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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at the
time of shipment from the factory. Hewlett-Packard further certifies that its calibration
measurements are traceable to the United States National Bureau of Standards, to the extent
allowed by the Bureau’s calibration facility, and to the calibration facilities of other
International Standards Organization members.

WARRANTY

This Hewlett-Packard system product is warranted against defects in materials and
workmanship for a period of 90 days from date of installation. During the warranty period, HP
will, at its options, either repair or replace products which prove to be defective.

Warranty service of this product will be performed at Buyer’s facility at no charge within HP
service travel areas. Outside HP service travel areas, warranty service will be performed at
Buyer's facility only upon HP's prior agreement and Buyer shall pay HP's round trip travel
expenses. In all other cases, products must be returned to a service facility designated by HP.

For products returned to HP for warranty service. Buyer shall prepay shipping charges to HP
and HP shall pay shipping charges to return the product to Buyer. However, Buyer shall pay all
shipping charges, duties, and taxes for products returned to HP from another country.

HP warrants that its software and firmware designated by HP for use with an instrument will
execute its programming instructions when properly installed on that instrument. HP does not
warrant that the operation of the instrument, or software, or firmware will be uninterrupted or
error free.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate
maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized modification or
misuse, operation outside of the environmental specifications for the product, orimproper site
preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVEREMEDIES. HP
SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR
CONSEQUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, ORANY OTHER
LEGAL THEORY.

ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available for
Hewlett-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Addresses
are provided at the back of this manual.
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SAFETY SUMMARY

The following general safety precautions must be observed during all phases of operation, service,
and repair of this Instrument. Fallure to comply with these precautions or with specific warnings
elsewhere In this manual violates safety standards of design, manufacture, and intended use of the
instrument. Hewlett-Packard Company assumes no liabllity for the customer’s fallure to comply
with these requirements.

GROUND THE INSTRUMENT.

To minimize shock hazard, the instrument chassis and cabinet must be connected to an electrical
ground. The instrument is equipped with a three-conductor ac power cable. The power cable
must either be plugged into an approved three-contact electrical outlet or used with a three-contact
to two-contact adapter with the grounding wire (green) firmly connected to an electrical ground
(safety ground) at the power outlet. The power jack and mating plug of the power cable meet
International Electrotechnical Commission (IEC) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE.

Do not operate the instrument in the presence of flammable gases or fumes. Operation of any
electrical instrument in such an environment constitutes a definite safety hazard.

KEEP AWAY FROM LIVE CIRCUITS.

Operating personnel must not remove instrument covers. Component replacement and internal
adjustments must be made by qualified maintenance personnel. Do not replace components with
power cable connected. Under certain conditions, dangerous voltages may exist even with the
power cable removed. To avoid injuries, always disconnect power and discharge circuits before
touching them.

DO NOT SERVICE OR ADJUST ALONE.

Do not attempt internal service or adjustment unless another person, capable of rendering first aid
and resuscitation, is present.

USE CAUTION WHEN EXPOSING OR HANDLING THE CRT.

Breakage of the Cathode-ray Tube (CRT) causes a high-velocity scattering of glass fragments (implosion).
To prevent CRT implosion, avoid rough handling or jarring of the instrument. Handling of the CRT shall
be done only by qualified maintenance personnel using approved safety mask and gloves.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT.

~ Because of the danger of introducing additional hazards, do not install substitute parts or perform
any unauthorized modification of the instrument. Return the instrument to a Hewlett-Packard
Sales and Service Office for service and repair to ensure that safety features are maintained.

DANGEROUS PROCEDURE WARNINGS.

Warnings, such as the example below, precede potentially dangerous procedures throughout this
manual. Instructions contained in the warnings must be followed.

Dangerous voltages, capable of causing death, are present in this instrument.
Use extreme caution when handling, testing, and adjusting.

S§S-2-1/76
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SECTION I

GENERAL INFORMATION

1-1. MANUAL INTRODUCTION.

1-2. This manual contains technical information to troubleshoot, install, and
maintain the 64100A Logic Development Station. Each of the five chapters
(Mainframe, CPU, Display Controller, I/0, and Power Supply) is seperated by a
Tab. This allows the user to easily find any chapter.

1-3. Each of the five chapters is organized into eight sections: Section I
introduces the reader to the manual and gives a brief physical description of
the product. Section II presents the installation and removal procedures for
the system components. Section III covers operation and handling. Section IV
describes how to troubleshoot and repair the system. Section V references
those components that have adjustments. Section VI lists the replaceable parts
and Section VII contains backdating information needed to make this manual
applicable to older machines. Section VIII presents the theory-of-operation to
the block diagram level and 1is intended +to support +the troubleshooting
procedures.

1-4. CHAPTER INTRODUCTION.

1-5. This chapter contains technical information concerning the installation,
maintenance, troubleshooting and theory-of-operation of the 64100A Mainframe.
The information contained in the Mainframe Chapter describes the overall system
and how the various components relate to each other with the emphasis on
troubleshooting and repairing. More detailed information on the components can
be found under the respective Chapter or the component in question (i.e., CPU,
DISPLAY CONTROLLER and DRIVER, I/0, POWER SUPPLY, and OPTIONS).

1-6. PHYSICAL DESCRIPTION.

1-7. The 64100A Mainframe is a single enclosure similar to a CRT terminal (see
figure 1-1). It weighs 34.02 Kg (75 pounds) and thus some care should be used
in moving it. The Mainframe dimensions are given in figure 1-2. The five
major areas of the developement station mainframe are:

a. CRT Display
b. Keyboard

c. Rear Panel
d. Card Cage

e. Power Supply

1-8. The four areas of display generation consist of the display controller
board, display driver, the CRT and CRT bezel assembly.

MF 1-1
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1-9. The-four areas of the Rear panel are Power Control, HP-IB system interface
bus, RS-232 serial interface, and system control source. The power functions
are on the lower right-hand side of the rear panel. The model 6U100A requires
110/220 VAC +/-15%, Lu8-66 HZ. The position of the LINE SELECTOR determines
either 110 V (10 AT fuse) or 220 V (5 AT fuse) operation. The power ON/OFF
switch is a rocker type.

1-10. A card cable opening is provided to the outside of the mainframe through
the space between the rear of the top cover and rear panel. Three slots with
clamps are provided for access. Cable length for option boards 1is determined
at the factory and are shipped at maximum length.

1-11. There are 13 PC board slots (see figure 1-3). The first three slots have
printed circuit boards installed at +the factory. These PC boards must be
installed in the order given for the 64000 system to operate. The three
required boards are:

slot A - I/0 PC Board
slot B - Display Control PC Board
slot C - CPU PC Board

1-12. For convenience, board identifier labels for the first three boards are
located just above the cardcage on the left-hand side. The remaining ten
option slots are numbered 0-9.

1-13. The PC boards interface to the system through the motherboard on the
bottom of the card cage. A cable from the Rear Panel PC board (on the rear
panel) makes connection to the top center connector on the I/0 board.

1-14. There is a 1limit to the number and types of option boards that may be
installed in the cardcage without exceeding the capability of the 400 watt
Power Supply. This limit is determined by the amount of available current from
the power supplies. Table 1-1 lists the power supply current drain for the
mainframe with only the three mandatory boards installed.

Table 1-1. Basic Power Supply Current Drain

(NO OPTIONS INSTALLED)

ITEM +12V +5V -5V -12v -3V
Processor ,ROM 0.595 1.429 0.0003 0.0003
I/0 0.164 0.708 0.078
Disp Control,RAM 0.64%0 1.533 0.006Y4 0.0064
Keyboard 0.239 0.239
Display Driver 1.500 0.100
Rear Panel 0.71k4
Bus Pullups 0.070

Subtotal 2.899 4,793 0.2457 0.078 0.2457

Available Current U4 Amps 45 Amps 25 Amps 1 Amp 30 Amps

MF 1-2
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1-15. SPECIFICATIONS.
1-16. The environmental specifications and power requirements for the 64100A

Mainframe are supplied in Table 1-2.

Table 1-2. Power and Environmental Requirements

ITEM OPERATING REQUIREMENTS
Line Voltage 110/220, + or - 15%
Single Phase
Line Frequency 50/60 Hz +15% or -10%
Operating Temperature 0 Deg C (32 Deg F) to
40 Deg C (104 Deg F)
Operating Humidity 0% to 80% RH, non-condensing
(max wet bulb temp: 26 Deg C
(78 Deg F)

Power Outlets:
US, Canada, Japan NEMA 5-15 (15A)
UK BS 1363 (134)

Australia, New Zealand AS C112 (7-54)

Europe (except UK and CEE 7-V11 (10/16A)
Switzerland)
Switzerland SEV 1011 (104)

1-17. INSTRUMENTS COVERED BY THIS MANUAL.

1-18. Attached to the instrument is a serial number plate. The serial number
is in the form: 0000A 00000, It is in two parts; the first four digits and
the letter are the serial prefix and the last five digits are the suffix. The

prefix is the same for all identical instruments; it changes only when a change
is made to the instrument. However, the suffix is assigned sequentially and is
different for each instrument. The contents of +this manual apply to
instruments with serial number prefix(es) 1listed under SERIAL NUMBERS on the
title page.

1-19. An instrument manufactured after the printing of this manual may have a
serial number prefix that is not listed on the title page. This unlisted
serial number prefix indicates the instrument is different from those described
in this manual. The manual for this modified instrument is accompanied by a
yellow Manual Changes supplement. the supplement contains "change information"
that explains how to adapt the manual to the newer instrument.

MF 1-3
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1-20. In addition to change information, the supplement may contain
information for correcting errors in the manual. To keep this manual as
current and accurate as possible, Hewlett-Packard recommends that you
periodically request the latest Manual Changes supplement. The supplement for
this manual is identified with the manual print date and part number, both of
which appear on the manual title page.

1-21. For information concerning a serial number prefix that is not listed on
the title page or in the Manual Changes supplement, contact your nearest
Hewlett-Packard Sales/Service Office.

1-22 RELATED DOCUMENTS.

1-23. The following documents provide additional information pertaining to the
use of the HP 64000 system. It is recommended that the System Overview Manual
be referenced first.

System Overview Manual

System Software Reference Manual

Installation and Configuration Manual

Editor Manual

NOTES:
1. DIMENSIONS ARE FOR GENERAL
INFORMATION ONLY. IF DIMEN-

T == SPECIAL ENGLOSURES, GONTAGT
_&ﬁ YOUR HP FIELD ENGINEER.
o 2. DIMENSIONS ARE IN MILLIMETRES
. AND (INCHES).
724
(28-1/2)
|<—489 (19-1/8) — gy -———— (52%% _
T | $ S - -
JALNMMIIN | =@ j = e b
O ] T ——

Figure 1-2. Mainframe Dimensions
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SECTION II

INSTALLATION

2-1. INTRODUCTION.

2-2. This section contains information for unpacking, initial inspection, and
installation and removal of the model 64100A mainframe components. For more
information refer to paragraph 1-20 (related documents) for more information on
installation and site selection instructions.

2-3. INITIAL INSPECTION.

a. Unpack the mainframe.

b. Keep the shipping carton and cushioning material until the
contents have been checked. The carrier will want to inspect
the shipping materials if a claim is made.

c. Check the mainframe mechanically and electrically. The
electrical performance verification is given in Section 1IV.
For initial inspection, the "CYCLE" softkey selection should be
used.

d. If the contents are not complete, there is mechanical damage or
defect, or it does not pass the performance verification test
then notify the carrier as well as the Hewlett-Packard
Sales/Service Office. They will arrange for repair or
replacement at HP option without waiting for the claim against
the carrier to be settled.

2-4. PACKAGING.
2-5. ORIGINAL PACKAGING.

2-6. Containers and packing materials identical to those used in factory
packaging are available through Hewlett-Packard Sales/Service Offices.

MF 2-1
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2-7. OTHER PACKAGING

2-8. The following general instructions should be used for repacking with
commercially available materials:

a. Wrap the Model 64100A in heavy paper or plastic.

b. Use a strong shipping container. A double-wall carton made of
350-pound test material is adequate.

c. Use a layer of shock-absorbing material 70 to 100 mm (3 to 4
in) thick around all sides of the 6U4100A to provide firm
cushioning and prevent movement inside the container.

d. Seal shipping container securely.
e. Mark shipping container FRAGILE to ensure careful handling.

f. In any correspondence, refer to the instrument by model number
and full serial number.

2-9. INSTALLATION AND REMOVAL OF THE MAINFRAME COMPONENTS.

2-10. This section contains the installation and removal instructions for the
Mainframe components excluding the Power Supply, CPU PC board, I/0 PC board,
Display Controller PC board, and the Display Driver PC board. The installation
and removal instructions for +these components are contained in Section II of
the respective service tabs for these items.

2-11. The removal and installation of Mainframe components is straight-forward
since the mounting/attach scheme for the various components is obvious. As an
aid, however, the number location and purpose of the mounting screws are shown
in figure 6-2, sheets 1 through 7.

MF 2-2



Model 64100A - Operation

SECTION III
OPERATION
3-1. GENERAL.

3-2. Refer to paragraph 1-20 (related documents) for information on operating
instructions for the Mainframe.

MF 3-1/(3-2 blank)
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SECTION IV

PERFORMANCE VERIFICATION

4-1. INTRODUCTION.

4-2. This section describes the use of mainframe Performance Verification (PV),
self test on Power-Up, Boot-Up and the use of PV, and troubleshooting PV using
Signature Analysis (SA).

4-3. Performance Verification (PV) is a series of tests, resident in the
mainframe, that confirm the operation of the mainframe hardware and firmware.
PV can be initiated at any time via the Rear-Panel switches or keyboard as
explained in Performance Verification Boot procedure.

NOTE

PV can also be initiated from +the Front Panel when a boot is from a
hard disc or floppy disc if the operating system software has been
loaded. To do this press the CNTL and RESET keys together. For more
information, see section IV under System Chapter.

4-L4., BOOY-UP MODES.

4-5. The mainframe Boot-Up mode is determined by the position of the control
source switches on the Rear-Panel. The display at completion, with no errors,
is determined by the boot source. The four control source options are
described in this section.

BIT1 BITO CONTROL SOURCE

1 1 PERFORMANCE VERIFICATION
1 0 LOCAL MASS STORAGE ADDRESSABLE
0 1 LOCAL MASS STORAGE TALK ONLY
0 0 SYSTEM BUS
NOTE

If the rear panel switches are set to "PERFORMANCE VERIFICATION", the
system will boot up with the performance verification display test
pattern appearing on the CRT. However, if the source switches are set
to either of the "LOCAL MASS STORAGE" modes and the self test sequence
was initiated, the display will read "SELF TEST COMPLETE". If the
switches are in the "SYSTEM BUS" mode, the boot is from hard disc.
Then, the system bus configuration will be displayed if a disc is
properly connected on the system bus.
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4-6. POWER-UP SEQUENCE.

4-7. The 6U4100A Mainframe executes a Power On ROM and RAM test every time the
mainframe does a power on boot. The definition of a Power On Boot is when the
power has been removed, or cycled. However, there are four other actions that
will cause a boot sequence. These are: 1) pressing the SHIFT and RESET key
together, 2) when the auto reset circuitry on the I/O board generates a Low
Power ON Pulse (LPOP), 3) pressing the END TESTS key during PV, and 4) if the
operator presses the processor reset switch located on the I/0 board. The
beeper is used to indicate the successful completion of certain tests upon
power-up. The sequence is as follows:

a. BEEP - hardware initiated - Happens on Power On
Boot only. Does not happen when the
SHIFT and RESET keys are pressed together.
or the END TESTS softkey is pressed.

b. BEEP - gsoftware initiated - After initialization
sequence, the display is also enabled.

c. BEEP BEEP BEEP

ROM test completed (approximately a T second
delay before the next beep sequence).

d. BEEP BEEP - successful completion of RAM test.

NOTE
The 64100A now boots up according to boot switch configuration. If the
ROM or RAM test fails upon power up, a signature analysis loop is

automatically entered for troubleshooting purposes. This will be
indicated by a RAM or ROM errror message on the screen.

4-8. Upon power up, the following sequence of events occur under software
Controll.

a. The operating system software checks for Power-On or cycled
power by reading a reseverved location in RAM.

b. CRT controller chip (U33) is initialized.
c¢. Blank the screen.

d. ROM test is initiated; a failing ROM address range and
byte will be displayed if the test fails.
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e. RAM test is initiated; if a failure occurs an SA loop is
entered and the failing RAM IC number is displayed. NOTE:
The display may be unreadable due to a display RAM failure.
If this occurs then go to the Display tab, section IV, SA
loop E to troubleshoot.

f. Read rear panel dipswitches and boot accordingly.

4-9. POWER-UP ROM TEST.

Purpose:
The ROM test verifies that all of the firmware in ROM used for boot-up and
performance verification is good. The test also checks that the CPU is able
to access ROM memory via the bi-directional address and data busses.

Area Tested:
All ROMs, the multiplexed memory Address/Data bus to ROM, the address
latches data buffers, the CPU and its associated timing and control
circuitry, and the demultiplexed Address/data bus to/from ROM.

Operation:
a. This test executes a checksum on each of the ROMs as long as the kernal
of ROM needed to run the test is operational.

b. If an error is detected, then a bit is set in an error mask.

c. The error mask is then used to output an error message to the screen:
stating a ROM failure, the address range of the failure, and the byte (O
or 1).

d. If a failure is detected, the test will loop continuously. See CPU
section IV for more information.

e. On failures, the power up ROM test will display the following error
message assuming that the kernal of ROM required to run the power up test

is good:
SELF-TEST FAILURE <-------- [ blinking ]
ROM TEST:
FAILING ADDRESS RANGE BYTE(S)
XXX -XXXX XX
f. Use the table below to determine which ROM unit number is failing. Note

that the error message might give an address range that includes more
than one ROM. SA might be necessary to isolate the fault.
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Failed Failed
Addresses Byte ROM #
0020-1FFF 0 U9
0020-1FFF 1 ulo
2000-3BFF 0 U9
2000-3BFF 1 Ul10

g. When the ROM test passes, the mainframe beeper will sound three times and
begin the RAM test.

4-10. POWER-UP RAM TEST.

Purpose:
The RAM test verifies the ability to read and write from the upper 32K of
RAM located on the Display Control board and checks refresh. Note that this
test occurs only on Power-up. Another RAM test occurs during PV and has a
different error message.

Area Tested:

-Upper 32K of RAMs including refresh ability, the multiplexed memory
Address/Data Bus from the CPU, motherboard connections between the CPU and
Display Controller board, the demultiplexed Address/Data bus to/from RAM,
and the timing and control circuitry.

Operation:
a. The Power-Up Test is a different test than the one performed during PV.

b. The RAM test takes approximately T seconds.
¢. 411 upper 32K RAM locations are toggled to insure READ/WRITE operation.
d. Refresh ability is verified.
e. The operation of the routine is as follows:
1. Load RAM with a count, starting with zero.
2. Read RAM and compare with count.

3. Chieck for an error. If error occurs go to error
sequence.

4. If there is no previous error, wait one second.
5. Read RAM and compare with count.

6. Check for an error. If error occurs go to error
sequence.
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7. If there is no previous error load RAM with compliment
of count, starting at zero.
8. Read RAM and compare with the compliment of the count.

9. Check for an error. If error occurs go to error
sequence.

10. If there is no previous error, wait one second.
11. Read RAM and compare with count.
12. Check for an error. If error occurs go to error
sequence.
NOTE
If there are no errors in the RAM error mask then the system will beep
twice. But, if an error exists then the following error sequence occurs:
1. Reset the delta timer to prevent auto restart.
2. Set the SA latch.
3. Write to and read from all of the upper 32K of RAM.
4. Provide stimulus to CRT controller.

5. Output RAM error display header information (including
refresh error message if refresh error flag set).

6. Reset SA latch.

7. Output individual failing unit number for lower 16K
RAM.

8. Output individual failing unit number for upper 16K
RAM.

g. When a failure occurs, the routine attempts to output an error message as
follows:

SELF-TEST FAILURE blinking
RAM TEST:
FAILING UNIT NUMBERS (S)
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"XY" corresponds to the U# of the failing RAM.
Depending on which RAM is failing, the display
could be affected. Evidence of this is a random
pattern on the CRT or incorrect spelling of
messages. For this reason the accuracy of a RAM
test failure is always suspect. Because the RAMs
are 1 bit wide, 16 of the 32 RAMs are used to store
display information. U23-U30 and U38-U45 on the
display controller board are used for display
memory. Thus, if any of these 16 RAMs is failing,
the display will be unintelligible to various
degrees. If this occurs see display section IV, SA
table E, to troubleshoot the outputs of the RAMs.

4-11. PERFORMANCE VERIFICATION BOOT PROCEDURE.

a. Place the control source switches in the Performance verification
position shown on the control source label on the rear panel.

See Figure 4-1 for the switch locations.

b. Turn power off and then back on. The display test pattern,
figure 4-2, should be on screen after the boot tests. However,
there are several steps that occur before the display test

pattern is shown.

1. Suspend operation of the PHI chip (U20 on I/O board) and

take it off line.

2. Initialize the CRT chip (U33 on Display Control board).

3. Enable the display and sound the beeper once.
4. Disable interrupts.

5. Disable CPU direct memory access.

6. Clear base page RAM (F000- FFFF hex).

T. Set up interrupt vector.
8. Clear keyboard power up interrupts.

9. Clear display screen.

10. Set up and enable keyboard interrupts for display test.

11l. move cursor off screen.

12. Determine what local mass storage is present so the

correct softkey will appear.
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Display the softkeys.

Start SA interval.

Write display test pattern to screen.
Enable keyboard interrupts.

Toggle I/0 data lines.

Service the delta time interrupt.
Cycle through interrupt masks.
Service the delta time interrupt.
Read rear panel switches.

Write to floppy control board.
Toggle all even I/0O address lines.
Read keyboard.

Send "move cursor" commands.

Clear SA interval.

Read and write from RAM.

Read keyboard.

Issue an I/0 write.

Begin SA interval again.

c. After the test pattern is displayed refer to table 4-2 and make the
desired softkey selection.

Table 4-1. PV Boot Keys.

PV TESTS Performance Verification Test - First softkey

DIAG

on the left. Press this softkey to display the
performance verification procedures.

Diagnostic- Third softkey from the left. Press this
softkey to perform the Floppy Disc Diagnostic.
Notice, that +this softkey will not be shown if a
cassette tape option 64100-64940 is installed.
Refer to the 1local mass storage service manual
for details on the use of this test.
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END TEST End Test - Eighth softkey from the left. Press
this soft key to reboot. Notice that unless the
rear panel source switches are in the system bus
mode the reboot will be to the display test pattern.

B Pressing the "B" key causes the mainframe beeper
to beep. This indicates that the CPU is able to
recognize and process interupts. A failure to beep

indicates the CPU is malfunctioning or the I/0 or
beeper circuitry is faulty.

4-12. PERFORMANCE VERIFICATION PROCEDURE.

4-13. The steps given below will enable the operator to gain access to any of
the mainframe performance verification tests.

a. Perform the PV Boot procedure descibed in the previous paragraph.

b. The performance verification menu (figure 4-2) should be
displayed at the bottom of the display test pattern. Press
the "PV TESTS" softkey.

c. Press "NEXT TEST". Repeat as necessary, until the desired test
is displayed in inverse video. The example in figure U-3 shows
that the FLOPPY tests are to be performed.

d. Refer to table 4-2 and make the desired softkey selection.

e. Press "END TEST" to exit the PV tests.
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m SYSTEM BUS (HP-1B) neSeasmsssmmm—m CONTROL SOURCE s
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Figure L-1. Rear Panel Switch Locations.

PERFORMANCE VERIFICATION TESTS

DISPLAY TEST

BRASA LA YRR AN S BRRIE R SAY 8- ()4, -, /0123456789: ;(=)"?
®ABCDEFGHI JKLMNOPQRSTUVKXYZIN]1*_*abcdefghi jk Imnopgrstuvexyz(:}™%

Figure U4-2. Display Test Pattern.
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NOTE

If the rear panel control source switches are in
the PV mode, the reboot will be to the display test
pattern.

Table 4-2. Performance Verification Soft Keys.

NEXT TEST First soft key from the left. Press this soft key
to go on to the next test. If pressed during the
running of a test, that test will be completed
before the next one is selected.

START second soft key from the left. Press this key to
begin the test shown in inverse video. While runn-
ing, the # TESTS column will increment at each
repetition of the test and the start label will be

shown in inverse video. Pressing START while
executing a test causes the test to complete and
then stop.

CYCLE third softkey from the left. Press this soft key to

cycle through all tests, except the keyboard test.
This is recommended as an initial test.

DISPLAY fourth softkey from the left. Press this soft key
to return to the display test pattern. If pressed
during the running of a test, the system
returns to the test pattern after completion of
that test.

END TESTS fifth softkey from <the left. Press this key to
reboot. If pressed during a test, the finishes and
then rebooting occurs.

NOTES 1) If the configuration source switches are unaltered
the reboot will be back to the display test
pattern.

2) The key being pressed is displayed in the lower left
corner as: Key Down="X"

4-14. The following performance verification procedures allow the operator to
verify all operations of the 64100A Logic System mainframe. Portions of the
performance verification tests are used in conjunction with the signature
analysis and troubleshooting in section IV of the appropriate manual.
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Figure 4-3. Performance Verification Test.

4-15. ROM TEST PROCEDURE.

Purpose:
The ROM test verifies that all of the firmware in ROM used for boot-up and
performance verification is good. The test also checks that the CPU is able
to access ROM memory via the bi-directional address and data busses.

Area Tested:
All ROMs, the multiplexed memory Address/Data bus to ROM, the address
latches data buffers, the CPU and its associated timing and control
circuitry, and the demultiplexed Address/data bus to/from ROM.

Operation:
a. This test is simialar to the ROM test which is performed during power up.
Although, there is a different error message.

b. Each test takes approximately 1/2 second.

¢. A routine reads the ROM contents, computes a checksum and compares it
with a checksum also located in ROM.

d. See CPU section IV for more information about this test.
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e. Assuming that the kernal of ROM required to run the ROM TEST is
operating, the test will attempt to output an error mask if the test
fails. The mask is a 16 bit word as follows:

IC MASK = 000000000000ABCD

15----===mmmmm- 0
A "1" in any of the bits signifies a bad ROM where:
D = ROM # 0 = lower byte of lower 8K of ROM (U9)
C = ROM # 1 = upper byte of lower 8K of ROM (U10)
B = ROM # 0 = lower byte of upper 8K of ROM (U9)
A = ROM # 1 = upper byte of upper 8K of ROM (U10)

f. Note that the error message might give an address range that includes
more than one ROM. SA might be necessary to isolate the fault.

4-16. RAM TESTS.
4-17. POWER-UP RAM TEST.

Purpose:

This RAM test verifies the ability to read and write from the upper 32K x 16
locations of RAM (address 8002 HEX thru FFFF HEX) located on the Display
Controller board. Note that this test occurs only on power up. The lower
32K x 16 locations of RAM (memory mapped address 4000 HEX thru TFFF HEX) are
tested under option test. The option test is initiated by pressing the "opt
_test" softkey. The upper and lower 32K of RAM have their own PV and
display different error messages.

Area Tested:
All upper 32K x 16 locations of RAM including refresh ability, the
multiplexed memory Address/Data bus from the CPU, Motherboard connections
between CPU and Display Controller board, the demultiplexed Address/Data bus
to/from RAM, and the timing and control circuitry.

Operation:
a. The power up RAM test operates differently from the PV test.

b. The RAM test takes approximately 7 seconds.

c. All upper 32 x 16 locations of RAM are toggled to insure READ/WRITE
operation.

d. Refresh ability is verified.
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e. The operation of the routine is as follows:

1.

10.

11.

12.

Load RAM with a pseudo random count, starting with zero.
Read RAM and compare with count.

Check for an error. If error occurs go to error sequence.

. If there is no previous error, wait one second.

Read RAM and compare with count.

Check for an error. If error occurs go to error
sequence.

. If there is no previous error, load RAM with complement

of count, starting at zero.
Read RAM and ¢ompare with the complement of the count.

Check for an error. If error occurs go to error
sequence (see step f).

If there is no previous error, wait one second.
Read RAM and compare with count.

Check for an error. If error occurs, go to error
sequence.

f. If there are not any errors in either RAM error mask then the system will
beep twice. But, if an error exists, then the following error sequence
occurs for steps a thru e:

Reset the delta timer to prevent auto restart.
Set the SA latch.
Write to and read from the upper 32K locations of RAM.

Provide stimulus to CRT controller.

. Output RAM error display header information (including

refresh error message if refresh error flag set).
Reset SA latch.
Output individual failing IC number for the upper

32K x 16 memory locations which are contained on all
16 RAM ICs.
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NOTE

The Display Controller board has 64K x 16 memory locations on 16 RAM
ICs. The older Display Controller boards (with serial prefix numbers
less than on the title page of this manual) have 32K x 16 memory
locations on 32 RAM ICs. When a RAM failure occurs, the failing unit
number might display two failure RAM numbers. When the message is
read, use the lower value number and disregard the larger number. The
reason this occurs is the firmware has not changed and so the coded RAM
failure message remains the same.

g. When a failure occurs, the routine attempts to output an error message as

follows:
SELF-TEST FAILURE <------- blinking
RAM TEST:

FAILING UNIT NUMBER (S)

XY <--- older failing RAM numbers (U51-U58 or U65-UT2 not used)

XY <--- failing RAM number (U23-U30 or U38-UL5)

"XY" corresponds to the U# of the failing RAM. Depending on which RAM
is failing, the display could be affected. Evidence of this is a
random pattern on the CRT or incorrect spelling of messages. For this
reason the accuracy of a RAM test failure is always suspect. Because
each RAM is 1 bit wide, all 16 RAMs are used to store display
information. Thus, if any of these 16 RAMs is failing, the display
will be unintelligible to various degrees. If the error message
displays two failing RAMs, use the lower IC number.

4-18. UPPER 32K RAM PV TEST.

Purpose:

The RAM test verifies the ability to read and write from the  upper 32K
addressable locations of RAM located on the Display Control board and checks
for refresh. Note that this test only occurs during PV and is intended to
troubleshoot intermittent problems. This test can be run in single step or
continuous mode. It displays the number of tests run versus the number of
tests failed. If a failure occurs, an error message code will be displayed
on the same line.
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Area Tested:
All upper 32K x 16 memory locations including refresh ability, the
multiplexed memory Address/Data bus from the CPU, Motherboard connections
between CPU and Display Controller board, the demultiplexed Address/Data bus
to/from RAM, and the timing and control circuitry.

Operation:
a. This test takes approximately eight seconds.

b. Data from ROM is written into RAM, and then read back and compared to the
ROM contents.

¢. The second step writes walking 1’s and 0’s to each RAM address and reads
it back. The walking 1’s and 0’s are visable on the CRT as a blinking
pattern with characters moving to the bottom of the screen.
NOTE

Since the display uses a portion of all 16 RAMs, a failure may affect the

ability to display the failed RAM IC number.

Example of PV ERROR MESSAGE.

RAM TEST: BIT ERROR MASK UPPER BANK=XXXX LOWER BANK=XXXX

The XXXX is the hexidecimal representation of the 16 bit error

mask. Since there are 64K x 16 locations of RAM, each RAM IC is

one data bit for the entire upper 32K address range. There is a

one to one correlation between the data bit set in the error mask

and the failing RAM.

Table 4-3. PV ERROR CODE

A "1" indicates a failure when the HEX error code is converted to BINARY.

Example error: RAM TEST: BIT ERROR MASK UPPER BANK=2004 LOWER BANK=0000

Ukl ULo U39 U38

U30 U29 U28 u27

U43 and U25 have failed.
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Example error: RAM TEST: BIT ERROR MASK UPPER BANK=0000 LOWER BANK=A010

Ukl Uko U39 U38
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U45, UL43, and U27 have failed.

NOTE

The error message display shows '"UPPER BANK" and "LOWER
BANK" . There is only one bank of RAM on the Display
Controller board for mainframes identified by the serial
prefix number on the title page of this manual. The ZXXXX
message 1is still wvalid. Ignore which BANK the message
appears in. Table U4-3 should simplify the error message.

4-19. I/0 WRITE TEST PROCEDURE.

Purpose:
This test provides audible feedback that the test is executing by beeping,
and provides the following SA stimulus. The I/0 WRITE TEST cycles the PHI
chip register addresses, cycles the interrupt masks, cycles the slot select
lines and stimulates the four rear panel BNC connectors.

Area Tested:
This test is not a pass/fail test. It provides stimulus for signature
analysis for the following circuitry: Option slot select lines on the
motherboard, all connections from option slots to the rear panel BNC
connectors, the beeper circuitry, PHI register address latch, and the
interrupt mask circuitry.

Operation:
a. This test will not display a failure. The main purpose of the test is
for signature analysis (SA).
b. The only noticeable failure will be the loss of the audible beeper.

c. See I/0 section IV for more information about this test.
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4-20. I/0 READ TEST PROCEDURE.

Purpose:
This test reads the rear panel switches, the hardware configuration jumpers,
the RS232 switch settings, and the master controller/non controller
configuration ( SLAVE configuration ). It is also used with signature
analysis.

Area Tested:
Rear panel dipswitches, the cable to the rear panel, I/0 circuitry, and the
RS232 dipswitches.

Operation:

a. Upon initiation of the I/O READ TEST, the PV menu displays the following
in inverse video:

I/0 READ TEST: ADDR=XX BOOT=XX M=X RS232=XXXXXXXX HC=XX XXXXX N/A
ADDR=XX is the HPIB address (0-1F) as set by the rear panel

switches.

BOOT=XX is the boot source set by the rear panel switches as
follows:

Bit 1 Bit O Control Source

0 0 System Bus
0 1 Local Mass Storage Talk only
1 0 Local Mass Storage Addressable
1 1 Performance Verification
M= X=1 for CONTROLLER (MASTER)

X=0 for NON-CONTROLLER (SLAVE)

RS232=XXXXXXXX Read from S4 on the I/0 board.
Bit 76543210
Bit 0 Term/Modem 0= Terminal 1= Modem
Bit 1 Baud rate X1/X16

Bit 2 Word Length Bit 3 Bit 2 Word Length
Bit 3 Word Length

=R OO
P OPrO
o~ A\
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Bit 4 Parity Enable 0= Parity Disabled
1= Parity Enabled

Bit 5 Parity Odd/Even 0= 0dd Parity
1= Even Parity

Bit 6 Number of stop bits

Bit 7 Number of stop bits

Bit 7 Bit 6 # of Stop Bits

0 0 INVALID

0 1 1

1 0 1.5

1 1 2

HC=XX is the hexidecimal representation of the six hardware
Jumpers. They are not read in this test.

4-21. TIME INTERRUPT TEST PROCEDURE.

Purpose:
The TIME INTERRUPT TEST irdicates proper operation of the 50 to 60 Hz 1line
sync to the CPU via the delta time interrupt circuitry.

Area Tested:
LINE SYNC a 50 to 60 Hz signal from the power supply, the delta time
interrupt circuitry on the I/0 board, and interrupts to the CPU.

Operation:
a. Upon initiation, the PV test counts and displays line sync interrupts to
the CPU.

b. If a failure occurs, refer to I/0 section IV for more information.

4-22. KEYBOARD TEST PROCEDURE.

Purpose:
The KEYBOARD TEST indicates proper keyboard switch closures and keyboard
decoding.

Area Tested:
All 77 keyswitches, keyboard decoding electronics, keyboard cable, and the
keyboard RAM/state machine.

Operation:

a. When initiated, the KEYBOARD TEST instructs the user to press all of the
keyboard keys in a left-to-right top-tobottom sequence.
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b. The sequence begins with the leftmost softkey and includes all display
and cursor control keys.

c. The keyboard test requires this specific sequence. Furthermore, even if
all keyswitches and the decoding circuitry are working, a key that is
pressed out of sequence will cause a "FAILED TEST' message and end the
test.

d. For more information, see I/O section IV.

e. The order in which the keys are pressed is given below in figure U4-L.

f. Note the KEYBOARD TEST is skipped while PV is in the cycle mode.

START 1

Figure U4-Y4. Keyboard PV Test Sequence.

4-23. SYSTEM BUS TEST PROCEDURE.
CAUTION

THIS TEST SHOULD NOT BE RUN IF THE MAINFRAME IS CONNECTED TO
A SYSTEM BUS AND IS THE MASTER CONTROLLER!

Purpose:
During the System Bus Test the PHI (U20 I/O board) chip is taken off line
and the CPU writes to and reads from its internal registers. The circuitry

on the input side of the PHI chip and most of the PHI chip itself is tested.
None of the output circuitry to the system bus is tested.

Area Tested:
Data, address, control and interrupt lines from the CPU to the PHI chip.
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Operation:
a. The SYSTEM BUS TEST takes the PHI chip off line and reads and writes to
various registers in the PHI chip.

b. The transceiver lines and the cable to the rear panel HPIB connector are
not presently being checked.

c. If a failure occurs, see section IV of the I/0 tab.

d. This test may take up to two minutes if a failure occurs.

4-24. RS232 TEST PROCEDURE.

Purpose:
This test checks proper operation of the USART (U28 I/O PCB) and the data
and control circuitry associated with RS-232.

Area Tested:
The 8251 USART, the baud rate generator, loop-back relays, line drivers, the
interface to the CPU, and the rear panel cable.

Operation:
a. Energizes the loop back relays to loop transmit data, and handshake lines
back on receive data.

b. Sends a character stream.
c. compares receive character stream to the transmit character stream.

d. Notes: 1. The voltage translators cannot be signaturized
on the higher voltage side.

2. This test may take up to two minutes for a
failure to be detected. See section IV of the I/O
tab for more information.

4-25. PV ON THE EXISTING LOCAL MASS STORAGE OPTION.

NOTE

If the mainframe under test contains a floppy
disc option then PV for the floppy disc will be
given and explained in the floppy service
manual. If the mainframe contains the cassette
tape option then the PV will be explained in
the tape controller service manual.
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4-26. FLOPPY DISC TEST PROCEDURE.

NOTE

A formatted disc must be wused when performing
the floppy PV. However, the WRITE electronics are not
tested if a disc containing data on track 34 is present in
the drive being tested. Furthermore, the floppy PV will
only verify to an 85% confidence level that the mini drives
are operational. In order to completely test the drives the
floppy diagnostics must also be done. Refer to the local
mass storage manual for more information regarding the
floppy PV and the diagnostic tests.

Purpose:
The FLOPPY DISC TEST tests several functions of the two floppy disc drives
and the controller board electronics.

Area Tested:
CPU and I/0 data lines, floppy controller board electronics, the cable from
the controller board to the drives, drive READ/WRITE electronics and
mechanics, and the CPU, I/0 and interface circuitry.
Operation:
a. Response from floppy controller chip is tested by writting a pattern to
the track register and reading it back.
b. When initiated, each floppy drive is cycled through the following series
of tests:
1. The drive is selected.
2. The drive is restored (head moved to track 00).
3. Step inward to track 1 (check TRKOO indicator OFF)
4. Step out to track 00, check track O indicator ON.

5. Read all sectors on track O, side 0; check for all
errors.

6. Step to track 34, read all sectors on both sides.
¢. The PV routines now check to see if there is any data on track 34. Track
34 will be a spare track on a disc with no bad tracks. However, if there

is a bad track on a disc, then track 34 is allocated as useable even
though it may contain information.
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d. If data exists on track 34, a READ/WRITE test is not performed and a
message indicating this is displayed on the CRT. If track 34 is
available, the following is performed:

7. Known data on side 0, sector 0 is READ.

8. A random data pattern is written to side O,
sector 1.

9. The pattern is read from side O sector 1 and
compared with what was written.

10. Steps 7,8 and 9 are repeated on track 34,side 1.

4-27. TAPE TEST PROCEDURE.
NOTE
It is recommended that PV on the cassette tape option not be
performed with a cassette with data stored on it. During PV
read/write functions are done which will result in loss of

existing data on the tape. Refer to the tape control and
drive manual for more information.

Purpose:
The TAPE TEST will test every function of the tape system.
Area Tested:
The hole detectors, high speed reverse, high speed forward search, the
record capabilities, read/write circuitry and servo fail detection.
Operation:
When executing the PV, The following sequence is performed:
a. Rewind tape to load point.
b. Write an ID file on track O
‘¢. Write data file on track O.
d. Write end of valid data gap on track O.
e. Rewind tape to load point.
f. Write ID 1 file on track 1.

g. Write data 1 file on track 1.

h. Write ID 2 file on track 1.

MF 4-22



Model 64100A - Performance Verification

i. Write data 2 file on track 1.

J. Write end of valid data gap on track 1.
k. Rewind tape to load point.

1. Read data file on track 0 and compare.
m. Rewind tape to load point.

n. Search track 1 for data 2 file.

o. Read data 2 file on track 1 and compare.

p. Start again at beginning.

4-28. TROUBLESHOOTING PV FAILURES USING SIGNATURE ANALYSIS.

4-29. All PV tests set an SA interval at the beginning of the test and clear it
at the end (except for the Keyboard Test and the Delta-Time Interrupt time).
The tests will repeat as long as desired whether or not there is a failure.

4-30. A unique "Vh" signature is also provided in the display pattern test.
This allows you to verify that the CPU is operating properly even when failures
such as the loss of high voltage render the CRT display useless. However, the
"B" key may be pressed to determine if the CPU is servicing interrupts. The
beeper will sound indicating proper operation of the CPU.

4-31. TROUBLESHOOTING.

4-32. The purpose of the information in this section is to guide you as quickly
as possible to the functional area that is failing in the Mainframe.

NOTE

If an error is detected while running PV, remove all PC
boards from the cardcage except for the first three
mainframe boards (I/0, DISP CNTL, and CPU) and repeat
the mainframe PV tests before continuing. This narrows
the failure down to either the mainframe or options.

4-33. Figure 4-5 is a troubleshooting diagnostic diagram that will serve as a
guide when troubleshooting the 64100A mainframe. This diagram summarizes the
troubleshooting routes and procedures that are detailed in the following
paragraphs and in the other sections (Tabs) of this manual to which you may
be directed.
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4-34. Table 4-3 lists several types of failures that could occur, and will
direct you either to one of five tabs (PWR SUPP, CPU, DISPLAY, 1I/0, FLOPPY or

TAPE CONTROL).

Table u-k.

FAILURE CONDITION

1. Can not intiate PV

2. No Beeps or No Display or
Wrong Test Display Pattern

3. NEXT TEST softkey doesn’t
work.

4. ROM TEST fails

5. RAM TEST fails

6. I/0 WRITE TEST:

a) READ TEST

b) TIME INTERVAL TEST
¢) KEYBOARD TEST

d) SYS BUS TEST

e) RS-232 BUS TEST

7. TAPE TEST

8. FLOPPY TEST
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Failure Conditions and Routing

ROUTING (GO TO)

CPU Chapter (Section IV)

Check +12 and +-5 Vdc and then go
to table 4-3.

I/0 Chapter (Section IV)

CPU Chapter (Section IV)

Display Chapter (Section IV)

I/0 Chapter (Section IV)

Tape Control and Drive Chapter
(option) (Section IV).

Local Mass Storage and Flexible
Drive Chapter (option) (Section
Iv).



64100A MAINFRAME TROUBLESHOOTING GUIDE

RUN MAINFRAME PV:

BOARDS EXCEPT 1/0O, DISP CNTL,
CPU AND LOCAL MASS

STORAGE OPTION.
2. SET REAR PANEL CONTROL
SOURCE SWITCHES (S1) TO P.v.
3. CYCLE MAIN POWER OFF/ON.

I 1. REMOVE ALL CARD CAGE PC

\

CHECK
PWR SUP
VOLTAGES

YES

POWER SUPPLY TAB

oM No (SECTION 1v)

Rom 1. CHECK FUSE
s 2. CHECK POWER CORD
3. CHECK LINE VOLTAGE
4._SERVICE POWER SUPPLY
YES
NO
CPU TAB (SEC IV)
REPLACE BAD ROM 1. USE SA LOOP A
2 REPLACE BAD ROM
RAM
TEST No
PASS?
FAILED
YES RAM NO
DISPLAYED?
CHECK DISPLAY
GENERATION YES
CIRCUITRY

DISPLAY TAB (SEC IV)

REPLACE BAD RAM 1. USE SALOOPE
2 REPLACE BAD RAM

_—— — -

PV YES ROM RAM

< SOFTKEYS TEST YES TEST

wnx? oK? oK?
NO NO NO

Model 64100A - Performance Verification

MAINFRAME TAB (SECTION V)

PERFORMANCE TESTS

1/O TAB (SEC IV)

1. TROUBLESHOOT KEYBOARD CIR-
CUITS USING SA LOOP F

2. TROUBLESHOOT KEYPAD USING
SCOPE AND LOGIC PROBE

3. CHECK /O BUS

CPU TAB (SECTION IV)
IF A FAILURE OCCURS DURING THE ROM TEST AN IC ERROR MASK WILL
BE DISPLAYED.

A “1” IN ANY OF THE BITS SIGNIFIES A BAD ROM

WHERE -

D = ROM # 0 = LOWER BYTE OF LOWER 8K ROM (U8 OR U9)
C = ROM # 1 = UPPER BYTE OF LOWER 8K ROM (U10 OR U11)
B = ROM # 2 = LOWER BYTE OF UPPER 8K ROM (U18 OR U19)
A - ROM # 3 = UPPER BYTE OF UPPER 8K ROM (U20 OR U21)

1. NOTE THAT THE ERROR MESSAGE MIGHT GIVE AN ADDRESS
RANGE THAT INCLUDES MQRE THAN ONE ROM.
2 SA MIGHT BE NECESSARY TO ISOLATE THE FAULT.

IF NONE OF THE LISTED INDICATIONS OR S/A SIGNATURES ARE
OBSERVED, THEN PERFORM THE FOLLOWING STEPS:
1. CHECK DC VOLTAGES TO CPU CHIP U30.
2. CHECK CLOCKS.
3. CONNECT A SIGNAL ANALYZER AS SHOWN IN CPU LOOP A. (BIG
COUNT)
4. TURN POWER ON AND VERIFY VH.
5. IF ROMS APPEAR FAULTY, ISOLATE PROBLEM BY REMOVING
PAIRS OF ROMS UNTIL SIGNATURES ARE GOOD.
6. IF VH IS BAD, THEN USE A DATA PROBE OR OSCILLOSCOPE TO
CHECK THE TIMING LOGIC: USE THE RESET TEST SWITCH TO
CYCLE THE INITIATION PROCESS.

/0 YES 0 TIME SYSTEM LOCAL NO
YES o WRITE TEST READ TEST Mo INTERRUPT KEYBOARDN\YES “gis'rest SYEq. (R 22 BUSN\ Y ~yass star PV TEST PASSED
0K? OK? TEST OK? TEST OK? OK? TJEST OK? OPTION? | l
NO NO NO NO NO NO YES l
NO FLOPPY YES
TEST OK?
DISPLAY CONTROL TAB (SECTION IV)
1. IF A FAILURE OCCURS DURING THE RAM TEST, USE THE No
FOLLOWING TABLES TO IDENTIFY THE FAILED RAM:
A “1” IN ANY OF THE BITS SIGNIFIES A BAD RAM { TAPE YES
EXAMPLE: UPPER BYTE = 0201 HEX TEST OK?
HEX 0 2 0 1 FLOPPY DISC DRIVE TAB
BINARY |0 0 0 0|0 0 1 0/0 0 0 0{0 0 0 1 (SECTION V) NO

BAD RAM |45 44 43 42{41 40 39 3830 29 28 27|26 25 24 23

EXAMPLE: LOWER BYTE = 3000 HEX

HEX 3 0 0 0
BINARY|(0 0 1 1/0 0 0 0/0 0 0 0j0 0 0 O
BAD RAM {72 71 70 69|68 67 66 65|58 57 56 55|54 53 52 51

2. IF A RAM FAILURE IS NOT FIXED BY REPLACING THE RAM CHIP
INDICATED BY THE ERROR MESSAGE, REMOVE RAM U23 AND
TROUBLESHOOT USING LOOPS A THRU H.

PERFORM THE APPROPRIATE TESTS INDICATED BY THE S/A ERROR
CODE:

NOTES

1. IF LOOP P IS OK, THEN USE AN OSCILLOSCOPE TO CHECK
OUTPUTS OF SHIFT REGISTERS U89, AND U90.

2. IF LOOP P AND THE SIGNAL PATHS FROM U89 AND US0 TO LIVD
AND LIVID ARE OK, THEN CHECK HIGH VOLTAGE, HORIZONTAL
SYNC, AND VERTICAL SYNC ON DISPLAY DRIVER PCB.

1. REFER TO FLOPPY DISC MANUAL
2. RUN DIAGNOSTIC TESTS
3. USE FORMATTED DISC

1/O TAB (SECTION IV)
PERFORM THE APPROPRIATE S/A TEST LOOP:

FAILED PV TEST | S/A LOOP
1/O WRITE A&B
1/O READ c
TIME INTERVAL (NOT APPLICABLE)
KEYBOARD F b
HPIB BUS D
RS-232 BUS E

NOTE: FOR HPIB OR RS-232 BUS PROBLEMS, THE FIRST STEP IS
TO REPLACE THE PHI OR USART CHIP, RESPECTIVELY.

TACO TAB (SECTION IV)

1. REFER TO TABLE 4-1 IN THE TACO
MANUAL FOR ERROR MESSAGES AND
PROBABLE FAILURES.

2. FOLLOW TROUBLESHOOTING PROCE-

DURE OUTLINE IN PARAGRAPH 4-9.
. PERFORM THE FOLLOWING TESTS AS IN-
DICATED IN PARAGRAPH 4-9:

w

TACO PV

CLOCK CIRCUIT TEST.
INITIALIZATION CIRCUIT TEST.
SERVO TEST.

S/A LOOP A

S/A LOOP B.

mmonwy

Figure L4-5.

Mainframe Troubleshooting Guide

MF 4-25/(4-26 blank)
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SECTION V

ADJUSTMENTS

5-1. GENERAL.

5-2. There are no adjustments that apply strictly to the Mainframe structure.
Refer to the Display Driver, CPU and Power Supply Chapter for adjustments that
pertain to these PC boards and the CRT.

MF 5-1/(5-2 blank)
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Section VI

REPLACEABLE PARTS

6-1. INTRODUCTION

6-2. This section contains information for ordering parts. Table 6-1 lists the
names and addresses that correspond to the manufacturers’ code numbers. Table
6-2 lists the abbreviations used in the parts list and throughout this manual.
Table 6-3 lists all replaceable parts for the 64100A Mainframe in reference
designator order.

6-3. ABBREVIATIONS

6-4. Table 6-2 lists abbreviations used in the parts list, the schematics, and
elsewhere in this manual. In some cases, two forms of the abbreviation are
used; one, all in capital letters, and two, partial or no capitals. This occurs
because the abbreviations in the parts list are always all capitals. However,
in the schematics and other parts of the manual, other abbreviation forms may
be used with both lowercase and uppercase letters.

6-5. MAJOR COMPONENTS

6-6. The major components comprising the Model 64100A Mainframe are listed
below. Figure 6-1 shows the location of the Mainframe components excluding the
mounting/attach screws. The attach screws are shown in figure 6-2. Figure 6-2
is to be wused in conjunction with the instructions presented in Section II
(Installation and Removal) for replacing the various Mainframe parts when
necessary. The reference designators shown on figure 6-1 (Mainframe Component
Locator) refer to table 6-3 (Replaceable Parts).

COMPONENT H-P PART NUMBER

1. Motherboard ......ceevecececnenocnns 64100-66526

2. Rear Panel PC Board ......ccocvvvennn. 64100-66524

3. CPUPC Board ...ceveeeeeccccrccossnnns 64100-66532

U, T/OPC BoArd ..vvveeerreneeneecennens 64100-66520

5. Disp. Cont. PC Board ......covvuvunnn 64100-66530

6. Disp. Driver PC Board ......ococvuens 64100-66531

T. Keyboard ASSY ...coeeevcnncnsnencasns 64100-66504

8. Extender Board ......ceeveeeeneecenns 64100-66510

9. Display Extender Board ..........cu.. 64100-66512

10. Power Supply «v.ececevesencncnsnansns 64100-62602
11. Cathode Ray Tube/Yoke ASSY ......oon. 64100-67301
12, Fan ..ttt iteecencsanansnsnsnsanns 3160-03L9

MF 6-1



Model 64100A - Replaceable Parts

MFR NO.

00000
00466
01121
01295
01928
03888
04713
07263
09023
13103
19701
20940
2L546
26654
27014
27777
28480
30983
32997
3u3ky
34649
56289
71590
72136
75042
75382
75915

MF 6-2

Table 6-1. List of Manufactures’® Codes

MANUFACTURER NAME

Any Satisfactory Supplier

Norelco N. Amer Phillips Corp

Allen-Bradley Co

Texas Instr Semicond Div
RCA Corp Solid State Div
KDI Pyrofilm Corp
Motorola Semicond Products
Fairchild Semicond Div
Cornell-Dubilier Eleck Div
Thermalloy Co
Mepco/Electra Corp
Micro-Ohm Corp

Corning Glass Wks
Varadyne Inc

National Semicond Corp
Varo Semicond Inc
Hewlett-Packard Hq
Mepco/Electra Corp
Bourns Trimpot Div
Motorola Inc

Intel Corp

Sprague Elect Co
Centralab Eleck Div
Electro Motive Corp

TRW Inc

Kulka Elect Corp
Littlefuse Inc

ADDRESS

Los Angeles Ca
Milwaukee Wi
Dallas Tx
Somerville NJ
Whippany NJ
Phoenix Az
Mountain View Ca
Sanford NC
Dallas Tx
Mineral Wells Tx
El Monte Ca
Bradford Pa
Santa Monica Ca
Santa Clara Ca
Garland Tx

Palo Alto Ca
San Diego Ca
Riverside Ca
Franklin Park Il
Mountain View Ca
North Adams Ma
Milwaukee Wi
Willimantic Ct
Philadelphia Pa
Mt Vernon NY

Des Plaines 1I1

ZIP CODE

90021
53204
75222
08876
07981
85062
9Lou2
27330
75234
76067
91731
16701
90404
95051
75040
94304
92121
92507
60131
95051
01247
50501
06226
19108
10550
60016
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6-7. ORDERING INFORMATION

6-8. To order a part listed in the replaceable parts list (table 6-3), quote
the Hewlett-Packard part number and check digit, indicate +the quantity
required, and address the order to the nearest HewlettPackard Office (refer to
Sales and Service offices listed at the back of this manual).

6-9. To order a part that is not listed in table 6-3, include the instrument
model number, instrument serial number, the description and function of the
part, and the number of parts required. Address the order to the nearest
Hewlett-Packard office.

6-10. DIRECT MAIL ORDER SYSTEM

6-11. Within the USA, Hewlett-Packard can supply parts through a direct mail
order system. Advantages of using this system are:

1. Direct ordering and shipment from the HP Parts Center
in Mountain View, California.

2. No maximum or minimum on any mail order (there is a
minimum order amount for parts ordered through a local
HP office when the orders require billing and invoicing).

3. Prepaid transportation (there is a small handling charge
for each order).

4. No invoices ( to provide these advantages, a check or
money order must accompany each order).

6-12. Mail-order forms and specific ordering information are available through
your local HP office. Addresses and phone numbers are located at the back of
this manual.

6-13. PARTS LIST

6-14. Table 6-3 lists the replaceable parts for the Model 64100A Mainframe and
is organized as follows:

1. Electrical assemblies and their components in
alphanumerical order by reference designation.

2. Miscellaneous parts.

MF 6-3
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6-15. The information given for each part consists of the following:

1. Hewlett-Packard part number and check digit.
(for HP internal use).

2. Total quantity (Qty).
3. Description of the part.

4. Typical manufacturer of the part in a five-digit
code.

5. Manufacturer’s number for the part.

NOTE

The total quantity for each part is given only at
the first appearance of the part number in the list.

MF 6-4
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Table 6-2. Reference Designators and Abbreviations
REFERENCE DESIGNATORS
A = assembly F = fuse mMP = mechanical part U = integrated circuit
B = motor FL = filter P = plug v = vacuum, tube, neon
BT = battery IC = integrated circuit Q = transistor bulb, photocell, etc
C = capacitor J = jack R = resistor VR = voltage regulator
cP = coupler K = relay RT = thermistor w = cable
CR = diode L = inductor S = switch X = socket
DL = delay line LS = loud speaker T = transformer Y = crystal
DS = device signaling (lamp) M = meter T8 = terminal board 4 = tuned cavity network
E = misc electronic part MK = microphone TP = test point
ABBREVIATIONS
A = amperes H = henries N/O = normally open RMO = rack mount only
AFC = automatic frequency HDW = hardware NOM = nominal RMS = root-mean square
control
AMPL = amplifier HEX = hexagonal NPO = negative positive zero RWV = reverse working
HG = mercury (zero temperature voltage
BFO = beat frequency oscillator HR = hour(s) coefficient)
BE CU = beryllium copper Hz = hertz NPN = negative-positive- S-B = slow-blow
BH = binder head negative SCR = screw
BP = bandpass NRFR = not recommended for SE = selenium
BRS = brass IF = intermediate freq field replacement SECT = section(s)
BWO = backward wave oscillator IMPG = impregnated NSR = not separately SEMICON = semiconductor
INCD = incandescent replaceable Sl = silicon
ccw = counter-clockwise INCL = include(s) SiL = silver
CER = ceramic INS = insulation(ed) OBD = order by description SL = slide
CMO = cabinet mount only INT = internal OH = oval head SPG = spring
COEF = coeficient (o) ¢ = oxide SPL = special
COM = common K = kilo=1000 SST = stainless steel
COMP = composition SR = split ring
COMPL = complete LH = left hand P = peak STL = steel
CONN = connector LIN = linear taper PC = printed circuit
CP = cadmium plate LK WASH = lock washer PF = picofarads= 10-12 TA = tantalum
CRT = cathode-ray tube LOG = logarithmic taper farads D = time delay
cw = clockwise LPF = low pass filter PH BRZ = phosphor bronze TGL = toggle
PHL = phillips THD = thread
DEPC = deposited carbon M = milli=10-3 PIV = peak inverse voltage Tl = titanium
DR = drive MEG = meg=106 PNP = positive-negative- TOL = tolerance
MET FLM = metal film positive TRIM = trimmer
ELECT = electrolytic MET OX = metallic oxide P/O = part of TWT = traveling wave tube
ENCAP = encapsulated MFR = manufacturer POLY = polystyrene
EXT = external MHZ = mega hertz PORC = porcelain V) = micro=10-6
MINAT = miniature POS = position(s)
F = farads MOM = momentary POT = potentiometer VAR = variable
FH = flat head MOS = metal oxide substrate PP = peak-to-peak vDCW = dc working volts
FILH = fillister head MTG = mounting PT = point
FXD = fixed MY = "mylar” PWV = peak working voltage w/ = with
w = watts
G = giga (109 N = nano (10-9) RECT = rectifier wiv = working inverse
GE = germanium N/C = normally closed RF = radio frequency voltage
GL = glass NE = neon RH = round head or ww = wirewound
GRD = ground(ed) NI PL = nickel plate right hand w/0 = without

MF 6-5
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Table 6-3. Replaceable Parts List

Reference HP Part |c . Mfr
Designation | Number |D Qty Description Code Mfr Part Number
Al 64100-62602 9 1 POWER SUPPLY 28480 64100-62602
A2 64100-66526 4 1 MOTHER BOARD ASSEMBLY 28480 64100-66526
A3 64100-66532 0 1 CPU/ROM BOARD ASSEMBLY 28480 64100-66532
A4 64100-66504 8 1 KEYBOARD ASSEMBLY 28480 64100-66504
A5 64100-66530 6 1 DISPLAY CONTROLLER BOARD ASSEMBLY 28480 64100-66530
AB 64100-66520 8 1 1/0 BOARD ASSEMBLY 28480 64100-66520
A7 64100-66527 1 1 DISPLAY DRIVER BOARD ASSEMBLY 28480 64100-66527
A8 64100-66524 2 1 REAR PANEL BOARD ASSEMBLY 28480 64100-66524
8120-1351 0 1 POWER CORD CABLE (900 OPT) 28480 8120-1351
8120-1369 0 1 POWER CORD CABLE (901 OPT) 28480 8120-1369
8120-2857 3 1 POWER CORD CABLE (902 OPT) 28480 8120-2857
8120-2104 3 1 POWER CORD CABLE (906 OPT) 28480 8120-2104
8120-1378 1 1 " CABLE ASSY 18AWG 3-CNDCT JGK-JKT 28480 8120-1378
(900, 901, 902, 906, OPT)
8120-2818 5 1 HP-IB CABLE 28480 8120-2818
64100-61618 5 1 REAR BNC CABLE 28480 64100-61618
64100-61605 0 1 EXTENSION CABLE 28480 64100-61605
8120-3349 0 1 10D BUS CABLE (2 CONNECTOR) 28480 8120-3349
3160-0349 3 1 FAN (AXIAL) 28480 3160-0349
64100-66510 6 1 EXTENDER BOARD 28480 64100-66510
64100-66512 8 1 DISPLAY EXTENDER BOARD 28480 64100-66512
H1 0380-0643 3 2 STUD (METRIC) 00000 ORDER BY DESCRIPTION
H2 0403-0004 0 4 BUMPER FOOT-SCR 1-IN-OD .812-IN-THK BLK 28480 0403-0004
H3 2200-0105 4 15 SCREW-MACH 4-40 .312-IN-LG PAN-HD-POZI 00000 ORDER BY DESCRIPTION
H4 2200-0111 2 13 SCREW-MACH 4-40 .5-IN-LG PAN-HD-POZI 00000 ORDER BY DESCRIPTION
H5 2200-0151 0 1 SCREW-MACH 4-40 .75-IN-LG PAN-HD-POZI 00000 ORDER BY DESCRIPTION
H6 2360-0115 4 38 SCREW-MACH 6-32 .312-IN-LG PAN-HD-POZI 00000 ORDER BY DESCRIPTION
H7 2360-0117 6 18 SCREW-MACH 6-32 .375-IN-LG PAN-HD-POZI 00000 ORDER BY DESCRIPTION
H8 2360-0121 2 17 SCREW-MACH 6-32 .5-IN-LG PAN-HD-POZI 00000 ORDER BY DESCRIPTION
H9 2360-0123 4 17 SCREW-MACH 6-32 .625-IN-LG PAN-HD-POZI| 00000 ORDER BY DESCRIPTION
H10 2360-0125 6 4 SCREW-MACH 6-32 .75-IN-LG PAN-HD-POZI 00000 ORDER BY DESCRIPTION
H11 2360-0129 0 2 SCREW-MACH 6-32 1-IN-LG PAN-HD-POZI 00000 ORDER BY DESCRIPTION
H12 2360-0197 2 7 SCREW-MACH 6-32 .375-IN-LG PAN-HD-POZI 00000 ORDER BY DESCRIPTION
H13 2510-0103 9 5 SCREW-MACH 8-32 .375-IN-LG PAN-HD-POZI 00000 ORDER BY DESCRIPTION
H14 2680-0103 8 4 SCREW-MACH 10-32 .5-IN-LG PAN-HD-POZI 00000 ORDER BY DESCRIPTION
H15 2950-0054 1 4 NUT-HEX-DBL-CHAM 1/2-28-THD .125-IN-THK 00000 ORDER BY DESCRIPTION
H16 3050-0002 2 4 WASHER-FL MTLC NO. 10 .203-IN-ID 28480 3050-0002
H17 3050-0010 2 17 WASHER-FL MTLC NO. 6 .147-IN-ID 28480 3050-0010
H18 3050-0066 8 6 WASHER-FL MTLC NO. 6 .147-IN-ID 28480 3050-0066
H19 3050-0235 3 1 WASHER-FL MTLC NO. 4. .117-IN-ID 28480 3050-0235
H20 2190-0005 0 1 ‘WASHER-LK EXT T NO. 4 .116-IN-ID 28480 2190-0005
H21 2190-0006 1 7 WASHER-LK HLCL NO. 6 .141-IN-ID 28480 2190-0006
H22 2190-0017 4 5 WASHER-LK HLCL NO. 8 .168-IN-ID 28480 2190-0017
H23 2190-0034 5 3 WASHER-LK HLCL NO. 10 .194-IN-ID 28480 2190-0034
H24 2190-0068 5 4 WASHER-LK INTL T 1/2 IN .505-IN-1D 28480 2190-0068
MP1 7101-0649 6 1 CABINET BASE 28480 7101-0649
MP2 7101-0650 9 1 CABINET TOP 28480 7101-0650
MP3 7101-0651 0 1 CABINET DOOR 28480 7101-0651
MP4 64100-04112 4 1 BOTTOM COVER 28480 64100-04112
MP5 64100-00101 3 1 MAIN DECK 28480 64100-00101
MP6 64100-00206 9 1 REAR PANEL 28480 64100-00206
MP7 -7101-0652 1 1 CRT BEZEL 28480 7101-0652
MP8 5041-1533 9 1 BLANK PANEL 28480 5041-1533
MP9 64100-00205 8 1 POWER INPUT PANEL 28480 64100-00205
MP10 64100-00601 8 1 FAN MAG SHIELD 28480 64100-00601
MP11 64100-04701 7 2 FAN SUPPORT 28480 64100-04701
MP12 3160-0092 3 1 FAN GUARD 28480 3160-0092
MP13 64100-01203 8 2 CABLE CLAMP 28480 64100-01203
MP14 1400-0611 0 2 CABLE CLAMP 28480 1400-0611
MP15 5041-1526 0 2 CARD GUIDE 28480 5041-1526
MP16 64100-65201 7 1 BLANK PROM PANEL ASSY 28480 64100-65201
MP17 64100-04703 9 1 REAR GUIDE SUPPORT 28480 64100-04703
MP18 64100-04704 0 1 FRONT GUIDE SUPPORT 28480 64100-04704
MP19 64100-01201 6 1 SUPPORT STRAP (FOR WIRE SUPPORTS) 28480 64100-01201
MP20 64100-01202 7 2 BEZEL STRAP 28480 64100-01202
MP21 5041-1525 9 6 SUPPORT BRACKET 28480 5041-1525
MP22 1400-0617 6 1 CLIP-TENSION 0.38-IN RND CAPACITY 28480 1400-0617
MP23 1460-1733 5 1 RIGHT SUPPORT WIRE 28480 1460-1733
MP24 1460-1734 6 1 LEFT SUPPORT WIRE 28480 1460-1734
MP25 8160-0442 7 8 ft CONDUCTIVE GASKET 28480 8160-0442
MP26 64100-04113 5 1 POWER SUPPLY ACCESS PORT 28480 64100-04113
MmP27 64100-01204 2 STATE/TIMING GROUND LIPS 28480 64100-01204
MP28 1600-1231 1! KEYBOARD SHIELD 28480 1600-1231
w1 64100-61620 9 1 'FAN CABLE ~ 28480 64100-61620
w2 64100-61621 8 1 CRT PLUG CABLE ASSEMBLY 28480 64100-61621
w3 64100-67301 4 1 CRT/YOKE ASSY 28480 64100-67301

See introduction to this section for ordering information
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PS1 w2 MP10 MP15 MP18 MP7

MP25 MP11 MP19 MP20

Figure 6-1. Mainframe Component Locator (Left View)
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MP27 S2 S3 S1 MP27 MP25 MP2
J1 MP13, 14

MP9

MP1 J2  J4 J3 MP4 PWR F1 POWER SWITCH
(BOTTOM COVER) RECP (ON/OFF)

Figure 6-1. Mainframe Component Locator (Rear View)
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Figure 6-1.
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Figure 6-2. Mainframe Attach Screw Locator (Sheet 1 of 7)
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19 19 19

11

Figure 6-2. Mainframe Attach Screw Locator (Sheet 2 of T7)
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Figure 6-2. Mainframe Attach Screw Locator (Sheet 3 of T)
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Figure 6-2. Mainframe Attach Screw Locator (Sheet 4 of 7)
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R

Figure 6-2. Mainframe Attach Screw Locator (Sheet 5 of 7)
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Figure 6-2. Mainframe Attach Screw Locator (Sheet 6 of T)
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SYMBOL KEY: & - Screw, 16
® - Screw, 17

<& - Screw, 2

Figure 6-2. Mainframe Attach Screw Locator (Sheet 7 of 7)
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Table 6-4. Attach Screw Index

Item (see figure 6-2)

Description and Quantity of Items

O 0o -J0 UL DN

Top Cover attach screws (5)

Power Supply attach screws (2) (plus 12 electrical connections; see PWR SUPP Tab)
Bottom Cover attach screws (18)

Prom Programmer hold-down thumbscrew (1)

Display Bezel attach screws (8)

Card cage attach screws (6)

CRT mounting screws (4)

Fan mounting screws (3)

Tape Transport and Floppy Drive mounting screws (4)
Power supply access port (2)

Rear-panel PC board mounting screws (4)

Fan Shroud attach screws (7)

Support Spring attach screws (4)

Keyboard mounting screws (6)

Beeper Speaker mounting screws (3)

Motherboard mounting screws (21)

Motherboard Top Plate mounting screws (6)
Rear-panel attach screws (10)

State/Timing Grounding Clips (2 or 4)

MF 6-17/(6-18 blank)
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SECTION VII

MANUAL BACKDATING

T-1. INTRODUCTION.

7-2. This section contains information for adapting this manual to Mainframe
units with earlier serial prefix numbers.

7-3. MANUAL CHANGES.

7-4. This manual applies directly to the instrument having the same serial
prefix shown on the manual title page. If the serial prefix of the instrument
is not the same as the one on the title page, find your serial prefix in table
T-1 and make the changes to the manual that are listed for that serial prefix.
When making changes 1listed in table 7-1, make the change with the highest
number first. Example: if backdating changes 1, 2, and 3 are required for
your serial prefix, do change 3 first, then change 2, and finally change 1. If
the serial prefix of the instrument is not listed either in the title page or
in table T7-1, refer to an enclosed MANUAL CHANGES sheet for wupdating
information. Also, if a MANUAL CHANGES sheet is supplied, make all indicated
ERRATA corrections.

Table 7-1. Serial No. vs Manual Change No.

Serial Prefix Make Changes  Affects

7-5. This chapter has no backdating information for +the mainframe at the
publication date of this manual.

MF 7-1/(T7-2 blank)
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SECTION VIII

SERVICE

8-1. BLOCK DIAGRAM DESCRIPTION. (see figure 8-1)

8-2. The 64100A basic Mainframe is comprised of the following functional
areas:

Power Supply
Keyboard and Softkeys
. CRT Display

Cardcage

2 0 o e

1) Central Processor Unit PCB
2) Input/Output PCB
3) Display Controller and Driver PCB’s

e. Rear Panel PCB
f. Bus Cabling
g. Motherboard (signal and power distribution)

8-3. In addition to the above basic functions, the following options can be
added:

a. Floppy Disc System

b. PROM Programmer

c¢c. Emulation Memory

d. Emulation Memory Control
e. Emulation Control

f. Logic Analyzer

8-4. The items listed in the first list are mandatory in order to have an
operating system. These functions are shown on the left side of figure 8-1.
The items listed in the second list (options) are shown on the right side of
figure 8-1. A brief functional description of each of these items and how they
interrelate is presented in the following paragraphs.

8-5. CENTRAL PROCESSOR UNIT (CPU). The CPU PC board contains a 16-bit
microprocessor that controls the execution of software/firmware instructions
and also: (1) services interrupt requests from the various external peripheral
devices (e.g., mass storage disc and 1line printer), (2) services interrupt
requests from the I/0 interface circuits (e.g., RS-232, HP-IB, floppy disc
system, emulators, and time-interval monitoring circuits), (3) provides the
basic timing for the overall 6L100A system, and (4) controls the transfer of
data and instructions along +two independent 16-bit buses (I/O and the IDA
buses). Additionally, the CPU board stores programs for “boot-up” and
performance verification in an array of on-board ROM’s. The CPU’s scratch-pad
memory is located on the Display Controller PC board.
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8-6. INPUT/OUTPUT (I/0). The I/O PC board contains the necessary circuits
for: (1) processing the various interrupt requests and informing the CPU that
an interrupt condition exists, (2) providing the necessary "hand-shake"
operations with RS-232C and HP-IB peripheral devices (e.g., the mass storeage
disc, line printer or teletype), (3) decoding instructions from the CPU and
thereby providing a means by which the CPU can select specific circuits or
peripheral devices to communicate with, and (4) providing an audible alarm to
indicate when certain events have occurred.

8-7. DISPLAY CONTROLLER, DRIVER AND CRT. The display section of the 64100A
system consists of the Display Controller and Display Driver PC boards and the
CRT. The Display Controller provides the CPU with "scratch-pad" memory
capability via an array of random-access (RAM) read/write memory chips. In
addition, it generates the various video control signals for displaying system
operation on the CRT display. The Display Driver PC board develops the
necessary sync, drive and high voltage signals for creating the CRT display.

8-8. REAR PANEL. The Rear Panel PC board contains: (1) operator-controlled
switches for controlling the mode of operation of the 64100A Mainframe, (2) two
RS-232 interface connectors; one for when the Mainframe is serving as a "modem"
and one for when it is serving as a "terminal”, (3) two sets of RS-232 current
loop (i.e., teletype) input/output terminals, (4) a HP-IB interface connector,
and (5) a "loop-back” circuit for testing the RS-232 circuits.

8-9. KEYBOARD. The 64100A Mainframe uses a keyboard that provides the
operator with three basic means of communicating with the 64000 system: (1) a
77-character ASCI-II typewriter format basic keyboard, (2) a set of edit keys,
and (3) a set of "softkeys" for increasing the versitility and "friendliness"
of the system during system development operations and Mainframe self-testing.

8-10. MAINFRAME SIGNAL DISTRIBUTION. Two methods are used to distribute and
route the various power, control and data signals throughout the 6L4100A
Mainframe: (1) a printed circuit Motherboard and (2) a system of ribbon
cables. The Motherboard, however, is the primary vehicle for distributing
power and most of the data and control signals to and from the various PC
boards in the Mainframe cardcage.

8-11. The Mainframe Power Supply is mounted directly to the Motherboard by
means of 12 screws that also serve as electrical connections between the power
supply and the Motherboard. The screw pattern and the associated electrical
signals are shown below:

-12 Vdc o
+17 Vdc o o -3 Vdc
GSEN o o -5.2 Vdec
+40 Vdc o o +12 Vdc
LINE SYNC o o GND
LPOP o o +5 Vdc
LIR1S5 o

Power Supply Connections {(Bottom View)
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8-12. The appropriate power signals are routed to the Mainframe cardcage and
also to the Display Drive PCB (via J14) and the Keyboard PCB (via J15). The
Power Supply provides seven voltages (plus signal ground) and although all
seven voltages are routed to each of the 13 PC boards in the cardcage, not all
of the voltages are used by each card type that can be installed. The 64100A
block diagram (figure 8-1) and table 8-1 show the voltages used by the various
card types. Also, a component locator is given for the motherboard (figure 8-
2).

Table 8-1. Card-Type vs Supply Voltage

VDC I/0 DISP CPU KYBD DISP TACO/ PROM PRGR EMUL EMUL MEM ANAL EMUL

CONT DVR FLOPPY CONT MEM CONT CONT

-3 0 0 0 0 0 0 0 0 0 0 0
+5 X X X X 0 X X X X X X
-5 X X X 0 0 X X 0 0 X X
+12 X X X 0 X X X 0 0 0 X
-12 X 0 0 0 0 X X 0 0 0 0
+17 O 0 0 0 0 X/0 0 0 0 0 0
+40 O 0 0 0 0 0 X 0 0 X 0
NOTE:

"X" Indicates Voltage Used
"0" Indicates No Voltage Used

8-13. As with the power supply signals, the control and data signals that are
distributed to the cardcage are also (in most cases) routed to the same pin
location (number) in each of the 13 card slots (see Table 8-5). Of course, not
all signals are used by each cardtype. Thus, if a particular PC board does not
use a certain signal that is tied to pin number 20, for example, this is
handled by simply creating a dead-end at pin 20 (i.e. there is no conductive
path on the PCB). In this manner the PC boards can be interchanged freely
(except for the first three slots) without fear of the signals being
incompatible with the board. Table 8-5 shows the signal distribution for the
cardcage; it does not show the card-type vs. signal relationship since this
can be found from the appropriate circuit schematics.

8-14. SIGNAL ROUTING OFF THE MOTHERBOARD. For signals that must leave the
Motherboard or the PC boards loaded in the cardcage, a series of ribbon cables
and connectors located on the Motherboard are used.

8-15. DISPLAY DRIVER CONNECTOR J14. The Display Driver PCB receives its
signals by being plugged directly into J14 which is located on the Motherboard
immediately in front of the power supply. The signal vs. pin number is shown
in table 8-2.

MF 8-3



Model 64100A - Service

Table 8-2. Display Driver Connector Jll Signals

Pin No. Signal Pin No. Signal
1 Sig. Gnd. 16 LVID
2 Sig. Gnd. 17 NC
3 Sig. Gnd. 18 NC
Y Sig. Gnd. 19 LVSYN
5 +5 Vde 20 LVSYN
6 -5 Vde 21 NC
7 -5 Vde 22 NC
8 -5 Vde 23 LHSYN
9 NC 24 LHSYN
10 NC 25 NC
11 LIVID 26 NC
12 LIVID 27 +12 Vde
13 HDE 28 +12 Vdc
14 HDE 29 +12 Vdc
15 LVID ' 30 +12 Vdc

8-16. KEYBOARD CONNECTOR J15. The Keyboard receives its signals via a ribbon
cable plugged into J15 (on the Motherboard) directly below the neck of the CRT.
The signal vs. pin number is shown in table 8-3.

Table 8-3. Keyboard Connector J15 Signals

Pin No. Signal Pin No. Signal
1 LPST 9 Gnd.
2 NC 10 NC
3 HKA2 11 LKA3
Y HKA6 12 LKBCLK
5 HKAS 13 HKA3
6 HKAY 14 HKDN
7 HKAl 15 HKAO
8 GND 16 (No Name)

8-17. CONNECTOR J16. Four test signals from cardcage connector pins 73, 75, 77
and 78 are routed through J16 (at rear of Motherboard) to the four BNC
connectors on the Rear-panel. Although all four like-numbered pins in all card
slots are tied together, typically only the LTP and LMC signals, from the
analyzer PCB, on pins 78 (BNC port 1) and 77 (BNC port 2), respectively, are
used. Table 8-U4 shows the pin assignment of J16.
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Table 8-4. BNC Connector J16 Signals

J16 Pin No. Cardcage Pin No. Destination Signal
1 78 BNC 1 LTP
2 1,2 GND
3 7 BNC 2 LMC
Y 1,2 GND
5 75 BNC 3 Not Used
6 1,2 GND
T 73 BNC L Not Used
8 1,2 GND
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SYSTEM
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HP-IB RS-232
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Figure 8-1.

Mainframe Simplified Block Diagram
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nzéﬁgﬁ'ic PIN®| J1 J2 J3 Ja Js Js J7 J8 J9 J10 J11 J12 J13
GND T X X
GND 2 X
+5 3 X
+5 3 X
-5 5 X X
=5 6 X X X
=5 7 X
=5 8 X X
=3 E X
-3 0
v T2
V17 12
GND 5
+17 6 X
+40 7 X
NC 8 X
LAG 9 [J15-10 X
LA 0 [Ji5-11 X
LA J15-12 X X
LA J15-13 X
LA J15-14 X
LA5 4 [J15-15 X X
LAG 5 [J15-16
LA7 6 [Ji5-1
LAB 7 [ J15-3
LAS 28 | J15-4
TA10 9 [J155 X
CAll 0 | Ji5-6 X
NN BT J2 J3 Ja J5 J6 J7 J8 J9 J10 | Ji1 | J12 | a3
LAlz [ 31 [J15-7 [ X X X X X X X X
LA13 2 X X X X X X X X
LA14 3 X X X X X X X X
LA15 4 X X X X X X
GND 5 X X X X X X
GND 36 X X X X X X
37 [ J4-7 X X X X X
38 [ J5-7 X X X X
33 [ J6=7 X X X X
40 [ J7-7 X X X X
41 [ J8=7 X X X
2 J3=7 X X
LD6 43 [J10-7 X X
LD7 44 [J11-7 X X X X
LD8 45 [J12-7 X XTI X X X X
DS 46 [J13-7 X X X X X X X
[D10__| 47 S X X X X X X X
LD11 8 S X X X X X X X
LDiz | 49 | HOE X X X X X X
D13 | 50 X X X X X X
LDi4 X X X X X X
(015 X X X X X X
GND X X X X X X
GND 4 X X X X X
THSYN | 55 J14 PINS 23 R 7
LVSYN | 56 N J14 PINS 18 & 20
LVID | 57 J14 PINS 15 & 16
LIVID 58 HDE JI4 PIN13 8 14 J14 P 11 12
GND FE] X | X | X T X X | X X X X X X
GND 60 P S I S X X X | X X X X X X
STENAL
unEnoRc [PIN®| 1 J2 J3 4 J5 Js J7 J8 J9 Jio | Jir | gtz | 413
BYT X X X X X X X X X X
LUPB X X X X X X X X X
LSTH X X X X X X X X X
[ LsTB X X X X X X X X
WRT 5 X X X X X X X X X
LHSYN 6 X X X X X X X X X
i 7 X X X X X X X X X X
THAPT 8 X X XX X X X X X X X
LHAP? 3 X X R X X X X X X X X
LHAP3 X X X X T X X X X X X X X X
LIRT [ 7 X X X X X X X X X X X X X
LSEL [ 7 X X X [ J1-37 | Ji-38 | J1-38 | J1-40 [ J1-41 | Ji-42 | J1-43 | J1-44 | Ji-45 | Ji-46
BNCL | 7 LIRS J16 PIN 9
LOPCODE | 74 -
t2 |75 TNE SYNC J16 PIN
LPOP 76 X X X X [ x [ X X [ X X X X X X
77 X X X J16 PIN
Lselki [ 78 | X X X Ji6 PIN
GND 79 X X X X T X% X X X X X X X X
GND 80 | X X X X X X X X X X X X X
L25MHZ X X X X X X X X X X X X
X X X XX X X X X X X X
< X X X X X X X X X X X X
- a1 x X X XX X X X X X X X
TND 51 X X X X X X X X X X X X X
Gl 86 X X X X X X X X X X X X X
NOTE:

“X" INDICATES PIN CONNECTIONS BETWFIN
J1 THROUGH J13,
CONNECTED AS INDICATED.

OTHERS ARE

86 86 86 86 86 86 86 86 86 86 86 86 86 *5v 5y
+5v
< x
R1 130 283 &8
=48\ —|——|— -
R2 196 [ I A A e
wp ' S e el A
S R
PIN 4 to 51 5 *
PIN 7 to 46 5 lae —_t = —|—
ToK
w2 I - 61 )
PIN 2 to 51 - Sv
PIN 3 to 52 32—t — — |-
PIN 4 to 46 1 29 —-|-—1 »
PIN 5 to 45 o
PIN 6 to 49 ST T 77
PIN 7 to 50 27 ——|——1—- 33 fox
PIN 8 to 47 | s —— | __ 1 . .
PIN 9 to 48 — - VWV Sv
21— —|——-|—
Pm“lzmnu 4 ! | S Pl i I e
(o]
PIN 3 to 42 3 |a 18 -= 1 .
PIN 4 to 39 B s e
PIN 5 to 40 | ===
PIN 6 to 44 18— — —+— —— ——|—
PIN 7 to 43
PIN 8 to 37 |
PIN 9 to 38 )
1
“J16”
PIN 1 to 78 |
PIN 3 to 77
PIN 5 to 75
PIN 7 to 73
1 1 1 1 1 1
J13 J12 J11 J10 J9 J8 J7 J6 J5 Ja J3 J2 0]
(A3) (A5) (A6)
712 Q
Ji5
1
GSEN O GND
-5 W1 P/O KEYBOARD (A4)
NOTE: Voltage Divider Configuration for +40 O . O
U1, U2, U3. (RESISTOR NETWORK, HP Part No. 1810-0288) Q 2 O O O
LINSYN O O O
GND
LpoP SPEAKER
LS1
Sv LIR15 O O +5
PIN1 §. ™
All PINS are outputed off
1.5k  of voltage divider (A7) 64100-66526 MOTHER BOARD (A2) sy
PIN 10 except 1 (*5v) and

10 (GND).

POWER SUPPLY SLOT

Figure 8-2.
A2 Motherboard Component Locator
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SECTION I

GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. This Chapter contains the information for servicing the Central Processing
Unit (CPU) in the Model 64100A Logic Development Station. The CPU cannot
operate independently, and has no operator functions. Operation instructions

for +the Logic Development Station, and the System are provided in separate
operating manuals supplied with the system.

1-3. INSTRUMENTS COVERED BY THIS MANUAL.
1-4. The CPU Board is not serialized, nor 1is it assignhed a repair number.
Because the CPU is a part of the Logic Development Station (Mainframe), some
changes on the CPU Board can cause the serial number of the Logic Development
Station (Mainframe) to change. The history of serial number prefix changes is
recorded in Section VII of the Mainframe Chapter. The details of a change for a
given assembly can be found in Section VII of the appropriate Tab, i.e.,
Mainframe, CPU, Display Control and Driver, Input/Output, or Power Supply.
1-5. RELATED DOCUMENTS.
1-6. The following documents provide additional information pertaining to the
use of the HP 64000 system. It is recommended that the System Overview Manual
be referred to.

System Overview Manual

System Software Reference Manual

Installation and Configuration Manual

Editor Manual

1-7. DESCRIPTION.
* The CPU has no operator functions.

* The CPU communicates directly with the Display Controller and Input/ Output
boards.

¥ The CPU’s scratch pad memory is provided by the RAM located on the Display
Controller board.

CPU 1-1
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¥ The path for the CPU to communicate with periphial devices is provided by the
Input/Output board.

¥ The programs for boot-up and Performance Verification are stored in the ROMs
located on the CPU Board.

¥ The CPU Board generates the timing and control signals for the Microprocessor
and its associated bus circuits.

* The Microprocessor is clocked at 6.25MHz. The clock originates on the
Display Control board.

¥ The CPU Board contains the CPU Bus, consisting of a 16-bit bi-directional
data bus, a 16-bit address bus, and several control lines.

¥ The CPU Board contains the I/O bus, consisting of a 16-bit bi-directional
data bus, a L4-bit address bus, and several control lines.

¥ The CPU bus and I/0 bus are controlled independently by the Microprocessor.

¥ The Microprocessor is located on the CPU Board. The microprocessor is a 16-
bit machine with separate multiplexed instruction/data/address and I/0
busses.

¥ The SA latch located on the CPU board is used for determining that the ROM

outputs are operational. To use this latch while troubleshooting, see section
Iv.
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SECTION II

INSTALLATION

2-1. INTRODUCTION.
2-2. The CPU Board is shipped from the factory installed in the Logic

Development Station (Mainframe). The CPU Board can only be purchased as a
replacement part and installation is described in the following paragraph.

2-3. CARD CAGE LOCATION.
2-L4. When the CPU Board is removed from the Mainframe, it must always be

reinstalled in the third position from the front of the Card Cage (identified
by the blue board extractors and blue CPU label on the Card Cage).

WARNING

When removing or installing the CPU
Board, the Mainframe A.C. line power
must be turned off!

CPU 2-1/(2-2 blank)
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SECTION III

OPERATION

3-1. GENERAL.
3-2. The CPU has no operator functions. The CPU is both physically and

operationally part of the Mainframe. For the operation of the Mainframe, see
section III of the Mainframe Chapter.

CPU 3-1/(3-2 blank)
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SECTION IV

PERFORMANCE VERIFICATION AND TROUBLESHOOTING

4-1. INTRODUCTION.

4-2. This section provides Performance Verfication for the CPU using Signature
Analysis.

4-3. In the event the ROM Test fails, you will be directed to this portion of
the Performance Verification from the Mainframe Chapter.

4-Y4, There is no separate Performance Verification available that will check
the operation of the CPU Board alone. Refer to the Mainframe Chapter of this
manual for an explanation of how to initiate the Performance Verification for
the Mainframe. Optional models, i.e., PROM Programmer, Emulators, etc., have
their own Performance Verifications.

4-5. If the ROM Test fails, and replacing the ROM that was displayed as bad
does not correct the problem, then the SA ROM loop (counting sequence) must be
used to troubleshoot the CPU board.

4-6. If a count sequence can not be produced then the Microprocessor or its
control circuits are not operating correctly. They must be repaired by using
an Oscilloscope and/or Logic Probe.

4-7. CPU ROM TESTS.

4-8. The ROM test sequence used during power-up and performance verification is
the same. However, each test will display a ROM failure differently. The
following ROM test procedures will describe each test and how to interpret the
given failure.

4-9. POWER-UP ROM TEST.

Purpose:
The ROM test verifies that all of the firmware in ROM used for
boot-up and performance verification is good. The test also
checks that the CPU is able to access ROM memory via the bi-
directional address and data buses.

Area Tested:
All ROMs, the multiplexed memory Address/Data bus to ROM, the
address 1latches and data buffers, and the CPU and its
associated timing and control circuitry.

CPU 4-1
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Operation:

a. This test executes a checksum on each of the ROMs as
long as the kernal of good ROM needed to run the test
is operational.

b. If an error is detected then a bit is set in the error
mask.

c. The error mask is then used to output an error message
to the screen stating a ROM failure, the address range
of the failure, and the byte (0 or 1).

d. If a failure is detected, the test will loop continuously.
e. On failures, the power up ROM test will display the

following error message assuming that the kernal of ROM
required to run the power up test is good:

SELF-TEST FAILURE <---------- < blinking

ROM TEST:

FAILING ADDRESS RANGE BYTE(S)
XXX -XXXX XX

f. Use the table below to determine which ROM unit number is
failing. Note that the error message might give an
address range that includes more than one ROM. SA loop A
might be necessary to isolate the fault (see Table 4-2).

Failed Failed

Addresses Byte ROM #

0020-1FFF 0 U9 Lower 8K ROM
0020-1FFF 1 ulo0

2000-3BFF 0 U9 Upper 8K ROM
2000-3BFF 1 Ul0

g. When the ROM test passes, the mainframe will beep three
times and begin the RAM test.

4-10. ROM TEST DURING PV.

Purpose:

CPU 4-2
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Area Tested:
All ROMs, the multiplexed memory Address/Data bus to ROM, the
address latches and data buffers, and the CPU and its
associated timing and control circuitry.

Operation:
a. This test is the same ROM test which is performed during
power-up, but will display a different error message.

b. Each test takes aproximately 1/2 second.

c. A routine reads +the ROM contents, computes a checksum
and compares it with a checksum also located in ROM.

d. Assuming that the kernal of ROM required to run the
ROM TEST is operational, the test will attempt to output
an error mask if the test fails. The mask is a 16 bit
word as follows:

IC MASK = 000000000000ABCD

15----r-rremem=- 0
A "1" in any of the bits signifies a bad ROM where:
D = ROM # 0 = lower byte of lower 8K ROM (U9)
C = ROM # 1 = upper byte of lower 8K ROM (U10)
B = ROM # 0 = lower byte of upper 8K ROM (U9)
A = ROM # 1 = upper byte of upper 8K ROM (U10)

e. Note +that the error message might give an address range
that includes more than one ROM. SA loop A might be
necessary to isolate the fault (see Table 4-2).

4-11. TROUBLESHOOTING.

4-12. In the event that a critical component has failed, and the performance
Verification is not able to run at all, the Microprocessor will most likely be
runnipg in some unknown loop, or will be executing random code (lost). If this
should happen the Microprocessor can be forced into a counting loop by changing
the Jjumpers EU4 and E5 +to the test position, and removing CPU data bus
buffers U27 and U28. When the CPU is in the counting mode and the Mainframe is
powered up, the Microprocessor begins counting at 0020 Hex and counts to 3C00
Hex on the 16 bit address line. Stable signatures will then be on the data bus
for troubleshooting.

4-13. LOOP A SIGNATURES

4-14., The loop A signature analysis table given in this section should be used
when a ROM failure is unreadable or no display is present. Follow the setup
procedure as explained in table L4-1, loop A signature analysis. Using the CPU
schematic as a reference and the signatures shown for loop A, begin checking
the signatures on the ROM data buffer inputs. If a bad signature is found,
begin pulling out the ROMs as indicated in table 4-2.

CPU 4-3



Model 64100A - Performance Verification and Troubleshooting

4-15. If any of these signatures were not obtained and the Microprocessor does
not appear to be working, check the power supply voltages. If they are correct
then force the Microprocessor address lines into the counting loop as described
in paragraph 4-12.

4-16. COUNTING MODE.

4-17. Following are some things to look for with an Oscilloscope or Logic
Probe, if "Vh" for LOOP A is incorrect.

4-18. In the "counting"” mode you should be able to observe data changing on the
Low Instruction/Data/Address Bus (LIDA). High Address Latch (HADL) should be
changing states. The falling edge of HADL can be used to trigger an
oscilloscope to observe the Address Bus on the outputs of U32 and U33. HADL is
derived from Low Start Memory which indicates the information on the LIDA Bus
is valid.

* The ouiput of the Address Bus Inverters, U25, U26, and part of U3l can be
observed using the falling edge of HADL for triggering.

* Using Low ROM address (LRADDR) as a trigger for an Oscilloscope, you should
be able to observe Ul’s outputs changing state. These are +the ROM chip
selects.

* Using Low Data Buffer (LDBUF) as a trigger you can observe the outputs of the
ROMs, and the outputs of the Data Bus Buffers, U27 and U28.

* If the Microprocessor is not outputing a count sequence, then check the
Timing, Control, and Clock Circuits using an oscilloscope.

* The Clock is two nonoverlapping waveforms. Clock frequency is 6.25 MHz.

* Low Power On Pulse (LPOP), pin 11 of the Microprocessor should be high. Push
the processor reset switch on the I/0 board and LPOP should go low
momentarily.

* Low Bus Request (LBR), pin 18 of the Microprocessor should be high.

* Low Unsynchronized Memory Complete (LUMC) can be changing states but should
never be high. A high state will cause the Microprocessor to ‘"wait".

* Low Memory Sync (LMSYN) should be high.

* Check the following lines for the state indicated while LPOP is low. During
initialization, the indicated states must occur to properly initialize the
Microprocessor. If this does not happen correctly, the Microprocessor may
not count correctly.

HRERBRHRBRRRRRRR [Joh) Spape HRERMHIMERRERRRRRENS RRRRRE ] o0 Siope WHRNHAN
LBR LSMC LERA LUMC LIDA 2,4-11,14,15 LPBO
LDOUT LSTM LINT HRD HRAL
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Table 4-1. Loop A Signature Analysis

PC Board: CPU/ROM Board
Test failure or circuit: No recognizable display or fails power-up ROM test.
Procedure: Remove Display Driver board.
Move E4 and E5 jumpers to test position.
Remove U27 and U28 (ROM data buffers).
S/A hookup:
START = NEG EDGE CPU BD TP5 (LDBUF)
STOP = NEG EDGE CPU BD TP5 (LDBUF)
CLOCK = POS EDGE CPU BD TP1 (LSTB)
Vh = 15C8
* = Probe Blinking
Node Sig Node Sig Node Sig
Ul-1 0001 U25-2 U368 U33-2 338C
U1-2 8AOH U254 5127 U335 2C4U
U1-3 0U39 U25-6 PUA1 U33-6 H2PC
Ul4 HiC1 U25-8 2F39 U339 54H0
U1-5 FC30 U25-10 476C U33-12 9UC5
U1-6 4P04 U25-12 3927 U33-15 1A81
U1-7 413F U33-16 15C8*
Ul-11 15C8 U26-2 8638 U33-19 15C8*
U1-12 0001 U26-4 1P06
U1-13 0001 U26-6 4168 U34-5 2633
U1l-14 0000 U26-8 F753 U34-9 8AOH
U1-15 0000* U26-10 3PU7
U2-5 15C8 U32-2 3981
U32-5 UA19
U32-6 449U
U32-9 P6HO
U32-12 52H3
U32-15 2F9U
U32-16 9380
U32-19 0CCP
ALL ROMs Us, 9, 10, 11 U9, 11, 18, 20
INSTALLED REMOVED REMOVED
U27-2 FH75 U27-2 9P1C U27-2 46H6
U274 H7CH U274 A9UA U274 6CUU
U27-6 HC41 U27-6 H7A0 U27-6 1959
U27-8 2UCU U27-8 5910 U27-8 6317
U27-11 F2H7 U27-11 8571 U27-11 . 521P
U27-13 5296 U27-13 6969 U27-13 2P47
U27-15 97FC U27-15 HH4C U27-15 5U38
U27-17 456H U27-17 7HU1 U27-17 2H24
U28-2 PPHA U28-2 FCPH U28-2 308U
U28-4 417P U28-4 3HUC U284 693H
U28-6 57F2 U28-6 H205 U28-6 907U
U28-8 6917 U28-8 9AP8 U28-8 P647
U28-11 644F U28-11 Cou9 U28-11 F10H
U28-13 4862 U28-13 TH98 U28-13 2042
U28-15 ATTP U28-15 CPFP U28-15 0F08
U28-17 C13F U28-17 09UH U28-17 AH79
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Table 4-2. ROM Signature Analysis Troubleshooting

ALL ROMS
INSTALLED
NOTE 1: TAKE SA
REMOVE U8, 9, 10, 11
PERFORM SA
NOTE 2:
REPLACE U8, 10
REMOVE U18, 20 )
PERFORM SA
\ L
SA ON U27 ALL SA GOOD SA ON U28
BAD BAD
POSSIBLY STOP POSSIBLY
us, 9, 18, 19 u10, 11, 20, 21
DO NOTE 1 DO NOTE 1
] ] i
SA ON U27 SA ON U27 SA ON U28 SA ON U28
BAD GOOD BAD GOOD
POSSIBLY POSSIBLY POSSIBLY POSSIBLY
u18, 19 us, 9 U20, 21 u10, 11
DO NOTE 2 DO NOTE 2 DO NOTE 2 DO NOTE 2
| )y
r \
SA ON U27 SA ON U27 SA ON U27 SA ON U27 SA ON U28 SA ON U28 SA ON U28 SA ON U28
BAD GOOD BAD GOOD BAD GOOD BAD GOOD
REPLACE U19 REPLACE U18 REPLACE U8 REPLACE U9 REPLACE U21 REPLACE U20 REPLACE U10 REPLACE U1
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SECTION V

ADJUSTMENTS

5-1. INTRODUCTION.

5-2. This section describes the adjustment required to return the +7 volt
regulator to normal operating capability after repairs have been made on the
CPU board.

5-3. SAFETY REQUIREMENTS.

S-4%. Although this instrument has been designed in accordance with
international safety standards, general safety precautions must be observed
during all phases of operation, service, and repair of the instrument. Failure
to comply with precautions listed in the Safety Summary at the front of this
manual (Mainframe) or with specific warnings given throughout the manual could
result in serious injury or death. Service adjustments should be performed
only by qualified service personnel.

5-5. EQUIPMENT REQUIRED.
5-6. A Voltmeter capable of .01 Volt accuracy is required for this Adjustment
Procedure.

5-7. +TV ADJUSTMENTS.

5-8. There is only one Adjustment on the Central Processing Unit Board. It is
for the Regulator that provides +7V for the Microprocessor.

5-9. The Test Point, labeled +7V, 1is located in the center of the top edge of
the P.C. Board.

5-10. The positive 1lead of the voltmeter is connected to the +7V Test Point,

and the negative lead is connected to ground. R2 (located near the +7V Test
Point) is adjusted for +6.7V to +7.3V.

CPU 5-1/(5-2 blank)
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SECTION VI

REPLACEABLE PARTS

6-1. INTRODUCTION.

6-2. This section contains information concerning replaceable parts. Table 6-1
lists abbreviations used in the parts list and throughout the manual. Table 6-2
lists all replaceable parts in reference designator order. Table 6-3 contains

the names and addresses that correspond to the manufacturers’ five digit code
numbers.

6-3. ABBREVIATIONS.

6-4. Table 6-1 lists abbreviations wused in the parts list, on the schematics
and throughout the manual. In some cases, two forms of the abbreviations are
used: one, all in capital letters, and two, partial or no capitals. This occurs
because the abbreviations in the parts list are always capitals. However, in
the schematics and other parts of the manual, other abbreviation forms are used
with both lowercase and uppercase letters.

6-5. REPLACEABLE PARTS LIST.

6-6. Table 6-2 is the list of replaceable parts and is organized as follows:

a. Chassis-mounted parts in alphanumerical order by reference
designation. )

b. Electrical assemblies and their components in alphanumerical
order by reference designation.

c. Miscellaneous parts.
6-7. The information given for each part consists of the following:
a. The Hewlett-Packard part number and the check digit (CD).
b. The total quantity (Qty) in the instrument.
c. The description of the part.
d. A five-digit code that indicates the manufacturer.
e. The manufacturer’s part number. |

6-8. The total quantity for each part is given only once at the first
appearance of the part number in the list.

6-9. For ordering information see Section VI of the Mainframe Tab.
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Table 6-1. Abbreviations

BT

CP
CR
DL
DS

A
AFC

AMPL

BFO
BE CU
BH

BP
BRS
BWO

COM
COmMP

CONN
CcpP
CRT
cw

DEPC
DR

EXT

F

FH
FILH
FXD

COMPL

ELECT
ENCAP

= assembly

= motor

= battery

= capacitor

= coupler

= diode

= delay line

= device signaling (lamp)
= misc electronic part

= amperes

= automatic frequency
control

= amplifier

= beat frequency oscillator
= beryllium copper

= binder head

= bandpass

= brass

= backward wave oscillator

= counter-clockwise
= ceramic

= cabinet mount only
= coeficient

= common

= composition

= complete

= connector

= cadmium plate

= cathode-ray tube
= clockwise

= deposited carbon
= drive

= electrolytic
= encapsulated
= external

= farads

= flat head

= fillister head
= fixed

= giga (109
= germanium
= glass

= ground(ed

H
HDW

HEX
HG
HR
HZ

IF
IMPG
INCD
INCL
INS
INT

LH

LIN

LK WASH
LOG

LPF

MEG
MET FLM
MET OX
MFR
MHZ
MINAT
MOM
MOS
MTG

MY

N/C

NI PL

REFERENCE DESIGNATORS

= fuse

= filter

= integrated circuit
= jack

= relay

= inductor

= loud speaker
meter

= microphone

I

ABBREVIATIONS

= henries
hardware

= hexagonal
= mercury
hour(s)

= hertz

[

= intermediate freq
= impregnated
incandescent
includel(s)
insulation(ed

= internal

Il

kilo=1000

left hand

linear taper

= lock washer

= logarithmic taper
= low pass filter

milli=10-3

= meg=106
metal film
metallic oxide
= manufacturer
mega hertz
miniature
momentary
metal oxide substrate
mounting

= "mylar”

I

nano (10-9)

= normally closed
neon

= nickel plate

[

MP

[
Q
R
RT
S
T

T8
TP

N/O
NOM

NPO

NPN
NRFR

NSR

OBD

ox

PC

PH BRZ

PHL
PIV
PNP

P/O
POLY
PORC
POS
POT
PP
PT
PWV

RECT

RH

I

mechanical part
= plug

= transistor

= resistor

= thermistor

= switch

= transformer

= terminal board
= test point

= normally open
= nominal

= negative positive zero
(zero temperature
coefficient)

= negative-positive-
negative

= not recommended for
field replacement

= not separately
replaceable

= order by description
= oval head
= oxide

= peak

= printed circuit

= picofarads= 10-12
farads

= phosphor bronze

= phillips

= peak inverse voltage

= positive-negative-
positive

= part of

= polystyrene

= porcelain

= position(s)

= potentiometer

= peak-to-peak

= point

= peak working voltage

= rectifier

= radio frequency

= round head or
right hand

I

<cC

N<xgsg

RMO
RMS

RWV

S-B
SCR
SE
SECT
SEMICON
Sl

SIL
SL
SPG
SPL
SST
SR
STL

TA
TD
TGL
THD
Tl
TOL
TRIM
TWT

U

VAR
VvDCW

w/
w
wiv

ww
w/0

= integrated circuit

= vacuum, tube, neon
bulb, photocell, etc

= voltage regulator

= cable

= socket

= crystal

= tuned cavity network

= rack mount only
= root-mean square

= reverse working
voltage

= slow-blow

= screw

= selenium

= section(s)

= semiconductor
= silicon

= silver

= slide

= spring

= special

= stainless steel
= split ring

= steel

= tantalum

= time delay

= toggle

= thread

= titanium

= tolerance

= trimmer

= traveling wave tube

= micro=10-6

= variable
= dc working volts

= with

= watts

= working inverse
voltage

= wirewound

= without
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Figure 6-1. Illustrated Parts Breakdown
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Table 6-2. Replaceable Parts

Reference HP Part |c Q A Mfr
.. . t Description Mfr Part Number

Designation | Number |D Y p Code

A3 64100-66532 | '27 1 BOARD ASSEMBLY, CPU 28480 64100-66532

C1 0160-2308 5 1 CAPACITOR-FXD 36PF +5% 300VDC MICA 28480 0160-2308

c2 0160-5321 ia 18 CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 0160-5321

c3 ‘0160-5321 8 CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 0160-5321

[e23 0160-5321 ]8 CAPACITOR-FXD .01UF+80-20% 100/VDC CER 28480 0160-5321

Cs5 9160-5321 |8! CAPACITOR-FXD .01UF+80-20% 100'vDC CER 28480 0160-5321

C6 0160-5321 8 CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 0160-5321

c7 0160-5321 81 CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 0160-5321

cs :0160-5321 8 CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 0160-5321

c9 0160-5321 8' CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 0160-5321

Cc10 0160-5321 8| CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 0160-5321

c1 0160-5321 '8 CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 0160-5321

Cc12 0160-3470 4 CAPACITOR-FXD .01UF +80-20% 50 VDC CER 28480 0160-3470

C13 0160-3470 4 CAPACITOR-FXD .01UF +80-20% 50 VDC CER 28480 0160-3470

Ct4 0160-5321 ‘8 CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 0160-5321

C15 0160-5321 8 CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 0160-5321

C16 0140-0200 10 2 CAPACITOR-FXD 390PF +5% 300VDC MICA 72136 DM15F391J0300WV1CR

c17 0140-0200 ‘0 CAPACITOR-FXD 390PF +5% 300VDC MICA 72136 DM15F391J0300WV1CR

c18 0160-5321 8 CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 0160-5321

c19 0160-5321 9 CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 0160-5321'

C20 0160-5321 8 CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 0160-5321

c21 0160-5321 8 CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 0160-5321

c22 0160-5321 8 CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 0160-5321

ca23 0160-5321 ‘8 CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 0160-5321

C24 0160-5321 8 CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 0160-5321

Cc25 0180-0347 3 CAPACITOR-FXD 10UF £10% 20VDC TA 56289 150D106X9020B2

C26 0180-0347 3 CAPACITOR-FXD 10UF £10% 20VDC TA 56289 150D106X9020B2

ca7 0180-0116 1 CAPACITOR-FXD 6.8UF +10% 20VDC TA 28480 0180-0116

c28 0160-5321 8 CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 0160-5321

C29, C30 0180-0347 3 CAPACITOR-FXD 10UF +10% 20VDC TA 56289 150D106X9020B2

H1 2260-0009 3 7 NUT-HEX-W/LKWR 4-40-THD .094-IN-THK 00000 ORDER BY DESCRIPTION

H2 2200-0143 0 1 SCREW-MACH 4-40 .375-IN-LG PAN-HD-POZI 00000 ORDER BY DESCRIPTION

H3 0360-0679 3 6 TERMINAL-STUD SPCL-STDF PRESS-MTG 28480 0360-0679

J2 1251-4388 9 1 CONNECTOR 3-PIN M POST TYPE 28480 1251-4388

L1 9140-0112 2 1 COIL-MLD 4.7UH 10% O=33 .155DX .375 LG-NOM 28480 9140-0112

MP1 5040-6069 4 2 EXTRACTOR, BLUE 28480 5040-6069

MP2 1480-0116 8 2 PIN-GRV .062-IN-DIA .25-IN-LG-STL 28480 1480-0116

MP3 09825-67908 8 1 GASKET, MICROPROCESSOR 28480 09825-67908

MP4 1205-0338 4 1 HEAD SINK SGL PLSTC-PWR-C8 28480 1205-0338

MP5 0340-0511 0 1 INSULATOR-XSTR KAPTON 28480 0340-0511

MP6 3050-0791 6 1 INSULATOR-XSTR NYLON 28480 3050-0791

R1 0757-0282 5 1 RESISTOR 221 1% .125W F TC=0+100 24546 C4-1/8-T0-221R-F

R2 2100-3350 5 1 RESISTOR-TRMR 200 10% C SIDE-ADJ 1-TRN 28480 2100-3350

R3 0757-0422 5 1 RESISTOR 909 1% .125W F TC=0+100 24546 C4-1/8-T0-909R-F

R4 0698-3446 3 1 RESISTOR 383 1% .125W F TC=0+100 24546 C4-1/8-T0-383R-F

RS 0757-0200 7 3 RESISTOR 5.62K 1% .125W F TC=0+100 24546 C4-1/8-T0-5621-F

R6 0757-0279 0 2 RESISTOR 3.16K 1% .125W F TC=0+100 24546 C4-1/8-T0-3161-F

R7 0698-3432 7 2 RESISTOR 26.1 1% .125W F TC+0+100 03888 PMES5-1/8-T0-26R1-F

R8 0757-0200 7 RESISTOR 5.62K 1% .125W F TC=0+100 24546 C4-1/8-T0-5621-F

R9 0757-0200 7 RESISTOR 5.62K 1% .125W F TC=0+100 24546 C4-1/8-T0-5621-F

R10 0698-3432 7 RESISTOR 26.1 1% .125W F TC=0+100 03888 PMES55-1/8-T0-26R1-F

R11 0757-0280 3 4 RESISTOR 1K 1% .125W F TC=0+100 24546 C4-1/8-T0-1001-F

R12 0757-0280 3 RESISTOR 1K 1% .125W F TC=0+100 24546 C4-1/8-T0-1001-F

R13 0757-0280 3 RESISTOR 1K 1% .125W F TC+0+100 24546 C4-1/8-T0-1001-F

R14 0757-0279 0 RESISTOR 3.16K 1% .125W F TC=0+100 24546 _C4-1/8-T0-3161-F

R15 0757-0280 3| - RESISTOR 1K 1% .125W F_TC=0+100 24546 C4-1/8-t0-1001-F

TP1 thru 22 0360-0535 0 22 TERMINAL TEST PONT PCB 00000 ORDER BY DESCRIPTION

U1 1820-1281 2 2 IC DCDR TTL LS 2-TO-4-LINE DUAL 2-INP 01295 74LS139

U2 1820-1112 8 1 IC FF TTL LS D-TYPE POS-EDGE-TRIG 01295 74LS74

u3 1820-0693 8 3 IC FF TTL S D-TYPE POS-EDGE-TRIG 01295 74S74

U4 1820-0693 8 3 IC FF TTL S D-TYPE POS-EDGE-TRIG 01295 74S74

us 1820-2024 3 4 IC DRVR TTL LS LINE DRVR OCTL 01295 74L.S244

ue 1820-2024 3 IC DRVR TTL LS LINE DRVR OCTL 01295 74LS244

u7 1810-0275 1 NETWORK RES 10-SIP 1.0K OHM X 9 ot1121 210A102

U9 64100-80028 1 1 ROM 0 28480 64100-80028

u10 64100-80029 | 2 1 ROM 1 28480 64100-80029

u12 1820-1243 6 1 IC GATE TTL LS AND TPL 3-INP 01295 SN74LS15N

u13 1820-0693 8 IC FF TTL 8 D-TYPE POS-EDGE-TRIG 01295 74874

u14 1820-1112 8 2 IC FF TTL LS D-TYPE POS-EDGE-TRIG 01295 74LS74

u1s 1820-1112 8 IC FF TTL LS D-TYPE POS-EDGE-TRIG 01295 74LS74

CPU 6-4
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Table 6-2. Replaceable Parts (con’t)

Reference HP Part |c Qt D — Mfr
N . escription Mfr Part Number
Designation | Number |D \ P Code
u1é 1820-1322 2 1 IC GATE TTL 8 NOR QUAD 2-INP 01295 74502
u17 1810-0276 2 1 NETWORK-RES 10-SIP 1.5K OHM X 9 o121 210A152
u22 1820-1281 2 1 IC DCDR TTL LS 2-TO-4-LINE DUAL 2-INP 01295 7415139
u23 1810-0280 8 2 NETWORK-RES 10-SIP 10.0K OHM X 9 01121 210A103
U24 1810-0280 8 NETWORK-RES 10-SIP 10.0K OHM X 9 01121 210A103
u2s 1820-1199 1 2 IC INV TTL LS HEX 1-INP 01295 741504
U26 1820-1199 1 IC INV TTL LS HEX 1-INP 01295 741504
u27 1820-2024 3 IC DRVR TTL LS LINE DRVR OCTL 01295 7415244
u28 1820-2024 3 IC DRVR TTL LS LINE DRVR OCTL 01295 7415244
uU29 1820-1204 9 1 IC GATE TTL LS NAND DUAL 4-INP 01295 74LS20
u30 5061-3011 4 1 MICROPROCESSOR W/HEAT SINK 28480 5060-3011
u31 1820-1288 9 1 IC DRVR TTL CLOCK DRVR TTL-TO-MOS 1-INP 04713 MMHO0026CL
u32 1820-2102 8 2 ICLCH TTL LS D-TYPE OCTL 01295 74LS373
u33 1820-2102 8 ICLCH TTL LS D-TYPE OCTL 01295 7418373
u34 1820-1917 1 1 IC BFR TTL LS LINE DRVR OCTL 01295 74LS240
u3s 1820-1198 0 1 IC GATE TTL LS NAND QUAD 2-INP 01295 74LS03
u36 1820-0539 1 1 IC BFR TTL NAND QUAD 2-INP | 01295 7437
us7 1820-1307 3 1 IC SCHMITT-TRIG TTL S NAND QUAD 2-INP 01295 748132
VR1 1826-0393 7 1 IC RGLTR .TO=220 27014 LM317T
MISCELLANEOUS PARTS
E1 thru E6 8151-0013 9 6 JUMPER CLIP 28480 8151-0013
Xu9 1200-0567 1 2 SOCKET-IC 24-CONT DIP DIP-SLDR 28480 1200-0567
Xu10 1200-0567 1 SOCKET-IC 24-CONT DIP DIP-SLDR 28480 1200-0567
Xu27 1200-0639 8 -3 SOCKET-IC 20-CONT DIP DIP-SLDR 28480 . 1200-0639
Xuz28 1200-0639 8 SOCKET-IC 20-CONT DIP DIP-SLDR 28480 ]200—0639

See introduction to this section for ordering information
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Table 6-3. Manufacturers’ Codes

i
Mtr Manufacturer Name Address Zip
No. Code
00000 ANY SATISFACTORY SUPPLIER
01121 ALLEN-BRADLEY CO MILWAUKEE Ul 53024
01295 TEXAS INSTR INC SEMICOND CMPNT DIV DALLAS TX 75222
03888 KDI PYROFILM CORP WHIPPANY NJ 07981
04713 MOTOROLA SEMICONDUCTOR PRODUCTS PHOENIX AZ 85062
24546 CORNING GLASS WORKS (BRADFORD) BRADFORD PA 16701
27014 NATIONAL SEMICONDUCTOR CORP SANTA CLARA CA 95051
28480 HEWLETT-PACKARD CO CORPORATE HQ PALO ALTO CA 94304
56289 SPRAGUE ELECTRIC CO NORTH ADAMS MA 01247
72136 ELECTRO MOTIVE CQHP SUB IEC WILLIMANTIC CT 06226
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SECTION VII

MANUAL CHANGES
7-1. INTRODUCTION.

T-2. This manual has no backdating information for the CPU manual at the
publication date of this manual.

CPU 7-1/(7-2 blank)






Model 64100A - Service

SECTION VIII

SERVICE

8-1. INTRODUCTION.

8-2. This section contains information for troubleshooting and repairing the
Model 64100A’s Central Processing Unit (CPU).

8-3. The CPU Block Diagram (see figure 8-2), Component Locator (see figure 8-
6), Schematic (see figure 8-T), and other service information are provided on
fold-out service sheets to help you in servicing the CPU.

8-4. BLOCK DIAGRAM THEORY.

a. Microprocessor U30 controls Data and Addresses on both the CPU bus and the
Input/Output Bus.

b. Microprocessor Clock Generator U31l, U3T7A,B,D develop LCLK1l and LCLK2.

c. Low Power On Pulse Generator U3A, Ul6A,B and part of U3l4 syncronize LPOP
with LCLK1. The Generator also insures that any pulse from LPOP has a
minimum pulse width of approximately 35nS.

d. Low Upper Byte, part of U3k, indicates to the device being addressed if the
information on the Data Bus is either the upper or lower byte of a word.

e. Low Byte part of U3k, and Ul4B indicates to the device being addressed the
length of the word on the Data Bus: eight or 16 bits.

f. Timing Circuits UkA, Ul2C, U13, UlkA, UlS, Ul6D, part of U34, U36B,C,D, and
U37C develop the signals necessary for the Microprocessor to communicate
with the devices connected to it, i.e., Display Controller, Prom Programmer,
Proms, etc.

g. Addresses Latches U32 and U33 Latch the address from the Instruc-
tion/Data/Address Bus. The information in these Latches is routed out
on the CPU multiplexed address/data Bus.

h. Address Buffers U25, U26, and P/O U3l4 provide the inversion for developing
the ROM Addresses.

i. Chip Select Ul (NOT USED) decodes the CPU Address Bus allowing the CPU’s
Counter to select the ROM for execution of Software. NOTE: The 27128 ROMs
presently used are jumpered to ground thru E6. If the 2764 ROMs (4) are used
then jumper E6 must be moved to position A.

CPU 8-1
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j. ROMs U9 and Ul0 contain utility routines for power up of the Mainframe, and
Performance Verifications for the Mainframe including the Floppy and Tape
Control and Drive Options.

k. Data Buffers U27 and U28 Provide isolation buffering between the ROMs
outputs and the CPU Data Bus.

1. Test/Reset Circuit Ul6C and U35 will cause the Microprocessor to count from
0020 Hex to 3C00 Hex when the Test Mode jumpers EUW and E5 are in the TEST
position and U27 and U28 are removed.

m. SA latch U2 is used as an aid in taking signature analysis.

n. Input/Output Bus U3A,U4B,U5, and U6 is the path the Microprocessor uses to

communicate with the I/0 Board, which in turn communicates with the
Periphial Devices (Disc, Printer, other Stations).

CPU 8-2
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8-5. THEORY OF OPERATION.
8-6. GENERAL.

8-7. The Microprocessor used in the Model 6L100A Mainframe CPU is made by
Hewlett-Packard. The Microprocessor uses INMOS II Silicon on Sapphire
technology. The version being used in the Model 64100A does not have
Calculator Math Capability. The Microprocessor can be thought of as two
Microprocessors combined on one substrate. (1) The basic Microprocessor,
called the CPU Processor, has a 16 bit bi-directional bus with the Data and
Address time multiplexed. The 16 bit bus is demultiplexed into a 16 bit Data
Bus and a 16 bit Address Bus. The Data Bus, Address Bus, and some Control
Lines, e.g., LWRT, LSTB, etc., are called the CPU Bus. The CPU Bus is
distributed throughout the Mainframe over the Mother Board. (2) The second
half of the Microprocessor is called the Input/Output Processor. The I/0
Processor has a 16 bit bi-directional data bus, with a 4 bit address bus. Along
with the 4 bit address bus, there are two other control lines that can be used
to expand the I/0 Address Bus. In addition there are control lines that are
independent of the CPU Control Lines. The I/O Data Bus, Address Bus, and I/0
Control Lines form the I/O Bus.

8-8. CPU POWER SUPPLIES.

8-9. The CPU operates on +5V, -5V, +12V, and +7V. The +7V supply is derived
from an on board regulator (VR1) that is supplied by +12V on the CPU board. All
other supplies are derived from the power supply assembly

8-10. CLOCK GENERATOR.

8-11. Clock Generators U3l and U3TA,B,D develop LCLK1l and LCLK2 (see figure 8-

1). The Clock is derived from LSCLK1 (from the Display Control Board). The
frequency is 6.25 MHZ. LCLK1 and LCLK2 are non-overlapping signals.

"-64*—96 —>}= 64 2}e—o6—}

LCLK1

o fa—{sla——fsf—isle——stol=

LCLK2 —

}4—30—*—80-—{4—80——}4—80-’4
NOTE: TIMES ARE IN NS. THEY ARE TYPICAL

OF THE PROP DELAY THROUGH U37.

Figure 8-2. Clock Generator Timing
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8-12. LOW POWER ON PULSE GENERATOR.

8-13. U3A, Ul6A,B and P/O U3k form the Low Power On Pulse Generator. The Pulse
Generator synchronizes LPOP with LCLK1l, and ensures LPOP has a minimum pulse
width of approx. 35 nS. LPOP is generated by the Power Supply and the I/O
board in the event the system software is not running correctly. In either
case, LPOP will cause the Microprocessor to be initialized.

8-14. LOW BYTE SYNC.

8-15. UlLUB synchronizes Low Byte with LCLK2.

8-16. MEMORY CYCLE TIMING.

8-17. uka, Ul2C, U13, UlkA, Ul5, U16D, part of U3k, U36B,C,D and U37C develop
the signals necessary or the Microprocessor to communicate with the devices
connected to it, i.e., ROM, PROM Programmer, Display Controller, etc. These
signals are developed from LCLK1, LCLK2, and five signals from the
Microprocessor; HRAL, LSTM, LPDR, HSYNC, and HRD. The timing relationship of
the signals needed for the Microprocessor to communicate are shown in figure
8-3 and 8-4. These signals are listed in table 8-1.

8-18. CPU ADDRESS BUS.
8-19. Latches U32 and U33 capture the address from the Low Instruc-
tion/Data/Address Bus (LIDA) when High Address Latch (HADL) goes high.

8-20. ADDRESS BUFFERS.

8-21. Buffers U25, U26, and part of U3Y4 inverts the Addresses for the ROMs.

8-22. CHIP SELECT.

8-23. Data selector Ul decodes the addresses for ROM chip selection.

8-24. ROMS.

8-25. U9 and Ul0 contain utility routines for power-up of the Mainframe, and
Performance Verifications for the Mainframe and the floppy and tape Control and
Drive options. Jumpers E1, E2 and E3 have several combinations to allow
different storage capacity of ROMs to be used. Jumper information is given on
the two CPU schematics.
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Figure 8-3. Typical Write Memory Cycle
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Figure 8-4. Typical Read Memory Cycle

8-26. DATA BUS.

8-27. Buffers U27 and U28 provide buffering between the ROM outputs and the CPU
Data Bus. Because the Data Bus has addresses multiplexed on it, the data can
only be on the Data Bus at certain times. Therefore, the outputs of U27 and
U28 are active only when Low Data Buffered (LDBUF) is true.
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8-28. TEST/RESET.

8-29. U16C and U35 will cause the Microprocessor to increment the address lines
from 0020 HEX +to 3C00 Hex, then reset to 0020 Hex and count to 3C00 Hex
again. This will continue as 1long as Jumpers, EL and E5, are in the Test
mode and the buffers U27 and U28 are removed or disabled. The test mode is used
by a service person when troubleshooting with signature analysis (see Section
Iv).

8-30. INPUT/OUTPUT BUS.

8-31. Activity on the Input/Output Bus is Software dependent. However, when
there is activity, the +timing sequence is predictable. Timing Diagrams for
both Read and Write Cycles are shown in figure 8-5.

8-32. SA LATCH.

8-33. The SA latch U2 is used while taking signature analysis for setting up

the intervals required to get wvalid signatures. See CPU section IV for
information on the use of SA on the CPU board.

LOW DATA OUT —l J
LOW DATA OUT DELAYED —L l
ADDRESS BUS 2 Fooress 707
LOW INTERFACE CONTROL m W
OUTPUT DATA 7277724 7777777777777,
;?\AVOIQEPUT OUTPUT L [
LOW INTERRUPT 1

TYPICAL 1I/0 WRITE CYCLE
LOW DATA OUT — | 1
LOW DATA OUT DELAYED ——-J L
O e me 722727227700 77777777 7 7 g T
LOW INTERFACE CONTROL 2L 777777
LOW INPUT OUTPUT DATA L 7 77X owia X 7777777
;(_?;VOIéVEPUT OUTPUT ] I

LOW INTERRUPT

TYPICAL 1/0 READ CYCLE 1_1

Figure 8-5. Typical I/0 Read and Write Cycle
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8-35. Signals on the CPU Board have been assigned Mnemonics that describe the
active state and function of the signal line. Mnemonic functional definitions
are listed alphabetically in table 8-1.

CLKIN

HADL

HBG

HCLKCNTL

HDOUTD

HEXBG

HPCLK1-2

HRAL

HSEM

HSYNC

LAO-15

Table 8-1. CPU Mnemonics
Clock Input - not used in this system.

High Address Latch - when high, latches the 16 bit address
from the ID Address Bus (IDA) into two 8 bit latches, to be
sent out on the Address Bus.

High Bus Grant - when high, acknowledges Low Bus request has
been received. However, the requesting device must wait until
High External Bus Grant is true before using the IDA Bus.

High Clock Control - when high, allows HPCLK1 and 2 to be
input directly, as opposed to inputing the clock into CLKIN
and having the Microprocessor derive its own HPCLK1l and 2.

High Data Out Delayed - normally high. When low, indicates
to the addressed peripheral device the Microprocessor will
read data from it.

High External Bus Grant - when high, indicates to the re-
questing device that it may use the ID Address Bus (IDA).

High Processor Clock 1 and 2 - two complementary, nonover-
lapping clocks; required by the Microprocessor Chip.

High Register Access Line - when an address on the 1ID
Address Bus is within the range reserved for register
designation, HRAL goes high to prevent external memory from
responding to any memory cycle having the same address.

High Read - when high, indicates the Microprocessor will
read from devices external to it. When low, the Microproces-
sor will write to devices such as memory.

High Start External Memory - Goes high at the begining of an
external memory cycle. There are also memory cycles for the
Microprocessor’s internal memory.

High Sync - when high, indicates the Microprocessor is
fetching an Opcode.

Low Address 0 through 15 - a 16 bit bus demultiplexed from
the LIDAO-15 bus. Used by the Microprocessor to address
various devices in the system, including ROM. The bus is send
only from the Microprocessor.
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LBL

LBR

LBYTE

LCLK1-2

LCS0-3

LDO-15

LDBUF

LDMAR

LDOUT

LDOUTD

LDSTM

LERA

LFLG

LHLT

LIC1-2

CPU 8-10

Table 8-1. CPU Mnemonics (Cont’d)

Low Byte Left - when low, indicates the left or upper eight
data bits of a memory cycle will be used, as opposed to the
right or lower eight data bits and is used only when LBYTE
is low.

Low Bus Requested - provides the way for an external device
to request uninterrupted use of the ID Address Bus (IDA).

Low Byte - when low, indicates that a memory cycle is to
involve an eight bit byte, rather than the full sixteen bits
of the word.

Low Clock 1-2 - +two complementary, nonoverlapping clocks;
required by several devices on the CPU Board for timing.

Low Chip Select 0-3 - goes low to select the desired ROM.
Controlled by the Microprocessor’s Address Bus.

Low Data 0 through 15 - a 16 bit bidirectional bus connected
to the LIDAO-15 bus. Used to transfer data to and from the
Microprocessor. When LSTB is low, data is present on the bus.

Low Data Buffered - when low, enables two 8 bit buffers to
transfer data from the ROMs to the Data Bus.

Low Direct Memory Access Request - a peripheral device
forces this line low when it wants direct access to memory.

Low Data Out - when low, indicates to the addressed periph-
eral device, that the Microprocessor will write to it. LIOSB
must also be low.

Low Data Out Delayed - normally low. When high, indicates to
the addressed peripheral device that the Microprocessor will
read data from it.

Low Delayed Start Memory - not used in this system.

Low Extended Register Addressing - when forced low by an
external device, the internal registers have increased add-
ressing range on the ID Address Bus (IDA).

Low Flag - can be tested by software. A hardware line
used as a "Flag" by any peripheral device which is connected
to the Microprocessor. They are wire ORed 'Flags".

Low Halt - can be tested by software. Used as a "Flag" to the
Microprocessor by the System Bus Controller for interrupts.

Low Interface Control 1 and 2 - these +two lines can provide
up to four states used to control peripheral devices. How
these lines are controlled is determined by software.
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Table 8-1. CPU Mnemonics (Cont’d)

LIDAO-15 Low Instruction/Data/Address O through 15 - a 16 bit bidirec-
tional bus which the Microprocessor communicates over. Bus
information is true low. The Bus is demultiplexed into
separate address and data buses.

LINT Low Interrupt - the Microprocessor pulls this 1line low in
response to LIRH or LIRL to allow polling the Input/Output
Bus to determine which peripheral requested the interrupt.

LIODO0-15 Low Input/Output Data 0 through 15 - a 16 bit bidirectional
bus. The Microprocessor uses this bus to communicate with
I1/0 Ports. Information is true low, and is used in conjuction
with LPABO-3.

LIORD Low Input/Output Read - when low, indicates that the CPU is
reading information from the I/0 bus.

LIOSB Low Input/Output Strobe - when low, indicates the data on the
Input/Output Bus is valid.

LIOWRT Low Input/Output Write - when low, the CPU is writing
information to the I/0 bus.

LIRH Low Interrupt Request High - an external device requests an
interrupt by forcing +this 1line low. LIRN has a higher pri-
ority than Low Interrupt Request Low (LIRL), and can preempt
the lower priority even while it is in process. LPOP can
preempt LIRH.

LIRL Low Interrupt Request Low - an external device requests an
interrupt by pulling this line low. LIRL is the lowest pri-
ority interrupt, and has no preempt abilities, therefore,
must wait its turn. LIRH and LPOP can preempt LIRL.

LMSYN Low Memory Sync - a signal from addressed devices. When low,
forces the Microprocessor to wait until the addressed devices
can complete the read or write operation.

LOPCODE Low Opcode - for factory use only.

LPABO-3 Low Peripheral Address Bus 0 through 3 - identifies which one
of 16 peripheral devices will be involved in an I/O
operation.

LPBE Low Processor Buffer Enable - Always low. Enables the intern-
al Microprocessor buffers for the Instruction/Data/Address
Bus.

LPBO Low Processor Buffer Out - controls the direction of the

Microprocessor’s internal, bidirectional, ID Address Buffers.
When low, information is transmitted from the Microprocessor.
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LPDR

LPOP

LRADDR

LSCLK1

LSMC

LSTB

LSTM

LSTS

LUMC

LUPB

LWROM

LWRT

CPU 8-12

Table 8-1. CPU Mnemonics (Cont’d)

Low Processor Drive - when low, the Microprocessor is driv-
ing the Instruction/Data/Address Bus.

Low Power On Pulse - when low, initializes and prevents the
Microprocessor from running. When LPOP is released, the
Microprocessor begins operation at address 20 Hex. LPOP is
synchronized with LCLK2 before being input to the Micropro-
cessor. LPOP can preempt LIRL and LIRH.

Low ROM Address - when 1low, indicates the microprocessor is
addressing ROM (0000-4000 Hex).

Low System Clock 1 - a 6.25 MHz clock used throughout the
System.

Low Synchronized Memory Complete - a Microprocessor output,
not used in this system.

Low Strobe - when low, and in the write mode, indicates the
data bus has wvalid information on it. When low, and in the
read mode, indicates the Microprocessor is not driving the
bus, and the device addressed can now drive it.

Low Start Memory - used to initiate a memory cycle. When
low, indicates that the information on the Address Bus is
valid.

Low Status - can be tested by software. Used as a "Flag" by
any peripheral device connected to the Microprocessor. The
peripheral devices are wire ORed to this line.

Low Unsychronized Memory Complete - when low, allows the
Microprocessor to complete its memory cycle. If the Memory
needs to make the Microprocessor wait, due to long access
times, it pulls LMSYN low, causing LUMC to go high. When LUMC
is high the Microprocessor must wait.

Low Upper Byte - when low, indicates the upper byte is being
written or read and is used only when LBYTE is low.

Low Write ROM - when low, - this signal clocks the SA latch
forcing an SA interval to occur.

Low Write - when low, the Microprocessor will write to the
addressed device.
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ICs ON THIS SCHEMATIC
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U27.28 1820-2024 741L5244N
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Two 128K ROMs are used on the 64100-66532
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O O denotes the 2764 ROMs (U8,9,10,11)

O~ O denotes the 27128 ROMs (U9,10)

Board comes configured in this setting.

Figure 8-T7.
CPU Schematic 2 (Sheet 2 of 2)
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SECTION I

GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. The following subsections provide the service information for the display
section of the HP 64100A LOGIC DEVELOPMENT SYSTEM. Included are detailed
removal and installation instructions, adjustments for the CRT, and a block
diagram level theory-of-operation. Standard service information includes
schematics, parts lists, component locators, signature analysis tables,
troubleshooting guide, and a table of mnemonics.

1-3. DESCRIPTION.
1-4. The display section functions are handled by three electronic

assemblies; the Display Controller assembly, the Display Driver assembly, and
the cathode ray tube (CRT) assembly. The display screen format provides for 80

characters and 25 rows. The horizontal sweep sync runs at a frequency of 25
KHz; the vertical sweep sync runs at 60 Hz. The dot matrix size for each
character is 7 dots wide by 9 dots high. To allow for a border around and
between characters, each character is allotted a space 9 dots wide by 15 dots
high. The horizontal scanning rate is 25 MHz, 40 nanoseconds per dot (see

figure 1-1. Example of Display Format).

1-5. The display controller board utilizes an Intel 8275A CRT controller to
simplify display circuitry. The primary function of the 8275A is to refresh
the display by buffering the information from RAM memory and keeping +track of
the display position of the screen.

. 0000000 .
. 0.

.0 0L
. 00000

Figure 1-1. Example of Display Format

DSP 1-1



General Information - Model 64100A

POST nn
ACCELERATOR
LEAD

CRT
GROUND
STRAP

/.

PROTECTIVE
T~ RUBBER
CuP

J2
J1

L~

O o DISPLAY
DRIVER
BOARD

Figure 1-2. Location of Display Components
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SECTION II

INSTALLATION AND REMOVAL

2-1. DISPLAY CONTROLLER.

CAUTION

NEVER INSTALL OR REMOVE ANY CIRCUIT
BOARD WITH THE POWER SWITCHED ON.
COMPONENT DAMAGE WILL OCCUR!

WARNING

LETHAL VOLTAGES EXIST THROUGHOUT THE
MAINFRAME. POWER LINE SWITCH COFF
BEFORE SERVICING OR REMOVING CIRCUIT
BOARDS.

2-2. The Display Controller board must be installed in the second card cage
slot from the front of the machine. The slot is labeled "DSPL CNTL". Be sure
the card is aligned with the connector on the Motherboard before complete
insertion. To remove the Display Controller board, first disconnect any cables
that cross over the top of the Display Controller board. The board can now be
removed by lifting on the two card extractor levers simultaneously.

2-3. DISPLAY DRIVER.

WARNING

HAZARDOUS POTENTIALS EXIST OCN THE
DISPLAY DRIVER BOARD AND ON THE CRT.
TO AVOID ELECTRICIAL SHOCK THE
FOLLOWING PROCEDURE SHOULD BE CLOSELY
ADHERED TO. WEAR SAFETY GLASSES!!!

2-4. REMOVAL:
1. Switch power OFF and disconnect the AC power cord.
2. Completely remove the five screws that secure the top
cover. Also, remove the two (or four) screws that secure

the state and timing ground clips to the rear panel. Lift
and remove cover.

DSP 2-1
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CAUTION

Discharge the post accelerator lead to
the grounding strap only. Component
damage will occur if discharged to other
areas.

NOTE

THE CRT MAY CHARGE UP BY ITSELF
EVEN WHILE DISCONNECTED. DIS-
CHARGE THE CRT BY SHORTING THE
POST ACCELERATOR TERMINAL OF THE
CRT TO THE CRT GROUND STRAP WITH
A JUMP LEAD, BEFORE HANDLING.

. Short out the charge on the CRT by connecting a jumper

lead between the ground strap of the CRT and the shaft
of the screwdriver. Slip the screwdriver under the
protective rubber cup of the Post Accelerator lead and
then momentarily touch the screwdriver to the metal
clip of the Post Accelerator lead.

. Disconnect the Post Accelerator lead from the CRT .

. Disconnect the cables at J1 and J2 of the display

driver, see figure 2-1.

. Pull the Display Driver board straight up from the

Motherboard socket.

The Display Driver can be installed by reversing the order of the
removal procedure.

DSP 2-2
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RIS
R9  FOCUS L3
INTENSITY HGAIN

@e*:ﬂ_

R26
] veain

RI

HPOS
DISPLAY DRIVER BD

64100 - 66523

Figure 2-1. Location of Connectors J1 and J2

2-5. CATHODE RAY TUBE.

WARNING

HAZARDOUS POTENTIALS EXIST ON THE CRT.
TO AVOID ELECTRICAL SHOCK THE FOLLOWING
PROCEDURE SHOULD BE CLOSELY ADHERED TO.
SAFETY GLASSES SHOULD BE WORN WHILE
WORKING WITH THE INTERIOR OF THE UNIT
EXPOSED.

2-6. REMOVAL:
1. Switch power OFF and disconnect the AC power cord.

2. Completely remove the five screws that secure the top
cover. Also, remove the two (or four) screws that secure
the state and timing ground clips to the rear panel. Lift
and remove cover.

DSP 2-3
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3.

L.
5.

6.

CAUTION

Discharge the post accelerator lead to
the grounding strap only. Component
damage will occur if discharged to other
areas.

Short out the charge on the CRT by connecting a jumper
lead between the ground strap of the CRT and the shaft
of +the screwdriver. Slip the screwdriver under the
protective rubber cup of the Post Accelerator lead and
then momentarily touch the screwdriver to the metal
clip of the Post Accelerator lead.

NOTE

THE CRT MAY CHARGE UP BY ITSELF EVEN WHILE
DISCONNECTED. DISCHARGE THE CRT BY SHORTING
THE POST ACCELERATOR TERMINAL OF THE CRT TO
THE CRT GROUND STRAP WITH A JUMPER LEAD.

Disconnect the Post Accelerator 1lead from the CRT.

Disconnect the cables at J2 of the Display Driver and
the cable at the end of the CRT.

Completely remove the four CRT mounting screws, then
1ift and remove CRT from chassis.

2-7. INSTALLATION:

DSP 2-L4

The CRT can be installed by reversing the order of the
removal procedure. Don’t forget to replace the ground
wire to the upper right CRT mounting screw.
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SECTION III
OPERATION

3-1. GENERAL.

3-2. The Performance Verification section of the Mainframe contains the
procedure for testing the various functional areas of the processor to help in
isolating malfunctions. There are no external user controls.

DSP 3-1/(3-2 blank)
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SECTION IV

PERFORMANCE VERIFICATION

4-1. INTRODUCTION.

4-2. If the Mainframe has failed in a display or RAM test, troubleshoot using
this section. If there is some doubt as to the failure mode, return to section
IV of the Mainframe chapter.

4-3. RAM TESTS.
L-4. POWER-UP RAM TEST.

Purpose:

This RAM test verifies the ability to read and write from the
upper 32K x 16 locations of RAM (address 8002 HEX thru FFFF HEX)
located on the Display Controller board. Note that this test
occurs only on power up. The lower 32K x 16 locations of RAM
(memory mapped address 4000 HEX thru TFFF HEX) are tested under
option test. The option test is initiated by pressing the "opt-
test" softkey. The upper and lower 32K of RAM have their own PV
and display different error messages.

Area Tested:
All upper 32K x 16 locations of RAM including refresh ability,
the multiplexed memory Address/Data bus from the CPU,
Motherboard connections between CPU and Display Controller
board, the demultiplexed Address/Data bus to/from RAM, and the
timing and control circuitry.
Operation:
a. The power up RAM test operates differently from the
PV test.
b. The RAM test takes approximately 7 seconds.

c. All upper 32K x 16 locations of RAM are toggled to
insure READ/WRITE operation.

d. Refresh ability is verified.

e. The operation of the routine is as follows:
1. Load RAM with a pseudo random count, starting with zero.
2. Read RAM and compare with count.

3. Check for an error. If error occurs go to error
sequence.

4. If there is no previous error, wait one second.

DSP k-1
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DSP 4-2

5. Read RAM and compare with count.

6. Check for an error. If error occurs go to error
sequence.

7. If there is no previous error, load RAM with complement
of count, starting at zero.

8. Read RAM and compare with the complement of the count.

9. Check for an error. If error occurs go to error
sequence (see step f).

10. If there is no previous error, wait one second.
11. Read RAM and compare with count.

12. Check for an error. If error occurs, go to error
sequence.

f. If there are not any errors in either RAM error mask then
the system will beep twice. But, if an error exists, then
the following error sequence occurs for steps a thru e:

1. Reset the delta timer to prevent auto restart.

2. Set the SA latch.

3. Write to and read from the upper 32K locations of RAM.
4. Provide stimulus to CRT controller.

5. Output RAM error display header information (including
refresh error message if refresh error flag set).

6. Reset SA latch.

7. Output individual failing IC number for the upper
32K x 16 memory locations which are contained on all
16 RAM ICs.

NOTE

The Display Controller board has 64K x 16 memory locations on
16 RAM ICs. The older Display Controller boards (with serial
prefix numbers less than on the title page of this manual)
have 32K x 16 memory locations on 32 RAM ICs. When a RAM
failure occurs, the failing unit number might display two
failure RAM numbers. When the message is read, use the lower
value number and disregard the larger number. The reason
this occurs is the firmware has not changed and so the coded
RAM failure message remains the same.
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g. When a failure occurs, the routine attempts to output
an error message as follows:

SELF-TEST FAILURE <------- blinking
RAM TEST:
FAILING UNIT NUMBER (S)

XY <--- older failing RAM numbers (U51-U58 or U65-UT2 not used)

XY <--- failing RAM number (U23-U30 or U38-UL5)

"XY"  corresponds to the U# of the failing RAM.
Depending on which RAM is failing, the display could be
affected. Evidence of this is a random pattern on the
CRT or incorrect spelling of messages. For this reason
the accuracy of a RAM test failure is always suspect.
Because each RAM is 1 bit wide, all 16 RAMs are used to

store display information. Thus, if any of these 16
RAMs is failing, the display will be unintelligible to
various degrees. If the error message displays two

failing RAMs, use the lower IC number.

4-5. UPPER 32K RAM PV TEST.

Purpose:
The RAM test verifies the ability to read and write from
the upper 32K addressable locations of RAM 1located on the
Display Control board and checks for refresh. Note that
this test only occurs during PV and is intended to

troubleshoot intermittent problems. This test can be run
in single step or continuous mode. It displays the number
of tests run versus the number of tests failed. If a

failure occurs, an error message code will be displayed on
the same line.

Area Tested:
All upper 32K x 16 memory locations including refresh
ability, +the multiplexed memory Address/Data bus from the
CPU, Motherboard connections between CPU and Display
Controller board, the demultiplexed Address/Data  bus
to/from RAM, and the timing and control circuitry.

Operation:
a. This test takes approximately eight seconds.

b. Data from ROM is written into RAM, and then read back
and compared to the ROM contents.

c. The second step writes walking 1’s and 0’s to each
RAM address and reads it back. The walking 1’s and O0’s
are visable on the CRT as a blinking pattern with
characters moving to the bottom of the screen.
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A "1" indicates a failure when the HEX error code is converted to BINARY.

NOTE

Since the display uses a portion of
all 16 RAMs, a failure may affect the
ability to display the failed RAM
IC number.

Example of PV ERROR MESSAGE.

RAM TEST: BIT ERROR MASK UPPER BANK=XXXX LOWER BANK=XXXX

The XXXX is the hexidecimal representation of the 16 bit error
mask. Since there are 6L4K x 16 locations of RAM, each RAM IC is
one data bit for the entire upper 32K address range. There is a
one to one correlation between the data bit set in the error mask
and the failing RAM.

Table 4-1. PV ERROR CODE

Example error: RAM TEST: BIT ERROR MASK UPPER BANK=2004 LOWER BANK=0000
I | | | |
| 2 | 0 | 0 I l
| | | | |
| | | | |
| UL45 UL4 UL3 U42 | ULl ULO U39 U38 | U30 U29 U28 U2T | U26 U25 U24 U23 |
AR [ " [-mmmm e mmn e |
| 0 0 1 0 | o© 0 0 0 | o 0 0 0 | o 1 |
I | | | |
UY43 and U25 have failed.

Example error: RAM TEST: BIT ERROR MASK UPPER BANK=0000 LOWER BANK=A01l0

U30 U29 U28 U27

0 ¢ 0 0

|
I
:
ULS ULL UL3 Uk2 | ULl U0 U39 U38
[ ----
I
|

U26 U25 U24 U23

U45, UL3, and U27 have failed.

DSP u4-4



Performance Verification - Model 64100A

NOTE

The error message display shows '"UPPER BANK" and "LOWER
BANK'. There is only one bank of RAM on the Display
Controller board for mainframes identified by the serial
prefix number on the title page of this manual. The XXXX
message is still wvalid. Ignore which BANK the message
appears in. Table U4-1 should simplify the error message.

4L-6. LOWER 32K RAM TEST.

4-7. PERFORMANCE VERIFICATION TESTS.

4-8. The Performance Verification for the lower 32K of memory is a software
routine used by the mainframe to test about 99 % of the circuitry used by the
RAM.

Purpose:
This RAM test verifies the ability to read and write from the
lower 32K x 16 memory locations of RAM located on the Display
Controller board and checks for refresh operation.

Area Tested:
All 1lower 32K x 16 memory locations of RAM including refresh
ability, the multiplexed memory Address/Data bus from the CPU,
Motherboard connections between the CPU and Display Controller
boards, the demultiplexed Address/Data bus to/from RAM, and the
timing and control circuitry. Signature analysis loops can also
be tested.

operation:
a. With the operating system initialized and awaiting a command
(figure L-1), press the opt_test softkey command. The display
should show:

option test .......press [RETURN]

DSP L4-5
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DSP L4-6

BTATUS: Awaliting Command vserid 14148
option_test
yserid datedtime opt test  terminal SCMDFILEY BAGKUP = e T (e

Figure 4-1. System Awaiting Command Display




4-9.

4-10.

Performance Verification - Model 64100A

HP 64000 Option Performance Verification
Slot # ID # Module

10 0402H 32K Memorv Expander

HGTATUS: Awaiting option_test command 14:48

option_test

end (BLOT ¥ print

Figure 4-2. Card Cage Directory Display

b. The PV now displays a directory of the installed option boards
and their card slot numbers (figure 4-2). The lower 32K locations
of memory are addressed as a "32K Memory Expander"” option and is
accessed through option slot 10 with an ID of 0402 HEX.

ENTER: 10 ....ovnt press [RETURN]

c. Bank 1 and Bank 2 refer to the upper 16K and lower 16K of the
lower 32K locations of memory in RAM under test. See figure U4-3.

PERFORMANCE VERIFICATION COMMANDS.

Each PV display provides prompting for the commands that can be executed.

These commands are selected by "softkeys" which are defined on the following

page.

NOTE

The BANK 1 and BANK 2 commands refer to the 1lower 32K addressable
locations of RAM divided into two 16K MEMORY BANKs for PV. Roth
BANK 1 and BANK 2 operate identically except for the address range
they occupy in RAM. Only one set of PV commands will be explained
using BANK 1 as the model.

DSP L4-7
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..... initiates highlighted test and continues  through

other tests until the end, next test, softkey
is pressed.

e terminates test activity and returns display to

next higher level. At Total PV Display (Figure
4-3), also resets failure counters to zero.

..... moves highlight line to following test category.
..... outputs display to attached printer.

..... sets the display to the next lower level where the

“start” and "exit_test” softkeys start and stop
the PV test.

4-11. TOTAL PV TEST.

4-12. Display.

All test categories available are shown in this display. When

one or more test categories have been executed the results are displayed. Use
the display to choose the test categories to be performed or to review the
overall results of the PV.

DSP 4-8

Host Memory Performance Verification

32K Memory Expander in card slot #i0
Test ¥ Fail # Test

Bank 1 Operation 1] 0
Refresh 0 0

Sianature Analvsis N/A 0
Eank 2 Operation [}

Refresh 0 []

Signature Analysis N/A 0
Interaction 0 0
Refresh Only N/A 0

STATUS: Awaiting option_test command 10:40

end cycle next test disp test print

Figure 4-3. Total PV Display
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4-13. Running the Total PV. To run all the tests shown on the display, press
the "cycle" softkey. [Each test category is executed and the results are
displayed. A complete cycle requires approximately fifteen seconds. Press the
"next_text" softkey to halt the iterations.

4-14. Using the Total PV Results. When the tests are complete, examine the #
Fail column. All entries zero indicate that approximately 99% of the circuitry
has been checked and no errors have been found.

4-15. A non-zero value represents the number of errors detected in the test
category. Determine the exact cause of the error by running the failed test
category and viewing the results in detail. Do this by positioning the
highlight line over the failed test category and pressing the "disp test”
softkey. This places the display in the next lower level where the "start"
initiates the PV test and the "exit test” ends the PV test.

4-16. OPERATION TEST.

4-17. Display. This display shows the four Operation test categories and the
test results. Use the display to view test conditions in detail.

Host Memory Performance Verification
Bank 4 Operation Test

32K Memory Expander in card slot #10
Test Results (cumulative) # Fail # Test
Data Data= 0000 (0000) 0 0
Address Address=0000 (0000) Data= 0000 (6000) 0
Byte Operation 0

Pattern Data= (000 <0000)> 0

STATUS: Awaiting option_test command 10:42

start exit _test print

Figure U-U4. Operation Test Display

4-18. Running the Operation Tests. The Operation tests are started by pressing
"disp test” and then the "start" softkeys. To stop the tests and return to the
Display, press the "exit test" softkey. Each iteration of the tests takes
less than one second.

DSP L4-9
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4-19. Using the Operation Test Results. The total number of errors detected
during the tests is shown in the # Fail column. Each error code in the Results
column represents a single failure encountered during the last iteration. Each
error code in the (cumulative) column represents the sum of all errors detected
during the test. Cumulative error codes that differ from Results error codes
indicate multiple, or intermittent errors. When the error codes are the same,
the errors are systematic. Refer to the appropriate test for an explanation of
what the test does and how to decode the errors.

4-20. DATA TEST.

4-21. Purpose. This test (figure 4-4) checks all data paths for signals LDO
through LD15 by writing data to the memory RAMs and then reading it back. When
a bit cannot be written and read back in both its high and low level, an error
is flagged. During the test, data is written to only one address in each of
the 16 RAMs, therefore, a successful test indicates that the data paths are
functioning correctly, but it does not imply that all cells in all RAMs are
operating properly. See Pattern Test for RAM cell check. Note that address
bus failures generally do not affect the reliability of this test.

4-22. Decoding Data Test Errors. All errors found are formatted as a four
character hexidecimal word. Each character represents four binary digits, each
digit corresponding to a single data line. To decode an error word, convert
each character to its binary equivalent and compare it with the chart shown
below. If necessary, refer to Table L-2. for hexidecimal-to-binary
conversion. For example, if the error word is 0005, there are errors on the
LDO and LD2 data paths. The U-number shown in the chart indicates the RAM that
may have a failure.

a. Data Test Errors.

Hex Binary Signal in error/RAM
xxxx= 0000 0000 0000 0000 None
--------------- 1 LDO Ul
memm mmme m-e- --1-  LD1  ULT

mmm= mmme —-e- -1-- LD2 U2
------------ 1--- LD3  U18
----------- 1---- LD4 U3
sme= === —-1- ----=  LD5  U19
---= =--= -1-- ---- LD6 Uy
-------- 1--- ---- LD7  U20
------- 1 ---- ---- LD8 U5
mem= =-1- ==-= ---= LD9  U21
~--= =1-= -=-- ---- LD10 U6
T LD11  U22
N T TR LD12 U7
~=l- ===~ —--= -—== LD13 U23
~1-- ---= —-e= -—-=  LD14 UB
Le-n mmm mme —me- LD15 U2k

DSP L4-10
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4-23. ADDRESS TEST.

4-2Y4. Purpose. Fourteen .address lines are checked in this test (figure L-4) to
make certain they are intact. Data is written to selected addresses in the
RAMs and read back. When each bit at the selected addresses cannot be written
and read at its high and low state, an error is noted.

4-25. Decoding Address Test Errors. Because data errors can cause an address
test to fail, both the address bits and data bits are flagged when a failure
occurs. After the failure occurs, decode the four character "address error

word” using the chart shown below. To decode the 'data error word”, use the
chart shown in the Data Test. Refer +to Table U4-2 for hexidecimal-to-binary
conversion, if necessary. Significant error conditions follow.

a. Address Test Errors.

Hex  Binary Signal in error

xxxx= 0000 0000 0000 0000 None
00-- ---= -=== ~--- 1 LAO
00-- --== —--e --1- LAl NOTE
00-- -~-= =-== -1-- LA2
00-- -=-= ---- 1--- LA3 When......LAl5 = False
00-- ---- --- 1 ---- LAL and...LAll4 = True
00-- ---- --1- ---- LAS then the Memory Mapped I/0
00-- =-=== -1-- ---- LA6 is addressed. The lower 32K
00-- --=-- l1--- === LAT of RAM is addressed over the
00-- --- 1 ---- ---- LA8 Memory Mapped I/0.
00-- ~--1- -=-=- ---- LAQ
00-- -1-- -=-=- —==- LA10 When......LMAP1 = False then
00-- 1--- -=== ~—=—=- LA11 BANK 2 is addressed
00-1 ---- --=- ~==- LA12
001- ---- ---- ---- LA13 When......LMAP1 = True then
LA = Low Address BANK 1 is addressed

b. Address Error = 3FFF. Indicates all address lines are failing.
This is because there are only 14 address lines and an error of
FFFF cannot be returned from the test.

¢. Multiplexed Address Errors. When two address bits are in error,
check to see if they are separated by seven bits. This may
indicate a single line is failing that is carrying both bits in
multiplexed form. Multiplexed address bits are shown below.

Multiplexed Address Bits

Bits Node Hex

0 and T U37 - 11 0081
1 and 8 U37 - 13 0101
2 and 9 U37 - 12 0204
3 and 10 U37 - 18 0408
4 and 11 U37 - 17 0810
5 and 12 U37 - 16 1020
6 and 13 U37 - 19 2040

DSP 4-11
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4-26. BYTE OPERATION TEST.

4-27. Purpose. This test (figure 4-4) checks the module’s ability to perform
byte operations. When the upper and lower bytes cannot be written and read
back correctly, an error condition is noted.

4-28. Decoding Byte Operation Errors. The errors found in this test are not
decoded. When this test fails and all other tests pass, the failure is
probably associated with signals LWRTL and LWRTU in the read/write control
circuit.

4-29. PATTERN TEST.

4-30. Purpose. All of the cells in each RAM are checked by this test (figure
L4-4). When both the high and low state cannot be written and read back from
each cell, a failure is noted.

4-31. Decoding Pattern Test Errors. All errors found are formatted as a four
character hexidecimal word. Each character represents four binary digits, each
digit corresponding to a single bit. To decode an error word, convert each
character to its binary equivalent and compare it with the chart shown below.
If necessary, see Table 4-2 for hexidecimal-to-binary conversion. For example,
if the error word is 0060, there are errors on the LD5 and LD6 data paths. The
U-number shown in the chart indicates the RAM that may have a failure.

a. Pattern Test Errors.

Hex  Binary Signal in error/RAM
xxxx= 0000 0000 0C00 0000 None
--------------- 1 1do Ul
mme- meem —me- --1- LDL ULT

~=== =e== —--- -1--  LD2 U2
------------ 1--- LD3  U18
----------- 1 ---- LD U3
~=== =--= =-1- ---- LD5  U19
~=-= ==== -1-- ---- LD6 Uk
-------- 1--- ---- LDT  U20
——————— 1---- ---- LD8 U5
---- =-1- ---- ---- LD9 U2l
---- -1-- ---- ---- LDIO U6
T LD11  U22
e LD12 U7
--1- ---- ---- ---- LDI13  U23
-1-- =--= ==-- ---— LD14 U8
1-=n === mmem —ee- LD15 U2y

LD = Low Data

4-32. REFRESH TEST.

4-33. Display. This display shows the two Refresh test categories available
and their test results. Use the display to review test conditions.
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Host Memory Performance Verification
Refreshina ~ No Test

32K Memory Expander in card slot #10
Test # Fail # Test
Rank 1 Operation 0
Refresh 0

Signature Analvsis N/A

Bank & Operation 0

Refresh . 0
Signature Analysis N/A

So® oo

Interaction (]

° o

Refresh Only N/&

STATUS: Awaiting option_test command 042

S

Figure 4-5. Refresh Test Display

start exit test print

4-34. Running the Refresh Tests. When this screen is displayed, the two tests
are always running. Press the "exit test” softkey to stop the tests and return
to the Total PV Display. Each iteration takes approximately ten seconds.

4-35. Using the Refresh Results. The total number of errors detected during
the tests is shown in the # Fail column. Each error code in the Results column

represents a single failure encountered during the last iteration. Each error
code in the (cumulative) column represents the sum of all errors detected
during the test. Cumulative error codes that differ from Results error codes

indicate multiple, or intermittent errors. When the error codes are the same,
the errors are systematic. Refer to the appropriate test for an explanation of
what the test does and how to decode the errors.

4-36. DELAY TEST.

4-37. Purpose. This test (figure 4-5) checks for hard failures in the refresh
circuitry (a HARD FAILURE implies firmware failure). When data cannot be
written to the RAMs and read back correctly after waiting several refresh
cycles, an error is noted. When this test fails and all other tests pass, the
problem lies in the refresh circuit.

4-38. Decoding Delay Test Errors. All errors found are formatted as a four
character hexidecimal word. Each character represents four binary digits, each
digit corresponding to a single bit. To decode an error word, convert each
character to its binary equivalent and compare it with the chart shown below.
See Table 4-2 for hexidecimal-to-binary conversion,if necessary. For example,
if the error word is OA00, there are errors on the LD9 and LD11 data paths.
The U-number shown in the chart indicates the RAM that may have a failure.
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a. Delay Test Errors.

Hex  Binary Signal in error/RAM
xxxx= 0000 0000 0000 0000 None
--------------- 1 LDO U1
mmme mme- e-e- --1- LD ULT

-m-= =-m= ---- -1--  LD2 U2
------------ 1--- LD3  U18
----------- 1 ---- LD4 U3
=== === --1- ---- LD5 U9
---= =-== -1-- ---- LD6 Uk
-------- 1--- ---- LD7  U20
------- 1---- ---- LD8 US
-=-= =-1- =--- ---- LD9 U2l
-=== -1-- ---- ----  LD10 U6
Rl DRI R LD11  U22
e e LD12 U7
--1- --== ---= ---- LD13 U23
-1-- ---= ---- ---- LD14 U8
1--= === =mem —ee- LD15 U2k

LD = Low Data

4-39. TIMING TEST.

4-40. Purpose. Soft failures of the refresh circuit are detected in this test
(figure 4-5). A SOFT FAILURE implies a software failure. When the circuit
refreshes memory more frequently than necessary, the power consumption on the
+12 volt supply increases. Also, the mainframe CPU accesses may be delayed by
this condition. The test detects statistically significant deviations from
normal CPU access rates over a timed interval. When the access rate is not
within the normal range, a failure is flagged.

4-41. Decoding Timing Errors. The errors found in this test are not decoded.
When the test fails and all other tests pass, the failure is probably
associated with refresh operation or the multiplexers U49, U50, or U79 - U82.

4-42. SIGNATURE ANALYSIS TEST

4-43., There is no separate display for this test. This test is not used.

4-44. INTERACTION TEST.

4-45. Display. There is no seperate display for this test. See the total PV
Display, figure 4-3.

4-46. Running the Interaction Test. Position the highlight line over the words
"Interaction” on the Total PV display and press the "disp test" softkey. Then
press the 'start" softkey which appears on the lower level display. To exit
the test, press the "exit_test" softkey.
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4-47. Purpose. Tests whether BANK 1 and BANK 2 are operating independently.
It will also test whether or not RAM is always enabled. The test writes 0000
HEX to BANK 1 and writes FFFF HEX to BANK 2. It then reads BANK 1 and writes
0000 to BANK 2 and then reads BANK 2. This test is repeated with the same data
but with the BANKs switched. Any bits which do not have the expected values
are flagged as errors.

4-48. Decoding the Errors. Any interacion where some or all of the data
written to one BANK is found in the other will probably be associated with the
address bus. If LMAP1 is true during the address cycle, then BANK 1, the lower
16K, is being addressed. If LMAP1 1is false during the address cycle, then
BANK 2, the upper 16K, is being addressed. The enable lines should be checked.

4-49. REFRESH ONLY TEST.

4-50. Display. There is no separate display for this test because this test
is not used.

Table 4-2. Error Code Conversion
Hex = Binary Hex = Binary Hex = Binary Hex = Binary
0 -———— 4 -1-- 8 1--- (o 11--
1 ---1 5 -1-1 9 1--1 D 11-1
2 --1- 6 -11- A 1-1- E 111-
3 --11 7 -111 B 1-11 F 1111

4-51. TROUBLESHOOTING USING SIGNATURE ANALYSIS.

4-52. Signature Analysis (SA) offers a fast and convenient method of isolating
hardware logic failures down to the component level. The basic concept is to
utilize a known set of start, stop and clock signals that constantly repeat
(loop) with the same timing relationships. When a suspect logic node is probed
with a Signature Analyzer while using the start, stop, and clock signals as
control inputs, the digital readout (signature) displayed on the analyzer can
be compared with the normal signature of that node to determine if the timing
relationships are proper. With the 64100A Mainframe, looping is provided by
the PV software program and the normal signatures for various nodes are listed
in the tables 4-10 thru 4-28.

4-53. SERVICE TOOLS.

4-54. SUGGESTED SERVICE TOOLS ARE:

HP 5004A or 5005A Signature Analyzer

Digital Voltmeter

Oscilloscope

Standard hand tools for electronic PC board repair.

FwmnRP
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4-55. SA TABLES.

4-56. The basic procedure is to refer to the appropriate table (i.e., the one
that corresponds to the loop that PV was exercising when the failure was noted)
and connect the Signature Analyzer to the Test Points called for in the table.
Next, verify that the Vh signature indicated in the test set-up is proper.
This signature is very important since it verifies that the start, stop and
clock signals are normal. If this signature is good, proceed with the
signatures listed in the table while referring to the appropriate schematic for
guidance. If an improper signature is noted, check on both sides of the device
to determine if it is causing the problem or if the problem has its origin
further upstream.

4-57. If SA is taken using a 5004A Signature Analyzer, and loop S is good, it
will be necessary to troubleshoot the shift registers UT6 and U77 to the video
output signals LIVID and LIVD with an oscilloscope and logic probe. However,
if a 5005A Signature Analyzer is used, SA can be taken. The reason being, this
circuitry is run by a 25 MHz signal called DOTCLK and the 5004A will not
operate at that speed. If the signatures in loop S are good, and the circuitry
from the shift registers UT6 and UTT7 to the video output check good, then check
the high voltage, the horizontal sync, and the vertical sync on the Display
Driver board. Waveforms for the sync signals are provided in section VIII.

4-58. DISPLAY CONTROLLER TROUBLESHOOTING.

4-59. RAM TROUBLESHOOTING.
4-60. RAM troubleshooting is divided into simple RAM failure and RAM refresh
failure. Different circuitry may be causing the different failure types.
Table 4-3. RAM Troubleshooting
REFRESH ERROR ON DISPLAY....go to RAM refresh failure trouble-
shooting table.

SIMPLE RAM ERROR ON DISPLAY....go to simple RAM failure trouble-
shooting table.

ILLEGIBLE DISPLAY....use signature analysis test loop determination
table to discern failure type.

REFRESH ERROR....go to RAM refresh failure troubleshooting
table.

SIMPLE RAM ERROR....go to simple RAM failure troubleshooting
table.
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Table 4-L4. Simple RAM Failure Troubleshooting

STEP 1. LEGIBLE DISPLAY?
YES....replace RAM(s)

DOESN’T FIX PROBLEM....go to step 2. Since the RAM is
used to store display information, the failure may be cor-
rupting the displayed failure information. The SA RAM
failure summary table will give you this information.

NO....go to step 2. Since the RAM is wused to store display
information, the failure may be corrupting the displayed fail-
ure information. The SA RAM failure summary table will give
you this information.

STEP 2. RAM FAILURE SUMMARY....use the RAM failure summary SA setup
table to find failing RAM IC(s) and replace.

DOESN’T FIX PROBLEM....go to step 3. The failure may be due to
a failure in the data path to the RAM, addressing or control.
CPU RAM writes will allow you to check for this type of fail-
ure.

STEP 3. CPU RAM WRITES....use signature analysis setup K table (CPU
RAM writes setup). First, check the ability of the CPU to
write information to the RAM.

GOOD Vh....take signatures

BAD SIGS ON RAM TIMING AND CONTROL SIGNALS....use signa-
ture analysis setup U table (RAM cycle selector/generator
setup) to troubleshoot. If these signals are not correct
information may not be written to or read from RAM cor-
rectly. Since these signals are mostly Vh and 0000, an
error in these signals may not be detected.

BAD SIGS ON MEMORY DATA OR ADDRESS BUS.

These bad signatures indicate a failure of the CPU to
write correct data to RAM. This could be due to the CPU,
the connections from +the CPU to the RAM, the pullups on
the MB, the address latches on the CPU I/0 board, any IC
that connects to the buses, or the address multiplexers.

NO BAD SIGNATURES....go to step 4. The addresses checked
in CPU RAM writes was only during the CAS strobe portion
of the address. A failure in the row/column multiplexers
might not be detected. CPU RAS address check will let you
find a failure of this type.
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STEP 4.

BAD Vh....troubleshoot the signature analysis latch and the CPU
timing and control circuitry on the CPU,I/0 board using a
scope.

CPU RAS ADDRESS CHECK....use signature analysis setup L table
(CPU RAS address check setup).

BAD Vh....go to signature analysis setup U table (RAM cycle
selector/generator setup) to troubleshoot.

GOOD Vh.
NO BAD SIGS....go to step 5.
TIMING AND CONTROL SIGNATURE ERRORS....use signature

analysis setup U table (RAM cycle select/generator setup)
to troubleshoot.

STEP 5. ADDRESS SIGNATURE ERRORS....use signature analysis setup M
table (CPU RAM reads setup). Before signatures on the output
of the RAM can be correct, addressing and data from +the CPU
must be correct. You should have already checked these func-
tions using CPU RAM writes and CPU RAS address check.

BAD Vh.

GOOD

NO CLOCK SIGNAL....go to signature analysis setup U table (RAM
cycle selector/generator setup) to troubleshoot.

NO START/STOP SIGNAL....go to ROM troubleshooting table.
Vh.

RAM or RAM ADDRESS TIMING AND CONTROL SIG ERRORS....go to sig-
nature analysis setup U table (RAM cycle selector/generator
setup) to troubleshoot.

DATA CONTROL AND DECODE SIG. ERRORS....use signature analysis

setup N table (RAM access control and decode setup) to trouble-
shoot.

DATA OR ADDRESS SIGNATURE ERRORS....troubleshoot.
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4-61. RAM REFRESH FAILURE TROUBLESHOOTING.

4-62. RAM refresh is accomplished by the display accesses to RAM. Circuitry
in the display counters causes a RAS address for each of the 128 row addresses
of both banks of RAM to be generated as the display accesses the RAM for
display information. Troubleshooting in this section will allow you to isolate
problems with individual RAM ICs or with the display address counters, CRT
controller, and control circuitry.

4-63. Retention of the RAM ICs may be greater than 1 sec. Even with refresh
not operating, only a few RAM ICs may fail the RAM refresh test. Taking the
key signatures in display RAS Address check will verify that the refresh
circuitry is working.

Table 4-5. RAM Refresh Failure Troubleshooting

STEP 1. LEGIBLE DISPLAY?
YES....replace failing RAM IC(s)

DOESN’T FIX PROBLEM....go to step 2. Since the RAM is
used to store display information, the failure may be cor-
rupting the displayed failure information. The RAM failure
summary SA setup table will give you this information.

NO....go to step 2. Since the RAM is used to store display in-
formation, the failure may be corrupting the displayed failure
information. The signature analysis RAM failure summary table
will give you this information.

STEP 2. RAM FAILURE SUMMARY....use the RAM failure summary SA setup
table to find the failing RAM IC(s) and replace.

DOESN’T FIX PROBLEM....go to step 3. Refresh is accomplished
by the display accesses to RAM, CRT controller outputs-hardware
setup will check to see that the CRT controller is operating
correctly.

STEP 3. CRT CONTROLLER OUTPUTS-HARDWARE....use signature analysis
setup O table (CRT controller outputs-hardware loop setup).

BAD Vh.
NO CLOCK....troubleshoot.
NO START/STOP....go to step 5.

VALID Vh.
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CRT CONTROLLER IC PINS 1-5, 7-8 SIGNATURE ERRORS....go to
step 5. The CRT controller is not operating correctly,
CPU program of the CRT controller will allow you to verify
that the CRT controller is being programmed correctly by
the CPU.

OTHER SIGNATURE ERRORS....troubleshoot

NO BAD SIGNATURES....go to step 4. If the display address
counters are not working correctly, refresh may not be
done. Addresses are checked only during the RAS portion
of the address since the RAS addressing is what does the
refresh for the RAM.

STEP 4. DISPLAY RAS ADDRESS CHECK....use signature analysis setup R
table (display RAS address check setup).

BAD Vh.

NO CLOCK....use signature analysis setup U table (RAM
cycle selector/generator setup) to troubleshoot.

NO START/STOP....go to step 5.
VALID Vh.

ADDRESS TIMING AND CONTROL SIG ERRORS....use signature
analysis setup U table (RAM cycle selector/generator
setup) to troubleshoot.

OTHER SIG ERRORS....troubleshoot.

STEP 5. CPU PROGRAM OF CRT CONTROLLER....use signature analysis setup
P table (CPU program of CRT controller setup).

BAD Vh.

NO CLOCK....use signature analysis setup N table (RAM
access control and decode setup) to troubleshoot.

NO START/STOP....go to ROM troubleshooting table, step k.
VALID Vh.

BUFFER TIMING AND CONTROL SIG ERRORS....use signature
analysis setup N table (RAM access control and decode
setup) to troubleshoot.

NO BAD SIGNATURES....check power supplies and clock to CRT

controller. If outputs are bad and all inputs are good,
replace the CRT controller.
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Table 4-6. Display Troubleshooting

ARE THE DISPLAY AND CHARACTERS THE CORRECT SIZE AND INTENSITY?....
First, isolate the problem to the Display Controller or driver
boards.

YES....go to Display Controller troubleshooting table. The cor-
rect size indicates that the driver boards are operating cor-
rectly. If the display is wrong, it is because the display con-
troller is sending the wrong video information.

NO....are HSYN, VSYN, and VIDEO signals correct coming from the
Display Controller board?

YES....troubleshoot Display Driver

NO....go to Display Controller troubleshooting table.

Table 4-7. Display Controller Troubleshooting

STEP 1. CRT CONTROLLER OUTPUTS-DISPLAY TEST....use signature analysis
setup S table (CRT controller outputs-display test setup).

BAD Vh.
NO CLOCK....troubleshoot with scope
NO START/STOP....go to step 3.
VALID Vh.

CRT CONTROLLER IC PINS 1-5, 7-8 SIGNATURE ERRORS....go to
step 3. The CRT controller is not operating correctly,
CPU program of the CRT controller will allow you to verify
that the CRT controller is being programmed correctly by
the CPU.

CRT CONTROLLER IC HCCO-6 OUTPUT SIGNATURE ERRORS....go to
step 2. If the character code outputs are wrong, it may be
because the CRT controller is getting wrong information
from RAM

OTHER SIGNATURE ERRORS....troubleshoot.
NO BAD SIGNATURES....use scope to troubleshoot video cir-
cuitry. The video circuitry runs at 25 MHz; this is too

fast for signature analysis so a scope 1is required to
troubleshoot.
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STEP 2. CRT CONTROLLER READ FROM RAM....use signature analysis setup
T table (CRT controller read from RAM setup).

BAD Vh.

VALID

NO CLOCK....use signature analysis setup U table (RAM
cycle selector/generator setup) to troubleshoot.

NO START/STOP....use signature analysis setup O table (CRT
controller outputs-hardware loop setup) to troubleshoot.

Vh.

RAM TIMING AND CONTROL OR ADDRESS MUX CONTROL SIG ERRORS..
use signature analysis setup U table ( RAM cycle selector-
generator setup) to troubleshoot.

RAM DATA OUTPUT SIGNATURE ERRORS ONLY....use signature
analysis setup R table (display RAS address check setup)
to check RAS address to RAM. If no errors are found, sus-
pect the RAM or any IC connected to the RAM memory data
bus.

OTHER BAD SIGNATURES....troubleshoot.
NO BAD SIGNATURES....check power supplies and clock to CRT

controller. If outputs are bad and all inputs are good,
replace the CRT controller.

STEP 3. CPU PROGRAM OF CRT CONTROLLER....use signature analysis setup
P table (CPU program of CRT controller).

BAD Vh.

DSP 4-22

NO CLOCK....signature analysis setup N table (RAM access
control and decode setup) to troubleshoot.

NO START/STOP....go to ROM troubleshooting table, step U.

BUFFER TIMING AND CONTROL SIG ERRORS....use signature
analysis setup N table (RAM access control and decode
setup) and signature analysis setup U table (RAM cycle
selector/generator setup) to troubleshoot.

OTHER SIGNATURE ERRORS....troubleshoot.
NO BAD SIGNATURES....check power supplies and clock to CRT

controller. If outputs are bad and all inputs are good,
replace the CRT controller.
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Table 4-8. SA Loop Determination

LOOPNAME and SETUP NAME: TEST LOOP DETERMINATION

The memory signature analysis latch is set and reset during the execution of
the software tests. The interval is unique to the test being performed.

In the event that the display is not functioning correctly, this test can be
used to determine which of the tests the mainframe is executing.

All option boards removed

All jumpers in the NORMAL position

ST/SP/START = pos. edge : CPU Bd. TP10 (MEM SA LATCH)
QUAL/STOP = neg. edge : CPU Bd. TP10 (MEM SA LATCH)
CLOCK = pos. edge : CPU Bd. TP1 (LSTB)

Signatures

Vh = CA27T POWER-ON RAM TEST LOOP - SIMPLE RAM FAILURE

Go to simple RAM failure troubleshooting.

Vh = AH68 POWER-ON RAM TEST LOOP - REFRESH FAILURE
Go to RAM refresh failure troubleshooting.
Vh = AU94 DISPLAY TEST

If wrong or no display, go to display troubleshooting.

Vh = XXXX NO RECOGNIZABLE Vh
Go to ROM troubleshooting
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Table 4-9. RAM Failure Sumary

LOOPNAME: POWER-ON RAM TEST FAILURE OR REFRESH FAILURE

If a failure is detected during the power-on RAM self-test, the test enters a
signature analysis loop that writes and reads RAM and stimulates the CRT
controller. The loop also outputs the error mask onto the memory data bus and
the CPU attempts to display the failing IC numbers.

Since the display information is stored in RAM, the output to the display of
the failing RAM IC numbers may be illegible. This setup allows the taking of
signatures on the memory data bus during the time that the error mask are
present. The value of the signatures and data bit may be decoded to isolate the
failing RAM IC numbers.

Executing power-on RAM test or refresh failure loop:

ST/SP/START = pos. edge : CPU Bd. TP10 (MEM SA LATCH)
QUAL/STOP = pos. edge : CPU Bd. TP10 (MEM SA LATCH)
CLOCK = pos. edge : CPU Bd. TP9

Vh = 0007
Signature
0000 0002 0004 0006
Bit Failing RAM on Display Controller Bd.
LDO no failure U23 Us1 U23, US51
LD1 no failure U2k U52 U2y, Us2
LD2 no failure u25 US3 uz25, U53
LD3 no failure uU26 uUsy U26, USY
LDY4 no failure u27 Us5 u27, US5
LDS no failure U28 Us56 U28, US6
LD6 no failure U29 usTt Uu29, UST
LDT no failure Uu30 Us8 U30, U58
LD8 no failure u38 U65 U38, U65
LD9 no failure U39 ué6 U39, U66
LD10 no failure uko uéTt uko, U6T
LD11 no failure Ukl U68 Uk1, U68
LD12 no failure uk2 Ué9 Uk2, U69
LD13 no failure UL3 uTo0 uk43, UTO
LD14 no failure ULk U7l Uk, UT1
LD15 no failure uLs uT2 U445, UT2
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Table 4-10. Signature Analysis Loop A

PC Board: Display Controller Board

Test failure or circuit: Power-up RAM Test failure
Procedure:

S/A hookup:

Start = Pos edge CPU Bd. TP10 (S.A. Interval)
Stop = Neg edge CPU Bd. TP10 (S.A. Interval)
Clock = Pos eg_lge CPU Bd. TP1 (LSTB)

o g

Vid o= DA

i
s

e o

o g g
SN S SIS PO Sunt A 1

P

Table 4-11. Signature Analysis Loop B

PC Board: Display Controller Board
Test failure or circuit: Power-up RAM failure - Data writes to RAM
Procedure:
S/A hookup:
Start = Pos edge CPU Bd. TP10 (S.A. Interval)
Stop = Neg edge CPU Bd. TP10 (S.A. Interval)
Clock = Neg edge Disp Controller U21-10 (HWRT)
Vit o GG

* = Probe Blinking

Node Sig Node Sig
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Table 4-12. Signature Analysis

Loop C

PC Board: Display Controller Board

Test failure or circuit: Power-up Ram failure

Procedure:

S/A hookup:
Start = Pos edge CPU Bd. TP10 (S.A. Interval)
Stop = Neg edge CPU Bd. TP10 (S.A. Interval)
Clock = Pos edge Disp Controller TP11 (HPRAS)
Wi om FRHET

* = Probe Blinking

Node Sig

Node

Sig
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Table 4-13. Signature Analysis Loop D

PC Board: Display Controller
Test failure or circuit: Power-up RAM failure - Data write to RAM and column address
Procedure:
S/A hookup:
Start = Pos edge CPU Bd. TP10 (S.A. Interval)
Stop = Neg edge CPU Bd. TP10 (S.A. Interval)
Clock = Neg edge Disp Controller TP6 (LPCAS)
Vi o= 9REy
* = Probe Blinking

Node Sig Node Sig

Wode- ¥ oahon

UoAB- B G000

U 4 BLOC
¥ v EERL
] ¥ G010
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Table 4-14. Signature Analysis Loop E

PC Board: Display Controller
Test failure or circuit: Power-up RAM failure, RAM outputs
Procedure:
S/A hookup:
Start = Pos edge CPU Bd. TP10 (S.A. Interval)
Stop = Neg edge CPU Bd. TP10 (S.A. Interval)
Clock = Pos edge Disp Controller TP15
Vh = P000

Node Sig Node

Sig

WosEe- 14 Bhabh UodE-14
TRE BAAA U o703

U oFi-id Sifady

) L3914
PG4 W 7G4

P 444

2614 42H Uodi-i
Fi-9 4 G
TR RN AP

o#i-i% PLi% 3

4043 L
- S0603 ;
oFi-is AUL3

o1 P04
U Ei-ié
W Fi-av

T )
Uo30-14 U rgein

UoEL-38

AP HE
AP G

FaaA
Faan
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Table 4-15. Signature Analysis Loop G

PC Board: Display Controller

Test failure or circuit: Power-up RAM failure

Procedure:

S/ A hookup:
Start = Pos edge Disp Controller TP3 (Vert Sync)
Stop = Neg edge Disp Controller TP3 (Vert Sync)
Clock = Pos edge Disp Controller TP7 (HDRAS)
Vh = P5H2
* = Probe Blinking

Node Sig Node Sig

R L U N7
HGHO2
M
L963
YR

oagev TR Li

Ui SEGL U
Woag-n P Ll HEF3
AU
ALEF

Cidd U

AP WohE-4 BEUM
A
GlH
Fow

oG- AT7S
R GHOL
WUoSi-ad 17354

i
o504 HH2U U
) 0

U

af UdS and
CLock edos

MNOTE EF o othe signotures
WHE ore unstable. ut
For these two components,
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Table L4-16. Signature Analysis Loop H

Procedure:

S/A hookup:
Start = Pos edge Disp Controller TP3 (Vert Sync)
Stop = Neg edge Disp Controller TP3 (Vert Sync)
Clock = Neg edge Disp Controller TP13
Vh =
* = Probe Blinking

P5H2

PC Board: Display Controller
Test failure or circuit: Power-up RAM failure

Node

Sig

Sig

Pk

P HE

000K
PS5 H K
P
Go0GK
D000k
006G06%
BO0GK

Glud

HULEE
GPag

UEP &

PEPY
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Table 4-17. Signature Analysis Loop I

PC Board: Display Controller
Test failure or circuit: Any test - Arbitrator circuit - No clocks on TP6, TP7, or TP11.
Procedure:
Remove CPU Bd., I/0 Bd., and Disp Driver Bd. Move TEST jumper to TEST position.
S/ A hookup:
Start = Pos edge TP14
Stop = Pos edge TP14
Clock = Pos edge TP2
Vh = UP73
* = Probe Blinking
Node Sig Node Sig
U1-3 55H1 U20-6 UP73
U1-8 UP51 U20-8 H4C1
U2-11 8135 U22-1 0000
U2-12 86F1 U22-4 0000
U2-14 ACA2 U22-13 669P
Us-11 8117 U35-1 0022
U35-4 2275
U9-13 ACA2
U10-6 UPpP73* U36-8 UP73
U10-7 55H1 U36-11 HF06
U15-3 7U24 U37-3 7U46
U15-6 UP73 U37-6 UP51
U15-8 UP73 U37-8 7046
U37-11 7024
U16-6 UF74
U16-8 UF74 U48-5 7U46
U48-9 7006
U18-7 HF06 U48-11 0022
U189 2275
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Table 4-18. Signature Analysis Loop K

LOOPNAME: POWER ON RAM TEST -  SETUP NAME: CPU RAM WRITES

If a failure is detected during the power-on RAM self test, the test enters a
signature analysis loop that writes and reads RAM and stimulates the CRT
controller. The loop outputs the error mask onto the memory data bus and the
CPU attempts to display the failing IC number(s).

This setup allows the checking of the CPU data path to the RAM during the write
to RAM by the CPU. The CPU address path from the CPU to the multiplexers is
also checked. The mainframe may be forced to execute the power-on RAM failure
test by removing RAM IC AS5U23.

ST/SP/START = pos. edge : CPU TP10 (SA LATCH) [NORMAL MODE]
QUAL/STOP = neg. edge : CPU TP10 (SA LATCH)
CLOCK = pos. edge : CPU TP13 (LMWRT)

VH = H37A

U 16- 6 0001 U 70- 3 T28H

U 16- 8 0001 U 70- 5 UH82
U 70- 7 UF05

U 23- 3 0001 U 70- 9 1UPA

U 23- 4 0001 U 70-12 9093
U 70-14 PS8U
U 70-16 8LH6

U 37- 8 0001 U 70-18 F35F

U 38- 3 0001 U 71-11 7045
U T1-12 P6FF

U 65- 2 63F3 U 71-13 CYHH

U 65- 5 P8FC U 71-14 3HO08

U 65-11 61C1 U 71-15 P1H6

U 65-14 1P30 U 71-16 L4F3A
U 71-17 2AU8

U 66- 2 UTH3 U 71-18 3121

U 66- 5 HAS6

U 66-11 LUP6

U 66-14 8aALp

U 67- 2 0001

U 67- 5 1A8F

U 67-11 FTPA

U 67-14 683U

U 68- 2 6U3A

U 68- 5 87F2

U 68-11 6019

U 68-14 U08C
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Table 4-19. Signature Analysis Loop L

LOOPNAME: POWER-ON RAM TEST -  SETUP NAME: CPU RAS ADDRESS CHECK

This setup checks CPU addressing during the RAS address to RAM. The mainframe
may be forced to execute the RAM failure by removing RAM IC AS5U23.

ST/SP/START = pos. edge : CPU TP10 (SA LATCH) [NORMAL MODE]
QUAL/STOP = neg. edge : CPU TP10 (SA LATCH)
CLOCK = pos edge : DSP TP11 (HPRAS)

VH = TH37
U 16- 6 TH3T U 65- 2 2HP3 U68-11 FH20
U 16- 8 TH3T U 65- 4 S50H4 U68-12 3C0A
U 65- 5 626H U68-14 L463H
U 18- 7 0000 U 65- T 1USA
U 18-11 0000 U 65- 9 6A39
U 18-12 0000 U 65-11 1T70P
U 65-12 7266
U 23- 3 TH3T U 65-14 0US1
U 23- 5 Lu63H
U 23- 6 HACA U 66- 2 LOPO
U 23- 7 FH20 U 66- 4 3HHT
U 23- 9 0U51 U 66- 5 OUH9
U 23-10 626H U 66- T T2PP
U 23-11 170P U 66- 9 TPOO
U 23-12 96CP U 66-11 0337
U 23-13 2HP3 U 66-12 OFTY4
U 23-15 TH37 U 66-14 7143
U 38- 3 TH3T U 67- 2 0000
U 67- 4 TH37
U 48- 4 TH3T U 67- 5 8694
U 48- 5 TH37 U 67- T UCA3
U 67- 9 U63F
U 49- 4 2HP3 U 67-11 8coc
U 49- 7 626H U 67-12 L45P8
U 49- 9 170P U 67-14 38HU
U 49-12 0US51
U 68- 2 96CP
U 50- 4 96CP U 68- 4 PC89
U 50- 7 HACA U 68- 5 HACA
U 50- 9 FH20 U 68- T AT8H
U 50-12 L463H U 68- 9 C017
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Table 4-20. Signature Analysis Loop M

LOOPNAME: POWER-ON RAM TEST - SETUP NAME: CPU READS RAM

This setup checks the data as it is being read from RAM by the CPU, addressing
by the CPU, and CAS addressing to RAM. The mainframe may be forced to execute
the RAM failure loop by removing RAM IC ASU23.

ST/SP/START = pos. edge : CPU TP10 (SA LATCH) [NORMAL MODE]
QUAL/STOP = neg. edge : CPU TP10 (SA LATCH)
CLOCK = pos. edge : DSP TP15 (U31 ENABLE)

VH = P00O
U 1- 8 P000O U 31- 3 8aAA
U 31- 4 S5AH3
U 7- 3 PO0O U 31- 5 Py
U 31- 6 L4013
U 15- 4 H555 U 31- 7 9838
U 15- 5 high U 31- 8 PU53
U 15- 6 high U 31- 9 LA2H
U 15- 8 high U 31-11 LA2H
U 15-10 3555 U 31-12 PUS3
U 31-13 9838
U 16- 1 high U 31-14 L4013
U 16- 2 0000 U 31-15 PLly
U 16- 4 P000 U 31-16 5AH3
U 16- 5 0000 U 31-17 8AAA
U 16- 6 P0O0O U 31-18 A247
U 16- 8 P00O U 31-19 0000
U 18- 7 0000 U 35-10 0000
U 18- 9 P00O
U 37- 8 P00O
U 21- 8 3555 U 37-10 0000
U 21-10 0000 U 37-11 P00O
U 37-12 0000
U 23- 3 P000O
U 23- 4 P00O U 46- 1 PO0OO
U 23- 5 H555 U 46-11 P0O0OO
U 23- 6 OFTF
U 23- 7 5CcC U 48- 2 P0O0OO
U 23- 9 3C89 U 48- 4 0000
U 23-10 1PFH U 48- 5 P00O
U 23-11 PAFA
U 23-12 CH21 U 49- 4 C2F8
U 23-13 C2F8 U 49- 7 1PFH
U 23-15 P000 U 49- 9 PAFA
U 49-12 389
U 31- 1 0000
U 31- 2 A247
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Table 4-20. Signature Analysis Loop M (Cont’d)

CH21 U 69- 8 P00O

9FTF

5CCC U 70- 1 P00O

H555 U 70- 2 CUUU
U 70- 3 AH28

0000 U 70- 4 F8aA

955U U 70- 5 C211
U 70- 6 FFTH

C2F8 U 70- 7 APH6

52F8 U 70- 8 CFL6

1PFH U 70- 9 6251

UPFH U 70-11 6251

0AFA U 70-12 CFu46

PAFA U 70-13 APH6

HC89 U 70-14 FFTH

3C89 U 70-15 C211
U 70-16 F8AA

3APT U 70-17 AH28

HAPT U 70-18 CUUU

U293

1293 U 71- 1 P00O

HPPO U 71-11 8AAA

3PPO U 71-12 Pihy

2HTO U 71-13 9838

FHTO U 71-14% LA2H
U 71-15 PUS3

0000 U 71-16 L4013

P00O U 71-17 S5AH3

955U U 71-18 A2u7

755U U 71-19 PO00O

3827

H827

3C96

HC96

CH21

5H21

9FTF

TFTF

ccee

5CCC
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Table 4-21. Signature Analysis Loop N

LOOPNAME: POWER-ON RAM TEST - SETUP NAME: RAM ACCESS CONTROL AND DECODE

This setup is used to troubleshoot the control circuitry used to enable the RAM
data buffers during CPU accesses to RAM and to the CRT controller. The
mainframe may be forced to execute the power-on RAM test failure loop by
removing RAM ICAS5U23.

ST/SP/START = pos. edge : CPU TP10 (SA LATCH) [NORMAL MODE]
QUAL/STOP = neg. edge : CPU TP10 (SA LATCH)
CLOCK pos. edge : CPU TP1 (LSTB)

VH = CA2T7

U 1- 8 HC2U U 69- 1 HC2U
U 69- 2 HF62

U 5- 3 TSFC U 69- 3 OTLH
U 69- 5 HC2U

U 7-3 3785 U 69- 6 APP5S
U 69- 8 U869

U 15-11 2347 U 69-10 0000
U 69-11 3785

U 21- 3 6645

U 21- 4 HF62
U 21-10 U869
U 21-11 L2u4p

U 35-10 8HA2
U 47- 3 2347

1 U66Y
2 F8FF
3 SFAC
4 APH5
U 64- 5 A91A
6 2838
7 LP85
9 SHCA
U 64-10 U9LH
6L4-11 6445
64-12 9CPU
64-13 50C0
64-14 453)4
64-15 P29H
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Table L4-22. Signature Analysis Loop O

LOOPNAME and SETUP NAME: CRT CONTROLLER OUTPUTS-HARDWARE LOOP

By moving jumpers A5J2 and AS5J3 to the test position, the CRT accesses to RAM
are disabled. The CRT controller still is still accessed by the CPU and
configured. The CRT controller provides horizontal and vertical retrace
signals to horizontal and vertical sync circuitry.

This setup allows checking the horizontal and vertical sync circuitry for
proper configuration of the CRT controller IC.

ST/SP/START pos. edge : DSP TP16 (HVRTC) [NORMAL MODE]
QUAL/STOP pos. edge : DSP TP16 (HVRTC)
CLOCK pos. edge : DSP TP4 (HCHAR)

VH = HU61
U 3- 3 TuSH U 53- 6 FU65
U 3-7 8C75 U 53- 9 3La6
U 3-9 212H

U 61-11 PSLUH
U 11- 6 589H
U 11- 8 L4179 U 62-15 268H
U 11- 9 AC3F

U 63- 5 08PU
U 12- 9 9A00 U 63- 9 2482
U 12-11 FU65

U 72- 8 PS5LH
U 33- 1 AC3F
U 33- 2 Su1h U 7Lh-11 3A2F
U 33- 3 63UP
U 33- 4 UPWF U 78- 5 2HCC
U 33- 5 3763 U 78- 9 P5UH
U 33- 7T HAlH
U 33- 8 2008
U 33-30 HU61
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LOOPNAME: POWER ON RAM TEST

This setup allows the
controller IC, addressing, and control.

SETUP NAME: CPU PROGRAM OF CRT CONTROLLER

Table 4-23. Signature Analysis Loop P

checking of the data path from the CPU to the CRT
The mainframe may be forced to execute

the RAM failure loop by removing RAM IC ASU23.

ST/SP/START = pos. edge :
QUAL/STOP = neg. edge :
CLOCK = pos. edge :

VH = HTPL4
3 0000
5- 6 APTC

U
u
U T7- 3 0000
U T7- 6 HTP4

U 15-11 HTPY4
U 17- 6 0000

U 21- 3 HTP4
U 21- 4 0000

U 31- 1 HTP4
U 32- 1 HTPh4

U 33-12 7172
U 33-13 0547
U 33-14 F9F3
U 33-15 0ASF
U 33-16 0915
U 33-17 5546
U 33-18 USH1
U 33-19 T4T5

U 35-13 12U8

U 46- 1 HTPU
U 46-11 HTP4

U 47- 8 HTP4
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HTP4
0000
H7PY

0000
A391
2235
82h2
HPU1
AQAY
AAO6
H2A3
U898
U898
H2A3
AA06
AQAY
HPU1
8242
2235
A391
0000

HTPY4
0000
0000

[NORMAL MODE]
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Table 4-24. Signature Analysis Loop R
LOOPNAME: POWER-ON RAM TEST FAILURE - SETUP NAME: DISPLAY RAS ADDRESS CHECK

The refresh of dynamic RAM is performed by a RAS to each row address of RAM as
the CRT controller IC accesses RAM for display data. The display addressing and
refresh circuitry are checked during RAS. Since the display is operated during
the RAM failure loop, the mainframe may be forced into this loop by removing
RAM IC ASU23.

ST/SP/START = pos. edge : DSP TP16 (HVRTC) [NORMAL MODE]
QUAL/STOP = pos. edge : DSP TP16 (HVRTC)
CLOCK = pos. edge : DSP TP7 (HDRAS)

VH = 279A

U 5-8 279A U 35- 4 low U 58-11 OH9T

U 5-9 279A U 58-12 AHLP

U 58-13 861H

U T7-11 279A U 37- 6 high U 58-14 F513

U T-12 PSH2 U 37-11 279A U 58-15 8ukLT
U 37-12 0000

U 8-6 T2P9 U 65- 4 811

U 8- 8 0000 U 65- T 12F0

U 8-9 279A U 38- 3 279A U 65- 9 19A8

U 65-12 FCHU

U 15- 5 high U 48- 5 279A

U 15- 6 high U 66- 4 279A

U 15- 8 high U 49- 4 9u8c U 66- 7 8P54
U 49- 7 355A U 66- 9 U2y

U 16- 2 0000 U 49- 9 3P32 U 66-12 LAHP

U 16- 6 279A U 49-12 PFU5

U 16- 8 279A U 67- 4 279A

U 16-10 0000 U 50- 4 L6H1 U 67- T 279A
U 50- T OH9T U 67- 9 279A

U 17- 3 9U8C U 50- 9 AHLP U 67-12 279A
U 50-12 861H

U 18- 7 279A U 68- 4 61k4C
U 56-11 THO2 U 68- 7 2AC0H

U 21- 2 P289 U 56-12 355A U 68- 9 8AHY
U 56-13 3P32 U 68-12 A187

U 23- 3 279A U 56-14 L6H1

U 23- 4 279A U 56-15 1355

U 23- 5 861H

U 23- 6 OH9T U 57-11 A9FP

U 23- T AHLP U 57-12 H3CP

U 23- 9 PF45 U 57-13 6H4Y

U 23-10 355A U 57-14 PFU5

U 23-11 3P32

U 23-12 L6H1

U 23-13 9U8¢C

U 23-15 2T9A
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Table 4-25. Signaure Analysis Loop S

LOOPNAME: DISPLAY TEST - SETUP NAME: CRT CONTROLLER OUTPUTS-DISPLAY TEST

During the display test, signature analysis loops are set and reset around the
repetitive display pattern. Control stimulus is provided to the CRT controller
IC during the display loop.

This setup allows the checking of the CRT controller IC outputs including the
character code outputs and control signals. It also allows the checking of the
character generator ROM and HSYN and VSYN circuitry.

ST/SP/START = pos. edge : DSP TP16 (HVRTC) [NORMAL MODE]
QUAL/STOP = neg. edge : DSP TP16 (HVRTC)
CLOCK = pos. edge : DSP TP4 (HCHAR)

VH = UAl1l
U 3-3 676P U 33- 1 9HTU U 54- 2 0000
U 3- 5 5HP8 U 33- 2 A903 U 54- 6 0000
U 3-7 5312 U 33- 3 CP98 U 54-10 0000
U 3-9 Ci18H U 33- 4 LUCoF U 54-11 UAl1l
U 3-12 676P U 33- 7 8554
U 3-14 5312 U 33- 8 UAll U 60- 9 T38F
U 3-16 L4k89 U 33-23 ATU9 U 60-10 C67P
U 3-18 C18H U 33-24 T731A U 60-11 3930
U 33-25 1939 U 60-13 L1TH
U 4 3 U239 U 33-26 58H3 U 60-14 C8PU
U 4 5 P328 U 33-27 T3F8 U 60-15 5646
U 4 7 890C U 33-28 U239 U 60-16 2PPT
U L-9 7ULS U 33-29 0828 U 60-17 0000
U 4-12 A2F2 U 33-35 UA1l
U L4-14 89H9 U 33-36 0000 U 61-15 OFA1l
U L4-16 0828 U 33-37 0000
U L4-18 0000 U 62-15 3F33
U 53- 3 0000
U 9-1 oh72 U 53- 6 8719 U 63- 5 O06H6
U 53- 8 UP63 U 63- 9 0520
U 11- 6 1U91 U 53- 9 o072
U 11- 8 PIF7 U 53-11 0000 U 72- 8 127U
U 12- 9 UA1l U T4-11 P86P
U 17- 8 O9HTU U 78- 3 UAll
U 78- 5 8719
U 78- 9 127U
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Table 4-26. Signature Analysis Loop T
LOOP NAME: DISPLAY TEST - SETUP NAME: CRT CONTROLLER READ FROM RAM

During the display test, signature analysis loops are set and reset around the
repetitive display pattern.

This setup checks circuitry associated with the CRT controller accesses to RAM
which consists of address counters, data path, and control of the data buffers
and data latch.

ST/SP/START = pos. edge : DSP TP3 (VSYN) [NORMAL MODE]
QUAL/STOP = neg. edge : DSP TP3 (VSYN)
CLOCK = pos. edge : DSP TP13 (LDCAS)

VH = PSH2
U 19- 3 A6FC
U 1- 8 PSH2 U 19- 6 PUCY
U 1-11 G5FC1 U 19- 8 96UA
U 2-11 0000 U 21- 2 G5FC1
U 5- 6 0000 U 23- 3 PSH2
U 5- 8 0000 U 23- 4 PS5H2
U 23- 5 U2P6
U T7- 6 PSH2 U 23- 6 6C86
U T7-11 PSH2 U 23- 7 8P54
U 23- 9 0000
U 8- 6 T2P9 U 23-10 0000
U 8- 8 0000 U 23-11 0000
U 8- 9 PS5H2 U 23-12 0000
U 23-13 0000
U 9-10 HSAU U 23-15 0000
U 12- 5 PSH2 U 32- 2 T5CF
U 12- 6 0000 U 32- 3 901U
U 32- 4 CF87
U 13- 1 T7uPT U 32- 5 AkLSYL
U 13- 4 6179 U 32- 6 T78aH
U 13-10 L4186 U 32- 7 8laC
U 13-13 75FH U 32- 8 2AF2
U 32- 9 9135
U 15-11 PSH2 U 32-11 5616
‘ U 32-12 0A6C
U 16- 6 PSH2 U 32-13 TU21
U 16- 8 PSH2 U 32-14 30TH
U 32-15 T72CP
U 17- 3 CPl11 U 32-16 k4319
U 17- 6 PSH2 U 32-17 A164
U 32-18 7328
U 18- 5 PSH2 U 32-19 ©5FC1
U 18- 7 PSH2
U 18- 9 0000 U 33- 5 0000
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Table 4-26. Signature Analysis Loop T (Cont’d)

U 57-11 6C86
U 35-13 0000 U 57-12 8P54
U 57-13 U2P6
U 37- 3 1low U 57-14 73P7
U 37- 6 high U 57-15 high
U 37- 8 PSH2
U 37-11 0000 U 58-11 AT7S
U 58-12 8HO2
U 38- 3 PSH2 U 58-13 2P42
U 58-14 (963
U 46- 2 7328 U 58-15 52a2
U 46- 3 L657
U 46- 4 FPPO U 65- 4 5CF3
U 46- 5 4319 U 65- T Lu2a
U 46- 6 307H U 65- 9 AC8F
U 46- 7 CHS8H U 65-12 9635
U 46- 8 2522
U 46- 9 0A6C U 66- 4 PSH2
U L46-12 9135 U 66- 7 8P54
U 46-13 FPHC U 66- 9 6C86
U 46-14 6U9U U 66-12 1734
U 46-15 8LAC
U 46-16 AL5Y4 U 67- 4 PSH2
U 46-17 1315 U 67- 7 PSH2
U 46-18 PFUA U 67- 9 PSH2
U 46-19 901U U 67-12 PSH2
U 47- 3 PSH2 U 68- 4 88UH
U 47- 6 €963 U 68- T L2AT
U 47- 8 PSH2 U 68- 9 68HO
U 68-12 FC90
U 49- 4 0000
U 49- 7 0000 U 69- 5 PSH2
U 49- 9 0000 U 69- 6 PSH2
U 49-12 0000 U 69-11 PSH2
U 69-12 PSH2
U 50- 4 0000 U 69-13 PSH2
U 50- 7 6C86
U 50- 9 8P54 U 75- 8 PSH2
U 50-12 U2P6
U 56-11 P2A0
U 56-12 AAUS8
U 56-13 L4PSP
U 56-14 6H2U
U 56-15 SUSF
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Table 4-27. Signature Analysis Loop U
LOOPNAME and SETUP NAME: RAM CYCLE SELECTOR/GENERATOR
This is a hardware loop. By moving the test jumper AS5P4 from the normal (XU2)
to the test (XUl) position, the RAM cycle selector/generator is forced to run
at the RAM clock rate.
This setup checks the RAM cycle selector/generator circuitry.
ST/SP/START = pos. edge : DSP TP14 (RCARRY) [NORMAL MODE]

QUAL/STOP = pos. edge : DSP TP14 (RCARRY)
CLOCK = pos. edge : DSP TP2 (HRAMCLK)

VH = UPT3
U 1- 3 ACA2
U 1- 8 UPS1 U 22-1 low
U 22- 4 low
U 2-11 8135 U 22- 8 1low
U 2-12 86F1 U 22- 9 high
U 2-13 98prH U 22-10 1low
U 2-14 AcaA2 U 22-13 669P
U 5-11 8117 U 23- 3 UFThH
U 23- 4 TUU6
U 9-11 AcCA2 U 23-15 7U06
U 9-12 1low
U 9-13 55H1
U 35- 1 0022
U 15- 3 TU24 U 35- 4 low
U 15- 5 high
U 15- 6 high U 36- 3 high
U 15- 8 high U 36- 6 ACUT
U 16- 6 UFT4
U 16- 8 UFT4 U 37- 3 low
U 37- 6 high
U 18- 7 HFO06 U 37- 8 TUL6
U 18- 9 2275 U 37-11 7U06
U 18-12 high
U 38- 3 UFT4
U 20- 6 high
U 20- 8 Hic1 U 48- 5 TUU6
U 48- 8 8175
U 21- 3 high U 48- 9 TUO6
U21- 4 1low
U 21- 6 TUU6 U 51-15 high
U 21- 8 1low
U 21-10 high U 73-13 0022
U 21-11 1low
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SECTION V

ADJUSTMENTS

5-1. DISPLAY DRIVER AND CRT ADJUSTMENTS.

a. Completely remove the five screws that secure the top cover.
Also, remove the two (or four) screws that secure the state and
timing ground clips to the rear panel. Lift and remove cover.

b. Set the system control source switches (see figure 5-1), located
on the back panel, to the Performance Verification position; top
part of both rocker switches should be pressed in.

c¢. Set the main power switch OFF and then ON. Note, the display
test pattern should now be on the screen, as shown in figure

5-2.

d. Adjust variable inductor L3, (H Gain) for a display width of
between 22.0cm (8-1/2 in) and 23.0cm (9 in).

e. Adjust potentiometer R1(H POS) so that the display test pat-
tern is centered in the bezel as close as possible.

f. Adjust potentiometer R26 (V GAIN) so that the display test
pattern is from 14.0cm (5-1/2 in) to 15.0cm (5-3/4 in) high.

NOTE

There is no vertical position adjustment and
pattern may be offset up to .6em (1/4 in).
Magnetic fields from soldering irons, transformers,
and other electromagnetic field producing elec-
tronics may cause a portion of the display to be
off screen in the vertical direction. Reducing the
vertical gain or removing the electromagnetic field
producing device should fix this problem.

g. Adjust potentiometer R15 (FOCUS) for the best overall focus.

h. If the display is not level, loosen the yoke neck screw, ro-
tate until +the display 1is level, then retighten yoke neck
screw (see figure 5-3).

DSP 5-1
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R15
RO FOCUS L3
INTENSITY HGAIN
QU = &
J1 —]
— L

R26
I:——I VGAIN

R1

weos | [

DISPLAY DRIVER BD
(64100-66527)

Figure 5-1. Location of Display Driver Adjustments
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& TERTS

EMD_TESIS

Figure 5-2. Display Test Pattern
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~

POWER SUPPLY
DISPLAY DRIVER
NECK YOKE SCREW t——
AN
@
FAN
CRT
N
N N | | |
| S—  — —
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I
O 5
[ =] o
\—
Figure 5-3. Location of Yoke Neck Screw
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SECTION VI

REPLACEABLE PARTS
6-1. INTRODUCTION
6-2. This section contains information for ordering parts for your 64100A
Display circuitry. Table 6-1 lists abbreviations used in the parts list and
throughout this manual. Table 6-2 lists all the replaceable parts for the
Display circuitry. Table 6-3 contains the names and addresses that correspond
to the manufacturers’ code numbers.
6-3. REPLACEABLE PARTS LIST
6-4. The organization of the parts list in table 6-2 is by electrical
assemblies and their components in alphanumerical order by reference

designation. The information given for each part consists of the following:

1. The reference designation as used on component locators and
schematics.

2. The Hewlett-Packard part number.
3. The check digit (CD), for HP internal use only.
4. The quantity. The total quantity for each part is given
only once, at the first appearance of the part number for
each assembly.
5. The part description.
6. The manufacturer’s code (a five digit number).
7. The manufacturer’s part number.
6-5. ORDERING INFORMATION
6-6. To order a part listed in the replaceable parts table, quote the Hewlett-

Packard part number and check digit, indicate the quantity required, and
address the order to the nearest Hewlett-Packard office.

6-T. To order a part +that is not 1listed in the replaceable parts table,
include the instrument serial number, the description and function of the part,
and the number of parts required. Address the order to the nearest Hewlett-

Packard office.

DSP 6-1
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6-8. DIRECT MAIL ORDER SYSTEM

6-9. Within the USA, Hewlett-Packard can supply parts through a direct mail
order system. The advantages of using the system are as follows:

1. Direct ordering and shipment from the HP parts center in
Mountain View, California.

2. No maximum or minimum on any mail order (there is a min-
imum order amount for parts ordered through a local HP
when the order requires billing and invoicing).

3. Prepaid transportation (there is a small handling charge
for each order).

4. No invoicing (to provide these advantages, a check or
money order must accompany each order).

6-10. Mail order forms and specific ordering information are available through
your local Hewlett-Packard office.

DSP 6-2
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Table 6-1. Reference Designator Abbreviations

DEPC
DR

ELECT
ENCAP
EXT

FH
FILH
FXD

= assembly
= motor

= battery

= capacitor
= coupler
= diode

= delay line

= device signaling (lamp)

= misc electronic part

= amperes

= automatic frequency
control

= amplifier

= beat frequency oscillator

= beryllium copper
= binder head

= bandpass

= brass

= backward wave oscillator

= counter-clockwise
= ceramic

= cabinet mount only
= coeficient

= common

= composition

= complete

= connector
cadmium plate

= cathode-ray tube
= clockwise

= deposited carbon
= drive

= electrolytic
= encapsulated
= external

= farads

= flat head

= fillister head
= fixed

= giga (109
= germanium
= glass

= ground(ed)

HDW

HEX

HR
HZ

IF
IMPG
INCD
INCL
INS
INT

LH
LIN

LK WASH
LOG

LPF

MEG
MET FLM
MET OX
MFR
MHZ
MINAT
MOM
MOS
MTG

MY

N/C

NI PL

REFERENCE DESIGNATORS

= fuse

= filter

= integrated circuit
= jack

= relay

= inductor

loud speaker
meter

= microphone

ABBREVIATIONS

henries
= hardware

= hexagonal
= mercury
hour(s)

= hertz

1

Hn

intermediate freq
= impregnated
incandescent

= includel(s)
insulation(ed)

= internal

= kilo=1000

left hand

linear taper

lock washer
logarithmic taper
low pass filter

I

milli=10-3
meg=106
metal film
metallic oxide
manufacturer
mega hertz
miniature
momentary
metal oxide substrate
mounting
="mylar”

]

I

[l

nano (10-9)
normally closed
= neon

nickel plate

MP

P
Q
R
RT
s
T

TB
TP

N/O
NOM

NPO

NPN
NRFR
NSR
OoBD

OH
)4

P
PC
PF

PH BRZ

PHL
PIV
PNP

P/O
POLY
PORC

= mechanical part
= plug

= transistor

= resistor

= thermistor

= switch

= transformer

= terminal board
= test point

i

normally open
= nominal

= negative positive zero
(zero temperature
coefficient)

= negative-positive-
negative

= not recommended for
field replacement

= not separately
replaceable

= order by description
= oval head
= oxide

= peak

= printed circuit

= picofarads= 10-12
farads

= phosphor bronze

= phillips

= peak inverse voltage

= positive-negative-
positive

= part of

= polystyrene

= porcelain

= position(s)

= potentiometer

= peak-to-peak

= point

= peak working voltage

= rectifier

= radio frequency

= round head or
right hand

<c

N<xgg

RMO
RMS

RWV

S-B
SCR
SE
SECT
SEMICON
SI

SIL
SL
SPG
SPL
SST
SR
STL

TA
TD
TGL
THD
TI
TOL
TRIM
TWT

VAR
vDCW

w/

wiv

ww
w/0

= integrated circuit

= vacuum, tube, neon
bulb, photocell, etc

= voltage regulator

= cable

= socket

= crystal

= tuned cavity network

= rack mount only
= root-mean square

= reverse working
voltage

= slow-blow

= screw

= selenium

= section(s)

= semiconductor
= silicon

= silver

= slide

= spring

= special

= stainless steel
= split ring

= steel

= tantalum

= time delay

= toggle

= thread

= titanium

= tolerance

= trimmer

= traveling wave tube

= micro=10-6

= variable
= dc working volts

= with

= watts

= working inverse
voltage

= wirewound

= without
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Replaceable Parts

Model 64100A

Table 6-2. Replaceable Parts
Reference HP Part |c - Mfr
Designation Number |D Qty Description Code Mfr Part Number
AL H4L00-66530] & i DISPLAY CONTROLLER ROARD ASSEMELY 28480 6450066530
[958 & 28 CAPACTTOR~FXD . 04iuf 20% L00VDC CER 28480 0160-532 1
ca 8 CAPACITOR-FXD . 0duf CER 28480 0160532
[ 2 i CAPACITOR~FXD £00pF +- 28480
G4 ] CAPACITOR-FXD 0duf 1 CER 28480
(953 8 CAPACITOR-FXD 0iuf - L00VDEC CER 28480
Cé 8 CAPACITOR-FXD ,04uf +80-20% 100VDC 28480
C7 8 CAPACTTOR Do O0iuf +80-20% L00VDE 26480
W] g CHPACTTOR DL Oduf +BO-20X L00VDE 28480
[934 8 CAPACTTOR U ERTR L00VDEG 28480
[ A1) 8 CAPACITOR~FXD L 0duf % 100VDEC 28480
8 LAPALITORMFXD RN TR A 100VDE “&480
§ y Jduf 100VDE
8 JOduf i00vDe
8 CLT Oiuf A L0OVDE CER
) CAPACITOR-~FXD 0iuvf +80~20% 100VD0 CER
Cid & CAPACITOR-FXD . 0duf +80-20% 400VDEC
Civ 8 CAPACITOR-FX0 0iuf +80-20% L00VDC
Cig ] CAPACITOR~FXD . 0duf +8 L 00VDE 98480
Ciy I3 CAPACITOR~FXD . 0iuf %oOLOGUDE 80
[WE41) 8 CAPACITOR-FXD 04uf - aoAn0VDe 28460
8 CAPACTITOR-FXD . 04uf +B0-20% L00VDC 28480
8 CAPALITOR"FXD LOduf wBO- 100UDC 28480
8, F OLuf L00VDC 2H460
@ LOduf L00VnG 28480
3 i LOuf +=10% 20VDC TaA 28460
5] JOduF 80204 400UDC
& LOduf +B0- L00VDe
@ JOduf B0 100VDC
& LOiuf 80 L00VDE
@ COduf B0 10GVDC
9 4 iG SCHOTTKY
9 ; SUHOTTIY
9 SCHOTTKY
190 G SCHOTTKY
9170“0029 3 2 (URE uHI lDLNb RE
i G0-H067 & P RACTOR
i / P RALTOR
2 T
TEST LR
P a i NLTWURK CHDCT MODULE DIPtié PINS: L1
i ~100
4 G0
iKLE }
iK 4%
i 147 4%
Ré& LK 4K
R iK%
R AK i%
R 3 316 1% 2
R4U UHE3-104% 7 i 00 an 28480
07s7 ULSU iK 1% 2BAB0
D&69E 7 27 404 28480
1698 i 27 107
[(F:%3 028 RESISTOR 27 40X
069B-7028 REGISTOR 27 10%
0% /4540
10 04540
b 074540
L 00
24546
i [FE¥:21
24546
1 E 28480 K
20 POINT POR 00000 ORDER RBY DESCRIPTION
THGND 1] ST POINT PCR sooon ORDER BY DESCRIFPTION
Ui 4 3 NAND GUAD 2-INP : HN74G00N
Uz L820~-14 3‘ { 4 S ONTR O TTL 8 BIN SYNCHRO PO SN?48163N
U3 182 4 2 BFR TTL LS DRVR QCT HEN7ALE240N
u4 1H“0»19i/ i SOBFR OTTL LS . DRVR OCTI. SBN74LE240N
us BEU-1201 b i 10 GATE TTL LS AND QUAD 2-INP HBN74L.508N
ué 18201453 1] IC CNTR L8 BIN SYNCHRO POS-EDGE-TRIG SN7451 63N
uz 4 IC GATE TTL & NAND QUAD 2-INP 298 SN74500N
s ) 3 IC FF OTTL LS D-TYPE POS-EDGE~TRIG 0129% BN741L.574N

DSP 6-4
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Replaceable Parts - Model 64100A

.
Table 6-2. Replaceable Parts (continued)
Reference HP Part |c . Mfr
Designation Number |D Qty Description Code Mfr Part Number
ue 1820-1322 2 2 IC GATE TTL & NOR GUAD 2-INP 0129% SN74502N
uio 1820~-0629 1] 2 IC FF TTh 8§ J-K NEG-EDGE~TRIG 0129% SN7461 42N
uii 1820-1449 4 i IC GATE TTL § UR QUAD & 0129% GN74832N
Uiz 18200693 2] 3 IC FF TTL & D-TYPE POS 01299 SNV 487 4N
Ui iB20-~1444 b 3 LC GATE TTL LS NOR QUAD 2 0LR9% GN74LS02N
Ui4 iBZU-0683 & 2 IC INV TTL 6§ HEX 4-INP 0i29% SN74504N
Uis 1820-1208 3 4 IC GATE TTL LS OR QUAD 2-INP 01299 BN74LEIEN
Uié 18200688 i 2 IC GATE TTL 5 NAND DUAL 4-INP 04295 GN74B20N
ULz 1820-1i241 8 i IC GATE TTL LS EXCL-0OR QUAD 2-INP 0L29% HN74L.586N
[WE Rz 18200629 0 IC FF TTL & J=K NEG-EDGE-TRIG 0429% HGN74544 2N
Uiy 18201497 14 i IC GATE TTL LS NAND QUAD 2-INP GL29% GN74L.500N
U2o 18200688 i IC GATE TTL & NAND DUAL 4-INP hiz29% SN74620N
uzi 18200683, b IC INV TTL S-HEX 4-INP 0429% HN74S04N
a2z 1820~-1322 2 IC GATE TTL & NOR GUAD 2-INP 0129% SEN7A4502N
u2s 1818-300% 7 ié IC NMOS 64K DYNAMIC RAM 150N 28480 LB18-300%
U24 L8i8-300% 7 IC NMOS 64K DYNAMIC RAM 450-NS 28480 1846-300%
uan 18i8-300% 7 IC NMOS 64K DYNAMIC RAM 150-NS 28480 1818-300%
uaé L848-300% 7 IC NMOS 64K DYNAMIC RAM 450-NE 28480 i8i8-300%
uay 1818-300% 7 IC NMOS 64K DYNAMIC RAM 4%50-NG 28480
U2 L818-300% 7 IC NMOS 64K DYNAMIC RAM 150-NG 2480
Ley 1i818-300% 7 IC NMOS 64K DYNAMIC RAM 150-NS 28480 1818-300%
u3o 1848-300% 7 IC NMOS 64K DYNAMIU RAM 150-N§ 1816-300%
U34 iB20-2024 3 3 IC DRVR TTL L& LINE DRVR OCTL HN74L.G244N
usa 0-2024 3 IC DRVR TTL LS LINE DRVR OCTL SN74LE244N
U33 1820-2191 5 i IC MICROPROC-ACCESS NMOS 8-RIT Ca27%
U354 iB10-0536 Va i NETWORK-RES 27 OHM 46 PIN DIP 18400538
U3 i820~-1144 b i TTL LS NOR GQUAD 2-INP GNVALS02N
U3e 18201208 3 10 TTL LS OR QUAD 2-INP BN74L.HIEN
u3? 1820-0681 4 i = TTL S NAND QUAD 2-INP SNTA500N
U3s 1848-300% Ve e HAK DYNAMIC RAM 150-NG 3 1618-300%
U3y 1848-300% 7 IC NMOS 64K DYNAMIC RAM 150-NS 28460 181i8-300%
40 1818-300% 7 IC NMOS 64K DYNAMIC RaAM 450-NE 28480 1818-300%
U4 1BLB-300% 7 IE NMOS 64K DYNAMIC RAM 150-NS 28480 1818-300%
U4z LBiB-300% 7 10 NMOB 64K DYNAMIC RéM 28480 1848-300%
U43 iBi8-300% 7 IC NMOS 64K DYNAMIC RAM 4% 5 28480 iB18-300%
u44 iB48-300% 7 1C NMOS 64K DYNAMIU RAM 150N 28480 L818-300%
uas 18ig-300% 7 1€ NMOS 64K DYNAMIC RaM 26
Udéd 1820-1997 7 i I1C FF TTL LS D-TYPE PO 5 PRIL_IN
U4z LBR20-1208 3 TG GATE TTL LB OR QUAD 2-INP 01
U4 18200693 8 IC FF TTh & D-TYPE POS SE-TRIG 04
u49 LiB20~-404% 0 & IC MUXR/ZDATA-SEL § 2-TO-4i LINE DRVR Gi29% HN7AS LS8N
LB20-4045% 0 IC MUXRZDATE-SEL & 2-TO~-1 LINE DRVR 01295 HN745158N
18201240 7 i IC GATE TTL LS AND-OR INV DUAL 2-INP 28480 L820-1240
1820-1144 & 3 IC GaTE T NOR QUAD Z2-INP 295 HOZN
i820-1442 3 1c 1 D-TYPE POS~EDGE 74N
1820-1494 3 2 IC FF OTTL 8 D-TYPE POS
18200697 2 i IC DRYR TTL & NAND LINE DUAL 4-LNP GLa9% SN7451L40N
1820-143% 8 3 IC CNTR TTL LS BIN UP/DOWN SYNCHRU ENFALELEYN
LB20-143% 8 IC CNTR TTL LS BIN UP/DDWN SYNCHRO
1820-143% @ IO CNTR TTL LS BIN UP/DOWN SYNCHRO
09600530 7 i OSCILLATOR 2BMHZ
ué6n 18161496 3 i TCORGH 2K x @
b 5 2 IC ONTR TTL LS BIN SYNCHRD POS-EDGE-TRIG
Uba % TG CNTR TTL LS BIN SYNCHRO POS-EDGE-TRIG
Ub3 3 TCOFF TTL LS D-TYP OE5~EDGE~TRIG
Uod i) i IC GATE TTL & NAND 13-1TNP
Ubs ¥4 4 TC MUXR/Z7DATA-SEL T BUAD
Ubé b IE MUXR/ZDATA-S QUAD
us7 G IC MUXR/DATA-S ANE GUAD
uas 9 IO MUXR/DATE~ L LINE Guan
Uay 3 T GATE TTL LS
& 3 CODRVR TTL LS LINE DRUR OCTL
i8s 4 i MISC TTL LS
i8: 1451 # i GATE TTL L. NAND GN74E3EN
1820~-1492 7 i TNV 25480 LB20-1492
u74 iB20-4491 Gizys BN7AE5L7HN
u7s 18200689 8 i
U7é 18204303 & ped
U7z i820-1303 b4
uzs 18200693 8
Xui 12000607 a 3 16 CONT DIP-SLDR
Xua 12000607 1] > 46 CONT DIP-SLDR 28480
AKUR3I 12000654 7 i 40 CONT DIP-SLDR 28480
XuU34 12000607 1] SOCKET-1C ié& CONT DIP-SLDR 28480

See introduction to this section for ordering information
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Replaceable Parts - Model 64100A

Table 6-2. Replaceable Parts (continued)
Reference HP Part |c Q A Mfr
. p t Description Mfr Part Number
Designation | Number |p| <Y p Code
A7 64100-66531 9 1 DISPLAY DRIVER BOARD ASSEMBLY 26480 64100-66531
C1 0140-0149 6 2 CAPACITOR-FXD 470PF +-5% 300VDC MICA 72136 DM15F4NJO300WV1CR
ce 01800229 7 3 CAPACITOReFXD 33UF+=10% 10VDC TA 56289 1800336X901082
c3 0140=0149 [ 1 CAPACITOR=FXD 470PF +=SX 300VDC MICA 72136 OMISFUT1JO300WVICR
ca 01802913 0 1 CAPACITORSFXD 470UF+S0=10% SOVDC AL 28480 0180-2913
cs 01802881 1 H CAPACITOR=FXD 10UF+S0=10X S0VDOC AL 28480 0180028814
(3] 0180=2880 0 2 | CAPACITOR®FXD 2200UF+50=10% 16VDC AL 26480 018002880
ce 0160=4740 3 1 CAPACITOR=FXD ,08SF +=SX 400VDC POLYP 28480 0160=474d0
ce 0160=4706 1 1 CAPACITOR=FXD 1,7S5UF +=8% 200VDC 28480 016004706
cto 016002902 s 1 CAPACITOR®FXD ,01UF +s20% {KVDC CER 20480 016002902
C1t 01802881 1 CAPACITOR=FXD 10UF+S0=10X SOVDC AL 28480 01802881
€12 01604230 [ 3 CAPACITOR®FXD ,01UF +80220% §IKYDC CER 71890 GAPe10}
c13 01604230 [ CAPACITOR=FXD ,01UF +80=20% 1KVDC CER 71590 GAP=103
Ci4 016004230 [ CAPACITOR=FXD ,01UF +80e20X 1KVDC CER 71590 GAPe103
c1s 01600205% 9 5 CAPACITOR=FXD ,01UF +80e20% 100VDC CER 28480 016002058
Cie 016000187 8 1 CAPACITOR=FXD 4700PF +wiox 200VOC POLYE 28480 016000187
c17 0160e0168 1 1 CAPACITOR=FXD ,tUF ¢e10% 200VDC POLYE 28480 016000168
Cie 0180029 3 1 CAPACITOR=FXD JUFe=iox 3SVDC YA 56289 1500105X9035A2
Cle 0180-0229 7 s CAPACITOR-FXD 33UF +-10% 10VDC TA 56289 150D336X901082
cao 0160«3508 9 1 CAPACITOReFXD 1UF +B80«20% SOVDC CER 28480 01603508
c2 01802879 7 CAPACITOR®FXD 22UF+S0«10Xx 25VDC AL 28480 0180=2879
[+}] 0180-2879 k4 CAPACITOR=FXD 22UF+S0e10X 25VDC AL 28480 01802876
ca3 01602088 9 CAPACITOR=FXD ,01UF «8020% 100VDC CER 28480 016022055
C2a 01R0=2880 0 CAPACITOR®FXD 2200UF+50e10% 16V0C AL 28480 0180e2880
ces 0180-0229 7 CAPACITOR-FXD 33UF +-10% 10VDC TA . 56289 150D336X901082
C2e 01802879 7 CAPACITORSFXD 22UF+S50-10% 2SVDC AL 28480 01802879
c2y 01602208% 9 CAPACITOR=FXD ,01UF ¢80e20X% 100VDC CER 28480 01602058
C28, C29 01602088 9 CAPACITOR=FXD ,01UF +80e20% 100VDC CER 28480 01602058
CR1, CR2 190120050 3 12 DIODE«BWITCHING B0V 200MA 2NS D0e3S 28480 19010050
CR3 i90100719 1 2 DIODE=PWR RECT 40OV 3A 300NS 28480 19010719
CRa 19010719 1 DIODE«PWR RECT 400V 3A 300NS 28480 19010740
CRS 1901-0848 4 1 DIODE=NY RECT 2kV SOMA 250NS 271N VG=2aX
CRe 19010050 3 DIODE=SWITCHING B0V 200MA 2N8 DO=3% 20480 19010050
CRY 19010050 3 DIODE«SWITCHING 80V 200MA 2N8 DOe3S 28480 190120050
CR8 19010050 3 DICDE«SWITCHING B0V 200MA 2NS DO«3S 28480 1901=0050
CRe 19010022 9 4 DIODE=STABISTOR 10V 2S0MA 28480 1901=0022
CRi0 19010022 9 DIODE=STABISTOR 10V 280MA 28480 19010022
CR1y 1901e0022 9 DIODE«STABISTOR 10V 280MA 28480 19010022
CR12 19010022 9 DIODE=STABISTOR 10V 280MA 28480 19010022
CR13 1901+00%0 3 DIODE=BWITCHING B0V 200MA 2NS DQe3S 28480 19010050
CR14 thru CR19 19010080 3 DIODE«SWITCHING B0V 200MA 2NS DO=3S 28480 19010050
CR20, 21 1901-0919 3 DIODE-VOLTAGE SUPPRESSOR 1901-0919
08y 21400013 5 H LAMPGLOW SAB=A 70/57VDC 300UA T=2eBULR 00466 SAB(NE=23)
(-1.}] 21400013 s LAMPaGLOW SABeA 70/S7VDC 300UA Te2eBULB 00466 SABC(NE=2Y)
Je 12815502 1 1 CONNECTOR®MALE d4ePIN 28480 12515502
L1 9100e2276 | 9 1 | CcOIL«MLD 100UH 10X QuS0 ,0950X,25LG=NOM 28480 | 9100e2276
(%4 914020319 1 1 COIL=FIXED LINEARITY) DEFL CURRENTS 4 A 28480 91400339
L3 91400306 [ 1 COILeVAR 20UH=B80UH PCeMTG 28480 9140=0306
La 91400179 1 2 COILeMLD 22UH 10X Q=75 ,185DX,375LG=NOM 28480 91400179
LS 9140=0114 4 1 COIL=MLD $0UM 10X OuSS ,185DX,375LGeNOM 28480 9140=01814
Le 91400179 1 ‘COILeMLD 22UM 10X Q7S ,185DX,375LGeNOM 28480 9140=0179
MPy 1251-3475 3 1 CONNECTOR 10-PIN M POST TYPE 27264 1251-3475
MP2 18400=0249 [] 1 CABLE TIE ,062w,625=DIA ,091eWD NYL 28480 14000249
[-F} 1854-0090 o] H TRANSISTOR NPN 2N4401 SI TO=92 POS3I{OMW [TRA%} 2N44o1
(1] 18%4-0623 s 1 TRANSISTOR NPN 2N6306 81 TO=3 POm128W 04713 2N6306
Q3 18830271 7 1 TRANSISTOR PNP 2N4403 SI T0=92 PDs3fioMw 04713 2N4uo3
Q4 18540798 7 1 TRANSISTOR NPN S T0O152 MPS UL5 28480 1854=1798
0s 18530449 1 1 TRANSISTOR PNP SI DARL POsiw 04713 MP8eU9S
Q6 1854-0215 1 H TRANSISTOR NPN 2N3904 S| PD=350MW FT=300MHZ 04713 2N3904
Q7 1854-0215 1 TRANSISTOR NPN 2N3904 S| PD=350MW FT=300MHZ 04713 2N3904
(1} 185400467 S TRANSISTOR NPN 2N44O03 81 TO=92 PDE3ioMW 04713 2Nu4ot
Rt 210023353 8 1 RESISTOR=TRMR 20K 10% C 8IDE«ADJ 1eTRN 32997 3386XeYlbe20)
R2 06832728 8 1 REBISTOR 2,7K SX ,25W FC TCsee400/¢700 of121 cea72s
R3 06983450 9 3 RESISTOR 42,2K 1% ,125W F TCa0¢e100 24%4e Clmi/8mT0ul222=F
R4 068321028 9 4 RESISTOR 1K SX% ,23W FC TCwed00/4600 o111 c81028
RS 06831018 7 4 RESISTOR 100 SX ,25W FC TCmwd00/4500 of12t c81018

See introduction to this section for ordering information
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Table 6-2. Replaceable Parts (continued)

. L. r
Reference HP Part 1c| o Description M Mfr Part Number
Designation | Number |D Code
R6 0764e0016 8 2 RESISTOR 1K 5% 2W MO TCeQ+e200 28480 076420016
R7 068321015 7 RESISTOR 100 5X ,25W FC TC8=400/+500 ot121 c8101%
R8 0683-6825 7 1 RESISTOR 6.8K 10% .25W FC TC=0+-100 28480 0683-6825
RO 2100-3892 0 2 RESISTOR -TRMR 2.5M 10% C TOP-ADJ 1-TRN 28480 2100-3892
R10 0683-5645 7 6 RESISTOR 560K 5% .25W FC TC-800/+900 28480 0683-5645
R1¢ 0683-5645 7 RESISTOR 560K 5% .25W FC TC-800/+900 28480 0683-5645
R12 068321085 s RESIBTOR IM SX ,25wW FC TCa=B00/+900 01121 c81083
R13 068301058 s RESJISTOR M S5X ,25W FC TCw=R00/+900 ot1al cB108s
Ri4 0683-4745 6 RESISTOR 470K 5% .25W FC TC=0+-100 28480 0683-4745
R1S 2100-3892 0 RESISTOR-TRMR 2.5M 10% C TOP-ADJ 1-TRN 28480 2100-3892
Rie 06831058 S RESISTOR 1M SX ,25W FC TCee800/4900 ot1ay CB108S
R17 06831048 3 4 RESISTOR 100K SX ,25W FC TCs=400/4800 o11at €81045
R18 0683+1045 3 RESISTOR 100K 3% ,25W FC TCm=d00/4800 oi121 €8104S
R19 068302215 [l 1 RESISTOR 220 SX ,25W FC TC®=400/4600 01121 cn2218
R20 06832225 3 RESISTOR 2,2K SX ,25W FC TC®=400/¢700 01121 ce2228
R21 068342225 3 RESIBYOR 2,2K SX ,25W FC TCm=400/4700 o112t cp22a%
R22 06830222% 3 RESISTOR 2,2K SX ,25W FC TC®=d00/+4700 ot ca2228
R23 068321028 9 RESISTOR 1K X ,25W FC TC=400/4600 0t12t cs10as
R24 06831028 9 RESISTOR 1K 5% ,25W FC TCe=400/¢600 0g121 c8102%
R2S 06862219 ? 1 RESISTOR 220 SX ,5W CC TCm0+529 0112t £n2219%
R26 21003356 1 1 RESISTOR=TRMR 200K 10% C SIDE=ADJ feTRN 28480 2100=3356
rR27 068341048 3 RESISTOR 100K SX ,25w FC TCmed00/4800 o1ty €B104S
R28 068341048 3 RESISTOR 100K SX ,25W PC TC®ed00/4800 01121 cB104s
R29 06831038 1 1 RESISTOR 10K 5% ,25W FC TCme400/4700 otial1 c8103%
R30 07870463 4 2 RESISTOR 82,5 1% ,125K F TCm0+4e100 24s84e Cael/8=T0=8252eF
R34 07870470 3 1 RESISTOR 162K 1% ,125W F TCE04=100 24546 C4wl/B8eT0nib623nF
R32 078720463 ] RESISTOR 82,5K 1% ,12%W F TCRO+=100 24846 Cuwi/BoT008RS2eF
R33 0757-0280 3 2 RESISTOR 1K 1% .125W FTC=0+-100 24546 C4-1/8-TO-1001-F
R34 068341019 ? RESISTOR 100 SX ,25W FC TC®e400/4500 01121 ca1015
R3S 068322235 s I} RESISTOR 22K 5% ,25W FC TC2=400/4800 01124 [{-Fr31]
R36 069843450 9 RESISTOR 42,2% 1X ,125W F TC®O04e]00 24546 Clul/8eT0nd222eF
R3? 069843450 9 RESISTOR 42,2K 1X ,12%W F TC=04+100 24546 Chel/BuTOnb222eF
R38 06833315 4 1 RESISTOR 330 S5X ,25n FC TC®=400/4600 ot121 c8331%
R39 068620338 8 1 RESISTOR 3,3 5X ,S5W CC TCs0edi2 01121 EB3365
RG0 0684e1211 7 2 RESISTOR 120 10% ,254 FC TCm=l00/+600 01121 cs121}
R4y 06841211 7 RESISTOR 120 10%x ,25W FC TCmal00/4600 01124 [4:31 %)
RG2 0683-6815 5 2 RESISTOR 680 5% .25 W FC TC=400/+600 28480 0683-6815
RA3 0683-6815_ 5 RESISTOR 680 5% .25 W FC TC=400/+600 28480 0683-6815
R44 0683-8215 3 3 RESISTOR 820 5% .25W FC TC=-400/+600
thru
R46
RGY 0764e0016 8 RESISTOR 1K SX% 2W MO TCm0¢=200 28480 07640016
R4S 06831018 | 7 RESISTOR 100 SX ,25W FC TCwwd400/+500 og1a1 c8101s
R49 0757-0124 4 RESISTOR 39.2K 1% .12W F TC=0+-100 28480 0757-0124
R50 0683-1025 0 RESISTOR 1K 5% .25W FC TC=-400/+600 01121 CB1025
T 9100-4195 6 1 TRANSFORMER-HORIZONTAL DRIVE 28480 9100-4195
;2' . ' 9100-0491 1 TRANSFORMER FLYBACK, HI V 12.5 KV +500V 28480 9100-0491
TP 036020535 [ 7 TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPYION
ut 1820=1437 0 1 IC MV TTL LS MONOSTBL DUAL 01298 SNT4L8221IN
'H 1826<0120 [] 1 1C OP AMP GP GUAD tdeD}Pep 27014 LM3900N
us 1820=1451 8 | IC GATE TTL S NAND QUAD 2-INP 0129% SNT4838N
v4 18200471 0 1 IC INV TTL HEX teINP 01295 SN7406N
.VR1 1902-0025 5 1 DIODE=ZNR 10V 5% DO=7 PD=.4W 28480 1902-0025
VR2 190200041 4 1 DIODE=ZNR 5,11V 5% DO=? PDE, 4W TCBe, 009X 28480 190200041
VR3 19020644 3 1 DIODE=ZNR {NS363B 30V 5X PDRSW TCE429MV 28480 19020644
VR4 1902-0049 2 1 DIODE-ZNR 6.19V 5% DO 35 PD=.4W 28480 1902-0049
VR5 1902-3036 3 1 DIODE-ZNR 3.16V 2% DO-7 PD=4W TC=-0.64% 28480 1902-3036

See introduction to this section for ordering information
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°
Table 6-3. Manufacturers’® Codes
Mfr Zip
Manufacturer Name Address
No. Code
00000 ANY SATISFACTORY SUPPLIER
0046G NORELCO NORTH AMER PHILIPS LTG CORP LOS ANGELES CA 90021
01121 ALLEN-BRADLEY CO MILWAUKEE wi 53204
01295 TEXAS INSTR INC SEMICOND CMPNT DIV DALLAS X 75222
04713 MOTOROLA SEMICONDUCTOR PRODUCTS PHOENIX AZ 85062
09023 CORNELL-DUBILIER ELEK DIV FED PAC SANFORD NC 27330
24546 CORNING GLASS WORKS (BRADFORD) BRADFORD PA 16701
27014 NATIONAL SEMICONDUCTOR CORP SANTA CLARA CA 95051
27264 MOLEX PRODUCTS CO DOWNERS GROVE L 60515
27777 VARO SEMICONDUCTOR INC GARLAND T 75040
28480 HEWLETT-PACKARD CO CORPORATE HQ PALO ALTO CA 94304
32997 BOURNS INC TRIMPOT PROD DIV RIVERSIDE CA 92507
50088 MOSTEK CORP CARROLLTON TX 75006
56289 SPRAGUE ELECTRIC CO NORTH ADAMS MA 01247
71590 CENTRALAB ELEK DIV GLOBE-UNION INC MILWAUKEE wi 50501
72136 ELECTRO MOTIVE CORP SUB IEC WILLIMANTIC CT 06226

DSP 6-8
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MANUAL BACKDATING - Model 64100A

SECTION VII

MANUAL BACKDATING

T7-1. INTRODUCTION.

T7-2. This section contains information for adapting this manual to instruments
with various serial prefix numbers.

T7-3. MANUAL CHANGES.

T-4. To adapt this manual to your instrument, refer to table 7-1 and make all
of the manual changes listed under the serial prefix number for your
instrument. Perform these changes in the sequence listed.

Table T-1. Manual Changes

Serial Prefix Make Changes Affects
2210A 1, 2 DSP
2212A 1, 2 DSP

NOTE: DSP is the abbreviation for Display Controller and Driver boards.

MANUAL BACKDATING DSP T7-1



MANUAL BACKDATING - Model 64100A

CHANGE 1
NOTE

The 64100-66523 Display Driver board is compatible with the 64100-66527
board with the following changes:

Table 6-2 DSP, Replaceable Parts List,

AT: Change HP Part No. to 64100-66523, CD=1.
CR2: Change HP Part No. to 1901-0719, CD=1.
T1l: Change HP Part No. 9100-4075, CD=0.
CR19: Delete.

CR29: Delete.

R50: Delete.

VRS: Delete.

Page 8-22 DSP, ~
Figure 8-6, Display Driver Component Locator. Replace with component
locator on page T-4 DSP.

Page 8-23 DSP,
Figure 8-7, Display Driver Schematic. Replace with Display Driver schematic
on page T7-5 DSP.

CHANGE 2
NOTE

The 64100-66519 Display Controller board is compatable with the 64100-
66530 board. The newer 64100-66530 board has 64K x 16 memory locations
of RAM while the 64100-66519 board has only 32K x 16 memory locations
of RAM. The 64100-66519 Disp<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>