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12595A Section I 

SECTION I 

GENERAL INFORMATION 

1-1. INTRODUCTION. 

1-2. This manual provides general information, instal­
lation instructions, theory of operation, maintenance, and 
replaceable parts information for the Hewlett-Packard (HP) 
12595A Multiplexed Input/Output Accessory Kit for HP 
2114 series computers (see figure 1-1). 

1-3. DESCRIPTION. 

1-4. The multiplexed input/output accessory kit 
expands the number of 1/0 devices that can be used \_Vith a 
2114 Computer. As many as 56 peripheral 1/0 devices can 
be connected to a single user-designed controller that is 
interfaced to the computer by a plug-in multiplexer data 
card and a modified 1/0 control card. These cards provide 
all required address, control, and data signals to the user's 
controller. 

1-5. ACCESSORY KIT CONTENTS. 

1-6. The multiplexed input/output accessory kit con-
sists of the following: 

a. Multiplexer data card, part no. 12595-6001. 

b. Eight integrated circuits, part no. 1820-0071 (for 
modification of the existing computer 1/0 control 
card) . 

c. Two 48-pin connector kits, part no. 02116-6178. 

d. Decal, part no. 12595-8003 (for modified 1/0 control 
card). 

e. Operating and Service Manual, part no. 12595-9001. 

Figure 1-1. HP 12595A Multiplexed Input/Output Accessory Kit 

1-1 
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1-7. IDENTIFICATION. 

1-8. This operating and service manual is identified on 
the title page by interface kit designation and nomencla­
ture, card assembly part number and revision code, manual 
part number, and publication date. Refer to the infor­
mation in the following paragraphs and ensure that this 
manual applies to the equipment being serviced. 

1-9. Hewlett-Packard uses five digits and a letter 
(OOOOOA) for standard interface kit designations. If the 
designation of your kit does not agree with that on the title 
page of this manual, there are differences between your kit 
and the kit described in this manual. The appropriate 
manual or manual supplement is available at the nearest HP 
Sales and Service Office listed at the back of this manual. 

1-10. Printed-circuit cards used as plug-in card assem­
blies or fixed wired assemblies are identified by a letter, a 
revision code, and a division code stamped on the card (e.g., 
A-832-22). The letter identifies the version of the etched 
trace pattern on the unloaded card. The revision code 
(three or four middle digits) refers to the electrical char­
acteristics of the loaded card. The division code (last two 
digits) identifies the Hewlett-Packard division which manu­
factured the card. If the revision code on the printed-circuit 
card does not agree with the revision code shown on the 
title page of this manual, there are differences between 
your card and the card described in this manual. These dif­
ferences are described in manual supplements available at 
the nearest HP Sales and Service Office. 

12595A 

1-11. ADDITIONAL ITEMS REQUIRED. 

1-12. Because of application differences, the intercon­
necting cables must be supplied by the user. Two cables are 
required: one from the I/0 control card to the user's con­
troller, and one from the multiplexer data card to the user's 
controller. For minimum signal loss and propagation delay, 
Hewlett-Packard recommends that these cables be of the 
twisted-pair type and be kept as short as possible. To fit the 
48-pin connectors supplied with the accessory kit, the out­
side diameter of the cables must not exceed 0.4 inch. 
Hewlett-Packard cables that meet these requirements are: 
part no. 8120-1167, a 48-pair cable suitable for connection 
to the multiplexer data card; and part no. 8120-1283, a 
36-pair cable suitable for connection to the 1/0 control 
card. These cables are sold by the foot and can be ordered 
through any Hewlett-Packard Sales and Service Office listed 
at the back of this manual. 

1-13. Paragraph 3-29 provides important timing in­
formation that must be considered before determining the 
allowable length of the interconnecting cables. Both cables 
should be nearly the same length and under no circum­
stances can these cables exceed a length of 60 feet. 

1-14. SPECIFICATIONS. 

1-15. Table 1-1 lists specifications of the 12595A Mul-
tiplexed Input/Output Accessory Kit. 

Table 1-1. Accessory Kit Specifications 

CHARACTERISTICS SPECIFICATIONS 

Input Levels: 

Logic 1 +0.5V maximum, 16 mA to load 
Logic 0 +3.5V, 222 ohm source impedance 

Output Levels: 

Logic 1 +0.5V maximum, 16 mA to load 
Logic 0 +3.5V, 222 ohm source impedance 

Current Required By Accessory Kit: 

+12V de O.OA 
-12V de O.OA 
+4.5V de 1.0A 
-2V de 0.05A 

Multiplexer Data Card Dimensions: 

Width 7-3/4 inches ( 196,8 mm) 
Height 8-11/16 inches (220,7 mm) 
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SECTION II 

INSTALLATION 

2-1. INTRODUCTION. 

2-2. This section provides information for unpacking 
and inspection, reshipment, preparation for installation, 
and installation of the kit. 

2-3. UNPACKING AND INSPECTION. 

2-4. If the shipping carton is damaged upon receipt, 
request that the carrier's agent be present when the inter­
face kit is unpacked. Inspect the contents of the kit for 
damage (cracks, broken components, etc.). If the card is 
damaged and fails to meet specifications, notify the carrier 
and the nearest HP Sales and Service Office immediately. 
(Sales and Service Offices are listed at the back of this 
manual.) Retain the shipping container and packing 
material for the carrier's inspection. The HP Sales and 
Service Office will arrange for repair or replacement of the 
damaged card without waiting for claims against the carrier 
to be settled. 

2-5. RESHIPMENT. 

2-6. If an item of the kit is to be shipped to Hewlett­
Packard for service or repair, attach a tag to the item 
identifying the owner and indicating the service or repair to 
be accomplished. Include the model number of the kit and 
the sales order number if available. 

2-7. Pack the item in the original factory packing 
material if available. If the original material is not available, 
standard factory packing material can be obtained from the 
nearest HP Sales and Service Office. 

2-8. If standard packing material is not used, wrap the 
item in Air Cap TH-240 cushioning (manufactured by 
Sealed Air Corporation, Hawthorn, N.J.), or equivalent, and 
place in a corrugated carton (200 pound test material). Seal 
the shipping carton securely and mark it "FRAGILE" to 
ensure careful handling. 

Note: In any correspondence, identify the kit 
by number. Refer any questions to the 
nearest Hewlett-Packard Sales and Service 
Office. 

2-9. PREPARATION FOR INSTALLATION. 

2-10. Prior to installing the accessory kit, modify the 
computer I/O control card, fabricate interconnecting 
cables, and determine availability of operating currents as 
described in the following paragraphs. 

2-11. I/O CONTROL CARD MODIFICATION. 

2-12. To provide the necessary signals from the com­
puter to the user's controller, modify the I/ 0 control card 
as follows: 

a. Ensure that the computer POWER switch is set to OFF. 

b. Remove the I/O control card (02114-6007) from slot 
A15 of the computer. 

c. Insert the eight integrated circuits into the sockets pro­
vided on the I/0 control card. All eight circuits are 
identical and must be installed with the keyed ends of 
the circuits facing the 86-pin connector side of the card. 

d. Remove jumpers Wl through Wll from the I/O control 
card. Figure 4-2 shows jumper locations. 

e. Add the decal, included in the accessory kit, to show 
that the I/O control card has been modified and bears a 
new part number (12595-6002). 

2·13. CABLE ASSEMBLY FABRICATION. 

2-14. The user must fabricate the cables used between 
the I/O control and multiplexer data cards in the computer 
and the user's controller. Cable selection details are given in 
paragraphs 1-11 through 1-13 of this manual. The two 
48-pin connectors included in the accessory kit connect to 
the two cards in the computer; the cable connectors re­
quired for the user's controller are supplied by the user. 

2-15. Tables 4-3 and 4-5 list pin connections and the 
corresponding signals on the 48-pin connectors of the 
modified I/O control card and the multiplexer data card. 
Using tables 4-3 and 4-5 and figures 2-1 and 2-2, fabricate 
the interconnecting cable assemblies as follows: 

a. Insert approximately 10 inches of cable into the con­
nector hood. 

b. Strip the outer jacket of the cable back 5 inches. 

c. Prepare a bus wire from 22-gauge bare-copper wire and 
solder it to pins BB and 24 of the connector as shown 
in figure 2-1. 

d. Divide the twisted-pairs into groups of six pairs each. 

e. Starting at the end of the 48-pin connector nearest pins 
BB and 24, connect the first six pairs as follows: 

(1) Solder the six signal wires to their respective pins on 
the connector and insulate each pin with tubing as 
shown in figure 2-2. 

2-1 
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(2) Solder the six ground wires to the bus wire and 
insulate with shrink tubing as shown in figure 2-2. 

f. Repeat substeps (1) and (2) with the remaining groups 
of wires until all wires are soldered to the connector 
and insulated. 

g. Trim excess bus wire and install the 48-pin connector in 
the connector hood using the two self-tapping screws. 

h. Install the cable clamp and tighten it in place with the 
setscrew. 

r-3-1/2 IN.----i 
T 'BUS 

L:?"' 
48-PIN 

CONNECTOR 

Figure 2-1. Bus-Wire Details 

2-16. CURRENT REQUIREMENTS. 

2-17. The interface card in the kit obtains its operating 
currents from the computer power supply. Before installing 
the interface card, determine the current requirements of 
the card in combination with all other interface or acces­
sory kits already installed in the computer. Volume Three 
of the computer system documentation defines the currents 
available from the computer power supply and, describes 
the procedure for calculating the total current require­
ments. If the total current requirements exceed the limita­
tions of the computer power supply, a Hewlett-Packard 
power supply extender or input/output extender must be 
used. See table 1-1 for the current requirements of the 
multiplexer data card. 

2-18. INSTALLATION. 

2-19. Install the multiplexed input/output accessory kit 
as follows: 

a. Ensure that power is removed from the computer and 
the input/output system. 

b. Insert modified I/O control card into computer slot 
A15. 

c. Insert multiplexer data card into a vacant I/O card 
slot. Priority considerations are given in paragraph 
3-15. 

2-2 
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d. Interconnect the 1/0 control card, the multiplexer data 
card, and the user's controller with the cables fabricated 
in paragraph 2-13. 

e. Power can now be applied to the computer and the user's 
multiplexed I/O system to verify proper operation. 

48-PIN CONNECTOR 

ITEM DESCRIPTION PART NO. 

*1 Cable 
2 Connector hood 02116-4001 

3 Self-tapping screw 0624-0098 

4 Connector, 48-pin 1251-0335 

5 Setscrew 3030-0143 

6 Cable clamp 02116-4003 

*Not supplied with this kit. See paragraph 1-12 for suitable 
cables available from Hewlett-Packard. 

Figure 2-2. Cable Fabrication Diagram and 
Parts List 
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SECTION Ill 

THEORY OF OPERATION 

3-1. INTRODUCTION. 

3-2. This section provides the theory of operation for 
the circuits directly associated with the multiplexed 1/0 
accessory kit. For detailed theory of operation for the com­
puter 1/0 section, refer to Volume Three of the computer 
system documentation. 

3-3. Logic diagrams for the multiplexed 1/0 accessory 
kit are located in the maintenance section (Section IV) of 
this manual. Figure 4-3 is the modified 1/0 control card 
logic diagram, and figure 4-5 is the multiplexer data card 
logic diagram. 

3-4. Operation of the multiplexed 1/0 accessory kit is 
automatic under normal conditions. All necessary 1/0 
address, control, the data lines are available to the user's 
controller. Multiplexed 1/0 devices have access to the com­
puter priority and interrupt system. Interrupt requests from 
multiplexed devices are serviced in the same manner as 
interrupts from devices using the 1/0 slots in the computer 
mainframe. 

3-5. As an aid to designing the user's controller, this 
section also contains critical timing information and 
descriptions of the device addressing methods available to 
the user. 

3-6. MODIFIED 1/0 CONTROL CARD 

3-7. The addition of eight integrated circuits to the 1/0 
control card makes the complete set of select code 
addresses 10 through 77 (octal) available to the user 
through the 48-pin connector on the card. Table 4-3 lists 
the signal lines available from the modified 1/0 control 
card. These signal lines allow any multiplexed device to be 
addressed under program control and allow an interrupt 
address to be returned to the computer. Select codes 10 
through 17 (octal) can be used to address either an inter­
face card in the mainframe or multiplexed device, but not 
both. 

3-8. Control signals used by the 1/0 control card in­
clude the External Interrupt (XINT), Interrupt Address 
(IA), and External Power Fail (XPF) signal. The XINT 
signal and the IA signals provide the necessary interrupt 
information. The XPF signal allows the user to have access 
io the computer power fail circuitry. 

3-9. The XINT signal together with a true Enable Ser­
vice Request (ESR) signal generates a true Interrupt (INT) 
signal causing the computer to enter the interrupt phase. 
The computer strobes the 6-bit interrupt address into the 

central interrupt register which then places the address of 
the interrupting device onto the T-bus. Multiplexed inter­
rupts are processed the same as other 1/0 interrupts. 

3-10. The interrupt causes the computer to read the 
location in memory that contains the address of the sub­
routine used to service the interrupting device. The inter­
rupt address is sent with the XINT signal to the 1/0 control 
card, and is applied to the input of the central interrupt 
register. The presence of signals on the IA lines will not, by 
themselves, cause an interrupt. 

3-11. MULTIPLEXER DATA CARD. 

3-12. The multiplexer data card provides a buffered path 
for data and control signals to and from the computer (see 
figure 3-1). The buffer elements invert the signal levels caus­
ing the complement of each input signal to be provided at 
the output. All input and output signal levels are compati­
ble with DTL/TTL current-sinking logic as listed in 
table 1-1. Table 4-5 lists the signal lines available from the 
multiplexer data card. 

3-13. The multiplexer data card provides 16 bidirec­
tional, buffered data lines that link the multiplexed devices 
with the computer Input/Output Bus (IOB) lines. The 
driver and receiver gates on these lines are "OR-tieable" 
permitting the user to have several input or output devices 
on each data line (subject to the specification in table 1-1). 

3-14. Data transfer from the computer to a multiplexed 
device via the multiplexer data card is enabled by an 1/0 
Output (IOO) signal which is generated by a programmed 
output instruction. This signal enables the data output 
gates. The delay network made up of MC83, MC93 and 
MC105B maintains the 100 enabling signal from T3 
through T5 of a machine timing cycle to provide a longer 
data transfer period. Data transfer to the computer is 
enabled by an 1/0 Input (IOI) signal to the data input gates. 
The IOI signal is a result of a programmed input 
instruction. 

3-15. PRIORITY NETWORK OPERATION. 

3-16. The multiplexer data card receives a Priority High 
(PRH) signal from the 1/0 slot in which it is placed. For 
example, if the data card is placed in slot A20, it will 
receive the PRH13 priority signal (see figure 3-2). All 
devices used in the multiplexed system will then have an 
interrupt priority higher than devices plugged into slots 
A19, A18, Al 7, or Al6 and lower priority than devices 
using I/O slots A21, A22, or A23. The user can use the 
priority signal from the multiplexer data card to produce 
his own priority string and maintain an orderly interrupt 
system for the multiplexed devices. 

3-1 
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COMPUTER 
BACKPLANE 

COMMANDS 

DATA{ 

PRL & SKF 

MULTIPLEXER DATA CARO 
12595-6001 + 

316!! 

-l/OOUT + 
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-
1/0 IN + 
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SEPARATE POWER GROUND BUS 

0 = DTL "OR·TIEABLE" 
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TWISTED· I USER'S INTERFACE 
PAIR CABLE 
GND-TRUE I + 

I 

I 

I 
I - - -I + 

I 316!! 

I 750!! 

- - -+ 

Figure 3-1. Multiplexed 1/0 Interface Connections 

PRH 13 PAL 13 

MULTIPLEXED DEVICES 

Figure 3-2. Priority Continuity 
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3-17. The Priority Low (PRL) signal from the user's con­
troller must be returned to the computer before T5 time to 
complete the computer priority network. If the multiplexer 
data card is inserted in the lowest priority I/O slot (A16), 
the PRL signal need not be returned, but must settle before 
T5 time (see paragraph 3-29). 

3-18. USER'S CONTROLLER. 

3-19. Data interchanges between the computer and the 
external 1/0 devices must occur at the proper time, and the 
correct 1/0 device must be selected. The user must design a 
controller to satisfy these requirements. 

3-20. The following paragraphs describe general control­
ler requirements, methods to address multiplexed devices, 
and critical timing information. For more detailed informa­
tion about controller design, refer to A Pocket Guide to 
Interfacing HP Computers, part no. 5950-8718, available 
from any HP Sales and Service Offices. 
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3-21. GENERAL REQUIREMENTS. 

3-22. Controller design is simplified by the availability 
of all 1/0 address and control signals. All signal lines are 
compatible with TTL or DTL logic; controller design must 
provide for proper termination of these lines. 

3-23. The interrupt address must be supplied to the 
computer only when the Interrupt Enable (IEN) and PRH 
signals from the computer are true. This prevents simultane­
ous arrival of address information from devices on the 
multiplexed 1/0 string and devices using 1/0 slots in the 
computer mainframe. The interrupt address lines must be 
true between the leading edge of T5 Set Interrupt Request 
(SIR) of a machine cycle and the leading edge of T2 Enable 
Flag (ENF) of the following machine cycle. The 1/0 
priority chain determines which device is allowed to inter­
rupt computer operation. 

3-24. The multiplexed device may send a Skip on Flag 
(SKF) signal to the computer where it causes the computer 
program counter to be incremented by one, skipping the 
next sequential program instruction. Figure 3-3 shows the 
logic necessary to generate a SKF signal. 

FROM 
COMPUTER 
(VIA DATA 

CARDI 

1/0 DEVICE INTERFACE 

I SFS_._ ____________ ....f 

FLAG FF 

SFC-------------+-L../ 

SCM 
SCL 
IOG 

TO 
COMPUTER 
(VIA DATA 

CARDI 
I 

I 
.1 

SKF 

Figure 3-3. SKF Signal Generation 

3-25. The SKF signal is initiated by a programmed Skip 
if Flag Set (SFS) or Skip if Flag Clear (SFC) instruction 
with the select code of the desired device. These instruc­
tions test device status. If the Flag flip.flop of the addressed 
device is set, indicating that the device is ready to send or 
receive data, and an SFS instruction is being executed by 
the computer, then a SKF is sent to the computer from 
the device. If a SFC instruction has been decoded and 
the Flag FF is not set, then a SKF signal is sent to the 
computer. 

3-26. The XPF signal provides the user with the ability 
to tum off the computer in the event of a power failure in 
the multiplexing controller or in one of the multiplexed 1/0 
devices. The use of the XPF signal to actuate the computer 
power fail circuitry is optional. When the power level drops, 
the XPF signal must go low, causing the computer power 
fail circuitry to halt the computer. The power-fail with 
automatic-restart option is accessed by the XPF signal in 
the same manner. When the XPF line is riot used, the XPF 

Section Ill 

input is held high by resistor RlO on the 1/0 control card; 
no holdoff level is required. 

3-27. INTERRUPT PROCESSING. 

3-28. A multiplexed 1/0 device can request an interrupt 
by sending the XINT signal and the device IA signals to the 
computer. The computer then goes to the memory location 
specified by the interrupt address, and performs the pro­
gram steps necessary to handle the interrupt for that 
specific device. If transfer speed is not a prime considera­
tion, however, the interrupt address lines can be connected 
to provide the same fixed address regardless of which device 
requests the interrupt. This reduces the amount of logic 
circuits required to service interrupts. When an interrupt 
occurs, the computer reads the same memory location con­
taining the address of a subroutine to test each device. This 
subroutine determines which device generated the 
interrupt. 

3-29. TIMING CONSIDERATIONS. 

3-30. Timing is an important consideration when design­
ing the controller circuits and fabricating the cables 
required for interconnection. Particular attention must be 
given to the settling times of the SKF, PRH, PRL, and input 
data signals. Timing details are illustrated in figure 3-4. The 

COMPUTER 
TIMING 

TO T1 T2 T3 T4 T5 T6 T7 TO 

SCM/SCL t------' 

IOG 1-------' 

100..._ ___ __, 

101 ..._ _____ _. 

IOB(0-1511--------' 

INPUT DATA 
(SETTLING TIME) 

350 NSEC 

i--1 
DATASTROBEt-----------' 

SFS/SFC 1-----__, 

350 NSEC 
SKF DELAY i--1 
SKFSTROBEt--------~ 

ENF ...._ _ ___. 

PRIORITY PRH/PRL 
(SETTLING TIME) 

SIR 1--------__, 

Figure 3-4. Critical Signal Timing Diagram 
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settling times shown in figure 3-4 are absolute maximums, 
and the signals must be settled prior to the end of these 
times. 

3-31. A system with a large number of multiplexed I/O 
devices may cause problems with the priority settling time. 
Each gate in the priority chain has a propagation delay 
which, when added to the cable delay, could exceed the 
750-nanosecond maximum. It may be necessary to con­
struct the priority chain to disable groups of devices for 
faster propagation as shown in figure 3-5. 

3-4 

FIRST GROUP OF DEVICES 
10-17 

SECOND GROUP 

20-27 

12595A 

Figure 3-5. High Speed Priority Propagation 
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SECTION IV 

MAINTENANCE 

4-1. INTRODUCTION. 

4-2. This section provides maintenance information for 
the accessory kit. Preventive maintenance instructions, 
corrective maintenance instructions, and maintenance 
data consisting of signal indexes, integrated circuit 
characteristics and pin connections, reference designa­
tion indexes, parts location diagrams, and logic 
diagrams are included. 

4-3. PREVENTIVE MAINTENANCE. 

4-4. Include maintenance for the accessory kit in 
the preventive maintenance routines in Volume Two 
for the computer. Also, visually inspect the printed 
circuit cards, cables, and cable connectors for cracked, 
broken, or burned insulation, wiring, and components; 
repair if necessary. 

4-5. CORRECTIVE MAINTENANCE. 

4-6. When performing corrective maintenance, refer to 
figures 4-1 through 4-5 and tables 4-1 through 4-5 in this 
section and figure 3-4 in Section III. 

4-7. PIN CONNECTIONS. 

4-8. For connections to the 86-pin edge of the modi­
fied 1/0 control card and the multiplexer data card, refer to 
the computer backplane wire list in Volume II of the com­
puter system documentation. For connection to the 48-pin 
edge of these cards, refer to table 4-3 (modified 1/0 control 
card) and table 4-5 (multiplexer data card). 

4-9. SIGNAL VOLTAGES. 

4-10. To determine the input and output voltage char­
acteristics of the integrated circuits on the modified I/O 
control card and the multiplexer data card, locate the inte­
grated circuit in figure 4-1, and refer to the listed character­
istics in table 4-1. 

4-1 
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Figure 4-1. Integrated Circuit Pin Connections 

4-2 



l2595A Section IV 

Table 4-1. Integrated Circuit Characteristics 

MAXIMUM 
PROPAGATION 

INPUT LEVEL OUTPUT LEVEL DELAY 
(VOLTS) (VOLTS) (NANOSECONDS) 

CHARACTERISTIC OPEN 
LOGIC 1 LOGICO LOGIC 1 LOGIC 0 INPUT TO TO 

MIN. MAX. MIN. ·MAX. ACTS AS: LOGIC 1 LOGICO 

1 +2.0 +0.8 +2.4 +0.4 Logic 1 15 15 
2 +2.0 +0.8 +2.4 +0.1 Logic 1 29 15 
3 +2.0 +0.8 +2.4 +0.4 Logic 1 12 10 
4 +1.9 +0.8 +2.4 +0.45 Logic 1 15 13 
5 +2.0 +0.8 (12) +0.4 Logic 1 45 15 
8 +2.0* +0.8 +2.4 +0.4 Logic 1 35 50 
9 +2.0** +0.8 +2.4 +0.4 Logic 1 40 25 

12 +2.0 +0.8 +0.4 +2.4 Logic 1 35 30 
17 +1.25 +0.5 +2.25 -0.36 Logic 0 18 18 
45 +2.0 +1.1 (12) +o.5 Logic 1 50 35 

NOTES: 
* Required Pulse Width 30 ns minimum 

** Required Pulse Widths; clock 30 ns minimum, data 75 ns minimum 
( 12) Level depends on external load 
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Table 4-2. Modified 1/0 Control Card, Replaceable Parts 

REFERENCE MFR 
DESIGNATION HP PART NO. DESCRIPTION CODE MFR PART NO. 

12595-6002 1/0 Control Card 28480 12595-6002 
C3 thru C42,51,53 0160-2065 Capacitor, Fxd, Cer, 0.01 uF, -20 +80%, 100 VDCW 56289 C023F 101 F 103ZS22-CDH 
C52 0180-0100 Capacitor, Fxd, Elect, 4.7uF, 10%, 35 VDCW 56289 150D475X9035B2 
CR1 1902-3043 Diode, Breakdown, 3.32V, 2%, 400mW 28480 1902-3043 
CR2 1910-0022 Diode, Ge, 5 WIV 28480 1910-0022 
MC13, 23, 33, 53, 1820-0327 Integrated Circuit, TTL 01295 SN7401N 

54, 55, 63, 64, 
65,84 

MC14, 15, 45, 46, 1820-0127 Integrated Circuit, TTL 07263 U6A900259X 
85 

MC16 1820-0129 Integrated Circuit, TTL 07263 U6A900359X 
MC24, 25, 26, 56, 1820-0956 Integrated Circuit, CTL 07263 U6A995679X 

66, 76, 86, 96, 
106 

MC34, 35 1820-0077 Integrated Circuit, TTL 01295 SN7474N 
MC36,43, 95 1820-0372 Integrated Circuit, TTL 01295 SN74H11N 
MC44, 74, 94, 104 1820-0132 Integrated Circuit, TTL 07263 U6A901659X 
MC52, 62, 72, 82, 1820-0071 Integrated Circuit, TTL 01295 SN7440N 

92,93, 102, 103 
MC73, 83 1820-0301 Integrated Circuit, TTL 01295 SN7475N 
MC75, 105 1820-0111 Integrated Circuit, TTL 07263 U6B930159X 
01 thru 06 1854-0215 Transistor, Si, NPN 04713 SPS 3611 
R1, 10, 11, 13, 14, 06834715 Resistor, Fxd, Comp, 470 ohms, 5%, 1 /4W 28480 06834715 

17, 30, 31, 40, 
41,44,50, 
R65 th ru R77, 
80 

R2 thru R5, 0683-3315 Resistor, Fxd, Comp, 330 ohms, 5%, 1/4W 28480 0683-3315 
R85 thru R96 

R6, 18, 20, 21, 29, 0683-1025 Resistor, Fxd, Comp, 1k, 5%, 1/4W 28480 0683-1025 
32, 36, 
R51 thru R61, 
78, 79, 97, 98 

R7, 19, 34, 42, 43 0683-1015 Resistor, Fxd, Comp, 100 ohms, 5%, 1/4W 28480 0683-1015 
R16,46 0683-3915 Resistor, Fxd, Comp, 390 ohms, 5%, 1/4W 28480 0683-3915 
R33 0683-1005 Resistor, Fxd, Comp, 10 ohms, 5%, 1 /4W 28480 0683-1005 
R35 0683-1525 Resistor, Fxd, Comp, 1.5k, 5%, 1 /4W 28480 0683-1525 
R45 0757-0198 Resistor, Fxd, Flm, 100 ohms, 1%,1 /2W 28480 0757-0198 
R47 0698-3394 Resistor, Fxd, Flm, 31.6ohms,1%, 1/2W 28480 0698-3394 
R48 0683-1825 Resistor, Fxd, Comp, 1.8k, 5%, 1 /4W 28480 0683-1825 
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Table 4-3. Modified 1/0 Control Card, 48-Pin Connector Signal Index 

PINNO. DESCRIPTION PIN NO. DESCRIPTION 

1 GND A Not Used 
2 (FLG1) Do Not Use B SCL7: Select Code Least significant digit 7 
3 (FLG2) Do Not Use c XINT*: External Interrupt 
4 (SCM1) No Connection; Jumper Removed D TAT*: Interrupt Address 1 
5 ro*: Interrupt Address 2 E TACJ*: Interrupt Address 0 
6 TA5*: Interrupt Address 5 F IA4*: Interrupt Address 4 
7 ~*: Interrupt Address 3 H SCCT: Select Code Least significant digit 1 
8 ~: Select Code Least significant digit 6 J SCM2: Select Code Most significant digit 2 
9 SCM7: Select Code Most significant digit 7 K SCL3: Select Code [east significant digit 3 

10 SCMS: select Code lliiost significant digit B L SCM 1: Select Code Most significant digit 1 
11 ~: Select Code Least significant digit 0 M ($CM2) No Connection; Jumper Removed 
12 ~: SEilect Code Most significant digit 0 N (SCM3) No Connection; Jumper Removed 
13 ~: Select Code lliiost significant digit 5 p SCM4: Select Code Most significant digit 4 
14 (IR01) Do Not Use R SCC2: Select Code Least significant digit 2 
15 (I R02) Do Not Use s SCM3: Select Code Most significant digit 3 
16 (I R03) Do Not Use T SCL4: Select Code Least significant digit 4 
17 (I R04) Do Not Use u (SCLO) No Connection; Jumper Removed 
18 (I ROS) Do Not Use v (SCL 1) No Connection; Jumper Removed 
19 (I R06) Do Not Use w (SCL2) No Connection; Jumper Removed 
20 (I R07) Do Not Use x (SCL3) No Connection; Jumper Removed 
21 Not Used y (SCL4) No Connection; Jumper Removed 
22 XPF*: External Power Fail z (SCLS) No Connection; Jumper Removed 
23 SCL5: Select COde Least significant digit 5 AA (SCL6) No Connection; Jumper Removed 
24 GND BB (SCL7) No Connection; Jumper Removed 

Notes: All signals in this table are ground-true. 
*Denotes user-supplied control signals. 
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Table 4-4. Multiplexer Data Card, Replaceable Parts 

REFERENCE MFR 
DESIGNATION HP PART NO. DESCRIPTION CODE MFR PART NO. 

12595-6001 Multiplexer Data Card 28480 12595-6001 
C1 0160-0153 Capacitor, Fxd, My, 0.001uF, 10%, 200 VDCW 56289 192P10292-PTS 
C2 thru C10, 15, 0180-0197 Capacitor, Fxd, Elect, 2.2uF, 10%, 20 VDCW 56289 1500225X9020-A2-DYS 

16, 17 
C11 thru C14 0160-2055 Capacitor, Fxd, Cer, 0.01uF, -20 +80%, 100 VDCW 56289 C023F101 F103ZS22-CDH 
MC14, 15, 23, 25, 1820-0071 Integrated Circuit, TTL 01295 SN7440N 

33, 43, 45, 53, 
63, 93, 103, 104 

MC16, 17, 26, 36, 1820-0956 Integrated Circuit, CTL 07263 U6A995679X 
46,56,66, 76 
86,96 

MC24, 34, 44, 54, 1820-0348 Integrated Circuit, DTL 07263 U6A994459X 
64, 74,84,94 

MC35, 55, 75, 83, 1820-0054 Integrated Circuit, TTL 01295 SN7400N 
95, 105 

R1, 3, 5, 7, 9, 11, 0757-0420 Resistor, Fxd, Flm, 750 ohms, 1%, 1/8W 28480 0757-0420 
13, 15, 17, 19, 
21, 23, 25, 27, 
29, 31, 33, 35, 
37,39,41,43, 
45, 47,49, 51, 
53, 55, 57, 59, 
61, 63, 65, 67, 
69, 71, 73, 75 

R2, 4, 6, 8, 10, 12, 0698-3402 Resistor, Fxd, Flm, 316 ohms, 1%, 1 /2W 28480 0698-3402 
14, 16, 18, 20, 
22, 24, 26, 28, 
30, 32, 34, 36, 
38, 40, 42, 44, 
46, 48, 50, 52, 
54, 56, 58, 60, 
62, 64, 66, 68, 
70, 72, 74, 76 

R77 0757-0401 Resistor, Fxd, Flm, 100 ohms, 1 %, 1 /SW 28480 0757-0401 
R78 0698-3441 Resistor, Fxd, Flm, 215 ohms, 1%, 1/8W 28480 0698-3441 
R79,80 0757-0427 Resistor, Fxd, Flm, 1.50k, 1%, 1/8W 28480 0757-0427 
R81 thru R83 1810-0020 Resistor Network (7 fxd flm resistors) 28480 1810-0020 
R84 0698-3444 Resistor, Fxd, Flm, 316ohms,1%, 1/8W 28480 0698-3444 
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Table 4-5. Multiplexer Data Card, 48-Pin Connector Signal Index 

PIN NO. DESCRIPTION PINNO. DESCRIPTION 

1 GND A GND 
2 Not Used B PRL *: Priority Low 
3 PRH: Priority High c STF: Set Flag 
4 Not Used D SFC: Skip if Flag is Clear 
5 SKF*: Skip on Flag E T3: Time period 3 
6 IOBO: 1/0 Bus bit 0 F CLF: Clear Flag 
7 IOB1: 1/0 Bus bit 1 H I EN: Interrupt Enable 
8 IOB2: 1/0 Bus bit 2 J IOI: 1/0 Input Instruction 
9 IOB3: 1/0 Bus bit 3 K 100: 1/0 Output Instruction 

10 IOB4: 1/0 Bus bit 4 L POPIO: Power On Pulse to 1/0 
11 IOB5: 1/0 Bus bit 5 M T5: (SIR): Set Interrupt Request 
12 IOB6: 1/0 Bus bit 6 N SFS: Skip if Flag is Set 
13 1087: 1/0 Bus bit 7 p IAK: Interrupt Acknowledge 
14 IOB8: 1/0 Bus bit 8 R T2: (ENF): Enable Flag 
15 IOB9: 1/0 Bus bit 9 s Not Used 
16 IOB10: 1/0 Bus bit 10 T Not Used 
17 IOB11: 1/0 Bus bit 11 u Not Used 
18 IOB12: 1/0 Bus bit 12 v CRS: Control Reset to 1/0 
19 IOB13: 1/0 Bus bit 13 w SPARE 
20 IOB14: 1/0 Bus bit 14 x IOG: 1/0 Group Instruction 
21 IOB15: 1/0 Bus bit 15 y Not Used 
22 STC: Set Control z RUN 
23 PON: Power On AA CLC: Clear Control 
24 GND BB GND 

Notes: All signals in this table are ground-true. 
*Denotes user-supplied control signals. 
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SECTION V 

REPLACEABLE PARTS 

5-1. INTRODUCTION. 

5-2. This section provides information for ordering 
replacement parts for the accessory kit. 

5-3. Table 5-1 is a numerical listing of all replaceable 
parts in the accessory kit and also includes those parts for 
the 1/0 control card added by this kit. Card replaceable 
parts (tables 4-2 and 4-4) and parts location diagrams 
(figure 4-2 and 4-4) are located in Section IV of this 
manual. Table 5-2 lists and defines the reference designa­
tions and abbreviations used in these tables. Table 5-3 is a 
list of manufacturers' code numbers. 

5-4. Tables 4-2, 4-4, and 5-1 list the following informa-
tion for each replaceable part: 

a. Reference designation of the part (tables 4-2 and 4-4 
only). 

b. Hewlett-Packard part number. 

c. Description of the part. 

d. A five digit manufacturer's code number. 

e. Manufacturer's part number. 

f. Total quantity (TQ) of each part used in the kit (table 
5-1 only). 

5-5. ORDERING INFORMATION. 

5-6. To order replaceable parts, address the order or 
inquiry to the nearest Hewlett-Packard Sales and Service 
Office. (Refer to the list at the back of this manual for 
addresses.) Specify the following information for each part 
ordered: 

a. Identification of the kit assembly containing the part 
(refer to paragraph 1-7). 

b. Hewlett-Packard part number for each part. 

c. Description of each part. 

d. Reference designation (if applicable). 

Table 5-1. Multi1_>lexed Input/Output Accessory Kit, Replaceable Parts 

MFR 
HP PART NO. DESCRIPTION CODE MFR PART NO. TQ 

0160-0153 Capacitor, Fxd, My, 0.001uF, 10%, 200 VDCW 56289 192P 10292-PTS 1 
0160-2055 Capacitor, Fxd, Cer, 0.01uF, +80-20%, 100 VDCW 56289 C023F1 01 F 103ZS22-CD H 4 
0180-0197 Capacitor, Fxd, Elect, 2.2uF, 10%, 20 VDCW 56289 150D225X9020A2-DYS 12 
0698-3402 Resistor, Fxd, Flm, 316 ohms, 1%, 1/2W 28480 0698-3402 38 
0698-3441 Resistor, Fxd, Flm, 215 ohms, 1 %, 1 /8W 28480 0698-3441 1 
0698-3444 Resistor, Fxd, Flm, 316 ohms, 1%, 1/8W 28480 0698-3444 1 
0757-0401 Resistor, Fxd, Flm, 100 ohms, 1%, 1/8W 28480 0757-0401 1 
0757-0420 Resistor, Fxd, Flm, 750 ohms, 1%, 1/8W 28480 0757-0420 38 
0757-0427 Resistor, Fxd, Flm, 1.50k, 1%, 1/8W 28480 0757-0427 2 
1480-0116 Extractor Pin, PC Card 28480 1480-0116 2 
1540-0027 Box, Plastic 28480 1540-0027 1 
1810-0020 Resistor Network (7 fxd flm resistor) 28480 1810-0020 3 
1820-0054 Integrated Circuit, TTL 01295 SN7400N 6 
1820-0071 Integrated Circuit, TTL 01295 SN7440N 20 
1820-0348 Integrated Circuit, DTL 07263 U6A994459X 8 
1820-0956 Integrated Circuit, CTL 07263 U6A995679X 10 
5040-1464 Extractor, PC Card 28480 5040-1464 2 

02116-6178 Connector Kit 28480 02116-6178 2 
12595-6001 Multiplexer Data Card 28480 12595-6001 1 
12595-8003 Decal 28480 12595-8003 1 
12595-9001 Operating and Service Manual 28480 12595-9001 1 
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Table 5-2. Reference Designations and Abbreviations 

REFERENCE DESIGNATIONS 

A = assembly K = relay TB = terminal board 
B = motor. synchro L = inductor TP = test point 
BT = battery M = meter u = integrated circuit, non-
c = capacitor MC = microcircuit repairable assembly 
CB = circuit breaker p = plug connector v = vacuum tube, 
CR = diode Q = semiconductor device photocell, etc. 
DL = delay line other than diode or VR = voltage regulator 
OS = indicator microcircuit w = cable, jumper 
E = Misc electrical parts R = resistor x = socket 
F = fuse RT = thermistor y = crystal 
FL = filter s = switch z = tuned cavity, network 
J = receptacle connector T = transformer 

ABBREVIATIONS 

A = amperes gra = gray ph = Phillips head 
ac = alternating current grn = green pk = peak 
ad = anode p-p = peak-to-peak 
Al = aluminum H = henries pt = point 
AR = as required Hg = mercury PIV = peak inverse voltage 
adj = adjust hr = houris) PNP = positive-negative-positive 
assy = assembly Hz = hertz PWV = peak working voltage 

hdw = hardware pore = porcelain 
B = base hex = hexagon, hexagonal posn = position(s) 
bp = bandpass pozi = pozidrive 
blk = black ID = inside diameter 
blu = blue If = intermediate frequency 
brn = brown in. = inch, inches rf = radio frequency 
brs = brass 1/0 = input/output rdh = round head 
Btu = British thermal unit int = internal rmo = rack mount only 
Be Cu = beryllium copper incl = include(s) rms = root-mean-square 

insul = insulation, insulated RWV = reverse working voltage 
c = collector impgrg = impregnated rect = rectifier 
cw = clockwise incand = incandescent r/min = revolutions per minute 
ccw = counterclockwise RTL = resistor-transistor logic 
cer = ceramic k = kilo (103), kilohm 
cmo = cabinet mount only s = second 
com = common Ip = low pass SB = slow blow 
crt = cathode-ray tube Se = selenium 
CTL = complementary-transistor m = milli (1Q·3) Si = silicon 

logic M = mega (106). megohm scr = silicon controlled rectifier 
ca th = cathode My = Mylar sfl = silver 
cd pl = cadmium plate mfr = manufacturer sst = stainless steel 
Comp = composition mom = momentary stl = steel 
conn = connector mtg = mounting spcl = special 
com pl = complete misc = miscellaneous spdt = single-pole, double-throw 

Met Ox = metal oxide spst = single-pole, single-throw 
de = direct current mintr = miniature semicond = semiconductor 
dr = drive 
DTL = diode-transistor logic n = nano (1Q-9) Ta = tantalum 
de pc = deposited carbon n.c. ·= normally closed or no td = time delay 
dpdt = double-pole, double-throw connection Ti = titanium 
dpst = double-pole, single-throw Ne = neon tgl = toggle 

no. = number thd = thread 
E = emitter n.o. = normally open tot = tolerance 
ECL = emitter-coupled logic np. = nickel plated TTL = transistor transistor logic 
ext = external NPN = negative-positive-negative 
encap = encapsulated NPO = negative-positive zero (zero 
elctlt = electrolytic temperature coefficient) U(µ) = micro 110-6) 

NSR = not separately replaceable 
F = farads NRFR = not recommended for field v = volt Isl 
FF = flip-flop replacement var = variable 
flh = flat head vio = violet 
Flm = film OD = outside diameter VDCW = direct current working volts 
Fxd = fixed OBD = order by description 
filh = fitlister head orn = orange w = watts 

ovh = oval head WW = wirewound 
G = giga 1109) oxd = oxide wht = white 
Ge = germanium WIV = working inverse voltage 
gt = glass p = pico 110-12) 
gnd = ground led) PC = printed circuit yel = yellow 

5-2 



\ 

\ 
J 

12595A Section V 

Table 5-3. Code List of Manufacturers 

The following code numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks H4-1 
(Name to Code) and H4-2 (Code to Name) and their latest supplements. 

Code No. Manufacturer Address 

01295 Texas Instruments, Inc. 
Transistor Products Div. . ....... . . Dallas, Texas 

04713 Motorola, Inc., Semiconductor Prod., Div. Phoenix, Arizona 

07263 Fairchild Camera & Inst. 
Corp. Semiconductor Div. Mountain View, Calif. 

28480 Hewlett-Packard Co. . . . . . . Palo Alto, Calif. 

56289 Sprague Electric Co. . . . . . . . ... North Adams, Mass. 
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HEWLETT· PACKARD f SALES AND SERVICE 
UNITED STATES 
ALABAMA 
P.O. Box 4207 
2003 Byrd Spring Road S.W. 
Huntsville 35802 
Tel: (205) 881-4591 
TWX: 810-726-2204 

ARIZONA 
2336 E. Magnolia St. 
PhoeniX 85034 
Tel: (602) 252-5061 
TWX: 910-951-1330 

5737 East Broadway 
Tucson 85716 
Tel: (602) 298·2313 
TWX: 910-952-1162 

CALIFORNIA 
1430 East Orangethorpe Ave. 
Fullerton 92631 
Tel: (714) 870-1000 

3939 lankershlm Boulevard 
North Hollywood 91604 
Tel: (213) 877-1282 
TWX: 910-499-2170 

1101 Embarcadero Road 
Palo Alto 94303 
Tel: (415) 327-6500 
TWX: 910-373-1280 

2220 Watt Ave. 
Sacramento 95825 
Tel: (916) 4B2·1463 
TWX: 910-367-2092 

9606 Aero Drive 
Saa Diep 92123 
Tel: (714) 279-3200 
TWX: 910-335-2000 

COLORADO 
7965 East Prentice 
Englewood 80110 
Tel: (303) 771·3455 
TWX: 910·935-0705 

CANADA 
ALBERTA 
Hewlett-Packard (Canada) ltd. 
11745 Jasper Ave. 
Edmonton 
Tel: (403) 482-5561 
TWX: 610-831-2431 

CONNECYICUT 
508 Tolland Street 
East Hartford 06108 
Tel: (203) 289-9394 
TWX: 710-425-3416 

111 East Avenue 
Norwalk 06851 
Tel: (203) 853·1251 
TWX: 710·468-3750 

FLORIDA 
P.O. Box 24210 
2806 W. Oakland .Park Blvd. 
Ft. Lauderdale 33307 
Tel: (305) 731-2020 
TWX: 510-955-4099 

P.O. Box 20007 
Herndon Station 32814 
621 Commonwealth Avenue 
Orlando 
Tel: (305) 841-3970 
TWX: 810-850-0113 

GEORGIA 
P.O. Box 28234 
450 Interstate North 
Atlanta 30328 
Tel: (404) 436-6181 
TWX: 810-766-4890 

ILLINOIS 
5500 Howard Street 
Skokie 60076 
Tel: (312) 677-0400 
TWX: 910-223·3613 

IN DIANA 
3839 Meadows Drive 
lndlanapolls 46205 
Tel: (317) 546-4891 
TWX: 810-341-3263 

BRITISH COLUMBIA 
Hewlett-Packard (Canada) ltd. 
4519 Canada Way 
North Burnaby 2 
Tel: (604) 433-8213 
TWX, 610-922-5059 

LOUISIANA 
P.O. Box 856 
1942 Williams Boulevard 
Kinner 70062 
Tel: (504) 721·6201 
TWX: 810-955-5524 

MARY LANO 
6707 Whitestone Road 
Baltimore 21207 
Tel: (301) 944-5400 
TWX: 710-862-9157 

P.O. Box 1648 
2 Choke Cherry Road 
Rockville 20850 
Tel: (301) 948·6370 
TWX: 710-828-9684 

MASSACHUSETTS 
32 Hartwell Ave. 
Lexln1ton 02173 
Tel: (617) 861-8960 
TWX: 710-326-6904 

MICHIGAN 
24315 Northwestern HL1hway 
soutbfleld 48075 
Tel: (313) 353-9100 
TWX: 810-224-4882 

MINNESOTA 
2459 University Avenue 
St. Paul 55114 
Tel: (612) 645-9461 
TWX, 910-563-3734 

MISSOURI 
11131 Colorado Ave. 
Kansas CllJ 64137 
Tel: (816) 763·8000 
TWX: 910-771·2087 

2812 South Brentwood Blvd. 
St. Louis 63144 
Tel: (314) 962-5000 
TWX: 910-760-1670 

NEW JERSEY 
W. 120 Century Road 
Paramus 07652 
Tel: (201) 265·5000 
TWX: 710·990·4951 

MANITOBA 
Hewlett-Packard (Canada) Ltd. 
511 Bradford Cl. 
St. James 
Tel: (204) 786-7581 
TWX: 610-671-3531 

CENTRAL AND SOUTH AMERICA 
ARGENTINA 
Hewlett-Packard Argentina 
S.A.C.e.I 
Lavalle 1171·3° 
Buenos Aires 
Tel: 35-0436, 35·0627, 35-0431 
Telex: 012-1009 
Cable: HEWPACKARG 

BRA21L 
Hewlett-Packard Do Brasil 
l.e.C Lida. 
Rua Frei Caneca 1119 
Sao Paulo - 3, SP 
Tel: 288-7111, 287-5858 
Cable: HEWPACK Sao Paulo 

Hewlett-Packard Do Brasil 
Praca Dom Feliciano 78, 8° 
andar satas 806/808 
Porto Alegre 
Rio Grande do Sul (RS)-Brasil 

Hewlett-Packard Do Brasil 
l.e.C. Lida. 
Rua da Matriz 29 

· Botafogo ZC-02 
Rio de Janeiro, GB 
Tel: 246-4417 
Cable: HEWPACK Rio de Janeiro 

Hewlett-Packard Do Brasil 
lnd6stria e Comercia Lida. 
Praca Dom Feliciano 78 
Salas 806-B 
Porto Alegre RGS 

CHILE 
H6ctor Calcagni y Cia, Lida. 
Bustos, 1932-3er Piso 
Casilla 13942 
Santiqo 
Tel: 4·2396 
Cable: Calcagni 5anliago 

COLOMBIA 
lnstrumentacion 
Henrik A. langebaek & Kier 

Lida. 
Carrera 7 No. 48-59 
Apartado Aereo 6287 
Bopta, 1 D.E. 
Tel: 45-78-06, 45-55-46 
Cable: AARIS Bogota 
Telex: 044-400 

COSTA RICA 
lie. Alfredo Gallegos Gurdl6n 
Apartado 3243 
Saa Jose 
Tel: 21·86·13 
Cable: GALGUR San Jost 

ECUADOR 
Laboratorios de Radio-ln1enieria 
Calle Guayaquil 1246 
Post Office Box 3199 
Quito 
Tel: 12496 
Cable: HORVATH Quito 

EL SALVADOR 
Etectr6nica 
Apartado Postal 1589 
27 Aventda Norte 1133 
5an Salvador 
Tel: 25-74-50 
Cable: ELECTRONICA 

San Salvador 

1060 N. Kings Highway 
Cherry Hill 08034 
Tel: (609) 667·4000 
TWX: 710-892-4945 

NEW MEXICO 
P.O. Box 8366 
Station C 
6501 Lomas Boulevard N.E. 
Albuquerque 87108 
Tel: (505) 265·3713 
TWX: 910-989-1665 

156 Wyatt Drive 
Las Cruces 88001 
Tel: (505) 526-2485 
TWX: 910-983-0550 

NEW YORK 
1702 Central Avenue 
Albany 12205 
Tel: (518) 869-8462 
TWX: 710-441-8270 

1219 Campvllle Road 
Endlcett 13760 
Tel: (607) 754-0050 
TWX: 510-252-0890 

82 Washington Street 
Pou1hkeepsle 12601 
Tel: (914) 454-7330 
TWX: 510-248-0012 

39 Saginaw Drive 
Rochester 14623 
Tel: (716) 473-9500 
TWX: 510-253-5981 

1025 Northern Boulevard 
Roslyn, Long Island 11576 
Tel: (516) 869-8400 
TWX: 510-223-0811 

5858 East Molloy Road 
Syracuse 13211 
Tel: (315) 454-2486 
TWX: 710-541-0482 

NORTH CAROLINA 
P.O. Box 5188 
1923 North Main Street 
Hi1h Point 27262 
Tel: (919) 885-8101 
TWX: 510-926-1516 

NOVA SCOTIA 
Hewlett.Packard (Canada) Ltd. 
2745 Dutch Village Rd. 
Suite 203 
Halifax 
Tel: (902) 455-0511 
TWX: 610-271-4482 

MEXICO 
Hewlett-Packard Mexicana, S.A. 
de C.V. 
Moras 439 
Col. def Valle 
Mexico 12, D.F. 
Tel: 575-46-49, 575-80-20, 
575-80-30 

NICARAGUA 
Roberto Ter6n G. 
Apartado Postal 689 
Edillcio Ter6n 
Managua 
Tel: 3451, 3452 
Cable: ROTERAN Managua 

OHIO 
25575 Center Ridge Road 
Cleveland 44145 
Tel: (216) 835-0300 
TWX: 810-427-9129 

3460 South Dixie Drive 
Dayton 45439 
Tel: (513) 298-0351 
TWX: 810-459-1925 

1120 Morse Road 
Columbus 43229 
Tel: (614) 846-1300 

OKLAHOMA 
2919 United Founders Boulevard 
Oklahoma Cit' 73112 
Tel: (405) 848-2801 
TWX: 910-830-6862 

OREGON 
Westhllls Mall, Suite 158 
4475 S.W. Scholls Ferry Road 
Portland 97225 
Tel: (503) 292-9171 
TWX: 910-464-6103 

PENNSYLVANIA 
2500 Moss Side Boulevard 
Monraevllle 15146 
Tel: (412) 271-0724 
Twx, 110-197.3550 

1021 8th Avenue 
King of Prussia L ndustrlal Park 
Kini of Prussia 19406 
Tel: (215) 265-7000 
TWX: 510-660-2670 

RHODE ISLAND 
873 Waterman Ave. 
East Providence 02914 
Tel: (401) 434.5535 
TWX: 710-381-7573 

TEXAS 
P.O. Box 1270 
201 E. Alllpaho Rd. 
Richardson 75080 
Tel, (214) 231-6101 
TWX, 910-867-4723 

ONTARIO 
Hewlett-Packard (Canada) ltd. 
880 Lady Ellen Place 
Ottawa 3 
Tel: (613) 722-4223 
TWX: 610-562-1952 

Hewlett-Packard (Canada) ltd. 
50 Galaxy Blvd. 
ReXdale 
Tel: (416) 677-9611 
TWX: 610-492-4246 

PANAMA 
Electr6nico Balboa, S.A. 
P.O. Box 4929 
Ave. Manuel Espinosa No. 13-50 
Bldg. Alina 
Panama City 
Tel: 230833 
Telex: 3481003, Curundu, 
Canal Zone 
Cable: ELECTRON Panama CllJ 

PERU 
Compailia Electro Medica S.A. 
Ave. Enrique Canaual 312 
San Isidro 
Casilla 1030 
Lima 
Tel: 22·3900 
Cable, ELMED Lima 

PUERTO RICO 
San Juan Electronics, Inc. 
P.O. Box 5167 
Ponce de Leon 154 
Pda. 3-Pta. de Tierra 
San Juan 00906 
Teh (809) 725·3342, 722-3342 
Cable: SATRONICS San Juan 
Telex: SATRON 3450 332 

SURINAME 
Surtel-Radio Holland N.V. 
P.O. Box 155 
Paramaribo 

P.O. Box 22813 
6300 Westpark Drive 
Suite 100 
Houston 77027 
Tel: (713) 781-6000 
TWX: 910-881-2645 

231 Biiiy Mltchell Road 
San Antonio 78226 
Tel: (512) 434-4171 
TWX, 910-871-1170 

UTAH 
2890 South Main Street 
Salt Lake CllJ 84115 
Tel: (801) 487-0715 
TWX: 910·925-5681 

VERMONT 
P.O. Box 2287 
Kennedy Drive 
South Burlington 05401 
Tel: (802) 658-4455 
TWX: 510-299-0025 

VIRGINIA 
P.O. Box 6514 
2111 Spencer Road 
Richmond 23230 
Tel: (703) 285·3431 
TWX: 710-956-0157 

WASHINGTON 
433·108th N.E. 
Bellevue 98004 
Tel: (206) 454-3971 
TWX: 910-443-2303 

•WEST VIRGINIA 
Charleston 
Tel: (304) 768-1232 

FOR U.S. AREAS NOT 
LISTED: 
Contact the regional office near­
est you: Atlanta, Geor1ia ... 
North Hollywood, Callfornla •.. 
Paramus, New Jersey ... Skokie, 
Illinois. Their complete ad­
dresses are listed above. 

*Service Only 

QUEBEC 
Hewlett-Packard (Canada) Ltd. 
275 Hymus Boulevard 
Pointe Claire 
Tel: (514) 697-4232 
TWX: 610-422-3022 
Telex: 01·20607 

FOR CANADIAN AREAS NOT 
LISTED: 
Contact Hewlett-Packard (Can­
ada) ltd. In Pointe Claire, al 
the complete address fisted 
above. 

URUGUAY 
Pablo Ferrando S.A. 
Comercial e L ndustrial 
Avenida ltalla 2877 
Casilla de Correo 370 
Montevideo 
Tel: 40-3102 
Cable: RADIUM Montevideo 

VENEZUELA 
Hewlett-Packard De Venezuela 
C.A. 
Apartado 50933 
Caracas 
Tel: 71.88.05, 71.88.69, 71.99.30 
71.88.76, 71.B2.05 
Cable: HEWPACK Caracas 

FOR AREAS NOT LISTED, 
CONTACT: 
Hewlett-Packard 

INTERCONTINENTAL 
3200 Hillview Ave. 
Palo Alto, California 94304 
Tel: (415) 493-1501 
TWX: 910-373·1267 
Cable: HEWPACK Palo Alto 
Telex: 034-8461 
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EUROPE 
AUSTRIA 
Unllabor GmbH 
Wissenschaftliche lnstrumente 
Rummelhardtgasse 6 
P.O. Box 33 
A-1095 Vienna 
Tel: (222) 42 61 81, 43 13 94 
Cable: LABORINSTRUMENT 

Vienna 
Telex: 75 762 

BELGIUM 
Hewlett-Packard S.A. Benelux 
348 Boulevard du Souveraln 
1160 Brussels 
Tel: 72 22 40 
Cable: PALOBEN Brussels 
Telex. 23 494 

DENMARK 
Hewlett-Packard A/S 
Datavej 38 
DK-3460 Blrkerod 
Tel: (01) 81 66 40 
Cable: HEWPACK AS 
Telex: 66 40 

Hewlett·Packard A/S 
Torvet 9 
DK-8600 Sllkeborg 
Tel: (06) 827-840 

FINLAND 
Hewlett-Packard Oy 
Bulevardi 26 
P.O. Box 12185 
Helsinki 12 
Tel: 13-730 
Cable: HEWPACKOY-Helslnkl 
Telex: 12-1563 

FRANCE 
Hewlett-Packard France 
Quartier de Courtaboeuf 
Bolte Postale No. 6 
91 Orsay 
Tel: 1-920 88 01 
Cable: HEWPACK Orsay 
Telex: 60048 

Hewlett-Packard France 
4 Quai des Etrolts 
69 Lyon 5&me 
Tel: 78-42 63 45 
Cable: HEWPACK Lyon 
Telex: 31617 

Hewlett-Packard France 
29 rue de la Gara 
F-31 Blagnac 
Tel: (61) 85 82 29 
Telex: 51957 

GERMANY 
Hewlett-Packard Vertrlebs-GmbH 
Berliner Strasse 117 
Postfach 560/40 
D6 Nleder-Eschbach/Ffm 56 
Tel: (0611) 50 10 64 
Cable: HEWPACKSA Frankfurt 
Telex: 41 32 49 FRA 

Hewlett-Packard Vertriebs-GmbH 
Wllmersdorfer Strasse 113/114 
D·lOOO Berlin w. 12 
Tel: (0311) 3137046 
Telex: 18 34 05 

Hewlett-Packard Vertrlebs-GmbH 
Herrenbergerstrasse 110 
07030 Btiblingen, WUrttemberg 
Tel: 07031·6671 
Cable: HEPAG Biibllngen 
Telex: 72 65 739 

Hewlett-Packard Vertriebs-GmbH 
Vogelsanger Weg 38 
D4 Dilsseldorf 
Tel: (0211 63 80 31/35 
Telex: 85/86 533 

Hewlett-Packard Vertrlebs-GmbH 
Wendenstr. 23 
D2 Hamburg 1 
Tel: (0411) 24 05· 51/52 
Cable: HEWPACKSA Hamburg 
Telex: 21 53 32 

Hewlett-Packard Vertrlebs-GmbH 
Reglnfrledstrasse 13 
08 MDnchen 9 
Teh (0811) 69 59 71/75 
Cable: HEWPACKSA MUnchen 
Telex: 52 49 85 

GREECE 
Kostas Karayannis 
18, Ermou Street 
Athens 126 
Tel: 230301,3,5 
Cable: RAKAR Athens 
Telex: 21 59 62 RKAR GR 

IRELAND 
Hewlett-Packard Ltd. 
224 Bath Road 
Slough, Bucks, England 
Tel: Slough 753-33341 
Cable: HEWPIE Slough 
Telex: 84413 

ITALY 
Hewlett-Packard ltallana S.p.A. 
Via Amerigo Vespucci 2 
20124 Milano 
Tel: (2) 6251 (10 lines) 
Cable: HEWPACKIT Miian 
Telex: 32046 

Hewlett-Packard ltallana S.p.A. 
Palazzo Italia 
Plazza Marconi 25 
00144 Rome· Eur 
Tel: 6-591 2544 
Cable: HEWPACKIT Rome 
Telex: 61514 

AFRICA, ASIA, AUSTRALIA 
ANGOLA 
Telectra Empresa T6cnia 

de Equlpamentos E16ctricos 
SAR 

Rua de Barbosa Rodrigues 
42-1° 

Box 6487 
Luanda 
Cable: TELECTRA Luanda 

AUSTRALIA 
Hewlett-Packard Australia 

Ply. ltd. 
22·26 Weir Street 
Glen Iris, 3146 
Victoria 
Tel: 20.1371 (6 lines) 
Cable: HEWPARD Melbourne 
Telex: 31024 

Hewlett-Packard Australia 
Ply. Ltd. 

61 Alexander Street 
crows Nest 2065 
New South Wales 
Tel: 43.7866 
Cable: HEWPARD Sydney 
Telex: 21561 

Hewlett-Packard Australia 
Ply. Ltd. 

97 Churchill Road 
Prospect 5082 
South Australla 
Tel: 65.2366 
Cable: HEWPARD Adelaide 

Hewlett Packard Australia 
Ply, Ltd. 

2nd Floor, Suite 13 
Casablanca Buildings 
196 Adelaide Terrace 
Perth, W.A. 6000 
Tel: 21·3330 
Cable: HEWPARD Perth 

Hewlett-Packard Australia 
Pty. Ltd. 

10 Woolley Street 
P.O. Box 191 
Dickson 41.C.T. 2602 
Tel: 49-8194 
Cable: HEWPARD Canberra ACT 

Hewlett-Packard Australla 
pty, ltd. 
75 Simpsons Road 
Bardon 
Queensland, 4068 
Tel: 36-5411 

CEYLON 
United Electricals Ltd. 
P.O. Box 681 
Yahala Bulldlng 
Staples Street 
Colombo 2 
Tel: 5496 
Cable: HOTPOINT Colombo 

CYPRUS 
Kypronlcs 
19 Gregorios & Xenopoulos Road 
P.O. Box 1152 
Nicosia 
Tel: 6282-75628 
Cable: HE-1-NAMI 

ETHIOPIA 

Blue Star ltd. 
Blue Star House, 
34 Ring Road 
Lajpat Nagar 
New Delhi 24, India 
Tel: 62 32 76 
Telex: 463 
Cable: BLUESTAR 

Blue Star Ltd. 
17-C Ulsoor Road 
Bangalore-a 

Blue Star, Ltd. 
96 Park Lane 
secuntlerabad 3, India 
Tel: 7 63 91 
Cable: BLUEFROST 

African Salespower & Agency Blue Star, Ltd. 
Private Ltd., co. 23/24 Second Line Beach 

P. o. Box 718 Madras 1, India 
58/59 Cunningham St. Tel: 2 39 55 
Addis Ababa Telex: 379 
Tel: 12285 Cable: BLUESTAR 
Cable: ASACO Addisababa Blue Star, Ltd. 

HONG KONG ~~n:l~i~:a:ungalow 
Schmidt & Co. (Hong Kong) Ltd. 1 h d r 1 d' 
P.O. Box 297 T:.s 3~ ~~ ' n ta 
1511, Prince's Building 15th Floor Cable: BLUESTAR 
10, Chater Road 
Kong Kong INDONESIA 
Tel: 240168, 232735 Bah Bolon Trading Coy. N.V. 
Cable: SCHMIDTCO Hong Kong DJalah Merdeka 29 

!NOIA 
Blue Star ltd. 
Kasturi Buildings 
Jamshedji Tata Rd. 
Bombay 20BR, India 
Tel: 29 50 21 
Telex: 2156 
Cable: BLUEFROST 

Blue Star Ltd. 
Band Box House 
Prabhadevl 
Bombay 25DD, India 
Tel: 45 73 01 
Telex: 2156 
Cable: BLUESTAR 

Blue Star Ltd. 
14/40 Civil Lines 
Kanpur, India 
Tel: 6 88 82 
Cable: BLUESTAR 

Blue Star, Ltd. 
7 Hare Street 
P.O. Box 506 
Calcutta 1, India 
Tel: 23-0131 
Telex: 655 
Cable: BLUESTAR 

Bandung 
Tel: 4915 51560 
Cable: ILMU 
Telex: 809 

IRAN 
Telecom, Ltd. 
P. O. Box 1812 
240 Kh. Saba Shoman 
Te he ran 
Tel: 43850, 48111 
Cable: BASCOM Teheran 

ISRAEL 
Electronics & Engineering 

Div. of Motorola Israel Ltd. 
17 Amlnadav Street 
Tel-Aviv 
Tel: 36941 (3 lines) 
C.ble: BASTEL Tel-Aviv 
Telex: Baste! Tv 033-569 

JAPAN 
Yokogawa-Hewlett-Packard Ltd. 
Ohashi Building 
59 Yoyogl l·chrome 
Shlbuya-ku, TDkJO 
Tel: 03-370-22a1n 
Telex: 232-2024YHP 
Cable: YHPNIARKET TOK 23·724 

NETHERLANDS 
Hewlett-Packard Benelux, N.V. 
Weerdesteln 117 
P.O. Box 7825 
Amsterdam, z 11 
Tel: 020-42 77 77 
Cable: PALOBEN Amsterdam 
Telex: 13 216 

NORWAY 
Hewlett-Packard Norge A/S 
Box 149 
Nesveien 13 
N-1344 Haslum 
Tel: 2·53 83 60 
Cable: HEWPACK Oslo 
Telex: 16621 

PORTUGAL 
Telectra 
Empresa Tecnica de 

Equipamentos 
Electrlcos, S.a.r.I. 
Rua Rodrigo da Fonseca 103 
P.O. Box 2531 
Lisbon 1 
Tel: 68 60 72 
Cable: TELECTRA Lisbon 
Telex: 1598 

SPAIN 
Ataio lngenleros SA 
Enrique Uirreta 12 
Madrid, 16 
Tel: 215 35 43 
Cable: TELEATAID Madrid 
Telex: 27249E 

Atala lngenleros SA 
Ganduxet 76 
Barcelona 6 
Tel: 211-44-66 
Cable: TELEATAIO BARCELONA 

Yokogawa-Hewlett-Packard Ltd. 
Nisei lbaragl Bldg. 
2·2-8 Kasuga 
lbaragl-Shl 
Osaka 
Tel: 23-1641 
Telex: 385-5332 YHPOSAKA 

Yokogawa-Hewlett-Packard Ltd. 
Ito Bulldlng 
No. 59, Kotorl-cho 
Nakamura-ku, Na1ora City 
Tel: 551·0215 

Yokogawa-Hewlett-Packard Ltd. 
Nitto Bldg. 
2300 Shlnohara-cho, 
Kohoku-ku 
Yokohama 222 
Tel: (405) 432-1504/5 

KOREA 
American Trading Co., 
Korea, Ltd. 
Seoul P.O. Box 1103 
7th & 8th floors, DaeKyung Bldg. 
107 Sejong Ro 
Chongro-Ku, Seoul 
Tel: 75-5841 (4 lines) 
Cable: AMTRACO Seoul 

LEBANON 
Constantin E. Macridis 
Clemenceau Street 
P.O. Box 7213 
Beirut 
Tel: 220846 
Cable: ELECTRONUCLEAR Beirut 

MALAYSIA 
MECOMB Malaysia Ltd. 
2 Lorong 13/6A 
Section 13 
Petallng Jaya, 5elangor 
Cable: MECOMB Kuala Lumpur 

MOZAMBIQUE 
A. N. Goncalves, LOA. 
4.1 Apt. 14 Av. D. Luis 
P.O. Box 107 
Lourenco Marques 
Cable: NEGON 

NEW ZEALAND 
Hewlett-Packard (N.Z.) Ltd. 
32-34 Kent Terrace 
P .o. Box 9443 
Wellington, N.Z. 
Tel: 56·559 
Cable: HEWPACK Wellington 

Hewlett Packard (N.Z.) ltd. 
Box 51092 
Pukuranga 
Tel: 573-733 

SWEDEN 
Hewlett-Packard Sverige AB 
Enighetsviigen 1-3 
Fack 
S-161 20 Bromma 20 
Tel: (08) 98 12 50 
Cable: MEASUREMENTS 

Stockholm 
Telex: 10721 

Hewlett-Packard Sverige AB 
Hagakersgatan 9C 
Box 4028 
S 431 04 Mlilndal 4 
Tel: 031 • 27 68 00 
Telex: 21 312 hpmlndl 

SWITZERLAND 
Hewlett Packard Schweiz AG 
zurcherstrasse 20 
CH·8952 Scblleren Zurich 
Tel: (051) 98 18 21/24 
Cable: HPAG CH 
Telex: 53933 

Hewlett Packard Schweiz A.G. 
Rue du Bois-du-Lan 7 
1217 Meyrln· 2 Geneva 
Tel: (022) 41 54 00 
Cable: HEWPACKSA Geneva 
Telex: 2 24 86 

TURKEY 
Telekom Engineering Bureau 
P.O. Box 376 
Karakoy 
Istanbul 
Tel: 49 40 40 
Cable: TELEMATION Istanbul 

PAKISTAN (EAST) 
Mushko & Company, Ltd. 
Zlrat Chambers 
31, Jinnah Avenue 
Dacca 
Tel: 280058 
Cable: NEWDEAL Dacca 

PAKISTAN (WEST) 
Mushko & Company, Ltd. 
Oosman Chambers 
Victoria Road 
Karachi 3 
Tel: 511027, 512927 
Cable: COOPERATOR Karachi 

PHILIPPINES 
Electromex Inc. 
Makatl Commercial Center 
2129 Pasong Tamo 
Makatl, Rizal D 708 
P.O. Box 1028 
Man Ila 
Tel: 89·85-01 
Cable: ELEMEX Manila 

SINGAPORE 
Mechanical and Combustion 

Engineering Company Ltd. 
9, Jalan Kllang 
Red Hiii Industrial Estate 
Singapore, 3 
Tel: 642361-3 
Cable: MECOMB Singapore 

SOUTH AFRICA 
Hewlett Packard South Africa 

(Ply.), ltd. 
P.O. Box 31716 
Braamfontein Transvaal 
Mllnerton 
30 De Beer Street 
Johannesburg 
Tel: 725·2080, 725-2030 
Telex: 0226 JH 
Cable: HEWPACK Johannesburg 

Hewlett Packard South Africa 
(Ply.), Ltd. 

· Breecastle House 
Bree Street 
Cape Town 
Tel: 3-6019, 3-6545 
Cable: HEWPACK Cape Town 
Telex: 5-0006 

Hewlett Packard South Africa 
(Ply.), Ltd. 

30B Glenwood Centre 
Corner Hunt & Moore Roads 
P.O. Box 99 
Overport, Natal 
Tel: 347536 

UNITED KINGDOM 
Hewlett-Packard Ltd. 
224 Bath Road 
Slaugb, Bucks 
Tel: Slough (0753) 33341 
Cable: HEWPIE Slough 
Telex: 84413 

Hewlett-Packard 'Ltd. 
The Graftons 
Stamford New Road 
Altrlncham, Cheshire 
Tel: 061 928-8626 
Telex: 668068 

YUGOSLAVIA 
Belram S.A. 
83 avenue des Mimosas 
Brussels 1150, Belgium 
Tel: 34 33 32, 34 26 19 
Cable: BELRAMEL Brussels 
Telex: 21790 

SOCIALIST COUNTRIES 
PLEASE CONTACT: 
Correspondence Office for 
Eastern Europe 
lnnstrasse 23/2 
Postfach 
Al204 Vienna, Austria 
Tel: (222) 3366 06/09 
Cable: HEWPACK Vienna 
Telex: 75923 

ALL OTHER EUROPEAN 
COUNTRIES CONTACT: 
Hewlett-Packard S.A. 
Rue du Bols·du-Lan 7 
1217 Meyrin 2 Geneva 

Switzerland 
Tel: (022) 41 54 00 
Cable: HEWPACKSA Geneva 
Telex: 2.24.86 

TAIWAN REP. OF CHINA 
Hewlett Packard Taiwan 
39 Chung Shiao West 
Sec. 1 
Overseas Insurance 
Corp. Bldg. 7th Floor 
Taipei 
Tel: 579-605, 579-610, 579-613 
Telex: c/o Bankamerica TP 339 
Cable: HEWPACK Taipei 

THAILAND 
The International 

Engineering Co., ltd. 
P.O. Box 39 
614 Sukhumvlt Road 
Bangkok 
Tel: 910722 (7 lines) 
Cable: GYSOM 
TLX INTENCO BK-226 Bangkok 

VIETNAM 
Peninsular Tradlng Inc. 
P.O. Box H-3 
216 Hien-Vuong 
Saigon 
Tel: 20805, 93398 
Cable: PENTRA, SAIGON 242 

ZAMBIA 
R. J. Tiibury (Zambia) Ltd. 
P.O. Box 2792 
Lusaka 
Zambia, Central Africa 

MEDITERRANEAN AND 
MIDDLE EAST COUNTRIES 
NOT SHOWN PLEASE 
CONTACT: 
Hewlett-Packard Correspondence 
Office 
Plazza Marconi 25 
1-00144 Rome-Eur, Italy 
Tel: (6) 59 40 29 
Cable: HEWPACKIT Rome 
Telex: 61514 

Hewlett-Packard Far East 
Area Office 
P.O. Box 87 
Alexandra Post Office 
Singapore 3 
Tel: 633022 
Cable: HEWPACK SI NGA PORE 

OTHER AREAS NOT 
LISTED, CONTACT: 
Hewlett-Packard 

INTERCONTINENTAL 
3200 Hiiiview Ave. 
Palo Alto, California 94304 
Tel: (415) 326-7000 

(Feb. 71 493·1501) 
TWX: 910-373-1267 
Cable: HEWPACK Palo Alto 
Telex: 034-8461 
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The Hewlett-Packard Company certifies that this instrument was 
thoroughly tested and inspected and found to meet its published 
specifications when it was shipped from the factory. The Hewlett­
Packard Company further certifies that its calibration measure­
ments are traceable to the U.S. National Bureau of Standards to 
the extent allowed by the Bureau's calibration facility. 

WARRANTY AND ASSISTANCE 

All Hewlett-Packard products are warranted against defects in 
materials and workmanship. This warranty applies for one year 
from the date of delivery, or, in the case of certain major compo­
nents listed in the operating manual, for the specified period. We 
will repair or replace products which prove to be defective during 
the warranty period provided they are returned to Hewlett­
Packard. No other warranty is expressed or implied. We are not 
liable for consequential damages. 

Service contracts or customer assistance agreements are available 
for Hewlett-Packard products that require maintenance and re­
pair on-site. 

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


