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Chapter 1
Introduction and Specifications

Introduction

WARNING: Do not attempt to service the power supply. Serious or fatal
injury may result.

This module provides information on the power supply. The power supply
as a unit is NOT SERVICEABLE. The power supply contains nroprietary
information. Therefore, there is no disassembly, parts list, reassembly,
or schematic included with this module. The specifications for the power
supply are listed below.

Specifications

Part Number: HE 234-434.

AC Input: 100-130 VAC, 60 Hz.
200-260 VAC, 50 Hz.
Switch selectable.

DC Outputs: +5V (x3%), +12 V (+5, —4%),
—12V (+5, —4%).

Temperature Range: 10 to 32°C.

47 to 89°F.



Chapter 2
Configuration

Refer to Figure 2.1 while reading the following.

The voltage switch at the rear of the computer is located through the
small window on the power supply that is covered with plastic. The voltage
switch is normally set for 115 VAC. If this computer is to be operated
on 240 VAC line voltage, use a small-bladed screwdriver and break the
plastic window over the 115 VAC position of the switch. Then slide the

switch so that 240 VAC is visible on the switch. Connect the appropriate
line cord.
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Figure 2.1. Power Supply Rear View



Chapter 3
Theory of Operation

Introduction

Refer to Figure 3.1 while reading the following.

The power supply provides regulated voltages used by the various compo-
nents within the Z-100 PC Series Computers. The power supply is located
toward the rear and to the right of the chassis, and uses a quasi square
wave switching regulator to produce three regulated output voltages. This
unit complies with FCC, VDE, CSA, and UL regulations.

Outputs

All outputs from the precision-regulated power supply are electrically iso-
lated from the main voltage and share a common ground, which is the
chassis of the power supply.

The voltages output to disk drive connectors P1 and P2 have special
requirements for output ripple frequency components in the frequency
range of 60 to 120 KHz. To obtain these low levels, a low pass filter
is added to the regular output leads of P1 and P2. The output ripple is
measured with an oscilloscope with a bandwidth of 3 KHz. Component
frequency of the output ripple of the 5-volt or 12-volt outputs should NOT
exceed 2 mV peak between the frequencies of 60 KHz to 120 KHz. Con-
nector P3 supplies the output voltages to the backplane board.
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Theory of Operation
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Theory of Operation

Power Supply Good (PSG) Signal

The PSG logic signal is an open collector TTL-compatible output which
is used by external circuits to determine if the output voltages are valid
and within specification. Upon power up, PSG shall remain high until all
the DC output voltages stay within specification for a minimum of 70 to
130 ms, after which time PSG will go low. If any voltage is not within
this normal limit plus 1% of nominal voltage (refer to Specifications), PSG
will go high. PSG will not return to a low condition until outputs have
met the same conditions as those required at initial power application.

Operation at No Load

The power supply is capable of operating under the adverse condition
of no load without damage. If the power supply shuts down, it will require
a manual reset by turning the power supply off, waiting 5 seconds, and
then turning it back on. The output voltage may seek a value between
ground and 50% over nominal. Output voltages will not exceed the peak
rating of the output circuit components.
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Chapter 4
Troubleshooting

Refer to Figure 4.1 while reading the following.

Measure the power supply outputs with the disk drive connectors discon-
nected, and connector P3 connected to the backplane board. Measure
the voltages at the test points on the backplane board, and refer to Figure
4.1 for the power supply voltages.

Measure the ripple voltage with an oscilloscope. If the power supply volt-
ages are normal, measure the voltage with the disk drives connected.
This will indicate if the circuit cards or disk drives are loading down the
power supply.

WARNING: The load resistors listed below generate heat. Use caution
to avoid burns.

NOTE: Voltages may not be within tolerance. The correct loads for the
output voltages are: +5 V at 4 Amps (1.25-ohm resistor rated at 20 watts
or greater), +12 V at 1 Amp (12-ohm resistor rated at 12 watts or greater),
and — 12V at 250 mA (50-ohm resistor rated at 3.5 watts or greater).
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Figure 4.1. Power Supply Connectors
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Chapter 1
Introduction and Specifications

Introduction

The backplane board in the Z-100 PC Series Computer contains five sup-
ply voltage diagnostic LEDs, a —5 VDC regulator, and the eight IBMe@-
compatible bus connectors, P101 through P108, into which the remainder
of the computer’'s cards are inserted for intersystem communication. A
power supply interface connector, P110, and a +12 VDC connector, P1 09,
also are contained on this board. P109 supplies +12 VDC to an internal
video monitor on some models.

Diagnostics

The LEDs on the backplane board aid the user in determining whether
or not a fault lies in the DC power generation circuits. The five LEDs
on this board indicate the overall integrity of the power supply, and the
presence or absence of the four individual operating supply voltages: + 12
VDC, —12VDC, +5VDC, and —5 VDC.

—5 Volt Regulator
The only supply voltage actually generated on this board is the —5 VDC.
The specifications for this supply are as follows:
e Input: —7.3to—25VDC, filtered by 2.2 uF.
e Output: —4.8to —5.2VDC, at 100 mA, filtered by 47 wF.
e Load: 1 mAto 100 mA, short-circuit protected.

e Ambient Temperature: 0to +70°C.
32 to 158°F.

®IBM is a registered trademark of International Business Machines Corporation.
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Introduction and Specifications

Signal Bus

The eight-connector array on this board is basically an input/output (I/O)
extension of the microprocessor bus. The bus interface is implemented
via a 62-pin edge connector on the card or device which plugs into one
of the eight backplane sockets. The bus supplies the following:

Eight bits of bidirectional data;

Twenty address lines to access up to 1 megabyte of memory. The
maximum user memory is 640K of 64K devices, or 768K using 256K
devices; '

Six levels of interrupt;

Control lines for memory and /O read and write;

Clock and timing control lines;

A channel check line for device error reporting or parity error reporting
by existing and add-on memory. A non-masked interrupt (NMI) is

supplied to the central processing unit (CPU) when this line is active;

Operating power consisting of + and —5 VDC, + and —12 VDC,
and ground;

An I/O CH RDY line for use by slow acting peripherals;

Capability of addressing up to 64K |/O ports;

A complete listing of the signal names and their functions is presented
in the “Detailed Circuit Description,” Chapter 3.



Chapter 2

Theory of Operation

Refer to Figure 2.1, the backplane board block diagram, for the following
description.

(8) 170 BUS
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P101-P108

-5vVDC
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POWER
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Backplane Board Block Diagram

Power Connector

+5VDC,

ROM POWER SUPPLY *12VDG,

-12VDGC,

PSG

P110 from the power supply delivers the operating supply voltages for
the cards which plug into the backplane board connectors, and for the
diagnostic LED array contained on the backplane board. System ground,
+5 VDC, +12 VDC, and —12 VDC are routed to the backplane board
by this connector. To increase the current carrying capability on the heavier
loaded supply busses and the ground return, more than one pin on the
connector is used for the same supply bus. Ground and +5 VDC are

contained in the middle layer of the printed circuit board.

P109 supplies + 12 VDC to the video driver board.
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Theory of Operation

—5 Volt Regulator

The —5 volt supply is derived from —12 VDC from the power supply,
which is applied to a solid-state voltage regulator, U101. The —5 VDC
is then applied to the parallel bus connectors, and to its respective diagnos-
tic LED circuit.

Diagnostic LEDs

Five green light-emitting diodes (LEDs) are incorporated to indicate the
power supply is good, and the presence or absence of +5 VDC, —5
VDC, +12 VDC, and —12 VDC. Suitable current-limiting resistors are
connected inline with the LEDs to provide the appropriate operating volt-
age and current to the devices. The LEDs are on (lit) when the parameter
associated with a device is at or near its stated value, and off when the
associated parameter is deficient.

Backplane 1/0 Connectors

Eight 62-pin edge-type socket connectors are provided by the backplane
board to interconnect the CPU card, the memory card, the video card,
and the disk controller card with the appropriate edge connector, as well
as any other cards which may be added for system enhancement or ex-
pansion. The optional connectors are identical and are wired in parallel
so that, functionally, any card may be inserted at any connector location.

* KB
i

)



Chapter 3
Detailed Circuit Description

Refer to the backplane board schematic for the following circuit description.

Power Distribution

P110, the backplane power connector, connects +5 VDC, +12 VDC,
— 12 VDC, the power supply good (PSG) signal, and ground to the back-
plane board. Ground is connected to pins 3, 5, 6, 9, 12, and 15. +5
VDC comes in on pins 8, 11, and 14. —12 VDC appears on pin 4. +12
VDC is applied to pins 1 and 2. The PSG signal is on pin 10. Pins 7
and 13 are not used.

+5 VDC, +12 VDC, and —12 VDC are fed through to B3, B9, and B7,
respectively, on the parallel signal bus connectors, P101 through P108,
and also are applied to their respective LEDs. —12 VDC also is fed to
the input, pin | of U101, the —5 VDC regulator. Ground (GND) is routed
to the signal bus, pins B1, B10, and B31. The PSG signal is connected
to the cathode of D104, the PSG LED.

—5VDC Regulation

U101, the —5 volt regulator, accepts the —12 VDC on its input, drops
and regulates it, and sends the —5 VDC output, pin O, to bus pin BS,
and to R101, the dropping resistor for the —5 volt LED. The G pin of
U101 connects to system ground to serve as a return path for the regulator
circuit. C119 and C117 filter and decouple the —12 VDC input. C118
filters the — 5 VDC output to reduce the ripple to an acceptable level.
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Detailed Circuit Description

Diagnostic Circuitry

The diagnostic LEDs, D101 through D105, indicate the integrity of the
four DC voltages and the PSG signal. R101 through R105 act as voltage-
dropping and current-limiting resistors to obtain the 2.5 volts, 20 mA re-
quired for safe illumination of the LEDs. R101 and R102 connect to the
cathodes of D101 and D102, while the anodes are returned to ground,
the proper configuration for sensing of negative-polarity voitages. R103
and R105 connect to D103 and D105 anodes, and the cathodes return
to ground, to properly sense the + 5 and + 12 VDC signals.

+5 VDC is connected to R104, which is, in turn, series-connected to
the anode of D104, the PSG LED. Upon power up, a few hundred mil-
liseconds are allowed to stabilize the power supply outputs. Up until this
point, pin 10 of P110, which is also the cathode of D104, is at approxi-
mately +5 VDC, keeping the LED extinguished. If at the end of the delay
time all the supply voltages are normal, sensing circuitry in the power
supply pulls pin 10 nearly to ground potential, lighting D104 to indicate
proper power supply operation.

Signal Bus

The signal bus consists of eight identical 62-pin edge connector sockets,
P101 through P108. The connectors are arranged with 31 pins labeled
A1 through A31 on one side, and 31 pins labeled B1 through B31 on
the other. There is a one-to-one electrical correspondence between identi-
cal pin numbers on each connector.

Capacitors C101, C103, C105, C107, C110, C112, C114, and C116 are
connected between +5 VDC and ground as filtering. They are physically
located between every other pair of backplane signal connectors at the
top and bottom of the board.

Table 3.1 defines the signals which appear on the backplane signal bus
connectors.
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Detailed Circuit Description

Table 3.1. 1/0 Bus Signal Names
PIN SIGNAL DEFINITION
Al I/0O CHCK* I/0 channel check. Provides the CPU with parity error status
for memory or other I/O devices. Active-low indicates error.
A2 D7 Data bit 7
A3 D6 Data bit 6
A4 D5 Databit 5
A5 D4 Data bit 4
A6 D3 Data bit 3
A7 D2 Data bit 2
A8 D1 Data bit 1
A9 Do Data bit 0
A10 /0 CHRDY /O channel ready. Used by slower peripherals to ensure
data is not lost during read and write operations. May be
held low (not ready) up to 10 CLK cycles (2.1 p.s).
Al1 AEN Address enable. Assigns control of read and write operations
to the DMA controller.
A12 A19 Address bit 19
A13 A18 Address bit 18
Al4 A17 Address bit 17
A15 A16 Address bit 16
A16 A15 Address bit 15
A17 A14 Address bit 14
A18 A13 Address bit 13

Continued . . .
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Detailed Circuit Description

Table 3.1 (Continued). 1/0 Bus Signal Names
PIN SIGNAL DEFINITION
A19 A12 Address bit 12
A20 A1l1 Address bit 11
A21 A10 Address bit 10
A22 A9 Address bit 9
A23 A8 Address bit 8
A24 A7 Address bit 7
A25 A6 Address bit 6
A26 A5 Address bit 5
A27 A4 Address bit 4
A28 A3 Address bit 3
A29 A2 Address bit 2
A30 Al Address bit 1
A31 A0 Address bit 0
B1 GND Ground
B2 RESET When high, resets, or initializes system logic devices.
B3 +5VDC +5 VDC bus
B4 IRQ2 Interrupt request 2. Not used, but available for assignment to
a user-selected device.
B5 -5VDC —-5VDCbus
B6 DRQ2 DMA request 2. Assigned to floppy disk controller.

Continued . ..
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Detailed Circuit Description

Table 3.1 (Continued). 1/O Bus Signal Names
PIN SIGNAL DEFINITION
B7 -12VDC —12VDC bus
B8 N.C. No connection
B9 +12VDC +12 VDC bus
B10 GND Ground
B11 MEMW* Memory write. When low, causes data on data bus to be
stored in memory.
B12 MEMR* Memory read. When low, causes memory to drive data onto
the data bus.
B13 ow* I/0 write. When low, instructs an I/O device to read the data
on the data bus.
B14 IOR* I/O read. When low, instructs an I/O device to drive its data
onto the data bus.
B15 DACK3* DMA acknowledge 3. Assigned to the Winchester drive controller.
B16 DRQ3 DMA request 3. Assigned to the Winchester drive controller.
B17 DACK1* DMA acknowledge 1. Not used. Available for user
assignment.
B18 DRQ1 DMA request 1. Available.
B19 DACKO* DMA acknowledge 0. Assigned to timer #1. Initiates memory
refresh cycle.
B20 CLK System clock 4.77 MHz.
B21 IRQ7 Interrupt request 7. Assigned to parallel interface.
B22 IRQ6 Interrupt request 6. Assigned to floppy disk controller.

Continued. ..
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Detailed Circuit Description

Table 3.1 (Continued). /O Bus Signal Names

PIN SIGNAL DEFINITION

B23 IRQ5 Interrupt request 5. Assigned to Winchester drive controller.

B24 IRQ4 Interrupt request 4. Assigned to serial port #1 (fixed).

B25 IRQ3 Interrupt request 3. Assigned to serial port #2 (configurable).

B26 DACK2* DMA acknowledge 2. Assigned to floppy disk controller.

B27 T/C Terminal count. Goes high when terminal count for any DMA
channel is reached.

B28 ALE Address latch enable. Generated by bus controller to indicate
valid processor addresses to the I/O channel.

B29 +5VDC +5VDC bus.

B30 0SsC Oscillator. A high-speed clock: 14.31818 MHz. Provides
the basic timing for the system.

B31 GND Ground.




Chapter 4
Troubleshooting

General Troubleshooting

If you have encountered problems with the computer and indications point
to the backplane board as the source of the difficulty, proceed to isolate
the fault in the following manner.

if a spare backplane board is available, attempt to clear the problem by
direct substitution of the board. If the difficulty does not reappear, the
removed backplane board is at fault.

If a backup backplane board is not available, attempt to isolate the fault

by the step-by-step checks which follow. Fault-isolation is divided into two
categories: power supply related problems, and signal bus problems.

DC Voltages and Diagnostics

If one or more of the backplane LEDs is extinguished, it may indicate
a power supply or —5 volt regulator problem, or that the LED itself is
defective.

If you suspect that one or more of the DC voltages is absent or deficient,

use a voltmeter and make the following checks. The computer must be
on, and the meter set to a suitable range for the voltage being measured.

DC Voltage Checks

Turn the computer on and perform the following:

1. Connect the common lead of the voltmeter to ground by connecting
it to one of the ground pins on P110:pin 3, 6, 5, 9, 12, or 15.
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Troubleshooting

2. Set the polarity of the meter to positive and probe pin 1 of P110.
Meter should read +12 VDC (+ 5%, —4%).

3. Probe pin 10 of P110. Voltage should be +5 VDC (+3%).

4. Set the polarity of the meter to negative and probe pin 4 of P110.

Voltage should be —12 VDC (+ 5%, —4%).

if any of the voltages are missing or low, the power supply is suspect.
Refer to the troubleshooting section of the power supply module.

If a voltage is present, but its LED is not lit, perform the following steps:

1.

2.

Turn off the computer, and set the meter to read ohms. Check the
value of the resistor associated with the LED that was out. R102
and R103 should read approximately 1500 ohms, and R105 should
read 560 ohms.

If the resistor checks good, replace the LED in question.

if the previous checks do not indicate a problem, perform the following
checks:

1.

Set the voltmeter to read negative polarity, and turn the computer
back on.

Probe pin O (output) of U101. Meter should read approximately —5
VDC (+5%). If it does not, replace U101. If replacing U101 does
not restore —5 VDC, check the other components associated with
U101:C117,C118,and C119.

If —5 VDC is present but D101 is not lit, perform LED checks as
outlined previously.

Check the PSG signal. If the power supply is functioning properly, there
should be approximately zero volts on pin 10 of P110, and D104 should
be lit. if zero volts is indicated but PSG LED is not lit, turn off the computer
and check the resistance of R104 with an ohmmeter. It should read 560
ohms. If the resistor checks good, replace D104.
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Troubleshooting

If the power supply checked good and one or more of the voltages is
now deficient, the supply is, more than likely, being loaded down by one
of the cards. Remove the cards one at a time until the deficient voltage
returns to normal, then refer to the troubleshooting section for that card.

Backplane Connector Fault Isolation

if you have reason to suspect a defective backplane signal bus connector
of causing a problem, perform the following:

1. Turn off the computer, and swap cards in the suspect location; e.g.,
remove the video card and replace it with the CPU card.

2. Turn the computer back on and perform several operations to deter-
mine if the problem still is present, or has changed in nature.

If the same problem still is present, it is probable that the cause is on
a card whose function is related to the nature of the problem. Consult
the troubleshooting section for the affected card.

if the nature of the difficulty has changed, try to relate the symptoms
to the particular cards used in a given location to pinpoint the defective
backplane connector.

Once the suspect location has been determined, turn off the computer
and visually inspect the edge connector in that location for physical dam-
age, poor solder connections, corroded contacts, etc. If no discrepancy
is noted, connector replacement is indicated.
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Chapter 5
Parts List

Introduction

Contained in this chapter are a component view of the backplane boards,
part numbers HE 181-4656 and HE 181-4936, and the related parts list.
Refer to Figure 5.1 for location of parts and components.

This chapter also includes a Semiconductor Identification Index for addi-
tional information on the semiconductor devices.

Component Parts List

Capacitors

c101
c102
c103
C104
C105

C106
c107
c108
C109
Cc110

Ccin
c112
C113
C114
C115

C116
Cc117
c118
C119

Diodes

D101
D102
D103
D104
D105

HE 25-928
Not Used
HE 25-928
Not Used
HE 25-928

Not Used
HE 25-928
Not Used
Not Used
HE 25-928

Not Used
HE 25-928
Not Used
HE 25-928
Not Used

HE 25-928
HE 21-769
HE 25-883
HE 25-924

HE 412-642
HE 412-642
HE 412-642
HE 412-642
HE 412-642

CIRCUIT
REFERENCE 2ZDS
DESCRIPTION DESIGNATOR PART NO. DESCRIPTION
Integrated Circuits
33 uF electrolytic U101 HE 442-665 Regulator, voltage, -5V
33 uF electrolytic interfaces
33 uF electrolytic P101 HE 432-1351 Connector, edge, 62-pin
P102 HE 432-1351 Connector, edge, 62-pin
P103 HE 432-1351 Connector, edge, 62-pin
33 wF electrolytic P104 HE 432-1351 Connector, edge, 62-pin
P105 HE 432-1351 Connector, edge, 62-pin
33 uF electrolytic P106 HE 432-1351 Connector, edge, 62-pin
P107 HE 432-1351 Connector, edge, 62-pin
P108 HE 432-1351 Connector, edge, 62-pin
33 uF electrolytic P109 HE 432-943 Connector, 2-pin
P110 HE 432-1376 Connector, power, 15-pin
33 pF electrolytic
Resistors
33 pF electrolytic R101 HE 6-561-12 560 Q, film
.01 wF ceramic R102 HE 6-152-12 1500 Q, film
47 uF electrolytic R103 HE 6-152-12 1500 Q, film
2.2 pF electrolytic R104 HE 6-561-12 560 Q, film
R105 HE 6-561-12 560 Q, film

LED,2.5V,20 mA
LED,2.5V,20 mA
LED,25V,20mA
LED,2.5V,20mA
LED,2.5V,20 mA
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Parts List

Semiconductor Identification Index

This section will aid you in identifying the semiconductor devices installed
on the backplane board by cross referencing, where applicable, the Zenith/
Heath part numbers with generic device numbers. The components are

listed in numerical order, along with any applicable device number and
device lead configuration.

HEATH
PART DEVICE
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION

2
ANODE 9
412-642 S$G205D D101-D105 N \FL AT
Green LED ~
25V,20mA CATHODE
SHORTER LEAD

442-665 79L05 U101

Voltage regulator
-5VDC
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Backplane Board Component Layout
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Chapter 1
Description and Specifications

Introduction

This service module provides keyboard information for the Z-150 PC Desk-
top Computer and the Z-160 PC Portable Computer. This chapter includes
the description and specifications of the keyboard.

Description

Refer to Figure 1.1. The keyboard is packaged in a low-profile enplosure
with a tilt adjustment for 5-degree (Z-150 only) or 15-degree orientations.

Figure 1.1. Z-150 Desktop Computer Keyboard
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Description and Specifications D

Refer to Figure 1.2. The keyboard contains 83 keys laid out in three major
groupings. The central portion of the keyboard consists of a standard
(QWERTY) typewriter keyboard layout. On the left side, arranged as a
2 x 5 block, are 10 function keys. These keys are user-defined by soft-
ware. On the right side is a 16-key, keypad area. This area also is defined
by software, but contains legends for the functions of numeric entry, cursor
control, and calculator pad screen edit.

0 4 A 0 A A0 =
* Break
Tab 7
Sldddaasanaannne "]
) b BB IP I IE R JE 0]
hift V4 X C \ < > ? Shift 1 Enter
< , . / > on
=] UL e )1 J

Figure1.2. Keyboard Key View
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Description and Specifications

The keyboard interface is defined so system software has the maximum
flexibility in defining keyboard operation. This is accomplished by having
the keyboard return specific hexadecimal (hex) codes rather than ASCII
codes. In addition, all keys except control keys can be event driven and
generate both make and break codes. For example, key 1 produces
hexadecimal 01 when pressed and hexadecimal 81 when released. The
keyboard input/output (I/O) driver can produce code either with or without
control keys (SHIFT, CTRL, ALT) pressed, or under event driven condi-
tions, as required by the application.

Specifications
Keys: 84 keys
Modes: Extended function capabilities
Microprocessor: 8748 microcomputer or 8048 or
8031 (8048 emulator)
Operating Environment: 60° to 90°F (16° to 32°C)
10 to 80% relative humidity
Contacts: Single-pole, single-throw

Maximum Ratings: +5VDC, 100 mA



Chapter 2
'Installation and Configuration

Installation

Refer to Figure 2.1. The keyboard is attached to the Z-100 PC Series
Computers via a coiled serial interface cable connected to the rear of
the CPU card.

Figure 2.1. Keyboard Installation

NOTES:

1. The floppy disk serial /O card may or may not have two serial connec-
tors as shown in Figure 2.1.

2. The three-card computer design combines the floppy disk serial /0
card with the video card and will have one serial connector, one
RGB connector, and one composite-monochrome video out jack (not
illustrated).

3. The two-card computer design combines the memory-parallel output
card with the CPU card. This new card (also not illustrated) will have
the parallel connector and the keyboard connector on it.
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Installation and Configuration

Configuration

The keyboard cable is a coiled, shielded, five-wire cable. The cable inter-
face contains power (+5 VDC), ground, two bidirectional signal lines, and
a keyboard reset line (disabled). The cable is either permanently attached
at the keyboard end and plugs into the CPU via a DIN connector, or
is separate from the keyboard depending on the model (refer to “Parts
List,” Chapter 9).
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Keyboard Codes

Chapter 3

Operation

The keyboard sends hex codes to the CPU card. Refer to Table 3.1 for
the list of hex codes corresponding to the key(s) pressed.

For most keys, the value received will be the least-significant byte of the
key code shown in the table. For instance, 2C7AH would be received

as 7AH.

However, keys where the least-significant byte is 0 will generate two bytes,
the first having a value of zero (0) to indicate a special key and the second
being the code of the key itself. Thus, function key F10 (which generates
7100H in hardware) will generate 00H followed by 71H.

The table is arranged as follows: main keyboard by row, followed by func-

tion keys in order.

Table 3.1. Keyboard Codes (Hardware)

KEY ggJ:T ED SHIFTED CONTROL ALT CAPS LOCK
ESC 011BH 011BH 011BH e 011BH

!1 0231H 0221H  ---- 7800H 0231H

g@ 0332H 0340H 0300H 7900H 0332H

: 0433H 0423H e 7A00H 0433H

; 0534H 0524H - 7B0OH 0834H

5/° 0635H 0625H - 7CO0H 0635H

GT 0736H 075EH 071EH 7DOOH 0736H

? 0837H 0826H - 7E0QH 0837H

(8 0938H 092AH ——— 7F00H 0938H
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Operation D

Table 3.1 (Continued). Keyboard Codes (Hardware)

NOT

KEY SHIFTED = SHIFTED CONTROL ALT CAPS LOCK
9 ~0A39H. 0A28H ————- 8000H 0A39H
) "

0 0B30H 0B29H 8100H 0B30H
- ‘ 0C2DH 0C5FH 0C1FH 8200H 0C2DH
= 0D3DH 0D2BH - ----- 8300H OD3DH

BACK SPACE OEO8H OEO8H OE7FH - OEO8H .
| 2960H 297EH - — 2960H

NUMLCK - - (Note2)  -—— = -

SCROLL LCK ‘

BREAK - e (Note 3) (Noted4) -----

TAB OFO09H OFNOH - =---- S OFO9H - '“D
Q. 1071H 1051H 1011H 1000H - -1051H -
w 1177H 1157H 1117H 1100H 1157H
E 1265H 1245H 1205H 1200H 1245H
R 1372H 1352H 1312H 1300H 1352H
T 1474H 1454H 1414H 1400H - 1454H
Y 1579H 1559H 1519H 1500H 1559H
U 1675H 1655H 1615H 1600H 1655H
| 1769H 1749H 1709H 1700H 1749H
0o 186FH 184FH 180FH 1800H. - 184FH
P 1970H 1950H 1910H 1900H 1950H
{ .

[ 1A5BH 1A7BH 1A1BH ——-- 1A5BH
}

] 1B5DH 1B7DH 1BIDH - 1B5DH
7 P,

HOME 4700H 4737H 7700H (Note 5) 4737H

(up arrow) 4800H 4838H - (Note 5) 4838H
9 . .

PGUP 4900H 4939H 8400H (Note 5) 4939H
- : 4A2DH 4A2DH — - 4A2DH

CTRL —— e —— e
A 1E61H 1E41H 1EO1H 1EQOH 1E41H
S 1F73H 1F53H 1F13H 1FOOH 1F53H

D 2064H 2044H 2004H 2000H 2044H

o T I T TEE I TR ET Iy TR O S S A (FT TN | (T T
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Operation
Table 3.1 (Continued). Keyboard Codes (Hardware)
NOT
KEY SHIFTED SHIFTED CONTROL ALT CAPS LOCK

F 2116H 2146H 2106H 2100H 2146H

G 2267H 2247H 2207H 2200H 2247H

H 2368H 2348H 2308H 2300H 2348H

J 246AH 244AH 240AH 2400H 244AH

K 256BH 254BH 250BH 2500H 254BH

L 266CH 264CH 260CH 2600H 264CH

; 273BH 273AH - e 273BH

’ 2827H 2822H @ e e 2827H
RETURN 1CODH 1CODH 1COAH - 1CODH

4
(left arrow) 4BOOH 4B34H 7300H (Note 5) 4B34H

5 e 4C35H - (Note 5) 4C35H

6
(right arrow) 4DOOH 4D36H 7400H (Note 5) 4D36H

+ 4E2BH 4E2BH - e 4E2BH
(lefy SHIFT w0 e eeeee e e

z 2C7AH 2C5AH 2C1AH 2CO00H 2C5AH

X 2D78H 2D58H 2D18H 2DO0OH 2D58H

c 2E63H 2E43H 2E03H 2EQ0H 2E43H

\Y 2F76H 2F56H 2F16H 2F00H 2F56H

B 3062H 3042H 3002H 3000H 3042H

N 316EH 314EH 310EH 3100H 314EH

M 326DH 324DH 320DH 3200H 324DH

<

, 332CH 338CH - e 332CH

>

) 342EH 343EH - 342EH

?

/ 352FH 353FH - e 352FH
(right) SHIFT =~ - — e e —
PRT SC

. 372AH (Note 1) 7200H - 372AH

I
END 4FO0H 4F31H 7500H (Note 5) 4F31H

2
(down arrow) 5000H 5032H - (Note 5) 5032H

3
PGDN 5100H 5133H 7600H (Note 5) 5133H
ENTER 540DH 540DH 540AH - 540DH
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Operation

Table 3.1 (Continued). Keyboard Codes (Hardware)

NOT .

KEY SHIFTED SHIFTED CONTROL ALT CAPS LOCK
AT - — e e e

I

\ 2B5CH 2B7CH 2B1ICH - 2B5CH
(space bar) 3920H 3920H 3920H 3920H 3920H
CAPS LOCK B o

0]
INS 5200H 5230H - (Note 5) 5230H
DEL 5300H 532EH - - 532EH

F1 3BOOH 5400H 5EQOH 6800H 3BOOH

F2 3C0o0H 5500H 5FO0H 6900H 3CO0H

F3 3DOOH  5600H 6000H 6A00H 3DOO0OH

F4 3EOO0H 5700H 6100H 6BOOH 3E0OH

F5 3FO0H 5800H 6200H 6CO0H 3FO00H

F6 4000H 5900H 6300H 6DO0H 4000H

F7 4100H S5A00H 6400H 6E00H 4100H

F8 4200H 5BOOH 6500H 6FO0H 4200H

F9 4300H 5CO0H 6600H 7000H 4300H
F10 4400H 5DOOH 6700H 7100H 4400H
NOTES:
1.  Pressing SHIFT-PRT SC will cause the contents of the screen to be sent to the

printer.
2. Pressing CTRL-NUM LCK will temporarily halt the execution of a program.
3. Pressing CTRL-BREAK will halt the execution of a program and exit back to the
system. This key sequence sends a special code of 0000H.

4. Pressing ALT-BREAK will empty the keyboard (type ahead) buffer.
5.

This function is used for entering special keycodes. If you want to enter a special
keycode, press and hold the ALT key, and then enter the three-digit keycode (in
decimal) on the numeric (calculator) portion of the keyboard. When you release
the ALT key, the desired code will be generated. For example, to generate the
hexadecimal code 7B (decimal 123), press and hold the ALT key, then enter 1,
2, and 3 on the calculator portion of the keyboard, then release the ALT key. The
actual code generated will be preceded by 38H, the scan code of the ALT key.
Therefore, the complete generated code for ALT-123 is 387BH.
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Operation

Special Function Key Combinations

The following key combinations are used for special purposes by the com-
puter firmware (MFM-150 monitor ROM).

CTRL-ALT-DEL: Resets the computer.

CTRL-ALT-INS: Returns control to the MFM-150 monitor.

CTRL-ALT-RETURN: Enters the MFM-150 monitor debug program and
displays the CPU register contents.

ESC: Aborts booting of disk.



Chapter 4
Theory of Operation

Introduction

This chapter includes a brief theory of operation. If a more detailed circuit
description is desired, refer to Chapter 5 of this module.

Theory of Operation

Refer to Figure 4.1. The keyboard uses a microcomputer (Intel 8048) per-
forming the keyboard scan functions. Additional keyboard functions are:
key debounce, buffering of up to 256 key scan codes, maintaining bidirec-
tional serial communications with the CPU, and executing the handshaking
protocol required by each code transfer.

PROGRAM DATA
CLOCK MEMORY MEMORY

O\

CPU <:

Vi

TIMER 170
EVENT
COUNTER LINES

Figure 4.1. Keyboard Block Diagram



Chapter 5
Detailed Circuit Description

Introduction

This chapter provides a detailed circuit description and pin definitions of
the microcomputer. Refer to the schematic while reading the following.

Circuit Description

The keyboard is a strobe scanning keyboard, controlled by microcomputer
U107. U107 performs keyboard matrix scanning, setting and resetting of
LEDs, actuation of the audio transducer, and serial communication with
the computer.

All keys except NUM LCK (key 69) and CAPS LOCK (key 58) are config-
ured in a general matrix consisting of 11 scan lines and 8 sense lines.
A keyswitch and diode are arranged at each crossover point. The diodes
prevent the generation of phantom keys due to multiple closures.

A 6.00 MHz crystal is connected between XTAL and XTAL 2 for the internal
control and timing references of U107. Capacitors C1 and C2 are used
for stability purposes.

Port bits P10 (LSB) through P13 (MSB) of U107 control the scan lines.
The port bits drive U105 and U106 (dual one-of-four decoders) with the
selected scan line being driven low. After setting a scan line, the sense
lines are checked for a key closure.

Resistors R9 through R16 are used for pull-ups of the sense lines. The
active low sense lines are buffered by U103 and U104 to provide static
immunity for the microprocessor which is a NMOS device. The sense
lines are read by bits DO through D7.

The outputs P23 and P24, when directed by U107, are driven by U101,
lighting the NUM LCK LED (key 69) and CAPS LOCK LED (key 58).
Resistors R1 and R2 are LED bias resistors.

Port bit P22 drives the audio transducer, with U101 and R4 providing
the current path. Diode D1 is used as a current shunt and R3 is the
bias resistor.
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Detailed Circuit Description

U102 buffers the input/output data and clock. Resistors R5 and R6 are
pull-up resistors for U102. Capacitors C3, C4, and C5 are line filters.

The KYBRST" line is tied high through resistor R7, thereby eliminating
akeyboard hard reset.

J1 provides jumper selectability of either masked ROM (8048) or EPROM
(8748) versions of U107. Production keyboards are jumpered for masked
ROMs.

The filter of C6 through C14 provides the required filtering of the +5
VDC input.

Power of approximately 5 VDC is applied to the keyboard through pin
1.

Table 5.1. 8048/8748 Pin Definitions

DESIGNATION PIN DESCRIPTION

Vss 20 Circuit GND potential

Vdd 26 Low power standby pin

Vee 40 Main power supply; + 5 V during operation
PROG 25 Output strobe for I/0 expander

P10-P17 27-34  8-bit quasi-bidirectional port

Port 1

P20-27 21-24  8-bit quasi-bidirectional port

Port2

35-38 P20-P23 contain the four high order program counter bits
during an external program memory fetch, and serve as a
4-bit I/0 expander bus for the 8243.

M”")
Yo
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Detailed Circuit Description

Table 5.1 (Continued).

8048/8748 Pin Definitions

DESIGNATION

PIN

DESCRIPTION

DB0-DB?7
BUS

T0

T1

ALE

12-19

39

10

11

True bidirectional port which can be written or read synchro-
nously using the RD, WR strobes. The port also can be stati-
cally latched. Contains the 8 low order program counter dur-
ing an external program memory fetch, and receives the ad-
dressed instruction under the control of PSEN. Aiso contains
the address and data during an external RAM data store
instruction, under control of ALE, RD, and WR.

Input pin testable using the conditional transfer instructions
JT0 and JNTO. TO can be designated as a clock output using
ENTO CLK instruction.

Input pin testable using the JT1 and JNT1 instructions. Can
be designated the timer/counter input using the STRT CNT
instruction.

Interrupt input. Initiates an interrupt if interrupt is enabled.
interrupt is disabled after a reset. Also testable with condi-
tionai jump instruction. (Active low.)

Output strobe activated during a BUS read. Can be used
to enable data onto the bus from an external device.

Used as a read strobe to external data memory. (Active low.)
Input which is used to initialize the processor. (Active low.)
Output strobe during a bus write. (Active low.)

Used as a write strobe to external data memory.

Address latch enable. This signal occurs once during each

cycle. The negative edge of ALE strobes addresses into ex-
ternal data and program memory.
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Detailed Circuit Description

Table 5.1 (Continued).

8048/8748 Pin Definitions

DESIGNATION PIN DESCRIPTION

PSEN 9 Program store enable. This output occurs only during a fetch
to external program memory. (Active low.)

§S 5 Single step input can be used in conjunction with ALE to
“single step” the processor through each instruction. (Active
low.)

EA 7 External access input which forces all program memory
fetches to reference external memory. Useful for emulation
and debug, and essential for testing and program verifica-
tion. (Active high.)

XTAL1 2 One side of crystal input for internal oscillator.

XTAL2 3 Other side of crystal input.

LI P T N R T IR R I NI I NI | T T T
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Chapter 6
Disassembly

Disassembly Procedure

The following is the disassembly sequence for the keyboard. Refer to
Figure 6.1. The Z-160 disassembly sequence is similar; for an accurate
representation refer to Figure 9.2.

Place the keyboard face down on a soft cloth.
Remove four 6 x 3/8” screws and bottom panel.
Remove six 6 X 1/4" screws and two washers.

Remove rubber strain relief (keyboard cable connector in the Z-160)
from slot.

Remove wired keyboard.
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Disassembly

+6x3/8" BLACK
SELF-TAPPING

CUTOUT
#6x1/4" BLACK

SLOT

Figure 6.1.

BOTTOM
PANEL

Keyboard Disassembly

;‘_. -4



Chapter 7
Troubleshooting

The microcomputer in the keyboard performs several functions when re-
quested by the CPU, including a power-on self-test. This diagnostic CRC
(Cyclic Redundancy Check) uses an algorithm to check the microcomputer
ROM, tests memory, and checks for stuck keys. If a problem exists with
the keyboard, an interrupt is generated to the CPU and a message is
displayed on the video monitor.



Chapter 8
Reassembly

Reassembly Procedure

The following is the reassembly sequence for the keyboard. Refer to Figure
8.1. The Z-160 reassembly sequence is similar; for an accurate represen-
tation refer to Figure 9.2.

® Place the keyboard cabinet face down on a soft cloth.

e Install rubber strain relief (keyboard cable connector in the Z-160)
into slot.

® Install wired keyboard into cabinet and secure with six 6 x 1/4"
screws and two washers.

¢ Install the bottom panel and secure with four 6 x 3/8" screws.



Page 8.2

Reassembly

- #6x3/8" BLACK
SELF-TAPPING
SCREW

[BOTTOM
PANEL

PY
s

#6x1/4" BLACK o
SELF-TAPPING

<8048
EMULATOR

Figure 8.1. Keyboard Reassembly



Chapter 9
Parts List

Replacement Parts

This chapter includes a parts list of the keyboard components supplied
by Zenith Data Systems only. Refer to Figure 9.1 for Z-150 part identifica-
tion. The Z-150 Desktop Computer keyboard wired and tested part number
is HE 181-5599 or 181-5745. The Z-160 Portable Computer keyboard
wired and tested part number is HE 181-4935-1. Refer to Figure 9.2.

CAUTION: This board contains electrostatic-sensitive devices (ESD).
Exercise extreme care when handling these devices to prevent dam-
age.
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Parts List

Keyboard Assembly Z-150

ITEM ZDS
NUMBER PART NO. DESCRIPTION
5 HE 205-1923-1 Bottom plate
10 HE 250-1434 Screw, pan head phillips
6-BT x .375"
15 HE 266-1220 Support leg
20 HE 258-759 Spring, leg return
25 HE 75-138 Insuiator
30 HE 75-851 Insulator
35 HE 163-16 Wired keyboard
with
HE 134-1473 Keyboard cable
40 HE 250-1521 Screw, slotted 6-AB x .250"
45 HE 444-238-1 Keyboard microcomputer
(see Y101)
or
HE 444-314 Keyboard microcomputer
(see Y101)
or
HE 187-5305 8048 emulator
50 HE 253-60 Washer
55 HE 260-713 Strain relief -
60 HE 92-803 Molded cabinet
65 HE 485-54 Plug, button

Meod W HREEY ] nL LN

NI

o

™)

T T

N
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Parts List

SELF-TAPPING BOTTOM

SCREW — P

7 .
ULATING
PAPER

#6x3/8" BLACK ///;/30

SELF-TAPPING 7
HEX HEAD 7 |
77

Figure9.1. Z-150 Desktop Computer Keyboard—Exploded View



Page 9.4

Parts List

Keyboard Assembly Z-160

ITEM

NUMBER

5
10

15
20
25
30

35
40

45
50
55
60
65

ZDS

PART NO. DESCRIPTION

HE 92-823 Keyboard bottom

HE 250-1434 Screw, pan head phillips
6-BT x .375"

HE 94-643 Support leg

HE 453-360 Shaft

HE 161-16 Keyboard assembly

HE 250-1508 Screw, pan head slotted
6-32 x .187"

HE 134-1448 Cable assembly

HE 444-238-1 Keyboard microcomputer
(see Y101)

or

HE 444-314 Keyboard microcomputer

(see Y101)
or

HE 187-5305 8048 emulator

HE 92-322 Keyboard top

HE 94-644 Slide

HE 94-645 Slide latch

HE 252-178 Nut, push on

HE 134-1397 Keyboard cable

assembly, coiled

OBk b A MR Db b

We 1 4

N

T
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Parts List

COILED

KEYBOARD

CABLE
65

#6-BTx3/8" BLACK

SELF-TAPPING SCREW

KEYBOARD
BOTTOM

KEYBOARD
ASSEMBLY
25

.....

SLIDE
LATCH
CAP

6-32x3/16"
BLACK PHILLIPS¢
SCREW P
P O ! 3&/

SUPPORT

KEYBOARD
TOP
45

Figure 9.2. 2-160 Portable Computer Keyboard—Exploded View
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Parts List

Keyboard Components Z-150 and Z-160

CIRCUIT
REFERENCE ZDS
DESIGNATOR  PART NO. DESCRIPTION
Capacitors
C1 HE 21-705 10 pF
Cc2 HE 21-757 22 pF
C3 HE 21-147 47 pF
C4 HE 21-147 47 pF
C5 HE 21-147 47 pF
Cé HE 25-162 33 pF
c7 HE 27-73 .047 pF
C8 HE 21-95 6x0.1 pF
C9 HE 21-95 6x0.1 pF
C10 HE 21-95 6x0.1 uF
C11 HE 21-95 6x0.1 uF
Ci2 HE 21-95 6x0.1 uF
c13 HE 21-95 6x0.1 pF
c14 HE 25-863 4.7 pF
Diode
D101 HE 56-56 IN4149
Crystal
Y101 HE 404-647 6.000 MHz (use only with
or keyboard microcomputer HE 444-238)
HE 404-689 3.58 MHz (use only with
keyboard microcomputer HE 444-314)
Resistors
R1 HE 6-221-12 2200
R2 HE 6-221-12 220 Q2
R3 HE 6-101-12 100 Q2
R4 HE 6-472-12 4.7 kQ)
R5 HE 6-202-12 2k
R6 HE 6-202-12 2k
R7 HE 6-202-12 2k
R8 HE 6-472-12 4.7 kQ
R9 HE 6-472-12 4.7 k()
R10 HE 6-472-12 4.7 kQ)
R11 HE 6-472-12 4.7kQ
R12 HE 6-472-12 4.7 kQ)
R13 HE 6-472-12 4.7kQ
R14 HE 6-472-12 4.7 kQ)
R15 HE 6-472-12 4.7 kQ
R16 HE 6-472-12 4.7 k)
R17 HE 6-472-12 4.7k

CIRCUIT

REFERENCE ZDS

DESIGNATOR  PART NO. DESCRIPTION

Integrated Circuits

U101 HE 443-967 Hex inverter
buffer/driver

U102 HE 443-811 Buffer, tri-state

U103 HE 443-991 Hex buffer/converter

U104 HE 443-991 Hex buffer/converter

U105 HE 443-1036 Dual one-of-four
decoder

U106 HE 443-1036 Dual one-of-four
decoder

U107 HE 444-238-1 Microcomputer

or
HE 444-314

Miscellaneous

HE 485-54
HE 473-29

Dummy plug for side exit
Audio transducer
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Parts List
8048 Emulator
Part Number HE 181-5305. Refer to Figure 9.3.
CIRCUIT CIRCUIT
REFERENCE  zDS REFERENCE  ZDS
DESIGNATOR PART NO. DESCRIPTION DESIGNATOR PART NO. DESCRIPTION
Capacitors Integrated Circuits
C1 HE 21-786 A uF U1 HE 443-802 Quad, multiplexer
Cc2 HE 21-786 A uF 2-input, tri-state
c3 HE 21-786 ApF or
C4 HE 21-786 A pF HE 443-1037
C5 HE 21-786 A pF HE 434-299 Socket
cé HE 21-786 A pF U2 HE 443-802 Quad, multiplexer
c7 HE 21-707 36 pF 2-input, tri-state
cs HE 21-707 36 pF or
Cc9 HE 25-866 22 pF HE 443-1037
HE 434-299 Socket
U3 HE 443-1119 Microprocessor
HE 434-253 Socket
U4 HE 443-872 Hex inverter
HE 434-298 Socket
uUs HE 443-837 8-bit tri-state latch
HE 434-311 Socket
ue HE 444-320 Emulator ROM
HE 434-312 Socket
Crystal
Y1 HE 404-647
ZENITH DATA SYSTEMS  « us o, u3 2 e u L, 3
28 U6

o
© 15

qu
us &.Ja.,

o
Qo ] L8]
!
" ]” 85-3006-1 042084

EMULATOR BOARD .

1
T Tvi *j +
209‘ . +
o ~ uz
| (s}

—

Figure 9.3. 8048 Emulator Board—Component View
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Parts List

Semiconductor Identification

This section will help to identify the various semiconductor devices in-
stalled on the keyboard. The components are listed in ascending numerical
order, along with the device number (where applicable), and device lead
configuration. The Zenith/Heath part numbers are cross-referenced, where
applicable, with generic/alternate device numbers.

Part Number Index
HEATH
PART DEVICE
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION
ourer U ey INPUTS  oureyr
Vcc CONTROL 4A 4B 4y 3A 38 3Y
HE 443-802 74L8257 U1, U2
or Quad multiplexer

HE 443-1037 74ALS257 2-input tri-state

SELECT 1A 1B 1Y 2A 28 2Y GND

WROTs OUTPUT e outhuT

HE 443-811 7415125 U102

Buffer tri-state

S
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Parts List
HEATH
PART DEVICE
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION
ENABLE
Ve 8Q 8 I 0 6 & 5D 4
p) S T'Y S T S SV ST B BTY M VY STY i BT B Y
E‘o N_nl:I D_G q o F aj ljDEE QTj 1{1
OEb 4y G P o
HE 443-837 7418373 Us » + = + g
8-bit tri-state latch @ A D {fp. B0 ) D_Gﬁ q
I T ] [Lgi Tt
B ) S B S i o)
1 2 3 4 5 6 7 8 9110
QUTPLT 1Q 10 20 20 3 30 40 4 OGOND
CONTROL
Vee
14 13 12 1 10 9 8
F E D
HE 443-872 74LS14 U4 ?
Hex inverter b o b o
A B c
GND
Vee e &y A sy A 4y
13 12 1 10 9 8
HE 443-967 7406 U101 - l: E [:
Hex inverter
buffer/driver (D"] l_[>¢|
ﬁlﬁzﬁaﬁaﬁs[—-—[e[—jq——
A 1Y A2 3 3Y  GND
NC NC
16 15 14 13 12 1 10 9
HE 443-991 MC14050B U103, U104 ] ]
Hex buffer/converter
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HEATH

PART DEVICE

NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION
Vee pem NC As A9 An of Ao cE Q7 Q Q5 Q4 Q3
sl sl alzdal ol sl 7wl s

HE 444-320 U6

ROM

1H2H3HeHsHeR 7HsH9HwHuH2H 1314
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GND 39 < P21 22
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SERVICE MODULE
CPU/Memory Card with Gate Array

Z-158 Computers

Part Number HE-181-5445 (128K)
HE-181-5857 (256K)
HE-181-5601 (320K)

585-105-01 860-94-1




Contents

Chapter 1 Introduction
Chapter 2 Configuration
Switches . . . . . . . e e e e e e e e e 2-2
Jumpers . . . . . e e e e e e e e e e e e e e e e e e e e 2-4
Chapter 3 Theory of Operation
Block Diagram . . . . . . v v it e e e e e e e e e e e e e e e e 3-1
Backplane Board Connector . . ... .. ... ... . ..uuo.o... 3-1
BUSSES . . v v e e e e e e e e e e e e e e e e e e e e e e e e 3-2
8088-2 MICIOPIOCESSOT . v v v v v v v e e e e e e e e e e e e e 3-2
Optional 8087-2 COProcCesSOT . . . . v v v v v v v v e e e e e e e e v 3-2
Programmable Interval Timer . . ... .. ... ... ........ 3-2
Interrupt Controller . . .. . . .. . . . . . ... .. 3-3
Gate AITay . . . o it e e e e e e e e e e e e e e e e e e e e 3-3
Parallel Port . . . . . . . o i e e e e e e e e e 3-3
DIP Switches . . . . . . . . . i i i e e e e e e e e e 3-3
RAM . . e e e e 3-3
ROM . . e e e e e e e 3-3
Oscillators . . . . . o v e e e e e e e e 3-3
Keyboard . .. . . . . . . . . e e 3-4
Chapter 4 Detailed Circuit Description
8088-2 MICrOProOCESSOT . . . . v v v v i e et e et e e e e e e 4-1
The Instruction Cycle . . . . . . . . . i i i i ittt e e 4-4
Interrupt Operation . . . . . . . . . . . i i i i ittt 4-5
System Timing . . . . . . . . . i i i i e e e e 4-6
Programmable Interval Timer . . ... . ... ... ... ..v.... 4-11
Interrupt Controller . . . . . . . . . . ¢ i i i i i it e e e 4-13
Gate ATTAY . . . . o e e e e e e e e e e e e e e e e e e e 4-14
Peripheral Interface . . . . . . . . .. . . ... . e 4-19
Keyboard Communication . . ... ... .. ... .. uuuuenen.. 4-21
Chapter 5 Troubleshooting
System Troubleshooting . . . ... ... ... ... ... ... ..., 5-2
CPU/Memory Card Troubleshooting . . ... ... .......... 5-3

Chapter 6 Parts List



v

Contents

Figures

2-1 Switch and Jumper Locations . . .. ... ........... 2-1
3-1 CPU/Memory Card Block Diagram . ... ........... 3-1
4-1 8088-2 Microprocessor Pinouts . . . ... ... ... .. .... 4-1
4-2 Memory Read Timing . . .. ... ... ... ... ....... 4-7
4-3 Memory Write Timing . . .. . ... . ... ... ........ 4-8
4-4 I/ORead Timing . . . . . . . . . . . i i i it e it e 4-9
4-5 I/O Write TIMINg . . . . . . . . o v i ittt e e et o 4-10
4-6 Programmable Interval Timer Pinouts . .. ... ...... 4-12
4-7 Interrupt Controller Pinouts . . ... ... .......... 4-13
4-8 Gate Array Pinouts . . . . .. .. ... ... .. ... . ..., 4-14
4-9 Peripheral Connector Pinouts . ... ... ... ....... 4-19
4-10 Keyboard Connector Pinouts . . .. .. ........... 4-21
5-1 Backplane Board Power Supply LEDs . . .. ... ...... 5-2
5-2 CPU/Memory Card LEDs . . . .. ... ... .......... 5-3
6-1 CPU/Memory Card Component Layout ... ......... 6-1
6-2 CPU Schematic . . . .. .. .. . .. .. 6-12
6-3 Parallel Port Schematic . .. ... ... ............ 6-13
6-4 Memory Schematic . . ... ... ... ... ..., 6-14
6-5 Gate Array Control Schematic . .. ... ........... 6-15
6-6 Gate Array DMA Schematic . ... .............. 6-16
Tables

2-1 CPU Clock Frequency Selection . . . ... ... ........ 2-2
2-2 SW202 Settings . . . . . . . . . e e e 2-2
2-3 Jumpers J202 and J203 Settings . . ... ... ... .. .... 2-4
2-4 Jumpers J204, J205, and J206 Settings . ... ... ... ... 2-5
4-1 8088-2 Microprocessor Signals . . .. ... .. .. ....... 4-2
4-2 S0, S1, and S2 Signal Decoding . . . ... ... ........ 4-5
4-3 Timing Signal Locations . .. ... ... ... ......... 4-6
4-4 Programmable Interval Timer Operating Modes . .. . .. 4-11
4-5 Programmable Interval Timer Programming Codes ... 4-12
4-6 Gate Array Signals . . . .. . ... ... ... ... ... 4-15
4-7 Peripheral Connector Signals . .. .. ... ... ....... 4-20
4-8 Keyboard Signals . . . .. .. ... ... ... ... ...... 4-21
5-1 Error Messages . . . . . . . . .. . ... 5-4
6-1 CPU/Memory Card Parts List . . . . ... ... ........ 6-2



Chapter 1

Introduction

This service module describes the function of the CPU/memory card
used in the Z-158 model computer. Specifically, this service module
describes three cards: HE-181-5445 with 128K of RAM, HE-181-5857
with 256K of RAM, and HE-181-5601 with 320K of RAM. The only
difference between these cards is the number and type of RAM devices.
The RAM is contained in three banks of 64- and/or 256-kilobit devices,
and is expandable from 128K to 640K. For information on how to
configure the CPU/memory card for different RAM sizes, refer to
Chapter 2.

The CPU circuitry consists of an 8088-2 microprocessor, which makes all
of the operational decisions, controls all of the functions of the
computer, and communcates with all peripherals. The actions of this
microprocessor are governed by machine language instructions which
are contained in either the firmware (ROM), or software.

The 8088-2 can operate at clock frequencies of either 4.77 MHz or 8.0
MHz. The frequency is switch-selectable by means of a pushbutton
mounted above the keyboard connector, external to the computer. The
frequencies are derived by dividing the two crystal oscillator frequen-
cies (14.31818 MHz and 24.0 MHz) by 3. Also, the CPU/memory card was
designed so that an optional 8087 coprocessor may be added to speed
arithmetic operations.

The 8088-2 microprocessor communicates with the rest of the system
through three separate busses. The address bus determines which device
is being talked to by the 8088-2. The data bus carries the actual message
to or from the addressed device. The control bus determines what type of
operation (such as read, write, or input/output) is to be performed and is
also used to control the timing of the operation. For more information on
the operation of the CPU/memory card, refer to Chapter 3.

Basically, the CPU/memory card combines the functions of CPU and
RAM circuitry onto a single card. This is possible because a gate array
device replaces several different components with a single IC. This gate
array performs all signal generation for the computer, including all
clock and control signals. It also performs all DMA functions, parity
generation, and interrupt acknowledge functions for the 8088-2. Refer
to Chapter 4 for more information on the gate array.



Chapter 2

Configuration

For instructions on removing the CPU/memory card from the computer,
refer to the Z-150 PC Series Base Unit Service Module. Figure 2-1 shows
the location of all switches and jumpers on the CPU/memory card.

:zu—[; [

case 8
*

Figure 2-1: Switch and Jumper Locations

CAUTION: Many ICs are electrostatic-sensitive and can be damaged by
static electricity if they are handled improperly. When you remove an IC
or card from its mounting or from its protective packing, do not lay it
down or let go of it until it is installed in the computer. Also, when you
need to bend the leads of an IC, hold the device in one hand and place
your other hand on the work surface before touching the IC to the work
surface. This will equalize the static charges between you, the IC, and the
work surface.
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Switches

Switch SW201 is a pushbutton used to select the CPU clock frequency, as
explained in Table 2-1. Another way to determine the current CPU clock
frequency setting is to enter I CO at the system’s Monitor prompt and
press RETURN. The system will respond with two hexadecimal
characters. Convert these hexadecimal characters to binary. If the
most-significant bit of the binary number is 1, the frequency is set at 8
MHz; if the most-significant bit is 0, the frequency issetat 5 MHz.

Table 2-1: CPU Clock Frequency Selection

SWITCH POSITION CPU CLOCK FREQUENCY
IN 4.77 MHz
ouT 8.00 MHz

DIP switch SW202 configures the CPU/memory card to the specific
hardware of the system. Refer to Table 2-2.

Table 2-2: SW202 Settings

SECTION DEFINITION

1 Used to determine the frequency of the power supply.
Normal setting is 60 Hz; do not use the 50 Hz setting.
Settings are as follows:

ON =60 Hz power supply (factory setting)
OFF = 50 Hz power supply

2 Used to determine the device to be used for autoboot.
Settings are as follows:

ON = Autoboot from 5.25-inch floppy disk
(factory setting)
OFF = Autoboot from rigid disk system

NOTE: This switch cannot be used to defeat the autoboot
feature.
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Table 2-2 (continued): SW202 Setting

SECTION DEFINITION
3 Used to determine whether or not the floppy disk
controller circuitry is installed. This circuitry is con-
tained on the video/floppy card in the Z-158 computer.
Settings are as follows:
ON = Floppy disk controller not installed
OFF = Floppy disk controller installed
(factory setting)
4 Used to determine whether color or monochrome video

circuitry is installed. The video/floppy card installed in
the Z-158 computer requires that this switch be ON.
Settings are as follows:

ON = Color video circuitry installed (factory setting)
OFF = Monochrome video circuitry installed

NOTE: This switch should be OFF if an optional video
card, such as the Z-329 video card, is installed. Installa-
tion of the Z-329 card does not require removal of the
video/floppy card.
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Jumpers

The jumper connection at J201 is permanently closed and cannot be
altered. Jumpers J202 and J203 (Table 2-3) specify the size of the system
RAM, and jumpers J204 and J205 address and enable the parallel port
(Table 2-4). Jumper J206 should be left OFF (unjumpered) for RFI
reasons.

Table 2-3: Jumpers J202 and J203 Settings

JUMPER DEFINITION

J202/J203 Used to configure the CPU/memory card’s memory banks
in terms of how many 256-kilobit devices are installed.
Settings are as follows:

ON/ON = No banks contain 256-kilobit RAM
devices

ON/OFF = Bank 0 contains 256-kilobit RAM de-
vices

OFF/ON = Banks 0 and 1 contains 256-kilobit
RAMdevices

OFF/OFF = All banks contain 256-kilobit RAM
devices

NOTE: Each bank must contain only one type of RAM
device, and must be completely filled before devices may
be installed in the next bank. If 256-kilobit devices are
used with 64-kilobit devices, they must be installed in the
lower-most banks.
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Table 2-4: Jumpers J204, J205, and J206 Settings
JUMPER DEFINTION
J204 Used to determine the base parallel port address. Settings
are as follows:

Pins 1 and 2 jumpered = 378H

Pins 2 and 3 jumpered =278H
J205 Used to enable the parallel port. Settings are as follows:

ON = Parallel port enabled
OFF = Parallel port disabled

J206 Should be OFF (unjumpered) for RFI reasons.




Chapter 3

Theory of Operation

This chapter explains the operation of the CPU/memory card in terms of
a simplified block diagram. For more information on the operation of
this card, refer to Chapter 4, "Detailed Circuit Description.”

Block Diagram

A simplified block diagram of the CPU/memory card is shown in Figure
3-1. This diagram represents only the major functions of the CPU/mem-
ory card. Refer to this block diagram while reading the descriptions in
the following paragraphs.

BACKPLANE BOARD CONNECTOR

N 3
3l 9l 3
= TO OTHER
® ® Ot ;Eevices
< (7)) o
Lo on (o]
< w ¢4
a o -
(=] 4
s o
8088-2 ©
(8087-2) uB|UFFER
PROGRAMMABLE | BUFFER GATE
INTERNAL TIMER ,____D<___ ARRAY
INTERRUPT |BUFFER BUJF_":ER
CONTROLLER } . | |
MUX L
CRYSTAL
| PARALLEL PORT RAM OSCILLATORS
AND
I DIP SWITCHES ROM KEYBOARD J

Figure 3-1: CPU/Memory Card Block Diagram

Backplane Board Connector -- The backplane board connector is used to
connect the CPU/memory card to the rest of the system. This connector
also supplies the CPU/memory card with power from the power supply.
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Busses -- The 8088-2 microprocessor and gate array communicate with
the other devices on the CPU/memory card and with the rest of the
computer system using three busses. Many of the transmissions over these
busses are multiplexed.

The address bus is used to locate the specific device or memory byte that
the microprocessor is secking. The data bus is used to exchange
information between the microprocessor and the rest of the computer
system. The control bus carries commands to the rest of the system
hardware. This bus carries the read and write signals for the system, the
interrupts from the system, and various other timing and control signals.

The buffers shown on the busses are used to control the direction of the
data flow and buffer the data so that several devices can be driven by
each bus. The multiplexer on the address bus is used to multiplex the

address information for the three banks of RAM on the CPU/memory
card.

8088-2 Microprocessor -- The 8088-2 microprocessor is the heart of the
computer system. It receives inputs from the peripherals and keyboard,
calculates all solutions, and controls the computer system. This
microprocessor is manufactured using HMOS techonology and has 16-bit
internal architecture. It uses an 8-bit data bus to communicate with other
devices.

NOTE: This device is capable of operating at clock frequencies of up to
8 MHz and is therefore not interchangeable with an 8088 microprocessor.

Optional 8087-2 Numeric Data Coprocessor -- The 8087-2 coprocessor
may be installed on the CPU/memory card as an option. The 8087-2 isan
ALU processor which contains expanded 80-bit registers, an expanded
instruction set, and internal logic designed to perform complex
mathematical operations with fewer program instructions than would be
required by the 8088-2.

NOTE: This device is capable of operating at clock frequencies of up to 8
MHz and is therefore not interchangeable with an 8087 numeric data
COpPToOCessor.

Programmable Interval Timer -- The programmable interval timer
contains three independent counters which are used by the computer
system to generate specific time delays. These time delays are used to
update the real-time clock, refresh the dynamic RAM, and provide the
frequencies used to generate tones for the speaker.

T T
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Interrupt Controller -- The interrupt controller is used to prioritize the
system interrupts. This device accepts up to eight interrupt inputs from
other parts of the system, assigns each input a priority for processing,
and then directs the microprocessor to the next instruction in the
interrupt routine.

Gate Array -- The gate array on the CPU/memory card replaces many of
the buffers, latches, and other devices normally required in CPU
circuitry. Primarily, the gate array performs signal generation,
including all control signals and clock frequencies. This device also
receives all keyboard interrupts for the microprocessor and performs
DMA functions. The gate array is described in more detail in Chapter 4.

Parallel Port -- The CPU/memory card is equipped with a Centronics-
compatible, 25-pin, D-type connector to provide access to a parallel
printer or other parallel device. The parallel port can be disabled by
removing a jumper. Also, the port’s address can be changed to a second
fixed address by moving a jumper.

DIP Switches -- The DIP switches on the CPU/memory card inform the
microprocesor of the system configuration. This allows the micro-
processor to utilize the installed hardware correctly and efficiently. For
more information on configuring the CPU/memory card, refer to
Chapter 2.

RAM -- The CPU/memory card combines CPU circuitry and system
RAM onto a single card. This is possible because of the gate array, which
combines several functions into a single device. The RAM is contained in
three banks of 64-kilobit and/or 256-kilobit devices and is expandable
from 128K to 640K.

ROM -- The 256-kilobit ROM located on the CPU/memory card contains
the instructions which control the fundamental operation of the
microprocessor. These instructions tell the microprocessor how to load
software, read the keyboard, and perform many other functions. The
instructions for self-checks at power-up, as well as for more complete
diagnostics, are also contained in the ROM.

Oscillators -- The microprocessor can operate at either of two clock
frequencies, which are selected by means of a pushbutton switch. These
frequencies are derived from two crystals, with frequencies of 14.31818
MHz and 24.0 MHz, respectively. The selected frequency is divided by 3
in the gate array to provide either 4.77 or 8.0 MHz 33% duty cycle output
for the microprocessor.
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Keyboard -- The keyboard communicates directly with the gate array.
This relieves the microprocessor of the responsibility of frequently
checking for keyboard entries. When a key is pressed, the gate array

sends a system interrupt to the interrupt controller, which then informs
the microprocessor.



Chapter 4

Detailed Circuit Description

This chapter describes the operation of the most important components
on the CPU/memory card. Refer to the schematics while reading this
chapter.

8088-2 Microprocessor

The 8088-2 microprocessor used in the CPU/memory card is manufac-
tured using HMOS technology. This device is functionally identical to
other 8088-type microprocessors, however, it is capable of operating at
much higher clock frequencies. In the Z-158, the microprocessor can be
driven at either 4.77 or 8.0 MHz clock frequencies. Figure 4-1 identifies
the pinouts of this device, and Table 4-1 identifies and describes each
signal.

GND [~ ' 5]Vec
Al4]r B|Al5
Al3|w B |Al6
Al2] =~ W |AL7
All]w R AI8
A0]=> w]A19
A9~ ¥ |HIGH
Ag|ee o | MN/MX
AD?| e |RD
AD6 |3 2] RQ/GTO
Abs[= 8]RQ/GTT
IS 3]LocK
An3fz ®]52
a2[= N|sT
anifa 2150
ADO|5 % [Qso

NMI = x|os1

INTR{ = | TEST
Clk|=s 3| READY
GND| 3 ™~ |RESET

Figure 4-1: 8088-2 Microprocessor Pinouts
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The microprocessor has 16-bit internal architecture for all registers,
internal data paths, instruction codes, and the ALU. It communicates
with the rest of the computer system using 8-bit data lines. Twenty
address outputs provide over 1,000,000 possible memory address
locations and 64,000 I/O address locations.

The memory is processed internally by the 8088-2 as 16 segments of 64K
each. This is possible because the microprocessor uses two separate
registers to store the memory address. A 4-bit register, called the scgment
register, defines the most significant 4 bits of the address. The lower 16
bits of the address are stored in a separate register.

Table 4-1:

8088-2 Microprocessor Signals

PIN
NUMBER

SIGNAL
NAME

DESCRIPTION

17

18

GND

A8-A1S5

ADO- AD7

NMI

INTR

Ground for the 8088-2 microprocessor (U235).
Middle-order address lines.

These signals are used for both the data bus
and the first eight bits of the address bus. At
the beginning of an instruction cycle, they are
used for the low-order address. Later, these
signals are used for data (refer to The
Instruction Cycle section in this chapter).

Used by the gate array (U248) to inform the
microprocessor of a nonmaskable interrupt. A
low-to-high transition in this signal will
direct the microprocessor to a specific loca-
tion in the program instructions (refer to the
Interrupt Operation section in this chapter).

Used by the interrupt controller (U240) to
inform the microprocessor of a maskable
interrupt. When the interrupt is acknowl-
edged, the interrupt controller supplies the
microprocessor with the address of the
programming instructions for the interrupt
(refer to the Interrupt Operation section in
this chapter).
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Table 4-1 (continued):

8088-2 Microprocessor Signals

PIN
NUMBER

SIGNAL
NAME

DESCRIPTION

19

20

21

22

23

24

25

26-28

29

CLK

GND

RESET

READY

TEST*

QSl

QS0

SO* - S2*

LOCK*

The 4.77 MHz or 8.0 MHz clock from the gate
array (U248) is connected to the 8088-2
(U235) at this pin. The clock frequency
provides the basis for all timing in the
microprocessor.

Ground for the power supply (pin 40).

This signal originates at the gate array (U248)
and causes the 8088-2 (U235) to immediately
terminate its present activity and begin the
power-up sequence.

This signal is an acknowledgment from the
addressed memory or I/O device that it will
complete the requested data transfer. The
READY signal is normally used with low-
speed devices which cannot complete a data
transfer in one bus cycle.

This signal is used only when the 8087-2
coprocessor (U234) is installed. A high state
during the "wait for test" instruction will
place the 8088-2 (U235) in an idle condition
until the 8087-2 returns the signal to a low
state.

This signal is used to communicate with the
8087-2 coprocessor (U234).

This signal is used to communicate with the
8087-2 coprocessor (U234).

These signals are decoded to produce the read
and write pulses for the system. Table 4-2
defines the functions of these signals.

Not connected in the Z-158.
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Table 4-1 (continued): 8088-2 Microprocessor Signals

PIN SIGNAL

NUMBER NAME DESCRIPTION

30 RQ*/GTI1* This signal is used by the 8087 coprocessor
(U234) to gain control of the busses from the
8088-2 (U235).

31 RQ*/GT0* Notconnected in the Z-158.

32 RD* Not connected in the Z158.

33 MN/MX* This pin, which is grounded in the Z-158,
informs the microprocessor that it is operat-
ing in a maximum system mode.

34 HIGH Thissignal isin a high state in the Z-158.

35-38 Al16-A19 The high-order addresses or segment ad-
dresses.

40 VCC +5 VDC power supply.

The Instruction Cycle

The first operation in the instruction cycle is to load the contents of the
internal program counter register into the address outputs (ADO through
AD7). The program counter also keeps track of the address of the next
instruction stored in memory.

When the address is stable at the output pins, the address is latched into
external latches. The output pins are now free to transfer data. The
program counter is incremented so that it indicates the location of the
next instruction.

After the address is latched, a combination of the SO, S1, and S2 signals is
used to generate the appropriate function, such as "read from memory."
When this signal occurs, the data from the addressed memory location is
received and decoded by the microprocessor. In cases where the

instruction is more than one byte long, the cycle is repeated to load the
rest of the instruction.
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The rest of the instruction cycle is determined by the content of the
instruction. It may involve memory reads or writes, or internal
processing which does not generate external signals. Address outputs A8
through A19 are processed the same as ADO through AD7. Instruction
cycles involving I/0 devices are identical to operations involving
memory, except for the state of signals SO, S1, and S2, as shown in Table
4-2.

Table 4-2: S0, S1,and S2 Signal Decoding

S0 S1 S2
STATE STATE STATE FUNCTION

Low Low Low Interrupt acknowledge
Low Low High Read I/O port

Low High Low Write I/O port

Low High High Halt

High Low Low Code access

High Low High Read memory

High High Low Write memory

High High High Idle

Interrupt Operation

There are two types of interrupts used with the 8088-2. The non-
maskable interrupt (NMI) cannot be ignored by the device, while some
instructions can tell the microprocessor to ignore maskable interrupts
(INTR). In either case, the basic operation of the interrupt is the same.

When a maskable interrupt occurs, the interrupting device sends an 8-bit
type number to the interrupt controller (U241), which prioritizes up to
eight interrupt inputs at one time. The interrupt controller then sends an
INTR signal to microprocessor at pin 18 to notify it of a waiting
interrupt.

When the interrupt is acknowledged, the interrupt controller points to
the location where the address of the interrupt routine is stored. As many
as 64 different devices can be handled by cascading the interrupt
controllers.

The microprocessor will then execute the first instruction found at that
address. The interrupt program must end with a return command (RET),
which causes the 8088-2 to return to the operation which was
interrupted.
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If the interrupt is a non-maskable interrupt, the microprocessor is
directed to the fixed address 008H. In all cases, a non-maskable interrupt
has priority over a maskable interrupt. If both types of interrupts occur

at the same time, the non-maskable interrupt will be processed first.

Non-maskable interrupts must also end with return (RET) commands.

System Timing

Figures 4-2 through 4-5 illustrate the timing for memory read, memory
write, I/O read, and I/O write operations, respectively. These diagrams
represent state changes in the signals listed in Table 4-3.

Table 4-3: Timing Signal Locations

LOCATION SIGNAL
Gate Array
pin 8 S2*
pin9 SI*
pin 10 SO*
pin 37 CLKG
U236
pin 6 ALEB
U244
pin 1 DT/R*
pins2-9 DO -D7
pin 19 GM*
U249
pins2,5,6,9,12,15,16, 19 A0-A7
U252
pin 7 IOR*
pin 16 IOW*
RAM
MwW*
MAQ - MA7
RAS*
CAS*
U238
pin 15 GCPU

The four states of each bus cycle are represented by the numbers T1
thourgh T4 on the clock waveform in Figures 4-2 through 4-5. TW
represents a wait state.
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Figure 4-2: Memory Read Timing
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Programmable Interval Timer

The programmable interval timer (U240) contains three independent
programmable counters, which are all connected to the TCLK input
from the gate array. These counters are used to generate output which
may be processed as system interrupts or may cause specific functions to
occur.

For example, counter 0 causes the microprocessor to issue a memory
refresh signal, counter 1 is used to update the real-time clock, and
counter 2 provides frequencies for the speaker. Figure 4-6 identifies the
pinouts on the programmable interval timer.

The programmable interval timer can operate in any of several modes, as
determined by a control word. These modes are identified in Table 4-4.
Table 4-5 identifies the programming codes for this device.

Table 4-4: Programmable Interval Timer Operating Modes

MODE
NUMBER DESCRIPTION

0 A terminal value is loaded into the selected counter, which
then begins counting from 0. Each time the terminal value is
reached, a logic high is sent out at the appropriate output.
This signal remains until the terminal value is re-loaded.

1 Same as mode 0 except that the high output is sent only for a
fixed time and then returns to low.

2 The incoming clock signal is divided by a predetermined
value to generate output pulses.

3 Same as mode 2 except that the outgoing pulse remains high
until the next count reaches 1/2 of the starting count.

4 Similar to mode 2 except that the output starts high and goes
low when the terminal count is reached.

5 A hardware-triggered strobe; the count begins when a
low-to-high transition occurs at one of the gate inputs.
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Figure 4-6: Programmable Interval Timer Pinouts

Table 4-5: Programmable Interval Timer Programming Codes

INPUT SIGNALS

CS* RD* WR* A0 Al FUNCTION

Load counter 0
Load counter 1

Load counter 2
Write mode word
Read counter 0
Read counter 1
Read counter 2

No operation 3-state
Disabled 3-state
No-operation 3-state
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Interrupt Controller

The interrupt controller (U241) prioritizes up to eight interrupt signals
to the microprocessor, stores an instruction address for each interrupt,
and generates a maskable interrupt signal (INT) for the interrupt of
highest priority. The microprocessor can tell the interrupt controller to
ignore, or mask, all interrupts, or to change the priority of the interrupts.
Maskable interrupts are acknowledged by an INTA* signal from the gate
array to the interrupt controller. Figure 4-7 illustrates the pinouts of the
interrupt controller.
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Figure 4-7: Interrupt Controller Pinouts
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Gate Array

The gate array (U248) on the CPU/memory card has several different
functions, including signal generation, bus control, and DMA control.

Figure 4-8 illustrates the pinouts for the gate array and Table 4-6
identifies the signals.
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Figure 4-8: Gate Array Pinouts

Assignal generator, the gate array provides either a 4.77 MHz or 8.0 MHz
33% duty cycle clock signal (CLKG) to the 8088-2, as determined by the
position of switch SW201 (refer to Chapter 2). It also provides
synchronization for the RDY signal, and provides the RESET signal at
power-up. Additional timing signals (TCLK and CLK) are sent by the
gate array to the programmable interval timer (U240), and to the busses

to provide synchronization for other devices, by way of the buffer/dri-
ver (U246).
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As bus controller, the gate array decodes the status signals (S0, S1, and
S2) from the microprocessor to provide the latching and enabling signal
for the buffers and address latches, as well as read/write signals for the
system memory and I/O devices.

As DMA controller, the gate array can transfer blocks of data from
memory to peripheral device, or vice versa, more rapidly and easily than
the microprocessor. This is possible because the gate array has its
instructions built in, and therefore does not need to decode them before
performing a data transfer operation. This also leaves the microproc-
essor free to perform other operations during data transfer, as long as
the busses are not needed.

When a data transfer is to be performed, a DREQ signal is sent to the gate
array. The gate array then assumes control of the busses from the
microprocessor long enough for the data transfer to be performed under
DMA control. Buffers allow the gate array to place its signals on the
busses only when the busses are under DMA control. During the data
transfer, the gate array generates its own address signals (AQ through
A19). Refer to Table 4-6 for a description of all gate array signals.

Table 4-6: Gate Array Signals

PIN SIGNAL

NUMBER NAME DESCRIPTION

1 VSS Ground.

2 TMR2 OUT2 from programmable interval
timer (U240). Refer to pin 68.

3 TCLK Clock input to programmable interval
timer (U240).

4 PBO Enables counter 2 of programmable
interval timer (U240).

5 READY Ready signal to 8088-2 (U235) and
8087-2(U234).

6 NMI Non-maskable interrupt signal to

8088-2.

7 INT87 INT signal from 8087-2 (U234).



Page 4-16

Detailed Circuit Description

Table 4-6 (continued): Gate Array Signals

PIN SIGNAL

NUMBER NAME DESCRIPTION

8-10 S0*-S82* SO*, S1*, and S2* signals from 8088-2
(U235) and/or 8087-2 (U234). Refer to
Table 4-2.

11 DT/R* Signal specifying transmit or receive
status to data transceiver (U245).

12-17 A0-A3, A5 A7 Address inputs.

18-20 BDO-BD2 Data outputs (refer also to pins 56 -
60).

21-22 DREQ2-DREQ3 Request for DMA channels 2 and 3
(refer also to pin 24),

23 I/O0 CHRDY I/O CH ready signal from bus.

24 DREQI Request for DMA channel 1 (refer also
to pins 21 and 22).

25 I/O CH CHK* I/O CH check signal from bus.

26-28 LD0-LD2 Signals to load data into 8-bit latches
U249, U250 and U255 respectively.

29 DMA*¥* Signal to enable the outputs of 8-bit
latches U249 and U250.

30 INTA* Interrupt acknowledge signal to in-
terrupt controller U241.

31 10w I/O write signal to gate array control

(U238) and bus IOW*), and to decoder
(U253).
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Table 4-6 (continued): Gate Array Signals

PIN SIGNAL

NUMBER NAME DESCRIPTION

32 RST* Reset signal, including keyboard reset
(KYBRST*), 8088-2/8087-2 reset
(RESET), and the hex D flip-flop
(U256) that drives the CPU/memory
card LEDs.

33 VDD +5VDC.

34 ROW ROW ssignal to SB input (pin 1) of quad
multiplexers (U228 and U230) and to
pin 11 of address decoder (U231).

35 VSS Ground.

36 BALE Not connected.

37 CLKG Clock signal to 8088-2/8087-2 and to
buffer/driver (U246).

38 T/C* This signal when low indicates termi-
nal count during DMA.

39 MEMR Memory read signal to pin 8 of octal
buffer (U252).

40 MEMW Memory write signal to pin 11 of octal
buffer (U252).

41 IOR I/O read signal to pin 13 of octal
buffer (U252).

42 MEM Indicates memory operation.

43 KBDD Data signal from keyboard.

44 KBDC Clock signal from keyboard.
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Table 4-6 (continued): Gate Array Signals

PIN SIGNAL

NUMBER NAME DESCRIPTION

45 RSTI Used to initiate powerup sequence,
based on charging of capacitor (C210)
when system is switched on.

46 0O50S8C Connection, with pin 49, to 14.31818
MHz oscillator (Y202).

47 JMPR* Enables the outputs of drivers so that
the settings of DIP switches (SW202)
can be read.

48 I80SC Connection, with pin 51, to 24.000
MHz oscillator (Y201).

49 I50S8C Connection, with pin 46, to 14.31818 T\
MHz oscillator (Y202).

50 VDD +5 VDC.

51 080SC Connection, with pin 48, to 24.000
MHz oscillator (Y201).

52 VSS Ground.

53 8M/5M* Input from dual D flip-flop (U254)
determining clock frequency based
on position of pushbutton switch
(SW201).

54 PB6* Used to disable the keyboard clock.

55 SPKR* Signal to speaker via connector (P201).
56-60 BD3 - BD7 Data outputs (refer also to pins 18 -
20).

61 CAS Column address strobes to RAM banks
0,1,and 2.
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Table 4-6 (continued): Gate Array Signals

PIN SIGNAL

NUMBER NAME DESCRIPTION

62 PARITY Parity bit for DIN inputs (pin 2) of
RAMdevices U201, U210,and U219.

63 CPUGA* Input to enable the I/O addresses in
the gate array.

64 AENI When high during DMA cycles, this
signal disables the address drivers of
the CPU.

65 DEN Data enable signal to DEN input (pin
13) of gate array control (U238).

66 IRQI Interrupt request signal to IR1 (pin 19)
input of interrupt controller (U241).

67 VDD +5VDC.

68 TMR1 OUT! from programmable interval

timer (U240). Refer to pin 2.

Peripheral Interface

Table 4-7 identifies the signals at the parallel port on the CPU/memory
card. Refer to Figure 4-9 for the connector pinouts.

0000000000000
Q00000000000

Figure 4-9: Peripheral Connector Pinouts
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Table 4-7: Peripheral Connector Signals

DESCRIPTION

CONNECTOR

PIN NUMBER SIGNAL NAME
1 STROBE*

2-9 DATA0-7

10 ACK*

11 BUSY

12 PE

13 SLCT

14 AUTOFDXT*
15 ERROR¥*

16 INIT*

17 SLCT IN*
18-25 GND

Strobe signal to peripheral.
Data to peripheral device.
Acknowledge from peripheral.

Busy signal from peripheral.

End-of-paper signal from printer.

Selectsignal from peripheral.
Auto FDXT signal to peripheral.
Error signal from peripheral.
Initialize signal to peripheral.
Select-in signal to peripheral.

Ground.

T s ML 4 41
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Keyboard Communication

The keyboard sends data in serial format to the gate array (KBDAT)
along with a clock (KYBCLK). Table 4-8 identifies the keyboard signals.
Refer to Figure 4-10 for the connector pinouts.

Table 4-8: Keyboard Signals

WA L =

Figure 4-10: Keyboard Connector Pinouts

CONNECTOR

PIN NUMBER SIGNAL NAME

DESCRIPTION

1

2

KYBCLK
KYBDATA
KYBRST*
KYBGND

KYBPWR

Timing signal to gate array.
Serial data to gate array.
Resetsignal from gatearray.
Ground.

+5 VDC power supply.




Chapter 5

Troubleshooting

Three hardware/software diagnostic aids are available for trouble-
shooting the CPU/memory card. These are the disk-based diagnostics
(CB-5063-28), the ROM-based diagnostics, and the LEDs on the card and
on the backplane board.

The LEDs can be used to isolate failures of major portions of the
computer system. The ROM-based diagnostics include the power-up test
(performed automatically each time the computer is turned on), and
several other tests which can be selected from a menu. The use of these
tests is explained in the service guide for Z-150 PC Series computers. The
disk-based diagnostics are shipped automatically to service centers and
kit customers, and are more thorough than the ROM-based diagnostics.

NOTE: Servicing the CPU/memory card with an oscilloscope is difficult.
In order to obtain reliable information, it is necessary to write machine
language programs that exercise the hardware so that predictable,
repeatable results are obtained in desired locations. No such programs
are provided in this manual.
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System Troubleshooting

System troubleshooting using the ROM-based diagnostics is explained in
the service guide for Z-150 PC Series computers (860-81-1) and in the
Z-150 PC Series Base Unit Service Module (860-136). Refer to these

documents, or to the disk-based diagnostics documentation (CB-5063-
28), for more information.

Whenever troubleshooting the system, first check the power supply LEDs
on the backplane board (Figure 5-1). All of these LEDs should be lit
when the computer is on. An unlit -5 VDC LED indicates a backplane
board failure. Any other unlit LED indicates a power supply failure.

M

u

Figure 5-1: Backplane Board Power Supply LEDs a
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CPU/Memory Card Troubleshooting

Because the circuitry on the CPU/memory card is essential to the
operation of the entire computer, a failure on this card will usually
prevent all computer operation. Many CPU/memory card problems will
be indicated as error message, or by a lit LED. Table 5-1 at the end of this
chapter contains a list of system error messages with their interpreta-
tions and corrections.

NOTE: If replacement of the gate array device is necessary, use the
correct IC extractor (part number HE-490-230).

The CPU/memory card LEDs are shown in Figure 5-2. Five of the six
LEDs on the CPU/memory card correspond to specific sections of the
system circuitry: CPU, ROM, RAM, interrupt, and disk controller. These
LEDs should light immediately when the system is powered up, and then
go out sequentially as the self-tests are completed. The sixth LED (RDY)
will go out when an operating system is loaded into the RAM.

A lit LED on the CPU/memory card means that there is a problem in the
corresponding part of the system circuitry. When this occurs, always
check for loose connectors or improper card configuration first. Refer to
the service guide for Z-150 PC Series computers for a detailed diagnostic
procedure.

Figure 5-2: CPU/Memory Card LEDs
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Table 5-1: Error Messages

+++ ERROR: CPU failure! ++4+
+++ ERROR: ROM checksum failure! +++

When either of these messages occur, the CPU circuitry has a fault.
Replace the CPU/memory card.

+++ ERROR: RAM failure! Address:XXXX:YYYY, Bit: n, Chip UXXX ++4++
+++ ERROR: Parity hardware failure! Address: XXXX:YYYY, Chip UXXX +++
+++ ERROR: Parity failure! Address: XXXX:YYYY, Chip: UXXX +++

These messages indicate that the CPU is unable to read from or write to
RAM or video memory. This may be caused by improper configuration
of the DIP switches or jumpers. Refer to Chapter 2 and make sure that
the appropriate DIP switches and jumpers are correctly set for the
amount of memory installed in the computer.

If the chip number displayed is a 200 number, such as U227, the failure is
on the CPU/memory card. If the chip number is a 300 number, the

failure is on the video/floppy card. Replace the IC indicated in the
message.

+++ ERROR: Timer Interrupt failure! +++
This error message indicates the possible failure of the interrupt control
and/or timer logic in the CPU circuitry. Refer to Chapter 2 and make
sure all DIP switches and jumpers are correctly set for the options that
are connected to the computer. Also make sure all optional boards are set

up properly. If that does not correct the problem, replace the
CPU/memory card.

+++ ERROR: Invalid/No keyboard code received! +++
Normally this message is caused by the keyboard being unplugged. If the
keyboard is plugged in, the problem may be in the keyboard or keyboard
cable. Replace the keyboard and/or keyboard cable.

+++DISK ERROR: Drive not ready! +++
These error messages are usually caused when the system attempts to
boot the operating system from the disk and no disk is in the disk drive.
This may also be caused by a faulty disk or faulty disk controller
circuitry. Make sure there is a disk in the drive, that it is inserted
correctly, and that the drive latch is closed. If a disk is properly inserted
in the drive, try another disk or try booting from the other disk drive.

No system
This message occurs when a disk does not contain an operating system.
Make sure the disk is inserted properly and that it contains a valid
operating system.
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Table 5-1 (continued): Error Messages

+++ DISK ERROR: Bad disk controller! +++
+++ DISK ERROR: DMA overrun error! +++

These error messages usually indicate faulty disk controller circuitry,
but may be caused by addressing clashes with boards that are not
supplied by Zenith Data Systems. Turn of f the power and disconnect the
expansion chassis or remove any optional boards that are installed.

+++ DISK ERROR: Sector not found! +++
+++ DISK ERROR: CRC error! +++
+++ DISK ERROR: Invalid address mark detected! +++

These messages happen when booting the operating system from a disk.
They can be the result of using a damaged disk, one that does not have
the operating system on it, or from a faulty disk drive. You can usually
correct this condition by using another disk. If this problem continues,
try booting from the other disk drive.

+++ DISK ERROR: Seek failure! +++
This error message indicates that the computer cannot read the disk
and/or cannot read track 0. This error can be caused by a damaged disk
or by a failure of the disk controller circuitry. Replace the disk or try the
other disk drive. If the problem still persists, replace the video/floppy
card.

DEVICE ERROR
This message occurs only during the disk read test of the ROM-based
tests. When it occurs, it indicates that the computer is unable to read the
disk. Make sure that a disk is correctly installed in the drive and that the
drive is closed. If a disk is installed properly, this message indicates the
failure of either the disk drive or the disk controller circuitry. Try the
same disk in the other disk drive. If the problem persists, replace the
video/floppy card.



Chapter 6

Parts List

This chapter contains a component view of the CPU/memory card (part
numbers HE-181-5445, HE-181-5857, and HE-181-5601) and the related
parts list. Refer to Figure 6-1 for the locations of the parts described in
this chapter. Table 6-1 lists all of these parts.

These cards are identical except in the arrangement of their RAM
devices. Card HE-181-5445 contains two banks (0 and 1) of 64-kilobit
RAM devices. Card HE-181-5857 contains one bank (bank 0) of
256-kilobit RAM devices. Card HE-181-5601 contains 1 bank (bank 0) of
256-kilobit RAM devices, and 1 bank (bank 1) of 64-kilobit RAM
devices. Other RAM arrangements are also possible on these cards, as
explained in Chapter 2, "Configuration."

CAUTION: Many ICs are electrostatic-sensitive and can be damaged by
static electricity if they are handled improperly. When you remove an IC
or card from its mounting or from its protective packing, do not lay it
down or let go of it until it is installed in the computer. Also, when you
need to bend the leads of an IC, hold the device in one hand and place
your other hand on the work surface before touching the IC to the work
surface. This will equalize the static charges between you, the IC, and the
work surface.

ZENITH DATA SYSTEMS 051785
CPU/MEMORY BOARD 85-3118-2
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Figure 6-1: CPU/Memory Card Component Layout
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Table 6-1: CPU/Memory Card Parts List

COMPONENT ZDS PART

NUMBER NUMBER DESCRIPTION
Capacitors

C201 HE-21-811 Capacitor, ceramic, 0.33 uF
C202 HE-21-811 Capacitor, ceramic, 0.33 uF
C203 HE-21-786 Capacitor, ceramic, 0.1 uF
C204 HE-21-786 Capacitor, ceramic, 0.1 uF
C205 HE-21-786 Capacitor, ceramic, 0.1 uF
C206 (not used)

C207 HE-21-707 Capacitor, ceramic, 15 pF
C208 (not used)

C209 HE-21-707 Capacitor, ceramic, 15 pF
C210 HE-25-820-1 Capacitor, electrolytic, 10 uF, 10 VDC
C211 HE-21-761 Capacitor, ceramic, .01 uF
C212 (not used)

C213 HE-21-711 Capacitor, ceramic, 470 pF
C214 (not used)

C215 HE-21-811 Capacitor, ceramic, 0.33 uF
C216 HE-21-811 Capacitor, ceramic, 0.33 uF
C217 HE-21-811 Capacitor, ceramic, 0.33 uF
C218 HE-21-786 Capacitor, ceramic, 0.1 uF
C219 HE-21-786 Capacitor, ceramic, 0.1 uF
C220 HE-21-786 Capacitor, ceramic, 0.1 uF
C221 HE-25-915 Capacitor, electrolytic, 47 uF, 16 VDC
C222 HE-21-786 Capacitor, ceramic, 0.1 uF
C223 HE-21-786 Capacitor, ceramic, 0.1 uF
C224 HE-25-915 Capacitor, electrolytic, 47 uF, 16 VDC
C225 HE-21-811 Capacitor, ceramic, 0.33 uF
C226 HE-21-811 Capacitor, ceramic, 0.33 uF
C227 HE-21-811 Capacitor, ceramic, 0.33 uF
C228 HE-21-786 Capacitor, ceramic, 0.1 uF
C229 HE-21-786 Capacitor, ceramic, 0.1 uF
C230 HE-21-786 Capacitor, ceramic, 0.1 uF

.
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Table 6-1 (continued):

CPU/Memory Card Parts List

COMPONENT ZDS PART

NUMBER NUMBER DESCRIPTION

C231 HE-21-786 Capacitor, ceramic, 0.1 uF
C232 HE-21-811 Capacitor, ceramic, 0.33 uF
C233 HE-21-811 Capacitor, ceramic, 0.33 uF
C234 HE-21-811 Capacitor, ceramic, 0.33 uF
C235 HE-21-786 Capacitor, ceramic, 0.1 uF
C236 HE-25-915 Capacitor, electrolytic, 47 uF, 16 VDC
C237 HE-21-786 Capacitor, ceramic, 0.1 uF
C238 HE-21-786 Capacitor, ceramic, 0.1 uF
C239 HE-21-786 Capacitor, ceramic, 0.1 uF
C240 HE-21-811 Capacitor, ceramic, 0.33 uF
C241 HE-21-811 Capacitor, ceramic, 0.33 uF
C242 HE-21-811 Capacitor, ceramic, 0.33 uF
C243 HE-21-786 Capacitor, ceramic, 0.1 uF
C244 HE-21-786 Capacitor, ceramic, 0.1 uF
C245 HE-21-786 Capacitor, ceramic, 0.1 uF
C246 HE-21-786 Capacitor, ceramic, 0.1 uF
C247 HE-21-786 Capacitor, ceramic, 0.1 uF
C248 HE-21-763 Capacitor, ceramic, 330 pF
C249 HE-21-763 Capacitor, ceramic, 330 pF
C250 HE-21-763 Capacitor, ceramic, 330 pF
C251 HE-21-763 Capacitor, ceramic, 330 pF
C252 HE-21-763 Capacitor, ceramic, 330 pF
C253 HE-21-763 Capacitor, ceramic, 330 pF
C254 HE-21-763 Capacitor, ceramic, 330 pF
C255 HE-21-763 Capacitor, ceramic, 330 pF
C256 HE-21-763 Capacitor, ceramic, 330 pF
C257 HE-21-763 Capacitor, ceramic, 330 pF
C258 HE-21-763 Capacitor, ceramic, 330 pF
C259 HE-21-763 Capacitor, ceramic, 330 pF
C260 HE-21-811 Capacitor, ceramic, 0.33 uF
C261 HE-21-811 Capacitor, ceramic, 0.33 uF
C262 HE-21-811 Capacitor, ceramic, 0.33 uF
C263 HE-21-786 Capacitor, ceramic, 0.1 uF
C264 HE-21-786 Capacitor, ceramic, 0.1 uF
C265 HE-21-786 Capacitor, ceramic, 0.1 uF
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Table 6-1 (continued): CPU/Memory Card Parts List

COMPONENT ZDS PART

NUMBER NUMBER DESCRIPTION

C266 HE-21-786 Capacitor, ceramic, 0.1 uF

C267 HE-21-786 Capacitor, ceramic, 0.1 uF

C268 HE-21-786 Capacitor, ceramic, 0.1 uF

C269 HE-21-811 Capacitor, ceramic, 0.33 uF

C270 HE-21-811 Capacitor, ceramic, 0.33 uF

c27 HE-21-811 Capacitor, ceramic, 0.33 uF

C272 HE-25-915 Capacitor, electrolytic, 47 uF, 16 VDC
C273 HE-21-786 Capacitor, ceramic, 0.1 uF

C274 HE-21-786 Capacitor, ceramic, 0.1 uF

C275 HE-21-786 Capacitor, ceramic, 0.1 uF

C276 HE-21-786 Capacitor, ceramic, 0.1 uF

C277 HE-21-811 Capacitor, ceramic, 0.33 uF

C278 HE-21-811 Capacitor, ceramic, 0.33 uF

C279 HE-21-811 Capacitor, ceramic, 0.33 uF

C280 HE-21-811 Capacitor, ceramic, 0.33 uF

C281 HE-21-811 Capacitor, ceramic, 0.33 uF

C282 HE-21-811 Capacitor, ceramic, 0.33 uF

C283 HE-21-786 Capacitor, ceramic, 0.1 uF

C284 HE-21-786 Capacitor, ceramic, 0.1 uF

C285 HE-25-915 Capacitor, electrolytic, 47 uF, 16 VDC
C286 HE-25-915 Capacitor, electrolytic, 47 uF, 16 VDC
Cxxx HE-25-820 Capacitor, electrolytic, 10 uF, 10 VDC
Cxxx HE-21-17 Capacitor, ceramic, 270 pF

Corxx HE-21-17 Capacitor, ceramic, 270 pF

Cxxx HE-21-17 Capacitor, ceramic, 270 pF

Cxxx HE-21-807 Capacitor, ceramic, 47 pF

Cxxx HE-21-807 Capacitor, ceramic, 47 pF

Diodes

D201 HE-56-56 Diode

D202 HE-412-654 LED, red

D203 HE-412-654 LED, red

D204 HE-412-654 LED, red

D205 HE-412-654 LED, red

D206 HE-412-654 LED, red

D207 HE-412-654 LED, red

D208 HE-56-56 Diode
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Table 6-1 (continued): CPU/Memory Card Parts List

COMPONENT ZDS PART

NUMBER NUMBER DESCRIPTION
Chokes

L201 HE-475-39 RF core

L202 HE-475-39 RF core

Lixxx HE-475-39 RF core

Lixxx HE-475-39 RF core
Resistors

R201 HE-6-330 33 ohm

R202 HE-6-270-12 27 ohm

R203 HE-6-225-12 2.2 Megohm

R204 (not used)

R20§ HE-6-515-12 5.1 Megohm

R206 (not used)

R207 HE-6-104-12 100 kohm

R208 HE-6-561-12 560 ohm

R209 HE-6-561-12 560 ohm

R210 HE-6-561-12 560 ohm

R211 HE-6-561-12 560 ohm

R212 HE-6-561-12 560 ohm

R213 HE-6-561-12 560 ohm

R214 HE-6-912-12 9.1 kohm

R215 HE-6-103-12 10 kohm

R216 HE-6-151-12 150 ohm

R217 HE-6-472-12 4.7 kohm

R218 HE-6-472-12 4.7 kohm

R219 HE-6-472-12 4.7 kohm

R220 HE-6-472-12 4.7 kohm

R221 HE-6-330-12 33 ohm

Raxxx HE-6-102-12 1 kohm

RP201 HE-9-128 10 kohm resistor pack
RP202 HE-9-126 33 ohm resistor pack
RP203 HE-9-138 1 kohm resistor pack
RP204 HE-9-138 1 kohm resistor pack
RP205 HE-9-126 83 ohm resistor pack
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Table 6-1 (continued):

CPU/Memory Card Parts List

DESCRIPTION

COMPONENT ZDS PART
NUMBER NUMBER
RP206 HE-9-112
RP207 HE-9-126
RP208 HE-9-126
RP209 HE-9-138
Switches

SW201 HE-64-683
SW202 HE-60-667

Integrated Circuits

U201 HE-443-970
HE-443-1268
HE-434-299
U202 HE-443-970
HE-443-1268
HE-434-299
U203 HE-443-970
HE-443-1268
HE-434-299
U204 HE-443-970
HE-443-1268
HE-434-299
U205 HE-443-970
HE-443-1268
HE-434-299
U206 HE-443-970
HE-443-1268
HE-434-299
U207 HE-443-970
HE-443-1268
HE-434-299

4.7 kohm resistor pack
33 ohm resistor pack
33 ohm resistor pack
1 kohm resistor pack

Pushbutton, 2 position, DPDT

DIP switch, 4-section, SPST

64-kilobit RAM, 6665
256-kilobit RAM, 41256-15
Socket

64-kilobit RAM, 6665
256-kilobit RAM, 41256-15
Socket

64-kilobit RAM, 6665
256-kilobit RAM, 41256-15
Socket

64-kilobit RAM, 6665
256-kilobit RAM, 41256-15
Socket

64-kilobit RAM, 6665
256-kilobit RAM, 41256-15
Socket

64-kilobit RAM, 6665
256-kilobit RAM, 41256-15
Socket

64-kilobit RAM, 6665
256-kilobit RAM, 41256-15
Socket
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Table 6-1 (continued): CPU/Memory Card Parts List

COMPONENT ZDS PART

NUMBER NUMBER DESCRIPTION

U208 HE-443-970 64-kilobit RAM, 6665
HE-443-1268 256-kilobit RAM, 41256-15
HE-434-299 Socket

U209 HE-443-970 64-kilobit RAM, 6665
HE-443-1268 256-kilobit RAM, 41256-15
HE-434-299 Socket

U210 HE-443-970 64-kilobit RAM, 6665
HE-443-1268 256-kilobit RAM, 41256-15
HE-434-299 Socket

U211 HE-443-970 64-kilobit RAM, 6665
HE-443-1268 256-kilobit RAM, 41256-15
HE-434-299 Socket

U212 HE-443-970 64-kilobit RAM, 6665
HE-443-1268 256-kilobit RAM, 41256-15
HE-434-299 Socket

U213 HE-443-970 64-kilobit RAM, 6665
HE-443-1268 256-kilobit RAM, 41256-15
HE-434-299 Socket

U214 HE-443-970 64-kilobit RAM, 6665
HE-443-1268 256-kilobit RAM, 41256-15
HE-434-299 Socket

U215 HE-443-970 64-kilobit RAM, 6665
HE-443-1268 256-kilobit RAM, 41256-15
HE-434-299 Socket

U216 HE-443-970 64-kilobit RAM, 6665
HE-443-1268 256-kilobit RAM, 41256-15
HE-434-299 Socket

U217 HE-443-970 64-kilobit RAM, 6665
HE-443-1268 256-kilobit RAM, 41256-15
HE-434-299 Socket

U218 HE-443-970 64-kilobit RAM, 6665
HE-443-1268 256-kilobit RAM, 41256-15
HE-434-299 Socket
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Table 6-1 (continued): CPU/Memory Card Parts List

COMPONENT ZDS PART

NUMBER NUMBER DESCRIPTION

U219 HE-443-970 64-kilobit RAM, 6665
HE-443-1268 256-kilobit RAM, 41256-15
HE-434-299 Socket

U220 HE-443-970 64-kilobit RAM, 6665
HE-443-1268 256-kilobit RAM, 41256-15
HE-434-299 Socket

U221 HE-443-970 64-kilobit RAM, 6665
HE-443-1268 256-kilobit RAM, 41256-15
HE-434-299 Socket

U222 HE-443-970 64-kilobit RAM, 6665
HE-443-1268 256-kilobit RAM, 41256-15
HE-434-299 Socket

U223 HE-443-970 64-kilobit RAM, 6665
HE-443-1268 256-kilobit RAM, 41256-15
HE-434-299 Socket

U224 HE-443-970 64-kilobit RAM, 6665
HE-443-1268 256-kilobit RAM, 41256-15
HE-434-299 Socket

U225 HE-443-970 64-kilobit RAM, 6665
HE-443-1268 256-kilobit RAM, 41256-15
HE-434-299 Socket

U226 HE-443-970 64-kilobit RAM, 6665
HE-443-1268 256-kilobit RAM, 41256-15
HE-434-299 Socket

U227 HE-443-970 64-kilobit RAM, 6665
HE-443-1268 256-kilobit RAM, 41256-15
HE-434-299 Socket

U228 HE-443-1120 Quad multiplexer, 2-input, 74F 257
HE-434-299 Socket

U229 HE-443-730 Flip-flop, dual D, 74L.S74
HE-434-298 Socket
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Parts List

Table 6-1 (continued): CPU/Memory Card Parts List

COMPONENT ZDS PART

NUMBER NUMBER DESCRIPTION

U230 HE-443-1120 Quad multiplexer, 2-input, 74F257
HE-434-299 Socket

U231 HE-444-361 Address decoder, logic array, 16L8A
HE-434-311 Socket

U232 HE-443-837 8-bit latch, 74LS373
HE-434-311 Socket

U233 HE-443-791 Buffer/driver, 3-state, 7418244
HE-434-311 Socket

U234 HE-443-1168 Coprocessor, 8087-2 (optional)
HE-434-253 Socket

U235 HE-443-1187 Microprocessor, 8088-2
HE-434-253 Socket

U236 HE-443-1073 Quad AND, 2-input, 74ALSO8
HE-434-298 Socket

U237 HE-444-358 Monitor ROM, EPROM, 27256-30
HE-434-312 Socket

U238 HE-444-360-1 Gate array control, logic array, 14L8
HE-434-368 Socket

U239 HE-443-837 8-bit latch, 74L.S373
HE-434-311 Socket

U240 HE-443-1066 Programmable interval timer, 8253-5
HE-434-307 Socket

U241 HE-443-1012 Interrupt controller, 8259A
HE-434-312 Socket

U242 HE-443-1027 RAM, 200 ns, 6116-P4
HE-434-307 Socket

U243 HE-443-755 Hex inverter, 74L.S04
HE-434-298 Socket
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Table 6-1 (continued): CPU/Memory Card Parts List

COMPONENT ZDS PART

NUMBER NUMBER DESCRIPTION

U244 HE-443-885 Transceiver, 74L.S245
HE-434-311 Socket

U245 HE-443-885 Transceiver, 74L.S245
HE-434-311 Socket

U246 HE-443-791 Buffer/driver, 3-state, 7415244
HE-434-311 Socket

U247 HE-443-875 Quad OR, 2-input, 74LS32
HE-434-298 Socket

U248 HE-443-321 Gate array, CPU/RAM, 5320
HE-434-380 Socket

U249 HE-443-837 8-bit latch, 74LS373
HE-434-322 Socket " m

U250 HE-443-837 8-bit latch, 74LS373 W
HE-434-322 Socket

U251 HE-443-967 Hex inverter, 7406
HE-434-298 Socket

U252 HE-443-754 Octal buffer, 3-state, 7415240
HE-434-311 Socket

U253 HE-443-782 Decoder, 74LS155
HE-434-299 Socket

U254 HE-443-730 Flip-flop, dual D, 74L.S74
HE-434-298 Socket

U255 HE-443-1182 Octal latch, 74ALS373
HE-434-311 Socket

U256 ’ HE-443-879 Flip-flop, hex D, 74LS174
HE-434-299 Socket

U257 HE-443-879 Flip-flop, hex D, 74LS174
HE-443-299 Socket

U258 HE-443-754 Octal buffer, 3-state, 74L.S240
HE-434-311 Socket
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Table 6-1 (continued): CPU/Memory Card Parts List

COMPONENT ZDS PART

NUMBER NUMBER DESCRIPTION

U259 HE-443-857 Hex buffer, 3-state, 74L.S367
HE-434-299 Socket

U260 HE-443-791 Buffer/driver, 3-state, 7415244
HE-434-311 Socket

U261 HE-443-863 Flip-flop, octal D, 3-state, 7415374
HE-434-311 Socket

U262 HE-443-967 Hex inverter, 7406
HE-434-298 Socket

Oscillators

Y201 HE-404-681 - Crystal oscillator, 24.0 MHz

Y202 HE-404-673 Crystal oscillator, 14.31818 MHz

Jumpers

J202 HE-432-1171 2-pin, Molex

J203 HE-432-1171 2-pin, Molex

J204 HE-432-1102 3-pin, Molex

J205 HE-432-1171 2-pin, Molex

J206 HE-432-1171 2-pin, Molex
HE-432-1041 2-connector jumper, Berg

Connectors

P201 HE-432-1231 4-pin, Molex

P202 HE-432-1495 Keyboard connector

P203 HE-432-1382 25-pin, female connector

Miscellaneous
HE-75-873 Insulator
HE-85-3118-2 Printed circuit board
HE-204-2876 Bracket, card mounting
HE-250-1414 Screw, pan head, phillips, 4-40 x .250"
HE-255-757 . Spacer, hex, threaded, 4-40x 4-40x .19"
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Warnings and Cautions

WARNING

Removing or lifting the ground from the AC power
source may present a potentially lethal shock hazard.
Do not use an AC two-to-three wire adapter plug with
this unit.

WARNING

The CRT anode retains a potentially lethal voltage
even when the monitor is turned off. Perform repairs
only after the CRT anode has been properly dis-
charged. Refer to Figure 6-1 and the following proce-
dure to discharge the CRT anode:

1. Connect a clip lead or heavy gauge wire to
chassis ground.

2. Connect the other end of the lead to the stem of
a flat-blade screwdriver that has an insulated
handle.

3. Insert the blade of the screwdriver under the
rubber insulation that covers the anode lead on
the CRT and make contact with the anode ter-
minal. Depending on the amount of charge pres-
ent on the anode, a distinct shap may be heard
as the CRT discharges.

WARNING

The switch mode power supply contains circuits that
generate dangerous high frequency, high amplitude,
quasi-square wave signals that present a potentially
lethal shock hazard. In the ZCM-1490, this circuitry is
located on a separate, exposed circuit board located
along the left side of the monitor when viewed from
the back. Do not attempt to service the power supply.

WARNING

To prevent both personal injury and equipment
damage, always use an isolation transformer when
troubleshooting this monitor.

CAUTION

Under no circumstances should the original design
be modified or altered without permission from Zenith
Electronics Corporation. All components should be
replaced only with types identical to those in the
original circuit, and their physical location, wiring, and
lead dress must conform to the original layout upon
completion of repairs.

CAUTION
Some components contain an X in their reference

number. For safety reasons, these components must
be replaced only with identical components.
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The Zenith Data Systems ZCM-1490 is a high-
resolution analog RGB color video monitor. This
monitor incorporates Zenith's patented flat technol-
ogy CRT. The ZCM-1490 can be used with a com-
puter video source that supplies an analog RGB
color signal having a 31.49 kHz horizontal scan fre-
quency. It can also display information in CGA, EGA,
MDA, and Hercules video modes provided that the
video source supplying the monitor is capable of
delivering these modes as analog RGB color signals
at a 31.49 kHz scan frequency. The ZCM-1490 is il-
lustrated in Figure 1-1.

Related publications include the High-Resolution
Analog RGB Color Video Monitor User's Guide
(595-3924-1).

Chapter 1
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Figure 1-1. ZCM-1490 Color Video Monitor
Specifications
Power input: ............ ... ... i, 90-135/200-265 VAC, 48-62 Hz, switch selectable.
Six-foot (1.98 m), 3-wire grounded power cord
included.
Video input: .. .......... ... . ... . ... Analog RGB video signal, 0-0.714 V peak-to-peak
(1V peak-to-peak maximum), 75 ohm resistive.
Sync input
Horizontal: . ....... ... ... ... ... . ......... 31.49 kHz, +1 kHz,
positive TTL, 350-line mode,
negative TTL, 400-line mode,
negative TTL, 480-line mode.
Vertical: . ... .. .. . 70 Hz, negative TTL, 350-line mode,

70 Hz, positive TTL, 400-line mode,
60 Hz, negative TTL, 480-line mode.

15-pin subminiature D-type.



Characterblock: . ...... ...

Active video time

Inactive video time

Flat technology, 14-inch, 0.31 mm pitch, regular tint,
non-glare.

10.07 inches (25.6 cm) wide by 7.67 inches (19.5
cm) high (approximate). Display size remains con-
stant with changes in video modes.

Infinite array of displayable colors. (The actual num-
ber of displayable colors is limited only by the video
source supplying the monitor.)

80 characters x 25 rows.

8 x 19 (Zenith),

9 x 16 (VGA),

8 x 16 (MCGA),

8 x 14 (EGA),

8 x 16 (CGA, 400-line),
9 x 14 (MDA),

9 x 14 (Hercules).

25.42 ps, all modes.

15.4 ms, 640 x 480 (Zenith, VGA),
15.2 ms, 640 x 480 (MCGA),

12.8 ms, 320 x 200 (MCGA),

12.8 ms, 640 x 350 (EGA),

12.8 ms, 320 x 200 (CGA),

12.8 ms, 720 x 350 (MDA),

11.2 ms, 720 x 350 (Hercules).

6.36 s, 640 x 480 (Zenith, VGA),
6.35 us, 640 x 480 (MCGA),

6.36 us, 320 x 200 (MCGA),

6.35 us, 640 x 350 (EGA),

6.35 us, 320 x 200 (CGA),

6.36 us, 720 x 350 (MDA),

6.35 us, 720 x 350 (Hercules).

Page 1-2
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Resolution: . ...... ..o

User controls: . .......... ...

1.44 ms, 640 x 480 (Zenith, VGA),
1.44 ms, 640 x 480 (MCGA),

1.56 ms, 320 x 200 (MCGA),

1.56 ms, 640 x 350 (EGA),

1.56 ms, 320 x 200 (CGA),

1.56 ms, 720 x 350 (MDA},

3.15 ms, 720 x 350 (Hercules).

640 dots x 480 lines (Zenith, VGA),
640 dots x 480 lines (MCGA),

320 dots x 200 lines (MCGA),

640 dots x 350 lines (EGA),

320 dots x 200 lines (CGA),

720 dots x 350 lines (MDA),

720 dots x 350 lines (Hercules).

0.68 mm maximum within display area.
Power, brightness, contrast, H. CENT (horizontal

centering), H. SIZE (horizontal size), V. CENT verti-
cal centering), V. SIZE (vertical size).

Environmental
Temperature:. ... ..............coiini.... 0° to 40° C (32° to 104° F) operating,
-40° to 60° C (—40° to 140° F) storage.
Humidity: . ........ ... ... ... .. . 10% to 90%, (noncondensing) operating,
0% to 95%, (noncondensing) storage.
Altitude: .. ... ... .. —1000 to 10,000 feet (-0.3 to 3.05 km) operating,
40,000 feet (12.2 km) maximum (storage).
Dimensions:. .. ......... ... .. .. 14.9 inches (37.9 cm) wide by 12.6 inches (32.0 cm)
high by 15.5 inches (39.4 cm) deep.
Weight: ... ... 40 Ibs (18.1 kg), approximate.
Zenith Data Systems reserves the right to discon-
tinue products and to change specifications at any
time without incorporating these changes into prod-
ucts previously sold.
Introduction Page 1-3



This chapter provides basic installation and set-up
information for the ZCM-1490 analog color video
monitor. If further adjustment or servicing information
is required, refer to the appropriate chapters which
follow.

Controls and Connections

The various monitor controls and connectors are il-
lustrated in Figures 2-1 and 2-2. Each control and
connector is explained individually in the following
paragraphs.

CONTRAST BRIGHTNESS
CONTROL CONTROL
o o/

ZCM-1490 Front View

Figure 2-1.

Chapter 2
Installation
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Figure 2-2. ZCM-1490 Rear View

Power — The rocker-type power switch located on
the rear panel turns the monitor on or off.

Power-On Indicator — A green LED located on the
front panel lights when power is applied to the
monitor.

Brightness — The brightness control varies the
overall or average intensity of illumination of the dis-
play. The average intensity in turn determines the
background level in the display.

Contrast — The contrast control varies the differ-
ence in intensity between the black and the white ar-
eas of the display.



Voltage Selection Switch — The voltage selection
switch configures the monitor for operation from the
appropriate AC power source.

H. CENT — The horizontal centering control adjusts
the left-to-right position of the display within the
screen area. To move the display to the left, turn this
control counterclockwise. To move the display to the
right, turn this control clockwise.

H. SIZE — The horizontal size control adjusts the
width of the display within the screen area. To in-
crease the display width, tum this control
counterclockwise. To reduce the display width, turn
this control clockwise.

V. CENT — The vertical centering control adjusts the
top-to-bottom position of the display within the screen
area. To move the display upward, turn this control
clockwise. To move the display downward, turn this
control counterclockwise.

V. SIZE — The vertical size control adjusts the
height of the display within the screen area. To in-
crease the display height, turn this control
counterclockwise. To reduce the display height, turn
this control clockwise.

Power Input Jack — A 3-pin, grounded-type power
jack is located on the rear panel.

Power Cord — A 6-foot (1.8 m), 3-wire grounded
and shielded power cord supplies power to the
monitor.

Video Input Cable — A 3.5-foot (1.05 m) cable, ter-
minated with a 15-pin, subminiature D-type connec-
tor, supplies video and sync signals to the monitor.
The cable is attached to the monitor and is not

detachable. Figure 2-3 illustrates the connector and
Table 1-1 lists its pin configuration.

Figure 2-3. Subminiature D-type Connector

Table 2-1. Video Input Cable Pin Functions
PIN NUMBER FUNCTION
1 Red video input
2 Green video input
3 Blue video input
4 N/C
5 Reserved (test)
6 Red video ground
7 Green video ground
8 Blue video ground
9 N/C
10 Digital/sync ground
11 Reserved (mode)
12 N/C
13 Horizontal sync
14 Vertical sync
15 N/C

Page 2-2
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Set-Up and Operation

Perform the following steps to set up and operate the
monitor.

1. Place the monitor on a flat surface near the
computer and near an AC power outlet. Be cer-
tain that the ventilation slots in the cabinet are
not blocked.

2. Connect the video input cable from the monitor
to the computer.

3. Plug the power cord into the monitor and then
into an AC outlet. Make sure the voltage selec-
tion switch on the rear panel is set to the proper
position.

WARNING

Removing or lifting the ground from the AC
power source may present a potentially
lethal shock hazard. Do not use an AC two-
to-three wire adapter plug with this unit.

4. Turn on the computer and the monitor. The front
panel power indicator should light.

5. Boot an operating system.
6. When a message is displayed on the monitor,

adjust the brightness and contrast controls to
obtain a comfortable display.

Initial Tests

To assess the monitor’s operation, perform the color
bar test and the fill screen test. Both tests are
ROM-based.

Color Bar Test

The color bar test displays an array of colors in the
form of a bar graph. To display the color bars using a
Zenith Data Systems PC-compatible computer:

1. Press the CTRL, ALT, and INS keys in sequence,
hold them, and then release them.

2. After the Monitor prompt appears, type C and
then press RETURN. Color bars should now be
displayed.

Fill Screen Test

The ROM-based keyboard test can be used to set
the brightness, contrast, dimensions, focus, conver-
gence, and other qualities of the display to comfort-
able levels. To perform the fill screen test using a
Zenith Data Systems PC-compatible computer:

1. Press the CTRL, ALT, and INS keys in sequence,
hold them, and then release them.

2. After the prompt appears on the monitor, type
TEST and press RETURN.

3. Select the keyboard test by pressing the 2 key.

4. Press any displayable key to fill the screen with
that character. (The capital Z is a good charac-
ter to display for assessing display characteris-
tics.)

Installation
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This chapter contains instructions for both disas-
sembly and reassembly of the monitor. Step-by-step
instructions are provided for disassembly. For reas-
sembly, perform the steps in the reverse order unless
instructed otherwise. Read each section (and any
previous sections referred to) completely before dis-
assembling the monitor.

Before proceeding, make sure the power cord and
video cable are disconnected. The overall disas-
sembly sequence for this monitor is as follows:

Remove the rear cover.

Remove the rear chassis panels.

Remove the video board.

Remove the control board.

Remove the PIN board.

Remove the fan and bottom panel.

Remove the support bracket and shield.

Remove the deflection board assembly.

Remove the deflection board.

0. Remove the power supply/dynamic focus board
assembly.

11. Remove the power supply and dynamic focus

boards.
12. Remove the CRT.

SPONOOALD =

WARNING

The CRT anode retains a potentially lethal
voltage even when the monitor is turned
off. After removing the monitor cover, dis-
charge the CRT anode Before proceeding
with the disassembly. The anode is located
at the top of the CRT and is shielded by a
white insulating sheet. Refer to Figure 3-1
and the following procedure to discharge
the CRT anode:

Chapter 3
Disassembly

Connect a clip lead or heavy gauge wire to
chassis ground.

Connect the other end of the lead to the stem of
a flat blade screwdriver that has an insulated
handle.

Insert the blade of the screwdriver under the
rubber insulation that covers the anode lead on
the CRT and make contact with the anode ter-
minal. Depending on the amount of charge pre-
sent on the anode, a distinct snap may be heard
as the CRT anode discharges.

1. CAREFULLY SLIDE A GROUNDED
FLAT SCREWDRIVER TIP UNDER
THE LIP OF THE ANODE LEAD.

//

2. AFTER DISCHARGING THE VOLTAGE,
DISCONNECT THE ANODE LEAD
FROM THE CRT.

Figure 3-1. CRT Anode Discharging




Rear Cover Removal

The rear cover is secured by eight screws. Two of
these screws also secure rubber feet to the bottom of
the monitor cover. After disconnecting the power
cord and video cable, remove these eight screws as
shown in Figure 3-2. Slide the cover away from the
monitor, allowing the video cable to pass through the
opening in the cover. Tape the screws to the inside
of the rear cover and set it aside.

RUBBER FEET

Figure 3-2. Rear Cover Removal

Rear Chassis
Panel Removal

Two panels are connected across the back of the
monitor chassis. The upper panel adds support to the
chassis. The lower panel holds the video cable
ground clamp and strain relief. To remove the
panels:

1. Reter to Figure 3-3 and remove the four hex
screws that secure the upper panel to the chas-
sis side panels. Remove the panel and replace
the four screws into the side panels.

UPPER SUPPORT PANEL

Figure 3-3. Rear Chassis Panel Removal

Page 3-2
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Refer to Figure 3-3 and remove the two hex
screws from the bottom sides of the lower panel.
Remove the screw that secures the flyback
transformer bracket to the lower panel. (In some
chassis, all of the high-voitage components are
on the deflection board and this bracket may be
different than the one shown. Adjust the proce-
dure accordingly.) Refer to the inset of Figure
3-3 and remove the hex screw that secures the
ground strap from the video board to the lower
panel. Push the ground strap back through the
slot in the lower panel and gently pull the lower
panel away from the monitor chassi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>