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SAFETY

This product has been designed and tested according to International Safety Requirements. To
ensure safe operation and to keep the product safe, the information, cautions, and warnings in this
manual, must be heeded. Refer to Section Iand the Safety Summary for general safety considerations
applicable to this product.

CERTIFICATION

Heuwlett-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 productis warranted against defects in material and workmanship for a period
of one year from date of shipment. During the warranty period, Hewlett-Packard Company will, atits
option, either repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by HP.
However, warranty service for products installed by HP and certain other products designated by HP
will be performed at Buyer’s facility at no charge within the HP service travel area. Outside HP ser-
vice travel areas, warranty service will be performed at Buyer’s facility only upon HP’s prior agree-
ment and Buyer shall pay HP’s round trip travel expenses.

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.

LIMITATION OF WARRANTY

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

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS THE
IMPLIED WARRANTIES OR MERCHANTABILITY AND FITNESS FOR APARTICULAR PUR-
POSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HP
SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL INCIDENTAL, OR CONSE-
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL
THEORY.

ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available for
Heuwlett-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. Failure 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 liability for the customer’s failure 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.

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 foliowed.

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

S$S8-1-1/76
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General Information

SECTION |

GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. This Operating and Service Manual contains
information required to install, operate, test, adjust, and
service the HP Model 1350A Graphics Translator.

1-3. Listed on the title page of this manual is a Micro-
fiche part number. This number can be used to order 4-
by 6-inch microfilm transparencies of the manual. Each
microfiche contains up to 96 photo-duplicates of the
manual pages. The microfiche package alsoincludes the
latest MANUAL Changes supplement.

1-4. SPECIFICATIONS.

1-5. Instrument specifications are listed in table 1-1.
These specifications are the performance standards or
limits against which the instrument is tested. Table 1-2
lists supplemental characteristics. Supplemental char-
acteristics are not specifications but are typical charac-
teristics included as additional information for the user.

1-6. SAFETY CONSIDERATIONS.

To prevent personal injury, observe all
safety precautions and warnings stated on
the instrument and in this manual.

1-7. This product is a Safety Class 1 instrument (pro-
vided with a protective earth terminal). Review the
instrument and manual for safety markings and
instructions before operation. Specific warnings, cau-
tions, and instructions are placed wherever applicable
throughout this manual. Refer to the Safety Summary
in the front of this manual and to Sections II and III for
further safety precautions. These precautions must be
observed during all phases of operation, service, and
repair of this instrument. Failure to comply with these
precautions or with specific warnings elsewhere in this
manual violates safety standard of design, manufac-
ture, and intended use of this instrument. Hewlett-
Packard assumes no liability for the customer’s failure
to comply with these requirements.

1-8. INSTRUMENTS COVERED BY MANUAL.

1-9. Attached to the instrument is a serial number tag.
The serial numberis in the form: 0000A00000.Itis intwo
parts; the first four digits and the letter are the serial
prefix, and the last five digits arethesuffix. The prefix is

the same for all identical instruments. The suffix, how-
ever, is assigned sequentially and is different for each
instrument. The contents of this manual apply toinstru-
ments with the serial number prefix(es) listed under
SERIAL NUMBERS on the title page.

1-10. 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 that the instrument is different from
those described in this manual. The manual for this
newer instrument is accompanied by a ManualChanges
supplement. This supplement contains “change infor-
mation” that explains how to adapt the manual to the
newer instrument.

1-11. In addition to change information, the supple-
ment may contain information for correcting errors in
the manual. To keep this manual as current and accu-
rate as possible, Hewlett-Packard recommends that you
periodically request the latest Manual Changes supple-
ment. The supplement for this manual is identified with
the manual print date and part number, both of which
appear on the manual title page. Complimentary copies
of the supplement are available from Hewlett-Packard.

1-12. For information concerning a serial number
prefix that is not listed on thetitle page or in the Manual
Changes supplement, contact your nearest Hewlett-
Packard office.

1-13. DESCRIPTION.

1-14. The Hewlett-Packard Model 1350A converts dig-
ital information to X,Y,and Z analog signals for driving
high-resolution, directed-beam, nonstorage CRT dis-
plays. The 1350A accepts digital data from the Hewlett-
Packard Interface Bus (HP-IB; IEEE Std. 488-1978) or
RS-232C interface bus (optional) andstores theinforma-
tion in a 2048-word random-access memory (RAM).
RAM is continually accessed to generate vectors and
characters that refresh one or more displays.

1-15. Each of the 2048 words in RAM can be either a
vector end-point (X and Y coordinates) or an ASCII
character. A character read-only memory (ROM) gener-
ates the vectors necessary for each ASCII character.
Therefore each character uses only one word of RAM.
Each X-Y coordinate pair uses one word of RAM.

1-16. The RAM can be divided into as many as 32 files.

All vectors and characters in a file may then be manipu-
lated as one unit via file management commands. Each

1-1
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file can be individually rewritten, erased, blanked, or
flashed on and off the display for highlighting informa-
tion of special interest. Erasing a waveform that inter-
sects other waveforms (vectors) will not leave blank
spaces at intersections. Filemanagement allows graphs
to be quickly updated and compared, mechanical draw-
ings to be “built up” or ‘“stripteased,” or three-
dimensional “rotating” drawings to be created, for just a
few examples.

1-17. The1350A is also capableofdriving an HP Model
1338A Tri-color display so that information can be dis-
played in three colors. The colors provide enhanced dif-
ferentiation of information. This is especially desirable
in applications such as radar, where quick judgements
must be made from several types of information.

1-18. If a hard-copy plot is desired, the program that
drives the 1350A can be quickly translated in order to
drive a plotter.

1-19. OPTIONS.

1-20. Standard options are modifications installed on
HP instruments at the factory and are available on
request. The following options are available for the
1350A.

OPTION 001: RS-232C interface with selectable baud
rates, replaces HP-IB interface. A field-installable kit (HP

Part No. 52102A) is available that allows a standard
1350A to be modified for Option 001 capability.

OPTION 908: rackmount flange assembly without front

handles (see outline drawing in table 1-2). A field-
installable kit (HP Part No. 5061-0074) is available.

Table 1-1.

Model 1350A

OPTION 909: rackmount flange assembly with front
handles. A field-installable kit (HP Part No. 5061-0075)

is available.
1-21. ACCESSORIES SUPPLIED.

1-22. The following accessories are supplied with the
1350A:

One 2.3 m (7.5 ft) AC Power Cord, HP Part No. 8120-1521
(90 °C IEC to NEMA 5-151P, 3-conductor for use in
Canada, Mexico, Japan, and U.S.).

One Operating and Programming Guide.

One 0.8 AT (slow-blow) fuse, HP Part No. 2110-0020 (for
220-240 Vac operation).

1-23. ACCESSORIES AVAILABLE.

1-24. The following items are available for use with the
1350A:

Model 10184A Soft Copy Graphics Library.
Allows HP Model 9825A graphics programs to
drive 1350A (for soft copy) and HP plotters (for
hard copy). This allows the same 9825A instruc-
tions to produce either soft or hard copy without
using programmer time for translations.

Model 52125A. A one meter cable with four color-
coded wires. Simplifies 1350A connection to
display(s).

1-25. RECOMMENDED TEST EQUIPMENT.

1-26. Equipment required to test and maintain the 1350A
is listed intable 1-3. Other equipment may be substituted
if it meets or exceeds the critical specifications listed in
the table.

Specifications

INPUT INTERFACE: HP-IB listener only that conforms
to IEEE 488-1978.

X and Y ANALOG OUTPUTS: +0.2 Vdc to +1.2 Vdc into
50 ohms. Positive up and to the right.

Z ANALOG OUTPUT: 0 to 1 Vdc unblanked, -1 Vdc
blanked, into 50 ochms.

REFRESH RATE: dependent on total length of vectors
displayed. Contact your HP Field Engineer for exact
refresh rate for a given application.

ADDRESSABLE RESOLUTION: 1022 x 1023 points.

MEMORY

2048 vectors or characters.

32 Addressable Files: files can be erased or blanked.
Files may be of any length, the total of which doesnot
exceed memory size.

Addressable Write Pointer: allows new data to be written
from that address forward.

CHARACTER GENERATOR

8 x 12 Resolution stroke characters. Modified full ASCII
set (compatible with HP 9825A keyboard). Character
strokes are stored in plug-in ROMs.

4 Programmable Sizes: 1X, 2X, 4X, 8X. 80 characters per
line and 51 lines (not to exceed memory size) at 1X
character size.

2 Programmable Orientations: 0° and 90° CCW.

1-2
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General Information

Table 1-2. Supplemental Characteristics

AUXILIARY CONNECTOR: rear panel, allows 1350A
to output color information to an HP 1338A Tri-
color Display.

INPUT CONNECTOR: rear panel, conforms to IEEE
488-1978.

OUTPUT CONNECTORS: three rear panel BNCs for
X,Y, and Z axes with shields grounded. Four rear
panel BNC auxiliary outputs for TTL blanking of
displays (high = blank).

FRONT PANEL

Indicator Lights: power interrupt, listen data, listen
program, power on.

On/Off Switch

OPERATING ENVIRONMENT

Temperature: (operating) 0°C to +55°C (+32°F to +130°F),
(non-operating) -40°C to +70°C (-40°F to +158°F).

Humidity: to 95% relative humidity at +40°C(+104°F).

Altitude: (operating) to 4600 m (15 000ft); (non-operating)
to 7600 m (25 000 ft).

Shock: 30 g level with 11 ms duration and 1/2 sine
wave shape.

Vibration: vibrated in three planes for 15 min. each with
0.25 mm (0.010 in.) excursion, 10 to 55 Hz.

POWER: selectable 100, 120, 220, or 240 Vac, +5%,
-10%, 48 Hz to 440 Hz, max power 100 VA (approx
80 W). Average power dissipation at 60 Hz and 120 V
without any options is approx 74 W.

SIZE: see outline drawing.

WEIGHT: net, 4.5 kg (10 1b); shipping, 11.8 kg (26 1b).

NOTES

1. DIMENSIONS ARE FOR
GENERAL INFORMATION
ONLY. IF DIMENSIONS ARE
REQUIRED FOR BUILDING
SPECIAL ENCLOSURES,
CONTACT YOUR H.P. FIELD
ENGINEER.

2. DIMENSIONS ARE IN
MILLIMETRES AND (INCHES).
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Table 1-3. Recommemded Test Equipment

Critical Recommended
Instrument Specifications Model Use*
Digital + or - 100 Vdc range, HP 3476A AT
Voltmeter 0.3% accuracy
Dual 50 MHz BW min HP 1740A T
Channel
Oscilloscope
X-Y Display Directed-beam, 2MHz X,Y BW HP 1311A PAT
min; <25 ns Z rise time;
full-scale deflection 1 V.
HP-IB IEEE 488-1978 Controller HP 9825A Opt.002 P,AT
controller Capability (C1) (23K byte R/W
memory).
Equipped with:
98034A HP-IB
interface;
98210A String-
Adv. Program ROM,;
98213A Gen. I/0-
Extended I70 ROM
Current HP 547A T
Tracer
* P=Performance Test; A=Adjustment; T=Troubleshooting

1-27. HP-IB INTERFACE CAPABILITY.

1-28. The interface capability of the 1350A (see table
1-4) is defined in accordance with IEEE Standard 488-
1978, “Standard Digital Interface for Programmable
Instrumentation.”

Table 1-4. Model 1350A HP-IB Capabilities

Code Interface Function
SHO No Source Handshake
AH1 Acceptor Handshake
TO No Talker

L2 Basic Listener

SRO No Service Request
RLO No Remote/Local
PPO No Parallel Poll

DCO No Device Clear

DToO No Device Trigger

COo No controller

El Open-collector Bus Drivers

1-29. HP-1B RESPONSE TIMES.

1-30. The 1350A receives each byte from HP-IB within
approximately | microsecond. Certain commands cause

1-4

the 1350A to generate internal delays that must be satis-
fied before the next byte can be received correctly. These
commands and their approximate time requirements
are listed in table 1-5.

Table 1-5. Command Time Requirements

Command Time

EM (seeSectionIII) | Twice the 1350A refresh time
EN ’
EX i3
BM b3

(Note: If EM is done first, then the time for each of the
others goes to approximately 6.67 ms.)

“” following PA
TX characters

3 microseconds
3 microseconds/character
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Table 1-6. Auxiliary Connector

Pin
No. | Signal Function
1-3 none |No connection.

4 TTL1 |Same as DISPLAY 1 TTL blanking
connector.

5 TTL2 [Same as DISPLAY 2 TTL blanking
connector.

6 Remote |Places auxiliary device under re-
mote (1350A) control when low. Also
holds off operation of pins 9 and 13
during power on reset.

7 C1 Color code LSB.

8 C2 Color code MSB.

9 [Color Valid|Positive edge clock signals data on
C1 and C2 is valid. Occurs approx-
imately 250 ns after code is placed
on C1 and C2.

10 [Vector Busy}Low while 1350A is drawing a vec-
tor to prevent a color change.

11 +5V  |Output through a 10 ohm resistor.

12 +5V  |Output through a 10k ohm resistor.

13 |Color Busy|A low from auxiliary device pre-
vents 1350A from outputting vec-
tors.

14-16f GND |Ground.

17 TTL3 |Same as DISPLAY 3 TTL blanking
connector.

18 TTL4 |Same as DISPLAY 4 TTL blanking
connector.

19-254 GND |Ground.

General Information

1-31. AUXILIARY CONNECTOR.

1-32. The rear-panel AUXILIARY connector allows
the 1350A to output color information (select colors for
data) when used with an HP 1338A Tri-color display.
The interface signals from and to this connector are all
TTL levels. Table 1-6 lists AUXILIARY connector pins,
signals, and functions.

1-33. The “TRI-COLOR” paragraphs in Section III
describe 1350A operation for color graphics. Table 1-7

lists 1350A color code outputs and their corresponding
1338A colors.

Table 1-7. 1350A File Name, Code Output, and 1338A

Colors
C2 (MSB) C1 (LSB)
File Name | pin 8 pin 7 1338A Color
0-15 high high Green
16-31 high low Yellow
32-47 low high Red
48-63 low low Yellow

1-34. HP 9825A MEMORY CONSIDERATIONS.

1-35. The 9825A Opt.002 has approximately 23K bytes
of read/write memory available. This capacity can be
increased to approximately 31K bytes by ordering
Opt.003. The String-Adv. Programming and Extended
170 ROMs must be deleted. General I/0 ROM must be
included. For further information, contact your nearest
Hewlett-Packard office.

1-5/(1-6 Blank)
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Installation

SECTION 1l

INSTALLATION

2-1. INTRODUCTION.

2-2. This section provides installation instructions for
the Model 1350A Graphics Translator. This section also
includes information about initial inspection and dam-
age claims, preparation for use, and storage and
shipment.

2-3. INITIAL INSPECTION.

2-4. Inspect the shipping container for damage. If the
shipping container or cushioning material is damaged,
it should be kept until the contents of the shipment have
been checked for completeness and the instrument has
been checked mechanically and electrically. The con-
tents of the shipment should be aslisted in the ““Accesso-
ries Supplied” paragraph in Section I. Procedures for
checking electrical performance are given in SectionIV.
If the contents are incomplete, if there is mechanical
damage or defect, or if the instrument does not pass the
Performance Tests, notify the nearest Hewlett-Packard
Sales/Service office. If the shipping container is dam-
aged, or the cushioning material shows signs of stress,
notify the carrier as well as the Hewlett-Packard office.
Keep the shipping material for carrier’s inspection. The
Hewlett-Packard office will arrange for repair or
replacement at HP Option without waiting for claim
settlement.

2-5. PREPARATION FOR USE.

Read the Safety Summary in the front of this
manual and the “Safety Considerations”
paragraph in Section I before installing or
operating this instrument.

2-6. POWER REQUIREMENTS.

2-7. The 1350A requires a power source of 100, 120, 220,
or 240 Vac +5%, -10%, single phase, 48 Hz to 440 Hz that
can deliver approximately 100 VA (maximum). Average
power dissipation at 60 Hz and 120 Vac without any
options is approximately 74 W.

2-8. AC LINE VOLTAGE SELECTION.

CAUTION

Instrument damage may result if both line
voltage selection switches are not set for the
proper input voltage.

2-9. The instrument is normally set at the factory for
120 Vac operation. To operate the instrument from any
other power source, proceed as follows:

a. Disconnect power cord from 1350A.

b. Using a blade-type screwdriver, position rear-
panel LINE VOLTAGE SELECT switches for desired
ac input. (Figure 2-1 shows switches set for 120 Vac
operation.)

c¢. For 220 Vac or 240 Vac operation, replace rear-
panel fuse (F1) with the 0.8 AT (slow blow) fuse, HP Part
No. 2110-0020, supplied with the instrument.

d. Reconnect power cord.

Figure 2-1. Line Voltage Selection Switches

2-1
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250V 250V
OPERATION OPERATION

@
OPT 901

CABLE*: HP 8120-1369

OPT 906
CABLE*: HP 8120-2104

125V 250V
OPERATION OPERATION

STD OPT 904
CABLE*: HP 8120-2061 CABLE*: HP 8120-0698

250V
OPERATION

OPT 902

CABLE™*: HP 8120-1689 OPT 905

CABLE*: HP 8120-1396

250V
OPERATION

250V
OPERATION

OPT 900
CABLE: HP 8120-1351

*The number shown for the cable is an HP Part number for a complete cable including the plug.

Figure 2-2. Power Cables Available

2-10. AC POWER CABLE.

2-11. This instrument is equipped with a three-wire
power cable. When connected to an appropriate ac power
receptacle this cable grounds the instrument cabinet.
The type of power cable plug shipped with each instru-
ment depends on the country of destination. Figure 2-2
shows the part numbers (and associated option
numbers) for the power cables and plug configurations
available.

2-12. OPERATING ENVIRONMENT.

2-13. TEMPERATURE. The instrument may be oper-
ated in temperatures from 0°C to +55°C (+32°F to
+130°F).

2-14. HUMIDITY. The instrument may be operated in
environments with humidity up to 95%. However, the
instrument should also be protected from temperature
extremes which cause condensation within the instru-
ment.

2-15. ALTITUDE. The instrument may be operated at
altitudes up to 4600 m (15 000 ft).

2-16. STORAGE AND SHIPMENT.
2-17. ENVIRONMENT.

2-18. The instrument may be stored or shipped in envi-
ronments within the following limits:

Temperature: ~40°C to +70°C (-40°F to +158°F)
Humidity: Up to 95%
Altitude: Up to 7600 m (26 000 ft)

The instrument should also be protected from tempera-

ture extremes which cause condensation within the
instrument.

22

2-19. PACKAGING.

2-20. Original Packaging. Containers and materials
identical to those used in factory packaging are availa-
ble through Hewlett-Packard offices. If the instrument
is being returned to Hewlett-Packard for servicing, at-
tach a tag indicating the type of service required, return
address, model number, and full serial number. Also
mark the container FRAGILE to ensure careful han-
dling. In any correspondence, refer to the instrument by
model number and full serial number.

2-21. Other Packaging. The following general instruc-
tions should be used for re-packing with commercially
available materials:

a. Wrap instrument in heavy paper or plastic. (If
shipping to Hewlett-Packard office or service center,
attach tag indicating type of service required, return
address, model number, and full serial number.)

b. Use 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-inch) thick around all sides of the instru-
ment to provide firm cushioning and prevent movement
inside container. Protect control panel with cardboard.

d. Seal shipping container securely.

e. Mark shipping container FRAGILE to ensure
careful handling.

f. In any correspondence, refer to instrument by
model number and full serial number.
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2-22. HP-IB SYSTEM INTERFACE CON-
NECTIONS.

2-23. The 1350A is connected to the HP-IB by connecting
an HP-IB interface cable to the 1350A rear-panel HP-IB

Installation

connector (figure 2-3). As many as 14 instruments can be
connected to the same interface bus. The maximum
cable length that can be used must not exceed: (a) two
meters (6.5 ft) times the number of instruments con-
nected to the bus; or (b) 20 meters, whichever is less.

D101 1 13 DI05
DI02 2 14 DI06
DI03 3 15 DIO7
DI04 4 16 DI08
EOI 5 17 REN
DAV 6 18 P/O TWISTED PAIR WITH 6 \
NRFD 7 19 P/O TWISTED PAIR WITH 7
NDAC 8 20 P/O TWISTED PAIR WITH 8
SHOULD BE GROUNDED
IFC (BCL) 9 21 P/O TWISTED PAIRWITH9 | NEAR TERMINATION OF
OTHER WIRE OF TWISTED PAIR
SRQ 10 22 P/O TWISTED PAIR WITH 10
ATN (MRE) 1 23 P/O TWISTED PAIR WITH 11
SHIELD 12 24 SIGNAL GROUND /
\/é__ TYPE 57 MICRORIBBON CONNECTOR

Mating Cables: HP 10631A, 0.9 meters (3 ft.); HP 10631B, 1.8 meters (6 ft.);

HP 10631C, 3.7 meters (12 ft.).

Bus Mnemonics:

DIOL-DIOS .ottt e
EOT .o
DAV
NRED .t

.................................. Data Input/Output
..................................... End or Identify
......................................... Data Valid
............................... . Not Ready for Data
................................. Data Not Accepted
...................................... Interface Clear

Figure 2-3. Hewlett-Packard Interface Bus Connector

2-3
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2-24. HP-IB ADDRESS SELECTION.

2-25. The listen address for the 1350A is selected by
Address Switch A3S1 located on Input/Output Assem-
bly A3. The five switches labeled 1 thru 5 are used to
select the unique listen address for the 1350A. The 1350A
may be left at its factory setting (10010 = 18 in base 10),
or it may be set to any alternate setting available. Refer
to figure 2-4 and table 2-1 for address codes and their
corresponding switch settings. Switch section “1” (near-
est rear panel) is the least significant bit (LSB).

2-26. Make sure to remove power cord from 1350A before
changing address switch.

NOTE
The 5-bit decimal code, consisting of bits Al
thru A5, is used by contollers (which use this
code convention) as a system device number
for addressing instruments.

S1-1 S1-2

Model 1350A

2-27. DISPLAY CONNECTIONS.

2-28. The 1350A can driveseveral displaysin a parallel
configuration. If different information is to be presented
on each display, the 1350A TTL outputs must be con-
nected to TTL inputs (positive blanking) on the displays.
Figure 2-5 shows connections in a single display appli-
cation. Figure 2-6 shows connections when four displays
are used.

2-29. The number of displays that can be driven with-
out degradation of the display image is dependent onthe
type and length of the interconnecting cables. In multi-
ple display applications the display farthest from the
1350A (cable length) must be in 50 ohm input configura-
tion, and all others must be in high impedance input
configuration. In single display applications the display
must be in 50 ohm input configuration. For further infor-
mation regarding multiple display applications, contact
your nearest Hewlett-Packard Sales/Service office.

S1-3 S1-4 S1-5

&

*g% .

vae®Psase TEREEEE

TR AR EY

A3

Figure 2-4. Address Switch A3S1

1350A REAR PANEL

—.
@9 <
— N

DISPLAY

DISPLAY IN 500

INPUT CONFIGURATION.

TTL JL INPUT

SHORTING CAP INSTALLED. X Y z
T 9

Figure 2-5. 1350A Connected to a Single Display
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Table 2-1. HP-IB Address Codes

ASCIl CHARACTER BINARY CODE OCTAL CODE 5 BIT
DECIMAL
Listen Talk A5 A4 A3 A2 A1 Listen Talk Value**
Address Address *by bs bs by by b2 b
SP @ 0 0 0 0 0 040 100 0

! A 0 0 0 0 1 041 101 1
” B 0 0 0 1 0 042 102 2
# C 0 o0 o0 1 1 043 103 3
$ D 0 0 1 0 0 044 104 4
% E 0 0 1 0 1 045 105 5
& F 0 0 1 1 0 046 106 6
’ G 0 0 1 1 1 047 107 7
( H 0 1 0 0 0 050 110 8
) 1 0 1 0 0 1 051 111 9
* J 0 1 0 1 0 052 112 10
+ K 0 1 0 1 1 053 113 11
, L 0 1 1 0 0 054 114 12
- M 0 1 1 0 1 055 115 13
. N 0 1 1 1 0 056 116 14
/ @) 0 1 1 1 1 057 117 15
0 P 1 0 0 0 0 060 120 16
1 Q 1 0 0 0 1 061 121 17

2w R*** 1 0 0 1 0 *»+ 062 122 18 #»*
3 S 1 0 0 1 1 063 123 19
4 T 1 0 1 0 0 064 124 20
5 U 1 0 1 0 1 065 125 21
6 \"% 1 0 1 1 0 066 126 22
7 w 1 0 1 1 1 067 127 23
8 X 1 1 0 0 0 070 130 24
9 Y 1 1 0 0 1 071 131 25
: Z 1 1 0 1 0 072 132 26
H [ 1 1 0 1 1 073 133 27
/ 1 1 1 0 0 074 134 28
= ] 1 1 1 0 1 075 135 29
1 1 1 1 0 076 136 30

* Only the first five bits of the binary code are listed. These bits (set by A3S1) are the same for both the TALK and
LISTEN address. The sixth and seventh bits (bs and b; become bus DIO6 and DIO7 lines from controller) determine
whether the instrument is being addressed to TALK or LISTEN.

Bit
Function 7 6
Talk 1 0
Listen 0 1

** Derived from the binary value of the first five address bits.

**+ 1350A factory set address.

2-5



Installation
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1350A REAR PANEL

DISPLAY
1 2 3
9

4
[ ]

o <

—o N

-0 Z

oY

-@ X

—e TTLJ"I_

—e Z
oY

—o X

—oTTL [

—@ Z

QY
—@® X

- TTL_[

®Z

oY

@ X

—-oTTL_[

DISPLAY PHYSICALLY FARTHEST
FROM 1350A MUST BE IN 500

INPUT CONFIGURATION. ALL
OTHERS MUST BE IN HIGH
IMPEDANCE INPUT CONFIGURATION.

DISPLAY
4

DISPLAY
3

DISPLAY
2

DISPLAY
1

Figure 2-6. 1350A Connected to Four Displays (Using TTL Blanking)
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Operation

SECTION Il

OPERATION

3-1. INTRODUCTION.

3-2. This section provides basic programming infor-
mation and explains 1350A controls, connectors, and
indicators.

3-3. For detailed operating information when the
1350A is used with an HP Model 9825A Controlling
Calculator, see 1350A Operating and Programming
manual.

3-4. PANEL FEATURES.

3-5. The 1350A front and rear panels are shown and
described in figure 3-1.

3-6. OPERATING CHARACTERISTICS.

3-7. The 1350A translates digital information to
analog signals. The digital information is received from
HP-IB (or RS-232C). The analog signals “draw” vectors
(and characters) on the CRT(s) of directed-beam X-Y
display(s).

NOTE

In single display applications, the X-Y dis-
play must be in 50 ohm input configuration.
If not, the CRT will have compressed video
on the right-hand side. In multiple display
applications, the display that is physically
farthest from the 1350A must be in 50 ochm
configuration. All other displays must be in
high impedance input configuration.

3-8. 1350A REFRESH RATE.

3-9. The time required for the 1350A to completely cycle
through its memory determines how often the 1350A
will refresh the CRT.

3-10. This memory cycle time is called 1350A refresh
time. The recriprocal of refresh time is the 1350 A refresh
rate. 1350 A refresh time is the total drawing time of all
vectors and characters to be presented on a CRT.

3-11. Maximum 1350A refresh rate is 300 Hz. There-
fore, minimum 1350A refresh time is 3.33 ms (1/300 Hz).
Refresh time becomes important when calculating the
time required for the 1350A to process certain com-
mands (so that the next command can be properly
received). See table 3-7 for refresh-delayed commands.

3-12. Typical drawing times for characters and vectors
are listed in table 3-1. To determine 1350A refresh time,

total the drawing times for all characters and vectors to
be presented. If the total is less than 3.33 ms, then use
3.33 ms for refresh time and 300 Hz for refresh rate.

Table 3-1. Typical Drawing Times for Vectors and

Characters
Average character 15 us
(microseconds)
Vectors:
1/2 or greater screen diameter 48 us
1/4 to 1/2 screen diameter 24 us
1/8 to 1/4 screen diameter 12 us
1/16 to 1/8 screen diameter 6 us
1/32 to 1/16 screen diameter 3 us
1/64 to 1/32 screen diameter 1.5 us
Example:

A CRT presentation contains: 50 characters, a grati-
cule of 20 vertical and 20 horizontal lines; 30 tick
marks on graticule lines; and 200 data points joined
by short vectors.

Refresh time calculation:
50 characters x 15 us (microseconds) = 750 us

40 graticlue vectors x 48 us = 1,920 us
(30 + 200) short vectors x 1.5 us = 345 us

Total = 3,015 us
3,015 us = 3.015 ms

Since 3.015 ms is less than minimum 1350A refresh
time of 3.33 ms, use 3.33 ms for refresh time and 300
Hz for refresh rate.

3-13. If the 1350A is in LINE SYNC, first calculate
refresh time as shown above. Then use the next larger
value of the recriprocal of two times the line frequency.
For example, if refresh time is calculated as 7.37 ms and
line frequency is 60 Hz, then use 1/120 = 8.33 ms for
refresh time. The general formula is n*(1/2t) wheren is
the appropriate integer and t is the line frequency.

3-14. 1350A MEMORY MANAGEMENT.

3-15. The 1350A memory management scheme uses
Files for selective displaying and updating of informa-
tion. For example, the axes and labeling on a graph may
be placed in one file. Each line on the graph may then be
placed in its own file (up to 32 files possible). This allows

31
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POWER INTERRUPT. Indicates voltage chang-
es in A.C. line power that could cause HP-IB
information or information stored in 1350A
memory to be altered.

LISTEN DATA. Indicates that the 1350A has
been addressed to listen and is receiving para-

meter (or text) bytes following a two-letter
“PROGRAM” command.

FRONT PANEL

LISTEN PROGRAM. Indicates that the 1350A
has been addressed to listen and is receiving a
two-letter “PROGRAM” command.

@ TALK. Indicates that the 1350A has received
and responded to its talk address. This state
should never occur, as the 1350A is not con-
figured to transmit data on HP-IB.

@ LINE. Indicates if A.C. line power is on or off.

@ ON/OFF. Turns A.C. line power on or off.

& B LINE VOLTAGE SELECT. Selects desired AC
line voltage.

€D LINE SYNC. Synchronizes 1350A to A.C. power
line.

Z GAIN. Adjusts output amplitude of Z axis
signal.

DISPLAY. Provides TTL blanking to four sepa-
rate displays.

X OUTPUT. X axis analog output signal for
display input.

Y OUTPUT. Y axis analog output signal for
display input.

Z OUTPUT. Z axis analog output signal for
display input.

A.C. INPUT POWER.
FUSE. A.C. line protection.

@ HP-IB. Connector for Hewlett-Packard Inter-
face Bus Cable (from controller).

@ AUXILIARY. Connector that has TTL blanking
outputs (same as 11-14) as well as information
to control the Hewlett-Packard 1338 A Tri-Color

Display.

Figure 3-1. 1350A Controls, Connectors, and Indicators

3-2
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rapid updating in order to show new results, or selective
blanking and unblanking of the files for comparison.

3-16. The 1350A memory also allows information to be
displayed selectively on up to four X-Y displays. Sixteen
possible combinations allow different displays to be
either blanked or unblanked as desired.

NOTE

The 1350A is capable of drawing 2048 vec-
tors (or 2048 characters, or a total of 2048
vectors and characters). Only vector (“PA”)
and text (“TX”) commands will cause these
2048 locations in 1350A memory to be occu-
pied. Each vector (or character) occupies one
location.

3-17. PROGRAMMING.

3-18. Device-dependent commands (ASCII characters)
for the 1350A are listed in table 3-2. These commands
provide vector, character, file management, memory
control, multiple display management, and color control
information to the 1350A.

3-19. The 1350A can respond to its device-dependent
commands only when addressed to listen.

3-20. The 1350A device-dependent command set is
called Graphics Translator Machine Language (GTML).

3-21. FORMATTING RULES.

3-22. All commands are two letters (ASCII). They may
be either upper or lower case.

NOTE
ASCII characters are shown within quote
marks (“) except for Carriage Return (CR),
Line Feed (LF), End of Text (ETX), and DCA4.

3-23. All commands must be terminated (delimited) by
a colon (‘:”), or a Carriage Return (CR), or a Line Feed
(LF) character.

3-24. Following a Text (“TX”) command, the 1350A
must receive an ASCII ETX (3 in base 10 = End of Text)
character in order to exit text mode. A ““:”’ (or CRor LF)is
then required to terminate the ‘“TX” command. Special
text characters are listed in table 3-3.

3-25. If numeric parameters follow a command:

a. The first value (from one to four digits long)

€69y

must be followed by a comma (“,

b. In the case of a Plot Absolute (“PA”) command,
the X value (one to four digits) must be followed by a

comma (“,”) and the Y value (one to four digits) must be
followed by a semicolon (*}”).

c. Several vectors may be drawn by one PA com-
mand before termination by a “:” (or CR or LF).

Operation

Example:
“pab00,800;200,300;100¢,1023;:’

d. Following the two-letter command, a data field
exists until delimited by a comma (“,”). The data field is
of variable length. In thisfield, only thelast four charac-
ters will be latched into the 1350A. If less than four
characters are placed in the data field, the 1350A auto-
matically inserts leading zeroes internally. If more than
four characters are placed in the data field (leading
spaces for example), the 1350A will ignore all except the
last four characters. Any characters in these last four
positions (preceeding the commma) will be treated as dig-
its by the 1350A.

Example:

“nfXXXXXXXXXX..XXXXDDDD,:”
Where X= don’t care; D = ASCII digit.

NOTE

Data fields (parameters following a two let-
ter command) must contain integer values
only in the last four positions preceeding the
comma. If computed values (for example SIN
X) are liable to produce noninteger results,
then format statements should be used to
truncate the decimal point and all values to
the right of the decimal point.

3-26. A Character Size (“CS”) command should pre-
cede a “TX” command. This preconditions the size and
rotation of text. The 1350A follows the last Character
Size command received when in text mode.

3-27. The 1350A follows the last Pen Enable (“PE”)
command received (CRT beam on or off). “PE” can be
overridden by Blank Memory (“BM”) or Blank File
(“BF”) commands.

3-28. FILES.

3-29. Data (vectors and/or characters) may be assigned
to a file. 1350A memory may be sectioned into as many
as 32 files (0-31). Each file can contain from one to 2048
vectors (or characters, or a combination of both). Total
contents of all files must not exceed 1350 A memory size
of 2048 words (vectors + characters).

3-30. Each file may be blanked, unblanked, erased, or
written over with new data.

3-31. A file, even though named, does not exist until
something has been placed in it.

3-32. A Stop Name (SN) command should follow the
last entry into a file.

3-33. A file cannot be addressed via Find File (FF),

Erase File (EF), Blank File (BF), or Unblank File (BF)
commands until it has been named and has contents.
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Table 3-2. 1350A GTML Commands
Two letter
mnemonic Parameter Description
VECTOR GROUP
peD, D = 0 pen up (beam off) Pen Enable. Defines
D =1 pen down (beam on) CRT blank/unblank.
paX,Y; X =0 to 1022 Plot Absolute (X,Y)
Y =0 to 1023
csD, D=0 X1 0° Character Size. Defines
D=1 X2 0° size and rotation for
D=2 X4 0° text.
D=3 X8 0°
D=4 X1 90° CCW
D=5 X2 90° CCW
D=6 X4 90° CCW
D=7 X8 90° CCW
tx desired text (See Text. ETX required to
table 3-3.) exit (ETX=3 base 10).
MEMORY GROUP
em none Erase Memory. Erases
vector and pen values.
Moves write pointer to
address 0.
bm none Blank Memory. Blanks
entire 1350A memory.
Prevents any output
of information.
um none Unblank Memory. Allows
information to be displayed
in accordance with
other commands.
flD, D =0 to 2047 Find Location. Moves
the write pointer so
that the next word
is written into the
location specified by
FL parameter.
FILE GROUP
nfD, D=0to31 Name File. Name following
(non-color data as file number D.
operation)
sn none Stop Naming. Ends data
entry into file.

3-4



Model 1350A

Table 3-2. 1350A GTML Commands (Cont’d)

Operation

Two letter
mnemonic

Parameter

Description

bfD,

ufD,

ffD,

efD,

en

wxD,

ex

D=0 to 31

D=0to3l

D=0to3l

D=0to 31

none

D=0to15

none

none

Blank File. Blanks all
data in file D.

Unblank File. Unblanks
data in file D in
accordance with PE
commands.

Find File. Moves write
pointer to first
memory location in file D.

Erase File. Erases all
data in file D.

Erase Names. Erases all
file names. All data
in memory is assigned
to file 0. Data in
memory is not changed.

MULTIPLE DISPLAY GROUP

Write Auxiliary. Para-
meter blanks/unblanks
up to four displays in
16 possible combina-
tions. All data entered
after WX will be
displayed according to
WX parameter until a SX.

Stop Auxiliary. Stops
assigning data to a WX
TTL output combination.

Erase Auxiliary. Sets
all WX parameters to 0.
All TTL outputs are
unblanked.
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3-34. REQUIRED INITIALIZATION SEQUENCE.

3-35. Whenever the 1350A is powered on, or whenever a
new program is to be sent to the 1350A, an initialization
sequence is required. This sequence provides the proper
starting point by “clearing out” the 1350A.

3-36. Theinitialization sequenceis: (1) IFC;(2) ETX; (3)
DC4; (4) CR; (5) LF; (6) “EM::”"; (7) “EN:”; (8) “EX::”; (9)
“SN:”; (10) “SX::”; (11) “UM::”.

3-37. The initialization sequence is shown below using
an HP Model 9825A controller as an example.

O:cli?

1: wtb 718,3,20,13,10,“EM::EN::EX::SN:SX:: UM::”

The cli 7 command pulls HP-IB IFC (Interface Clear)
line low momentarily. The 1350A requires this in order
to insure that it will handshake properly on HP-IB.

Model 1350A
The wtb 718 addresses 9825A to talk and 1350A to listen;
it then sends the following information to the 1350A:

3 = EXT (End of Text). This insures that 1350A is
not in text mode.

20 = ASCII DC4 character to turn off POWER IN-
TERRUPT LED.
13 = Carriage Return.
10 = Line Feed.
EM Erases vector and pen enable data following

random power up of memory cells.
: Terminates command.
EN Erases all file names following random power
up of memory cells.
EX Erases all TTL blanking information.

SN Insures that no files are named until desired.
SX Insures that no TTL blanking is done until
desired.

UM Insures that 1350 A memory is unblanked.

Table 3-3. Text Mode Special Characters

Decimal Value Definition
3 ETX (End of Text). Used to exit text mode.
8 Backspace. Depends on character size.
9 Inverse Line Feed. Depends on character size.
10 Line Feed. Depends on character size.
11 Vertical Tick Mark. (')
12 Horizontal Tick Mark. (-)
13 Carriage Return. Moves beam to left edge of display.
14 X Marker Symbol.
15 Rectangle Symbol.
19 Pointer Symbol. (<--)
30 Diamond Symbol.
Note: For a clomplete list of the 1350A modified ASCII character set, see 1350A Operating and Programming
manual.
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3-38. EXAMPLE COMMAND STRINGS.

The following command string will cause the 1350A to
draw a vector from the lower left corner of the CRT to
approximately 1/8 screen diameter in a diagonal
direction.

Commands pen down (beam on).
Comma Latches parameter.
Colon terminates command.
Commands vector(s) to be drawn.
X value for beam location.
Comma latches X value.

Y value for beam location.
Semicolon latches Y value.

X value for next beam location.
Comma latches X value.

— Y value for next beam location.
Semicolon latches Y value.
Colon terminates PA command.

“pel,:pa0,0;100,100;:”

The following command string places the vectors for a
triangle in file 16.

“nf16,:pel,:pal000,1000;1000,0;0,0;:sn:”

The following command string causes a diagonal vector
to be displayed on displays 1 and 2. Displays 3 and 4 are
blanked.

“wx12,:pel,:pa0,0;1000,1000;:sx:”

The following command string: (a) blanks CRT; (b) posi-
tions beam; (¢) unblanks CRT; (d) preconditions text size
and rotation. Text message (Hello!) is displayed going up
the CRT. The 3is ETX; 13 is Carriage Return; 10 is Line
Feed.

“PE0,:PA500,500;:PE1,:CS5,:txHello !”,3,13,10

3-39. TTL BLANKING.

3-40. All vectors and characters (data)entered between
a WX and an SX will be displayed on multiple displays
according to the WX parameter. Table 3-4 lists the
blank/unblank combinations for all WX parameters.

3-41. A Stop Auxiliary (“SX”’) command should follow
the last entry placed under a Write Auxiliary (‘WX)
command.

Operation

Table 3-4. WX TTL Blank/ Unblank Combinations

wX Display
Parameter 4 3 2 1
0 U U U U
1 U U U B
2 U U B U
3 U U B B
4 U B U U
5 U B U B
6 U B B U
7 U B B B
8 B U U U
9 B U U B
10 B 18] B U
11 B U B B
12 B B U U
13 B B U B
14 B B B U
15 B B B B

U = Unblank. B = Blank.

3-42. HARDWARE BLINKING.

3-43. TTL Outputs 1,2, and 3 can each be set to blink at
a4 Hzrate when unblanked by WX parameters 8 thru 15.
Figure 3-2 shows the location of the Blinking Switch on
the Input/Output Board. Table 3-5 lists possible blink-
ing combinations for displays that are unblanked by
WX 8-15. Blinking is not possible with WX 0-7.

S2

Figure 3-2. Blinking Switch S2 Location on Input/Quput
Board

Table 3-5. TTL Blink Combinations for WX 8-15

wX Display
Parameter 4 3 2 1
8 B U* U* U*
9 B U* U* B
10 B U* B U*
11 B U* B B
12 B B U* U*
13 B B U* B
14 B B B U*
15 B B B B
B = Blank. U* = Unblank and Blink if switch set.
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3-44. POINT BLANKING.

3-45. The Point Blanking switch (figure 3-3) allows the
X-Y display to be blanked during the time interval
between vectors. This is useful when a slow X-Y display
is used.

3-46. The switch is set to unblank position at the fac-
tory. When an HP Model 1338A Tri-color display is used
the switch should be set to blank (rear) position.

S1

Figure 3-3. Point Blanking Switch Location on Control
Board

3-47. LINE SYNC.

3-48. For systems having severe ground loop problems
(or environments with strong magnetic fields) the 1350A
may be synchronized to the ac line frequency. This is
done with rear-panel LINE SYNC switch. Switch posi-
tion nearest fan is OFF.

3-49. Line sync should be used only when absolutely
necessary. When line sync is used the display refresh
rate may be reduced to the point where flicker becomes
objectionable.

3-50. TRI-COLOR.

3-51. 1350A file name determines the color of data dis-
played by a 1338 A Tri-color Display. Table 3-6 lists the
colors of data placed in 1350A files.

3-52. Only 32 files (0 thru 31) are used in the 1350A.
However, file names 0 thru 47 are necessary to select all
three colors on the 1338A. Files 32 thru 47 “wrap
around” into files 0 thru 15. For example, data entered
into file 35is displayed in red, but due to “wrap around”
the data is automatically stored in file 3 by the 1350A.
This can cause a problem if file 3 is supposed to contain
its own data (35 - 32 = 3).

3-53. Because of “wrap around”, we recommend that

files 0 thru 7 be used for GREEN, files 16 thru 31 for
YELLOW, and files 40 thru 47 for RED.

3-8
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Table 3-6. File Name Colors

File Name Color
0-15 GREEN
16 - 31 YELLOW
32-47 RED
48 - 63* YELLOW
*Files 48 - 63 not used due to “wrap around.”

3-54. PHOSPHOR PROTECT ON LARGE
SCREEN DISPLAYS.

3-55. When the 1350A is used with a large screen dis-
play (such as an HP 1311A), the display may need to
have its Phosphor Protect Switch “off” in order to pro-
duce desired intensity. Refer to display manual for
switch location and function.

3-56. 1350A COMMAND RESPONSE TIMES.

3-57. The 1350A receives each byte from HP-IB within
approximately 1 microsecond. Certain commands cause
the 1350A to generate internal delays that must be satis-
fied before the next byte can be received correctly. These
commands and their approximate time requirements
are listed in table 3-7.

Table 3-7. Command Time Requirements

Instruction Time

EM Twice the 1350A refresh time
EN »?
EX ”
BM »
UM ”»
FF ”
EF ”
BF ”
UF ”

(Note: If EM is done first, then time for others
~6.67 ms each.)

“” following PA 3 us

each character following TX 3 us
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Examples:

A “pel,;” will require approximately 5 us. If followed
by CR LF (Carriage Return; Line Feed), then about 7
microseconds.

A “pab0,50;100,100;:” will require about 21 us (3 us
for each semicolon after pa; 1 us for each other
character).

‘A “txHello There!” will require about 38 us (12 charac-
ters at 3 us/character +2 us for tx).

3-58. POTPOURRI.

3-59. DUMMY FILES.

3-60. The following example “dummy”’ program (using
an HP 9825A calculator) will create four files in 1350A
memory. File 0 will have 548 words allocated. Files 1, 2,
and 3 will each have 500 words allocated. This “section-
ing off” in 1350A memory provides a simple and effi-
cient method for entering and updating file information
without the confusion of nebulous file boundaries.

3-61. The required 1350A Initialization Sequence
should precede the “dummy” program. Next, the Find
Location (FL) and Find File (FF) commands may be
used to enter data into files.

Example “dummy” program on an HP 9825A:

: fmt 1,4.0,°)”

: wrt 718,“FL0000,:”

: for F=1 to 3

:wrt 718.1,“NF”,F

: for N=1 to 500

s wrt 718, pe0,:pa0,0;:”
: next N

:wrt 718,“SN:”

: next F

: end

OO T U W = O

3-62. Line 0 sets 9825A format so that any calculated
variables are integers of up to four digits with no digits
to the right of the decimal point. Line 1 moves 1350A
memory write pointer to location zero. Lines 2 and 3 set
up file names 1, 2, and 3. Lines 4 and 5 enter 500 “blank”
locations into each file. Line 7 makes sure that each file
is delimited before the next one is named.

NOTE

File 0 contains locations 0 thru 547.
File 1 contains locations 548 thru 1047.
File 2 contains locations 1048 thru 1547.
File 3 contains locations 1548 thru 2047.

Operation

3-63. EXAMPLE PROGRAMS

3-64. The following example programs show how dif-
ferent controllers can be used to produce the same
results in the 1350A. All of the following programs cause
the 1350A to draw a triangle (from file 1) and place the
text “1350A” (from file 16) on a CRT. Figure 3-4 shows
the CRT display that results from any of the example
programs.

Figure 3-4. Display for Example Programs

9825A Example:

: “clear the HP-IB”:cli 7

: “clear the 1350A:

: wtb 718,3,20,"::em::en::ex::sn::sx::um::”’

: “draw a triangle in file 17

: wrt 718,“nfl,:pe0,:pa300,300;:pel ,:pa500,700;700,300;:”
: wrt 718,“pa300,300;:sn::”

: “write text into file 16”":

: wrt 718,“nfl16,:pe0,:pa390,175;:pel :”

: wtb 718,“cs2,:tx1350A”,3,“:sn:”

: end

WU bW~ O

9835A and 9845A Example:

10 REM SET UP OUTPUT TO THE 1350A VIA HP-IB
20 PRINTER IS 7,18

30 REM CLEAR THE 1350A

40 PRINT CHR$(3),CHR$(20),“::EM::EN::EX::SN::SX::UM::”
50 REM DRAW A TRIANGLE IN FILE 1

60 PRINT “NF1,PE0,:PA300,300;:PE1,:PA500,700;700,300;:”
70 PRINT “PA300,300;:SN::”

80 REM WRITE TEXT INTO FILE 16

90 PRINT “NF16,.PE0,:PA390,175;:PE1,.”

100 PRINT “CS2,, TX1350A” ,CHR$(3),“:SN::”

110 PRINTER IS 16

120 STOP

130 END

3-9
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HP system 1000 FORTRAN Example:

0001  FTN4,L

0002 C--- EXAMPLE FORTRAN PROGRAM FOR 1350A ON SYSTEM 1000
0003 PROGRAM EXPLF

0004 C..... SET THE HPIB LU TO 11

0005 LHPIB=11

0006 C..... SET THE 1350A LU TO 19

0007 IPLT=19

0008 C..... CLEAR THE HPIB AND THE 1350A

0009 CALL HPIB(IPLT,LHPIB)

0010 C..... DRAW A TRIANGLE IN FILE 1

0011 WRITE(IPLT,1)

0012 1 FORMAT(“NF1,:PE0,:PA300,300;:PE1,:PA500,700;700,300;300,300;:SN:")
0013 C..... WRITE TEXT INTO FILE 16

0014 C..... SET UP THE ETX CODE (UPPER HALF OF 16 BIT WORD)
0015 IETX=3*256

0016 WRITE(IPLT,2) IETX

0017 2  FORMAT(“NF16,.PE0,:PA390,175;PE1,:CS2,:TX1350A”,A1,":SN:”)
0018 STOP

0019 END

0020 C

0021 C - - - - - - - - - - HPIB - - - - - - - - - - - - - - -

0022 C

0023 C CLEARS THE HPIB AND THE 1350A, WHERE

0024 C IPLT IS LU OF THE 1350A

0025 C LHPIB IS LU OF THE HPIB IO CARD, DRIVER 0

0026 C

0027 SUBROUTINE HPIB (IPLT,LHPIB)

0028 C..... DO AN INTERFACE CLEAR TO THE CARD ITSELF

0029 CALL EXEC(3,LHPIB)

0030 C..... SEND AN ASCII “ETX” + “DC4” AND CLEAR THE 1350A

0031 C..... ETX TAKES THE 1350A OUT OF TEXT MODE

0032 C..... DC4 CLEARS 1350A POWER INTERRUPT

0033 1=01400B+24B

0034 WRITE(IPLT,1) I

0035 1 FORMAT(A2,“EM:EN:EX:SN:SX:UM:"”)

0036 RETURN

0037 END

FTN4 COMPLIER: HP92060-16092 REV. 1901 (781201)

This program was written for a system equipped with RTE II-IV, Driver 37, and a 59310B 1/O card. HP-IB is cleared
(IFC line set low) by a CALL EXEC(3,LUHPIB) program statement. When a delay is necessary, use CALL
EXEC(12,0,1,0,-n) where n = 100 times the desired number of milliseconds. For example, for a delay of 70 ms, usen =-7.

NOTE

3* 956 =768 =01400 in base 8. 20in base 10=24in base 8. The program statement [=01400B+24B
sets ETX into the upper 8 bits and DC4 into the lower 8 bits of the computer word.

3-10
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HP system 1000 BASIC Example:

10 REM
20 CALL CLEAR(11,2)

30 REM CLEAR THE 1350A

40 PRINT #18;“ExDsEM:EN:EX:SN:SX:UM:”
50 REM DRAW THE TRIANGLE IN FILE 1
60 PRINT

70 REM WRITE TEXT INTO FILE 16

80 PRINT #18;“NF16,:PE0,:PA390,175;.:PE1,:”
90 PRINT #18;“CS2,:;TX1350AEx:SN:”

100 STOP

110 END

Operation

CLEAR THE HPIB AND 1350A INTERFACE

#18;“NF1,:PE0,:PA300,300;:PE1,:PA500,700;700,300;300,300;:SN:”

The control characters (ETX = 3, DC4 = 20) are obtained by pressing the Control key (CNTL) and proper key at the

same time.

3=ETX=CNTL/C=C/C = Ex
20 = DC4 = CNTL/T = C/T = D,

NOTE

To clear the HP-IB (IFC line set low), the HP-IB system command that can be loaded using
RTETG is needed. RTETG is discussed in the HP BASIC/1000D manual, change 3, 4th Edition.

3-65. QUICK REFERENCE TO COMMANDS.

3-66. Table 3-8 lists 1350A commands in alphabetical
order with a brief description of parameter ranges. For a
more complete description, see the “Programming”
paragraph and complete list of commands presented
earlier in this section. For convenience when program-
ming the 1350A, table 3-8 may be photo-copied for handy
reference.

3-67. REDUCING CRT FLICKER.

3-68. In some applications the 1350A can be made to
refresh the CRT more often in order to reduce flicker.

3-69. Presort and group data for minimum beam move-
ment when producing the desired display. This reduces
time spent “traveling back and forth” between dis-
played data and optimizes the display.

Table 3-8. Quick Reference to 1350A Commands

Command Parameter(s) Name
bfD, D=0 to 31 Blank File
bm none Blank Memory
csD, D=0to7 Character Size
efD, D=0to31 Erase File
em none Erase Memory
en none Erase Names
ex none Erase Auxiliary
ffD, D=0to3l1 Find Files
flD, D =0 to 2047 Find Location
nfD, D=0 to3l Name File
paX,Y; X =0 to 1022 Plot Absolute

Y =0 to 1023
peD, D=0orl Pen Enable
sn none Stop Naming
sX none Stop Auxiliary
tx ASCII characters Text
ufD, D=0to31 Unblank File
um none Unblank Memory
wxD, D=0to31 Write Auxiliary

3-11/(3-12 Blank)
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Performance Tests

SECTION IV

PERFORMANCE TESTS

4-1. INTRODUCTION.

4-2. The procedures in this section provide an
abbreviated test that provides approximately 90%
assurance of proper 1350A operation.

4-3. EQUIPMENT REQUIRED.

4-4. The verification programs are written for an HP
Model 9825A Calculating Controller equipped with
Options: 98210A (String-Advanced Programming ROM);
98214A (9862A Plotter-General 1/0-Extended I1/0

ROM); and 98034A (HP-IB Interface) with the 98034A
set to “7”. The comments that accompany the programs
should allow them to be translated for use with other
HP-1B Controllers (IEEE Std. 488-1978 “C1” capability).
The X-Y display must satisfy the critical specifications
listed in table 1-3.
NOTE

The performance test programs may be put

on tape. This will save time and prevent

errors whenever the tests are repeated.

4-5. PERFORMANCE TEST PROCEDURES.

4-6. PERFORMANCE VERIFICATION.

4-7. The following program assumes that the 1350A is set to its factory-set address of “18”".

DESCRIPTION:

A sequence of program steps is sent to the 1350A via HP-IB. At appropriate points the program stops and the 1350A
front panel or the display CRT is checked. These program steps exercise most 1350A functions.

EQUIPMENT:
HP-IB Controller . ... e e e e e e e e HP9825A
X X DI S PlaY .ttt HP1311A
PROCEDURE:
9825A 1350A X-Y DISPLAY
H HP- 18 X v 2z 7Y X
. AN ?79 o 9
1350A/134

Figure 4-1. Performance Verification Test Setup

a. Connect 1350A X, Y, and Z outputs to display X, Y, and Z inputs.

b. Make surethat display is in 50 ohm input configuration. Also, makesurethat display TTL blankinginput has

shorting cap installed on positive-going input.

c. Connect HP-IB cable from 9825A to rear of 1350A and secure. Equipment should now be as shownin figure4-1.

d. Cycle the LINE power switches for the 9825A, the 1350A, and the X-Y display being used. Verify that random

vectors are displayed by the display CRT.

4-1
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Enter the following program on the 9825A.

: cli 7;wrt 718;beep;stp

: wtb 718,PA”’;beep;stp

: wtb 718,3,20,13,10;beep;stp

: wrt 718,“EM”;beep;stp

:wrt 718, “EM:EN:EX::SN:SX:UM:”

:wrt 718,“PE1,:PA1022,1023;”;beep;stp

: wrt 718,“EM:EN:EX::SN:SX::UM::”

- wtb 718,“PE0,:PA400,300;:PE1,:CS0,:TXB”,3,13,10
- wtb 718,“CS7,:TX S”,3,13,10;beep;stp

:wrt 718,“EM:EN:EX::SN:SX::UM::”

10: wrt 718,“NF0,:PE1,:PA800,300;:SN”

11: wrt 718,“NF31,:PA100,800;:SN"”;beep;stp

12: wrt 718,“BF0,”;wait 1000;wrt 718,“BF31,”;beep;stp
13: wrt 718,“EN::UF0,”;beep;stp

14: wrt 718,“BM”;wait 1000;wrt 718,“UM”;beep

15: dsp “That’s all FOLKS!”;wait 500;gto 14

16: end

f. Press 9825A RUN key. 9825A should make a “beep” sound. Verify that 1350A front-panel “LISTEN
PROGRAM” LED is on.

Line O:

cli 7; sets HP-IB IFC line low to insure that the 1350A will handshake properly.

wrt 718; addresses 9825A to “talk” and 1350A to “listen”.
beep; causes 9825A to make “beep” sound.
stp causes program to stop.

g. Press 9825A CONTINUE key. 9825A should beep. Verify that 1350A “LISTEN DATA” LED is on,
“PROGRAM” LED is off.

line L:

wtb 718,“PA”; addresses 1350A to “listen” and sends two “program” instruction bytes without a
terminating “:” (colon) or CR(Carriage Return) or LF(Line Feed). This fools the 1350A into staying

in “listen for data”.

h. Press 9825A CONTINUE key. Verify that 1350A POWER INTERRUPT LED has been turned off.
(“PROGRAM” LED will be on.)

line 2:

3 (base 10) = ASCII ETX (End of Text) value in decimal.
This insures that the 1350A is not in Text mode.

20 = ASCII DC4 character to turn off POWER INTERRUPT.
13 = ASCII CR (Carriage Return) character.

10 = ASCII LF (Line Feed) character.

i. Press 9825A CONTINUE key. Verify that CRT is now blank.

line 3:

“EM” erases Pen Enable and vector values from 1350A memory following random power-up.

j. Press 9825A CONTINUE key. Verify that CRT displays a diagonal vector from lower left corner to upper right
corner.

line 4:
line 5:

initializes 1350A.
turns beam on and causes 1350A to draw the vector.

k. Press 9825A CONTINUE key. Verify that the vector is no longer displayed. Verify that the CRT displays a
small “B” (not rotated) and a large “S” (rotated 90 degrees).

line 6:
line 7:

line 8:

initializes 1350A (removes vector).

blanks beam while it is positioned; sets character size and rotation; unblanks beam; instructs

1350A to output a “B”. (Note: 3 = ETX, 13 = CR, 10 = LF).

changes character size and rotation; instructs 1350A to output a “ S” (space-S).

4-2
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l. Press 9825A CONTINUE key. Verify that the CRT displays two vectors that are roughly a “>” shape.

line 9: initializes 1350A (removes text).
line 10: places the bottom vector in File “0”.
line 11:  places the top vector in File “31”.

m. Press 9825A CONTINUE key. Verify that the bottom vector is blanked first, and the top vector is blanked
about one second afterward.

line 12: blanks contents of File “0” (bottom vector); waits about one second and then blanks the contents of
File “31” (top vector).

n. Press 9825A CONTINUE key. Verify that both vectors are now displayed (“>” pattern).

line 13: erases all file names so that all vectors are defaulted to File “0”. Unblanks File “0” to display all
vectors in 1350A memory.

0. Press 9825A CONTINUE key. Verify that “>" flashes on the CRT. The 9825A should display “That’s all
FOLKS!"” and beep periodically.

line 14: blanks 1350A memory to inhibit CRT; waits about one second; unblanks 1350A memory to enable
CRT.

line 15:  really not necessary. To get out of the loop, press 9825A STOP key. The “gto 14” causes CRT vector
presentation to flash.

4-8. AUXILIARY (COLOR) VERIFICATION.
DESCRIPTION:

The following program is provided to quickly check 1350A color interface outputs when used with an HP 1338A Tri-
color display. It should be used as an addition to the Performance Verification procedure shown above.

EQUIPMENT:
HP-IB Controller . ... e e e e e HP9825A
Tri-Color DASPlay . ..o HP1311A
PROCEDURE:

a. Connect Auxiliary cable from 1338A to rear of 1350A.

b. Connect HP-IB cable from 9825A to 1350A.

c. Connect 1350A X, Y, and Z to 1338A.

d. Make sure that 1338A X, Y, and Z inputs are in 50 ohm configuration.

e. Press 9825A [ERASE][a][EXECUTE] keys, if necessary, to clear 9825A memory. Enteér the following program
in the 9825A.

O:cli 7

: wtb 718,3,20,13,10,“EM::EN:EX::SN::SX::UM:.”
: wrt 718,“NF1,:PE1,:PA1000,1000;:SN::”

. wrt 718,“NF16,:PE1,:PA1000,0;:SN::”

: wrt 718,“NF40,:PE1,:PA0,1000;:SN::”

: end

QU W N

f. Press 9825A RUN key. Verify that 1338A displays: (1) a green vector from lower left corner to upper right
corner; (2) a yellow vector from upper right to lower right corners; and (3) a red vector from lower right corner to upper
left corner.

line 0: sets IFC low.

line 1: initializes 1350A

line 2: uses File “1” to create the green vector.
line 3: uses File “16” to create the yellow vector.
line 4: uses File “40” to create the red vector.

4-3/(4-4 Blank)



Model 1350A Adjustments

SECTION V
ADJUSTMENTS

5-1. INTRODUCTION. 5-3. EQUIPMENT REQUIRED.

5-4. Test equipment is listed in the Recommended Test

5-2. This section contains a complete adjustment pro-
Eqguipment Table in Section I of this manual.

cedure for the 1350A. The adjustment programs used in
this section may be put on tape. This will save time and

prevent errors whenever the adjustments are repeated.
5-5. ADJUSTMENTS.

- 5-6. The power supply adjustment may be done sepa-

Read the Safety Summary at the front of this rately following repairs or in sequence during periodic
manual before performing adjustment pro- calibration. All other adjustments should be done in the

cedures. sequence given.

ADJUSTMENTS

5-7. +5 VOLT POWER SUPPLY ADJUSTMENT.

REFERENCE:
Service Sheet 6B.

DESCRIPTION:
The +5 Vdc Power Supply is adjusted for an output of +4.95 Vdc.

EQUIPMENT:
DMM (Digital Multimeter) ... .....oonnt e e e e e e e e e HP3476 A

PROCEDURE:
Disconnect 1350A power cord.
Remove 1350 A top and bottom covers (captive screw at rear of cover secures the cover).

Connect the (+) input of DVM to 45 V test point on Display Board. Connect (-) input of DVM to GND (figure 5-1).

Reconnect power cord and place LINE switch in “on” position.
Adjust A5R15 (figure 5-2) until DVM indicates +4.95 V (limits +4.93 to +4.97 V).

° a0 o

(o]

5V TP

1/32.1/16 1/8 1/4 1/2

ok

A4R4

A4CHY

A4R2

A4R3!
A4R3!
A4R4!

CHARACTER

GENERATOR
A4RY

Figure 5-1. +5 V Test Point Location on Display Board

I | 1 | 1 |
B :
== . “ O
o | +5V ADJ. I
| &3 8
' == i
z | I n=—=RB-—_cyyem [T —R16—
> & —C17—
| | ~R18—

—Ri— — C15 —
" e )
l ! I [ I i !

Figure 5-2. +5 V Adjustment Location on Power Supply
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ADJUSTMENTS

5-8. Z-AXIS OUTPUT ADJUSTMENT.
REFERENCE:

Service Sheet 3E.
DESCRIPTION:

The 1350A rear-panel Z-AXIS output is adjusted for proper levels to insure uniform intensity for vectors of different
lengths. The rear-panel Z-AXIS adjustment is then set for compatibility with the X-Y display being used.

EQUIPMENT:
HP-IB Controller . .......oo e e HP9825A
XY DS DlaY oottt e e HP1311A
OSCIIIOSCOPE - oo HP1740A
PROCEDURE:

a. Connect 1350A X, Y, and Z outputs to display X, Y, and Z inputs.

b. Make sure that display in in 50 ohm input configuration. Also, make sure that display TTL blanking input has
shorting cap installed.

c. Connect and secure HP-IB cable from 9825A to rear of 1350A. Equipment should appear as in figure 5-3.

9825A 1350A X-Y DISPLAY
HP-IB X v 2z Z Y X
v "¢ 90 99
1350A/134

Figure 5-3. Equipment Setup

d. Cycle the LINE power switches on the 1350A, the 9825A, and the X-Y display. The CRT should display random
vectors.

e. Connect oscilloscope probe to Z-axis output on Control Board (figure 5-4).
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ADJUSTMENTS

G e
E‘ -

ADJ. R57

us3

[Luee 7] u54=| [o ve2 |:]‘ Z OUTPUT
3 ——4~GND
=
vel ° Z GAIN

IADJARSS

Figure 5-4. Z-axis Output and Adjustment Locations on Control Board

f. Enter the following program on the 9825A.

celi 7

: wtb 718,3,20,13,10,“ EM::EN::EX::SN::SX::UM::”
: wrt 718, “PA31,31;:”

:wrt 718,“PE1,:PA31,31;.”

:wrt 718,“PA62,62;:”

: end

QU LN —=O

g. Set 1350A rear-panel Z-AXIS control fully clockwise (CW).
h. Press 9825A RUN key.

i. Set Z LEVEL ADJ. A1R57 (see figure 5-4) so that the portion of the waveform marked “A” in figure 5-5 is at
+40 mV.

B

—1.0V -
Figure 5-5. Z-axis Adjustment Waveform

j. SetZ GAIN LIMIT ADJ. A1R55 (see figure 5-4) so that the portion of the waveform marked “B” in figure5-5is at
+1.0 V.

k. Cycle 1350A LINE power switch. The CRT should display random vectors.
1. Set X-Y Display INTENSITY control to minimum (full CCW).
m. Adjust 1350A rear-panel Z-AXIS control until random vectors are just extinguished.

n. Set X-Y Display INTENSITY control to normal viewing level.
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ADJUSTMENTS

5-9. X-AXIS DAC ADJUSTMENTS.
REFERENCE:

Service Sheet 4E.
DESCRIPTION:

X-axis Digital-to-Analog Converter (DAC) circuits are adjusted to produce an even pattern on the CRT. This
pattern is developed by a 9825A program. The 9825A loads 1350A memory. 1350 A memory then drives the X-axis

DAC.

EQUIPMENT:
HP-IB Controller . ..ottt e et e e et ettt ettt e it it s HP9825A
DG T ) V- A R R ERE HP1311A
PROCEDURE:

a. Connect equipment as shown in figure 5-3.
b. Enter the following program on the 9825A.

: fmt £4.0,%,”,£4.0,“;”

el 7

- wtb 718,3,20,13,10,“EM::EN::EX::SN::SX::UM::”

: for T=0 to 1022 by 2

s wrt 718,“PA” T ,250;wrt 718,“PEL,:PA” T 450;wrt 718,“PEO0,”
next T

: dsp “X DAC Calibration”;beep

end

N U R WD

c. Press 9825A RUN key. CRT should display a horizontal band of vectors.

d. Adjust X-axis digital-to-analog converter (DAC) to minimize gaps or overlapping for each adjustment (figure
5-6). The adjustments (figure 5-7) interact and should be done in the following sequence.

1) AAR D . ot e 1/32 screen
) AR B0 . .ot e 1/16 screen
) AR S . . i e e 1/8 screen
4) AR . . o e 1/4 screen
B) AR . oo 1/2 screen

Readjust as necessary.
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ADJUSTMENTS

1/4 SCREEN
1/2 SCREEN

OVERLAP GAP

AN

Figure 5-6. DAC Adjustment Indication on CRT
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A4RY

1732 1/16 1/8 174 172

CHARACTER Y-AXIS

stesaTon e [2][e)e]e]e]
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A4RGS

A4C36

A4C35

A4R8
A4RS
A4RS
A4R10:
A4RID
®

_ ] I

Figure 5-7. DAC Adjustment Locations on Display Board
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ADJUSTMENTS

5-10. Y-AXIS DAC ADJUSTMENTS.

REFERENCE:
Service Sheet 4E.

DESCRIPTION:
Y-axis Digital-to-Analog Converter (DAC) circuits are adjusted to produce an even pattern on the CRT. This pat-
tern is developed by a 9825A program. The 9825A loads 1350A memory. 1350A memory then drives the Y-axis DAC.

EQUIPMENT:
HP-IB CONtrOLIer . .nnnn ettt ettt e e et et e e e ettt s e e aaaa e HP9825A
D DT3¢ T 2 B R HP1311A
PROCEDURE:

a. Connect equipment as shown in figure 5-3.
b. Enter the following program on the 9825A.

: fmt £4.0,,” £4.0,;”

celi 7

. wtb 718,3,20,13,10,“EM::EN::EX::SN::SX::UM::”

: for T=0 to 1022 by 2

. wrt 718,“PA” 250, T;wrt 718,“PE1,:PA” 450,T;wrt 718,“PEQ,”
next T

: dsp “Y DAC Calibration”;beep

:end

O U WD O

c. Press 9825A RUN key. CRT should display a vertical band of vectors.

d. Adjust Y-axis digital-to-analog converter (DAC) to mimimize gaps or overlapping for each adjustment (figure
5-6). The adjustments (figure 5-7) interact and should be done in the following sequence.

1) AR BT it e e 1/32 screen
D) AAR . ot e e 1/16 screen
3) AAR DT . it e e 1/8 screen
Y AARIO . .ttt 1/4 screen
Y I3 G . 1/ R R 1/2 screen

Readjust as necessary.

5-11. DAC TIMING ADJUSTMENTS.

REFERENCE:
Service Sheet 4E.

DESCRIPTION:
The timing of the X and Y DACs is adjusted to minimize vector distortion. A 9825A program develops the vector
pattern and loads 1350A memory. 1350A memory then drives the DACs.

EQUIPMENT:
HP-IB CONIOLLEr .. nv vttt et ettt et e ettt e e e e e e e ettt e et a i HP9825A
XY DESPIAY ot ettt ettt e e PP HP1311A
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Adjustments

PROCEDURE:
a. Connect equipment as shown in figure 5-3.

b. Enter the following program on the 9825A. (Note: The entry 2t means “2 raised to the”.)

0: fmt £4.0,“,”,£4.0,";”

l:chi 7

2: wtb 718,3,20,13,10,“EM::EN:EX::SN::SX::UM::”

3: for V=T 109

4: wrt 718,“PE0,:PA” 2tV-8,520;wrt 718,“PE1,”

5: wrt 718,“PA” 21V+8,570;wrt 718,“PA”,2tV-8,620;wrt 718,“PE0,”
6: wrt 718, “PA” 520,21 V-8;wrt 718,“PE1,;PA” 570,21 V+8
7: wrt 718,“PA” 620,21t V-8;wrt 718,“PE0,”

8: next V

9: dsp “Check DAC Timing Adjustments’’;beep

10: end

¢. The CRT will display six pointed vectors as shown in figure 5-8.

) 1)

S

N
Figure 5-8. DAC Timing Adjustment CRT display

d. Adjust the vectors for minimum distortion as shown in figure 5-8. Figure 5-9 shows undesired vector shapes. The

adjustments (figure 5-7) interact and should be done in the following sequence.

1)A4CIL....oe e e e e e
2)A4C12. ... e e e
B) AR .. e e
4)A4C35.. ... e e
B) AdC36 . ..o e e
B) ARG . e e e

Readjust as necessary.

TEARING

//\\

Figure 5-9. Undesired vector shape for DAC timing
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ADJUSTMENTS

5-12. POINT BLANKING ADJUSTMENTS.

REFERENCE:
Service Sheet 3E.

DESCRIPTION:
Point blanking is adjusted to provide the proper Z-axis blanking interval between vectors.

EQUIPMENT:
HP-IB Controller . ..ottt e et et et e e ettt e e
DG N T3 Y - 2

HP9825A
HP1311A

PROCEDURE:
a. Connect equipment as shown in figure 5-3.

b. Enter the following program on the 9825A.

ccehi 7

: wtb 718,3,20,13,10,“EM::EN:: EX::SN::SX::UM:.”

: wrt 718,“PEO0,:PA0,500;”

: wtb 718"‘PE1;CSl,:TX****************************************”’3’13,10
: dsp “Blanking Adj.”;beep

: end

QL W N~ O

c. Press 9825A RUN key. CRT should display a horizontal line of asterisks (*).
d. Adjust A1R37 and A1R39 (figure 5-10) so that the asterisks have proper shape and uniform intensity.

e. Change position of point blanking switch (figure 5-10). Shape and intensity of the asterisks should not
change. Readjust if necessary until no change. Return switch to forward position.

@ @ POINT BLANKING

s1 | -—— SWITCH

I | ol | — C58 —
—052_32 vi3 o u17 [ ] ' I ® I ll
g D DO
9 = 2z [ Y 28
u10
R 11
Q | | —c7—~c59—
Yy ® 13
o u14 l u1s on o 0 use POINT
un Il v ° BLANKING
I I ) — R39 — ADJ
° u19 ®
u12 —Cs3 | U15 23 u23 ceo| 337
| | =R1a— I R3B
° —C8 — ®
— C50 — u16 u24 5 =2 )
® © @
u20 | I »0320
— R20 — — C28 — :3338
— C12— — R19— ® el
—C11=— us4

Figure 5-10. Point Blanking Switch and Adjustment Locations on Control Board
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ADJUSTMENTS

5-13. TTL BLANKING ADJUSTMENT.

REFERENCE:
Service Shezt 2D.

DESCRIPTION: -
TTL output timing is adjusted to prevent Blank/Blink changes while the 1350A is drawing a vector.

EQUIPMENT:
HP-IB CONEIOILEr ...ttt et et e et e e e et et e e ettt e e e ettt iaia i HP9825A
D, @' 1) ) 2 HP1311A

PROCEDURE:
a. Connect equipment as shown in figure 5-3.

b. Remove shorting cap from X-Y display TTL blanking positive-going input.
c. Connect 1350A TTL1 output to X-Y display TTL blanking positive-going input.
d. Enter the following program on the 9825A.

teli 7

: wtb 718,3,20,13,10,“EM:: EN::EX::SN::SX::UM:.”
: wrt 718,“PE0,:PA100,400;”

: wrt 718,“PE1,:PA900,400;”

: wrt 718,“WX1,:PA100,600;900,600;900,600;:SX”

: dsp “Check TTL Blanking Timing Adj.”;beep

: end

DU W= O

e. Set Blink Switch A3S2 section 1 (figure 5-11) to “on” position.
f. Press 9825A RUN key. CRT should display a horizontal line.

g. Adjust Blanking Delay A3R43 (figure 5-12) on Input/Output Board until a spot directly above the right end of the
horizontal line is extinguished.

NOTE

This adjustment is performed at normal viewing intensity.
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Model 1350A

BLINKING SWITCH

Figure 5-12. Blanking Delay Adjustment Location on Input/Qutput Board
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Figure 5-11. Blinking Switch Location on Input/Output Board
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Replaceable Parts

SECTION VI

REPLACEABLE PARTS

6-1. INTRODUCTION.

6-2. This section contains information for ordering
parts. Table 6-1 lists abbreviations used in the parts list.
Table 6-2 lists all replaceable parts in reference designa-
tor order. Table 6-3 contains the names and addresses
that correspond to the manufacturer’s code numbers.
Figure 6-1 shows the illustrated parts breakdown.

6-3. ABBREVIATIONS.

6-4. Table 6-1 lists abbreviations used in the parts list,
the schematics, and throughout the manual. In some
cases, two forms of the abbreviations are used: onein all
capital letters and one partial or no capitals. This occurs
because the abbreviations in the parts list are alwaysin
capitals. However, in 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. Electrical assemblies in alphanumerical order
by reference designation.

b. Chassis-mounted parts in alphanumerical order
by reference designation.

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

The information given for each part consists of the
following:

a. Reference designation.
b. Hewlett-Packard part number.
c. Part number Check Digit (CD).

d. Total quantity (Qty) in instrument (or on
assembly).

e. Description of part.

f. Typical manufacturer of part in an identifying
five-digit code.

g. Manufacturer’s number for the part.

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

6-7. ORDERING INFORMATION.

6-8. To order a partlisted in the material lists, quote the
Hewlett-Packard part number, indicate the quantity
desired, and address the order to the nearest Hewlett-
Packard Sales/Service Office.

6-9. To order a part that is not listed in the material
lists, include the instrument model number, instrument
serial number, a description of the part (including its
function), and the number of parts required. Address the
order to the nearest Hewlett-Packard Sales/Service
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:

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

b. 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).

c. Prepaid transportation (there is a small han-
dling charge for each order).

d. No invoices.

To provide these advantages, a check or money order
must accompany each order.

6-12. Mail order forms and specific ordering informa-

tion is available through your local HP office. Addresses
and phone numbers are located at the back of this manual.
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Table 6-1. Reference Designators and Abbreviations

REFERENCE DESIGNATORS
A = assembly F = fuse MP = mechanical part 1] = integrated circuit
B = motor FL = filter P = plug v = vacuum, tube, neon
BT = battery IC = integrated circuit Q = transistor bulb. photocell, etc
[od = 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 TB = terminal board z = 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 RWYV = reverse working
HG = mercury (zero temperature voltage
BFO = beat frequency oscillator HR = hour(s) coefticient)
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
CcCcw = counter-clockwise INCL = include(s) SIL = silver
CER = ceramic INS = insulation(ed) oBD = order by descriptior SL = slide
CMO = cabinet mount only INT = internal OH = oval head SPG = spring
COEF = coeficient [0) 4 = oxide SPL = special
[ofe] |} = common K = kilo=1000 SST = stainless steel
COomP = composition SR = split ring
COMPL = complete LH = left hand P = peak STL = steel
CONN = connector LIN = linear taper PC = printed circuit
cpP = cadmium plate LK WASH = lock washer PF = picofarads= 10-12 TA = tantalum
CRT = cathode-ray tube LOG = logarithmic taper farads TD = 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 T = 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
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NOTE

WHITE LETTERS ON BLACK BACKGROUND
INDICATE WIRING CONNECTIONS.

DETAIL
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Figure 6-1 .
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Replaceable Parts

Table 6-2. Replaceable Parts

Model 1350A

Reference HP Part |c Q N Mfr
: A t Description Mfr Part Number
Designation Number (D Y P Code
At 01350e66514 |0 CONTROL BOARD ASSEMBLY 28480 01350066514
a2 01350-66%05 |9 INTERCONNECTION BOARD ASSEMBLY 28480 01350=66508
AS 8210166504 |4 1/0 BOARD ASSEMBLY 28480 82101606504
Ay 01380066811 |7 DISPLAY BOARD ASSEMBLY 28480 01380066511
AS 01350=66518 |1 PONER SUPPLY BOARD ASSEMBLY 28480 013%50=66515
As 013850=66512 |8 CHARACTER BOARD ASSEMBLY 28480 0135066512
A7 01380=66506 |0 LED BOARD ASSEMBLY 28480 01350°66506
As 0135066507 |t LINE SWITCH ASSEMBLY 28480 0135046807
LT 3160-0303 9 1 FANeTBAX 47«CPM 6a16VOC 28480 316000303
CRr1 19060093 4 ! DIODE=FW BRDG 100v 35A 04713 MOA3SOY
£ 15100038 [ 1 BINDING POST ASSY SGL THD=STUD 28480 151020038
Fi 211020020 1 ! FUSE .8A 250V SLO0=BLO 1,2%%X.2% UL 75915 313,800
(FOR 220-240V OPERATION)
Fiq 211020099 6 { FUSE 1,SA 250V 8LOeBLO 1,25X,25 UL 71400 MDX je1/2
(POR 110=120V OPERATION)
My 21100465 [] 1 FUSEHOLDER CAP EXTR P8Ty BAYONET) 20A 28480 211000468
H2 051020003 4 2 RETAINER-RING EoR EXT ,1410INDIA 8TL 208489 05100043
H3 0570=1171 ? H SCREN=SPCL 6e32 ,U468eINeG UNCT 100 28480 0570=1171
My 0340e0114 9 [ INSULATOR=FLG=BSHG NYLON 28480 034000114
HS 0340=0614 4 6 INSULATOR=XSTR ALUMINUM HD=ANDZ 28480 03400614
He 03600040 2 { TERMINALLBLOR LyG LKsMTG FOReN]/degCR 20400 036020040
“? 0360=1632 0 3 TERMINAL=SLOR LUG LKeMTG FOR=#3/8+8CR 28480 0360=1632
L] 305020791 6 4 INSULATORXSTR NYLON 28480 3080=0701
M9 059040043 H | NUTSHEXaDBLaCHAM {/0032eTHD ,375eINeTHK 00000 ORDER BY DESCRIPTION
Hi0 08900127 3 [ 1 NUTLSHMETaUaTP 4e40=THD ,2%eWD 8TL 28480 05900127
Wiy 21900007 2 t WASHERLLK INTL T NO, & ,141eINalD 28480 219020007
Hi2 2190-0018 H (] WASHERLK HLCL NO, & ,141eINaID 28480 21900018
M1} 21900019 6 8 WASHERaLK MLCL NO, 4 ,11SeINe]D 28480 21900019
Hia 2190=0027 6 2 WASHEReLK INTL T (/4 IN ,2S56=INeID 20480 2190=0027
HyS 30800088 H ] WASMERSFL MTLC NO, 8 ,188sINeID 28480 303500058
M6 21900102 [ 1 WASHERGLK INTL T 15/32 IN ,472eINelD 28480 2190e0102
Hy? 21900909 3 2 WASHMERSLK INTL T NO, 6 ,146eINalD 20480 2190=090¢
H{8 220000123 6 [ SCREW=MACH 4=d0 1,28«INeLG PANSHD=POZ] 00000 ORDER BY DESCRIPTION
Hy9 22000143 0 3 SCREWMACH Galdp ,375«INelG PANeMDaPO21 00000 ORDER By DESCRIPTYION
H20 22000171 [ ? SCREWRMACH 4alp ,75eINealG 82 DEG 00000 ORDER By DESCRIPTION
LF] 226040001 H 1 NUToHEXeDBLoCHAM 4et80eTHD ,094eINaTHK 28480 226000001
Ha2 2360~0118% 4 1] SCREW=MACH 6=32 .312°INeLG PAN=ND=PDZ] 00000 ORDER §Y DESCRIPTION
W23 23600139 2 4 SCREWeMACH 6232 2<INeLG PAN=HD=POZ] 00000 ORDER BY DESCRIPTION
Hae 236000190 [ 6 SCREW=MACH 6232 ,188eINeLG 100 DEG 00000 ORDER 8Y DESCRIPTION
H2s 23600197 2 s SCREW=MACH 6=32 ,375=IN=LG PANeHD=POZl 00000 ORDER 3Y DESCRIPTION
L) 236020201 9 1 SCREW=MACH 6232 ,S=INs|G pPANeHDapOl 00000 ORDER By DEBCRIPTION
Ha? 236040207 S 1 SCREWMACH 6a32 ,87S=INuLG PANLNDsPOZI 00000 ORDER By DESCRIPYION
H28 236020209 ? 3 SCREWSMACH 632 felNelLG PANSHD&PO2L 00000 ORDER gY DEBCRIPTION
H29 20200001 [ ] s NUTQHEXeW/LKWR §e32eTHD ,109«INaTHK 00000 ORDER BY DESCRIPTION
H30 250020003 7 3 NUTHEXaDBLoCHAM 6232eTHD ,047«INeTHK 00000 ORDER By DEQCRIPTION
M3y 25100101 7 3 SCREWLMACH 8032 ,312eINelG PANeMD&POZI 00000 ORDER BY DESCRIPTION
H32 2810-0192 6 ] SCREWaMACH 8a32 ,25«INelLG 100 DEG 28480 251000192
H33 251000193 7 14 SCREWeMACH 8e32 ,375sINelG PANeHDePOZ! 28480 2510=0193
(31 258020003 H 3 NUTHEX=N/LKWR 8a32eTHD ,125eINeTHK 00000 ORDER By DESCRIPYION
L11] 268000172 1 4 SCREWLMACH 10=32 ,37S<INelG 100 DEG 28480 2600000172
H36 29%0-0001 8 3 NUTHEXwDBLeCHAM 3/82322THD ,098eINaTHK 00000 ORDER By DESCRIPTION
H3? 29%0.00%4 1 3 NUTeHEXeDBLeCHAM 1/2028-THD ,128eINaTHK 00000 ORDER 8y DESCRIPTION
W38 305020066 ] 12 WABHERSFL MTLC NO, & ,147eINelD 28480 305020066
H39 305020235 3 1 WABMERWFL MTLC NO, 4 ,117«INelD 28480 305020238
Hao 30500580 1 1 NASMERFL MTLC 10eMMalD {4eMMaQOD BRS 28480 309003560
Mat 0362-0227 1 4 CONNECTOR=8GL CONT 8KT 1,iUeMMaBSCes? 28480 0362=0227
Iy 12814470 0 1 CONNECTOReAC PWR CEZw22 MALE RECFLS 26480 12514470
J2 1280=0118 3 3 CONNECTOR=RF BNC FEM BGLoMOLESFR S0eQHM 28480 1280=0118
J3 12500148 3 CONNECTORRF BNC PEM 8GLoHOLE=PR S0sOKM 28480 129000118
Ja 1280-0118 3 CONNECTOR®RF BNC FPEM SGLMOLE=FR SO0=ONM 28480 1290=0118
(LT} 14000024 9 2 CLAMPLCABLE ,28.D1A ,SenD NyL 28480 14000024
w2 804007201 8 4 POOT(STANDARD) 28480 504007204
(13 50208801 4 1 PRAME, FRONT, PULL 28480 802080801
UL} 80208002 ] 1 FPRAME, REAR 20480 50208802
MpS 502008887 . 2 810€ STRUT (8" 28480 $020+8887
upo 80609838 [ 1 TOP COVER 28480 80609838
L1234 80609847 4 1 BOTTOM COVER 28480 506029847
ups 8060«9876 ] 2 SIDE COVER - WITH HANDLE 28480 50609874
upe 14000083 [} H CLAMPSCABLE ,172-DJA ,37SewD NYL 28489 140020083
P10 01380200103 S 1 DECK, MAIN 28480 0135000103

See introduction to this section for ordering information
*Indicates factory selected value
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Model 1350A Replaceable Parts

Table 6-2. Replaceable Parts (Cont’d)

Reference HP Part |c e Mfr
: % Qt Description Mfr Part Number
Designation | Number |D Y p Code
LIST 01350000201 |4 1 PANEL, FRONY 28480 01350200201
MP12 01350200202 |$ 1 PANEL, DRESS 28480 0135000202
Mp13 01350000204 |7 1 PANEL, REAR 20480 01380200204
w1y 800120438 ) 2 TRIM, SIDE 28480 $001=0438
upis S040e7202 ’ t TRIM, TOP 28480 $040e7202
LY S040=7219 [} q STRAP, HMANDLE, CAPeFRONT 28480 80407219
up1Y 50407220 1 a STRAP, HANDLE, CAP=REAR 28480 $040=7220
MP18 506009804 3 2 HANDLE stRAP 28480 80609804
uPLe S041.0238 [} t KEy CAP, BLANK 20480 80410238
MR 2o 14000090 9 t FUSEHOLDER COMPONENT - NEOPRENE WASHER 20480 1400«0090
mpRy 1400=026% ] 3 CABLE TIE §,7SeDIA ,19eWD NYL 20480 140000265
“P22 14000786 0 3 MOUNTSCA TIE ,19eDIA ,375.WD NYL 59730 TC112
P23 1490209068 9 ] BUBHINGPNL ,14alD ,3elG §/Us32sTHD 20480 14900068
Mp2y 3160=030% 1 ] PINGER GUARD 28480 316020308
up2s $040e0702 0 6 INSULATORICONNECTOR 28480 804000702
up2e 01350200108 |7 1 DECK, POWER 28480 0135000080%
2y 0135004702 |8 2 SPACER, TRANSFORMER 20480 01350004702
01 18840433 H 1 TRANSISTOR NPN 81 PDe9OW FTsaMHI 28480 185400433
02 18840558 H 1 TRANSISTOR NPN 8@ DARL PDs70W FYsgMMZ 28480 18540558
Ry 210002083 9 1 RESISTOR.VAR CONTROL CCP 20K 20% LIN 20480 210022083
814 31012042 3 2 SWITCHaBL DPDT 8TD 24 250VAC SLDRaLUG 20480 3101e204R
818 310102082 3 SWITCH=8L OPDT 8TD 24 250VAC SLDReLUG 28480 31012042
(LINE SELECT SWITCH)
82 31011787 1 1 SWITCHe8L OPDY SUBMIN ,SA 1235VAC/DC 20480 31011787
(LINE SYNCH SWITCH)
AR 91004013 6 t TRANSFORMERPOWER 100/120/220/240V 28480 910024013
TIP1 12513837 (] 3 CONNECTOR j0=PIN F POST TYPE 28480 12913837
PiP2 12513837 [ CONNECTOR 10=PIN # POST TYPE 20480 12813837
TIPIE1 12513073 7 26 | CONTACTWCONN U/WePOSTTYPE FEM CRP 28480 12813073
uy 182620106 0 1 IC 7818 V RGLTR T0De220 04713 MC7815CP
v2 182600147 L 1 IC 7812 v RGLTR Y0220 04713 MC7812CP
us 182600214 1 1 IC v RGLYR T0e220 [134% ) MC7918CT
va 1826-0294 7 1 IC V RGLTR T0=220 04713 MC7908CY
" 8120-2061 . 1 CABLE AB8Y 18ANG 3#CNDCT BLKeJKT 28480 8120-2061
" 0135061601 |6 1 CABLE, POWER 28480 01350=61601
W2P1 12510812 3 1 CONNECTOR SepIN F POST TYPE 28480 12510812
W2P2 12513837 8 3 CONNECTOR 10=PIN 7 POST TYPE 20480 12513537
W2P2E1 12513073 ? CONTACT=CONN U/WePD8T<TYPE FEM CRP 20480 13513073
W3 0135061608 |0 2 CABLE, YRANS CONN 208480 01350061608
wa 01350061608 |0 CABLE, TRANS CONN 28480 01350e6460S
WS 01350e61612 |9 1 CABLE ASSEMBLY 28480 01350=64612
wo 01350061613 (0 1 CABLE ASSEMBLY 26480 01350e61613
Wy 01380061606 |1 1 CABLE, TRANS CONN 28480 01380=68600
we 01350061610 (7 1 CABLE ABSEMBLY, OUTPUT (2) 28480 01350064610
" 01350061608 |3 1 CABLE ASSEMBLY, QUTPUT (X) 28480 01350=bi608
W10 01350061609 |4 1 CABLE AgSEMBLY, OUTPUTY (Y) 28480 0135064609
xFy 2110e0470 L 1 PUSEHOLDER BODy ExTR P8T); BAYONETy TND 75918 34%5003«010
MISCELLANEOUS PARTS
6040.0239 ) LUBRICANT=GREASE 8IL 08820 120

See introduction to this section for ordering information
*Indicates factory selected value
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Replaceable Parts

Table 6-2. Replaceable Parts (Cont’d)

Model 1350A

Reference HP Part |c Q o Mfr

. . t Description Mfr Part Number
Designation Number |D \ p Code

Ay 0135066514 |0 i CONTROL BOARD AgSEMBLY 28480 0135066514

ACy 0160.2331 4 2 CAPACITORPXD 8200PF +=ix 100VDC MICA 28480 0160=2331

ALc2 01602204 [ 5 CAPACITOR=FXD 100PF +=5% 300VDC MICA 26480 01602204

A1C3 0160-2218 6 1 CAPACITOR=FXD $1000PF +=8X 300VDC MICA 28480 0160-2218

A1C4 0160.2331 4 CAPACITOR=FXD 8200PF +=1X 100VDC MICA 28480 0160=2333

ALCS 016022199 F] 3 CAPACITOR=FXD 30PF +=5X% 300VDC MICA 28480 014022199

AlLCe 0160-2201 ? 8 CAPACITOR=FXD S1PF ¢e8X 300VDC MICA 28480 0160=2201

ALCY 016022201 1 CAPACITORFXD S1PPF +=8% 300VDC MICA 28480 0160=2201

ACe 016002204 0 CAPACITORFXD 100PF +=85X 300VDC MICA 28480 0160=2204

A1C9 0160=2201 7 CAPACITORGFXD S1PF +=SX 300VDC MICA 28480 0160=2204

A1C10 0160e3768 3 1 CAPACITOReFXO ,01uF +e10Xx t00VDC CER 28480 0160=3708

A€y 01602218 3 1 CAPACITORGFXD 780PF ¢.85% 300VOC MICA 284890 0160=2215%

A1C12 016002204 0 CAPACITORFXD 100PF +eSX 300VDC MICA 28480 0560=2204

A1Cy3 016022201 7 CAPACITORFXD S1PF +=SY 300VOC MICA 28480 0160=220¢

A1C14 016002201 7 CAPACITORSFXD S1PF 4oSX 300VDC MICA 208480 01602204

A1C1s8 016022204 0 CAPACITORSFXD 100PF ¢=5% 300VDC MICA 28480 016022204

A1Cye 0160e220¢ 7 CAPACITORGPXD 51PF 408X 300VDC MICA 28480 01602208

A1Cy? 01602012 8 1 CAPACITORFXD 330PF +wSX S00VDC MICA 208480 0160°2082

AyCy8 016022201 ? CAPACITOR®FXD S1PF +o85X 300VDC MICA 28480 01602204

A1C19 016022201 7 CAPACITOReFXD S1pF +s5X 300VDC MICA 20480 01602201

At1C20 016022089 9 33 CAPACITOR=FXD ,01UF ¢8020X 100VDC CER 28480 016002088

A1C2y 01602204 0 CAPACITOR=FXD 100PF +o5x 300vDC MICA 208480 016022204

4122 014020149 6 1 CAPACITOR«FXD 470PF +«SXx 300VDC MICA 72136 DMISF4Y1JO300NVICR
A1C23 016022199 ? CAPACITORePXD 30PF +=S5X% 300VDC MICA 28480 0160=2199

ALC2¢ 0160=208% 9 CAPACITOR=FXD ,01UF ¢8020% 100VOC CER 28480 01602059

A1C28 0160=205% 9 CAPACITORePXD ,03UF +8020% 100VOC CER 28480 016002089

A1C26 01400202 2 2 CAPACITORSPXD {SpF +=8X So0vDC MICA 12136 DM)!C!!OJO!OONV!CI
A1C27 0160=2199 2 CAPACITOR=PXD 30PF +=8X 300VDC MICA 28480 0140=219

A1C28 0140=0202 2 CAPACITOR®FXD 1SPF ¢=8X S00VDC MICA 72136 oﬂxsc:sodo!oowaCR
A1C2e 0180~1714 b 1 CAPACITOR=FXD 330UFe=q0X 6VDC TA 56289 1500337X%00602
A1C30 - 33 0180e0423 3 4 CAPACITORSPXD $00UFeS0e30X 2SVDC AL 28480 0180=0623

A1C34 016022242 [ | CAPACITORSFXD 2,4PF +o,25PF S00VDC CER 28480 0160=2242

A1C3s8 0140=0178 1 1 CAPACITOR=FXD So0PF +e2X 300VDC MICA 72136 DMISFEE160300NVICR
A1C36 - 65 0160-2088 9 CAPACITOReFXD ,08UP +80=20% 100VDC CER 28480 0140+2088

AL1CRY 19010179 7 1 DIODE=SWITCHING 1SV SOMA 750PS DO=? 28480 190120179

ALY 9100-3139 H 1 COIL 7SUM 15% ,SDX.87SLG=NOM 20480 910023139

A10y 18840404 0 1 TRANSISTOR NPN 81 TOai8 PDE36OMW 28480 18840404

ARy 06832728 [] 15 RESISTOR 2,7k %% ,25W FC TCeed00/4700 01121 c82728

ALR2 068302728 ] RESISTOR 2,7 Sx ,25W PC TCMed00/4700 011t cearas

AfR3 069803158 4 1 RESISTOR 23.7K 1X ,125W F TC80+=100 24546 Clei/BeT0a23T20F
AfR4 068324718 0 5 RESISTOR 470 Sx ,25W FC TC8400/4600 01124 €84718

A1RS 068323918 0 1 RESISTOR 390 SX ,25W FC TCE=d00/4600 o112y c83o1s

ALRe 0684e2741 ] 2 RESISTOR 270 10x ,25W PC TCwel00/¢600 otg21 1] 22¥Y

AtR? 07570449 6 1 RESISTOR 20K 1% ,125W F TC204e100 20846 Chel/8eT0e2002eF
AtR8 06832728 8 RESISTOR 2,7K Sx ,25W FC TCmal00/¢700 01124 céaras

A{R9 068302229 3 1 RESISTOR 2,2K Sx ,25W FC TCRed00/4700 o112t c6222%

AtR10 06832728 ] RESISTOR 2,7k Sy ,25W FC TCmwd00/4700 01121 coaras

AgRyy 068322229 3 RESISTOR 2,2% Sx ,2%W FC TCRe400/4700 01124 cez228

AtR12 068302228 3 RESISTOR 2,2K Sy ,23W Fc TC8=400/4700 01121 cop22s

AR13 068322728 8 RESISTOR 2,7K Sx ,25W FC TCBe400/+700 011t coavas

LYLIY 068324715 0 RESISTOR afo 5% .asw FC TC®=400/+600 0t124 C84718

ALR1S 068322728 8 RESISTOR 2,7k SX .25% FC TC®=400/+700 01121 cearas

AtR16 0683-222% 3 RESIBTOR 2,2K 8% ,25W FC TC®=400/4700 0112t c8222%

ALR{Y 0668342728 8 RESISTOR 2,7K Sx ,25Ww FC TC8ad00/4700 01124 coa72s

AtRy8 068342228 3 RESIOTOR 2,2K Sy ,25W FC TCmad00/¢700 01124 ch2228

AgR19 068347198 0 RESISTOR 470 SX 23K FC TCE=G00/¢600 o114 c84718

A{R20 068324748 0 RESISTOR 470 5% ,25W FC TCR=d00/+600 01121 [ 7328 ]

AIR21 0757e0462 9 2 RESISTOR 10K 1X 125 F TCR04=100 20846 Ciel/8aT00i00ReF
A1R22 06830272% 8 RESISTOR 2,7K Sy 285w FC TCswd00/4700 01121 coaras

AqR2y 068322229 3 RESISTOR 2,2K Sx ,25W FC TCmad00/¢700 01121 c8222%

A1R24 068302728 8 RESISTOR 2,7K Sx ,25w FC TCWad00/4700 01124 cezras

ALR2s 068302228 3 RESISYOR 2,2k Sx ,25W FC TCBe400/¢700 01123 ch2228

A1R2p 07370401 0 2 RESISTOR 100 1% 1230 F TCe04ei00 20846 ca-lll.ro.iOl-F
A1R2? 068322728 8 RESISTOR 2,7K Sx ,25W FC TCeed00/¢700 01321 ceavas

A1R28 068322228 3 RESISTOR 2,2K SX% asu FC YCmad00/¢700 01124 co2228

AgR29 0684e2741 4 RESISTOR 270 10X asn FC TCRal00/4600 01121 c82714

A1R3p 068342728 [ RESISTOR 2,7K SX ,25K FC TCBad00/+700 ot121 cearas

See introduction to this section for ordering information
*Indicates factory selected value



Model 1350A Replaceable Parts

Table 6-2. Replaceable Parts (Cont’d)

Reference HP Part |c Q _—r Mfr
: A Description Mfr Part Number
Designation | Number (D ty scriptio Code
AR3t 0683+2225 3 RESTSTOR 2,2k SX ,25W FC TCWe400/+700 01121 c82228
A1R32 0757-0280 3 5 RESISTOR 1K 1% ,125W F TCE04m100 24846 CUni/BaT0ei00leF
AgRyy 07570401 0 RESIBTOR 100 1X ,128% F TCmoe=100 2usue Cley/8eT0mi0teF
[YLIT] 068324718 0 RESISTOR 470 5% ,25W FC TCE=400/4600 01124 c8urys
AtR3s 07%7-0280 3 RESISTOR {K (X 1250 F TC®0eal00 FYLITS Cldel/8aT0el100teF
ALR3? 2100232%3 7 ? RESISTOR=TRMR SOK 10X C TOP=ADJ feTRN 28480 21003253
AtR3s 21003253 7 RESISTOR=TRMR S0K 10X C TOP=ADJ 1=TRN 28480 2100=3253
AtR39 0757=0280 3 RESISTOR 1K X ,125W F TCe0+=100 24846 Cimy/8eT0y001=F
AtRyp 07570442 9 RESISTOR 10K 1% ,125W F TCRO4el00 24846 Cial/8eT0e1002=F
AtRyy 0757.0280 3 RESISTOR {K 1x ,125W F TC®04e100 20546 Clei/8eT0el001F
ARy 0757=0278 9 1 RESISTOR 4 78K (X ,125W F TC804e100 24546 Chei/8eT0e)?81eF
ARy 0757=0416 7 1 RESISYOR S11 1x ,125W F TCmO+=100 24846 Chel/8aT0eS11RF
ALR4u 07870408 7 1 RESISYOR 243 tx ,125w F TCBO4=100 24546 Clei/8«T0=243Raf
ALR4S 068342728 8 RESISTOR 2,7K Sy _25W FC 1Cmed00/+700 01124 c8a72s
ALR4s 068342228 3 RESISTOR 2,2k 5% ,25W FC TCwed00/¢700 ot121 cha2as
YL} 07%7=02080 3 RESISTOR (K ix 125N F TCs0ee100 FLLLTY Clel/8eT0ni00)ar
A1R4S 07%7=0438 3 1 RESISTOR S,11K 1% (125H F TCRO¢=100 24546 Clal/BeT0e81)1aF
ALRY9 07%7=1000 7 1 RESISTOR 51,1 1x ,SW F TCm0ee100 28480 075721000
AtRSo 069808418 3 1 RESISTOR 50 ,1% ,125W F TCBO0seS0 28480 0698e5418
ALRSY 068322728 [ RESISTOR 2,7K $% ,25W FC TCael00/4700 o112t cearas
ALRS2 068322728 8 RESISTOR 2,7k Sx ,25W FC TC®e400/4700 o112t copras
AIRSS 068322728 [] RESISTOR 2,7x Sx ,25W FC TC®ed00/4700 01121 ceavas
ALRSY 068302228 3 RESISTOR 2,2x 5% ,2%5W FC TC®el00/4700 [J3L 3} c8222%
AgRsg 2100-0558 9 1 RESISTOR-TRMR 20K 10% C TOP-ADJ 1-TRN 208480 2100-0558
AgRse 07370462 3 { RESISTOR 78K 31y ,125W F TCEOee=i00 2us4e Céal/8aT0a7502xF
AgRsy 2100=3210 6 1 RESISTORLTRMR 10K 10X C TOPuADJ 1aTRN 28480 2100=3210
AL8 310101341 3 1 SWITCH=8L 8PDT SUBMIN ,SA 128VAC/DC 28480 3108e1344
Atuy 18200683 6 1 IC INy TTL 8 HEx 1eINP 01298 SNY480UN
[YYTH 182020686 9 2 IC GATE TTL 8 AND TPL 3eINP 01298 SNTABSLN
AgU3 18203077 4 1 1C MUXR/DATA=SEL TTL 8 2=T0e=i=| INE QUAD 01298 SNT4RISTIN
ALUe 18200693 8 7 IC PF TTL 8 D=TYPE POS=EDGE=TRIG 01298 BNT4BTAN
ALUS 182020693 [) IC FF TTL 8 DeTYPE POS=EOGE=TRIG 01298 SNT48Y4N
Arls 1820=1322 2 3 IC GATE TTL 8 NOR QUAD 2eINP 01298 INT4S02N
Au? 182020686 9 IC GAYE TTL 8 AND TPL 3eINP 01298 SN748LIN
Ajyue 18200693 [} IC PF TTL 8§ DeyyYPE POS=EOGE=TRIG 0129% SN7GQTaN
ALue 182003449 4 2 IC GATE TTL 8 OR QUAD 2=INP 01298 SNT4832N
Aruto 1820=1112 [] 4 IC FF TTL LS DutyPE POSSEDGESTRIG 01298 SNTULBTAN
ALULS 1820=0688 1 1 IC GATE TTL 8 NAND DUAL 4=INP 01298 SN74820N
AgUg2 18200681 4 3 IC GATE TTL 8 NAND QUAD 2<INP 01298 SN74800N
AUty 182001423 4 2 1€ MV TTL LS MONOSTBL RETRIG DUAL 01298 INT4LB123N
Aruga 18201322 2 1C GATE TTL 8 NOR GUAD 2eINP 01298 SNT4B0aN
ALuLs 182020693 8 IC PF TTL 8§ D=TYPE PORSEDGETRIG 01298 SNT4874N
ALute 18201208 3 2 IC GATE TTL L3 OR GUAD 2eINP 01295 ONTULE3N
ALug? 18201367 H 2 IC GATE TTL 8 AND QUAD 2eINP 01298 eNTGB0ON
AruLs 18200681 4 1C GATE TTL 8 NAND QUAD 2eINP 01298 SNT4800N
ALuge 1820-1212 9 1C PP TTL L8 Jek NEGSEDGESTRIG 01298 BNTALBLLEN
AgU20 18201197 9 1 IC GATE TTL LS NAND GUAD 2«INP 01298 SN74L8OON
ALU2Y 18201387 1 IC GATE TTL 8 AND QUAD 2=INP 01298 SNT4B0ON
ALu22 1820=068% [] t IC GATE TTL 8 NAND TPL 3eINP 01299 SNT4Q4ON
Atu2s 18201483 0 1 1C ENTR TTL 8§ BIN SYNCHRO POS=EDGETRIG 01298 SNTL8L63N
ALU24 18200693 [ IC FF TTL 8 D=TYPE POS=EDGE=TRIG 01298 SNTUBTAN
A1Ues 1820=1196 ] 4 1C #F TTL LS DaTYPE POSEOGETRIG COM 01298 SNTULB1TAN
ALu2e 18200511 9 3 1C GATE TTL AND QUAD 2-INP 01298 BNT4OBN
ALV2? 18200514 9 1C GATE TTL AND QUAD 2=INP 01298 BNT4O8N
A1U28 182020511 9 1C GATE YTL AND QUAD 2eINP 01298 SNTUOBN
ALU29 1820e1281 H 1 1C DCDR YTL L8 2=70=4aLINE DUAL 2eINP 0329% SN74LB13N
A1U30 1820=1216 3 1 1€ DCOR TTL L8 3eT0=8e«LINE 3aINP 01298 SNTULSY3ON
AUt 18201201 6 2 1C GATE TTL L8 AND QUAD 2<INP 01298 SNT4LBOSN
ALU32 18201196 s IC PP TTL LS DeTYPE POSSEDGETRIG COM 01298 ONT4LBLTUN
AqUsy 1820-1470 1 2 1C MUXR/DATABEL TTL L8 2+TOetelINE QUAD 01298 SNTULOLSIN
AU3e 18201206 1 2 1C GATE YTL L8 NOR TPL 3eINP 01298 SNTULBRIN
ALuss 18201449 4 1C GATE TTL 8 OR QUAD 2eINP 01298 SNTG832N
A1U3e 18201207 2 1 1C GATE TTL L8 NAND 8eINP 01298 INTULBION
ALus? 18201196 ] 1C FF TTL LS DeTYPE POSeEOGE=TRIG COM 01295 SNT4LBLTAN
AgUss 18201470 1 1€ MUXR/DATA®BEL TTL LS 2=TOe=i=_ INE QUAD 01298 NTALBISTN
ALU3e 18201202 7 3 IC GATE TTL L8 NAND TPL 3=INP 01299 SN74LB1ON
AtUg0 18200693 [ 1C PF TTL 8 D=YYPE POS=EDGE=TRIG 01298 SNTG874N
Afuey 1820=11644 6 3 IC GATE TTL LS NOR QUAD 2eINP 01295 SNT4LBO2N
ALU42 1820=1112 s 1C FF TTL L8 DeTYPE POS=EDGE=TRIG 01298 SNTULBTYAN
Aglal 18201112 ] I1C FF TTL L8 DatYPE POSSEDGETRIG 01298 SNT4LBTUN
AVed 182001206 1 1€ GATE TTL LS NOR TPL 3eINP 01298 SNTULB2IN
ALUes 18201322 H IC GATE TTL 8 NOR QUAD 2=INP 01298 SNT4RO2N
Atlge 18201202 7 1C GATE TTL L8 NAND TPL 3<INP 01298 SNT4LBION
ALUe? 18201144 . IC GATE TTL L8 NOR QUAD 2eINP 04299 SN74L8OQN
AtUaes 18200681 4 1C GATE TTL 8§ NAND QUAD 2eINP 01298 SNT4800N
AfU49 18201440 s 1 IC LCH TTL LB QUAD 01298 ONTLLORTIN
AtUso 18201202 ? 1C GATE TTL L8 NAND TPL 3eINP 01298 SN74L810N

See introduction to this section for ordering information
*Indicates factory selected value
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Replaceable Parts

Table 6-2. Replaceable Parts (Cont’d)

Model 1350A

Reference HP Part |c e Mfr
: . Qt Description Mfr Part Number
Designation | Number (D Y scrnp Code
AUy 1820e1144 6 IC GATE TTL L8 NOR GQUAD 2eINP 0129% SNYULBO02N
AjUsy 18201201 6 IC GATE TTL L8 AND QUAD 2eINP 01298 SNTULBOSN
ALUSy 18201208 3 1C GATE TTL L8 OR QUAD 2elINP 01298 SNTULBI2N
A1USS 18201203 8 1 IC GATE TTL LS AND TPL 3eINP 01298 SNT4L81IN
ALUso 18200693 [] IC FF TTL 8 DeTYPE POSeEDGE«TRIG 01298 SNTURTAN
AjUsy 18201112 8 IC PP TTL L8 DeTYPE POSSEDGETRIG 01298 SNT4LBT4N
AtUe2 18260188 8 1 1C CONV 8eBeD/A {6=DIPeC 04713 MC1408La8
ALUsY 18201196 [} IC FF TTL L8 DevYPE POS<EDGESTRIG COM 01299 SNTALBITAN
ALUeu 182001423 4 IC MV TTL LS MONDSTBL RETRIG DUAL 01298 SNTALS12IN
ALUes 182620081 [} 1 IC OP AMP W8 T0e99 27014 LMI18H
A} MISCELLANEQUS PARTS
0360-1683 H 1 CONNECTOReSGL CONT PIN ,0uS<INeB8Ce8Z 80 28480 03601683
03801788 7 CONNECTORSGL CONT PIN ,04SeIN=83Ce8Z 80 20480 0360=1788
1208=023% 0 1 HEAT SINK 8GL T0eiB8eCS 28480 1205=023%
A2 01380=66%0% |9 1 INTERCONNECTION BDARD ASSEMBLY 26489 0135066508
A2XA1P1 12515088 [ H CONNECTOR=PC EDGE S0=CONT/ROW 2eROWS 28400 12815008
A2XA3P1 12515088 ] CONNECTOR=PC EDGE SO0=CONT/ROW 2=ROWS 28480 1231=5088
A2XA4P1 12515087 ? H CONNECTORPC EDGE 40eCONT/RON 2=ROWS 28480 12515087
A2XA4P2 12518087 ? CONNECTOR=PC EDGE 40=CONT/ROW 2=ROWS 28480 12518087
A2XA5P1 12511886 6 1 CONNECTOR=PC EDGE 15<CONT/RON 24ROWS 28480 125101884
A3 8210166504 |4 1 170 BOARD ABSEMBLY 28480 5210166504
A3Cy 0160=3443 1 27 CApACITORSFXD ,1UF +80e20% SOvDC CER 28480 olto-;aas
A3C2 0160022014 b 7 CAPACITOR®FXD S{pF +e5X 300VDC MICA 20480 0160=220
A3C3 01400220 4 1 CAPACTITOReFXD 200PF +=1X 300VDC MICA 72136 oMtsr:oa!nsoouvtcn
a3Cy 0160e2201 7 CAPACITOR®FXD S1PF +e8X 300VDC MICA 28480 016002201
A3CS 016002201 7 CAPACITORSFXD S1PF ¢o8X 300VDC MICA 28480 0160e2201
A3Ce 01602201 ? CAPACITOR=FXD S1PF ¢=5X% 300VDC MICA HLIT]] 016022201
A3CY 0160=2201 7 CAPACITOR®FXD S1PF +=SX 300VDC MICA 28480 0160+2201
A3Ce 0160=2201 ? CAPACITOR=FXD S{PF +=8X 300VDC MICA 20480 0160=220¢
A3Co 0160.2201 7 CAPACITORSPXD S1PF +eSX 300VDC MICA 28480 0160=2201
A3Cyo 01603443 1 CAPACITORSFXD ,1UF +80e20X %0VDC CER 28480 0160=3443
A3C1y 0160a3443 1 CAPACITORFXD .1ur +80.20% S0VOC CER 28480 016003443
A3Ci2 0160=3443 1 CAPACITORSFXD ,1UF +80w20% S0VOC CER 28480 016003443
A3Cyy 0180e0161 ] 3 CAPACITOReFXD x 3uFee10x 35vV0C TA 26480 0180-0161
A3C14 0180e0161 ] CAPACITORSFXD 3,3UF+ei0X 3SVDC TA 26480 0180-0161
A3C1LS 0160-3768, 3 ! CAPACITOR-FXD .01UF +-10% 100VDC CER 28480 0160-3768
A3C1e 01602197 0 1 CAPACITOR=FXD 10PF +e5X 300VDC MICA 28480 016002197
A3CL? 0180-0161 [ CAPACITOR®FXD 3,3UF+=10X 3SVDC TA 28480 0180-0161
A3C18 018000228 6 2 CAPACITOR®FXD 22UFP¢=10X 15VDC TA 56289 1500226901582
A3Cie 016003443 1 CAPACITOR=FXD ,1UF +80=20% SOVDC CER 28480 0160°3443
A3C20 0180.0228 6 CAPACITORFXD 22ur+=10% 15VDC TA 86289 1500226x9%01582
A3C21 0180e1714 7 2 CAPACITOR®FXD 330UF+=10X% 6VDC TA 56289 £500337x900682
Asgza 0180=1718 7 CAPACITOR=FXD 330UF+e30X 4VDC TA 56289 1500337%900682
A3C23e
A3Cuu 01603443 1 CAPACITOR=FXD ,1UF +80+20% SOVDC CER 28480 0160e3443
A3C45 0160-0153 4 1 CAPAITOR-FXD 1000PF +-10% 200VDC POLYE 28480 0160-0153
A3Cy6 0160-2204 0 1 CAPACITORSFXD 100PF +=5%x 300vDC MICA 28480 0160=2206
A3CRY 19010040 1 3 DIODESOWITCHING 30V SOMA 2N8 DOe3S 28480 19010040
A3CR2 19010040 1 DIODE-SWITCHING 30V SOMA 2NS DOe3S 28480 190120040
A3CRY 19010040 1 DIODE=SWITCHING 3oV SoMA 2NS 00-3% 28480 19030040
A3Hy 0380=0643 3 2 STANDOFFLHEX ,288.1NelG 6e32THD 00000 ORDER BY DESCRIPTION
A3H2 12510218 6 2 LOCKeSUBMIN D CONN 28480 12810210
A3H3 21900016 3 4 WASHEReLK INTL T 3/8 IN ,377«INslD 28480 219000016
A3HG 219000108 4 H WASHEReLK MLCL NO. & ,115=INe1D 28480 2190%0100
A3NS 23600113 H 4 SCREWeMACH 632 ,25=INelG PANeND=POZ] 00000 ORDER BY DESCRIPTION
A3He 242000002 6 2 NUTeMHEXeDBLCHAM 6032eTHD ,109eINaTHK 28480 2620=0002
A3HY 29%50-0001! (] 4 NUToHEXaDBLeCHAM 3/8232aTHD ,094aINaTHK 00000 ORDER By DESCRIPTION
A3dy 128913283 1 1 CONNECTOR 24<PIN F MICRORIBBON 28480 f2813283
A3J2 125120064 ] 1 CONNECTOR 28=PIN P D SERIES 20480 12510004
A3d3 12500083 1 q CONNECTOR=RF BNC FEM 8GLoHOLE<FR S0«O0HM 20480 125020083
A3da 12500083 1 CONNECTORaRF SNC FEM 8GL=HOLEFR S50a0HM 28480 12500003
A3Js 125020083 1 CONNECYOReRF BNC FEM 8GL=HOLE=FR S0s0HM 20480 1230=0083
Asde 1250#0083 1 CONNECTOReRF BNC FEM 8GLaHOLEWFR S0a0HM 28480 12500083
A3ty 91003139 H 1 COIL 7SUM 18% ,SDX,875LGaNOM 28480 9100=3339
A3MPY 5210100302 |2 1 DOOR, PC BOARD LT 1 5210100302
A3G1 18540071 7 3 TRANSISTOR NPN g1 PDe300Mw PT8200MHZ 20480 1884e0071
A302 18540071 7 TRANSISTOR NPN 81 PDR30OMW FTR200MMZ 28480 185420071
A303 18540071 ? TRANSISTOR NPN 8I #D8300MN FT8200MHZ 28480 18540071

See introduction to this section for ordering information
*Indicates factory selected value



Model 1350A

Table 6-2. Replaceable Parts (Cont’d)

Replaceable Parts

Reference HP Part |c Q A Mfr
> A Description Mfr Part Number

Designation | Number D ty p Code
A3RY 06836815 H 1 RESISTOR 680 Sx ,25W PC TCRuU00/4600 0i1d4 1111 ]
A3R2 068304718 0 5 RESISTOR 470 3% ,2%W FC TC®ed00/+600 01121 CB4TLS
A3SR3 06834718 0 RESISTOR 470 SX ,25W FC TCs=400/+600 01121 CB4T7LS
A3RG 06834718 0 RESISTOR 470 SX ,25W FC TCm=400/+600 01121 cB4T1s
A3RS 0e830471S 0 RESISTOR 470 SX ,28W FC TCa=400/+600 01121 c8y47is
A3Re 068342228 [ 10 RESIBTOR 2,2k S% ,25W FC TCwa400/e700 01124 CB2225
A3R? 068322728 3 8 RESISTOR 2,7K SX .25W FC TCRed00/+700 01124 CB2725
A3R8 068322728 8 RESISTOR 2,7K 8X ,25W FC TCeeu00/¢700 01121 c82728
A3R9 068342225 3 RESISTOR 2,2K SX _25W FC TC®el00/4700 03124 8228
AsRyg 0683.272% 8 RESISTOR 2,7K Sx 254 FC TCN=400/+700 01121 c82728
A3Ryy 068342225 3 RESISTOR 2,2K 5% ,25W FC TCEad00/+700 ot121 c82228
A3R{2 0683+272% 8 RESISTOR 2,7K Sy ,25W FC TCma400/4700 01124 c82728
A3RyS 068322225 3 RESISTOR 2,2K Sx ,25W FC TCweu00/4700 01121 c822a8
A3R1Y 0684ey?3 H 3 RESISTOR 47K to0x ,25W FC TCuel00/+4800 o1124 CB4T3}
A3R1S 0684ay8yy 3 3 RESISTOR 180 10X ,25W FC TCBe400/+600 01121 12 I8}
AsRys 0684e473t 2 RESISYOR 47K $0x ,25W FC TCReu00/+800 01121 cB473Y
A3R1? 0684ay8yy 3 RESISTOR 180 10% ,2%W FC TC8=d00/+600 01124 C8181¢
ASRi8 06832728 8 RESISTOR 2,7k 5% ,2%W FC TC8wu00/4700 01124 €82728
A3R19 068322225 3 RESISTOR 2,2K 85X .25W FC TCee400/+700 01121 c82228
A3R20 068322728 [ RESISTOR 2,7K SX ,2%W FC TCa=d00/¢700 o112l c827328
A3R21Y 068342228 3 RESISTOR 2,2k 5% ,2%W FC TC®ad00/+700 ot1ds €B22a8
A3R22 008421001 3 10 RESISTOR 10 10X ,25W FC TC®=400/+500 01121 c81004
A3R23 0684e1001 3 RESISYOR 10 10X ,25W FC TCe=400/+%00 o11ds €B1001
ASR2y 0684el001 3 RESISTOR 10 10X ,25W FC TCRel00/+%00 011214 CB100y
(3 L1 068421001 3 RESISTOR 10 10% ,25% FC TCBe400/4500 01121 €8100¢
A3R2e 0684e1001 3 REBISTOR 10 10X ,25W PC TCmed00/+%500 [13% 3] c81001
A3R2Y 06841001 3 RESISTOR 10 10% ,25W FC TCma400/+500 o112 c81001
A3R28 0684e1001 3 RESISYOR 10 10X ,25W FC TC®=400/+%500 o1t21 €81004
A3R2¢ 068324748 0 REBISTOR 470 Sx ,25W FC TC®=400/+¢600 01124 CB4TLS
A3R30 0680e1021 7 3 RESISTOR 1K 10X ,25W FC TCBed00/4600 01124 c8i021
A3R3Y 0684e1021 7 RESISTOR 1K 30% ,25W FC TCR=400/+600 01124 C8102¢
ASR32 068421001 3 RESISTOR 10 10X ,25W FC TCme400/+500 0s121 cBt00}
ASR33 068301048 3 4 RESISTOR 100K 5% ,25W FC TC®=400/4800 01124 ca1048
A3R3Y 068301048 3 RESISTOR 100K SX ,25W FC TCw=400/+800 01121 c81048
A3R3g 06841011 H 2 RESISTOR 100 10X .28W FC TCs=400/4500 oty24 c8io11
A3R36 06844731 H RESISTOR 47K 10x ,25w FC TCmed00/+800 oty [4:1'3 2 11
A3R3Y 0684a1811 3 RESISTOR 180 10% ,25W FC TC®ed00/+4600 01124 cB181y
A3R38 0684e4721 0 [ RESISTOR 4,7k 10% ,25W FC TCsed00/4700 01121 CBy72y
AsR3e 0684=4721 0 RESISTOR 4,7K 10% ,25W FC TCw=400/+¢700 01121 tRyT21
A3R4g 0684edT21 0 RESISTOR 4, 7K {0X ,28W FC TCeed00/+700 ot121 cearay
A3RYY 0p8u=tr2l 0 RESISTOR 4,7K 10X ,25W FC TCE=400/4700 01121 c8dr2t
A3R42 0684-1021 ? RESISTOR 1K 10X 250 FC TCmeqoQ/+600 01121 €B1021
A3Rqy 21003214 0 t RESISTORSTRMR 100K 10X C TOPaADJ feTRN 28480 2100w3214
ASR4y 06831048 3 RESISTOR 100K Sx ,25W FC TC®e400/¢800 of1ey CB81048
A3Rys 068301048 3 RESISYOR 100K Sx ,2%5W FC TCmeu00/4800 o112t CB104S
A3Rge 0684s1001 3 RESISTOR 10 10x ,25W FC TCReu00/+%00 ot121 €81001
A3Ry? 068322228 3 RESISTOR 2,2K Sy ,25W FC TC®ad00/4700 01121 c8222%
A3Rye 06832228 3 RESISTOR 2,2K Sx ,2%5n FC TCRad00/4700 01123 cha22s
ARy 0684e1031 9 1 RESISTOR 10K 1ox ,25W FC TC®e400/¢700 0f124 €81031
A3RSO 0684e1001 3 RESISTOR 10 10% ,2%5W FC TCwad00/+%500 01121 €B100¢
A3RSy 068322728 8 RESISTOR 2 ,7K Sy 25N FC TC®ed00/4700 01124 c82v2s
A3RS2 06832228 3 RESISTOR 2,2k Sx ,25W FC TCBeU00/¢700 [ZRY 3} ce222%
A3R53 0684-1011 5 RESISTOR 100 10% .25W FC TC=400/+500 01121 CB1011
A3R54 0683-2725 8 RESISTOR 2.7K 5% .25W FC TC=400/+700 01121 CB2725
A3R55 0683-2225 3 RESISTOR 2.2K 5% .25W FC TC=400/+700 01121 CB2225
A8y 31012159 3 2 SWITCHW8L SeiA DIP=SLIDE.ASSY ,1A SoVDC 28480 31012159
A382 31012189 3 SWITCHeSL SaiA DIP=SLIDE=ASSY 1A SOVDC 28480 31012159
A3UL 1820=1112 8 " IC FF TTL LS DeTYPE POS=EDGE=TRIG 01298 SNT4LOTAN
A3U2 18201689 4 4 IC UART TTL QUAD 04713 MC3446P
A3Us 1820=1689 4 IC UART TTL GUAD 04713 MC3a46P
A3Ug 18201689 4 IC UART TTL QUAD 04713 MCI4d6P
A3US 1820=1689 [} IC UART TTL GuAD 04713 MC34asP
A3Ue 18201199 { 3 IC INV TTL LS MEX jeINP 01298 SN74LBOUN
A3u? 18161120 9 1 IC TTL 8 tK ROM S0eNS 0al 18324 NB28126F PROGRAMMED
A3Us 1820=1112 ] IC FF TYL L8 DatYPE POSSEDGETRIG 0129% SNT4L8TAN
AsUe 1820=1201 6 5 IC GATE TTL L3 AND QUAD 2eINP 01298 SN74L8OBN
AsUio 1820=1199¢ 1 IC INV TTL LS WEX teINP 01298 SNTULBOUN
A3U12 1820=0706 4 1 1L COMPTR TTL MAGTD SeBIT 07263 9324PC
A3U13 1820+1207 2 2 1C GATE TYL L8 NAND 8aINP 01298 SNT4LB3ON
A3ULa 18201216 3 1 1C DCOR TTL LS 3«70eB8.LINE 3INP 01298 SNTULBY3ON
A3U1S 18201203 8 3 IC GATE TTL L8 AND TPL 3eINP 01299 SNT4LOYIN
A3Ute 1820-1197 9 2 1C GATE TTL L8 NAND QUAD 2eINP 01298 SNTULBOON
AsUq? 1820°1112 [ IC FF TTL L8 DaTYPE POSSEDGE=TRIG 01298 INTGLOTAN
Asuie 1820«1144 . 3 IC GATE TTL LS NOR QUAD 2eINP 01298 SNT4LBORN
A3U19 18201202 7 1 IC GAYE TTL L8 NAND TPL 3eINP 01299 aNTULS1ON
A3u20 1820+1281 2 1 1C DCDR TTL LS 2=TO=dw INE DuAL 2eINP 01298 SNTHL 139N
AVt 18201198 7 2 IC FF TTL L8 DeTYPE POSeEDGE=TRIG COM 01298 SNTULSITIN

See introduction to this section for ordering information
*Indicates factory selected value
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A3U22 1820+1201 6 1C GATE TTL L8 AND QUAD 2<INP 01298 SN74LBOSN
A3U2s 1820-1112 8 IC FP TTL L8 DetYPE POSSEDGETRIG 01298 SNT4LBTAN
A3U24 18201208 3 3 IC GATE TTL L8 OR GUAD 2eINP 01298 SNT4LBIAN
A3U28 1820=119¢ 8 7 IC FF TTL LS DaTYPE POSEDGESTRIG COM 0129% SNT4LBLTAN
A3V26 1820=1201 6 IC GATE TTL L8 AND QUAD 2eINP 01298 SNTULBOBN
A3U27 1820=1208 3 IC GATE TTL LS OR QUAD 2eINP 01298 ONTGLES2N
Asu2s 18201198 b 1C FF TTL L8 OeTYPE POS<EDGE=TRIG COM 01298 BNT4LOI TSN
A3U29 1820=1112 [] IC PF TTL LS DeTYPE POSeEDGE=TRIG 01298 ONTULOTGN
A3U30 18201203 [ IC GATE TTL L8 AND TPL 3e=INP 01298 SN74L8LIN
A3USY 18200693 s 1 1C PF TTL 8 DeTYPE POSeEDGE=TRIG 01298 SNTUBTUN
A3U32 18201196 (] IC FF TTL L8 DetyPE POSSEDGESTRIG COM 03298 SNT4LBL AN
AUl 1820~1112 8 IC PP TTL LS DetYPE POSEDGE«TRIG 01298 SNTULOTUN
A3U3Y 18201244 7 1 1€ MUXR/DATA@BEL TTL LS U4eTOeie INE DUAL 01298 SNTALB1BIN
A3U3S 1820=1112 (] IC FF TTL LS OeTYPE POS=EDGE=TRIG 0129% SNTALETUN
A3U36 1820=1144 s 1C GATE TTL L8 NOR QUAD 2<INP 01298 SNTULBORN
A3U3? 1820=1199 1 1C INV TTL L8 HEX 1eINP 01298 SNTULB04N
A3U38 1820=1208 3 1C GATE TTL LS OR QUAD 2eINP 01298 ANTULBIEN
A3U3g 1820=1300 6 ] IC SHF=RGTR TTL LS Re8 PRL=IN PRL=OUT 01298 SNTULBLOSAN
A3U40 1820«1300 6 IC SHP=RGTR TTL LS RS PRLeIN PRL=OUT 01298 SNTULS199AN
A3Ugt 18201300 6 IC SHF=RGTR TTL L8 Re=8 PRL=IN PRLeQUT 01298 SN74LBL9SAN
A3U42 18201300 6 IC sHFeRGTR TTL L9 R=8 PRL=IN PRL=OUT 01298 SNTULE199AN
A3U4Y 1820=1112 ) IC FF TTL L8 DeTYPE POS-EDGE~TRIG 01298 SNTULBTAN
A3UGu 1820=1441 6 10 IC ADDR TTL L8 BIN FULL ADDR 4eBlT 01298 SNTAUL8283N
A3U4S 1820=1441 6 IC ADDR TTL L8 BIN PULL ADDR 4eBIT 01298 SNT4L8283N
A3Ude 1820=1441 6 1C ADDR TTL L8 BIN FULL ADDR 4eBIY 01298 SN74LSRBIN
A3U4Y 1820144} 6 1C ADDR TTL L8 BIN PULL ADDR 4eBIY 01298 ONT4LB28IN
A3U4s 1820e1441 6 IC ADDR TTL L8 BIN PULL ADDR 4eBIY 01298 SNTULOROIN
A3U49 1820=1441 6 1C ADDR TTL L8 BIN FULL ADDR 4e=B1Y 01298 SN74LOROIN
A3USO 1820+1201 6 1C GATE TTL L8 AND QUAD 2eINP 01298 SN74L8OBN
A3USY 1820=1441 6 1C ADDR TTL LS BIN FULL ADDR 4eBlY 01298 SN74LB283N
A3US2 1820=1441 6 1C ADDR TTL L8 BIN PULL ADOR 4=B]T 01298 ONTULOR8IN
A3USS 1820e1441 6 IC ADDR TTL L8 BIN FULL ADDR deBIT 01298 SNTULORBIN
A3USY 1820=1441 . IC ADDR TTL L8 BIN FULL ADDR 4eBlY 01298 SN74LBR83N
A3UsS 1820-119¢ [] IC PP TTL LS DesTYPE POS=EDGE=TRIG COM 01298 SN7GLBLTUN
A3USe 18201444 9 2 IC MUXR/DATA=SEL TTL L8 2eTO=teLINE QUAD 01298 SN74L8298N
A3UST? 1820=11448 6 1C GATE TTL L8 NOR QUAD 2s=INP 01298 SNYGLSORN
Asuss 18201204 9 1 1C GATE TTL LS NAND DUAL 4eINP 01298 SN74L820N
A3use 1820e1438 1 3 IC MUXR/DATA®SEL TTL L8 2eTOwieLINE QUAD 01298 SN74LE2STAN
ASUe0 18201438 1 1C MUXR/DATASSEL TTL L8 2eTOeis| INE QUAD 01298 SNTAL828TAN
A3Uet 1820=1438 1 1C MUXR/DATA®SEL TTL LS 2eTOsie INE QUAD 01298 SNT4L82STAN
A3ye2 1820=1444 9 IC MUXR/DATA®BEL TTL LS 2eTOeieLINE QUAD 01295 sN74Lg298N
A3UsS 1820-1196 8 IC FF YTL L8 DetYPE POS-EDGE-YRIG COM 01298 BNTALB1 TN
A3Ued 1820=1207 2 1C GATE TTL L8 NAND BsINP 01298 BN74L830N
A3UbS 1820=1112 s 1C FF TTL L8 DeYYPE POS~EDGE=TRIG 0129% SNT4LSTGN
A3Ues 1820=1307 3 ! IC SCHMITTeTRIG TTL 8 NAND QUAD 2eINP 01298 SNT4BI3AN
A3Ve? 1820-1196 [} IC PP TTL L8 DeTYPE POSSEDGE=TRIG COM 0129% SN74LBLYUN
A3Ved 1820-1112 ] IC PF TTL L8 DeTYPE POSSEDGE=TRIG 01298 SNT4LOTUN
A3Ve9 1820=1201 ] I1C GATE TTL L8 AND QUAD 2e=INP 0129% SN74LBOON
A3U70 18201196 ] IC FF TTL L8 DwTYPE POSSEDGETRIG COM 01295 SNT4LOL 74N
A3UTY 18201190 8 IC PF TTL L8 DeTYPE POSSEDGESTRIG COM 01298 BN74LB1 74N
A3UT2 18201197 9 IC GATE TTL L8 NAND QUAD 2eINP 01298 SN74LSOON
A3UTy 18201416 H 1 IC SCHMITTeTRIG TYL LS INV HEX feINP 01295 SNTULBLAN
A3V74 1820+1074 1 H IC DRVR TTL NOR QUAD 2eINP 01298 ONT4128N
AsU?S 18201074 1 1€ DRYR TTL NOR QUAD 2eINP 01293 EN74128N
A3UTe 1820-1112 [] IC FF TTL L8 DevyPE POSSEDGE=TRIG 01298 SNT4LBTUN
AsurY 18201423 4 2 1€ MV TTL L8 MONOSTBL RETRIG OUAL 01298 SBNTULS12IN
A3U78 18201423 4 IC My TTL L8 MONOSTBL RETRIG DUAL 01295 SNTALBL23IN
AY 79 1820+1203 8 IC GATE TTL L8 AND TPL 3eINP 01298 SNTULBYIN
A3U80 18100076 0 2 NETWORK=RES 9e81P1,8K OHM X 8 28480 18100076
Asusy 18100076 0 NETWORKeRES 9=81Pt,8K OHM X 8 28480 18100076
ASVRy 19023149 9 1 OIODELZNR 9,09V Sx DOe7 PDw 4w TCue, 087X 20480 19023149
Ag 01350=66811 |7 2 DISPLAY BOARD ASSEMBLY 20480 01350266511
A4y 0180e1746 [} H CAPACITOR«PXD 1SUFeeioXx 20VDC TA 0289 1500156X%02002
A4C2 01602088 9 58 CAPACITOReFXD ,01UF +B80e20% 100VOC CER 28480 016002088
A4C3 01602088 9 CAPACITORePXD ,01UF ¢B80w20X 300VDC CER 28480 0160-2088
A4Co 016022088 9 CAPACITORPXD ,01UF ¢80-20% 100VDC CER 208480 0160=208%
AuCs 0160-208% 9 CAPACITOR=FXD ,01UF ¢8020% 100VDC CER 28480 01602098
AuCH 016002088 9 CAPACITOR=PXD ,01UF +80220X% 100VDC CER 28480 0160=2088
A4aCY 016022088 9 CAPACITOReFXD ,01UF +80«20% 100VOC CER 20480 0140=208%
AuCe 0160=203%% 9 CAPACITORSFXD ,otUF +80-20% 100VDC CER 28480 0160=20%%
A4Co 01602058 9 CAPACITORePXD _01UF ¢80-20% 100VOC CER asuso 016022058
AyCio 016042089 9 CAPACITORSFXD ,0tUP +80e20% j00VDC CER 28480 0160=20%8

See introduction to this section for ordering information
*Indicates factory selected value
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Table 6-2. Replaceable Parts (Cont’d)

Replaceable Parts

Reference HP Part |c Q S Mfr
: g t Description Mfr Part Number
Designation | Number |o| Y scrip Code
AGC1Y 0121=0046 2 [] CAPACITOR=YV TRMReCER 9=35PF 200V PCeMTG 52763 304322 9/33PF N6SO
AgCya 01210046 H CAPACITOR=V TRMR«CER 9=35PF 200V PCeMTG 52763 304322 9/35PF NeSo
AyCys3 0160=205% 9 CAPACITORSFXD ,01UF ¢80=20% 100VOC CER 28489 01602059
AyCiy 01800423 3 5 CAPACITOReFXD §00UFeSO=10x 28VDC AL 28480 018000423
AyCys 016023443 1 19 CAPACITORFXD ,1UF +80-20% SoVDC CER 28480 0160e3443
AgCye 0160=3443 1 CAPACITORLFXD _jUF +80e20% SoVDC CER 28480 01603443
AuCyy 0140e0194 1 2 CAPACITORFXD 110PF +w=SX 300VDC MICA 72136 DM1SF111J0300WVICR
AgC1e 01400148 2 2 CAPACITOR«FXD 22PF +«Sx 500VDC MICA 72136 DM15C220J0800wVICR
AuCi9 0160=3443 1 CAPACITOR=FXD ,1UF +80=20% S0vDC CER 28480 0160e3443
A4C20 01603443 1 CAPACITOR«FXD ,1UF +80=20% SO0vOC CER 208480 0160=3443
A2y 0160e3443 1 CAPACITORFXD ,1UF +80=20% S0vOC CER 28480 01603443
A4Ca2 01602200 5 2 CAPACITORFXD 340PF +=5% 300VDC MICA 28480 016022200
Aycas 014020220 4 2 CAPACITOR=FXD 200PF ¢=1X 300VDC MICA 72136 OM{ISF201FPO0300NVICR
A4C24 0160=3443 1 CAPACITOR=FXD ,1UF +80=20% SOvDC CER 28480 01603043
Auc2s 0180e1746 5 CAPACITOR=PXD 1SUF¢=10X 20VDC TA Sh28e 150D156X902082
A4C2e 0160=208S 9 CAPACITOR=FXD ,01UF ¢80e20X 100VDC CER 28480 0160w205%
A4C27 0160=208% 9 CAPACITOR=FXD ,04UF +80220% 100VDC CER 28480 0160=2058
AuC28 016022088 9 CAPACITOR=FXD ,01UF +8020% 100VDC CER 28480 0160=2058
A4C29 01602058 3 CAPACITORFXD ,01UF +80420% 100VDC CER 28480 01602089
A4C30 01602088 9 CAPACITOR=FXD ,01UF +80=20% §00VDC CER 28480 01602088
A4Csy 016002085 9 CAPACITOR«FxD ,01yf +80-20% 100yDC CER 28480 016022058
AuC32 016002058 9 CAPACITORSFXD ,01uF +80s20% 100VDC CER 28480 0160=205%
AaC33 01602088 9 CAPACITOR=FXD ,01uUF +80-20% 100VDC CER 28480 01602088
A4c3y 016022088 9 CAPACITOR=FXD ,01UF +80e20% 100VDC CER 28480 0160=2058
Aucys 01210046 2 CAPACITOR=V TRMReCER 9=3SPF 200V PCeMTG 52763 304322 9/35PF NSO
AuC3e 01210046 2 CAPACITORSY TRMRLCER 9a3SPF 200V PCeMTG 82763 304322 9/35PF NeSo
Aglsy 0160=205% 9 CAPACITORSFXD ,01UF +80e20% 100VOC CER 20480 0160-2088
A4C38 0180=0423 3 CAPACITOR«FXD 100UF+50=10% 25V0OC AL 28480 01800423
A4C3o 01603443 1 CAPACITOR«PXD ,{UP +80=20% S0VDC CER 20480 0160=3443
A4Cyo 01603443 1 CAPACITOReFXD ,{UF +80e20% SOVDC CER 28480 0160=3443
AuCay 01400894 1 CAPACITOR=FXD L10PF +«5% 300VDC MICA 72136 OMISF111J0300nVICR
A4C42 01400148 H CAPACITOR=FXD 22PF +eSX 500VOC MICA 72136 DM1SC220J0500WVICR
AGCUY 016003443 1 CAPACITOR®PXD ,1UF +80=20% 50VDC CER 284890 0160e3443
AuCau 0160~3443 1 CAPACITORSFXD ,1yf +80=20% SOvVOC CER 28480 0160=3443
A4Cys 0160=3443 1 CAPACITORFXD ,{UF +80=20% SOVDC CER 28480 016003443
AuCys 01602209 s CAPACITORAPXD 360PF +o5% 300VDC MICA 28480 0160=2209
A4Cyy 0140=0220 4 CAPACITOR=FXD 200PF ¢=1X 300VOC MICA 72436 DMySPF201P0300WVICR
AyCys 0160=3443 1 CAPACITORSEXD ,UF +80°20% SoVDC CER 28480 0160=3443
A4Cyq9 0160=205% 9 CAPACITOR=FXD ,01uF +80-20% {00VOC CER 28480 01602083
A4CSo 01800423 3 CAPACITOR=FXD {oQUF+S0=10X% 25VDC AL 28480 018000623
AgCsy 0160-205%% 9 CAPACITORSFXD ,01UF ¢80=20% 100VDC CER 28489 01602059
A4CS2 0180=0423 3 CAPACITORSFXD 100UFeS0=10% 25VDC AL 28480 018020423
AyCsy 016020938 3 1 CAPACITOR=FXD §000PF +=Sx 100vDC MICA 20480 0160w0938
AyCsy 01400197 4 4 CAPACITORSFXD 180PF +oSx 300VDC MICA 72136 DM1SF181J0300mViCR
AyCss 016400197 4 CAPACITORFXD 180PF +=Sx 300VDC MICA 72136 DM{SP183J0300NVICR
AyCse 0140=0197 4 CAPACITORLFXD 180PF ¢aSX 300VDOC MICA 72136 OM1SPF{83J0300WNVICR
AaCsy 01400197 4 CAPACITOR®FXD {89PF +=SX 300VDC MICA 72136 OM{SF{181J0300WVICR
AyCss 0180=0424 4 1 CAPACITOR®FXD 470UF+100=10% 28VDC AL 28480 0180=0424
Aa%se 01802500 1 1 CAPACITOR=FXD 1S00UF+S0e10X 16VDC AL 37942 TT1S2U01651C3P
AuCe0
A4C90 016042058 9 CAPACITOR=FXD ,01UF +8020% 100VDC CER 208480 01402058
A4Coy 01603443 1 CAPACITOR=FXD ,1uUF +80-20% SovDC CER 28480 0160=3443
AGCe2 01400202 2 4 CAPACITOR=FXD {SPF +e8X SOOVDOL MICA 72136 DMISCIS0JOSOONVICR
AuCo3 01602098 9 CAPACITORePXD ,01UF +80=20% 100VDC CER 28480 01602089
A4Coy 0160-205% 9 CAPACITOR=PXD ,01UF ¢80e20X 100VDC CER 20480 01602038
AyCos 0160~205% 9 CAPACITOR=FXD ,0iUF +80=20X 100VDC CER 28480 01602099
A4C9e 016020%% 9 CAPACITOR®PXD ,01UF ¢80e20X 300vDC CER 28480 0160=2058
A4Co7 01602058 9 CAPACITOR=FXD ,0tUF ¢80220% 100VDC CER 28480 016022099
AyCon 01603443 1 CAPACITORFXD ,1UF +80e=20% SOVOC CER 28480 01603443
AaC99 01603443 1 CAPACITORPXD ,1UF +80=20% S0vOC CER 28480 0160=3443
AuC100 01603443 { CAPACITOR®FXD ,1UF +80=20% SOVDC CER 28480 0140=3443
A4Cyo1 01400202 2 CAPACITORSFXD 1SPF +oSX S00VDC MICA 72136 DM1SC150J0S00NVICR
AuCi02 01603443 1 CAPACITORSFXD ,1UF +80e=20% SOVDC CER 28480 0160m3443
AaCio03 01603443 1 CAPACITORFXD _yuP +80s=20X SoyDC CER 28480 0160=3443
AqC104 01602150 5 H CAPACITOReFXD 33PF ¢oSX 300VDC MICA 28480 016022150
AaCyo8 01602150 ] CAPACITORSFXD 3SPF +o5% 300VDC MICA 28480 016022150
AaCyo6 014000192 9 1 CAPACITORPFXD 68PF 408% 300VDC MICA 72136 DM1SEp80J0300WVICR
AuCyo7 01603070 0 1 CAPACITORSFXD 100PF +=Sx 300VDC MICA 28480 016023070
AuCy08 01603443 { CAPACITORSFXD ,1UF +80-20% S0VOC CER 28480 016023443
AuCyo9 014020199 6 2 CAPACITORSFXD 240PF +«5x 300VDC MICA 72136 DM1SF2u1J0300WVICR
A4Cy10 0180e0423 3 CAPACITORSFXD 100UFe50=10% 25VDC AL 28480 0180w0423
AuCyyy 01400199 6 CAPACITOR=FXD 240p” ¢e5% 300VDC MICA 72136 OM1SF241J0300WVICR
AuC112 0t40=0202 2 CAPACITOR=FXD 1SPF +eSX SooVDC MICA 72136 OM{SC150J0S00WYICR
AuCyq3 0140=0202 2 CAPACITORGFXD 1SPF 45X S500VDC MICA 72136 DM18C150J0%00WVICR
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AUCRY 19010179 7 20 DIODE=SWITCHING 1SV SOMA 750PS DQe? 28460 190120179

AUCR? 190120179 7 DIODE=SWITCHING 18V SOMA ?750PS DOe7? 28480 19010179

AuCR3 190120179 7 DIODE=BWITCHING 1SV SOMA 750PS DO=7 28480 1901°0179

AuCRy 19010179 7 DIODE=SWITCHING 1SV S0MA 750PS DOm? 28480 190120179

A4CRS 19010179 ? DIODE-SWITCHING 18V SOMA 750PS D0e7? 28480 19010179

A4CRe 19010179 7 DIOCDESSWITCHING 1SV SOMA 750P8 0De7 28480 190120179

AuCRY 19010179 7 DIOOE=8WITCHING Sy SOMA 750P8 00e? 28480 19010179

A4Cra 190120179 7 DIODE=SWITCHING 18V SOMA 7S0PS DO=7 28480 19010179

A4CRO 19010179 b DIODE=BWITCHING 15V SOMA 750PS DO=7 28480 19010179
AUCRIO 19010179 7 DICDE=SWITCHING 1SV SoMA 730PS DOe7 28480 1901=0179

A4CRy 19010047 (] 2 DIODESWITCHING 20V 7SMA 10NS 28480 190120047
AuCRY2 19010179 7 DIODE=SWITCHING 1SV SOMA 750P8 DOe? 28480 190120179
A4CRy3 19010179 7 DIOOE-SWITCHING §5V SOMA 7S0PS DOe? 28480 19010179
A4CR14 19010179 7 DIODE=8WITCHING 13y SOMA 750PS DOe? 28480 19040179
AUCRIS 19010179 1] DIODE=SWITCHING £S5V SOMA 750PS DOe7 28480 19010179
A4CR1S 19010179 7 DIQDE=SWITCHING 33V SOMA 750PS DO=7? 28480 19010179
A4CR1? 19010179 7 DIODEeSWITCHING 1SV 50MA 750PS DOe7 28480 1901017¢
A4Crys 19010179 7 DIODE=SWITCHING 185V SOMA 750P8 DQe7 28480 19010179
A4CR19 19010179 1 DIODE=SWITCHING 18V SOMA 750P8 DOe7 20480 19010179
A4CR20 19010179 ? DIODE=SWITCHING 1Sy 50MA 750PS DOe? 20480 19010179
A4CR2y 19051-0179 7 DIODEWSWITCHING 15V SoMA 750PS DOe? 20480 19010179
AuCr22 19010047 8 DIODE=SWITCHING 20V 7SMA 1ONS 20480 190100047
A4CRr23 190120040 1 5 DIODE=SWITCHING 30V SOMA 2NS DO=3% 20480 190120040
AuCr24 190120040 1 DIODE=SWITCHING 30V SOMA 2NS DOe3S 28480 190120040
A4CRS 1901=0040 1 DIODESWITCHING 30V SOMA 2N8 DOe3S 28480 190120040
AuCR2e 190120040 1 DIODE=SWITCHING 30V SoMA 2N8 DO=35 208480 190120040
AuCR2Y 190120040 1 DIODE«SWITCHING 30V SoMA 2N8 D0=3S8 28480 1901=0040

AUEL 03601653 5 6 CONNECTORe8GL CONT PIN ,045=IN=BSCe82 8G 28480 0360=1653

Ayt 0360=1653 5 CONNECTOR=8GL CONT PIN ,04S=INeBSCe8Z 8G 28480 03600214653

AyE3 03601653 s CONNECTOR=8GL CONT PIN ,04SeIN-BSC.8Z 80 28480 0360=1653

AyEu 0360%1653 H CONNECTOR=8GL CONT PIN ,04S=IN«BSC=82 80 28480 036001653

AyES 03601653 H CONNECTOR=8GL CONT PIN ,04S<IN=BS3Ca82 80 28480 036021633

Ayke 03601633 H CONNECTOR=8GL CONT PIN ,04S=INaBSC-8Z 80 20480 036001653

Ayd3 12514338 6 4 CONNECTOR 8=PIN M POST TYPE 20480 12814338

Audy 125124338 6 CONNECTOR 8=PIN M POST TYPE 28480 125124338

AgJs 12%1=3192 1 1 CONNECTOR 3=PIN M POST TYPE 28480 12513192

Auly 91003139 5 3 COIL 75UH 18X ,80X,875LGeNOM 28480 9100e3139

Aul2 9100-3139 H COIL 7SUM 18X ,8Dx,87SLG=NOM 28480 91003139

AyLs 91003139 5 COIL 7SUM 15% ,50X,87SLGuNOM 28480 9100=313¢

AgLy 91700029 3 2 CORE=SHIELDING BEAD 28480 917020039

A4LS 9170e0029 3 CORE=SHIELDING BEAD 28480 91700029

AdMP1 1205-0213 4 2 HEAT SINK SEL TO-5/T0-39-CS 2£480 1205-0213

Aulte

Auouo 185320036 H 40 TRANSISTOR PNP 81 POm3IjoMw FTN2B0MHZ 28480 185320036

AyRy 069920001 2 4 REBISTOR 2,7 10X ,SW CC TCmoedi2 01121 £827Gy

AuR2 0787-0284 b F RESISTOR 150 1x ,125% F TCe0+a100 26846 Clhel/8aT0uiStel
A4R3 2100=3212 8 2 RESISTORaTRMR 200 10X C TOP=ADJ {eTRN 20480 2100=3212

A4Ry 0757-0408 7 2 RESISTOR 243 1% ,12%W F TCmO0+e100 26546 Cdal/8eT0edudReF
A4RS 0698.6612 1 10 RESISTOR 2K ,1X ,125% F TCu0+=50 28480 069846612

AURS 0757e0401 0 39 RESISTOR 100 1X 125K F TCHO+=100 26%4e Clel/8eT0ei0laF
AUR? 069806996 4 22 RESISTOR 200 ,1X ,125W F TC®0+aS0 28480 069826996

AURS 069826996 4 RESISTOR 200 ,1X ,125W F TCWO0eeS0 28480 06984699

AuR9 0698e6612 1 RESISTOR 2K 1% ,125W F TCmoeeSo 28480 06980012

A4Ryp 0757=0401 0 RESISTOR 100 1X ,12%W F TCmo¢=100 20846 Cdei/8eT0mipl=F
AuRty 06986989 H 16 RESISTOR 400 ,1X ,125W F TCB0+eS0 20080 069820989

A4R12 06986996 4 RESISTOR 200 ,1x 125w F TCmQeaSO 26480 0690=499¢

AuRys 0698a6612 ! RESISTOR 2K 1% ,125W F TCBOseS0 26480 069820612

AU4R14 078706401 0 RESISTOR 100 1X ,125W F TCRO+=100 2Us4e Cdel/BaT0eiplef
AgRys 069806989 s RESISTOR 400 ,1X ,125W F TCs0ewS0 28480 00984989

AgRye 0698.6996 [ RESISTOR 200 ,1X ,125W F TCEo+a80 28480 06986996

AuRyY 06986612 1 RESISTOR 2K 1% 1250 F TCs0+eS0 28480 06980612

LYLIT) 0757=0401 0 RESISTOR 100 1X ,125W F TC80+=i00 2usde Cédnl/BaT0ei0leF
A4Ry9 06986989 H RESISTOR 400 ,1X ,12SW F TCw0+aS0 26480 06986989

A4R20 0698=699¢ 4 RESISTOR 200 ,1X .125W F TCE0+eS0 284080 0690699

AuR2y 06986612 | RESISTOR 2K 1% ,128W F TC®0+aS0 20480 00986012

Au4R22 0787«0401 0 RESISTOR 100 1x 1238 F TC®0e=100 26846 Cdet/B8at0el0lef
AuRas 06986989 H RESISTOR 400 ,1x ,125W F TCe0+eS0 28480 06986969

A4R24 069806996 4 RESIBTOR 200 ,i1x ,125W F TCa0eeS0 28480 069826996

[YLFL] 2100=0568 1 10 RESISTORTRMR 100 10X C TOP«ADJ {=TRN 28480 210000568

AuR2s 069800083 [ 10 RESISTOR 1,96K 1X 125N F TCwO0ee100 26846 Clul/8aT0nifiaF
A4Rr27 07570401 [ RESISTOR 100 1X 125w F TC0¢wi00 26546 Cldel/8at0el0lnf
AyR2e 069826989 H RESISTOR 400 ,4X ,125W F 7CR0+=%0 26480 069804989

A4R29 06986996 4 RESISTOR 200 ,iX ,125W F YCBOeaSO 20480 06984699

AuR30 210020568 1 RESISTOR=TRMR 100 10X C TOP=ADJ {=YRN 28480 210020908
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AURYY 069820083 [ RESISTOR 1,96K 1X (125K F TCuO¢e100 24546 Cée1/8eT0e19610F
AuR32 07870401 0 RESISTOR 100 1X ,125W F TCmO+=100 2454e Cumi/goT0uiotef
AuR33 069826989 5 RESISTOR 400 ,1x 125K F TCmoeaS0 28480 069825009
AGR3Y 069826996 4 RESISTOR 200 ,1X ,125¢ F 7CE0ewS0 28480 06984996
AuR3S 210020568 1 RESISTORSTAMR 100 10X C TOP=ADJ {eTRN 28480 21000568
AaR3e 0698.0083 [} RESISTOR 1,96K 1x ,125W F TCe04e100 20846 Clat/8eT0ai00ter
A4RY? 075720401 0 RESISTOR 100 1X 1250 F TC80+e100 24846 Cdai/8aT0ulnieF
AuR3e 06982698¢ 5 RESISTOR 400 ,iX ,125W F TCE0eeS0 28480 069824909
A4R39 069826996 4 RESISTOR 200 .1X 125w F TCE0+e%0 28480 06984996
AGRYO 21000568 1 RESISTORaTRMR {00 10% C TOP=ADJ 1eTRN 28480 2100=0568
A4Ryy 069820083 8 RESISTOR 1,96K i1x 125w F TCWosel00 24%4e Chei/8eT0e1%0]ef
AuRG2 075720401 0 RESISTOR 100 1% ,125W F TCmOeelO0 2684 Clet/8at0eloteF
AGRYY 069826989 H RESISTOR 400 .iX ,12%W F TCEO¢eS0 28480 06980690¢
AGRYY 069826996 4 RESISTOR 200 1% ,125W P TCRO+=S0 28480 06984499
AGRYUS 2100e0568 1 RESISTORTRMR 100 10X C TOPeADJ 1eTRN 28480 210000568
A4R4e 069820083 8 RESISTOR 1,%6K tX ,125W F TC304e100 20846 Cdel/8aT0el901ef
AaRuY 075720401 0 RESISTOR 100 1X ,125W F TC®O0+«100 26846 Clei/8ut0etiter
AuRyS 069804996 4 RESISTOR 200 ,1X 125W F TC®04eS0 28480 069845994
AuRY9 0757«0421 ] F] RESISTOR 825 1% ,1254 F TCs0+=100 24846 Clel/8e70a825RaF
A4RSO 07570438 0 2 RESISTOR 3,92k 1X 1254 F TCwoeel00 20846 Cdel/8eT0e3921F
AYRSy 075702680 3 4 RESISTOR 1K 1% 1250 F TCROsel00 24846 Clel/8aT0alg0ief
AuRS2 07570429 ? 4 RESISTOR 1,82K 1x ,12%W F TCe0eei00 20846 Chai/8aT0e1821eF
AuRS3 0757.0274 ] H RESISTOR §,21K 11X +125W P TCmo+=100 24sde Che1/8uTo=121)eF
AuRSY 0757=0416 7 6 RESISTOR S11 1x ,125W F TCRO04et00 24846 Clel/8a70e8iRer
AURSS 07570178 L] 2 RESISTOR 100 1X ,25W F TC®0¢w100 2484 CSel/lat0eltier
AuRsy 0698.3440 7 ? RESISTOR 196 1x 1254 F TCE:0¢ei00 26846 Clet/8eT0ni90RaF
AuRS? 079720460 1 H RESISTOR 61,9K 1X ,12SW F TCmos=100 24546 Clai/8aT0eb193aF
AyRss 075720416 7 RESISTOR 811 1X ,125W F TCeo+=100 24846 Clei/8eT0eS iRaf
AuRS9 0757=044% H 2 RESISTOR 13K 1X 125N F TCu0e=100 24846 Clui/BeT0ei302aF
AuReo 0757e0416 7 RESISTOR S31 1x ,125W F TCR0+=100 2484e Clai/8aT0uSiiRaf
AyRey 07570413 4 ? RESISTOR 392 31X 1250 7 TCwoeel00 24s46 Clal/8aT0u32RF
AuRe2 06988418 3 2 RESISTOR 8o ,1x 1250 F TCe0¢e50 28480 06983418
A4Re3 069920001 2 RESISTOR 2.7 10X W CC TCsOeul2 o112t £82761
AuRey 07870284 7 RESISTOR 180 1X ,125W F TCuOes100 26846 C4ei/8=T0uigiep
AUReS 2100=3212 ] RESISTOR=TAMR 200 10% C TOP=ADJ 1=TRN 28480 2100.3212
AgRes 07570408 ? RESISTOR 243 tx 125w F TCWOew100 26840 Chei/8aT0udu3N=F
AgRS? 069806612 1 RESISTOR 2K ,1x ,125W F TCE04e50 28480 06986012
AuRes 07570401 0 RESISTOR 100 1X ,§25W F 7C804e100 2684e Clai/8eT0al0lal
A4Re9 069806996 4 RESISTOR 200 ,1X 125k F vCm04e80 28480 0698499¢
A4R70 069806996 4 RESISTOR 200 ,1% 125w F TCEOeeS0 28480 0698.699¢
AURTY 0098006612 1 RESISTOR 2K ,1X ,125W F TCeO+e50 28480 06986612
AGR?2 07570401 [ RESISTOR 100 1x ,125W F 1CR0+=100 24546 Clel/8eT0s10laF
A4R73 069846989 H RESISTOR 400 ,1X 125w F TCm0+e80 28480 069824989
A4RTY 069846996 ] REBISTOR 200 ,1X ,125W F TCmOesS0 28480 009820994
AuR?S 069806612 1 RESISTOR 2K ,1X ,125W F TCW04eS0 28480 009840612
A4R76 0737=0401 0 REGISTOR 100 1X ,12%W F TCWOee100 24s6e Chei/8aT0nigiel
A4R?? 069806989 H RESISTOR 400 ,iXx ,125w F TCEO¢eSO 28480 0698-6909
AGRTS 069846996 4 RESISTOR 200 ,1X 1250 F TCEO+=SO 28480 0096499
AGRT9 069800612 1 REBISTOR 2K ,1X ,123W F TCE0eeS0 28480 009006612
AGR8O 075720401 0 RESISTOR 100 1X ,125W F TCu04e100 26846 Chei/8et0ei0lef
A4Rsy 069826909 H RESISTOR 400 ,1x ,125% F YCmOeeSO 204080 069824909
AGR82 06986996 4 RESISTOR 200 ,1X 125w F TCRO+eSO 28480 0098499¢
AgR83 069806612 | RESISTOR 2K ,1X ,125W F TCHOeaSO 28400 009826642
AGRSY 073740401 0 RESISTOR 100 1X ,125W F TCSO0e=100 26846 Clet/8uT0ui0leF
AGRaS 06986989 H RESISTOR G400 ,1X .125W F TCmOeeSO 28480 069824009
[YLLTY 0698+699¢ [ RESISTOR 200 ,1% 1258 F 7CRO+eS0 20480 069804084
AgR8? 2100=0%68 1 RESISTOR=TRMR 100 10X C TOP=ADJ t=TRN 28480 210000368
AaRes 069820083 [] RESISTOR 1,96K §X ,125W 7 TCe0eslo0 26S46 Clel/8aT0eifb]ef
AGREY 07570401 0 RESISTOR 100 1X ,125W F TC®04e100 26846 Clni/8aT0ui0ier
A4R90 069806989 H RESISTOR 400 1% .125W F TCRO+eSO 28480 00084909
A4R9y 069826996 4 RESISTOR 200 1% .125W F TCmOeeSO 20480 06902099
AgR92 210020868 1 RESISTOR.TRMR 100 10X C TOP=ADJ {eTRN 28480 210000968
AgRey 009800083 8 RESISTOR 1,96K 1x ,128W F TCuoeei00 20846 Clai/8eT001904eF
AuR94 075700401 0 RESISTOR 300 1% ,125W F TCR0¢=100 26586 Clai/0aT0niglef
AgReS 069806989 H RESISTOR 400 ,1X 125w F TCS04e80 20480 060804009
AgRey 00980699 4 RESISTOR 200 ,ix ,125W F TCEQ¢a80 20400 06982099
AuR9Y 21000568 1 RESISTORSTRMR 100 10X C TOPsADJ j=TRN 20400 210000808
AgR9s 009840083 8 RESISTOR 1 96K % ,125N F TCmO¢al00 24846 Clel/0eT0uifieF
AuRoe 0787«0401 0 RESISTOR 100 1X 1250 F TCEO4=100 24846 Chal/BaT0ulolel
AuRi00 069844909 ] RESISTOR 400 ,1X 125N F TCEQeaS0 28480 06984909
AGRygy 0698=499¢ 4 RESISTOR 200 +1X 1250 F TCmpe=Sp 28400 00982499
AuR102 210000868 1 RESISTOR=TAMR 100 10X C TOP=ADJ 1eTAN 20400 21000868
A4Ryo3 069840083 s RESIOTOR 1 96K 1% ,125W F TCa0ee100 26346 Chai/8e70e190iaF
AuRioy 07570801 0 RESISYOR 100 1% ,125K F TCR00=100 2846 Clni/8eT0e101eF
AuRyoS 06986989 s RESISTOR 400 .1X ,125W F TCmoeaS0 20480 06984909

See introduction to this section for ordering information
*Indicates factory selected value
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Table 6-2. Replaceable Parts (Cont’d)

Reference HP Part |c - Mfr
: . Qt Description Mfr Part Number

Designation | Number |P Y P Code
AuR106 06986996 4 RESISTOR 200 ,1X ,125W F TCBO+=SO 28480 06982499
A4R1OT 21000568 1 RESISTOR=TRMR 100 10% C TOP=ADJ 1aTRN 28480 21000568
AuR108 069820083 s RESISTOR 1,96K 1X ,125% F TCRO+=100 2084e Céel/8a10=19010F
AUR109 07570401 0 RESISTYOR 100 1% 1zsw F TCE0+=100 24846 Clmi/8aT10mi0laF
AuR1t0 06985996 4 RESISTOR 200 1% 1250 F TCmO+=80 28480 0698-499¢
AuR111 0757=0421 4 RESISTOR 82% 1X ,125W F TCRO+e100 24846 Clel/8aT0=825Rep
A4R112 07870438 [ RESISTOR 3,92K 1X ,125W F TCEO+=100 26846 Clal/8aT0e392ierF
A4R113 07%7=0280 3 RESISTOR 1K 1X ,125W F TCS0ew100 26846 Clul/8070s100op
AuR114 0757-0429 H RESISTOR 1,82K 1x ,125W F TCBOew100 24846 Clai/8oT0018R P
A4R1LS 0757-0274 H RESISTOR 1,21K 1X ,125W F TCRO+=100 24846 Clui/8aT001213al
AuRi16 0787=0416 7 RESISTOR 811 tx ,125W F TCmO+=100 2uS4s Céei/8aT0e51iRaF
AyRiyY 07570178 8 RESISTOR 100 1% ,25W F TCe0+et00 2484 CSei/4eT0uiplel
AyRyg8 06983440 7 RESISTOR 196 1x ,125w F TCR0e=100 2usde Clial/8eT0ni VbRl
A4R119 0757=0460 1 RESISTOR o1,9K 1% .l!!u F TCe0¢ei00 20546 Clel/8aT0ubi3eF
A4R120 0757=0416 7 RESISTOR S11 1% ,125W F TCRO04=100 26848 Cldel1/8eT0nS11R=F
AuR12y 0757.0448 2 RESIBTOR 13K 1x ,125W F TC®0+ei00 24846 Clhul/8aTO0n]302F
AuR122 0787=0416 7 RESISTOR 811 1X ,125W F TCHO+=100 24846 Clai/8e70851iReF
AUR123 0787«0413 4 RESISTOR 392 1X ,12%W F TCu0+=100 20846 Clinl/8aT0=392R=F
AuR12g 06988418 3 RESISTOR S0 1% ,125W F TCmO+=S0 28480 06988448
AgRy 28 0699=0001 2 RESISTOR 2,7 10X 5N CC TCsOed12 01121 0276y
A4R126 0699-0001 2 RESISTOR 2.7 10% .5W CC TC=0+412 01121 EB27G1
A4R127 0757-038¢ 3 ? RESISTOR 33,2 1x ,125W F 1CR04=100 24546 Clai/8eT0e3IR2er
AuR128 069823432 ? F RESISTOR 26,1 1X l!!w F 1C00¢a100 03888 PMESSei/BatOn2bRieF
A4R129 07570389 3 RESISTOR 33,2 1y ,125W r 109042100 20846 Clel/82T0=33R2=F
A4R130 069823432 7 RESISTOR 26.1 1% 125N F 7CR04e100 03e88 PMESSwy/8eTO=26R] P
AuR13Y 0757=0401 0 RESISTOR 100 1X ,125W F TCB0+=100 20846 Clel/8uT00i01eF
[YLIS }] 07870401 [ RESISTOR 100 tx ,125W F TCm0seto0 U846 Ciai/8eT0uiplef
A4R133 0757=0401 0 RESISTOR 100 tX ,125W F 7C204e100 24546 Cdui/8aT0ulgysl
LYLIST] 07570401 0 RESISTOR 100 1X 125K F TCEO+e100 24846 Cdui/8sT0uiplal
AuR13S 07570401 0 RESISTOR 100 1X ,1235W F TCW0¢=100 24546 Clui/BeT0nlplnf
A4R136 07570401 0 RESISTOR 100 1X ,125% F TCBO+ei00 21846 Ciai/8aT0m10isF
AyRy3Y 07570401 0 RESISTOR 100 1% ,12%% F TCu04=100 24546 Cldal/Ba¥0uiinr
AUR{3E 0757=0401 0 RESISTOR 100 1% ,125W F TCu0+et00 24546 Chel/BeT0s10ler
AgR139 07870408 0 RESISTOR 100 1% ,12%5% F TCm0ew100 24846 Ciei/8eT0alpiaf
AaR140 0757«0401 0 RESISTOR 100 1% ,125W F TC®m0se100 24546 Cldai/BeT0elp)sf
[YLIVY 07870401 0 RESISTOR 100 1x ,125W F TC804e100 26546 Ciel/8aT0a10laF
AgRy1u2 07570401 0 RESISTOR 100 1x ,125W F TCoO04ai00 24846 Clul/8eT0uinlef
A4R143 0787-0401 0 RESISTOR 100 1X ,4125W F TCuO¢ei00 26846 C4mi/8eT0eiOler
A4R1 44 07870401 0 RESISTOR 100 1X ,125W F TCu0+e100 2usue Cldal/geaT0ai0ler
A4R14S 07570401 0 RESISTOR 100 1X 125K F TCmO0e=100 24846 Clel/8aT0ui0lnp
YLIYN 07570401 0 RESISTOR 100 1x ,125W F TC®0¢e100 24%4e Clei/0aT0ei0ysl
AgR147 07370401 ] RESISTOR 100 1% ,125W F TCu0eel00 24866 Cdui/8eT0ui0lef
A4Rya8 0787=040% [ RESISTOR 100 1x ,125w F 7C80+ei00 24846 Cdel/BeT0e10)eF
A4R1GY 06863918 6 1 RESISYOR 390 8% ,SW CC TC®0+529 0112y ES391S
AuRqSg 0787=0442 9 1 RESISTOR 10K 1x 125N F TCROewl00 20846 Cdel/8aT0eig0der
AgR18y 0787-0280 3 RESISTOR 1K 1X ,12SW F TCmQ¢ei00 20846 Cdey/8eT0e100t=F
A4R182 07570429 H RESISTOR 1,82K {X ,125W F TC80¢e100 24846 Clel/8aT0s18210p
A4R1S3 0757«0280 3 RESISTOR 1K 1% L125W F TCB04ei00 26s4e Cle]/8eT001001eF
A4R1SY 075720429 H RESISTOR 1,82K 1X ,12%W F TCBOee100 248466 Ciel/0eT0uib2lel
AgR1SS 0787<0346 2 1 RESISTOR 10 1% L42SW F TCEOeal00 24846 Clei/8aT0uioROF
[YLILTY 07870442 9 RESISTOR 10K 1% ,125W F TCR0ee100 245846 Clel/8aT0s10020F
AuRys? 075720483 2 1 RESISTOR so 1K 1X 125N F TCE0ee100 26846 Clat/0nT0a3012eF
AgR188 07870442 9 RESIBTOR 10K 1x ,125W F TCRO4e100 24866 Clal/BaT0uig0Rel
AgR189 0787e0442 9 RESISTOR 1oK 1% 125w F TCROe=100 24346 Clel/0eT00i002F
AgR1e0 0787-0842 9 RESISTOR 10K 1x ,125W F TC80¢e100 20846 Clul/8eT0ei002eF
[VLITY 07870842 9 RESISTOR 10K 1% ,125W F TCu0eeio0 24546 Clel/8eT0uig0deF
[YLIVY] 07870042 9 RESISTOR 10K 1% 1250 F TCu0%al00 26846 Clnl/8eT0e1002eF
[YLIVY ] 0787=0442 9 RESISTOR 10K {X 125N F TCuO+ei00 24846 C4dei/8eT0e1002eF
AGRied 078720442 9 RESISTOR 10K 1X ,125W F TCNO04e100 24846 Cdel/8eT0e1002eF
AGR16S 0787=0401 0 RESISTOR 100 1X 1250 F TCS04e100 24346 Cdel/8uT000eP
AGR166 07370442 L] RESISTOR 10K 1X ,125W F TCBOee100 24346 Cdel/BeT0n1002eF
AgRye7 07570442 9 RESISYOR 10K 1% ,125W F TCe04e100 20846 Clel/8eT0ni00Rel
[YLITY ] 069820084 9 2 RESISTOR 2,15K |i +12SN F TCR0e=100 20546 Cdni/0eT0eR)S1eP
AaR169 069840084 9 RESISTOR 2,18K 1% ,125K F TCBO4el00 24846 Cdei/B8aT0e2iS1eF
[YLIV]) 069823132 4 { RESISTOR 261 1% 125N F TCR04ei00 26846 Cdel/baTO0edblel
AgRy7Y 08111666 ? 1 RESISTOR | Sx 2w PW TCS0¢=800 78042 BHHZeiROwJ
A4TPLe
[ YALIT 0360-0%3% 0 10 TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION
Aadlte
AgUte 1818=018¢ 3 16 IC NMOS 4K RAM DYN 470=N8 3=8 26480 101820136
AGULY 1820-1470 1 3 1C MUXR/DATA=SEL TTL L8 2eTOwie| INE QUAD 01298 ONTALOISTN
Aauis 1820=1447 2 3 IC TTL LS 16817 RAM USeNS 3e8 01298 SNT4LBOTON
AgULe 18201453 0 3 IC CNTR TTL 8 BIN SYNCHRO Pol-!DGE-van 01298 ONTEB163N
YUY 18201670 1 IC MUXR/DATASSEL TTL L8 2«TOeielLINE GUAD 01298 SNTULOLSIN
Aguat 1820-1447 H IC TTL LS 16BI7 RAM USenNs 3e8 01298 BNTAULO6T0N
AuU22 1820«1483 0 IC CNTR TYL 8 BIN SYNCHRO Dn..tno!-ynte 01298 sN748163N
Aqu2sy 18201470 1 1€ MUXR/DATASSEL TTL L8 24T0sielINE QUAD 01298 SN74LB1STN
AgU2e 18201447 2 IC TTL LS 16=B1T RAM 4SaN8 3.8 01298 ONT4LOGTON

See introduction to this section for ordering information
*Indicates factory selected value
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Replaceable Parts

Reference HP Part |c Q —r Mfr
: ] t Description Mfr Part Number

Designation | Number |D Y P Code
Ayuas 18201453 0 IC CNTR TTL 8 BIN SYNCHRQ POS=EDGE=TRIG 01298 SNT48163N
A4u2e 1820e1810 3 1 IC ORVR TTL CLOCK DRVR 04713 MC3460P
AgL27 1820=1196 8 2 IC FP TTL L8 DetYPE PO8=EDGE=TRIG COM 01298 SNTULSLTUN
Auy2e 182020706 4 1 IC COMPTR TTL MAGYD SeB1Y 07263 9324rC
Auu29 1820=1641 8 2 IC DRVR TTL LS BUS DRVR HEX i=INP 01298 SNTUL836SAN
AgU3zg 18201641 [} IC ORVR TTL LS BUS DRVR HEX jeINP 01298 SN7ULEIOSAN
AyUyy 1820=1280 1 [ IC ARITHaLGCeUN TTL LS 4eBIT 01298 SN74L818IN
AuU32 182001280 1 I1C ARITHeLGC=UN TTL LS 4eBIT 01298 SN74L818IN
A4yl 1820=1280 1 IC ARITHeLGCeUN TTL L8 4eBlT 01298 SN74L818IN
Auusy 1820-1411 0 7 IC LCH TTL LS DeTYPE 4eBlT 01298 SNTULSTSN
AuVss 1820=1211 8 [] IC GATE TTL LS EXCLeOR QUAD 2eINP 01298 SNT4L886N
Auvle 1820=1411 0 IC LCH TTL LS DeTYPE 4aBlY 01298 SN74L87SN
Auyu3? 1820=1211 8 IC GATE YTL LS EXCL=OR QUAD 2eINP 01298 SNTULE86N
AGqUls 1820e1441 0 IC LCH TTL LS D=TYPE 4eB]T 01298 SNT4LOTISN
AGU39 1820=1444 9 1 IC MUXR/DATA=SEL TTL LS 2eTO=i= INE QUAD 01298 SNT4LS298N
Auudo 18201210 7 H I1C GATE vtL LS AND=QRe=INV DUAL 2eINP 01298 SNT4LYSIN
LYY 1820=121¢ 7 IC GATE TTL LS ANDeOReINY DUAL 2eINP 01299 SN74LESIN
LT H] 1820=1322 2 2 IC GATE TTL 8 NOR QUAD 2eINP 01298 SN74802N
Auuas 182001278 4 2 IC GATE TTL 8 NOR DUAL S=INP 01299 SN748260N
LY 1820e3011 0 IC LCH TTL LS DetYPE 4eBIT 01298 SNTULBTISN
Aulus 1820=1411 0 IC LCH TTL L8 DaTYPE 4eBIY 01298 SN74LBTSN
AgUge 1820e1411 0 IC LCH TTL LS DaTYPE 4wBIT 01299 SN74LSTSN
A4ua? 1820=0683 6 3 IC INV TTL 8 HEx 1=INp 01298 SN7UBOUN
AaU4s 1820=1411 0 IC LCH TTL LS DeTYPE 4eBIY 01299 SNTULSTSN
AQU49 1820=1280 1 IC ARITHeLGCeUN TTL L8 4eBIT 0129% SNTULBLOIN
AyUSo 1820=1260 1 IC ARITHaLGCeUN TTL L8 4eBIT 01299 SNT74LSLBIN
AuuSy 18201280 1 IC ARITHaLGCuUN TTL L8 4eBIT 01299 SN7ALBIBIN
Auus?2 1820.1943 3 [ IC CNTR TTL 8 BIN UP/DOWN SYNCHRO 4eBIT 0129% INT48169d
AGUSS 1820=1943 3 IC CNTR TTL 8 BIN UP/DOWN SYNCHRO 4eBIT 01295 INTU8L6YY
AaUSY 18201943 3 IC CNTR TTL 8 BIN UP/DOWKN SYNCHRO 4eB1T 01298 SNTUB16%Y
A4Uss 18201943 3 IC CNTR TTL 8 BIN UP/DOWN SYNCHRD 4eB81T 0129% sN748169J
AuUSe 1820-1943 3 IC CNTR TTL 8§ BIN UP/DOWN SYNCHRO 4eBIT 01298 sN748169J
AgusY 1820=1943 3 IC CNTR TTL 8 BIN UP/DOWN S8YNCHRO WwBIT 01298 INT48109Y
Auuss 1820-1211 8 IC GATE TTL L8 EXCLeOR QUAD 2«INP 01298 SNTULBAON
A4yse 1820=1211 8 IC GATE TTL L8 EXCL=OR QUAD 2eINP 0129% SNT4L 886N
AuUp0 182001211 [] IC GATE TTL LS EXCL=OR QUAD 2<INP 01298 SN74LB86N
AgUey 1820-127% 4 IC GATE TTL 8 NOR DUAL SeINP 01298 SNTUB260N
Agus2 18200683 6 1C INV TTL 8 HEX t=INP 01298 SN74BOUN
Agues 1820=1032 1 5 1C SHF=RGTR TTL Re8 PRL=IN PRLeOUY B8eB81T 01298 SNTU198N
Aulod 1820=190% ? 1 IC GATE TTL L8 NOR DUAL SeINP 07263 74L8260PC
Agues 1820-1032 1 I1C SHF=RGTR TTL Re8 PRLsIN PRL=OUT B8eB81T 01298 SNTU198N
Aulss 182001032 1 1C SHF=RGTR TY_ Re8 PRLeIN PRL=QUT 8sB1T 01298 SNT4198N
Ague? 1820=1032 1 JC SHF=RGYR TYL R=8 PRLeIN PRL=QUY B8eB17 01298 SN7U198N
AuUes 18201032 1 IC 8HFeRGTR TT_ Re8 PRLeIN PRL&OUT 8.81T 01298 SNT4196N
(VT 18200744 0 [ IC CNTR TTL BIN SYNCHRO POSeEDGE=TRIG 0129% SN749IN
Aul70 18200744 0 IC CNTR TTL BIN SYNCHRO POSEDGE=TRIG 01299 SN749IN
AgUTy 1820~0740 0 IC CNTR TTL BIN S8YNCHRO POSeEDGETRIG 01298 SN749IN
AgUT2 1820%0744 0 IC CNTP TTL BIN SYNCHRO POSEDGE=TRIG 01298 SNT4OIN
AgUry 18200744 0 1C CNTR TTL BIN SYNCHRO POSeEDGE=TRIG 01298 SNTUIN
AuUTU 18200744 0 IC CNTR TTL BIN SYNCHRO POS=EDGE=TRIG 01298 INTUOTN
[Y1%1 ] 1820=144} 6 1 IC ADDR TTL LS BIN FULL ADDR 4eBIT 0129% SNT4LS283IN
AGUTS 1820=1196 ] IC FF TTL LS DeTYPE POS=EDGE=TRIG COM 0129% SNT4LS8ITAN
Auu? 1820.1322 2 IC GATE TYL 8 NOR QUAD 2sINP 01298 SNT4802N
A4U7s 18200681 L] 2 IC GATE TTL 8 NAND QUAD 2e«]NP 01298 SN74800N
AgUr9 1820+0493 [] 4 IC FF TTL 8 D=TYPE POSEDGE=TRIG 01298 SN7487UN
Aylso 1820.0681 4 I1C GATE TTL 8 NAND QUAD 2aINP 01298 SN74800N
A4UBY 18200693 8 1C PP YTL 8 D=TYPE POS=EDGE=TRIG 01295 SNTURTUN
IYI'LH 18200693 8 IC PP TTL 8 D=TYPE POS~EDGE=TRIG 01298 SNTUBTUN
A4UsS 18200683 6 IC INV TTL 8 HEX 1=INP 01298 SNTUB0UN
Ayusy 1820=0686 9 1 1C GATE TYL 8 AND TPL 3«INP 01298 SNT748LIN
Aylss 182020693 8 IC FF TTL 8 D=TYPE POS<EDGE«TRIG 01299 INTLU8TUN
AyUse 1820e1449 4 1 IC GATE TTL 8 OR QUAD 2eINP 01298 SN74832N
Agysy 182020704 H 1 IC My TTL MONOSTBL RETRIG 01298 SN74122N
Ayves 1820-1199 1 1 IC INV TTL L8 HEX feINP 01295 SNTULBOUN
A4y 1826+03%7 3 2 IC OP AMP W8 TDe99 27014 LF3STH
AgUgo 1826w0167 3 H IC OP AMP PRGMBL T0=99 21921 CAJO9UAY
A4U91 18260387 3 IC OP AMP WB TDw99 27014 LFISTH
AUU92 182620167 3 IC OP AMP PRGMB|, Y0=99 21921 CA3094AT
Advay 19020041t [} 4 DIODE=ZNR S,t1y 8% DDa? PDs un 7C3e,009% 28480 1902=004}
AUVR2 19020041 4 DIODE=2NR S,11y SX DOe7 POw,4N TCse, 000X 28480 1902=0041
A4VR3 1902=002% 4 2 DIODE=INR 10V 8X DO=Y PDm 4w TCme¢ 06X 28480 1902=002%
AU4VRY 19020041 4 DIODE=ZNR S,11v 8% DO=7 POm,4W TCm=,009% 28480 1902=0041
A4VRS 1902=0041¢ 4 DIOCDE=2NR 8,11V 8X 00«7 PDm, U TCs=,009% 28480 1902=0041
A4vRe 19020028 4 DIODE=ZNR 10V SX D07 POB 4w TCme, 06% 28480 1902=0025

See introduction to this section for ordering information
*Indicates factory selected value
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Designation | Number [o| =Y P Code

AgYy 0410e0424 3 1 CRYSTALeQUARTZ 24,61000 MWZ 28480 0410=0424
AS 01380=6681% |1 1 POWER SUPPLY BOARD ASSEMBLY 28480 01350066813
ASCy 01603452 2 ] CAPACITORePXD ,02uF +e20% 100VDC CER 28480 016023452
ASC2 01603482 2 CAPACITOR«FXD ,02UF ¢=20X% 100vDC CER 28480 01603482
ASC3 016034582 H CAPACITORFXD ,02UF +e20X 100VDC CER 28480 0160=3452
AsCy 01603452 2 CAPACITORSFXD ,02uF +=20X 100vDC CER 28480 01603452
ASCS 01603482 2 CAPACITOR=FXD ,02UF +=20% 100VDC CER 28480 01603482
ASCo 0160=3452 2 CAPACITOR«FXD ,02UF ¢e20x 100vDC CER 28480 0160-3452
AsC? 01802398 H [y CAPACITORePXD 3000UF¢7Se10X 40VDC AL 28480 018022398
ASCS 01802395 2 CAPACITOR=FXD 3000UF+75e10% 4OVDC AL 206480 018022398
ASCs 0180=239% 2 CAPACITOR=PXD 3000UF¢75=10% 40OVDC AL 26480 018022398
ASC10 0180=239% H CAPACITOReFXD 3000UF+75=10X 4OVDC AL 208480 0180=2398
ASCyy 01802398 2 CAPACITORaPXO 3000UF+75e10% 40OVOC AL 28480 0180=239%
ASCi2 01802395 2 CAPACITOR=PXD 3000UF¢75=10% 40VDC AL 28480 01802399
ASC13 01603443 1 3 CAPACITORFXD ,1UF ¢80+20% S0VDC CER 28480 0160=3u43
ASC1y 0160=0939 4 1 CAPACITOR=FXD 430PF +e5% 300VDC MICA 28480 01600939
ASCys 0160=0160 3 1 CAPACITOR=FXD 8200PF +=10% 200yDC POLYE 208480 01600160
AsC1e 01603443 1 CAPACITOReFXD ,1uF +80-20% SovDC CER 28480 01603443
ASC1? 0160=3452 2 CAPACITOReFXD ,02UF +=20X 100vDC CER 28480 01603482
AsCy8 0180-27%0 3 1 CAPACITOR®FXD 3300UF¢100=10% 6,3V0C AL 56289 6720338H6RIJERL
ASC19 01603452 2 CAPACITOR=FXD ,02UF +=20% 100vDC CER 28480 0160=3052
ASC20 01603452 2 CAPACITORePXD ,02UF +=20% 100VDC CER 28480 01603452
ASC2y 0160=3443 1 CAPACITORWFXD ,1UF +80w20% S0VDC CER 28480 0160=3443
A5C22 01603508 9 [] CAPACITORwFXD {UF +80e.20% SOVDC CER 28480 01603508
AsCasy 0160-3%08 9 CAPACITORLFXD jUF ¢80-20% S0VDC CER 28480 016023%08
ASC2u 0160=3508 9 CAPACITOR=FXD §UF +80-2n% 50VDC CER 28480 01603508
AsCos 0160=3508 9 CAPACITORFXD {UF +80-20% SovDC CER 28480 016023508
AsC2¢ 01603481 1 | CAPACITORFXD ,01UF +80220X 100VDC CER 284080 014023481
ASCR1Y 1906-0006 9 [l DIODE=FW BRDG 40OV 1A 28480 190620006
ASCR? 19060006 9 DIODE«Fw BRDG 40OV 1A 28480 190620006
ASCRY 190620006 9 DIODE-FW BRDG 4o0V tA 26480 19060006
ASCRy 190620006 9 DIODE«FW BRDG 400V 1A 20480 1906=0006
ASCRS 190120513 3 1 DIODE«DUAL 10OV 28480 1901-0813
ASCRe 1901-0708 8 1 DJODE«PWR RECT 1NS828 4oy 31SA DOed 28480 19010708
ASCRY 19010028 H 2 DIODE«PWR RECT uoo0Y 7830MA DO=29 28480 19010028
ASCRS 1901-0028 5 DIODEwPWR RECT 400V 750MA DOe29 28480 1901=0028
ASPy 21100086 3 1 FUSE oA 250V FASTeBLO {.2%X.25 UL TEC 75918 312004
ASHy 21900034 H 1 WASHEReLK MLCL NO, 10 ,194=INID 28480 2190-0034
ASH2 27400002 4 1 NUTeHEXeDBLeCHAM 10e32aTHD ,125«INaTHK 00000 ORDER BY DESCRIPTION
AgJy 12513478 3 3 CONNECTOR 10-PIN M POST TYPE 28480 12513478
A8J2 12513976 9 2 CONNECTOR 6ePIN M POST TYPE 28480 1251=3976
AsJ3 12%51«3976 9 CONNECTOR 6ePIN M POST TYPE 28480 1251=3976
ASJy 12513195 4 1 CONNECTOR 4sPIN M POST TYPRE 28480 12913198
AsJs 1251=3192 1 1 CONNECTOR 3«PIN M POST TYPE 28480 12513192
ASJe 12513276 2 1 CONNECTOR 6=PIN M POST TYPE 28480 12513276
ASLy 9140=024? 9 t COIL 100UNM 10X ,9370X1,625LGeNOM 28480 9140m0242
ASMPy 120520213 4 2 HEAT 8INK 8GL T0e$/T0e3%9eC3 28480 1205%0213
AgMPo 12085=0226 9 1 HEAT SINK SGL T0«5/T0e39aC8 28480 12090226
ASMPY 12050310 2 1 HEAT SINK 8GL TO=3=CS 28480 120520340
ASMPUY 140020265 [ 3 CABLE TIE 1.75eDJA ,19=WD NYL 28480 140020268
ASMPE 21100269 0 2 FUSEHOLDERACLIP TYPE,25D«FUSE 28480 211020269
ASMPg 03620174 7 1 TERMINAL@SLOR LUG LKeMTG FORe#6w8CR 86928 A373e1S2ey
ASQy 1884=02%6 3 2 THYRISTOR=TRIAC TO=S 284890 1884=0256
ASG2 18540071 7 1 TRANSISTOR NPN 81 PDs3ooMWN FTm200MHWZ 28480 18840071
ASQ3 185320084 0 1 TRANSISTOR PNP 2Nu918 81 PDm3ow FTe3MHZ 04713 2Ny 18
ASQq 18840472 2 i TRANSISYOR NPN 8] DARL PDES00MW 04713 MP8wA 14
ASGS 188420082 3 1 THYRISTOR=8CR 2N4441 VRRMsS0 04713 FELTTT T
4806 1884«02%6 3 THYRISTORTRIAC TO0eS 28480 1884=0256
ARy 0683104S 3 4 RESISTOR 100K SX ,23W FC TC®eld00/+800 o112t CBy04s
ASR2 06831045 3 RESISTOR 100K SX ,25W FC TCEw400/+800 o1t CB104s
ASR3 06831048 3 RESISTOR 100K 5X ,2%W FC TCm=400/+800 o112 c81048
ASRY 068321048 3 RESISTOR 100K 8X ,25W FC TCEe400/+800 oti21 CB1048
ASRS 06871821 1 1 RESISTOR 1,8K 10X .5W CC TCHO4647 o112t EB1821
ASRG 068321018 7 5 RESISTOR 100 Sx ,25W FC TC®ed00/¢%00 o112y C81015
ASR? 068321019 ’ RESISTOR 100 5% ,25w FC TCB=d00/¢500 o132 cB1018
ASRS 0787=0a49 [ 1 RESISTOR 20K 1% 1250 F TCR04e100 24%46 Cldal/BaT0e2002xF
ASRY 07ST=04lb 3 1 RESISTOR 15K 1x ,125W F TCe04e100 2u%4e Clal/8aT0e1802aF
ASR{p 0683a10285 9 3 RESISTOR 1K SX _28W FC TCBal00/4600 o111 c81028
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Table 6-2. Replaceable Parts (Cont’d)

Replaceable Parts

Reference HP Part |c . Mfr
: A Qt Description Mfr Part Number
Designation | Number |D Y P Code
ASR1Y 068301018 b RESISTOR 100 SX ,25W FC TCEwd400/+500 ot1dt cB101S
ASR12 081121200 ] 3 RESISTOR .1 10X 2w Pw TCE042800 78042 BuH2e2al /10K
ASR13 0684394y 4 | RESISTOR 390K 10% ,25w FC TCme800/4900 01121 CB394y
ASR14 07570317 7 | REBISTOR 1,.33K 1% 125N F TC®04=100 2454e Cdai/BeT0e1331eF
ASRYS 210000854 5 1 RESISTOR=TRMR S00 10X C TOP=aDJ 1eTRN 28480 21000584
ASR16 0757=0438 0 1 RESIBTOR 3,92k 1X ,125# F TCmoeel100 24846 Clel/0a1039210F
ASRy? 068321015 7 RESISTOR 100 Sx ,25# FC TCE=d00/+500 o121 €8101%
ASR18 068322205 9 ] RESISTOR 22 SX ,25W FC TCw=d00/+500 01121 €82208
ASR19 075721090 5 1 RESISTOR 261 1X ,5W F TCS0¢=100 28480 0757=10%0
ASR20 068302208 9 RESISTOR 22 SX ,2%W FC TC®=400/+500 o111 €8220%
ASR2y 068321208 7 1 RESISTOR 12 SX _2SW FC TCmwd00/4500 0ot121 €81208%
ASR22 068340275 9 1 RESIBTOR 2,7 Sx ,25W FC TCmw400/+300 01121 C827G8
ASR23 08111200 ] RESISYOR 1 10x 2W PW TCm0+=800 75042 BWH2e2e1/10eK
ASR24 08111200 H RESISTOR .1 10% 2w PWw TC20e=800 75042 BuHAw2dw1/10uK
ASR2s 0683.222% 3 1 RESISTOR 2,2K 8x 25w FC TCR=400/¢700 01121 cBaaas
1L 0683#102% * RESISTOR 1K SX _2SW FC TC@=400/+600 ot12t CBo02s
ASR2Y 068301018 7 RESIBTOR 100 5% ,25W FC TC8<400/+500 01121 CB104S
ASR28 068321025 9 RESISTOR 1K Sx ,28W FC TC®ed00/+600 01121 C8102%
ASR29 0811w1668 9 2 RESIBTOR 1,5 Sx 2N PW TCRO+wd00 75042 BWH2e{RSeJ
ASR3g 0811=1668 9 RESISTOR {,5 Sx 2w Pw TCE0+=400 78042 BWH2eiRSe)
ASTRY 036000538 0 9 TERMINAL TEST POINT PCB 00000 ORDER 8Y DESCRIPTION
ASTP2 0360.053% 0 TERMINAL TEST POINT PCB 00000 ORDER BY DESCRIPTION
ASTPS 0360=0%3% 0 TERMINAL TEST POINT PCB 00000 ORDER 8Y DESCRIPTION
ASTPY 03600538 0 TERMINAL TEST POINT PCB 00000 ORDER 8Y DESCRIPTION
ASTPS 0360=0%83% 0 TERMINAL TEST POINT PCB 00000 ORDER 8Y DESCRIPTION
ASTPy 0360%0%53% 0 TERMINAL TEST poINT PCB 00000 ORDER 8Y DESCRIPTION
ASTPY 03600538 0 TERMINAL TEST pOINT PCB 00000 ORDER 8Y DESCRIPTION
ASTPS 03600535 0 TERMINAL TEST POINT PCB 00000 GRDER 8Y DESCRIPTION
ASTRO 0360=053% 0 TERMINAL TEST POINT PCB 00000 ORDER 8Y DESCRIPTION
AsUy 1820°01% 6 1 IC 723 V RGLTR TDej00 04713 MC1723C6
ASVRY 190220041 4 2 DIODEZNR 5,11V SX DO=7 PDW,4W TCSe,009% 28480 19020041
ASVR2 1902-3193 3 i DIODE=ZNR 13,3y 5X DO=7 PDS, 4W TCE4,059% 28489 19023193
ASVR3 19020041 4 DI0DE=ZNR S,11y 5% DOe? PO®,dw TC®e, 009X 28480 1902+0041
Ab 01350=66%12 (8 1 CHARACTER BOARD ASSEMBLY 28480 01390266512
AsCy 018000106 9 2 CApPACITOR=FXD 60UF+=20% 6VOC TA 56289 150D606X000682
AsC2 016022085 9 17 CAPACITOR=FXD ,01UF +80220% 100vDC CER 284890 016022058
AeC3 01602058 9 CAPACITOReFXD ,01UF +B0«20% 100VDC CER 28480 01602088
ApCy 016002058 9 CAPACITOR«FXD ,0t1UF ¢80e20% 100vDC CER 28480 01602058
ApCS 01602058 9 CAPACITORaFXD ,03uFf +80-20% 100vDC CER 28480 0160=209%
ApCe 016022058 9 CAPACITORaFXD ,01UF +80-20% 100VDC CER 28480 01602058
AsC7 016022088 9 CAPACITOR=FXD ,01UF ¢80«20% 100VDC CER 28480 01602058
AsCE 0160-205% 9 CAPACITOR=FXD ,01UF +80«20% 100VDC CER 28480 0160=20%S
A6Co 0160=208% 9 CAPACITOReFXD ,01UF ¢B0e20X 100VDC CER 28480 016022055
AsC10 016022088 9 CAPACITOR=FXD .01UF #8020% 100VDC CER 28480 01602205S
AeCiyy 01602058 9 CAPACITORSFXD ,01UF +80.20% 100VOC CER 28489 016022098
A6C12 016022085 9 CAPACITORaFXD ,01UF +80=20% 100VDC CER 28480 0160=20%%
AoCi3 0160=208% 9 CAPACITORFXD ,03UF 80=20% 100VDC CER 28480 016022059
AsCiy 0160-205% 9 CAPACITORSFXD ,01UF +80«20% 100VDC CER 28480 016022058
AoCys 0180=0106 9 CAPACITORSFXD 60UF+w20% 6VDC TA 56289 1500606%000682
AeCle 0160=205% 9 CAPACITOR=FXD ,01UF +80e20X 100VDC CER 28480 0160=208%
AeCtLY 016002058 9 CAPACITORFXD ,01UF ¢80=20% 100VDC CER 28480 016022059
AsCts 0160=20%% 9 CAPACITORSFXD ,01UF +80=20% 100VDC CER 28480 016022088
AeC19 0160=2204 0 2 CAPACITOR=FXD 100PF ¢=S§X 300VDC MICA 28480 01602204
AsC20 0160e2204 0 CAPACITOReFXD 100PF +eS5X 300YDC MICA 28480 0160=2204
AoCat 014000202 2 1 CAPACITOReFXD 1SPF seSx S00VDC MICA 72136 DM1SC{S0J0S00WVICR
AeC22 0140=0198 [ 2 CAPACITOReFXD 200PF +=5% 300VDC MICA 72136 DM18F201J0300WVICR
AeC2y 016002202 8 t CAPACITORFXD 78PF +e8%X 300vDC MICA 28480 016002202
AsC24 0140=0198 L CAPACITOR«FXD 200PF +5X 300yDC MICA 72136 DM1SF201J0300WVICR
ApCas 0160=2088 L] CAPACITORSFXD ,01UF +80-20% 100VDC CER 28480 01602088
14 12515012 8 4 CONNECTOR 8ePIN F POST TYPE 28480 12515012
AbP2 12515012 ] CONNECTOR B8ePIN F POST TYPE 28480 12915012
AsRy 07570416 7 1 RESISTOR 511 1% ,12%W F TCE0+=100 24848 Clal/8aT0eSiin=F
AsR2 068321018 7 1 RESISTOR 100 SX ,2%W FC TCR®«400/+500 01121 €B101%
ABR3 068321035 1 10 RESISTOR 10K 8% ,25W FC TCmed00/4700 o111 €8103S
ABRY 07570281 ' 1 RESISTOR 2,74K 1% ,125W F TCu0+e100 26846 Clwl/BeT0edTitep
A6RS 07%7+0200 ? 1 RESISTOR 5,62K 1X 1250 F TCu0+e100 24846 Clel/B8eT0s5621eF
AbRE 07570438 3 2 RESISTOR 5,11K X 1250 F TCu04e100 24846 Clet/8aT0e8111eF
AoRY 07570438 3 RESISTOR S, 11K 1X 1250 F TC804e100 24846 Cidnl/B8aT0eS]tieF
AsR8 068341038 1 RESISTOR 10K 5% ,25W FC TC2e400/4700 01121 c81038
AgR9 068341038 1 RESISTOR 10K 8X ,2%W FC TCEe400/4700 01121 C81038
AoR1o 068324718 0 8 RESISTOR 470 SX ,2%W FC TCE=400/¢600 01121 c84718

See introduction to this section for ordering information

*Indicates factory selected value
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Table 6-2. Replaceable Parts (Cont’d)

Model 1350A

Reference HP Part |c Q A Mfr

: . t Description Mfr Part Number
Designation | Number (D \ P Code

AbR1Y 068344715 0 RESISTOR 470 Sx ,25W FC TCE«U400/+600 o111 cB4T1S
AGR12 0683+4718 0 RESISTOR 470 5X ,254 FC TCme=d00/¢600 0111 [1 L34}
AeR1y 06834718 0 RESTISTOR 470 SX ,25% FC TCe=400/4600 01124 cBu”18
AsRy 4 068324715 0 RESISTOR 470 Sx% ,25% FC YC®au00/+800 o112y cBur1s
ApRIS 06834718 0 RESISTOR 470 Sx ,25% FC TC®ed00/4600 ot121 cBu71S
AoRye 06834718 0 RESISTOR 470 SX .25% FC TCmed00/¢600 01121 c8471S
AgRyY 068324718 0 RESISTOR 470 SX ,254 FC TCwau00/+600 01121 C84718
AoRy8 068321038 1 RESISTOR 10K Sy ,25% FC TCwed00/4700 o112 C8i038
AR19 068321035 { RESISTOR 10X 5x 250 FC TCR=U00/4700 01121 [1J12 1]
AsR20 06831038 1 RESISTOR 10K 5% ,254 FC TC®=U00/¢700 o1ty CB1038
AsR2y 068321035 1 RESISTOR 10K Sx ,25W FC TC®el00/4700 01121 €B83038
ApR22 068321038 1 RESISTOR 10K Sx ,254 FC TC®ed00/+700 01121 C81038
ApR2Y 068321038 1 RESISTOR 10K Sx ,25W FC TCmey00/+700 o1ty €81038
ABR24 068321035 1 RESISTOR 10K Sx ,2%5W FC TCBad00/+700 01121 C81038
ApUy 18201112 [} 3 IC FF TTL LS DeTYPE POSSENGE=TRIG 01298 SNTULBTUN
apl2 182021423 [ 2 IC MV TTL LS MONOSTBL RETRIG DUAL 01298 SNTULSIAIN
AsU3 18201197 9 4 1C GATE TTL LS NAND QUAD 2eINP 01298 SN74LBOON
AbUu 1820e1423 4 IC mv TTL LS MONOSTBL RETRIG DUAL 01299 SNTALS12IN
AbUS 182021908 7 1 1C GATE TTL LS NOR OUAL SeINP 07263 74.8260PC
[YY'S 182001197 9 1C GATE TTL LS NAND GUAD 2eINP 01298 8N74L8OON
AsU7 18201112 [} IC FF TTL L8 DeTYPE POSeEDGETRIG 0129% SN74LET4N
AsUS 1820=1077 4 1 IC MUXR/DATA=SE| TTL 8 2=T0=1s_INE QUAD 01298 SNT48ISIN
U9 1820=1112 8 IC FPF TTL LS DeTYPE POS~EDGETRIG 01298 SNTULBTUN
YUY 18201197 9 I1C GATE TTL L8 NAND QUAD 2eINP 01298 SN74L8OON
ApUyy 181601104 9 1 IC TTL S 1K ROM 50-NS 0-C 28480 1816=1104
Asui2 18201238 9 4 1C MUXR/OATASEL TTL LS UeTOwieLINE DYAL 01298 SN74L8253IN
AsU13 1820-1238 9 IC MUXR/DATASEL TTL LS 4eTOsjelLINE DUAL 01298 SNT4LERSIN
AsUtiu 1820-1238 9 1C MUXR/DATASEL TT| LS 4=TO=tle INE DUAL 01298 SNTUL8283N
AbULS 1820-119% ? 1 I1C FF TTL LS OeTYPE POSeEDGE=TRIG COM 01298 SNTULBITSN
YUY 18201196 [ 1 IC PF TTL L8 DeTYPE POSEDGETRIG COM 01298 SN74LBYTuN
AsUyy 1816e1118 H 1 IC TTL § 256K ROM 50-NS 0-C 28480 1816-1118
ApUt8 1816e§149 [y 1 IC TTL S 256K ROM 50-NS 0-C 28480 181601119
A6U19 1820«1193 H 3 IC CNYR TTL L8 BIN ASYNCHRO 01298 SNTULBI9IN
A6U20 1820«1193 5 IC CNTR TYL L8 BIN ASYNCHRO 01298 SNT4LSI9IN
AsU21 1820-1193 S IC CNTR TTL LS BIN ABYNCHRO 01298 SNTULBIITN
ApU22 18201197 9 1C GATE TTL LS NAND GQUAD 2eINP 01298 SNTULSOON
[YYVF] 182001204 6 1 I1C GATE TTL LS AND GUAD 2eINP 03298 SNT4L8OBN
AbU24 181621109 0 1 IC TTL S 1K ROM 50-NS 0-C 20480 1816=110%
IYNUEDS 1820=1238 9 IC MUXR/DATA=SEL TTL L8 UeTOele INE DUAL 01298 SNTULBRS3IN
ABXU11 1200-0622 9 3 SOCKET-IC 24-CONT DIP-SLDR 28480 1200-0622
A6XU17 1200-0473 8 SOCKET-IC 16-CONT DIP-SLDR 28480 1200-0473
A6XU18 1200-0473 8 2 SOCKET-IC 16-CONT DIP—SLDR 28480 1200-0473
ABXU24 1200-0622 9 SOCKET-IC 24-CONT DIP-SLDR 28480 1200-0622
ABXU25 1200-0622 9 SOCKET-IC 24-CONT DIP-SLDR 28480 1200-0622
[} 01350266%06 |0 1 LED BOARD ASSEMBLY 28480 01350=66506
AT081 199000521 0 t LED-VISIBLE LUM-INT=2.2MCD IF=50MA-MAX (GRN} 28480 $082~495S
A70D82 1990-0524 3 3 LED-VISIBLE LUM-INT=1MCD IF=20MA-MAX (YEL) 28480 508224550
A7083 19900824 3 LEDeVISIBLE LUMeINTRIMCD IFm20MA=MAX 28480 5082=45%0
A708y 1990=0524 3 LED=VISIBLE LUM=INTSIMCD IFm20MA=MAX 284890 5082°4S50
A708s 1990-058¢6 7 1 LED-VISIBLE LUM-INT=800UCD IF=50MA-MAX (RED) 28480 0824058
ATPYy 12513275 1 1 CONNECTOR 6ePIN F POST TYPE 28480 12513278
A7P1E1 12513073 7 6 CONTACTCONN U/WePO8T=TYPE FEM CRP 28480 1251=3073
A8 0135066507 |1 1 LINE SWITCH ASSEMBLY 28480 01350s66507
ABH1 0%520=0128 7 1 SCREWSMACH 2+56 ,285¢INe_ G PANeWDePO2! 00000 ORDER By OESCRIPTION
ABH2 06100001 6 1 NUTeMEXoDBLeCHAM 2056=THD ,062eINeTHK 00000 ORDER BY DESCRIPYION
ABH3 219020048 (] 1 WASHEReLK MWLCL ND, 2 ,08BeINelD 28480 21900048
ABJY 12510513 4 1 CONNECTOR SePIN M POST TYPE 28480 125120513
A8J2 12513478 3 2 CONNECTOR 10e«PIN M POST TYPE 28480 12513478
A8J3 12513478 3 CONNECTOR 10=PIN M POST TYPE 28480 125123478
LYY T 310100555 9 1 SWITCHepB DpDT ALTNG 4A 250VAC 28480 3101=0%9%%
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Table 6-3. List of Manufacturers’ Codes

Replaceable Parts

Mfr Zip

Manufacturer Name Address
No. Code
00000 ANY SATISFACTORY SUPPLIER MILWAUKEE Wi 53204
01121 ALLEN-BRADLEY CO DALLAS X 75222
01295 TEXAS INSTR INC SEMICOND CMPNT DIV WHIPPANY NJ 07981
03888 KDI PYROFILM CORP PHOENIX AZ 85062
04713 MOTOROLA SEMICONDUCTOR PRODUCTS WAKEFIELD MA 01880
05820 WAKEFIELD ENGINEERING INC MOUNTAIN VIEW CA 94042
07263 FAIRCHILD SEMICONDUCTOR DIV SUNNYVALE CA 94086
18324 SIGNETICS CORP SOMERVILLE NJ 08876
21921 RCA CORP SOLID STATE DIV BRADFORD PA 16701
24546 CORNING GLASS WORKS (BRADFORD! SANTA CLARA CA 95051
27014 NATIONAL SEMICONDUCTOR CORP PALO ALTO CA 94304
28480 HEWLETT-PACKARD CO CORPORATE HQ INDIANAPOLIS IN 46206
37942 MALLORY P R AND CO INC CAZENOVIA NY 13035
52763 STETTNER-TRUSH INC NORTH ADAMS MA 01247
56289 SPRAGUE ELECTRIC CO ELIZABETH NJ 07207
59730 THOMAS & BETTS CO THE ST LOUIS MO 63107
71400 BUSSMAN MFG DIV OF MCGRAW-EDISON CO WILLIMANTIC CT 06226
72136 ELECTRO MOTIVE CORP SUB IEC PHILADELPHIA PA 19108
75042 TRW INC PHILADELPHIA DIV DES PLAINES IR 60016
75915 LITTELFUSE INC GLENDALE CA 91201
86928 SEASTROM MFG CO

Sce introduction to this section for ordering information
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Manual Changes

SECTION VII
MANUAL CHANGES

7-1. INTRODUCTION.

7-2. This section contains information for adapting
this manual to instruments for which the content does
not apply directly.

7-3. MANUAL CHANGES.

7-4. To adapt this manual to your instrument, refer to
table 7-1 and make all of the manual changes listed op-
posite your instrument serial number. Perform these
changes in the sequence listed.

7-65. If your instrument serial number is not listed on
the title page of this manual or in table 7-1 below, it may
be documented in a yellow MANUAL CHANGES sup-
plement. For additional information about serial num-
ber coverage refer to INSTRUMENTS COVERED BY
MANUAL in Section 1.

Table 7-1. Manual Changes

Serial Prefix Number Make Manual Changes

1906A 1

1750A 1,2

7-6. MANUAL CHANGE INSTRUCTIONS.
CHANGE 1 (S/P 1906A)

Paragraph 5-8. Z-AXIS OUTPUT ADJUSTMENT,
Replace paragraph 5-8 with the following procedure:

5-8. Z-AXIS OUTPUT ADJUSTMENT.

REFERENCE:
Service Sheet 3E.

DESCRIPTION:
The 1350A rear-panel Z-AXIS control is adjusted for
compatibility with the X-Y display being used.

EQUIPMENT:
XYDisplay ..o HP 1311A

PROCEDURE:

a. Connect 1350A X, Y, and Z outputs to display X,
Y and Z inputs.

b. Make sure that display is in 50-ohm input con-
figuration. Also, make sure that display TTL
blanking input has shorting cap installed.

c. Cycle the LINE power switches on the 1350A
and the X-Y display. The CRT should display
random vectors.

d. Set X-Y display control to minimum intensity
(full CCW).

e. Adjust 1350A rear-panel Z-AXIS control until
random vectors are just extinguished. Set X-Y
display intensity to normal viewing level.

Table 6-2. Replaceable Parts,

Change: Al HP and Mfr Part Nos. to 01350-66501
(2 places).

Add: A1R34, HP Part No.0757-0278, CD 9, RESISTOR
1.78K 1% .125W F TC=+-100, Mfr Code 24546, Mfr
Part No. C4-1/8-T0-1781F.

Delete: A1R55, A1R56, A1R57.

Change: A3 HP and Mfr Part Nos to 52101-66503, and
CD to 3 (2 places).

Delete: A3C45, A3C46, A3R54, A3R55.

Figure 8-11. Input/Output Board A3 Componet Locator,
Replace figure 8-11 with figure 7-1.

Figures 8-12,8-15, 8-16, 8-17. Schematics 2A through 2D,
Replace schematics 2A through 2D with figures 7-2
through 7-5 respectively.

Figure 8-21. Control Board Al Component Locator,
Add: R34 adjacent to C20 at loction J2.
Delete: R55, R56, R57.

Figure 8-28. Schematic 3E,

Delete: A1R55, A1R56, A1R57.
Add: A1R34 as shown below:

/0 A1 -
l—-P 0 A1 CONTROL BD 01350-66501

— —to U62-14

4
1088
~AM— +5Y
c20

o g.mw
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CHANGE 2 (S/P 1750A)

Table 6-2. Replaceable Parts,

Change: A5 HP and Mfr Part Nos. to 0135066503, and
CD to 7 (2 places).

Change: MP26 HP and Mfr Part Nos. to 01350-00104,
and CD to 6.

Delete: A5C19 through A5C25.

Delete: ASCR7, A5CRS.

Delete: A5J4.

Add: A5J7, HP Part No. 1251-0513, CD 4, Qty 1, CON-
NECTOR 5-PIN M POST TYPE, Mfr Code 28480,
Mfr Part No. 1251-0513.

Add: A5J8 and A5J9, HP Part No. 1251-3475, CD 3,
Qty 2, CONNECTOR 10-PIN M POST TYPE, Mfr
Code 28480, Mfr Part No. 1251-3475.

Delete: MP1.

72

Model 1350A

Change: Q1 HP Part No. 1884-0074, CD 3, Qty 1,
THYRISTOR - SCR 2N5060 T0=92 VRRM=30, Mfr
Code 04713, Mfr Part No. 2N5060.

Delete: A5Q6.

Change: A5R12, HP Part No. 0811-1666, CD 7, RE-
SISTOR-1 5% 2W PW TC=0+800, Mfr Code 75042,
Mfr Part No. BWH2-1R2-J.

Delete: A5R28, A5R29, A5R30.

Add: A5S1, HP Part No. 3101-0555, CD 9, Qty 1,
SWITCH-PB DPDT ALTNG 4A 250VAC, Mfr Code
28480, Mfr Part No. 3101-0555.

Delete: ASGVR3.

Delete: A8 (2 places) and all A8 entries.

Figure 8-44. Power Supply Board A5 Component Locator,

Replace figure 8-44 with figure 7-6.

Figure 8-45 and 8-46. Schematics 6A and 6B,

Replace schematics 6A and 6B with figures 7-7 and 7-8

respectively.
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T T
i REF GRID REF GRID REF GRID
Lo A3 INPUT/OUTPUT ASSEMBLY D(;SIG |_¢::c4 0:15(;6 Lc::c6 Dj;ls L(;Cz
| (52101-66501) REVC c2 K-6] RI1 c.6| u22 F-6
’ i Cc3 H-6 R12 F-2 u23 F-5
= ca G-6| R13 G-2{ U24 F-5 | —
cs c-6| R14 K-6| U25 F-4
o] G-1 R15 K-6 u26 F-3
c7 K-5| Ri16 K-6 | U27 F-3
cs G-3| R17 k-6 | U28 F-2
c9 H-7] Ri8 J-5| U29 G-6
c10 1-2 R19 J-5 ] Uu30 G-5
c11 J-7| R20 G-3| U3t G-4
c12 -7 R21 G-3} u32 G-4
1 c13 D-7| R22 K-7| U33 G-3 —
c14 C-7] R23 K-7 ] U34 G-3
ci15 B-7| R24 K-7| U35 G-2
c16 B-7| R25 K-7 | U36 H-6
c17 D-6 | R26 K-7 | U37 H-5
c18 D-7 | R27 K-7 1 u38 H-5
c19 B-5| R28 K-7 | U39 H-4
c20 B-7 | R29 1-7 u40 H-3
c21 K-3 | R30 1-7 u41 H-3
1 Cc22 D-6 | R31 -7 u42 H-2 |
— c23 C-5 | R32 K-6 | U43 H-6
c24 C-4 | R33 D-7 | u44 -5
Cc25 C-4 | R34 B-7 | U45 I-5
Cc26 C-3| R35 B-7 | U46 -4
c27 D-3 | R36 J-7 U4z 1-3
c28 E-6 | R37 K-6 | U48 1-3
Cc29 F-7 R38 H-7 u49 1-2
C30 F-7 | R39 H-7 | USO -6
L c31 F-3 | R40 H-7 | U51 I-5 ‘
Cc32 F-2 R41 H-7 us2 -5
C33 G-7 | R42 B-7 Us3 -4
Cc34 G-6 | R43 B-7 | U54 i-3
c35 G-3 | R44 B-7 | US55 -3
C36 H-4 | R45 D-7 us6 -2
Cc36 H-4 | R46 B-5 | U57 J-6
c37 -7 R47 B-5 | U58 J-5
c38 I-5 R48 B-5 | U59 J-5
c39 I-5 R49 B-5 | U60 J-4
| - c4a0 -2 R50 K-7 | ué1 J-3 ] T
ca1 J-7 | R51 F-4 u62 J-3
c42 J-6 | R52 G-4 | Us63 J-2
ca3 J-5 | s1 D-4 | usa B-2
c44 K-5 | S2 1-7 ues J-7
CR1 -7 U1 c-6 | ueé J-7
CR2 B-7 | U2 Cc-5 | U67 1-7
. CR3 B-5 [ U3 c-5 | ues H-7
J1 A-3 | U4 c-4 | U69 H-7
-—. B J2 A-6 | U5 c-3| U7 H7| = ]
L1 K-2 | U6 c-3 ] un G-7
P1 L-5 | u7 c-2 | U72 G-7
Q1 K-6 | U8 D-6 | U73 E-7
Q2 K-6 | U9 D-5 | U74 E-7
Q3 K-6 u10 D-5 u7s E-7
R1 F-4 u12 D-3 u76 D-7
R2 E-1 | u1s D-3 | U77 c-7
R3 D-1 | U4 pD-2 | U78 c-7
E—— e R4 D-1 u1s E-6 u79 E-7 =
R5 E-1 | U16 E-5 | U8B0 K-4
" 78-345 R6 K-5 | uU17 E-5 us1 K-4
e R7 K-5 | U18 E-4 VR1 J-7
R8 G-6 | U19 E-3
R9 G-7 | U20 E-3
A K L
Figure 7-1.

Replacement for Input/Output Board A3 Component Locator (S/P 1906A)
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P/0 A3 INPUT/OUTPUT ASSY. |
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Manual Changes
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1. GATES ARE SYMBOLTZFD ACCORDING T0 CIRCUIT
| FUNCTION.

I 2. UNLESS OTHERWISE NOTED:
RESISTANCE IN OHMS
CAPACITANCE IN PICOFARADS
INDUCTANCE IN MICROHENRIES

3. UNLESS OTHERWISE NOTED:
LOGIC LEVELS ARE TTL:
I +2.0V TO +5.0V=LOGIC"1"=H
0V 70 +0.8V=L0OGIC"0"=L

<> q OPEN
16 COLLECTOR
I sy 1 DRIVERY

I o R1
g
BUS 32400 [\ HrsTeRsis
) INPUTS
$ 5000
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Figure 7-2. Replacement for Schematic 2A (S/P 1906A)
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Figure 7-3.
Replacement for Schematic 2B (S/P 1906A)
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Figure 7-4. Replacement for Schematic 2C (S/P 1906A)
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NOTES:

1.UNLESS OTHERWISE NOTED:

RESISTANCE IN OHMS

CAPACITANCE IN PICOFARADS
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MUST NOT EXCEED 0.0Q50V P-P
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Figure 7-7.

Replacement for Schematic 6A (S/P 1750A)
7-9/(7-10 Blank)
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| VERMIER |
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ETCHED CIRCUIT BOARD
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ETCHED CIRCUIT BOARD
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REFER TO ANSI Y 32.2 AND Y32.14 FOR SCHEMATIC SYMBOLS NOT LISTED IN THIS TABLE.

SINGLE-PIN
CONNECTOR ON BOARD

PIN OF A PLUG-IN
BOARD (WITH
LETTER OR NUMBER)

COAXIAL CABLE CONNECTED
DIRECTLY TO BOARD

COAXIAL CABLE CONNECTED
TO SNAP-ON JACK

TEST POINT

SCREWDRIVER
ADJUSTMENT

?
#—— FERRITE BEAD
v
0
9

GROUND

FRONT-PANEL CONTROL

COMMON ELECTRICAL
POINT (WITH LETTER); -
NOT NECESSARILY

SIGNAL REFERENCE

SCHEMATIC REFERENCE

@ ZENER

| EARTH
GROUND

CHASSIS
GROUND

77

\\ LIGHT EMITTING
DIODE (LED)

SCR (SILICON
CONTROLLED RECTIFIER)

(925) WIRE COLORS ARE

GIVEN BY ENCLOSED
NUMBERS USING THE
RESISTOR COLOR CODE

1(925)!S WHT-RED-GRN |
0 BLACK 5 GREEN

1 BROWN 6 BLUE

2 - RED 7- VIOLET
3- ORANGE 8- GRAY
4-YELLOW 9-WHITE

* OPTIMUM VALUE
SELECTED AT
FACTORY, TYPICAL
VALUE SHOWN;
PART MAY HAVE
BEEN OMITTED.

UNLESS OTHERWISE
INDICATED ALL LOGIC
ELEMENTS ARE OF THE
TTL LOGIC FAMILY

UNLESS OTHERWISE
INDICATED: RESISTANCE
IN OHMS, CAPACITANCE
IN PICOFARADS AND
INDUCTANCE IN
MICROHENRIES

P/0 PART OF

CW CLOCKWISE END OF VARIABLE RESISTOR
NC NO CONNECTION

VF (A) Y
F

- VOLTAGE
-FILTERED

(A} - FILTER SOURCE

Figure 8-1. Schematic Diagram Symbols
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Service

SECTION VIl
SERVICE

8-1. INTRODUCTION.

8-2. This section provides instructions for troubleshoot-
ing and repairing the Model 1350A Graphics Translator.

8-3. Detailed theory of operation and troubleshooting
information are located opposite the schematics on
foldout Service Sheets.

8-4. The Service Sheets are organized so that all
schematics for each printed circuit (PC) board are
grouped together. A component locator is provided for
each group of schematics.

8-5. THEORY OF OPERATION.

8-6. A brief “get acquainted” description of 1350A
operation is provided with the Simplified Block
Diagram (figure 8-5). An overview of each PC board
precedes the detailed theory for each group of
schematics. The detailed theory is located opposite each
schematic in a group. Figure 8-1 explains symbols that
appear on the schematics.

CONTROL BLOCK.

THE RESET (R} AND
CONTROL (C) INPUTS
ARE COMMON TO ALL
“D" FLIP-FLOPS.

A POSITIVE EDGE ON C
LATCHES INPUT DATA
INTO ALL D" FLIP-

FLOPS'\
Rc
INDICATES THAT
DCR'ﬁ =" DEVICEIS A
A LOW ON REGISTER
R RESETS -——DC FF

-
—
-
ALL D" [
FLIP-FLOPS. DC FF
~1DC FF k=
/ A A\ T NON-INVERTING
DATA INPUT OuTPUT
INVERTING OUTPUT
INDICATES
DEPENDENCY INDICATES
ON C INPUT FLIP-FLOP

Figure 8-2. Symbol for a Quad D Flip-Flop

8-7. LOGIC CONVENTIONS. Positive logic convention
is used in this manual, unless otherwise noted on the
schematics. Positive logic convention defines a logic “1”
as the more positive voltage (high) and alogic “0” as the
more negative voltage (low).

8-8. MNEMONICS. Signals in the 1350A have been
assigned mnemonics that describe the active state and
function of the signal line. A prefix letter (H,L,P, or N)
indicates the active state of the signal. The remainder of
the signal name indicates function of the signal. An H
prefix indicates the function is active in the high state;
an L prefix indicates the function is active in the low
state. For edge-controlled devices, the prefix P indicates
the function is active on the posiiive-going transition;
prefix N indicates the function is active on the negative-
going transition.

8-9. LOGIC SYMBOLOGY. This manual uses logic
symbols as per American National Standards Institute
standard Y32.14-1973. The purpose of these symbols is
to graphically represent device functions so that
operation can be understood without having to “look
up” how a device works. Figures 8-2 and 8-3 show
examples of ANSI Y32.14 symbols.

A HIGH ON G2 GATES
ALL “2” DATA INPUTS

TO OUTPUTS\
A LOW ON G1

CONTROL BLOCK

INDICATES THAT

GATES ALL "1\: g% 3 gTEXﬁEnlnsuleTPTéXER
_AF STATE}
DATA INPUTS TO L MUX
OUTPUTS 1
—2 Fr—
A HIGH ON F SETS —1 Fl_
ALL OUTPUTS TO —2
TRI-STATE (HIGH |} Fl—
IMPEDANCE OR | 1\ .
“OFF”') MODE. — \
/ TT——pATA OUTPUT
DATA INDICATES THAT
INPUTS OUTPUT IS DEPENDENT
ON F INPUT.
INDICATES INDICATES
DEPENDENCY DEPENDENCY ON G1
ON G2 INPUT INPUT.

Figure 8-3. Symbol for a Quad Data Selector/ Multiplexer
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8-10. TROUBLESHOOTING.

Maintenance and troubleshooting proce-
dures described herein are performed with
power applied to the instrument and
protective covers removed. Service should be
performed only by qualified personnel who
are aware of hazardsinvolved (such as fire or
electrical shock). Read the Safety Summary
at the front of this manual before
troubleshooting the instrument.

8-11. TROUBLESHOOTING PROCEDURE. Before
troubleshooting in detail, try to perform the adjustment
procedures in Section V of this manual. Some apparent
malfunctions may be corrected by these adjustments.
Failure to obtain a correct adjustment may reveal the
source of trouble.

8-12. If trouble is suspected, visually inspect the
instrument. Look for loose or burned components that
might suggest a source of trouble.

8-13. Verify that all circuit board connections are
making good contact and are not shorting to an
adjacent circuit. Sometimes a problem can be solved by
cleaning printed circuit edge connectors with a pencil
eraser and a clean cloth.

8-14. Check instrument power-supply voltages and ex-
ternal power source.

8-15. The most important prequisites for successful
troubleshooting are: (a) an understanding of 1350A
programming; and (b) a knowledge of 1350A circuit
operation. An improper response to a programming
command will often isolate the problem to a specific
area.

8-16. TROUBLE DIAGNOSIS. A troubleshooting flow
chart (figure 8-4) uses common symptoms to isolate the
fault to a printed circuit board within the 1350A.
Troubleshooting procedures for individual boards are
located with the service sheet for that board.

8-17. Since the 1350A is used in systems along with an
X-Y display and a computer, any suspected fault should
first be isolated to a specific instrument in the system.
Suspected 1350A malfunctions may actually be
malfunctions in the X-Y display or in the computer.

8-18. PREVENTIVE MAINTENANCE.

8-19. Cleaning. Painted surfaces can be cleaned with a
commercial , spray-type window cleaner or with a mild
soap and water solution.

8-2
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CAUTION

Avoid the use of chemical cleaning agents
that might damage the plastics used in this
instrument. Recommended cleaning agents
are isopropyl alcohol, kelite (1 part kelite, 20
parts water), or a solution of 1% mild
detergent and 99% water.

8-20. Corroded spots are best removed with soap and
water. Stubborn residues can be removed with a fine
abrasive. Protect such areas from further corrosion with
an application of silicone resin such as GE DRIFILM 88.

8-21. QUICK REFERENCE TO SERVICE
SHEETS.

8-22. Table 8-1 provides a quick reference to figures
contained in the Service Sheets.

Table 8-1. Service Sheet Quick Reference

Fig.
No. Title

8-4 [Troubleshooting Flow Chart(for board isolation)
8-5 |Schematic 1A. Simplified Block Diagram

86 [Schematic 1B. 1350A Wiring and Interconnect
Diagram

8-7 [Schematic 1C. Interface Board A2 Schematic
8-8 |Input/Output Board A3 Block Diagram

89 |1350A Memory Organization

8-10 |HP-IB Handshake Sequence for Data Transfer
8-11 |Input/Output Board A3 Component Locator
8-12 |Schematic 2A

8-13[Plot Absolute DO WRITE, WRITING,
CHANGE DATA Sequence

8-14 [Text Mode DO WRITE, WRITING, CHANGE
DATA Sequence

8-15 |Schematic 2B

8-16 |Schematic 2C

8-17 |Schematic 2D

8-18 | Control Board Al Block Diagram

8-19 |Control Instruction Handshake Timing

8-20 | Typical Frame and File Detector Response to BF
8-21 | Control Board A1 Component Locator

8-22 |Schematic 3A

8-23 |Schematic 3B

8-24 |Pointer Control Signal Timing

8-25 |Schematic 3C

8-26 |Memory Timing Signals

8-27 [Schematic 3D

8-28 |Schematic 3E

8-29 {Display Board A4 Troubleshooting Flow Chart
8-30 |Simplified Block Diagram for Schematic 4A
8-31 |Component Locator for Schematic 4A

8-32 |Schematic 4A

8-33 |Simplified Block Diagram for Schematics 4B-4E
8-34 | Rate Multiplier Timing Diagram




Model 1350A

Table 8-1. Service Sheet Quick Referente (Cont’d)

8-36

8-37
8-38
8-39
8-40

B-43

Component Locator for Schematic 4B, part of
Schematic 4C, and Schematic 4D

Schematic 4B

Schematic 4C

Schematic 4D

Component Locator for Schematic 4F and patlc

Schematic 5

1350A TROUBLEBHOOTING FLOW CHART
(for board isolation)

Fig.
No. Title ( A )
8-35 [Vector Generation Timing Diagram START

petl

of Schematic 4C XY NO Y
8-41|Schematic 4E DR CHECK THAT DISPLAY BOARD IS
8-42 |Character Generator Board A6 Component Locator RECEIVING: MEMORY ADDRESS

CLKS: READ PULSES: POINTER
SIGNALS: AND OUTPUT DRIVER

8-44 |Power Supply Board A5 Component Locator ENABLE SIGNAL FROM CONTROL
8-45 |Schematic 6A @ BOARD.
8-46 |Schematic 6B
8-47{1350A Adjustment Locations
POWER-ON 13504 NO CHECK
CONTROL
BOARD
YES
RANDOM
VECTORS
ON CRT
?
YES
IF VECTORS ARE N CHECK THAT DISPLAY BOARD IS
X OR Y ONLY, o NOT CONSTANTLY BLANKING Z
CHECK DISPLAY BD. AXIS CIRCUIT ON CONTROL BD.
NOTE
Power supplies and
24.6 MHz clock must be
operating propetly.
NO
YES
CHECK Z AXIS CIRCUIT ON
CONTROL BOARD.
NO

YES

CHECK X AND Y CIRCUITS ON
DISPLAY BOARD.

Figure 8-4.
Troubleshooting Flow Chart (for board isolation) (Sheet 1 of 2)
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Service

DO 9825A KEYSTROKE SEQUENCE:
[RESET| wrt 718, "EM:" |EXECUTE!

Model 1350A

DO 1/0 BOARD TROUBLE-
SHOOTING PROCEDURE

PLOT
VECTORS?

0o
TEXT?

YES

END

CHECK
CHAR GEN BD

YES

I
l

DO 1/0 BD TROUBLESHOOTING

YES

REMOVE CHAR GEN BD

NO

PLOT

CHECK
DISPLAY BD

VECTORS?

CHECK CHAR GEN BOD

CHECK THAT CONTROL BOARD WRITES
ZEROS TO PEN ENABLE AND VECTOR MEMORY.

YES

NO

CHECK THAT DISPLAY BOARD OUTPUTS
ZERDS ON X AND Y GUTPUTS AND
BLANKS Z AXIS CIRCUIT ON CONTROL
BOARD

YES

CYCLE 1350A LINE POWER SWITCH

NO

1350A /X001

Figure 8-4. Troubleshooting Flow Chart (for board isolation (Sheet 2 of 2)




Model 1350A

8-23. SIMPLIFIED BLOCK DIAGRAM DE-
SCRIPTION (SERVICE SHEET 1).

Memory is the heart of the 1350A. Digital information
from memory produces the X, Y, and Z analog signals
that “draw” vectors on a CRT. This Display Memory,
along with Vector Generator circuits, is located on the
Display Board (schematics 4A-4E).

Information is read from (or written to) memory via the
Control Board (schematics 3A-3E). The Control and
Display boards “talk” to each other. The Control Board
clocks the memory address counter and determines the
type of memory cycle. On a memory-read cycle, the
Display Board tells the Control Board to “wait” until the
vector (as determined by memory data output from the
read operation) has been completed. Upon vector
completion, the Display Board signals “done” and the
Control Board increments the address counter for the
next memory cycle.

=

At power-on, random vectors appear on the CR

™ s Adatame i
Memory cells power up in an indetermina

DATA TRANSFER CONTROL

(high or low at each location). The ‘“conversation”
between the Control and Display boards causes the
entire memory to be scrolled through. As each location
in memory is read, it outputs its “nonsense’ data,
contributing to the “garbage” on the CRT.

The Input/Output (I/0) Board receives commands from
outside the 1350A. The I/0 Board then tells the Control
Board to write this meaningful data into memory.

Before vector (or character) data is sent to the 1/0
Board, the 170 Board should first receive commands
that cause the Control Board to erase all random power-
on data from memory.

When the 1/0 Board receives a command for the 1350A
to draw a character, a flag is placed in memory. When
this flag is output by the memory, the Character
Generator (schematic 5) takes over command of the
Vector Generator. All vectors necessary to produce the
character are generated by a Read Only Memory (ROM)
on the Character Generator Board. This conserves space

= aa To s 310 T3 TV STV LT T
in the main memory.

OUTPUT ENABLE AND CONTROL

SSS
CHARACTER

OQUTPUT ENABLE

$S6B
FRONT PANEL LEDS

ey

SS2A,B.,C | CTRL INST

SS3A,B,C,D PARAMETER DATA

HP-1B

MEMORY SS,:A
:> We-18 100 —— CONTROLLER R/W CONTROL D:Esné’;\:
RANSFER —
CTRL

ADDR AND PTR CTRL

} - X_DATA SS4E
CHAR OR COORD DATA CHAR VN ) — OUTPUT

GENERATOR

STROKE YECTOR
COORD GENERATOR

Y DATA
PLOT OR CHARACTER 4 SS4E
STROKE COORD Y OUTPUT

:‘—] 2 INTEN

CHAR ’
CODE

SSBA,B
POWER SUPPLY

| - ;
L] ss3e i
‘ [ PARAMETER DATA  —e= PE&BLK> 2ot

$52D

1A :> TTL BLANK OUT
F1Le name U1 COLOR INTERFACE
&TTL BLK

1350A-122

Figure 8-5. 1350A Simplified Block Diagram
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the Character
ymmand of the
7 to produce the
Memory (ROM)
conserves space

:D SS4E
X OUTPUT

:> SS4E
Y OUTPUY

_._I\

—V] SS3E

LK Z OUTPUT
$520

TTL BLANK QOUT
COLOR INTERFACE

gl

x

1350A-122

REAR PANEL 2

/

Wi
D B
POWER CORD

REAR PANEL

LINE INPUT

\
nl
——< TTL Y
Kpag 170 PORT | U]
n
< T2
REAR PANEL & A3
1/0 BOARD
SCHEMATICS 2A-20 55 > FEAR PANEL
—-—e—( T3
AUXILIARY I—;:| .
Jb
LH - T4
/
P1
. XA3P1
7 ouTPUT H_e.__<2 ! / ‘wg; X
Ja l S i O < X QUTPUT
Al - .
2 5 wio J3 REAR PANEL
2 A CONTROL BOARD Pz " > / O— Y OUTPUT
’ | SCHEMATICS 3A-3E = f
LINE # <«
SYNC SWITCH e ~
$lr
> [TYa1
3
5 g ] / S "
LED BOARD | ~
SCHEMATIC 68
2 INVERTER ASSY j FAN
- 7 P/0 B 4 P/0 B1
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? SCHEMATIC 6A

Figure 8-6.

Schematic 1B, 1350A Wiring and Interconnect Diagram
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PIN CONNECTION TABLE XA1P1 (CONTROL BOARD)

PIN CONNECTION TABLE XA1P1 (CONTROL BOARD) {Cont'd)

PIN CONNECTION TABLE XA3P1 (I/0 BOARD) (Cont’'d)

PIN CONNECTION TABLE XA3P1 (/0O BOARD) (Cont'd)

ORIGIN
PIN SIGNAL PIN CONNECTS TO
1 Hsv . .
2 15V . .
3 N=LOAD ADDR CTR XA1P1-3 XA4P1-61
4 -5V . .
5 N=STORE POINTER ADDR XA1P1-5 XA4P1-67
6 N=MEMORY CLK XA1P1-6 XA4P1-57
7 P=FIND FILE XA1P1-7 XA4P1-53
8 L=MEM CHIP ENABLE XA1P1-8 XA4P1-55
9 L=CHAR XABP1-5 XA1P1-9;
XA3P1-100
10 45V . .
11 246 MHz XA4P2-71 XA1P1-11;
XA3P1-50
12 45V . .
13 L=DO WRITE XA3P1-48 XA1P1-13
14 L=WRITING XA1P1-14 XAIP1-7
15 L=VECTOR BUSY XA4P2-63 XA1P1-15;
XA3P1-45
16 GND . .
17 D-13 XA1P1-17 XA4P1-49
18 NOT USED XA3P1-47;
XA1P1-18
19 P=CHAR LATCH X XA4P2-23 XA1P1-19
20  L=INTERFAGE HOLDOFF XA3P1-85 XA1P1-20;
XA4F2-33
21 P=CHAR LATCH Y XA4P2-25 XAdP2-21
22 P=LATCH X XA1P1-24 XA4P2-15
23 L=LOAD ADDR XA1P1-23 XA4P1-73
24 P=LATCHY XA1P1-22 XA4P2-17
25  L=CHAR HOLDOFF XA4P2-19 XA1P1-25
26 P=X ADDR XA1P1-26 XA3P1-86;
XA4P2-35
27 POINTER SEL 2 XA1P1-27 XA4P1-63
28 NC
29 POINTER SEL 1 XA1P1-29 XA4P1-65
30 P=Y ADDR XA1P1-30 XA3P1-80;
XA4P2-21
31 N=CHANGE DATA XA1P1-31 XA3P1-44
32 NOT USED XA1P1-32;
XA3P1-56
33 L=MEMORY OUTPUT ENABLE XA1P1-33 XA4P1-40
34  L=VECTOR INHIBIT XA1P1-34 XA4P2-43
35  L=CHAR OUTPUT ENABLE XA1P1-35 XA4P2-27
3  L=CONTROL BUSY XA1P1-36 XA3P1-42
37 NOT USED XA1P1-37;
XA3P1-82;
XA4P1-75
38 12 XA3P1-6 XA1P1-38
39 H=FILE FOUND XA4P1-51 XA1P1-39
40 N XA3P1-8 XA1P1-40
41 N=CONTROL GET BUSY XA3P1-49 XA1P1-41
42 L=BLANK VECTOR XA1P1-42 XA4P2-41
43 L=RESET XA3P1-52 XA1P1-43
a4 14 XA3P1-14 XA1P1-44
45 A0 XA4P1-6 XA1P1-45;
XA3P1-46;
XA3P1-93
46 13 XA3P1-10 XA1P1-46
47 PEBIT XA3P1-33 XA1P1-47
48 N=LATCH INST XA3P1-5 XA1P1-48
49 D12 XA1P1-48 XA4P1-47
50 15 XA3P1-12 XA1P1-50
51 D11 XA1P1-51 XA4P1-45
52 D12 XA3P1-20 XA1P1-52
53 D8 XA1P1-53 XA4P1-39
54 1D11 XA3P1-18 XA1P1-54
55 D9 XA1P1-55 XA4P1-41
56  ID10 XA3P1-27 XA1P1-56
57 D10 XA1P1-57 XA4P1-43
58 1D9 XA3P1-25 XA1P1-58
59 D7 XA1P1-59 XA4P1-37
60 ID8 XA3P1-21 XA1P1-60
61 D6 XA1P1-61 XA4P1-35
62 D7 XA3P1-23 XA1P1-62
63 D5 XA1P1-63 XA4P1-33
64 IDB XA3P1-19 XA1P1-64

ORIGIN
PIN SIGNAL PIN CONNECTS TO
65 D4 XA1P1-65 XA4P1-31
66 ID5 XA3P1-17 XA1P1-66
67 D3 XA1P1-67 XA4P1-29
68 D4 XA3P1-31 XA1P1-68
69 D2 XA1P1-69 XA4P1-27
70 D3 XA3P1-24 XA1P1-70
sl D1 XA1P1-71 XA4P1-25
72 D2 XA3P1-22 XA1P1-72
73 NOT USED XA1P1-73;
XA3P1-59
74 ID1 XA3P1-29 XA1P1-74
75 N=CLR ADDR XA1P1-75 XA4P1-59
76 iD13 XA3P1-9 XA1P1-76
77 LINE SYNC XA5P1-F XA1P1-77
78 NOT USED XA1P1-78;
XA3P1-16
79 PARA BIT 2 XA1P1-79 XA4P1-15
80 PARA BIT 1 XA1P1-80 XA4P1-13
81 PARA BIT 4 XA1P1-81 XA4P1-19
82 PARA BIT 3 XA1P1-82 XA4P1-17
83 PARA BIT 6 XA1P1-83 XA4P1-23
84 PARA BiT § XA1P1-84 XA4P1-21
85 L=CTRL INST XA3P1-54 XA1P1-85
86 L=WRITE DATA XA1P1-86 XA4P1-26
87 L=WRITE PB0 XA1P1-87 XA4P1-24
88 L=WRITE PBS XA1P1-88 XA4P1-22
89 L=WRITE PB4 XA1P1-89 XA4P1-20
90 L=WRITE PB3 XA1P1-90 XA4P1-18
91 L=WRITE PB2 XA1P1-91 XA4P1-16
92 L=WRITE PB1 XA1P1-92 XA4P1-14
93 PBO-1 XA4P1-28 XA1P1-93;
XA3P1-77
94 PBO-2 XA4P1-30 XA1P1-94;
XA3P1-79
95 z0 XA4P2-5 XA1P1-95
96 L=BLANK CHAR XA4P2-29 XA1P1-96
97 z2 XA4P2-9 XA1P1-97
98 Z1 XA4P2-7 XA1P1-98
99 Z4 XA4P2-13 XA1P1-99
100 Z3 XA4P2-11 XA1P1-100

*See Pin Connection Table XA5P1 (Power Supply) for Origins and Connections

on Supply Voitage and GND.

PIN CONNECTION TABLE XA3P1 (I/0 BOARD)

ORIGIN
PIN SIGNAL PIN CONNECTS TO
1 GND * .
2 +5V - .
3 GND M *
4 +5V * *
5 N=LATCH INST XA3P1-5 XA3P1-48
6 12 XA3P1-6 XA3P1-38
7 L=WRITING XA3P1-14 XA3P1-7
8 " XA3P1-8 XA1P1-40
9 1D13 XA3P1-9 XA1P1-76
10 13 XA3P1-10 XA1P1-46
11 NC
12 15 XA3P1-12 XA1P1-50
13 NC
14 14 XABP1-14 XA1P1-44
15 NC
16 NOT USED XA1P1-78;
XA3P1-16
17 106 XA3P1-17 XA1P1-66
18 D11 XA3P1-18 XA1P1-54
19 1D6 XA3P1-19 XA1P1-64
20 1D12 XA3P1-20 XA1P1-52
21 108 XA3P1-21 XA1P1-60
22 D2 XA3P1-22 XA1P1-72
23 D7 XA3P1-23 XA1P1-62
24 ID3 XA3P1-24 XA1P1-70
25 109 XA3P1-25 XA1P1-58

ORIGIN ORIGIN
PIN SIGNAL PIN CONNECTS TO PIN SIGNAL PIN CONNECTS TO
26 NC 81 NOT USED XA3P1-81;
27 D10 XA3P1-27 XA1P1-56 XA4P2-20
28 NC XA3P1-82;
29 1D1 XA3P1-29 XA1P1-74 XA4P1-75;
30 NC XA1P1-37
31 1D4 XA3P1-31 XA1P1-68 XA3P1-83
32 NC 84 XA3P1-84
33 PE BIT XA3P1-33 XA1P1-47 85 L=INTERFACE HOLDOFF XA3P1-85 XA1P1-20;
34 NC XA4P2-33
l 86 P=XADDR XA1P1-26 XA3P1-86;
XA4P2-35
87 NOT USED XA3P1-87;
41 XA4P1-12
42 L=CONTROL BUSY XA1P1-36 XA3P1-42 XA3P1-88;
43 NC XA4P1-11
44 N=CHANGE DATA XA1P1-31 XA3P1-44 XA3P1-89,
45 L=VECT BUSY XA4P2-69 XA1P1-15 XA4P1-10
XA1P1-45 XA3P1-90;
46 AO XA4P1-6 XA1P1-45; XA4P1-9
XA3P1-46; XA3P1-91;
XA3P1-93 XA4P1-8
47 NOT USED XA3P1-47; 92 XA3P1-92;
XA1P1-18 XA4P1-7
48 L=DO WRITE XA3P1-48 XA1P1-13 93 A0 XA4P1-6 XA1P1-45;
49 N=CONTROL GET BUSY XA3P1-49 XA1P1-41 XA3P1-46;
50 24.6 MHz XA4P2-T1 XA3P1-50; XA3P1-93
XA1P1-11 94 NOT USED XA3P1-94,;
51 L=PROGL XA3P1-51 XA5P1-C XA4P1-5
52 L=RESET XA3P1-52 XA1P1-43 XA3P1-95;
53 L=DATAL XA3P1-53 XA5P1-B XA4P1-4
54 L=CTRL INST XA3P1-54 XA1P1-85 XA3P1-96;
55 NOT USED XAS5P1-D; XA4P1-3
XA3P1-55 97 XA3P1-97;
56 NOT USED XA1P1-32; XA4P1-1
XA3P1-56 98 NC
57 L=POWER INTERRUPT XA3P1-57 XA5P1 99 NOT USED XA3P1-99;
58 +12V o * XA4P1-2
59 NOT USED XA1P1-73; 100 NOT USED XA3P1-100;
XA3P1-59 XA1P1-9;
60 +15V * . XA6P1-5
61 NOT USED XA3P1-61;
XA4P1-58
XA3P1-62; *See Pin Connection Table XA5P1 (Power Supply) for Origins and Connections
XA4P1-60 on Supply Voltage and GND.
XA3P1-63;
XA4P1-54 PIN CONNECTION TABLE XA4P1 (DISPLAY BOARD)
XA3P1-64; -
XA4P1-56 ORIGIN
XA3P1-65; PIN SIGNAL PIN CONNECTS TO
XA4P1-50
XA3P1-65; 1 NOT USED XA3P1-97;
XA4P1-48 XA4P1-1
XA3P1-67; XA3P1-99;
XA4P1-42 XA4P1-2
XA3P1-68; XA3P1-96;
XA4P1-46 XA4P1-3
v XA3P1-69; XA3P1-95;
XA4P1-52 XA4P1-4
70 XA3P1-70; 5 XA3P1-94;
XA4P1-44 XA4P1-5
71 PBOS XA4P1-36 XA3P1-71 6 A0 XA4P1-6 XA1P1-45;
72 PBO6 XA4P1-38 XA3P1-72 XA3P1-93
73 PBO4 XA4P1-34 XA3P1-73 7 NOT USED XA3P1-92;
4 5V * : XA4P1-7
75 PBO3 XA4P1-32 XA3P1-75 XA3P1-91;
7% 15V * . XA4P1-8
77 PBO1 XA4P1-28 XA1P1-93; XA3P1-90:
XA3P1-77 XA4P1-9
78 NC XA3P1-89;
79 PBO2 XA4P1-30 XA]P1—94; XA4P1-10
XA3P1-79 1 XA3P1-88;
80 P=YADDR XA1P1-30 XA3P1-80; XA4P1-11
XA4P2-21

Service’
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PIN CONNECTIO!

PIN SIG!

12 NOT USED

13 PARA BIT 1

14 L=WRITE DATA

15 PARA BIT 2

16 L=WRITE DATA

17 PARA BIT 3

18 L=WRITE DATA

19 PARA BIT 4

20 L=WRITE DATA

21 PARA BIT §

22 L=WRITE DATA

23 PARA BIT 6

24 L=WRITE DATA

25 D1

26 L=WRITE DATA

27 D2

28 PBO1

29 D3

30 PB02

31 D4

32 PBO3

33 D5

34 PBO4

35 D6

36 PBO05

37 D7

38 PB06

39 D8

40 t=MEMORY Ol

41 D9

42 NOT USED

43 D10

44 NOT USED

45 D11

46 NOT USED

47 D12

48 NOT USED

49 D13

50 NOT USED

51 H=FILE FOUNI

52 NOT USED

53 P=FIND FILE

54 NOT USED

55 L=MEMORY C

56 NOT USED

57 N=MEMORY C

58 NOT USED

59 N=CLR ADDR

60 NOT USED

61 N=LOAD ADD

62 NC

63 POINTER SEL

64 -5V

65 POINTER SEL

66 +12V

67 N=STORE PO!

68 +12V

69 NC

70 +V



sont'd)

NNECTS TO

A4P1-31
A1P1-66
A4P1-29
\1P1-68
A4P1-27
A1P1-70
A4P1-25
A1P1-72
A1P1-73;
XA3P1-59
A1P1-74
A4P1-59
A1P1-76
A1P1-77
A1P1-78;
XA3P1-16
a4P1-15
84P1-13
A4P1-19
84P1-17
84P1-23
a4pP1-21
A1P1-85
44P1-26
a4P1-24
A4P1-22
44P1-20
A4P1-18
A4P1-16
A4P1-14
A1P1-93;
XA3P1-77
A1P1-94;
XA3P1-79
A1P1-95
A1P1-96
A1P1-97
A1P1-98
A1P1-99
A1P1-100

Connections

PIN CONNECTION TABLE XA3P1 (I/0 BOARD) (Cont'd)

PIN CONNECTION TABLE XA3P1 (1/0 BOARD) (Cont'd)

)INNECTS TO

.
.
*

A3P1-48
A3P1-38
A3P1-7

A1P1-40
A1P1-76
A1P1-46

A1P1-50

A1P1-44

A1P1-78;
XA3P1-16
A1P1-66
A1P1-54
A1P1-64
A1P1-52
A1P1-60
A1P1-72
A1P1-62
A1P1-70
A1P1-58

ORIGIN
PIN SIGNAL PIN CONNECTS TO
26 NC
27 D10 XA3P1-27 XA1P1-56
28 NC
28 D1 XA3P1-29 XA1P1-74
30 NC
31 ID4 XA3P1-31 XA1P1-68
a2 NC
33 PEBIT XA3P1-33 XA1P1-47
14 NC
41
42 L=CONTROL BUSY XA1P1-36 XA3P1-42
43 NC
44 N=CHANGE DATA XA1P1-31 XA3P1-44
45  L=VECT BUSY XA4P2-69 XA1P1-15
XA1P1-45
46 A0 XA4P1-6 XA1P1-45;
XA3P1-46;
XA3P1-93
47 NOT USED XA3P1-47;
XA1P1-18
48 L=DO WRITE XA3P1-48 XA1P1-13
49  N=CONTROL GET BUSY XA3P1-49 XA1P1-41
50  24.6 MHz XA4P2-71 XA3P1-50;
XA1P1-11
51 L=PROGL XA3P1-51 XA5P1-C
52 L=RESET XA3P1-52 XA1P1-43
53 L=DATAL XA3P1-53 XA5P1-B
54  L=CTRL INST XA3P1-54 XA1P1-85
55  NOT USED XASP1-D;
XA3P1-55
56  NOT USED XA1P1-32;
XA3P1-56
57  L=POWER INTERRUPT XA3P1-57 XA5P1
58 +12V . .
59 NOT USED XA1P1-73;
XA3P1-59
60 +15V . .
61  NOT USED XA3P1-61;
XA4P1-58
XA3P1-62;
XA4P1-60
XA3P1-63;
XA4P1-54
XA3P1-64;
XA4P1-56
XA3P1-65;
XA4P1-50
XA3P1-66;
XA4P1-48
XA3P1-67;
XA4P1-42
XA3P1-68;
XA4P1-46
XA3P1-60;
Y XA4P1-52
70 XA3P1-70;
XA4P1-44
71 PBOS XA4P1-36 XA3P1-T1
72 PBO6 XA4P1-38 XA3P1-72
73 PBOa XA4P1-34 XA3P1-73
74 -5V . .
75 PBO3 XA4P1-32 XA3P1-75
76 15V . .
77 PBO1 XA4P1-28 XA1P1-93;
XA3P1-77
78 NC
79 PBO2 XA4P1-30 XA1P1-94;
XA3P1-79
80 P=YADDR XA1P1-30 XA3P1-80;
XA4P2-21

ORIGIN

PIN SIGNAL PIN CONNECTS TO

81 NOT USED XA3P1-81;
XA4P2-20
XA3P1-82;
XA4P1-75;
XA1P1-37
XA3P1-83
84 XA3P1-84
85 L=INTERFACE HOLDOFF XA3P1-85 XA1P1-20;
XA4P2-33
XA3P1-86;
XA4P2-35
87 NOT USED XA3P1-87;
XA4P1-12
XA3P1-88;
XA4P1-11
XA3P1-89;
XA4P1-10
XA3P1-90;
XA4P1-9
XA3P1-91;
XA4P1-8
92 XA3P1-92;
XA4P1-7
XA1P1-45;
XA3P1-46;
XA3P1-93
XA3P1-94;
XA4P1-5
XA3P1-95;
XA4P1-4
XA3P1-96;
XA4P1-3
97 XA3P1-97;
XA4P1-1

86 P=XADDR XA1P1-26

93 A0 XA4P1-6

94 NOT USED

98 NC

99  NOT USED XA3P1-99;
XA4P1-2

XA3P1-100;
XA1P1-9;
XA6P1-5

100 NOT USED

*See Pin Connection Table XAS5P1 (Power Supply) for Origins and Connections
on Supply Voltage and GND.

PIN CONNECTION TABLE XA4P1 (DISPLAY BOARD)

ORIGIN

PIN SIGNAL PIN CONNECTS TO

1 NOT USED XA3P1-97;
XA4P1-1
XA3P1-99;
XA4P1-2
XA3P1-96;
XA4P1-3
XA3P1-95;
XA4P1-4
5 XA3P1-94;
XA4P1-5
XA1P1-45;
XA3P1-93
XA3P1-92;
XA4P1-7
XA3P1-91;
XA4P1-8
XA3P1-90;
XA4P1-9
XA3P1-89;
XA4P1-10
11 XA3P1-88;
XA4P1-11

6 A0 XA4P1-6

7 NOT USED

Service’

Model 1350A

PIN CONNECTION TABLE XA4P1 (DISPLAY BOARD) (Cont’'d)

PIN CONNECTION TABLE XA4P1 (DISPLAY BOARD) (Cont'd)

ORIGIN ORIGIN
PIN SIGNAL PIN CONNECTS TO PIN SIGNAL PIN CONNECTS TO
12 NOT USED XA3P1-87; 71 NOT USED XA3P1-84;
XA4P1-12 XA4P1-71
13 PARABIT1 XA1P1-80 XA4P1-13 72 45V ) *
14 L=WRITE DATA PB1 XA1P1-92 XA4P1-14 78 L=LOAD ADDRESS XA1P1-23 XA4P1-73
15 PARABIT2 XA1P1-79 XA4P1-15 74  GND . .
16 L=WRITE DATA PB2 XA1P1-91 XA4P1-16 75  NOT USED XA1P1.37;
17 PARABIT3 XA1P1-82 XA4P1-17 XA3P1-82;
18  L=WRITE DATA PB3 XA1P1-90 XA4P1-18 XA4P1-75
19 PARABIT 4 XA1P1-81 XA4P1-19 76 GND : .
20 L=WRITE DATA PB4 XA1P1-89 XA4P1-20 77 GND : v
21 PARABITS XA1P1-84 XA4P1-21 78 GND N *
22 L=WRITE DATA PB5 XA1P1-88 XA4P1-22 78 45V i *
23 PARABIT6 XA1P1-83 XA4P1-23 80 45V * *
24  L=WRITE DATA PBO XA1P1-87 XA4P1-24
25 D1 XA1P1-T1 XA4P1-25
26 L=WRITE DATA XA1P1-86 XA4P1-26
27 D2 XA1P1-69 XA4P1-27 +See Pin Connection Table XA5P1 (Power Supply) for Origins and Connections
28 PBO1 XA4P1-28 XA1P1-93; on Supply Voltage and GND.
XA3P1-77
29 D3 XA1P1-67 XA4P1-29
30 PBO2 XA4P1-30 XA1P1-94; PIN CONNECTION TABLE XA4P2 (DISPLAY BOARD)
XA3P1-79
31 D4 XA1P1-65 XA4P1-31 ORIGIN
32 PBO3 XA4p1-32 XA4P1-32 PIN SIGNAL PIN CONNECTS TO
33 D5 XA1P1-63 XA4P1-33
34 PBO4 XA4P1-34 XA4P1-34 1 45V . .
35 D6 XA1P1-61 XA4P1-35 2 45V . .
36 PBOS XA4P1-36 XA4P1-36 3 GND . .
37 D7 XA1P1-59 XA4P1-37 4 GND . .
38 PBO6 XA4P1-38 XA4P1-38 5 20 XA4P2-5 XA1P1-95
39 D8 XA1P1-53 XA4P1-39 6 GND . .
40  L=MEMORY OUTPUT ENABLE XA1P1-33 XA4P1-40 721 XA4P2-7 XA1P1-98
41 D9 XA1P1-55 XA4P1-41 8 GND . .
42 NOT USED XA3P1-67; 9 22 XA4P2-9 XA1P1-97
XA4P1-42 10 +5V . .
43 D10 XA1P1-57 XA4P1-43 1 z3 XA4P2-11 XA1P1-100
44 NOT USED XA3P1-70; 12 NC
XA4P1-44 13 24 XA4P2-13 XA1P1-99
45 D11 XA1P1-51 XA4P1-45 14 +12v . ,
46  NOT USED XA3P1-68; 15 P=LATCHY XA1P1-24 XA4P2-15
XA4P1-46 16 +12V . .
47 D12 XA1P1-49 XA4P1-47 17 P=LATCH X XA1P1-22 XA4P2-17
48  NOT USED XA3P1-66; 18 NC
XA4P1-48 1 L=CHAR HOLDOFF XA4P2-19 XA1P1-25
49 D13 XA1P1-17 XA4P1-49 20  NOT USED XA3P1-81;
50 NOT USED XA3P1-65; XA4P2-20
XA4P1-50 21 P=Y ADDR XA1P1-30 XA3P1-80;
51 H=FILE FOUND XA4P1-51 XA1P1-39 XA4P2-21
52  NOT USED XA3P1-69; 22 NOT USED XA3P1-83;
XA4P1-52 XA4P2-22
53 P=FIND FILE XA1P1-7 XA4P1-53 23 P=CHAR LATCH X XA4P2-23 XA1P1-19
54  NOT USED XA3P1-63; 24 NC
XA4P1-54 25  P=CHAR LATCHY XA4P2-25 XA1P1-21
56 L=MEMORY CHIP ENABLE XA1P1-8 XA4P1-55 26 NC
56  NOT USED XA3P1-64; 27 L=CHAR OUTPUT ENABLE XA1P1-35 XA4P2-27
XA4P1-56 28 NC
57  N=MEMORY CLK XA1P1-6 XA4P1-57 29 L=BLANK CHAR XA4P2-29 XA1P1-96
58  NOT USED XA3P1-61; 30 15V . .
XA3P1-58 31 L=CHAR XABP1-5 XA1P1-;
59  N=CLR ADDR XA1P1-75 XA4P1-59 XA3P1-100
60 NOT USED XA3P1-62; 32 +15V . .
XA4P1-60 33 L=INTERFACE HOLDOFF XA3P1-85 XA1P1-20;
61 N=LOAD ADDR CTR XA1P1-3 XA4P1-61 XA4P2-33
62 NC 34 NC
63 POINTER SEL 2 XA1P1-27 XA4P1-63 35  P=X ADDR XA1P1-26 XA3P1-86;
64 -5V . . XA4P2-35
65  POINTER SEL 1 XA1P1-29 XA4P1-65 36 NC
86 +12V . .
67 N=STORE POINTER ADDR XA1P1-5 XA4P1-67
68 +12V . .
69 NC
70 45V . . 40

8-6

Figure 8-7. Schematic 1C, Interface Board A2 Schematic (Sheet 1 of 2)
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Figure 8-7.

1350-135

Schematic 1C, Interface Board A2 Schematic (Sheet 2 of 2)
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8-24. HP-IB INPUT/OUTPUT ASSEMBLY A3
(SERVICE SHEET 2).

8-25. INPUT/OUTPUT (1/0) BOARD
TROUBLESHOOTING (Using an HP9825A
Calculator).

1. “LISTEN PROGRAM?” check. This check shows
that the I/O Board will recognize its HP-IB listen
address and automatically go to “listen for program”
mode.

a. Cycle 1350A LINE power switch.
b. Make 9825A entry:

[RESET] wrt 718 [EXECUTE]

c¢. Verify that PROGRAM LED is on: DATA LED
is off. U17B pin 9 on Schematic 2A = high. U1A pin 6
(Schematic 2B) = high. If this does not work, check
Ready Latch U43, Handshake circuits, Bus Receivers,
and Listen Latch U17B.

NOTE

[RESET] key (ora cli 7 command) causes HP-
IB IFC line to be set low momentarily.

2. Unlisten check. This check shows that the I/0
Board will recognize an HP-IB Unlisten command.
Unlisten isan ASCII? sent while ATN =low. (ASCIT “?”
= 63 in base 10.)

a. Make 9825A entry:
cmd 7,?” [EXECUTE]

b. Verify that PROGRAM and DATA LEDs are
both off. U13 Schematic 2A detects Unlisten.

3. “LISTEN DATA” check. This shows that the I/0O
Board will automatically go to “listen for data” after it
has received two “program” bytes from HP-IB.

a. Make 9825A entry:
[RESET] wtb718,“PA” [EXECUTE]
b. Verify that DATA LED is on: PROGRAM LED
is off. U17B pin 9 (Schematic 2A) = high. U1A pin 5
(Schematic 2B) = high.
NOTE
A 9825A “wtb” statement does not generate
a CR LF (Carriage Return;Line Feed) when
quotes are closed.
4. Return to “listen for program” check. This shows
that the 1/0 Board will return to “listen for program”

from “listen for data” when a command-terminating :”
(colon) is received from HP-IB.

8-8

Model 1350A

a. Make 9825A entry:
wrt 718,:” [EXECUTE]}

b. Verify that DATA LED is now off: PROGRAM
LED is now on. U19B (Schematic 2B) causes “return to
listen for program” when a “:” (or CR or LF) is received
from HP-IB.

5. Clear POWER INTERRUPT LED check. This
shows that the I/O Board will recognize an ASCII DC4
character (20 in base 10) in order to clear its POWER
INTERRUPT LED.

a. Make 9825A entry:

wtb 718,20,13,10 [EXECUTE]

b. Verify that POWER INTERRUPT LED is now
off. PROGRAM LED will be on. U68A pin 5 (Schematic
2D) = low.

NOTE

13 = CR (Carriage Return); 10 = LF (Line
Feed).

6. Pen Enable (PE) check. This shows that the I/0
Board will recognize its PE command and parameter.

a. Make 9825A entry:
wrt 718,“PE0,” [EXECUTE]
b. Verify that U35 pin 5 (Schematic 2B) is low.
c. Make 9825A entry:
wrt 718,“PE1,” [EXECUTE]
d. Verify that U35 pin 5 is high.

7. Character Size (CS) check. This shows that the
I/0 Board will recognize its CS command and pa-
rameter.

a. Make 9825A entry:
wrt 718,“CS0,” [EXECUTE]

b. Verify that U55 pins 2, 5, and 7 (Schematic 2C)
are all low.

c. Make 9825A entry:
wrt 718,“CS7,” [EXECUTE]
d. Verify that U55 pins 2, 5, and 7 are all high.

(Note: This also partly checks the BCD-to-Binary Con-
verter circuits.)
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PIN CONNECTION TABLE XA4P2 (DISPLAY BOARD) (Cont’'d)

ORIGIN
PIN SIGNAL PIN CONNECTS TO
41 L=BLANK VECTOR XA1P1-42 XA4P2-41
42 NC
43 L=VECTOR INHIBIT XA1P1-34 XA4P2-43
44 NC
68
69 L=VECTOR BUSY XA4P2-63 XA1P1-15;
XA3P1-45
70 NC
7 24.6 MHz XA4P2-71 XA1P1-11;
XA3P1-50
72 NC
80

*See Pin Connection Table XA5P1 (Power Supply) for Origins and Connections
on Supply Voltage and GND

PIN CONNECTION TABLE XA5P1 (POWER SUPPLY BOARD)

ORIGIN
PIN  SIGNAL PIN CONNECTS TO
1 GND XA5P1-1 thru 4, XA1P1-16;
12 thru 15 XA3P1-1, 3;
XA4P1-74 thru 76,78,
XA4P2-3,4, 6
2 GND Same as Pin 1 Same as Pin 1
3 GND Same as Pin 1 Same as Pin 1
4 GND Same as Pin 1 Same as Pin 1
5 NC
6 NC
7 NC
8 +5V XAIP1-J KL M, XA1P1-10,12;
8 thru 11 XA3P1-2, 4;
XA4P1-70,72,79.80;
XA4P2-1, 2,10
9 +5V Same as Pin 8 Same as Pin 8
10 +5V Same as Pin 8 Same as Pin 8
" +5V Same as Pin 8 Same as Pin 8
12 GND Same as Pin 1 Same as PiN 1
13 GND Same as Pin 1 Same as Pin 1
14 GND Same as Pin 1 Same as Pin 1
15 GND Same as Pin 1 Same as Pin 1
A NC
8 L=DATAL XA3P1-53 XA5P1-B
C L=PROGL XA3P1-51 XA5P1-C
D NOT USED XA5P1-D;
XA3P1-55
E L=POWER INTERRUPT XA3P1-57 XA5P1-E
F LINE SYNC XA5P1-F XA1P1-77
H NC
J +5V Same as Pin 8 Same as Pin 8
K +5V Same as Pin 8 Same as Pin 8
L +5V Same as Pin 8 Same as Pin 8
M +5V Same as Pin 8 Same as Pin 8
N -15V XA5P1-N XA1P1-2;
XA3P1-76;
XA4P2-30
P SV XA5P1-P XA1P1-4;
XA3P1-74;
XA1P1-4
R +15V XA5P1-R XA1P1-1;
XA3P1-60;
XA4P2-32
S +12V XA5P1-S XA3P1-58;
XA4P1-66;

XA4P2-14, 16
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8. BCD-to-Binary Converter check. This shows that
the I/0 Board will convert ASCII digits from BCD to
binary.

a. Make 9825A entry:
wtb 718,“FL0000,” [EXECUTE]

b. Verify that pins 4, 7,9, and 12 of U59, U60, and
U61 are all low. (ID1-12 on Schematic 2C = low)

c. Make 9825A entry:
wtb 718,“FL2047,” [EXECUTE]

d. Verify that ID1 - ID11 = high; ID12 =low (U59,
U60, U61).

9. Plot Absolute DO WRITE check. This shows that
the 170 Board will generate the DO WRITE signal from
its PA command.

a. Make 9825A entry:
[RESET] wrt 718,“PA;”;jmp 0 [EXECUTE]

b. Verify low-going pulses at U35B pin 8 (Sche-
matic 2B) as shown below.

——>| l(--- “1.2 msec

c. Press 9825A [STOP] key. Ignore “error G8” if
displayed.

10. Text DO WRITE check. This shows that the I/0
Board will generate the DO WRITE signal from its TX
command.

a. Make 9825A entry:
[RESET] wrt 718,“TX”;jmp 0 [EXECUTE]

b. Verify low-going pulses at U35B pin 8 as shown
in step 9b.

c. Press 9825A [STOP] key. Ignore “error G8” if
displayed.

11. CHANGE DATA check. This shows that the I/0
Board will respond properly to a CHANGE DATA
signal from the Control Board.

a. Make 9825A entry:

[RESET] wtb 718,“PA0,” [EXECUTE]

b. Verify that ID1 - ID12 = low (U59, U60, U61 on
Schematic 2C).

c. Make 9825A entry:
wtb 718,“PA0,1023;” [EXECUTE]

d. Verify that ID1 - ID10 = high; ID11 and ID12 =
low.

12. CONTROL INSTRUCTION, LATCH INSTR,
and CONTROL GET BUSY check. This shows that the
170 Board outputs the proper signals when a Control
Board instruction is received from HP-IB,

a. Make 9825A entry:
[RESET] wrt 718,“EM”;jmp 0 [EXECUTE]

b. Set oscilloscope to 2 msec/div sweep speed. On
Schematic 2A, verify low-going pulses (narrow) on
U19C pin 8 and U58C pin 8. Check for high-going pulses
on U28 pin 14.

c. Press 9825A [STOP] key. Ignore “error G8” if
displayed.

13. TTL Blanking check. (Note: This check requires
the Control and Display Boards to be working properly.)
Checks that I/0 Board will output TTL blanking in
accordance with Write Auxiliary (WX) commands.

a. Make 9825A entry:

[RESET) wtb 718,3,20,13,10,
“EM:EN:EX::SN::SX::UM::” [EXECUTE]

b. Verify that rear-panel TTL1 - TTL4 outputs are
all low.

c. Make 9825A entry:
wrt 718,“WX15,:PE1,:PA500,500;:SX” [EXECUTE]

d. Verify high-going pulses on TTL1 — TTL4
outputs as shown below.

‘(--- 3.6 nsec --->
+3v

J L]

14. TTL Blinking check. (TTL Blanking must be
working properly.) Checks 4 Hz hardware blinking of
TTL outputs.

Service

a. Make 9825A entries:

[RESET] wtb 718,3,20,13,10,“EM::EN::EX::SN::SX::
UM::” [EXECUTE]

wrt 718,“WX8,:PE1,:PA500,500;:SX” [EXECUTE]

b. Connect X-Y display TTL blank input to 1350 A
TTL1 output. Set Blinking Switch S2 section 1 to “on.”
Verify that CRT blinks.

c. Connect X-Y display TTL blank input to 1350A
TTL2 output. Set Blinking Switch S2 section 2 to “on.”
Verify that CRT blinks.

d. Repeat above procedure for 1350A TTL3 output
using section 3 of Blinking Switch S2.

15. Color Code Output check. (Note: This check
requires the Control and Display Boards to be working
properly.) Checks that I/O Board outputs correct color
code according to file name of data.

a. Make 9825A entries:

[RESET] wtb 718,3,20,13,10,“EM::EN::EX::SN::SX::
UM::” [EXECUTE]

wrt 718,“NF1,:PE1,:PA1000,1000;:SN” [EXECUTE]
b. Verify that C1 (U75 pin 4) and C2 (U75 pin 10)
on Schematic 2D are both high. This is the code for
‘(green.,’

c. Make 9825A entries:

[RESET] wtb 718,3,20,13,10,“EM::EN::EX::SN::SX::
UM::” [EXECUTE]

wrt 718,“NF16,:PE1,:PA1000,0;;SN” [EXECUTE]

d. Verify that C2 = high and C1 has waveform as
shown below. This is the code for “yellow.”

+3v

S I

e. Make 9825A entries:

[RESET] wtb 718,3,20,13,10,“EM::EN::EX::SN=:SX::
UM::” [EXECUTE]

wrt 718,“NF40,:PE1,:PA0,1000;:SN” [EXECUTE]

f. Verify that C1 = high and C2 has waveform as
shown above. This is the code for “red.”
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Figure 8-8. Input/Output Board A3 Block Diagram
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8-26. GENERAL INFORMATION.

Input/Output Assembly A3 contains the input con-
nector for information from HP-IB and output con-
nectors for Display TTL blanking and Auxiliary control
of a Tri-color display.

The Simplified Block Diagram (figure 8-8) for A3 shows
major functional stages and their corresponding sche-
matic locations (2A-2D). Detailed signal and stage
descriptions are covered by the explanations of each of
the four schematics.

Schematic 2A contains HP-IB interface circuits.
Schematic 2B contains control and timing circuits.
Schematic 2C contains BCD to Binary converter and
data output circuits. Schematic 2D contains Auxiliary
interface and Power Interrupt detection circuits.

8-27. OPERATING OVERVIEW.

After the 1350A has been addressed to listen by an HP-
IB controller, it listens in one of two modes:

1) Program
2) Data.

In “listen for program” mode the 1350A receives two
bytes from HP-IB that define the 1350A instruction.
These two-letter instructions are the Graphics
Translator Machine Language (GTML) mnemonics.

After two “program” bytes are received, the 1350A
automatically goes to “listen for data’” mode. The 1350A
now receives parameter (or text) bytes until a “:” (colon),
a CR (Carriage Return), or a LF (Line Feed) byte is
received. The “:” (or CR or LF) causes the 1350A to
return to “listen for program” mode.

NOTE

If text is being received, an ETX (End of
Text) character must precede the “:” (or CR
or LF).

“Program” Input Instruction Types.

All two-byte “program” instructions are one of two
types: (1) an Input/Output Board instruction; or (2) a
Control Board instruction.

The four Input/Output (I/0) Board instructions are:

1) Plot Absolute (PA)
2) Character Size (CS)
3) Text (TX)

4) Pen Enable (PE).

All other 1350A “program” instructions are Control
Board instructions.

“Data” Types.
In “listen for data” mode, all bytes received are either
parameter bytes or text bytes.

Parameter bytes are converted to binary values on the
Input/Output Board. Text bytes are not converted.

Data (parameter or text) is sent to the Control Board
from the I/0 Board via the ID1-ID13 lines.

1D1-1D13 Information Definition.
The ID13 line is reserved for future 1350A memory
expansion and is not used at this time.

Information contained on ID1-ID12 is defined by: (a)
type of instruction (I/O Board or Control Board); and (b)
state of 1350 A memory address line AQ.

Three cases will be used to show ID1-ID12 information
content for different instruction types. Each case is
divided into two parts to show ID line definitions for A0
both low and high. The three cases are: (1) I/O Board
instruction; (2) Control Board instruction other than
Find Location (FL); and (3) Find Location Control
Board instruction.

Figure 8-9 shows 1350 A memory organization. Table 8-2
shows ID1-ID12 definitions for the three cases. These
two things are necessary to understand the 1350A
memory management scheme.

PBO6
| ID1-ID10 _PBO1-PBO5
la >
Croyoreroreroynernn eIl
’- 10 bits of X information 5 bits >
(or Text flag) for File No.

1 bit not used

a) Memory byte definition when A0 = low.

PBO1-- PBO2
ID1 - ID10 N PB03-PB06
Creycrcrcrcrcrercrynyocaceaeln
- 10 bits of Y information = 4 bits
(or Text plus CS) for WX
TTL outputs
i File
Pen Enable (PE) bit blank/unblank
bit

b) Memory byte definition when A0 = high.

Figure 8-9. 1350A Memory Organization

The 1350A memory capacity is 2048 words of 32 bits.
Each 32-bit word contains two 16-bit bytes. Byte content
is defined by the state of memory address line AO.
CASE 1.

If an Input/Output Board instruction is detected, then
ID1-ID10 are defined as follows.

a) When A0 = low:

1. IfID1-ID10 = 1023 (all high), then 1350A is
in Text mode.

2. If ID1-ID10 < 1023, then 1350A is in Plot
mode and ID1-ID10 is the binary X value.

b) When A0 = high:

1. If Text mode, then ID1-ID7 = ASCII char-
acter, ID8 and ID9 = character size (1,2,4,8), ID10 =
rotate bit (low = 0; high = 90 degrees).

NOTE

A Character Size (CS) command must pre-
cede a Text (TX) command.

2. If Plot mode, then ID1-ID10 = binary Y
value.

CASE 2.
If a Control Board instruction other than Find Location
(FL) is detected, then ID1-ID6 become PBO1-PBO6 and
are defined as follows.

a) When AO = low:

PBO1-PBO5 = file name (binary).

PBO6 = don’t care.

PBO1-PBOS5 are for Erase File (EF), Name File
(NF), Find File (FF), Blank File (BF), or Unblank File
(UF) parameter.

b) When AO = high:

PBO1 = Z-axis (Pen Enable command and
parameter detected on I/0 Board and sent separately to
Control Board as Z-axis bit to become PBO1).

PBO2 =fileblanking bit (used with BF and UF),

PBO3-PBO6 = TTL blanking bits (used with
WX).

Service

CASE 3.

If the Control Board instruction Find Location (FL) is
detected, then ID1-ID12 = binary value (0-2047) used
when A0 = low as the next write pointer to address
1350A memory.

Table 8-2. ID1-ID12 Definitions

A0 CASE 1. I/0 Instruction CASES 2&3. Control
State (DO WRITE) Board Instruction
(Get Busy)

ID1-ID10= 1023 is Case 2. Not FL,
Text flag ID1-ID6 become PBO1-6
PBO1-PBO5 = file no.

PBO6 = don’t care

low
ID1-ID10 < 1023 is binary
X value
(Plot mode)
Case 3. FL instruction
ID1-ID12 = binary X
value used as next
write pointer
If Text mode: Case 2.
ID1-ID7 = ASCII PBO1 = Z-axis bit
ID8&ID9 = character PBO2 = file blank-
size ing bit
high
ID10 = character
rotation
bit PB03-PB06 = TTL

blanking bits
If Plot mode:
ID1-ID10 = binary
Y value




Service

8-28. SCHEMATIC 2A PRINCIPLES OF
OPERATION.

HP-IB Input/Output Assembly A3 configures the 1350A
to be an addressable listen-only device on the Hewlett-
Packard Interface Bus (HP-IB).

Schematic 2A contains: (a) HP-IB interface and hand-
shake circuits; (b) Instruction decoder and latch; and
(¢) Control Get Busy circuits.

The 1350A receives all information from HP-IB via 8-bit
bytes on the DIO lines. Bytes are transferred one at a
time via a 3-wire handshake (NRFD,DAV,NDAC). If the
handshake sequence is not completed, then no more
bytes will be transferred and bus communication stops
(bus is “hung”).

Bus Mnemonics: (HP-IB is low = true logic;low= 1" and
high — “On)

DIO1-DIO8 ............... Data Input/Output
NRFD.................. Not Ready For Data
DAV ..........cc.iveveo........Data Valid
NDAC.....oiieiiie Data Not Accepted
IFC o Interface Clear
ATN e Attention
EOL ... End Or Identify
SRQ ..o Service Request
REN .. i Remote Enable
NOTE

1350A does not use EOI, SRQ, or REN.

Ready for DIO byte Ready for next bvte

MRFD 1 {mm—f== >
pav T 7T s
NDAC 3 [ 6-——->

1. NRFD goes high (wired-And; all listeners are
ready for a data byte).

2. DAV goes low (talker says data byte on DIO lines
is valid).

3. NDAC goes high (wired-And; all listeners have
accepted the byte).

NOTE
Steps 1, 2, and 3 complete the transfer
sequence. The handshake lines must now
return to initial conditions before another
byte can be transferred.

4. Listener can return NRFD low when DAV goes
low. NRFD must return low before or at the same time as
NDAC goes high.

5. Talker can return DAV high after NDAC goes
high.

6. Listener can return NDAC low when DAV goes
high. NDAC must return low before or at the same time
as NRFD goes high.

Figure 8-10. HP-IB Handshake Sequence for Data
Transfer

8-12
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Operation of circuits on schematic 2A is covered by three
cases:

1. IFC (Interface Clear).
2. HP-IB in Command Mode (ATN = low).
3. HP-IB in Data Mode (ATN = high).

8-29. IFC (Interface Clear).

After the 1350A is powered on (or whenever a new
program is to be sent to the 1350A) the Controller should
first set IFC low momentarily.

IFC = low clears Listen Latch U17B and Control Get
Busy Enable Latch U23A. It also ensures that the 1350A
will be in “listen for program” and prevents Text mode
(schematic 2B, UIA and U29A) after 1350A is first
addressed to listen.

Also, IFC = low causes Ready Latch U43A to be clocked
via U16B on schematic 2B. This enables U18A so that
the 1350A can signal Ready For Data (NRFD = high)
when its Acceptor Handshake is enabled.

8-30. COMMAND MODE (ATN = low).

When ATN goes low, 1350A Acceptor Handshake is
enabled (U9B output is low). This allows the 1350A to
participate in handshakes.

While ATN is low the 1350A can recognize: (1) its listen
address; or (2) a Universal Unlisten command. If
addressed to listen, Listen Latch U17B will cause
Acceptor Handshake to remain enabled after ATN goes
high. If not addressed or if an Unlisten command
(ASCII “?”) is received (U13 output = low), then U17B
causes Acceptor Handshake to be disabled (U19B pin 6=
high) when ATN goes high.

8-31. DATA MODE (ATN = high).

If addressed to listen, the 1350A will receive its device-
dependent commands (GTML mnemonics) and required
parameters.

First the 1350A goes to “listen for program” mode. Two
bytes are received, decoded by Instruction Decoder U7,
and latched into Instruction Latch U28 and U21.

After two “program” bytes the 1350A automatically
goes to “listen for data” mode (schematic 2B).
Parameter (or text) bytes are then received until a “:”
(colon) or a CR (Carriage Return) or a LF (Line Feed)
byte is received. When this happens, the 1350A returns

to “listen for program.”

CR or LF or “:” bytes are detected by Ul4 and U24B.
Since Ul4 is disabled in Text mode, the 1350A must
receive an ETX (End of Text) byte before it will be able to
exit Text mode and return to “listen for program.” ETX
is detected by U64.
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Handshake Precision Timing Generator.

After each byte is received from HP-IB, whether
instruction “program” or data, Ready Latch U43 must
be clocked by PRNRC (Positive, Release Not Ready
Condition). This allows the 1350A to signal Ready For
Data and receive the next DIO byte.

When DAYV goes low, U18A causes NRFD to return low
because U10B output goes high. Approximately 250 ns
after DAV goes low U25 causes U43B to be clocked so
that U32 is released to count. U32 produces clock signals
for circuits on schematic 2B that control latching of DIO
parameter (or text) byte on schematic 2C. U18A will
continue to hold NRFD low after U32 has been clocked
twice.

Approximately 500 ns after DAV goes low NDAC is set
high by U25. NDAC returns low as soon as DAV is
returned high by the talker (U25 reset by U10B).

Ready Latch U43 must now be clocked by PRNRC in
order for the next handshake to proceed.

Control Board Instructions.

“Program’ instructions are either I/O Board or Control
Board instructions. When a Control Board two-byte
instruction is detected, CTRL INST goes low. The
negative edge of thislevel changeis passed by C2 so that
U23A sees a momentary low pulse on its set input. When
set, U23A enables U36A.

When a “:” (or CR or LF) delimiter is detected, U19C
produces a positive edge that latches the instruction (I1-
15) on the Control Board.

The “:” (or CR or LF) also allows U36A to enable U58C.
Approximately 570 ns after the instruction latch clock
(U19C), a negative edge clock is produced by U58C that
tells the Control Board to act on the command (Control
Get Busy).

After sensing a Control Get Busy clock, the Control
Board signals its “busy’’ status by setting CTRL BUSY
low. When the Control Board has finished processing
the command it returns CTRL BUSY high. This positive
edge clocks U23A inverting output high. U36A and
U5B8C are now disabled until the next Control Board
instruction is detected.

The positive edge of CTRL BUSY also causes a PRNRC
clock to be produced (schematic 2B) so that the 1350A
can signal Ready For Data.

If the Control Board never returns CTRL BUSY high,
then PRNRC will not be produced and the 1350A will
hang the bus. For example, this can occur when a file is
addressed via FF, EF,BF, or UF that was not previously
named (NF #).

Service

1/0 Board Instructions.

When an Input/Output Board “program” instruction is
detected CTRL INST goes high. Latch Instruction clock
(LTCH INST) and Control Get Busy clock are not
produced.

I/0 Instruction Decoder U20 is enabled. U20 outputs
control signals to I/0 Board circuits on schematics 2B
and 2C. 170 Board “program” instructions are; (1) Pen
Enable (PE); (2) Character Size (CS); (3) Text (TX); and
(4) Plot Absolute (PA).

Table 8-3. A3 U7 ROM (1816-1120) Character Decoding

U7 Output
Pins

DI0 Address Lines Decimal | Char. MSB LSB
7 6 5 4 3 2 1 Value | ASCIl| 9 10 11 12
0 00 0 0 11 3 ETX|0 0 0 1
0 001 010 10 LF|0 1 1 0
0 0 01 10 1 13 CR|0O 1 1 0
0 01 01 0 O 20 DC4)10 1 0 1
01 01100 44 s 01 0 0
0 111 010 58 : 01 1 0
011 1 011 59 ; 0 0 11
1 0 0 0 0 0 1 65 A 0111
1 0 0 0 010 66 B 1 1 0 0
1 0 0 0 0 11 67 CJ]0 0 0O
1 0 0 0101 69 E 1 0 0 O
1 0 0 01 10 70 F 1 11 0
1 0 01100 76 L 1 0 0 O
1 0 01 1 0 1 77 M 01 00
1 0 01110 78 N 1 0 01
1 01 0 0 0 O 80 P 0 0 1 1
1 01 0 0 11 83 S 1 010
1 01 01 0O 84 T 0 01 0
1 01 0101 85 U 1 0 1 1
1 01 01 11 87 w 1 1 0 1
1 01100 0 88 X [0 0 0 O
1 10 0 0 0 1 97 a 0 1 1 1
1 1.0 0 01 0 98 b 1 1 0 0
1 1 0 0 0 1 1 99 c 0 0 00
1 1 0 01 0 1 101 e 1 0 0 0
110 01 10 102 f 1 1 1 0
11 0 1100 108 1 1 0 00
1 1 0 1 10 1 109 m 01 0 0
1 1 01 110 110 n 1 0 0 1
1 110 0 0 O 112 P 0 0 1 1
1 11 0 0 1 1 115 s 1 01 0
1 11 010 0 116 t 0 0 1 0
1 1101 0 1 117 u 1 0 1 1
111 0111 119 w 1 1 0 1
1 111 0 0 O 120 X 0 0 00
Note: 0 = low; 1 = high.

8-13
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c-6 | R14 K-6 | U24 F-5
G-1| Ris K-6 | U25 F-4
K-5 | R16 K-6 | V26 F-3
G-3| R17 K-6 | U27 F-3
H-7 [ R18 J-5 | u28 F-2
1-2 R19 J-5 | u29 G-6
J-7 | R20 G-3| u30 G-5
1-7 R21 G-3| U3t G-4
D-7 | R22 K-7 | U32 G-4
c-7 | R23 K-7 | U33 G-3
B-7 | R24 K-7 | U34 G-3
B-7 | R25 K-7 | U35 G-2
D-6 | R26 K-7 | U36 H-6
D-7 | R27 K-7 | u37 H-5
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D-3| R36 J-7 | u4e -4
E-6 | R37 K-6 | U4z I-3
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G-7| R42 B-7 | us2 1-5
G-6 | R43 B-7 | Us3 -4
G-3| R44 B8-7 | u54 1-3
H-4 | R4S D-7 | US5 -3
H-4 | R46 B-5 | US6 I-2
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-5 | Rag B-5 | U59 J-5
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J-5 | R53 F-5 | U63 J-2
K-5 | R54 F-6 | usd B-2
G-4 | RS5 F-6 | U65 J-7
G-5{ S1 D-4 u66 J-7
- s2 -7 ué7 -7
B-7 | U1 c-6 | UGS H-7
B-5 | u2 c-5 | us9 H-7
A3 | u3 c-5 | U770 H-7
A-6 [ us c4 | Un G-7
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L5 | us c-3 | u73 E-7
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D-1] ui3 D-3 | U79 E-7
D-1 ] ur4 D-2 | uso K-4
E-1 ] uis E-6 | U8l K-4
K-5 1 ute E-5 | VR1 J-7
K-5 1 017 E-5
G-6 | vis E-4
G-71 u19 E-3

Figure 8-11. Input/Output Board A3 Component Locator




Mnemonics on 1/0 Board A3

A0 — Memory Address Bit 0 — Serves important functions on both the Display and
Control Boards. It is used on the Display Board to determine when x or y
information is being read or written. It determines the configuration of RAM for
storage. On the Control Board it is a multiplex select line to determine whether
File Name bits or Blanking bits are sent to memory. During x-time (AQ = low) File
Names are selected and during y-time 1A0 = high! Blanking information is
selected. When selecting which type of data, AD also determines the read/write
status of the memories by means of the Memory Read/ Write Controller.

11-1S — Control instruction bus - used for internal instrument control utilizing informa-
tion decoded from the HP-IB bus.

ID1-1D12 — Input Data bus - after data from the HP-IB bus is buffered and latched, it is
decoded for parameters \BLANK, UNBLANK, PEN ENABLE, etc.., multiplexed,
gated and becomes the data bus D1-D12. ID13 is not used.

L = CONTROL BUSY — Inhibits further control instruction exectuion when low. Low
only when instructions are being carried out

L =CONTROL INST — Goes low when control instructions have been received and
decoded and stays low until instructions have been completed and the Control
Instruction Handshaker has reset CONTROL BUSY to a logic high
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L = DO WRITE — A low level allows information to be written into memory - low only
when data is being transferred to memory.

L = INTERFACE HOLDOFF — Inhibits further vector generation untit the 1338A display
can assimilate the data it has. Low inhibits, high continues.

L =POWERINTERRUPT — Low level indicates aline voltage fluctuation or power inter-
rupt has occurred. Stays low until power is reset or instrument receives a
DC4(20) ASCII command via HP-I8.

L =PROGL — Low level turns front panel LED on. Low when program — Control Board
or 1/0 Board instructions — are being received.

L = RESET — Momentarily low when instrument is powered on or a new program is to
be initiated. Resets U17B and U23A.

L =VECTOR BUSY — Indicates that data is being translated into analog form in the D/A
Converter. When high, the Vector Generator is processing available values and
has not sent them to the D/A

N = CHANGE DATA — This negative transition signals the |/O board that the first byte
of data rx-coordinates: has been written and it is ready for the second byte
y-coordinates .

N=CONTROL GET BUSY — Negative transition clocks U42A via U411 ischematic 3A:
to initiate the “Control Busy" sequence.

N = LATCH INST — Negative transition causes control instructions to be latched into
the Instruction Latch, U25. Italso allows L =CONTROL INST to be clocked to the
output of U42B. disabling the CONTROL INSTRUCTION HANDSHAKER -allon
Schematic 3A  This ensures that no new control instructions are latched in unti
the current instructions have been executed

P = X ADDR — Used to latch File Name Bits PBO5 and 6 into Color Bits Latch U65A.
Also used to generate Color Valid Signal for 1338A Tri-color Display.

P =Y ADDR — Inverted and used as clock for TTL Blanking Latch U67. This latches
information from File Name Bits PBO3-6 to determine which of 4 TTL outputs will
be high (blanked:.

PBO1-PBO5 — Name Bits — See Section 8 - 1350 Memory Organization. for more
complete explanation.

PE BIT — Pen Enable Bit — telis the 1350A to blank or unblank when drawing a character
or vector. 1 =unblanked : pendown ,0=blanked:penup:. Itissentasaparameter
in the y byte.
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8-32. SCHEMATIC 2B PRINCIPLES OF
OPERATION.

Schematic 2B is made up of circuits that: (a) determine
whether the 1350A is in “listen for program” or “listen
for data”; (b) indicate when the 1350A can signal that it
is ready for the next DIO byte from HP-IB; (¢) produce
the DO WRITE signal; and (d) provide Pen Enable (Z-
axis) status to the Control Board.

8-33. LISTEN FOR PROGRAM/DATA CIRCUITS.
Listen For Program.

After the 1350A has received an IFC = low signal and
then been addressed to listen by an HP-IB Controller,
US50A output goes high. This turns Q1 on. LPROGL
(Low, Program Listen) goes low to turn on front-panel
“listen for program” LED.

U1B and U79A/B are enabled. Ready For Program Byte
Latch U17A controls the handshaking of “program”
bytes from HP-IB by producing PRNRC (via U58A and
U16B) to release the Not Ready condition on schematic
2A. U79A and U79B produce clock edges that latch the
two instruction (program) bytes on schematic 2A.

When Listen For Program/Data Latch U1A first causes
U50A to allow “listen for program”, the negative-going
edge from U37D output is passed by C5. This sets Data
Enable After Program Controller U8B, preventing the
Ready For Data Byte sequence from ocurring until after
the 1350A has gone to “listen for data”.

Listen For Data.

When the second “program” byte is received, UlB
inverting output (in the Instruction Latch Clock
Generator) produces a positive edge. This clocks UlA,
U29A, and U8B.

Listen For Program/Data Latch U1 A now causes U26C
output to be high. This turns Q2 on and Q1 off. LDATAL
(Low, Data Listen) goes low to turn on front-panel
“LISTEN for DATA” LED. LPROGL goes high to turn
off front-panel “LISTEN for PROGRAM” LED. U37F
disables the Instruction Latch Clock Generator whilein
“listen for data”.

Text Mode Latch U29A reports whether or not a Text
(TX) instruction was received.

Data Enable after Program Controller U8B now permits
the Ready for Data Byte sequence if not in Text mode.
This sequence allows the 1350A to capture parameter
bytes from HP-IB until the 1350A receives a““:” (or CR or
LF). Ready For Data Byte Latch U8SA Q output gets
clocked high when a parameter byte is received from
HP-IB. This turns on 12.3 MHz CLK2 for four pulses
(schematic 2D). Four State Counter U33A/B causes
DIO1-DIO4 to be converted from parallel to serial and

Service

stored (schematic 2C). After the fourth state, U33B
causes U8SA to be reset (via U30C) and the 1350A can
signal that it is ready for the next data byte from HP-IB.

The parameter binary value is latched for output to the
Control Board by a “,” (comma) from HP-IB. This
negative clock edge is produced by Data/Text Selector
and Latch Clock Generator US7A.

If Text Mode Latch U29A indicates that a Text (TX)
instruction has been received, then text byte
handshaking from HP-IB is controlled by Ready For
Text Byte Latch U29B.

8-34. DO WRITE CIRCUITS.

Low-going DO WRITE pulses are produced as aresult of
Plot Absolute (PA) or Text (TX) “program” instructions.
DO WRITE tells the Control Board to write X and Y (or
text) values to 1350A memory. The Control Board
responds with a low-going WRITING signal and a
negative-going CHANGE DATA clock.

When AO (1350A memory address line zero) is low, the
Control Board writes X wvalue to 1350A memory
following DO WRITE. If Text mode, U50B causes X
value to be output as 1023 (ID1-ID10 are high, schematic
2C). This is the Text flag to 1350A character Generator.

Generation of DO WRITE will be covered by two cases:
(1) Plot Absolute; and (2) Text.

CASE 1.

Detection of a Plot Absolute by U27D allows U57C to
produce a low-going DO WRITE signal when a “;”
(semicolon) is received from HP-IB. Prior to the “;”’ the

1350A should receive X and Y values separated by a “,
(comma).

Data byte acquisition from HP-IB is controlled by the
Ready For Data Byte sequence for each parameter byte.
Enables US57C in DO WRITE Cenerator.

X value converted to binary (schematic 2C).
Comma latches X (binary 500) on ID1-IN10

via Clock Generator US7A.
Y value converted to binary (schematic 2C).
Semicolon produces DO WPITE via US57C.

PA500,800;

DO WRITE |

WRITING |

RD/WR

(on Control Board)
X written to Y writen to
memory while memory while
A0 = low A0 = high

CHANGE DATA

latches Y value on

IN1-ID10 via US7A

Figure 8-13. Plot Absolute DO WRITE, WRITING,
CHANGE DATA Sequence
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CASE 2.

Detection of a Text command allows Ready For Text
Byte Latch U29B and U22C in the DO WRITE
Generator to produce a low-going DO WRITE pulse for
each text byte received.

u29B ¢ |
DO WRITE] [
WRITING l
| Resets U29B; USRA relcases
inhibits US8A. Mot Readv
condition.
KD/WR 1
(on Control Bd.)
X = 1023 (text flaqg) Non-converted ASCII on
written to memory ID1-In7, Chat. size un
while AD = low via INR&9, Char. rotation on
USOB. ID10 written to memory

while A0 = high.

CHANGE DATA 1 I

’ latches ASCII character
for IP1-ID7 via Clock Generator
us7a.

Figure 8-14. Text Mode DO WRITE, WRITING,
CHANGE DATA Sequence

8-35. RETURN TO LISTEN FOR PROGRAM.

If 1350A is in Text mode, an ETX (End of Text) is
required in order to exit Text mode.

To terminate any instruction (including a previously
exited Text instruction) the 1350A requires a ““:” (or CR
or LF) character from HP-IB. This causes U19B output
to go low. Listen For Program/Data Latch U1A is reset
to “program.” Instruction (program) Latch U28 and
U21 on schematic 2A is reset.

8-36. PEN ENABLE (Z-AXIS) CIRCUIT.

Pen Enable (PE) “program” instruction is decoded by
U20 on schematic 2A. PE parameter is converted to
binary on schematic 2C. PE parameter is latched on
schematic 2C by a “,” (comma) from HP-IB via Clock
Generator U57A. This becomes the Pen Enable Data Bit
which is applied to U27B. This Data Bit is clocked into
Pen Enable Latch U35A when U19B output goes low to
signal “return to listen for program.”

Pen Enable Latch U35A output defines Z-axis status for
all 1350A vectors and characters. High=beam on;low=
beam off. Z-axis status is sent via the Control Board to
the Display Board. From the Display Board, Z-axis
status is sent back to the Control Board as PBO1 when
A0 = high. This enables/disables 1350A Z-axis output
(unless overridden by file blank/unblank bit PBOZ2).
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8-37. SCHEMATIC 2C PRINCIPLES OF
OPERATION.

Schematic 2C contains: (1) Parameter Shift Register/
Text Latch; (2) BCD-to-Binary Converter (for parame-
ters); (3) Parameter or Text Selector and Latch;(4) Char-
acter Size and Rotation Latch; and (5) Output Selector
circuits.

Operation of circuits on schematic 2C will be covered for
two cases: (1) 1350A receiving parameter(s); and (2)
1350A receiving text.

8-38. CASE 1. 1350A RECEIVING PRAMETER(S).

In “listen for data” mode, the four LSBs (DIO1-DI104) of
each parameter byte are converted from Binary Coded
Decimal (BCD) to binary. This is because the four LSBs
of the ASCII code for digits is in BCD.

This conversion process continues for each digit in the
parameter until a “,”’ (comma) is received from HP-IB.
The “,” delimits (bounds) the parameter value by
latching the binary result of the conversion for output to
the Control Board. If a Plot Absolute (PA) comand was
received, then the “,” latches the binary value of the X
parameter and a CHANGE DATA signal (schematic
2B) from the Control Board latches the binary value of
the Y parameter (in response to a “;” from HP-IB).

NOTE

Several vectors may be entered following
each PA command. For example,
“PA100,300; 200,500; 300,800;400,1000;:.
This draws four vectors.

BCD TO BINARY CONVERSION.

The Parameter Shift Register/Text Latch (U39-U42) is
placed in its shift register mode if Text Mode Latch
U29A (schematic 2B) does not receive a text command.
Data selector U34 converts DIO1-DIO4 from parallel to
serial. Each serial DIO value is shifted through U42,
U41, U40, and U39 by CLK2.

CLK2 is turned on by Ready For Data Byte Latch USA
(schematic 2B). Four CLK2 pulses are produced for each
digit in the parameter. Each digit in the parameter gets
shifted down through the cascaded shift register by
subsequent CLK2 bursts. For example, if a parameter
contains three digits, the first digit will be in U40, the
second in U41, and the third in U42,

Parameter Shift Register (U39-U42) outputs are
automatically converted to binary by the full-adder
network of the BCD-to-Binary Converter (U44-U49,
U51-Ub4).

Binary parameter value (CD1-CD14) is selected at
Parameter or Text Selector and Latch (U56, U62, U63)

Service

when Ready For Text Byte Latch U29B (schematic 2B)
signals that the 1350A is NOT in Text mode.

Latch Converted Parameter For Output.

The binary value of the parameter is latched for output
at the Parameter or Text Selector and Latch (U56, U62,
U63). The latching clock signal comes from Clock
Generator U57A on schematic 2B.

This clock is produced when a “,” (comma) is received
from HP-IB or when the Control Board produces a
CHANGE DATA signal (schematic 2B).

For a Plot Absolute, the comma latches the X binary
value and the CHANGE DATA latches the Y binary

value.
Character Size And Rotation.

When a Character Size (CS) command is detected by
U20 on schematic 2A, the input to U36B pin 5 goes low.
This enables U36B. Next, the CS parameteris converted
to binary and latched into U56 by a “,” (comma) from
HP-IB. When the 1350A receives a “:” (or CR or LF) the
CS command is delimited (completed). U36B clocks the
CS parameter into Character Size and Rotation Latch
U55 via Ul9B (schematic 2B) to preserve this
preconditioning for any subsequent Text (TX)
commands.

8-39. CASE 2. 1350A RECEIVING TEXT.

In Text mode, ASCII DIO bytes (received from HP-IB
while 1350A is in “listen for data” mode) are not
converted to binary. Each unconverted ASCII byte is
latched and presented to the Control Board (along with
the character size and rotation bits) immediately
following the text flag.

The text flag is generated by setting ID1-ID10 lines all
high ( = 1023) when memory address line A0 is low.
Following the text flag, ID1-ID10 are defined as follows
when AO goes high:

ID1-ID7 = ASCII character

ID8 & ID9 = character size (1,2,4,8)

ID10 = rotation bit (low = 0; high = 90 degrees).

Latch Unconverted Text Byte For Output.

Parameter Shift Register/Text Latch (U39-U42) is
placed in its parallel latch mode when Text Mode Latch
U29A on schematic 2B receives a Text command.

The 8 DIO bits are latched into U41 and U42 by Ready
For Text Byte Latch U29B on schematic 2B.

Unconverted ASCII (D1-D8) is selected at Parameter or
Text Selector and Latch (U56, U62) by Ready For Text
Byte Latch U29B on schematic 2B. This is the same
signal that clocks U41 and U42.
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After being selected, the unconverted ASCII byte is
latched into the Parameter or Text Selector and Latch
(U56, U62, U63) by a CHANGE DATA signal
(schematic 2B). The CHANGE DATA signal causes a
negative edge to be produced by Clock Generator U57A
on schematic 2B.

OUTPUT SELECTOR OPERATION IN TEXT MODE.

In Text mode, Ready For Text Byte Latch U29B on
schematic 2B causes a DO WRITE signal to be sent to
the Control Board. After the DO WRITE, the Control
Board writes an X value from ID1-ID10 to 1350A

memory when AO is low.

U50B on schematic 2B causes Output Selector U59-U61
to turn off when AO is low in Text mode. The Output
Selector is turned off by setting its “F” (tri-state) inputs
high. Since ID1-ID10 are pulled high via U80 and U81,
the X value = 1023. This is the text flag.

Following a CHANGE DATA signal from the Control
Board, a Y value is written to memory when AQ goes
high. In this case, the Y value is defined as ASCII plus
character size and rotation since the X value was the
text flag.

U50B turns the Output Selector back on when A0 goes
high. The ASCII character bits from U56 and U62,
along with character size and rotation bits from U55, are
selected for output on ID1-ID10 by Ready For Text Byte
Latch U29B on schematic 2B.
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8-40. SCHEMATIC 2D PRINCIPLES OF
OPERATION.

Schematic 2D contains: (1) CLK1 and CLK2 generators;
(2) Power Interrupt detector; (3) TTL Blanking and TTL
Blinking circuits; and (4) interface circuits for driving
an HP 1338A Tri-color Display (AUXILIARY).

8-41. CLK1 AND CLK2 GENERATORS.

CLK1 runs all the time. U31A divides the 24.6 MHz clock
from the Display Board down to 12.3 MHz. The 12.3 MHz
CLK1 signal provides the reference for Color Valid
Delay Generator U70 and for the Handshake Precision
Timing Generator on schematic 2A. CLK1 has to be
running for the 1350A to receive bytes from HP-IB.

CLK2 runs in four pulse bursts at a rate of 12.3 MHz.
U31B produces a CLK2 burst for each parameter byte
received from HP-IB via Ready For Data Byte Latch
UB8A on schematic 2B. CLK2 clocks both the Four State
Counter U33 (schematic 2B) and the Parameter Shift
Register/Text Latch (schematic 2C) when the 1350A is
receiving a parameter byte.

8-42. POWER INTERRUPT DETECTOR.

If a power interruption occurs, the front-panel POWER
INTERRUPT LED will be turned on. This indicates a
possible deviation from proper 1350A operation.
Memory may have been altered or HP-IB instructions
may have been misinterpreted.

U68A and Q3 detect interruptions in the +5 Vand +12V
power supplies that can occur as a result of line voltage
variations. After power-on, U68A Q output is high,
turning Q3 on. Q3 collector voltage goes low (Vce
approaches 0) to turn on the POWER INTERRUPT
LED.

As part of its Initialization program the 1350A should
receive an ASCII DC4 character (DC4 = 20) from HP-IB.
The DC4 character resets U68A via U14 on schematic
2A. With U68A Q output low, Q3 turns off and the
POWER INTERRUPT LED is extinguished.

8-43. TTL BLANKING.

Up to four displays can be driven by the 1350A. These
displays can be blanked or unblanked by 16 different
combinations of 1350A TTL blanking outputs
(DISPLAY 1-4).

The parameter for a Write Auxiliary (WX) instruction
determines the TTL blank/unblank combination. The
binary value of the WX parameter is inverted on the
Display Board and applied to TTL Blanking Latch U67
as PBO3-PBO6 when A0 = high. This blanking
information is latched into U67 by the PY signal from
the Control Board.

Service

Blanking information from U67 is gated with possible
blinking signals and latched into TTL Blanking/Blink-
ing Latch U71. U71 is clocked by U77A. U77A
introduces an adjustable delay after the Display Board
returns VECTOR BUSY signal high. This delay
prevents changes in TTL blanking/blinking outputs
while the 1350A is drawing a vector.

U71 outputs are inverted by U74 and applied to
AUXILIARY and DISPLAY TTL1-TTL4 rear-panel
outputs.

Example:

For a “WXO0,:” instruction, the binary value for the
parameter is 0000. This is inverted so that PBO3-PB0O6
value is 1111. U71 output of 1111 is inverted by U74 so
that TTL1-4 output is 0000 (base 2). If four displays are
connected, then they will all be unblanked.

8-44. TTL BLINKING.

For WX parameters 8 to 15, Display 4 will always be
blanked and Displays 1-3 may be blinked according to
settings of Blinking Switch S2. Displays 1-3 are only
able to be blinked when unblanked by WX 8.-15
combination.

Selected displays (1-3) are blinked at approximately a 4
Hz rate by Blinking Oscillator U78B/U78A. The
Blinking Oscillator is started shortly after power-on by
a positive edge from U77B. The high level following this
positive edge keeps U78A enabled.

U72C output goes low at the 4 Hz rate when enabled by
U72D. This 4 Hz signal is gated with selected blanking
information to blink displays 1-3 by setting the
appropriate TTL outputs high.

8-45. AUXILIARY.

The AUXILIARY connector provides as interface
whereby the 1350A can control the color output by an
HP 1338A Tri-color Display.

The 1350A must first place the 1338A under Remote
control via Auxiliary Remote Enable Latch U76.

Color bits C1 and C2 will now determine the color output
of the 1338A. Color codes output by C1 and C2 binary
combinations are determined by 1350A file names.

C1 and C2 are latched into Color Bits Latch U65 as File
Name bits PBO5 and PBO6. The latching is done by the
PX signal from the Control Board.

PX is then delayed approximately 250 ns by Color Valid
Delay Generator U70. After this delay U75A produces a
positive edge that tells the 1338A that the color code on
C1 and C2 is valid.

8-20

Model 1350A

The 1338A is prevented from changing colors while the
1350A is drawing a vector. After the 1350A has
completed a vector, the Display Board returns VECTOR
BUSY high. This causes U75D output to go high,
releasing the 1338A to change color if necessary.

The 1338A outputs a COLOR BUSY signal when its
color change circuits are active. COLOR BUSY prevents
the 1350A from outputting a new vector (U72A output =
low) until the 1338A is ready.

Table 8-4. Binary Color Code

File Name Color Ct=1LSB C2 = MSB
(Pin7) (Pin 8)
0-15 Green 1 1
16-31 Yellow 0 1
32-47 Red 1 0
48-63* Yellow 0 0

* Files 48-63 not used due to “wrap-around.”
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8-46. CONTROL BOARD A1 (SERVICE
SHEET 3).

8-47. CONTROL BOARD TROUBLESHOOT-
ING.

1. The following procedures provide techniques for
checking the func¢tion of the program dependent stages
on the Control Board. These include all stages except the
MEMORY TIMING GENERATOR. Itis essentially free
running and is best checked by confirming the pulse
timing illustrated in the theory accompanying Service
Sheet 3D.

2. Inthefollowing procedures, the “EM” instruction
is used as the primary example for stages that decode
many control instructions. By substituting other
instructions in the 9825A program statement, other
stage conditions may be verified.

NOTE

Viewability of waveforms on the Control
Board is enhanced for many stages if the
1350A is putin LINE SYNC mode (rear panel
switch) and the oscilloscope is line triggered.

3. Control Instruction Latch and Handshake Check.
This verifies the Control Board can receive the Control
Instruction “EM” from the I/0 Board. Refer to Service
Sheet 3A.

a. Make 9825A entry:
[RESET] wrt718,“EM”;jmpO[EXECUTE]

b. Verify low going pulses from U42-8,
L=CONTROL BUSY (~16 MSEC wide).

If not present, check U36-3 for low going pulses on N
NONE ERASE OR FIND.

c. Verify low going pulses from U29-11, L
MEMORY and U30-15, L = ERASE.

d. Press 9825A [STOP] key.

4. Frame and File Detect Check. This procedure
verifies the EF instruction causes the Frame and File
Detect circuit to output the control signals FRAME and
FOUND. Refer to Service Sheet 3A.

a. Make 9825A entry:

[RESET] wrt 718,“EN::” [EXECUTE]
wrt 718,“EF0,::”;jmp0[ EXECUTE]

b. Verify high going pulses on U39-8, U40-12 and
low going pulses on U48-3 and U40-6.

c. Press 9825A [STOP] key.
5. Data Gate Check. This procedure verifies an EM

instruction zeros the DATA BUS to the Display
Memory. Refer to Service Sheet 3B.

a. Make 9825A entry.

[RESET] wrt 718,“EM”;jmpO[EXECUTE]

b. Verify low going pulses on U35-11, L. = DATA
ZERO and on outputs of U28, U27, U26, U17A, and
U3i1C.

c. Press 9825A [STOP] key.

6. Memory Read/Write Controller Check. This
procedure verifies that an EM instruction pulls the
WRITE DATA and WRITE PBI-6 signals low. Refer to
Service Sheet 3B.

a. Make 9825A entry:

[RESET] wrt 718,“EM”;jmpO[EXECUTE]

b. Verify U356, H = ERASE FILE OR FRAME,
goes high (~10MSEC pulse) and that at the outputs of
U47 and U51B,C,D there are 1 usec low going pulses.

c. Press 9825A [STOP] key.

7. Display Parameter Latch and Multiplexer Check.
This procedure verifies that filename and TTL blanking
data can belatched and multiplexed onthe PARA BIT 1-
6 lines to the Display Memory. Refer to Service Sheet 3B.

a. Make 9825A entry:
[RESET] wrt 718,“NF31,::"[EXECUTE]

b. Verify the outputs of U32 are all hgih and that
the outputs of U33 and U36 are high when AQ is low.

c. Make 9825A entry:
wrt 718,“EN::”[EXECUTE]

d. Verify the outputs of U32 and U33, 36 (when A0
is low) are now all low.

e. In a similar manner to steps a through d, verify
the Auxillary Blanking Latch using the instructions
WX15 and EX.

8. Memory Mode Controller Check. This procedure
verifies the three modes: Read, Write, and Refresh can be
entered by the 1350A. Refer to Service Sheet 3C.

a. Make 9825A entry:

[RESET] wrt 718,“PA;”;jmpO[EXECUTE]

. b. Yerify narrow pulses (~2 MSEC period) on U16-6.
U16-6 should have many pulses between each write
pulse. Also check for negative edges at U18-6.

c. Press 9825A [STOP] key.

d. Verify U16-3 is low and U16-6 has low going
pulses ~1.5 usec wide.

e. Using a piece of wire, jumper between pins 13
and 25 of the auxilary connector (rear panel). Check that
the 1350A is in Refresh mode, U16-31low and U16-6 high.

f. Remove jumper.

9. Vector Generator Controller Check. This
procedure verifies the Control Board can generate the
signals needed to enable vector data to be output from
the Display Memory and the Character Generator.

a. Make 9825A entry:
[RESET] wtb 718,“PE1,::CS3,:TXRRR"”,3,15,10

b. Verify the complimentary waveforms at U20-8
and U16-11. The three low pulses on U16-11 correspond
to the transfer of the coordinates for each “R” from the
Character Generator to the Vector Generator.

c. Verify the pulses from U3-4 and U3-7. While
U20-8 is low, there should be two positive edges
produced. While U16D is low, there should be nine
positive edges.

10. Z-Axis Output Check. The following steps verify
the Z-axis output stages are functional. Refer to Service
Sheet 3E.

a. The 1350A should bein the uninitialized (power-
on) state. Normally, many random vectors and
characters are displayed.

b. Look at the Z-axis output with a scope. Set
vertical sensitivity to .5 V/DIV and sweep speed to .2
MSEC/DIV. The waveform may not produce a stable
trigger but can be interpreted as follows:

Table 8-5. Z-Axis Output Diagnostics

Waveform Characteristic

indication - Probable Fault

Example: Z-output

Complex waveform with +1VDC 1. Normal Z-axis output.
excursions above and
below 0 VDC ovVDC
Example: Z-output

-1VDC
Waveform entirely below 1. Z output continuously
0VDC, no display image +1VDC blanked; Check inputs to
when display is set to Blanking Controller and
normal intensity. ovDC the BLANK BEAM signal

I (U60-9).
-1VDC
2. No output from Level

Controller Check voltage
across R41.

Waveform entirely above
0VDC, no vectors blanked
on display.

Example: Z-output +1VDC

-1vDC

inputs.
e __‘l—‘l‘i]ﬂf‘:ﬁ_

1. Z-axis Blanking Controller
not producing BLANK
BEAM. Check blanking




Make 9825A entry:

RESET] wrt 718,“PA;”;jmp0[EXECUTE]

a. Make 9825A entry:
[RESET] wtb 718,“PE1,::CS3,::TXRRR"”,3,15,10

b. Verify the complimentary waveforms at U20-8
and U16-11. The three low pulses on U16-11 correspond
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Figure 8-18. Control Board Al Block Diagram
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8-48. GENERAL INFORMATION.

The Control Board Assembly, Al, generates the timing
and control signals needed to transfer data into and out
of the 1350A Display Memory. The Z-axis output
circuitry is also on Al. The simplified block diagram for
Al, figure 8-18, shows the major functional stages and
their schematic locations. An overview of the Control
Board is given in the following paragraphs; circuit
details are given adjacent to each schematic.

8-49. OPERATING OVERVIEW.

The Control Board is the memory manager for the
1350A. It clocks data from the Display Memory to the
Vector Generator, and, under software control, it
inserts, deletes, or modifies data in memory. The
following paragraphs provide background information
about the memory interface requirements and program
inputs to the Control Board.

Memory Organization And Addressing.

The Display Memory is comprised of sixteen 4096 by 1
bit RAMs: ten are used for coordinate or text data and
six are used for display parameter data (file names and
blanking information). For every X-Y coordinate pair
and every text flag/character code pair stored in
memory, two successive address locations are used in
each of the sixteen RAMs. The first location is the X data
byte and is always at an even address. (In other words,
the X data byteis always at alocation for which the least
significant address bit, A(, is low.) The second location
is the Y data byte and is always at an odd (A0 high)
memory address. Together, the X and Y data bytes form
a 32 bit data word, the basic unit of display information.
Table 8-6 lists the location of coordinate and text word
data in memory.

The Control Board selects one of three possible Display
Memory operating modes: DO VECTOR, DO WRITE, or
REFRESH.

DO VECTOR is the highest priority mode. In this mode,
one word is read, one byte at a time, into the Vector
Generator and is translated into the analog waveforms
for display. Also, under program control, certain display
parameter bits may be modified as they are read.

Service

If the I/0 Board receives a PA or TX instruction, it
requests the Control Board to perform a DO WRITE
operation. In this mode, the Vector Generator is
disabled, the Z-axis output is blanked, and the X and Y
data bytes of the coordinate or text word are written into
memory.

REFRESH is an internal default mode operation. It is
used occasionally when the 1350A is in LINE SYNC or
when it is plotting large characters. REFRESH insures
the RAM refresh rate requirements are satisfied.

In each mode, memory operations are performed on a
word by word basis. For every word, a three step memory
cycle occurs. First, the X data byte location is addressed.
Second, the Y data byte location is addressed. Third, the
next X data byte address is generated and stored. After
the third step, the Control Board reselects the memory
mode and initiates a new mode cycle. The value stored as
the next X data byte address is then recalled and
becomes the X data byte address in the new cycle. In this
way, the 1350A scrolls sequentially through all 2048
word locations; after the last memory address, the
process begins again with location 0. Each complete
pass through all 2048 word locations is called a frame.

For each mode there is a special memory register in
which the next X data byte address is stored. These
registers are the Read, Write, and Refresh Pointers. The
pointer system allows the Control Board to change from
one mode to another, addressing different areas of
memory, but still remember the proper location for the
next operation in each mode. Furthermore, there are
several ways in which the Write Pointer may be loaded
with a specific address to enable the programmer to
access particular word locations. The pointers are
discussed in more detail in the following paragraphs
and in the theory accompanying Service Sheet 3C.

Control Instructions.

Of the twenty instructions the 1350A recognizes, four
are decoded by the I/O Board and the remaining
fourteen, the Control Instructions, are decoded by the
Control Board. Table 8-7 summarizes these instructions
and their basic characteristics. The I/O Instructions PE
and CS latch data bits (on the I/0 Board) to be written
into memory with PA and/or TX instructions. PA and

Table 8-6. Coordinate and Text Word Data in Memory

Word Memory Coord/Text Data Disp Para
Addr Addr (10 Bits) (6 Bits)
1 COORD 0 X Data Byte: X Coordinate File Name
WORD 1 Y Data Byte: Y Coordinate Blanking Bits
2 TEXT 2 X Data Byte: Text Flag File Name
WORD 3 Y Data Byte: ASCII+CS Blanking Bits
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TX enter data into memory by initiating a DO WRITE
cycle. Control Instructions are used to perform three
basic functions: to latch file name or auxilary blanking
data for future DO WRITE operations, to preset a
particular address in the Write Pointer, and to modify
data already in memory. All Control Instructions are
executed during DO VECTOR operations.

Model 1350A

The 1350A 1/0 Board reads Control Instructions from
the controller and transfers them in a five bit code to the
Control Board. The board to board instruction transfer
is a handshake operation which is inhibited while an
instruction is being executed.

Table 8-7. Summary of Control Instruction Characteristics

blanking bit

BF Blank File 5 bit
(0-31)
UF Unblank File 5 bit
(0-31)

BM Blank Memory -

UM Unblank Memory
pointer
FF Find File 5 bit
(0-31)
FL Find Location 11 bit
(0-2047)
erase
EF Erase File 5 bit
(0-31)

EN Erase Names -

EM Erase Memory -

EX Erase auX

Instruction Parameter Circuit Action Mode
file name/aux

NF Name File 5 bit latch name, enable wrt DO WRITE
(0-31)

SN Stop Names - disable wrt name -

WX Write auX 4 bit latch data, enable wrt DO WRITE
(0-15)

SX Stop auX - disable wrt aux

for all words in file: DO VECTOR
wrt blanking bit = 0;
if enabled, wrt aux bits
for all words in file: DO VECTOR
wrt blanking bit = 1;
if enabled, wrt aux bits
for all words in memory: DO VECTOR
wrt blanking bit = 0;
if enabled, wrt aux bits
for all words in memory: DO VECTOR
wrt blanking bit = 1;
if enabled, wrt aux bits

load Write Pointer with -
first address of file
load Write Pointer with
specified address

for all words if file: DO VECTOR
wrt COORD/TEXT bits = 0;
load addr 0 into Wrt Ptr

for all words in memory: DO VECTOR
wrt file name = 0

load addr O into Wrt Ptr
for all words in memory: DO VECTOR
wrt COORD/TEXT bits = 0;
load addr 0 into Wrt Ptr;
wrt Pen Enable bits=0

for all words in memory: DO VECTOR
wrt aux bits =0

load addr 0 into Wrt Ptr
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Some Control Instructions require bits of parameter
data to accompany them. These data are transferred
from the I/0 Board on the ID1-13 data bus and latched
on the Control Board or stored in the Display Memory
depending on the instruction.

The Control Instructions divide into four basic groups:
file name/auxilary bit control, blanking bit control,
pointer control, and erase control instructions. Each
group has a different pattern of execution.

File name/auxilary Control. The WX, NF, SX, and SN
commands are all immediately executed; they simply
latch data and/or toggle write enable flip-flops.

Bianking Bit Control. To execute BF, UF, BM, nd UM
the memory must first be cycled to word address 0 in the
DO VECTOR mode. Then during the next frame the
blanking bit modification takes place. BF and UF
rewrite the blanking bits in the display parameter
portion of the Y Data Byte of all words in the specified
file. BM and UM rewrite the blanking bits of all wordsin
memory. Execution is complete when the last word of
the frame has been addressed. If write aux is enabled
(i.e., if WX is sent and then SX is not sent), the auxilary
blanking data will be written into all words modified by
the blanking instruction.

Pointer Control. FF and FL are executed after an addres
is loaded into the Write Pointer. FF requires cycling to
address 0, and then on until the first word in the
specified file is found. Execution is completed during the
next DO VECTOR cycle when the address of this word is
loaded into the Write Pointer. FL loads the address
specified in program into the Write Pointer during the
next DO VECTOR cycle.

Erase Control. EF, EN, EM, and EX all require a
complete frame, starting with address 0, and then
complete their execution during the first word of the next
frame. These instructions each erase a portion of the
word data from memory and then enter address 0 into
the Write Pointer.

8-50. SCHEMATIC 3A PRINCIPLES OF
%I;EI)RATlON (CONTROL SIGNAL GENERA-

8-51. INTRODUCTION.
Schematic 3A covers three stages on the Control Board:

Instruction Latch and Decoder
Control Instruction Handshaker
Frame and File Detector

The Instruction Latch and Decoder latches Control
Instructions from the 170 Board and decodes them into
board level control signals. The Control Instruction
Handshaker controls the transfer of Control
Instructions from the I/0 Board to the Control Board.
The Frame and File Detector interfaces with circuits in
the Display Memory (on A4) to generate the signals
which gate frame or file dependent instruction
execution. These stages generate 14 signals which
comprise the Control Instruction Bus.

8-52. CONTROL INSTRUCTION LATCH AND
DECODER.

After the 170 Board receives a Control Instruction, it
transfers it to the Control Board with the positive edge of
LATCH INSTRUCTION CLK. This latches the i

Table 8-8. Control Instructions, I1-5 Codes, and Decoded Control Instruction Bus Signals

Program Instruction Code On 11-5 Decoder Outputs

" 12 13 14 15 U29B U30

NF Name File 1 1 1 0 0 FILE NAME

SN Stop Names 0 1 0 1 0 NAMES STOP

WX Write auX 0 0 1 0 1 AUX WRITE

SX Stop auX 0 0 0 1 0 AUX STOP

BF Blank File 1 1 0 1 1 FILE BLANK

UF Unblank File 1 1 1 1 0 FILE UNBLANK

BM Blank Memory 1 0 0 0 1 MEMORY BLANK

UM Unblank Memory 1 0 1 1 0 MEMORY UNBLANK

FF Find File 1 1 1 FILE FIND

FL Find Location 0 1 1 NAMES FIND

EF Erase File 1 1 0 0 0 FILE ERASE

EN Erase Names 0 1 0 0 0 NAMES ERASE

EM Erase Memory 1 0 0 0 0 MEMORY ERASE

EX Erase auX 0 0 0 0 0 AUX ERASE

code from I1-5 into U25. When the Control Instruction
Handshaker generates CONTROL BUSY low, U29B
and U30 are enables to decode the instruction. For each
instruction there are two bits, one from each decoder,
that are active (low). Table 8-8 lists the Control
Instructions, their code on I1-5, and the corresponding
decoded outputs.

Note that the outputs from U29B designate which data
bits are involved in the Control Instruction operation
and the outputs from U30 designate what kind of
operation is to take place. The two bits of each
instruction can act singly and/or together, depending
on the instruction, to select the required control
functions in subsequent stages.

8-53. CONTROL INSTRUCTION HANDSHAKER.

Control Instructions are transferred from the IO Board
to the Control Board via a handshake operation. The
four signals used in the handshake are: CONTROL
INSTRUCTION, LATCH INSTRUCTION, CONTROL
GET BUSY, and CONTROL BUSY. Figure 8-19

- illustrates the sequence in which they occur.

L=CONTROL INSTRUCTION L
H=LATCH INSTRUCTION CLK I
L=CONTROL GET BUSY CLK 1T

R S

L=CONTROL BUSY

Figure 8-19. Control Instruction Handshake Timing

handshake circuit remains in the “busy” state until
U36 detects a low pulse at any of its inputs. Any low
input will reset U42A and return CONTROL BUSY
high. The 170 Board is then enabled to issue a new
Control Instruction. There are four different sequences
which lead to the resetting of U42A:

US6-1, 2, and 6 sense completion of the immediate
execute instructions NF, SN, WX, and SX. Note: both SN
and SX are detected when U30 decodes (L=) STOP.

U36-12 detects execution of BF, UF, BM, and UM on the
positive transition of FRAME (at U45-9). This transition
signals the end of the frame during which the blanking
bit modification occurs.

Service

U36-3 detects execution of FF, FL, EF, EN, EM, and EX
when DONE ERASE OR FIND is pulled low by the
Memory Pointer Controller (Service Sheet 3C). This
negative transition is the trailing edge of the pulse that
loads the Write Pointer, the last step in execution of
these instructions.

U36-11 detects RESET from the I/0 Board. RESET low
clears out any Control Instruction being executed. Thus,
it will pull the 1350A “out of the weeds” ifitis trying to
execute an invalid program statement thatis read as a
Control Instruction.

8-54. FRAME AND FILE DETECTOR.

The Frame and File Detector is enabled by any Control
Instruction that generates BLANK, UNBLANK, FIND,
or ERASE low. Any of these signals generates FIND
FILE high. This enables U40A to be toggled and latches
a new file name into the File Name Comparator on A4
(although the comparator output is only used for the file
dependent commands FF, EF, BF, and UF).

When the Display Memory is addressing the Y Data Byte
of the last word in memory (word address 2047), it
outputs LAST ADDRESS high. U39A clocks U40A on
the falling edge of LAST ADDRESS and FRAME goes
low. When execution of the instruction is complete,
U40A is reset.

The toggling of U40A also enables U40B to sense the
File Name Comparator output, FILE FOUND, as each
next X data byte is addressed. If the next word to be
addressed in DO VECTOR mode is in the program
specified file, then U48A outputs FOUND low.

Figure 8-20 illustrates typical Frame and File Detector
waveforms.

H=FIND FILF _ |
H=LAST ADDRESS n n__
L=FRAME | T
H=FILE FOUND I | |
L=FOUND | e R

Figure 8-20. Typical Frame and
File Detector Response to BF
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DESIG | LoC | DESIG | Loc | DESIG | Loc | DESIG | Loc | DESIG | LocC
(o} G-7 | ¢4l Cc-6 | R7 F-7 | R48 i-5 u21 -7
c2 G-6 | ca2 Cc-6 | R8 H-7 | R49 J-4 | v22 1-6 —
c3 B-6 | C43 c-7 | Ro H-7 | R50 J-4 | uz23 I-6
ca F-7 | ca4 D-7 | R10 E-7 | R51 B-7 | U24 -5
c5 H-7 | c45 D-6 | R11 E-7 | R52 B-7 | U25 B-4
cé E-7 | ca6 D-5 | R12 H-6 | R53 G-3 | u26 B-4
c7 1-6 ca7 E-5 | R13 H-6 | R54 G-3 | U27 B-3
c8 H-5 | cas D-3 | R14 H-5 | R55 J2 | u2s 8-3
c9 G-2 | ca9 F-2 | R15 J-2 | R56 J5 | u29 C-5
c10 H-2 1 C50 F5 | R18 J-2 | mrg7 J§5 | w3 c-4
cii H-5 | c51 E-6 | R17 J-2 | s1 -7 u31 Cc-4 | ————oi
c12 G-5 | c52 .7 | R18 J-2 | TP c-6 | U32 c-3
c13 F-3 Cc563 F-6 | R19 H-5 | TP2 C-6 | U33 C-2
cl14 F-3 | c54 G-7 | R20 G-5 | TP3 B-7 | u34 D-5
C15 F-4 C55 G-4 | R21 G-2 | TP4 B-6 | U35 D-4
c1é E-2 | C56 G-2 | R22 F-3 | TP5 Cc-6 | use D-3
c17 H-4 | c57 H-4 | R23 F-3 | TP6 Cc-6 | U37 D-3
c18 G-3 | cs8 H-7 | R24 E-4 | TP7 D-6 | u3s D-2
c19 F-3 | c59 -6 | R25 E-4 | TP8 E-4 | usg F-4
C20 J-2 | ceo -6 | R26 F-4 | TP9 F-4 | u40 F-4 | ———
c21 1-2 c61 -5 | R27 E-3 | U1 B-6 | U41 F-3
c22 -4 C62 -4 | R28 E-3 | U2 B-6 | y42 F-2
c23 J-5 | C63 J-4 | R29 H-4 | U3 B-5 | ya3 G-4
c24 J-6 | ces -3 | R30 F-2 | U4 c-7 | vaa G-4
c25 J-4 | ceés5 F-2 | R31 F-2 | U5 c-6 | uas G-3
C26 -4 CR1 J-5 | R32 J-2 | us C-5 | uae G-3
c27 1-7 E1 H-2 | R33 -2 | U7 D-7 | va7 G-2
c28 1-5 E2 H-2 | R35 -4 | us D-6 | uas H-4
c29 B-6 | E3 J-3 | R36 -5 | U9 D-5 | U49 H-4 | |
Cc30 -7 E4 J-3 R37 -6 u10 F-7 us0 H-3
c31 H-7 | E5 J-3 | R38 J-5 | U F-6 | us1 H-2
C32 1-5 E6 J-3 | R39 J-6 | U2 F-6 | U53 -4
C33 B-7 L1 B-7 R40 -3 u13 G-7 us4 -3
C34 J-5 Qi1 J-4 R41 J-4 | U14 G-6 | US55 1-3
Cc35 E-4 R1 c-7 | R42 J-5 | U1 G-6 | U60 J-6
c36 B-7 | R2 c-7 | R43 J-4 | ule G-5 | ue1 1-2
- c37 B-6 | R3 F-6 | R44 J-5 | U7 H-7 | ue2 J-3
& c38 8-5 | R4 G-6 | R45 7 | uis H-6 | U63 J3 ]
C39 B-3 | R5 G-6 | R46 J-7 | u19 H-6 | u64 1-5
Ca0 Cc-3 | Re B-6 | R47 J-5 | U20 H-5 | U65 I-4

! Figure 8-21. Control Board A1 Component Locator
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Mnemonics on Control Board A1

A0 — Memory Address Bit 0 — Serves important functions on both the Display and
Control Boards. It is used on the Display Board to determine when x or y
information is being read or written. It determines the configuration of RAM for
storage. On the Control Board it is a multiplex select line to determine whether
File Name bits or Blanking bits are sent to memory. During x-time (AQ =low) File
Names are selected and during y-time A0 = high' Blanking information is
selected. When selecting which type of data, AO also determines the read/write
status of the memories by means of the Memory Read/ Write Controller.

D1-D13 — Data Bits 1-12 transfer data lines between the Control Board and Pointer
Address Multiplexer. D13 is not used.

H = FILE FOUND — File name information from the data lines is compared with those
stored in the Parameter Memories. When a match occurs, H =FILE FOUND goes
high.

11-15 — Control instruction bus - used for internal instrument control utilizing informa-
tion decoded from the HP-IB bus.

ID1-1D12 — Input Data bus - after data from the HP-1B bus is buffered and latched, itis
decoded for parameters (BLANK, UNBLANK, PEN ENABLE, etc.:, multiplexed,
gated and becomes the data bus D1-D12. ID13 is not used.

L = BLANK CHAR — Bianks the beam between characters. Drives the Z-axis Blanking
Controller.

L = BLANK VECTOR — Blanks the vector beam between non-connected points.

L = CHAR — Selects P = CHAR LATCH X and P = CHAR LATCH Y through Vector
Generator Controller U3 iSchematic 3D and causes these signals to transfer
each stroke to the Vector Generator. Low only when the data is text, as controlled
by the Character Generator.

L = CHAR HOLDOFF — Swings low after a character is detected to allow time for the
text code to be decoded. Prevents any output from the Character Generator.

L =CHAR OUTPUT ENABLE — After L = CHAR has occurred there is a delay provided
by the C12 - U16D combination 1schematic 3D). This allows time for text data to
be latched to the Character Generator and decoded (L =CHAR HOLDOFF helps
in this latter function. The low level of L = CHAR OUTPUT ENABLE enables the
character output selectors U12, 13, 14 and 26 (schematic 5 and causes the
character data to be sent to the Vector Generator.

L = CONTROL BUSY — Inhibits further control instruction exectuion when low. Low
only when instructions are being carried out.

L =CONTROL INST — Goes low when control instructions have been received and
decoded and stays low until instructions have been completed and the Control
Instruction Handshaker has reset CONTROL BUSY to a logic high.

L = DO WRITE — A low level allows information to be written into memory - low only
when data is being transferred to memory.

L = INTERFACE HOLDOFF — Inhibits further vector generation until the 1338A display
can assimilate the data it has. Low inhibits, high continues.

L = LOAD ADDR — Active low loads pointer address into memory.

L = MEM CHIP ENABLE — Enables U26 Memory Chip Enable Drive - Schematic 4A:
which allows Parameter Memory and Vector Memory RAMSs to load data.

L =MEM OUTPUT ENABLE — Enables memory output drivers U29 and U30 schematic
4A,. This is the all encompassing write line which enables both Parameter and
Vector Memories.

L = RESET — Momentarily low when instrument is powered on or a new program is to
be initiated Resets 178 and U23A

L= VECTOR BUSY — Indicates that data is being translated into analog formin the D/A
Converter. When high, the Vector Generator is processing available values and
has not sent them to the D/A.

L = VECTOR INHIBIT — Holds the Vector Generator in a reset condition in which it
cannot process or output data.

L = WRITE DATA — Write enable for the Vector Memory RAMs. Enables only the Vector
Memories.

L = WRITE PB1-PB6 — Write Display Parameter Bits — Write enables lines for only the
Parameter Memories — can be used to write to individual memories depending
on requirements.

L = WRITING — Generated from the DO WRITE command, this signal along with L =
WRITE ENABLE, is used to create the L = WRITE DATA signal and to enable the
WRITE PB1-PBE6 lines.

LINE SYNC — This signal, generated on the Power Supply board, is used to signal the
start of the next frame. Sync rate is 120 Hz.

N = CHANGE DATA — This negative transition signals the I/0 board that the first byte
of data (x-coordinates} has been written and it is ready for the second byte
(y-coordinates).

N = CLR ADDR — Negative transition clears all memory address counters.

N=CONTROL GET BUSY — Negative transition clocks U42A via U411 (schematic 3A)
to initiate the “Control Busy” sequence.

N = LATCH INST — Negative transition causes control instructions to be latched into
the Instruction Latch, U25. It also allows L = CONTROL INST to be clocked to the
output of U42B, disabling the CONTROL INSTRUCTION HANDSHAKER (allon
Schematic 3A). This ensures that no new control instructions are latched in until
the current instructions have heen executed

N = LOAD ADDR CTR — Causes the address value from the pointer register to be
transferred to the Memory Address Counter.

N = MEMORY CLK — Clock for the Memory Address Counters.

N = STORE POINTER ADDR — Stores the next x address.

P = CHAR LATCH X — Latches each Char Stroke to the Vector Generator (x1.
P = CHAR LATCH Y — Latches each Char Stroke to the Vector Generator (y).

P = FIND FILE — Frame and File Detector (schematic 3A) is enabled by any ofthecon-
trol instructions that state BLANK, ERASE, UNBLANK, or FIND. This causes a
new file name to be latched into the File Name Comparator.

P = LATCH X — Clocks the x data into the Vector Generator.
P = LATCH Y — Clocks the y data into the Vector Generator.

P = X ADDR — Used to latch File Name Bits PBO5 and 6 into Color Bits Latch U5A.
Also used to generate Color Valid Signal for 1338A Tri-color Display.

P =Y ADDR — Inverted and used as clock for TTL Blanking Latch U67. This latches
information from File Name Bits PBO3-6 to determine which ot 4 TTL outputs will
be high (blanked .

PARA BITS 1-6 — Parameter Bits - carries parameter information to the Parameter
Memories. A0 determines the contents. When AQ = low ix-time! the Para Bits
carry File Name data. When AQ = high (y-time) they carry “Pen Enable,” “File
Blanking,” and “Auxiliary Bits.”

PBO1-PBO5 — Name Bits — See Section 8 - 1350 Memory Organization. for more
complete explanation.

PE BIT — Pen Enable Bit —tells the 1350A to blank or unblank when drawing a character
or vector. 1 = unblanked (pen downi, 0 = blanked 'pen up’. It is sent as a
parameter in the y byte.

POINTER SEL 1&2 — Generated from DO VECTOR, WRITING and STORE WRITE
POINTER. These are the address lines to the four bit pointer register stack in
Display Memory (U18, U21, and U24 on schematic 4A).

Z0-Z4 — Blanking Level Bits - carries information on the intensity of the vectors to the
z-axis Level Controller
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LOGIC DEVICE
POWER CONNECTIONS:

14 16
*Sv U31,36,39-42,  *5V u25,23,30
7] uas, 48 8

NOTES:

1. GATES ARE SYMBOLIZED ACCORDING TO CIRCUIT
FUNCTION.

2. UNLESS OTHERWISE INDICATED:
RESISTANCE IN QOHMS
CAPACITANCE IN PICOFARADS
INDUCTANCE IN MICROHENRIES

(&N}

. UNLESS OTHERWISE INDICATED:
LOGIC LEVELS ARE TTL:
+2.0V TO +5.0V=LOGIC"1"3H
OV TO +0.8V=LOGIC"0"=L

PARTS ON THIS SCHEMATIC

PART OF A1 CONTROL BD

C13-17,35 R22-29 U36,39A,39C.40
P/0OP1 U25,298,30,31A U41A,41B,42,45C
U48A
13507106
Figure 8-22.

Schematic 3A
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8-55. SCHEMATIC 3B PRINCIPLES OF
OPERATION (DATA INPUT CONTROL).

8-56. INTRODUCTION.

Schematic 3B covers three functional stages on the
Control Board:

Data Gate
Display Parameter Latch and Multiplexer
Memory Read/Write Controller

The Data Gate buffers data lines ID1-13 and switches
them all low during ERASE operations. The Display
Parameter Latch stores X and Y byte parameter data to
be written into memory. The Display Parameter
Multiplexer alternately outputs the X and Y byte
parameter data on PB1-6 as each X and Y address is
generated. The Memory Read/Write Controller enables
the appropriate RAMs in the Display Memory to accept
data during DO WRITE or Control Instruction
executions.

8-57. DATA GATE.

The Data Gate consists of U17A, U26, U27, and U28. It
is always enabled except during an EF or EM execution.
These two instructions are detected by U31B, U35C and
U35D. EF or EM operations pull DATA ZERO low and
cause the Data Gate to output all zeros. The erasure is
then accomplished by writing these zeros over the
coordinate or text data in the specified file or in the
entire memory. The Table 8-9 summarizes the data on
the INPUT DATA lines, ID1-13,and DATA lines, D1-13,
during execution of Control Instructions.

8-58. DISPLAY PARAMETER LATCH AND
MULTIPLEXER.

The Display Parameter Latch consists of U31C, U49A,
U48C, U32, U48D, and U37. Under program control,
these chips store parameter data to be written into
memory except the PEN ENABLE (PE) bit, which is
stored on the I/0 Board.

The PE bit data is gated by U31C with DATA ZERO.
DATA ZERO is low during all ERASE operations; for
each word addressed in EM or EF executions, the PE bit
is also erased (written=0).

The BLANKING bit is latched by U49A. If UNBLANK
or ERASE NAMES is decoded, UNBLANK FILE (U49-
4) toggles high. A BLANK (FILE or MEMORY)
instruction resets U49A and pulls UNBLANK FILE
low.

File names arelatched by U32 from D1-5 when NAME is
decoded. EN gated by FRAME clears U32.

Auxillary blanking bits are latched by U37 from D1-4
when WRITE is decoded. AUX gated by FRAME clears
the data from U37.

The selectors, U33 and U38, are driven by the A0 line of
the MEMORY ADDRESS BUS (from the Display
Memory). For A0 low (all even addresses), FILE NAME
BIT 1-6 are passed through to the Display Memory on
PARAMETER BIT 1-6. For A0 high; PE, UNBLANK
FILE, and AUX BLANKING BIT 1-4 are passed onto
PARAMETER BIT 1-6. Table 8-10 lists the data on each
of the PARAMETER BIT lines during X and Y ad-
dressing periods.

Service

Table 8-10. Data on PARAMETER BIT 1-6
During X and Y Data Byte Addresses

Para- AOQ Low A0 High

meter| (X Byte Address) (Y Byte Address)
Bit
1 |FILE NAME BIT i |PEN ENABLE BIT
2 | FILE NAME BIT 2 |FILE BLANKING BIT
3 |FILE NAME BIT 3 |AUX BLANKING BIT 1
4 |FILE NAME BIT 4 |AUX BLANKING BIT 2
5 |FILE NAME BIT 5 [AUX BLANKING BIT 3
6 - NOT USED - |AUX BLANKING BIT 4

Table 8-9. Data on DATA Lines During Control Instructions

Control Instruction Data Line Content
NF Name File D1-5 5 bit file name (0-31)
SN Stop Names
WX Write auX D14 4 bit aux blanking code (0-15)
SX Stop auX
BF Blank File D1-5 5 bit file name (0-31)
UF Unblank File D1-5 5 bit file name (0-31)
BM Blank Memory
UM Unblank Memory
FF Find File D155 bit file name (0-31)
FL Find Location Di-11 11 bit word address (0-2047)
EF Erase File D15 5 bit file name (0-31)
EN Erase Names
EM Erase Memory -
EX Erase auX -

8-59. MEMORY READ/WRITE CONTROLLER.

For every modification of memory content performed in
the 1350A, the Memory Read/Write Controller (R/W
Controller) must enable the required RAMs to accept the
data. To perform this selection, the R/W Controller
needs the following data: the mode of memory operation,
whether the location addressed is to be modified, and the
functions to be executed.

The mode information, either DO VECTOR or
WRITING low, comes through U14C and U14D. The
gating signal, WRITE ENABLE, is low only whilethe X
and Y data bytes are addressed (not when the next X
data byte is addressed). The resulting signals, WRITE
DATA and WRITE DISPLAY PARAMETER BITS,
enable the write functions in each respective mode.

8-28
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For instance, WRITE DATA high enables WRITE AUX
BITS (U16C, U46A), WRITE PE BIT (U54D,U55A),
WRITE FILE NAME (U50B), and directly drives U47A
to produce WRITE DATA low.

The qualification of whether an address is to be modified
is made by the A0 line and the control signals, FRAME
and FOUND.

A0 distinguishes between X and Y Data Bytes. When AQ
is low, write operations involving the X Data Byte (file
dependent operations) are enabled. When A0 is high, Y
data byte write operations (blanking or auxillary) are
enabled.

FRAME and FOUND (from the Frame and File Detector
on Service Sheet 3A) gate MEMORY and FILE
operations respectively. FRAME gates EN, EM, EX,
BM, and UM (U35A, U34B, U34A, U44B) to begin the
execution of these instructions with address 0. FOUND,
which is also gated by FRAME, gates EF, BF, and UF
(U34C, U44C). FOUND indicates the word addressed is
in the program specified file.

When a Control Instruction is decoded, the resultant
control signals define which RAMs data is written into.
For example, U34B goes high after EN is decoded, when
the next frame (FRAME low) begins. Then ERASE
FILE NAMES high goes through U50 when enabled by
A0 low and WRITE DISPLAY PARAMETER BITS
high. WRITE OR ERASE FILE NAME high, then pulls
WRITE PB1-6 low and writes the data from the
PARAMETER BIT 1-6 into the current address location.
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8-60. SCHEMATIC 3C PRINCIPLES OF
OPERATION (MODE AND POINTER CONTROL).

8-61. INTRODUCTION.
Schematic 3C covers two stages on the Control Board:

Memory Mode Controller
Memory Pointer Controller

The Memory Mode Controller selects the mode of
memory operation, DO VECTOR, DO WRITE, or
REFRESH. It also initiates each addressing cycle on a
word by word basis. The Memory Pointer Controller
generates the signals used to access the pointer registers
and to modify their content.

8-62. MEMORY MODE CONTROLLER.

The three modes of operation, in order of priority, are:
DO VECTOR, DO WRITE, and REFRESH. During each
one word memory cycle, one of the three Flip-Flops,
U5B, U8B, or U8A, will be toggled into the active state.
This inhibits U11B, the MODE SELECT gate. Each
cycle is selected until END OF MEMORY CYCLE low
produces the negative-going RESET. U11B is then
enabled to pass the clock signal; U5B, U8B, and USA
then select the next mode.

Each DO VECTOR mode cycle transfers a Coordinate or
Text word into theinputlatch of the Vector Generator. If
the data is a Text word, the Character Generator holds
off further DO VECTOR cycles while it outputs the
character stroke data. The individual strokes are
transferred to the Vector Generator like a series of DO
VECTOR mode Coordinate word transfers. For details
about data transfer, see Service Sheet 3D, Vector
Generator Controller, and Service Sheet 5, Character
Generator.

While new data is being transferred into the Vector
Generator, the data latched with the last DO VECTOR
or character stroke transfer is being translated into
analog display waveforms. VECTOR BUSY low
indicates data is being translated. When VECTOR
BUSY goes high, the Vector Generator begins to process
the newly latched values. This transition also enables
the Memory Mode Contoller to start anew DO VECTOR
cycle - to transfer another set of data into the Vector
Generator input latches. If a character is being drawn,
VECTOR BUSY high enables the transfer of the next
stroke coordinates.

Preconditions for entering DO VECTOR mode are
established by U2B. This gate inhibits DO VECTOR
mode if it receives VECTOR INHIBIT low, CHAR low,
or for ~280 ns after the last DO VECTOR operation.

VECTOR INHIBIT is generated by the Vector
Generator Controller (on Service Sheet 3D). When low,
this signal locks out further DO VECTOR cycles during
LINE SYNC HOLDOFF, INTERCONNECT
HOLDOFF, or CHAR HOLDOFF conditions.

CHAR is produced by the Character Generator; it
signals that the word just read from the Display
Memory is a text word. CHAR low locks out DO
VECTOR cycles while the Character Generator outputs
the individual strokes of the character.

The time delay of ~280 ns established by R6 and C3 to
allow a DO WRITE cycle to be executed between DO
VECTOR cycles.

When enabled by U2B, U5A produces DO VECTOR
NEXT high with the first clock after VECTOR BUSY
goes high. This inhibits DO WRITE and REFRESH
modes via U7A and U7B. On the next clock, U5B toggles
and DO VECTOR mode is selected. DO VECTOR low
inhibits the Mode Selector through U11B until END OF
MEMORY CYCLE low.

DO WRITE mode is entered after the I/O Board latches
a complete word to be written into memory. When the
data is ready for transfer, the I/O Board pulls DO
WRITE low. On the next clock, U4B toggles WRITE
NEXT low. Then, while U5A is inhibited (typically
because of the ~280 ns time delay between DO VECTOR
cycles), U8Bis clocked. This toggles WRITING high and
begins the execution of the write operation.

U11A and U10B are used to holdoff a DO WRITE cycle
after a character has been drawn. At the end of drawing
acharacter, CHAR goes high. U10-8 toggles low; U4B is
held “set”. The next DO VECTOR cycle resets U10B and
allows DO WRITE cycles again to be executed.

A REFRESH mode cycle is executed if DO VECTOR
mode is inhibited for more than ~75 us. This insures the
minimum refresh rate requirement of the Display
Memory RAMs is satisfied. U13 generates the time
window during which a DO VECTOR cycle must occur.
U21B holds the timer reset during the execution of each
DO VECTOR or REFRESH cycle.

8-63. MEMORY POINTER CONTROLLER.

For each one word memory cycle, control signals must
be generated to select the appropriate pointer, to
transfer its data to the Memory Address Counter, and
then, at the end of the cycle, to store a new address value
back into the pointer.

U16A and U16B generate the pointer select code based
upon the signals: DO VECTOR, WRITING, and STORE
WRITE POINTER. The outputs of these gates,
POINTER SELECT 1 and 2, are the address lines to the
four byte pointer register stack in the Display Memory.
Table 8-11 lists the address code of each pointer register.

Service

Table 8-11. Pointer Register Addresses

Pointer Pointer Pointer
Select 1 Select 2

Read 0 0
Write 1 1
Refresh 0 1

As each memory cycle is begun, U7C sets U18C and
U18D enabling U24 to count two clocks, then generate
LOAD POINTER high and LOAD ADDR CNTR low.
LOAD POINTER triggers the Memory Timing
Generator (on Service Sheet 3D) which provides the
clock and enable signals to the Display Memory. LOAD
ADDR CNTR transfers the address value from the
selected pointer register to the Memory Address
Counter.

At the end of each memory cycle, a new addressis stored
in the respective pointer. The Memory Timing
Generator outputs END OF CYCLE low which U17C
translates to STORE POINTER ADDR low. This signal
loads the next X address from the Memory Address
Counter into the pointer register selected by U16A and B.

The Write Pointer is also loaded with an address during
execution of ERASE or FIND instructions. This
operation occurs during a DO VECTOR cycle after the X
Data Byte address is transferred from the Read Pointer
into the Memory Address Counter. The new address to
be written into the Write Pointer is established on the
input lines to the pointer register stack while the X Data
Byte is addressed. It is then clocked in by STORE
POINTER ADDR low. Figure 8-24 illustrates pointer
control signal timing.
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L=DO VECTOR 1 1 —
PTR SELECT 1 n

PTR SELECT 2 . 1 —
L=LOAD ADDR CNTR ~ |] 1]

L=STORE PTR ADDF U U U
H=STORE WRT PTR n

Figure 8-24. Pointer Control Signal Timing

For example, ERASE instructions load address 0 into
the Write Pointer. Erasures are always completed at the
last address in memory, when FRAME goes high. U45B
detects this edge and sets U49C. READY TO STORE is
clocked into UB0A at the start of the next DO VECTOR
cycle. This produces LOAD WRT POINTER high which
enables U17D. At the pointer register inputs is the X
Data Byte address of the first word of the new frame,
address 0. The X ADDR goes high and U17D outputs
STORE WRT POINTER high. This edge drives U16A
and B to the select code for the Write Pointer and causes
U17C to output STORE POINTER ADDR low. U49C
and UBOA are then reset and POINTER SELECT 1 and
2 return to the code for the Read Pointer. The resetting of
U60A produces DONE ERASE OR FIND which signals
to the Control Instruction Handshaker that the ERASE
instruction execution is complete.

The FIND instructions, FF and FL, modify the Write
Pointer data in a similar fashion. FF sets U49C when
the File Detector outputs FOUND low. This signals that
the next word to be addressed in DO VECTOR modeisin
the program specified file. So when the X Data Byte of the
next word is addressed, this value is loaded into the
Write Pointer. FL sets U49C directly. When LOAD WRT
POINTER goes high, U20B outputs LOAD ADDR low.
This causes the pointer register inputs to read data from
the D1-13 lines. The program specified address is on D1-
13 and is loaded into the Write Pointer when STORE
POINTER ADDR goes low.



Model 1350A

P/0 Az INTERCONNECT BD P/ A1 CONTROL B0 01350-66313/14 — I —_— —_— —_—— —_—— —_
| ] D A MEMORY POINTER CONTROLER
N=END OF CYCLE N=END OF
I P=X POINTER P=X_ADDF
3D +5V
__6_CONTROL INST BUS
3B @——’ \\ L=FRAME
1 N\,_L=ERASE
H=READY
/0 L=FOUND 1 R30 ¢ |12 TO STORE
UL LU S N <
2C e HaVECTOR 0 H=VECTOR 0 - 3 27002 L % U437 4 2 =
P o (1~ 3%
R33 L=FIND LR
= R31
(NOT CONNECTED) 100 22008 +5y— S
~ MEMORY MODE CONTROLLER N 12 v —
| Uasp).13) H=FIND NAMES
+5V \_L=NANES 11, J " _L=DONE_ERASE OR FIND
‘ L4y
R1 P=X_ADDR 5 N6 L-RESET CLK R
2700 3] vses H=LOAD WRT
48 L=VECTOR BUSY 3 L
51F +5V —— \4 H=VECTOR BUSY _
5 fuies — ——
] RS1 |/
2700 55 L=CHAR
L=CHAR 3 4 13 ~ 12 LsCHAR
4C - 18 u1 -—
H=DO VECTOR _
3p (s L=VECTOR INHIBIT 4 30T usa 5 ﬁ 505519 l H=D0 VECTOR
:_‘:]‘_uia/“\s 1R FFle 3 Pe FFls L=D0 VECTOR
+5vy A 10 | —
+5V S
- H=VEC H=VECTOR 0 2
Ac3 HeVECTOR 0 H= DO _VECTOR —{ot
|R6 1000 c
$270 ‘ +5Y
- $ 1 R15 TS |
| 27003
2700 — - — ol R16
L=D0 WRITE ] o 12 c9 2 5300
@ - 11]0C U4B | |5y _2_—\ 51 Q}
bC  FF 3] ;74 M2 12 H=WRITING
+sv 13nfp 8 T U7A T1]0¢ U8B -
10n)s -/ FF _
: ‘2 ETS A 8 L=WRITING
2 +5v —11{0¢ vios 9 - +5y10nls w5y —
+5Y 4] U11A [ 3 'R FF 8 - |z i
PELIS > 5 e R13 -
L=DO VECTOR H=D0 VECTGR 5 * Z[5 27005 ¢y
(8 51 22T j7am)2
had®d
HA > C FF
i3 By TR 8 —
{Q—« s +5V 10| U2t
2 13 N\ s
+5V U13R 2 3 2 5 —
4, b 5 2 u7B BT UsA |5 l_z.
s |v21e)® e o . 3b¢ 1 uioa . = DT uan -“; 5 ) 3 e ey y 1 5 - H ez
N +5y =4 6 + —2
: R 3 U138 N ) B~ NC R L NC KN = ¥ =
B R3 LEER AL 1Pz 5= +5v A5 *5v S 11 8 “rls NC
X X L=REFRESH 9 +5V
23.7¢ 11 — —3 ure
+5V— Wy {( ~7 7 3 l
c1 -
8200 svﬁlﬁ X , X P=MODE SELECT -
+ Wy 1C +5Y 12
scgaa > R8 TN \ 8
L=REFRESH cs $ 2700 0 U118
L=END OF MEMORY CYCLE . 2 )
ot U178
+5V R S 5y-2 N=RESET
D it Hoog ™
R52
z7oof
. 24.6MHZ 2 BUFFERRED 24.6MHZ BUFFERRED 24.6 MHZ
4B (59— RN YN

T —— —— — ——————————— — S— —————— — S— S ——————— — S Gttt et it et ——————  S—  —— —————————  G— S— S———————————  — — ———————— — O —SSSE—— ——



P/0 A2 INTERCONNECT BD
——_—_—_———— —

Service

T ———— S — R — ——————  E—  m— D S D . . ————— S——  S— ——— —— S— *
- y- MEMORY POINTER (.TUNTRULNEJ;m ey N | | LOGIC DEVICE
P=X_ADOR | | POWER CONNECTIONS
16 141 u1,2,4,5,7-11,14
L *SV o UL3. 43 +5V 16-18,20-22,24,39,
L=FRAME | ;la 44,45,60,61
L=ERASE
‘ ' H=READY P/0 XA1P1
12 T0 STORE 13 9 P/G P1 ,
) . 8 N= L
HoVECTOR 0 L;FDUND 151 }fﬁ U430 4 'T g 15 2| ut7o 113 m‘ 10, JUL7C) N=STORE POINTER ADDR ; {5 4A
~{R c 2’ E RN
L=FIND er » T—I,A__lg R Tl Ne < o i ; .
€7 o 1\ s L=LDAD ADDR L NOTES:
-LER o \ 13| H=FIND NAMES 5] U208} FIND e 4A 1:GATES ARE SYMBOLIZED ACCORDING TO
L=names 11, | Y490 TD0NE ErASE OR FIND ‘ L=DONE ERASE OR FIN @ 3A : : FUNCTION
] Y !
P=X ADDR qu u39B S _L=RESET CLK H=LOAD WRT POINTER P=STORE WRT POINTER é : ZxUNLESSIDTHEmEIISE :DTED'
|/ = i RESISTANCE IN DHMS
¥ oo [ — G SR ) SIEINGE 18 Httmes
); - L=CHARO : :
=CHAR — e — 84 1 :
- 3DE I I: 3:UNLESS OTHERWISE NOTED:
i i LOGIC LEVELS ARE TiL
= : st et wooveerm o ]| O R
USA |2 B¢ 058 _S_L = — ; ; BV= o
FF 16 1.311. >Rc FF 8 L=D0 VECTOR . L=D0 VECTOR 3AE /18 ZC
— e H=VECTOR 0 2 bl |‘
H=VECTOR 0 = 50 VECTOR . e u:;h_és NC Q 3B, D: | I:
5v s L=CLR ADDR _ 4p c : !
1 | nss | PN [ - | vsn yoN=CLR AooR E >7s 4A
\ 27003 4 = s
N ien) POINTER SELECT 2 Ly a2 Q aA
- g’s',l 3 e _ > \ POINTER SELECT 4 W IE aA POINTER REGISTER ADDR
vaB |3 |i5v 24 12 _ H=WRITING 2) uteA s 7\29 MODE | POINTER | POINTER
FF T 113. U7Aj\ 1121 DE U:,? H=WRITING | - = / HaWRITING @ 3D § l : SELECT 1 | SELECT 2
i TN A L=WRITING -— —~ ' '14 2B READ 0 0
’;‘5 +5vi0nts +5Y - = L=WRITING @ 38 E | l: WRITE 1 1
o R13 5V =\ . ‘ ; REFRESH 0 1
2k 2700y o7 . 12 | vzio)} 2 D1en ) N=LOAD ADDR CNTR 3D ; Ly a 4A
’gg 51 uul’g v sv—4 " J '
S 18, § P~ 2 \s P=LOAD POINTER @ 3D
Q_" o5V 0] U21C
3 L/
5 2] y7p }E 2 T TeA |; e : .6 N=NEXT ADDR @ 3D
U4A 5 / 3 FF 3 ¢ FF 3 ua22s
FF L | rrs i = e e T | | PARTS ON THIS SCHEMATIC
—" Lo vt PART OF Al CONTROL BD
— L=REFRESH + I l
| €1,3-7,9,18,19 | P/0 P1 U1A, 1B, 1E,2B,
P=MODE SELECT R1-3,6-13,15, |U4,5,7.8,98,
R16,30,31,51-54|U10,11,13,14,
T TP1,2,3,6.7 U16A, 168,178,
R8 U17C, 170,188,
i 2700 U18C, 180,208,
| { s, u21,228,24,398,
_ 5 U4SD 4C  60A,
U178 U4SD. 43¢ |
RS o3 sy N=RESET l I Us1A '
BUFFERRED 24.6 MHZ BUFFERRED 24.8MHZ 3D | | 1350/107
- L=REFRESH qo 3p I AN
Figure 8-25.

Schematic 3C
8-31



8-64. SCHEMATIC 3D PRINCIPLES OF
OPERATION (MEMORY TIMING AND
OUTPUT CONTROL).

8-65. INTRODUCTION.
Schematic 3D covers two stages on the Control Board:

Memory Timing Generator
Vector Generator Controller

The Memory Timing Generator produces the clocks and
enable signals which govern the memory addressin
and data transfer. The Vector Generator Controller
selects the source of data and control signals into the
Vector Generator.

8-66. MEMORY TIMING GENERATOR.

The Memory Timing Generator is triggered by the
trailing edge of LOAD POINTER. As each memory
cycle is initiated, the pointer transfers the pointer
address to the Memory Address Counter and sets U15A.
CLOCK INHIBIT toggles low and the clock gate, U6A,
is enabled to pass the 24.6 MHz reference clocks.

The basic timing pulses are produced from this reference
clock by U23 and U22A. U23-11 outputs a positive edge
at the count of eight clocks. At the count of eleven, U22A
outputs NEXT ADDR low. This enables U23 to parallel
load zeros on the next (twelfth) clock.

When U23 loads zeros, U22-12 returns high. This
transition enables U23 to start counting again and
clocks U19. Each clocking of U19 defines a new
addressing period. A complete memory cycle has three
distinct periods: X Data Byte address, Y Data Byte
address, and next X Data Byte address.

The circuit of U12A, U6B, U12B, and U15 detects the
eighth clock in the third (next X) period. U12B outputs
END OF CYCLE low which enables U23 to reset on the
next reference clock. It also stores the current (next X)
address in the pointer stack. (See Memory Pointer
Controller, Schematic 3C.)

The ninth clock in the next X Data Byte period completes
the cycle. It switches END OF CYCLE high and resets
U23. U15A toggles, producing END OF MEM CYCLE
low and CLOCK INHIBIT high. END OF MEM CYCLE
low inhibits U23 from counting. It also resets U15B for
the next memory cycle and resets the Mode Controller
(Schematic 3C). CLOCK INHIBIT high blocks the
reference clock until the next memory cycle is begun.

The Memory Address Counters are incremented by
MEM CLK. This pulse is generated by U21A at the start
of each of the three addressing periods.

The X,Y, and NEXT X ADDR signals are used to latch
data from the Display Memory into the Character
Generator and Vector Generator. These signals occur
after the corresponding address is established in the
Display Memory and the RAM output data is valid.
U29A decodes the outputs from U19 during DO
VECTOR cycles. It then selects the appropriate gates,
U6C, U6D and U9D, or U9C to enable.

U18A, U1D, and U12C produce the enable signal to the
RAM chips and provide the clock pulse to the address
clock gates. The output of Ul18A goes low at the
beginning of each addressing period and stayslow until
the ninth reference clock. U12C produces a low pulse
during the period of the eighth reference clock.

U20D produces a negative edge when U19-5 is toggled
high. CHANGE DATA low signals the I/O Board that
the Y address period is beginning and to put the Y data
on D1-13. Figure 8-26 illustrates typical memory timing
waveforms.

L=DO VECTOR | —
N=LOAD PTR N

L=X OR NEXT X 1 [ [

ADDR ENABLE

L=WRITE ENABLE ] I
N=MEM CLK | U U

P=LATCH X n

P=LATCH Y M

N=NEXT X ADDR CLK U

L=END OF MEM CYCLE ___ | 1

Figure 8-26. Memory Timing Signals
8-67. VECTOR GENERATOR CONTROLLER.

When the 1350A isin DO VECTOR mode, X and Y Data
Bytes are transferred into the Vector Generator and the
Character Generator from the Display Memory. If the
addressed word contains the text flag (X data=1023) the
Character Generator outputs the series of vectors
(strokes) defined by the character code in the Y Data
Byte. The Vector Generator processes coordinate and
text data in the same way; the basic operational
difference between the two is the source of the data and
data transfer control signals.

When a word is read from the Display Memory by the
Vector and Character Generators, CHAR is high. U20C
and U16D are in their normal state, MEMORY
OUTPUT ENABLE low and CHAR OUTPUT
ENABLE high. If the word is text, the Character
Generator pulls CHAR low. U20C and U16D then
disable the Display Memory output and enable the
Character Generator to output the character stroke data
to the Vector Generator.

The LATCH X and Y signals clock the data to be drawn
into the Vector Generator. When CHAR is high, these

Service

signals are actually X ADDR and Y ADDR CLKs. They
signify the X and Y Data Bytes are addressed and that
valid data is on V1-10 bus. If the data is text, the
Character Generator pulls CHAR low and outputs
CHAR LATCH X and Y to transfer each stroke to the
Vector Generator.

VECTOR INHIBIT low holds the Vector Generatorin a
reset condition in which it cannot process or outputdata.
While CHAR is high, U2A determines whether a holdoff
condition exists. It senses when the Mode Controller has
selected DO WRITE or REFRESH mode, or if the I/0
Board has received a holdoff request from a display.
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Any of these conditions generate CONTROL
HOLDOFF low. When a character is first detected, the
Character Generator outputs CHAR HOLDOFF low. It
stays low until the text code is decoded and the
Character Generator is ready to output the stroke data.

U53A OR’s the HOLDOFTF signal with the output of the
line sync circuit. In LINE SYNC mode the 1350A begins
each new frame in phase with the second harmonic of
line frequency. The positive edge of FRAME END
toggles U61B, and generates HOLDOFF UNTIL LINE
SYNC. If S2 is closed, U53A then outputs VECTOR
INHIBIT until U61B is reset.
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8-68. SCHEMATIC 3E PRINCIPLES OF
OPERATION (Z-AXIS OUTPUT).

8-69. INTRODUCTION.

Schematic 3E covers three stages on the Control Board:

Z-axis Blanking Controller
Z-axis Level Controller
Z-axis Amplifier

The Z-axis Blanking Controller reads the blanking data
of each coordinate or text word as its transferred to the
Vector Generator. From this data, it generates the
blanking input to the Z-axis amplifier. The Z-axis Level
Controller latches the five bit intensity code computed
by the Vector Generator and converts it into an analog
waveform. The Z-axis amplifier sums the blanking and
intensity signals and drives the 50-ohm Z-axis output.

8-70. Z-AXIS BLANKING CONTROLLER.

The blanking inputs are combined in U51A, U43A, and
U53B. U43A latches the PE and UNBLANK FILE data
on the positive (trailing) edge of Y ADDR. This word
level data is then OR’ed with BLANK CHAR so the
individual strokes of a character may be blanked.

As each vector or character stroke is drawn, VECTOR
BUSY goes high and clocks the blanking data into
U43B. VECTOR BUSY high also triggers U64B which
provides a delayed clock to U60B. The delay
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compensates for the delay time required in the Vector
Generator. With the trailing edge from U64B, U60B
loads and outputs the blanking signal.

For some types of display information, a clearer picture
is drawn if the Point Blanking circuit, U64A, is enabled.
UG64A generates a blanking pulse after each vector or
character stroke is drawn. C28 and R38 set the delay
from the end of the stroke (VECTOR BUSY low) until
the blanking pulse is generated. This allows the user to
optimize the output for the display being driven.

8-71. Z-AXIS LEVEL CONTROLLER.

The Vector Generator computes how bright each vector
should be drawn. This data is put on the Z0-4 lines;
VECTOR BUSY is pulled high, and the vectorisdrawn.
U63 latches the intensity bits on the transition of
VECTOR BUSY high and U62 converts them into a
proportional current. Note the +REF input on U62. The
current into it scales the output current. R55 is adjusted
such that when the rear panel Z-GAIN pot is fully
clockwise and Z0-4 are all high, the Z-axis output is +1
volt.

8-72. Z-AXIS AMPLIFIER.

U65 sums the output currents from the Blanking and
Level Controllers, and converts them to a voltage. Q1
provides the buffering needed to drive the 50-ohm
output. R56 and 57 provide an offset adjustment which
is used to set the minimum unblanked Z output at
~40 mV when Z0-4 are all low.
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8-73. DISPLAY BOARD ASSEMBLY AA4.
(SERVICE SHEET 4).

8-74. DISPLAY BOARD TROUBLESHOOTING.

A troubleshooting flow chart for the Display Board
assembly is shown in figure 8-29.

8-75. GENERAL INFORMATION.

Display Board Assembly A4 contains the Memory for
all data, control, and parameter functions; the control
circuits for processing Vector information in the plot
absolute (PA) mode; and two Digital to Analog
Converter (DAC) circuits as output to the X-Y Display.

The Simplified Block Diagrams for A4 show major
functional stages and their corresponding schematic
locations (4A-4E). Detailed signal and stage
descriptions are covered by the explanations of each of
the five schematics. Figure 8-30 is the Simplified Block
Diagram for Schematic 4A. Figure 8-33 is the Simplified
Block Diagram for Schematics 4B-4E.

8-76. OPERATING OVERVIEW.
The Display Board contains three functional areas:

Memory and assocaited circuits, Arithmetic circuits for
vector generation, and two Digital To Analog
Converters.

All Memory Data and Control signals are received from
the Control Board. Data is written to, and read from the
Display Memory under control of the Memory
Read/Write line and Chip Enable signal.
PARAMETER BITS 1-6 are written to, and read from
the Display Memory under the control of six individual
Read/Write lines and the Chip Enable signal.

Memory is normally addressed sequentialy from
memory address 0 to 2048 by the Memory Address
Counter. Should an interruption in the sequential
addressing occur, the next address in the sequence is
stored as a pointer in the Pointer Address Memory. The
pointers allow the system to remember the nextlocation
to be addressed in each mode of operation. A pointer is
stored to remember the next memory location to be read
from, written to, or refreshed.

After data has been programmed and stored in Display
Memory, the memory data is then read for use of the
Vector and Character generators.

The first data byte from memory is always read when
Address line 0 (A0) is low. If all vector data (V1-V10) in
the first byte is low (=1023) this indicates the word is text
and the following byte (A0=H) is sent to the character
generator. If the data in the first byte (A0=L) is not all
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low (<1023), this byte is the X Vector Coordinate and the
following byte (AO=H) is the Y Vector Coordinate. The X
and Y Coordinates are then sent to the Vector Generator
portion of the Display Board.

Display Memory data (V1-V10) is latched into the X and
Y Vector Generator logic circuits by the LATCH X and
LATCH Y signals from the Control Board.

After the X and Y Coordinates are stored in the X and Y
Coordinate Storage registers a vector is generated from
the end of the previous vector to the new X,Y coordinate.

Vector Generation is accomplished by first determining
how far in each plane (X and Y) the pen (beam) must
move. This is done by subtracting the starting position
from the input coordinate. This subtraction results in
the absolute length of the vector in each plane and
determines the direction of the vector. As an example, if
the position is less than the coordinate (position 0;
coordinate 200) the vector must be drawn in the positive
direction (left to right in the X plane; bottom to top in the
Y plane), however, if the position is larger than the
coordinate (position 200; coordinate 0) the vector must
be drawn in the negative direction. The direction of the
vector determines if the Position Counter will count up
(positive direction vector) or down, and the absolute
length of the vector determines how many counts the
Position Counter must make.

The position-to-coordinate difference will be
complemeted if it is a negative value. The complement
causes the absolute length input to the X and Y Length
Detectors to be the same regardless of sign.

The X and Y Length Detectors are loaded with the
absolute length value of the vector and do a shift right
operation until the length of the longest vector is
determined. This shift operation will determine the time
required to draw this vector.

After the shift right operation is complete, the Vector
Busy Flip-Flop is set and 24.6 MHz clocks are gated to
the X and Y Length-Rate Clock and End of Vector Clock
circuits. The X and Y Length-Rate Clock circuits provide
clocks to their respective Position Counters, causing the
counters to increment or decrement to the input
coordinate position. The End of Vector Clock circuit
counts input clocks and will reset the Vector Busy Flip-
Flop after a predetermined time.

As the Position Counters are incremented or
decremented, the inputs to the Digital to Analog
Converters are changed. The DACs convert the Position
Counter outputs to a ramp potential of 0 V to 1 V for
input to the X-Y Display unit.

Intensity Modulation data is extracted from the X and Y
Length Detectors and provided to the Control Board as
Z0-4.



Model 1350A

START

RANDOM
VECTORS ON
POWER UP?

VECTORS
IN X AND
Y PLANES?

YES

DO X AND Y DAC
CALIBRATION IN SECTION 5

CALIBRATION
0K?

RUN TESTS TO CHECK ALL
MEMORY LOCATIONS AND
SYSTEM OPERATION

TROUBLESHOOT BAD
DAC

SIGNAL
LATCH X

NO

PRESENT

LATCH
Y
PRESENT

TRIGGER SCOPE ON LATCH X AND

OBSERVE DATA BUS U1-U10;

DATA ON BUS LINES SHOULD CHANGE

AS MEMORY IS CYCLED

TRIGGER SCOPE ON
LATCH Y AND OBSERVE
DATA BUS U1-U10. DATA
SHOULD CHANGE AS
MEMORY IS CYCLED

TROUBLESHOOT U69,
U73, AND U79A ON
SCHEMATIC 48

|

DATA

CHANGES

CHECK L = VECTOR BUSY
TP1. SIGNAL WITH SCOPE
(NO TRIGGER REQUIRED)

L=VECTOR BUSY?
TP1

TOGGLES

Hl

-©

CHECK DAC CIRCUITS
FOR 0 to 1V RAMP OUT
OF XORY

TROUBLESHOOT
LATCH X & LATCH Y
FROM CONTROL BOARD

EITHER
RAMP
PRESENT?

CHECK BLANKING BITS

L= PB02 AND L = PB02 TO
CONTROL BOARD
(SCHEMATIC 4B)

L= PBO1 OR
L= PB02 IS
CONSTANT LOW TO
CONTROL BOARD?

CHECK CONNECTIONS
TO X-Y DISPLAY, AND X-Y
DISPLAY FOR PROPER GPERATION

CIRCUITS (SCHEMATIC 4A)

TROUBLESHOOT L = PBO1 OR L = PB02

CHECI
COUN

<

CHECK: L =

L=
AND L =W
INPUTS FRI

(SCHEMATI

<

TRO
HAS
ISN




\Va

) SHECK THAT U19.22.25 ARE NOT HELD
NO EITHER CHECK MEMORY ADDRESS RESET BY L = CLEAR ADDR FROM
RAMP COUNTER U19,22,25 CONTROL BOARD; CHECK L = MEMORY CLK
T PRESENT? INPUT FROM CONTROL BOARD
(SCHEMATIC 4A)
LATCH TROUBLESHOOT
1ES ¥ LATEH X & LATCH Y
PRESENT FROM CONTROL BOARD

CHECK BLANKING BITS NO

L = PB02 AND L = PB02 T0

CONTROL BOARD

TRIGGER SCOPE ON SCHEMATIC 48)
ATCH X AND LATCH Y AND OBSERVE YES
JI-U10; DATA BUS U1-U10: DATA
_SI;*UULD CHANGE SHOULD CHANGE AS
: MEMORY 15 CYCLED CHECK: L = MEMORY CHIP ENABLE;
] L = PBOT OR L = MEMORY OUTPUT ENABLE;
- L = PBO2 IS CHECK CONNECTIONS AND L = WRT DATA (HIGH FOR READ)
CONSTANT LOW TO TO X-Y DISPLAY, AND X-Y INPUTS FROM CONTROL BOARD
CONTROL BOARD? DISPLAY FOR PROPER OPERATION {SCHEMATIC 4A)
\ \o
ES
/ CHECK X DATA 1 AND Y DATA 1
FOR CHANGING DATA INTO THE DAC
(S NO TROUBLESHOOT (SCHEMATIC 4)
TROUBLESHOOT L = PBOT OR L = PB02 BAD INPUT
CIRCUITS (SCHEMATIC 44)

"TOR BUSY
ITH SCOPE YES
EQUIRED)

X
DATA 1 OR
Y DATA 1
CHANGES

TROUBLESHOOT MEMORY;
HAS BEEN ERASED OR

IS NOT BEING READ
BUSY? Hi @

) TROUBLESHOOT DACS - +15V AND 15V,
OGGLES DAC OUTPUT DRIVERS

IRCUITS
1AMP OUT

1350A/X002

NS

Figure 8-29.
Display Board A4 Troubleshooting Flow Chart (Sheet 1 of 2)

8-37



CHECK CLOCKS TO X AND/QR Y
POSITION COUNTERS

(SCHEMATIC 4C FOR X AND 4D FOR Y)

CLOCKS

YES

NO

PRESENT? e

Y

CHECK L = VECTOR INHIBIT
FROM CONTROL BOARD (SCHEMATIC 4B)

TROUBLESHOOT 8 BIT SHIFT
REGISTERS U63, U65-U68
ON SCHEMATIC 48

CHECK OUTPUTS OF

THE LENGTH - RATE CLOCK
CIRCUITS UB0-8 OR U80D-11
(SCHEMATIC 4B)

RATE CLOCK CIRCUITS.
U70 AND U74 FOR X AND
U71 AND U72 FOR Y

TROUBLESHOOT THE LENGTH -

NO

CLOCKS
PRESENT?

YES

TROUBLESHOOT THE COUNTER
CLOCK CONTROL CIRCUITS
(SCHEMATIC 4C OR 4D)

L=VECTOR INHIBIT

1C 1 NP
1O LUV

Service

TROUBLESHOOT THE VECTOR

START FLIP-FLOPS U81,

U82, U85 AND UT79B FOR i
PROPER OPERATION (SCHEMATIC 4B
|

TROUBLESHOOT
LATCH X FROM CONTROL
BOARD

TROUBLESHOOT
L=VECTOR INHIBIT
FROM CONTROL BOARD

8-38



CHECK CLOCKS TO X AND/OR Y
POSITION COUNTERS
(SCHEMATIC 4C FOR X AND 4D FOR Y)

NO

CLOCKS
PRESENT?

TROUBLESHOOT 8 BIT SHIFT
REGISTERS U63, UG5-U68
ON SCHEMATIC 48

TROUBLESHOOT THE LENGTH -
RATE CLOCK CIRCUITS.

U70 AND U74 FOR X AND
U71 AND U72 FOR Y

|

CHECK L = VECTOR INHIBIT
FROM CONTROL BOARD (SCHEMATIC 48)

CHECK QUTPUTS OF

THE LENGTH - RATE CLOCK
CIRCUITS UBO-8 OR UBD-11
(SCHEMATIC 48)

CLOCKS
PRESENT?

TROUBLESHOOT THE COUNTER
CLOCK CONTROL CIRCUITS
(SCHEMATIC 4C OR 4D)

L=VECTOR INHIBIT
1S LOW?

Service

TROUBLESHOOT THE VECTOR

START FLIP-FLOPS UB1,

U82, U85 AND U798 FOR

PROPER OPERATION (SCHEMATIC 4B)

TROUBLESHOOT
LATCH X FROM CONTROL
BOARD

TROUBLESHOOT
L=VECTOR INHIBIT
FROM CONTROL BOARD

8-38

" VECTORS

NOT IN
X OR Y?

LATCH X
PRESENT FROM
CONTROL BOARD
U38 PINS 13
AND 4

LATCH
Y PRESENT
FROM CONTROL
BOARD

CHECK Y DATA 1 ON
SCHEMATIC 4E FOR
CHANGING DATA

CHECK X DATA 1 ON SCHEMATIC
4E FOR CHANGING DATA

DATA
CHANGES?

CHECK X OR Y DAC OUTPUT
FOR 0-1V RAMP IN BAD
PLANE (SCHEMATIC 4E)

RAMP
PRESENT?

TROUBLESHOOT DAC
+16V AND OUTPUT DRIVERS

CHECK CONNECTION TO X-Y
DISPLAY AND X-Y DISPLAY
OPERATION

1350A/X003

Figure 8-29. Display Board A4 Troubleshooting Flow Chart (Sheet 2 of 2)

TROUBLESHOOT
LATCH Y FROM
CONTROL BOARD




L=WRITE

L=MEMORY CHIP ENABLE

H=PARA BIT 1-6

AV

H=D1-D12

AC-A11l

CONTROL
AND
PARAMETER
MEMORY
utl-ue

L=PB01-PBCG

PB0O1-PBOS

D1-DS
—

POINTER SELECT 1

D1-D12

A0-A11 :

POINTER
ADDRESS
MULTIPLEXER
Uu17,20,23

Di1-D12 OR AC-A1l1

)

POINTER SELECT 2

LOAD POINTER

POINTER
ADDRESS
MEMORY
u1s,21,24

POINTER ADRESS

-

MEMORY
ADDRESS
COUNTER

u1g,22,25

D1-D10

MEMORY ADDRESS
AO-A11

J

VECTOR
DATA
MEMORY
u7-1e

VECTOR DATA
L=V1-V10

FILE
NAME
COMPARATOR
uz2s

H=FILE FOUND

VECTOR
BUS
DRIVER
uz29,30

VECTOR DATA BUS

L=v1i-V10

1350A-138

o .
oervice

CONTROL

== CONTROL

CONTROL
BOARD
TO SHEET 2

Figure 8-30.

Simplified Block Diagram for Schematic 4A

8-39



8-77. SCHEMATIC 4A PRINCIPLES OF
OPERATION.

Schematic 4A contains:
1. Display Memory
2. Memory Chip Enable
3. Memory Address Counter
4. Pointer Address Memory
5. Pointer Address Multiplexer
6. File Name Comparator
7. Vector Bus Driver
8-78. OPERATING OVERVIEW.

The Display Memory is comprised of sixteen random
access memory (RAM) ICs (U1-U16). Each RAM is a
4096 by 1 bit device. Of these RAMs, U7-U16 are used for
vector coordinate data or text data and U1-U6 are used
for display parameter data (file names and blanking
information). For every X-Y Coordinate pair and every
Text Flag/Character Code pair stored in memory, two
successive address locations are used in each of the 16
RAMs. The first location is the X Data Byte and is
always at an even address. The second location is the Y
Data Byte and is always at an odd address. Together,
the X and Y Data Bytes form a 32 bit data word, the basic
unit of display information. Table 8-12 lists typical
locations of coordinate and text word data in memory.

The Control Board selects one of three possible Display
Memory operating modes: DO VECTOR, DO WRITE, or
REFRESH.

DO VECTOR is the highest priority mode. In this mode,
one word is read, one byte at a time, into the vector
generator and is translated into the analog waveforms
for display. Also, under program control, certain display
parameter bits may be modified as they are read.

If the 170 Board receives a PA or TX instruction, it
requests the Control Board to perform a DO WRITE

operation. In this mode, the vector generatoris disabled,
the Z-axis output is blanked, and the X and Y data bytes
of the coordinate or text word are written into memory.

REFRESH is a default mode which is strictly an
internal operation. It is used occasionally when the
1350A is in LINE SYNC or when it is plotting large
characters to insure that the RAM refresh requirements
are satisfied.

In each mode, memory operations are performed on a
word by word basis. For every word, a three step memory
cycle occurs. First, the X Data Byte location is
addressed. Second, the Y Data Byte location is
addressed. Third, the next X Data Byte address is
generated and stored. After the third step, the Control
Board reselects the memory mode and a new cycle is
initiated. The value stored as the next X Data Byte
address is then recalled and becomes the X Data Byte
address for the new cycle. In this way, the 1350A scrolls
sequentially through all 2048 word locations; after the
last memory address, the process begins again with
location 0. Each complete pass through all 2048 word
locations is called a frame.

For each mode there is a special memory register
(U18,21,24) in which the next X Data Byte address is
stored. These registers are the Pointer Address Memory
and contain the Read, Write, and Refresh pointers. The
pointer system allows the Control Board to change from
one mode to another, addressing different areas of
memory, but still remember the proper location for the
next operation in each mode. There are several ways in
which the write pointer may be loaded with a specific
address to enable the programmer to access a particular
word location. Operation of the pointers is discussed in
more detail in the following paragraphs.

8-79. DETAILED OPERATION.

The three major modes of operation, DO VECTOR, DO
WRITE, REFRESH, and the File Name Comparator are
discussed in detail as follows:

DO VECTOR

When the Control Board selects the DO VECTOR mode,
the Control Board will input the signals required by the

Table 8-12. Coordinate and Text Words in Memory

Word Memory
Addr Addr Coord/Text Data Parameter
1 COORD 0 X Data Byte: X Coordinate File Name
WORD 1 Y Data Byte: Y Coordinate Blanking Bits
2 TEXT 2 X Data Byte: Text Flag File Name
WORD 3 Y Data Byte: ASCII+CS Blanking Bits

Service

Display Board to read an X Data Byte from memory,
increment the Memory Address Counter one count, read
a Y Data Byte from memory, increment the address
counter a second time, and write the new X Data Byte
address into the Pointer Address Memory as a read
pointer.

The sequence of signals for this operation is as follows:

1. Input lines POINTER SELECT 1 and POINTER
SELECT 2 are pulled low to address the Read Pointer
locations of the Pointer Address Memory (U18,21,24),
making the read address available to the Memory
Address Counter.

2. L=LOAD ADDR CNTR and a positive transistion
on the L=MEM CLK will load the read pointer into the
Memory Address Counter.

3. L=MEMORY CHIP ENABLE is set high to bring
all memory chips (U1-U16) out of the low power standby
state.

4. L=WRITE DATA and L=PARAMETER BITS 1-6
are all set high to place Display Memory in the read
mode.

5. L=MEMORY OUTPUT ENABLE will go low to
enable the Vector Bus Driver (U29, 30) outputs V1-V10.
At this point the X Data Byte is available on the V1-V10
output bus. A LATCH X signal is now produced by the
Control Board to store the X Data Byte in the X
Coordinate Storage register on schematic 4C.

6. L=MEMORY CHIP ENABLE will go low.

7. L=MEM CLK will increment the Memory Address
Counter (U19, 22, 25).

8. L=MEMORY CHIP ENABLE is returned high.
The Y Data Byte is now availableonthe V1-V10lines. A
LATCH Y signal is now produced by the Control Board
to store the Y Data Byte in the Y Coordinate Storage
register on schematic 4D.

9. L=MEM CLK will again increment the Memory
Address Counter (U19, 22, 25).

10. L=LOAD ADDR is brought high to gate the
Memory Address Counter output through the Pointer
Address Multiplexer.

11. L=STORE POINTER ADDR will go low, which
writes the new X Data Byte address into the same
location of the Pointer Address Memory (U18, 21, 24)
that was read to begin this sequence.

DO WRITE

When a DO WRITE command is sent from the I/0
Board to the Control Board, the Control Board will
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provide the signals required to read the Write Pointer,
write an X Data Byte into memory, increment the
Memory Address Counter one count, write a Y Data Byte
into memory, increment the Memory Address Counter a
second time, and write the new X Data Byte addressinto
the Pointer Address Memory as a Write Pointer.

The sequence of signals for the DO WRITE operation is
as follows:

1. Input lines POINTER SELECT 1 and POINTER
SELECT 2 will both go high to select the write pointer
location of the Pointer Address Memory (U18, 21, 24),
making the write address available to the Memory
Address Counter.

2. L=LOAD ADDR CNTR and a positive transistion
on the L=MEM CLK will load the write pointer into the
Memory Address Counter (U19, 22, 26).

3. L=MEMORY CHIP ENABLE is set to high to
bring all memory chips (U1-U16) out of the low power
standby state.

4. L=WRITE DATA to U7 through U16 and
L=WRITE PARAMETER BITS 1-6 to Ul through U6
will all be low to put Display Memory in the write mode.

5. Data on input lines D1-D10 and PARAMETER
BIT 1-6 are written to the addressed Display Memory
locations as the X Data Byte.

6. L=MEMORY CHIP ENABLE will go low.

7. L=MEM CLK will increment the Memory Address
Counter one count.

8. L=MEMORY CHIP ENABLE will be returned
high.

9. Data on data lines D1-D10 and PARAMETER
BIT 1-6 are written to the addressed Display Memory
locations as the Y Data Byte.

10. L-MEMORY CHIP ENABLE will go high.

11. L=MEM CLK will again increment the Memory
Address Counter one count.

12. L=LOAD ADDR is brought high to gate the
Memory Address Counter output through the Pointer
Address Multiplexer.

13. L=STORE POINTER ADDR will go low, which
writes the new X Data Byte address into the same
location of the Pointer Address Memory that wasread in
the first step of this sequence.
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REFRESH

All Display Memory must be refreshed every 2
milliseconds so that data is not lost. Refresh is
accomplished by cycling through the 64 addresses of the
lower-order address inputs, A0 through A5, or by
addressing every row of memory, A6 through All,
within any 2 millisecond period. Normally, all Display
Memory will be addressed within 2 ms while operating
in the DO VECTOR mode. However, when operating in
Line Sync or drawing a series of large characters the
refresh requirements may not be satifised. In this case
the Control Board will initiate a Refresh Cycle. In the
Refresh Cycle the Control Board will input the signals
required to read the Refresh Pointer, increment the
Memory Address Counter, and write the new Refresh
Pointer into Pointer Address Memory.

The sequence of signals for the Refresh Cycle is as
follows:

1. Inputline POINTER SELECT 1 is pulled low and
POINTER SELECT 2 is set high to address the refresh
location of Pointer Address Memory (U18, 21, 24).

2. L=LOAD ADDRESS and a positive transistion of
the L=MEM CILK will ioad the refresh pointer into the
Memory.

3. L=MEMORY CHIP ENABLE is set high to bring
all memory chips (U1-U16) out of the low power standby
state.

4. L=MEMORY CHIP ENABLE is dropped low.

5. L=MEM CLK will increment the Memory Address
Counter (U19, 22, 28) one count.

6. Steps 3 through 5 are repeated to address one X
Data Byte location and one Y Data Byte location.

7. L=LOAD ADDRESS is brought high to gate the
Memory Address Counter (U19, 22, 25) outputs through
the Pointer Address Multiplexer (U17, 20, 23).

8. L=STORE POINTER ADDR will go low, which
writes the new pointer address into Pointer Address
Memory (U18, 21, 24). This cycle is repeated as

Service

necessary to insure all Display Memory locations are
refreshed within a 2 ms period.

FILE NAME COMPARATOR

The File Name Comparator is a special function circuit
on schematic 4A and is used when a FIND FILE signal
is sent from the Control Board to the Display Board. The
I/0 instructions Find File, Blank File, Unblank File,
Erase File, Blank Memory, Unblank Memory, and Find
Location all cause the Control Board to produce the
FIND FILE signal.

The file to be found must have been previously named
and data stored in the file location for the file to exist.
Should a Find File be attempted for a file that does not
exist, the system will lock-up in a memory search
operation.

The FIND FILE command causes the memory to be
searched until a comparison is made between a name in
memory and a Control Board input. The file to be found
is “named” on data input lines D1 through D5. The
sequence of signals for the find file operation is as
follows:

1. A positive transistion on the FIND FILE signal
input P1 pin 53 latches the “name” into the storage
register U27.

2. L=MEMORY CHIP ENABLE is brought high to
bring all memory chips (U1-U16) out of the low power
standby state.

3. L=WRT PB1-5 are brought high to place U1-U5 in
the read mode.

4. The data lines L=BO1 through L=BO5 are now
compared in U28 with the stored D1-D5 “name”.

5. If the values (“names”) are identical a H=FILE
FOUND is sent from U28 to the Control Board.

6. Ifthe values did not compare the Memory Address
Counter (U19, 22, 25)isincremented and a comparison is
made at the next memory location.

7. When the file has been found the Control Board

will write the memory address of the fileinto the Pointer
Address Memory (U18, 21, 24) as a Write Pointer.
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'PIN NO.S ON BOTH SIDES

REF GRID REF GRID
DESIG | LOC DESIG | LOC
C54 B-2 R139 B-1
C55 B-4 | R140 B-1
C57 B-5 R141 B-1
Cc60 B-2 | R142 B-1
c61 B-3 | R143 B-1
Cc62 B-4 | R144 B-1
C63 B-6 | R145 A-1
Cc64 B-8 | R146 A-1
C65 B-7 | Ri147 B-1
Cc66 A8 | N B-2
Cc67 A7 | U2 B-2
(o] A-5 1 U3 B-3
c69 A4 | U4 B-3
c70 A-3 | U5 B-4
cn A2 | U6 B-4
Cc72 Cc-5 | U7 B-4
Cc73 D-6 | U8 B-5
c74 D-8 | U9 B-5
Co1 D-5 | U10 B-6
Cc92 D-4 | U11 B-6
Cco8 A-8 | U12 B-6
Cc99 A-7 | U13 B-7
C100 A-6 | U14 B-7
Cc102 A-3 | U5 B-8
c103 A-2 | U16 B-8
CR23 B-2 | U17 c-8
CR24 B-4 | v18 c-8
CR25 B-7 { U1 c-7
CR26 B-5 | U20 c-7
R127 c-4 | U1 c-7
R129 C-5 | u22 C-6
R130 c-5 | u23 C-6
R131 C-1 j U24 C-5
R132 C-1 | U256 C-5
R133 C-1 | U26 C-5
R134 Cc-1 ju27 c-4
R135 C-1 | u2s c-4
R136 Cc-1 | U29 C-3
R137 B-1 | U30 C-3
R138 B-1 | uss c-2

C
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Figure 8-31. Component Locator for Schematic 4A



Mnemonics on Display Board A4

A0 — Memory Address Bit 0 — Serves important functions on both the Display and
Control Boards. It is used on the Display Board to determine when x or y
information is being read or written. It determines the configuration of RAM for
storage. On the Control Board it is a multiplex select line to determine whether
File Name bits or Blanking bits are sent to memory. During x-time (A0 =low) File
Names are selected and during y-time (A0 = high) Blanking information is
selected. When selecting which type of data, A0 also determines the read/write
status of the memories by means of the Memory Read/ Write Controlier.

D1-D13 — Data Bits 1-12 transfer data lines between the Control Board and Pointer
Address Multiplexer. D13 is not used.

H = FILE FOUND — File name information from the data lines is compared with those
stored in the Parameter Memories. When a match occurs, H =FILE FOUND goes
high.

L = BLANK CHAR — Blanks the beam between characters. Drives the Z-axis Blanking
Controller.

L = BLANK VECTOR — Blanks the vector beam between non-connected points.

L = CHAR — Selects P = CHAR LATCH X and P = CHAR LATCH Y through Vector
Generator Controllier U3 (Schematic 3D) and causes these signals to transfer
each stroke to the Vector Generator. Low only when the data is text, as controlied
by the Character Generator.

L = CHAR HOLDOFF — Swings low after a character is detected to allow time for the
text code to be decoded. Prevents any output from the Character Generator.

L=CHAR OUTPUT ENABLE — After L = CHAR has occurred there is a delay provided
by the C12 - U16D combination (schematic 3D). This allows time for text data to
be latched to the Character Generator and decoded (L = CHAR HOLDOFF helps
in this tatter function). The low level of L = CHAR OUTPUT ENABLE enablesthe
character output selectors U12, 13, 14 and 26 (schematic 5) and causes the
character data to be sent to the Vector Generator.

L = INTERFACE HOLDOFF — Inhibits further vector generation until the 1338A display
can assimilate the data it has. Low inhibits, high continues.

L = LOAD ADDR — Active low loads pointer address into memory.

L = MEM CHIP ENABLE — Enables U26 Memory Chip Enable Drive (Schematic 4A)
which allows Parameter Memory and Vector Memory RAMs to load data.

L =MEM OUTPUT ENABLE — Enables memory output drivers U29 and U30 (schematic
4A). This is the all encompassing write line which enables both Parameter and
Vector Memories.

L =VECTOR BUSY — Indicates that data s being translated into analog form in the D/A
Converter. When high, the Vector Generator is processing available values and
has not sent them to the D/A.

L = VECTOR INHIBIT — Holds the Vector Generator in a reset condition in which it
cannot process or output data.

L = WRITE DATA — Write enable for the Vector Memory RAMs. Enables only the Vector
Memories.

L =WRITE PB1-PB8 — Write Display Parameter Bits — Write enables lines for only the
Parameter Memories — can be used to write to individual memories depending
on requirements.

N = CLR ADDR - Negative transition clears all memory address counters.

N = LOAD ADDR CTR — Causes the address value from the pointer register to be
transferred to the Memory Address Counter.

N = MEMORY CLK — Clock for the Memory Address Counters.

N = STORE POINTER ADDR — Stores the next x address.

P = CHAR LATCH X — Latches each Char Stroke to the Vector Generator (x).
P = CHAR LATCH Y — Latches each Char Stroke to the Vector Generator (y).

P =FIND FILE — Frame and File Detector (schematic 3A) is enabled by any of the con-
trol instructions that state BLANK, ERASE, UNBLANK, or FIND. This causes a
new file name to be latched into the File Name Comparator.

P = LATCH X — Clocks the x data into the Vector Generator.
P = LATCH Y — Clocks the y data into the Vector Generator.

P = X ADDR — Used to latch File Name Bits PBOS and 6 into Color Bits Latch U65A.
Also used to generate Color Valid Signal for 1338A Tri-color Display.

P =Y ADDR — Inverted and used as clock for TTL Blanking Latch U67. This latches
information from File Name Bits PBO3-6 to determine which of 4 TTL outputs will
be high (blanked).

PARA BITS 1-8 — Parameter Bits - carries parameter information to the Parameter
Memories. A0 determines the contents. When A0 = low (x-time) the Para Bits
carry File Name data. When AO = high (y-time) they carry “Pen Enable,” “File
Blanking,” and “Auxiliary Bits.”

PBO1-PBO5 — Name Bits — See Section 8 - 1350 Memory Organization, for more
complete explanation.

POINTER SEL 1&2 — Generated from DO VECTOR, WRITING and STORE WRITE
POINTER. These are the address lines to the four bit pointer register stack in
Display Memory (U18, U21, and U24 on schematic 4A).

20-Z4 — Blanking Level Bits - carries information on the intensity of the vectors to the
z-axis Level Controller.
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Model 1350A

8-80. SCHEMATIC 4B PRINCIPLES OF
OPERATION.

Schematic 4B contains:
1. X and Y Vector Length Detectors.
2. X and Y Length-Rate Clock circuits.
3. End of Vector Clock circuit.
4. 24.6 MHz Clock.
5. Restart Timer.
6. Z Intensity Modulation Detector.
7. Start Vector Flip-Flops.
8. Vector Busy Flip-Flops.

Operation of the circuits on schematic 4B will be ccvered
as follows:

Case 1 - Special Hardware
Case 2 - Vector Generation

8-81. CASE 1. SPECIAL HARDWARE.
8-BIT SHIFT REGISTERS (U63 and U65-U68).

The 8-Bit Shift Registers are used as the X Vector
Length Detector (U63, U68), Y Vector Length Detector
(U65, U66), and the End of Vector Clock circuit (U67).
These devices provide a parallelload, a shift right,and a
shift left function. During normal operation only the
parallel load and shift right function are used; the other
functions are included in this discussion as an aid to
troubleshooting. The functions are under control of pins
1 and 23 as follows:

1. Pins 1 and 23 are both high, the device is in a
parallel load function. The data on input pins 3,
5,7,9,15,17,19, and 21 is available on the eight output
pins after a positive transistion on the clock input pin 11.

2. Pin 1is high and pin 23 is low, the deviceisin a
shift right function and data is shifted right (top to
bottom on schematic 4B)one data cell with each positive
transition of the clock input pin 11 (the shift right serial
input is pin 2).

3. Pin 1islow and Pin 23 is high, the device is in the
shift left function and data is shifted left (bottom to top
on schematic 4B) one data cell with each positive
transistion of the clock on pin 11 (the shift left serial
input is pin 22).

4. Pins 1 and 23 are both low, the device will inhibit
the clocking action of pin 11.

SYNCHRONOUS 6-BIT BINARY RATE MULTI-
PLIERS (U69-U74)

The Synchronous 6-Bit Binary Rate Multipliers are used
in the X Length-Rate Clock (U70, U74), Y Length-Rate
Clock (U71, U72), and the End of Vector Clock circuit
(U69, U73). These devices operate as follows: Parallel
input data is applied to pins 3,2,15,14,1, and 4 which
effectively divide the clock input on pin 9 by 2,4,8, 16,32
and 64 respectively. The clock input (pin 9) is gated with
the parallel data inputsin such a manner that the output
(pin 5) serial pulse train is proportional to the parallel
input data. A timing diagram (figure 8-34) shows the
relationship of the output pulses (pin 5) to the input clock
(pin 11). Waveforms 1 through 6 show the outputs on pin
5 for each of the conditions where one, and only one, of
the parallel inputs are active (high). When more than
one of the parallel inputs are active their outputs
(waveforms 1 through 6) are “ORed” together. As an
example, with input pins 1 and 4 active a pulse is output
on the 16th, 32nd, and 48th clock pulses as shown by
waveform 7. Many combinations of active inputs are
possible and the output will be different for each
combination. During the period of the 64th clock cycle
the “enable output” pin 7 will be low. After the 64th clock
cycle the device is in a reset or start condition.

8-82. CASE 2. VECTOR GENERATION.

Refer to figure 8-35 and Schematic 4B throughout this
discussion.

The 24.6 MHz Clock is a constantly running clock circuit
and is the basis for all timing of the circuits of schematic
4B.
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After the Vector Data has been read from memory and
processed by the circuits of schematics 4C and 4D, an
absolute length value for the X and Y Vectors is
available as the parallel inputs to the X (U63,U68)and Y
(U65,U66) Vector Length Detectors. The Vector Start
Flip-Flops will begin their start sequence on the positive
transistion of the first 24.6 MHz clock, which will set
U82 pin 9 high. U82 pin 9 going high will clock U79B to
the set state. With U79 pin 9 high the “D” input to U85B
is enabled. U85B will set with the second positive
transistion of U82 pin 9 (third 24.6 MHz clock) if
L=VECTOR INHIBIT from the Control Board is high.
U85B when set will place a low on the reset input of
U82A, which will then fire the Restart Timer. When
UB85B is set it also enables the parallel load function of
all Shift Registers (U63 and U65-U68). Data will be
parallel loaded into the Shift Registers on the third
positive transistion of U82 pin 9. The fourth positive
transistion of U82 pin 9 will reset U85B and clock US5A
into the set condition.

The data now contained in the X Vector Length Detector
is the absolute distance the pen (beam) must movein the
X plane and the Y Vector Length Detector contains the
absolute distance the pen must move in the Y Plane. If
either of these distances is 1/32 screen length or greater,
one or more right shifts will take place. A Vector length
of 1/32 screen or greater but less than 1/16 screen will
load a high on output pin 14 of U63 or U65. A Vector
length of 1/16 or greater but less than 1/8 screen will
produce a high on output pin 10. Alength of 1/8 screen or
greater but less than 1/4 screen will produce a high on
pin 8. A length of 1/4 screen or greater but less than 1/2
screen will produce a high on pin 6. A length of 1/2
screen or greater will produce a high on pin 4.
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If a high is present on any input to U64A or U64B all
Shift Registers are in the Shift Right function. A Shift
Right will occur with each positive transistion of U82
pin 9 as long as any highisinputto U64A or U64B. With
each Shift Right operation the data is moved down in
the Shift Register one data cell and a low is loaded into
the top data cell. When all “ones’ have been shifted out
of the first five data cells, U81B is set with the next
positive transition of U82 pin 9. The low on U81 pin 8
will force set the Vector Busy Flip-Flop removing the
force set from U79A, and enable U78D. 24.6 MHz clocks
are now available to the End of Vector Clock and
Length-Rate Clock circuits.

The X and Y Length-Rate Clock circuits now output a
pulse train (see timing diagram 1) to schematics 4C and
4D to increment/decrement the position counters. The
End of Vector Clock circuit will clock the Vector Busy FF
reset after the predetermined maximum vector length
time has been reached. If no shift right operations
occurred (<1/32 screen length vectors) U69 will count 32
of the 24.6 MHz clocks and output a low on pin 5. If one or
more shift operations occurred, U69 will count 64 of the
24.6 MHz clocks and output a low on pin 7 allowing the
next 24.6 MHz clock to toggle U79A. One 24.6 MHz clock
is routed (U86A) to U73, then U79A is toggled back toits
original state. If one shift had occurred the Vector Busy
Flip-Flop will be reset after 64 clocks (U73 pin 5 going
low). If more than one shift had occurred, the sequence
repeats until the maximum count of 1024 clocks. After
1024 clocks the Vector Busy Flip-Flop must be reset.

When the Vector Busy Flip-Flop goes set, Z Intensity
Modulation data is available to the Control Board.
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Figure 8-34. Rate Multiplier Timing Diagram
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After the Vector Data has been read from memory and
processed by the circuits of schematics 4C and 4D, an
absolute length value for the X and Y Vectors is
available as the parallel inputs to the X (U63,U68)and Y
(U65,U66) Vector Length Detectors. The Vector Start
Flip-Flops will begin their start sequence on the positive
transistion of the first 24.6 MHz clock, which will set
U82 pin 9 high. U82 pin 9 going high will clock U79B to
the set state. With U79 pin 9 high the “D” input to U85B
is enabled. U85B will set with the second positive
transistion of U82 pin 9 (third 24.6 MHz clock) if
L=VECTOR INHIBIT from the Control Board is high.
U85B when set will place a low on the reset input of
U82A, which will then fire the Restart Timer. When
UB85B is set it also enables the parallel load function of
all Shift Registers (U63 and U65-U68). Data will be
parallel loaded into the Shift Registers on the third
positive transistion of U82 pin 9. The fourth positive
transistion of U82 pin 9 will reset U85B and clock U85A
into the set condition.

The data now contained in the X Vector Length Detector
is the absolute distance the pen (beam) must movein the
X plane and the Y Vector Length Detector contains the
absolute distance the pen must move in the Y Plane. If
either of these distances is 1/32 screen length or greater,
one or more right shifts will take place. A Vector length
of 1/32 screen or greater but less than 1/16 screen will
load a high on output pin 14 of U63 or U65. A Vector
length of 1/16 or greater but less than 1/8 screen will
produce a high on output pin 10. A length of 1/8 screen or
greater but less than 1/4 screen will produce a high on
pin 8. A length of 1/4 screen or greater but less than 1/2
screen will produce a high on pin 6. A length of 1/2
screen or greater will produce a high on pin 4.
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If a high is present on any input to U64A or U64B all
Shift Registers are in the Shift Right function. A Shift
Right will occur with each positive transistion of U82
pin 9 as long as any highisinput to U64A or U64B. With
each Shift Right operation the data is moved down in
the Shift Register one data cell and a low is loaded into
the top data cell. When all “ones” have been shifted out
of the first five data cells, U81B is set with the next
positive transition of U82 pin 9. The low on U81 pin 8
will force set the Vector Busy Flip-Flop removing the
force set from U79A, and enable U78D. 24.6 MHz clocks
are now available to the End of Vector Clock and
Length-Rate Clock circuits.

The X and Y Length-Rate Clock circuits now output a
pulse train (see timing diagram 1) to schematics 4C and
4D to increment/decrement the position counters. The
End of Vector Clock circuit will clock the Vector Busy FF
reset after the predetermined maximum vector length
time has been reached. If no shift right operations
occurred (<1/32 screen length vectors) U69 will count 32
of the 24.6 MHz clocks and output a low on pin 5. If one or
more shift operations occurred, U69 will count 64 of the
24.6 MHz clocks and output a low on pin 7 allowing the
next 24.6 MHz clock to toggle U79A. One 24.6 MHz clock
is routed (U86A) to U73, then U79A is toggled back toits
original state. If one shift had occurred the Vector Busy
Flip-Flop will be reset after 64 clocks (U73 pin 5 going
low). If more than one shift had occurred, the sequence
repeats until the maximum count of 1024 clocks. After
1024 clocks the Vector Busy Flip-Flop must be reset.

When the Vector Busy Flip-Flop goes set, Z Intensity
Modulation data is available to the Control Board.

24.6 MHZ CLOCK INPUT

| _PIN 5 SERIAL OUTPUT WITH ONLY
1 PARALLEL INPUT PIN ACTIVE (HIGH)

£ ¢ { ¢ 4
2] Enm e Ol & )S‘H
¢« (¢ ¢ <
12] ) J D J PPN
( ¢ ¢ < ¢
1a] PN o[ > I
¢ C
>

L5
L5
"

\.‘r'\

T
NI2N

/

EXAMPLE OUTPUT WITH MORE THAN ONE

13504 -1338

[ [ L
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REF GRID REF GRID
DESIG | LOC | DESIG Loc
Cc58 D-4 | U35 E-6
Cc59 D-2 | u36 E-6
C65 D-8 | U37 E-6
C73 D-7 | U38 F-6
Cc76 D-6 | U39 D-6
Cc77 E-7 | v40 E-6
Cc78 F-7 u41 E-6
Cc79 F-6 u42 E-6
Cc80 E-6 | u43 F-6
C81 F-5 u44 D-5
Cc82 F-6 u4s E-5
c83 D-4 | U46 E-5
cs84 F-5 u47 E-5
c85 F-4 u4s F-5
Cc86 D-3 | U49 D-4
c87 E-3 | US0 E-4
Cc88 D-2 | U51 F-4
Cc89 F-2 us52 F-7
C90 F-1 us3 F-6
c110 E-8 | US4 F-6
cin E-4 | U55 F-5
J3 F-6 | U56 F-5
Ja D-6 | U57 F-4
L1 D-1 | U5s8 D-3
L2 D-1 us9 E-3
L3 E-1 ueo F-3
R149 D-8 | U61 F-3
R150 F-3 u62 F-3
R162 F-4 ue3 D-3
R163 F-7 ue4 E-3
R164 D-7 | U6s F-3
R166 D-5 | U66 G-3
R167 D-5 | U67 D-2
R168 E-8 | ués E-2
R169 E-8 | U69 E-2
R170 E-8 | U70 F-2
R171 E-8 | UT1 G-2
TP5 D-8 | U72 G-2
u31 D-7 | U73 F-2
u32 E-7 | U74 G-2
u33 F-7 u7s G-2
u34 D-6 | U76 G-2

Figure 8-36. Component Locator for Schematic 4B, part of Schematic 4C, and Schematic 4D
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8-83. SCHEMATIC 4C PRINCIPLES OF
OPERATION.

Schematic 4C contains:
1. X Coordinate Storage.
2. X Position Counter.
3. X Position-Coordinate Difference circuit.
4. X Position Clock Control.

Operation of the circuits on Schematic 4C will be
covered for two cases: (1) Vector Generation; and (2)
Character Generation.

8-84. CASE 1. VECTOR GENERATION.

When an X Coordinate value is available from memory
on the V1-V10 data bus a H=LATCH X pulse will be
input from the Control Board and latch that value into
U34, U36, and U38, the X Coordinate Storage register.

After the coordinate is latched, a one’s complement
subtraction takes place in the X Position-Coordinate
Difference circuit (U31, U32, U33). The subtractionis an
A minus B operation. That is, the actual pen (beam)
position (B) is subtracted from the input coordinate (A).
The result of the subtraction is the absolute distance the
pen must move in the X plane. If the pen is to move
toward the right of the screen the result of the
subtraction will be a positive number and U31 pins 11
and 16 will remain low. If the pen is to move toward the
left of the screen the result of the subtraction will be a
negative number and U31 pins 11 and 16 will be high.

With U31 pins 11 and 16 low the Exclusive OR gates
(U35, U37, US8A and U58B) have no effect on the data
and their outputs are identical to their inputs. The low
on U31 pin 11 via U41 pin 6 on schematic 4D will place
the X Position Counter in an up-count mode. When U31
pins 11 and 16 are high the Exclusive ORs will
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complement the data and the X Position Counter is in
the down-count mode.

The output data of the Exclusive ORs (U35, U37, U58A,
and U58B) is further processed on schematic 4B which
will return a RATE CLOCK (U80-2) to increment or
decrement the X Position Counter. Only the correct
number of clocks will be input to the X Position Counter
to move the pen the absolute distance required. The
contents of the X Position Counter is sent (H=XDATA1
through H=XDATA10) to the X Digital To Analog
Converter, schematic 4E.

The X Position Counter will not be incremented/
decremented if the RATE CLOCK is blocked in the
Counter Control circuit by one of the following: (1) loss of
L=VB from schematic 4B; (2) maximum display length
(count of 1023) is reached when in up-count; (3)
minimum display length (count of 0) is reached when in
down-count.

8-85. CASE 2. CHARACTER GENERATION.

When in text mode the X Position Counter is controlled
by the Character Generator Board. Two inputs (U41 pin
3 and U41 pin 4, from the Character Generator Board
via schematic 4D) control the up/down count input to
the X Position Counter. The input to U41 pin 3 also
changes the X Position-Coordinate Difference circuit
from an “Output=A-B” operation to “Output=A".

In the text mode the data latched into the X Coordinate
Storage is from the Character Generator (Display
Memory contains a “text flag”). The data on bus lines
V1 through V10 is latched in the X Coordinate Storage
by the signal H=LATCH X when character data is
available on the bus lines.

The Exclusive OR output data is sent to schematic 4B
without a subtract or complement taking place. RATE
CLOCKs will be returned from schematic 4B to
increment or decrement the X Position Counter as
required for each character. The output of the X Position
Counter is converted to an analog signal by the Digital
to Analog Converter (schematic 4E).
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8-86. SCHEMATIC 4D PRINCIPLES OF
OPERATION.

Schematic 4D contains:
1. Y Coordinate Storage.
2. Y Position Counter.
3. Y Position-Coordinate Difference circuit.
4. Y Position Clock Control.

Operation of the circuits on Schematic 4D will be
covered for two cases: (1) Vector Generation; and (2)
Character Generation.

8-87. CASE 1. VECTOR GENERATION.

When a Y Coordinate valueis available from memory on
the V1-V10 data bus a H=LATCH Y pulse will be input
from the Control Board and latch that value into U44,
U46, and U48, the Y Coordinate Storage register.

After the coordinate is latched a ones complement
subtraction takes place in the Y Position-Coordinate
Difference circuit (U49, U50, U51). The subtractionis an
A minus B operation, that is, the actual pen (beam)
position (B) is subtracted from the input coordinate (A).
The result of the subtraction is the absolute distance the
pen must move in the Y plane. If the pen is to move
toward the right of the screen the result of the
subtraction will be a positive number and U49 pins 11
and 16 will remain low. If the pen is to move toward the
left of the screen the result of the subtraction will be a
negative number and U49 pins 11 and 16 will be high.

When U49 pins 11 and 16 are low the Exclusive OR gates
(U59, U60, U58C and U58D) have no effect on the data
and their outputs are identical to their inputs. The low
on U49 pin 11 via U41-8 and U45-9 will place the Y

Position Counter in an up-count mode. When U49 pins -

11 and 16 are high the Exclusive ORs will complement
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the data and the Y Position Counterisin the down-count
mode.

The output data of the Exclusive ORs (U59, U60, U58C,
and U58D) is further processed on schematic 4B which
will return a RATE CLOCK (U80-4) to increment or
decrement the Y Position Counter. Only the correci
number of clocks will be input to the Y Position Counter
to move the pen the absolute distance required. The
contents of the Y Position Counter is sent (H=YDATA1
through H=YDATAI10) to the Y Digital To Analog
Converter, schematic 4E,

The Y Position Counter will not be incremented/
decremented if the RATE CLOCK is blocked in the
Counter Control circuit by one of the following: (1) loss of
L=VB from schematic 4B; (2) maximum display length
(count of 1023) is reached when in up-count; (3)
minimum display length (count of 0) is reached when in
down-count.

8-88. CASE 2. CHARACTER GENERATION.

When in text mode the Y Position Counter is controlled
by the Character Generator Board. Twoinputs U41 pin 9
and U41 pin 13 from the Character Generator Board
control the up/down count input to the Y Position
Counter. The input to U41 pin 10 also changes the Y
Position-Coordinate Difference circuit from an
“Output=A-B” operation to “Output=A”.

In the text mode the data latched into the Y Coordinate
Storage is from the Character Generator. The data on
bus lines V1 through V10 is latched in the Y Coordinate
Storage by the signal LATCH Y when character data is
available on the bus lines.

The Exclusive OR output data is sent to schematic 4B
without a subtract or complement taking place. RATE
CLOCKs will be returned from schematic 4B to
increment or decrement the Y Position Counter as
required for each character. The output of the Y Position
Counter is converted to an analog signal by the Digital
to Analog Converter (schematic 4E).
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Schematic 4D
8-51



8-89. SCHEMATIC 4E PRINCIPLES OF
OPERATION.

Schematic 4E cpntains:
1. X Digital to Analog Converter (X DAC).

2. Y Digital bo Analog Converter (Y DAC).

8-90. OPERATION.
'

Operation of the circuits on Schematic 4E will be
covered using tHe first two input stages of the XDAC as
operational exainples. The XDAC and YDAC actually
contain 10 input stages each, however, all 20 are
identical in operation, therefore, a discussion of two is
sufficient. '

Each input stagb contains a current source, a switching
transistor, and g portion of a resistiveladder network. In
the example, 1&1 and Q3 are the current source
transistors, Q@2 and Q4 are the switching transistors,
and R7, RS, Rl‘ , R12 are part of the resistive ladder
network. ;

With all DAC inputs low from the position counter, Q1
and Q3 will be conducting. The current path for Q1 is
from a low XDATAL input through CR1 and Q1 to +15V.
With low inputs, Q2 and Q4 are not conducting.

When the input XDATAI goes high, Q2 is biased to turn
on. A current is now flowing in the resistive ladder
network causing a change attheinput of the active filter

(U89). When the position counter is incremented one
count, XDATAI1 will go low and XDATAZ2 will be high

causing Q4 to conduct and Q2 to cutoff. The current
source Q3 supplies the same amount of current to the
resistive ladder network as Q1 did, however, becauseitis
one stage closer to the active filter (U89) it has an effect
on the input of U89 which is twice the change Q1 made.

When the position counter is again incremented
XDATA1 and XDATAZ2 will both be high. The switching
transistors, Q2 and Q4, will both be conducting, causing
a change at the input of the active filter (U89) which is
three times the effect of Q1 only.

Each input stage to the right on schematic 4E has twice
the effect on the active filter (U89) of the previous stage.
This is because the resistor network is a binary ladder.

The X and Y position data bits are connected to the
current sources such that bit 10 causes 1/2 screen
deflection, bit 9 causes 1/4 screen deflection, etc.

The operational amplifiers U89 and U91 are operating
as active filter devices. The operational amplifiers U90
and U92 are operated as output driver stages.

The X and Y outputs are a positive O volt to 1 volt ramp
potential for the display inputs.

8-91. ADJUSTMENTS.

A4R25, A4R30, A4R35, A4R40, and A4R45 are used to
minimize gaps or overlapping of the X DAC. A4R87,
A4R92, A4R97, A4R102, and A4R107 are used to
minimize gaps or overlapping of the Y DAC. A4C11,
A4C12, A4R3, A4C35, A4C36, and A4R65 are used to
adjust the vectors for minimum distortion. See Section V
of this manual for adjustment procedures.

Service
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! Service Model 1350A

cutoff. The current
it of current to the
1owever, becauseitis

(U89) it has an effect :
the change Q1 made. ;
again incremented
vhigh. The switching
conducting, causing REF | GRID| REF | GRID REF | GRID REF | GRID| REF GRID
filter (U89) which is DESIG | Loc | DESIG | Loc | pESIG |Loc | DESie | Loc | DESiG | Loc
c1 J-4 | cio1 111 | Q26 F-a | Raa -2 | R102 G-3
c2 J-5 | clo4 c-2 | Q27 G-4 | R45 J-2 | R103 -2
. . c3 -5 | c1os D-2 | Q28 F-4 | R46 J-2 | R104 F-
1ematic 4E has twice ca I-5 | c106 D-1 | Q29 G-4 | R47 12 | R105 F-3
f the previous stage. cs J-4 | c107 c-3 | Q30 F-4 | R48 -2 | R106 F-2
K is a bi ladd c6 -4 | ci08 c2 | a3 G-4 | R49 H-2 | R107 G-2
1s a binary ladder. c7 J-4 | c112 G-1 | Q32 F-4 | R50 H-2 | R108 G-2
c8 -4 | c113 F-1 | 033 G-3 | R51 H-2 | R109 F-2 |——
co -2 | CR1 -5 | a34 F-3 | R52 H-3 | R110 Fe2
wre connected to the c10 J2 | cr2 -5 | Q3s G-3 | R53 H-4 | R111 E-2
' causes 1/2 screen c11 I-2 | CR3 I-5 | Q36 F-3 | R54 H-3 | R112 E-2
deflection, etc. c12 J-2 | cra -4 | Q37 G-3 | R55 H-3 | R113 E-2
c13 12 | crs I-4 | Q38 F-2 | R56 H-3 | R114 E-3
. cl4 J-2 | cré -4 | Q39 G-2 | R57 H-4 | R115 E-4
id U91 are operating c15 H-2 | CR7 -3 | Q40 F-2 | R68 H-5 | R116 E-3
ional amplifiers U90 c16 H-3 | CR8 -3 | Ry G-6 | R59 H-5 | R117 E-4
; c17 H-2 | CR9 -3 | R2 J-5 | rR60 H-5 | R118 E-3
1ver stages. ci8 H-3 | CR10 -2 | R3 J-5 | Re61 H-5 | R119 E-3
c19 H-2 | cr11 H-5 | R4 -5 | R62 H-5 | R120 E-5
c20 H-3 | CR12 F-5 | Rs J-5 | R63 G-6 | R121 E-5
0 volt to 1 volt ramp c21 H-3 | CR13 F-5 | R6 I-5 | R64 G-5 | R122 E-5
c22 H-3 | CR14 F-5 | R7 -5 | R65 G-5 | R123 E-5
c23 H-5 | CR15 F-4 | R8 -5 | R66 F-5 | R124 E-5
c24 H-3 | CR16 F-4 | R9 J-5 | R67 G-5 | R125 G-6
c25 G-4 | CR17 F-4 | R10 -5 | res F-5 | R126 G-6
C26 G-5 | CR18 F-3 | R11 I-5 | R69 F-5 | R151 D-2
d A4R45 are used to c27 F-6 | CRI9  F-3 | R12 -5 | R70 F6 | R152 D-2
the X DAC. A4R87 c28 F-6 | CR20 F-3 | R13 J-4 | R G-5 | R153 D-2
€ . ’ c29 G-4 | CR21 F-2 | R14 I-5 R72 F-5 | R154 D-2
4R107 are used to c30 F-4 | CR22 E-4 | R15 -4 | R73 F-6 | R155 D-1
c31 G-4 | CR27 C-2 | R16 -4 | R74 F-5 | R156 c-2
the Y DAC. A4C1], g €32 F-4 | E1 J3 | Ri17 J-4 | R75 G4 | R157  c2
1 A4R65 are used to 2 c33 F2 | E2 G-3 | Ri8 4 | R76 F5 | R1S8  C3
ortion. See Section V c34 G2 | a1 -5 | R19 -4 | R77 F-4 1 R169 c-4
€35 2 | Q2 -5 | R20 -4 | R78 F-4 | R160 D-4
cedures. 2 c36 G-2 | a3 -5 | R21 J4 | R79 G-4 | R161 D-4
o c37 F-2 | a4 -5 | R22 I-4 | R80 Fa | u77 D-5
) c38 H-2 | as -4 | R23 I-4 | R81 F-4 | U8 D-4
> c39 E-2 | 06 -4 | R24 -3 | R82 F-4 [ U79 D-3
© c40 E-3 | a7 -4 | R25 J-4 | Re3 G-4 | uso D-5
'~ ca1 E-2 | a8 I-4 | R26 J-3 | Rea F-4 [ ust D-4
ca2 E-3 | Q9 -4 | R27 -4 | R85 F-4 | us2 c-2
ca3 E-2 | Q1o -4 | R28 1-3 | R86 F-5 | us3 c-2
ca4 E-3 { Q11 -3 | R29 -3 | R87 G-4 | Us4 c-4
ca5 E-3 | Q12 -3 | R30 J-3 | Rss G-3 | Uss c-a
c46 E-3 | Q13 1-3 | R31 J-3 | R89 F-4 | use c-3
ca7 E-5 | Q14 -3 | R32 -3 | R9O F-4 | us7 c-2
ca8 E-3 | ais -3 | R33 I-3 | R91 F-3 | use H-2
ca9 J-5 | aie -3 | R34 -3 | R92 G-3 | uso H-4
C50 J-5 | Q17 12 | R35 J-3 | Ro3 G-3 | U91 E-2
C51 G-5 | Q18 -2 R36 J-3 R94 F-3 | U92 E-4
c52 H-5 | Q19 -2 | R37 1-3 | R95 F-3 | VR J-5
c92 J-1 | a20 I-2 | R38 -3 | R96 F-3 | VR2 J-4
c93 D-2 | Q21 G-5 | R39 -2 | R97 G-3 | vr3 H-5
c94 c4 | Q22 F-5 | R40 J-3 | Ros G-3 | VR4 G-5
c95 D-4 | 023 G-5 | R4t J-2 | R99 F-3 | VRS G-5
c96 c-4 | Q24 F-5 | Ra2 1-3 | R100 F-3 | VR6 E-5
c97 c-4 | Q25 G-4 | R43 -2 | R101 F3 | v1 D-2

Figure 8-40. Component Locator for Schematic 4E and Part of Schematic 4C
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P/0 A4 D-A CONVERTER 01350- 66502

~P/0 A4 D-A CON eeso2 —_ —_—
S G
4c 7/ DATA X 1-10 10 X DIGI
109
G 7 X DATA 1 '\ X DATA 2 X DATA 3
| 150 T 1
l 2.7 +L 1 C5
15UF RS ~°1UF;§ RS é R13
2000 2000 2000
VA1 2-0041 R6 < R103 R143
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4 D-A CONVERTER 0135066502 —— —_— _— — e ——— e ——— —_— —_—— —_— ——

£ X DIGITAL TO ANALOG CONVERTER —\
/7 DATA X 1-10 4, AN
109 7 X DATA 1 \ X DATA 2 X DATA 3 X DATA 4\ X DATA § X DATA & X DATA 7 X DATA 8 X DATA 9 X DATA 10
TR l r ‘ J_ ' ' ' ' 1/32  Rzs 1/16 1/8 1/4 1 172
2.7 +L 1 | [ l . ] I N ] | ] I SCREEN 100 ScReen P30 SCREEN R33 é‘_} SCREEN SCREEN o9 +L c14
vL,'su R5 A -.v R9 R13 R17 R21 @ i y@ @ 100
Y 2000 2000 2000 2000 2000 ik UF
VR1 2-0041 R6 R10 R143 R18 R22 R26 R273 122‘1] R32g R36 R373 R42 ¢ X R46 100
5.11v 100 100 1005 100 100 1960 100? mof 1960 1003 1003 DISTORTION 1986
o
VR2 2-0041 % % ; I
5.11v < l ) %= a7 a9 013 a15) & #’@ til
By @ CR2 95) crs CR4 CRS CRé cR7[ Bl CR8 CR9
[T
M 1 c7 L
%LC %54 ce .01UF
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b -our] OLUF T T
X R3 % A
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L@ l c3
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ANALOG CONVERTER
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Service

NOTES:

1. GATES ARE SYMBOLIZED ACCORDING TO CIRCUIT
FUNCTION.

. UNLESS OTHERWISE NOTED:
RESISTANCE IN OHMS
CAPACITANCE IN PICOFARADS
INDUCTANCE IN MICROHENRIES

rn

3. UNLESS OTHERWISE NOTED:
LOGIC LEVELS ARE TTL:
+2.0V TO +5.0V=LOGIC"1"=H
0V TO +0.8V=LOGIC"0"=L

4. 01-40=1853-0036

CR1-10=1901-01793
CR12-21=1901-0179

PARTS ON THIS SCHEMATIC

P70 A4 CHASSIS

C1-52,92,101,112,113 W9,W10
CR1-22
E1,2
Q1-40
R1-126
ug9-92
VR1-6

1350-118

Figure 8-41.
Schematic 4E
8-53



8-92. CHARACTER GENERATOR A6
(SERVICE SHEET 5).

8-93. SCHEMATIC 5 PRINCIPLES OF OPER-
ATION.

Schematic 5 contains the entire Character Generator.
The circuits on the upper half of the schematic provide
control and timing. The circuits on the lower half
process an ASCII code on lines V1-V10 into a series of
vector data. This data is sent back out the V1-V10 lines
to the Vector Generator (on the Display Board), where it
is added to the current beam location in order to produce
a character.

The lower half of the schematic will be discussed first.
Whenever an ASCII character is output from the current
memory location, the X coordinate will be all zeroes on
V1-V10. The all zero state is detected by U5 and U6B
(Character Request Detector). This plus the X address
clock resets U7A, starting the character generation
mode. The next data present on V1-V10 is a 7-bit ASCII
character code plus 2 bits for character size and one bit
for character rotation. When a Y address clock is
received, ASCII Latches Ul5 and U16 latch the
character information and apply it to the Character
ROM Address Decoders. These decoders are themselves
ROMs which generate a unique 8-bit number that is
applied to the Address Counters for parallel loading.

The Address Counters are stepped one count each time
VECTOR BUSY goes high, meaning that the last vector
has been processed by the Vector Generators. The ten
outputs of the counters are applied to the Character
ROMs as addresses. The Character ROMs are
programmed to provide vector numbers characteristic of
the strokes needed to produce the ASCII character.

The four data selectors U12-U14, and U26 (at the right
side of the schematic) change the significance of the
Character ROM outputs on V1-V10. The incoming size
information on V8 and V9 control the data selectors by
shifting the top four lines of the Character ROMs from
V1-V4 through V4-V7. This in effect shifts the
significance or weighting of the character strokedata to
the Vector Generator, resulting in larger-sized
characters.

U10A, U10D, and U22 select the ROM containing the
desired character. ROM 1 (U24) contains the first 64
characters from the modified 1350A ASCII set. ROM 2
(U11) contains the rest of the characters. Refer to the
Operating and Programming manual for the modified
ASCII character set used in the 1350A.

The circuits along the upper part of the schematic
provide control and timing for character generation.
U1B is set when a Y address clock occurs.

U2A provides a 200 to 300 nanosecond pulse to the
Address Counters for parallel loading of the unique
number generated by the Character ROM Address
Decoders.

U7A FF is clocked to its reset state whenever an X
address clock is received and the current data on V1-V10
is all zeroes. All zeroes in the X coordinate means the Y
coordinate following will contain an ASCII code for a
character. U7B is clocked to its reset state following
U7A’s recognition of a character request and a Y
address clock, meaning the data on V1-V10 is now a
valid ASCII code.

U4A and U4B generate timing pulses to the Vector
Generator through multiplexer U9. Unless a character
rotation is received to reverse the order, U4A will enable
the data coming from the Character ROMs to go to the X
Vector Generator. U4B generates a similar pulse
following the trailing edge of the U4 A pulse to enable the
Y Vector Generator. With these two bytes of data the
Vector Generator computes the length and direction of
the character stroke.

U2B generates a short delay after VECTOR BUSY goes
high before the Address Counters are advanced one
count.

After the last stroke of a character, while the beam is
going to the starting position of the next character, the
Character ROM outputs an End of Character signal.
U1A FF sets after U4B times out, enabling U10C. When
U2B times out ~90 nanoseconds after VECTOR BUSY
returns high, U10C sets U7A and U7B. The Character
Generator circuit is now ready to receive another
character upon a character request detection.

NOTE

The Character Generator Board (A6) can be
completely removed and the 1350A will still
be able to produce vectors. This allows
isolation when troubleshooting, as the
Character Generator can “hang-up” the
1350A, preventing any output.

Service

Model 1350A
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REF GRID REF GRID

DESIG LocC DESIG LocC

c D-3 R12 E-3

c2 D-4| R13 E-3

Cc3 D-5 R14 E-3

c4 C-5 R15 D-2

—| cs B8-5 | R16 D-1

cé A-4 | R17 D-2

c7 B-4 | R18 B-2

c8 C-4 | R19 B-3

c9 C-3 R20 C-3

c10 D-2 | R21 B-3

c11 D-2 | R22 c-2

ci2 D-1 R23 B-2

C13 D-1 R24 B-2

—| C14 C-1 u1 C-5

C15 B-4 u2 D-5

Cib B-2 U3 B-5

c17 A-2 us B-5

c18 B-1 ué B-4

c19 B-5 | U7 B-4

C20 E-5 us D-4

c21 D-4 us Cc-4

c22 B-5 u10 B-3

— 11| c23 D-5 (VAR Cc-2

c24 B-4 u12 B-2

Cc25 c-4 u13 B-2

J3 D-3 u14 B-1

Ja A-4 u1s B-3

R1 E-5 uU16 B-4

R2 D-3 u1l7 C-4

R3 B-4 u1s C-3

R4 D-5 | U19 D-2

—| R5 A-5 | U20 D-2

R6 D-5 | U21 D-1

R7 A-5 u22 B-2

R8 c-4 u23 A-2

R9 B-3 | U24 C-1

; - R10 D-3 | XU25 C-2

| 78-347 R11 E-3 uz26 B-1
B c D E F G

Figure 8-42. Character Generator Board A6 Component Locator Schematic 5
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P/0 /\4 AG CHARACTER GENERATOR BD 01350-66504
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8-94. POWER SUPPLY A5 (SERVICE SHEET
6).

8-95. SCHEMATIC 6A PRINCIPLES OF
OPERATION.

Schematic 6A contains the power input wiring, +15 V,
+12 V, -5 V, =15 V regulators, protective overvoltage
crowbars, and fan control circuits.

8-96. THREE-TERMINAL REGULATOR SUPPLIES.

The +12 V regulator will be described and is typical of all
four regulators.

A DC voltage of ~+20 volts is obtained from the Bridge
Rectifier (CR2)/Filter (C8) circuit and applied to U2. U2
is a 3-terminal, fixed-voltage regulator. The output of the
regulator IC is a voltage of +12 volts accurate to within
5%. These regulators have internal current limit and
thermal protection.

On the output of the regulator is an Overvoltage
Crowbar circuit. The crowbar shorts the output of the
regulator should the voltage go above approximately

13.5 volts. The Overvoltage Crowbar is a protection
circuit only. When the crowbar “fires” the Line fuse
should open.

The +15 V and -15 V supplies are protected against
reverse voltage conditions by diodes across their
outputs.

8-97. FAN CIRCUIT.

The fan circuit consists of a filter (located at the rear of
the Display Board A4) and an Inverter/Fan assembly.
Transistor Q2 limits the maximum currentdrawn by the
fan assembly.

8-98. TROUBLESHOOTING.

Troubleshooting any of the supplies is best done by
disconnecting the loads via removing Printed Circuit
boards from the 1350A. This will isolate the problem to
one of the boards or to the power supply. The
Overvoltage Crowbar circuits can be isolated by lifting
R30 or R29.

If trouble is experienced with the fan, check the voltage
and connections on the red (2) and blue (6) wires.
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Mnemonics on Power Supply Board A5
L = DATAL — Low level turns front panel LED on. Low when data is being received.

L=POWERINTERRUPT — Low level indicates a line voltage fluctuation or power inter-
rupt has occurred. Stays low until power is reset or instrument receives a
DC4(20) ASCIl command via HP-IB.

L =PROGL — Low level turns front panel LED on. Low when program — Control Board
or 1/O Board instructions — are being received.

LINE SYNC — This signal, generated on the Power Supply board, is used to signal the
start of the next frame. Sync rate is 120 Hz.
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Service

8-99. SCHEMATIC 6B PRINCIPLES OF
OPERATION.

Schematic 6B contains the Switching Regulator +5 V
supply, Line Sync Generator, and front panel LEDs.

8-100. +5 VOLT POWER SUPPLY.

The +5 volt power supply is a switching regulator type
and is used to power all the integrated circuits except for
the Random Access Memories (RAMs).

The ICs in the instrument are protected by an
Overvoltage Crowbar circuit consisting of A5Q5 and
A5VRI1. A5VR1 is connected to the output of the
regulator circuit. If an overvoltage condition occurs then
VR1 conducts, turning on A5Q5 to open the Line fuse.
The approximate firing voltage for the crowbar is +5.75
volts.

Q1 (located on the rear deck above the fan) is used as a
switch. The duty cycle (on/on+off time) is controlled by
A5U1. The duty cycle changes, depending on theload, to
keep the charge across A5C18 equal to 5 volts. When Q1
is on, the charge rate of A5C18 is controlled by A5L1
producing a ramp. When an upper limit is reached Q1 is
turned off, ASCR6 conducts, and the energy stored on
A5L1 dumps into A5C18. When the voltage across
A5C18 decays to a lower limit Q1 is again turned on and
the process repeats.

A5U1 senses the charge across A5C18 and compares it
to an internally generated reference of +7.15 volts
divided down to +5 volts by A5R14-16. Oscillation (Q1
on-off cycle) is sustained by feedback from A5C17 and
A5C15.

8-58
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A5Q3 functions as a driver for Ql. A5Q4 limits the
maximum charge current into A5C18, protecting Q1.

8-101. LINE SYNC GENERATOR.

The Line Sync Generator is an overdriven amplifier
which generates a 2-times-line-frequency square wave to
sync the display to the line. A switch on the rear panel
enables the LINE SYNC feature (see Schematic 3D).
A5CRS5 is a full-wave rectifier that provides the 2-times-
line-frequency switching action.

8-102. TROUBLESHOOTING.

Check for the proper voltage at the fuse. If the +5 V
Switching Regulator will not oscillate check Q1, A5Q3,
A5Q4, and A5BUIL. Ul is best checked by simply
replacing it. The following list gives the expected
voltages and waveforms around A5U.

Pinl +5V
PIN2 ... +5V
PIN3 ... +5V
PIn4d ... +7.15V
pinb5.......... Ground (connected to chassis)
piné ....... +5 V with +0.5 V pulse ~20 kHz
pin7 ....... +30 V with -1.5 V pulse ~20 kHz
PIN 8 +30 V
pin9 ....... +5 V with +0.5 V pulse ~20 kHz
pinl10...... +5 V with +0.5 V pulse ~20 kHz

Test Point 1 above A5CR6 should have a 30 V 20% duty
cycle pulse. This is approximate and varies with the
load.

The TALK lamp is not used and will not light.
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