Input)
ZC{TOg Channel @ Zero Count or Timeout

(output, active high)
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Z.80-CTC Pin Description (continued)

ZCiTO Channel 1 Zero Count or Timeoul RD
(output, active high)
ZC/TO, Channel » Zero Count or Timeout [EI
outpul, active higl
(ouipu ive high) EO
CS) —CSp  Channe! Select (input, active high). These
form « 2-bit binary address of the channel
tob d. =y
o be accesse o
D7 -Dg ZB0-CPU Data Bus (bidirectional, tristate)
CE Chip Enahle (input, active low) RESET
D System Clock (input)
M Muachine Cycle One Signal from Z80-CPU
{input, uctive low)
10RQ Input/Qutput Request from Z80-CPU (input,

active low)

Timing Waveforms

Read Cycle Status from the Z80-CPU (input,
active iow)

Interrupt Enable In (input, active high)

Interrupt Enable Out (output, active high).
1E1 and 1EQ form a daisy chain connection
for priority interrupt control

Interrupt Request (output, open drain,
active low)

RESET stops all channels from counting and
resets channel interrupt enable bits in all
control registers. During reset time ZC/TOg.7
and INT go to the inactive states, IEO reflects
the state of [EI, and the data bus output drivers
go to Lhe high impedance state (input, active
low)

CTC WRITE CYCLE

IMustrated here is the timing {or loading a channel control
word, time constant and interrupt vector. No wait states are
allowed {orwriting to (e CTC other than the automatically
inserted (Ty*). Since the CTC does not receive a specific
wiile signal, il internally generates its own from the lack of
an RD signal. BD

10RQ

DAYA

CTC READ CYCLE

Mustrated here 1s the timing for reading a channel’s
Down Counter when in Counter Mode. The value read
onfo the data bus reflects the number of external clock’s AT
rising edges prior to the rising edge of cycle (T7). No wait
states are allowed for reading the CTC other than the auto- B
matically inserted (T, *).
il
DATA

csy 4. CE

_Jr_‘il 2 W £l Ii-—
X X

CHANNEL ADDRESS

INTERRUPT ACKNOWLEDGE CYCLE

" Some time alter an Interrupt is requested by the CTC, the
CPU will send out an interrupt acknowledge (Mt and I0RQ).
During this time the interrupt logic of the CTC wili determine
the highest priority channel which 1s requesting an interrupt.

T Ta TW' Tw' T3 Ta
W \

To insure that the daisy chain enable lines stabilize. channels

are inhibited from changing their interrupt request status o

when M1 is active. If the CTC Interrupt Enable Input (1E1)

is active, then the highest priority interrupting channel EB e
places the contents of its interrupt vector 1egister onto the B e
Data Bus when [ORQ goes active. Additional wait cycles

are allowed., on
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Timing Waveforms (continued)

RETURN FROM INTERRUPT CYCLE

If a Z8O periphieral device has no interrupt pending and is

not under service, then its [EQ = [EQ. 1T it has an interrupt "
under service (i-e. it has alieady interrupted and received an
interrept acknowledge) then its [EO is always low, inhibil- il

wig lower priority chips (rom interrupting, If it has an inter-
=1 J

T

T? Ty Ty LY T-‘, 11 Ty LN

rupt perding which has ot vet been acknowledged, [EO RO —_\_/—-\_/

will be low unless an "{j;D” is decodeq as thg first b'yte of a " = s

two byte epeode. In this cise, IEO will go high until the next o7 — S

opcode byte it decoded, whereupon it will again go low. If gy et -

the second byte of the opeode was a “4D” then the opcode @ ———=—=—=

was an RET! insiiuclion. IE0 /S

After ar “ED™ opcode is decoded, only the peripheral
device which has interrupted and is currently under service
will have its TET high and [ts IEQ low. This device is the high-
est pricoity device in the daisy chain whick has received an
interrupt acknowledge. All other peripherals have 1EL = 1EQ.
If the next apceode byte decoded is *4D”, tlus peripheral
device will reset its “interrupt under service” conditiou.

Wait cycles are allowed in the M1 cycles.

DAISY CHAIN INTERRUPT SERVICING

Wiaserated al right is 2 1vpieal nested interrupt sequence
which may occur in the CTC. In this sequence channel 2
interrupts and is granted service. While this channel is being
serviced, higher priority channel 1 interrupts and is granted
service. The service routine for the higher priority channel
is completed and @ RETT instruction is executed to indicate
to the channel that its routine is complete, At this time the
service routing of lower priority chanmnel 2 is completed.

HIGHEST FRIDRITY CHANKEL

CHANMEL CHANKEL | ERANNIL 2 CHANNEL I

e I

C i " W
i . P IEH}-H—I'H 13y MU W il

I PREOPITY INTERRIPT @AMEY CHAIN HEFORE ANY INTERNUPFT GEEUAS

HEER BFNYICE

.
Hi
i1l

l L

2 CHAMKEL 2 REQUESTS AN INTEHRUPT AND IS ACKNOWI TDGED

UNDER SERVICE SERVICE SUSPENLED

Lo [

m:.'—'L[u- 137 U -lu}i{n 1'ﬂL

1 CHANNEL { INTERAUFTS SUSPENDS SERVICING OF CHARNEL 2

4

SERVICE COMPLETE  SERVILE RFEUMEQ

L
IEY

4 CHANNEL | SERVICE ADUTINE COMPLEYE "RETY 155UEQ CHANREL 2 SERVIZE RESUMED

SERVILL COMPLETE

Hi
(1]

lEEI—'ﬂ-—IIE u:-}i—llzw EI_'L{'“ IEC.-I-—I:\—

5 SECOND "RETI INSTRUCTION ISSUED ON COMPLETIDN O CHANNEL 2 SEEVILE AOUTINE

CTC COUNTING AND TIMING

In the counter mode the rising or falling edge of the CLK
input causes ihe counter to he decremented. The edge is
detected torully asynchiyonnusly and must have a minimum
CLK pulse width. However, the counter is synchronous with
& thevelore a setup rime must be met when it is desired to
have the counter decremented by the next rising edge of @,

In the timer mode the prescaler may be enabled by a rising
or falling edge on the TRG input. As in the counter mode,
the edge s derected totally asynchronously and must have
aminimum TRG pulse width. However, when timing s to
start with respect to the next rising edge of @ a setup time
must be met, The prescaler counts rising edges of &
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CTC Programming

SELECTING AN OPERATING MODE

When selecting a channel’s operating iode, biL @ is set o
1 toindicate this word 1s to be stored in the channel control
register.

by ([ He i hy (23 i L2
Lo
T
I l\iﬂ:lll’ MOl RANCGI SLoe TRIGE IR Tisk HISI D I
AL L ONST AN
1SN [RUTAS
TR T TN TISH R Sl vy

Bit7=90 Channel initerrupts disabled.

Bit7=1 Channel interrupts enabled to occur every
time Down Counter reaches a count of zero.
Setting Bit 7 does not lel a preceding count
of zero cause an interrupt.

Bite=0 Timer Mode — Down counter is clocked by
the prescaler. The pertod of the counter is:
tec « P o TC
te = system clock period
P = prescale of 16 or 256
TC = 8 hit binary programmable time
constant (256 max)

Bit6=1 Counter Mode — Down Counter is clocked
by external ¢lock. The prescaler is not used.

Bits=90 Timer Made Only=System clock & 1s divided
by 16 in prescaler.

Bits=1 Timer Mode Only-System clock @ is divided
by 256 in prescaler.,

Bit4=0 Timer Mode — negative edge Lrigger starts
timer operation,
Counter Mode — negative edge decrements
the down counter,

Bit4=1 Tuner Mode — positive cdge trigger starts
limer operation.
Counter Maode — positive edge decrements
the down counter.

Bit3=0 Timer Mode Only — Timer begins operation
on the rising 2dge of T» of the machine
cycle following the one that loads the time
constant

Bit3=1 Timer Mode Only — External trigger is valid
for starting rimer operation after rising edge
of Tsof the machine cycle following the
one that Joads the time constant. The Pre-
scaler is decremented 2 clock cycles later if
(he setup time 1s met, otherwise 3 clock
cycles.

Bir2=0 No time constant will follow the channel
control word. One time constant must be
written to the channel to initiate operation.

Bit2=1 The time constant for the Down Counter
wil! be the next word written to the selected
channel. [T a time constant is loaded while a
channel is counting, the present count will
be completed before the new time constant
is loaded into the Down Counter.

Bitl=0 Channel continues counting.

Bitl =1 Stop operation. I{ Bit 2= 1 channel will
resume operation alier loading a time
constant, otherwise a new contiol word
musi be loaded.

LOADING A TIME CONSTANT

An 8-bit time constant is loaded into the Time Constant
register following a channel control word with bit 2 set. All
zeros indicate a time constant of 256.

Ty Ty s (15} Ty AL Ty Tea

LOADING AN INTERRUPT VECTOR

The Z80-CPU requires that an &-bit interrupt vector be
supplied by the interrupting channel. The CPU forms the
address for the mterrupt service routine of the channel
using this vector. During an interrupt acknowledge cycle
the vector is placed un the Z80 Data Bus by the highest
priority channel requesting service at that time. The desired
intertupt vector is loaded into the CTC by writing inlo
channe!l § with & zero in D). D7-D3 contain the stored in-
tertupt vector, 32 and Dy are not usedin loading the vector.
When the CTC responds to an interrupt acknowledge, these
two bits contain the binary code of the highest priority
channel which requested the interrupt and Dy contains a
zero since the address of the interrupt service routine starts
at an even byte. Channel § is the highest priority channel.




A.C. Characteristics Z7.80-CTC

TA=0°Cto70° C,Vee =45 V + 5%, unless otherwise noted

Signal Symbol Parameter Min Max Unit Comments
i Clock Pericd 400 {1] ns
& Ty (HH) Clock Pulse Width, Clock High 170 2000 ns
ty (L) Clock Pulse Width, Ciock Low 170 2000 ns
1., U Clock Rise and Fall Times 30 ns
1y Any Hold Time for Specified Setup Time o ns
¢s. CE, ete tgp(CS) Com':?l Signal Setup Time to Rising Edge of ® During Read 160 ns
or Write Cycle
tpRr(D) Data Output Delay from Rising Edge of RD During Read 480 ns 2]
{ | Cycle
| botgelD) Data Setup Time to Rising Edge of @ During Write or M1 60 ns
Cycle
Dgo—D7 ] . x
to1i0) Data Quiput Delay from Falling Edge of !ORQ During 340 ns (2)
INTA Cycle i
tg (D] Detey to Floating Bus (Output Buffer Disable Time} 230 ns |
(El tS(IEII | 1Et Setup Time to Falting Edge of IORQ During INTA 200 ns
| Cycle 3
\ tpH 0N IEQ Delay Time from Rising Edge of IE| 220 ns (3)
16 tp {10) 1EO Delay Time from Falling Edge of IEI 190 ns {31
ipmiiC) IEQ Deiay from Falling Edge of M1 {Interrupt Occurring 300 ns 31
just Prior to M1}
e tgqp iRl 10RQ Setup Time to Rising Edge of @ During Read or 250 ns
10RQ
Write Cycle
YT tgp it} M1 Setup Time to Rising Edge of & During INTA or M1 210 ns
Cycle
7D 134,11--1 (u}} RD Setup Time 1o Rising Edge of @ Duning Read or M1 240 ns
Cycle
53 ipeK!1T) | INT Delay Time from Rising Edge of CLI/TRG 2te{d} + 200 Counter Mode
! oI TH | TNT Delay Time from Rising Edgs of ® tci®e) + 200 Timer Mode
1 {CK} Clock Period 2rcle) Counter Mode
L G Clock ant Trigger Rise and Fall Times 50
tg{CK) Clock Setup Time to Rising Edge of @ for Immediate Count 210 ‘ Counter Mode
tg{TR) Trigger Setup Time to Rising Edge of ¢ for Enabiing of 210 Truner Mode
CLK/TRGqg 3 #rescaler on Following Rising Edge of &
tw(CTH) Clock and Trigger High Pulse Width 200 Counter and
' Timer Modes
| wwlCTL Clock and! Trigger Low Pulse Width 200 Counter and
| Timer Modes
tpH (ZC) ZC/TO Delay Time fram Rising Edge of @, ZC/TO High 190 Counter and
2C/TOg_2 ’ Timer Modes
tpL(ZC) ZC/TO Delay Time from Falling Edge of &, ZC/TO Low 190 Counter and
Timer Modes

Notes: (1] 15 = yy{PH) + bl + 1 + 1.

[21 Increase delay by 10 nsec for each 50 pF increase in loading, 200 pF maximum for data lines and 100 p© tar control lines.

[2] Increase delay by 2 vsec for each 10 pF increase in loading, 100 pF maximum
{4) FEEET rmust be active for a minimum of 3 clock cycles.

OUTPUT LOAD CIRCUIT

Hib'\'_l"QINT Vee
1 Ry=21K:

FROM OUTFLIT K]

UNDER TEST * - CR, CR, ING14 OR EQUIVALENT
! cR, cR, €y = 50 pF ON ALL PINS
| /T ~
- = | ]

f|'\ cy "W 2500 Ch;
1 e,
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A.C. Characteristics

Z80A-CTC

TA=0°C1o70° C, Vee = +5 V £ 5%, unless otherwise noted

Signal Symbal Parameter Min Max Unit Comments
tc Clock Perod 250 (1] ns
" ty{PH) Clock Pulse Width, Clock High 105 2000 ns
aplPL) Clock Pulse Width, Clock Low 105 2000 ns
([ Clock Rise and Fall Times 30 ns
tH Any Hold Time for Specified Setup Time 0 ns
cs, CE, etc tgy (CS) Control Signal Setup Time to Flising Edge of ® During Read 60 ns
or Write Cycle
- tpR(D) Dats Qutput Delay from Falling Edge of RD During Read 380 ns | 121
" Cycle
| tgpiD] Data Setup Time to Rising Edge of @ During Write or M1 50 ns
Do—D7 Cycle
gD} Data Output Delay from Falling Edge of IORG During 160 ns 2]
INTA Cycle
te (D) Delay to Floating Bus (Qutput Buffer Disable Time) 110 ns
IEY tg{IEI) 1E1 Setup Time to Falling Edge of ICRO During INTA 140 ns
Cycle
' tpi{10) | IE0 Delay Time from Rising Edge of IEI 160 s (3]
IEC tpLilal IEO Delay Time from Falling Edae of IE! 130 ns 3}
tppm(10) IEQ Delay from Falling Edge of M1 (Interrupt Occurring 190 ns {3]
just Prior to M1)
— 59 lIR) I0ORQ Setup Time to Rising Edge of @ During Read or 118 ns
1ORQ
Write Cycle
i tgpiMT) M1 Setup Time to Fising Edge of @ During INTA or M1 90 ns
Cycle
a0 tgp{RD) RD Sztup Time to Rising Edge of & During Reed or M1 115 ns
Cycle
T tpck T INT Delay Time from Rising Edge of CLK/TRG 2tela} + 140 Counter Mode
1pglIT) INT Delzy Time from Rising Edge of @ tole! + 140 Timer Mode
1ciCK) Clock Period 2tclo) Counter Mode
ok Clock and Trigger Rise and Fall Times 50
tg{CK} Clock Setup Time to Rising Edge of & for immediate Count 210 Counter Mode
tg{TR} Trigger Setup Time to Rising Edge of @ fo: enabling of 210 Timer Mode
CLK/TRGg_3 Prescaler on Following Rising Edge of @
wwiCTH) Clock and Trigger High Puise Width 200 Counter and
Timer Modes
tw(CTL) Ciock and Trigger Low Pulse Width 200 Counter and
Timer Modes
tpH{ZCl ZC/TO Delay Time from Rising Edge of &, ZC/TO High 180 Counter and
2C/T0g-2 ) Timer Modes
topLiZC) ZC/TO Delay Time fromFaliing Edge of @, ZC/TO Low 180 Counter and
Timer Modes
Notes: (1] tc =ty (BH} + ttPL) + ¢+t

[2) Increase delay by 10 nsec for each S0 pF increase in loading, 200 pF maximum for data lines and 100 pF for control lines.
[3) Increase delay by 2 nsec for each 10 pF increase 1n loading, 100 pF maximum

(4] RES

EY

£T must be active for a minimum of 3 clock cycles.

OUTPUT LOAD CIRCUIT

FAOM OUTPUT i

UNDER TEST

TEST POINT

Ve

Ry =2 1K

CRy -CR, 1N914 QR EQUIVALENT
cr, C, =50 pF ON ALL PINS

1250 pA
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A.C. Timing Diagram

sqee v
CLOCK Vee - BV 45V
OQUTPUT 20v 8v
Timing measurements are made at the follow ng voltages, unless otherwise specified- INPUT 2.0V 8y
FLOAT AV +0.5V
T T2 T3/TW T4/T3 T1
¢ \JW\J
tw(fPL)—-l - t,—| |- | |-ty
DR —tta4 (CS—e —| ty(Cs) |-—
CE f
—e] -<—lsi£)(‘RD]
= 1o D1 —] /
— ts.1,‘D) - — 11—TF(D], IHF((D)
¥
|
< )
=—tp D} —
- IS(D“R)l"'— g
IORQ \ /
-ty (M1 )=
,‘\' /
M1
t|:>M“‘:”_"’ -
“ I‘
IEI \ |
-~ —tg{IEl) —*’ “"“DH“N
EIO \ /
=t (10) |-
INT |\ / \
| ‘DCK“T) -
-—— tClCK)ﬁh———‘
*“'-Its(CK)--——- I- iy (CTH)—
2 |
(COUNTER MODE) / l
CLK/ < I l(CTL) ““_
|
QTIMER MODE) \ ﬂ
|
— tDH‘:ZC)‘ﬂ——- |-ty (CTL]——-‘
| Ty -




Absolute Maximum Ratings

Temperature Under Bias
Storage Temperature
Voltage On Ay Pin Welh

Respect Tu Ground
Power Dusipation

657 Co +150°C

S0iVin+7 Vv

*Commeni
Sitresses ubove those listed tinder " Absotute Maximum
Ranng™ may catise permanent damage 10 the device
This s a stress rating only and tunctional operation ol
the device at these or any othier condition above those
imdreated mothe vperationo] seetics of thiy speaifica
aen ot imphed Exposure 1o absolnie muximum
ratinig conditions tor extended peneds may atlect

Q°Cro 70°C

08w

device rehabdity

D.C. Characteristics

TA=0°CtoT70°C Voo =35V 2 5% unless viherwise specitied

Z80-CTC
Symbal Parameter Min Max Unit . Test Candition
ViLc | Clock Input Low Voltage -0.3 A5 Vv
VIHC I Clock Input High Voltag-é‘ [11 Vee-6| veg+3, Vv '
ViL | Input Low Voltage 03 08 | v |
VIH [ ln_pu; High Voltage 2.0 vce \4 ‘
VoL | Output Low Voltage 0.4 \ | oL =2 mA
Vou | Output High Voltage 2.4 V | IgH = =250 uA
_|CC£_ | Power Supply Current 120 mA | Tg¢ =400 nsec
Iy Input Leakage Current 10 wA ' Vin =0 to Vee
ILOM | Tri-State Output Leakage Current in Float 'I.E]“_ F VouTt =24t Ve
ILoL | ._r.i-State Qutput Leakage Current in FAlgoat -10 BA | VoyT =04V
loHD | Darlington Drive Current -1.5 mA | Veyr =15V
RexT = 38002
ZBOA-CTC
Symhbaol ‘Parame\‘.er Min Max Unit | Test Condition
ViLe Clock Input Low Voliage ~0.3 45 Vv
ViHc | Clock Input High Voltage [1] Vee-6| Ve + 3 V
ViL Input Low \}owtage -03 08 Vv
_ViH | Inout High Voltage 20 Vee v
VO]: CUumout Low Voltage 04 V | lgL=2mA
VQoH | Output High Voltage 2.4 \% loH = -250 uA
Tol® Power Supply Current 120 mA | Te = 250 nsee
I Input Leakage Current 10 uA | Viy=0toVee
Lo | Tri-State Output Leakage Current in Float 10 uA | VoyT=24t0Vee
oL Tri-State Qutput Leakage Current in Float -10 BA | VouT =04V
lok o | Darlington Drive Current -1.5 mA | Veyr = 1.8V
RexT = 32082
Capacitance
TA=25°C,f=1MHz
| Symbol Parameter Max. Unit Test Condition
Co Clock Capacitance 20 pF Unmeasured Pins
CIN Input Capacitance 5 pF Returned to Ground
EOL‘T Output Capacilance 10 pF
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Package
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