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CERTIFICATION

Hewlett-Packard Company certifies that this instrument met its published specifications
at the time of shipment from the factory. Hewlett-Packard Company 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 AND ASSISTANCE

This Hewlett-Packard product is warranted against defects in materials and workmanship
for a period of one year from the date of shipment. Hewlett-Packard will, at its option,
repair or replace products which prove to be defective during the warranty period pro-
vided they are returned to Hewlett-Packard, and provided the preventive maintenance
procedures in this manual are followed. Repairs necessitated by misuse of the product
are not covered by this warranty. NO OTHER WARRANTIES ARE EXPRESSED OR
IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. HEWLETT-
PACKARD IS NOT LIABLE FOR CONSEQUENTIAL DAMAGES.

Service contracts or customer assistance agreements are available for Hewlett-Packard
products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office.
Addresses are provided at the back of this manual.
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Model 59313A

SECTION |
GENERAL INFORMATION

1-1.  INTRODUCTION.
1-2. This manual describes the Hewlett-Packard Model 59313A Analog to Digital Converter, its specifications
(Table 1-1), its installation in a Hewlett-Packard Interface Bus (HP-IB) system, its programming code
requirements and output, how it operates, and how to trace malfunctions to a particular circuit board. Complete
parts identification information and schematic diagrams are provided at the rear of this manual, together with
lists of options and accessories supplied. Available accessories are listed in Table 1-2.

1-3. DESCRIPTION.

1-44.  The Model 59313A Analog to Digital Converter changes analog signals in four ranges to 11-bit
two’s complement binary data, in two eight-bit bytes (see Specifications, Table 1-1). It is programmed by a
system controller, such an an HP Model 9825A Calculator, through the HP Interface Bus System, over which it
sends the converted data to the controller. The Converter can be programmed to make a single conversion, or run
at selected pace rates of up to 200 per second on one channel or up to 50 per second on each of four channels.
When control of sampling from outside the Converter is enabled, it may be initiated by an external TTL logic
transition or contact closure to ground, in synchronization with the external process being measured. The
Converter has a program-controlled reverse channel capable of driving small lamps, relays, or TTL devices. Each
channel is connected to a calibration voltage when its plug is removed from the corresponding rear panel input
jack.

7t /D CONVERTER
[@] R32R. A2 SONYERIE

TALKER

CHANNELS
1 2 3 4
ZERO GAIN ZERO GAIN ZERO GAIN ZERO GAIN

©0 @6 @@ O @

HP-IB MODULE

Figure 1-1. Model 59313A A/D Converter

1-1
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Table 1-1. Specifications

ANALOG INPUTS
No. and Type: 4 each, single ended, bipolar.
Full Scale Voltage Ranges (Jumper Selectable):

1.0 to *1.3v +5.0 to 7.0V

+2.5 to *3.5V 7.0 to £10.3V
Gain Trim (Front Panel): Screwdriver adjustment provides fine
gain trim within ranges.
Zero Trim (Front Panel): Screwdriver adjustment provides +2% of
full scale trim.
Input Impedance: Greater than 1 megohm.
Maximum Input Voltage: 30V rms without damage.
Crosstalk: Less than 7, LSB on any channel with all other channels
connected to the same full scale 100 Hz sine wave.
Input Connectors (Rear Panel): Standard phone jack; tip-hi, ring —
signal GND, sleeve — chassis GND.
Calibration Reference: 0V, -1.0V, -5.0V, *0.1%; selectable by
switch on rear panel. Appears on those channels with no input
plug inserted,

s e

A-TO-D CONVERTER

Type: Dual Slope.

Resolution: .05%., 10 bits plus sign.

Nonlinearity: Less than ', [SB.

Conversion Time: 4.75 ms.

Converter Timing: (See timing diagram at right.)

Output Code: 11-bit, two's complement binary output in two 8-hit
bytes:

1st Byte

B11 B11 B11 B11 B11 B11  B10 BY
2nd Byte

B8 B7 Bb B5 B4 B3 B2 B1

B11 = MSB (sign); B1 = LSB

PACER

Sample Rates: 5, 10, 20, 50, 100, 200 per second.

Accuracy: + 05,

External Start (Rear Panel): When enabled, TTL transition or con-
tact closure to ground on miniphone jack will start the pacer
synchronously.

REVERSE CHANNEL

Type: Open collector transistor.
Connector (Rear Panel): Miniphone jack.
Open Circuit-Voltage: +60V maximum,
Sink Current: 200 mA maximum.

BUS INTERFACE
Address Selection: Internal jumpers, Factory set to:

LISTEN = &

TALK =F
Service Request: When enabled, SRQ line goes Lo when data is
ready.
Talker Lamp (Front Paneli: Lights when 59313A is the bus talker
and attention s not active.
Bus Connector (Rear Panel): 24-pin connector; mates with cable
HP 10631A/B/C/D.

Program Commands: The 59313A responds to the following pro-
gram characters:

A — One conversion only 1 — Chan 1

B — 200 Hz 2 — Chan 2

C'— 100 Hz 4 — Chan 3

D — 50 Hz 8 — Chan 4

E— 20 Hz

E__ ]_:]:: Universal Bus Commands

H — Reset (all except rev. ch,)
I — STop (pacer)

| — Start (pacer)

K — External Start Enable

L — SRQ Enable

M — SRQ Disable

N — Reverse Chan. ON 63 — Unlisten

O — Reverse Chan, OFF 95 — Untalk

Converter Timing: (For complete details see Operating Manual. )

Binary

Equiv.

20 — Device Clear

24 — Serial Poll Enable
25 — Serial Poll Disable

- 5000 . 5 al

2048 .5 ——|

|
| |e——s0, 5 —» ‘

e
_ | ?
START CONVEHRSION; EMNABLE UPDATE START NEXT
DISABLE CHANNEL CHANNEL DATA CONVERSION
SWITCHING SWITCHING {200 Hz RATE}
ENVIRONMENTAL

Operating Temperature: 0°C to +55°C
Storage Temperature: -40°C 10 +70°C.
Relative Humidity: To 957 at 40°C.

STABILITY
Gain Change: Less than +0.6", of reading

Zero Change: Less than +0.3% of full scale. HOR PR ot

POWER REQUIREMENTS
Voltage (Rear Panel Selectable): 115V ac or 230V ac +10%, 48—66HZ .
Power Consumption: 18 VA maximum.

MECHANICAL

Height: 8.9 cm (3.5 in.) without teet, 10.2 cm (4 in.) with feet.
Width: 21.2 cm (8.4 in.).

Length: 35 cm (13.8in.).

Net Weight: 3.6 kg (8 |b,).

ORDERING INFORMATION
Accessories Supplied: 2.4 m (8 ft.) power cord, operating and
service manual, adjusting screwdriver, operating card.

OPTIONS

Option 001: Medical white front panel.

Option 003: 76 cm (30 in,) power cord, CEE to CEE.
Option 030: 76 cm (30 in.) NEMA power cord.
Option 038: 2.4 m (8 ft.) power cord, CEE to CEE.
Option 090: 2.3 m (7.5 f1.) U.K. power cord.
Option 092: 2 m (6.6 ft.) W. Eur. power cord.

ACCESSORIES AVAILABLE

14221A: Miniphone to miniphone cable, 3.0 m (10 ft.).
14331A: Phone to GND cable, 1.8m (6 ft.).

10631A: Bus cable, 0.9 m (3 f1.),

10631B: Bus cable, 1.8 m (6 ft.).

10631C: Bus cable, 3.6 m (12 f1.).

10631D: Bus cable, 0.5 m (11, f1.).
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SECTION |1
INSTALLATION

2-1. INTRODUCTION.

2-2.  This section contains information on installing the Hewlett-Packard Model 59313A A/D Converter into
Hewlett-Packard Interface Bus Systems.

2-3.  INITIAL INSPECTION.

24, Mechanical Inspection.

2-5.  If external damage to the shipping carton is evident, ask the carrier’s agent to be present when the unit is
unpacked. Check the instrument for external damage, such as broken controls or connectors, and dents or
scratches on the panel surface. If damage is found, refer to Paragraph 2-8 for recommended claim procedure and
repacking information. If the shipping carton.s not damaged, check the cushioning material and note any signs of
severe stress as an indication of rough handling in transit. Retain the packaging material for possible future use.

2-6.  Electrical Check.

2-7. Check the electrical performance of the unit as soon as possible after receipt; see Paragraph 5-7 for the
recommended performance checks. The checks will verify that the instrument is operating within the
specifications listed in Table 1-1. This check is a good test procedure for incoming quality control inspection and
for an operational check after repairs or adjustments have been made.

2-8. CLAIMS AND REPACKAGING.

29. Claims for Damage.

2-10. If physical damage is evident or if the instrument does not meet specifications when received, notify the
carrier and the nearest Hewlett-Packard Sales/Service Office. The Sales/Service Office will arrange for repair or
replacement of the unit without waiting for settlement of the claim against the carrier.

2-11. Packaging for Reshipment or Storage.

2-12. If the instrument is to be shipped to a Hewlett-Packard Sales/Service Office, attach a tag showing name
and address of owner, instrument model and serial numbers, and the repair required or a description of the
trouble. The original shipping carton and packaging material may be reusable. The Hewlett-Packard Sales/Service
Office will also provide information and recommendations on materials to be used if the original packaging
material is not available or not reusable.

2-13. PREPARATION FOR USE.

2-14. Environment.

2-15. System location should be reasonably free from vibration, dust, corrosive or explosive vapors or gases, and
extremes of temperature or humidity. For a cabinet mounted installation, allow sufficient room at the front for
operation and sufficient room at the rear for servicing with the cabinet access door open.

2-1
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2-16. The Model 59313A operates within specifications at ambient temperatures between 0°C and 55°C.
Ambient temperatures exceeding these limits could affect the accuracy of the instrument and cause damage of
the components and circuits. Allow at least two inches clearance around the instrument for air circulation.

2-17. Fuse.

2-18. The fuse, Figure 2-1(3), is selected for the ac line voltage in use. To replace a blown fuse,

a. Push in on the cap, turn counterclockwise 1/4 turn, and pull out.

b.  Pull the fuse out of the cap, and replace it with a fuse of the correct rating, (rating is stamped on one of
the fuse ends), 2/10A for 115V, 1/10A for 230V.

CAUTION
FAILURE TO USE THE CORRECT FUSE CAN RESULT IN LOSS OF THE PROTECTION IT IS DESIGNED

TO GIVE, OR MAY CAUSE THE FUSE TO KEEP BLOWING.
2-19. Coarse Range Selection,

2-20. Each of the four analog channels has four possible input ranges:
LO = full scale between +1.0 and 1.3 volts
MED = full scale between +2.5 and +3.5 volts
HI = full scale between +3.5 and £5.0 volts
HI-HI = full scale between 7.0 and £10.3 volts

These ranges are selected by a jumper wire placed between pins on the bottom board inside the 59313A.

a. For access to these jumpers:

(1) Disconnect the ac power cord.
(2)  Remove the top cover (1 screw, center rear).
(3) Remove the 4 outermost screws from the circuit board.

(4)  Just in front of the black transformer, slip the forefinger under the top and middle circuit
boards and pull up to disengage the connector.

(5) Remove the top and middle circuit boards together, exposing the bottom board range
jumpers.

b.  Select the best input range:

(1)  Determine the full scale analog voltage output of the device to be connected to that
channel.

) Use the lowest range possible, but the full scale analog input voltage must not be greater
than the high limit listed for that range.

(3)  Refer to Figure 2-2 and make the proper jumper connections.
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/ VOLTAGE SELECTOR
(s 230V 106

0 -1 -5
SERIAL MO

o LINE 115/230V £ 10%
50/60 Hr—18 VA MAX

a

CHAN 2 CHAN 3 CHAN 4 v X
INPUTS iy CHAN  START

b 6 7 8

HP-IB CONNECTOR: ACCEPTS STANDARD HP INTERFACE BUS CABLE USED TO CONVEY DATA AND
PROGRAMMING INSTRUCTIONS BETWEEN THE 59313A AND THE BUS CONTROLLER.

CAL SWITCH: SWITCHES 0, —1, or —5 CALIBRATION VOLTAGE TO ANY ANALOG INPUT CHANNEL THAT DOES
NOT HAVE A PHONE PLUG INSERTED.

FUSE: PROVIDES OVER-CURRENT PROTECTION IN EVENT OF INTERNAL FAILURE OR ACCIDENTAL SHORT
CIRCUIT.

LINE VOLTAGE SELECTOR SWITCH: PROVIDES FOR 115 OR 230 VOLT LINE OPERATION, WHEN IT IS PLACED
IN POSITION CORRESPONDING TO AVAILABLE LINE VOLTAGE USING SCREWDRIVER OR SIMILAR TOOL.

CAUTION
SWITCH MUST BE IN CORRECT POSITION TO PREVENT INSTRUMENT DAMAGE.

ANALOG INPUT JACKS: ACCEPT FOUR STANDARD 1/4-INCH DIAMETER PHONE PLUGS WITH THE ANALOG
INPUT SIGNAL CONNECTED TO TIP, SIGNAL GROUND TO RING, AND SHIELD TO SLEEVE. FULL SCALE
VOLTAGES OF £1 TO £10 CAN BE ACCOMMODATED ON EACH CHANNEL, INDEPENDENT OF THE OTHER
CHANNEL RANGES. COARSE RANGES ARE SELECTED BY JUMPERS INSIDE THE 59313A AND FINE INPUT
ADJUSTMENTS ARE MADE WITH THE FRONT PANEL GAIN CONTROLS. ANY INPUT JACK THAT DOES NOT
HAVE A PHONE PLUG INSERTED IS AUTOMATICALLY CONNECTED TO THE CALIBRATION VOLTAGE.

CAUTION
TO PREVENT INSTRUMENT DAMAGE, DO NOT APPLY MORE THAN 30 VAC (RMS) TO THE INPUT JACKS.

REVERSE CHANNEL JACK: CONNECTS THE INSTRUMENT TO BE DRIVEN BY THE REVERSE CHANNEL. THE
RVS CHAN JACK ACCEPTS A STANDARD 1/8-INCH DIAMETER MINI PHONE PLUG WITH SIGNAL CONNECTED
TO TIP AND GROUND CONNECTED TO SLEEVE. THE CHANNEL IS A PROGRAMMABLE NPN TRANSISTOR
SWITCH CLOSURE TO GROUND, REQUIRING AN EXTERNAL SUPPLY. WHEN OFF, IT SINKS NO CURRENT AND

CAN HAVE VOLTAGES IN THE RANGE 0 TO +80 APPLIED. WHEN ON, IT IS GROUNDED AND CAN SINK UP TO
200 mA.

CAUTION

TO PREVENT INSTRUMENT DAMAGE, DO NOT APPLY MORE THAN +80 VDC TO THE REVERSE CHANNEL JACK, OR
CURRENT GREATER THAN 0.2 AMPERE.

7.

EXTERNAL START JACK: CONNECTS THE DEVICE THAT WILL START CONVERSION. THE EXT START JACK
ACCEPTS A 1/8-INCH DIAMETER MINI PHONE PLUG WITH SIGNAL CONNECTED TO TIP AND GROUND
CONNECTED TO SLEEVE. WHEN ENABLED BY PROGRAM INSTRUCTION, A CONTACT CLOSURE TO GROUND,
CONTACT OPENING FROM GROUND, OR EITHER TRANSITION OF A STANDARD TTL DEVICE, WILL INITIATE

ONE CONVERSION OR THE FIRST OF A SERIES OF CONVERSIONS, DEPENDING ON THE 59313A OPERATING
MODE.

CAUTION

TO PREVENT INSTRUMENT DAMAGE, DO NOT APPLY MORE THAN +5 VDC TO THE EXT START JACK.

8.

AC POWER INLET: ACCEPTS THE AC POWER CORD USED TO SUPPLY THE INSTRUMENT.

Figure 2-1. Model 59313A Rear Panel
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59313A BOTTOM
FENE FEEY EFEN EEdl CIRCUIT BOARD
493 392 zH9% 89
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\?) XD e
@) (3®
HI-HI HI MED LO

1. RANGE SELECTION PINS FOR CHANNEL 1.
SHOWN SET TO LOW INPUT RANGE (£ 1 TO £1.3 VOLTS FULL SCALE).

2. RANGE SELECTION PINS FOR CHANNEL 2.
SHOWN SET TO MEDIUM INPUT RANGE (2.5 TO 3.5 VOLTS FULL SCALE).

3. RANGE SELECTION PINS FOR CHANNEL 3.
SHOWN SET TO HIGH INPUT RANGE (£ 3.5 TO £5.0 VOLTS FULL SCALE).

4. RANGE SELECTION PINS FOR CHANNEL 4.

SHOWN SET TO HI-HI INPUT RANGE (7.0 TO + 10.3 VOLTS FULL SCALE). NO JUMPER ALSO GIVES THIS
RANGE.

A. EACH OF THE FOUR POSSIBLE RANGES HAS BEEN ILLUSTRATED. A SPARE JUMPER IS PROVIDED
TO REPLACE ANY THAT MAY BECOME DAMAGED.

B. TO CHANGE A JUMPER:
(1) HOLD FIRMLY HERE WITH SMALL NOSE PLIERS.
(2) TO REMOVE, PULL STRAIGHT UP,
(3) TO INSTALL, PUSH STRAIGHT DOWN.

DO NOT HOLD HERE

Figure 2-2. Coarse Range Selection
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¢.  Fine adjustment of the range, which must be made after the instrument is reassembled, is discussed in
Paragraph 3-48, zero and gain adjustments.

NOTE: Address selection should be made before instrument reassembly, as discussed in Paragraph 2-22.

2-21. ADDRESS SELECTION.

2-22. Each device connected to the Hewlett-Packard Interface Bus (HP-IB) must have its own unique address
code. Inside the 59313A, the top circuit board has 5 jumpers which permit selection of any of the 31 allowable
codes shown in Table 2-1, some of which are shown on the top of the instrument. The instruments are shipped
from the factory with the following addresses:

LISTEN address

TALK address

Unless two or more 59313A’s are to be used in one system, or some other device has already been assigned this
address, there should be no need to make a change. If a change is necessary, proceed as follows:

= device I.D. 06

a.  Remove the top and middle circuit boards together, as in Paragraph 2-20, part a.

b.  Remove the 2 remaining screws from the top circuit board.
c. Unplug the middle circuit board from the small connector board to expose the 5 jumpers on the top
board.

d.  Consult Table 2-1 for the desired code and Figure 2-3 for the connection method.

NOTE: Never connect the jumpers so that code 11111 is selected as the address. This code is reserved for the
UNTALK and UNLISTEN commands.

e. Reassemble the instrument.

f: Verify the address selection by sending the TALK address to the 59313A which should turn on the
TALKER lamp. Refer to the HP-IB controller manual for instructions on how to send the TALK address.

2-23. Power Cord.

2-24. The power cord is plugged into the ac receptacle on the rear of the instrument (Figure 2-1(8) ), and into
the local ac supply. Cords with a wide variety of ends are available to mate with the wall outlets in most countries
(Figure 24). To avoid grounding problems, all the devices used in the system should connect to the same power
outlet strip with a common ground. To avoid shock hazard, the integrity of the third wire safety ground must be
maintained.

2-25. Interface Bus Cable.

2-26. Bus cables are available as shown in Table 1-2. The cable is connected between the HP-IB con-
nector, Figure 2-1(1), and a similar connector on the controller. The piggy-back cable connector allows
connection in a star configuration where all devices connect to the controller connector, or a daisy chain
configuration where the first device connects to the controller, and the second device to the first, the

2-5
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Table 2-1. Allowable Address Codes

Address Jumpers Talk Listen Device
LSB Address Address 1.D.
Bit No.5 Bit No. 4 Bit No. 3 Bit No. 2 Bit No. 1 Character Character Code
0 0 0 0 @ SP 0
0 0 0 1 A ! 1
0 0 0 1 0 B 2
0 0 0 1 1 C # 3
0 0 1 0 0 D $ 4
NOTE 1 0 0 1 0 1 E % 5
0 0 1 1 0 F & 6
0 0 1 1 1 G " (APOS.) 7
0 1 0 0 H ( 8
0 1 0 1 | ) 9
0 1 0 1 0 J * 10
0 1 0 1 1 K + 11
0 1 1 0 0 L& , (COMMA) 12
0 1 1 0 1 M — 13
0 1 1 1 0 N 14
0 1 1 1 1 (0] / 16
1 0 0 0 0 P 0 16
1 0 0 0 1 Q 1 17
1 0 0 1 0 R 2 18
1 0 0 1 1 S 3 19
1 0 1 0 0 T 4 20
1 0 1 0 1 u 5 21
1 0 1 1 0 v 6 22
1 0 1 1 1 w 7 23
1 1 0 0 0 X 8 24
1 1 0 0 1 Y 9 25
1 1 0 1 0 z 26
1 1 0 1 1 [ 27
1 1 1 0 0 / < 28
1 1 1 0 1 ] = 29
1 1 1 1 0 = > 30
NOTE2 — - - - -

NOTE 1: FACTORY-SET STANDARD ADDRESSES.
NOTE2: 11111 ISRESERVED FOR UNLISTEN AND UNTALK. DO NOT SET JUMPERS TO IT.

2-6
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8.0 « 47310-60120
/,/%_&3 ‘;giglnﬂcuw
— =
© | edw
@;——-’/ ®
ok /ﬁﬂg ®
ool

1. BIT #1 ADDRESS PINS (LEAST SIGNIFICANT BIT)
2. BIT #2 ADDRESS PINS
3. BIT #3 ADDRESS PINS
4. BIT #4 ADDRESS PINS
5. BIT #5 ADDRESS PINS

6. SPARE JUMPER

A. TO SET AN ADDRESS BIT TO “ZERO,” CONNECT ITS JUMPER WIRE BETWEEN C (COMMON) AND 0
(ZERO).

B. TO SET AN ADDRESS BIT TO “ONE,” CONNECT ITS JUMPER WIRE BETWEEN C AND 1.
TO CHANGE A JUMPER:
(1) HOLD FIRMLY HERE WITH SMALL NOSE PLIERS.
(2) PULL STRAIGHT UP TO REMOVE.
(3) PUSH STRAIGHT DOWN TO INSTALL.

DO NOT HOLD HERE

NOTE: THE ADDRESS JUMPERS ARE SHOWN FACTORY SET TO 00110 GIVING LISTEN ADDRESS AND
TALK ADDRESS IE] OR DEVICE I.D. 06.

LEAST SIGNIFICANT BIT

Figure 2-3. Address Selection Jumpers
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Model 59313A WARNING: REPLACEMENT POWER CABLES MUST PROVIDE CORRECT POLARITY AND GROUNDING AS

SHOWN. INCORRECT CONNECTIONS CAN RESULT IN AN ELECTRICAL HAZARD.

FEMALE CEE 22 (EUROPA) MALE NEMA (HARDWIRED)

(HOSPITAL GRADE)
='l"1I.J BROWN OR BLACK
E"r—!E! GREEN/YELLOW @

95 p | N} WHITE
= F ]
N) LIGHT BLUE OR WHITE E : = 11 E) GREEN/YELLO
" — () BLACK
E — EARTHOR SAFETY GROUND @ r

N — NEUTRAL OR IDENTIFIED CONDUCTOR
L — LINEOR ACTIVE CONDUCTOR

MALE NEMA 90°
(HARD-WIRED)

MALE NEMA (MOLDED)

e [\
% e sl I enuce: GREEN/YELLOW
[ @3—E) GREEN/YELLOW OR GREEN !
— z L s |

=--——{L) BLACK

MALE NEMA (HARD WIRED) I,OJ -l

- MALE CEE (EUROPA)
1 —— —-S—._.rm} WHITE
(- == |® c-nq‘ E) GREEN/YELLOW ==L} BROWN ORBLACK
1 —— = ) BLACK w—<{E) GREEN/YELLOW
@ | ___a/ —=LiN) LIGHT BLUE OR WHITE
CONNECTORS POWER CABLE | AWG/NO. OF HP PART
MALE END FEMALE END LENGTH CONDUCTORS NUMBER
NEMA (HARD-WIRED) CEE 22 2.4M (8.0FT) 16/3 8120-1931
NEMA (HARD-WIRED) CEE 22 3.6M (12.0FT) 16/3 8120-1932
NEMA (HARD-WIRED) HOSPITAL GRADE | CEE 22 2.4M (B.OFT) 16/3 8120-1992
NEMA (HARD-WIRED) HOSPITAL GRADE | CEE 22 3.6M (12.0FT) 16/3 8120-1993
NEMA (HARD-WIRED) HOSPITAL GRADE | CEE 22 45M (15.0 FT) 16/3 8120-1995
NEMA (HARD-WIRED) HOSPITAL GRADE | CEE 22 76CM (25FT) 16/3 8120-1996
NEMA (HARD-WIRED) 90° CEE 22 2.4M (B.OFT) 16/3 8120-0609
NEMA (HARD-WIRED) 90° CEE 22 76CM (25FT) 16/3 8120-0610
CEE 22 CEE 22 76 CM (25 FT) 16/3 8120-1900
CEE 22 CEE 22 24M (BFT) 16/3 B120-2133
EAST AND WEST EUROPE, SAUDI ARABIA,
UNITED ARAB REPUBLIC
MALE SCHUKO FEMALE CEE 22 (EUROPA)
LIGHT BLUE iN L E ==L} BROWN
GREEN/YELLOW iEJ‘_,—--O — B cS==—(E| GREEN/YELLOW
BROWN [L)-—._.___-'. d (N} LIGHT BLUE
:_/ 8120-1689 (2.0 m)

B120-1692 (2.0 m; FEMALE END IS RIGHT ANGLE)
8120-1460 (2.4 m; FEMALE END IS STRIPPED)
B8120-1690 (4.5 m|

AUSTRALIA NEW ZEALAND

FEMALE CEE 22 (EUROPA)

RED OR
LIGHT BLUE OR BLACK mr—-—f-?‘—"'s [ L) LIGHT BROWN
GREEN/YELLOW [EJ—T-  ——— ' | =l--l-—(E1 GREEN/YELLOW
LIGHT BROWN OR RED ILD-Jﬂ‘ = 8120.1369 (2.2 m] F——1 =m—{N} LIGHT BLUE

OR BLACK

|
FEMALE CEE 22 (EUROPA)
: C=s—{L) LIGHT BROWN
" e ') 2 | C=-=~—(E) GREEN/YELLOW
8120.1351 (2.2 m) 5 NI LIGHT BLUE
=

Figure 2-4. AC Power Cables Available

GREAT BRITIAN, CYPRUS, NIGERIA,
RHODESIA, SINGAPORE

LIGHT BLUE w)—-—""'_’.

|
GREEN/YELLOW (El—e-N
LIGHT BROWN {L}l\‘l
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‘ RING (SIGNAL GROUND)
SLEEVE (SHIELD)

Figure 2-5. Signal Connector Wiring

third device to the second, and so on. A combination of both schemes is also permitted. Six- and twelve-
foot standard HP-IB cables can also be used, but the total cable length in the system must not exceed
51 feet. The number of devices in one system must not exceed 15, including the controller. Two types of
cable fasteners are in use.

(1) Chrome-plated U.S. thread 6-32 (up to Spring 1976).

(2) Black-plated metric thread (after Spring 1976).
All|59313A units have the black metric fasteners. Should one be added to an existing system with chrome U.S.
fasteners, all or part of the old system can be updated with metric conversion kits, which consist of new screws

for cables and new hex standoffs for instruments,

CAUTION
DO NOT USE DIFFERENT THREAD TYPES TOGETHER.

2-27. Analog Input Cables.

2-28. For each analog input to be used, a shielded cable with a standard 1/4-inch diameter phone plug
termination must be provided. The plugs are wired as shown in Figure 2-5.

2-29. Reverse Channel Cable.
2-30. If the reverse channel is to be used, a cable with a 1/8-inch diameter mini phone plug terminatic n must be

provided. The plug is wired as shown in Figure 2-6. Note that the reverse channel is a transistor switch to ground
and thus requires an external power supply.

2-31. EXTERNAL START CABLE.
2-32. If the external start feature is to be used, provide a cable with a 1/8-inch diameter mini phone plug

(Figure 2-6). The cable is connected between the EXT START jack, Figure 2-1(7), and the device that is used
to supply the signal. The voltage applied to this jack should not be outside the range 0 to +5 volts.

29
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2-10

I L—1ip (siGNAL)
SLEEVE (GROUND)

Figure 2-6. External Start and Reverse Channel Connector Wiring

(1)  HP-IB CONNECTOR: Accepts standard HP Interface Bus cable used to convey data and
programming instructions between the 59313A and the bus controller.

2) CAL SWITCH: Switches 0, —1, or —5 calibration voltage to any analog input channel that does
not have a phone plug inserted.

3) FUSE: Provides over-current protection in event of internal failure or accidental short circuit.

4) LINE VOLTAGE SELECTOR SWITCH: Provides for 115 or 230 volt line operation, when it is
placed in position ocrresponding to available line voltage, using a screwdriver or similar tool.

CAUTION

115/230V LINE-VOLTAGE SELECTOR SWITCH MUST BE IN CORRECT POSITION TO PREVENT
INSTRUMENT DAMAGE.

(5)  ANALOG INPUT JACKS: These jacks accept four standard 1/4-inch diameter phone plugs with
the analog input signal connected to TIP, signal ground to RING, and shield to SLEEVE. Full scale voltages of +1
to 10 can be accommodated on each channel, independent of the other channel ranges. Coarse ranges are
selected by jumpers inside the 59313A and fine input adjustments are made with the front panel GAIN controls.
Any input jack that does not have a phone plug inserted is automatically connected to the calibration voltage.

CAUTION

TO PREVENT INSTRUMENT DAMAGE, DO NOT APPLY MORE THAN 30 Vac (rms) TO THE INPUT
JACKS.

(6) REVERSE CHANNEL JACK: Connects the instrument to be driven by the reverse channel. The
RVS CHAN jack accepts a standard 1/8-inch diameter mini phone plug with signal connected to TIP and ground
connected to SLEEVE. The channel is a programmable NPN transistor switch closure to ground, requiring an
external supply. When OFF, it sinks no current and can have voltages in the range of-0 to +80 applied. When on
it is grounded and can sink up to 200 mA.

CAUTION

TO PREVENT INSTRUMENT DAMAGE, DO NOT APPLY MORE THAN +80 Vdec TO THE REVERSE
CHANNEL JACK, OR CURRENT GREATER THAN 0.2 AMPERE.
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(7) EXTERNAL START JACK: Connects the device that will start conversion. The EXT START jack
accepts a 1/8-inch diameter mini phone plug with signal connected to TIP and ground connected to SLEEVE.
When enabled by program instruction, a contact closure to ground, contact opening from ground, or either
transition of a standard TTL device, the START circuit will initiate one conversion or the first of a series of
conversions, depending on the 59313A operating mode.

CAUTION
TO PREVENT INSTRUMENT DAMAGE, DO NOT APPLY MORE THAN +5 Vdc TO THE EXT START JACK.

(8) AC POWER INLET: Accepts the ac power cord used to supply the instrument.

NOTES
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SECTION 111
OPERATION AND PROGRAMMING

3-1. INTRODUCTION.

3-2. The Model 59313A A/D Converter is controlled by programming from. the associated HP Interface Bus
Controller. This section provides programming formats and examples that can be used with different controllers
to obtain digital data from the 59313A., See Appendix I for a description of the Interface Bus system.

3-3.  Operation of the 59313 A can be separated into two main divisions:

(1)  Programming the HP-IB Controller to send the 59313A 7-bit ASCII* characters selected from:
(a)  The CONTROL CHARACTER SET, Table 3-1.
(b)  The UNIVERSAL BUS COMMAND SET, Table 3-2.
These characters cause the 59313A to perform in the desired manner.
(2)  Programming the HP-IB Controller to extract and use the 59313A output.

34. The term “to send” in the following discussion will mean: program the controller to send the required
character.

NOTE: Refer to each controller’s own manual or its HP-IB interface manual for specific programming
instructions.

3-5. Using the Control Character Set.

3-6. Before the 59313A can respond to any control character, it must be made a listener by sending it the
listen address code internally selected by jumpers (Figure 2-4). Once the 59313A is addressed, any of the control
characters (boxed, D ) can be sent and the 59313A will respond to them. When the last control character has
been sent, the 59313A’s listener state should be terminated by one of the following:

(1)  Sending the UNLISTEN COMMAND (see Table 3-2).
(2)  Sending the 59313A’s TALK ADDRESS (Paragraph 2-22).

3-7.  CONTROL TIMING. Each control character’s function begins the moment it is received at the 59313A,
i.e., not more than 4 microseconds after the controller sets the DAV (data valid) line LO for that character. An
exception to this is discussed under switching channels, Paragraph 3-8.

3-8. SWITCHING CHANNELS. A particular channel is selected for conversion when its channel select
character is sent. One channel select character should always be in effect if useful conversions are to be made. 100
us settling time should be allowed between the time the channel select character is sent and the next conversion
is started. Channel switching can be done between conversions but if a channel select character is sent while the
converter is in that portion of its cycle where the input signal is needed, then the HP-IB handshake will be
inhibited. This means the controller must wait there until the 59313A is finished with the old input before the
character selecting the new input will be accepted. This timing is shown graphically in Figure 3-1, and characters
are identified in Table 3-3.

NOTE: DO NOT use the character 3 to select Channel 3; use instead, and for Channel 4.

*American Standard Code for Information Interchange, see Appendix IV.

3-1
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Table 3-1. 59313A Control Character Set

Decimal Octal Binary ASCII

Code Code Code Character Function

49 061 0011 0001 1 Channel 1

50 062 0011 0010 2 Channel 2

52 063 0011 0100 4 Channel 3

56 070 0011 1000 8 Channel 4

65 101 0100 0001 A One conversion only

66 102 0100 0010 B 5 ms /200 Hz

67 103 0100 0011 C 10 ms /100 Hz

68 104 01000100 D 20 ms /50 Hz

69 105 0100 0101 E 50 ms /20 Hz

70 106 01000110 F 100 ms /10 Hz

71 107 01000111 G 200 ms/5 Hz

72 110 0100 1000 H Reset

73 m 0100 1001 I Stop (Pacer)

74 112 0100 1010 J Start

75 113 0100 1011 K External Start Enable

76 114 0100 1100 L Service Reguest Enable

77 115 0100 1101 M Service Request Disable

78 116 0100 1110 N Reverse Channel ON

79 117 0100 1111 (0] Reverse Channel OFF
Table 32. 59313A Universal Bus Command Set

Decimal Octal Binary ASCII

Code Code Code Character Function

20 024 0001 0100 DC4 Device Clear

24 030 0001 1000 CAN Serial Poll Enable

25 031 0001 1001 EM Serial Poll Disable

63 077 00111111 ? Unlisten

95 137 0101 1111 _ Untalk

32
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*— CHANNEL SELECT PRIOR TO THIS TIME
|-— 100 us —u-l
2048 s .
— 10 TO 60 us
rell——— CHAN SWITCH INHIBIT ———hl
- TOTAL CONVERSION TIME 4750 us T

L START OF CONVERSION (BY PACER OR START CHARACTER OR EXT START)

Figure 3-1. Channel Select Timing

Table 3-3. Channel Select Characters

CHANNEL SELECT CHARACTER

H

CHANNEL 1 Switches on Channel 1
Switches off any other

CHANNEL 2 Switches on Channel 2
Switches off any other

] [

CHANNEL 3 Switches on Channel 3
Switches off any other

CHANNEL 4 Switches on Channel 4
Switches off any other

33
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39.  CONTROLLING THE PACE RATE. The pacer is used to start the A to D conversion process.

3-10. The character establishes the single conversion mode. One way to use this mode is by programming
the controller with a loop that takes one sample each time thru the loop. This way the spacing between samples is
determined by the running time of the controller loop. An example of this type operation is shown in the
programming examples, Paragraph 3-39.

3-11. Using one of the characters from Table 3-4 instead of results in the paced mode where the internal
pacer starts the conversions at uniform intervals in time. One of the characters thru must be sent or no
conversions can be made. Some consideration should be given to the frequency content of the analog input signal
when selecting a pace rate. Sampling theory requires a sampling rate greater than twice the highest frequency
component present in the input signal to be able to fully reconstruct the signal from the samples. A rate close to
2X would require a fairly sophisticated software routine to reconstruct a sine wave exactly. In practice, a higher
sample rate makes reconstruction software much simpler and often unnecessary.

3-12. When the pacer starts, all the pace pulses shown in Figure 3-2 are generated simultaneously, but only the
selected one is used to trigger the converter. The first conversion is at t=0 and subsequent conversions at the
selected interval. If a pace rate is selected without stopping the pacer, the new rate is effective as soon as the
character is received by the 59313A. The next conversion will be started by the next pacer output pulse that
occurs at the new rate. A pace rate selected when the pacer is not running is stored by the 59313A and used when
the pacer is started later. When the pacer is determining the interval between samples, it is important that the

controller program used to accept the 59313A output be fast enough to do the job within the selected pace
interval.

3-13. Often the running time of the controller program can be checked by taking a large number of samples, say
100 or 1000, and timing the program. At the 10 ms rate, 1001 samples should take .010 * 1000 = 10 seconds to
run. Since the first sample is at time zero, sample 1001 is at the 10-second point, not sample 1000. If it takes
more than 10 seconds, the controller is probably not fast enough for the pace interval. Channel switching can be
accomplished between conversions started by the pacer if the controller is fast enough to switch the channel and
read out the old data within the selected pace interval.

Table 3-4. Pace Intervals

CHARACTER
INTERVAL BETWEEN CONVERSIONS
CONVERSION RATE

B 5ms 200 PER SECOND
c 10 ms 100 PER SECOND
D 20 ms 50 PER SECOND
E 50 ms 20 PER SECOND
F 100 ms 10 PER SECOND
G 200 ms 5 PER SECOND
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Figure 3-2. Pacer Output Pulses

3-14. STARTING THE PACER (Characters m, lII, ). The pacer must be started even if only one
conversion is to be made. It can be started in two ways:

(1)  With the control character , START, the pacer starts immediately at the previously selected
rate.

(2) With the control character , EXTERNAL START ENABLE, the pacer waits for a signal at the
external start jack before starting at t=0 and running at the previously selected rate. The signal can be a contact
closure to ground, a contact opening from ground, or either transition of a standard or low power TTL device.
3-15. The pacer will not start unless one of the following has occurred first:

(1)  Sending the IE] = RESET character

(2)  Sending the m= STOP character

3) Sending the DEVICE CLEAR universal bus command

(4)  Turning on the 59313A power.

The character m stops the pacer and arms it for a restart without otherwise affecting the 59313A.
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3-16. CLEARING THE 59313A (Character [H]). The [H] = RESET character is sent to reset the 59313A
before it is programmed with a new set of control characters. This character clears the pace selection, clears the
channel selection, clears the output register, disables the service request, disables the external start, and arms the
start circuit. It does not alter the reverse channel state, or change the 59313A from a listener status. It could add
a maximum of about 3 ms to the running time of the controller program if it were sent during a conversion while
the converter integrator is at its maximum excursion, thereby taking the maximum reset time.

3-17. SERVICE REQUESTS Characters [L| and [M]). The SRQ (service request) line on the bus can be used
to signal the bus controller that the 59313A has data ready for it. This allows the controller to work at another
task instead of waiting for data.

3-18. If the SERVICE REQUEST ENABLE character is sent, the SRQ line on the bus will be set LO by the
59313A each time it has completed a conversion and has the output data ready. This occurs about 4.75 ms after

the start-of-conversion signal, The SRQ line will be cleared (set HI) when the data is transmitted from the
59313A or when a serial poll is conducted.

3-19. If the SERVICE REQUEST DISABLE character @ is sent, this service request activity ceases without
otherwise affecting the 59313A. The 59313A powers up with SRQ disabled, and is also disabled by the RESET
character J

3-20. REVERSE CHANNEL (Characters and @). The reverse channel is a single digital line that is
switched by the controller program, and which may be used to control an external device or process, for instance,
to start another process step from which further data can be obtained. If the REVERSE CHANNEL ON character
is sent, the open-collector NPN transistor is saturated, thereby sinking currents up to 200 mA to ground. If
the REVERSE CHANNEL OFF character, letter @ is sent, the transistor is turned off and the line appears
open-circuited to positive voltages between zero and 80V.

3-21. The two REVERSE CHANNEL characters and @ can be sent by themselves or included with other
control characters. These characters can be repeated a number of times and/or alternated to produce long or short
pulses or pulse trains with various duty cycles at the rear panel EXT START connector. Sending the RESET
character E does not affect the reverse channel.

3-22. The 59313A powers up with the reverse channel OFF. The DEVICE CLEAR COMMAND turns OFF the
reverse channel. An external power supply must be used with the reverse channel since it is only a transistor
switch to ground. Refer to Figures 3-3 to 3-5 for examples of reverse channel application.

3-23. Using the Universal Bus Command Set.

3-24. When sending these characters the 59313A does not need to be addressed as a listener.

3-25. DEVICE CLEAR (Character )- When this character is sent to the 59313A, it provides all the reset
functions that = RESET does and, in addition:

(1)  The reverse channel is turned off.
(2)  The LISTEN state is ended.
(3)  The TALK state is ended.

It places the 59313A in the same state that it powers up in.
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200 MA MAX 24v
- LAMP

TIP ——g— @

SLEEVE —--—— +

24 vDC
NOTE: BRIGHTNESS CAN BE CONTROLLED BY —
PULSE-WIDTH MODULATION T

Figure 3-3. Driving a Lamp with the Reverse Channel

+5 vDC

TIP it

SCHMITT

SLEEVE - TRIGGER
——
e NOTE: CAPABILITY CAN BE EXPANDED BY USING WIDE PULSE TO RESET

A COUNTER AND NARROW PULSE TO MAKE IT COUNT.

Figure 3-4. Driving TTL Logic with the Reverse Channel

TIPp ~—g

12 vDC

NOTE: SWITCH COULD MULTIPLEX ONE CHANNEL.,
SLEEVE —=s 9 ANOTHER CHANNEL OR EXTERNAL START CAN
DETECT ZERO POSITION CONTACT CLOSURE.

Figure 3-5. Driving a Stepping Switch with the Reverse Channel
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3.26. UNLISTEN (Chﬂracte). This character ends the 59313A LISTEN state, and should be used routinely
to insure all unwanted listeners are cleared from the bus before addressing new ones. The 39313A is
automatically “unlistened” when it is sent its talk address.

3-27. UNTALK (Character [ , underline). This character ends the 59313A TALK state, but is seldom used,

because when a new talker is addressed the old one is terminated automatically. The 59313 A is also automatically
“untalked” when it is sent its listen address.

3-28. SERIAL POLL ENABLE (Character ). This character establishes the serial poll mode in the
59313A; the details are described in the output description, Paragraphs 3-35 and 3-36.

3-29. SERIAL POLL DISABLE (Character [EM] ). This character ends the serial poll mode.

3-30. How To Obtain Digital Output Numbers.

3-31. The 59313A becomes the bus TALKER when the controller sends the talk address code set by the
internal address jumpers shown in Figure 2-4. When this has been accomplished, the TALKER lamp turns ON and
the 59313A can send any data it may have ready to the designated bus listeners, normally the controller.

3-32. NORMAL OUTPUT RESPONSE. If the Serial Poll Enable command has not been sent, the output will be
the digital conversion of whichever analog input channel was selected by the control character programming.

3-33. The output is an eleven-bit two’s compliment binary number (see also Appendix II) arranged in two 8-bit
bytes as shown in Table 3-5. The output is normally transferred to the controller, which then must reorganize the

‘two bytes into. one 11-bit number. The following short program is a generalized (but not necessarily always the

most efficient) routine for combining the two bytes that will work for most calculators used as the controller:
(1) Read lst byte from 59313A; store it in “A”.
(2)  Read 2nd byte from 59313A; store it in “B”.
(3) If A is greater than +3, then the number is negative.
(4) For negative number (A>3):
(a) Subtract A from 255 and call it C.
(b)  Multiply C by 256 and call it D.
(c) Subtract B from 256 and call it E.
(d) AddDtoEandcallitF.
(e) Multiply F by —1 and use the result.
(5)  For a zero or positive number (A<3):
(a)  Multiply A by 256 and call it C.
(b)  Add C to B and use the result.

The programming examples in Paragraph 3-37 show recombining routines for several Hewlett-Packard desktop
calculators.
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Table 3-5. Output Data Format

BUS LINE — >|DI108 | DIO7 | DI0O6 | DIO5 | DI04 | DI03 | D02 | DI01

1STBYTE ————>|B11 B11 B11 B11 B11 B11 B10 B9

2ND BYTE —— >|BS8 B7 B6 B5 B4 B3 B2 B1

B11 = MOST SIGNIFICANT BIT = SIGNBIT = 1 IF NEG NUMBER.
B1 = LEAST SIGNIFICANT BIT.

(SEE APPENDIX Il ALSO)

3-34. OUTPUT SEQUENCING AND TIMING. The output section is arranged so the following holds true:

(1)  The output for a conversion becomes available 4.75 (—0 +.06) ms after the start of conversion and
stays available until 4.75 (—0 +.06) ms after the next start of conversion. Conversion starts when [J] is received,

the external start jack is used, or the pacer time interval is up and a new conversion is started by the pacer
(Figure 3-6).

(2) Once both output bytes have been sent, an attempt to send out another byte will result in the bus
handshake not being completed (the 59313A will not set DAV line LO) until more data is ready. This feature can
often be used to load the controller memory with samples taken by the 59313A at equal increments of time. The
controller simply spends its spare time waiting for the handshake to complete. The controller’s data acquisition
time must be shorter than the 59313A pacer interval being used.

(3) If, when a new pair of data bytes is ready, neither of the old pair has been sent, then the old are
replaced with the new,

(4) If, when a new pair of data bytes is ready, the 1st byte of the old pair has been sent but the 2nd
has not, then the new pair will be lost and the 2nd byte stays available until it is sent.

3-35. SERIAL POLL OUTPUT RESPONSE. If the Serial Poll Enable command has been sent when the 59313A
is made the talker, the output will be a poll response instead of the conversion output just described.

3-36. There are two possible poll responses:

(1)  AFFIRMATIVE. If the Service Request Enable character has been sent and if the 59313A has
completed a conversion and set the SRQ line LO prior to the Serial Poll Enable command, then, when made the
TALKER, the decimal number 64 would be the output (01000000).

— 4.75 MS

t=0(START 1ST) 50 MS (START 2ND) 100 MS (START 3RD)
,_ — 54,75 MS — 104.75 MS

1ST CONVERSION AVAILABLE || 2ND CONVERSION AVAILABLE || 3RD CONVERSION AVAILABLE

Figure 3-6. 50 Millisecond Pace Rate

39
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(2) NEGATIVE. If a conversion has not been completed and the SRQ line has not been set LO by the
59313A (or the SRQ circuitry has not been enabled) prior to the Serial Poll Enable command, then, when made
the TALKER, the decimal number zero would be the output, Once the Serial Poll Disable command is sent, the
59313A output is again a normal A to D conversion output.

NOTE: The poll response output is just | byte of ordinary binary code.
3-37. Programming Examples.
3-38. Send control characters to the 59313A in a logical sequence. For example, do not send the UNLISTEN

command immediately after sending the listen address, or do not start the conversion until the desired channel

and pace have been selected, or do not send RESET after any of the control characters since it will cancel them
all.

3-39. GENERAL LOOP PROGRAM FORMAT. The program type with the least chance for error puts the
controller into a loop that takes one sample with each repetition. This kind of program is useful for setting the
ZERO and GAIN controls discussed later, The general format is:

(1) Send UNLISTEN command.

) Send 59313A listen address .

(3) It may be necessary to send controller talk address. (See Controller manuals.)

(4) Send RESET character.

(5)  Send [1] (or some other) CHANNEL SELECT character.

(6)  Send [A] ONE CONVERSION ONLY pace select character.

(7) Send E] START character (time between m and must be 100 gs minimum).

(8)  Send 59313A talk address [F].

(9) It may be necessary to send controller listen address.

(10) Read and Store Ist byte from the HP-IB.

(11) Read and Store 2nd byte from the HP-IB.

(12) Combine Ist and 2nd byte as shown in Paragraph 3-33.

(13) Display the combined byte as a decimal number.

(14)  Repeat entire loop.

This general program loop will continuously display the 59313A output for Channel 1.
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3-40. A translation of the general loop program for the Hewlett-Packard Model 9830A Calculator as the HP-IB
controller is:

14 CMD*“?U&”,“H1AJ”,“F 5"
20 DISP ROT (RBYTE 13, 8) + RBYTE 13
30 GOTO 1@

NOTES:

1. Do not push the SHIFT key if it is not required or the program may not run.
2. Line 20 is a more efficient way of combining the 2 bytes than the general routine shown in the preceding
paragraph.

3-41. Two translations are given for the Model 9825A Calculator. The first is the general routine which requires
only the GENERAL I/O ROM necessary to use the HP-IB.

NOTE: When using a wrt statement with the 9825A calculator a fmt statement must be used to suppress
the carriage returnline feed normally output at the end of the data list.

B: fmtl,z .0

wrt 706.1, “H11AJ” NOTE: Extra “1” guarantees 100 —s input settling time.
rdb (706) — A

if A>3; gto 5

dsp A*256 + rdb (706)

gto @

dsp — ( (255—A) * 256 + (256—rdb (708) )

gto 9

e S L R R A

The second program is a more efficient method that requires both the GENERAL I/O ROM and the EXTENDED
1/O ROM,

fmt 1, z, £.0

wrt 706.1 “H11AJ”

dsp ior (shf (xdb (706), —8), rdb (708) )
gto @

ok

3-42. A translation for the Model 9820A/21A Calculators is:
@:  FXD @; CMD “?U&”, “HaAJ”, “5F” F
RDB 13—A; RDB 13—B |
IF A>3; (255—A) * 256 + 256 —B—C; C*—1—C; DISP C F
IF A<3; A*256 +B—C; DISP C |
GTO 09 -

Ll -

3-11
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3-43. A program sequence to take samples using the pacer could be:

1. SEND UNLISTEN COMMAND [ 2]

SEND CONTROLLER TALK ADDRESS.

SEND 59313A LISTEN ADDRESS [&] .

SEND CHARACTERS: [H] RESET 59313A.

[1] SELECT CHANNEL 1.

X (Use some other channel select
character, if desired.)

o [ b

Time between m and
should be 100 us min. Extra

or [F| characterscould | [F] SELECT 100 ms PACE INTERVAL.
be sent to add more t@e i (Use some other pace rate character,
necessary, or use a wait

statement, or do some operation if desired.)
that uses up the time. _\nm START

may be used here instead of ,

then start with external start signal at
rear panel jack.

. SEND CONTROLLER LISTEN ADDRESS.
6. SEND 59313A TALK ADDRESS [F] .

SET UP A LOOP WHERE VARIABLE “J”” INCREASES BY 1 EACH TIME THRU THE
LOOP.

READ 1ST BYTE FROM HP-IB; STORE IT IN “A”.
Loopl 9. READ 2ND BYTE FROM HP-IB; STORE IT IN “B”.
TIME| 10.  COMBINE THE 2 BYTES (SEE PARAGRAPH 3-33),
<100} 11, STORE THE COMBINED BYTES IN ARRAY ELEMENT C(J).
*Li2. GO THRU LOOP AGAIN.

The array “C” will contain samples taken at 100 ms increments in time. Each time thru the loop takes an
additional sample. The loop time must be less than the 100 ms pace interval so the controller is always ready
when the next 59313A output becomes available.

3-44. A program sequence to take samples using the pacer and also switching channels between samples:

1. SEND UNLISTEN COMMAND [ ?].
2. SEND CONTROLLER TALK ADDRESS.
3. SEND 59313A LISTEN ADDRESS [&] .
4. SEND CHARACTERS: [H] RESET 59313A.
[1] SELECT CHANNEL 1.
SELECT 200 ms PACE INTERVAL.

START.

. SEND CONTROLLER LISTEN ADDRESS.
6.  SEND 59313A TALK ADDRESS [F] .
7. SET UP A LOOP WHERE VARIABLE “J” INCREASES BY 1 EACH TIME THRU THE LOOP.

3-12
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READ 1ST BYTE FROM HP-IB; STORE IT IN “A”.

READ 2ND BYTE FROM HP-IB; STORE IT IN “B”.
COMBINE THE 2 BYTES (SEE PARAGRAPH 3-33).

STORE THE COMBINED BYTES IN ARRAY ELEMENT C(J).
SEND CONTROLLER TALK ADDRESS.

SEND 59313A LISTEN ADDRESS [&] .

SEND CHARACTER [2] = SELECT CHANNEL 2.

SEND CONTROLLER LISTEN ADDRESS.

SEND 59313A TALK ADDRESS [F] .

READ IST BYTE FROM HP-IB; STORE IT IN “A”.

READ 2ND BYTE FROM HP-IB; STORE IT IN “B”.
COMBINE THE 2 BYTES (SEE PARAGRAPH 3-33).

STORE THE COMBINED BYTES IN ARRAY ELEMENT D(J).
SEND CONTROLLER LISTEN ADDRESS.

SEND 59313A TALK ADDRESS.

SEND CHARACTER [1] = SELECT CHANNEL 1.

GO THRU LOOP AGAIN.

The array “C” will contain samples from Channel 1 taken at 400 ms intervals (every other pace interval), Array
“D” will contain samples from Channel 2 taken at 400 ms intervals and 200 ms later in time than those from

Channel 1.

345. The final example uses the single conversion mode, the external start, the service request, and conducts a
serial poll. The 59313 A should have a pushbutton switch on the end of a cable connected to the EXT START
jack, or an automatic contact closure associated with the process to be sampled. Each time contact is made, a
conversion will take place.

2
3.
4

SEND UNLISTEN COMMAND [?2] .

SEND CONTROLLER TALK ADDRESS.

SEND 59313A LISTEN ADDRESS [&] .

SEND CHARACTERS: [H] RESET.
CHANNEL 4.
SERVICE REQUEST ENABLE.
ONE CONVERSION ONLY.
EXTERNAL START ENABLE.

SEND UNLISTEN COMMAND [?] .

THE CONTROLLER CAN NOW BE DOING SOME OTHER JOB BUT MUST
PERIODICALLY CHECK THE SERVICE REQUEST LINE. IF THE LINE IS
INACTIVE, THE OTHER JOB CAN BE PERFORMED BUT IF THE LINE IS
ACTIVE THEN A POLL IS CONDUCTED TO SEE WHICH BUS INSTRUMENT
IS REQUESTING SERVICE (ASSUMING THERE IS MORE THAN ONE WHICH
COULD BE). THEN THE INSTRUMENTS ARE SERVICED.

(PROGRAM CONTINUED)

3-13
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POLL:

T

10.
11.

13
14.
13,

16.

SEND SERIAL POLL ENABLE COMMAND DECIMAL 24 OR OCTAL 30
SEND CONTROLLER LISTEN ADDRESS.

SEND 59313A TALK ADDRESS [F] .

READ 1 BYTE FROM HP-IB.

IF BYTE =0, 59313A DID NOT REQUEST SERVICE.
IF BYTE = 64, 59313A DID REQUEST SERVICE.
REMEMBER WHICH FOR USE AFTER POLL.

SEND OTHER DEVICE TALK ADDRESSES AND READ THEIR BYTES TO
DETERMINE WHICH OF THOSE DEVICES REQUESTED SERVICE.

SEND UNTALK COMMAND DECIMAL 95 OR OCTAL 137

SEND SERIAL POLL DISABLE COMMAND DECIMAL 25 OCTAL 31
IF THE 59313A DID REQUEST SERVICE: (AS INDICATED IN POLL)

(a) SEND 59313A TALK ADDRESS [F] .

(b) READ AND COMBINE 2 BYTES FROM HP-IB (SEE PARAGRAPH 3-33).
(c) STORE OR USE THE NUMBER AS REQUIRED.

(d) SEND 59313A LISTEN ADDRESS [&] .

() SEND CONTROLLER TALK ADDRESS.

(f) SEND CHARACTER [1] TO RESET PACER FOR NEXT EXTERNAL START.
(2) SEND UNLISTEN COMMAND [7] .

(h) GO ON TO SERVICE OTHER DEVICES AS REQUIRED.

IF THE 59313A DID NOT REQUEST SERVICE JUST GO ON TO SERVICE OTHER
DEVICES AS REQUIRED.

GO BACK TO STEP 6.

3-46. Front Panel Controls and Indicators.

3-47. The front panel controls and indicators are described in Figure 3-7.

3-48. SETTING THE ZERO AND GAIN CONTROLS.

(a)
(b)

The ZERO control is adjusted first, then the GAIN control.

Since there is a slight interaction between the two controls, both adjustments should be repeated if

a large gain change is made after setting the zero.

NOTE: For maximum accuracy the 59313A should be warmed up for at least 10 minutes. Operating temperature

stabilizes fully in about two hours,

(c)

The HP-IB controller should be programmed with a simple loop to display the output of the

59313A channel to be adjusted (see Paragraph 3-39).

(d)

The range selection jumpers inside the 59313A should have been set previously to accommodate

the desired full scale voltage (Figure 2-2).
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AJ

\\ CONVERTER
. \,‘s-; CHKARD

\ON POWER \
\ )
o
4 >
OFF
CHANNELS

1 2 4
ZERD  GAIN ZERD GAIN

HP-IB MODULE

POWER SWITCH: CONTROLS AC POWER TO THE INSTRUMENT; MUST BE IN ON POSITION FOR
OPERATION.

POWER ON LAMP: ILLUMINATES WHEN POWER SWITCH IS ON TO INDICATE THAT POWER IS BEING
SUPPLIED.

TALKER LAMP: IS ILLUMINATED WHEN THE 59313A IS ADDRESSED TO TALK AND THE ATN LINE IS
NON-ASSERTIVE.

ZERO AND GAIN CONTROLS: PROVIDE INDEPENDENT SCREWDRIVER GAIN TRIM OF ABOUT *17% AND
ZERO TRIM OF ABOUT * 2% FOR EACH OF THE FOUR ANALOG INPUT CHANNELS.

Figure 37. 59313A Front Panel
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()  With the test program running, apply zero volts to the analog input jack of the channel being
tested. Using a small screwdriver, turn that channel’s front panel ZERO control until the controller displays zero.

NOTE: For maximum accuracy, try to center the control in the zero region.
(f) Zero volts can be obtained in several ways:
(1) The two wires going to the analog input jack can be shorted together.

(2)  The phone plug can be pulled out of the analog input jack and the rear panel CAL switch
moved to the “0” position.

(3)  The device connected to the analog input jack can have its output go to zero; for example,
if an electronic pressure transducer is in use, zero pressure could be applied to its input. This method would also
take care of any zero offset appearing on the pressure transducer output or any offset resulting from th¢ 59313A

input bias current (100 nA max) interacting with a high output impedance pressure transducer, as (i X

Z V,

BIAS
out = YOFFSET)

()  There are three ways to adjust gain. The first uses a precision voltage source connected to the
analog input jack. This could be a voltage standard where the dials are simply set to the desired voltage or could
be a variable power supply with a good digital voltmeter connected to it to monitor the voltage. Simply set the
source to the desired full scale voltage and, using a small screwdriver, turn the channel’s front panel GAIN control
for the channel under adjustment until the controller displays the desired full scale number. Maximum resolution
is obtained with a full scale of 1023, 1022 may be more suitable because it is possible to tell if full scale is
exceeded, and 1000 as a full scale may be more convenient to think about, and also permits a slight overrange
capability.

(h) A second way to adjust gain uses the device connected to the channel as the calibration source. If,
for instance, a pressure transducer is in use, a manometer and pressure source could be connected to the
transducer and a full scale pressure applied. The front panel GAIN control is then adjusted until the controller
displays the full scale value previously selected.

(i) The third way to adjust gain uses the 59313A internal calibration voltage. When the phone plug is
removed from the analog input jack of the channel to be adjusted, the calibration voltage is automatically
connected. The rear panel CAL switch can then select —1.00 volts or —5.00 volts. —1V is used when a full scale
between 1 and S volts is desired and —5V is used for a full scale between 5 and 10 volts. If the full scale desired is
exactly 1 or 5, the corresponding voltage is selected and the front panel GAIN control turned until the controller
displays negative full scale. For a full scale of other than 1 or 5 volts, the following formula gives the number the
controller must display when the GAIN control is set correctly.

N= OUTPUTX V.
Vg
where

N = NUMBER DISPLAYED ON CONTROLLER (CALCULATOR)

OUTPUT = DESIRED 59313A FULL SCALE OUTPUT (for example: 1023, 1022, or 1000)
Ve = CALIBRATION VOLTAGE USED (for example: —1 or —5)

Vg = DESIRED FULL SCALE ANALOG INPUT VOLTAGE.
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(h) For full scale voltages that lie between the available ranges, for instance 4 volts, the only recourse
is to go to the next higher voltage range, 5 volts in this case, and set the gain to produce the highest output
possible. This results in some loss of resolution since only part, 4/5 in this case, of the scale is used.

3-49. Reconversion of Output.
3-50. Converting the 59313A output back to the original input units can easily be done by having the controller
program multiply each reading by a scale factor K to be determined with the following formula:

k = INPUT FULL SCALE (VOLTS, mmHg, or LITERS/SECOND, etc.)
59313A OUTPUT FULL SCALE

Example 1:

If 3 volts input produces a full scale output of 1022, then K = 3/1022 = .002935, so if every reading is
multiplied by .002935 before displaying, then the display reads directly in volts.

Example 2:

The pressure transducer produces 10 volts out at a full scale of 80 mmHg. The 59313A has its gain

adjusted so this pressure produces a controller display of 1022.

K = 80 mmHg _
1022

07828

When each reading is multiplied by this number, the display reads directly in millimeters of mercury.

3-51. Maintaining Resolution.

3-52.  Avoid loss of resolution caused by using a scale for convenience’s sake. For instance, if a 3-volt full scale is
made to produce a 59313A output of 300, 2V = 200, 1V = 100, this would provide only one-third of the

resolution obtained by making the 3 volts produce a 59313A output of 1022 and using the K factor described
previously.

3-53. Increased Resolution.

3-54. Some devices such as amplifiers designed for use with strip chart recorders may have a provision for
obtaining a full scale offset, usually in the negative direction, so that zero is now at the old negative full scale and
full scale is at positive full scale. If an amplifier such as this is used with the 59313A, then the resolution will be
twice as fine as would otherwise be obtained. Of course, the signals can only swing in one direction from zero and

the controller must be programmed to add a constant (e.g. 1022) to each number so the output numbers will run
from O to +2044 as desired.

3-17
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Model 59313A
SECTION IV

PRINCIPLES OF OPERATION
4-1. INTRODUCTION.

4-2.  This section starts with a block diagram which shows each main functional circuit of the 59313A A/D
Converter. Each block is expanded into a block diagram showing key signal lines and main features of that circuit,
explained in the text following the diagram. The sequence of block diagrams and text is arranged, generally, so
each explanation paves the way for the ones following it. Each block is not confined to one circuit board.

Whenever possible, a board designation is provided in the block to aid in troubleshooting on a board-replacement
level.

4-3. Mnemonics.
4-4.  Some useful notations in this section (and on the schematics) are defined here:

H prefix, examples: H DAC (data accepted)
H DI3 (data in line #3)
indicates the signal line is HI (=3 to 5V) in its assertive or true state.
L prefix, examples: L DAV (data valid)
L DI3 (data-input line #3)
indicates the signal line is LO (0 to 0.4V) in its assertive or true state.
™ or T prefix, examples: = PACER TIME MARK
T START CONVERSION
indicates that the rising or falling edge as the line changes state is the event of interest (see Table 4-1).
| [“ or [ prefix, examples: =L PACE SELECT
L~ END OF CONVERSION
indicates that a positive or negative pulse is the event of interest (Table 4-1).
N prefix, examples: N DAC (data accepted)
N RFD (ready for data)

indicates not or inverted.

The N prefix is necessary because the HP-IB (Hewlett-Packard-Interface Bus) lines are defined LO in the assertive
or true state. It was therefore necessary to invert the names of the two lines that were naturally HI in their
assertive state.

NOTE: Signals on the bus lines are sent assertive (or true) LO i.e, 0 =+3V and | =+0.2V. Inside the 59313A they
may be either way as follows:

HDI6 (DATA IN 6) is HI (+3.5 volts) in the assertive state.
LDI6 (DATA IN 6) is LO (+0.2 volts) in the assertive state. (See Figure 4-4.)

U26 — refers to integrated circuit U26.
Bottom board U26 — refers to U26 on the bottom printed circuit board.

U26 (1) — refers to pin 1 of U26.
Ul15 (8,9, 10) — refers to pins 8,9, and 10 of Ul5 and is used to indicate one of the 4 gates available in that I.C.

NOTE: All connectors and fingers that connect the 3 main P.C. boards are labeled J1 on each board. All lines run
to each board even if they are not used there, e.g., J1 (10) is the TLK CLK signal on all the boards. Refer to
Table 4-1 for a list of mnemonics and signal polarities.

4.1
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115/230V AC EXTERNAL
INPUT START JACK
—— PACER |e
SUPPLY DATA
_ Y LINES
—»
L] s
+5V 15V -15V ATOD P—
CONVERTER |—»
——
—
CHANNEL |4
SELECTOR
F 3
CALIBRATION INPUT
VOLTAGE ™ BUFFERS

!

ANALOG INPUT
JACKS (4)

Figure 4-1. Block Diagram, Model 59313A A/D Converter
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Table 4-1, Table of Mnemonics, with Pulse Polarities for Signal Names

Model 59313A

The mark _J— is used to indicate that the rising edge is the event of interest.
The mark "L is used to indicate that the falling edge is the event of interest.

The mark JL indicates a positive-pulse is the event of interest.

The mark J" indicates a negative-pulse is the event of interest.

Polarity Mnemonic Name
E ATN ATTENTION
L LSN LISTEN
L NRFD NOT READY FOR DATA
H DAV DATA VALID
JL ATN CLK ATTENTION CLOCK
H NDAC NOT DATA ACCEPTED
JL LSN CLK LISTEN CLOCK
L TLK TALK
r IFR INTERFACE RESET
H DI DATA INPUT
L DI DATA INPUT
I = SERIAL POLL MCDE
L = WAIT FOR INTEGRATOR RESET
L = RAMP ACTIVE
H — CHANNEL CHANGE INHIBIT
H = OUTPUT READY
H ATN ATTENTION
H - ENABLE SRQ (SERVICE REQUEST)
j 1 SPE SERIAL POLL ENABLE
H SRQ SERVICE REQUEST
g it g SPD SERIAL POLL DISABLE
L = SERIAL POLL MODE
1r RST RESET
r DCL + POR DEVICE CLEAR OR POWER-ON RESET
JL — PACE SELECT
g 14 ) - EXTERNAL START ENABLE
= = PACER TIME MARK
0= - START
L = START RAMP
H = RETURN RAMP
L = RAMP ACTIVE
H _ RUN
L — START CONVERSION
= = TM PLUS 4750 us
r LATCH
r EOC END OF CONVERSION
ir REVERSE CHANNEL ON
L — SELECT ZERO

H indicates HIGH, or about 3 to 5V.
L indicates LOW, or about 0 to 0.4V.
N indicates not, or inverted.
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4-5. MODES OF OPERATION.

4-6. The 59313A A to D Converter works using four modes of operation; the Attention, Listen, Talk and
Serial Poll modes, selected by commands from the HP Interface Bus (Figure 4-2).

4-7. Attention Mode.

4-8.  When the bus ATN line is LO the 59313A is in the ATN mode. In ATN, the 59313A interprets the bit
patterns on the first 7 DIO (data IN/OUT) lines as a:

(1)  LISTEN address (or UN-LISTEN)
2) TALK address (or UN-TALK)
(3) UNIVERSAL BUS COMMAND

The DIO6 and DIO7 lines determine the category of command or address as follows:

DIO7 DIO6

0 1 LISTEN

1 0 TALK

0 0 COMMAND

DIO 1 thru 5 then break down each category into 32 individual addresses or commands. The ATN mode has
priority over the other three modes and can interrupt and override them at any time.

49. Listen Mode.

4-10. If the bus ATN line is HI (non-assertive) and the LLSN line (U26, pin 13, top board) is LO, then the
59313A is in the LSN mode (this happens when the bus controller sends the 59313A’s Listen Address.) In LSN,
the 59313A interprets the patterns on the first seven DIO lines as control characters, which are arranged in three
groups identified by the bit pattern on DIO 4, 5, and 6 as follows:

DIO6 DIO5 DIO4

0 0 0 PACE SELECT

0 0 1 MISC. CONTROL

1 1 CHANNEL SELECT

4-11. Talk Mode.

4-12. If the bus ATN line is HI (non-assertive) and the L TLK line (U26 (8) top board) is LO, then the 59313A
is in the TLK mode and the front panel TALKER lamp is on. (This happens when the bus controller sends the
59313A’s Talk Address). In TLK, the 59313A transmits its converter output over the eight DIO lines. The
circuitry is arranged so the TLK and LSN modes may not occur simultaneously.
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4-13. Serial Poll Mode.

4-14. If the L SERIAL POLL MODE line (J1, pin 14, from bottom board U7, pin 9) is LO and the ATN line is
HI (non-assertive) then the 59313A is in the SERIAL POLL mode. (This happens when the controller sends the

Serial Poll Enable command). Serial poll changes the talk mode output from A/D conversion to an output of
service request status, so when the TLK address is provided, the 59313A sets DIO7 LO if requesting service and
DIO7 HI if not requesting service (D107 LO = 64).

4-15. LOGIC DESCRIPTION.
4-16. Acceptor Handshake Circuit.
4-17. This circuit operates only in the ATN and LSN modes.

4-18. ATTENTION MODE OPERATION. L ATN line is LO, indicating ATN mode. NRFD (not ready for data)
line is HI indicating readiness to accept data. The external bus controller then sets H DAV (data valid) HI (LO on
the actual bus line) to indicate there is data on the 8 DATA IN lines. The 59313A then places a two-microsecond
pulse on the ATN CLK (attention clock) line to cause the ADDRESS DECODING, RESET CONTROL, and
SERVICE REQUEST sections to respond to the data, if appropriate. At the end of the ATN CLK pulse the
NDAC (NOT DATA ACCEPTED) line goes HI and the NRFD line goes LO to tell the controller that there is no
longer any need to hold data on the DIO lines.

4-19. LISTEN MODE OPERATION. L ATN line is HI AND L LSN line is LO, generating LSN mode. The
NREFD line is HI and the NDAC line is LO indicating to the interface bus talker that the 59313A is ready for data.
The bus talker then places (or may already have placed) an ASCII character intended for the 59313A onto the
DATA IN lines and sets H DAV HI. A two-microsecond LSN CLK pulse then causes the RESET CONTROLS,
CONTROL DECODING, PACER, and CHANNEL SELECTOR sections to respond to the data character if
appropriate to do so.

At the end of this pulse, NRFD goes LO and NDAC goes HI to signal the bus talker that the data character is no
longer needed. The cycle can repeat as many times as necessary to transfer all the needed data characters.

In the LSN mode there are two special cases where this operation is modified.

(1) The L WAIT FOR INTEGRATOR RESET line is LO because the reset character H is on the
DATA IN lines and the integrator circuit in the A to D CONVERTER section is in its active region. (J1 (X) L
RAMP ACTIVE from bottom board is LO.) Under these conditions NDAC will stay LO and the LSN CLK pulse
will go HI and stay HI until the integrator gets reset a maximum of about 2.5 ms later. The L WAIT FOR
INTEGRATOR RESET line then goes HI and the cycle completes normally.

(2) The H CHAN CHANGE INHIBIT line goes HI when any channel change character (e.g., 1, 2, 4, 8)
is on the DATA IN lines and the A to D CONVERTER section is in the two-millisecond part of its cycle where it
is using one of the input channels. Under these conditions the NDAC line stays LO and the LSN CLK pulse is not
generated. When the A to D CONVERTER is done with the old channel, the H CHAN CHANGE INHIBIT line
goes LO and the cycle completes normally with the generation of the LSN CLK pulse, which will cause the new
channel to be selected and NDAC to go HI and NRFD to go LO.

4-20. Address Decoding Circuit.

4.21. This circuit has 5§ jumpers (Table 4-2) that program the 59313A to respond to any one of the 31
TALK/LISTEN ADDRESS code pairs (sometimes called device I.D. numbers).
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Table 4-2. Allowable Address Codes

Address Jumpers Talk Listen Device
LSB Address Address 1.D.
DataInb Data In 4 Data In 3 Data In 2 Data In 1 Character Character Code
0 0 0 0 0 @ SP 0
0 0 0 0 1 A ! 1
0 0 0 1 0 B = 2
0 0 0 1 1 c # 3
0 0 1 0 0 D $ 4
0 0 1 0 1 E % 5
0 0 1 1 0 F & 6
0 0 1 1 1 G ' (APOS.) 7
0 1 0 0 0 H ( 8
0 1 0 0 1 1 ) 9
0 1 0 1 0 J * 10
0 1 0 1 1 K * 11
0 1 1 0 0 L , (COMMA) 12
0 1 1 0 1 M — 13
0 1 1 1 0 N 14
0 1 1 1 1 0 / 15
1 0 0 0 0 P 0 16
1 0 0 0 1 Q 1 17
1 0 0 1 0 R 2 18
1 0 0 1 1 S 3 19
1 0 1 0 0 T 4 20
1 0 1 0 1 u B 2
1 0 1 1 0 \" 6 22
1 0 1 1 1 w 7 23
1 1 0 0 0 X 8 24
1 1 0 0 1 Y 9 25
1 1 0 1 0 z 26
1 1 0 1 1 [ : 27
1 1 1 0 0 \ < 28
1 1 1 0 1 ] = 29
1 1 1 1 0 —_ > 30

4.7
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422. ADDRESSING OPERATION. Addressing, which can only be done in the ATN mode, is done as follows:

(1) A code placed on the DATA IN lines by the bus controller causes generation of an ATN CLK
pulse.

(2)  If the code is the LISTEN ADDRESS code selected by the jumpers, then the L LSN line will be
latched LO.

(3) If the code is the TALK ADDRESS code selected by the jumpers, then the L TLK line will be
latched LO.

4-23. UNTALK-UNLISTEN OPERATION. The L LSN line can be cleared (set HI) by:

(1) IFR (INTERFACE RESET) pulse from RESET CONTROL.

(2) Receiving the UNLISTEN code.

(3)  Receiving the jumper selected TALK ADDRESS.
The L TLK line can be cleared (set HI) by:

(1) IFR (INTERFACE RESET) pulse from RESET CONTROL.

(2) Receiving the UNTALK code.

(3) Receiving the jumper selected LISTEN ADDRESS.

(4) Receiving any TALK ADDRESS other than the jumper-selected one.
TALK and LISTEN cannot occur together. When L TLK is LO, ATN is non-assertive and SERIAL POLL is not in
effect, then the 59313A is in the TALK mode. When L LSN is LO and ATN is non-assertive, then the 59313A is
in the LISTEN mode.

4-24. Source Handshake Circuit.

4-25. This circuit operates only in the TLK mode (with or without the SERIAL POLL mode). For the
handshake to take place two conditions are necessary:

(1)  The 59313A OUTPUT SEQUENCER section must have placed its output data on the 8 DIO lines
and set the H OUTPUT READY line HI.

(2)  The bus listener(s) must have set the NRFD line HI and NDAC line LO. Two to four microseconds
later the DAV (data valid) line will go LO to indicate to the listener(s) that the data is ready and at the same time
TLK CLK goes HI. When the listener(s) have accepted the data they set the NRFD line LO and the NDAC line HI
and the source handshake circuit then sets the DAV line HI and the TLK CLK line LO. (The TLK CLK signal is

used by the output sequencer to get the next data byte ready.) The source handshake is disabled when either the
H ATN or L TLK line goes HI.



4-26. Control Decoding Circuit.
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4-27. This section only operates in the LSN (listen) mode. The bus controller puts a control character (Table
4-3) on the DATA IN lines and a two-microsecond (us) LSN CLK pulse is sent to this block.

If the character is [E] a 2 us, RESET pulse occurs;

if [0, a2 us, STOP pulse occurs;

if » @ 2 us, START pulse occurs;

if [K], a2 us, EXT START ENABLE pulse occurs;

if [C]. H ENABLE SRQ goes HI;

if [M, H ENABLE SRQ goes LO;

if [N], a2 us, REV CHAN ON pulse occurs;

if (O], a 2 us, REV CHAN OFF pulse occurs.

Any other valid 59313A code will cause no output.

Table 4-3. Control Codes

ASCII Character Data In Code Control Name
H X1001000 RESET
I X1001001 STOP
J X1001010 START
K X1001011 EXT START ENABLE
L X1001100 SRQ ENABLE
M X1001101 SRQ DISABLE
N X1001110 REV CHAN ON
(0] &(v}ww REV CHAN OFF

INDIVIDUAL CODES

CONTROL CHARACTER PREFIX

IGNORED

4.9
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4-28. Service Request Circuit.

4-29. This circuit functions whenever the SERVICE REQUEST feature and/or SERIAL POLL mode is used.
The normal sequence of events is as follows:

(1)  The H ENABLE SRQ line is set HI by control character [L], which allows the SRQ (SERVICE
REQUEST) line to be pulled LO at the end of each conversion when the H DATA READY line goes HI.

(2) When the bus controller senses the SRQ line LO it places the UNIVERSAL BUS COMMAND SPE
(SERIAL POLL ENABLE) on the DATA IN lines with the 59313A in the ATN mode.

(3)  This generates the two-microsecond ATN CLK pulse, which makes the L SERIAL POLL MODE
line go LO because SPE is decoded.

4) This line LO inhibits the normal operation of the OUTPUT SEQUENCER.

(5) The bus controller then addresses the 59313A as a talker, which makes the H TALK ® N ATN line
go HL

(6)  This is immediately followed by the SRQ line being cleared (HI, assuming that no other external
bus device is also holding it LO) and the DIO7 line being set LO to tell the bus controller that the 59313A had
indeed pulled the SRQ line. The controller cannot identify the bus device that pulled the SRQ line LO except by
polling (unless there is only one device capable of doing so.)

(7) The H OUTPUT READY line also goes HI at this time to initiate the SOURCE HANDSHAKE
which will transfer the status byte to the bus controller.

(8)  After the status byte transfer, the controller UNLISTENS the 59313A and may poll some other
bus devices by sending their talk addresses.

(9) When the poll, if any, has been completed, the controller places the UNIVERSAL BUS
COMMAND SPD (serial poll disable) on the DATA IN lines, ATN CLK occurs, and the L SERIAL POLL MODE
lines goes HI. The normal 59313A output is now available if the TLK mode is established.

(10) 1If the SERV REQ ENABLE character has not been sent or a conversion has not been
completed, the SRQ line will not be set LO. If the controller conducts a poll under these conditions, the 59313A
sets the DIO7 line HI (when addressed to talk) indicating to the controller that it did not request service,

4-30. Reset Controls.
4-31. The 59313A may be reset in one of four ways:

4.32. POWER-ON RESET. When the 59313A power switch is turned on the POWER ON pulse is generated for
1/2 second or so which causes the IFR (interface reset), the RST (reset), and the DCL + POR (device clear or
power on reset) pulses to be generated.

4-33. RESET CONTROL CHARACTER @ When this character is detected by the CONTROL DECODING
section (during LSN mode) the 2 us duration RESET pulse is generated which in turn generates the RST (reset)
pulse. Both pulses hold until the integrator in the A to D CONVERTER section is fully reset (2.5 ms MAX).
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The RST pulse clears:
CHANNEL SELECTOR section (no channel selected)
OUTPUT SEQUENCER section (no output)
A to D CONVERTER section (converter cleared)
PACER section (no pace selected)

The REVERSE CHANNEL and the LSN mode are not cleared.

4-34. DEVICE CLEAR/UNIVERSAL BUS COMMAND. When the bus controller places the DCL command on

the DATA IN lines (during ATN mode) and the ATN CLK pulse is generated, then the IFR, RST, and DCL +
POR pulses all occur (the same as power on).

The DCL + POR pulse clears only the REVERSE CHANNEL.

4-35. INTERFACE CLEAR. When the bus controller pulses the IFC (interface clear) line LO, the IFR (interface
reset) pulse is generated.

The IFR pulse clears the L LSN and L TLK lines of the ADDRESS DECODING section and the L SERIAL

POLL MODE line of the SERVICE REQUEST section, i.e., the IFR pulse terminates the TLK, LSN, and SERIAL
POLL modes.

4-36. CIRCUIT DESCRIPTION.

4-37. Each circuit may not be confined to one circuit board, however, each signal line has the same pin number
in each board connector, as shown on the schematic diagram, Figures 6-10, 6-11, and 6-12.

4-38. Hewlett-Packard Interface Bus (HP-IB) IN/OUT Connections.

4-39. Each of the HP-IB’s 8 DIO (data infout) lines can transmit data into or out of the 59313A A to D
Converter via the bus connector (Figure 4-3). The way one of these lines does this is shown in Figure 4-4.

When data is coming to the 59313A, the instrument must be in the LSN mode and the open-collector driver on
the center pc board is floating. The circuitry then responds only to the HDI5 and LDI5 data input lines. When
data is leaving the 59313A, the instrument must be in the TALK mode with the center board driver driving the
data line DIOS (data infout but in this case out only), while the input circuitry ignores the HDIS and LDIS lines.

4-40. Input Buffers (Figure 4-5.).

4-41, Each of the four analog input channels starts with an operational amplifier connected in the non-inverting
mode to present a high impedance to the input signals. Each amplifier’s gain can be changed to one of four
different levels by a jumper that changes the feedback resistor.

4-42. The GAIN and ZERO POTS control the common summing amplifier (BOTTOM BOARD U27), which
follows the input buffer amplifiers. The gain control is part of the input resistance for U27 and thereby varies the
stage gain. The zero control adds or subtracts a small constant current to the summing junction (virtual ground)
at U27 pin 2 to make the zero offset correction. When the FET switch for the channel is off (open), the controls

have no effect. When the phone plug is removed from one of the input jacks, the switching contacts in the jack
connect the input to the internal calibration voltage.

4-11



Section IV — Principles of Operation

Model 59313A
PIN LINE NAME COMMENT
1 DIOI
2 DI02 USED
3 D103 DATA I/O LINES
4 DI04
5 EOI NOT USED
6 DAV USED
8 7 NRFD HANDSHAKE
~ 8 NDAC J LINES
21 9 IFC
=5 10 SRQ } USED
MATES WITH |5 n ATN
10631A/B/C i 12 SHIELD NOT CONNECTED
HPIB CABLE |<=S 13 DIOS
22z 14 D106 | USED
=& 15 DIO7 DATA LINES
1z 24 16  DIOS
Mo’ 17 REN NOT USED
18 GND FOR 6
19 T
20 woow 8
21 w9
22 Wm0
23 woow

24 GND FOR OTHERS

Figure 4-3. Interface Bus Connector Pin Assignments
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24 PIN BUS FLAT
CONNECTOR RIBBON
CABLE
+5v OPEN COLLECTOR
DIOS5 DRIVER
3K
D105 DIOS 3
<« u19 b—
(HP IR CABLE) G
(LO=ASSERTIVE ) 6.2K 47310-60130
HI =NON-ASSERTIVE i HDIS CENTER
= t P.C.BOARD

6
JE » HDI5

12
47310-60150 (kS
BUS 47310-60110
CONNECTOR BOTTOM
P.C. BOARD PC. BOARD 47310-60120

TOP PC.BOARD

Figure 4-4. Simplified Diagram, Data In/Out Connections
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HIGH INPUT IMPEDANCE
* VARIABLE GAIN & ZERO
CHAN 1 0 AMPLIFIER
ANALOG —— u25(3) U23&R1TO 9
INPUT (BOTTOM BOARD)
HIGH INPUT IMPEDANCE
—o* VARIABLE GAIN & ZERO
CHAN 2 _o/o_. AMPLIFIER
ANALOG —p— 020(3) U20 &RIOTO18
INPUT (BOTTOM BOARD) >
(-3 ;\gmoe SIGNALS
0 CHANNEL SELECTOR
HIGH INPUT IMPEDANCE —
j * VARIABLE GAIN & ZERO
CHAN 3 =0 AMPLIFIER
ANALOG —p— U12{3) U12 &R19TO 27
HNPA (BOTTOM BOARD)
HIGH INPUT IMPEDANCE
! * VARIABLE GAIN & ZERO
CHAN 4 '_6/0_," AMPLIFIER
ANALOG —p— U513) US5&R28TO 36
INPUT (BOTTOM BOARD)
CAL VOLTAGE
FROM CALIBRATION —p—

VOLTAGE BLOCK

4.14

# SWITCHES ARE PART OF REAR PANEL PHONE JACKS,
AND CONNECT CAL VOLTAGE WHEN
SIGNAL IS NOT PRESENT.

Figure 4-5. Block Diagram, Input Buffers
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4-43. Channel Selector.

4-44. The channel selector (Figure 4-6) responds to programming inputs from the calculator to select the
channel for data conversion. Selection may be delayed until the preceding conversion is completed.

4-45. ANALOG INPUTS. From an analog signal point of view, a channel is selected when its FET switch is
turned on (ON FET =70 ohms). The signal from that channel then appears inverted at U27 pin 6. The voltage at
U27 pin 6 that produces a full scale output from the 59313A is always about #9.5 Vdc regardless of which range
has been selected. If more than one channel is selected, then the signal at U27 pin 6 is the sum of the individual
signals.

4-46. DIGITAL CHANNEL SELECTION. From the digital point of view a channel is selected as follows (Table
4-4): The bus talker places a channel select character on the DATA IN lines while the 59313A is in the LSN
(listen) mode and a LSN CLK pulse is generated. It the data character is a channel select character, then the
CHANNEL SELECT CHARACTER PREFIX DETECTOR block will detect that DATA IN lines 5 and 6 are both
in the TRUE state and the SELECT CHAN pulse is generated. This pulse clocks the 4 flip-flops in the SWITCH
CONTROL block which then latch the code present on DATA IN lines 1 thru 4 into their Q outputs. Any Q
output that is HI will turn on the FET it is connected to (thru inverter-buffer U17).

Table 4-4. Channel Selection Code

CODE FET ON CHAN ON
X X 1 1 0 0 1 Q1 1
X X 1 1 0 1 0 Q2 2
X X 1 1 0 1 0 0 Qa3 3
X X 1 1 1 0 0 0 04 4

The standard channel select characters [1] only turn on one channel at a time and turn off any
other that may be on. To turn on more than one channel it is only necessary to select an ASCII code character
with the required bits HI. (See ASCII CODE chart, Table 4-7.)

447. DELAYED CHANNEL SELECTION. A slight variation to the normal channel selection sequence exists
when the A/D CONVERTER section is in the two-millisecond part of its cycle, in which it is using the analog
input and has set the H LOOKING AT CHANNEL line HI. This line and the H CHAN PREFIX DETECTED line
HI activate the HANDSHAKE INHIBIT block to set the HCHAN CHANGE INHIBIT line HI, which prevents the
generation of the LSN CLK pulse by the ACCEPTOR HANDSHAKE block. As soon as the A/D CONVERTER
section is through with the analog input, the H LOOKING AT CHANNEL line goes LO, the LSN CLK pulse is
generated, and the new channel is selected.

4-48. Pacer.

4-49. The pacer (Figure 4-7) sets the conversion rate, and is programmed from the calculator. These rates
include a no conversion choice, one conversion, and automatic pacing from 200 ms to 5 ms intervals.

4-50. INTERVAL GENERATION. The 10 MHz OSCILLATOR and the FREE RUNNING DIVIDER produce a
continuous 10-microsecond interval pulse into the RESETTABLE DIVIDER block. The RESETTABLE
DIVIDER, when it is not reset, produces 6 pace-interval pulse trains with intervals of 5 ms, 10 ms, 20 ms, 50 ms,
100 ms, and 200 ms which are supplied to the PACE SELECTOR SWITCH block.

4-15
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ANALOG

BOTTOM BOARD
b

SUMMING

SIGNALS —#} FET 5

FROM —»  SWITCHES AMPLIFIER |6 +9.5 SIGNAL
INPUT  —8 Q1,2,3.4 L u27 INVERTED
BUFFERS — -

BOTTOM BOARD

4 LINES
U17 (4,6,8,10)
u33(1)
SWITCH J CHANNEL SELECT
CONTROL  |SELECT CHAN| CHARACTER e
uz4(4) | PREFIX DETECTOR | (34(1)
BOTTOM BOARD
TOP BOARD
ua(2,12)
U16(2,12) HCHAN
PREFIX
DATA IN LINES DATA IN LINES DETECTED
1 THRU 4 5 AND 6
v U33(11)
HANDSHAKE
u33(9
H LOOKING = INHIBIT u33isl . SEAN
il ————» CHANGE
AT CHANNEL
INHIBIT
TOP BOARD

Figure 4-6. Block Diagram, Channel Selector
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PACE SWITCH PACE SELECTOR
DATA INPUT CONTROL PACE CODE SWITCH
LINES 1 THRU 3 ulo &ui(1,2,3,4 (3 LINES) uU20
TOP BOARD TOP BOARD
7'y r Y
JLPACE PACE INTERVAL
SELECT PULSES
u9(13) uals) &
DATA INPUT PACE SELECT PACE START | u9
LINES4,5:6 CHARACTER 6 PACE SWITCH (@) I~ PACER
PREFIX DETECTOR INTERVAL —— — '{”ME MARK
TOA/D
L LSN CLK ———p{ UB8(8) AND U9(11) LINES
us(9) TOP BOARD TOP BTF‘D SECTION)
FREE RESETTABLE
10MHZ
RUNNING DIVIDER
OSCILLATOR »| DIVIDER U:Z{‘HL s
X1,Q1, 02, L1 10 ,3:7,19,
TOP BOARD b B #> | Tob soarD
TOP BOARD RESET
J 1 !
10MHZ 2MHZ 1MHZ
. J
Y
AS REQUIRED
2 u11(8)
LI sTART u11(10) INTERNAL
™ start/stopr [ sranT
FROM LIstop U13(5) u11(8, 9, 10)
HP-1B { ® TopBOARD
INTERFACE
1
Urext START_UTTL ol exTeRNAL
r &l _ = START u17(6)
START | TOP BOARD
Lol
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4-51. PACE RATE SELECTION. While the 59313A is in the LSN mode, the bus talker places a pace select
character on the DATA IN lines and a LSN CLK pulse is generated. If the character is a pace select character,
then the PACE SELECT pulse is generated by the PACE SELECT CHARACTER PREFIX DETECTOR block.
The PACE SELECT pulse clocks the 3 flip-flops in the PACE SWITCH CONTROL BLOCK. The Q outputs of
these flip-flops then reflect the code on the DATA IN lines 1, 2, 3. The PACE CODE on the Q outputs controls
the PACE SELECTOR SWITCH block to select one of the 6 pace intervals supplied by the RESETTABLE
DIVIDER block (Table 4-5). The PACE SELECT pulse also goes to the A/D CONVERTER section to blank any
false pulses which may be caused by the pace change.

Table 4-5. Pace Selection Codes

Pace Select
Code Character Pace Interval
X 1 0 0 0 0 0 @ None
X 1 0 0 0 0 1 A One Conversion
X 1 0 0 0 0 1 0 B 5 ms
X 1 0 0 0 0 1 1 C 10 ms
X 1 0 0 0 1 0 0 D 20 ms
X 1 0 0 0 1 0 1 E 50 ms
X 1 0 0 0 1 1 0 F 100 ms
X 1 0 0 0 1 1 A G 200 ms
l 8 7 I 6 5 4 1,3 2 1)
IGNORED L INDIVIDUAL PACES
INDICATES PACE CHAHAC'}'EF{
|
DATA INPUT LINES

4-52. INTERNAL START. While the 59313A is in the LSN mode the bus talker sends the START character
which generates the START pulse from the CONTROL DECODING section. This sets the INTERNAL
START/STOP block L START line HI which enables the PACE START switch block so it can pass the PACE
INTERVAL PULSES to the A/D CONVERTER section. At the same time the RESETTABLE DIVIDER block is
taken off reset and starts generating its 6 pace interval pulse trains. Whichever of the 6 pace interval pulse trains
(or 2 static levels) that is selected by the PACE SELECTOR SWITCH will then appear on the PACER TIME
MARK line.

4.53. EXTERNAL START. While the 59313A is in the LSN mode, the bus talker sends the EXT START
ENABLE character which generates the EXT START ENABLE pulse from the CONTROL DECODING
section. This allows the EXTERNAL START block to respond to the signal from the external start jack. Then
when either a LO to HI or a HI to LO transition (a TTL level or contact closure to ground) occurs at the jack, the
EXT START pulse is generated. This triggers the INTERNAL START/STOP block to function the same as it does
when it gets the START pulse. (See internal start, Paragraph 4-52). The filtering used to prevent false triggering of
the external start circuit introduces a typical delay of 0.1 to 2 milliseconds depending on what is used to drive the
line.

4-54. PACER STOP. While the 59313A is in the LSN mode the bus talker sends the STOP character 1 which
generates the STOP pulse from the CONTROL DECODING section. This causes the INTERNAL START/STOP
block to set the L START line LO which disables the PACE START SWITCH and the PACER TIME MARK line,
The RESETTABLE DIVIDER is also reset and held there.
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4-55. A/D Converter (Figure 4-8).
4-56. The basic dual-slope converter cycle is as follows:

(1) The unknown voltage is applied to the input of an integrator for a fixed time interval. At the end

of the interval the unknown voltage is disconnected and the integrator output remains at some voltage
proportional to the unknown.

(2) A known reference voltage of opposite polarity is applied to the integrator and the time it takes
the integrator to return to the starting point is stored in a counter. The stored time is then proportional to the
unknown voltage and is the A/D output.

In the A/D CONVERTER description to follow, frequent reference will be made to lines and components on the

schematic diagram (Figures 6-10—6-12) that may not appear in the block diagram, Figure 4-8, The timing of the
conversion cycle is shown in Figure 4-9.

4-57. ANALOG SIGNAL OFFSET. The +9.5V SIGNAL INVERTED is scaled and offset by the ANALOG
OFFSET AMP block, as in Table 4-6. The output is positive for all inputs. The signal is offset slightly more than
that required to make a — (Minus) full scale input coincide with zero volts out. This insures that some + voltage is
available for the integrator input for all signal voltages. The error generated by this offset is removed later
digitally. When the analog input exceeds the normal full scale range, one of two analog clamps (bottom board
UI8 and U21) are activated to prevent the ANALOG OFFSET AMP output from exceeding the range of +1.0 to
10.9 volts, which could interfere with integrator operation.

Table 4-6. Offset Amplifier Transfer Functions

Analog Input Signal +9.5V Signal (Inverted) Offset Amp Output (Approx.)
+ Over-Range —10to —14V +10.9V

+ Full Scale —9.5V +10.7V

Zero ov +5.9V

— Full Scale +9.5V +1.2V

— Over-Range +10 to +14V +1.0vV

4-58. STARTING THE CONVERSION. A PACER TIME MARK edge to U2 pin 11 generates the START
CONVERSION edge to Ul(5) which sets the H RUN/L RST line HI. This sets the L START RAMP/H
RETURN RAMP line HI at U3 pin 3, which causes bottom board Q7 to turn on, thereby connecting the analog
input signal to the integrator, Ul1. This line also turns Q6 and Q8 off (open) so the integrator is no longer
clamped to +30 mV. The integrator output now starts moving in the negative direction towards zero volts. The
time it takes the integrator to get to zero varies with the signal voltage (Figure 4-10).

4-59. FIXED 2048-MICROSECOND TIME INTERVAL. As the INTEGRATOR crosses zero volts, the
COMPARATOR (bottom board U10) switches state and the L RAMP ACTIVE line goes LO to signal the start of
the 2048-microsecond fixed time interval. At this time, RAMP ACTIVE | MICROSECOND CLOCK pulses start
coming from top board U5(9) to center board U17(11) which passes them to the counters (U10, U16, and U22).
2048 pulses later, middle board U4(1) gets clocked, signalling the end of the fixed time interval. The integrator
output is now at some voltage proportional to the analog input voltage.

4-60. OFFSET SUBTRACTION. The clocking of U4(1) sets the H START RAMP/L RETURN RAMP line LO
which turns bottom board Q7 off and Q6 on, thereby connecting the —9.5 volt reference to the integrator, Ul 1.
The output of Ul1 then moves in the positive direction, towards zero.
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Figure 4-8. Block Diagram, A/D Converter
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0

TP IS START-CONVERSION SIGNAL FROM PACER.
T1-TP IS START UP DELAY (SEE GRAPH IN FIGURE 4-10).

T2-T1 ISTIME INPUT IS NEEDED FOR CONVERSION, CHANNEL SWITCHING IS LOCKED OUT, COMMAND WILL
HOLD AT CHANNEL SWITCH CHARACTER.

T3, 0UTPUT FOR PRESENT CONVERSION BECOMES AVAILABLE AND REMAINS AVAILABLE FOR OUTPUT
UNTIL NEXT T3.

T4, START OF NEXT CONVERSION IF PACER IS SET FOR 5 ms; T4 EXTENDS TO 10, 20, 50 ms, ETC. IF PACER
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Figure 4-9. Timing Diagram, Conversion Cycle
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4-61. Also at this time pin 7 of center board counter U10 goes LO to inhibit that section of the counter. The 11
bits of the counter that are used are all LO now. The first two counter sections, Ul 6 and U22, continue to count
until 256 counts (microseconds) later, J4(5) is clocked. The 11 used counter bits are again at all zeros and the
256 counts have been lost to compensate for the extra analog positive offset mentioned previously.

4-62. INTEGRATOR COUNTDOWN. The clocking of U4(5) makes counter U10 pin 7 HI again so the whole
counter can count at the 1 MHz rate until the integrator returns to zero. When the integrator gets to zero, the
comparator switches state and the L RAMP ACTIVE line goes HI, signalling the end of the counting. The RAMP
ACTIVE 1 MICROSECOND CLOCK .pulses now stop and the static counters contain the A/D output. Top board
Ul8 (2, 3, 6) and U9 (1, 2, 3) insure that the last pulse is of sufficient duration to properly clock the counters.
The L RAMP ACTIVE line being HI also turns on FET Q7 (bottom board) which clamps the integrator at +30
mV. The —9.5V is still on thru Q6.

4-63. END OF CONVERSION. During the last half of the 2048-microsecond fixed time interval, center board
flip-flop U1 was reset at pin 2, which reset U6 (decoder U7 was blanked during this reset to prevent unwanted
output spikes). All the events mentioned so far are always complete prior to the TM PLUS
4750-MICROSECONDS edge which clocks center board Ul 4750 microseconds after PACER TIME MARK
initiated the conversion. U6 then comes off reset and starts counting which generates first the LATCH pulse at
U7(6) to latch the counters output into the LATCHES (U15, U21, U9) and then the EOC (end of conversion)
pulse of U7(8) which resets the counters, and flip-flops U2(10), U1(6), U4(2), and U4(6) thereby preparing the
circuitry for another conversion cycle.

4-64. One small variation to the cycle exists when the HALF-OUTPUT INHIBIT line is LO indicating that only
one of the two output bytes from the previous conversion cycle has been produced. Under this condition, the
LATCH pulse does not reach the latches and the current conversion is not transferred to the latches.

4-65. NEGATIVE OVERRANGE OPERATION. If the analog input voltage is more negative than negative full
scale then the integrator gets back to zero during the extra offset subtraction and the center board U5(4) goes HI.

The counters are then held reset for the remainder of the cycle and the digital output is clamped to negative full
scale.

10000000000 = neg full scale = —1024
Sign bit is taken from Q output so is inverted.

4-66. POSITIVE OVERRANGE OPERATION. If the analog input voltage is more positive than positive full
scale, then the integrator will not get back to zero before the counters overflow. When they try to overflow
U10(15) goes HI which inhibits additional clock pulses to the counters, the outputs then remain at all ones for
the remainder of the cycle and the digital output is clamped to positive full scale.

0111111111 1=posfull scale=+1023

Sign bit is taken from Q output so is inverted. (See Appendix IV for two’s complement conversion.)

4-67. Output Sequencer (Figure 4-11).

4-68. In a normal operating sequence the END OF CONVERSION pulse resets the output sequencer flip-flop
which sets the L SELECT 0 line LO which directs the byte selector circuit to select the 3 most significant bits of
the 11 bit A to D CONVERTER output (the other 5 bits of the 8 bit byte are all tied to the most significant bit,
that is, the sign bit). Also at this time the H DATA READY line goes HI to signal the source handshake circuit
that the output is ready. As soon as the 59313A is in the TLK mode the H TALK ® N ATN line goes HI and this
first byte is placed on the 8 DIO (data infout) lines of the bus. When the bus listener has accepted the byte the

4-23



Section IV — Principles of Operation
Model 593131A

usi(2)
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Figure 4-11. Block Diagram, Output Sequencer
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Figure 4-12. Block Diagram, Reverse Channel
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Figure 4-14. Block Diagram, Power Supply
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4-26

source handshake circuit completes the TLK CLK pulse which makes the L SELECT O line go HI. The BYTE
SELECTOR circuit then places the second 8 bit byte (consisting of the 8 least significant bits) on the bus DIO
lines. Again, the TLK CLK pulse is generated and the H DATA READY line goes LO so no more bytes can be
output until the next conversion is done and the sequence is repeated. Between the first and second bytes the
HALF-OUTPUT INHIBIT line is LO so no new conversion data is available until all the old is transferred out. If
neither of the two bytes is transferred, then the new conversion data will replace the old.

4-69. If the 59313A is in the SERIAL POLL mode, then the L SERIAL POLL MODE line is LO, the byte

selector circuit is disabled (the open collector DIO line drivers are all floating), and the output sequencer circuit
ignores the TLK CLK pulse.

4-70. Reverse Channel (Figure 4-12).

4-71. When the 59313A is in the LSN (listen) mode the bus talker sends the ASCII character N which causes the
control decoding section to generate the REV CHAN ON pulse which sets J1(21) HI and TRANSISTOR Q9
saturates, grounding the REV CHAN line.

When the ASCII character O (the letter O) is received, the REV CHAN OFF pulse is generated, J1(21) goes LO,
transistor Q9 turns off and the REV CHAN line is floating. The DCL+POR (device clear or power on reset) pulse

also sets JI(21) LO at power on or when the universal bus command device clear is received (see Paragraph 4-34)
thereby turning off Q9.

4-72. Calibration Voltage.

4-73. The precision reference voltage circuit generates a stable approximately —9.5 volts at its output. This —9.5
volts feeds the voltage divider, a resistive divider chain. The cal voltage selector switch changes the cal voltage by
shorting the output to ground for zero volts, by shorting out some of the resistors for the —5 volt cal, and by
leaving all the resistors in the string for the —1 volt cal. The input buffers that the cal voltage gets connected to
thru the input jacks have a high enough input impedance and a low enough bias current so they do not load down
the divider chain.

4-74. The calibration voltage is provided as a convenient means to set the individual channel gains and is not
intended to be a voltage standard. If absolute accuracy is essential, some external calibration references should be
used. Because the cal voltage is derived from the A/D CONVERTER —9.5 reference voltage, the converter output
will not show a gain change if the -9.5 changes and the cal voltage is used for calibration.

4-75. Power Supply (Figure 4-14).

4-76. The power transformer takes the 115 volt (primaries in series) or 230 volt (primaries in parallel) ac line
voltage and converts it to about 19 Vrms on the RED wire secondary (RED to center TAP) and to about 10-1/2
Vrms on the ORG wire secondary (ORG to center tap). The transformer has internal non-replaceable 103°C
thermal cutouts in the primaries.

4-77. 45V SUPPLY. The 10-1/2V from the ORG secondary is full-wave rectified and stored between ac cycles
by the rectifier and storage capacitor to produce an average of about +12V, The REGULATOR I.C. takes the
high ripple +12 and regulates it to almost ripple free +5 volts. The regulator 1.C. also provides current limiting so
accidental short circuits do not damage the circuit. Excess heat generated by the 1.C. is dissipated into the heat
sink bracket.
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4-78. 5V SUPPLY. The 10-1/2V from the ORG secondary is full-wave rectified and stored between ac cycles
the rectifier and storage capacitors to produce an average of £25V. The regulator I.C. takes the high-ripple +25V
and regulates it to almost ripple free 15 volts. The regulator I.C. also provides current limiting so accidental
short circuits do not damage the circuit. Excess heat generated by the L.C. is dissipated into the heat sink bracket.

Table 4-7. Interface Bus Code Set

ASCIl CODES
(AMERICAN STANDARD CODE FOR INFORMATION INTERCHANGE)
Rl | g 0 0 0 1 1 1 1
BITS bo—|%04| %04 i 1y 0g | 104 1o 1,
bs —
ba | by | by | b, |COLUMNS
a 5 6 7
p |t (¢ |4[vmow O] ' | 2 |3
o lo [o |o 0 NUL | DLE || sp a ® P ‘ p
o |o [o |1 1 soH | bc1 ||t 1 A 0 2 q
o |lo |1 |o 2 sTx | pe2 ||~ 2 8 R b |
o o |1 |1 3 eTx | oc3 || = 3 Cc S ¢ s
o |1 |o |o 4 EoT | pc4 || 8 4 D T d t
o |1 o |1 5 ena | NAK || % 5 E U e u
o |1 |1 ]o 6 Ack | sYN || & 6 F v f v
o |1 |1 [ 7 BeL | ETB || ® 7 G w g W
1 1o |o|o 8 BS can || 8 H X h X
1 1o (o |1 9 HT evm || 9 | Y . "
1 1o]1]o 10 LF sus || : J z . 2
1 lo |1 |1 11 VT Esc || + ; K | k {
11110 o0 12 FF FS , < L \ |
111 ]0 |0 13 CR GS - M | m }
1111 ]o 14 o) rs || . > N - n ~
AENERE 15 si us || / 0 E o DEL
UNIVERSAL UNLISTEN UNTALK NOT
COMMANDS COMMAND COMMAND USED
ADDRESS MODE
LISTEN TALK
ADDRESS ADDRESS _
sttt e i ot ey e S ST g E S yEr Se e (B e = e
DATA MODE NOT USEDY o Y
ALL DATA NOT
EXCEPT
SED
CR,LF AS u

WORD TERMINATORS
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SECTION V
MAINTENANCE

5-1. INTRODUCTION.

5-2.  This section contains maintenance and service information, including a table of recommended test
equipment, a minimum performance check, adjustments, and troubleshooting procedures.

5-3.  Test Equipment.

54. Table 5-1 lists the test equipment recommended for maintaining and checking the performance of the
S9313A. Test equipment having equivalent characteristics may be substituted for the equipment listed.

5-5. Disassembly.
56.  The Model 59313A A/D Converter may be disassembled as follows (Figure 5-1):
a. Remove the top, bottom, and left side covers.

b. (1) Remove four screws (A) securing the upper board assembly.

(2) By the transformer there is a place (B) where the forefinger can reach under both Top and Middle
circuit boards. Pull up with the linger, thereby disengaging the connector.

o7 (1) Carefully remove the eight wires attached to the four input cables (C) from the pe board pins, the
four power and talker lamp wires across the front of the lower board (D), and the six external-start, calibration
switch, and ground wires along the rear of the board (E).

(2) Remove plugs P6 and P8 connected to the rear of the board.
d.  Stand the instrument on its left side (transformer up), and remove five screws designated (F).
e. Stand the instrument on its right side (transformer down).

(1) Remove two screws (G) from the top of the board.

(2) Remove two screws (H) from the bottom of the board.

(3) Remove two screws (I) holding the transformer,

4) Remove one screw (J) holding the primary power cable.

(5) Swing the transformer out of the instrument (Figure 5-1, part 6), and rest it on the table surface,
making sure that the primary wires are not pulled or broken.

f. With the instrument on its left side again, and with the component side of the pc board facing you:
(1) Grasp the right screw tab (K) with your right hand.
(2) Reach around and grasp the left lower edge of the pc board from behind (L).

(3)  Lifting up on the tab and pc board, slide the board to the left.

5-1
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Table 5-1. Recommended Test Equipment

Instrument Characteristics Suggested Model No.

Digital Voltmeter 5 Digit Display HP 3490A — for any check
0to 15 Vdc
4-1/2 Digital Display HP 3480 — for any check except linearity
0to£15 Vde

Logic Probe Low-Power TTL Compatible HP 10525T

HP-1B Controller Send ASCII over bus. Receive and HP 9815A desktop
manipulate binary. Display or print HP 9820A calculator
numbers. HP 9825A w/HP-IB

HP 9830A interface

Variable Voltage 200 uV resolution HP 6111A Power Supply
0 to 20 volts (floating)

Frequency Counter Period function 5 ms to 200 ms HP 5300A/6302A

5-2

4) Pulling on the right tab, angle the right side of the board, making sure the ZERO and GAIN
potentiometers and pc board edge clear the front panel bushings.

(5)  Slide the board to the right and, while lifting on the tab and pc board, angle the left edge of the
board away from you and out of the instrument, making sure the heat sink clears the side casting and the primary

power cable clears the two screw tabs.

g Install the replacement board by reversing the disassembly procedure.

5-7.  MINIMUM PERFORMANCE CHECK.
5-8.  Preliminary Setup.
5-9. No warm-up period is required to perform these performance checks. Before applying power, verify that:
(1) The rear panel voltage selector (115/230) switch is in the correct position (Figure 2-1).
(2) A fuse of the correct rating is in the rear panel fuse holder (Figure 2-1).
5-10. For the standard HP-IB sequences required to send an address, a universal bus command, or a control
character (Table 5-2), refer to the controller manual(s) for details on how to achieve these standard HP-IB

sequences. With most controllers (Table 5-1) the handshake and the ATN line are taken care of without the
knowledge of the operator.
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Figure 5-1. Disassembly (1 of 6)
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Figure 5-1. Disassembly (2 of 6)
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Figure 5-1. Disassembly (3 of 6)

5-5



Section V — Maintenance
Model 59313A

Figure 5-1. Disassembly (4 of 6)
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Figure 5-1. Disassembly (5 of 6)
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Figure 5-1. Disassembly (6 of 6)
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Table 5-2. Program Commands

The Model 47310A responds to the following program characters:

Pace Rate Selection

A

Mmoo w

Control

CzZz2r A-=3=IX

One conversion only
200 Hz
100 Hz
50 Hz
20 Hz
10 Hz
5 Hz

Reset (all except rev. ch.)
Stop (pacer)

Start (pacer)

External Start Enable
SRQ Enable

SRQ Disable

Reverse Chan. on
Reverse Chan, off

Channel Selection

|

2
4
8
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Chan 1
Chan 2
Chan 3
Chan 4

Universal Bus Commands

Binary
Equiv.

20
24
25
63
95

Device Clear
Serial Poll Enable
Serial Poll Disable
Unlisten

Untalk

5-11. Sending an address of universal bus command* means that the bus controller (the desktop calculator) is

programmed to:

(1)  Set the ATN line LO (assertive).

(2)  Apply to the bus data input and output (DIO) lines the desired ASCII address/command code.

(3)  Perform the bus handshake.

(4)  Set the ATN line HI (non-assertive).

5-12. Sending a control character® means that the bus controller is programmed to:

(1)  Send the 59313A LISTEN address as described above.

(2)  Apply to the bus DIO lines the desired ASCII control character code. See Table 5-2 for control

characters.

(3)  Perform the bus handshake.

*Refer to the manual for the controller in use to determine how to do this.
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5-10

5-13.

5-14.

5-15.

5-16.

Performance Check.

Perform the minimum performance checks in order.

AC POWER CHECK.
Action
Plug in the AC power cord.

Connect a standard HP-IB cable between the
controller and 59313A.

Turn on the 59313A POWER switch.

ADDRESSING CHECK.

Action

(1)  Send TALK Address.
(2)  Send LISTEN Address.
(1)  Send TALK Address.
(2) Send Un-talk Command.
(1 Send TALK Address.

(2) Send all orher Talk Addresses (pause
between each).

(1) Send TALK Address.
(2) Send DEVICE CLEAR Command.
(1 Send TALK Address.

(2)  Set HP-IB IFC line (interface clear)
momentarily LO (active).

(1 Send TALK Address.

(2)  Send all other LISTEN Addresses,

Result

The POWER lamp comes ON. The TALKER lamp
stays OFF.,

Result

TALKER lamp comes ON.
TALKER lamp goes OFF,
TALKER lamp comes ON.
TALKER lamp goes OFF.
TALKER lamp comes ON.

TALKER lamp goes OFF at first “other” address and
stays off at every other.

TALKER lamp comes ON.
TALKER lamp goes OFF.
TALKER lamp comes ON.

TALKER lamp goes OFF.

TALKER lamp comes ON.

TALKER lamp comes on after all characters are sent
and ATN line is HI.



5-17. REVERSE CHANNEL CHECK.
Action

a. (1)  Set the power supply to +5V +0.1V;
connect — to GND.

(2)  Connect Logic Probe supply leads to
power supply.

(3)  Connect Logic Probe point to rear
panel RVS CHAN jack (mini-phone

plug connector).

b.  Send Control Character (REV CHAN
ON).

c.  Send Control Character @ (REV CHAN
OFF),

d. Send Control Character .
& Send Control Character [E
f. (1)  Send UN-listen Command [?].

(2) Without first sending Listen Address,
send Control Character @

g Send Device Clear Command.

Section V — Maintenance
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Result

Probe indicates OPEN circuit.

Probe indicates LO.

Probe indicates OPEN circuit.

Probe indicates LO.

Probe stays LO.

Probe stays LO.

Probe indicates OPEN circuit.

5-18. A/D CONVERTER CHECK. This check tests whatever range the channel happens to be set to. If desired
the range selection jumper can be moved to another position and this check repeated for each of the other 3
ranges. See Figure 2-2 for the range selection jumper positions.

a.  Connect the variable power supply to one of the 4 channel inputs, and program the controller to do the

following loop:

(1) Send Control Characters lEl (preceded by Listen Address).

Channel select character
for channel under test.

(2)  Send Talk Address.

(3)  Read and store 2 bytes of data from the HP-IB.

(4) Process the 2 bytes of data and display the result. (See operating $ection for processing

information.)

(5) Start over again.

5-11



Section V — Maintenance
Model 59313A

b.  Vary the selected channel input voltage. The controller display should vary from 0 to +1023 and from 0
to —1024. The display should follow and be proportional to the input voltage over the entire range.

C. Increase the input voltage to roughly twice that required to produce a display of +1023 (positive full
scale). The display should stay at +1023.

d.  Repeat Step c for negative full scale (—1024).

e. Remove the phone plug from the channel being tested. Set the rear panel CAL switch to —1. The
controller display should be at some negative number between —80 and —1024.

iz Change the CAL switch to 0. The display should change to some number between —40 and +40.
g. (1)  Connect the variable power supply to one of the channels not currently being tested.

(2)  Vary the supply from about —15V to +15V while watching the controller display. The display
should not vary as the supply changes.

h.  Repeat Step g for the other two channels not currently being tested.

5-19. LINEARITY CHECK.
a.  Program the controller with the same loop as used in the A to D Converter check.
b.  Connect the variable power supply to the channel to be tested.
G Connect the digital voltmeter across the power supply to monitor the voltage.
d. Make and record a series of input voltage vs A to D output measurements using the following guidelines:

(1) Take at least 7 measurements spread out over the whole plus and minus range (e.g., —1000, —700,
—200, 0, +300, +800, +1000).

(2) When taking a measurement, say at 800, adjust the variable voltage supply until the controller
display is flipping back and forth between 800 and 801. Try to get equal occurrence of both numbers.

(3) At this point record the DVM reading of the input voltage to at least .02% of reading accuracy,

4) Record the corresponding A to D output on the controller display as the average of the 2 numbers,
e.g., (800 +801)/2 = 800.5.

e. Mathematically determine the best straight line through the data points as follows:

(1) Call the input voltage points X, X5, X5, ... .X,

(2)  Call the A to D output points Y,, Y,, Y3,.... Y,
X;,Y, are a pair of measurements taken together,
n = number of pairs.
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(3)  Using the X, Y data points, calculate A, B, C and D below.

A=Y; +¥3 + Y5 ... 1Y,

B=X,+X; +X;5....+X,

C=(X, Y1)+ (XaY2) + (X3Y3)....+(X,Y,)

D=(X)? +(X2)? +(X3)* ... +(X,)?
(4)  Using the values for A, B, C, and D, calculate b and m below. N = number of pairs.

b= (AD-CB) / (ND-B?)

m = (NC—AB) / (ND—-B?)
(5)  Substitute the values for b and m into the equation.

Y.=mX+b
Take each of the input voltage points X,, X;, X, .... X, and, one at a time, substitute them in place of

X in this equation and calculate a value for Y

B.

The difference between any calculated value Y, and the measured value of Y (the one that goes with the
X used in the calculation) should not exceed +0.51.

NOTE: If desired, the other input ranges and/or other input channels may be tested in the same way.

5-20. SERVICE REQUEST CHECK. In this test, “test the SRQ line” can be done either with a logic probe on
pin 10 of the HP-IB connector or with a controller program check (see controller manual). (SRQ line LO =

assertive.)
a. (1)
(2)
b. (1)
(2)
3)
c. (1)
(2
d ()
(2)
e. (1)
(2)

Remove the phone plug from channel 1 input jack.

Switch the CAL switch to —5.

Send Listen Address.

Send Control Characters [H] . (Preceded by Listen Address.)
Test SRQ line for LO state.

Send Control Character @ .

Test SRQ line for HI state.

Send Control Characters E [II .

Test SRQ line for LO state.

Send Device Clear Command.

Test SRQ line for HI state.
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(¢))
(2)
(1)
(2
(1)
()
3
(D
(2)
()
(2
3)
4
(5)
(6)
(1
(2
(3)
(C))
(D
(2
3)
4
(5)

Send Control Characters @ @ -

Test SRQ line for HI state.

Send Control Characters @ .
Test SRQ line for LO state.

Send Serial Poll Enable Command.

Send Talk Address.

Test SRQ line for HI state.

Read 1 byte from the HP-IB.

Check for byte value = 64.

Send UN-talk Command.

Send Serial Poll Disable Command.

Send Talk Address.

Read 2 bytes from the HP-IB.

Process the 2 bytes (see operating section for details).
Check processed number for value between —400 and —1024.
Send Serial Poll Enable Command.

Send Talk Address.

Read 1 byte of data from HP-IB.

Check byte for value = 0,

Send Untalk Command.

Send Serial Poll Disable.

Send Talk Address.

Attempt to read a byte of data from the HP-IB.

Program should hang up (no data available). (The controller may be able to check for lack of data
availability without attempting the read and causing a hang up.)



5-21. PACER ACCURACY CHECK.

a. (1)
(2)
b. (1)
(2)

(3) I:

Section V — Maintenance
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Connect a counter to the HP-IB SRQ line. (SRQ line is pin 10 on the HP-IB piggyback connector.)

Set the counter to the time interval mode.

Send control characters III (preceded by Listen Address)

Pace Select Character
Send Talk Address.

Read two bytes from HP-IB.
Continue in loop.

(4) Time interval on counter should be as in chart below.
¢.  Substitute the next pace select character in the control character string and repeat the test.
Table 5-3. Pacer Accuracy Check
Pace Select Character Pace Interval +.05% Limits
G 200 ms 199.9 to 200.10
F 100 ms 99.95 to 100.05
E 50 ms 49.97 to 50.02
D 20 ms 19.99 to 20.01
c 10 ms 9.995 to 10.005
B 5 ms 4.997 to 5.002
NOTES:
1. The controller must be fast enough to read the two bytes in less time than the interval being tested.
2, A less accurate check of pace intervals can be made by programming the controller to take a large number

of samples and timing, with a stopwatch or clock second hand, how long it takes.

PACE INTERVAL = Number of Samples

Time

5-22.  EXTERNAL START CHECK.

a (1)
(2)
3)
(4)
(5)

Send Control Characters .

Send Talk Address.
Read 1 byte from HP-IB.
Display the byte.

Program hangs up at reading the byte.
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b. (1)  Ground the EXT STRT jack.
(2) Program still hangs.
& (1) Send Control Characters .
(2)  Send Talk Address.
(3) Read 1 byte from HP-IB,
(4)  Display the byte on the controller.
(5)  Program still hangs up at reading the byte.
d. (1) Ground the rear panel EXT STRT jack.
(2) Some number is displayed.
€. Repeat Steps ¢ and d, except trigger external start by ungrounding (open circuit) the EXT STRT jack.
5-23. HP-IB verification program using the 9825A Calculator. Table 54 contains instructions for
running a 9825A calculator program (available on casette - HP Part No. 59300-10001) to check the
59313A for proper operation of the HP-IB 1/O. This program is a shortened version of the minimum

performance check (paragraph 5-7) and should be used accordingly.

5-24. ADJUSTMENTS.
5-25.  Two of the channel inputs should have a phone plug inserted and two should not, and the instru-
ment covers should be on. Turn on the power and warm up the instrument for at least 10 minutes. (Mini-

mum performance checks with covers closed can be done during this time.) The temperature will be
fully stabilized in about 2 hours.

5-26. Perform the adjustment as follows:
NOTE: Try to work quickly so internal cooling is minimized.

a.  Turn off the power by disconnecting the power cord.
b.  Remove the top cover.
¢.  Remove the 4 screws holding the top circuit board to the brackets.

d. By the transformer there is a place where the forefinger can reach under both the Top and Middle circuit
boards. Pull up with the finger, thereby disengaging the connector.

e Insert the Top board edge connector (that normally faces the rear) into the socket in the bottom board so
the Top and Middle boards (which are bolted together) stand on end.

f. (1) Connect the DVM between the +15 TEST POINT and chassis ground.
(2)  Adjust the +15 pot (R81 Bottom board) so the DVM reads +15.000 +2 mV (14.998 to 15.002).
g. (1)  Connect the DVM between the —15 TEST POINT and chassis ground.

(2)  The DVM should read between —14.5 and —15.5 (no adjustment).
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h. (1)  Connect the DVM between the center pin on the rear panel CAL switch and chassis ground.
(2)  Place the switch in its —5 position.
(3) Adjust the —5 pot (R54 Bottom board) so the DVM reads —5.000 +1 mV (—4.999 to —5.001).
i. (1)  Place the switch in its —1 position.
(2)  Adjust —1 pot (R53 Bottom board) so the DVM reads —1.0000 £0.1 mV (—0.9999 to —1.0001).
j- (1)  Place the switch in its O position. The DVM should read 0 .0000 to £0 .00001 (no adjustment).
k. (1)  Connect the DVM between the +5 TEST POINT and chassis ground.
(2) DVM reads 4.75 to 5.25 volts (no adjustment).

1 Reassemble the 59313A.

5-27. TROUBLESHOOTING.

5-28. If the 59313A fails to pass any of the performance verification checks, try to determine whether
the trouble is at the bus controller end of the line, or at the 59313A. A bus analyzer can monitor the
transfer of Addresses, Commands, and Control Characters from the controller to the 59313A and the
transfer of output from the 59313A to the controller. The controller (or its program) is defective if wrong
codes are sent to the 59313A or if it ruins valid data from the 59313A. The 59313A is defective if it re-
sponds incorrectly to valid data from the controller or if it places incorrect data on the bus.

5-29. Since many of the 16 bus lines are shared, sometimes being driven by the controller, sometimes
by the 59313A, it may be difficult to tell which end is at fault. In these cases it may be desirable to exer-
cise the controllerand/orthe 59313 A alone with the bus analyzer to determine the culprit.

5-30. If the 59313A is proven defective, the next step is to isolate the trouble to one of the 59313A cir-
cuit boards. Because of the large amount of interaction between boards this is most easily accomplished
by trying known good boards (from the service kit) in place of the unknown ones until the unit works.
Verify the +5-volt supply (4.75V to 5.25V) and then try the Top-Middle board assembly. If the problem
is not cured, that leaves the bottom board as the most likely suspect.

5-31. Once the defective board is isolated, it can be replaced with the new one or an attempt to repair
the old one can be made. On the bottom board, the analog signal circuitry is usually not too difficult to
repair and most of the digital problems can be tracked down with the logic probe and bus controller
manipulation. On the top and middle boards, which are all digital, some failures can be very easy to

isolate using only the logic probe, while others can be extremely difficult, requiring a good scope and
familiarity with the circuits.
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Table 5-4. HP-1B Verification Program Using the 9825A Calculator

1. Figure A is the basic flowchart for the verification program.
2. Verification using the 9825A calculator.

a. Set up the 9825A Calculator with the 98213A General |/O-Extended 1/0 ROM or the 98214A
Plotter-General 1/0-Extended 1/0 ROM, 98034A HP-IB Calculator Interface (Address 7),
and the 59313A for operation.

b. On the 59313A, select the HI input range on all four channels by moving jumpers on the
bottom circuit board (refer to paragraph 2-20).

Select address 00110 by moving jumpers on the underside of the top circuit board. This is
the factory-set standard address (refer to paragraph 2-21).

Set the ZERO and GAIN controls such that a @-volt input produces a G-output and a #-voit
input produces a +100@-output (all four channels).

Set the CAL switch to @ volts and apply no external input while running the verification
program.
c. Initialize the 59313A by turning the power off and on.

d. Insert the 59300 Series Verification Tape (HP Part No. 59300-10001) into the 9825A. Load
and run file @ (Idp0).

3. Program sequence of events and check points.

File @ on the tape contains the main program that accesses the individual programs for each of
the HP-IB Programmable Modules. For example, in the main program (file @) typing in “59313"
causes file 13 to be loaded and run. File 13 contains the verification program (V.P.) for the
59313A Analog to Digital Converter. (See V.P. listing Figure B and sample 9825A printer output
Figure C.) To continue the V.P. after each halt below, press the CONTINUE key on the 9825A.

a. The V.P. halts to verify the initial state of the 59313A:

CHECK POINT 1: ON light ON (remainder of the test)
TALKER light OFF
CAL switch @ volts

b. When the CONTINUE key on the 9825A is pressed, the V.P. (1) addresses the 59313A to
listen (Handshake and Address Logics), (2) sends ASCIl H11AJ (Reset, Channel Select,
Pace Select, and Conversion Logics), (3) addresses the 59313A to talk, and (4) displays the
S58313A output. The above sequence is then repeated for channels 2, 3, and 4. The display
should show a zero for all four channels. The V.P. halts to verify:

CHECK POINT 2: TALKER light ON
9825A display Channel 4 A/D @

c: Change the CAL switch to -1-volt. When the CONTINUE key is pressed, the sequence in b is
repeated and the 9825A displays the 59313A output for the four channels. The V.P. halts
to verify:

CHECK POINT 3: TALKER light ON
9825A display Channel 4 A/D -200

d. Change the CAL switch to -5 volts. When the CONTINUE key is pressed, the sequence in b
is repeated and the 9825A displays the 59313A output for the four channels. The V.P. halts
to verify:

CHECK POINT 4: TALKER light ON
9825A display Channel 4 A/D -10000

e. When the CONTINUE key is pressed, the V.P. (1) addresses the 59313A to listen, (2) sends
ASCIl H11BJ (pacer rate of 200 Hz), (3) addresses the 59313A to talk 25 times and
(4) displays the 59313A output 25 times. The above sequence is then repeated for pacer
rates of 100 50, 20, 10, and 5 Hz (ASCIl H11CJ, H11DJ, H11EJ, H11FJ, H11GJ). The V.P.
halts to verify:

CHECK POINT 5: TALKER light ON
9825A display Rate = 5 Hz; A/D #25 = -1000
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Table 5-4. HP-1B Verification Program Using the 9825A Calculator (Cont’d)

When the CONTINUE key is pressed, the V.P. (1) addresses the 59313A to listen, (2) sends
ASCIl H22LGJ (Reset, Serial Poll, Channel Select, Pace Select, and Conversion Logics),
(3) and enters a loop where the SRQ line is continually monitored. When SRQ goes low
(1) the status byte of the 59313A is examined, (2) the 59313A is addressed to talk, and (3)
the 59313A output is displayed. The monitor loop is re-entered and the above process is
repeated 25 times. The V.P. halts to verify:

CHECK POINT &: TALKER light ON

9825A display Byte 64, Count 25, A/D -1000

When the CONTINUE key is pressed, the Interface Clear command (cli) is sent. The V.P.
halts to verify:

CHECK POINT 7: TALKER light OFF
END OF TEST.
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Figure A. 59313A Verification Program Flowchart
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Figure A. 59313A Verification Program Flowchart (Cont’d)
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0: fxd 0

l: prt "59313","A/D Converter","Verification","Program";spc 2
2: prt Me———————————__" "CQHECK POINT 1"

3: prt "Verify initial"™,“setup:®

4: prt "*0u on","*TALKER off","*CAL swtch 0" ;spc 2
5: dsp "CHECK POINT 1"

6: stp

7: prt "———————————————_" “CHECK POINT 2"

B8: prt "When CONTINUE","is pressed,"

9: prt "address 59313A","and send ASCII:"," H (reset)™
10: prt " * (channel *)"," A (one conv)"," J (start)"

11: prt "where * takes","the values 1+4","i.e. channels","l thru 4.";spc 1
12: prt "Read each","channel of the","59313A, beep","and display"
13: prt "output for each","channel.","Verify:"

14: prt "*TALKER on","*dsp A/D 0" epe 2
15: c¢sp "CHECK POINT 2"

16: stp

17: gsk "chen"

18: =tp

19: prt "——-—-meee—a— ¥ _MOHECK PCINT 3"

2J: ort "Change CAL to -1","and press","CONTIWUE.";spc 1
21: prt "Verify:®

22: prt "*TALKER ocn","*dsp A/D -200";spc 2
<3: c¢sp "CHECK POINT 3"
24: stp
54 igsl “chag"™
26: =tp
27: prt "-mmm—m—— e ","CHECK POINT 4"
23: prt "Change CAL to -5","and press” ,"CONTINUE.";spc 1
29: prt "Verify:","*TALKER on","*dsp A/D ~1000";spc 2
30: cep "CHECK PCINT 4"
31: etp
32: gsk "“chan"
33z cstp
34: prt "--—m—emem——— — — ", "CHECK POINT 5"
35: grt "Pacer mode","check. Address","59313A anc¢ send:"
36: prt M H (reset)",™ 1 (channel 1)", " * (rate *)"

Figure B. 59313 A Verification Program Listing
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37: prt " J (start)" ,"where * takes","the values","B,C,D,E,F,C"

38: prt "for rates of",;"200,100,50,20,","10, and S5 Hz.";spc 1

39: prt "When CONTINUL","is pressed:"

40: prt "read 59313A,","beep and dislay","25 conversions","at each rate."
41: prt "Verify:"

42: prt "*TALKER cn","*dsp A/D -1000";spc 2
43: dep "CHECK POINT 5"

44: c=tg

45: ©66+K

46: 400-+L

475 EWE 2,42,;3E.0

48: fmt 3,2z,b

4%: wrt 706.2,"011"

50: wrt 706.3,K

5L: wrt 706.2,%0"

52: U-+I

53: if 65<K and K<69;L/2+L
54: if K=69; (L-10) /2+L

55: if K>69;L/2-L

56: gsb "conv"

57t f£xd 0

58: dep "Rote=",L,"Hz;","A/D #",I+1,"=",A
59: beep

60: I+1-1

6l: if I<25;gtc 56

62: wait 1000

03: K+1-»K

64: 1if K<72;gtc 49

65: stp

66: prt "———m———m e " "CHECK POINT 6"

67: prt "When CONTINUE is","pressed, send:"

68: prt " H (reset)"," 2 (channel 2)"," L (SRQ cnakle)"
693 prt " & (5 Hz rate)"," d (start)";spc 1

70: prt "lhis enakles”,"SERVICE REQUEST.";spc 1

71: prt "The celculetcr","should keen and","the display"
72: prt "counter will","count to 25.";spc 1

73: prt "ihe displayed","status byte","should = 64";spc 1

74: prt "The displeayed","A/D conversion","should = -1000";spc 2
75: dep "CHLCK ECINT 6"
16: stp
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77
78:
192
80:
81:
82:
83:
84:
85:
86:
87:
£8:
85:
90:
9lz
92:
a3
94 :
85
96:
$7:
98:
99:
100:
1013
102%
103:
104 :
105:
106:
107:
108:
109:
110:
1312
112
313:
114:
115
116:

117
118:
118:
120:
121z
122
1233
124:
125:
*320

0»n

fmt 1,z,6£.0

wet 706.1, "H22LGJ"
rds(7)+D

if bit(7,D);gto 83
gto 80

N+1+N

rds(706)+8S

gsk "conv"

on";spc 1

the IFC","command is

cff";spc 2

fxd 0
dsp "“Byte",S,",Count",N," ,A/D",A
Leep
if N=25;gto 91
gtoc 80
str
prt " ","CHECK POINT 7"
prt “"Verify:","*TALKER
prt "when CONTINUE is","pressed,
prt “"verify:","*TALKER
dep "CHECK POINT 7"
stp
cli 7
dsg "CHECK POINT 7"
stp
gtc 123
"conv":

rdb (706) +A

if A>3;9to 107
A*256+rdb (706) »A
ret

-((255-R)*256+(256-rdb(706)))+A

ret

"chan":

0-+1

fmt 1,2,2fF.0
wrt 706.1,"Hd"
271X

wrt 706.1,X
wait 1000

wrt 706.1,"AaJd"

gshb
beep
¢sp "Channel=",I+1,"
1+1I-1

if I<=3;9tc 112

ret
prt
rew
ena

6

"conv"

"LND OF TES1";src 4

A/D=",A

sent:"
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5-25



Section V — Maintenance
Model 59313A

NOTES

5-26



Section VI — Replaceable Parts
Model 59313A

SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION.

6-2. This section contains schematics, figures and information for identifying, locating and ordering
replaceable parts.

6-3.  Table 6-3 lists parts in order of the reference designations (circuit references) and provides the following
information for each item.

a.  Description of the part (see Table 6-1 for abbreviations). Attaching parts, if any, follow the description.
b.  Typical manufacturer of the part using a five-digit code. See the code list of manufacturers in Table 6-2.
c. Manufacturer’s part number,

d.  Total quantity used in the instrument (Qty column).

6-4. REFERENCE DESIGNATIONS.

6-5. Table 6-3 is based on an alpha-numerical method of listing the assemblies, subassemblies and circuit
components, These items are defined as follows:

a. Each assembly and subassembly is assigned an “A” number (Al, A2, A3, etc). Assemblies and
subassemblies that can be purchased have part numbers in the part number column; those that cannot be
purchased have the word “Reference” in the column,

b.  Components within the assembly and subassembly circuits are assigned circuit reference designators (C1
capacitor, R1 resistor, etc.). These parts are prefaced by the assembly number (A1C1, A2C2, AIR1, A2R2, etc.)
to indicate the assembly on which the part is located.

6-6.  Examples of the alpha-numeric numbering method used to identify assemblies, subassemblies and circuit
components follow:

A1l R 1 A1l A2 1
ASSEMBLY \ / \
NUMBER COMPONENT NUMERIC ASSEMBLY COMPONENT ALPHA-NUMERIC
DESIGNATION NUMBER DESIGNATION
(REFERENCE DESIGNATION)
COMPONENT ALPHA SUBASSEMBLY
DESIGNATION NUMBER

6-7.  Partial reference designations are normally used on the equipment and illustrations. The partial reference
designation consists of the component alpha designation and numeric designation. The complete reference
designations are obtained by placing the proper assembly number (and subassembly number, when applicable)
before the partial reference designations.

6-8.  In this section, these assembly prefix numbers are usually shown with each reference designation, in the

title of the figure or at the bottom of the illustration block following the notation “REF DESIG PREFIX.” The
complete reference designation should be used to easily locate a part and the description in the Parts List,
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6-9. For example, to determine the value and the part number of resistor R6 in the A2 assembly (A2R6),
locate the A2 group listing (the second group) in the parts list. Then refer to the R (resistor) designations in the
group and find R6. The value and the part number are in the columns adjacent to the description.

6-10. ORDERING INFORMATION.

6-11. To order a replacement part, address order or inquiry to the local Hewlett-Packard Sales/Service Office
(see list of addresses at the rear of this manual) and supply the HP part number of the item from Table 6-3.

6-12. To order a part not listed in the table, provide the following information:

a. Model number of the instrument.
b. Complete serial number of the instrument.
e Description of the part including function and location.

6-13. To order a part from a manufacturer other than Hewlett-Packard Company provide the complete part
description and the manufacturer’s part number from Table 6-3.

Table 6-1. List of Abbreviations

# number CYL cylinder
g inch(es) DBL double
A assembly, amperes DIP dual in-line flat pack (for integrated
A/F across flats (nut) circuit)
A/R as required DIV divider
ADJ adjust, adjustable DO package type, diode
AL T — ELECTRN electron
ASSY assembly ELEK electronic
AT amperes — time delay EXT Sxternal
BARR barrier EXTR external
BLK block, black 8 female, film
BRS brass FEM female
C cermet, capacitor, capacitance FIL filament, fillister (screw head type)
CALC calculation, calculator FL flat, flash, fluid, full
CcC carbon composition, cubic centimeters FLM film
CER ceramic FT fODt, feet
gain X bandwidth product
CHAM chamfer, chamfered
HD head, heavy-duty
CHAN channel
HEX hexagonal

CLR clear, clearance

_ HLCL helical
CM™ centimeters HS high speed, heat sealed, heat shrink
CONT contact HYB hybrid
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JuU

LG

LK
LKG
LKWR
L/S

LV
MACH
MC

MF
MINTR
MO
MOSFET

MS
MTG
MTLC
MYL
NPT
NYL
OBD
oD
OPT
PCB
PD
PF

PHL
PLSTC
PNEUM
POLYC
POLYE
PS

PT
PVC

Table 6-1. List of Abbreviations (Continued)

inside diameter

International Electro-technical
Commission

inch(es)
including
indicator, inductance

Joint Electron Device Engineering
Councils

jumper

long

lock

locking

lockwasher (LKWASH)
liters per second

low voltage

machine

microcircuit
microfarad

miniature (MIN., MINAT.)

metal oxide

metal oxide substrate
field effect transistor

millisecond

mounting

metallic

Mylar

National Pipe Thread

Nylon (polyamide)

order by description

outside diameter

option (OPN)

printed circuit board

power dissipation

Power factor, picofarad, peak flow,
pipe female (pipe connection)
phillips (cross slot screw head type)
plastic

pneumotach

polycarbonate

polyester

power supply

pint, part, paint, pulse time
vinyl (polyvinyl chloride)

power

REC
RECT
REINF
RND
SCR
SEL
SENS
SGL
SHLDR
Sl

SKT
SLDR
SOL
SPCL
SST
STA
STD
STL
SUBMIN
T2

TA
TC
TGL
THD
THK
TO
TRMR
UF
UNC

UNF

us
VAR
VOL

WD
w/

wvDC

ZNR

Section VI — Replaceable Parts
Model 59313A

recess, recessed
rectifier
reinforced

round

screw, silicon-controlled rectifier (thyristor)
selector, selected
sensitive

single

shoulder

silicon

socket

solder

solenoid

special

stainless steel
station

standard

steel
subminiature

lamp bulb envelope shape (T),
size in eighths of an inch
(2 =1/4-IN.), typical

Tantalum (TANT)

temperature coefficient, time constant
toggle

thread

thick

package type, transistor

trimmer (TRIM.)

microfarad (MF)

Unified National coarse
(machine screw thread)

Unified National fine
(machine screw thread)

microsecond

variable

volume

white

wide

with

working volts dc

by (dimensional)

Zener (breakdown diode)
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Model 59313A

Table 6-2. Code List of Manufacturers

MER
NO.

00000
VUG TK
00809
u0uBs53
cli21
Ulzys
03L8b
Uaerls
ulced
orirar
09023
09353
1699
19701
197 3b
2u2lb
24546
2701«
2Tibaw
28480
28520
32293
22997
S62uYy
{1400
71785
72126
731506
T2T42
THhyls
18149
HF2389
813330
Ba4sll
91662
95687

MANUFACTURER NAME

ANY SATISFACTORY SOURCE

KABELMETAL

CROVEN LTD

SANGAMIO ELEC CO S CARGLINA D1v
ALLEN=BRAULEY CO

TEXAS INSTR inC SEMICUND CMPNT D1V
KDI PYROFLILM CJIRF

MGTOROLA SEMICONDUCTOR PROLUCTS
FAIKCHILD SEMICONUOUCTOR DIV

Us™M COKF USM FASTENER DIy
CORNELL=-DUBILYER ELEK UBIV Fru PAC
C ANO K CUMPUNENTS INC

COKNING oL WK eLeC TZMPNT DIV
MEPCU/ZELECTRA CORP

AVDEL CORP

GOWANDA ELECTRONICS CORP

LORNING GLASS WORKS (BRADFORU)
NATIONAL SeMICONLUCTUOR CORP

MOLEX PRODUCTS ZU

HEWLETT=PACKARD CUO CUORPORATE HU
HEYMAN MFG (U

INTERSIL INC

BUUKNS INC TRIMPOUT PRUD DIV
SPRAGU: ELECTRIC Cu

BUSSMAN MFG UIVv UF MCORAW-EDISUN CO
TRW LLEK CGMPUNENTS CINCH D1V
ELECTRI} MOTIVE CORP SUb IEC
BECKMAN INSIRUMENTS INC HEL1POT DIV
FISCHER SPECIAL MFG (LD

LITTELFUSE INC

ILLINUIS TUOL wWOKKS INC SHAKEPROOF
SHITCHUCRAFT INC

SMITH HERMAN H INC

TRW CAPACLITUR DIV

ELLU CURP

WECKRESSER CUO INC

ADDRESS

ONTARIO CANADA
PICKENS SC
MILWAUKEE WI
DALLAS TX
WHIPPANY NJ
PHOENIX AZ
MOUNTAIN VIEW CA
SHELTON CT
SANFOURD NC
WATERTOWN MA
RALEIGH NC
MINERAL WELLS TX
TETERBORD NJ
GOWANDA NY
BRADFORD PA
SANTA CLAKA CA
DOWNERS GROVE IL
PALO ALTO CA
KENILWCRTH NJ
CUPERTIND CA
RIVERSIGE CA
NORTH ADAMS Ma
ST LOUIS ™0

ELK GROVE VILLAGE IL

WILLTMANTIC CT
FULLERTON CA
CINCINNATI OH
DES PLAINES IL
ELGIN IL
CHICAGD IL
BROCKLYN NY
OGALLALA NE
WILLOW GROVE PA
CHICAGO IL

Z1p
CODE

29¢€71
53212
75231
07981
85008
94040
06484
27330
02172
27604
76067
07608
1407C
16761
9nQ51
00515
94304
07033
95014
92507
01247
63017
60007
0e226
92634
45206
60016
60126
60630
11207
69153
19090
60641

64

ATA2A1

Figure 6-1. Assembly Locations




Table 6-3. Replaceable Parts

Section VI — Replaceable Parts

Model 59313A

ference HP Part gas Mfr
Ref ’ Qty Description Mfr Part Number
Designation Number Code
LIST OF ASSEMBLIES
(FIGURE 6-1)
AL NSN 1 CASE ASSEMSLY 28480 LEL
Alal REFERENCE 1 FRUNT PANEL ASSEMBLY 28480 REFERENCE
2380-0181 @ SCREW=MACH 6-32 .25-IN-LG B2 DEG ZB4B0 2360-0181
Alag2 47310-60030 1 FEAR PANcL ASSEMHLY 2d480 47310-860030
2360-0115 10 SCREW=-MALH 6=32 .312-IN-LG PAN=HD=-POZI 8480 23600115
ALAZAL 47310=-60150 1 INTERFACE P.C. ASSEMELY 28480 47310-60150
AZ “4T310-60120 1 P.C. ASSEMELY, TOP 28480 47310-60120
2360-0113 i SCREW=MACH &-32 .Z25-IN-LG PAN-HD-PUZI 28480 2360-0112
A3 47510-60130 1 Pela ASSEMBELY, MIDDLE 28480 4T7310-60130
03500526 2 STANDOIFF=RNU .BT5LG &=32THD .2500 BRS 83330 BTES
As 47310~-60110 1 PuCu ASSEMELY, BOTTOM 28480 47310-60110
1400-0017 1 CLAMP=CA .375=IN-WD NYL 28520 3305
23000115 SLREW-MACH 6-32 .312-IN-LG PAN-HD=-POZI 28480 2360-0115
AS “7310-60140 1 P.C. ASSEMELYs INTERCONNECTION ZB4&4BO 47310-60140
Ac 4T310-63498 ACCESSORIES 28480 4T310-63498
MP11 MP5 w1 o |
1
== e
&
.
W2
!
MP3  MP1 MP13 MP6 ATAZATWI MP4
MP2 MP14

A1A2ZA1 (REF)
Figure 6-2. Component Locations, Case Assembly A1
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Section VI — Replaceable Parts

Model 59313A

Table 6-3. Replaceable Parts (Continued)

HP Part I Mfr
Refgrenqe Qty Description Cod Mfr Part Number
Designation Number ode
Al NSN 1 CASE ASSEMBELY (FIGURE 6-2) 26480 NSN
ALMP1 5001-0438 2 TRiAM, SIDE FRONT 28480 5001-0438
ALMP2Z 5001-0458 Tr1Ms SIDE FRONT 28480 5001-0428
ALMP3 5020-8813 1 FRAMEy FRUNT 28480 5020-8813
AlMP4 5020-588i4 T FRAME y REAR 2B4ED S020-8R14
ALMPS 5020-8830 2 SIDE STRUT 28480 50Z0-8830
2510-01%2 5 SCREW-MALH B-32 .25-IN-LG 100 DEG 28480 2510-0192
ALMPE 5020-3830 SLoe STRUT 2B4H0 5020=-383D
2510-0192 SCREW-MACH B-32 .25-IN~LG 100 DEG 29480 2510=-0192
A1MPT 5040-T£01 4 FUOTISTANDARD) 28480 S0a0=TE01
ALMPH 5040=7201 FUOTESTANCARD) 28480 5040=7201
ALMPS E040=T201 FUGT(STANDARD) 2B4ED 5040=-7201
ALMPLOD 3040-T201 FLOT(STANGARD) 28480 5040-1201
AIMPLL 3040-7203 1 TRIMITOP 1/2 28480 5040-7203
ALMPL12 5601-1418 1 COVERy aOTTOM 28480 5001-1413
AIMPL3 5080~-9850 2 COveRy STUE (STANDARL) 28480 S060-9850C
ALMPL4 SUAU-9850 COVERy SIDE (STANDARD) 28480 S060-9850
ALMFLS 473L0=0C040 1 MOUNTING BRACKETy RIGHT 28480 4T310=00040
1400-0059 2 LLAMP—CA .5—IN-WD NYL 95987 T/16—FN
2360-0115 11 SCREW=MACH 6-32 .312-IN-LG PAN-HD-POZI 28480 2360-0115
ALMPLE 5060-9829 O 1 TOP COVER 28480 snEN-0329 0
ALTL 47310-60101 1 UL TRANSFORMER ASSEMALY 28430 47210-00101
2360-01132 2 SCREW=MACH ©=32 .25-IN-LE PAN-HD=-PNZI ZR4ED 2360-0113
ALWL 47310-60060 1 CABLE, POWER 28480 4T41G-60060
Alwa 47310=60070 4 CAdLEy iNpUT 28480 4T310-60070C
Alal RESEREMCE 1 FRONT PAMEL ASSEMBLY (FIGURE 6-32 28480 REFEREMCE
AlalMpPl 47310-60012 1 FRONT PANELy GRAY 2B430 47310-60012
ALALMPZ 14700968 8 BUSHING=PNL .14—ID .3-LG 1/4=32=THD 28480 1490=-0%¢8
29500072 10 NUT=HEX=DBL=CHAM 1/4=32=THi +062-THK 82389 P-1975
ALRLIMP 3 1490-09638 SUSHING=PNL oLla—=10 o3-L5G 1/4-32-THD 28480 1490-U968
29500072 NUT=HEX=DBL—CHAM L/4=32=THD .062=THK 82389 P=1975
ALALIMPS L49U—u9eE BUSHING=PNL «14=I0 «3-LG 1/4=32-THD 28480 1450-0ve3
£950-0072 NUT=HEX=DEL=CHAM 1/4-32-THD .062-THK 82389 P-1975
ALAIMPS 1490=U968 BUSHING=PNL «14=I0 .3-LG L/4=32-THO 28480 1450-0968
29500072 NUT=HEX=-UBL-CHAM 1/4=32=THD .0&2=THK Bziae P=1975
AlAiMPE La90=096E SUSHING=PNL «14=ID .3-LG 1/4=32=THD 2B480 1490-0%44
29500072 NUT=HEX=DBL~CHAM L/4-32-THD .062=THK 62389 P=1975
ALALMP 1490=09¢6H SUSHING=PNL +14=ID .3-LG 1/4—32-THD 28480 1490-096#
2950-0072 NUT=HEX=DBL=CHAM 1/4=32=THD .0c2-THK &2389 P=1975
AlALIMPE L4%0-0963 BUSHING=PNL «14—ID .3-LG 1/4=-32-THG 28480 1490-0968
2950=0a12 NUT=HEX=DBEL=CHAM 1/4-32-THD .062-THK 82389 P=1975
ALALIMPY 1490—u%6n BUSHING=PNL .14=I0 .3-LG 1/4-32-THD 28480 1490-0%54
29500072 NUT=HEX=DBL—CHAM 1/4=32=THD .0&2-THK 82389 P=1975%
ALALMP10 1400=-05&0 2 CLIP SET-LED MTG FOR PNL MTG HP LED 2E4R0 1400=G560
AL&LMPLY 1400-0560 CLIF SET=LED MTG FOR PNL MTG HP LED 28480 1400-05&0
ALA1SL 3101-1508 1 SHITLA-TGL SUBMIN DPDT NS 2A 250VAC 09353 UsilB=Hi
21900027 7 WASHER=LK INTL T NO.-1/4 .256—IN-1D 18189 1914=-00
3050—u272 4 WASHER=FL MTLC ND.=1/4 +261-IN-ID 28480 3050-0273
ALhz 47310-60030 1 REAR PAMEL ASSEMBLY (FIGURE 6-4) 28480 47310-£0030
ALAZC55 016G—0aTT | CAPACITOR=FXD LOLUF 4=20% 250WVAC CER 56289 36C216A7
ATAZFL £110-023% 1 FUSE +2A 250V SLU=BLO 1.25X.25 UL IEC 15915 313.200%
ALAZJL 1254=1779 4 COMNECTOR=TEL JACK 3—CKTS .25-SHK-DTA #2389 138
2190-0027 HWASHER=LK INTL T NU.=L/4 .23&=IN=10 78189 1914=00
2950—UU4a3 & NUT=HEX=UBL—CHAM 3/8-=3=TH) L094=THK 73743 2X 28200
21900082 & WASHER=LK INTL T NO.-3/& .384=IN-ID TELRS 1226-00
alazye 1251-1779 CUNNECTOR=TEL JACK 3-CKT5 L25-5HK-UIA 22389 128
2190-0027 WASHER=LK INTL T NO.=1/4 .256-IN-10 78189 1914=-0u
2950—0043 NUT=HEX=DBL—LHAM 3/B=32-THD .0%4-THK 73743 ZX 28200
2190-06082 WASHER=LX INTL T NU.=3/8 .384—IN-I0 1189 L220=00
AlAZJa 1254=-177¢9 CONNECTOR-TEL JACK 3—CKTS5 .25=SHK-DIA Hs2i89 138
2196-0027 WASHER=LK INTL T ND.=1/4 .25&-IN-1D 78149 191&=00u
29500043 RUT=HEX=DBL-CHAM 3/8=32-THD .0%4=THK Tila3 ZX 28:00
2190-00pa2 WASHER=LK INTL T NO.=3/8 .384=IN-ID Telag 1z2u-00
ALAZJY 1251-3779 COMNECTOR=TEL JACK 3=CKTS .25-SHK=DIA 82389 138
2l90=0027 HASHER=LK INTL T NO.=i/4 .2Se=IN-1D 15189 1914-00
29500042 NUT=HEX=DBL-CHAM 3/b=32=THD «094=THK 73743 EX 28200
£190-0082 WASHER=L® INTL T NO.=3/¢ .3H4—IN-10 Te159 1220=00
Aln2Jds 1251=¢2230 2 LONNECTUR=TEL JACK 2=CKTS .141-SHK-DIA 4236y 1424
2196=0027 WASHER—LK INTL T NOw=1/4 256=IN-ID (ES L] 19i4=00
2950-0072 NUT=HEX=0BL-CHANM 1/4=32=Thi .0&2=THK #2389 P-1975
30560273 WASHER=FL MTLC NC.=1/4% J261-IN-I0 8450 3050-0273
Alazde 1251-2230 CONNECTNR=TEL JALK 2-CKTS .14l-SHK-GIA Ee2k9 LazZA
2190-0027 WASHER=LK INTL T NOe—L/4 250—IN-10 TAla9 1914=00
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Table 6-3. Replaceable Parts (Continued)

Section VI — Replaceable Parts

Model 59313A

HP Part stz Mfr
Reference Qty Description Mfr Part Number
Designation Number Code

2950-0072 NUT=HE X=DBL=LHAM 1/4=32=THD .062=THK 82389 P=1975
3050-0273 WASHER=FL MILC NO.-1/4 .261-IN-ID 28480 3050-0273

ALAZIT 1251-2357 1 CONNECTOR, AC POWER HP—9 MALE FLANGE 82389 EAC-301
2200-0105 2 SCREW—MACH 4—40 .312-IN-LG PAN=HD=PDZI 28450 2200-0105

ALAZMP] 47310-00030 1 REAR PANEL 28480 47310-00030

AlAZMP2 7122-00%7 1 SER PLT ®=SERIAL NO; HEWLETT PACKARD— 91345 0BD
0361-0450 2 RIVET, SLIND, DOME=HD .094% DIA 07707 AD=32855

Alazsl 3101-1911 1 SWITCHe SLiLE 82389 11A-1477
0361-0009 2 RIVET, SEMITUBULAR UVAL HD 0.1B8"™ LG 00000 GBO

AlAzs2 3101-0963 1 SWITCH=TGL SUBMIN SPDT NS 5A 115VAC 09353 T103-5Y
2190-0273 1 WASHEH y FLAT 00000 0an
3050-0273 WASHER=FL MTLC NO.=1/4 .261-IN-ID 2A4R0 3050-0273

ALAZXFL 2110-0481 1 FUSEHOLDER-EXTR POST 20A 300V UL/IEC 75915 345003
2190-0037 1 WASHER—LK INTL T N#.-1/2 .512-IN-ID 78189 1224-08

ALAZAL 47310~60150 1 INTERFACE P.C. ASSEMBLY (FIGURE 6-5) 28480 4T7310-60150

AlAzALHL 0380-0644 1 STANDOFF-HEX 6/32% 00000 08D

ALAZALH2 1530-1098 | FASTENER20. 126" DIA  6-32 THREAD 000U 4BD

AlAZALJL 1251-3283 1 CONNECTOR; 24=CONT: FEM; MICRORIBSON 28450 1251-3283

ALAZALJZ 1200~0473 2 SCCKET=1C 16—CONT DIP=SLOR 78303 C931602

ALAZAIRL 18L0-0136 2 NETWORK=RES LO-PIN-SIP .1-PIN-5PCG 56289 216€

ALAZALRZ 1810=ul3é Ne TWORK=RES 10-PIN-SIP .1-PIN-SPCG 56289 216C

ALAZALUL 47310-00150 L PaCe BOARD, BLANK 28480 47310-00150
0361-0434 2 KIVETy BLIND PL THRUy UOME-HD .125%DIA 14738 1125=0412
2190-0034 2 WASHER—LK HLCL NCO==10 .194=IN-ID 2E480 2190-0034

ALAZALIWL 47310-60040 1 CABLE ASSEMBLY, INTERFACE BOARD 26480 #7310-60040

A2 47310-60120 1 TOP P.C. ASSEMBLY (FIGURE 6-6) 29480 47310-60120

A2C1 0180-2062 ' § CAPACITOR=-FXD 120UF+=20% 10VDT TA 56289 150D127TX0010R 2

AzC2 0160-3097 9 CAPACITOR=FXD «4TUF +480=20% SOWVDC CER 56289 5CH4C2-CML

A2C4 OlaU=2T0% 1 CAPACITOR=FXU LEOPF 4-1% S00WVDC MICA 72136 RDM15F161F5S

Acls 0160=3u%? LAPACITUR=FXD +4TUF #80=20% SUWVOC CER 56289 5C54C2-CML

A2il6 0160=3097 CAPACITUR=FXD +4TUF +80-20% SOWVDC CER 56289 SCHLC2-ML

AZCT Ul6L=-309T CAPACITOR=FXD .47UF +30-20% 5S0UWVDC CER 56289 SC54C2-CML

AZCB 0160-3097 CAFACITOR=FXD .47UF +B0-20% S0WVDC CER 56289 SCS4C2-CML

AZCRL 1%01-0025 ] OILDE=GLEN PRP 10OV cUUMA DO=7 07263 FD-2389

AZLRE 1301-0025 DIODE-GEN PRP 100V 200MA DO=T 07263 FD-2389

AZCR3 i901-002% UICDE=GEN PRP 100V 20G0MA LO-T 07263 FD-2389

AZJaL 1251=-2025 3 CONNECTOR=PC EUGE 24=CONT/ROW 2-ROWS 71785 2£52=24=30-340
2340-0006 10 NUT=HEX=DUBL=CHAM 4—40-THD .094=-THK 28480 2340-0006
2200-0147 6 SLREW=MACH 4=40 .5—IN-LG PAN-HD-POZI 256480 2200-0147

AZJ3 1251-3964 2 CUNNECTOR 3-PIN M PUST TYPE 21264 22-11-2041

AZJ4 1251-3958 7 CORNECTUR 10=Pil M POST TYPE 27264 22-10-2101

Agd5 1e¢51-3958 CUNNECTOX LO-PIN M POST TYPE 27264 22-10-2101

AzLl 9100-2259 1 CULL-FXO MOLDED RF CHOXE 1.50H l0% 24226 lu/151

heQl 1853-ulzu 2 TRANSISTOR PNP SI PD=30UMW FT=15UMALZ 01295 SKAL123

Azuz 1853=0020 TRENSISTUR PNP SI PUS300MW FT=150MHZ 01295 SKA1123

A2R1 Us33-103% 16 FESISTOR 104 5% .25W FL TC=—=400/4700 01121 CB1035

AZk2 0ioT=-u429 3 FESISTOR leB2K 1% .125W F TC=04=-100 24546 C4=1/8~T0-1821~F

AZK3 UT51-0429 HESISTOR 1.82K 1% .125W F TC=0+-100 24545 Ca~1/E-TO=1821~F

AZRw 0757-C415 & RESISTUR 475 1% .125W F TC=Ge=100 24546 C4=1/8=TO=4TSR=F

AZRS 0757-0415 KESISTOR 474 1% .125W F TC=0+-100 24546 C4=1/8=TO=4T53~F

AZR& LTS5 T=C415 RESISTUR 475 1% 125W F TC=0+=100 24540 Ca=1/8=TO=4T5rR=F

AZKT 0693-1035 KeSISTOR LOK 5T .25W FC TC=—400/+T00 v1121 Caln3s

AZRS D6B3-1035 RESISTUR LUK 53 .25W FC TC==400/+700 oLl21 CBl035

A2R9 UsE3~1035 ReS5iSTUR LOX 5% .25W FC TC==400/4700 01121 £81035

AZR10 UsR3-1035 FKESISTOR LUK 5% .25W FC TC=—200/+4700 01121 CB103%

A2R11 07570415 RESISTOR 475 1% .125W F TC=04-100 24548 Ca=1/6=TO=4T5R=F

AZm12 0T57-0415 RESISTUR 475 1% .125W F TC=0+-100 24546 C4=1/8=TO=-4T5k=F

AZR13 0683=-2715 1 RESISTOR 270 5% .25W FC TC=—400/+600 01121 ca2ris

ALK LY uTsT-0429 RESISTOR L.82K 1% .125W F TC=0+-100 24546 Lé4=1/b6=T0=~1E21-F

AZR 1S LiI5T-0415 RESISTOR 475 1% .125W F TC=0+-100 24548 C4=1/6=TO~4T5H=F

a2ul 1820-0600 5 IC—DIGITAL DMT4L9ON TTL L DECD 27014 DMT4LION

AUz 1820-0600 IC—DIGITAL OMT74LS0ON TTL L DECD 27014 LM74L90N

A2ul LB2U=0600 IC-DIGITAL DM74L90N TTL L DECD 27014 DMT4L 0N

AU 47310-00120 1 PuC. BUAKD, ELANK 28480 47210-00120
0360=-1730 &5 TERMINAL-STUD SPCL-S5TDF PRESS-MTG 007749 P75-31131-1

AZUS 1820=1442 2 IC-DIGITAL SNT4LS290N TTL LS DECD 01295 SNT4LS290N

AdUsb 1820-1a42 IC—DIGITAL SNT4LSZ90N TTL LS DECD 01295 SNT4LS290N

A2u7 1820=0600 LC=DIGITAL OM74LS0M TTL L DECD 27014 OMT4L90N

AZUb 1320-0587 5 IC—DIGITAL OMT4LION TTL L TPL 3 NAND 27014 DM74L1ON

Azuy 1b2u=035 a4 9 IC-DIGITAL DMT4LOZN TTL L QUAD 2 NOR 27014 DM 74LO2ZN

See introduction to this section for ordering information
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Table 6-3. Replaceable Parts (Continued)

HP Part Ao Mfr
Reference Qty Description Cod Mfr Part Number
Designation Number ode

A2U10 1820-0596 11 IC-UIGITAL DMT4LT4N TTL L DUAL 27014 DMT4LT4N
AZULL 1620-05%¢ IC-DIGITAL DMT4L74N TTL L DUAL 21014 OMT4L TaN
AzZulz L820-1425 2 IC~DIGITAL SNT4LS132N TTL LS QUAD 2 NAND 01295 SNT4LS132N
A2ul3 1820-0583 11 IC-DIGITAL DMT4LOON TTL L QUAD 2 NAND 27014 UMT4LUCN
AZUL4 1820-0627 1 1IC-DIGITAL 93L01DC TTL L & BLOD-TO-DEC 07263 93L010C
AZULS 1820-059¢ IC-DIGITAL DM74LT4N TTL L UUAL 27014 DHT4LT4N
AlUle 182u=05€3 IC=UIGITAL DMT4LOON TTL L QUAD 2 NAND 27014 OMT4LOON
AZULT 1820-0054 2 IC-DIGITAL SNT400N TTL QUAD 2 NAND 01295 SNT4O0N
AUl 18200598 IL-DIGITAL OMT4LT4N TTL L DUAL 27014 UMT4L 149N
K2U19 1820~0600 IC-UIGITAL DOMT4L90N TTL L DELD 27014 OMTaLSuN
AZUZ0 le20-0658 1 IC-0IGITAL 93L12DC TTL L 8 8=-TU=-1-LINE 07263 93L120L
AZUZL 1B2U—0595 5 IC~OIGLITAL OMT4LT3N TTL L DUAL 4K 27014 UMT4L 72N
AZuzz 1820-0580 1 IC-DIGITAL DMT4LO4N TTL L MEX 1 27014 UMTaLGaN
A2U23 1e20-0584 IC-DIGITAL OMT4LO2N TTL L QUAD 2 NOR 27014 DMT4LOZN
AluZ4 1820-0588 3 IC-DIGITAL DMT4LZON TTL L DUAL 4 NAND 27014 OMT4L 20N
AZU25 1820-0583 IC-DIGITAL DMT4LOON TTL L QUAD 2 NAND 27014 CMT4LOON
AZUZe 1820-0595 IC-DIGLITAL DMT4LT3N TTL L DUAL J=K 27014 DMT4L 73N
AEULT 182u-0583 IC=DIGITAL OMT&LOON TTL L QUAD 2 NAND 27014 OMT4LOON
A2uU28 1820~0584 ICDIGITAL DMT4LO2N TTL L QUAD 2 NOR 27014 OMT4LOZN
AZU29 1820-1425 IC-DIGLTAL SNT4LS132N TTL LS QUAD 2 NAND 01295 SNT4L5132N
A2u30 1820~-0996 IC-DIGITAL UMT&LTSN TTL L DUAL 27014 DMT4LLTan
A2U3L 1l620-0583 1C-OIGITAL DMT&LOON TTL L YUAD 2 NAND 2T014a DM74L OGN
AZUse 1B20-0584 IC-OIGITAL OMT&4LO2N TTL L QUAD 2 NOR 27014 DMT4LO2N
A2U33 1820-0567 IC-DIGITAL DMT4L1ON TTL L TPL 3 NAND 27014 DMTLL LN
AZu3s 1R20-05084 IC-DIGITAL DMT74LO2N TTL L QUAD 2 NOR 27014 DMT4LOZN
AZU35 1820-0584 IC-DIGITAL DMT4LO2N TTL L QUAD 2 NOR 27014 OMT4LOZN
A2U36 1320-0588 IC-DIGITAL DMT4LZON TTL L OUAL 4 NAND 27014 OM74L20N
AZU3T 1820-0587 IC-DIGITAL UMT4LION TTL L TPL 3 NAND 27014 DMT4L 10N
A2ulg 1820—0582 IC—UIGITAL DMT4LOON TTL L QUAD 2 NAND 27014 OMT74LOON
AZu39 1820-0596 IC-DIGITAL DMT4LT4N TTL L DUAL 27014 OMT4LTEN
A2U4D 1820-0a21 4 IC-DIGITAL SNT43A8N TTL QUAD 2 NAND 01295 SNT438N
A2wl 0410-0436 1 CRYSTAL:QUARTZ 10 MHZ 00809 OBD

T8205-63060 9 JIMPERS 2B4B0 TRZ205-03060
A3 #T310-60130 5 MIDDLE P.C. ASSEMBLY (FIGURE 6-7) 28480 47310-¢0130
AZC1 0160-3097 CAPACITOR=FXD .4TUF 480-20T S0WVDC CER 56289 SCSHC2-CML
A3C2 0le0=-309T7 CAPACITUR=FXD .47UF +80-20% 50WVDC CER 56289 SCELC2-CML
A3C3 0160-3097 CAPACITOR=FXD .4TUF +80-20% S0WVDC CER 56289 5CS4C2-CML
A3LS U160-3097 CAPACITUR-FXD .4TUF +80-20% SOWvDC CER 56289 5C54C2-CML
A3z 1251=-395R CONNECTOR 1G-PIN M POST TYPE 27264 22-10-2101
42R1 VbHI=5625 12 RELESTOR 5.6K 5% .25W FC TC==400/+700 0lizl CB562%
A3RZ G683=5625 KESISTUR 5.6K 5% .25W FC TC=-400/+700 D112 CB5625
A3R3 0683=-5625 RESISTOR 5.6K 5% .25W FC TC=—400/4+700 01121 case2s
LECTS us83-5025 RESISTUR 5.6K 5% .25W FC TC=—400/+700 01121 CBSs2s
AUl 1820-0595 IC-DIGITAL DMT4LT3N TTL L DUAL 4=K 27014 UMT4L 75N
A3Ue LE2u=0598 IC=DIGITAL DMT4LT4N TTL L OUAL 2701% DMT&LTaN
A3z LB20=0543 IC~DIGLTAL UMT4LOON TTL L QUAD 2 NAND 27uls DM75LULN
A3U4 1b20—0595 IC~DIGITAL OMT&LTAN TTL L DUAL J-K 2704 UMT4LT5N
a3us 1820—U5E4A IC-0UIGITAL DMT4LGZN TTL L WUAD & NGR 27614 UMT4LOZN
LENT LBL£0-0595 IL=DIGLITAL OMT&LT3N TTL L DUAL J=K 27014 UMTaL 73N
Asut LB20-u548 IL-DIGITAL LMT4LZON TTL L DUAL 4 NAND 27014 DMT4L 20N
A3u3 1820—563 IL=DIGITAL DM74LOON TTL L QUAD 2 NAND 27014 UMT4LOON
A3US 1820-0876 a IL=DIGITAL SNT&4LTSN TTL L 0=TYPE 01295 SNT4L TSN
A3UL0 lbs0=0778 3 IL-DIGITAL 93L16DC TTL L 8IN SYNZHRU 07203 93L1ebC
A3ULl LE2U=u5E T IC-OIGITAL UMTSLLON TTL L TPL 3 NAND 2T0i4 OMT4L 10N
A3ULZ 1820-0054 IC~DIGITAL SNT4GON TTL WUAD 2 NAND ule9s SNT4LOUN
A3U13 18260821 IC-DIGITAL SNT438M TTL wUAD 2 NAND 01295 SNT43EN
AcUiLlé4 1E20=0T710 2 IC—OIGITAL 93L220C TTL L QUaD 2 07263 93L220L
A3uUls LB20—UsTe IC-DIGITAL SNT4L75N TTL L D=TYPz 01295 SNT4LTSN
Alule 1820=-0778 IC-DIGITAL 93L16DC WTL L BIN SYNCHKOD £7263 93L160C
A3ULT 1a20—05es IC~0IGITAL OMT4LUZN TTL L wUAD 2 NULK 27014 DMTaL 02N
Asujia 1320-05%6 IC—DIGITAL DMT4L 74N TTL L DUAL 2T0L4G DH#T4L T4N
LETR L) lg20-usa2l IC~UIGETAL SNT434N TTL QUAD 2 NaNo 0LF5 SHTSZ6N
PETEN] 1820=-0710 IC=OIGITAL 93L220C TTL L wUAd < 0T2ed 93L2200
A3U:] Le2G=uE7e IC-DIGITAL SNT4LTSN TTL L O=TYpE 01295 SNT4LTaN
Asu22 lazu-ulTa IC—DIeITAL 93L1EDC TTL L EIN 3YNCHRU oy P S2Llent
A3UZ3 NEN WGl USED SRLFD NSN
AsUZg 47410~00130 1 Pala BOARD, BLANK ZeaED 47210-00130
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Table 6-3. Replaceable Parts (Continued)

Section VI — Replaceable Parts

Model 59313A

m.r Mfr
Reference HP Part Qty Description Mfr Part Number
Designation Number Code
e #7310-60110 1 BUTTUM PuC. ASSEMBLY (FIGURE 6-9) 28480 w73lu-60110
A4Cl 0150-Clel 10 CAPACITOR=FXD .LUF +80=20% SUWVDL CER 56289 SC50B1-CML
A4C2 OL50=0121 CAPACITOR=FXD .1UF +80-20% SOWVDC CER 56289 SC50B1-CML
A&C3 01500121 CAPACITOR-FXD .1UF +80-20% S0WVDC CER 56289 SC5081-CML
AbL s Uls0=0134 2 CAFPACITOR=FXD 220PF +=5% 300WVOC MICA 72136 ROM15F22143C
A4CS 0L60—0134 CAPACITOR-FXD 220PF +-5% 300WVDC MICA 72136 RDM15F221.43C
A4LCE O0lo0=2208 4 CAPACITOR=FXD 330PF +=5% 300WVLC MIZA 72136 ROM15F33143C
ASCT Ule0=3465 1 CAPACITOR=FXD .04TUF +=10% SOWVDC POLYC B44ll 463UNSTAGREWZ
A4LCH 0160=2204 T CAPACITOR=FXD 100PF+-58 300WVDC MICA U023 ROM15F101J3C
A4ly 0150-01:1 CAPACITOR-FXD 1UF +80-20% S0WVLC CER 56289 SC5081-CML
A4L 10 0l50-0121 CAPACITOR=FXD «1UF +B0-20% SOWVDC CER 56289 SC50B1-CML
A4C11 0l60-2218 1 CAPACITOR=FX0 1000PF +=5% 300WVDC MICA 26480 0ls60=-2218
A4CL2 O0l40-0197 1 CAPACITOR=FXD 1HOPF +=5T% 300WVDC MICA T2l3e OM1S5FLELJOS00WY ICR
A4L]3 glac-202s ? | C:FXD ELECT 3200 UF +100-10% 25VOCW 00853 505
A4CLe 0150=-0121 CAPACITOR=FXD .1UF +80-2C% SOWVDC CER 56289 5C5081-CML
A4L 15 0l80=-2060 1 CAPACITOR-FXD 40UF+-20% 1O0VDC TA 56289 1500406X001082
AsCle 01500121 CAPACITOR-FXD .1UF +80-20% 50WVDC CER 56289 5C50B1-CML
ALC1T 0l5u=0L2l CAPACITOR=FXD «l1UF +80-20% S50WVDC CER 56289 SC50R1-CML
A4L18 0L80-1T739 2 CAPACITOR-FXD 250UF+75-10% SOVDC AL 56289 39025TG050HES
A4C19 0180-1739 CAPACITOR=FXD 250UF+75-10% 50vDC AL 56289 39025 TGOS 0HE &
A4C 20 0l80-0183 2 CAPACITOR=-FXD LOUF+75-10% 5S0VDC AL 56289 3001066050082
AaC21 Cl80-0183 CAPACITOR=FXD 10UF+75-10% 50VDC AL 56289 30D1066050C82
Aal2s 0150-0121 CAPACITOR=FXU 1UF +B80-20% 50WVDC CER 56289 5C5081-CHML
A4L23 0156-0121 CAPACITOR-FXD «lUF +B0-20% SOWVOC CER 56289 5C50B1-CHML
ALC24 0l60-0T7Te 2 CAPACITOR=FXD 1500PF +-=20T 1000WVDC CEk 56289 COZ3BLOZFL52M525—COH
AsL 25 0L&0=UTT76 CAPACITOR=FXD 1500PF +-20% 1000WVOC CER 56289 CO2Z3B102F152M525—C0H
A4C 26 0L60-2208 CAPACLTOR=FXD 330PF +=5% 3100WVGC MICA 72136 RDM15F33143C
A&4C2T ulep=2208 CAPACITOR=-FXD 330PF #4-5% 300WVDC MICA 72136 RODM15F331J3C
A&L 28 0l60-2208 CAPACITOR=FXD 330PF +=5f 300WVDC MICA 72136 RDM15F331J3C
A4l 29 0160-2204 CAPACITOR=FXD 100PF+=5% 300WVDC MICA 09023 RDM15F101J43C
A4LC 30 0160=2204 CAPACLITOR=-FXD LOOPF+=5% 300WVDC MICA 09023 ROMISF101J3C
A4C3l 0160=-2204 CAPACITOR~FX0O 100PF+-5% 300WvDC MICA 09023 RODMLISFLO1J30
A4C3Z 01l60=-2204 CAPACITOR=FXD 100PF+=-5% 300WVDC MICA 09023 RDM15F101J2C
AsL33 0le60=2204 CAPACITOR=FXD 100PF+-5% 300WVDC MICA Dw023 ROMLSFLOL1J3C
A4C34 0l60=2204 CAPACITOR=FXD L1O0PF+-S% 300WVDC MICA 09023 ADM15FI01J3C
A4LC3S 0l60-2198 1 CAPACITOR=-FXD 20PF +-5% 300WvDC MICA 72136 RDM15C200J43C
A4LRL 1901-0053 & LIODE=GEN PRP 30V 150MA 0OD-T7 07263 FD34dy
AGLCRE 1901-0053 DIODE=GEN PRP 30V 150MA DO-T 07263 FO 3l
AWLR3 1901-0053 DIJDE~GEN PRP 30V 150MA DOD-T 07263 FO34L4L
AaCR4 19010053 DICDE—GEN PRP 30V 150MA DO-7 07263 FD3bhk
AslRS 1902-05685 1 DIODE=~INR 9V 2% DO—T7 PD=.5W TC=+.001% 04T13 5 12169
AsCRS 1301-0053 DIODE-GEN PRP 30V 150MA DO-T 07263 FD 3ty
AGLRT 1901-0053 DIODE=GEN PRP 30V 150MA DO-T 07263 FD 3k
AwCHE 1901-0028 5 DIDUDE-PRW RECT 400V TS0MA DO-29 04TL3 SR1358-9
A4CR9 1901-0028 DIODE~PRW RELT 400V T750MA DO=29 04713 SR1353-9
ASCR1OD 1901-03¢3 1 DIDDE-MULT FULL WAVE BRIDGE RECTIFIER 04713 SDA 10185=-3
A4CRL1 1901-0028 DICDE-PRW RECT 400V 750MA DD-29 04713 SR13I58=-9
AWCR12 1901-002z8 DIODE—-PRW RECT 400V T50MA DO-29 04Tlz SR135&-9
A4CR13 1901-0028 DIODE=PRW RECT 400V TSOMA DO-29 04713 5R1358-9
AGJdl L251=-2025 CONNECTOR=-PC EDGE 24-CONT/ROM 2-ROWS T1785 252=24=30=340
2200-014T SCREW=MACH 4=40 .5=IN-LG PAN—HD=POZI 28480 2200=0147
2340—0006 HUT-HEX=DBL=CHAM 4—40—=THD .094~THK 28480 2340-0006&
Aig 32 1251-3958 COMNECTUR LO-PIN ™ POST TYPE 27264 22-10-2101
Awd3 1251-3958 CONNECTOR 10-PIN M POST TYPE 27264 22-10-2101
Abdé 1251-395%8 COUNNECTOR 10-PIN M POST TYPE 27264 22-10-2101
A4 ds 1251=3964 CONNECTOR 3=-PIN M POST TYPE 27264 22-11-2041
AsJb 12510664 1 CONNECTOR &=PIN H RECTANGULAR 91662 00-8129=006=-4610-001
AadT 1251-3958 CONNECTOR 10-PIN M POST TYPE 27264 22-10-2101
AbJR 1200-0473 SOCKET-IC 1&6=CONT DIP-SLDR 78303 C931602
A4aMP 2 47310-00050 1 HEAT SINK BRACKET 28480 4T310—-00050
2200-0107 & SCREW=MACH 4=40 .375-IN-LG PAN-HO-PODZI onooo 0BD
2340-0006 NUT=HEX=DBL=CHAM 4=&40~THU .09%4=THK 00000 0BD
23600115 SCREW—MACH 6=32 .312-IN-LG PAN=HD=-PDZI 00000 0BD
A4MP3 4T7310-00060 1 POT ALIGNMENT BRACKET 28480 4T7310-00060
Asg] 1855=0406 8 TRANSISTOR J=FET P-—CHAN D-MOOE S1 32293 IT110
A4Q2 1855=0400 TRANSISTOR J=FET P-CHAN D=MODE S1 32292 17110
L ETVEY LE55=0406 TRANSISTOR J=FET P=LHAN O-MOOE S1 32293 IT1i0
Aspidiy 1855-0406 TRANSISTOR J-FET P-ChAN D-MODE ST 32293 ITL1O
AsdS 18550406 TRANSISTUR J=FET P=CHAN D-MODE SI 32293 ITi10
Aadb 18550408 THANSISTOR J=FET P—=0LHAN U=-MO0E S1 32293 IT110
AT 1355=-0406 TRANSISTOR J=FET P-=CHAN D-MODE SI 32293 I1T110
A4yl 1855=0408 THANSISTOR J=FET P=CHAN D=MODE S 32293 17110
A4y 1854=0263 1 TRANSISTUR NPN 2N3019 SI TO=5 PO=80O0MW 04713 ZN3019
AuR ] UaYB—L9TT 9 RESISTOR 30K .1T .12% F TC=0+=-25 Lhbae NESS
Al 2 O628=063356 - HESISTOR 6.8K AT 1254 F TC=04=-2%5 24 548 NESS
A4k 3 0698=6624 5 RESISTUR 2K 1% .125W F TC=0+=25 24546 NESS
A4Ra Us98-a191 T RESISTOR 12.5% .12 .125W F TC=04-25 19701 ME4LL/B=T9=1252-8
Asdh Uod3=1033 KESISTOR 10K 5T L25W FC TC=—400/+T700 01121 Calo3s

See introduction to this section for ordering information
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Section VI — Replaceable Parts

Model 59313A

Table 6-3. Replaceable Parts (Continued)

o Mfr
Reference HP Part Qty Description Mfr Part Number
Designation Number Code
AGES 2100=3161 a8 HESLISTOR=THMR 20K 10% C SIDE-ADJ L7-TURN 32997 3006P-1-202
A4HT 06F8-0FTT RESISTOR 30K 1% .1254 F TC=0+-25 24548 NESS
A4k Y 069865620 & KESISTOR 150K 1% 1250 F TC=04-25 03L88 PMESSS
AsRY £100=-3161 KESISTUR=TRMR 20K 10% C SIDE-ADJ 17-TURN 32997 3006P=-1-203
A4 10 UL98=6977 KESISTOR 30K .1% .125d F TC=04-25 24546 NESS
AsH L1 UeFE—6336 FESISTOGR 6.8X 1% .125W F TC=0+=25 24544 NESS
A4 12 UBFE=B624 KESISTOR 2K 1% .125W F TC=0+-25 L4546 NESS
AdK13 O698-6191 RESISTOR 12.5K 1% L125W F TC=04-25 19701 MF&CL/8=T9=1£52-8
A4 14 0683-1035 RESISTOR 10K 5% .25W FL TC=—400/+T00 01121 CBl10O35
A4RLS £100-3161 RESISTUR—=TRMR 20K 10% C SIDE-AUJ 17-TURN 32997 3006P=1-203
A4 lE 06986977 RESISTUR 30K «1% 1254 F TC=0s+-25 2abbb NEES
AHRRLT 0e98=-0620 RESISTOR 150K +1%T «125W F TC=0+—25 [eE.1.0:] PMESES
A4R1B 2100-31s1 HESISTOR-TRMR 20K 10% C SIDE-ADJ 17-TURN 32997 3006P=1-203
A4k 1Y O&FE~HTT RESISTOR 30K 1% .125W F TC=0+-25 24546 NESS
A4RZ20 0698=06336 KESISTUR &.8K 14 .125W F TC=0+-25 24bhie NESS
Adr 2l LT E-bbes RESISTOR 2K 1T 1254 F TC=04-25 2iashb Neb&5
Ad4R 22 Q698-b191 RESISTOR 12.5K «1%8 4125W F TC=04-25 19701 MF&4Cl/8~T9=1252-8
Auk 23 0683-1035 RESISTUR LUK 5% .25W FL TC=-400/+T0OU 01121 CBl035
AsR 24 2100-3161 RESISTOR-TRMK 20K 10T C SIDE-ADJ 17-TURN 2997 3006P-1-203
A4k 25 06986977 RESISTOR 30K o1% 125 F TC=0+-2°% 2uS4b NESS
Ask 26 Uedn-4620 KESISTUR 150K 1T 125w F TC=04=25 Oiaes PMESS5S
Aar T 2100-3161 RESISTOR-TRMR ZOK LUZ C SIDE-ADJ 17T-TURN 32997 3606P~-1-203
A4r B 0658=09TT RESISTOR 30K .1% 125 F TC=0D4-25 2abh4b NESS
A4p29 069E—0336 RESISTOR &.8X 1% .125W F TC=04=25 24546 NESS
A4 30 06986624 RESISTOR 2K 1% .125W F TC=0+-25 245448 NESE
LELES 0698-8191 RESISTOR lZ.5K 1% .125W F TC=04-25 19701 MFaCl/8-T9=1252-B
AR 32 Coe83-1035 RESISTUR 10K 5% .25W FC TC=—400/+706G0 01121 CBlO35
AqP33 2100-3161 KESISTOR-TRMR 20K 10% T SIDE-ADJ 17-TURN 32997 3006P=-1-203
AR 3s 0698-69TT RESISTOR 30X 1% 1250 F TC=0+-25 24546 NESS
A4R35 De9B=0b20 REEISTOR 150K .1% .125W F TC=0+=25 o3g8a PMESSS
ALK 36 2100-3161 RESISTOR=TRMR 20K 10% C SINE-ADJ 17-TURN 32997 3006P=1=-203
Aln 3T 06F6=3442 1 RESISTUR 237 1T .125W F TC=0+=100 16299 C4=1/8-TO=23TR=-F
A4R 38 GeFE=TH4T 1 HESTISTUR Lla111K 1% .125W F TC=0+=25 19701 MF4CTI/B=T9=1111R-8
ALRE 39 D6FE=To34 1 RESISTOR 42.2K 1% .125W F TC=0+-25 19701 MF&4Cl/u=T9—4222~F
AL 40 0757-0199 1 HRES1STUR 21.5K 1% .125W F TC=0+-100 24546 Cé4~1/B-TO=2152-F
R4l ObY8-5556 1 RESISTUR 343K 1% 125 F TC=0+=25 24546 NESS
AhR42 0eFu=6977 RESISTOR 30K .1% .125W F TC=0+4-2% 24546 NESS
A4k 43 0T5T=0273 1 RESISTUR 3.01K 1% L125W F TC=0+-100 24548 C4=1/6-TO=3011-F
A bd Go9B-A191 FESISTOR 12.5K .12 .125W F TC=0+-25 19701 MF4C1/E=T9=1252-8
AR a3 Oe98=-3191 RESISTOR 12.5% .1T .125W F TC=04+-25% 19701 MFall/6=T9=1252=-8
A4Rb g 0757-0290 2 FESLISTUR 6.19K 1% .125W F TC=0+=100 19701 MF4C1/RB=T0=6191-F
ALR4T UbB3=-1035 RESISTOR 10K 5% +Z5W FC TC=~400/4700 01121 CBlo3s
AsR 48 0683-1035 RESTSTOR 10K 5% .25 FC TC==400/+T700 01121 CB1a35
A4l o9 0683-1035 RESISTOR 10K 52 .25W FU TC=—400/+T00 01121 CBlO35
A4RED 0683-1035 RESISTOR 10K 5% .25W FC TC=—400/+700 0l121 CB1O035
AaR51 Oed3=-1035 HESISTOR 10K 5% .25W FC TC==400/+T00 01121 CBlO3s
A4R 52 0698=0624 RESISTUR 2K 1T .125W F TC=04-25 24548 NESS
A4R 53 £100-3083 1 RESISTUR=TAMR 500 10% C TCP-ADJ 20-TURNS T3138 b5WR500
A4H 54 2100=-3534 1 ReSISTOA s WAR 100 UHM £B4A0 2100-3524
ARRES O6d3-F615 2 RESISTOR 560 % .25W FC TC==400/+600 01121 Cass15
A4RSE Us9B—-6u362 1 KESISTCR 1K 1T 4125W F TC=04-25 24546 NESS
A4RST CoFe—aibl 1 RESISTOR BK .1% .125W F TC=0+=25 245kt NESS
A4R S8 0698-6530 1 RESISTUR 2uUK .1% .125W F TC=0+-25 24546 NESS
AWREG Jo96=6627 1 RESISTOR 25K .1% .125W F Ti=0+-25 24546 NESS
LELT ] 068 3-1035 RESISTOR 10K 5% L25W FC TC=—400/+T00 ailz1 CBlo3s
A4RE1 075 T-0cR9 1 RESISTOR 13.3K 1% .125W F TC=0+4-100 13701 MF&C1/6=Tu=1332~F
A4Ro2 075T1-0280 Z FESISTOR 1K 1T .125W F TC=0+-100 24546 C4=1/8=-TO=L001~F
AsR&3 J698=-3154 1 RESISTUR %.22K 1% .125wW F TC=0+=-100 15299 Ca=1/8=TO-4Z221i~F
AdeK by BeYE=41el 1 RESISTUR 11.3K 1% .125W F TC=0+=-100 16299 Cé4=1/8=T0=1132=F
A4RED 0&678-8191 RESISTOR 12.5K .1T .125W F TC=04=25 19701 MFE4CL/E=TI=1252~8
Asr oo ObB2-3625 RESISTUR 546K 5% +25W FL TC=-400/+700 01121 CRS625
A4R&T DaYE-6353 2 RESISTUR 50K .12 41258 F TC=0+=-25 03a8s PMESSS
AGR 6R LHFE=6353 RESISTOR 50K .1%f .l25 F TC=0+=25 n3sea PMEESS
AbdRoY UsE3-5625 HESISTOR 5.6K 5% .z5W FC TC==400/4700 oLzl CB5a25
A4HTOD Des3=-55625 KESISTOR 5.6K 5% .25W FL TC=—4GO0/+TU0 01121 Case25
AarTl Deb3~E6zs RESISTOR 5.6K 5% .25W FC TC==400/+700 61121 CBS5625
LELE UEB5=5645 HESESTOR S.6K 5% .25W FC TC=—4C0/+700 01121 CB2625
A4r 13 GoFB=4009 1 RESISTOR 50K 1% 1254 F T(=0+-100 18299 Ca=1/8-TU—5002~F
ALGR T4 U633=55625 RESISTUR 5.6K ST .25W FL TL=—400/+700 01121 La5als
A4R 75 Obe3=-1035 RESLISTOR 10K 5% .25W FZ TC==400/4700 01121 CB1035
A4R TS UTS7-U2E4 1 HESISTCR 150 1% .125W F TC=0+4-100 24546 C4=1/5=-TO=1%i—F
AGRTT UeBa—-5625 HESISTOR 5.0K 5% .25W FC TC==400/+700 wlizl Chhblh
Asn 73 QoB3=5625 RESISTUR 5.6K 5% .25W FC TC==400/4700 GL1Z1 CB5625
A4RT9 Ood3-£55615 AESISTOR 560 5% .25W FC TC==400/4600 0llzl Cis5615
AL BD LUIaT=0280 RESISTOR 1K 1% .125W F TC=0+-100 24546 C4=1/8-T0-1001-F
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Section VI — Replaceable Parts
Model 59313A

HP Part ot Mfr
Reference Qty Description Mfr Part Number
Designation Number Code
AdH BL 2100-3097 1 RESISTOR-TRMR 100K 10% C TOP-ADJ 73138 H6HR 100K
A4R B2 0633-0515 2 RESISTOR 5.1 5% .25W FC TC=—400/4500 ol1z1 CE51G5
A4RE3 0683-0515 RESISTOR 5.1 5% .25W FC TC=—400/4500 01121 Ch51GS
A4R B4 Ce9B=4409 2 RESISTOR 127 1% .125W F TC=0+-100 1629% C4=1/6-TO-12TH=-F
A4 B5 0757-02%0 KESISTOR 6.19K 12 .1254 F TC=0+-100 19701 MF4CL/3=TO=6191~F
A4RBE 0683-3315 1 KRESISTOR 330 5% .25@ FC TC=—400/+600 01121 CE3315
A4RET UaFE—4405 RESISTUR 127 1T .125W F TC=0+-100 16299 Ca=1/E=TO=12TH~F
A4R BB 0T5T-0389 1 RESISTOR 33.2 1T L1254 F TC=0+-100 24548 L4=1/5-T0-33R 2-F
A4UL 1820-1056 2 IC-0IGITAL SNT4132N TTL QUAD 2 NAND 01295 SNT4132N
AsUZ 1820-0583 IC-DIGITAL OMT4LOON TTL L QUAD 2 NAND 27014 DMT4LOCN
A4U3 16200567 IC-DIGITAL DMT4LLON TTL L TPL 3 NAND 27014 OMT4L 10N
AsU4 1820-0514 1 IC-DIGITAL SNT42&éN TTL QUAD 2 NAND 01295 SNT&ZeN
A4S 18260059 4 IC LM ZGlA OP AMP 27014 LMZ0 1AH
A4lUs 1820-1056 IC—OIGITAL SNT4132N ITL QUAD 2 NAND 01295 SNT4132N
Aaut 1820-05%8 IC—DIGITAL GMT4LT4N TTL L DUAL 27014 UMT 4L T4N
A4UB L820-06e1 IC-DIGITAL SNT438N TTL QUAD 2 NAND 01295 SNT43EN
Rr4UT 1820-059¢ IC-DIGITAL DMT4LT4N TTL L DUAL 27014 MY AL 14N
A4UL0 1826-0026 1 IC LM 311 COMPARATOR 27014 LM3L1H
asU1l 1820-04 78 1 IC LM 308 OP AMP 27014 LM3CEH
A4UL2 1826=0059 1S LM 201A OP AMP 27014 LM201&H
AsU13 LB20—0584 IC~DIGITAL DMT4LOZN TTL L QUAD Z NOK 27014 DMT4LOZN
A4Ul4 1820-0583 IC—DIGITAL OMT4LOON TTL L WUAD 2 NANU 27014 DMT4LOON
AslILS 1820-0583 IC-DIGITAL DMT4LOON TTL L QUAD 2 NAND 27014 OMT4LOUN
Aalls 1B820-05%6 IC—DIGITAL DMT4LT4N TIL L DUAL 27014 DMT4L TaN
Asl1A 1826=0043 7 IC LM 307 OGP AMP 2Tuls LM30TH
A4U19 1826~0043 IZ LM 307 OP AMP 27014 LM3OTH
A4UZ0 18260059 IC LM 201A GP AMP 27014 LMz01AH
AsliZ1 1820-0043 IC LM 307 0P AMP £T014 LM30TH
AGU22 1826=0043 IC LM 307 UP AMP 27014 LM207H
Asuzd 1826-0059 IC LM 201a CP AMP 27014 LM201AH
A4l 2éy 18260043 IC LM 307 OP AMP 27014 LM30TH
Auis 1820-0430 1 IC LM 309 ¥ RGLTR 27014 LM309K
AsU26 1826-0140 1 IC MC 1468 ¥ RGLTR 04712 MCL4sak
AaU2T 1a26-0043 IC LM 307 0P AMP 27014 LM30TH
A4l2z8 1826-0043 IL LM 307 OP AMP 27014 LM30TH
A4U 29 &T310-00110 1 Pele BUARDy BLANK 28480 47310-00110
0360-1730 IERMINAL=STUD SPCL=STDF PRESS—-MTG 00779 P75-31131-1
41310-90110 SCHEMATICS ZH4H0 47310-90110
3 SHEETS
T T8205~63060 JUMPER 284580 TEZ05=-c3060
[T T8£05-63060 JUMPER 28450 TB205~63060
Abw3 18205=03060 JUMPER 28480 TA205~63060
Aaha 13205-63060 JUMPER 28480 78205-£3060
A4WE 18205-63060 JUMPER, 23480 T8205-63060
Aans T8205-03060 JUMPER 28480 T8205-63060
AaWT 1820503060 JUMPER 28480 TE205-£30L0
A4WE 78205-63060 JUMPER 28480 T8205-63060
AS 47310-60140 1 INTERCONMNECT P.C. ASSEMSLY (FIGURE 6-8) 28480 47310-60140
ASJ1 1251-2025 CONNECTOR=PC EDGE 24=-CONT/ZHOW 2-RUWS TLT8S 252=24-30-340
22000147 SCREW=MACH 4—40 .5—IN-LG PAN=HD=POZI 28480 2200-0147
2340-0006 NUT=HE X=UBL-CHAM 4—40-THD oU%4=THK 28480 2340=-0006
A5MPL 1251-1115 1 PLZG KEY=PRINTED CIRCUIT CONN 71785 456=0T-35-003
ABU] 4731000140 1 Pele BOARDy sLANK 28480 47310-00140
A& 4T310-63498 1 ACCESSURTES FOR 473104 28480 47310-53498
aT710-0875 1 SCREWDR IVER GoO00 B
4731 0-81998 i PROCRAMMING LABEL
50313-01999 ' BINS, DPERATING AND SERVICE MANUAL 59313-91999
8120-1395 1 CABLE ASSEMBLY (8 FT)
1251-3759 i ADAPTER: BNC JACK TO TELEPHONE PLUG 28480 1251-3759

See introduction to this section for ordering information



Section VI — Replaceable Parts
Model 59313A

Table 6-3. Replaceable Parts (Continued)

H _— fr
Reference P'Part Qty Description M Mfr Part Number
Designation Number Code
OPTION MO,
001 OPTION OOLIFRONT PANEL, WHITE)
47310-£0010 1 FRUNT PAMELs WHITE 28480 4T310-£0010
DELETE:
47310-60011 FRUNT PANELy GRAY
OPTION 003 (30" POWER CURD)
003 8120-1900 1 CABLE, CEEZZ=CEEZZ 16428 0BD
CELETE:
Bl20-1992 1 CAELE ASScMALY (8 FT.)
OUPTION UGy (230V JPERATIOND
009 2110-0234 1 FUSE J1A Z50V SLO-BLO 1.25X.25 UL IEC T1400 MOL 1710
DELETE:
21100255 FUSE 42A 250V SLO—ELD 1.25X.25 UL TEC
GPTION 030 T30% NeMA/CEE PWR CDJ
030 8120-19%6 1 CAKLE ASSEMALY, 30", NEMA TO CEE 16428 0BD
DELETE:
8120-1992 CASLE ASSEMBLY (8 FT.)
OPTION 034 (MOUNTING,HALF—RODULE
034 UTBL4-00320 1 LHANNEL STLP 26480 0T804=00320
£310-0102 1 SCREW=-MACH H=32 .275-IN-LG 100 DEG 284H0 2510~ul02
18101-25010 1 CLIP 28480 TELO1=-25010
2360-0015 Z SCREW=MACH =32 1l.12% IN-Ls RO=HO=SLT L3480 2360=0015
CPTION U3BLE" PWR CORD,CEE-LEE)
038 8120-2133 1 CABLEs AC CEE=22(244 MeTERS) 16428 08B0
DELETE?
8l20-1992 LABLE ASSEMGLY (8 FT.)
OPTIDON uz9(RACK MOUNT FOR
SINGLE MODULE, (WHT PAINT ONLY)
039 47304-00100 2 RACKING SPACER 28480 473046=00100
23660117 “ SCREA—MACH £=32 .3T5-IN-LG PAN-HD-POZL 8480 2360-0i17
/& SCREWS
2510~-0049 4 SLHEW=MACH 8=32 .5=IN-LG PAN—HD-POZI 28480 2310=00449
1/2 SCHEWS
47304=-20010 2 RALKING cAR 28440 @ T304-20010
£190—0T58 “ WALHER=FL MTLC NOW=8 J1T1-IN-I0 .S=IN-OG 28460 ZA90=0 e e
2510-0051 - SCHEW=MACH B=32 .6.5-IN-LG PAN=HD=FDZI 28480 £510=0051
25B0-0006 4 NUT—HEX—W/LEWR A=32-THD .125-THK 78149 KEP511-061600-00
OF 1] or
090 8120-1351 1 CABLE ASSY MGP=JKT 28480 A120-1351
DELETE:
BE120=1992 CAELE ASSEMELY (B FT.)
UPTION D92 (4 EUROPEAN PWR CORD)
092 ©vl20-16d9 1 CAGLE ASSY 3-COND 000 TK =02 311
UELETE:
8120-1992 CASLE ASSEMALY (8 FT.)

6-12 See introduction to this section for ordering information



Section VI — Replaceable Parts
Model 59313A

MP1
MP10
51 Ds1 DS2 MP11

F CHANNELS 1
1 2 3 4
ZERD GAIN ZERO GAIN ZERD GAIN ZERD GAIN

HP.IB MODULE

ATMP7-10 MP2 MP3 MP4  MP5 MP6 MP7 MP8 MP9

Figure 6-3. Component Locations, Front Panel Assembly ATAT

VOLTAGE SAECTOR

o LINE 115/220V £+ 10%

’ 50760 Hr—18 VA Max

-
N SERIAL ND

CHAN 2 CHAN 3 CHAN 4 AYS ExT
INPUTS CHAN  START
- -

J3 MP2 J4 J5 J6 J7
C35

Figure 6-4. Component Locations, Rear Panel Assembly A1A2
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Model 59313A

U1\ MP3  MP4 MP1
\ j=—
|

1[_RIRESPACK | }_

1[___R2RESPACK | =

Figure 6-5. Component Locations, Interface PC Assembly ATA2A1
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Model 59313A

@
m
=
o~

Figure 6-6. Component Locations, Top PC Assembly A2

615



Section VI — Replaceable Parts
Model 59313A

1, ON
SOLDER PR —
SIDE i |

B

24, ON / vl

SOLDER SIDE

...,_i:fa‘ ]

Figure 6-7. Component Locations, Middle PC Assembly A3

MP1

A, OTHER SIDE

TO TOP BOARD J1

2TELE ,k«!gggsg gp “”’”

TO MIDDLE b -
BOARD P1

o,

TO BOTTOM BOARD J1

P1

1, OTHER SIDE

Figure 6-8. Component Locations, Bottom PC Assembly A4

604 mri'

4731060130




Section VI — Replaceable Parts

Model 59313A
INPUT
J3TEST R73 (HIDDEN) ~RANGE SELECTION CHANNEL

sy

SN ETITERR Y RYRE

>

L1 255 (@]

MP3

d

B

o) ALl

C24 (HIDDEN) R82 (HIDDEN)

Figure 6-9. Component Locations, Interconnection PC Assembly A5
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A4 BOTTOM P.C.BOARD

=

Qs
| {47310-60110) Lol
IN T
R4 %[zEro 1]
| Rl 30K 12.5K R9 20K L q3g +1.2 AT —FULL SCALE as
| i Wi =1V —w +iv Pl ngs;#g;zse +5,9 AT OVOLTS IN 2
| |re 6.8k YEL C6 330pF ow 034 100pF +10, 7 AT + FULL SCALE
— A = Y RES
| JLERL g he e 12,5K j o {
| &a ew 1 D/E]\s 3 U3-10(TP)
. A RES +15V -
ol 8 RE  RT £9.5 SIGNAL INVERTED (T A-T0-D CONVERTER)
el T e 20K 30K g co, " el
(et ) I , o cps i
= '<‘(j VA J4-5 +L.05V 415y 17
T | & VA (TP} 720 uz rsnasll
10K =
| rio sox 125K oL -y SATEL (LcH) g LT . NEGATIVE ®
"WA— HI € .5 -wi?\owe&ﬂv 215K 3 +i5V “\J OVER RANGE RE2
I t : CLAMP I
I | RIl 6.8K YEL C26 330pF cw VA .
Rz Bl [camz]m  Llg; 10K w7
lid Lo 2 50k GATE2 _ (LCH2) 2/'3 HeoH2
ow Q2 J3-4(TP)
| Va - 0 5 +18y '\J
alaz 12 N, fal ¢ RIS RIE Thav
Tchanz) e dill = Rid W 20K 30K wips fees w7 POSITIVE —
B /h—o——l—‘l-—l—( 10K -5 J?r;z & GATE3 _ (LCH3) m/]n HCH3 OVER RANGE 4,22k
| G‘j +8v (TR A P * > J3-5(TP) CLAMP
¥ A +isV N RE4 :'
[zZERo3] 113K .
: RI9 30K - e i Tg; uiz RET )
e —AM— HI Qs
[NpPuUTS & 8 L) HOH4, P
I R20 6.8K YEL 3 JI-B(TP) o 5
| £15v | —— Wi~
Lok | | |r2r 2 SELECT Rite Ly
] & *+ Gtz Ghanit K3 . R4l . B
| wa ca - s il 5[ I s[ RARNEL Ve 3k
Alaz 13 o m( i RORE 8 5 9 5 RST TOZOERO R44 +15(,01)v
=5 = - — |- 3 POTS
Toians] ¥ LT Re3 20K 30K 2 2] 2 B BK 3 i 129K -3.5VREF +I8V e
oo P 10K 44-3 G i 1 s2 +SY 2
A== —, ﬁ sy VTR A us Uy | ulé uls R3T2  roal o-| SV R42 7 2K
| | G A | 2373 (i T 2 | 30K & '
| LE] A
R3I #[ZERDS lcT_ [ES al o 1 s ] ok 3 U _p1o?
| res 30k i 12.5K R36 20K v R53 P
—A——3 WA =1V —— AWM | 3 2
| L R25 6.8K )_|:§L C28 330pF oW {Ji-Y RST LI 5003 - 4 % A
| —wm—> v CAL ! -I5¥ J4-6 | REB RS54
R3O 2K HDI4 HDI3 HDIZ HOTI (TR} lod
l 1 > : s R3B2 w R43 332 jou Q
> W —AAA-
| va s CHANNEL SELECT GHANNEL | ASCIT Liks 2 SOk rss b | | U
alaz J4 % ; & - 2 X X X X D4 D3 D2 Ol NOME | @ DOOD VA VA A 5605 CRS
FonAna) | L R32 HDI BIT HI TURNS GN GHANNEL | | ©odl W2t
il | 10K WITH THE SAME NUMBER & 2 B8R
- o REFERENCE VOLTAGE
| [ A ¥ 4 0100
| 4 a Iooo
alaz IS e | wire |, Fou REE RESET AT POLL S0 5RQ
[RVS CHAN) | = 330 B0V, 200 mA MAX INPUT LINE IS RELEASED
LD J1-21 REV CHAN = ON= 0,2V
OFF = FLOATING POWER SURPLY YeL 44
I J—)M—‘_NTF'! |"')>‘—< (TP}
Az 16 | WIRE , , FoiL ’ ~15V(TR) gpsp -t ENABLE SRY 2 1
TExTsTART || Y <€ < or-22 JLea Jezs 4 59
(EaFHANT, | o o1 XcRs ~15V 6OmAT u3 8
i . Ji-g 3 HDATA READY ol u2 B
L (" A i n I00mASC. 7
—-———————-—-————I RE3 s A8z YEL SET RST
RAT § 3 J4-10(TP Pri-¢
TALKER ) i 1543 4] . . 35 |—-) (TP l—)
; 2 é 5 45 . -3 415V £.01 (TP) 4T I
€ Wy +av ca24 ) | R8I +] cz0 1 cez 2 <l
MGD [ uiz 5 r{__' 2+ fEL" 8 LTI00K o a.l CRY +15V BOmAT 13 3
=1 e ~Tia wravkcnaTh 0015 i 3 g 100mAS.C. e 5
4< IR 013 H5V g VA A A 2| U2
AlAIDS2 c28 ADJ 4
37-7 e—
] 1C U3
i TR} LRES
| [isvAms T s <0015 U26 26,19k :
W-BK-GY = +25yv VA
PHASE . 4 e J2-3
Lcas | + = L H TALK-NATN (TP)
AlA ] :
_ “?N T T.o1 | aazri,xe | =8 =R CI6 =82 : s Resov =
R B [li5v 200maT | | (i 250 | 0.l af VIS P30 source o
i s - 1230V 00maT | SRIO_Jm ;i é AG(TF)
[ LINE 1157230V £10% | | 18 i et e 7 va L)“,“m fiot L -
[ BVEOHE~OVAMAX. ax « AITH _|(_ il HGIS g e
2
Al42 5| -25y L SERIAL POLL ACTIVE
VoLTAGE 1 w-A i .ﬁ_;? -
LSELECTOR | J7-8 s THIS DEVIGE BEING POLLED,
LECT L SPE/SPD RST SRQ & SEND DIOT
B & & J7-10 J7-8 1 HDI7 VALUE
~ ;
R 4 alt ‘t'TEP"'? \TP> 425mAT
L Ll VTP [ 2asc, HDT3
15y a2 . <
e L 5 €1— 1 N OUT +[ yhoed HDIZ LE L SERIAL POLL MODE "
ZRCI3 ==cis cis CRI3 £
on 5 criz 3200 | 6.l u2s $40 Ji-88 s1op 5L ATN CLE iz o
i =% i D L SPE/H SPD ot
| > DG (TP HDTI e i
Lo Lez
T +5v Jﬂ? é Ji-23 si-i3y =L 1FR Tou Tor Too
b e o des Ji-aa . Ly
| s = SERVICE REQUEST AND b i

Al&IDSI

SERIAL POLL
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Model 59313A

+5v ;
DUAL SLOPE 2 1 NQIES:
INTEGRATOR 2RT4 L R8o | | . REFER TO PARTS LIST FOR TOLERANGES OF
ot  Siih ghe ALL RESISTANCE AND CAPACITANCE.
+1.2 AT ~FULL SCALE | 1 |
172 SCALE +256 G v
ik i £5.9 AT OVOLTS IN RTE . s | 2. VA INDICATES ANALOG GROUND
+10,7 AT + FULL SCALE 10K ; ud
RES 3 Ji-w L START RAMP/ | 60 * DIGITAL GROUND
12.5K 5 Cor— H RETURN RAMP ,;,
w 3> J3-10(TP) c7 1503 | . CHASSIS GROUND
JL 5
RS9 +1sY 1€ >J3-9(TP) |
+15y
25K res Q7 047 |
+15v LR5B SOk o s e [N R77
>20K g 5.6K '
REI S UM N = & |
13.3K + 8 =
i = JI=X L RAMP ACTIVE
HEH iy NEGATIVE 4 180pF |
? OVER RANGE R?E -5y =L CB c3s |
CLAMP ’]v: 100sF mprg
RT3 A A |
50K
HCH2 s-attel Ak !
4(1p A . 5.6K [
415V 47 W |
POSITIVE REA VA g
HEH3 OVER RANGE 4 22K I
Ty 435 (TR CLAMP R70 2RT2 |
RE4 RES  5.6K uz 5.6K
113K 88K 2 1 |
RET Qb I
HCH4
———>J3-6(TP) :32',‘ o S |
J3-H(TP) [
R562 RTI U4
SELECT 3
X2 el '] i ] Bk 2 2 I
- HS(£,00)y 5 43-2(TP) |
BK 3 ~9,5VREF +3v |
- 3 giz DATA OUTPUT LINES |
RITE ey ©-! s
3 CAL | DUTPUTS —&
237% (LAY 30K
" A c5 DIOE JI-9 i I
¢ 3 220pF pio? || |
— 45V — T
——<a1-Y RST LI 5003+ 12 e Al Tl | —— e e e e —
| e A Hil | [TA1aza1 INTERFACE PINS 3 THRU |
0105 Ji-12
¥ CAL .::_;!6 i | | PC.BOARD 10 {TYPICAL) |
DI04 JI-8 4 | 2
Ragy M T | (47310-60150) .
3 5 3K 6,2K GND
LINK ] rss k DI03 JI-6 - I | INSIDE RI & R2 I
VA VA VA 560% BiEE i (A | (siNeack rac) |
R1
DIOI  JI-B) L | | O : A2 I
REFERENCE VOLTAGE [ I pl[l2z3assresn] [Tesaserssn]|
UI,U6 SCHMITT TRIGGERS M. i, ]
[ g e 10| ]
HDII  di-J : "% < 13)¢ ed I '
| 347 o102
RESET AT POLL S0 SRQ HOTZ  di-H r Ul 14l e N .
LINE IS RELEASED || \ A .
a8 9,10
J2-4 HDI3 JI-F > U2, ff 15| ¢ 0103 " s
H ENABLE SRQ 5 b H | i iz I DI04
J-T . D14 JI-E —-{ 16[———is 4
4 Ui 9 5 | l ,./
N o M DATA READY HOIS JI-N i 5 4.5
t Ji-5 o] U2 ‘.% 5
HBI6  Ji-M | | ‘5'4]"2
| |l N :_n/ 12,13
. iV HOIT Ji-L o U6
13 iz B N
c. (R
2| U2 O PROGRAMMING DATA
INPUT LINES
u3 HOIL2
s " a— INPUTS
i DAV
i =r HDL3 Ji-3 B (€ & M &
i NRFD
« H TALK -NATN (TP) . HOUTPUT HOTS MG ¥ 4 I
il 5 READY HDIS Jic2 NDAC 2 1
5] wis T € dE 1K e
TO SOURCE HDIG J1-B 10 (—-—)IFC 10 > k]
12
HDI4 i HO17 Ji-1 (P PRI P 0
3 ATN
oS L JI-A>— <€ 3> —dcn
J2-5 L SERIAL POLL ACTIVE g SHIELD— 12
(TP} THIS DEVICE BEING POLLED 0105
HDI6 d ® 2
SPE/SPD RST SRO & SEND DIO? D106 Y
HDIT VALUE {1 L 14
DIOT
a & e 15
DIOS
HOI3 — 4 |&———| 4 l s
e
ey & L SERIAL POLL MODE i 7
GND
at-p yL L ATN CLK r u7 <|a +5v 6‘_-( 8 <_+-;,v_> 8 18
o
Mo1| L SPE/HSPD Gy o l 2k il i pins — 1<
2 L L
ER ler Llece Les 19 THRU 23 24
sy L To.! To Tou I \ |_____.,.._______._____
SERVICE REQUEST AND | sazam
SERIAL POLL o g |

Figure 6-10 Schematic Diagram, Bottom Board A4

59313-1

fap — 71
| INTERFACE |
|Bus

(J8,5YSTEM)

— EOL

L— REN
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Section VI — Replaceable Parts
Model 59313A
59313-1
A2 TOP P.C.BOARD
(47310-60120)
CONTROL DECODER
=L [H]‘U‘stzr
HDI| Bl o2 Tou25-12
I STOP
(5% 4], e [ h.r
i ) PR [T []Lr stant PACE
Lo [«]1r EXT START ENABLE SELECTOR
L
M El [ ] " SRQ ENABLE S — y [s] S
M
M []'I_I"SRQ OISABLE iR . e [F] (66l
N | LI REV CHAN ON
:r:oae e [v] s [€] soms
0
pfo I v , (] s00s
s LTIME 5]z
.H-IT(—] T PACER TIME MARK @Iﬂ'—\ 4 [C] 10 mS
5
s2-17 >— o < Mo ]s [8] sms
]
JI-18€— 1 pace sELECT ui7 | e I( Go\ 2 [4] one onLy
3 RIS
J2-18 +5V i [@ wwisir ;Im
475 s2 I S0 EW
Ji-21 ﬁ REV CHAN . 3 ES sl mJ,
9
JE-EI)——] us D
S I oCL+POR
FROM U23-1 p—
LY
PACER & [ prs —'%4 2 J4-5(TP) EXT START
CONTROL Lote — us \& 12 3 J4-10(TP) EMABLE
PREFIX . I v ue 15 Nk
XXDOXXXX 3 ||I 3 I ! ST R vt
> CLE |s CLK ae CLK ol e s ul |l |
uis 2| w0 2| U0 2| un el un 45V 2o 2l e LS 10 Y
HE d ] 3 J4-8 (TP) = ue . uz1 D‘r’—- 2
SET RST SET RST SET RST SET RST 7 RE 8 6,7,10 & 9
Tl LSN CLK *T i |0? ) 4T ] o] i3 10K RST RST
FROM U32-4 * 2 :1 D 2] 6 5 S
8 w7
una
HDI4  HDI3 HDI2 HOT | = 8 |90 s
Jua > . = 1.5 TO 2u$ PULSE AT
0S 8 NEG EXT STAR
PACE SELECT LATCHES PACER DIVIDERS 5
1S RsT
FROM UI2-11 4-3 (TP
.n-zo(—l IuS - | 8 L—3 J4-3(TP)
J2~20)-—T + +5V
R2$ 2RS J4-2 J4-9
J1-BB 6—) 1.82K: 2475 b (Te) PACER DIVIDERS (TP) O s
J1-24 &4 L 3 J4-7(TP) 1048 100 1S 50045
J2-B8 >— ) +5|V— 1 +5|j_ 1" 14 L ] i 14 3| |||
L] 1 L] 2 L] L3 i CLK |s CLK |9
245 > 4 4 : : " "
e TR TS T M ! II s10 |, II L10% : = =" 7 = = 5 n—] 1 > J3-3(TP)
, To.a7To.a7To.arTo.a7 cRz | C4 |8OpF 7] ue [o] 7| us E RII u P v2 P u7 T = Ho 1o
g 3 a2 3 5 3 a a5y ol =5 P2l L] 0 | 5 I o] =5 p2g i
J1=23 &4 Vo R4 475 RST ast [ | HST RST RST ke SET_RST SET_RST
J2-AA >—¢ o 1] 13 D 12 |3I | 3 P E] D zl 31 D 5[ 31 D zl 51 4 mI B
2 - —a
J2-23 h— Ll D o Riz 2uS TO U3OD-3,11 iz
cral  lBuH 3 475 8 U39-3, || vie B
1 LK » J3-2(TP) +5v i ©
JI=X € | RAMP ACTIVE 2 DUW ém s Slue B
RT 5
i : — s u12 e L8]
sz-x>— s b Sun-epmy  WBE—y o ous |12 iy oNCs | s s aue B
ser_AsT| oo 2-18" T \ | AN . :
SIS €] RAMP ACTIVE IuS CLOCK a7 T ok L 1r :‘755
-155—] TM PLUS 475048 Jdi-ie EXT START j
HaedB 10 u2s-4,5 | SHORT PULSE o8 5 2U4-1UTR)
PREVENTION Je-22 Eéz.q
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Figure 6-11. Schematic Diagram, Top Board A2
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59313-1

2TOAS HLSN
|~ DELAY
2% R _rL ATN CLK
¢ 3 | U3z
8
u3 rzus XOIXXXXX L LISTEN PREFIX DECODED
12,3 " _‘"I—Nﬁ AT DAVL i <l
31
o 5] o o i e
1 | LDI?
12 U3l (TP}
13 1 Js5-7
n | U3 ; HOLI n
3 13 14
2| V40 | HDI2 [TP) 12 o T -
| HDI3 J5-6 J @
10| . | HD14 10 T s U3s uzé
* 4 2,3 ) 3 ~|3
10 2{ vao s | uss x @
8 | HDIS RST
-3 HOI6 (TP) zT
r | Lo 45°5
JI-C ‘ KO H UNLISTEN COMMAND (?7)
NRFD |
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N 2us 31 ni '
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8 9,10 2704us | +—| LDIl—> 0 ¢ LK =F
DELAY 3 EXXOOO
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: 8
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sz-2 > L o| U37 o2
7y | LD13—>20 ¢
Ji=10 12 4
L TLK CLK . HDI4 —> | o
Jz-10 1 | Lo14 —>0 ¢
1
D
a3 € | HoIs —> 1
DAV | LoIs —> 0 ¢
J2-3 12 |
u29. U3l FR UI4-13 tols
Jl;:_&u(‘] msDcn cha LATN — LI RESET | HOT?
ss-4 €1 !
Jz-A >—T FRJI-X —————————
HATN L RAMP ACTIVE (INTEG. NOT RESET) XIOXXXXX L TALK PREFIX DECODED

Ji-P
JL ATN CI._I(<_1

J2-P

JI-R
H TLK NATN

J2-R }—T

Ji-4 @1

J5-2

T

12
13 1
"

{TP)

H CHAN CHANGE INHIBIT

H LOOKING AT CHANNEL
J2-4 )—T

JI-Z

(Vick} 13
s g4 R
L SELECT CHANNEL us3 |,,
J2-z 1

CHAN SELECT PREFIX
LDIS AXNAAX K

1
U3d | 2
LDI6&

U DCL & POR

L WAIT FOR
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Section VI — Replaceable Parts
Model 59313A
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Appendix | — The HP Interface Bus
Model 59313A

APPENDIX |
THE HP INTERFACE BUS

The HP Interface Bus transfers data and commands between the components of an instrumentation systemon 16
signal lines. The interface functions for each system component are performed within the component so only
passive cabling is needed to connect the system. The cables connect all instruments, controllers, and other
components of the system in parallel to the signal lines.

Eight of the lines (DIO1-DIOS) are reserved for the transfer of data and other messages in a byte-serial, bit-parallel
manner. Data and message transfer is asynchronous, coordinated by the three handshake lines (DAV, NRFD,
NDAC). The other five lines are for control of bus activity. Figure Al shows the lines.

Devices connected to the bus may be talkers, listeners, or controllers. The controller dictates the role of each of
the other devices by setting the ATN (attention) line true and sending talk or listen addresses on the data lines
(DI01-DIO8). Addresses are set into each device at the time of system configuration either by switches built into
the device or by jumpers on a PC board. While the ATN line is true, all devices must listen to the data lines, When
the ATN line is false, only devices that have been addressed will actively send or receive data. All others ignore
the data lines.

Several listeners can be active simultaneously but only one talker can be active at a time. Whenever a talk address
is put on the data lines (while ATN is true), all other talkers will be automatically unaddressed.

Information is transmitted on the data lines under sequential control of the three handshake lines. No step in the
sequence can be initiated until the previous step is completed. Information transfer can proceed as fast as devices
can respond, but no faster than allowed by the slowest device presently addressed as active. This permits several
devices to receive the same message byte concurrently.

The ATN line is one of the five control lines. When ATN is true, addresses and universal commands are
transmitted on only seven of the data lines using the ASCII code®. When ATN is false, any code of 8 bits or less
understood by both talker and listener(s) may be used.

The other control lines are IFC, REN, SRQ, EOI.

IFC (interface clear) places the interface system in a known quiescent state.

REN (remote enable) is used with other coded messages to select either local or remote control of each device.
Any active device can set the SRQ (service request) line true. This indicates to the controller that some device on

the bus wants attention, say a counter that has just completed a time-interval measurement and wants to transmit
the reading to a printer.

EOI (end or identify) is used by a device to indicate the end of a multiple-byte transfer sequence. When a
controller sets both the ATN and EOI lines true, each device capable of a parallel poll indicates its current status
on the DIO line assigned to it.

In the interest of cost-effectiveness it is not necessary for every device to be capable of responding to all the lines.
Each can be designed to respond only to those lines that are pertinent to its function on the bus.

The operation of the interface is generally controlled by one device equipped to act as controller. It uses a group
of commands to direct the other instruments on the bus in carrying out their functions of talking and listening.

*American Standard Code for Information Interchange.
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Appendix 1 — The HP Interface Bus
Model 59313A

The controller has two ways of sending interface messages. Multiline messages, which cannot exist concurrently
with other multiline messages, are sent over the eight data lines and the three transfer-bus lines. Uniline messages
are transferred over the five individual lines of the management bus,

The commands serve several different purposes:

(1) Addresses, or talk and listen commands, select the instruments that will transmit and accept data.
They are all multiline messages.

(2) Universal commands cause every instrument equipped to do so to perform a specific interface
operation. They include multiline messages and three uniline commands, interface clear (IFC), remote enable
(REN), and attention (ATN).

(3)  Addressed commands are similar to universal commands, except that they affect only those
devices that are addressed and are all multiline commands. An instrument responds to an addressed command,
however, only after an address has already told it to be a talker or listener.

(4)  Secondary commands are multiline messages that are always used in series with an address,
universal command, or addressed command (also referred to as primary commands) to form a longer version of
each. Thus they extend the code space when necessary.

To address an instrument, the controller uses seven of the eight data-bus lines. This allows instruments using the
ASCII 7-bit code to act as controllers. As shown in Table Al, five data bits are available for addresses, so a total
of 31 addresses is available in one byte. If all secondary commands are used to extend this into a two-byte
addressing capability, 961 addresses become available (31 addresses in the second byte for each of the 31 in the
first byte).

Table A1. Command and Address Codes

Code Form Meaning
X 00 A5 Ay Ay Ay A Universal Commands
X 01 Ag Ay Ay Ay Ay Listen Addresses
except
b (1 O O (R R | Unlisten Command
X 10 Ag A4 Aq Az A Talk Addresses
except
X T01 3 1 1 1 Untalk Command
X 1 A5 A4 A3 Az Al Secondary Commands
except
X 111 0 ¥ % 1 Ignored
(Code used when attention (ATN) is true (low)
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Appendix II — Conversion Techniques
Model 59313A
APPENDIX Il
CONVERSION TECHNIQUES

A. TWO’S COMPLEMENT BINARY TO DECIMAL AND DECIMAL TO TWO'S COMPLEMENT BINARY
CONVERSION.

59313A OUTPUT

Bus Data Lines — | DIO8 |DIO7 |[DIO6 |DIO5 |DIO4 | DIO3 |[DIO2 |DIO1
ISTBYTE —= | BIT11|BIT11|BIT11|BIT11|BIT11|BIT11|BIT 10 |BIT9
2NDBYTE—=| BIT8 [BIT7 |BIT6 |BITS5 |[BIT4 [BIT3 |BIT2 |BIT1

BIT 1 = LEAST SIGNIFICANT BIT.
BIT 11 = MOST SIGNIFICANT BIT = SIGN BIT

Data on the bus lines is sent LO = TRUE; however, for this discussion the convention will be:
1 =HI=TRUE
0=L0O=FALSE
B. CONVERTING THE TWO'S COMPLEMENT OUTPUT TO DECIMAL.
1. Examine sign bit (Bit 11).
If a zero, then go to Step 2.

If a one, then po to Step 3.

-

Convert the string of ones and zeros to a decimal number using the following formula: (Note 1)

N= (1«BIT1)+(2+BIT2)+(4+BIT3)+(8+BIT4)+(16 «BIT5) +(32+«BIT6) +
(64 = BIT 7) +(128« BIT 8) +(256+ BIT 9) + (512 * BIT 10)

N is the decimal number desired

Lad

Convert the string of ones and zeros to a decimal number using the following formula: (Notes |, 2)

N=[=1]+ [1«BIT1-1)]+[2*(BIT2-1)] +[4+(BIT3-1)] +[8*(BIT4-1)] +
[16 +(BIT6—1)] +[32+(BIT6—1)] +[64*(BIT7—1)] +[128+«(BIT8-1)] +
[256 * (BIT9 —1) ] +[512 * (BIT 10 —1) ]

N is the decimal number desired.

NOTE 1: Where the formula calls for a bit numeral (#), e.g., Bit 4, insert the value of that bit, 0 or 1, and use that value
as a decimal number for the calculation.

NOTE 2: * = multiply.
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Appendix Il — Conversion Techniques
Model 59313A

C. CONVERTING DECIMAL TO TWO'S COMPLEMENT:
N = Decimal number to be converted (—1024 to +1023),

L. If N is positive or zero: Go to Step 2.

If N is negative: Add —1 to N; Complement (change 1 to 0 and 0 to 1);all 1 and O obtained in Step 2, Go

to Step 2.
2, Bit 11 =0.
Number Bit For each number in the chart, starting with 512 and going in order,
512 10 perform the following steps:
256 9 (a) Compare number with N.
128 8
(b)  If number is greater than N, then that bit = 0; use unchanged
64 ) N for next step; go to (a).
32 6
16 5 (¢) If number is equal or less than N, then that bit = 1;also
subtract number from N and use the result for the next step;
8 4 go to (a).
4 3
2 2
1 i
3, Assemble all | and O with bit 11 at left and bit 1 at right.
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Appendix III — 59313A META Message Information
Model 59313A

APPENDIX 111
47310A META MESSAGE INFORMATION

59313A INTERFACE FUNCTIONS
MNEMONIC INTERFACE FUNCTION NAME
SH SOURCE HANDSHAKE
AH ACCEPTOR HANDSHAKE
TALKER
L LISTENER
SR SERVICE REQUEST
DC DEVICE CLEAR

META MESSAGES THE 59313A RECEIVES
META MESSAGE 59313A RESPONSE
DATA PROGRAMMING USING 59313A CONTROL CHARACTER SET
CLEAR CLEARS 59313A
STATUS BYTE STANDARD BIT 7 STATUS
ABORT STANDARD RESPONSE

META MESSAGES THE 59313A SENDS

META MESSAGE MESSAGE
DATA ATOD CONVERTER OUTPUT IN 2BYTES
REQUIRE SERVICE OUTPUT READY
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Appendix IV — Hewlett Packard Interface Bus Code Set
Model 59313A
APPENDIX IV

HEWLETT-PACKARD INTERFACE BUS CODE SET

ASCII CODES
(AMERICAN STANDARD CODE FOR INFORMATION INTERCHANGE)
it 0 0 0 1 1 1 1
BITS O L ) [ 78 1, 0, 0, e Ty
bs —e
by [ b, [ by | b, |COLUMNS
i il TRow| © 1 2 3 4 5 6 7
o o |o |o 0 NUL | DLE || sp o @ P ‘ b
o lo |o |1 1 soH | pc1 || 1 A Q a q
o lo |1 |o 2 stx | pc2 ||~ 2 B R b r
oo |1 |1 3 ETx | pc3 || = 3 c S c s
o |1 o |o 4 eoT | pca || $ 4 D T d {
o |1 o |1 5 ena | nak || % 5 E U e u
o1 |1 ]o 6 Ack | syn || & 6 F v f v
g |1 I3 |4 7 BEL | ETB || » 7 G W g W
110 (o |o 3 BS caN || ( 8 H X h X
1 1o |o |1 9 HT EM ) 9 | Y . y
1 1o |1 ]o 10 LF sus || - : J z j ;
1o |1 |1 11 Vai Esc || + : K | k {
1110 |o 12 FF FS , L \ |
1 1 0 1 13 CR GS = = M | m }
1 1 1 0 14 SO RS ; = N — n E
O T T 15 si us || / 0 E] o DEL
UNIVERSAL UNLISTEN UNTALK NOT
COMMANDS COMMAND COMMAND USED
ADDRESS MODE
LISTEN TALK
____________ ADDRESS ADDRESS
- : A T e s o e o e )
DATA MODE NOT USED ¥ >,
EXCEPT ALL DATA NOT
CR, LF AS USED

WORD TERMINATORS

A-IV-1



Appendix IV — Hewlett Packard Interface Bus Code Set
Model 59313A

NOTES

A-IV-2



HEWLETT

PACKARD

SALES & SERVICE OFFICES
UNITED STATES

ALABAMA 9606 Aero Drive ILLINOIS MASSACHUSETTS 156 Wyatt Drive 330 Progress Rd P.0. Box 27409
8290 Whitesburg Dr.. S.€ P 0 Box 23333 5500 Howard Street 32 Hartwell Ave. Las Cruces 85001 45449 6300 Westpark Drive
P.0. Bax 4207 San Diego 9212 s Lex 02173 Tel. (505) 526-24B5 Tol (513) 85-6202 Suite 100
Huntsvilie 35802 Tel (714) 279- 3900 Tel. (312] 677-0400 e (617 86t m TWx: 910-983-0550 TWX 810-474-2818 aTi:um:;n ;a?ﬂ?onu
Tel: (205) 881-4591 : : -
AL ST S f\;: a1 zi:yam il SEW YORK 1041 Kngamil Parkway T ra-Su
Medical Only 5600 South Ulster Parkway T (217) 460-213 23855 Research Drive i hba Taere) 36 1041 205 Billy Mitchell Raad
228 W_ Valley Ave_, Englewood 80110 Farmington Hills 48024 Aibeny 1290 San Antonio 78226
Room 220 Tel: (303) 771-3455 INDIANA Tt (379 476 6400 Tel. (578) 4581550 Tel (512) 434-8241
35209 ORI 7301 North Shadeland Ave. WX B10-243.000 T arlon P.0. Box 32008 TWX' 910-871-1170
[ﬂ 942-2081 : ST Ind 46250 Okishoma City 73132
2 Lunar Drive Tel: (317) 842-1000 MINNESOTA New York City Tel. (405) 721 UTAN
New Haven 06525 TWX' 810-260-1796 2400 N Prior Ave, Manhattan, Bronx TWX' 910-830-6862 2160 South 3270 West Street
2333 o nm st Tel: i!US&&BB-ﬁES! Rosevills 55113 Contact Paramuys, NJ Office Selt Lake Clty 84119
Ix B TWX: 710-465-2029 1OWA Tel: (612) 636-0700 Tel: (201) 265-5000 OREGON Tel: (801) 487-0715
Tol (802} 2«-1361 FLORIDA 1902 Broadw TWX 910-563.3734 Brooklyn, Queens, Richmaond 17890 5W Lower Boones VIRGINIA
2424 East "’ﬂ"‘ Rd P.O. Bu: 24210 lowa City 52240 MISSISSIPPI Contact Woodbury. NY Office Ferry Road Medical Onl
Tucson 2806 W. Dakiand Park Blva. el (319) 336-9486 “Jackson Ta: Lo1e) 21 Tuslatin 57062 PO fox 13778
Tel: (602) 294-3148 R BT e 33307 Night: (319) 338-9467 Vsl Socr oy 201 South Avarue Tel: (503) 620-3350 No_ 7 Xagar Exec. Center
‘ARKANSAS g *KANSAS Tel. (601) 982-83 °"&"“"g"‘ e 21
Megical Service Only TWX: 510-55-4099 Derby Dl ad ;3033 PR YANA Norfolk 2350
P.0. Box 5646 'J»mnvuh Tel: {316) 267-3655 MIsSouRl Pt 5233 el (804) 497-1026/
Brady Station Medical Seqvice on 11131 CD!oradu Ave 39 Siumu nmle Tel: (412) T82-0400 P 0. Box 9854
Little Rock 72205 Tel: (904) 725-63 KENTUCKY Ken s Ly Rochester 1462 Night. 762.0401 2014 Hungary Springs Road
Tel 1501) 664-8773 Pl Medical Calculator Only ol (B15) 76 Te (718} 473 asm TR 1o e Richmond 2 228
CALIFORNIA 8177 Lake Ellenor Or 3901 Akinton bt W‘,‘,m Gl 1021 8t Avenue Lo kg
1430 East Orangethorpe Ave. gﬁ’gg‘} %%Egguo Suite 20? “:?m” P"“l“i' Y ot g?ﬂ [m Moilw F!oau "INI of Prussia lnw;t‘rgé Park TW!‘ 71:::5:‘15?
Fullerton 926 Loulsville 40218 Prussia WASHI
Tel: (714) 870-1000 R it o o0 Yseasrs LA Bl ‘3?‘5&;355:33 1::?215 2700 el Offce P
0x pr
- iarthim Bouare Pensacola 32575 Loursiaa NEBRASKA 1 Crossways Park West SO AR Bellevue 98004
T :213 877-1282 Tel: (904) 434-3081 gzgs B:ﬂuaa:ns Bodevand Medical Onl mwgl zl‘{&i el Tmmmm X i Tel. (206) 454-3971
.499.2170 7171 Mercy Hoad (516) TWX' 910-443.2445
EOR snner 70062 Suite 110 WX 7 c»m 4951 Columbia 25260
ms Amml P!m P.0. Box 105005 T (504) 721-6201 Omaha 68106 Tel: (803) 782-6483 “WEST VIRGINIA
M‘?.... Atlanta 30348 TWX: 810-955-5524 Tel (402) 3920848 NORTH CAROLINA T MadcalAnsyical Ory
Tel: (21 92511 Tel: (404) 434-4000 P.0. Box 5188 T EE harleston
TWX' 910-328-6147 TWX' 510-766-4890 MARYLAND NEW JERSEY 1923 Norih Main Strest Memphis Tel: (304) 345-1640
= Medical Senvi 6707 Whitestone Road W. 120 Century Ad High Point 27262 Medical Service on!
Angsles v e Oty Baltimare 21207 Paramus m& TePlo1s) 36 g0 Tel: (901) 274-747 WISCONSIN
Tel: (213) 776-7500 T:"m:h?ﬁgg.‘, Tel mn s« 5400 Tel. ¢ TWX. 510-926-1516 "Nashville 9004 Wes! Lincoin Ave
3003 Scott Boulevard ) TWX: 710-862-9157 TWX 710-290.4981 Medical Service only West Allis 53227
Sants Clara 95050 HAWAN 2 cnm Cherry Road oo Tel: (§15) 244-5448 Tel: (414) 541-0550
Tel: (408) 243-7000 2875 So. King Street Rociville 20850 NEW MEXICO 16500 Sprague Road
TWX: 910-338-0518 Hanolulu 98614 Te (301 s4g-6370 PO Box 11634 Claveland 44130 TEXAS FOR U.S. AREAS NOT LISTED:
. ot Tel' (B0B) 955-4455 T10.828 Station £ Tel (216) 2437300 P 0. Box 1270 Contact the regional office
Tel. (714) 446-6165 11300 Lomas Bivd , N.E TWX: B10-423-0431 201 £ Arapaho Rd nearest you: Atlanta, Georgia.
Albug ue 87123 Richardson 75080 North Hollywood, Calitornia.
2220 Watt Ave. - 'rec.lzssnsﬁagﬂz-mu Tel [21:6 E;g;g; Flncm?ﬁemm“? Skokee,
TWX' §10-989-1185 TWX: 910-B67- lincis Their complete
Tel {916) 482-1463 addresses are listed above
*Service Only
ALBERTA BRITISH COLU MANITOBA NOVA SCOTIA ONTARIO QUEBEC Hewlett-Packard (Canada) Lig
Hewlett Packard (Canada) L Hewlett-Packard (Canada) Ltd.  Hewlett- Pmau {Canada) Ltd Hewlft Packard (Canad) L1d.  HewletPackard (Canada) Lig.  Hewlen-Packard (Canada Lt 2376 Gahvani Sireet
11748 Kingsway 837 E_ Cordova St 513 Century 1 800 Windmil 1785 Woodward Dr 275 Hymus Bl GIN 4G4
\flmollw m St J PO Box 531 Ottawa K20 0P9 Pointe Clai R 167 Tel (418) 583 8710
Tel: (403) 452-3670 el 1604) 254-053 Winnipag R3H 0L8 Dartmouth B2Y 326 Tel. (613) 225-6530 el 18 687 oo TWX. BI0-571-5525
b sy iy ol 58 05 vor Tho 8t ;a?&;gg} TWH 602714485 HEX ni i X cgorean HEC FOR CANADIAN AREAS NOT LISTED:
Hewlett-Packard (Canada) Lig - GHHBTI-  BI0-271-4482 H Hewleti-Packard {;a da) |1d L d
915-42 Annun sl% Sultl 102 6877 Goreway D ‘ o Contact Hewlett-Packard (Canadal
‘1"! Mississsuga L4V 119 Ltd in Mississauga
Tel: (4D rzs'.r-la?? Tel. (416) 678-9430
TWX: i0-821-6141 TWXL 610-492-4246
ARGENTINA Hewleft-Packard Do Brasi Medical Oniy ECUADOR MEXICO PARAGUAY URUGUAY
Hewlett- Wd Argentina r EC Lida General Machinery Co., Lida Medical Only Hewlet-Packard Mexicana, Z.J. Melamed S R L Pablo Ferrando S A
S.ACe Praca Dom Feliciang, 76-8° Paraguay 494 AF. Viscalno Compafla Lida.  5A deCV nmsaﬁn Anarms y Equipos Comercial & Industrial
Lavalie 1171 ¥ Piso andar (Sala BOG/B) Ca::lgz 13910 Av. Rio Amazonas No. 239 Torres Adalid No. 21, 11° Piso Avenida Itaha 2877
Buenos Aires 50000-Pérto re-AS P.0. Box 2925 Col. del Valle Dmsuu" np“m y Equipos Casilla de Correo 370
Tel: 350436, 35-0627, 350341 Tel- 25-B4-70-DOO (0512) Tel: 31123, 31124 Quito Mexico 12, D F Cientiticos y de Investigacidn ~ Montev
Telex: Public Booth No. 9 Cable: HEWPACK PBrio Alegre  Cable; GEMCO Santiago Tel: 527-088 527-804 Tel, {905) 543-42-32 PO, Box 676 Tel 40-3102
Cable: HEWPACK ARG Hawlett-Packard Do Brasi COLOMBIA Cable: ASTOR Quito Telex: 017-74-507 Chile-482. mm Victoria Cable: RADIUM Mantevideo
Stambuk & Mark (Bolivia) Lida e B e 8 ekl Calculators Only ey . ey sose a2 N ek s Vanicint
via R mpos, 53, & Hennk A k & Kier 5.4 ett- de Venezuela
. Mariscal Santa Gz 1342 a:‘;ms-aguw“ iy Carrera 7 No. 4878 © " Earuiadors { Equipos Ave. Constitucidn No. 2184 Cibre CA
T -meza 53163, 52421 T 2T 00 305 (631) wlonoﬁ i nga s 25es e g, 407184 Sango Segre ces 08
<! | . (]
Telex: 3560014 Telex: 391.212-1005 HEWP-BR Tl 68-86.77 g2 De Octubre No. 2207 yiey; 035843 f;'s“ I:m,fc';:"&;‘““‘ SA - Tercera Transversal
Cable: BUKMAR Cable: HEWPACK Cable: AARIS Bogotd ‘rg 233869, 236783 NICARAGUA San Isidro Casila 1030 Los Ruices Norte
Rio de Janeiro Telex: 044-400 Telex 02-21 73 1a Ed R Terdn G Caracas 107
BRAZIL G oberta Tacke 0. Lima 1 Tel. 35-0-07, 35-00-84
Hewletl-Packard Do Brasi CHILE D Catle: Sagitra Apartada Postal 689 Tel 413485 35-00-65, 36-00-31
LEL; L Galcagni y Metcate Lo Cihthea costaicense S A EL mnoon Eido Teets Cable: ELMED Lima Telex 25146 HEWPACK
Aua Fru Caneca, 1140/52 Bela Vista  plameda f 807 Calle w“w Menms 1y3 IPESA ."?"': PUERTO Cable: HEWPACK Caracas
91507 S6o. ms; i Casil 2118 Rouras 10 Buer go s Heroes 148 (5, 20 EILENCS, Hewiett-Packard Inter-Americas
2876199 T so01s 8 2‘“‘1‘”_,3 o naor L Ty P Hics R Ot FOR AREAS NOT LISTED, CONTACT:
Telex: 391-12-3602 HPBA-BR Telex: 350001 CALMET Cable. GALGUR San José Electrdnico Balboa, 5.A B5th Inl. Station Hewlett-Packard
Cable: HEWPACK 530 Paulo Cable: CALMET Santiago : GUATEMALA P.0. Box 4979 San Juan 00929 Inter-Americas
IPESA Calle Samuel Lewis Calle 272, Uth Country Clud 3200 Hiltview Ave
Avenida La Reforma 3-48, Critiad By Panaria i s085 o Palo Alto, Caiifornia 94304
Zona § Tel: 64-2700 Tel: (809) ?52 7355/7455/7655 Tel [415] 493-1501
Guatemala C| TWX: 910-373-1260
Tol 53627 64786 THlKs: M31103 Curanda; Tolex 345051 Cable. HEWPACK Palo Alta

Telex: 4192 Teletro Gu

Canal Zone
Cable: ELECTRON Panama

Telex: (34-8300, 034-8403



EUROPE

AUSTRIA
Hewlett-Packard Ges.m.b H
Handelska 523

PO Box 7

A-1205 Vienna

Tel (0222) 35 18 21 1o 32
Cable: HEWPAK Vienna
Telex: 75323 hewpak a

BELGIUM
Hewlett-Packard Benelux
SANY

Avenue de Col-Vert, 1
Lﬁrmnlmaaﬂliam

saels
Tel (02) 672 22 40
Cabie: PALDBEN Brussels
Telex: 23 4584 paloben bru

DENMARK
Hewlett-Packard A5
Datave) 52

IJK 3450

kerod
Eﬂlh IJEWPECK AS
Telex 166 40 hpas

Hewlett-Packard A5
Mave 1

DE.- Silkeborg
Tei. (06} 82 71 66
Teigx 166 40 hpas
Cable HEWPACK AS

FINLAND
Hewlett-Packard 0¥
glsnhuusunh! 5

on 6
SF-00217 Helsinkl 21
Tei 6323031
Cabie. HEWPACKNY Helsinki
Telex 12-1563

FRANCE
Hewlelt-Packard France
Quartier de Courtaboeut
Baite Postale No. 6
F-91401 Ors

Tel: (1) 907 78 25
Cabée HEWPACK Orsay
GO0D4E

Hewlen-Packard Frange
‘Le Sagun

Cheman tes Mouilies

Baodte Postale No. 12

F-68130 Ecully

Tel [78) 33 81 25,

Cable: HEWPACK Eculy

Telex 310617

Hewlett-Packard France

nce Régionale

ricentre de la Cépidre

Chemin de la Cepre, 20

F-31300 Toulouse-Le Mirall

Ted [EI;‘D 1112

Teiex 510957F

Hulzﬂ-Fw&aﬂt France
ence Hegionale

Agroport principal de

Marseille-Marignane

F-13721Marignane

Ted. (91) 89 12 36

Cable HEWPACK MARGN

Telex: 410774F

Hewlet-Packard France
nce Régonale

B3, Avenue de Rochester

F-35000 Rennes

Ted (99) 36 33 21

Cable' HEWPACK 74812

Teiex: TAA12F

Hewlett-Packard France

asbourg
Td (B8] 35 ?.'! 2021
Telex
Catle HEWP!CK STREG
M!ﬂl:aCachi!or Cnky
-Packard France
.ﬂgance Reégionale
Centre Vauban
201, rue Coibert
Entrée A2
-58000 Lille
Tel (20) 51 44 14
Teles B20744

GERMAN FEDERAL REPUBLIC

Hewlett-Packard GmH
Venriebszentraie Franidurt
Bernerstrasse 117
Pastlach 560 140
D-6000 Franiturt 56
Tel (0611] 50 04-1
Cable HEWPACKSA Franifun
Telex: D4 13248 hpFFmd
Hewilett-Paciard GmbH
Technisches Buera Ennlmum
De;uﬂ;ﬂbmrsﬂam %ﬂ

n, Wirttembar
Tel. (07031) 66 h?: ¥
Cabie HEPAK Bathngen
Telex: 07265739 bbn
Hewlett-Paciard GmaH
Technesches Buers Disseldort
Emnual Leutre-5ir 1 (Seestamn|

D

Id (0211} 58711

Teiex, B5/86 533 hpdd d
Hewlett-Packard GmbH
Technisches Buerp Hamburg
‘Wendenstrasse 23
0-2000 Hamburg 1
Tel. (040 24 13
Cahle HEWPACKSA Hamburg

Tetex' 21 63 032 nphh o

Hewlett-Packard GmbH
Techmsches Buera Hannover
Metiendarer Strasse 3

0-3000 Hennover-Ki
Tel (0511) 55 60 46
Telex: D92 3259

rd GmbH

Hewlet-Packal
Technisches Buero Nuremberg
'I?g r St 90

Tel {0911] 56 30 8385
Telex: DEZ3 BBO
Hewlett-Packard GmbH
Technisches Buero Manchen
Umnlcmngal Strasse 28
ISAR Cent

D-8012 Ollnbrll

Tel. |0B9) 601 30 61/7

Teiex- 52 49 85

Cable HEWPICHS& Munchen
Teinx: 05245

(Wast !-rlln'_l
Hewlel-Packard GmbH
Technisches Buero Berhn
Keith Strasse 2-4

0-1000 Berlin 30

Tel (030) 24 80 BE

Telex: 18 3405 hpbin d

GREECE

Kostas Kara, i

18, Ermou Street
GR-Athens 1256

Tel: 3237731

Cable AAKAR Athens
Telex: 21 59 62 rkar gr

Telex: 21 5329 INTE GR
Medical Only

Technomed Hellas Lid

52 Skouta Street

GR - Athens 135

Tei: 626 972 663 930614 359
Cable ETALAK Athens

Tedex 21-4683 ETAL GR

ICELAND

Madical Onty

Elding Trading Company Inc
Hafnarhovol - Tryggvatotu
15~ ik

Tel 15620
Cable: ELDING Reykjavik

cal Only
ECO" G Papathanassiou & Co

IRAN
Hewileft-Packard Iran Ltd
Mir-Emad Avenue
1dih Street No 19

IR-Tehran
Tel 85 10 B28E

IRELAND
Hewlett-Paciard Ltd
King Street Lane
Winnersh, Wokmgham
B-Berkshire AG11 5AR
Tel: (0734} 78 47 74
Teiex: 8471TH/848178

ITALY

Hewlett-Packard Haliana 5.p A

Casella postale 3645

1-20124 Milano.

Ted (2] 6251 (10 lines)

Cable: HEWPACKIT Mitano

Teiex: J2046

Hewlen-Packard Italiana S.p A

Wia Pietro Maroncelli 40

:ansu Via Visentin)

1-35100 Padova

Tel (49) 66 48 B8

Tesex: 32046 via Milano

Medical only

curn Pachm faliana 5.p A
i

ii0fPise

Tel (050) 2 32 04

Teign: 32046 via Milana

Hewlett-Packard 5.p A

Wia G Armelini 10

1-00143 Roma-Eur

Ted (06) 54 68 6

Telex: 61514

Cable HEWPM:KIT Roma

Hewlenl-Packard italiana 5.p A

Wia San Quintino, 46

1110121 Turino

Tel 53 A2 64/54 4 68

Teiex. 32046 via Milano

Medical/Calcutators Only

Hewlett-Packard Italiana 5 p A

'Wia Principe Nicoka 43 G'C
1-35126 Catania

Tel (095) 37 05 05

Hewiert-Packard Italana S p A

Via Amerigo Vespucti, §

|-80142 oll

Tel: (81) 3377 11
Hewlett-Packard Itakana 5 p A
Via B Masi. 98

1-40137 Bol,
Tel {051) 30 /8 87

LUXEMBURG
Hewletl-Packard Benelux
SAMNV
Avenue du Col-ven, 1,
Eﬁrumkrunlunl

-1170 Brussels
Tel: {02} 672 22 40
Cable PALOBEN Brussels
Telex 23 434

NETHERLANDS
Hewlen-Packard Benelux N V
Wan Heuven Goedhartiaan 121
PO Box 667

NL- Amstelvesn 1134

Tel (020) 47 20 21

Cable: PALDBEN Amsterdam
Telex: 13 216 hepa nl

NORWAY
Hewlett-Packard Narge A/S
Nesveien 13

Box 145

N-1344 Haslum

Tel {02) 53 83 60

Telex 16621 hpnas n

POLAND
BIIJﬁO INFORMALJI TECHNICZNE
ett-Packard

U| Sta\m 2 6P
00-950War

Tel. 39 67 43

Tetex: 81 24 53 hepa pl

PORTUGAL
Tetectra-Empresa Técnica de
Equipamentos Eléctricos Sa.r |

Tel (19) 68 6O 72

Cable: TELECTRA Lisban

Telex, 12588

Mundint

In!unmnn Mundial de Comércio

.i\rl.'cne
SD Box 27

Tel (19) 53 21 3177
Cable mrsn:mnm Lisbon

RUMANIA

Hiwlett- P:n:am Technscal Ofice
Btl N. Bal 18

hulwl

M 1580 23/138865
Telex: 10440

nrlr 138

SPAIN

Hewlen-Packasd Espafioia. 5.4
Jerez No_ 3

E-Madr| h‘l 16

Ted:(1) 458 26 m 10 lines)
Telex: 23515 n

Hewlett-Fackard Espafiola, 5 A
IEllilnmd o 21-23

Barcelona 17
Tel: [3) 203 6200 (5 lines)
Telex 52603 hpbe ¢

Hewlen-Packard Espafiota, 5.4
Av Ramdn y Cajal 1-
Edificio Sevilla 1)

Tel. 64 44 54/58
Hewlett-Packard es)
Edificao Altwa Il T

-Biibao
Ted: 22 83 06/23 B2 06

Calculators Only

Hewiett-Packard E:

Gran Via Fernando
Vi

fola 5.4

ola 5 4
| Catddica, 67

E-Valencis-8
Ted 326 67 28/326 BS 55

SWEDEN
Hewlett-Packard Sverige AB
fngnmuanan a

5161 20 Bromma 20

Tel (08) 730 05 50

Cable. MEASUREMENTS
Stockholm

Telex: 10721

Hewiett-Packard Sverige AR
Frotall 30

5-421 32 Vastra Frolunda
Tel {031) 49 09 50

Telex 10721 Via Bromma Office

SWITZERLAND

Hewleti-Packa zésmm: AG
Zircherstrasse

P.0. Box 307

CH-B352 Schieren Zurich

Tel (01) 98 18 1

Cabée- HPAG CH

Telex. 53933 hpag ch

Hewletl-Packard (Smm] AG
Chemin Lows-Pictet

CH-1214 Vermier-i Gtr-u

Tel IUZZE] 414950

Cable: HEWPACKAG Geneva

Telex: 27 333 hpag ch

TURKEY
Tedekom Engineering Bureay
PO Bax

u

TR
Tel 49 40 40
Cabie: TELEMATION istanbul

UNITED KINGDOM
Hewleti-Packard Lid

ulﬁm Lane
GE-Winnersh, Wokingham
erks. AG11 SAR

el (0734) 7B 47 74

Cable Hewpie London
Telex 847178/9

Hewlett-Packard Lid
“The Grattons”
tamitord New Road
GB-Altrincham

heshire WA14 10U
M HJGH 926 9021

bie. Hewpea Manchester

Tm G58068
HnbﬂéPlchrd Lid
ion s

Tt (021 550 7053
elex (021) 550 7273

Hewleti-Packard Lid.
4th Fioor

.F'Bn Bnt 0103/0105
el

Hewlet- Pa:nrn Ltd

South Ser\n:e 'Wholesals Centre
Wear Industrial Estate
Washi

GBMM. Durham

Tel: Washington 484001 ext. 57/58

Hewlett-Packard Lig. ‘s registered
address for V AT purposes

oy

70, Finsbury Pavemnent
GB-London. EC2A15X
Registered No. 690597

USSR
Hewlet-Packard Represantative
Office USSI

Pokrovsky Boulevard 4/17, Sulte 12
Moscow 101000

Tel: 294 2024
Telex: 7825 hewpak SU

E1000
Tei SIH?&%-SH
Teiex. 31583 YU HEWPAK

AFRICA, ASIA, AUSTRALIA

AMERICAN SAMOA
Calculatars Only
E:dnnu: Systems fnc

ront Road

13
Cahll IJGEMII}Pno Pago

ANGOLA
Telecira
Empresa Técnica de
Quiparmentos
Eléctricas, SAR L
R. Barbosa Rodrigues, 42-rDT "
I:ﬁli Postal, 648

hi 355158
Cabie TELECTHA Luanda

AUSTRALIA
Hewlett-Packard Austraha

31-41 Joseph Street
Blackburn, Victoria 3130
P.0. Box 36

Doncaster East. Victaria 3109
Tel. B9-6351
Tebex: 31-024
Cable: HEWPARD Melbourne
Hnleﬁﬁgmm Austraiia
31 Bridge Strest
'mble
New South Wales, 2073
Tel 4453-6566
Telex: 21561
Cable HEWPARD Sytney
Hewlett-Packard Australia

|53hEr!ﬂ|||i| Hold
'mrkside S0E3, S A

TH 27.2561
Telew B2536 ADEL
Cable MEWPARD ADELAIDE

anm-Ll:amrﬂ Austraba

d
141Plgmllng Highway
Nedlands. W A 6009
Tel: B6-5455
Teten 93853 PEATH
Cable: HEWPARD PERTH
Hewlett-Packard Austraha
;Zmnuoqguns Strent
‘r; 95-3733
Telex: 62650 Canberra
Cable: HEWPARD CANBERRA
qulenl_{:;mrd Australia

Feachers Union Building

405-499 Bmmd Streel

Spr Queensiand
Tel 544

Telex, 42133 BRISBANE
CYPRUS

Ky

1 GM“ & X
oS annpoulos Rd
PO m 1152
CY-Nicosia
Tel 4562829
Cable: KYPRONICS PANDEHIS

GUAM

Medical/ Pocket Calcumors Dniy

Guam Medical 5

Jay Ease Bulung 21E|
6 Box B383

Tlmunk? 96911

Tl 646-4513

Cable: EARMED Guam

HONG KONG
Sehmidt & Co.(Hang Kong) Lid
PO, Box 297

Connalight Centre
39th Floor
nmnw&m Road, Central

Tel: H-255291-5
Telew: T4766 SCHMC H
Cable: SCHMIDTCO Honq Kong

INDIA

Blue Star Lt
Kasturi Buildings.
S 880
Tel 29 50 21
Telex 2156

Cable: BLUEFROST
Blue Star Lt
Sahas.

4142 '.nr Sa\-ykaf Marg
Pl bhad

un 025
hf ‘S 8 87
Telax 4
Cabde: FROSTBLUE
Buue Star Lid
Band Box House
Prabhadevi

Tekew: 3751
Cable: BLUESTAR
Biue Star Lid
14/40 Cavil Lines
K 208 001
Tel & 88 A2

Telex: 292

Cable: BLUESTAR
Blue Star Ltd

7 Hare Street

P.0. Box 506
Calcutta 700 001
;H 23-mn

elex: 7655
Cable: BLUESTAR
Blue Star Ltd
Blue Star House,
34 Mahatma Gandhi Rd
Lajpatnagar
Delhl 110 024

}'u B2 32 76

elex; 2463
Cable: BLUESTAR
Blue Star Ltd
Blue Star House
11 1A Milllmﬂ Rpad

BﬁB

Toi
Telex 430
Gable: BLUESTAR

Biue Star Ltd

Meeaksh Mandiran

%0 1678 Mahatma Gandhi Rg
Cochin 682 016 Kerala
Tel: 32069, 32161, 32282
Telex 046-514

Cabie BLUESTAR

Blue Star Ltd

1-1-1171

Sarojini Devi Aoad

Sec

underabad 500 003
Tel. 70126, 70127
Cable. BLUEFROST
Telex 458
Blue Star Ltd
23/24 Second Line Beach
Madras 600 (01
Tel 23854
Telex: 379
Cable: BLUESTAR
Blue Star Ltg
Nathiaj Mansians
3:'d“ﬂuur sism%%r i
shedpur 831 (01
Tel: 7383
Cabile BLUESTAR
Telex: 240

INDOMNESIA

BERCA indonesa P T

PO Box 4596

15t Floar JL. Cikini Raya 61
Jakarta

Tei- SHO36, 40969, 49835
Telex: 428595

Cable BERCACON

BERCA Indonesia P T
aJL Raya Gubeng

Tel: 44309

IRAN

Hewlett-Packard Iran Lig

Mir-Emad Ave

l4th Street. No. 19

|R-Teahran

Tel 8510682/86

Telex 2125 74

ISRAEL

Electronics & Engineesing Div
of Motorola lsrasl Lig

16 Kremenetski Strest

F.0. Box 25016

Tel-Aviv

Tel: 38873

Telex 33568

Cabie BASTEL Tel-Aw

JAPAN

Vnt?:m-ﬂwlm-mn Lt

Ohashe B

1:58-1

Wammwz
Telen 232-2024YHP

Cable. YHPMARKET TOK 23-724
Yokogawa-Hewlef-Packard Lid
Nissed Ibaraki Building

2-8 Kasi ?2-:hrurna, Ibaraki-shi

Osaka.
Tei (0726) 23-1641
Telex: S332-365 YHP DSAKA

Yokogawa-Hewlett-Packard Lid
Nakama Building
24 Kami Sasajma-cho
Nakamura-ku, Nagoys = 450
Tel: {052} 571-5111
Yokogawa-Hewlett-Packard Ltd
Tanigawa Bulidin

24-1 Tsuruya-choo
Kanagawa-ku
Yokohama, 221
Tel 045-312-1252
Telex 382-3204 YHP YOK
Yokogawa- Hewlett-Packard Ltd
Mt Mitsus Busdin,
105, 1-chrome. San-ng-maruy
Mito larag 310
Tel: 0292-25-7470
Yokogawa-Hewlett-Packard Lid
Inaue Building
1348-3, Asahi-cho, 1-chome

. Kanagawa 243
62-24-0452

KENYA
Technical Engeneering

ServicesiE A )Lid .
PO Bex 18311

Mairobi

Tel' 557726/556762

Cable PROTON

Medical Only

Enternational Aeradio(E A jLid
P.O Bax 18012

Mairobi Airport

Ni

mirobi
Tel. 33605556
Tedex, 22201 /22301
Cable. INTAERID Nairotn

KOREA
American Trading Company
Korea

CPD Box 1103
Dae Kyung Bidg. . Bth Floor
107 Sepong-Ro,

Chongro-Ku, Ssoul
Tel: (4 kines) 73-8924.7
Telex: K-28338

Cable: AMTRACO Seoul

LEB.

Constantin E_Macndis
Clemenceay Street 34

P.O. Box 7213

HL-Beirut

Tel 36 53 978

Telex: 21114 Leb

Cable ELECTRONUCLEAR Bairut

MALAYSIA
Teknik Muty Sdn Bhd
ZLmnne 6

Secton

Tel ???!:‘?5 \mﬁ}

MOZAMBIQUE
AN Goncalves. L1a
162, 17 Apt. 14 Av. D Luis
Ean:a Pastal 107
o

urenco Marques
Tel 27091, 27114
Telex: 6-203 Negon Ma
Cabie: NEGON

NEW ZEALAND

Hewdett-Packard (N.Z ) Lid
4-12 Cruickshank Street
Kiltarnie, Wellington 3
Mailing Address; Hewletl-Packard
(NZ}Lid
PO, Box 9443
Courtney Place
Wall on
Tl a?ﬂss
Telex; NZ 3839
Cable HEWPACK Wellingion
Hewleti-Packard (N.Z ) Ltd
Pakuranga Professional Centre
f ;akurvm Highway
x

Catde. HEWPACK Auckland
Anatytical Medscal Only

Medical Supples N.2 Ltd.
Scentific Dvsion

78 Carlton Gore Rd , Newmarket
PO Box 1234

uckiand
Tel: 75-289
Telex. 2958 MEDISUP
Cabie DENTAL Auckiand
Anatytical/Medical Only
“ﬂllul S es N2 Lid

PO Box
147- |ﬁl lury |

hl 799
Telex: 3858
Cable: DENTAL. Wellingtan
arndlmul:asl_‘mml Dznlv

ical Supplies N2 Ltd.
PO Box JE%I
239 Stanmore Aoad
Chriatchurch
Tel B92-019
Cable. DENTAL, Christchurch

Analytical Medical

“Idl’i‘:ll Supplies Nugﬂl.lu
303 Great King Street
PO Box 233

Tel 88-817
Cable: DENTAL. Dunedin
NIGERIA
The Electronics

Instrumentations Ltd
NEB/770 Oyo Fioad
Ellusuun Hause

M.B 5402
Ih.dln
Tel 61577
Tedex: 31231 TEIL Nigeria
Cable” THETEIL Ibadan
The Electronics Instrumenta-
1120 .ﬂ’n‘ ) UHMM Road. M
e or d, Musghin

PO f:f BB4S

Lagos
Cable. THETEIL Lagos

PAKISTAN

Mushko & numnlny Lid
Oosman Chambe

ab\tudlnﬂ Hargon ﬂmd

arachi-3
Td 511027, 512927
Telex: KRA34
Catte COOPERATOR Karachi
Mushka & Company, Ltd
3BB, Satellite Town
Rawalpind|
Tel- 41924
Cable' FEMUS Rawaipind)

PHILIPPINES

The Online Advanced Systems
Corporatan

Bih Floor, Yupico Building

560 Guintin Faredes Street

Binando, Manils

Tel 40-05-41, 40-05-31

Telex: 3327 GENBANK

RHODESIA

Field Technical Saies

45 Ketwn Rioad Norh

PO Box 3458

Tel 7052 155 lines)
Telex: AH 4122

SINGAPORE
Hewlet- Pamm Singapore
(Pte ) L
Bk 2, Sm Fhm Jalan
it Merah

Redh:l Industrial Estate
;FI!IIWI P g Baox 58,
Tel“%:]ggﬂ

Telew HPSG RS 21486
Cable "

TAIWAN

Hewlefl-Packard Far East Lid.,
Taiwan Branch

39 Chu Shian West Aoad
Sec. 1. i Floor
Taipe
Tel MIW 1.2.3

Telex: 21824 HEWPACK
Cable. HEWPACK TAIPE|
Hewlet-Packard Taiwan

38, Po-Al Lane, San Min Chy,

Kaohslu
Tel (07) %li

Analytcal Only

San Kwang Instrumants Co., Ltd
No. 20 Sui Road

Taipei_ 1!
Tel 37131714

Telex' 22894 SANKWANG
Cable. SANKWANG TAIPEI

‘rmnm

]
Inlamllln Mﬂﬂm (EA), L
PO Box 8

Mullﬂn

Tel: 21251 Ext 265

Telex: 41030

THAILAND

IEENIMEE.I Co., Ltd

icam Aesearch Building

Banmak Sukimit Ave

D-&lml

Tel: 932387, 930334

Catde UNIMESA Banghok

UGANDA

Medical

International Aeradio{E A ), L.,
Box 2577

SOUTH AFRICA
Hewiett-Paciard Sauth Africa

(Py.). Lig FAuaia
e R.J- Tibury (Zambia) Lt
Sandton, Transvaal 2144 P.0. Box 2792
B&w;m-gaciwwhnuu }mn

aphne Street. Wendywood
Sandton, Transvaal Tia Cabie: ARJAYTEE, Lusaka
Tel: B0Z-104016 AND
oot MIDDLE EAST COUNTAIES

bie. HEWPACK JOHANNESBURG SHOWM PLEASE CONTACT.
Hewlen-Packard South Africa N:,Tm.mﬂ 5

), Lid

o Madierranean and Middle
Howard Place, Cape Province, 3? Kol nw,:":: Street

7450 Platia Kefallariou

Pine Park Center, Forest Drive
Pinelands. Cape Province. 7405
Tel 53-7955 thy §

Telex: 57-0006

Hewlett-Packasd South Afnica
Pty ). Lid

PO Box 37099

nuarpnrl. Durban 4067

B41 Ridge Aoad, Durban
Durban, 4001

Tel: BE-7478, BE- 1080, B8-2520
Tedex 67954

Cabie: HEWPACK

Tel 54388
Cable INTAERIO Kampaia

GR- thula-llmnl
Tedex:
Cable HFWPIC!(SA Athens

OTHER AREAS NOT LISTED,
Hewlent-Packard intercontinental
3200 Hillview Ave.

Palo Alto, California 94304

Glblt HEWP!EK Palo Alto
shex: 034-8300, 034-8493

CONTACT:

76
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