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FUSE F1
8A/4A

POWER CORD

Figure 1—1, 8160A and Supplied Accessories {instrument shown with Option 020 fitted)

R, Rack flange

) QOrder Option 908
T {H.P. Part No.
>*-'/%f 5061—-0078)

Front handie
Order Option 907
{H.P, Part No.
5061 -00901

Standard slide kit
{H.P. Part No. 1494-0017)
Seealso§ 1-24

Figure 1—2. Available Rack Mounting Accessories

Rack flange with front handle
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{H.P. Part No.

5061--0084)
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General Information

SECTION |
GENERAL INFORMATION

1-1 INTRODUCTION

1-2 This Operating Manual contains information
required to install, operate and test the Hewlett-Packard
Model 8160A. Figure 1—1 shows the mainframe and
accessories supplied. This section covers instrument identifi-
cation, description, accessories, specifications, and other basic
information.

1-3 A Microfiche version of this manual is available
an 4 x 6 inch microfitm transparencies (order number on

title page). Each microfilm contains up to 80 photoduplicates
of the manual pages. The microfiche package also includes
the latest Manual Changes supplement as wel! as all pertinent
Service Notes.

1-4 SPECIFICATIONS

1-5 Instrument specifications are listed in Table 1-2.
These specifications are the performance standards or limits
against which the instrument is tested.

i—6 SAFETY CONSIDERATIONS

1-7 The Model 8160A. is a Safety Class 1 instrument
{it has an exposed metal chassis that is directly connected to
earth via the power supply cable).

1-8 Before operation, the instrument and manual,
including the red safety page, should be reviewed for safety
markings and instructions. These must then be followed to
ensure safe operation and to maintain the instrument in a
safe condition.

1-9 INSTRUMENTS COVERED BY
MANUAL
1-10 Attached to the rear of this instrument is a serial

number plate [Figure 1—3). The first four digits of the serial
number only change when there is a significant change to

the instrument. The last five digits are assigned to instruments
sequentially. The contents of this manuai apply directly 1o
the instrument serial number guoted on the title page. For
instruments with icwer serial numbers, refer to the backdating
information in Section VII of this manual. For instruments
with higher serial numbers, refer to the Manual Change sheets
at the end of this manual. [n addition to change information,

the Manual Change sheets may contain infoermation for correct-

ing errors in the manual. To keep this manual as up-to-date
and accurate as passible, Hewlett-Packard recommends that
you pericdically request the latest Manual Change supplernent.
The supplement for this manual is identified with this manual’s
print date and part number, both of which appear on this
manual’s title page. Complimentary copies of the supplement
are availabie from Hewlett-Packard.

HEWLETT- PACKARD GmbH

[1536G 00062 |

BOBLINGEN . .

Figure 1-3, Serial Number Plate

-1 DESCRIPTION

1-12 The 8160A is a programmable pulse generator
with applications as a bench instrument or part of an auto-
matic test system. |t is available with one (standard} or two
{option 020} independent channels and can be rack-mounted
with input/output connectors on the rear panet if required,

1-13 All parameters are indicated by an alphanumeric
display above the kayboard. This eliminates both the need
for an oscilloscope to monitor the output and the associated
problem of misreading a parameter. All frant panel controls
are pushbuttons, thus outputs can be very easily and quickly
set up and repeatability problems disappear.

1-14 All pperations within the 81604 are micropro-
cessor-controlled which further simplifies operation whether
performed from the front panel controls or programmed over
the HP-IB*. The microprocessar also enables sophisticated
error detection routines te detect and displiay any incompatible
pulse settings.

1-15 The output frequency of the 81604 is 1 Hz to
50 MHz if the output amplifier is being used. All specifi-
cations are given in Table 1—2 at the end of this section.
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1-16 8160A OPTIONS 1-24 ACCESSORIES AVAILABLE

1-17 Option 020. The standard 8160A has one channel,  1-28 Equipment slides are recommended when rack

Option 020 provides a second channef with all parameters mounting the B160A. Slide kits available are as follows:

variable. Both channels are completely independent except

for repetition rate and burst. ITEM HP PART NUMBER
) ) ) Standard slide kit — in- 14940017

1-18 Optlon 001 is a standard 8160A with the four cludes two slides for in-

BNC input/output connectors taken to the rear panel instead
of the front panal. Blanking plugs are then fitted to the front
panel. This option is most useful in system applications whera
the B160A is rack mounted and all connections must be inside Standard tilt slide kit — 1494—0026
the rack.

staltation into HP rack
enclosures {see figure 1-2).

same as standard stide
kit plus permits tilting

1-19 Options 907, 908, 909 provide handles and/or instrument up or down 900,

rack mounting flanges {see Figure 1-2).
Slide adaptor bracket kit — 1494—-0023

1-20 Option 910 provides an extra copy of the Operating brackets for adapting the
and Service Manual. standard slides above for

) use in non-HP rack system
1-21 All options will be delivered with the instrurment enclosures of adequate depth

if ordered at the same time as the instrument.

1—22 ACCESSORIES SUPPLIED 1-26 RECOMMENDED TEST EQUIPMENT

127 Equipment required to maintain the model 8160A
is listed in Table 1—1, Alternative equipment can be substituted
provided that it meets or exceeds the critical specifications
listed in the table.

1-23 The B8160A is supplied complete with the following
iterms (see figure 1—1},

ITEM HP PART NUMBER

4A fuse for 230V operation 2110—0036
8A fuse for 115V operation 2110—-0055
Power cable see figure 2—2

1-2
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Table 1-1. Recommended Test Equipment

General Information

INSTRUMENT RECOMMENDED REQUIRED CHARACTERISTIC USE *
MODEL
Counter HP 5345A BOu Hz to 50 MHz, B-digit display P A
DVM HP 34554, 0.1-20V, ac sample, dc, 0.004% accuracy PAT
Time marker 2ns to 10s P A
Tirme interval probes HP 5363A Dynamic range +9.99V to —9.89V P, A
Sampiing scope HP 180C + 1810A Dual channel, 10ps — 50us/div. P, A
Real-time scope HP 17404 100 MHz Bandwidth AT
Pulse generator HP 80128 1 Hz — 50 MHz, delay, pulse, ext. trigger PLA
Logic analyzer HP 1600A 16 bit T
Logic probe HP 645A TTL, MOS T
Logic probe HP 10525E ECL T
Systern controller HP 982565 + 98034A Desktop computer, HP-1B interface P, A
Cable assembly 11170C B0L, 122 cm {48 in.) P A
Cable assembly 11170B B0SY, 61cm (24 in.) P, A
Cable assembly 11170A 5082, 12cm {47 in.) P,A
Power attenuator NARDA 766—20 2008, 20W P,A
BNC-TEE HP 1250-0781 1male, 2 female P, A
Cable assemnbly (2) HP 08160-61610 Cable-Output AT
BNC banana HP 1260-2277 BNC(f) to dual banana plug P A
Adaptor HP 12500082 type N male to BNC male P, A
Adaptor HP 1250-0240 type GR to type N fernale P, A
20 dB attenuator HP B941A P, A
Tee connectoy HP 10221A type GR P, A
5052 termination HP 908A P, A
Extender board (2} HP 0816068672 10 Pin special T
Extender board HP 08160-66573 40 Pin special T
Extender board {2) HP 5060--1785 15 Pin T
Extender board HP 5060—-0630 22 Pin T
Extender board HP 5060-0049 15 Pin T
5052 feedthrough HP 10100C - PAT
termination

* P = Performance Test; A = Adjustments; T = Troubleshooting



General Information

Table 1-2. Specifications

Model B160A

Specifications are for 50 §& source and load resistances
unless stated otherwise.

Incompatible values prevented by microprocessor
which monitors all pulse parameters. Refer to
§ 313 in Manual for further information.

TIMING

PERIOD {PER)
Range: 20.0 ns to 999 ms {s¢e table 2).
Resolution: 3 digits (best case 100 ps).

Accuracy: 3% of progr. value * 0.3 ns (PER < 100 ns).

2% of prog. value (PER > 100 ns).
Max. Jitter: 0.1% of programmed value + 50 ps.

WIDTH (WID)
Range: 10.0 ns to 999 ms (see table 2).
Resolution: 3 digits (best case 100 ps).
Accuracy: 1% of programmed value 1 ns.
Max, Jitter: ¢.15% + 50 ps (WID < 999 ns).
0.05% {999 ns < WID < 9.99 js).
0.005% (WID > 9.99 us).

DELAY (DEL)
Range: 0.00 ns to 999 ms (measured from 50% point
of leading edge of trigger output to 50% point of
3 ns LEE).
Resolution: 3 digits (best case 100 ps).
Accuracy: 1% of progr. value + 1 ns (see table 2).
Max. Jitter: 0.1% + 50 ps (DEL < 999 ns).
0.05% (999 ns <. DEL < 9.99 us).
0.005% (DEL > 9.9% us).

DOUBLE PULSE {DBL}
Range: 20.0 ns to 999 ms. (Spacing between leading
edges of doubie pulse).

Resolution: 3 digits (best case 160 ps).

Accuracy: % of programmed value * 1 ns.

Max. Jitter: (.1% + 50 ps (DBL = 999 ns).
0.05% (999 ns < DBL < 2.99 ps).
0.005% (DBL > 9.99 us).

OUTPUT SIGNALS

OUTPUT LEVELS

High level (HIL) Range: -9.89 V (0 9.99 V.

Low Level (LOL) Range: —9.99 Vo 3890 V.

Resolution: 3 digits (10 mV).

Amplitude: 0.10 V min, 9.99 V max. (increase with
hi-z source or load, see table 1).

Accuracy: 1% of programmed value £ 50mV £ 1% of
ampl.

Settling Time: 40 ns to specified accuracy.

Note: In 2 channel instruments, the difference berween
highest upper level and lowest lower level may not
exceed 20V,

cont'd.

QUTPUT SIGNALS (cont'd)

TRANSITION TIMES (10 — 90% ampl.}
Laading Edge (LEE): 06.0 ns 10 9.99 ms (see table 2).
Treiling Edge (TRE): 06.0 ns to 9.99 ms (see table 2).
Leading and trailing edge transition times are indepen-
dently programmable within a commen range.
Ranges are overlapping as shown below:

.0ns — 99.9ns 05.0us -~ 999 s
050ns — 999 s 050us — 999 us
050us - 9.99us 0.50ms — 999 ms

Resolution: 3 digits (best case 100 ps).

Accuracy: 3% of progr. value £ | ns (see table 2),
Linearity: 3% for transition times longer than 30 ns.

PRESHOOT, OVERSHOOT, RINGING: 5% amp. *+ 10 mV.
A ADD B: Adds Channel A and B outputs (option 020).
GUTPUT FORMAT: Normal or complement.

SOURCE IMPEDANCE: See table 1.

Table 1. Qutput Levels (81604 into 50 §2)

OUTPLUT ] Typical | HIL 10U HIL'LOL AMPL.
MODE Z min min accuncy in
max Lt max
BEF-C RN AU R CRY 100 my
A SEF B 50 1 1% - |7 amph
500 25 pF + R0y
ooy | o gay Paagy
19,7 % 179w 20K my
ASEPB 1k 17 £ 1% ampl
1k 25 pF O mY
eeY | 9T ey
SGESY | 000y 1K mv
AADDE | 3R O SUASERR SO L0E
500 &0 pF 1}
999y | waey [ERRY
STy NEERY C O
AADDB | SO0 1A SEF B, Lk
1kt 0 pE 57 i
1R foeluTy | TRy

Table 2: Output Modes{Timing (8160A into 50 )

OUTPUT MODE PER wiD DEL ‘ LEETRE

min e ACCUFACY min ACUNICY

ASEP RS0 02 B | 0w | e, |

ASERB. 1 k{1 on 12,5 ns ne |

A ADDB. 5082 S0 ns 25 ns Fegn

AADDB 1k & | 5065 28 ns I#:'ﬂns 1% ms 3 14“3
OPERATING MODES

NORM: Continuous pulse stream.

GATE: External Signal enables rate generator. First output
pulse sync with leading edge. Last pulse always complete.

TRIG: Each input cycle generates a single output pulse.

BURST: Each input cycle generates a programmable
number {0 to 9999) of pulses. Min time between bursts

isi period. cort'd
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General Information

OPERATING MODES (cont'd)

MAN: Simulates ext signal when EXT INPUT switched OFF.
SINGLE PULSE: Provides a single pulse independent of
input and period settings.

AUXILIARY INPUTS AND OUTPUTS

EXTERNAL INPUT
Trigger Level: +10 to —10 V.
Max. fnput: * 12Vin 508,220V in QK.
Minimum Amplitude: 500 mVpp.
Slope: Positive or negative.
Min. Puise Width: 3 ns.
Typical Input Resistance: 50 £2 or (also in OFF) 10 k&2,
Delay from Trigger Input to Trigger Qutput: 90ns t 10 ns.
TRIGGER QUTPUT
Output Amplitude: = 2.5 V into 50 £,
= 5 ¥ into open circuit.
Typical Source Resistance: 50 (2.
Typical Pulse Width: 8 ns (PER < 100 ns),
40 ns (100 ns << PER < 1 us),
400 ns (PER & 1 us).

HP-IB CAPABILITY
Code  Interface Function
SHI  Source Handshake Capability.
AH |  Acceptor Handshake Capability.

T6 Talker (basic talker, serial poll,
unaddress to talk if addressed to listen).
L4 Listener (basic listener, unaddress to listen
if addressed to talk).

SR 1 Service Request Capability

RL 1  Remote/Local Capability (incl. Local Lockout
to prevent interference with a running proge.}

PPO  No Parallel Poll Capability.

DC 0 No Device Clear Capability.

DT 1  Device Trigger Capabitity (Trig, Burst modes).

Cco No Controller Capability.
All modes and paramelters can be programmed.
EXT SLOPE POS/NEG programming can simulate Gate
mode.
TRIG LEVEL adjustment, 50 £2/10 kQ/OFF switch and
vernier keys are not programmahle.
PROGRAMMING TIMES (time for 8160A 10 receive.
verify and execute message) typical
Period, Delay, Double Pulse Spacing, Width: 140 ms.
Transition Times: 110 ms.
Output Levels: 150 ms.
Burst, Input Modes: 100 ms (existing burst wiil be
interrupted when programming new burst).
Qutput Modes: 200 ms.
LISTEN TIME (uine for 8 160A to receive and vesify
message) typical
Input Modes: 50 ms

Paramters: 140 ms cont'd

HP-1B CAPABILITY {cont'd}

Output Modes: 5 ms (EN/DISABLE, NORM/COMPL),
70 ms (A SEP/ADD B, 50 22/1 kQ).
Device Trigger: 30 ms (EXT TRIG),
80 ms (BURST).
TALK TIME (time for 8160A to transmit a message)
message)
Status: I byte (indicates nature of programming error),
<5 ms typical.
Leam: 11 lines (18 in option 020} up to 14 characters
plus CRLF. 10 ms/line av.
MEMORY : 9 addressable locations plus one for existing
operating state.
Capacity: 1 complete operating state per location.
Access Time: <X 20 ms (store).
< 1.2 s {recall).

GENERAL

REPEATABILITY: 50% of specified accuracy.
POWER-OFF STORAGE: Batteries maintain all stored
data for up to 2 weeks with instrument switched off.
Hardwired addressable location contains a fixed operat-
ing state for confidence check (standard parameter set).
POWER: 115/230 V AC + 10%, —22%: 48—66 Hz:
675 VA max.
ENVIRONMENTAL
Temperature Range: 15 ~ 33°C as specified.
Accuracy Derating Factors for Temp: 0~ 159C or
35— 500C:
Delay, Width, Double Pulse; 0.07%/OC, typical.
Period, High Level, Low Level: 0.14%/°C, typical.
Leading Edge, Trailing Edge: 0.21%/°C, typical.
WEIGHT: Net 20.8 kg (46 Ibs), Shipping 25 kg (55 lbs).
DIMENSIONS: 178 mm high, 426 mm wide, 430 mm deep
(7x 168 x 17 in).

OPTIONS
001 Rear Panel Input and Qutputs

020 Second Channe!, Includes delay, width,
double pulse, transition times, and
output arnplifier

937  Front Handle Kit (Part Na. 5061-0090})

908 Rack Flange Kit (Part No. 5061-0078)

909 Rack Flange and Front Handle Combina-
tion Kit (Part No. 506 1-0084)

910 Additional Operating and Service Manual
(Part No. 08160-90002)

Specifications describe the instrument’s warranted per-
formance. Supplemental characteristics — identified by
the word “typical” — are intended to provide information
useful in applying the instrument by giving typical, but
non-warranted, performance parameters.
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Instailation

SECTIONH
INSTALLATION

This instrument weighs 20.7 kg {45.5 Ibs). Care must be
exercised when lifting to avoid personal injury. Equipment
slidas are recommended when rack mounting {see para-
graph 1-24).

2-1 INTRODUCTION

2=-2 This section provides instaliation instructions for
the instrument and its accessories. It also includes information
about initial inspection and damage claims, preparation for
use, and packaging, storage and shipment.

2-3 INITIAL INSPECTION

2-4 Inspect the shipping container for damage. If the
container or cushioning material is damaged, it should be
kept untif the contents of the shipment have been checked
for completeness and the instrument has been checked
mechanically and electrically. The contents of the shipment
should be as shown in Figure 1—1 plus any accessories that
where ordered with the instrument. Procedures for checking
the electrical operation are given in Section 4. If the contents
are incomplete, if there is mechanical damage or defect,

or if the instrument cdoes not pass the operator’s checks,
notify the nearest Hewlett-Packard office. Keep the shipping
materials for carrier’s inspection. The HP office will arrange
for repair or replacement without waiting for settlement.

2-5 PREPARATION FOR USE

To avoid Razardous electrical shock, do not perform electrical
tests when there are signs of shipping damage to any portion
of the outer enclosure {covers, panels, meters).

2-6 Power Requirements
2-7 The instrument requires a power source of 118V,

or 230V (+10%, —22%) at a frequency of 48 to 66 Hz single
phase. The maximum power consumption is 876V A.

2-8 Line Voltage Selection

CAUTION

BEFORE SWITCHING ON THIS INSTRUMENT make sure
that the instrumment is set to the local line voltage.

2-9 Figure 2—1 provides information for line voltage
and fuse selection:

730V

I

 —
Hsy

VOLTAGE: 230V 115v
FUSE: 4A 8A

Figure 2—1. Switch Settings for the various Normal
Power line Voltages

2-10 Power Cable

To avoid the possibility of injury or death, the following
precautions must be followed before the instrument is
switched on:

a. If this instrument is to be energized via an auto-
transformer for voltage reduction. make sure that the
common terminal is cannected to the grounded pole
of the power source.

b. The power cable plug shall only be inserted into a
socker cutiet provided with a protective ground contact.
The protective action must not be negated by the use of
an extensian cord without a protective conducior.

c. Before switching on the instrument, the protective
ground terminal of the instrument must ba connected
o 2 protective conductor of the power cable. This is
verified by checking that the resistance between the

instrurment chassis and the front panel and the ground pin
of the power cable plug is rero chms.

2-1
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2-11 In accordance with international safety standards,
this instrument is equipped with a three-wire power cable,
when connected to an appropriate ac power receptacle,

this cable grounds the instrument cabinet. The type of power
cable shipped with each instrument depends on the country
of destination. Refer to Figure 2—2 for the part number

of the power cords available.

2-12 The fallowing work should be carried by a
qualified electrician and all local electrical codes must be
observed. If the plug on the cable supplied does not fit your
power outlet, or if the cable is to be attached to a terminal
block, then cut the cable at the plug end and re-wire it,

The colcur coding used in the cable will depend on the
cable supplied (see figure 2—2). If a new plug is to be
connected, the plug should meet local safety requirements
and include the following features:

adequate load-carrying capacity {see table
of specifications in section 1}

ground connection

cable clamp

NEMA TYPE ANSH 73.11
HP Part No. 8120--1348

SCHUKO TYPE CEE ?
HF Part No. 8120-1680

LINE = BLACK LINE = BROWN

NEUTRAL = WHITE
GROUND = YELLOW GREEN

NEUTRAL = BLUE
GROUND - YELLOW/GREEN

8.5.1363
HP Part Mo, 8120-1251

LINE = BROWN
NEUTRAL = BLUE
GROUND = YELLOW GREEN

ASC 112
HP Part No 8120- 1369

LINE = BROWN
NEUTRAL = BLUE
GROUND - YELLOW GREEN

Figure 2—~2. Power Cables Available: Plug tdentification

2-2

Model 8160A

2-13 HP-IB Connector

2-14 The rear panel HP-IB connector [Figure 2-34
is compatibie with the connectors on Cable Assemblies

10631A, B, C and D. If a cable is ta be locally-manufac-
tured, use connectar male, HP part number 1251-0293,

.QII\S:-:_| ‘ o : P o
SHIELD IGND ONLY AT | |
SYSTEMCONIROLLER | | | 1o | !I

| [OnBIEDCEBO0E ); o

\ HOERREEOHE S

&)

jor’

e

7 ;
N :
g:ﬁua?:?n:rﬁ GND —T —-——-\,——v———' l | ! |' ]
GUARTS ! g
GROLNDS L I
IGHD AT ' i R
SYSTEM P T o
CUNIROLLER! e REM

Figure 2—3. HP-1B Connector

2=-15 HP-IB Logic Levels
Z2-18 The B160A HP-I8 lines use standard TTL logic.
Logic levels are as follows:

True = low = digita! ground or OV dc to +0.4V dc,
False = high = open or +2.5V dc to +56V de.

All HP-IB lines have LOW assertion {""17) states. High states
are held at +3V dc by pullups within the instrument, When a
line functions as an input, approximately 3.2mA of current
is required to pull it low through a clasure to digital ground.
When a line functions as an output, it will sink up to 48mé&A
in the low state and approximately 0.6mA in the high state.
2-17 Operating Environment
2—18 The operating temperature limits for this instrument
are 0°C to 50°C. However, the accuracy and repeatability
specs only apply from 159C to 35°C. Qutside this range the
accuracy and repeatability specs should be doubled.

2-19 FRONT HANDLE/RACK MOUNTING
2-20 Figure 1—2 and paragraph 1—24 give the possible
handle/rack mounting configurations, If handles are fitted and
subsequently need to be removed, the plastic trim must first
be taken off as shown in Figure 2—4.
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° Pushbutton selectors with built-in indicators that light
when the input mode is selected. Modes are as follows:

NORM — rate generator free-running

TRIG — a trigger signal, either external or via the MAN
pushbutton, initiates one output pulse.

GATE — a gate signal, either external or via the MAN
pushbutton, generates an output for as long as
the gate is present.

BURST — a burst trigger, either external or via the MAN

pushbutton, initiates one pulse burst,

€ RESET TO LOCAL is used when operating the 8160A
via the HP-IB to reset the B160A 1o local {front panel) control.

o The POS and NEG EXT SLOPE selector pushhbuttons
determine whether the 8160A triggers on the positive-going
or negative-going slope of the external input signal Built-in
indicators light for the selected slope.

o LINE power on/off pushbutton with indicator lamp.

—CHAWMNEL

PARAMETER
PERELR

WA LLIE

LR, By

-

1R L
L

i THING GUTogT

e

OPERATING INSTRUTTIONS

13

12

14

e TRIG LEVEL enables the external input trigger
leve! tc be adjusted from +10 V to —10V,

o 50 £2/10K £ /OFF switch matches the external input
to BO LY or 10K £1 input impedance, or switches the external
input off. An indicator shows when an external input

signal is triggering the 8160A.

o BNC connector for external input signals,

e MAN pushbutton produces a trigger pulse each time it is
pressed in TRIG, GATE or BURST modes.

SINGLE PULSE pushbutton initiates one output pulse
each time it 1§ pressed.

@ S5TO and RCL enable complete operating sets to be

stored or recalled as required. Up to 9 sets can be stored/recalied
by pressing $TO or RCL followed by the appropriate digit

1-9. RCLO sets up @ standard pulse output.

QP® rARAMETER, CHANNEL/DATA and ENTRY
keys are used sequentially to change operating parameters.
Changing pulse period or burst is a 3-step operation {parameter,
{data, entry). Changing all other parameters is a 3-step operatian
{parameter, data, entry} for the standard 8160A, and a 4-s5tep
operation {parameter, channel, data, entry} when aption 020

is fitted.

Figure 3—1. 8160A Controls, Connectors and Indicators (instrument shown with option 020 fitted)
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@ VERNIER keys enable all parameters 1o be varied.
@ BNC connector providing TRIG QUTPUT signal.

QO @ BNCconnectors providing QUTPUT A & B signals.
Indicators show when outputs are enabled,

@ COMPL/NORM pushbutton selects normal or complement
format for outputs A and B. A built-in indicator lights for
complement.

@ 1K 2 /50 §1 pushbutton selects 1K 2 or B0 L output
impedance for outputs A and B. A built-in indicator lights for
T £ .

&) DISABLE/ENABLE pushbutton disables/enables outputs.
A built-in indicator lights when outputs are disabled.

€& A ADD B/ A SEP B pushbutton adds outputs A and B in
A ADD B mode. The combined outputs appear at output A.
A built-in indicator lights when the cutputs are added.

@ ERROR field indicates PARAM, TIMING, SLOPE and
LEVEL errors,

PG DAATRH

Model 8160A

SERAVICING HY QUALFIED PERS
THIS COVER MAY BE HOT  HAZARDOL)!
CONSIMT MAKUAL BEFORE
SERVICE POWER MODULE ONLY WITH AN
BEFGRE REMOVAL OF THIS POWER MIDULE. I

@ UNIT fieid indicates the unit in which the currently
displayed parameter is measured.

VA LUE field indicates the numerical vatue of the
curfently displayed parameter.

CHAMNEL indicates the channel whase parameters are
currently being displayed.

@ PARAMETER indicates which parameter is currently
being displayed.

@ REMOTE indicator shows when the §160A is under the
control of a system controtler via the HP-IB.

@ HP.iB device address switeh (5 bits, A 1 to A B).

@ HPAB connector.

@ INPUT/QUTPUT cennectors mounted here (instead of
front panel) with option 007,
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3-13 Error Indication

3--14 it is possible that while experimenting with
different parameter settings you will get an error indicat-
ion in the ERROR fiald. The error can be one of four
types: PARANM, TIMING, SLOPE or LEVEL and means
that you have attempted an invalid operation, For example
you may have a TIMING error because you attempted 10
set a pulse width greater than the pulse peried, or you may
have a SLGPE error because you tried to set up a leading
edge/trailing edge transition time ratio of greater than
20:1. The invalid setting will be accepted but will not be
entered to the output until all error conditions have been
removed. If you wish to start with an error-free parameter
set, you can recall the standard parameter set by pressing
keys RCL and 0 {see paragraph 3—46}. To remove the
error condition simply re-enter the parameter correctly.

3—15 in some instances the reason for the error
indication may nat be immediately apparent. This is
particularly true when double pulse is active. To aid
the user identify the error source in such cases, the
following formulae, together with figure 3—3, are pro-
vided, These formulae are employed by the micropro-
cessor to determing when an error indication is

nacessary.

Figure 3—3. Double Pulse Limits

3-16 As can be seen from figure 3—3, there 1s a
permitted "time-zone’ in which DBL may be programm-
ed. Due to internai 8160A circuits, the minimum/maxi-
mum limits of this "zone’ vary according to three formu-
lae, depending on the relative values of DEL, WID and
PER. The 3 possibilities are:

1} DBL <50 ns in which case the following
formula applies:
WID + 9 ns

< _
008 0.94 x PER — {WID + % ns)

2)  DBL =50 nsand WID << 50 ns, in which
case the fallowing formula applies:

Model 8160A

0.94xPER ~(WID+9 ns/

leD +9n5 or -
———— <pBLE
0.96 0.94xPER — 31 ns

* of these 2 formulae, the one which provides
the smaller value for the prevailing parameters
is decisive.

3}  DBL =50 ns and WID = 50 ns, in which
case the following formula applies:

WID+ 31 ns
0.96

< DBL < 0.94 x PER — (WID + 31 ns)

Whenever an error indication accurs in doubie pulse
mode, the user should abserve his programmed vatues
for DBL and WID to see which of the above formulae

apply.

3-17 There are combinations of pulse parameters
for which the 8160A will indicate SLOPE error, but will
nevertheless accept and enter the parameters to the out-
put. This occurs when the leading edge (LEE]} or trailing
edge {TRE} is increased to the point where 1t is incompa-
tible with other parameters e.g. LEE programmed greater
than width {WID}. {(NOTE: This error is “allowed’ only
so long as the values for LEE and TRE are within the
maximum 20:1 ratio}. Using this operation feature, tri-
anguliar waveforms, as well as complex waveforms in
double pulse mode, can be generated,

3-18 As with DBL programming, the micropro-
cessor employs certain formulae to determine when this
aliowabie SLOPE error indication shouid be given, An
explanation of these formulae, tegether with illustrative
aids, is given in the following paragraphs.

__i_____l\_._ L{L
|

LEE  fe——

| WIDTH

LEVEL DEVIATION DUE
TO ALLOWED SLOPE
| ERAGH

-3

— e DL

} LEE = wID {

Figure 3—4. Leading Edge/Width {Delay active)
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3-19 Figure 3—4 {a and b} illustrates the case when
the leading edge is increased to the point where it is equal
to or greater than the programmed width (WID) value,
SLOPE error indication is given when:

LEe> WD 4 (this formula applies
1.4 for either DEL or

DEBL active}

As can be seen from Figure 3—4 (b}, as LEE is increased
beyond the WID value, the actual high level at the 81604
output, no longer corresponds to the programmed high
level (HIL).

ial

|
|
| |
L+

i wmm—_:i- |—~—TR£
LPER—‘I

| LEVEL DEVIATION
| LEVEL DEVIATION
r

-—F——- +
WIDTI—I—.—J |
[l
}-—‘TFIE—-'J

Figure 3-5, Trailing Edge/Period/Width (Delay Active)

3-20 Figure 3—5 {a and b} illustrates the case when
DEL is active and the trailing edge (TRE) is increased to
the point where the sum of width and trailing edge times
is equal 1o or greater than the period (PER). SLOPE error
indication is given when:
TRE > {0.94 x PER) — WID
1.4

—1.5n;

Should the sum of trailing edge and width times be
greater than the period, the actual low level at the output
no langer corresponds to the programmed LOL value,
Figure 35 (c} illustrates the possible output waveform
for a combined leading edge and trailing edge SLOPE
arrar,

Operation and Programming

Figure 3—6. Trailing Edge/Doubte Puise/Width

3-21 Figure 3—6 (a and bl illustrates the case
when DEL is active and the trailing edge (TRE) is in-
creased to the point where the sum of width (WID)}
and traifing edge (TRE) times is equal to or greater
than the programmed DBL time. SLOPE error indica-
tion is given when:

TRE ~(0.96 x DBL) — WID

1.4
Should tha sum of width and trailing edge times exceed
the period, then the actual low level within the pulse-
pairs no konger corresponds to the programrmed LOL
value (see Figure 3—6 {b].

—1.5ns

HIL

jj+ o

|-p—w~|1

- Pk o

! Fi R

Figure 3—7. Trailing Edge/Double Pulse/Width/Period

3-3
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3-22 Figure 3—7 {a and b} illustrates the case when
DB L is active and the trailing edge (TRE} is increased to
the paint where the sum of the trailing edge (TRE},
width (WiDJ and double pulse {DBL} times is equal to
or greater than the programmed period (PER). SLOPE
error indication is given when.

Should the sum of traiiing edge {TRE}, width (WID)

and double pulse (DBL) tirmes exceed the period, then
the actual low level between consecutive pulse-pairs

no longer corresponds 1o the programmed LOL value

{see Figure 3—7 {bl 1. Figure 3=7 {c) illustrates a double
puise waveform modified by all the allowable slope errors
iust descrihed.

3-23 NORM input Mode

324 The pushbuttons in the left hand section of
tha front panel determine the gate/trigger t© which the
B1604 output is synchronized. One of the four pushbut-
tons NORM, TRIG, GATE or BURST will be lit 10 indi-
cate the current input mode. The mode you require
initially 1s NORM so if the 8160A is not already in this
mode, press NORM (see paragraph 3—57 for the other
input modes). This means that the internal rate generator
is frae-running and provides the rate stimulus for the
output [figure 3—8 shows examplel.

o A

GUTPUT A _ﬂ_ﬂM_fL___

Figure 3—8. Normat Mode

3-256 Parameters

3-26 The keyboard in the centre section of the
front panel is used to enter all pulse parameters. You press
one of the ning grey PARAMETER keys on the left-hand
side first to determine which parameter 1o set-up:

[PERlOD  [DELAY [bBUPLS

{double puise)
M‘I‘H 1L§E (pulse {pulse

leading edge} trailing edge)
|_BU__ﬁST HIL {putse LOL [{pulse
high level) low level)

Model B160A

3-27 Start by pressing PERIOD. The display will
now show PER (blinking) in the PARAMETER field,;
nothing in the CHANNEL field; the current period value
in the VALUE field; and the current time unit in the
UNIT field. The parameter field blinks until the new
period value and unit have been entered and accepted.

3-28 Yau can now enter the new period data in
the centre section of 12 grey CHANNEL/DATA keys, e.q.
732. This value will appear in the display VALUE field,

3-29 Now complete the parametar by assigning

a unit from the right-hand section of four grey ENTRY
keys e.g. ms, This unit will appear n the display UNIT
field and the PARAMETER field waii stop blinking to
indicate that the new parameter has been accepted as
valid.

3-30 Thas setiing up a new periad paramelsi was
a three-step operation; parameter, data, entey. T ke same
applies for changes to the burst parameter g.g. entr
PARAMETER key — BURST, DATA keys - 99,

ENTRY key — BURST. However, because all other para-
meters are independently variabie for cach channel, should
option 020 be fitted, parameter changing becomes a four-
step operation; parameter, channel, data, entry. [For
standard 8160A , only 3 steps are recuved far 2y para-
meter change).

3-3 As an example press PARAMETER ey -
WIDTH, CHANNEL/DATA key — A, CHANNEL/DATA,
keys — 126, and ENTRY key -- ms. You have now set the
pulse width of charnnel A to 126 ms. Y ou can change para-
meters DELAY, DBL, PLS, LEE, TRE, HIL and LOL

in the same way.

3-32 If you want to check eny parameter, simply
press the required PARAMETER and, where appropriate,
CHANNEL keys and the value will be displayed.

3-33 Delay/Double Puise Parameters

3-34 The B160A can operate with either delay
active {variable delay time between trigger and output
puise) or double puise active {a second puise following
every output pulse with variable delay between the two)
but not both. There is, therefore, 2 facility built in to the
instrument that tells you which of the two is currently
selected. If you press PARAMETER key — DELAY and
the PARAMETER field of the display shows DEL", the
tells you that delay is not active (double pulse is selected).
If you wish to select pulse delay, you simply enter the
delay parameter as already described and the * il dis-
appear indicating that delay is now active and not double

+
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pulse. If you now press PARAMETER key — DBL PLS,
DBL™Y will appear in the display.
3-35% Vernier Kays

3-38 A set of four VERNIER keys acts as a com-
mon vernier for all parameters.

3-37 Press PARAMETER key —WIDTH, CHAN-
NEL/DATA key — A and then VERNIER key SLOW W
If you press and release the kay, the channel A pulse
width will decrement by one step in the fast digit. If you
hold the key down, after about ane second the pulse
width will start to decrement continuously. If you press
and release FAST W the pulse width will decrement
hy one step in the next-to-last digit. If you hoid the key
down, after about one second the puise width will start
to decrement continuously in jarge steps. The same app-
lies for SLOW and FAST A except that the chosen
parameter increments rather than decrements.

3-38 The vernier is active for whicheve  parameter
is currently displayed without having to press the PARA-
METER key first, except:

a) after switch-on, store and recall.

b)  when using the vernier with delay or double
pulse parameters, the required parameter must first
be made active by entering the unit {see paragraph
3-33} before the vernier can be used.

3-39 If you attempt 16 generate an incompatible
setting while using the vernier keys, in all cases except one
the parameter will stop at its valid limit. The one exception
is when you exceed the leading/trailing edge transition
time max. ratio of 2001, The 8160A slope generator is de-
signed in 6 overlapping ranges {see Figure 3—9).

6.0 ns

B0ns
0.50 us

999ns i 5.0 ps
9.99us i 50 s

99.9ns

99 9us 0.50 ms
999us
999 ms
Figure 3—9. Slope Generator Ranges
3-40 Provided that beth transition times are within

the same 20:1 range, they are independently adjustable.
I, however, one pulse edge is adjusted into the next range
using the vernier, the other edge steps to within the limit
of the same range.

Operation and Programming

3-41 As an gxample, suppose that you have set up a
putse leading edge of 50 ns and you increase the trailing
edge time above 999 ns. The trailing edge verniel will can-
tinue 1o increment without showing an error, but the
leading edge time will jump by a factor of 10, i.e. to 500
ns. Thus both edges are now in the third range. Note,
however, that if you now decrement the trailing edge using
the vernier, the leading edge will not jurnp back to 50 ns
until the traifing edge is reduced below 500 ns.

3-42 Store and Recall

3-43 Using the STO (store) and RCL (recall} keys
in conjunction with data keys 1-9 it is possibie to store
parameter sets for 8 output waveforms, and then to recall
any of then as the current output.Note that the store
function is not possible while an errar condition exists

or while the keyboard is active.

3-44 Set up a pulse output as previously explainad
then press STO and data key 1. Now change the parameters
of the puise and press STO 2.

3-45 If you now prass RCL 1, the first set of para-
meters will be recalled. Press RCL 2 and the second set of
parameters will be recalied. Up to 9 sets can be stored using
STO 1-9 and recalled using RCL 1-9.

3-46 Standard Parameter Set

3—47 In addition to the storage locations for user
waveforms there is an extra storage location that contains

a standard parameter set, This parameter set ¢an be recalled
as the current output by pressing RCL followed by data
key 0 {note that you can’t store any other parameter in this
location), The parameters of the standard pulse are as

foklows:
CH A CHEB

Input mode «~ NORM -
Slope ~ POS
Pariod — 1us -
Burst +~ 10bt —=
Delay {active} 100 ns Ons
Width 100 ns 8ns
Double pulse 200 ns 18 ns
{not active)
Leading edge 10ns 4 ns
Trailing edge 10 ns 4 ns
High leve! 1.0V +0.0V
Low fevel ov -0V
Output A SEP B
50 £} output Ab B5
Normal output AN BN
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3-48 The standard paramater set is sutomatically
recalied at switch-on if the 81604 has been switched off
for an extended period and the memory contents are no
longer valid. The display shows the period of 1.00 us
together with PARAM in the ERROR figld to infarm you
that the other memory |locations contain random oata,
This feature prevents putses with random parameters from
being output.

3-49 The standard parameter set can also be re-
called as a simple operator check that the instrument is
working correctly.

3-50 Output Modes

3-51 Output modes for channels A and B are con-
trotled by six pushbuttons on the right-hand side of the
front panel. |f the §160A oniy contains channei A, the
controls for channel B are still fitted but are ineffective.

3-52 A ADD B/ A SEP B pushbutton adds to-
gether the channel A and channel B signals and ouiputs
them a1t QUTPUT A when the pushbuttan is lit; channel
B is disabled and the QUTPUT B lamp isunlit. In the A
SEP B mode, the two channels are output separately.

3-53 The DISABLE/ENABLE pushbution disables
both outputs when it (QUTPUT A and OUTPUT B lamps
are unlit),

3-54 CHANNEL A COMPL/NORM pushbutton
complements QUTPUT A when lit.

3-55 CHANNEL A 1 k{2 /50 £ pushbutton sets
the source impedance of QUTPUT A to 1 k2 when lit.
MNote that, unlike conventional pulse generators, when
the 8160A source impedance is changed from 50 £2 1o

1 k&2 the high and low pulse output levels do not change
{due 10 microprocessor control).

3-56 CHANNEL B COMPL/NORM and 1 k{t /80 §2
pushbuttons perform for channel B the same functions as
described for channe! A above.

3-57 TRIG/GATE/BURST Input Modes

3-58 An oscilloscope is pecessary to check the
operating of the FRIG (trigger}, GATE and BURST input
modes. In all three modes you can generate the trigger/
gate signal using an external signal applied to the EXT
INPUT connector, or using the MAN {manual) push-
button, or via the HP-IB using a program instruction.

3-6

Mode! 8160A

3-59 If you have an external input 1o generate the
trigger‘gate signal, you can adjust the triggering threshold
of the externa! input from —10V 1o +10 V using a trimpot
on the frant panel. You can alsa match the trigger source
impedance to the external input using the 50 €2 7 t k&2
switch. Set the switch to OFF if you are not using the
external input, or using the MAN pushbutiton.

3-60 An LED next to the external input lights
whenever a trigger/gate signal (generated externally,
manually or via HP-{B} cccurs to inform you that a
signal is present and is triggering/gating the 8160A.

3-61 Trigger Mode

3-62 In this mode the trigger signal initiates one

T

compiete ouiput cycie ifigure 3—10}. The deiay, widin,
transition times and output ievels of the signal are deter-
mined by the 81604 seitings.

TRIG. LEVEL

EXT INPUT iﬁ _ ; j
TRIG || ) ﬂ

u
OuUTPUT I‘_ DELAY

IR

Figure 3—10. Trigger Mode

OUTPUT A

3-63 Gate Mode

3-64 in this mode the leading edge of the gate
signal enables the rate generator synchronously and the
gate trailing edge disables the rate generator. The first
and last output pulses are always complete {figure 3—11).

TRIG LEVEL

Y

1
INPUT !

TRIG N n_. N M

SR e e e |

Figure 3—11. Gate Mode
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3—65 Burst Mode

3—66 In burst mode a preset number of output pulses
is generated with each trigger signal (figure 3—12). The
burst length can be set between 1 and 9999 pulses either
from the front panel or via the HP-1B. When operating from
the front panel the burst length is set up as follows:

press PARAMETER key — BURST

press the required DATA keys to enter the
burst length. The number will appear on the
display.

press the ENTRY key — BURST.

The 8160A is now in burst made with the burst length set.
You can now trigger the burst as already described.

TRIG LEVEL
TRIG INPUT 4 — ‘llnf‘
|
|
|

TRIG || Il || || “ “ — ““_-

QUTPUT | |

OUTPUT A SURST
L._l__%NGTH

Figure 3—12. Burst Mode

3-67 PROGRAMMING INSTRUCTIONS

3-68 The 8160A operates an the HP-1B as follows:
listens 1o messages from the HP-1B system
controller by means of which all 8160A
operating parameters and modes can be
programmed; access time {the time between
program command and the implementation
at the 81604 output) is 20 ms,

talks; provides error messages and reports
operating or stored parameters,

3-69 The bus lines are as follows {all use negative
logict:
8-bit data bus {lines DIO 1 to 8},

handshake lines — DAY {data valid), NRFD
{not ready for data}, NDAC (data not
accepted],

control lines — |FC (interface clear), ATN
{attention}, SR Q (service request}, REN
{remote enable}, EQI (end or identify).

Programming

The 8160A uses atl lines except E0I. Terminations,
logic levels and pinouts are described in Section 1. In
this manual, bus information will generally be restricted
to 8160A specifics, for this reason, the handshake lines
will not be discussed and the control lines will only be
mentioned in connection with specific 8160A activity,

Permissible codes are presented in Table 3—8. For more
bus information, refer to the condensed description in
HP publication 59401—-90030 and to |IEEE Standard 488.

3-70 To use the 81604 on the bus, remote control
must be implemented. This is done by setting the REN
line true. A return to local control can be made manually
{LOCAL RESET button}, by sending the command GTL
{go o local}, or by setting REN false. Refer to § 3—78).

3-71 Addressing

Table 3—1. Available Addresses {ATHN true)

Darta tus Address in

(DO [ines} ALRCH

Fivad | Selactable

876|943 21 | Talk] Listen
QTL|0OOOG O | Space
aTLjoooact1 |A !
OTL|DOO10|B -
oTL|0oCD11 |C |#
oTL|oc1c0|D |%
0TL|0OOC101|E %
0OTL|0OO119]|F 8
oTLjooI11 |G }°
oTL|o10ooO | H |
oTL|0O1OD )1 )
oTLJjo1oD010 ]y .

0T L1011 | K |+
gTL|I0O1100 L

oT L0110 M |-

0TLI0O1 11D N

oTL{01 111 |O )/
oTL|l1QoOO]P Q
oTL|YoepoO1 | |F 81604 ot
oTLl1oo10|R |2 this addres at
pTLlroo11 ]S 3 factory (17 Dec.)
oTLI10100}T 4

gTL|j1OY 0 U ] Dsually can-
OTL{12v1 0V =] trollar addrass!
0T Lj1G 111 W 7
OTL|11D00 X |8
oOTL|11OG Y 9
oTL|jtrv010]) 2 :
oTLjr1ro1 ] R
oTLj11r00]" <
gTLlrrra | - Fordidden set:
gTLj1rT1T1T 10" = ring! UNT, UNL
QT LT 111t . ¥ commands

Selecior on B160A
rear panel {factory
settingt,

L = 1 1or histen address, 0 {or Wik arddress
T = 1 for talk address, Q foi 'isten address
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3-72 Talk and listen addresses are transmitted by
the system controller over the data bus with the ATN line
true. When an instrument recognizes its address, it will
adopt the appropriate bus mode {i.e., it will listen to the
bus if its listen address has been transmitted, talk if the
talk address has been transmitted}. The 81604 s addresses
are selected by a switch on the rear panel from the possi-
bilities presented in Table 3—1. When allocating addresses,

Mode! 8160A

make sure no two instruments have the same address.
When programming an address, set ATN true and arrange
that the ASCII character derived from Table 3—1
appears on the bus. To deaddress, use UNL, UNT cormn-
mands {or address another device as talker).

Table 3—2. Mode and Parameter-setting Messages (ATN false)

External slope

positive E1l
negative E2
Parameters

set DBI'IOd _ _ PER

" set l:::ufst ) BUR

(18NS - 999MS

GV L0L< w,z '

Message Serial ASCH bytes Comments
Input modes
select normal "
select trigger 12 Trigger message {Table 3—3) can be used
select gate 13
select burst 14 Trigger message {Table 3—3) can be used

1 F o T For multichannel instruments
' -_*ﬁummlmunbemm
whunnrogrmming thuepcw

0—9999 pulses

Channel
A A ) ) :

B 8 _ - Parametar Chanpel  Unit
| Examiples:

Unit : : ) :
nanoseconds NS DEL BODNS.
microseconds Us HiL A 15V
milliseconds MS BUR o4
burst entry BT
volts V'

Output mode
A add B AA
A sep B AS ]\--— Only effective if channel B is fitted {option 020}
disable outputs DI
enable outputs EN
A complement AC
A normal AN
A 1 k& impedance Al

3-8
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Table 3—2 {cont'd}

Message Serial ASCII bytes Comments
A 50 £ impedance AY
B complement BC
B normal BN o o
B 1 k€2 impedance 81 - Only effective if channel B is fitted {option 020)
B 50 £ impedance BS
Sign
+ +

Decimal point

Memory
store current operating
modes and parameters in
8160A store location 'n’ STO 'n’ n is an integer 1—9

recall and adopt parameters See 3 3-42

in store location 'n’ RCL 'n’ nis an integer 0—9

SR

Lower case letters can replace any or all of the ASCI capitals.
The order in which parameters are programmed is not significant. {but consideration should be taken of SRQ — see § 3—83).

Spaces are not essential,

3-73 Mode and Parameter Setting 3-78 Local, Remote and Local Lockout

3—74 When the 8160A has been listen addressed, it 3-79 When in remote, the 81604A°'s LOCAL RESET
will be prepared to accept messages which will change a button can be inhibited by the local lockout command. To
parameter or its operating made. Each mode and para- cancel local lockout, send GTL {go to local) or set the REN
meter-setting message consists of a number of ASCII data line faise {or the 8160A may he switched off end on again
bytes transmitted serially over the data lines with ATN at the LINE switch}.

false. The coding for the bytes is given on the front panel

and aiso shown in Table 3—2 which summarizes all mode

and parameter-setting messages, and provides an example.

Reference may be made 1 Table 3—5 to convert each

ASCII byte to a bit pattern on the cdata bus,
3-80 Learn Mode

3-75 Control Messages and Commands

{Table 3—3} 3-81 When the 8160A is addressed as a tatker after

receiving the "SET": message, it will output its current
operating parameters to the bus {same coding as in Table

3-76 Programmed Trigger 3-2). The message ‘SET n’ accesses addressable memory

n {where n is an integer 0—98}. in neither case are the store
3-77 When the 8160A is in trigger or burst modes, a contents changed in any way. SET 0 will return the stan-
trigger message (GET) will initate a single cycle or a burst, dard parameter set {see § 3—46].

3-9
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Table 3—3. Control Messages and Commands

Message/Command 281804 Serial ASCI| bytes or Commaents
ASCII character
Trigger (GET) Listen BS * ATN true
Remaote control - - REN true
Local lockout {LLO} Listen DCct1* ATN true
Cancel iocal lockout — - REN false
Go to local (GTL!} Listen SOH * ATN true
Give current Listen SET: ATN false
operating parameters Talk 8160A transmits operating state, codes as Table 3—5%
]
Give parameter set Listen Set n 7 an integer 0 -9
in location n Talk 8160A transmits stored state, codes as Table 3—5
Service reguest Listen - B160A sets SRQ true
Serial poll {SPE] CAN *
Talk 8180A transmits error message:
DIO 7 true if 8180A has set SRQ true,
DIO 7 false f SRQ false (or SRQA set true by ather instrument).
Other bits: see Table 3—-4
8160A clears SRQ when transmission completed.
Serial poll disable {SPD) EM * Contraller disables SPE,

* Single ASCHI eharacter, 1 byte only.

3-82 Error Reporting

3-83 In the event of a program attempting to put
the 8160A into an error condition, the 8160A will re-
main in its previous operating cendition {except for
particular transition time errors - see paragraphs 3—17
to 3-22) and make 5 sarvice request, i.e. set SRQ line
true. Under these circumstances the system cantroller
will normally respond by addressing the B180A as a
talker using a serial poll command (SPE). The B160A
will then place a status byte message on the data bus.
The contents of this byte are shown in Table 3—4.

3-10

MNote: An invalid SRQ can occur in character strings
where more than one parameter is programmed. The
reason is best explained by an exampte: e.g. current
operating parameters of the B1680A include T ms width
and 2 ms period. A character string then arrives which
first attempts to re-pragram the width 1o 3 ms and then
re-program to period to 4 ms. Immediately upon re-
ceiving the new width value, the B160A sets SRQ true
because this value is not compatible with the current
period. Then when the new period arrives to validate the
new width, both new values will be accepted by the
B160A and SRQ de-activated. Therefore SRQ can only
be considered valid when it occurs at the end of a
character string.
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Table 3—4. Status Byte

Programming

DID G "1 = unallowed error

Mossage Sratus Bits
Value DiO § SAQDIO 7 DI0 6 DIoOS LI04-DI0Y
0 not Not Service Request x not A X X X
1 used Service Request X used X X X X DIO & ‘0 = allowed error
Status Bits Meaning Description
6 4 3 2 1
D 0 0 0 0| Syntax erar This type of error can only occur from an incorrect character sequence
when programming the 8160A via the HP-IB,
g o000 Parameter error al The desired parameter or channel does not ex ist.
bl You attermpt to STO 0.
) You atternpt to RCL n {n = 1 10 9) when the desirad
memory location centains invalid data.
a0 0 1 1 Slope error The leading the trailing edge slopes are stili within the same range
{allowed} But are excessively long and cause a lass of amplitude (see § 3—17 10 3=22).
1.0 0D 1 0| Timing error al Period, delay, width or double pulse settings that are out of the
8160A range *.
bl Period, delay, width or double pulse settings that are incompatible
with one another.
10 0 1 9 Siope error a) A pulse with feading or trailing edges that are out of the §1604
(unallowed) total range. *
b) A pulse with leading and trailing edges that are in different slope
ranges (see § 3-39],
1 0 1 0 0| Lavel error ab An output with high [HIL) ar low {LOL) levels that are cut of the
8160A s range "
bl An output with high and fow levels that are spaced too far apart or
oo close.
<l Two outputs with a differencs between highest tugh leve! and lowest
low level that exceeds 20 V.
dl A pulse amplitude that is oo great for the cutput impedance being used.
el A pulse amplitude that is 100 small for the output impedance being used.
" These errprs will oaly be reported if the parameter is programmaed done, or iF withirr a string it has the fast position.

3-84
386
error has occured.

3-86

Error Recovery

It is important to realize that the 8160A sta-
tus by te will show only one error, even if more than one

been eliminated and the new data will be executed.

3-88

With 2-channel instruments it is also impor-
tant to remember that while changing data for channel A,

You can cause ant error in channet B, e.g. if you change
period for channel A, it also changes for channel B,

In the case of unallowed errors, the invalid
parameters must be corrected before the naw data output

3-89

If you want to check what is currently being

can be executed,

3-87 Thus when an error occurs you may have to
repeat the whote data string to be sure that all errors have

output, you can call for the operating parameter set using
'SET." (see the end of the second programming example,
paragraph 3—91).
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3-90 Programming Examples

3-9 A simple programming example is given first
using the Hewlett-Packard Model 9825A Desktop Compu-
ter as system controfler and the Model 98034A HP-I1B
Interface. The 98034A s address is assumed to be 7; thus
the address of an instrument on the HP-IB is 7XX where
XX is the decimal equivalent of the five least significant
bits of the bus address, The B180A address switch is
assumed to be set to 10001 (table 3—1}, the decimal equi-
valent of which is 17. Therefore the 8160A's address
when pragramming with the 8828A is 717. Talk or tisten
addresses {defined by bits 6 and 7 of the HP-IB address-
table 3—1) are automatically specified by the 9825A
depending on the kind of command being used e.g. the
statement red 717 tells the 9825A to read from the bus
and tells the B160A to talk {talk address 17, ASCII Q);
the statement wrt 717 tells the 3B25A to output to the
bus and tells the 8160A to listen {listen address 17, ASCII
1}. Stop statements (stp} are included in the program so
that you can check the steps just executed. To carry on
with the program, prass the CONTINUE key sach time.

Pragram steps

Programming

Program

Program steps Commaeants

sets the 8160A to remote con-
trol (REMOTE LED islit)

1:wrt 717, "RCLOEN™; stp recalls and outputs
the standard parameter set

Z:wrt 717, "PER1.5M3" stp chanes the pulse
period to 1.5 ms. All other
paramgers remain unchanged.

3:iwrt 717, "14BURB128T" changes the input
mode to burst {see Table 3-2)
and specifies the length of
the burst.

O:rem 717; stp

triggers the burst {98264,
version of GET — see Tahle
3-3.

4:trg 717, stp

Sijmp—1 jumps back to, and executes,
the ‘trg 717 statement thus
triggering the pulse burst each
time CONTINUE is pressed.

3-92 The foifowing example is more complex

and can be used to change §160A parameters and also
to obtain B160A parameter sets, Error interpretation

is also included in the program to enable you to identify
any errors that occur {in conjunction with Table 3—4).

Comments

13 dim RELSH)
Exld4]iFudg 9:
"CETY"EF

2 ept "DEVIGE-

dimension string for storage of 8160A parameters

enables you to enter correct 81604 address (two decimal

ADDEESZ™ "+ A A+

digits eq. 17).

allows you to enter data {new parameters, modes etc.) to

be written to the 8160A or
if you want the 8160A to report any of its parameter sets,

just press CONTINUE without enetering data {see line 16).
the 9B25A writes your data (stored in A ) to the B160A.

HE+H
1 fa3 ient "Dat
i, ‘?” b H¥
3y 1+ #lal3dtatc
{&
51 vt A:HAENLF
rds Iy <128y ate

It then reads and checks the HP.EB status byte for Service
Request {most signficant bit — decimal 128) which, i set =1,
would indicate that an error has occurred and the B160A
has requested service. If no service request has occurred,
the program loops back to line 3 for further data entry,

Status Calculator
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Status B160A

:il__

IS R | =&d 2P Lines 6 to 14 determine and print the error that has
7r omrt Err. oceurred.
wgssaasi " F
Somirt HE the program reads the 8160A status byte and subtracts 64
Hio1f FRIdRrt {service request bitl, The remaining lines 7 1o 14 check the
i ER IIFJ least signfizant five bits of the status byte and print the

appropriate error statemnent {see table 3—4},

EaA
.+

T ]
q0n

DI I R L WSt B L % TI e
A
-

T

SHELERFY
ERFEOR™S
3t o
Fzidiprt
A= EEROE":
tEe 2asto 3
13 1§ F=liprs
FAEAM., ERRORTS
s SR 3to 3
PoLf FP=Iaert

SLOFE ERROR" S
“iHFLJ?”Dg LOGE

"rape Taiato 3

151 ene

16 enmt "which programs asks which parameter set you want. Enter 0-9
SET®" . t L4181 { and press CONTINUE, or just press CONTINUE if vou wan,
fla the current operating parameters.

OB25A tells 8180A to be ready to output the appropriate
parameter set on receipt of its talk address.

the red A, A3 statement causes the 8160A 1o output 16
bytes of data inta AS . This is then examined for ‘BUR"
which, if present, indicates that afl parameter information
has been transmitted and the program finishes, If 'BUR’

B is not present, the program loops back to the beginning
ET S of tine 18 to read the next 15 bytes.

11 E1 01 RS

AH A% EH ERD This is a sample printout of the current 8160A, parameter
FER .88 M: set that would be produced by the 9825A at program step
CDEL AR 1dg U= 18.

CEL=+H PR US —-—

WID R 1@@ U:

LEE A 18,8 LU=

TRE & 1@.a Us The * indicates that DBL is not active.

HIL- A +1.88 Y

LOL A o+ e Y

DEL & 126 uf

netsn Zhwg UL e

WIDE  1&8 U%

LEE B 1&,a U3

TRE B 14,8 L%

HIL B +1.a46 Y

LOL B o+@, 98 Y

(SIS gain BT
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Performance Tests

SECTION IV
PERFORMANCE TESTS

4-1 INTRODUCTION

4--2  The procedures in this section test the electrical per-
formance of the instrument using the specifications of
Table 1—-2 as performance standards. All tests can be per-
formed without access to the interiar of the instrument,

4-3 EQUIPMENT REQUIRED

4-4 Equipment required for the performance tests is
tisted in Table 1-1, Recommended Tast Equipment. Any
equipment that satisfies tha critical specifications given in
the tabte may be substituted for the recommended model{s).

4-5 TEST RECORD

4—6  Results of the performance tests may be tabulated
on the Test Record at the end of the test procedures. The
Test Record lists all of the tested specifications and their

acceptable limits, Test resuits recorded at incoming inspec-

tion can be used for comparisen in periodic maintenance,
troubleshooting, and after repairs or adjustments.

4—7 PERFORMANCE TESTS

4—8 The performance tests given in this section are suit-
able for incoming inspection, troubleshsoting, or preventive
maintenance. During any performance test, all shields and
connecting hardware must be inplace. The tests are designed
to verify the published instrument specifications, perform
the tests in the order given and record the data on the test
card and/or in the data spaces provided at the end of each
procedure,

4—3 Each test is arranged so that the specification is
written as it appears in Table 1-2. Next, when necessary, a
description of the test and any special instructions or prob-
lem areas are included. Each test that requires test equip-
ment has a setup drawing and a list of the required equip-
ment. The initial staps of each procedure give control set-
tings required for that particular test.
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PERFORMANCE TESTS
4-10 PERIDD
SPECIFICATION
Range: 20.0 ns to 999 ms.
Resolution: 3 digits, 0.1 ns min.
Accuracy: 3 % of programmed value £0.3 ns {PER < 100 ns).
2 % of programmed value (PER = 100 ns}
Max. Jitter: Q.1 % of programmed value + 50 ps.
Repeatability: 50 % of accuracy.
al60 A
- w
P
INPUTS
o} 00 O O
500 CABLE
Figure 4—1. Frequency Test Set-up.
EQUIPMENT
Counter, 50 ohm BNC to BNC coaxial cable.
FROCEDURE
1. Connect equipment as shown in fig. 4—1.
2. Set 8160A as follows (all channelsl:
INPUTMODE . . ... . i NORM
EXT.SLOPE . . ... . . ... POS
PERIOD . ... e e see helow
DOUBLEPULSE . . . ... .. . .. .. . . 20 ns
DELAY e Ons
WIDTH .. 10 ns
LEE . e e 6 ns
TRE . . e Gns
BURST . . e e 0
HIL L e e e e 1.0V
I -1.0V
QUTRPUTMODE . ... ... . .. .. ... . .. i Enable, A sep B
CHANNEL A . .. ... e NORM, 505
CHANNELB . . .. ... .. . . e e NORM, 505)
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3 Set 81604 and Counter as necessary and check period as per table 4—1.

B160A Counter Reading
Display
PER Min. Max.
200 ns 19.1 ns 209 ns
899 ns 96.7 ns 103.2 ns
100 ns 98.1 ns 102 ns
099 ns G80.4 ns 1.02 ps
1 us 980 ns 1.02 ps
1 ms 980 s 1.02 ms
999 ms 980 ms 102 5

Table 4—1 Period Limits
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o o o Qimspotgs 0
__snree S e,

Figure 4—13. Width Test Set-up — High Ranges

EQUIPMENT

Counter, 50{1 BNC/BNC coaxial cabias, 505! 1ee connactor.

PROCEDURE
1. Connect the equipment as shown in figure 4—13.
2, Set counter:
Function: time int A to B
Channel A: B, B0 £2, slope +
Channel B: DC, B0 11, slope —
Gate time: adjust as necessary

Set 8160A INPUT MODE to NORM

3. The width timits are 1% * 1 ns {see table 4=3). Change 10 8160A to each setting in turn and measure the

width.

8160A Period 8160A Width Counter Reading”
Display Display min. max.

1.00 ms B00 ns 494 ns -~ HOB ns

1.00 ms 1.00 us 989 ns - 1.01 us

1.00 ms 0.0 ps 496 - 505 us

6500 ms 1.00 ms 990 us - 1.01 ms

999 ms 500 ms 495 ms - 505 ms

999 ms 900  ms B91 ms - 909 ms

"+ Counter error
Table 4—3, Width Limits — High Ranges

4, 1 8160A option 020 is fitted, repeat the complete Width Test for output B.
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4-11 BURST GATE MODES

Burst: provides pulse burs?s containing a predetermined number of pulses.
Burst fength programmable from 1 to 9399,
Gate: Gate signal turns rate generator on and off synchronously, i.e. first and last pulses are always completed.

Figure 4-2. Burst, Gate Test Set-up

EQUIPMENT

Counter, Pulse Generator, 50 chm BNC/BNC coaxial cable,

PROCEDURE

1. Connect equipment shown in fig. 4—2. Set counter 1o count single events.

2. Set B160A as follows (all channels):

INPUTMODE ... ... e i et e e BURST
EXT.SLOPE . . .. e it e POS
TRIGLEVELINMPOL . ..« o o e i e i e o e mid pos
EXTINPUT impedance . . . ... . ... v oot OFF
PERIODD . . o e e 100ps
DELAY . e e e e e Ons

WD TH . . e e 50 us

LEE . .. . e e e e 6 ns

TRE . . e e e e B ns
BURST . .. e e e 8160

HIL e 1V

LOL . e e -tV
QUTPUTMODE ... .........c..cevieweee.-u-... enable AsepB
CHANNEL A . . .. i i e e 5082, NORM
CHANNEL B .. .. . . i e e oo 5082, NORM
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3. Press counter reset
4. Press 8160A MAN button
5 Counter display should be 8160 "
6.  Set Pulse Generator:
Period 1 ms and width 450 us, min. delay.
Set input mode to external triggering on a positive slope {EXT+) and set the amplitude to 2 V, sym
7. Reset counter,
8. Press Pulse Generator MAN button once and check counter display. It should read 8160.
g Set 8160A te GATE, EXT INPUT impedance to 50 £}, trig. level to mid position, recet Counter,
10, Press pulse generator MAN button once and check counter display. It should read 5.

* (53454 reading will be 8169 or 4, since tirst pulse arms the counter}

4-5
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4-12 DELAY /DOUBLE PULSE

SPECIFICATION (for 3 ns transition setting)
DELAY (DEL}
Range: 0.00 ne to 999 ms (measured from 50% point of
leading edge of trigger output to 50% of LEE
of signal output).
Resolution: 3 dipits, 0.1 ns min.
Accuracy: 1 % of programmed value £ 1 ns.
Max. Jitter: 0.1 % + S0 ps (DEL =< 999 ns)
0.05 % (999 ns < DEL = 9.99us)
0.005 % (DEL > 9.99us} Repeatability: B0} % of accuracy

DOUBLE PULSE (DBEL}
Range: 20.0 ns 10 999 ms. {$pacing between leading
edges of doubte pulse],
Resolution: 3 digits, 0.1 ns min.
Accuracy: 1 % of programmed vaiue * 1 ns
Max. Jitter: 0.1 % + 50 ps (DBL < 999 ns}
0.05 % 1999 ns < DBL < $.99us}
0.005 % (DBL > 999us}

Repeatability : 50 % of accuracy

SAMPLING

SAMPLING
08CILLOSCOPE QSCILLOSCOFE
TIME MARKER ?ﬂﬂ
s
TRG TRG
ouTPUT INFUTS IM INFUTS IN
O 0 | 0500 | s0a? ° ? 20 [fec? °
EO%2 CABLES

5012 CABLES

Figure 4—3. Oscilloscope Test Set-up Figure 4—4. Minimum Delay Test Setup

EQUIPMENT

Sampting osciltoscope, time marker, pulse generator, 5052 BNC/BNC coaxial cable.

PROCEDURE

1 Connect equipment as shown in fig. 4—3,set time marker to 2 ns and oscilloscope to 1 ns/div. Check

oscilloscope for horizontal accuracy
Connect equipment as shown in fig. 4—4. Use exactly the same cable lengths.
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2. Set 8160A as follows {all channels):

INPUT MODE . . ... . . e e e i e c e NORM
EXT.SLOPE . . . . e e s POS
PERIOD . . . i e e e 100 ns
DOUBLE PULSE . . .. it ettt i vt e i e 20 ns
DELAY e 0 s

WD TH . .. e e e e e 10 ns

LEE . o e e e e e Ins

TRE . .. e e e e e Ins

HIL e LRY

LOL . e e ov
OUTPUTMODE . ... . ... . . s i enable, A sep B
CHANNEL A .. .. . .. e 5002, NORM
CHANNEL B . ... . .. . i e et i e 502, NORM

3. With ascilloscope set 1o 1 ns/div, measure distance between trigger output and output piilse at the 50%
line. The minimum delay should be as shown in figure 4—5, Take into account delay differences of
Channel A and Channel B of Scope.

|
|
-3 —5{] %y
TRIGGER '|
]
]
1
-A--50%,
QUTPUT |
|
| I
|t
i T
— {5 g

Figure 4—5, Min, Delay Limits.
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SAMPLING
OSCILLOSCQPE
PULSE
GENERATOR BIGEO A TIME MARKER
0000
//// ]
TRG TRG  PLS MARKER TRG
IN outr out TRIG OUTPUT INPUTS IN
o 00 o) O Q0 O ouT e’ U D

‘

ALL CABLES 5082

20 dB ATTENUATORS

Figure 4—6. Delay/Doubla Pulse Test Set-up

EQUIPMENT

Pulse generator, time marker, sampling oscilloscope, BOS2 BNC/BNC coaxial cables, 20 dB attenuators.

PROCEDURE
1. Set up equipment as shown in figure 4—6. Set contrals as follows:
pulse generator: time marker: sampling osciltoscope:
Input mode .. EXT + Range ... 2 ns direct ... .. 20 ns
Delay . ... .. see below expanded .. 2ns
Width . .. ... 10 ns

8160A {al! channels):

INPUT MODE . .. .. e e, TREG
EXTSLOPE .. .. .. . ..o POS

PERIOD . .. ... < period of marker
DOUBLE PULSE .. .. . . . . . e 20 ms

DELAY . Lo 0ns

WIDTH 10 ns

LEE . 3ns

TRE . e 3 ns

BURST .. .. g

HIL e e e 4v

LOb . . e ov
QUTPUTMODE .. . .. . . e enable, A sep B
CHANNEL A . . . . e 50802, NORM
CHANNEL B ... .. e e 5002, NORM

4-8
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2. Set pulse generator delay and oscilloscope position so "f"
that the 50% line of arnplitude and horizontal crossing T T T T T T
of sinewave are coincident, D2 & B 8 W 12 14 B @ 20m
oA M~
3. Set 8160A delay to 2 ns, 10 ns, 20 ns and measure Sme-p” ™
delay by comparing it to the reference signal.
Range min - max e AR
2ns 098ns —~  3.0Zns REFERENCE
10 ns 89 ns ~ 111 ns
20 ns 188 ns - 21.2 ns ACCURACY 1My 2 s i
1 ] 1 ] i
FIGURE L-7 DELAY Znsf 0ne f 2ne
4. Settime marker to 10 ns. Set 81604 delay to O ns, Set T T 17 7 7T 17 T
scope expand to 10 ns/div, direct to 50 ns/div and re- Q10 20 3 i 0 K W 8 50 O0e:
peat step 2. e
\
5.  SetB160A delay to 50 ns and 90 ns and again measure
delay by comparing it to the reference signal, R A
T =t - .
Range min - max
50 ns 48.5 ng - 515 ns PTITRT
N W 2 lax
80 ns 88.1ns - 919 ns — 1
FIGURE 4-8 DELAY SOnz /100ns
: . T 1 T = 17 1 1
8.  Set DBL pulse to 20 ns and observe display. | eading O 10 20 M W W s W m 9[9 nim
edge of the second pulse should appear 2C ns after ]
the leading edge of the first puise. 5iMti— \_/ s
7. Set DBL Pulse to 80 ns. Leading edge of the second
pulse should appear 80 ns after the teading edge of A |- ~, ~ _ ~ b
the first pulse. N 7 ¢
Range min —  max ACCURACY 11 I
20 ns 18.8 ns - 212 ns B N
80 ns 782ns - 818 ns FIGURE -3 DOUBLE PuLse
8160 A
\ 27z
7 %
INPUTS
O 0 0 O Q = 2 0
60<! CABLES

Figure 4—10. Delay Test Set-up High Ranges

4-9
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EQUIPMENT

Counter, 5052 BNC/BNC coaxial cables

PROCEDURE
1. Connect the equipment as shown in Figure 4—10. The 50L) cables must be exactly the same length.
2. Set the counter as follows:

Funmction: timeint Ato B

Channel A:  DC, 50 £ slope +
Channel B:  DC, 50 £ slope +
Gate time:  adjust as necessary

Set 8160A INPUT MODE to NORM,

3. The delay limits are 1% * 1 ns {see table 4-2). Change the 8160A to each setting in turn and measure

the delay.
8160A Period B160A Delay Counter Reading*
Disptay Cisplay min, max.

10 us 500 ns 494 ns - BOB ns
100 s 1.00us 998 ns — 101 us
1.00 ms 50.0 us 496us - 505 us
500 ms 1.00 ms 990 ps - 101 ms
999  ms 500 ms 495 ms -— B0 ms
999 ms a0  ms B31 ms - 909 ms

*+ counter error
Table 4—2. Delay Limits ~ High Ranges

4, tf BT60A option 020 is fitted, repeat the complete Delay/Double pulse test for output B.
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4-13 W

IDTH

SPECIFICATION {for 3 ns transition times)

Range: 10.0 ns to 999 ms,

Resalution: 3 digits, 0.1 ns min.

Accuracy: 1 % of programmed value £ 1 ns,
Max. Jitter: 0.1 % + 50 ps {WID < 999 ns)
0.05% (998 ns < WID < 9.99us}
0.005 % {WID > 9.99us}

Repeatability: 50 % of accuracy

PULSE
GENERATOR
TRG  TRG  PLS
N ouT  ouT
0 Q Q

8160 A

v

7

o

Q

0

AlLL CABLES 5012

T'ME MARKER
MARKER 50 L) TRG
. TRIG QUTPUT INFUTS IN
outToy Q D M Q

X L

]

SAMPLING

OSCILLOSCOPE

Figure 4—11. Width Test Set-up

EQUIPMENT

20dB ATTENUATORS

Pulse generator, time marker, sampling oscilloscope, 5002 BNC/BNC coaxial cables, 20 dB attenuators.
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PROCEDURE

1. Connect equipment as shown in fig. 4—11.

2. Set 8160A as follows {all channels}:

INPUT MODE
EXT.SLOPE

OUTPUT MODE

CHANNEL A .. .. . e i e e
CHANNELB . ... . . . i

Set pulse generator:

Function: ext +
Delay: min
Width: 10 ns

set time marker:

Range: 10 ns

set sampling oscilloscope:

direct: 20 nns
expanded: 10 ns
tirmne: expanded

...............................

ov

enable, A sep B
5800, NORM
500, NORM

g W My 3¢ 40 50 ED MW B gf 100

L T o
TIME_MARKER
REFERENCE
ACZURACY 1% ! lns

| L | |
FIGURE i-t2 WIOTH MEASUREMENTS

Set pulse generator delay and oscilloscope position so that the BO% line of amplitude and horizontal
crossing of sinewave are coincident {figure 412},

Set B160A width to 10 ns, 50 ns, 80 ns and measure width by comparing it to the reterence signal,

Range
10 ns

50 ns
80 ns

N
89ns

485 ns
782 ns

max
1.t ns
51.6ns
1.8 ns
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4-14 TRANSITION TIME — FAST

SPECIFICATION {5052 source and load impedance)

l.eading/trailing edge range: 6 ns to 3.99 ms independently programmable within & ranges (see specifications).
Resolution: 3 digits, 100 ps min.

Accuracy: 3 % of programmed value = 1 ns,

Repeatability : 50 % of accuracy.

Linearity: 3% for transition times 2 30 ns.
Leading edge is programmable to at least 70% of width without loss of amplitude.

Trailing edge is programmable 10 0.7 (0.94  of period — width] without loss of amplitude.

SAMPLIMNG
DSCILLOSCOPE
PULSE
GENERATOR 8160 A TIME MARKER
00000000
TRG TRG PLS MARKER 50l TRG
IN ouT OuUF TRIG QUTPUT INPUTS IN
o0 Q o @] outQ O N Q
/L
ALL CABLES 5002 20'dB ATTENUATORS

Figure 4—14. Transition Time — Fast Test Set-up

EQUIPMENT

Pulse generator, time marker, sampling oscilloscope, 5052 BNC/BNC coaxial cables, 20 dB attenvators.
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SECTION Il
OPERATING AND PROGRAMMING

3-1 INTRODUCTION

3-7 This section explains the functicns of controls,
connectars and indicators, and provides operating and
programming information,.

3~-3 SPECIAL OPERATING
CONSIDERATIONS
3-4 The following steps must be taken before apply-

ing powes to the Model 8 160A.

a) Read the safety summary at the frant of this
manual.

b}  Be sure the power selector switches are set
properly for the power source being used to avoid
instrument damage.

The power supply cover an the rear panel may be
hat and could cause burns.

l CAUTION

Do not change the LINE SELECTOR swetch
setting with the instrurment on or with power
connected to the rear panel.

3-5 CONTROLS, CONNECTORS AND
INDICATORS
3-6 Refer to Figure 3—1 for a brief explanation of all

controls, connectors and indicators. Use figure 3—1 also for
reference in the following operating instructions. Figure 3—2
shows an 8160A output pulse with all the parameters that
are variable. The front panel mnemonics are given with each
parameter to enable you to associate each cantral with the
parameter it varies.

3-7 OPERATORS CHECKS

3-8 Use the performance checks in section IV to
verity proper operation of the 8160A. You can also per-
form a rapid operational check by recalling the standard
pararmeter set and checking the output,

3-9 OPERATING INSTRUCTIONS

3-10 Operating modes and parameters can be set
using the front panel controls {local operations} or pro-
grammed using the HP-1B {remote operation}. Local operat-
ion is explained in the following paragraphs. For remate
operation refer to paragraph 3—87.

TRIG ﬂ
OUTPUT

......_....;DEL&Y

________ PER'OD P - . -

HIL
{pulse high
level)

LOL
{pulse low
level]

e —
LEE TRE (trailing edge slope)

: (leading edge
slope)

D8L
{double
pulse
output)

DDUBLE_.E
PULSE

L
*

Figure 3-2. 8160A Variabie Pulse Parametars

3-1n Commence by setting the LENE switch on
and pressing the DISABLE/ENABLE pushbutton. The
pushbution lamp should go out, indicating that the out-
put is enabled. The lamp for output A and, if channe! B
is fitted, cutput B will alsa light.

3--12 The 8180A wili automatically assume the
operating state prevailing when it was switched off.
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PROCEDURE
1. Connect equipment as shown in fig. 4—14.
2. Sat 81604 as follows (all channels):
INPUT MODE . .. . e TRIG
EXT.SLOPE . . . e POS
PERIOD . ... .. e e e 200 ns
DELAY e 0ns
WIDTH . e e e 50 ns
LEE . e e e e e 3ns
TRE . e e e 3ns
HIL o e e e e e v
] —4
CUTPUT MODE . . e e e e enable, A sep B
CHANNEL A .. . . L L 5082, NORM
CHANNEL B . . .. ... . ... e e e A2, NORM
3. Befare measuring transition times, check the oscilloscope amplitude accuracy using an a.c. calibrator,
4., Set the time marker to the 2 ns range. S IR
] ) s
5. Adjust set-up to obtain a fulf amplitude signal on - { 1
oscilloscope (Figure 4—15). I "—0 PU; F.U; T 3
6. Set pulse éénerator delay and oscilloscope setting so o / s
that the 10% line and 8 160A pulse edge are coinci- O q/bf. TN AN i
dent at fourth graticule fine as shown in Figure 4—15. N " h 17 -
TIME MARHER
) . ) REFERENCE
7. By using the time marker signal as reference, compare
the 30% line of pulse against the marker signal, The O —F= +=
10% to 90% time shouid be 6 ns 1,18 ns. e 1
FHOURE £-15 TRANSITION TIME-FAST MEASUREMENT S
8. 5et8160A LEE to 20 ns and repeat steps 4 and &, The
10% to 90% time should be 20 ns + 1.8 ns.
9. Repeat steps 3 to & for the pulse TRE.
10. Set the 8160A LEE to 30 ns. Set time marker to 10 ns
and readjust ascilloscope and pulse generator to obtain
a full amplitude signal positioned on the oscilloscope
as in Figure 4—15,
i1. Measure transition at the 90% line by comparing it to
the muarker ref, signal. The 10% to 30% time should be
30 ns £ 1.9 ns, Repeat steps 9 and 10 for TRE.
12. If 8160A option 020 is fitted, repeat the cormplete

Transition Time-Fast test for output 8.
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4-15

TRANSITION TIME — SLOW

SPECIFICATION

8160 A

See 4—14 Transition Time-Fast

{REAR)
STOP

TIME iNTERvaAL | START

L

T T

o

ADAPTURS%YPE Niwp TG

Y¥PE #{m) T RNCEm /

COUNTER

d

i

INPUTS

o]

¥PEGR

T~ 500 TERMINATION

Figure 4—16._Transition Time-Slow Test Set-up

EQUIPMENT

Counter, time internal probes, 50£) BNC/BNC coaxial cables.

PROCEDURE

1. Connect equipment as shown in fig. 4-16,
2. Set 8160A as follows (all channels):

INPUT MODE
EXT.SLOPE . . . .. e
PERIOD .. .. e e
DELAY .. . . ... .

QUTPUTMODE . . .. .. e
CHANNEL A . . ... e
CHANNELB . . ... ... . .. . oo

3. Before measuring transition times, verify exact amptitude {top and bottom levels) using an oscilloscope,
The oscilloscope accuracy must first be checked using an a.c, calibrator and any deviation taken into

account,

T2 THESE CABLES MUST BE

EXACTLY THE SAME

NORM

POS
10 us
Cns

500 ns

200 ns
999 V
ov

LENGTH

enable, A sep B
600, NORM
508, NORM

Madel B160A
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4,  Settime interval probe switches to A £ (orB ¥ 11.00VandA ¥ (orB_f )0.00V.
Set counter to TIME INT. A to B, SEP

5.  Set B160A 10 settings as given in table 4—4. Measure LEE first.

Period Width LEE TRE min, —  max.

10 s 800 ns 200 ns 200 ns 193 ms — 207 n
1ms 800 us T ous 1 us 960 ns - 1,031 us
1ms 800 ps 100 us 100 us g7 us — 103 us

10 ms Bms 1 ms 1 ms 970 ms — 1.03 ms

100 ms 50 ms 9.9 ms 89 ms 9.61ms — 102 ms

Table 4—4. Transition Time Slow Limits
6.  Set time interval probes to opposite transitions and voltages. Repeat step & for TRE.

7. If 8160A option 020 is installed, repeat the complete Transition Time-Slow Test for output B,
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4-16 HIGH LEVEL {HIL}, LOW LEVEL {LOL}

SPECIFICATION (50f2 source and load impedance|

High level (HIL) range: —9.89 V 10 9.99 V.,

Low leve! (LOL}: —9.99 V 10 9.80 V.

Resolution: 3 digits, 10 mV.

Min amplitude: 0.1 V.

Max amplitude: 9,99 V {using either high impedance source or load doubles available amplitude and levels — see
specifications).

Accuracy: 1 % of programmed value £ 1 % of pulse amplitude, * BO mV pulse shift.

Repeatabitity: 50 % of specified accuracy,

Settling time: 40 ns to specified accuracy.

REAL TIME
OSCILLOSCOPE /]
BNC/BANANA
ADAPTOR
]
DENGRATOR
ﬁIEUA DVM
0000000 | X
TRG TRG PLS TRG
N our out INPUTS IN : Oﬂ
000 0O o eR©°| |e o 0 o

50 TEE CONNECTOR

500 TEE CONNECTOR 7
]

T
50 2 FEEDTHROUGH EXT TRIG.
TERMINATION {REAR CONNECTOR}

Figure 4—17. HIL, LOL Test Set-up

EQUIPMENT

DVM, pulse generator, b0£2 BNC/BNC coaxial cables, 5052 feedthrough termination, real time oscilloscope.
Total attenuation to be within 0.5 % of nominal.

PROCEDURE

1. Connect equipment as shown in fig. 4—17,
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2.  Set B160A as follows (all channelst:

INPUT MODE
EXT.SLOPE

PERIOD
DELAY

.................................
..................................
....................................

3. Set pulse generator:

I nput mode: EXT TRIGGER

Vernier: ccw

Width: 0. 1m—10m

Vernier; CCw

Amplitude: 2V

Delay: ¢a. 25 ms to measure HIL
4. Set DVM:

Function: v

Trigger: EXT

Range; 100

5. Set §160A to settings as listed in table 4—5 and measure HIL first.

enable, A sep B
5082, NORM
5051, NGRM

B160A HIL (LOL =0 V] min. —  max.
010V 48 myv - 152 mVv
040V 430 mV - 560 mV
000V 920 my - 1.06 v
1.99 vV 1.902 vV - 208 v
299V 288 vV - 31 Vv
399V 386 Vo - 412 Vv
799V 1.78 Vo o~ B.2 V'
999V 974 v o— 1024 v

Set 8160A impedance to 1 k and measure:

10 Vv 9.7 vV - 10.3 v

13 Vv 12.64 v - 1336 V

17V 16.56 v - 1744 V

19.9 V 19.5 v - 20.4 v

Table 4—5. HIL, LOL Limits




Performance Tests Model 8160A
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6. For measuring LOL set pulse delay vernier ¢w till the trigger is in the low level area (see figure 4—18j,
Set8160A LOL to —0.1 V and HIL to 0 V. Set EXT INPUT IMP. back to 50£2. Repeat table 5-5 for same

values but LOL.

HIL TRIG. LOL TRIG,

J

+ DELAY VERNIER
==
li

TRIGGER | |

QUTPUT

Figure 4—18. HIL, LOL Measurements

7. Disable 8160A output and check that DVM reads D.OV,

8. If B160A option 020 is fitted, repeat the complete HIL, LOL test for output B,
SetHILA to 0.1V, LOL A to —0.1 W,
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4--17 AMPLITUDE A + B {option 020 only)

SPECIFICATION

The ditference between the highest uppar level and the lowest lower level must not exceed 20V,

PUI'I:ISE;&T
BI60 A GENERATOR DVM
00000
N ouT oul o
0 O no 000 O o
LT /l \
50 ©2 FEEDTHROUGH 500 CABLES EXT INPUT BNC TC
TERMINATION {REAR CONNECTOR] BANANA

Figure 4—19. Amplitude A + B Test Set-up ADAPTOR

EQUIPMENT

DVM, pulse generator, 502 BNC/BNC coaxial cables, 5082 feedthrough termination.
{Total attenuation to be within 0.5 % of nominal.

PROCEDURE

1.  Connect equipment as shown in fig. 4—18. The DVM takes samples from pulse top and bottom depending
on trigger.

2. Set 8160A as follows |all channels):

INPUTMODE . .. .. e e NORM
EXT.SLOPE . . . .. e POS
PERIOD . . . . e 100 ms
DELAY e 0 ns
WIDTH . . . e e 50 ms

LEE . e 3ns

TRE . . . e e 3ns

HIL o e e e e e e e e e 28V

1 o G N -25Vv
QUTPUTMODE ... . .. . e enable, A + B
CHANMEL A . ... ... . i e 5002, NORM
CHANNEL B .. .. 5011, NORM
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3. Ensure that channel B is set to the same settings as channel A.

4, Set pulse generator;

Input mode:
Delay:
Vernier:
Width:
Vernier:
Amplitude:

5  SetDVM:

Function:
Range:
Trigger:

6. Measure pulse top and bottom levels by changing pulse generator delay vernier {see fig. 4—18}. Levels
should be within limits of table 4-6.

7. Set B160A HIL {both chan} to 3.75 V and LOL to —3.75 V. Repeat step 6.

ext. trig. on pos. slope

10m—1
ccw
0.1m—10m
CCow

2V

v
100
EXT

Set 81604 HIL (both chan} 10 4.99 V and LOL to —4.99 V. Repeat step 6.

HIL LOL min. max.

2h v -25 Vv 463V 512V
375y -3.75 v 7.0 vV 763V
499V —-4.99 Vv 235V 101 ¥

Table 4—6. A + B Levels

4-22
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4-18 PULSE ABERRATION

SPECIFICATION

Max. pulse pre-shoot, overshoot, ringing and baseline distortion:
%5 % of pulse amplitude £ 10 mV,

SAMPLING
OSCILLOSCQPE
1604
G4
/A
RG
INPUTS IN
o] o0 0 20 dB _Q o] Q
ATTENUATOR —
500 il
CABLES
Figure 4—20. Pulse Aberration Test Set-up
EQUIPMENT
Sampling oscilloscope, 5052 BNC/BNC coaxial cables, 20 d8 attenuator,
PROCEDURE
1. Connect equipment as shown in fig. 420,
2. Sat B160A as follows (alt channels):
INPUTMODE . .. ... NORM
EXT.SLOPE . . .. . . e POS
PERIOD . .. .. . 1 us
DELAY . 0ns
WIDTH . . e 500 ns
LEE . . o e e e 5ns
TRE . . e e 5 ns
HIL 999V
Lol . e oV
OUTPUT MODE ... .. .. it a ey enable, A sep B
CHANNEL A . ., s 508, NORM
CHANNEL B . ... ... . . e e 500, NORM
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3 Set scope 1o fill the display with one cycle.
Measure preshoot, overshoot, ringing and baseiine distortion.
It should be better < £ 5 % of pulse amplitude £ 10 mV,
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Performance Tests

Performance Test Record

Hewlett-Packard Company

Model 8160A/8160A Option 020 Tested by
Programmable Pulse Generator
Serial No. Date
Result
Para. No, Test Description
Actual
Min Max Standard Opt. 020
4-10 Period
20.0 ns 19.1 ns 209 ms | o0 o
899 ns 96.7 ns 1032 ns | coiiein il
BL L T 981 ns 102 1 - S
999 ns 89804 ns 102 pus | o oo o
1.00 ps 980 ns 102 e | oo L
1.00 ms 980 s 1.02 ms
999 ms 980 ms
411 Burst, Gate
Number of pulses (3160} yes O no o
Number of pulses {8160) yes O no O
Number of pulses {5) yes O no O
4-12 Delay
Scope accuracy test ves 0O nc 0O
Coincidence of trigger and Qutp. srlns | ...
2 ns (.98 ns 302 ns | ... L
10 ns 89 ns N1 ns | oo
20 ns 188 ns 21.2 s
50 s 485 s 515 ns
80 ns B8.1 s 919 ms ]
DOUBLE PULSE
20 ns 188 ns 2L ons ] Lo
B0 nms 782 ns B18 ns | L. .
DELAY SLOW
500 ns 494 ns 5086 ns | L.
1.00 us 989 ns 1.0 ps | oL
50.0 ws 495 us 8085 pe | LL.LLl
1.00 ms 990 s 100 me | ... ool
8500 ms 495 ms 506 ms
900 s B ms 809 ms | e L.
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Mode! 8160A

Result
Para. No. Test Description
Actual
Min Max Standard Opt. 020
4-13 WIDTH
10 ns 39 ns 1.1 ns
50 ns 485 ns 515 ns
B0 ns 782 s 818 ns | ... ool
500 ns 494 ns 506 ns [ oo
1.00 s 989 ns 1.01 us
50.0 us 495 us 50.5 s
1.00 ms 990 us 101 ms | ..o Lol
6500 ms 405 us 506 ms | ... ...
90  ms 801 us 909 ME L . e
414 TRANSITION TIME — FAST
LEE & ns 482ns A8 s | oo ol
20 ns 184 ns b 1 < S 1T
TRE 6 ns 4.82ns 718 ns | .o
20 ns 184 ns 216 N5 | cieiveiiis i
LEE 30 ns 28.1 ns 319 ns | ool il
TRE 30 ns 28.1 ns 319 ns
4-15 TRANSITION TIME — SLOW
{€E 200 ns 193 ns 207 - J S PP
1 wus 969 ns 1.03Tus | i e
100 us 97  us 103 sl e
1 ms 970  ms 103 ms | Lo ol
9.9 ms 9.61 ms 10.2 ms
TRE 200 ns 193 ns 207 ns
1 ps 969 ns 1.03%v s | oo
100 us 97 s 103 us ol o
1 ms 969 ms 103 ms | ..o i
9.9ms 963 ms 10.2 ms | ..oooooee
4-16 HIGH LEVEL, [ LOWLEVELO V] HIL/LOL  HIL/OL
(5082}
010V 443 mv 152 mVy o b
049V 430 mv 550 my A N A
099 Vv 920 mv 106 V R AP L
109V 190V 208 v R A A
209V 288V 31 v b RO
309V 3B6V 4.12 R A R A
799V 78V 82 vV R AN R A
999V 974V 10.24 v R A o
{1 k)
10 v 97 v 103V R ol
13 v 1264V 1336 Vv Y A A
17V 16.56 V 17.44 W A Y
199 V 194 WV 204 v A RO U
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Result
Para. No. Test Description
Actual
Min tMax Standard Opt. 020
417 AMPLITUDE A+ B
26 V/-25 V 463 V 512 V codo
3.75 V/-3.75 V 70 vV 783 V
499 V/-499 V 935 V 10,1 Vv
4-18 PULSE ABERRATION
pre-shoot, overshoot,
ringing, baseline distortion =h% 10 mv

4-27






Model 8160A Adjustment Procedure

SECTION YV
ADJUSTMENT PROCEDURE

5—-0 GENERAL

The adjustment procedure is divided into the foilowing

sectici s as shown: Voitages can be dangerous to fife.
1. Switched power supply para 51
2. Power suppty regulator para 52
3. Shift supply para 53 E,%L‘,‘S%EEDE
4. Rate generator para 6—4 =
5. Rate ciamp adjust para5-5 SwTCHED
6. Time interval hlocks para 5—6 e f;‘ﬁ-‘:%-
S
7. Slope generator para 5—7 . d “W
8. Roll-off recheck para 5-8 EXTEROER 2000 s t
9. Slope risetime adjust para 5-9
10. Qutput amplifier para 510 Figure 51
11. Qutput ampl. pulse adj. para 611
All adjustments blocks can be performed independently PROCEDURE:

except:
P 1. Connect AC source and supply as shown in Figure 5—1.

2. Connect the scope via HV probe to collector of

_ Q107 or Q102.

2. Slope generator A140, as its output has 3. Reduce AC saurce while watching the positive going
direct influence on the output amplifier. edge of the waveform (tigure 5-2).

1. Min, pulse width {A128}, which has to be
measured at the output.

An adjustment needs only to be perfermed when the per-
formance tast fails or a repair has been performed in 8
particular section. 100y / DN

This procedure has been written for the STANDARD in-

strument {one channel]. Any diHferences to opt. 020 .

{twa channels) are mentioned in each section. - —t— h'
| L

|

NOTE o —H T

Allow the instrument a 10 minute warm-up
time with closad cover. Keap cover closed
between adjustmants. Adjustment locations
are shown on fold-out page at the end of
this section.

Figure 5b—-2

51 SWITCHED SUPPLY ADJUST

4. The maximurn duty cycle is reached when jitter stops.
5. With the AC source at this peint, adjust A51 7140
to a max. duty cycle of 489 £ 3%,

Only necessary if the switched supply voltage is out of 6. Set the variable AC source to 180 V {90 V)
order, {to test this see steps 6 ta 9), or after a repair in 7. Measure the +5 V fx and —5 V fx output with the
this area. (See also steps 10 10 14}, DVM and leave the DVM connected to the output

with the lower absolute value,

EQUIPMENT: 8. Adjust this voltage for (=] 6.36 V + 10 mV via
Galvanic separated variable A source. A11 R102,
Oscilloscope, high voltage probe, DVM. 9. Check voltages in table 5—1, for A1 }1.
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Table 5-1.

Voltages J1 pin fimit voltage without
load {unplugged)

220V fx 8/3 =24V <32V

220V H§l 14/11 =24V <32V

£ 5V ifx 67/45 | =68V <10V

SVl 13/12 = Y < A0V

+12V 9 = 158V <20V

-2V 10 2 —154V < 20V

10. Minimum duty cycle adjust

This adjustrment usually needs no re-calibration except
when a repair has been performed in this area. If a
repair has been perfarmed, this adjustment shoutd be
performed first before any other.

PROCEDURE

1.
12.

13.

i4.

Use same set-up as in roubleshooting figure 8—3—7.
Set 62008 to +40 V, connecting the negative poie

to TP8 and the positive pole to the junction of
CR108/CR 109 anode. Leave 8137 connected, or

1158 an external rasistor with the same  value.

Connect scope to TP4.

Increase 62008 voltage to a point just before oscillation
disappears.

Adjust A11 R101 for a positive pulse width of 1.25 ps
1 2b us.

=h{lpe

125ps |

* By

Figure 5—23

5-2 SERIES REGULATORS

EQUIPMENT:

DVM with floating input
Variable galvanic separated AC source

5-2

Model 81604

Test set-up:
[T
SEFARATED
AC-SOURCE
@] Nlata OB VIEW
K
—
]
R93 rSWEX |} rcanng sweeyy
"0+ 20WFK : }fIIEIJ SUPRLY
BT - 2WFX ——— ’
WP +20WFL L
R2M3 < 20VFL |
Figure 5—4
PROCEDURE:

1. Set AC source to corresponding voltage (110 V or
220 V).

2. Connect DVM low terminal to gnd A and measure
fixed supply.
Adjust +5 V fx via A18 R95 10 5.00 V £ 10 mV.
Measure —5 V fx. [t should be =5 V £ 30 mV.
Adjust +20 V fxvia ATRRE0to 20V £ 20 mV.
Adjust =20V fx via A1TE R71t0 -20V £ 20mV.

3. Connect DVM low terminal to floating gnd and
measure flaating supply.
Measure & V fl. It should be BV £ 30 mV.
Measure —5 V fl. it should be =5 V £ 30 mV.
Adjust 20 V ffvia A8 R223 to 20 V £ 20 mV.
Adjust =20V flvia A1B R243 10 —20 V £ 20 mV.

5-3 SHIFT SUPPLY ADJUST

EQUIPMENT:
CvM

Test set-up:  same as figure 5—4.

PROCEDURE:

1. Connect OV M between gnd J. and floating gnd‘l/-,
testpoints on motherboard.

2. Press RCL 0 and ENABLE,
Set HIL A 109.99 Vand LCL AC.00 V.,
Set HIL B 10 9,99 V and LOL B 0.00 V {if opt. 020
is installed).
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3. Adjust A150 R156 for 1000V £ 50 mV.

4 SetHILAto1Vand LOLAto—-1V.
SetHILBto1Vand LOLB to —1 V {if opt. 020
is installed).

5. DVM should read 0 V £ 200 mV,

5—4 RATE GENERATOR

EQUIPMENT:
DVM, Counter, Cable 08160—-61610

Test set-up:

Figure 5—%

PROCEDURE:

1. Set Rate Board A23 on Extender Board 08160—66673
and connect trigger output to counter.
2. SetB160A: DEL Ons
WID 8ns
PER 100 ns
3. Connect DVM to TP (U72 pin 7} and ground. Adjust
A23 R141 for -5V £ 20 mV {D/A converter siopa).
. Set period to 99.9 ns.
5. With DVM still at TP5, adjust A23 R159 for —500 mV
£ 2mV (D/A converter offset).
6. Repeat steps 2 to & until the voltages are within
tolerance.
7. Set Counter for period measurement.
8. Set 8160A period to 399 ns and adjust A23 R141 for
899 ns x 3 ms.
9, Set period to 100 ns and adjust A23 R79 for 99.5 ns

£ 0.3 ns,
10. Repeat steps 8 and 3 until periods are within tolerance

(see Figure 5—6}.
11. Adjust A23 R74, R78 and C19 to mid-range position,
12. Set 8160A period to 99.9 ns and adjust AZ23 C21 for
929 ns+ 0.3 ms.
13. Set period to 20 ns and adjust A23 R78 for 20 ns
+ 0.1 ns.
14. Repeat step 12,
15. Measure B160A period at 20 ns and 35 ns settings and
calculate the relative error.

-9

Adjustment Procedure

8. 1f error at 20 ns is higher, set period to 20 ns and
adjust A23 R78 for 20 ns 0,2 ns.

17. M error at 35 ns is higher, set period to 35 ns and
adjust A23 R74 for 35 ns* 0.3 ns,

18. Repeat steps 15 to 17 until period at 20 ns and 35 ns
settings are within * 1.5% of setting,

19. Set period 10 99.9 ns and adjust C21 for 99 ns = 0.3 ns.
20. Remove Extender Board, Re-connect A23 and replace
8160A top cover. Allow 10 minute warm-up time.

21, Measure period accuracy by spot checks:

range < 100 ns x 2% of programmed vaiue
£0.2ns5
% 1.5% of programmed
value at 259C
22. If necessary, re-adjust rate.

range > 100 ns

NOTE: Service hint — do not readjust C19 during cali-
bration procedure, except in step 11 if itts out of mid-
range position.

R A&TE alfURALY
. 13t RANGE

RATE alCURACY
A ind RAMGE

Figure 5—6

5-5 RATE CLAMP ADJUST

EQUIPMENT:

Pulse generator, sampling scope, 20 dB attenuator.
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Test set-up;

5-6 TIME INTERVAL BLOCK ADJUST —
WIDTH TRIGGER

SAMFLING
SCPE EQUIPMENT:
T g G0 AN D Sampling scope, 2 test cables 0816061610,

PULE GEMERATOR
B T

SAREE ?{
2048 ¥R

active probe,

Test set-up:
Connect 8160A trigger out to sampling scope ext. trig.
Figure 57
PROCEDURE: PROCEDURE:
1. Pulse generator so?ttings: sguare wa.ve, 1 ns transitions, Settings:  Set delay/width switch of all time interval
about 300 ns period ard 3V ampintudel, blocks A 128, A228 (if opt. 020, A328,
2. Connect pulse generator to 8180A ext lnp;t. AL78 as well) to delay. 12 34
Connect sampling scope to rate output and trigger
Set channel switches mas foltows:

externally with externat pulse generator.
Set the 8160A as fallows:
INPUT MODE — GATE

A128 to 1, A228 1o 2 {stimulates opt. 020)
{Opt. 020 A328 to 1, A428 10 2).
Turn B160A off and on.

SLOPE — POS
PERIOD — 30 ns Set81604: PER 90 ns
Adjust 8160A front panel trigger level for gated pulse DEL A 0 ns DEL B Ons
on rate output, WID A 8ns WID B B ns
3. Adjust A23 RS7 for minimum distance between first LEE A 3 ns LEEB 3ns
ang second pulse without additional propagation de- TRE A Ins TRE B 3ns

tay (figure 5—8}.
1. Using a sampling probe with isolator, measure signal

at 50 ohm connecting board between A126 and

A 127 (signal out and width triggar} as shown in
| | il | | Figure 59, With the reference signal prabed, adjust
! P the sampling scope delay control so that the leading
edge of the reference pulse is in the center of the
1 ' graticule.

;. DELAY ————
R RN S, — | FOINTS OF MEASUREMENT

i = ADDITIONAL

PROPAGATION OELAY A% 1
Q9 fns
RATE R

REFFRENCE

Hll

10 BE ADASTED

Figure 58 L
WCCER o

Trigger Symmetry Adjust S S—
4. Insert 20 dB attenuator between ext. pulse generator Figure 5.-9

and 81604 EXT input.
B. Set ext. pulse generator 1o T us period, square wave,

transition times to almost form a triangle, amplitude

about 1 V, no offset, and 8160A input switch to 50 £1. 2. Change the probe connection to the width trigger
6. Adjust the 81804 front panel trigger level for a gated and adjust A126 R 138 for 0 + 50 ps ditference be-

signat at the rate output, tween width trigger and graticule center as shown
7. Adjust A23 R30 for same signal in EXT SLOPE pos. in Figure 5-10.

and neg. mode. 3. Repeat for A226.

54
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Lift a cormer of the plastic trim with a serew-
driver and give a sharp tap in the dirgction of
the arrow.

Figure 2—4. Removing Plastic Trim

2-21 CLAIMS AND REPACKAGING

2-22 Claims for Damage

2-23 If physical damage is evident or if the instrument
does not meet specification 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.
2-24 Storage and Shipment

2-25 The instrument can be stored or shipped at tem-
peratures between —20°C and 70°C. The instrument should

Installation

be protected from temperature exiremes which cause
condensation within the instrument.

2—26 If the instrument is to be shipped to a Hewlett-
Packard Sales/Service Office, atiach a tag showing owner,
return address, model number and full serial number and
the type of service required. The original shipping ¢arton
and packaging material may be re-usable but the Hewlatt-
Packard Sales/Service office will also provide information
and recommendations on materials to be used if the orignal
packing is not available or reusable. General instructions
for re-packing are as follows:

1. Wrap instrument in heavy paper ar plastic.

2. Use strong shipping container. A double watl
carton made of 350-pound test material {5 adequate,

3. Use enough shock-absorbing material {3 to 4-inch
layer) around all sides of instrument 1o provide firm
cushion and prevent movement inside container.
Protect control panel with cardboard,

4,  Seal shipping container securely.

5. Mark shipping container FRAGILE to encourage
careful handling.

G. In any correspondence, refer to instrument by
model number and serial number.
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. Repeat for A326 if opt. 020 is installed.

. Repeat for A426 if opt. 020 is installed.

. Delay 0 adjust, width trailing edge adjust.

. Set B160A: DEL A 20ns DELB 20 ns
Set delay/width switch on A128 to width,

8. Connect test cable 08160—61610 to A128 output and

to sampling scope via 50 ohm termination.

9, Set leading edge of pulse to center of graticule as

reference.

{Scope resolution 200 ns}. Set delay/width switch

back to delay.
10. Set 8160A:DELA Ons DELB 0 ns

-~ ¢ A

-=-==50% AMPLITUOE

WDTH
(REFEEEHCU

-~ -50% AMPLITUDE

DELAY
{WiDTH TRIGGER ol

—~ ke COINCIDENCE # 50ps
1}

Figure 510

t1. Adjust A128 R19 for coincidence (£ 50 ps] between
leading edge of delay mode pulse and leading edge
of width mode pulse.

12. Repeat steps 7 to 11 for A228.

13. 1 Opt. 020 is installed, repeat steps 7 10 11 for A328
and A428,

14, Set delay/width switch of A128 to delay,
set DEL A to 20 ns, DEL B to 20 ns.

15, Set the leading edge of the delay pulse to center of
display as reference {resolution of scope 200 ns}.

16, Set delay/width switch on A128 to width.

17. Adijust trailing edge of width pulse via A128 R239 to
within limits of +300 ps or —50 ps {see Figure 511}
of coincidence with leading edge of delay pulse.

T
+—
_ - <50% AMPLITUDE
DELAY
RS
WIDTH
- - ~50% AMPLITUDE
! .
— :r-—comnoaucs « 30ps/ - S0ps
Figure 5-11

Adjustment Procedure

18. Repeat steps 14 to 17 for A28,
19. If opt. 020 installed,

repeat steps 14 10 17 for A328 and A428.
20. Reset address switches to aoriginal position.

Reference Trigger Adjust

21, Set 8160A: DEL 0Ons
By using two test cables 08160-61610, connect
sampling scope channel A 10 ref. trigger outon A127.
and channel B 1o signal out on A128.
NOTE: Both cables must be of exactly the same length,
If necessary perform a cross check.

22. With a scope resoiution of 200 ps/cm adjust
A128 R 112 for signal coincidence,

REF
SIGNAL  TRIGGER
o

SrLAMPLITURE |4 —— L 7Y S L |spenampy muoe

L i

~ e - COMKIDENCE ¢ 30ps

Figure 5—12

23. Repeat step 21 and 22 for A228 and adjust A228
R112,

24. If Opt. 020 instalted, repeat steps 21, 22 for A328 and
A428.

Long Time Delay Adjust

Tast set-up

SAAPLING
SLOPE

[

ol

Figure 5—13

25. Put A128 on extender board 0816066873, and
connect extender board OB160—B66572 as shown in
Figure 5—13.

56
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26. Set Bi60A: PER 400 ns DEL A 200 ns
DELB 200 ns
27. Trigger the sampting scope externally, and connect
the probe via isolator across A128 R26.
28. Adjust, via A128 R37, the switching spike of the
“Cut-0ff monostable Multivibrator’” to about 13 ns
after the trailing edge {see Figure 5—-14).

SPISE

ol

Figure 5-14

29. Set 8160A:PER 2 ms DEL A 1 ms
DELB 1 ms
Set delay/width switch to width.
Set counter trig. level A -3V,
B 3V, COM
Connect A 128 signal output to counter and check
width measurement is 1 ms.
30. Adjust A128C10 for 1.0014 ms = .0005 ms on
codnter.
31. Put A128 back into mainframe and set delay/width
back to delay.
32. Repeat steps 26 to 31 with A228 (leave switch in
width pos).  If opt. 020 instalted, repeat steps 25 to
31 with A328 {delay) and A428 {width).

Short Time Delay Adjust

EQUIPMENT:
Time marker, sampling scope.

Test sstup:

BAMHPL NG
SCARE

e ey E
[ 1 | TIME MARKER

IJG l -0 r] l OO ' @
\{.}¥ ?[ sar,)'|
L
Figure 515
PROCEDURE:

Set time marker to 2 ns.
Set delay/width switchas of all TI blocks to delay.

5-6

Model 8160A

Set 8160A: PER 70ns, DELA Ons, DELB Ons

Adjust external TRIG LEVEL for coincidence
of leading edge of delay pulse and leading
edge of time mark signal as shown in

Figure 5-16.
REF
}
r T 17 T 7T 11T 1T 17 I
2 4 8 10 12 & 16 18 Zns
. 2T ‘\.\
8]
\-_
I i Fa ". . ™
| ) [ )

ACCURALY 1% ! ins
1 L ] I i

Figure 5—18

1. Check delay 0.1 t0 0.9 ns, 1f .5 ns range is out of
spec, adjust A26C8 (increasing A26C8 increases delay),
2. In the following 1able set 8160A to necessary range
and adjust the corresponding resistor.
1 ns adjust A126R 151
2 ns adjust A126R 153
3 ns adjust A126R 155
4 s adjust A126R 157
3. Make spot checks up to 50 ns {with time marker
reference).
. Aepeat short time delay adjust for A226.
5. I opt. 020 is installed repeat for A326 and A426
respectively.
B. Set delay/width switches and channel switches:

-3

A128 DELAY  Channel 1

A228 WIDTH Channel (¥ 33p] !
7. 1f opt. 020 installed

A328 DELAY  Channel 2

A428  WIDTH  Channel 2

Turn 81604 off and on,

8. Connect calibrated sampling scope to 8160A output
and perform para 5—11 steps 11 and 12. {Or use
performance set-up Fig. 4—11/4-12 to adjust width),

5-7 SLOPE GENERATOR ADJUST

A re-adjust of the slope generator also requires the
output ampl. adjust of para 5—10, steps 1 to 19.
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EQUIPMENT:

Oscilloscope, DVM (with sampie hold), counter,
time interval probe, test cable 08160—61610,
10:1 probe.

Test set-up:

Figure 5—-17

PROCEDURE:
Fold out layout page

1. Set 8160A:RCLO st PER 100 us
DEL Ons
wIiD 50 us
LEE 5 s
TRE B s
ENABLE

2. Turn A140 R127 fully cow and R 142 cw, and connect
scope as shown in Figure 5—17. Terminate slope out:
put with 60 ohm, and set scope DC-coupled, ext.
trigger, ALT, time base 10 us/div.

3. Adjust scope vernier and position to get a 6 div.
display.

4. Connect probe, decoupled, to cathode of A140 CRE,

B. Turn A140 R127 fully cw and R 142 ¢cw. Set channel
B vernier and position of scope for same pulses as
channel A.

6. Adjust A140 R127 for about 3 % more amplitude
on B pulse top {.18 div}.

7. Adjust A140 R142 for about 3 % more amplitude
on B pulse bottom {.18 div].

Adjustrnent Procedure

5-8 ROLL-OFF RECHECK

Test sat-up:

PutLES
e DA - 41510 6.0 TERM GENERATOR

Ex
WP out

h ExT

[
1

iol o 3

Figure 518

PRCCEDURE:

1. Connect equipment as shown in Figure 5—18 with
pulse gen. 1o ext. trigger. Set scope and pulse
generator to produce a display as shown in figure
5-19,

Set 8160A: PER 50 ms, WID 25 ms, TRE 50 us.

DELAY SPOT (DvM TRIG)
tOR <

\

1

Figura 5-19

2. A change of LEE from 99.9 us to 100 us shouid
give a DVM variation of less than £ 5 mV on pulse top.
3. Set 8160A; LEE 50 us.
Measure bottom of pulse.
4. A change of TRE from 99.9 us to 100 us should
give 3 DVM variation of less than £ 5 mV on pulse
bottom.
If the roli-off re-check fails, repeat 5—7 steps 1 to 7
with 4 % more amplitude on pulse top and bottom.

Amplitude and Offset

§. With same test set-up as before {Figure 5—18), set
8160A: PER 50 ms, WIDTH 25 ms, LEE 5 us,
TRE 5 pus.

6. Trigger DVM about 20 ms after LEE 80 % {with
scope delay — see figure 5—18),

Measure top level and write down V NORM,

5-7



Adjustment Procedure

7. Connect siope COMP putput to DVM,

rmeasure top level and write dawn vV COMP.
8. Calcuiate the following formula
Top level NORM + Top level COMP  _ v

P

Q. Adjust top level via A140 R207 to the result of the
formulax 5 mV,
10. Change DVM trigger by scope delay {figure 5—19}
and measure bottom level.

Top level NORM + Top level COMP _; o5y =

2

11, Adjust the bottom level with A140 R251 to the result
of the second formula £ 5 mV,

5—9 SLOPE RISETIME ADJUST

Test set-up:

TIME HTERVA,
PROBE

DaIac - $1410

COUNTER

Figure 5—20

1. With a cal\brated sampling scope, calibrate the Time
Interval Probes at 50 ns. Put A140 on extender board
08160-66573.

2. Set 8160A: PER 800 us, WID 300 s, LEE B ps,

TRE 999 us.

3. To get the 10 % and 90 % level use following formulae

with the voltage from previous test:

Top level NORM + Top levei COMP _ 455 _ gg gy
2

Bottom level NORM + Bottom leval COMP
2

+125=10%

4. In the following 3 ranges, measure the low end and
the high end of each range {LEE).
MNote the deviation:

5-8

Modet 8160A

LEE TRE LEE TRE

6.00us — 999us 899 us - 500pus
__._HS— L L._MS s = s
BD.0us — 9489 s 999 us —~  S50.0us
S HS— L HS L HS = s
0.50 ms - 9.99 ms 999ms ~ 0.50ms
LLms— ___ms ms — . ms

abisclute values {example)

low end high end
500 us O Q 99.9 us
50.0 us ) 999 us
0.50 ms '®) ' 9.99 ms

10.

11.

12.

13.

14.

15.

16.
17.

. With reference to tha 3 low end deviations, select tha

range which corresponds to the second largest value.

. Adjust the low end of this range to its nominal value

via A140 R113 {min lrading edge current).

. With refarence to the 3 high end deviations, select the

range which correspands to the second largest value.

. Adjust the high end of this range to its nomina! value

via A140 R83 (max. leading edge current}.

. Set 8160A: LEE 999 us, TRE b us.

Repeat steps 4 to 8 and adjust A140 R196 low end
{min trailing edge current} and adjust A 140 R41 for
high end {max trailing edge current}.

Set B160A: PER 60 us, WID 30 us, LEE 500 ns,
TRE 999 us.

Check LEE: 500 ns £ 5 ng, TRE: 9.99 us £ 100 ns.
Set 8160A: LEE 9.99 ys, TRE 500 ns.

Check LEE: 999 us* 100 ns, TRE 500 ns £ 5 ns.

If necessary change A140 C25 = 30 pF per 1 %.
Connect slope NORM output to a calibrated sampling
scope.

Set B160A: PER 6 us, WID 3 us, LEE 100 ns,

TRE 999 ns.

Measure LEE and adjust A140 C19 10 100 ns £ 1 ns,
then set 8160A LEE 999 ns, TRE 100 ns.

Measure TRE edge and align both LEE and TRE for
100 ns ¥ 1.6 ns via A 140 C19.

Put A140 back into mainframe, re-connect 50 ohm
cables.

Connect calibrated sampling scope to 81680A output.
Perform Amptifier Pulse adj. para 5—11, steps 5 to 10,



Model B160A

5-10 OUTPUT AMPLIFIER ADJUST

Pre-condition for this adjustment is the correct function
of roll off. Re-check 5 — 8 steps 1 10 4.

EQUIPMENT:

Oscilloscope,

DVM with sample hold, pulse generator,
sampling scope,

storage scope,

20 dB attenuator

1:1 scope probe

Vernier symmetry adjust

PROCEDURE:

3et 8160A:  PER 0.5ms, WID 0,25 ms, LEE/TRE 20 ns
HIL+4.99 V, LOL —-4.93 V

1. Set oscilloscope: AC-coupled, sensitivity 5 mV/div
time base .2 ms/div,
2. Connect scope via 1:1 probe to A1510Q200 emitter (see
figure 5-21).
. Adjust A151R208 for min signal on screen.
. Set 8160A: HIL 1049V, LOL 048 V.
5. Adjust A151R 206 for min signal on screen.

W

Figure 5-.21

Amplifier Offset Adjustments

Test set-up:
EXT PuLt
GENERATOR
dlgua SCOPE i 7
J ~EXT TRG N
———— [ feme
¢ -} ? (o] ?O &
son s _
BETTER 17w “EBNC - BAnA N
Figure 5-22

Adjustment Procedure

Set 8180A: PER 5t ms, WID 25 ms, HIL +4.99 V,
LOL —489 V, LEE/TRE 20 ns, Qutput
mode 50 ohm, NORM

PROCEDURE:

Set scope: Time base 5 ms/div
Delay time base .1 ms/div
Set delay time to 20 ms after pulse edge
Sweep Mode: NORM
Internal Trigger
NOTE: Before proceeding with this section, make sure
the pulse flatness is better than 1 %. If not, then perform
Amplifier AC adjustment first.

DELAY SPOT { DVHM TRIG!
+0R -

} i

T

Figure B~-23

1. While switching from NORM to COMP adjust
A151R107 for min difference on DVM reading
= 5mV}

. Set 8160A: HIL 0.6 V, LOL —05 V.

3. White switching scope trigger slope from + to — and
back, adjust A151R311 for min.difference on DVM
reading.

. Set B160A; HIL 1V, LOL -1 V.

. While switching scope slope trig from + to — and
back, adjust A151R308 far min.difference on DVM
reading.

6. Set 8160A: HIL 0.49 V, LOL —0.49 V.

7. While switching scope slope trig from + to — and
back, adjust A151R288 for min. difference on DVM
reading.

B. Repeat steps 3 to 7 for min. difference.

)

h B

Amplifier Gain Adjustments

9. Set 8160A: HIL 3.98 V, LOL —2.88 V, cutput mode
1 kohm. Adjust via A151R264 for a high level of
4014V £10mV.

Set scope slope trig to — and measure low level:
—4.014V £10mV.

10, Set 8160A: HIL 1.99 V. LOL —1.99 V, sutput mode
50 ohm.
Adjust A151R275 tor a high level of 200V * 7 mV.

5-9



Adjustment Frocedure

11.

12,

13.

15.

Set scope slope trig to — and measure low level:
=200V i7mV.

Set B160A: HIL 1V, LOL —1 V.

Adjust A151R247 for & high level of 1.004 V = 3 mV,
Set scope slope trig to — and measure low level:
—1.004 V = 3 mV,

Set 8160A: HIL 289V, LOL -299 V.

Adjust A151R268 for a high level of 3.008 V * 10 mV,

Set scope slope trig to — and measure low level:
=3.008 W £ 10 mV,
Set 8160A: HIL 3.99V, LOL —399V.

Adjust A151R 266 for a high level of 4.014 V £ 12 mV.

Set scope slope trig to — and measure low level:
4014V +12mV.

. Set 8160A: HILD9IV, LOL —0.99 V.

Adijust A151R212 for a high jeve! of 994 V £ 2 mV,
Set scope slope trig to — and measure low level:
—~.994 V£ 2mV.

Set 8160A: At 049V, LOL -048 V.

Adiust A151R224 for a high level of 0.49 V &£ 2 mV.
Set scope slope trig to — and measure low level:
-049V £ 2mV,

1f low Ievel in one of the tests above is out of limit,

verity Amplifier Offset Adjust.

186,

17.

18.

19

Set 8160A: HIL 156 V, LOL 154 V, output mode

1 kohm.

Adjust A151R403 for a high level of 15,6 V = 20 mV,
Set scope slope trig to — and measure low level:
154V +30mV.

Set 8160A: HiL —15.4 v, LOL —15.6 V.

Adjust A151R435 for a low level of —15.6 V £ 20 mV,
Set scope slope trig to + and rmeasure high tevel;
154V +£20mVY.

Set 81604 HIL 520 v, LOL +5.0 V.

Adjust A150R 14 for a high level of 5.2V £ 10 mV.
Set scope slope trig to — and measure low level:
+6.0V £10mv,

Set 81604 HIL 7.73 v, LOL 7.63 V, oulput mode
50 ohm.

Adjust A151R401 for a high leve!l of 7.73V 5 mV.
Set scope slope trig to — and measure low level:
763V 6 mVy.

Amplifier AC Adjustments

Test set-up:

SAMPLING
SCOPE

- DF FEREN T 1A
OFTSET AMPYLIFE

Figure 5—24

5-10
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PROCEDURE:

Set 8160A: PER 2ms
DEL 1 ms
WID 1ms
HIL 8V
LOL o000V

. Set vertical sensitivity to .2 V, turn offsat and position

for top level on center of screen (sensitivity 2 % /
div now).

. Check that flatness of high level betwean 200 us and

400 ps after pulse step is better than .2 %.

. Set 8160A: PER 400 us
DEL 20 s
wtD 200 us

Scope time base: 20 ps

. Check that flatness of pulse top hetween 7 1t and

200 us after puise step is hetter than 0.5 %.

. Set B160A: PER B ps

DEL bous
wWIiD 3us
Set scope time base: 200 ns/div

6. Check that flatness of pulse is better than 1 %.

~

10.

11.

12.

16.

t7.
18,

. |f one of the above limits fails, perform steps 8 to 17.
. Using same eguipment as in steps 1=7,

Set A151 R131 — R135 to fulty cw and R472 to
mid position.

. Set 8160A: PER 2 ms
DEL T ms
WwID ims
HIL BYvY
LOL ov
Set vert. sensitivity 2Vsoldiv=2%.
Adjust A151 R131 for best flatness { < .2 %) between
200 ps and 400 s after pulse step.
Set 8160A; PER 400 us
DEL 20 us
WwID 200 us

Adjust A15% R132 for best flatness { < .4 %) between
20 us and 200 us after pulse step.

. Adjust A151 R133 for best flatness ( <C.5 %)} between

2 us and 20 us after pulse step,

. Set B160A: PER 20 ys
DEL 2 s

WID 10 us

Set scope time base to 1 us

. While switching 50 ohm — 1 kohm adjust alternately

A151 R472 and A151 R134 for best flatness (< 1 %)
in both modes.

Set 8160A: PER 6 s
DEL 5 us
WID 3us

Adiust A151 R135 for a flatness of better 1 %.
Repeat steps 9 to 17 carefully for fine adjust.



Mode! B160A,

5-11 AMPLIFIER PULSE ADJUSTMENT

Test set-up: (if sampling scope is not accurate enough,
usé the performance test set-up in Figure 4—11),

SAMPLING

SCOPE
]
P aut l
a @ 9o i

2 1 | =l|
A?l’ds SAFPLING.

HEAD

Figure 5—25

PROCEDURE:

Set B160A: PER 100 ns LEE 3ns
DEL Ons TRE 3ns
WID 50 ns HIL X IR

LOL ooov

Set scope time base: norm 20 ns/div
expand 1 ns/div
set 10 expand

Set vertical resolution to 10 % per div.

1. Adjust A151R118 for a rise and falltime of < 6 ns
while pulse perturbation is < § %,
If risetime does not meet spec see step 9.
2, Set8160A: HIL 199V
LoL oV
Remove 20 dB attenuator.
3. White switching NORM — COMP adjust A15TR137
for < § % pulse perturbation.
4. Repeat steps 1 to0 3.

10.
1.

12.

13.

16.

16.

17.

1B.

18

20.

21,

Adjustment Procedure

. Set 81604: RCL O

PER 100 ns TRE 10 ns
WID 50ns HIL 1V
LEE 10ns LOL -1V

. Measure LEE with calibrated sampling scope ang

adjust if necessary A140C18 for 10 ns+ .7 ns
{set A140 on extender],

. Measure TRE for same vatue and compromise if

necessary LEE/TRE for 10ne £ .7 e,

. Set B16DA: LEE 3ns

TRE 3ns

. Measure LEE and adjust AT40R87 for << 6 ns.

Measure TRE and adjust A 140R30 for < § ns,
If risetime does not meet spec see step 1.
Set 3160A PER &80 ns
DEL Ons
WID 10ns
Measure width at B0 % of amplitude for 10 ns 7 ns
and re-adjust if necessary A228R239 for 10 ns £ .7 s,

Set 8160A: PER 100 ns

DEL Ons
WID 10ns

. Connect scope channel A to trigger output of 8160A

and trigger scope ext, with output of 31604

Measure pulse width for 40 ns £ 4 ps. 11 necessary
adjust A150R 102 for 40 ns £ 4 ns.

Set 8160A: PER 1 s

Measure puise width for 400 ns * 40 ns. i necessary
repeat step 15 for best compromise.

Set 8160A:99.9 ns

Measure pulse width for Bns £ 1 ns. If necessary adjust
A1B0C101 for Bns 2 1 ns.

Connect scope channel A to trigger output and scope
channel B to channel A of B160A.

Measure delay between trigger output and pulse output:
0 ns ¥ 300 ps.

If delay is out of Himit change A150C 112 {asterisk value
Oto 10 pF).

It apt. 020 instalied repeat complete cutput ampl.
procedure for channel B.
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Replaceable Parts

SECTION VI
REPLACEABLE PARTS

6—1 INTRODUCTION

62 This section contains information for ordering
parts, Table 61 lists abbreviations used in the parts lists
and elsewhere in the manual. Table 6—2 contains the
names and address that correspand to the manufacturers
cade numbers. Table 6—3 list all the replaceable parts in
reference designator order, Pars pertaining to Option 020
are also listed in Table 6—23 but are printed on the blue
pages at the end of the table.

6—-3 ABBREVIATIONS

6-4 Table 61 lists abbreviations used in the parts
lists, schernatics and elsewhere in the manual. In some
cases two forms of the abbreviation are used, one all in
capital letters, and one partial or no capitals. This occurs
because the abbreviations in the parts tists are always all
capitals. However, in the schematics and other parts of
the manual, the same abbreviations may have upper and
iower case letters.

6—5 REPLACEABLE PARTS

6—6 Table 6-3 is the list of replaceable parts and is
organised as follows:

a. Mainframe (chassis} parts in alphanumerical

arder by reference designation

b. Electrical assemblies and their components in

alpha-numerical order by reference designation.
Reference designators are of the form ASRY i. e. resistor
9 on assembly 5.

67 Fhe information given for each part consists of
the following:

a. The Hewlett-Packard part number.

h. The tatal quantity (Qty) in the instrument.
This is given only once for each part ~ at the
first appearance of the part in the list.

c. The description of the part.

d. A typical manufacturer of the part in a
five-digit code.

e. The manufacturers’ code number for the
part.

A tist relating manutacturers to their respective codes is
given in Table -2,

6—8 ORDERING INFORMATION

6—9 To order a part listed in the replaceable parts
table, quote the Hewlett-Packard part number, indicate
the quantity required, and address the order to the
nearest Hewlett-Packard office {list of Sales/Service
offices at the rear of this manuall.

6—10 To order 2 part that is not listed in the replace-
able parts table, include the instrument model number,
instrument serial number, the description and function
of the part, and the number of parts required, address
the order to the nearest Hewlett-Packard office.



Replaceable Parts

Table 6--1. Reference Designators and Abbreviations

Model 8160A

AL, . ... assembly
AT . STLeNGATor,; iS0Nator,
tarmination
- fan: motor
BT ... Dattery
c Lo capagitor
cP .. ... .. .. . toupler
CR _ ... ... diode; chode
thyfistor, varactor
DC . . . directional coupler
oL .. .. ... delayline
ps ... annunciator;

signaling device
(audible or visual),

tamp; LED
AL ampere
ac . . alternating current
ACCESS . . | . AcCatsory
ADJ 0 adjustment
A/D. ., . analog-to-digital
AF . . ..  audio frequency
AFC L0 L. autOMmanic
fraquency cantrol
AGC . aufomatic gain
cantrol
at . ... ... aluminum
ALC automatic level
contral
AM . amplhitude modula-
Tion
AMPL . amplifiar
APC . automatg phase
eontrol
ASSY. | B35EMbly
AUX .. auxiliary
avg . R average
AWG . American wire
gauge
Bal . . batance
BCD . . binary coded
decimal
BOD . ... . . board
BE Cu . . beryllium
copper
BF O baat fraquency
ascitlator
BH . ..., oinder head
BK DN . . breakdown
BP ... . .. ... bandpass
BPF . . bandpass filter
BRS o brass
BWO . . . . backward wave
oscllatgr
CAaL calibrata
CCW . . . . counterclockwise
CER ..., caramig
CHAN . channel
ey . .. . .. gantimater
CMD cabinet mount only
COoaX coaxial
COEF coefticient
com L common
CoOmP . composition
COMPL . complete
CONN . CONNECIor
L cadrmium plate
CRT cathoda.ray tube
cTL complamentary

transistor togic

REFERENCE DESIGNATIONS

E ... .. . miscellansaus
electncal part
F . fuse
FL . ... .. filter
H ... ... .. hardware
HY ... ... cireutator
4 . . . . wmigotrical connecror
(stationary portion};
1ack
K .. . relay
L....... collinducror
Mo meter
MP miscellanecus

meghanical part

P ., .. elegctrical connector
imovable portion);
plug

Q. ... .. transistor: SCR;
trigde thynstor

R ..o resistOr

AT .. ... ... thermistor

3 ... ... ... .. swiwh

T L transformar

Te . . ., ., tarminat oard

TC . .. . . . thermocouple

TP . ... ... testpoint

U .. ... integrated circuit;

GGG Gt
électran tube

ABBREVIATIONS

CW . . . cantinuous wave
cw . ... .. . . clockwise
em L L. centimater
[ F digital-1o analng
aB . ... L L L decibel
dBm . decibel referrad
1o 1 mw
de. . .. .. directcurrent
deg degree {temperature
interval or differencal
.9 . degrea (plang angle)
eC . . . ... degree Calsius
icentigrade}
OF _ . . . degree Fahrenheit
9K L degree Kalyin

DEPC deposited carban
DET ... ... .. getecior
diam . diameter
Dta diametar (used in
paris listh
DIFF AMPL . . diflerantiai
armplifier
@div . ... . division
DFOT . double-pole,
double throw
oR ., L. drive
DSB . . double sidaband
OTL diode transistor
Iogic
DvM . | digital voltmarer
FCL . emitrer coupled
logic
EMF . . slectrromaotive torce
EDP . electromc data
progassing
ELECT. . . . .. alpctriiytic
ENCAP. . . . encapsulatad
EXT extgrnal
F .. . ..... . farad
FET figld affact
1ransistor
F/F flip-flop
FH . . .. ... .. flatt hiead
FILH . . Eillister head
FM . frequency modulation
Fe . ... front panal
FREQ freguency
FXD tixad
g .. .. L. gram
CE ... ... germanium
GHZ ... pigaherrz
G oo . glass
GRO .. ... groundled}
H ... ... .. ... henry

NOTE

All abbraviatgns in the parts Hat will e N upper-case.

h .. . .. .. . hour
HET . . . _ . hetergdyne
HEX hexagonat
HD . ... .. .. ... head
HDW | . hardware
HF . . . high frequency
HG . . . .. . . . mercury
HI . ... .. ... ... hig¢h
HP . . Hewlett-Packard
HPF, . . . .. high pass filter
HR . . . . . hour (usad in
parts listh
MY ... high valtage
Hz .. ... Heartz
1C .. integrated cireuit
o insida diametar
iF. . . . intgrmediate
frequency
TMPG. . . impregnated
in . ... inch
INCD. . incandescent
{NCL inciudels}
INP. .. ... .. nput
NG . insulation
INT . . . ... . internal
kg ... kilpgram
kHz . kiloheriz
. ... kilohm
BV .. ... kilovolt
L pound
LC .. . inductance.

capacitance

LED . . light-emitting digde
LFE . low trequancy
LG . .. . long
LH .. . .. lefthand
Lib. oo lirmit
LIN . . . . linear waper {used
in parts tist)
.. ..., . . . linear
LK WASH . . . l1ock washer
LO . . . low; local oscillator
LOG logarnthmic tapar
tused in  parts  list)
og . .. ... logarithmiic}
LPF low pass filter
Ly ... - low voliage
m . . ... meTer ldistance)
maA milliampare
M A X maximum
M.Q L. magohm
MEG _mag (10%) (used
in parts list}
MET FLM . | rmetal fitm

VR . ... wvoltage regulator;
braakdawr diode

W cable: transmission
path: wire

X oo sacket

¥ . . ervstalunit (pieza-
glectric or guartz)

Z . luned cavity: tuned
cirguit

MET OX ., . metallic oxide

MF . . medium frequency;
microfarad (used in
parts bist}

MFR . . . .. manufacturer

mg .. ... . milligram

MHz meagaheriz

mH . . ... ... milihénry

mha . ... L .mho

MIN O O L L minimum

min ... minute (timel
YL manuté (plana

angla}
MINAT. . . . . .. miniatyre
o . . . . . .. millrmetar
MDD . . oL L. modutator
MOM L L L momentary
MOS mietal-oxide
semiconduc tor
ms . ... .. .. miilisecond
MTG . . MOURTing
MTA meter {indicating
devicel
my o malhivelt
miac. . . . .. milliveds, ac
myde . ... . miivot, dc
miyvpk - millivolt, peak
mivp.g millivott, peak-
1o-peak
myrms . . . . millivolt, rms
mW . L milliwatt
MUOX . multiplex
MY . ... .. mylar
A L L microampars
ME_ oo microfarad
HH .. microhenry
Mmho micromhbo
M=o .. ... microsecond
I microwolt
HVac . . . microvalt, ac
MHvdc . microvolt dec
HYo-p . rmIcrovolt, pesk-
o peak
MV rms . Mitrovolt, rms
uw o MICrOWaTtt
nA | ... . hanoampare
NC . . .. . noconnection
NG narmaily ciosed
NE neon
NEG ., ... .. negative
nfF . nanofarag
NIPL .. mickat plara
N/O . mormally open
NOM . nominal




Replaceable Parts

MULTIPLIERS

Bbbreviation Prefix

T Tara
qga
mega
kilo
deka
dec
cant:
Ml
lanlivias]
nang
=]l ]
‘BMIO
atto

20

0o~
o

* -9 IR 3 ra

NOTE

Al abboravianons oo The parts hal wokl e N upper casa,

Multple
tol2
109
1p%
to3
10
10—
10 =2
10 3
10 —6
1079
1o =12
19 =15
10 —1&

Model 81604
Tahle 6-1. Reference Designators and Abbreviations (cont'd)
[Atal=17] narmal BT poTentiometar = sihcan VRO warnable {frequency
MM nepative Post e [=3=] peak (0 peak S . srlver Dscullator
negalive FF peak to peak {used ) .. . .shoe wWHF very high tre
MNEC mEgative positive in parrs Lsrl SMNR . sgrtal-to-ndiga ratin quency
zerg A{zera empera PP . pulse pOSITIoN SPDT . =ngle pole, Vok L L L woits, peak
ture coethicwnt modukal:on double Throw vop vol1s, peak 1o peak
MNRFH na: recommended PREAMPL preampldfier SeG . ... .. ... sporng Wremisg . L woity remg
for feld replacement PRF pulse repetition VEWR - woltage stand-ng
MIR nat separately frequency SR seiit rng wave ratio
replaceahie PAR pulse reprtitian SP3T single-pole, WTO voltage tumed
ns ... ... nanosacono rare singte throw . ascillator
W . ... nanawat ps . picosecond 558 siogle sideband LARZL Vaguum tube
DED arder by descripnion PT poant 35T. sramniess seel valtmeter
OO0 ... outside diameter PTM . pulse time STL - sTeel WiXY . .. . _wolts, switched
OH  oval head medulation sQ .. o squars WL . wwatt
o8 AMPL . aperaTionat Py pulse-width S"\’("’S - - sanding-wave ratio WL wnth
ampldier madulanion i C o tel svbnchr?n'.z‘:: Wiv waorking inverse
oFT spuon Py peak working - - Tmad lslow. “_’W nse VoI Tage
osc oscillater voitage 1"::; - ‘em“‘;‘::”'r'; WW ... . wirawound
.. u ;
ox Cee s omde RC . resistance.capacitance ccmpensatnngp Wi Cooee s withaut
Y . gunce AECT et > e deis YIG yIIFIUM iron-garnet
1) o ohra REF e M Zg ... ... charactansuc
P . . . peak ‘used s parts REG € EVIETC; TERM terminal impedance
lst) REPL 'EFDEI::I;;DE‘E I;I thors Lilm tran‘s-stc:r
P& A pulse amplitLie RE rod1 0 tregquency THD . . . ) 1:?33;
. n?o.d'_-”a'r;?;md . RFI. radio frenuency THRU through
mrgrferance TI RV . fitanum
PMA pulse code modula RH vound hgad; righy TOL tolerance
on, pulse count hand
madulation RLC L recisrance TR Trimmer
POM . - - pulse duration Ao Lanee TETHR . trans.sior
modulatwon capac.Tance TTL transisior trans:srar
pF . - picofarad RMO . . rack mount only logee
PHBERZ pheosphor bronze rms . DO FEsn Squarg TV .., ., television
PHL ! Phithps RND . round TVl  elewision interference
PImM pos.Tive intring RO read only memory TWT rravel ing wave tube
neganive R&F . rack and panel (U micro 10% ) {used
Plve oo Reak nverse RWY raverse Workirg in parts hist)
voltage vortage UF ricrofarad lused in
phk L .. peak 5 scattenng paramener earts asrl
PL .. phase luck 4 second itmel UHF . wltraimigh frequency
PLO phasa |ock secand (plane angel UMREG unregulared
oscilbatoe 58 . cslow-biow (fusel W ... ... ... woh
Pt1 .. . phase modulaton {used in parts list) VA L. .. . vollampere
PP posiItive negative SCR sihicon contralied Vac R walts, ac
positive rectrbien; SCrevy VAR . . wariable
P Copart ol 3E sebernum VCO voltage controtled
POLY . Dolysityrene SECT sechians oseitlator
PORC . .. porcelain SEMICON SEIMIC QN Vde ... . . ... wolts, dc
FOS L PDEs vl pEsleonis) AUCor VOOW wolts, de, workimng
fesecd vr parrs st} SHF saperkigh tre lusad i partd histh
FOSN Dos tion quency WIEt votes, hirered




Replaceable Parts

Table 6—2. Manufacturers Code List

Made! 8160A

MarUurFrsacTURERS

WANUFAr THRER  NaWE

ARTEERGLAGEY a[Fa

VALyl Gube

ARAMAKN F A UND SOEHNE

GTE AYLVANLS ~INT4TURE LT FROD
ANY JUTIAFACTARY BUPPLIER
UNITRQOE COWPITER PRODULTS CoRP
ALLEN=-BRADLEY (O

TEXAS INSTR [NC SEWICOND CMPNT HIv
RCA LORP 2OLID ATHTE OIV
ARECTROL ELECTHONICS CORP

GE CD SEMICANDUCTOR PRON DEST
KD] PYRQFLLM CORP

=OFGQRGLE PEMICONDUCTQR PRODULTY
GE CO CLER C4m § AaT PACD DEPT
Lt

FRECIATON MONOLITHM]CY INC
FaleCH[LD JEMTCON" CTQR DIV
CLARGITAT ™FG CD [NC

GENEAAL INIYR CORP JEMIDON PROD GP
UTGNETICS CORP

MEPCR/ELECTRL CORP

EMCON GTV 1Tw

TRAMIITRON ELECTRONIC COURP
CORWING GLAAY WORKS (BRADFORD)
HATIONKL SEMIEONDULCTOR (AP
CORNING GLABA woRY (wILMINGION)
WERLETT«PACKARD CO CORFORATE wQ
BOURNE INL TRTMBOT RROO DIV
ADVANCED MIERS DEVICEN INC

INTEL EORP

ATETTNER=TRUAW NP

APRACUE ELECTRIC O

ELECTRO MOTTVE CORP SUB JEf
BFERMAN TNATROMENTE THE HELTROT Ofw
TR TNC PRILARELPWTA OIV
LITTELFUAE TNE

VICTORY ENCTNFERTNG (ORP

DALE ELECTRONTEN TNE

[ 0 0 4

L 147

L8 OF

ADDAE XY

BROMML
LELL 1T
LUEDENSECHETD
MILLABORO

METHUEN
MILWIUREE
ITeNY |
BONERVILLE
CI1Ty QF IND
AYRACUSE

M IPPANY
PHDENIX

IR

A HNNEL ™
BANTL LLARA
MOUNTAIN YIEW
DOVER
MECMOWILLE
SUNNYVRLE
MINERAL wELLS
8iN DIESGD
wiKEFJELD
BRADFORD
JANTE CLARA
RILMINGYON
Sl ALTO
RIVERAOE
BUNNYVALE
WALUNTALIN YIEW
CAIENOVIA
HORTM abAME
WILL IMANTIC
FULLERTON
PulLdDELARTL
DEA PLAINES
BFRINGFIELD
coLumMaLS

Diri127%

(L}

LI A 2

e
CoBE

63iad

34
151dd
CPaTe
91145
13201
Tl
a3oe
%08l

950N
uial
3820
11402
438
Tade?
iy
d1880
18101
98081
48]
qaida
9&507
LTTT-1
45084
13038
LAF 2
Qhide
L4 1)
19308
#2018
o7 o8]
b0l
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Repiaceable Parts

Model 81604
Table 6—3. Replaceable Parts
_— Mfr

Reference HP Part ol o, Description Cod Mfr Part Number
Desighation | Number [D ode
i slpd-pefoy | @ BOARD ANJEVOLY, MQTWER 2euso LLETY RIS 131
[ UBledennsdd | BOARD AJJEVELY, uILROPROCENIOA FLEY 1] I81alvpas0d
iy o8lensnsfod| 1 ROARD ARJEVELY, *EYPOLRD 2Eubp LESELLE T 1))
by o8 lebebtSod | 2 A0ARD AMIE“ALY, DIBPLAY Fhuty ihiagennSod
by Glluh=baSoe | o BokaD agyEvBLY, COMNELTOR 2Bubg 3186040508
a0 08led=b0510 | 0 BOMRD ASIEYELY, PORER JUPPLY MOTHER 284890 08 lepeppNlt
Ll oBlgd=an¥1l | | BOARD ASIEmELY, PUWER BUPPLY REGULATOHR 28480 LLITY LT T IR
LIY 4 cBiepebeSy2] 2 BOARD SSEMBLY, FONER ByPPLy KECTIFIER 2dadyg
s13 CBlaneneSi}] 3 BpARD AgsE¥RLY, sOnER SuRRLY [WETsLIN FLLL T 00 1e)epoSi i
3L PR140=beSLY| & BoARD AYIEVOLY, FEGULATOR zdasg 08 1od=he%1®
g0 odimmeteS2o| ® BOLRD ASIEVALY, BURAT 286l 08 larund320
4z} LLITTEETLT-5 0 - BQAAD ApSEMBLY, REP RITE 28udy CLIT I T2
dids Pd1egentSZe | 2 B0ARC ARSEMALY, TIME [NT 2440 ohiedmknSie
27 CR1edeba52T| ¢ QDARD AASEMBLY, TIME INT 2 FLTY I 0B ledneesd?
28 neledebss2a | © DOMRD ASSEWALY, TIWE IWT 3 FLIT ) [LIVY I Fi
(L L] d8indensSan | o BoARD ASYEMBLY, JLDPE 20480 08 1hd=nsSul
1159 ObletenbSE0 ] B BOkeD ASSEMBLY, DIGITAL QUTPUT 8ubo 08 1p0=nd%50
L3 PLAVTELTS LI BOMRD AASEMBLY, ANALOG QUTRUT Maky ch160wee58]
[F 1] LEAETEY T FI 0 ] BORRD ASSEWMBLY, TIWE INT | ialdp od160=ab%20
LF LTI EITS PR BONRD ASAEMBLY, TIME INT 2 28ak0 0B 160whas2?
Lign [LIFY YT YL R BOLAD WSAEWMALY, TIHE JNT 3 FLTY L) LI ST N $1 ]

08ja0=ba10d | 3 1 COVER ANSEvALY, POWER ulp Ofledesuind
Fi 2110-0018 g 1 FUSE 84 12SY FaSTaBLD 1,2%K, 2% LR LILY i gooa
ry 21900055 2 1 FUSE wh 250y FasTaluD 1,2%x,2% oL TEC 5918 5j200a
Lt ¥ a0en322 & 1 28udy LETLEY ) FF]
LLd S020=0805 4 i 28udp Sh20=980%
wpd O 160ab050F | 7 1 FRIME, REAR 28ubg LLITY R YL T3]
upy So20«MA3Y [ 1 CORKER, $Tayt 2enkp 5020BA5T
upy 5001i=0a33 2 1 31DE GUSSET LT LLITRY TS § )
L1 L 1.0 EL 1 E- T 1 1 FLEE 1] Soeredpod
LLTY LYLT S FF1 1 ] ITRAR, =aNDLE, Cap+REAR 20080 Soun=TRA0
upt Soup=T219 L] 1 STRAP, «dNDLE, CdP-FRONT 9480 Spug=7219
L1 ] 2eM)=0172 L 1 SCREw=MALM 10432 375=1n=yC 100 (G FLTLY) todgeg T
CLL 5001 «0aut ! 1 TRTM, SI1OE i8ulyg S0QIwQuue
LLIY ] SouoeT20) L} ] FQOT{sTANDARD) F1-11 [ ETEDES F 33
LLINY Linpe] Jas s 1 TILT STAND 38T FLLL L] LAgoe] 34%
uelg SoupeTi2i 2 1 FLILL 50407221
gk Soaparoz @ 1 tRI™, tgP 20440 $0u0aTR02
ue e O8lpt=gu1 (Y | 3 1 COYER, TOP Znaan 081agedd]o?
LIRS StoDegauT o 1 COYER, #OTTQ¥ F4 R 1) Sopdedsut
upi e OblagwduLgL | § 1 COVER, 3IDE, PERFQRATER FLTT I) ndidgepdigl
wey OR gfwoulOs | @ 1 COVER, BIDE wlmar FLTT 1) B po=ndl g5
LY} 0Blod=all01 | 3 ] DECK ajdy, Milm FLTT LITET TN RN R
“e|s QUO3=0id1 a 1 GUIDE=PC B0 WMT NYL ,0b2edDeTHENS 2,%=LG T quole=gio}
L] 0 1pOmddl 02 | & 1 COvER, PC ROMRD LYY L abfeowdylo2
uEZ| Ca1bgwn2Ig2 [ 4 1 MOLDER, DISTANCE 28480 [LITY ST FETF]
LLEF] PLIEY EE RN S U | COVER MAEMALY, POwER ELYT 17 [T ETL YN}
wil DBts0a0LE02] O t HEAT 8Tk RES, F11T 1] GEledwdl Ll bR
ey Q8L sgenslod | 8 1 COVER, FiN 288D béisbenulta
ey o8tsteni2an | 0 1 BRACKET, Fim FLIT T I ST L3}
LLe Y LLIEY-TT TN ] i BakEL, REAR bty oB1spanodod
LLF 3 DR agannan2 | 9 1 BANEL, 3UB 28480 A81ad=0ndud
A BALap=00201 | B 1 BENEL, FRONT 28ulp 081a0=g0dq)
LLFL 0A1aH=28101 | & 1 wWINOOW 2348y olienenioy
LLET.) [ LTENT.E B L t BLUG=HELE FL="D FAR ,Se0enOLE NYL 28ulp AT
LA 1] 21%9=p08y L] 1 whAFERuLE INTL T 102 1M ,505elMelD 28404 2190+005%4
“miy EALT T E P 1 ! NUT=SPCLY 19/52-37«ThD ,15=INaTHK 20489 29800145
whyy LALD Y. LY 1 L NUT=MEX-SGL CMAM | /amaleThl ,1SwlhetHe YT T URDER 87 OEICW]®TlON
vk iy 93t o=y [ 1 BEZEL=PE KNOD, u9oLG, 5304, leTHl,J40E 20480 L3R LN L ST
LLET Sosp=-112y 2 1 wHil, FUSHBALTTOHN ROWER 20u8p SGuimy1dw
e S0d0=113e ° 1 waOs, LONG 2budp LITIEL R 1Y
uyr 08I S0-0L208 [ § 1 BaACKET, POY FLIT oELedegidon
“rys SQup=T75e a 1 ExTENDER aQp, Pat 25480 VeaueT IS
LU 01ASD=28201 | 3 ] COUPLER, ImfTCH 1Qed 26480 LAY ELET ST Y
“rag OADJO=ANTOI | o H AHAFT, IMORT 25480 DROYOeU3TOL
! dobewn 755 H { nASHER FLY §05089755
bl 21 ¢=n20y 7 1 AESHERSFL Mo 378 TN 57d=]IMelD FLEL 1 2190=0200
WPy 1aggwg a4 H 1 SPRINGwLPREY yuIN=]¥=QU ,§w]lNeQael( DST 20489 1de0mn ]Sy
bt UBLe0e2TE0L [ ¥ 1 INSERT MOD FLIT T ol ngetion
Rk LLHCEEYL LTI 1 IN3ULATQR PLATE FLIT 1 MUTTELE TS
A1 J100- 3438 R_VAR 10K W

see mtrocueron te this sec ton for ordermg mformat.on
*ndicates factory selected value



Replaceable Parts

Table 6-3. Replaceable Parts [cont'd)

Model 8160A

Reference HP Part |c Descrioti Mtr Mfr Part Numb

. A escription r Part Number
Designation | Number (0 Qty P Code

RYO0Y LLIREST RS 4 [ RESLaTOR 3,.3¥ 1% S0w PFn TCRdegd F1E 1] LISEES Al

@37 LR AT T L) 4 1 RESIATOR 100 5% F0m Pw TCMOsm2 4D LT} 3 CwiBEagOmwlOlet

31 31010432 SwTCH TOGGLE

w1 08 160-51613 CABLE SWITGH

Sea introduction to ths section for ordering infirmation
*Indicates factory selected vatue




Model 81604 Replaceable Parts
Table 6~3. Replaceable Parts {cont’d)

[ _ Mfr
Reference HP Part c| o Description Cod Mfr Part Number
Designation Number |D ode
[ 3] LN EYS 1R A ] BOMRC #3SEMALY, MOTHER 28alp nBtan=pnbol
[T1] 01808110 1 CAPACITORRXD o B0Fw-10% S5vOC Ti L L IEILITE EATELTF
AL o1 40.0729 ? CAPALITORFUD LIUFemi0d LOVDE Ta YL 15003342901 082
acy B18G=0229 ¥ CaPUCITORSFuD Jyufeeine 1owDl Ta FLFLL 150033 4x%010R2
4ica o180«0ile 1 CaPACITORSF U] o, B F 10X ISYDC T4 LTI L 1300485x90358 ¢
(3141 1800229 L4 CaPALIrOR-Fad 33UFe=10X tovwdL T2 Sedsy 1500F3exv0}) c02
e 01 d0=022% ¥ CAPACITOR-FED 33JF+=10% 1o¥DC T4 1T LA 5003300901082
ey SLdo=0118 L CAPACTTORFXl o WUF+epfy 3SVDD T Saghe 211 R 1N R0 H
LtCh G180+01 18 1 LAPRC)ITORCFRD &, 8uF+=10% }SyDC Ta Se289 159¢CwdSI90)SHE
Ly ¢L80=-0229 T LAPALITOB=FRl JJuUP+w10% 10VEL T4 ETFLL 1SQ033ex01Qui
ailip IR LR FF L] T CAPACITORFND AP =10k JoybL Ta LI L IR 2T AT
iy 01800114 1 CAPACITOREXD o AUFsegox 38v0C 1T Segse (KIS TEER LD ET-H
I T14F] 0180=0118 ] CAPACITOR=F2D p 8 Fref0y 35¢yDL T8 Seide 1500590 sae
4101y [ ELF £ T CAPAMLITORFND MiUf+= 10X LOWDL T& Sheld 15003090 082
a1t Q1dpen22 ¥ CAFAC[TOR=Fcl JILF+wi108 1OV0L Ta Se209 150D031ex901 052
s181% Cl1ap=0118 1 CARPACITOR=FED & BuF+sivl 3Sv0C Ti Se209 1500085390358 2
L161e CLBY=01|w 1 CAPACITOR=FED o BuFes10% 35¢D0 Ta Saahe 1500085903882
ayCy 7 Glegepiay 7 CAPACTITOR=F)D Jjurfestol 10wDC Ta Snid% 15003 nns0,087
L1 ) QI80an2RY T CAPALIYORFED AJUF+e1aX tavDE tTa Sp 240 15003 niv01002
[$14E] [ LT TSR Y ] CAPACITORSAAD o AUFe=10F 185¢DL T2 Seidt 15006ARER03502
LiC20 LI T ERTY ) CAPACJTCReF3D & BuF+ewiox ISYOC Ti Selde 1500 e8NS 03s502
bl T18)w02RY T CAPRC)TOR=FX] JJUF«=)0) |oWDC Ta 289 15003 1e0901 082
bice2 T180wd 11D 1 CAFRCITCR@FXD & BUF+» (X 3ISVOL T2 4201 1500a8sA8)582
IALT 4] clB)epi? T CAPALITORFEIL Llyfe=10) |OWOC Ta 5204 19308384901 082
L1024 DIRg=pEdy i CAFLCITOR®LD 1IUFe=10% 10VOC Ta Se200 154053 eE 90106
LiC2s DiB0e0llé 1 CAPACITOR=FAD &, 8UFvwi0X 3SvDC Ti L LY IT] IRTLITL ST LI T
[ UF I 0ldomdlla ] CAPACITQR=FYD & MyF+=10% 3SVDL Ta L9111 (L1212 T 1011 F]
1027 0180=0729 7 CAPACITORSERL F3UFea 10T 14¥DC Ta Sedbk 1500%3axdo1082
[S1¥L] 01800229 T CAMALITORLFID Y30Femipd jOWEL T4 segde 1500338590 1082
Y141 BT TN ERTY ! CAPALITORFYD & BUFeaily 35vDC Ti 54389 1S00eeSX90 3582
iil3o G180=227s L] 2 CAPATITORN KD 275 Fumdin |ByDL Ti realt PRLED 113
Y191 Hi80w2dTe L] CAPACTTO&aRxl 2¥puFsuagx 15vD0 TH oegit P 43aGT
dz 12511308 ' i CONNECTORN P EDGE Ed=CONT/NOR JeROA3 28480 1251=136%
1)1 12512038 L] 1] CONNECTOR=PL LO0GE 15e(0NT/80n 2uROas T L 128103035
ity 1261=203% @ CONNECTDRBL EBGE 1Y%=LONTAADR Z=AQws 284890 125 =2qs%
1% L2%1+2038 4 CONYECTORPC EBGE 15«CONT/RON Zaligns FLELL 1€51=2035
hrle 1251=203% 3 COMMECTORYPL EOGE §SwCONTARLA ZaROnS HILY 125172059
i d? 1251-2038 . 9 CONNECTORWPE EGGE | 4=CUNT/ROw ZuROn$ FLITY 125102053
i1Jd 1351=2038 | o LONNECTORwAL EDGE |S=CONTAROn 2uPiind LT 1251205%
A1J4 1251=203% L CONNECTUA-PL LOGE |S=lgNTAAOn ZeROng 2iude 12%1=203%
igdie 12512035 L] CONMECTORPL EQGE 19=CUNYARQR ZaRDWS 28409 1231w 035
LR 1251=2038 s COMYECTORaPL EDGE JSwCONTARON 2uR0wS FLELL 12313085
LYEEF] 12%1=203% 9 CONNECTQE=R( EDGE LS=CONT/ROm ZeAQwY glabo 125123013
i1dis 12351=203% e LONNECTORwPE ECGE | S=CONT/ROw ZeRDW3 ghabg 12§1=2035%
a1de 1251 =203% % COMNEC TQR=PC ECGE |5=CONTAROn ZeR0nY 2hudy 12512058
A1y 1251=203% ¥ CONKECTOR=PC EDGE J15={0nT/R0n 2=RQa8 28ud0 12812048
LER AT 1281=203% 9 CONNECTOR=R[ FOGE 1 5«CONTARGH ZeR0ul 28400 i2%1+201%
gy 12513038 9 COMNECTORmPL EDGE 15«(ONT/ARGr 2eROWY ELEL D 12813018
LY ) 1251w208% 9 COGNNECTOR®RE EDGE 1S=(ONTARCH 2-T048 8utg t251 w2035
¢ J251=2035% ¥ CCMRKELTORAC EDGE 1%=CUNT/ROR 2+R0KE PLE T 31251 =2035
d2p 12512035 . CONKECTONSPL EDGE 1SwCONT/ROs 2.8048 FL T 1251 =208
Iy 12%1w20)% 9 CONNECTOR=PC EDGE |3=lUnT/ROr JeAGad PRuty 2512005
42 12812203% M CONRECTORWPE ESGE 1%aCONTAROn 2.RGWS 2bubig 12512015
a2y 12%1+203% 9 CONMEC TOR=PE EDGE 1S=CONT/R0n 2=R0wd 28udp 1251+203%
i dga 129120158 9 CONMECTORRL EBGE 15«CONT/FOn 2uDng ung 12552035
J2s 12%1=203% 9 CONNECTORSRD EDGE 1S«CONT/RO4 2-ROAY FLELT 1354 -203%
iJds 1291=201% 9 CONNECTOReSL EDGE {SeCONT/RDs ZaBDnd 28uko 1251 #2035
hLJ27 12552038 9 CONWEC tOR=BL EDSE 15=CONT/A0N 2=E0x8 28440 12%1+203%
hLJZN 1251=201% 9 COMMECTOR=PL EDSE 15=CONT/R0w 2.ROnS 28480 12912033
i JEe 1251=20)% G CONKECTOR=PC EBGE (5=CONTAFDN 2-20n8 28ua0 1251 =323%
U3 125142038 4 CONNKECTOR=PL EDGE 15«(ONT/FOn ZeROnB 28480 1251 =20 5%
8108 1251238 L] COVNECTOR=7{ EDGE 1S«CONT/RUn 2eRDuE FLTLL 1291 =@048
k1 J8p 125142038 5 COMNECTURwPE EDBE 15-CONT/AQN 2=ROn4 0ulp 123142033
114yl 1281-2013% L CONKECTOR=PE EOGE (S=LUKT/AOm 2eR0aN FLPEIN 12512035
aydyy 128442018 % COMMKECTORPE EQGE | S=CONT/AOR Zumimy FLTIT) 12%1=203%
a1 Jis L2%1+2030 L] k] CONMELTDR=PL £DGE J0-CONT/ARON Z=ROWE HE DL 1351 =203
21 )34 1281=-201% 4 CONKECTOR=2L EDGE 1S-CONT/AOR Z=RUnd 28400 18%51=20)%
hyJre 1X51=2018 9 COWNECTORE=PC ECGE |%=CLNT/ROm 2uS0nd LT 185 =203%
Ay Jue 12532034 & COMNECTORPE ELGE LO=CONT/ROR Z2=2(nd 20480 12% w2084
dyJuy 1251=201% ¢ COMNECTORLPE ECGE 1%efONT280m 2eROnS HITL 1291035
aydaz 1251-2035 @ CONNECTORePC EDRE |5°C0NT/R0n ZaROwY FLITY] 12512038
d1Jay 1281+203% # CONNECTOR®PL EBGE 15=CUAT/RDR 2aRfnS ELTY 1o 1251 =203%
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Replaceable Parts

Table 6—3. Replaceable Parts (cont'd)

Model 81604

| . Mfr
Reference HP Part ¢ aty Description Cod M#r Part Number
Designation | Number ode
hydua 125%1=2035 % CONNECTOR=PL EOGE 1S=CUNT/RON JekOnd 26430 12%1=20)%
iy Jus 1392034 ] CONMECTORSPE EOGE LO=CONT/P0m J.ROmY F1T11]) L2%1=20)u
L1J4e {28 =2035 9 CONNECTOR-PC EDGE LS=CONT/ROw 2eRODnA 28aky 125123035
ey tav 2512038 L] CONNECTON AL EDGE 15=CONT/ROm 2=ROnd Zhubo 12%1+203%
IYEET ] 125 1=2030 [} CONNECTORSPL EOGE LO=COWNT/ROm 2Z=ROna zbado 1251=3034
IPLY] 1251 -2 038 L] CONKECTON=PL EDGE |$wlOnT/ROx JuRONS asady 1251=243%
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Replaceable Parts

Modei 81604
Table 6-3. Replaceable Parts (cont'd}
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Replaceable Parts

Model 8160A
Table 6—3. Replaceable Parts {cont'd)
: oo Mfr
Reference HP Part ¢ Qty Dascription d Mfr Part Number
Designation Number D Code
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Replaceable Parts

Table 6—3. Replaceable Parts (cont'd)
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Replaceable Parts

Model 8160A
Table 6—3. Replaceable Parts (cont’d)
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Model B160A
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Replaceable Parts

Table 6—3. Repiaceable Parts (cont'd)

Model 8160A
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Aeplaceable Parts

Model 8160A
Table 6-3. Replaceable Parts {cont'd)
HP Part |c P Mfr
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Table 6—3. Replaceable Parts {cont'd)

Model 8160A
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M . scription r Fart Numbet
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Replaceable Parts

Model 81604
Table 6—3. Replaceable Parts {cont'd)
Reference HP Part |¢f g Descripti Mfr
: A escription Mfr Part Number
Designation | Number |of “%Y P Code
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Model B160A,
Table 6-3. Replaceable Parts (cont’d)
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Replaceable Parts Model 8160A
Table 6-3. Replaceable Parts {cont'd}
Reference HP Part |c| o Mfr
: - t Description Mir Part Number
Designation | Number [of Y P Code
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Table 6—3. Replaceable Parts {cont'd)
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Replaceable Parts

Table 6-3. Replaceahle Parts (cont'd)

Model 8160A

Mifr

Reference HP Part ol aty Description Cod Mfr Part Number
Designation | Number ode
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Replaceable Parts

Mode! 8160A
Table 6—3. Replaceable Parts {cont'd)
Reference HP Part |c| o Descrioti Mfr
; A escription Mfr Part Number
Designation | Number (D ty P Code
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Replaceable Parts

Table 6—3. Replaceable Parts (cont’d}

Model 81604

—_ Mfr
Reference HP Part 1ct qy Dascription Cod Mfr Part Number
Designation | Number (D €
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Replaceable Parts

Model 81604
Table 6—3. Replaceable Parts (cont’d)
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Reference HP Part ¢ Description Cod Mfr Part Number
Designation Number |D oge
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Table 6—3. Reptaceable Parts (cont'd)

Modei 8160A
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Model 81604 Replaceable Parts
Table 6—-3. Replaceable Parts {cont'd)

Reterence HP Part o gy, Description g"a Mfr Part Number
Designation | Number |D ode
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Replaceable Parts

Tabie 6—3. Replaceable Parts {cont'd)

Model 81604

Reference HP Part |c| _ Mfr
; . t Dascription Mfr Part Number
Designation | Number |© Y p Code
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Model 8160A

Table 6—3. Replaceable Parts {cont’'d)

Replaceable Parts

Reference HP Part el a, Description gffj Mfr Part Number
Designation | Number |D ode
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Replaceable Parts

Table 6--3. Replaceable Parts {cont’d}

Model 8160A

6—48

. Mfr

Reference HP Part 1¢) oy Description Cod Mfr Part Number
Designation | Number ode
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Table 6—3. Replaceable Parts {cont'd)
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Replaceable Parts

Table 6—3. Replaceable Parts {cont’d}
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Tabie 6--3. Replaceable Parts {cont’d)

Replaceable Parts
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Reference HP Part [cl o, Description C Mfr Part Number
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Tabile 6—3. Replaceable Parts {cont’d)

Model 8160A
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Table 6—3. Replaceable Parts {cont'd)
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Model 8160A Replaceable Parts
Table 6—3. Replaceable Parts (cont'd)
_ Mfr
Reference HP Part |c| o Description Mfr Part Number
Designation Number (O Code
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6—58

N Mfr

Reference HP Part |c Qty Description Cod Mfr Part Number
Designation | Number |D ode
QUL IR Fleie)iTs s CHPACITUR-FD _quF »=20% SovOC CER 20480 oignmpSte
L2uaL3y tibpendTy s CARACITAAFAL ,1UF +=2dX SQvDC CER 28uby oted=obts
Agupltu Dleg=ulfy 3 CAPalItoR=Ful 330K +=8% 200vDC CER Oe=30 28489 Dloldeuldy
240035 DLbg=uYBy 3 CaPACITOR=FKL 33PF +=S5% 200vD( LER Ow=30 259wl Gla0malay
AUOC 3T Dwi=01%4 L] CaPsCJTOR=FuC ,4F¥UF +n0=20% pyvli( LCER 28480 Plelwdfa
L2003 GlegepiTy A CAPaCc[TORFX0 4TUF +80=20% 25¢DL LEW FLELL Cledeg)ia
SQUQT D Piegep| Ty % CAPACLTORAFZO 4T UF +B0=20% 25WDL CER 20u8¢ Clagegl?y
auocul Ti9Q=2597 4 CAPACITORSFE0 270UF+=10% 2%V0C T4 FLTLT) 018Qw3ER?
AgUQLa L LEFA LN L] CAFRCITORSFI0 2yQUFe=10% 2%V0C Td L)1 t1sGedger
[T LLTS ) AL TLFA LY [ CAPACTTOReFXD 2TQUF¢=10% 25V0C Ta 28uED CaInQ=2897
[FITIAY 1180=2%597 b CAPRCITORFD 2TopFewy 0 2SvBC Th 2audt INLELYS 1N
[FLl 141 | 0160=0174 ? CAPRLITOR«FID _WTyUF «80m20% 25v0L CER 2ouag OloidedpTi
L240CRY 19G (wd g 1 DIODE=STABISTOR |2V 107k FA4A] 1901=0701
1240CRY 1901wgT01 { DIODE=3TARISTOR |2 0™k 2By 19010701
124QCRY 190 LennS0 3 DIODEwSw] FCHING By 2006Mé ENS DOe3% ZBuBp 190 1=00540
124QLRY 1901atOnd 5 CIODE=3CHETTHY FLTLTH 190 1=1b00
I 1901 =ignd 5 OIODE=SCHCFTHY F111.Y] 190 1=10460
AFUpLRY 190 (=108 13 0JOQEm3CHUTFRY FITT T LT RN T1.]
AZUOLRE LT TY S 5 DIODE=SCHEOTTRY 28040 1551w 048
A2ipCRe 1901=100d § DIOCEwACHOT Ty 28udn 196 Lwital
AHACRT O 1901w 00l L DIODE=SCHOTTNY 28uBa 1951=1068
A2NBCRAY Y 1901=0044 1 DIODE«3w I TCHING 1oy SoMk 2nE DOe1S 20484 1901 ad000
Ayanfoiy 190 taddlg H HIOhFagu ITERTNE 2ay %aME 3Ng DA, il 2auka ILISR.ETT.]
[+1T.14.1 ) 190 =0bdd ] DINDE=SWITERILE Yoy SoMh 2n§ DOR1S FLTT ] 19010040
[+ 1114 1Y 1951 wqpuh 1 JIO0E=SnTONInG Yoy Sokd 2us poels 2hadp i1%01=0040
[ELT 4T 1&hLaadun 1 SI0bE=RwlTERING Bov SoMi 2w pO-1S FLET T 1903 =040
LPEOERY B L#0 | =tD4d 1 DTOpE=YnITCHING JOv SoMi 248 0D=3% 2HUBD i9tisggud
Adeptay? 1981 =aDud 1 DIDDE~5w] TCHING 30v 50MA 2NY DDs1S ELTT Y 1903 aud
AFUOCRYE (%0 egtap 1 DICDE=Am]TCMING 3gv Soma NG D035 2Buby 1%0t=0040
sdbocRye [LINET T 2T 1 D10BE-AntTCHING 30V S0ML 2N DO=35 HYTL [ETFEYTTY
AQUDLRYD [*B1=tDa0 1 SIODE~AWITCHING X0V S0Ma 2N [0-1% FLTLL 1901 r00ud
AQUGLRYY 190 1=0040 1 STODE=AmITCHMING 3OV Sg™a NS DOw3S ghudp 1901=qoit
YL 19010000 1 CIGPEwgmITCHING )gv SoMa ZNE DO=3S 2ludg 19a1egouy
dpanty 185)=gSuy L] CONHECTORRF JMLINP M PL mpeQem FL.ELI 1850054
agagJu L250e05a3 L] COMRECTOR=RF SMadsP Y PL 3qaulrw 2848Q 1250+0%43
dgipts 12%g=1%03 a CONNECTOR=RF $MeliNP M B[ Spamns FL LY 123w (e}
LTAl 1R Qevge10Te “ REL4Y=RE[D ta Sgpo™a Jo0v0C SYOC-COIL ELELL] L CELIRT RS
[TLLIR] Y1002l 4 COILwMLD J00NM 10X Qadd ,00%0N, 2SLGenOM 28udy 9ione22u?
aragL3 A RIT LT ] COtLem D SONW 20% a0 0950k, 25 0enaN 28489 S100=0348
a2dgLa TLope2esy ) COJL=MLD 220NK 10K Q32 09508, 250 GuiQm 28480 Q002251
AZQOLS L 10w00E0 3 CORE=JMTELDING mEAD 28480 S170w029
420pLe I Geqp29 3 CORE=JMIELDING BELD Wudd 1100089
0L 7 1100029 3 COREwSMIELDING BEAD 28280 91100029
AgdoLA F170=0029 } (ORE=SMIELGING BEAD sBudn LRI T L
a34019 $1T0w0029 3 CORE«SMIELDING READ LY IR LT T.FL)
24010 9170-0029 3 CORE=sHIELOING AEAD 2BaBo 811g=002%
Rragit LIR Y T F L 3 LOREwSMIELOTING BREAD 2BUBD LIRLELLFL
A2dpL 42 L0029 3 COREmdMIELOING AEAD 2Buiy B1Y6=003%
AboL1Y 1 To=0029 3 CORE=4WIELBTING BEXD 28ulg Q700029
A2UoL14 91100029 3 CORE~MMIELDING BE&D 20430 eLTO=D02Y
Aapl1% 91100026 3 CORE~$MIELDING DEAD 28489 SLT0-0039
ETLLIN N #1Th=0039 3 CORE=SRIELRING BELD FLET.1 SlLMenne®
hpuoL L7 9y 10-0029 3 COREwBMIELDING BFAL 28480 LIRLTY T FL
LrLLINE ] 9 16e002% 3 CORE=3RTELDING BFAD 28440 Vi rowppd®
[F1TIRE] A Ts-0029 3 CORE=4=TELDING READ FETTT 91700029
[T LLIN-1] L Tpe0029 3 CORE«BMIELDTYE BEAD FLTY FLY0-0029
RrapL 2 SLoG-3149 T COIL 220Um 103 QRFO , 3120s , 3TH, GeNOM FL-TT-E Flooadlue
AqugL 2y i0o=3] 49 T COJuL 220um 9% GSe 33205, 375LG=N0M Ll LT Ty TR
daugL2y o3I 4Y T COIL F20ur 13X gwed  F170x 37%, Guhim PRURD Si00e3 149
Apag) 2o Y-S SRR T Colu #20ud 19Y Gw9¢ ,J1Epn, 3T GenDM LT LTI L
huoL2s 5081197 S TNDPUCTANCE , J=BERD FLILD SOB1=1¥73
L2aLZy Saa1-14913 s THRUC TANCE ; Y=8EAD 8480 S0m1=1%73
b ugup) dda0=7%2 " EXTR=PC BD YeL POLYE 082+BD=TWENY 28480 whupeQT52
(R LELTY] LT TR 2 3 E1TR=PL BAQ Aud POLYC ,OBZ*BDwTHRN] 28y dJupsptud
h2ogmPy 1205+0012 1 HEAT SIWK TOwiMeFiG 28480 12050012
Lpugn) LdSuagel? 1 TREAJTATOR NPN ENZZI%4 31 TOwS POESHOMN 05 E9s 222191
Y LITF 16530038 4 TRINSIATOR PNP AT FOUNIGwe FTE25{Mm? 28udg 18530038
LY LTI 1853ag(3n ' TRANSISTOR FyP 8T FOA3L0vWw FTNZNOMm] FLIL L 1853 ali0ds
h2apga 1853 ap03b 2 TRANSIATOR PuP g1 POe3|0ve FTodSouu} F{ T 1] 1R300 3n
A200GS 105 anoln F TRANBINTOR FuP ST POSX|O0vw Fle2B8DMm] PLYLT 1853=0p0 30
LF L1+ 1453000 4 TRINSTIATOR AuP 4] PONN|0mn FradEgum] 28u8p 18%5«00%a
[>-L11-1) 12%3=003p 4 TRANSINTOR Pup 81 POOY)0Mp FTa2%0Mu] 28480 185340080
Ll L 18530030 ? TROLSINTOR PHP AT POETigun FTRIK0OMM] Mk 18638038
t24qQ7 LAS3IelG3s 4 TRENSIATOR PuP 8T POOSj0wn FIBIE0MMT 28484 18%1apie
LZHGEI D 18%3 g in 2 TRALATNTIOR PnP g1 POVILOMA J TE2%OMmW] 28udn 18%3apo3n

Ses NP T T s se Llon for ordening caformations

Flncicates Lacror s lectod vl




Model B160A

Table 6—3. Replaceable Parts {cont'd}
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Table 68—3. Replaceable Parts {cont'd)

Model 8160A
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Moadel 81604 Replaceable Parts
Tahle 6—3. Replaceable Parts (cont'd)
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Replaceable Parts

Table 6—3. Replaceable Parts {cont'q)
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Model B160A
Tabte 6—3. Replaceable Parts {cont'd)
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Reference HP Part - |ci Description 5 Mfr Part Number
Designation Number |D Code
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Table 6-3. Replaceable Parts {cont’d)

Modet 8160A
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Replaceable Parts

Model 81604
Table 6—3. Replaceable Parts {cont'd)
P fr
Reference HP Part ¢ | o, Description M Mfr Part Number
Designation Number |D Code
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Table §--3. Replaceabie Parts {cont'd)

Model 8160A

L M
Reference HP Part 1¢: a4, Dascription fr Mfr Part Number
Designation | Number |D Code
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Replaceable Parts

Mode! 81604
Table 6—3. Replaceable Parts {cont'd)
Reference HP Part |c Q —_ Mtr
: g 1 Description Mfr Part Number
Designation | Number [pf 9% P Code
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Replaceable Parts

Table 6—3. Repiaceable Parts {cont'd)

Model B160A

Reference HP Part ic| a4, Description gﬁf‘rj Mfr Part Number
Designation | Number |9 ode
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Model 81604,

Table 6—3. Replaceable Parts {cont’d}

Replaceable Parts

- Mfr
Reference HP Part | aty Description Cod Mfr Part Number
Designation Number ode
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Reptaceable Parts

Table 6—3. Replaceable Parts {cont’d)
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Table 6—3. Replaceable Parts {cont'd)
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Modet 8160A

Tabie 6—3. Replaceable Parts {cont’d)

Replaceable Parts
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Model 81604
Table 6—3. Replaceable Parts {cont’d)
Reference HP Part |Ic Q L Mfr
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Designation | Number {C Y P Code
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Table 6—3. Replaceable Parts {cont’d)
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Model 8160A
Table 63, Replaceabte Parts (cont'd)
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Table 6—3. Replaceable Parts {cont’d}
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LS2ART [ FLIPY I 5 1 RESIOTOR 9 ,53% 1% ,12% F TCwde=100 2uSay Cuel/BaTin?Siief
W32ARE 075Fegan? 1 RESTISTOR 260 1% 135w F TLeQs=100 2dSae Cuel/datBagpleF
W§2aR? 0TSTen2BN 5 AESTHTOR 1w 15 ,125% F TCeGe=100 24500 Cuml/lwTDol001wF
[R1LLIE 075T 0394 L] RESISTOR Si,1 1% 1250 F TCabem1OD 24%e Comi/letOnbafi=f
L TiCIE 0e9B=a309 H RESTATOR 4,% 1% ,125n F TC@Gymi o8 L T Clmg/BwThenai9=F
ASREELY 075Tap}9a [] RESISTOR S1,.1 1% (4250 F Tlmbe=]Op 2u%ue Edw)/BwTDaSRileF
AN2BRIW LIS LET R L) % FEIISTOR 84,9 11 ,12%n F Toage=|gp ELL TN Ciw)/BatOubidRies
(3 TLLIL] ViSY=0ule T PFESTHIOR S11 % ,13%% F Tudvajog Ta%in Cani/@mTOnll|finy
I3 T LN0 ] 074T=pu1 3 REFIFTOR 35 41X ,12%r F TCw0e=ipy HG T Cusi/imTOn)niRef
A320R17 0757 =DaQ] ] RESTITOR 100 X 1238 F TCROrwipQ P4Sub Clwl/BuTelQlnF
(3 F{LRE ] DISTayive ¢ REJIITOR 51,3 1% ,12%% F TCmpemD iS40 LVl /BeTQeY[H]rF
[atIT I LI TR L ] REJTITOR w4, 9 LY L1250 F TC®0ex1D0 2uTHb Cuel fBwTUvRURTvF
1324820 [ P T T 1 REJTATOR 316 1x ,123%w £ TCNQ+e] D e Clut/8atQu]1eRet
Anzakzy GTIT=0407 ] REJISTGR 200 1% 1250 F TLades100 245db Cual/BaTOnilwF
iSl8R22 T30 ] REJISTOR 1.1 1% 5250 F TCwoeelOD Wiae GUe] /8aTgaS R F
1318R2% 175T=0304 ] REIISTOR 20 |X ,125% F TUSQwmiGo 1901 WMEGC | e Tgm20RaF
LR 1101 4T87-0381 [} RESISTOR $1,.1 1% 125w F TCmQ4s]00 2isun Clal/daTOuS1R]nf
i31eR2Y L e ET ] 3 HELISTOR 0% 1% ,12%n F TLm04=100 28508 Cusl/BuToonpudReF
F3$1.1 ") DTSETa8818 ¥ RESIATOR B23S Jx Sm F T{wd4s|00 H T OTST=0818
L120R % LIV LT LY | RESTATOR 205 4f ,12%x F FLOO+=3 00 2as4n Lia) /BaTCadhSRak
L32AR 1y oa¥baiaye 1 RESTATOR 205 Ly 429w F TCHDewlBO FI'L 1Y CUn)/NaTOu2)5Raf
L3Ry LELLETE T L] REATATOR &u X ,t3Sw F TEBO+ulaD 2u%dp Clal /AntDebdIR=F
[t110E1 LELLPYST 1] L] BEATATOE 4y & by 129w F "Pijsa109 HL LT Cl=l/BeTOnhiRGaF
LR 678 Ty 094 ] RESTATOR | i x ,12%w F Tlapeaion FILYTY Cla|ibuThelul)aF
1320R 38 0¥5T.gugd I REAIITOR §_1im (% _12%0 F TCapewpop 2u8de Cial sBuTpaBt|i=F
[YFI1E™ 07670293 a RESISTOR 3 00k 1% L1250 F TCaoserpo PLLTTY Com] 7BwTDwd01=F
1328017 2104=12%2 [3 REJIITORSTRMR 5K 104 € TOP=ADJ jatAN FITLE) 210023252
LYZBNLA 0rStapine ? FESIATOR S11 1x ,13%% F TCe04e100 Jusds Clel /BuT0e5) |R=F
A3ZARYS [ ELT LB TE 39 0 REATATOR 2 . 28% 1% ,125% F TCege=100 2ulun Cuwl 7BaTe22blaf
i}2anap LELEES LS 3] ) REJIITOR 2,08% 1% ,L2%n F TCadselt) Uy Clhml/BuTd=2051=F
[y LT Bpupmatpl 3 RESIATOR §4% 15 ,|d%W F TLE0e=100 ECLE Clwl/BwT0apiudRey
AITBRLS ¥¥5T=poos 4 RESLTATOR Led 1X ,1&%n F TCwld+=l00 Fus s Lda] /8nTOrlniN=F
L3TORUn tads=)|32 L] RESTATOR 2&1 1% 125 F TC®Ge=1 00 FLLEE Clml/BeTOvdb] G=F
L32BRET orETegho? 3 REATATOR 200 1% 1350 F TLadealig 24548 Cum)/Butlein)=F
LEFaARLE LA LTS L a REATATOR pak 1% 1399 T F(wp+=1gO 2ulul Céwl/BuTaiuggef
L3 TLIEL FLALETER L L REATATOR |dAx 1) @50 F T{WGe=1Q0 2EG4y ChulsBeT0wludef
A530R50 Ged=adpo 1 REAIATOR #,%3% X 2% F TCeOr=y00 24%un Cem] /R TOs95 1 +F
1528051 1098w 20 3 REJINTOR #,53K LE 1854 F TCw0ew1og ilue Cinl/BuTOu®Si]efF
1528RE2 275T=02380 H] RESISTOR 1% 1¥ 0230 F TCEOw=k00 FLLL Chal/BeTQeiDl"F
A32RRT5Y P75T=pd1n T FESISTOR %14 LT ,12%W F TCRosmigo 2asdn Cidnl/BuT0aB]l|FeF
A3zeirta 0T5Tag g%y § RES[ATOR o t9% 1% 1850 F TCa0sah0 1970} MEAC | /3nT0mb] 9] oF
[RTI 231 GTSTwdD] 2 REATATOR 100 1% 125w F TCw0ewi @ FE1LTTY Cuml /BuTOu]]wF
a3k 00 15 Tenaas 4 AESLATOR 1od 1Y .12%w F Teabemigg 2u5an Ciwl /BeT0alniRaF
(R ELLEN ] LELETR SR H L] REITITUR 241 1% .12%m F Y(aDia] o0 FELT L CuwliantdngninaF
a32Re102 757w u0s ] ALSIATOR 142 1X 125w F TCwo+w)oC LT Clal /ButbeinZReF
[3TLLITY 2498431382 [] REATATOR 241 1% 125w F TCADewlOD 24%db Ciml 78=T0udb|0ul
4320R1 04 LILE PR T 8 REATATOR 2,0%% 1% 1250 F TCaD+~120 2u%Ub Clal/ButbaliS1eF
412A0149% LL1TETTT 34 ] REAINTIOR 2,0%K 1% 1256 F TCati=jng 24508 Cémls/Butbegnb]al
AT2MR100 LTINS 3 L] BLSISTOR 2,05K 1% 1250 F TLadé=l0D 2a%4s Clm] SR TOa205]ak
LT ET 3 (LIRS ¥ L] REAISTOR 2 08K 4% _12%0 F TLa0s=100 FLITY Cidmy /BeTiadnSy=F
[531 LIT.T) obPdaual] ] BENIBTOR 2,08k % ,128m F Tlugea-loD Pulsn LamyinatOndysyeF
iy ddRigd [TL L ETS N ] REATATOR 2 o8x §x _12%% F Twosalon 2ufue Cimy/BetQedobial
igddkyyp LLLLETE R ¥ L] REWTETUR 2 05K yx ,12%% F TCege=108 uS4s CamisMatieadnby=F
ES T LAY [ TSI PATE N 4 RESTATOR 2,0%4 (X _42%% F TCed+el00 FI1L4Y Ldm) FBTEe205 R
S FLLIRN] Op9p=uant 1] RESIBTOR sa® 1% 1250 F Tlmbew) 0O FLLLT ] Camj fA=Tdupudfal
A38RLLE tadtbeqast 3 RESTATOR sa% kX ,I25W F TEMD+=100 FLL L Camfi/Bet0rpydR=F
AYIARILY GyPlwdapl 3 RESTATOR su¥ E% L 1d%n F T{wd+elod FaSuy Ciam) /RmTO=giu9R=F
AyeBals LTSI YTy ) 3 REATATOR sad Lx _1d5W F T(90+=|00 L1 12 =T34 FRL-TT LD EY
A3IRALIA [ T3 2 P T TY ] 3 REJLITOR aw® 1y 125w F TCedemjpq b Cial/Be)gepyiel
A20Rqq T Qe deqied ] RESISTOR e4¥ 14 L1237 F T(00+s100 HI T Cowi/BaTOwbdIRaF
ASRBRIIE VeV dwqind } FESTETOR wa® |5 12%w F TCEQenlQD cu5eh Coul /BuTQend 90 F
Ay2ARYLY PLELETET T 3 RES[ATOR pu® 15 _135m F Y(804+=i0D FUL LT Lioal/BnfOena®Ref
L3 TLLEF] LRI ETETY 3 EESISTOR pav 13 L1250 P TCWlewion FULT T Cdal/BaTQuou¥Ra¥
Ly FARI2Y LLLLETET T 3 RLIJITOR £4% 13 1250 F TCWQew] 00 2454 Cuw| fBeTDrbURAF
AYERRLFN [ LR Y| 3 RESIETOR ph% (X 125K F TCwp+=| QD 20848 Cuw] /BaTOrpu R =F
aygemi2? tav8elvay 1 REJIATOR 31k LY 1250 F TLWGéa|qgd FEA T Cua]/BeTDa} | 2RaF
AyZERIEN 0TS Tegall 3 REBIATOR S,L1K 1% ,42%% F TCE0eel00 FLETTY Cumi/BuTlaSt]LaF
A3ZAR150 LELLLS F L L I RESIATOR 20,55 X ,125% F TCwosw)0Q FuSHE Cun)/BeTOng052eF
LEFLLAED] VTS TeQud 2 4 RLBIATOR 10Kk 1% 1250 F T(mde=ji0 FILTTY Ciw) FBeTOuilOarF
L3 LLELT ATSTe0 394 0 REBIATOR 51,1 11 ,12%0 F 1COQee|00 FuSup Cliwi /BuTOaSIRLeF
[STLLEGS] 07%T=pase ¥ REBISTOR S1,4R 9% 1350 F TCubeaf0g 245ub Cuml /BaT0ab]§2vF
Lj2ser2nd 075T=0ale 1 REAIATOR S).1x 1% ,18%n F TCaDesin0 FLLT ] Lin]l /BeTOsS] 1 20F
Ayisp2old 060R-1245 ] RESTSTOR 20,50 1t 125w F TCHgsadgD 2454k (Ul /BeT0a2052sF
ALaRR2p 4 0I8TagFP0 ] REJIATOR St,t 1% ,32% F TCwoseldn 2unah Liam| /BeTOS|RYoF
See Jntrodwcion Lo this section Tor amderagg inforaatinm
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Replaceable Parts

Model 8160A
Tabie 63, Repiaceable Parts {cont’d)
Reference HP Part ic Q —_ Mfr
; : Description Mfr Part Number
Designation Number [o| Y% P Code
[ TLL ] 075 T-puSd ? REJTATOR 51,1K 1% ,12%m F TCadeeldd FLLLL Cue! /Bul0uSLidnf
A3EMRZOD 075T+0aSE 1 REJISTOR Bi,IX |X ,12%% F TLu0ee]DQ L 11 Chel/BnTDeb| | 2uF
1314 LFL DI3T=02%8 T RESTSTOR S1. M 1% ,13%% F TCeges1pn 2ulie Cuw| /8sTow%q]2nF
(3 FLLFIT] (2 20111 T RESIBTOR §p 1% 1% ,12%% F TCuo+=100 2adae Cua] /8aTiaS112aF
i3FaR20Y L RS RLLY [ REBIATOR 51,4 px 1% F TCagewlOd FI'1 11 Ciml 7BaTOab R uF
A328F210 DoFbmaiing ] REALATOR 4 42K (% 1254 F TLageatdn FCLE ] Ciwi /Ballnduiaf
13880211 015ta0194 0 RESTATOR 53,1 11 ,12% F TC®g4a1tdn FOLETY Ciwi/BatO=BiR]al
A320R212 07%7=0594 9 RESTATOR Sq1.1 1% 12%¢ F TCEO+=100 uSLa LAuyiBaThakiR]aF
A3 ARt R 1T8T=p438 3 REAJSTOR K 11k 1% 1258 F TCOUGaaidl 2uldn LdaliBatyaBi1laf
4120214 18983248 [ REATATOR 205K (% 125w F TCaQe=1d0 P TTY Cla| sBaThagiobgel
[ 11 HILY G157 dSh ? REAT&TOR S, 1M 1% ,12%s F TCipeajdn FULETY Com| /BT[] 2uF
A32BR 218 075Tabals ¥ REATATOR &4, 1K 1% ,428n F tCuDs=100 2u5ue Clol/8etbeb1iger
A128R 217 0¥STeah2| ] RESESTOR £, 24K 1X 5 F TCaOsalgo 284do arSTe0bidl
L4218 015Y=d 288 3 REATATOR 16 1% 12%# F rimpeaing 2asun Cim) /BeTOnifG]el
[+ LIRS 2lbyasig2 ’ RESL4TOR=TAME 1w |03 € SLDE=LIDJ] LeTRN 84y 21005352
ALIAR22g 015 Tmpind [] REATATOR joo % . 12%w F Timpeajgg ELE LT ComprBeThoip)=F
FRFILEF N ki3t 2 LE] ] RESISTOR 1.1 §% (L2%W F TCage=jo¢ 2549k Ciw| /8= TpeSRL1=F
3 ELLFF} ?¥5Yepaaz L] REYIATOR 10m |% {25 F TCwae=lo00 2a%HY Cim]sSrToelpgg=r
Ag2dNza) ¢15Yapape 1 RESIBTOR 1,62% 15 ,12%n F TLagr=ia0 13111 Cimj/BaTlnypgl=F
(331 LFF T 918 Yataaz 4 RESIATOR 18k 4% 135w F TC®De=100 2uS4s Cie} /BeTOnyn0gsF
azlendps Ll TLT R L0 L RESIATOR 51,1 1% 125k F TCwdew)Op 2454y Com| /BeThugIR]F
A1FARAFB 175 T=03%4 4 MESTATON 51,1 5% 125w F tCage=iqp Zatiy Cum| /BeTDwS{R|wF
Algarag? 975 T ¢ RENTITOR 1ok 1% ,12%n F TCROvw=)pg FuSuy Chw| /BeTOelfgd-rF
I3 YL Ly LLLEES A1 ) RESTOTOR go,3m 1X L1ddn P TCHQ4wI0D 2ugun Cie) /BuT0a203der
YIS [34 3 BYTTS . RESTATOR 200 1% ,12%0 F TCwoselon FI1TT Cimi/NaThudDinf
alandye bgPgmidgd 3 RESIATOR ¢99 1T ,12%% F TCE0smjO] 2ughy Lde]/BaTlepigieF
PRI LELTY] Te9g=ddpt 3 REBIATOR pu¥ LY ,1@%n F TCADe=1D] 2084y Cim] 70w TlopidRer
AROR2Y2 175 TN 3 REDJ[ETOR 425 1% %M F TCegeaing 2608y 0ISTapRid
a3an2y} PTITedd0] ¢ RESTATOR 140 1% 125k F TL{m04=1QQ 2ugdp Lim] 7petlnin]af
LI LLF) 1 173 epady [ REIIATOR 100 1Y 1250 F TCEOswiQD 24 5ay Liw] /8aT0wly]ef
3Tl LF3t] 075T=0B) 8 3 REBIATUR 823 jx % F TCkgeuipy 28uBn orSTeod1
Ll 1] 0T3¥Teraq| [ REAISTOR {00 1x ,13%W F TCWO+mlaD Fusuy Cum)/BaTO0LylaF
AYTARTYTY 07%Tw0ag| 4 RESISTOR 104 tx 1359 F TC004wlnd FLLETY Ciw! /BaTlull [ wF
[ITLLEst] [T LT FH ) REBISTOR |,27H 1t 12%« F TCEd4=inD 2u84d Cim!/BaTiul2?aF
[ATL Ly il0g=3207 1 RENISTORTAMR %k 10X C S[DEadD) 1-ThN F1TT 1] 2100m320?
(3 ¥ LFIT L0 1] [ REACATOR 51,1 1% 05K F TC@beslQl LYY Llel/B8uVhonEiR]nb
[T LFIE tet8-720% & RESTATOR %9, 1% ,06m F TCEGa=|d0 24lue Cl=ishaTaoeS{R =i
(311111 078703940 ] REBTSTOR 63,1 (X ,L12% F TChdenitd 2ubup CumisBaTiub ]| aF
Avdngy 10 mdngn L] SW]ltLrant, DAOTHENTR 14 12%val B 24uB0 1101=05a7
A3Ins3 J101=208] L} SwiTluatnit DIP.anbedi$dY yeid 054 AHWDC FITT I J1o1=20ed
(35T 5] 1829=078% 1 IC GAYE ECL Dusy 3w=]nP 28480 1820=0793
[JELIE E858a00}% L] It mimc 20480 1858a0gLS
Aj28U3 L EERL] 1 1L GATE £6L Dual JeIne 20u8p 1820753
aydaLa iRdg=123% 4 IC FF ECL D=M/g DUAL ouTL) MC10g3Lr
(3 LIS [LELTS-LLF 1 IC GATE ECL NOR Quad Z=INP G4TL) ME1pLO2¥
a3ddun 18200802 1 1€ GATE ECL NDR Gual 2elnp 0sTiY “C1o102P
aylayy 18 itbd 5 JE GATE ECL NORA Dudl, 3=InP LTRI% ) LITET {814
aldeus LTI Y L] 1€y LOI3TL Altm WEAT SNk 2040 S08i=| 9T
3ape 18200817 L} [C FF EC, DeMz) Dyd DarL} MCTOIR P
Addnuiy thto=|LT3 I IC MLTF ECL TTLTOwECL QyaAD Ze]NP aeT1) MC1 0L
A328U1 1820=10%2 L] IC XLTR ECL ECLaTOTTL GUAD Ze[NP [Th D) HE1012%L
L3RBUNZ 142ge|)na ] IC GAYE TTL L8 NOR QuiD Ze[WP orRvs INTULBOZN
1338UL) 1801207 H 1C GATE TTL L MAND 8w (NP [BF 111 ANTULSION
(3! LIUT] R0 ] IC CNTR TTL L3 DECD UP/DOAN SYMCMRD o129 INTALD]9ON
AyEduLs iNE0=127Y 2 IC CNTA TTL L} DECO UF/DOAN BYNCMRD o129% INTULY AN
[3T LI 1879=1279 3 IC LNTR TTL L8 DECD UP/DOmN AYhCHWRQ olLavs ANTALA1RON
(3T 1100 18201279 ] IC CNTR TTL LA DECO JP/DOMN STNCMRD oLavs SHTALEI RGN
(32 LITRN ) 1830-127TR L} 1€ CNTR TTL LY OELD UP/DOmN AYKEWAQ [ JFL}] BHTAL 10N
338Ul Y 1R+ 12T L} 10 CNTR TTL o8 DECD LM/DOwN SYNEWRD 01298 AMTULRYIRON
A12ue 1830-1112 L} 1€ FF TTL LY DaTYRI PORSEDGE-TRIL n12%% BNTULETUN
(3L 3] 1330w %% [ 1€ LCw CMOB COM LLOCK GuaD 01428 Chaguapt
A2 10198 & IC LCW CHMOS COM £LOLK Qudb LFLH ] CDapuzit
(31 LIER IA30v19%s ) [ LEW ENOS COM CLOCR Quap 01928 [4-TETFT 19
(3% LY [LFLESELTY ) TC LEh CMOR COM CLOCK QuiD PEL L] [4:T1.1} 1 13
L3228 1823-19%% .} 1€ LEw CMON COM CLOCKE Quad [ AL e ] CDWOURNE
(3 FLTTEY 1820« %8s L} 1€ LCw {MDs COM CLOEX Cuap 01929 COun42BE
[RF1I0E S 1820=) %80 ] IC LEw £Wps CoM (LOEW Quab L JLF ] 41T IF] T3
L12020 18801 %8n ] I€ LCw EMDS EOM LLOCK Qual 01428 [4:2TLTTT
1121100 101910 - 1€ GATE CMog gm Guid Zeinp GaTLY mMCluoTIACE
1328030 [LFEERLTS | ¥ IC FF £MOS OeTYPE POME0GE«TRIG Dydl LFLF]] COuwpi }BAE
(111101 1820-1943 r IC FF CMOS DaTYPE POBCEDGELTRIG DUAL LELY) [4: X038 UT1Y
[RTLIGY] 14doeytay 5 1C GATE CMOS NAND DUAD ZeINF 4T3 MELupyece
(21 LITLE] 19820-3%a% 3 1T GATE CMOS NQR QUAD Z-1WP J4T1Y MElayQlace
iileueg 1830~07%) L 1C GaTE ECL Dusy FejwP 2budp 1820e0T5)
(3 LI (LI 1% 1 CIFF aMPL Dual FLTTL I0goegdnl
LET-LIEF] 185820015 L IC wMIsE 28ad0 185800018
L ETLILD] 1%02=3002 3 CIQDE=2MR 2,37y 4% DOuY POw tw TCWs_ 0704y FiTIY] 1902=1007
LRI L 1%0Z=3002 3 CICDEwINR .57y 4% DOsY RO dr TCEs 074 240810 1902=3002
|
See introdducinon e Ehis sechan for ardermy mhamiation
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Madel 8160A Service

SECTION VI
BACKDATING

7—1 INTRODUCTION 7-3 CHANGE 1 (for serial number 1804G
00160 and lower, with the exception of

7-2 This section contains backdating information 1804G 00149, 1804G00151 and 1804G00168)

which adapts this manual 1o instruments with serial

numbers lower than that shown on the title page. Delete R235 and €228 on the A151 Parts List,

Schematic 26 and A151 Component Layout.
NOTE: Earlier instruments have PROM’s located on a
separate board which is in turn fastened to board A2, On Assembly A18 Parts List, change Q12
Should a fauit in these earlier instruments be isolated part no. te 1854—021%5,
to the microprocessor section, the board A2 (together
with the PROM board) should be returned to Hewlett-
Packard on the blue stripe exchange program which has
been setup for all AZ boards produced for the §160A
instrument series.






Madel 81604

Service

SECTION Vill

SERVICE

8-1 INTRODUCTION

g-2 This section contains the information to
service the HP Model B160A. The infarmation includes
theory of operation, troubleshooting, schematics, com-
panent layouts and block diagram,

8-3 The_schematics and component layouts are
organized as 'Service Sheets’ which are identified by a
large number within a square in the lower corners. A
table relating these Service Sheets to board assemblies
is given in Table 8—1. Schematic Diagram symbols are
given in Table 8-3.

Table*8—1. Index to Assermnblies

Assemnbly Service Sheet
A1 Mother Board 5

A2 Microprocaessor Board 89,101
A3 Keyboard 6

A4 Display Board 6,7

A10 Power Supply Motherboard 1
A11 Switching Regular Board 1

A12 Rectifier Board 1
A13 Filter Board 1
A18 Regulator Board 234
AZ0 Burst Board 12
A23 Rate Generator Board 13,1415
A126 (A226, A326, A426) 16,17
Tirme Interval 1

A127 (A227, A327, A42T} 18
Time Intervat 2

A128 (A228, A328, A428) 19,20
Time Interval 3

A140 [A240) Slope 2223

Generator Board

A150 (A250) Output Amplifier 24,25
Control Board

A151 (A251) Output Amplifier 26,2728
Board

NOTE: In Table 8—1, the 3 Time interval Boards A126,
A127 and A128 comprise a Time Interval Block. For
each channel in the B160A, there are two such blocks

— one for DELAY and one for WIDTH, the parameter
being determined by switch $1A on the ‘Time Interval
3" board in each block {e.g. A128). Hence the 2XX,
3XX and 4XX series numbers given in brackets in

Table 8—1. Series 1XX and 2XX are allocated to QUT-

PUT A; series 3XX and 4XX are allocated to QUTPUT
B when fitted,

Whether 1XX, 2XX, 3XX or 4XX series, the schematics
and companent layouts for each Time Interval Block
are identical, hence only one set are given in this
manual,

Simitarty for A140, A150 and A151, the numbers in
brackets indicated the QUTPUT B board when fitted.
In each case, the schematic and component layout

are idantical to the QUTPUT A board.

84 SAFETY CONSIDERATIONS

8-5 This section contains warnings and cautions
that must be foliowed for your protection and to avoid
damage 1o the equipment:

Maintenance described herein is performed with power
supplied to the instrument, and protective covers removed.
Such maintenance should be performed only by service-
trained personnel who are aware of the hazards invoived
(far example, fire and efectrical shock). Where mainten-
ance can be performed without power applied, the power
should be removed.

When servicing is completed, the After Service Safety
Check must he performed.

8—6 AFTER SERVICE SAFETY CHECK

8-7 Execute the following checks when servicing
is completed,

8-8 Disconnect power cord from line, Visually
inspect interior of instrument for any sign of abnormal
internally generated heat, such as discolored printed cir-
cuit boards or components, damaged insulation, or evi-
dence of arcing. Determine cause and remedy.

8-9 Check cabinet/ground pin ¢ontinuity in
accordance with IEC/VDE. Flex the power cord while
making the measurement to detect any intermittent
discontinuity. Check internal ground connections on
boards and frame. Also check resistance of any front
or rjar panel ground terminals marked JT-



Service

8-10 Check cabinet/line iselation in accordance
with IEC/VDE, Replace any component which results in
a failure or refer to production Memo or Service Note
issued by product division for alternate action,

8-11 Check line fuse to verify that the proper
value is installed.

8-12 Check that safety covers are installed.

8-13 Check that all coaxial and flat cables inside
are properly connected. Check that all boards and the

heatsink on the chassis are properly connected. Verify

that the board clamp is fitted,

8-14 {nform Hewlett-Packard {internally, the
responsible product division) of any repeated failures
in the above tests or any other safety features.

8-15 SERVICE BLOCKS
{THEORY/TROUBLESHOOTING)

8-16 The theory of operation and troubleshoot-
ing is divided into Service Blocks, each Service Block,
with the exception of Service Block 1, corresponding
to a complete function within the HP B160A, Service
Block 1 deals with overall instrument troubleshooting
{including a detailed biock diagram of all analog
functions in the HP 8160A} and is intended to provide
a fast means of isolating a fault down to 3 function.
The serviceman should then proceed to the Service
Block providing detailed theory of operation and
troubleshooting hints for that function, A table rela-
ting function to Service Block is given in FTable 8-2.

Table §-2. Index to Service Blocks

Service Block Function

1 Troutdeshooting Tree

2 Internal Device Bus Data Transfer
3 Switched Supply

4 Power Supply Serial Regulator
5 Shift Supply

6 Display

7 Microprocessor

8 Burst Generator

g Rate Generator

10 Time Interval Block

1 Slope Generator

12 Reference Trigger

13 Qutput Amplifier Control

14 Output Amplifier

15 Offset Generator

Model 81604

817 Tables and Figures within each Service
Block are given three-digit codes e.g. Figure 8—3—1,
The first digit refers to the Manual Section (8}, the
second digit to the Service Block and the third to the
Figure number, e.g. Figure 8—3—1 means Section 8,
Service Biock 3, Figure 1,

8-18 IC INFORMATION

8-19 IC information is given following Table
8-—3. This information is in HP Part Number sequence
and provides such details as pin assignments, thruth
tables and timing diagrams for individual 1C's,

8-20 BOARD EXCHANGE PROGRAM

8—21 Hewlett-Packard operates a blue stripe ex-
change program for the microprocessor board A2
(08160—69502).

8--22 Handling procedure: Using the troubleshoot -
ing information in this section, the fauit can be localized
down to board level. If the faulty board is A2, it should
be returned an the blue exchange program together with
a description of the aperating faultis} caused by the
board.

8-23 PREVENTIVE MAINTENANCE

B8—24 A forced air cooling system is used to main-
tain the operating temperature required by the instru-
ment, The cooling fan is located on the right side of
the instrument drawing air through the left filtered side
panel, To ensure good airflow, and hence instrument
reliability, this side panel should be removed and
cleaned at ieast once a year. Cleaning can be done with
soapy water or via a vacuum cleaner.
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Table B—3. Schematic Diagram Notes {1 of 2)

Service

The following symbols conform, as far as possible, with
ANSI Y 32.2, IEEE No. 315 and ANSI ¥32.14 (for the
logic symbaols}. These standards should be consulted
when further informations is required.

FAesistance valugs are n ORAM. CADacitance wabugs In
mugrgarggs and ndurlance values 0 mcronens e unless

General
Units

aiherwise noled |
F';"O Part ol

¥*
C—3

§i7

— & Hkoze»?

i

Astersh pEngtes a laciory wiectad welue The value
shdwn 15 1he Nominal valye.

Encivses hienl panal nomenclsiure,
Encicses raar pzrel nomenclature.

Heawy [ing nohcates sonal path,

Heavy casned iR NOUCE1ES Drimary Teegack palh.
Wire colour code. Same 3¢ resistor todur code. Farse
number 15 vwra body clowr,

Whrg ar plug used 33 iRk,

Test point in @ corgund, Pount may fmay not he went i hed
on F.C. boare

Usag with trimmer polenhomalers or Capacitars o
anisENa SCrgwOrlver adyusfment.

Direct connection t¢ earth.

Grourtd connetlion 10 mslrument chasss or frame,

Used when a momber of common relurd Lonieciuns
are a1 \he tame porential_ I thers 1= more than one
Such SytIAr o IRB LA Sirdutl Rurbsrd 3ré written
b R Tnanghes 30 1hat gl conmecnion; walh the Same
putgntial Rave the $ame murbse .

Speci potential ditfsrgnoe wath regpact 149 a polential
raterance lavel, o,

RV

Schematic Referencing

Signal
fg Mkl

by
-—\.-\e @_--_&_—__1

Schematic
nymbaer

Components

Mormally open oggle swalch. Carcles () are used (o
the contacts b mdicate a locking Ty switch.

o

Spring return, 2-posimon ranster sweich. Triangle ' ae )
ars used lor the CONLACTS 10 INcICate 3 ngnlacking
Ty dwateh.

o

P
LA -
e

o

2-position | 2-pde shde swatch

Aur cored wndoedtar,

B goied Tianstormer, The apr M s Lsed, when

° necessiry, 10 ndicale nitantangous palarnyg.

| | lon core

ﬂ- Farenm onre

bead Ferrite baag

Varacttr digde
Mulinencn digde
Diade

Zener daode

Schotthy chgde

SERFE

Light Emitting Diode ILEGH

AN

i

Photodode
e

Fuse

Filament lamg

e

6

/

These reterences on & sigral
Yodying & schemalic ghagram
mdicale ther $igral desnnatron
Tha eirché contding the signal
numper and the touare conlams
the Apmbes of 1he schamatic

to wiuCh that signal Jous,

1

Theiw relerences an 3 signal
wntaring a schematic dagram
wndicate 1he sgnal origen.

The cirgle containg the sgnal
numbdr and the wquare contmns
tha numbar of the ichematic
to whach that signal origmates.
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Table 8—3. Schematic Diagram Notes {2 of 2
Terminats and Connectors Logic Symbols
Poultive 10QiC 15 uted uniess othenwr pacrlieg
" e ama) Solotred coONnEoon. 1 ——
—— 3
| Us 2 npul NAND gate 93_
= z 1 oipct
|r~“- J6 Esample of hxed male and femals conntcion with epen rollector
1 < 3 . plug and socket end contact desgnacors, eg. P.C. 1
1 ! board edoe connecior and ookl 2
L_J ? - 5
i 3 . 4-nput NOR gate
PIN
NG £
1
T tyample ol huikhead mounted coaxial tocker wah 3 I3 3 4
1 fraw coawial plug and cable, —— Uk Inverter
1 Thies 51318 OBvICH
U Qutpur 3 mghumpedance
A‘,‘ wehikrs EN e lalsé rraspes.
2 [ vue @f input. Narmal
H osa aperatgn when EN o rge.
] Flap top
[ example ol €oanidl cable with lerminaton oldered to [
: PG board. Lad g —
T

Analeg Symbols

Cpmcational amphher

Woltage s0ufce

Currant 10urck

Compley lunctipny

Coniral fynghgn

N

Dapandancy

Saa1 idhoght, 1 (L) count up Idown!
Conuol biock
G1/’ | — ! — ghit 3 egge triggered.
p—
G2 e Logic tuncton | LOMC tunctians .
REG REG-register, SEL<alecior
1 EH_____ Dara Biock CNTRcounter, IDEIMUX-{dabmultinlaysr
— A QA Dutput gepands on & and G1
B Qez| — Owipul depends on B anc G2
| T A
- usg — Schrmal toigger

Wired AND conrec non

Wired OR connection

Cantiol lunctions:

Ggae, C-ctach
EN . 3oaaty, Rorater (3 Jowl
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1820-0491
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Dual Type D Mastesr-Slave
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1820-1217 DATA SELECTORS/MULTIPLEXERS
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18201279
SYNCHRONOQUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONT.
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FUNCTION TABLE functional block diagram
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1990-0617
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Model B160A Service

SERVICE BLOCK 1
TROUBLESHOOTING TREE

GENERAL

Fhe purpose of this Service Block is to provide a fast fault-locating procedure, Having locatad the function at
fault, detailed circuit operating theory and down-to-component troubleshooting hints are given far the function
in one of the following Service Blocks. Details of which Service Block relates to which function are given in the
following. Basicatly any 8160A malfunction can be categorized as follows: {see also Figure 8—1-1).

1. Control-microprocassor with the device bus and related circuits.
Service Blocks dealing with this category are the Sarvice Block 2
{device bus) and Service Block 6 {microprocessor),

2. Display/Keyboard — Service Block 7.

3, Any analog functional biock with its related digital device bus receiver. A fast
troubleshooting aid in this category is Figure 8—1—3 {standard instrument) and
Figure 8—1—4 {option 020 fitted). Service Blocks belonging to this category are:
Service Block 8 {burst}, Service Block 9 {rep. rate}, Service Block 10 {time interval},
Service Block 11 {slope), Service Block 12 {reference trigger), Service Block 13
{output control), Service Block 14 {output amplifier), Service Block 15 loffset),

4, Power Supply — Service Block 3, Service Block 4,

MASTER SLAVE's

«# AUS
DISPLAY
KEYROARD

COMMAND LIMES |
P AND HDAT, MDDV, HINH ]
ASSOCIATED ) !
CIRCUITS \ (D
& 1 suRsT
ﬂg | RATE
T 1 DELAY
16 BIT INT BUS 5% ) wiotH
4% ) sLoee
: QUTPUT AMPL.
1 :
NARL H
L

Figure 8—1—1. Categories of B160A Malfunctions




Service

TROUBLESHOOTING

Medel 8160A

tn order 10 locate the troubie, operate the 8160A via front panel or remotely together with the corresponding test
equipment — see Figure 8—1—2, The fault can then be traced to one of the categories given in Figure 8—1-2,

SCOPE

B160A
o

[ — /

CONTROLLER

DISPLAY
_—/—\ WRONG, QUTPUT
0K

CHSPLAY
ANC GUTRULT

4 WRONG

DHSPLAY OK

WRONG

~ FRONT
#ANEL FUNCTION OK

NO REMGTE

NO
FRONT PANEL

CPEAATION, REMOTE

FLrhCTioN R

SEE SERWVICE
BLOCK &

SEE
FIGURE B-1-1

SEE SERWVICE
BLOCK T

SEE SERWICE
BLOCK &

SEE SERWVICE
RLOMK ?

Figure 8—1-2. Troubleshooting Trae
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1 61604

o a faulty analog oulput exist, press ACL 10 obrain some tanals, En order 1 trace the problem down

. correspanding funclion block, use a scope {Iogether with probe o test cable DE180-51610) to measure
gnals between the Tunction Blocks as shown in Figure 8-1-3 {Standard B160A} and Figure 8—1—4 {Option
ttegl. NOTE. It test cable is used, warminate it with 50 L1,
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Model B160A Service
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Mode! B160A Service

SERVICE BLOCK 2
INTERNAL DEVICE BUS DATA TRANSFER A2 |11

GENERAL

The Microprocessor and Device Bus Block Diagrarm, Figure B—2—1, shows the relationship between microprocessor and
slaves {display and analog section).

This Service Block pravides all the necessary information regarding the internal device bus in order to undarstand its
function, and thus trace any troubie to the micraprocessor or one of the related function blocks.

THEORY OF OPERATION

Microprocessor

The microprocessor is the data and instruction center of the 8160A Programmable Pulse Generator. [t generates the
control information required by the instrument dependent on inputs from one of two sources:

al Keyboard inputs when in manual control
by HP-1B inputs when in remote control,

During operation, inputs from one of these sources program the desired oulput parameters. These parameters are
burst, period, delay, double putse, width, leading edge, trailing edge. high leval, low level, the inputs modes and the
culput modes. When the instrument is in the remote control mode, the keyboard switches are disabled and output
parameters can be entered only through the HP-IB,

For detailed troubleshocting infermation on the microprocessor itself — see SERVICE BLOCK 7.

Device Bus Acceptors

The receiver end of the 16-bit device bus comprises latches and address acceptors for each block (burst, rate etc.}), The
acceptor circuit recognizes its own address and generates the necessary load pulsels} for loading data into the latches.

There are three control lines which handle the DATA/ADDRESS transfer and reset the acceptor circuits. These are as
follows:

NDDV = NOT DATA VALID

HDAT = HIGH DATA

HINBE = HIGH INHIBIT

A fourth line, NARL (NOT ADDRESS RESPONSE LINE) informs the micropracessor of the instrument canfiguration
i.e. whether Standard or Option 020,

Before any data transfer can take place, the HINH is pulled high so that all acceptor flip-tlaps are set, thus no address
can be recognized nor data loaded. At this point, the HDAT line is low and the NDDV line is high {i.e. no valid data
or addresses on the device bus ).

Should the microprocessor now need to address a particular function block, it first putls HINH apd NDDV fow, enabling
each acceptor to recognize its unique address, and then sends the address on the device bus. The NODV then goes high
again whike the acceptor flip-flop Q output goes Fow. The function block is now addressed.

With the address accepted, the HDAT line will go high to indicate that the next device bus transfer is data, which will be
loaded by pulling NDDV low and then high again.

8-21



Service

Model 81604

Typical examples of how device bus aceeptors function are given in Figure 8~2-2 and Figure 8--2-3. Figure 8—-2-2
illustrates the generation of a single ioad pulse, while Figure 8—2-3 illustrates the generation of 3 load pulses,

Device Bus Acceptor {a)

HEAL

HINH ———————————

iy

1)
aae

taoe
agd:r FF

HOa™
HMIRH
L1 409MESS :D—\_ |—l
b =
b CL ._j > C Loup M
oat . ‘6_ Load Lotch Pulse PULEE ol
NODw L I l
H&FRL
jaeyr | Dcta
ipnbus |mnus
Figure 8—2-2, Device bus acceptor circuit (1 load pulse)
toad 1634 dota
addr ©F D
Device Bus Accepler B)
HOAY —I |__
[JLT]
LY ]
6
T o
F>a _I r'_
UIADDAE 5 D‘__ ] B |_
- | S— D_ LoAD 2
s 11 | |
e R ﬁ_g- I—U -Is- ] oA
HhD Jl:D:— Loans
- ° Loan? H
L
S |

[Re? 7% ]

adg

LIV 2are on bus

Figure 8—2-3. Device bus acceptor circuit {3 load puisest
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Model 8160A

TROUBLESHOOTING

The fotlowing relates gnly 1o Device Bus troubleshooting. For troubleshooting information on the microprocessor —
see SERVICE BLOCK 7. For troubleshooting information on the disptay — see SERVICE BLOCK 6.

By using a Logic Analyzer, the complete data transfer from the microprocessor can be tasted. First connect the Lagic
Analyzer via an extender board to any device bus connector. Data transfer then takes place as soon as a MODE (INPUT/
QUTPUTI or ENTRY button has been pressed, the transfer comprising 2—4 steps always beginning with device address.

Table 8—2—-1. Device Bus Addresses

Service

16151413 121110 9 8 7 65 3 21
F DF? 11 11 11 01 1T 111 11 BURST
F F 7 E L I I | 11 11 o1 11 1110 PERIOD
F 8 FE 1111 1011 1T 1 11 1110 DELAY A
F 7 F E 11 11 o1 11 1T 1 11 1110 DELAY B
F B FD 11 11 T0 1 11 11 11 01 WIDTH A
F 7 FD 1T 1 11 0111 T 1 11 1101 WIDTH B
E F FE 1110 T 1 11 11 11 1110 SLOPE A
EF F D 11190 T 11 1 r 11 101 SLOPE B
D F FE 1101 1T 1 11 11 11 1T 110 OUTPUT A
O FFD 1101 T 1 11 1T 1 11 1101 CUTFUT B
F EFB T o1 1110 11 11 1011 INPUT MODE‘
B F F E 1011 1111 11 11 1110 QUTPUT MODE
B F F D 10 11 T 1 11 11 11 1101 REF TRIG WIDTH
Table 8—2-2. Input Mode Data Transfer {two step transfer)
{(Followed by REF TRIG]
161514 13 121110 9 8765 4 2 1
11 11 1110 11 11 g 1 1 fnput mode addr,
X X X X X X X X X X X X X X X X Input mode data
0 X 11 (I 0 0000 0C 00 NORM
0 X 01 1000 X X X X X X X X GATE
0 X 10 1010 X X X X X X X X EXT TRIG
a9 X 11 o100 X X X X X X X X BURST
0100 0000 X X X X X X X X POS SLOPE
0000 0000 X X X X X X X X NEG SLOQPE
X X X X XX XX 0100 Do oo SINGLE PULSE
TX XX X X X X X X X X X X X X MANUAL
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Model 8160A

digit digit L
7 8 { exponent)
VALUE UNIT
Figure 8—2—4, Period Display
Table 8—2-3. Pulse Pariod Data Transfer (two step transfer) TOns — 999 ms
{After period transfer, Ref Trig is transferred}
16 151413 121110 9 B 765 4 321
11 11 11 11 o1t 11 1110 address period
X X X X X X X X X X X X X X X X pericd data
Exponent digit 6 digit 7 digit 8
10,0 ns 000 0 01 0000 00O
to Range 1
99.9 ns 0001 i 1901 1001
100 ns 1 0 1 0 0 0 0
to .
999 ns o1 10 1 1 1 1 1 Range 2
1us 11 0 1 00 0 0 00
10 Range 3
9.99 us 1 1 1 10 1 1 01
10.0 us 010 ¢ 1 00 0 0 00
to Range 4
98.9 us 0t 1 01 1 1 i 1
100 us 0101 0 01 0 0 0 c Q
10 Range 5
999 us 101 1 01 i 1 1 01
1 ms 0110 000! 0 00 0000
to Range ©
9.99 ms 0110 1 01 1 1 10 1
10.0 ms 1 11 0 1 00 C Q 0
to Range 7
99.9 ms 111 0 1 10 1
190 ms 1 0 01 DoDO 0 D
o Range 8
999 ms 1 0 1 1




Service

Model 81680A
Table 8—2—4. Time Interval Data Transfer (0 to 999 ms for delay) {10 ns to 999 ms for width) Table 8-2-5. List of Data Table8-2-6. T1 Ons—09ns
step 3 step 4 step 2 . 05ns 02ns 02ns 0.1ns
NOTE: This table should be used in conjunction with Tables 8—-2-6 to 8—2—8. Time interval data transfer requires 4 steps it 13-1 it 16-1 bit 15-5 bit
starting with the address step {selectod from the first 4 lines in the following tabie) followed by 3 data steps. The first data e I e |
step transfers data (T1, T2, T3) for time values under 50 ns — the binary equivalent for individual values being given in N71 Ne1 N5T N41 N31 N21 N11 dec 8 7 6 5
Tables 8—2—6 1o 8—2-8. The secand data step transfers time values up to 499.9 s and the third step up to 999 ms. For W to w0 to to to w0
these last 2 steps, the sign ‘x’ is entered for individual lines e.9. N71 to N74. The decimal value of 'x" is given in Table Display MB1 N74 N64 N54 N44 N34 N24 N14IT3 T2 T 0 0 0 0 0
8-2-5, e.g. delay 99.9 ms selected, lines NG61 to N64 are set to decimal 9 {1001}, 0.1 ns 0 0 o 1
999 ms 1 9 9 8 0 0 4] 0 0 0 0
0.2 ns 0 0 1 0
99.9ms 0 1 9 9 8 1] 0 0 ¢ 0 0
03 ns 0 0 1 1
10.1 ms 0 0 2 0 2 0] 0 0 0 0 0
Addresses 0.4 ns 0 1 1 0
10.0ms 0 0 2 1] 0] g 0 0 0 0 0 0.5 , 0 0 0
4 1 L5 ns
16 15 14 13 121110 & B 7605 3 2 9.99 s 0 0 1 a 9 8 0 0 0 0 0
. deiay A 06 ns 1 0 0 1
1 .
LI toet L L addr. detay 10tms | 0 e 2 0 2 o 0 o 0.7 ns 1 0 1 0
dr. width A
11t 11 0111 1T 111 11140 addr. wi 1.00 ms o 0 9 0 0.8 ns 1 0 » 1
1 addr. delay B
L 1ot L 110 r. detay 999 s 0 0o 9 o 0 o 09 ns 1 1 1 0
11 11 01 11 1T 111 1101 addr. width B
10.1 s 0 2 0
Transfer 10.0us ¢ 2 0 0 0 0 Table 8—2-7. T2 1ns—9ns
1T 1 11 1011 1111 1T 110 addr. delay A
.99 us 0 1) o 0 1 4 0 0 4 ns 3ns > s Ths
[_T3_I [_T2_] ’_.H_' 9.98 us 0 0 0 1 3 0O 0 bit
X X X X X X X X X X X X X X X delay A data 1.00 us 0 0 0 0 2 0 0 dec 12 11 10 o
S, v’ g
{0 to 49.9 ns)
' { { 999 ns 0 0 1 0 <lns 0 0 o 0
Nz250n 10ns-40ns 1ns-9ns 0-09ns 998 ns 0 0 1 9 8 0 ' ns 0 0 0 ,
NA4toN41  N34toN31  N24toN21  N14toN11 100 ns 0 0 2 0 2 s 0 0 1 0
X X X X X X X X X X X X X X X X delay A data 99.0 ns 0 ¢ o0 0 1 9 3 ns 0 L 0 0
l’ i ""'"T""" “"'"T""' {50 ns 1o 450 pus) 4 ns 1 ] 0 0
5Ous—450us BSus—45us  OSpus—45us 50 ns— 450 ns 01.0ns 0 0 5 ns 1 0 0 1
00.9 ns 0 0 0 ¢ 0 6 ns 1 0 1 0
NB81 N74 to N71 NB64 to NE1 N54 to NbH1 000 ns 0 0 0 0 ) 0 7 1 1 o 0
X X X X X X X X X X X X X X X X detay A data ne
1 T ‘ Y {0.5 ms to 999 ms) 8 ns 1 1 0 i
double 500ms 50ms-450ms 5 ms-45ms 0.5ms-4.5ms 9 ns 1 1 ! 0
pulse
£ le of last two i h .
xample of last two lines when 99.9 ms and double pulse selected Table 8—2—8. T3 10 ns — 40 ns
1000 0000 0 00O 0 0QOD0 -
0100 0001 1001 1001 200s  10ns 10ns
bit
dec 15 14 13
< 10 ns ] 0 ]
10 ns 0 0 1
20 ns 0] 1 1
30 ns 1 0 1
40 ns 1 1 i




Sarvice

TFable 8—2—11. List of Slope Data
{Exporent will be transferred with LEE only)

Model 8160A

121110 9

6.0 ns
ta
939 ns

0¢ 00

Range 1

80 ns
to
999 ns

Range 2

0 .50 us
to
9.99 us

Range 3

5.0 pus
0
99.9 us

Range 4

hD us
to
959 us

Range ©

0.5 ms
T
9,99 mg

16151413
0001
G001
001

10
0 11
0011
1 0
01 0
01 1
01 1
110
011

Range &

_ i
digit digit digit [ exponent !
& 7 8
| |
VALUE UNIT
Table 8—2—9, Slape Data Transfer {three step transfer) 6 ns (3 ns} — 9.99 ms
NOTE: Binary data for the last two steps is given in Table 8—2—11,
16151413 121710 9 B 765 4 3 21
1110 Tt 111 1111 1110 Slope addr. A
or
1110 11 11 Tt 111 1101 Slope addr. B
X X X X X X XX X X X X X X X X Slope LEE data
X X X X XX XX X X X X X XX X Slope TRE data
e
exponent digit 6 digit 7 digit 8
Table 8—~2—10. LEE/TRE Ranges
NOTE: LEE value and TRE value must be in one range.
6 ns {3 ns} 100 ns 1us 10 us 100 us 1ms 999 ms
| | | 1 L | 1
— I 1 i 1 1 1
6 ns {3 nsi————99.9ns
range 1
50 ns | 899 ns
range 2
0.5 pst 9.99 us
range 3
5 us |— 89.9 us
range 4
50 us| 999 us
range 5
0.5ms 3.99 ms

range 6




Model 8160A

Table 8—2-12, Qutput level data transfer {Three-step transfer followed by QUTPUT MODE. !f amplitude is 2 2 V,
the amplitude is transferred twice, whereby the first set will set the amplifier to X1, and the second set transfers the

actual data, followed again by OUTPUT MODE]},

NOTE: 1. QUTPUT DISABLE causes different data,

2. Amplitude - HIL — LOL
3. Step size below 10V from S0 £2 into 50 & is 10 mV
4. Step size below 10V from 1 K{2 into 50 £2 is 20 mV

5. Step size below 10V from 1 K2 into 50 £ is 100 mV

16 1514 13 121110 8 8 7865 4 3 21
110 1 111 1 1 11 11 1] Addr. output A
or
1 101 111 T 1 11 T 101 Addr. output B
X X X X X X X X XXX__X X X X X Cutput data
offset gain
X X X X XX XX XX XX X X X X Output data
e T e e =" T I "
amplitude D/A cony, offset D/A conv. data
data + bit 7, 8 of second step

Table 8—-2-13. Amplitude Data

NOTE: Digital step size between 1 V {100 mV} and 1,99 V {199 mV} is 2; this means
LSB {9} is not used. {99 steps only, output gain X1},

Display
ILOL OV}

I_ D/A Conv. data——l

161514 13 121110 9

n'.

TP1 Vernier Qutput

HIL 1.1V or
110 mV

HIL 1.34V
HIL 1.35V
HIL 1.98 V
HIL 199V

HIL 1V or 100mV

1100 1000
1T o111 0100

1000 0100
1000 001oO0
6000 0 100D
0000 0010

= =&
=R = i

L T I = N ]

== |k

3
I

—_

1 V swing {100 mV)
1.1V swing (110 mV}

1.34 V swing
1,35 V swing
1.98 V swing
1.99 V swing

Service
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Tabie 8-2-14, Amplitude Data

NOTE: Digital step size between 2 V (200 mV) and 3.99 V {399 mV} is 1; this means

LSB (9} is used, (199 steps now, output gain X2}, Valid for all ampl. =2 V.

Dispiay
(LOL OWV) 16151413 123011 9 4 3 21 TP1 Vernier Qutput
HIL20WV{200mVE | 1 1 0 0 1000 0011 1V swing (100 mV)
HIL22V{220mVi| 1 0 1 1 D100 0011 1.1 Vswing {110 mVY)
HIL 3.8 V 00900 0010 o011 1.98 V swing
HIL 399V 0000 0001 0011 1.99 V swing
HIL4.00V{400mV}y 1 1 Q¢ 0 1000 010 2.00 V swing
HIL 5.99 000COQ 0001 0010 299V swing
HIL 6.00V600mVI| 1 1 O O 1000 0001 3.00 V swing
HIL8.00V{BOOmMV)| 1 1 O © 1000 000G 4.00 V swing (400 mV)
ML 989V 0000O0 0001 00 4,99 V swing (300 mV)
Table 8—-2—-18. Amplitude Data
NOTE: Digital step size between 10 V and 19.9 V is 5; this means 100 mV amplitude change.
Display
{LOLO W) 161514 13 121011 9 4 3 21 TP1 Vermer Qutput
HIL 10.0 ¥ 0110 0100 d01o 2.5 V swing
HIL 150V 0011 0010 0001 375 V swing
HIL19BYV 000 1010 0DO0GO 495 V swing
HIL 199V 0 0020 1o 0DO0OAOQ 498 V swing

Tabte 8—2-16. Offset Data Transfer

Mode! 81604

NOTES: 1. The offset vernier consists of a 10 Bit D/A converter (bit 7, 8 of second step and bit 1—8 of third step).

2. Offset HIL + LOL

3. Between 0 V and 995 mV/ offset generatar output, the smailest digital step size 13 5 (offset gen. set

,max. 10 V into 50 2

X0.1},

I_ third data step —| I—ses(.t:g;d

8765 4 3 21 8 7 dec HiL LOL
cocoo0 000CGO0 00 0 01V =01V
0000 0001 01 5 0.1tV =01V
0000 0010 10 10 012V 0.1V
L I B o111 10 990 198V ov

11 11 1000 T 995 199V ov
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Model 8160A Service

Table 8-2-17, Offset Diata Transfer

NOTE: Between 1.00 V and 10 V offset generator output, the digital step size per 100 mV ampt, change is 5
loffset generator set to X1).

i nd

I—th!rd data step—l l—s:::;)p ]

87 6 56 4 3 21 8 7 dec HIL LOL
o 1 T 010 10 480 .80V ov
o1 t 001 01 485 .70V ov
00111 T1 10 10 250 500V ov
001 1011 10 110 220V ov
G 001 1010 01 105 210V ov

Table 8—-2—18, Offset Data Transfer

NOTE: In the amplitude range of 10 V to 19.9 V (1 K{2) the smallest digital ste is 2 or 3 depending
on even or odd number,

third data step second
|_ T T e ]
8 6 5 4 3 2 8 7 dieC HIL LOL
0011 1110 10 230 10,0V ov
g 101 010 1 343 15.0V oV
01 11 11 00D 0 497 19.9V ov
0100 1000 0 288 108V 100V
171 11 0 11 10 990 19,9V 19.7 V
Table 8—2—-19. Offset Gain / Polarity
bit 9 6 5
pos 0 0 X
neg 1 1 X
2€ro 0 1 X bit 5 will be low when
X0.1 X X 1 offsetis=1V
X1 X X 0

Table 8—2-—20. Qutput Mode Data Transtar {two step transfer)
{if 50 £ or 1 K{2 is selected, amplitude transfer foliows)

16 15 14 13 121110 9 8 76 5 4 3 21
1011 1T 1 11 1T 1 11 t1 10 Output mode address
X X X X X X X X X X X X X X X X Output mode data
B e

shift supply data output mode data

see Table 8—2—22 see Tabie 8—2—-21
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Table 8-2-21, Output Mode Data

a 1
bit 1 AsepnB AaddB
bit 2 NORM {A) COMP (A)
bit 2 50 Ohm (Al 1 Kohm {A)
bit 4 DIS (A) EN (A)
bit 5 NORM.(B) COMP {B)
bit 6 50 Ohm (B} 1 Kohm (B}
hit 7 DIS (Bl EN (B)
Table 8-2-22. Shift Supply Data
decimal

16 151413 121110 9 value shift out
0000 0001 1 -10V
0110 0100 100 o v
1100 0110 198 +I10V

Table 8-2-23. Reference Trigger Transfer [two step transfer)

{Headed by INPUT MODE or PERIOD transfer)

16151413 121110 9 8 7605 4 3 21
1011 1T 1 11 1111 1101 Reterence trigger address
XX XX X X X X X X X X X X XX Reference trigger data
{see Table 8—-2-24)
Table 8-2—24, Reference Trigger Data
min. 8 ns 40 ns 0.4 ps
bit 1 o 1 0
bit 2 1] 0 1
Rate VCO 10M-50M 1M-9.9M 0.9 Hz - 0.99 MHz
frequency
— .

NORM, GATE, BURST

e e e

EXT. TRIG.
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Model B180A Setvice

SERVICE BLOCK 3
SWITCHED SUPPLY A10, A11, A12, A13 | 1

THEORY OF OPERATION

The primary supply operates as a switched mode DC-DC converter of the flyback type, which pre-requlates all outgoing
secondary dc voltages according to the following equation:

__ b Nsec
Vsec_1___§_ Ve 2 - o
prim
t
where & = _on
T

ton = switch-on time of Q101, Q102
T = period of switching frequency (~ 25 kHz)

Nprim = primary turns

Nepp = secondary turns

VC1. C2 = voltage at capacitors C1, C2.

The rectified line voltage is switched to the flyback transformer T1 via the switching transistors Q101, Q102. Feedback
voltage is then routed to the switching controf gircuit which controis the operation of these switching transistors by pulse
width variance.

A summary of the functions fulfilled by the fiyback transtormer is therefore as follows:

a} transformation of primary voltage te multiple secondary voltages.

b} separation of primary and secondary sections for safety purposes.

¢} inductive storage of energy during the "off-state” of switching.

d] generation of feedback voltage dependent on primary voltage and load changes.

Secondary circuits associated with the transformer only perform half-wave rectification and filtering,

The following descriptions correspond ta the circuit blocks shown in the power supply block diagram, Figure 8—3-9.

Line input Fiker (A13)
The line input filter can be divided into the following functianal areas:

ay C301 to C304, L1, L301 and L302 form an RFI filter to reduce RFI voltages generated by
switch mode down to a tolerable level.

b) R302 and R303 damp resonance together with L301, L302.

c} R301, R304 discharge C301, C302 after separating the line input from the power line.

d) Fuse F1 protects the instrument from overloads and short circuits.

Voltage selector, current limiter, rectifier and fans {A 10}

Instrument operation is activated via the front panel LINE switch S1, the line valtage range being selected via the LINE
VOLTAGE SELECTOR switch S2. In the 115 V.position of 52, rectifier CR1, CR4 is connected to charging capacitors
C1, C2 to form a voltage doubler. Also in this position, fans B1 and B2 are connected in parallel, and CR2, CR3 are
reverse biased {thus having no function). When 52 is in the 230 V position, diodes CR1, CA2, CR3 and CR4 are arranged
as 3 bridge, and the fans B1 and B2 are connected in series. Both fans bfow out of the case, B1 operating in the switched
mode supply and B2 in the mainframe.
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Service Model 8160A

Atnstrument switch-on, the charging current of C1, C2 is limited by 83 to protect 51, CR1, CR3 and CR4 from current
sprkes. R3 is itself protected during switch-on by fuse F2, this limitation being shorted in normal operation via relay K1,
which is activated by a sufliciently high feedback voltage from CR108 and C116,

The rectified tine valtage across C1, €2 dies between 200 V and 358 V depending on line voltage, load conditions and
operating status (start, alarm, etc.}. To prevent this rectitied ac voltage from damaging the start supply during incorrect
operation {32 positoned to 115 ¥ for 230 V line voltage}, overvoltage protector E1 ignites at a safe voltage level-thus
shorting the input circuit and blowing fuse F1 or F2.

CAUTION

Switch-on under incorrect line voltage selection can blow either fuse F1 or F2, Only after correct
line voltage selection should both fuses be checked and replaced it necessary.,

Start circuit {A10)

The start circuit detivers power for the control circuits during the following three phases of supply operation:

al start phase.

bi after alarm untii the next soft start. {For definition of soft start and final alarm — see theory
for ‘switching control and alarm circuits’).

¢} after tinal alarm blocking until switch-off of the supply.

The cascaded Darlington emitter-followers deliver the 35 V dc generated by VR1. When normal supply operation is
reached, the start circuit is decoupled by the “or’ arrangement of CR106 and CR107, the operating feedback voitage
fram CR108, C116 heing more positive (approx. 40 V}. Fuse F3 protects the start circuit from overload.

Feedback rectifier (A11)

The sense winding on the flyback transformer senses rectified line voltage and load congitions thus supplying two
paths of feedback rectification:

a) n normal operation CR 108, C116 produce the supply voltage for the drive stage, the 12 V-IC
U107 and the relay K1, {This supply is selected, as opposed to the start supply, via the ‘or’
arrangement of CR 106 and CR 107 which selects the more positive voltage).

bl CR109 and C115 generate the feedback sensing voltage which is then divided by R 128, R129
and R 102 before comparison with the reference voltage of VR6. This comparison is accomplished
via the switching control circuit U102 which then provides voltage reguiation. Potentiometer R102
therefore determines the feedback voltage lever and hence all sutput voltages.

+12 V Supply (A11}

Zener diode VR 107 steps down the incoming voltage/power at U101 pin 1 1o within the UTO01 operating range,
U101 then stabidizes this voitage to supply +12 V to the switching control circuit U102, the associated alarm circuits
and the duty cycle mono-flop U103,

Switching control and alarm circuits (A11)

Figure 8-3—1 provides a functional block diagram of the switching contrel IC U102. Individual |C functions, together
with a brief description, are given as follows:

a) the Miller integrator generates a sawtooth voltage at pin 3 with a frequency determined by R119
and C108.

b) the comparator compares the feedback sensing voltage (from divider R128, R129 and R102) with the
reference voltage from VR106. R130, C118, C114 and the source resistance of the voltage divider serve
ta reduce loop gain,

ch the puise width modulator compares the Miller sawtooth with the comparator output signal to provide
pulse width variation.
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the soft-start and cutout circuit recaives the alarm signals from the protection circuits lovervaltage,
overcurrent etc.), and subsequently cantrols the pulse width modulator to achieve soft-start {slowly
increasing widrh) or cutout. R122 and C110 detaermine the dead time and soft-start time, which

both occur after supply start-an or after alarm. During dead time, the operating duty cycle is held

to zero and is then slowhy increased during soft-start to achieve the required vaive for normal
aperation.

the nurmber of alarms is limited by the voltage of C111 {TP7i. In normal cperation this voltage is
approximately 1.6 to 1.8 V. After each alarm, this voltage steps up by an amount determined by the
ratio C111/C 110 When the trip level, B V. is reached, a final step to 6.2 V occurs which blocks further
operation. This state .5 called "final alarm” and to remave this hlocking action. the instrument must

be switched off for 5 seconds 1o discharge C111.

f) overcurrent alarm oecurs when a voltage of 0.65 — 0.75 V exists between pins 11 and 12 of U102,
Overvoltage alarm oceurs when 2 6.2 V (VR 106 is at pin 8. Low supply voltage alarm occurs when
=B Visatpinl.

Loop fault protection occurs when the feedback loop is open- ar short-circuited, Duty cycle (3] is then
cut to zerp, but after the dead time rises to ‘5open which s determinad by R120. It is held at this value
until the [oop is restored, and then rises with a soft-start up to the operating value. To prevent loop
fault during start-on under heavy load, VR 109 shifts the feedback voltage onpin 10 t0 3.75 V.

the autput stage consiste of a caommaon emittar stage with an onen collector end dinde-clamped 0 +12 V.

d

e

g
R117 serves as a pull-up resistor.

Alarm circuits

Overcurrent: Current through the switching transistors 1071, Q102 is sensed by R105, R106. The differential stage
Q108, G109 then compares this signal with the voltage determined by voitage divider R126, R139. Overcurrent alarm
is sensed by U102 pin 12 at Q108 collector.

Overtemperature: Thermal switch S101 closes when the air temperature reaches 71°C + 2.5%C and starts an alarm
on the overcurient alarm hine.

Overvoltage: The low end of the voltage adjust potentiometer R102 is connected to U102 pin 8 [overvoltage alarm).
The slider of R102 must therefore be set slightly above the low end 1o avoid alarms occuring during normal operation.

Drive current reduction on final alarm: To ensure an infinite final alarm blocking state without damage to the starting
circuit {which is supplying the necessary current in this state, it is necessary to reduce the load current drawn by the
drive stage {Q101, Q102, — OFF = Q103 — ON). The differential stage Q105, Q106 therefore senses the alarm counting
voltage at TP7 {C111, U102 pin 15) and compares it with the reference voltage frem VR106, U102 pin 9. Now in normatl
operation, Dailington transistor Q105 conducts, in which case @107 and Q110 also conduct to provide the normal drive
current, thereby shorting R 135, Shoutd final alarm occur, the voltage at TP7 becomes equal 1o that of VR 106 therefore
Q105, Q107 and @110 are cut off. R135 then reduces the steady-state drive current and VR 108 enables oscillation-free

clipping.

Duty cycle correction

Because U102 delivers a duty eycle from 20% — 90 % compared with the required 2 % — 45 % for the switching transis-
tors, a correction must be done,

al Minimum duty cycle: the switching signal from U102 pin € {TP3} is fed through the rinimum duty
cycle monostable formed by NOR gates U103 (pins 1, 2, 3} and U103 {pins 11, 12, 13). The unstable
on-time is adjustable via R107, In NOR gate U103 {pin 8,9, 10J, this time is then subtracted from the
original switching signal from U102 to obtain a signal at U103 pin 10 with a duty cycle down to 2 %.

b} Maximum duty cycle: the maximum duty cycle is limited by R118 R 140, R141, RT101 and adjust-
able viz R140,
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Driver stage

The signal at TP4 is inverted by Q104 to control the drive transistor Q103. Q103 then switches the operating feedback

voltage of approx. 40 V 1o the flyback drive transformer T101, whose secondary winding is connected to the base net-

work of switching transistors Q101, G102, Under this inductive loading, @103 is protected by C104, R110 and VR 105,
R 134 timits the steady drive current while C103 lowers the impedance to abtain the required current pulses.

The winding polarity of T101 is such that a rising Q103 collector voltage gives a positive base voltage at Q101, Q102, i.e.
Q103 is off when @101, Q102 are on. The winding ratio of primary to secondary at T107 is 10:1.

Switching circuit

Transistors Q101, @102 are connected in paralle) and switch the primary winding of the main flyback transformer T1
1o the rectified line voltage of C1, C2. For 0101, Q102, the base netwark is of special imporiance in that it provides the
base current-pulses essential for such triple-diffused, high voltage transistors. During the transistor on-time, current
rises linearly up to 10A so that charging energy in the transformer T1 is given by the equation:
- . 2
Eq=1/2 Lpnm xi peak

where E4 = energy

Lprim = primary inductance

'peak = peak current in T1 primary

and P1=E1xf

where Py = power
f = frequency

(At this point the secondary rectifiers are reverse-hiased). With the transistors (Q 101, Q102) on, the positive base current
Ig chargesC117 to V = Ig x Rp (Rp = paraliel resistance of R108, R 109) and saturates Q101, Q102 — including the
intrinsic collector region. {This region is required to provide the high voltage capability, but must be saturated 10 give a low
saturation voltagel.

After switch-on of G103, the secondary stray inductance of T101, L1101, L102 and L 103 provides a controlled slow de-
crease of the base currentin Q101, Q102, during storage time. This continues until a negative base current |g — is achieved
which is approximately —2Ig+. Meanwhile the intrinsic collector region is fully discharged to ensure that the transistor’s
breakdown voltage can be achieved and thus reduce power losses. Only when fully discharged, can Q101 and Q102 be cut-
off. Because cutoff energy is supplied by the base inductances LgiT1g1). L1017, L102 and L103, a high dig / 4¢ down to
zero generates a high negative voltage spike which is added to the voltage at C117 and the transformer T101 reverse bias
voltage. This brings the Q101, Q102 base-emitter junctions in reverse breakdown 1o provide the fastest possible cutoff
time { <C 0.8 ps} and so minimize switching iosses.

With G101, Q102 cutoff, the T101 secondary windings become forward biased. Energy is then discharged from the
transformer, beginning with a high current (respective to the high primary current at cutoff} and decreasing to zero be-
fore the next primary switch-on occurs.

This atso explains the high voltage stress of a flyback converter during cutoff — the switching transistors are not anly
stressed by the rectified line voltage and the back-transformed sum of the secondary voltages, but also by the voltage

spike due to the primary stray inductance (Lg x dl/dt). To stay within the safe operating area of Q101, Q102, a collector
protection network is required. As the G101, Q102 collector current decreases, the voltage rise is slowed down by charging
capacitor C102 via diodes CR103, CR104. Power switching losses are thus held to a minimum (C102 then discharges
through R104; and CR103, CR 104 become reverse biased until transistors @101, Q102 switch on again). The maximum
value of this voltage spike at the Q101, Q102 collector is limited by the peak charging of C101 via CR101, CR102, This
charging takes place only for the duration of the spike, then C131 is discharged during the rest of the switching period

via R103, Should the maximum voltage of this spike exceed 720V, the zener diodes VR 101 to VR 104 conduct to

provide further clamping.
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WARNING
Voltages in the collector network of Q101, Q102 can rise to 760 V, while rectified
line can reach 360 V with low impedance. The whole primary area is on floating
rectified line ground, Service only with an isolating transformer to avoid danger to
Jife and equipment.
Secondary

The secondary of transformer T1 is well isolated from the primary and contains all windings for the secondary voltages.
There is a fixed voltage group referenced to ground, and a floating voltage group referenced to a voltage shifted
from ground.

All secondary voltage configurations are identical-consisting of a one-way rectifier with RF I suppression, a charging
capacitor, an LG circuit to reduce ripple, and a discharge bleed resistor. As already mentioned, the secondary diodes
becorne forward biasad during cutotf of the primary switching transistors. Due to the 25 kHz switching frequency,
fast recovery diodes are employed. For the high current handling required in the = 5 V FX supplies, power Schottky
diodes are used to save losses. The charging capacitors are also speciafly developed for switched mode power supplies —
exhibiting low equivalent series resistance.

TROUBLESHOOTING

The power supply is divided into two functional areas;

a) switched supply — the troubleshooting for which is given in this service block.
b) power supply regulator — see Service Block 4.

In case of a power supply fault, measure the voltages at the supply test points and at A10 J1 {switched supply outputs)
as given in Table 8—3—1. The fault can thus be traced to the switched supply or the regulator section,

Table 8—3—1. Supply voltages ALVARIC
SEPARATED
AC-SOURCE
O 81608 TOP VIEW
Voltage TP A10 A0
J1 pin J1 voltage —— =
20V 8/3 =224V oS VA — }Fi0ATING supeLY
RSO F20NFY - -: cup
t20VHl 14/11 =24V O | | Frxen supeLy
t 5V {x 6,7/4,5 =66V R H20VFL_____ |
* BV 13/12 > 7BV R23 ~2OWF L
Figure 8—3—2. Test Setup

Should a fault be isolated 1o the switched supply, the theory of operation should be read and understood before pro-

ceeding with troubleshooting in this area.

Troubleshooting and adjustments within the switched supply area MUST ON LY be
undertaken with a variable ac source with galvanic separation. Depending on the power
plug connection {either line or neutral can be connected to floating ground ),
voltages can be dangerous ta life, therefore operate with extreme care in this area.
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The switched supply consists of 3 main hlocks:

a) power input (filter board A 13 and mother board A10)
b} switching regulator Al1
¢) rectifier board A12

If onby +8 V fx or =5 V fx is at fault, check fuses F201/F202 on board A12.

A10 TROUBLESHOOTING

if one or all voltages, as given in Table 8—3—1, are at fault, use the following procedure to troubleshoot board A10,

PROCEDURE

1. After ansuring that no power is applied, remove the 3
chassis screws above the switched supply and pull the
supply out of the frame as shown in Figure 8-3—3.

2, Remove rectifier board A12 as shown in Figure 8—-3-4

. Apply power to the switched supply.

4. Using a DVM with floating inputs, measure voltages
between TP12 {floating ground of switched supply)
and corresponding A 10 test points, as shown in

Figure 8—3-5.

L]

||I'_ [ENTE N i',—"v':'v'-:r-ﬁ-:i—n—:r:rrrv—:]
L
S W SR TRLE_ N o W WoN T

‘ll[llllllllllll

Figure B~-3—5. A10 Checkpoints

B. 'Power input’ test at A10 TP should lie between
245 V and 335 V depending on line voltage. |f
faulty check fuse ¥2, ractifier and spark-gap.

6. "Start voltage’ test at A 10 TP2 shouid lie between
355 V and 36.8 V depending on line voltage, If Figure 8—3-4. A12 Removal
fault check fuse F3 and Q1-Q4.

3-41



Service

A11 TROUBLESHOOTING

Model 81604

Should the fault be definitely isolated to board A11 or if a min duty cycle adjust has to be performed, use the following

procedure.

NOTE: Troubleshooting on board A11 can be carried out using a normal 15-pin extender board, or with the special

extender board 0816066577,

1. Using a 62008 power supply, set its voltage to +40 V,
connecting the negative pole to TP8 and the positive
pole to the junction of CR108/CR109 ancde (see
Figure 8—-3—8). Leave R 137 connected via the cable
or connect an external resistor with the same valué.

2. Using a scope and 10:1 probe, measure following
signals given in Figures 8—3-6 and 8-3-7.

3. Check the voltage at TP7. During normal operation it
will be +1.6 V 1o +1.8 V dc. With probe left connected
at TP7, reduce 62008 voltage 10 27 V — 30 V., Vol-
tage should rise up 1o +8.2 V (low—voltage alarm).

4. Set 62008 voltage back to 40 V., Turn it off and on
again. TP7 voltage should be back to nermal (+1.6 V
to +1.8 VL

5. Increase 62008 voltage to 45V — 50 V.

TP7 voltage must increase to 6.2 V {overvoltage alarml,
6. Repeart step 4.
7. To test overcurrent alarm, apply a voltage of .5V to
TP6. Increase voltage until overcurrent alarm occurs.
. Repeat step 4.
9, To test overheat function of 5101, heat up housing
of $101 to 76°C — 1209C. Overtemperature alarm
must occur.
10. When temperatuere of S101 is back to normal, repeat
step 4.

11. Voltage across R135 is less than .2 V in normal opera-
ting mode, and in any alarm mode it will increase to
2 V less than the supply voltage.

ow

TPZ

TP4

T8 0w

5 WiDiv

—D0V

— 0y

2 Wil

Figure 8—3—6. Waveforms

a103g

103

5 ViDiv
—v

Figure 8-3—7. Waveforms
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‘ |:|
R1IT
10041

0w
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£20CH

=0

—O+

CR|08$ DCP109
O P

LAORa RO TP

Ay

Figure 8—3-38. A11 Troubleshooting Setup
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Modal 8160A Service

SERVICE BLOCK 4
POWER SUPPLY SERIAL REGULATOR A18 |2 (|3

THEORY OF OPERATION
The serial regulator comprises 3 regulator blocks, whereby 2 consist of 4 different voltage ragulators.
The blocks are: 1. Fixed voltage supply

2, Floating voltage supply

3. Shift voltage supply (see SERVICE BLOCK 5}

(A comptlete functional block diagram is given in Figure 8—3-9}.

Fixed voltage supply

This block provides 4 regulated votlages related to fixed ground, All 4 regulators are based on the same principle, a
tunctional diagram of which is given in Figure 8—4—1.

[F}] RS
sUin ,_.EB » )« Ureg
T
to reference
Error P—’I.c_utoff
Amplifier
Overload
Amplifier
‘ O
uref

Figure 8—4—1. Principle of fixed voltage regulator

The error amplifier compares Ureg with Uref and drives the regulator transistor Q1 to zero difference. Excessive output
current is then detected by Rs and the overload amplifier, the output of which goes high if an overload oecurs.
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Service

Reference voltage circuit

Reference voltage for the +5 V fixed supply is derived
from temperature compensating Zener diode A18 VR3.
The Zener voltage is divided via A18 R94, R95 and R96
to exactly +5 V for reference, and then converted via
A18 U6 to low output impedance.

To obtain good tracking, the +5 V fixed regulator output
is used as reference input for the =5 V fixed supply, the
-5 V fixed regulator output then being used as reference
input for the = 20 V fixed supplies.

Reference shutdown circuit

Model 81604

VR1

+ 5Y¥ REF

Figure 8—4-2. +5 V Reference

An overload signal from an overload amplifier cuts off diode A18 CR7 and the inverting input of U5 goes high. The
output of UG goes down and triggers the Timer. The Timer then drives 12, which shorts the reference voltage, causing
all regulated voltages to go down. This status is indicated by the ilturinated LED DS1. Atter a run-down time determined
by the time constant of R87 and C17, the timer output goes down and cuts off @12, If the overioad still exists, the

whole procedure starts again.

Fram Cwverlogd dmplifeer

i

fHE
ta
CRA

—
e

Timer

nst

)

Figure 8—4—3. Reference shutdown circuit.

Floating voltage supply

All 4 floating voltage circuits are based on the same principle as the fixed voltage circuits, with the difference that the

fioating voltages are related 1o floating ground.
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Model 8160A Service

TROUBLESHOOTING

Twao basic faults can appear in this section:
at no voltage or overvoltage caused by a faulty supply.
b) excessive current caused by one of the power consuming boards.

TRVIx w8 ATE gsE ONbY  ———eee . . e F 12V L
| TF1E I TP 16
+5¥ el H5Y — gy ret - &Y
ref ret
1 olarm owlarm
diodes digdes
_“.._ +5¥ bx _H_ —5w il il
Overload
algrm
Circuit ‘
TE11
e 218 T i v |5 +—jg—] v
>—“— 20t - -—H— +20H
Tl elarm
sircuit
—_H_. - 30fx II‘-—— -z -

Figure 8—4—4_ Supply raference voltages

If the ALARM LED (D51} on A18 is not flashing, but one of the supplies is at fault, simply troubleshoot the respective
supply. {NOTE: each supply has a reference voltage — see Figure 8—4—4),

If the ALARM LED is flashing, this indicates excessive current caused by a supply overvoltage or a short in one of the power
consuming boards. Firsi trace the fault to the {x supplies or fi supplies by measuring at TP13 and TP215 (see Figure 8—4—4).
Then measure which of the alarm diodes has transferred the alarm {see Figure 8—4—4).

Having determined the faulty supply, locate the fault source by pulling out each board in turn starting with the output
amplifier.

NOTES: 1. A short in one of the supplies generates narrow pulses, thus the 8160A display remains dark,
Excessive current causes wider pulses and the display may blink,
2. Should a stabe reference be required for troubleshooting, remove transistor Q12 from its socket,

and isolate the faulty supply output pin to avoid damage.
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Service Model B160A

50 me 14 = E00ms depending on cusrent
-l

P3

/_—/ U TF21%
. TR2

|

1

| — - L.
]

TR G

Ut 3
o uTia
L ctRW/C

Figure 8—4-5, Excessive current of +5 V fx supply Figure B—4—86. Excessive current of +5 V fl supply

Using the Model 34658 DVM with low terminal connected to ground, the approximate resistance and current of individual
boards can be measured as given in Table 8—4—1. (The values given in Table 8—4—1 for board A2 are when FROM's are
instalied in the B160A. Should ROM's be installed, the current will be slightly decreased).

Table 8—4—1. Board Resistance / Current

Board +5V fx BV Ix +20V fx —20V fx +H V1l -5V +20V fl 20V
A2 =670 82 — =28 K —
A2 A3, A4 | 22240 ¢}
2.4 A 240 mA 380 mA
A20 =1 ME£ =1M£
150 mA 450 mA
A23 =13 Ki! =470 O/ =74 KQ2 =38 K02
13 KD 59 02
185 mA, €80 mA 75 mA 260 mA
A126 221K =99 0 =20 KE2 =21.9K8
35 mA 75 mA 60 mA 120 mA
A127 =54 K§ =12 K82/ =42 K2 =50 K§2
100 §2
25 mA 70 mA 35 mA 85 mA
A128 =1.6K =260 82 =02 KL =6.4 KL
200 mA 640 mA 10 mA 85 mA
A140Q =47 82 =990 £2 =12 KR 212K
180 mA 78 mA 165 ma 200 mA
51560 182K | 262K =56 K2 =4.2KE
80 mA 96 mA 65 mA 75 mA
Al1B1 =50 KO =530 Q2 =60 K2 >130 K2 =>300KQ| =390 K| 228 K | =1.1 K
37 mA 10 mA 118 mA 36 mA 290 mA 130 mA 360 mA 700 mA




Model 8160A

Table 8—4-2 indicates the instrument’s total current and resistance for individual supplies. The resistances are
measured at the motherboard test points Jow terminal to ground).

Table 8—4—2. Instrument Resistance / Current

Service

+5 WV fx -5V fx +20 V fx 20V fx +5 V1l e RAl +20V Il [ =20V 1l
Standard 2218 2678 =449 Q =22000 22002 121930 |264080 |242610
[nstrument 38A 29A 1A 1.2A 160mA ] 170mA | 4B0mA | 750 mA
Opt. G20 2170 266 2371918} Z206 2 22008 21938 | 22630 |2313 Q
44 A 46 A 1.6 A 23A 470mA| 410mA| 950mA| 15A
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tModel 8160A Service

SERVICE BLOCK 5
SHIFT SUPPLYA18 |3, A150 |25

THEORY OF OPERATION

The shift voitage supply delivers the voltage difference between fixed and floating ground, This voltage difference is de-
pendent on the output pulse voltage levels according to the formulee:

Ushift = HIL 5 + LOL, ., (50 ohm termination]

+LOL
U pe, = HIL max + LOL max {1 K ohm termination|
Shlft 2

{max inctudes also CH B value (standard set value) if standard instrument and resolution is 100 mY per digital step).

+ 0w +12v

frem P& Cenwerber

Ry

F20¢: R e
for x2ampli ficolipn

L

=nw

Figure 8—-5—1._ Block diagram of shift, fixed and Figure B—5-2. Shift supply operating principle.
tloating supplies.

The maximum shift voltage is limited to * 10 V by the microprocessor which delivers the digital value of the required shift
voltage to an 8-bit D/A converter on AT50. The analog output of the D/A converter then controls the shift voltage supply.

To get a shift voltage of —10 V, for example, the digital signal to the O/A converter is 00000001. Zero shift voltage is
derived from the digital word 01100100 {equal to decimal 100}, and +10 V shift voltage is derived from 11000110 (equal
1o decimal 198},

The polarity of the control veltage determines whether the upper or lower part of the amplifier is on. The
output vottiage at floating ground is then fed back and divided to contro! the gain of the amplifier {see Figure
8-5-2).
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Service

TROUBLESHOOTING

Maodel B160A

Connect a3 DVM between the fixed ground {L )} and floating ground {%7 } angd use the fotlowing 1ables 1o check dc
shift output voltages for different output settings of the 8160A.

I measuring the shift output voltages cannot isolate the fault, check the TP301 and TP302 voltages against fixed ground

(o )

Table 8=5—1, Shift vaitages for Standard 8160A (one channel}

8160A Shift Supply HIL ! LOL TP301 TP302

Source Qutput

lmpedance { %,- }
50 02 oV 0.1V ov oV ov
50 L) +25V 26V ov -13V 21V
60 02 +5.0 V 50V ov 28V 4.7V
60 2 +7.5 V 75V ov 3.8V 72V
60 2 +10 Vv 999V ov 50V 96V
1k §2 +25V 5.0V ov 1.3V 21V
1k} +5.0 V 10,0V ov 28V a7V
1k +7.5\V 150V oV 38V 72V
1k Q2 +10 vV 198V oV 5.0V 96V
50 €2 -25V ov -25V -1V 29V
50 €) -50V oV -50V -23V 556V
50 £) —7.5V oV 7.5V ~-3.6V -8.0V
50 02 —-10V ov 99V ~-48V 104V
50 2 oV 25V -2.5V ov -0.2V
50 §} LAY 49V -49V ov -0.2V
60 0 4V 50V 1.0V 20V 38V
50 12 -6V 20V -6.0V 28V —-6.4V
50 ) gv 8.0V 40V 40V 8.1V

Table 8-5-2. Shift voltages for B160A Option 020 {two channeis)
Accuracy: £ 0.2V
NOTE: D/A converter adjust of channel B disabled via software

8160A Shift Supply OUTPUT A QUTPUT B

Source Qutput

Impedance ({7 } HIL LOL HIL LOL TP3D1 TP302
50 D oV 01V ov 0.1V oV RY -Q2v
50 & 2.8V 25V ov 25V oV 13V 21V
50 & 50V 50V oV 50V ov 26V 46V
50 £ 1V 9,99 v ov 9.99 Vv ov 5.0V 9.7V
50 Q ov 256V oV ov -2.5V oV 0.4V
50 £ av 50V ov 0V -0V 0v -05V
50 av 999V oV oV 099V oV —-06V
50 0 av 9.99 V 8V -8V -999V oV 04V
50 §2 -tV 8V 4V -6V -9.0 V 04V -1.5V




PART OF A18 BO &Y REGULATOR [08160-66516)

FLOATING  WOLTAGE SEHIES REGULAIOR
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PART OF A18 BD AY REGULATOR [08150-66518) Service
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Model 81604 Service

SERVICE BLOCK 6
DISPLAY BOARD A4 |6 |7

THEORY OF OPERATION

Display section comprises the following sections:
a) PARAMETER and UNIT
b} CHANNEL and VALUE
c) Key LED's
d} Error Annunciator

PARAMETER and UNIT
First there is the PARAMETER and UNIT display, which consists of five 5 x 7 dot matrix displays.

Data for each row is loaded in a parallel IN serial QUT shift register. Seven bits contain the row information and
the eighth bit is always high. The date is then transferred 10 a 1 x 256 bit RAM, Corresponding ta the five
displays, the RAM now has 200 bits of information.

A counter then counts to 200 shifting the information to shift registers. At every 40th cycle, a power transistor
is switched on causing a single row from each of the five displays to be simultaneously illuminated, After 200
cycles, therefore, alt five rows in each display have been in turn illuminated, A general reset then occurs and the
whole scanning cycle begins again.

CHANNEL and VALUE

The CHANNEL and the VALUE display are commercial integrated 5 x 7 DOT LED displays with built-in decoder/
driver/memory. The Data Bus provides the display with the correct information. An address select, in conjunction
with three other ADDRESS LINES and a ADDRESS DECODER, determines which value in the display has to be
changed. The CHANNEL display is a HEXADECIMAL display type which can display the characters A, B and C.

Key LED’s

The key LED's including the REMOTE LED are arranged in an 2 x 7 MATRIX, Data is loaded in a Read/Write
memory, which is scanned by a counter to multiplex the LED's,

Error Annunciator

The Error Indicators are normal lamps. Data is latchad and using high current drivers the desired lamps are
switched on.
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TROUBLESHOOTING

To troubleshoot the display, the front panel should be removed, and board A4 setup as shown in the
photagraphs.

Display troubleshooting can be divided into the following sections:
a. PARAMETER and UNIT
. CHANMNEL and VALUE
c. Key LED's
d, Error Annunciator
e. Keyboard Scanner

PARAMETER and UNIT display

An aid to understanding this section is the block diagram, Figure 8—2—1 and the timing diagram Figure B—6-1.
During normal operation, one complete illumination-cycle of the PARAMETER and UNIT displays requires 200
clock pulses, These 200 pulses are divided into 6 groups {corresponding to the 5 dot columns of each display)
each group, in turn, loading 40 bits into the shift registar A4 U1 = U5, {This shift register is therefore loaded
and reset & times for ane complete illumination-cycle). The division into B groups is accomplished via a ‘bit 40
detect” which interrupts the shift register clock [via AZUB2A and AZ2U53), and then anables the required power
transistor (A201 = 0B} to luminate the display dot column whose data is at that moment loaded into the shift
register, Power to the displays is controlled via mono-flop U44A . counter UB] and decoder U54.

After the time constant of mono-flop U44A, mono-flop U44B is started and will reset the shift register, so the
next 40 bits can be loaded.

Similarly, when the display is changed, a complete 200 step cycle must be performed. The 8-bit parallel data from
the microprocessor is serialized, via A2U36, and then shifted into RAM U2U33 in sync with the counter AZU34,
U356, A ‘201 detect’” counter circuit resets the counter after the loading cycle.

CHANNEL and VALUE display

The function of U20 can best be tested by using a TTL-logic probe. At a change in the display characters {micro-

processor address 05001, up t© 5 negative pulses at U20 pin 4 {1 negative pulse per display character]) will enable

outputs Y0 to ¥4 according to the addresses applied to inputs A, B and C of U20. The data on outputs Y0 to Y4
will therefore be Jisplayed.
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Key LED's

Using a normal scope, check that the signals shown in Figure 8—6—2 are true,

Error Annunciator

Using a TTL logic probe, check the function of A4U15 (schematic 6), and if necessary, check the error transfer at

AZU22 (schematic 11 — microprocessor transfer at address 3000).

Keyboard Scanner

Using a normal scope, check the following signals as given in Figure 8—8-3.
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Model 8160A

SERVICE BLOCK 7
MICROPROCESSOR BOARD A2 |8 9 |10] (1M

Service

THEORY OF OPERATION

Controller

The controller is the data and instruction center of

the 81604 Programmable Pulse Generator. |t generates KEYBOARD CONTROL [PARAMETER. MODES)
the contral information reguired by the instrument WPUTS o] %Mma oncs
dependent on inputs from one of two sources: | oUTPUTS )
{See Figure 8—7-1). CONTROLLER

HP-1B INPUTS g:::ms IDISPL.Mr_ ANMUNCIATORS]

a} Keyboard inputs when in manual control.

e
. . 4B OUTPUTS
bl HP-IB inputs when in remote control. HraB ouTPL

Figure 8—7—1. Controller Inputs and Quiputs

During operation, inputs from one of these sources program the desired output parameters, These parameters are
burst, period, delay, double pulse, width, leading edge, trailing edge, high level, low level, the inputs modes and
the output modes. When the instrument is in the ramote controf mode, the keyboard switches are disabled and
output parameters can be entered only through the HP-IB interface.

Output signals from the controller can be divided into three groups-control, data and address (the control deter-
mines whether data or address, load data or address, inhibit/reset receiver circuit).

The controller is comprised of the foliowing major segments:
(See Figure 8—7-2, Basic Controller Structure)

a) Microprocessor Unit (MPLJ)

b) Read Only Memory (ROM)

¢) Random Access Memory (RAM)

d) HP-IB Interface Section (Peripheral Interface Adapter, PIA)

el Address Decoder

f) Control Line and Data Interface

g} Display

h} Keyboard Interface
The operation of the controller is based on the “intelligence” designed into the controller. Hence “intelligence”
refers to the control program which is a sequence of instructions that will guide the MPU through the various
operations it must perform. The program is usually referred to as “software’” or “firmware” and it is commaon
to find the terms used interchangeably. The software or firmware is what is contained in the ROM’s for access
by the MPU,
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Figure 8—7—2. Basic Controller Structure

Microprocessor Unit (MPU)

The purpose of the MPU is to perform the functions (routines) programmed into the ROM. Figure 8—7-3
indicates the input and cutput signals of the MPU. The MPU is driven by a two-phase clock {two clock signals
which are non-overiapping). |t contains two buses, an eight-bit data bus and a sixteen-hit addrese bus. The
function of the address bus is to address a particular location in memory, either ROM, RAM or the PIA,

The address decader, also connected to the address bus, enables one of these elements. In the case of a RAM
or the PIA {Peripheral Interface Adapter), the MPU also controls whether it is in the read or write mode. Data
can then be transmitted in either direction over the eight-bit bi-directional data bus connected to the MPLL

COMYAGL  SHGMAL 5 :>

BIDRECTICNAL
DATA BAS

(CO-07

! |

I ! . — .

‘ | B BiT
i

| ‘

|

[E—
2-PHASE CLOCK SIPNMS MRy
7

[ 16- BITS
oy ADORESS VS
ERALI BEL )

Figure B—7—3. Microprocessar Unit Input and Qutput Symbols

Read Only Memory (ROM)

The Read Only Memory (ROM) is a type of memory that cannot be written into but only read from. The data pattern
of the ROM is fixed at the time of manufacture according to the design specifications of its application. Data from

a particular memory location can be read by addressing the memory location and enabling the ROM. Addressing and
reading data take place on the two separate buses of the ROM, the address bus and the data bus.

This instrument uses ROM’s which require an eleven-bit address. With eleven address lines, there are 211 or 2048
different binary combinations that can be applied to the input. Each binary combination represents an “"address”

and the programmed ROM provides the 8-bit output from the addressed memory location. For all practical purpaoses,

the ROM can be considered to be a decoder that transforms input addresses into specific output instructions. Instructions
for particular routines are Jocated in various ROM locations. To perform a routine, the MPU addresses the first memory
location of the routine and responds to the instructions it reads. When the instruction has been performed, the MPU
addresses the next memory lacation of the routine, reads the instruction and performs the instruction. Some instructions
may branch the controller to another routine, athers provide instructions to the instrument based on the informaticn
programmed in the ROM’s,
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Random Access Memory (RAM)

Random Access Memory (RAM) is the “scratchpad’’ element of the controtler. The memory locations of a RAM do not
normalfy contain parmanent data. Data can be written nto a memory location and then read out again at a later time.
Data written into a memory location destrays the data previously stored in that location which is no tonger needed,
thus the term “'scratchpad’’. Data stored in 3 RAM is also normally destroyed any time power is switched off or
removed from the instrument. Hawever, with the 8160A there is a non-volatile RAM section {due to battery back-up}
which stares the current operating data and the 9 parameter sets.

RAM’s contain two buses - an address bus for the addressing of a particular memory location, and a bi-directional data
bus for transmitting data in the read mode or receiving data in the write mode. Both RAM buses are connected to the
address and data buses of the MPU, The address decoder is also connected to lines of the address bus and controis

the enabiing of each RAM. Read or write functions are controlled by a single line from the MPU., With this con-
figuration, the MPU can enable a particular RAM and address a particular memory location for either a read or

write function.

Peripheral Interface Adapter (PIA}
The peripheral interface adapter (PIA) is a part of the HP-IB section and provides the communication link between
the MPU and the outside world.

Figure 8-7—4 is a block diagram of the PIA showing internal tegisters and input/output lings. The PIA contains the
fallowing:
al An 8-bit bi-directional data bus for communication with the MPU {D@ — D7).
b) Contrel lines to enabte the PIA and establish the read or write mode of operation.
¢} Two independent bi-diractional 8-bit peripheral data buses "A™ and "B” (PAQ — PA7
and PB@ - PB7), used enter data and generate instrument control and data signals.
d} Six internal registars, three associated with the Peripheral Data Bus ""A’" and three with
Peripheral Data Bus “B”. The three registers of each half are:

1. A programmable control register 1o contral activation of the peripheral data bus.
2. A programmable data direction register to establish each individual peripheral bus line
as either input or output.
3. Data registers for holding the data to be transmitted.
e} Address lines for enabling one of the six internal registers,
fl Peripheral control outputs, of which a single line {CB2} is used.

UEIa L HEr

Sibmt A bRl A
et Rl T

- e L] L

EEE O FAG Sy o

Figure B--7—4. PIA Registers and Input/Output Lines

From the MPU's viewpoint, the PIA is simply memory locations that are treated in the same manner as any
other read/write memory. The read/write function is cantrolled by a single line {R/W) from the MPLL This is the
same line used 1o control the read/write function of the RAM’s,
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Address Decoder

The address decoder is an enabling device. See Figure B—7—2, Basic Controller Structure. It enables 2 ROM, a

Modeil 81604

RAM pair, the HP.IB data interface, the Control Line and Data Interface, the Keyboard Scanner ar the Display,

dependent on the address applied to the atddress bus by the MPU, The address performs a two-fold function;

not only does it indicate the memory location within the ROM, RAM or P1A desired, but when applied through
the address decoder, it identifies the element to be enabled.

Control Line and Data Interface (Schematic 11)

The instrument uses an internal 16-bit parallel Device Bus. The function of this bus is controlled by 3 Device

Bus management lines. The control line latches and the data latches, which terminate the Data-Bus, are selected
through Address Enable Lines over the Address Decoder.
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Figure B—7-5. Control Line and Data Interface

Controlier, Detailed Theory

In the previous simplified theory of the controllar, a basic description of the major elements was presentad. Here
the detailed block diagram and schematic diagram of the controller are used to provide a detailed description ot
the interaction of the major elements.

The major elements of the controller are restated here.
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al Microprocessor Unit (MPL)

b} Read Only Memory {ROM)

¢) Randoem Access Memory {(RAM}
d} HP-IB Interface Section

e) Address Decoder

f} Control Line and Data Interface
g) Display Interface

hl Keyboard Interface
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MPU (Schematic 10}

The MPU is the principle element of the controller. 11 is an eight-bit parallel microprocessor with a maximum
addressing capability of 65,536 words. 11 is TTL compatible and requires a single 5 V suppiy. Several memory
devices (ROM"s and RAM’s) and an input/output interface device (P14} are used 1o support the MPU. Before
describing the major elements in detail, an explanation of the MPU inputs and outputs will be presented. The
inputs and outpulis can be divided into four groups — Data, Address, Control and Supervisory. Figure 8—7-6
indicates the MPU lines in each of the four groups. This explanation will kelp to relate the other elements to
the MPL.
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Figure 8--7—6. MPU 1/0; Data, Address, Supervisory and Control
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Data Bus

The MPU data bus is an 8-bit bi-directional bus. #t is the communication link between the MPLU and the
memary and interface elements.

Address Bus

The address bus contains 16-bits. Some lines of the bus are used to address 3 memory location and additionally
are decoded to enable a particular memory or 1/O device.

Control Signals

The control signals include Interrupt Request {IRQ), Read/Write {R/W), Reset (R), Valid Memory Address (VMA)
and Data Bus Enable (DBE). The iRQ line is connected to the HP-1B interface. When it goes to a logic zero it ini-
tiates an interrupt sequence which is the HP-1B data input routine. R/W and VMA characterize the data bus and
address bus respectively. R/W designates whether the MPU is in the read or write mode for each cycle, thus it indi-
cates the direction of data transfer on the data bus. VMA indicates to the memary and 1/Q device that the MPU

is performing a read or write operation in a given cycle. DBE controls the data bus; it is the bus enable signal
indicating when data is 10 be placed on or taken from the bus. Reset, R, actually originates as a supervisory signai.
it is used fottowing power-on or a power down condition to go an intializing routine to set up the controller
starting conditions.

Supervisory Signals

These signals include the two-phase clock signals (B¢ and @p}, Data Bus Enable {DBE) and Reset (R). The two-phase
clock signals and DBE are generated by the clock circuit. The clock signals drive the microprocessor and DBE
enables the data bus, The start-up circuit provides the R line which initiates the start-up routine and resets the
controller.
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Clock Circuit {Schematic 10)

The monostable flip-flops provide the non-overlapping clock signals @1 and @9. The @2 (TTL) signal is employed
in the microprocessor system, while the microprocessor itself uses a clotk derived from a buffered @1 (TTL} and

0, (TTL).

@2

+Ey Fx

CLEAR

[ I8

LWMHA

Figure 8—7-7. Clock Circuit

Restart and Battery Back-up Circuit {Schematic 11)

The restart circuit provides the microprocessor with the required RESTART signal at power switch-on, This signal
is a pulse with approximately 80ms width and is fed to both the microprocessor and Peripheral Interface
Adapter (PIA].

The battery back-up circuit provides battery charging during instrument power-on, and power to the non-volatile
RAM section during instrument power-off. During instrument power-on, batiery charging is done via the Q@
circuit (schematic 11). The resistor AT, which has a negative temperature coefficient, disables the battery charge
function at low temperatures (<X 0°C). In the instrument power-on state, the +5g 7T voltage is derived from the
+12 V via Q8. Diode DRS then enables current flow to the RAMs, and diode CR3 turns Q19 off so that no

brattery discharge can occur,

When the power is switched off from the instrument, the battery voltage is connected via Q10 to the RAMs.
Then diode CR13 prevent current flow over the 5 V line to other devices.

During normal operation, the RAMs require a high RAM ENABLE (CEZ2) signal, In the event of the +6 VgatT
supply going down, the RAM ENABLE must go low prior to the +5 VRaATT line falling below +4.76 V. This action
ensures RAM data retention, and the RAM’s then only require +2.6 V to supply the non-volatile section,

The RAM ENABLE signal is generated via Q13 and the differential amplifier Q11, 012, During power switch-on,
this signal {at TP3} also triggers the monostable flip-flop U48 to generate the RESET pulse,
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Control Signal Generation

Control signals include signals that are generated by the MPU, signals input to the MPU and signats both input 1o

the MPU and transmitted to other parts of the controller, The control signals include Read Write {R/W) and VALID
MEMORY ADDRESS (VMA) generated by the MPU. interrupt Request {IRQ} which is input to the MPU and DATA
BUS ENABLE (DBE) and Reset (R} which are input to the MPU and also transmitted to other parts of the cantrolfer.
DBE and R are generated as supervisory signals.

The RAW is a signal from the MPL to RAM’s or the PIA to indicate when it is in the read or write mode. VMA s
generated by the MPU and combined with 85, via AND gate U23, to be transmitted to the address decoder to indicate
when data on the address bus is valid. IRQ is transmitted to the MPL from the HP-IB interface over the PIA, When
{RQ is low, the MPU accesses the HP-IB data input routing in memory and through the routine, receives and acts
according to the HP-1B data under remote control,

Keyboard

The keyboard provides the interface between the user and the instrument during manual ocperation. Through the
keyboard, the user can program the various operating parameters. Four vernier keys are also contained in the keyboard,
to allow the user to alter ail parameters.

The keys of tha keyboard can be divided into seven groups plus a reset to local key which sets the 8160A back to
local aperation. The groups are as follows: INPUT MODE Group; the PARAMETER keys including STORE, RECALL;
the CHANNEL/DATA Keys; the ENTRY Keys: the VERNIER Keys: and last the OUTPUT MODE Keys.

Tha keyboard scanner operates in the following manner. Six bits of the Data Bus are |latched in and then fed to a
Multiplexer and BCD-Decimal Decoder which form a key matrix. Pressing a key results in a low-going KEY DOWN
Line. This fine is routed over U26 to the Data Bus, and detected by the Microprocessor {software debouncing routine
ensures the validity of the key-depress actioni,

HP-1B Interface {Schematic 9}

The HP-IB interface circuit comprises the Peripheral Interface Adapter (P1A}, which is described earber, together with
some additicnal circuits.
In order to recognize MEA or MTA (MY ADDRESS), a 5-bit comparator is used 10 compare the 5 selectable addresses
{set an the rear panel address select switch] with the DIO lines 1-5. The B section of the PIA handles the incoming
and outgoing data over the Data Bus Buffer and HP-1B terminating resistors. The ATN signal disables the TALK BUFFER,
and sets RFD, DAC and DAV so that the instrument is in Data Receive Mode. In the Command Mode, ATN in con-
junction with DAV {Gate U62 pin 9/10/8) causes an {RQ 10 occur, so that the instrument will respond to the HP-IB
message.
The three leftover interrupt inputs of the PIA have the following functions:
al IFC at the CB2 input sets the instrument to LIDS and TIDS.
bl REN enables the instrument to go to the remote state, while REN forces the instrument
from REMOTE to LOCAL [CA1 input),
¢l the third interrupt line is from the LOCAL key {only functional if no LLO} which also forces
the instrument from REMOTE to LOCAL {CA2 input),

The SRQ line is controlled by tha PIA part A, PA1. During initialization, PA1 is an input but pulls U1 pins 12 and
13 high so SRQ will be high and na service request can be initiated.

The acceptor handshake in the Listener Mode is controlled by the MPU via the RDY line.

In the Talker Mode, ATN and LIDS disable OAC and RFD outputs. With ATN and TIDS data can be sent over
the bus. After data transmission to the data output buffer, DAV will be sent by the MPU. Then the instrument
waits for DAC. On receiving DAC, the 8160A sets DAV, thus preparing new data. This status remains until
RFD is set, at which point the B160A can send new data and the complete handshake is repeated.
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TROUBLESHOOTING

Due to the complexity of the microprocessor, board A2 is on a blue-stripe exchange board program.
Troubleshooting is therefore limited to a few tests which determine whether the microprocesser is functioning,
Perform the following tests:

1, Check that the clock generator waveforms are as shown in Figure 8=7-8,
2. Check voltage at TP1 = 12 V

3. Check voltage at TPZ—~ 5V

4, Check voltage at TP3 - approximately 5 V {(RAM ENABLE)

B, Cheek signal at TP4 is as shown in Figure 8-7-8.

SV :200mV
&1
OV £ 200 mW supaly
woliage
—i 1% §¥ = 200mY
» l I \ ' OV £ 200 mV

I
L~ Th4

)
5V £ 00 mv tornon pos wansition torees
r V V (A + B} o+ to perform firet cyele (Restart)
L SO SR SRR & L3
Figure 8—7—8, Clock generator waveforms Figure 8—-7-9. TP4 Waveform
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SERVICE BLOCK 8
BURST GENERATOR A20 |12

THEORY OF OPERATION

To obtain a counted burst, a counter is necessary to stop the VCO after the required number of pulses has been generated.
iThe burst generator of the 8160A operates for any given burst number between 0 and 9999 at all period settings). Should
the burst number be re-programmed during the burst, the burst is interrupted, and the hurst counter reset. The counter
must then be re-triggered for the new burst.

A block dizgram of the burst generator is shown in Figure 8—8—4. The burst generator consists of an acceptor circuit, a
number of 1atches for the device data, a reset circuit and a binary down counter.

When the burst generator is programmed, the counter is set to the desired burst number. After a trigger pulse sets the burst
flip-flop U26, the VCQ is turned on and the burst generator starts to count down. The D-input of the burst flip-flop goes
low when the counter reaches 1. The positive transition of the next pulse then clocks the burst flip-flop thus shutting off the
VCO and resetting the ECL counter in the burst generator.

To enable a very short recycle time, the TTL counters in the burst generator set a flip-flop when the count reaches 16 and
are themselves then reset. The flip-flop is next reset when 1 is detected.To eliminate propagation delays in the rep. rate
generator, the G output of the burst flip-flop U26 is connected to U28 pin 13 via U21 on the burst generator assy. At
very short peried settings, this blocks any pulse that is already under way when the YCO is shut off. It also disables the
VCO output for burst number 0,

TROUBLESHOOTING

To effectively troubleshoot the Burst section of the
81604, the following equipment is needed:

1) Extender Board 08160—66573

2) Extender Board 08160-66572 (2)
3} Extender Cable 08160—-81610 {2)
4, LogicProbe ECL

5} Logic Probe TTL

6} Oscilloscape

Using the listed equipment, check that the conditions at the following test points (see also Figure 8—8—4 for
precise location) are true as indicated in timing diagrams, Figure 8—8—2 and Figure 8—8-3:

Q-— Load pulse from acceptor to toad latches { via BURST (FARAMETER), NUMBER (DATA), and
BURST (ENTRY) }

(Y Load pulse from aceeptor 1o load counter | via BURST {INPUT MODE?} or BURST (PARAMETER),
NUMBER (DATA}, and BURST (ENTRY] |

ﬁ—' Burst enable/disable {from rate acceptor)
Q— Accepted data are correct {as given in Table 8—~8~1 for the respective burst number).
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Q —~ Burst flip-flop Y26 is ok. To test this, use the following procedure:

1. Set burst number to 0.

2. Press BURST input mode (reset pulse) and MAN {set pulse) Ll
alternatety, checking that the fiip-flop functions correctly —

as shawn in Figure 8-8-1.

3. Open J&/5 and rate path A23/U28, A20/U21 can also be tested.

NOQTE: some pulses are very narrow and may not be detected by the logic probe.

Tahle 8--8--1. Lateh Truth Table

Maodel 8160A
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Figure 8--8—1. Burst Ftip-Flop

Burst U7 pin U8 pin US pin U4 pin
Number 210111 210111 210111 210111
0 | DO0O0O 0000 00D 0 001
1 1000 0000 0000 0040
2 010290 000D 0000 000Q
4 00140 000D 000 O 000Q0
8 00 a1 000D 000290 000
1 6 0000 100090 000 2a 00¢G0
3 2 0000 otodo 0o0Go0c9o 006G
G 4 00009 0010 0000 000
i28 0000 0001 0000 000
256 0000 0000 1000 0040
B 1 2 0000 0000 0100 000
1 0 2 4 0000 0000 001D 000
2048 0000 0000 0001 00¢O0
4 0 9 6 00020 0000 000D 100
219 2 000290 0000 0009 010
g8 1 9 1 1T ¥ 11 1T 1 11 1T 1 11 1 10
Burst of & Pulses Burst of 16 Pulses
I 43615 Extoavoed pulse | UTESS Exr ¢larl puise
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Figure B—8-2. Timing Bidgram
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Burst Number Acceptor
{all signals are TTL level}

Model 8160A
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Model 81680A Service

SERVICE BLOCK 9
REPETITION RATE GENERATOR A23 (13| |14 |15

THEORY OF OPERATION

GENERAL

The repetition rate generator has to provide a train of pulses approximately 3 ns wide for the delay generators and
the reference trigger. A block diagram is given in Figure 8—1—5,

Ext. Input Amplifier {Service Sheets 14, 15)

In all input modes except Normal mode, the repetition rate generator is controlled {either gated or triggered) via the
external input amplifier, the input impedance of which is selectable (50 ohm or 10 k ohm}, The incoming signal

enters a limiting level-shift circuit, the middle limiting value being approximately —1.3 ¥ and the shifted Jevel being
determined by the setting of the trigger level potentiometer. The next stage is a differential amplifier that incorporates
the trigger slope switching, followed by a differential amplifier wired as a Schmitt trigger. This amplifier drives a pair of
striplines, one of them causing a signal detay of approx. 3 ns. The signals are then fed 1o a gate configuration {U21,
U22}, In NORM mode, these gates are disabled, thus effectively blocking both signals. In GATE mode, only the delayed
signat is blocked, In TRIG or BURST mode the non-delayed and the delayed inverted signal pass through a NOR gate to
generate a 3 ns spike, This spike is wire-OR ‘ed with the BURST disable signal, so that only if BURST mode is selected,
¢an the spike set the BURST flip-fiop U26.

The gates are connected to the contral input of the YCO IC. At low level {—2 V} the VCO oscillates, and at high level
{—1.1 V} it is stopped.

Control Circuit {Service Sheet 13)

Fiom Ea1  —g  BRIT Trigger
mpul and Burst

. "
Budit FF i bl e =gl 1ahgd dwileh

posilive
current source

Hvin b dora

nsond
songe
LT

| sermut-
tingger

] ey current
Source

D o8 Bus d0hp daig
N us?

—— F0ARE el

Figure 8—9—1. Rate control



Service Model 8160A

The control portion of the repetition rate assembly consists of:

— anumber of gates and latches which constitute the receiving end of the device bus
— aD/A converter for the VCOQ control voltage

— iwo voltage-controlied current sources

— and a range switching circuit

The operation of the 12-bit D/A converter can be explained by considering a single bii. As can be seen in Figure 8—-9-1,
a PNP transistor shifts the output level of a CMOS latch and delivers the base current for an NPN transistor that operates
as a switch. The voltage at the output of the D/A then depends on the settings of the switching transistors, since a
constant current flows through the resistors that are switched on.

The output voltage is directly proportional to the resuiting resistance and makes an inverted D/A converter (D/A™ 1)
possible. A i0/a~ Ny is necessary because the programming of a long period makes a low VCQ current necessary and
vice-versa. The voltage controdled current sources deliver a source current | into the ramp node and sink a current

2l out of the VCO IC.

The Voltage Controlied Oscillator {Service Sheet 15)

A block diagram of the VCO is shown In Figure B—8-2.
The negative current source is switched on and

off the ramp node via a differential amplifier {U30)
wired as a current switch. The rasulting current into

the ramp node is therefore * | depending on the state
of the current switch. This current charges the ramp
capacitor (C21/C22). For pericds 2 100 ns an addition- Pt ca

al ramp capacitor C23, is switched in via the pin diode, e
CR24, therefore providing two VCO ranges: 20--89.9 ns
and 100—9899 ns. {By using an exponent counter periods A rﬁ

as long as 999 ms are possible without the need for iy P ‘i T &]—_ U

additional ramp capacitors). s

Wi faniasl 1 —do i II
‘ ) o >—1.q > L4
For a more detaited explanation of the VCO principle, i
assume ihat the current switch is on, in which case a [ R

current (~1} is drawn from the ramp node. The voltage
at the ramp node drops until it reaches the jower thresh-
ald level of the Schmitt trigger. The Schmitt trigger then
changes its state and turns the current switch off , i.e. ot amu s s e
the resulting current is now +1. The voltage at the capa- :

coiranl sowlch CE1 LnEp cunddal Bom rgmp-c o and D51
citor rises until i1 reaches the upper threshold level of
the Schmitt trigger which causes the current switch to

turn on again.

nea amD aenie 3 Fha
. Lehmill 1raggad Sminghe ) Bdey =reih spees B0
CER T Saeml Lawer CEY chaiges 14m@ £ aRain

When the VCQ is switched off, the level at the ramp node
remains stable at the lower threshold level due to the
action of the clamp circuit. In this VCO off-state, the
current switch is on and draws 21, hence the clamp circuit
must supply |. Should I change {by period change), the

clamp level must be adjusted to compensate the changing
volt-drop at the Schottky diode (CR21) — thus a constant
level at the ramp node is maintained.

Figure 8—9—2, VCO-Rate generator

When the VCOQ is switched on, the clamp level is pulled
down causing the Schottky diode to cutoff — thus en-

suring that waveform at the ramp node is not distorted
by an additional clamp current.

8§-94



Model 8160A Service

The Exponent Counter {Service Sheet 15)

The exponent counter (a block diagram of which is given in Figure 8—9-3) is designed so as to avoid the use of high
capacitance and to minimize jitter. An explanation of the exponent counter operation is perhaps best given by first
assuming that the VGO is off, input mode selected as GATE, and the exponent counter set to divide by 100.

Under these cenditions, the R input of the exponent counter flip-flop U23 is high, Qs high, therefore U28 pin 12 is low,
U37 and U138 are set to 0, and U39 to U42 are set to 9. When the VCO is turned on, the first pulse passes through gate
128 and sets flip-flop U23; therefore Q@ is now low, U28 pin 12 is high, and no further pulses can pass gate U28. Counters
U37 and U38 then count the pulses up to 99 at which point they are set to 0 again. The negative transition of the 99th
pulse clocks flip-flop U23 to set Q high. U28 pin 12 is now low and the 100th pulse can pass gate U28 again to restart
the whole cycle,

When the GATE pulse ends, the VCO input goes high, the pulse train is interrupted, and the exponent counter reset
ready for the next pulse that turns the VCO on again.

The exponent counter divides the VCO output frequency by 107 (n = 1, 2, 3 ... 8}. Because flip-flop U23 is clocked when
all counter cutputs are 9, the counters invalved in counting must be set to O at the end of every count-cycle, while all
non-used counters are set 1o 9.

Role o bt

Figure 83—9—3. Exponent counter

o ] 1
s |
o 7] [1
weerr [ LS

Figure 8—9—4, Timing Diagram
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The Qutput Buffer Amplifier {Service Sheet 15}

For periods < 999 ns the exponent counter is turned off and the VCO output {square wave} goes directly into the output
buffer circuitry. For periods = 999 ns, the waveform is derived from the VCO and exponent counter, the duty cycle of
this waveform being dependent on the period.

In order to function property, the delay generators need an input pulse 3 ns wide. To generate this pulse U28 drives two
striplines, the stripling connected to the non-inverting output having a 3 ns delay. U29 then generates a pulse of the required
width from the inverted and non-inverted delayed signals, which is in turn level shifted via 2 diodes to drive the output
buffer amplifiers U31 and U32.

(There are four identical output channels available for the different configurations of the instrurnent).

TROUBLESHOOTING

Before troubleshooting the repetition rate generator,
place board A22 on an extender board as shown in
the photograph.

An important part of the repetition rate generator is the VCO and its corresponding current sources. A convenient
way to check the VCO is in EXT TRIG made as both currertt sources are then set for maximum current, Voltages
can be measured as indicated in Figure 8—9-5. (See also EXT TRIG mode waveforms at the end of this Service
Block).

|
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Figure 8—9—5. ¥CO voltages
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The following tables can be used for checking the different functions associated with the repetition rate generator.

Tabie 8-9-1, TRIG LEVEL Voltages

TRIG LEVEL U1/ u1/7 Q2 base Q2 Qmm. | U2/15
cow 124V | —126V | -58V ~6.6 V 25V
9 o'clock 76V | — 77V | —36V —43V 25V
12 o'clock 15V | - 186V | — .7V 15V 13V
3 o'clock —54V 54V 2.4V 1.7V ov
cwW -1V g2v | 41V 34V ov

Table 8—9—2, D/A Converter Truth Table

NOTE: Digit 6 in the following display corresponds to A23 U56, digit 7 to A23 US55 and digit 8 to A23 UG4.

The foltowing truth-table is valid for all three IC's, .

PER Display
digit digit digit
6 8

VALUE
Display No. Q3 Q2 a Qo
pin 18 pin 12 ping pin3
1] 1] 0 0 0
1 1] 0 0 1
2 1] 0 1 G
3 1] 0 1 1
4 1] 1 0 0
5 1] 1 0 1
& ] 1 1 ¢
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1

Service
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Table 8—9--3. Period Ranges

Range Period
1 20ns — 923 9ns
2 100ns ~ 989 ns
3 tus — 9.99 us
4 1M0us — 99.9 us
5 100us - 999 us
5] 1ms — 9.99 ms
7 1Mms — 99.9 ms
8 100ms — 999 ms

Table 8—9—4. Voltage Controlied Current Sources

NOTE: The following voltage patterns relate to the 'ns’ period range, hut are identical for the ‘'ms’ and ‘us’ ranges.

e.g. 18 ns corresponds to 18 ms and 18 us.

Period u71/8,3 | U721 TP U737 u73A
18 ns -~ 59V | s9V —29v| 8V -7V
] 25 ns - 42V | 42V —21Vv| 9v - 81V
first 50 ns —2av | 2av | c1av|ie2v | - 9av
range 75 ns - t4v 1.4V - 7vitosv - 99V
99.9 ns - 11V 11v | — Bvil08Vv TR
100 ns -106V | 106V | —52V| 55V - 44V
second 500 ns —21v | 2av | —taviio2v | - gav
range 999 ns -1V 11V - 5v|i08v -0V
third range T s -106V {106V —52V | 65V — 44y
EXT TRIG —72V {433V -2V
Mode

Table 8B—9-5. Input Mode Logic Signal Truth Table

NOTE: The circled numbers refer to the signal numbers in the Schematic.

Model 8160A

P i | S
@ ; 69 67 65 74
HG DIS HTRIG DIS TRIGLED 2 H GATE DIS HBURST OIS | HSINGLE PULSE H NEG SLOPE HPOS SLOPE
H TRIG D15
“NORM 1 1 1 1
TRIG 1 1] 0 1 Posibve pulse Positiva pulse
when SINGLE when Input
GATE a o 0 ! PULSE push- Made change
BURST 1 1] [} o button pressed.
POS 1 a
MEG it} 1




Mada| B160.4

Table §—9-§. Pericd Rangas Truth Table

NOTE: The circled numbers refer to the signal aumbers in the schamatic

R ®|® @ @
EXFTRIG 1 1 1 1 1
Hing = 88.9 0 1 1 1 1 1
100 ns — 999 ng 1} 1 1 t 1
s - 9.00 ue First gourner gutomancally enabled,

1 jrs — 99 G g 0} i) I 1 t 1
100 pa - 99840y 4] [+ Q 1 1
1ms - 9.99ms 4 0 i} [t} L] 1
10m; —989ms | 0 o 0 1] 1) 1
100ms - 998 ms 0 0 a ) 0 o

Rate Generator 23

Service

For & fast signal, test pictures are taken with 3 100 MHz scope. The levels ave true for 4 tamipling stape which should be

used 1o measura width, transition or amplitude,
Waveform conditions:

§160A — press RUL O

Scope timebase — 1 prsfchiv

External pulsa gerarator — fraquency 100 kliz; BO% duty cyele

Input Mode — TRIG

Input Mode — GATE
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55 BE
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Aave Generalor 523

For a fast sigral, test pictures are taken with a 100 MHz scope.
The levals ara trug lor & sampling scope which shauld be used
when measuning width, tramsition or amplitude.

Wayeloren conditiuns:

BHE0A - press RCL 0.

Scope limebase — 1 psidiv.

61604 ser 1p 999 ns penod,

A160A set ta 1 s pericd

a aaa

W u

-100

Y & B%

Rale Accepion

(Al signals are TTL level}

Waveferm conditions:

Scope timebase — S0 usidiv

Conmrgller program med to obtain repeannyg sional
wit 717, “PER 1 8™ jmp 0.

Maodel 81604

Fate Input Mode Acoeptor

811 lavels ara TTL levall

Waveform conditions:

Suope timebase — 50 psidiv

Conirolled programmed to obiain repeating signal
win TAT 717, jep O,

Han Aetin

ol oRod e

wno
HOAT
Hiran
(L0
s bzt
usaits uB
L1} ™
AR WAAL

For device bus datalls see SERVICE BLOCK 2,

For device bus details see SERVICE ALOCK 2.
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Model 81604, Service

SERVICE BLOCK 10
TIME INTERVAL A126. A127, A128

THEORY OF OPERATION

A simplified diagram of the time interval section {T1) is shown in Figure B—10—1., This section can provide a delay or width
function depending on the position of the DELAY/WIDTH switch on A128.

The delay is generated in two different ways, Delays from 0 ns up t0 49,9 ns are achieved by switching 50 ohm lines, which
have fixed propagation delays. Delays = 50 ns {multiples of 50 ns} are generated by a counted delay generator, which is
described later on in this Service Block.

maeng [ IJ_E‘:_:J_DJ?_DI?_EEJ_’
Iiries ACCERIDA e — H [
" 1
ﬁ BN e L o s
L SEEHHHE
_”__._.____dl.____.__ RS S _4 R I S

At bk oo

Figure B-10—1, Simplified block diagram of time interval section.
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Service Model 8160A

Delay 0 — 9.9 ns
The delay of this section is achieved by printed circuit 50 ohm microstrip lings in the following steps.

Table 8—10—1, Delay steps

Ons —0.8ns 1ns—9ns
0.1 ns 1ns
0.2ns 2 ns
0.2ns 3Ins

(2 x0.1ns)
0.5ns 4 ns

An example of how these microstrip lines are switched for a particular delay value in this range is given in Figure 8—~10-2,

a126 0=-19bns

I I o

Figure 8—10-2 Delay 0 — 9.9 ns (switched 10 3.5 ns)

A truth-table providing the device bus bit pattern for each value in this delay range is given in the troubleshooting part of
this service block. (Tables 8-10-3, 8— 104, B—10-5].

Input Shaper (Schematic 16}

i i . INPUT SHAPER I
The input pulse coming from the rate generator or the previous L]

TI wnit transitions between —0.6 V and 0 V with a pulse
width of approximately 3 ns. The input shaper comprising
a pnp differential amplifier {Q1A, Q1B} followed by an npn
ditferentia) amplifier with current source outputs (U1A,
H18) then directs this input signal to two different routes.
One route is the delay route, while the other is the width
1trigger route {see Figure 8—10-3).

This shaper circuit is also used for pulse restoration in
the T section.

L

Figure 8—10--3. Shaper circuit of Tl section.
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Modei 8160A

Delay Line Switch {Schematic 16}

To avoid reflections, a delay line > 0.2 ns is switched on
and off at both ends of the iine — See Figure 8—10—4,

In this Figure, which iliustrates the 0.5 ns line, transistors
017 to Q20 are high beta types with {ow resistance. A
high { > 0.9 V} at Q23 base turns Q23 off and Q24 on.
This causes Q21 to cut off, and Q17, Q20 both saturate
thus switching the signal pulse through the 0,5 ns delay
line. Simultaneously, the saturated Q22 pulis the base
potential of 018, Q19 down to approximately —4 V and
switches 018, Q19 off (since the signal pulse is oniy
slightly negative). Diodes CR7 to CR10 are used to de-
couple the collector-base capacitance of Q21 and Q22.
This sarme principle is repeated for all delay lines > 0.2 ns.

Compensation Network {Schematic 17}

Since the dielectric constant of the printed circuit board
varies with temperature, this effect has to be compensated
for the delays 1 ns to @ ns, The temperature veltage Ut

is generated by the NTC (negative temperature coefficient)
resistor A126 RT1 together with transister A126 Q5.

As can be seen from Figure 8—10-G, voitage Uy, CMOS
switches U2, and resistors R120 to E123 determine the
current from current source I — which in turn shifts the
pulse relative 1o the fixed trigger level of the output
buffer (68, U3). By shifiing the pulse, the trigger point
on the leading edge is altered by a time, AT, which is
the delay compensation time,

Service

A +QVEX
Y .t
| -

I e

:s b

L

H"’;!.
0vEx M

Figure 8—10—4. Deiay line switch

Signal

ahul

Delay It -One

Eliles

Qe L3
Aukpet
n

L T- tume compensaban

Figure 8—10-5. Compensation network (see also schematic 17}
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Service Model 81604

In addition to compensation of temperature effects, an adjustment of the delay lines 1 ns, 2 ns, 3 ns and 4 ns is necessary.
This is accomplished via CMQS switches U5 and resistors R150 to R157, which also affect current source I, A third
function of i is 10 compensate the base current of the delay line switches. For this reason a minimum current {the base
compensation current) is continually flowing into lo.

Delays 10 ns to 40 ns {Schematic 18)

This detay range operates via 50 ohm coaxial cable which can be switched in 3 steps — 10 ns, 10 ns and 20 ns (see Figure
8—10—8 for a functional block diagram of this section). The RC/RL network at the end of each line is necessary to compen-
sate the step response of the cable. Also, the resistive T-network in the non-delayed path compensates the cable

attenuation.

A127 Wns»ilns

E e &1

w allk

Io st 1]

e Tiragar R

HillE
v,

Figure 8—10—6. Delay 10 ns — 40 ns {switched 10 0 ns)

As can be seen from Figure 8—10—6, the reference trigger is also routed via board A127, this route having the same propa-
gation delay as a 0 ns selected delay. The result at the cutput of the time interval section is coincidence between the "delay’
pulse and the reference trigger when Q ns delay is selected,

Delay = 50 ns {Schematics 19, 20}

For a better understanding of the cireuits invelved in this delay range, a general description is given first followed by
detailed descriptions of individual circuit functions.

The timebase of the counted delay is an astable multivibrator with 80 ns period, which can be synchronously started and
stopped.
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— ALZE AT A1# nx 00s Delay

13 Bumsl

o
>—r-‘Ln_.‘.:n.|-
|
|
. ek
1

:" >__ i~ — nel
o .-_L s e

gt ey
Foggre

Figure 8—10 7. Counted delay and eutput of time inteval section.

Figure 8- 10-7 shows the princeple of this circuit. Aler the ‘delay’ pulse has passsd the switched delay lines, it sets the
gole fhp-flop, U1, and starts the astable multivibrator which produces a square wave of 50 ns period. Meanwhile, the
e agramerd ble down counter, which i sat hy bues data to "N, disatles gate U3, As soon as “N- 17 pulses have passed the

" counter, it enables galg U2 te let the “Nth™ pulse of the multivibrator pass. The resultant pulse 3t the ouTput of gate U3
resels the programmable counter, disables gate 03 and resets the gate tlip-flop U1, Sinca this output pulse appears W x 50
ns alter the start pulse ol the multivibrator, a delay of N x S0 ns is achieved,

Astable multivibrator N x 50 ns (Schematic 19)

As can e seen in Figurg B—10—8, toyether with nming disgram Figure S— 10-9, 2 high at the base ot 06 { = 0 V) disables
the multivibrator consistng of QF, Q8 angd LM, 11 thig state the transistor U1A it switchad on, and puts a low on the base

of 07 twhich is inactive sice (6 base 15 sl highl. Also, the counter output is high to disable the gate U2 output thus putting
d lowe on the R jnput of 1he gats flip-flop UM,

A trigger pulse at the 5 input of the gate flip-flop et O to low aad swilehes UTA off. This cawses a lowihigh stap on the
delay ling, and a high/law step to the blockmg mononable which disables the hase of UT4 for appreximataly 20 s, thys
#vaiding oicillation s with periods of dess than 40 ns. The low/high step on the delay lina travels for 23,5 ns until it reschss
the Lase of Q7 and switches U1A on. The resullis a high/low step at the coltectar of LU1A approximately 1.5 ns later, In
WS way, the rultivbrator oscillates with a period af 50 ns[ 2 x {735+ 1,5} | ne.

The clock far e programimable down counter is derived from (9.

Sorvice

Dakptere 13 $ha

Sipeal ol

ua _}

OOT'LN it
Ak Cyloed
uci g
| e
BLL Comler e
O y———
Figure B—10-4, Astable multivibeater N« 50 ns principls {A 128
Bigral I 1 | r
npul
1 |
AN P
datn FF 1 II T
q ne AL
l _._|\._ A
T A R

n .w:ti ij»i):‘ _\\—:{’_ dJL > 25t o

Figura 3—10—9. Pulse diagram of counted delay of T secrign 14123)
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Service

Programmable TI Counter Schematic 200

The programmable counter comprises a tast, ECL singie decade prescaler and a 6-decade, low powar Schottky coumer, Data
frorn the device bus can only he Inaded into the counter when the astable multvibrator i net running Loading is then
accomplished via signal T1 Load 3 (delayad by LI12) which Ioads the data stored in the davics bus latches. Semultaneously,
15ee Figure B—10—101 the ECL counter is pieset via inpul S end the clock input (UZ, pin 13), The 21701 network provides
the necessary detay between 51 and the clock nput tor proper operation,

To explain the counting process assume first the cocnters are praset a5 follows: {sce also timing diagram Figure B=10-11}.

Tolsle 8--10—2, TI Coumer

CCL counter L5 countars
1 2 3 4 5 & 7 Decade:
5 2 0 o 0 0 o Praset NU_.J

The ECL counter counts down from B to 0 A1 0 the wired “or” O outputs go howw aned retum high at 2 producing the first
ripple elock far the L4 counter. The firet decade of the LS eounter {2-dec.| counts dowa from 2 w ¢ with the {ow/high
tansition of te vipple clock.

When the ECL counter saaches O again, the mext ripple clock is staried - and stops with & low/h igh transition a1 9 of the
ECL counter, With this trarsilon, the firs! decade ol the LS counter (2-dec.) steps from 1 10 0 and gives a high on its max/
min ouptut. Since all other max/min outpu1s were alréady high, this high makes the NAND gate U132 switch to lew giving
the “LE counter reaclout™, This signal presets tha LS eaunter, sats the 1lip-llep UGB, disables the ripple clock pate, and
enablae the ECL counter readout gate U7. The max/min ourput of the First LS counter stage goes to |ow as soom as the LS
counten s prieset, but LS counter readout™ information is sult available, since it is larched in the Hip-flop LGB

The ECL courter connts down again, and at {3}, prepares the gate U7 to allow the next high/low transitian of the clock
inpuit pass. This "ECL caunter readou® pulse sets flip-flop W94 giving a low at the counter output (U394, O outputi.

Alsg, the O output of Inp-llop U9A presets the ECL courvar wia US, UG as already dascribed.

Both readout flip Hops VOA, and LDE are cleared with 2 resct pulse trom the gate flip-flop of the AMY circyit, and pre-
pare The counter for the reset operation.
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Modet 8160A Service

Delay/Double Pulse/Width Switch {General Operation}

The basic principle whereby the three functions, delay, double pulse, and width can be derived from a single input pulse
is illustrated in Figure 8—10—12. A more detziled description of individual functions is given later on in this service
hlock. In order to follow the description, fold out schematic
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Figure 8—10—12, DELAY/WIDTH Figure 8—10—-13, DELAY/WIDTH
and DOUBLE PULSE mode of TI section and DOUBLE PULSE mode timing

The input signal from the time interval section is directed over two routes: a delayed route and an undelayed {width
trigger} route,

For DELAY OPERATION, the width trigger is not used and the output of the T section is switched to the delay output.
In this mode, the width trigger can be added to the delay output, via the double pulse switch, to achieve the DOUBLE
PULSE functian.

For WIDTH OPERATION, the width trigger sets the width flip-flop which is then reset by the delayed signal. The O
output provides the width function with ¢ width that is equal to the programmed delay. |n order to route width pulse
to the outputs, the Delay/Width switch is set in position "Width''.

The necessary signal switching to accomplish the 3 functions is done via current switch A128 U41,

Delay: Inputs U41 pin 15, pin 11 are switched off by Q582, Q57 respectively, and U41 pin 10 is biased to approximately
—0,3 V by (59. In this mode the current switch IC works as a differential amplifier with one side biased, and the other
side switched. The result is a balanced signal at the collectars derived from the single-ended input switching signal.

Double pulse: The width flip-flop U40 consists of two 3-input NOR gates wired for flip-flop function. In delay made
NOR gate U40A is switched off via pin 6, and NOR gate U408 operates as simple gate delivering the ‘width trigger’
pulse at output pin 11,

This width trigger pulse is then switched by Q52 (Q54) to pin 1% of the current switch 1C U41. Since pins 14 and 15 of
U417 are wired for OR function, the delayed signal and the width trigger pulse are combined and appear at outputs U41
pin 12 and 13.

Width: Inputs U41 and 14 and pin 10 are switched off by Q50 and Q59 respectively, and U41 pin 15 and 11 are switched
on by Q52 and Q67 respectively. The NOR gate U404 is enabled and U40 operates as a flip-flop giving complementary
signals at outputs U40 pin 4 and pin 11, which are driving the current switch,
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Service Model 8160

TROUBLESHOOTING

Each channel in the 8 160A contains two time intervat
{T1} blocks, one block providing the width function and
the ather the delay function. The operation of bath T
blocks is identical, the function idelay or width) being
determined by the switch 51 on board A128, This switch
changes the analog path ($1A) and the T) acgeptor
address {S1B]. The position of switch S1B thus decides
whether delay or width data is accepted.

Another switch 52 on board A 128 sets the channel
acldress for a particular T1 block i.e. in the standard in-
strument, 52 is always set to 1, and when option 020 is
fitted, the channel B switch S2 must be set to 2 (this

is valid for both delay and width].

A T black comprises three sections:
1. 0-9.9 ns {A126) schematics @
2. 10 ns — 40 ns (A127) schematic
3. 7 50 ns {A128) schematics

* Arfarae

LM e

When troubleshooting a T1 block, use Figure 8—10—14 to isolate the fauit to one ot the above 3 boards.
Should the fault be on board A126 or A127, the control circuit, U6 and U7 on board A126 or U3 ont A127 can be checked
against the following truth tabies.
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Table 8- 103, Li6 Touuh Table Tabile 8=10—4, U7 Truth Table
A B [y D A B C D
"0.2n: 0505 O1m 02 1ns 2ns Ins 4 ns
Range pin 10 pind  pin2  pin 1 Range pin2  pin10 pin 11 pin1
00ns a 1] Q 1} < 1ns a o 0 0
0.1 e ] 1 ) 1ns 1 b o] o
0.2 ns 1 1] q a 2ns 1] 1 o] b}
0.3 ng 1 g 1 1] 3ns i} 0 1 o
04 ns 1 a n 1 4 ne n 0 /] 1
0.5 ns 1] t L] L] 5 s 1 a o 1
0Gns o 1 1 q & ns a 1 i 1
07 ns 1 1 4] i} 7 ns a 0 1 1
08ns 1 1 1 a fne 1 1] 1 1
08ns t 1 i} 1 @ ns o 1 1 1

Table B—10—E. U3 Truth Table Tatle 8—10=6, Truih Table for Counter

N11 Hi12 N1¥ NT4
A B C

10ns  “10ps 2003 B0 ns 1 ] i} ]

Range pin2 pin 10 pin 11 100 ns il 1 i} [}
150 ns 1 1 1] o

19 ns 4] 0 o 200 ns o ] 1 1}
1003 1 0 il 250 ns 1 a 1 a
20 m 1 1 a 300 ns [i] 1 1 0
3 ns 1 0 1 350 ns 1 1 i o
40 ns 1 1 1 400 ns 0 0 i} 1
480 ns 1 [ ] 1

Should the fault be isolated to board #1728, a good method of check ing the astable muttivibrator operatinn Is to set the T
ok < 50 ns and check the state conditions as shaown in Figure B—10--18. Ontherwizs check the counter latch data as given

:n Table 8- 106 |This table only provides a wuthe 1able for the ‘ny' range, but the digital data is the same for the us” and
st ranges.

Service
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Figure B—10—18, Agtabla multivibratar



Service

Yime Interval A126 E‘ @ Al127 E

Mas " et ftas 0 1 uping

E} HAme as of 4127

—— -l

— LTy
— aav
— -1aw

— e
— v

Titme Interval A120  [16]

Wt
23808 — uuREL DL ar URL w1 W =
Sopm temetaza — Hain 8 g Boet o 0 1 uncee

vsame as of A127

Made| 81604,

Time Interval A128 [ 8]

Fou aLan g, 1o
inn T

oad
Womilin m irchruiak
BI04 e LT
e mn i b g Gy 8 e,

B BE

Time Interval Acceptor 4128 {20]
il parn me TG bt
Tutwluatd = H:arfihn

Hiln

st
Far thace bur b LRI



I0 AY TIME INTERYAL 1 {08101-66526) ) i

- Seryice
wgre W L8 Lew CIRFECTIGN
R1Z0 DEL e Ah,u%l
LT e - COMPENSATION NETWORK v, pg e P
e it st s % o %
B0 wnn gloaplog I|NCL.RT1 AND 05] ,.&‘1%-.-.l d (4 P
b ! ] [
e b L N F—— 2 (i i J | W
. 1 m - H N 206w 15z e K%
o N 2ns P4¥F _ 203K X0k LT
us i — 8 v
T Y e e 2
\b =] 14] H = T b 4 ! !
N — _FIY o, =
?;K
ATy . I ————— e mem e o -
INFUT SHAPER H ﬁ U b [TW'.*:: e [|
. [ - . 1
[L¥] v 5_1- Toa: T
|l i DEPEGN’DN“;} - *IIE'_‘““
. L RVRE R e L) - [T
[ vty —_ : I o
. 1 H a1? o ERELY
| _ — [ )]
i ig an

LA 4 CRI)

ia
L

GRIGER [EVEL &1 BASE

AF UL T Gl - Bl
95y —

Teg ket 3

F5m [ Jiux }

R X ]

——

CHCFELE-eL Al CIIECT
OF L1 ORI M,
Q9.0

v
[_ - o

OHEF LEVEL AT CBLLEST
DF Cem 016,078 L .
CEoGTiads

—
T

- 2NFE

;]
BT

J"W Q DE.a* LIWE Isona| SCaCCAY

w1
T I wiDTn TmEeca
i, 1 el i gind
= - H
a.-@ s !]]s'ﬁi e ‘f]';m ik
i
& . tne
t7 "L R — e
- oo Fin| aa| A n !
tn i ! 3 1L
]
Fu ) bead
ﬁ (¥ i

: N — o7
| _
TRIGGER

[¥F3
RrnA

=
=

—_—— e
ur

wia

L )
| : LT ey
|":"

i_

SB AR Al O 3T ——
DE/ICE 345 O MUTHER3QLRD A1

L MERIPRIGE SR
BOAAD 42 | H

PART OF TIME INTERVAL 1 16
BOARD A126

8=-117




| §160A

W TE

Tl the delen Do ansen e —{ ] a0

Thes board EME pinted firecoal Galave
7 Theth wegral LiMES ndicale 5O Ghm akrpines
3 41l deonilages w0 datpect 16 g0 o

FART OF 126 BD AY TIME INTERVAL t 108101 -66526)

LA}
Ina p

. lns
e

EROM FAEWOLS ' L (<5} iy
TIHE BTEAYRL . tH ol Lro)
Uhil a8 .
I
band

s

“hEFX
INPUT SHAPER
Ak
a3
JLLEN Fi ey
- __F—— wivFE——{ —}
nr na LR
l
L s
1F
b &
14 W -
i U ¢
i by ﬁ”' er N T L e
L %
MFUT SIGHA, 1 ) b s ( 1
- ROW e r ul -
REF WAIE 3_“"'__L ] S
HOWAD &2
g
[5]@ e -
5 - . 4 &1
—cip
a6 .

-NTK

bzl & LIKE
Db AY LINE

(g feran

Ao LI

wa | |
LT
brod

puige
IGUI

WICTI|
TRIGGER




ON & BELAY LINE 3N

CHeQPE LEWEL #T g OF O35~ GROGLF-Tekd I- D2 aia-0k;

L —

[EH
u

Dk?f— 285
K LK

ﬁ.m
bh

A

L) ]
Ik Tk

Service

WUBFUT §IGHAL
T3 N T §
Rowtn L7

i
.
L1 HE
i | st “g

b A

L]
L

e UMIGEE LENEL o

S
e 4,:5‘?4 WO gRiE woRiT g
Ry bl i Rl ALG [F1- 0
w530 Lol EEr ERTLY G 9hn kR
T . | T

j
-

FioAE wa

-

&
LERG DIFF
AP Cao B [ORE % ot . aareurs
g I o - |- - e TG
] e
Rl LY b L]
! I i 5 I L]
RSP NI - 1 Al
(L3
= 0 ula
v
THOUEE LevEL &P LOULECTOAS I -|-'
. gL L1 I
— M e o0 1] zo0 a6y [
Lraw - T
] ] i+
) us 056 a 18
il
P _-sv
— — L iy
Eopird 43m
Faly Ll s iRK2 LT
A5 ]w L3 a2 o
1
———— s ]._ R Taiv F -V Ex
— —_— ll.\l
-20VF Iﬂi’
—— | j Cvusave
_ — {
L 1
Ww.0IH TRIGLEM [0
L_ 1 b ITERVAL 2
FLOATING SUFFLIEL BDARD 4 1
R R — SEVFE tSWER

aLﬂh
: AR A

" 2V T

L 1B 2C VL 4ESEGBH 11 BKILWAHER PR TS (5

s it

(5]

|PIO A1 BD AY MOTHERBOARD

P

Y

I
14 041G

]

PART OF TIME INTERVAL 1

17

BOARD A126




E160A

PART OF A1Z6 BD AY TIME INTERVAL 1 [0B160- 66526}

L%
DHIGIF LEVEL &7 a
(A1) —1

DT LS — - e e e e e e . -
2 LEa] f 72 [
Lk 3 1) 114

(5] @

!LCHG !!‘L'HIQ ‘t(

[J3%n [ Js%h _ [J:
ml . : -

L
Tnm s ol
- XwEn ( R _{r;
wan 11
™ I

Sy

e
Laen
° CELAT WHE I+ ény” 50 Ml COaX WIDIH TRIGIER -
GiER — - .
nGTE

' o
1A he delay lnes chomn Whud = | o¢
0 are penrea e e

it wees wadie 20 dRm Elnpavs

4 AH wptages wilk revpel te gied L




A B C D E F G | H

—
X

@

: ~ .

| / \
. HFFEREMI  WGZEL nR 41

-/

/

EJELE

\ b ]

AL .
TP -

T1e

33

[ETR

6

L_ .

Ee:

fl o

- |%
R

AL 1111111171 ey 111111111111

EUSEIENT SIEL 1} % - % 5 - g o1 om kg A 8 OCHPIMEMT SIGE
Coude 5y s BT F L L Foa v CRCuE Soe
¥
o Gk O |
VIEWEN R ipR -

REF
LIESIG

]
I
sk
4
L)
Ll
L
ce
(5]
(a3 [¥)
[k}
ciz
[ep k]
<t
R
LRZT

GRID
LG

J}
A
Ez:
EX
E}
144
Fi
3
K3
Loh
[FE]
[
re
[
L)
K2

REF GRID REF GARID  RET GRID REF GHID  HEF CAID REF GRIDD  REF GRID REF GRIG  REF GRID REF GRID REF

DERIG Lo DESIG OO DESK:  LOC DESH:  LOC LEFIG LOC DESIG  LOC DESIS  LOC DESIG  LOG DESIG 108 DESIC  LOC DESIG
TR 1”2 LR1G 03 LH ST wil ! s3] K& R3 i x) A24 2 R4 h2 REG E3 A2 o2 Rag
R4 17 IR Fk] L3 =5 3V 12 023 K3 RY » RI5 12 Fai 12 RE? EJ 13 FI R25
{HG K3 fea 53 Lt s oz H2 0}y ¥ RIC 12 R1E 13 R4z HZ RES (L] R7a ©3 RS0
CRE 22 nLd o L1 E& 214 H2 ok ] L] K1l J2 R27 12 AdZ Lex RAG E3 R7E kd A
RT 12 LG 2] LK Al (HT HZ2 LX) ] K4 HT2 K2 R28 HZ Rdd G2 A& £z R78 K4 R0
URH -2 ] n wP4 K1 e 1z 432 K A1 a2 R2% H3 R4S G2 R&1 E3 RI7 K4 R101
CRY 2 Ja 1 511 K2 17 i ©33 <] A4 s H30 ° 2 13] G2 RE2 E2 A8 K3 R102
CHEl w7 s E1 02 [#] B G 034 Ka RIS 1z iEY 1”2 47 F2 RE3 G7 ] k4 RI03
CHIIL W2 I <1 az 43 g ra2 a1 D5 A1 13 A3z HZ H4& G RE4 F3 A& K R4
CR1Z [z L1 13 Q4 a2 2120 L) Rl L) R17 J3 R332 HZ Hay 33 RES E2 RE1 F2 R10%
CRIZ G2 L2 EZ o5 12 gzt E3 R2 w2 ] 43 ) 12 HB4) Ga REG EZ A32 F2 A 106
CH1a4 [£¥4 L3 13 o] 12 72 F3 2¥] [} ma 12 RIS H2 nsl E3 HEF EZ R33 F2 R107?
UKR1Y L L4 [ax] ar K3 1% Ez Rd 2 A J2 A3s e RS2 E3 Higg F3 R4 FZ R108
Sklg G2 Li c3 Of K oM 3 A& K3 A 1z R3? 12 "S53 =] RED G2 R3% F3 Higa
AT Y 23 E4 3 12 25 E2 AE K3 RIT ik Rz4 H3 RS54 D3 RTO G3 [ E2 H110

CHIE F2 L7 [1X) Q10 12 Q26 Ka R7 K2 R23 i3 Lt L] ASE E R G2 w37 F3 LRR ]




UMAIET U VEL @l bREE OF LA O 04 DlF D, Q37 -k

evy —

Fiw

T

L gy

Tay |"|J';|
adie | [adh
1

)
1

Service

= MIVEK

et
Lk

Hiy #rs5
I X3

—

CUTHPY SiGpay TO

#'a crpl
I AMD LFmi DELAY
—twrk
Fist nea
343 I
I L7
.
R ¥
ICS ¥ oz
Ela
o,
nerg
THICK LIGEY INCATE
50 (b STHIFLIHES 3
QHOEE AEvEL -
COMCCTIAS
V31D G0 K £ aze|
o
i__m.. Rzl [ Wi ot ©
1 l [t LA

R
| e
‘k:m?
azs A
[ESTH
HEs
kR F.1
Frin
na
L
L3

TIHE HMPEHRYSAl ¥
BLARD &
L ]
I FIQ 637 Wi Sy °| 19
1
rcnla ‘rckl.s n
Lt /[I]au
EETLY Fham
B QT—
- 1
1
LLY]
e
T2 RPUT amp
CONTRY. BOARD &40
o]

L

e
TR

-3 3 a3 417

\.r - MW FR

o OE h T T

r ri ] P
N P &1
- Lm:" *
Fl3 -
P 92‘;.( ';glw CL“
R e ..._L : I
TEVEE ‘
REF TRIGGER
N i AMPLIFIER
TEICLE kL ar UNE 3o Diw_coax LS . — Hiv, i
. 1N BE =S
L '
WILTY TAICHEA TN 14T LiNE 50 BHM COAY bLA °
—_—
et s TRICT
TS I

-wFr enurw witlfw TRIGLER Th

WO - T T = Ay

FLDAEING SuPPLEy SUPRLES

X aa 4
I

1] @lo] 0@|

l mm:mmwm@r

POWER SUPPLY 8J5 Of ROTHERBOWAN &1

i

i TIME NTERWL )
APAAG -1
"_\
|
=] —— v NG TE N

- BF

| ALL DC-WELTAGES WITH REFPECY 0 Gof L

—_t

*

i

I T .. [
! j T MEET T|ME
INTERuAL LeniT 233

TIME INTERWVAL 2
BOARD A127

18

B-121



A127'BD AY TIME INTERVAL 2 {08160-66527)

OMQFF LEVEL AT BASLE OF Qi-0G8, QAIT-&14, 217, 013,

15 5 L RrRi12p Ny

M

ML 3Kk B

o5y
_I—-isv
L T 1 » - » - > " —_—
: R RI1 Rz Rz6 1 |R2? k
1”-“( Jf"fK lj!fK f:r?f'( s fg DLy {L“AK Dh“ ik -L WK Wns 7 DL 2 y
- - .
)
ﬁmz
ERI
INFLUT SiGNAL . |
FROM TEME T ar '
BCARD AJE B x r2g
.'21! Q. I N —
I P=ra
1 0z
l -
#0809 TR cR? CRR c
TO SUPPRESS
GUTCHES DLRING i7 7
PREGHAMMING . o . - 630 . o
a%3k | |45k 953»(] SE3K a5k [ |9%ak L 9!
B a7 a3 ' 015 ate
| i (:E I LRIN
| IR ‘ nzc RLO Ll
J " 1K 1K
- 20WF ¢ . I -
TP 3 TR
020 4 a3 *
2z f28  ON/OFF LEvEL __, | 238
OF COL_ECToR: )
1626 - Q331 .
-a 3w
—agv.
TPZ? . F7a RTY
953K 453K
+ MIVEX
~SYFX i
FROM REP RATE L — T
ERATOR
GEPL~3 ? FRINTED CIRGUIT
4 DELAY LINE
5] @ i
. ———
FA0M FREYIOUE TIME e
TEIRVAL UNIT s o e
427 v
> . Pl — — REX TPIGGER DELAY LINE 50 QMM COAX OLE
I : i e e
)
17 e | - j L T = WIOTH TRIGSER DELAY LINE 5 OHM COAX DL
2 - =
7@ ¢ :
FAROM TIME INT 1 " | ] NZ 50
nee Lpe I . - 5WFix FEYFY
TOH CEVIGE BUS 0aTA SEE GND ~20VF X S, e L IONF ¢
DEVIZE BUS TROUBLESHOOTING 0 TR |
o v B T 5 J
ﬁ—T] Loud1
et AR
- A |
Vid 111047 023 ¢ g0 L K8 i ¢ ] |

e
DEV.CE BUS GN MOTHERBOARD A) —_— —— l

TO MICROPRTCESS
SUARDT a;

' ' !
iR
@ @ o' Ig L SOWER SLPBLY BUS OW MOTHERBL




A B C D | E F G

Al128 BD AY__TIME INTER\"AL 3 [08160-665281

- T [E‘r:'f ©wrILTH CHAHREL EgmL LEA DINn’
1 I}?)Q
\ i - it ; I
T = m Lo 5?

g o
ACH)

1 e
Pt

e E:“,J@EL,,J R v B ey

w
1 [ I 15

P e Lk

Ama Amnam
! uil .\s Uik
1

CASE T 6
6 | ) " FITTm@b L'_“_'_l_'_lll |] l lm pevRsus
IosoS ¢ 7T OB FWN I! u- 5 (DreIKENT SIDE
L ee s 49 »r»m LMk ER STV T

~ —
—
p
&84
2
]

nog ?B?IDI:L’HHIS S
Lot [ L T S U wiLWED FRpe TOR ]

COHPOHENT SA0E )
EARL TR

HEF GHIL REF GR'D  FAEF GRI0 REF GRID  REF GRID  AEF GARID  AEF GALD HEF GRID REF GRID REF GRID  REF GRIG REF GRID  REF GRID  REF GRID REF GRID
GESIG LUK, UEZMG  LCH: GESIG  LOC DEZH:  LOC DESIG  1LOf QESIG  LOC DESIG  LOKC DESIG  LOC DESIG L3 DESIG  LAC DESIG  LDC DESIG  LOC DESIG  LOC DESIG LD DESIG  LOC

uxa L3
[ ] Ed CHI L2 Lz €6 MP3 o5 Q1 [wk] Rd [} Rt D Adl E4 K103 F5 R114 HS RMIE [ Rz Gl R 24y 1 ua Fd 5 L
i) &) CR2 0z L [#73 MBS A1 1T ] D2 ) Dz "7 Ed A41 0a R104 F4 R120 35 AHG M1 Fi225 13 Rzl n Lig BGE V26 i 4
L] =) [41K] oz Ld (2] KPS Kl Qa0 L] HE Ly RZ5 a2 ] Hay ¥ R105 G4 Ki12h () HZ1w o2 K26 H3 R ES uio H3 ua? LE
o7 Eh Crta o3 LE 7] Q1 b 05 G Ity D3 H 2 [ Rag F& R105 G4 R12§ b RZ11 ] Hedr 42 #1 4] (SR H4 LI28 LG
L] EL CRE L3 LG Ef Q32 Uz [k} G3 A& [V} ¥4 Da Ra7 FG RIOT G4 R127 L7 AZi2 H2 Hi28 12 2 el vz 15 ug 421
ch ) CR? o4 L? o5 a4 Fd a5 Fi Ha D “2a s Ra8 c3 A3 Fa R1z8 Lz AZIZ 13 Rz 17 TF1 K2 wid id 30 Kl
cig T CHI EZ Le 12 [s1:] [«L] an0 HZ R1G #q A28 (=11 Fag £3 Rag G4 R153 L] HZ14 HY R23G a2 TP2 L2 (1 F Hi 31 Kl
cn En CAIZ  ER L 13 a7 ' as: 12 A [ A30 DS nse 03 Y Ga A a2 216 H1 Rz3 a2 RS Lz WS K3 u32 K2
£z 13 a3 EX Lig 12 a6 05 e s A3 rq 3 Es RE1 Ed R111 Fd R0 H2 RZ16  HI 23z oz P4 E5 g K3 U3l L2
13 HY Tt C4 [RE] 13 as o 087 nz fA1a r T3 FG R52 Fa Ri112 =2 R201 M R21T 12 RE3y " Ji Ea uyy K4 L0 '
14 12 o3 Fr (W] 12 21D Fg nng o A5 [l T34 FE R51 [sk] R113 F1 RIO2 H1 at:] H1 R34 n U2 [+1:3 Ly Ka 41 Hi
C1% H oL 62 111 13 an Ex o6d L Bi6 0E 2z D3 f5a cz R1d F3 R203  HZ FZ1d Gl RIZ a2 ui ES urg 3] ] n
C16 1z 12 ci Lid n& a1z o1 D6 a2 A7 Ed R36 E3 F58 213 R115  HA Ra04 12 A HY R 1 [ 04 Uzn K5 VR 12
o 115} 1a n LIS Fda a1a £ At £ RiE Fc& w17 E3 RIOD &4 Al1E kS RIOS M1 R HZ A3 3 us k] uzt Ga WH2 I
It I ] Kl LG Fa a1s oz Ao o2 3L £a R IR 23 101 Gh Fi17 056 RIDE M A2z H1 e Uk FS L2 1a wid 3]
19 1 LI [ MP1 L Q18 no R3 E? R} o R3D E4 RI102 F5 R113 H5 R20? 1 R2I3 Gl A2 Fa ur Ga w3 L3 w5 vg




ALTABLE MULTIVIBRATOR 4 abtns
P .

I
[Pl

L]
A

oas
i

DEL&TV wIDTH/ OJUILE FLLEE SWITCH

., ——

AMPLIFIER

Sarvice

Pifr Azl
L2
i |

OuTFUL |

I SLOPE
SERERVILA
wel;

O[]

Tk E ST Tane
NI ERVaL LitaT

o]

PrOAIN

TFYT

10 P
GENERATOR
A

O]

AD NEET 1IME
WTLRYAL UWT
aArE

- JION

Hmn .
P C
1
- R?;D nue R20s jo
e Jr e ae |20 1ELE
U re
ozl
gy | |
Lt Fl. L L 4 n
h")| Cm I
Y
054
L s o Il A [
J! A 3 = 8 T R F 3 :]Ev
———e - R it
1 i - L] waid | g,
Ft0 . uwl usl (1] [ "J
ke Hg-mc p— L A
w1 o
'\[5) 2
[ CRe WLAE e ’ ’
| . -
i :
i H L[‘ ‘1J -— U LH
SiL
I
e 6 i T "
e l (e Lo L
e LT
B -
‘RIN Ryl TH st Rt »,;;; e wEN s “haie R wop T welr LA
TIm KK S s i M LI e s ot aK 418
d I ~[ T
W33
w1 ST . e
L1z
- %mm e LOLAL LEADST
) T e T P tULe wLius"
BLOCKING NG Q e W IBTR £ LAt
"
- - e —:—)
= ) !
!
i WIDTH R i
i FF g
L g
! ii
DELAYED HLbE mitz
' SRME R —‘:‘ - 3
nizg [ [rizs mape ar |
- T T e [N L:_'su 11K 0 e Tin Lim
AMEIR o head
W RN nIar
R213
[ Snk i
R bead
— —-- _— — -SWFR - 204Fa
I —
- o g - WIDTH YRIGEER, = S —
wurl T COuNER CLOCK 11 EQUNTER BITALT
HOTE

ALL UL-VELTABES W TH #iaredl

THICE SIGNAL LINES INDCATE 650 (Hika 5TRIFYINE

G L

PART OF TIME INTERVAL 3

BOARD A128

19

E-123




Model 81604 PART OF A128 80 AY TIME INTERVAL 3 (08160 - 66528}

. ASTABLE MULIIYIBRAVGR N x%ns
po— ———————~ e e
CEEY e - - —— —
L L
ik Ik
DEI&vIE 23 4 pa
Py oy
. ; 3 - a
Ae A b i ¥
51 b &5 =
-
L]
165
HEUT SiCHa . FAoK . 7
LME WTERWD 7 B ol o
ELMAD 40T I /]
' 4
s @ ~ E4L
i

Lo
1|1
| )
| | LT
|
byl
® |
- HIWET
E-T1FY
s BLOCKING
I MONG FF
HA
ve
200
(L]
HOWIIABLE
YL e Aot
UH 1
CF uICK RIS OM
MOTHEFADSHL &1
-, —
. ;
0 - I
18]@ ey

M
b —

WDTH TAGSER ¢ -

FhOs 1ME INTERGSL & Ril

BOLRS 227 J}-: D Hih

2 )@ .
_h i ———— —————
o £

1 F o1 coumrer meser

® QO
[20]




28]

I} Hte
=4
g
Rt
Ty m
TR
COUNTER
FIRST STAGE

HITE
Taze Ligenl LREE MGLule 30 okm wplna
AU 4w 113Gt ard wrin reapee | doogrd

aleEr

weks

TOR

A7
By

RESET ™~ [

FF |
LI I SENER
Jhed H

GRS

2 3

THLuad

COUNTER

LGID AN

m
'm—u
v teod 3
Wi
E

L

TivrE

—GuFR  AGWFS

1 T

1Y GR
. HUL On HOIMERBRAKD K1

FURLE Bub Lale uer
Hun THINH B M

Wob— ok 13 1N DR ——

@ UEwICE BaS ON MOTHERBOAWL &1

L 4 m 8 LA KPP AR R UL WE &g Tk

o MZROFREGESSHA
KD 332

LRO DWEE " . e e

cFBE L300 3B =

[PEs s s oy asuensoraapsaag pm

o

Senice

L
! 134 DR 330 MUEM SURRLT UL ON HUTHEREGARD A1

51 |

FART OF TIME INTERVAL 3
BOARD A128

20

g-115



Model 81604

FART OF At28 80 Ar TIME INTERVAL 3 {C8160-66528)

PRVTE + E¥) C— N
i} JE— 3
L5

R Mo migL TanT
Joge [J]?tsm |:|zusl( EINM
f .
: 0% Ty FLITS Fa5E
g @ | BT
Iy il ] 3
LIRS A- =2
5 el N T COUNTER
I . e FIRST STAGE
! T LN ERR
. r —
)
. n — _——— T ow
I”ﬁ Ans - [
| 629 Edy
L1 CHFa . LAST
CEee COUNT  -evee
FF L
Tl leod 1
2 wig D“_
B TR A o
LH - Y
s
1
ua
ITJT:)IJ 5 SheEt
e RESET
FF
R
. -5
N TIME INTERVAL ACCEPTOR
H IWEL
HithiH
MaRL
TLHDY
b4 T
\ -
|
B 3| wad 3 TE tead [ 1
| 1 CHANHEL  #LORESS R 5 - e !
1 BERE )04_.. 3 . t
3252 ; g} vow e tleoeai
— +5uF
82 < P
L — M
by [E=ai] 3} m . o | W
: - L I
: cend (i
s 1k
Bir L_AN]
=] 5
SIoH LW b RS ORI A —a
B GEVICE BUS G4 MATHERDOARG a1 .
FOR OEVICP EUS OA1A SEE o
DEVILE &% " HOUB ESHuST L

T MCAMRACESSOR
Erlafin 43

E



: REF GRID  REF GRID REF GRID RER - GRID REF GRID
) E F G H | : J K L M DEZIG Lo CESG  LOC OESIG  LOC  DFSIG  toc CESIG  LOd
A2g 1 R48 <l 168 Ez R235 L] wi G
RATOF 103160 - BEELD) A2y 13 RrGD BS R EM Rz19 - 3 w2 G3
- . A0 43 Ri01 B85 Feir El R2ad 5 W3 H4
.ln-um ﬁ![ m"""‘""" e ,a"'_ A3 i3 mi102  BS RIZZ  ET R2:41  Ds Wi o
Aaz i3 103 85 AITE £4 E2iz ca
1 A3t 11 RID4  BS RixYa  F4q RMI o3
Az4 (3 A105  B5 R17E  Fa A4 &3
R35 K3 108 8% R176 B4 RZ4§ D3
Ri3 K3 ALY Ad K177 E4 R248 03
R37 K3 RI0Y 86 R17T8  DE A247 N2
A3 K2 A0 RS Ri?a DS Fr50 G5
A5 K32 RiID G4 L ) R251 Y
2 LET 14 A1l C4 Rt 0% 252 G2
R4l n g2 B4 Rig:  Cb APSs G2
R42 " R113 B4 R1gl  Ch A2E4 B2
Rd3 H2 Al B4 Al Uy H2E8 B2
Ry 12 A1 B4 Al L& R0 B3
R45 1”2 F116 B4 i B R85 B4
45 H A11?7 B4 Ay ca R236 B4
Ra7 ] A11G B4 *188  C3 R297  B%
3 Hag a4 HITY B4 Rigy 83 R288 A3
Aag I AI20  C2 fago B3 Hewy B3
RS0 Ja Ri2t  C2 LRt B3 MOy 3
AS51 i1 RIZZ Gt AL 83 ol G
RE2 M R123 D1 A133 B3 Hflp  F3
RS3 4 f1za 01 A154 EZ Hi1 Gl
RS54 I Rt25 o R1DG B3 Hag A5
REE [E] R126 E1 H 100 84 51 n
REG 14 A127 E1 R1Y? 02 TP vz
RE7 14 R128 E1 R13k N2 Tr2 H?
(e 12 AM A2 RIMG  E7 103 o
RS 7] min g2 RMa E1 w1 s
R&0 2 R131 al AXH E1 uz N
R61 iz R132 B2 RM2  EZ U3 +5
Ré2 12 R133 B2 RXI  E2 oA In
RE3 K2 R134 B2 AZ204 E3 us 15
5 ABq K2 RiJs  C7 R20%  EZ e K&
RS K32 RI36 o2 K206 EZ ur K&
RBE K2 Ri3?  C3 F20T H uB KE
B&1 K AISS 02 R2DE  F2 Lo G5
AGH K RIZY 3 RZD3  FA e 6
] Lz Hiap D3 R2I0 E3 U1 HE
(3] Lz Hia1 E1 R EZ TEN] HG
RT} K2 Kias LH RZ13 El A G5
6 A7 K2 Ata) Rl k1 uza H3
R73 54 R14ad uz KZ1E Fl U2 H4
74 Kz R148 O3 R21B k3 U2z H?
A7s K2 R 47 =} R217 Fi L3 HZ2
H:g J2 R148 o] nz18  F1 U4 s
R Jz
LD HEF GAID  AEF GRID  REF GRID  REF GRID  AEF GRID  REF GRIOD  REF GR:D  REF GRIN REF GRID A78 22 II};E E’;‘ 223 §§ L2y o
Lo LEEIG  LOC LeSIG LOC DESIG LOC DESIG  LOC DESIG  LOC DESIG LOC  DESMI  L0C  DESIG  LoC DESIG 10 R73 £z RIG:  C4 RIZ1 €2 353 Ezl
F1 LG ce oo K3 ce w s a2 a8 Lz on ez 081 g4 Qi k3 R1Z K4 :g? :g RG24 R222 G2 [T TR =
tr LIy Fd 4 K& a2 ka3 o6 17 asz 3 o1z o3 85 g4 Qion E? A3 K4 Pl RSy G4 R2as P2 :2 Db
o s Fi o K3 az1 K3 EE a2 Q53 MO o7s ca %) L4 Qs EFr 14 4 Ros u 1154 Ea Ra2d 2 Uz ]
ne [ R 1 L azz s Q3 12 055 @ba a7 oG a0 o4 Q06 Fl R15 A s ' R8s 2 R2I6 - FY R ra
E3 Lan E3 17 K aza K3 o 12 57 63 Q7 b4 am b4 Qlor 11 fIG i3 Re6 Be RG24 RZIE - ¥3 wRZ 13
u2 L21 ue Y 13 nx K32 a1z ase  es am  es anz  ca H 3 R17 3 o Riai 24 H2T P3O yma ocs
u2 PR 04 i) 0z K3 a1 12 aer s ar o2 o3 D4 n2 12 AlE 43 fos Ba ReG# Ed R:B  F3 wAa o5
u? Lez 05 @ L Qe 14 aa? U2 081 as ar oz Q94 o4 A3 13 AG 13 RES  BI m5G a2 R21%  E3 wAS  Ca
H2 L2a Ds ann g a7 1y ez 2 Q62 wa am ez Q95 Ea R1 La A2 43 A0 C Rien D R230  F2 wAG A
1 s £2 a12 13 Pres) E nad 3 &63 €1 080 ca 095 E4 RS Ka R21 43 Fa1 B3 g Dd A231 €2 wR? @4
i 1 ¥ [F1E] 13 oo 7 R 2 [=1:F I o o4 sl E2 R Ka R2Z K3 pive P RG22 o R2ID R wRAE o5
B hF 1 LY g 13 aan £ R K2 o685 A2 o8 o4 05 F2 AT Ka A23 K3 pli e R1E3  E4 R2I3 P2 wAa D5
B2 WP 3 a5 Jis Qst K2 a7 K2 oeG B2 fat:x) E4 agse Fi Fi Ka R2d K3 fias o R4 Da R234 2 WAID &
Ll [T =¥} 1317 ] a3z K Qag w2 falz) I [sL:31 Eq om0 E3 A [ LE ] Pt c2 Rgs  Ed R23% Dt WA C4
LY a1 K] U it 035 K7 [uliir) K2 o) [} ot} E3 101 F4 £18 Kd RIR K3 Ra? &3 R166 Ed RIZE 3 WRIZ 8§83
w2 e ¥ 14 ] i 12 aso k2 ol E2 085 Ea Qo2 £3 AN K4 227 Lz figr  E7 R2IT (& WRIF Gl




Service

w

C D

E

F'

AlL0 BD AY SLOR

m

GENERATOR

{08160 - 6E5L0)

el 2k e e

o

P LB
L

-

-20w

v
Tt
B

'iﬁ

o e

g\u:\

T Ha g u“|
AR s

9 Y e |

)
&

ey

" e

_[’uw'_

4—1(3

hﬂ

- uu

c{.ﬁ)

BLEY 60 €

962 62

R e

ARG
N )-F‘El- ErEn e el
_MHP%

(577 EAEEREH

\llllllllllllll‘l[

: IO e I T 210, m ] TR
Qg 20105 G WOTED WOE L L4 FH 1Kt RoRoBE & L R AN 095 10 Bt #FH 1Ky HUWUaG 5
WEatd TR | 1 | l 1
FEF GRIC  REF GRIG  REF GRID  REF GHIZ  REF GAID  REF GRID  REF GAID  REF GRIC  REF GRIOD  AEF GRID  HEF ol
DESMG  LOT DESIE  LOC OLEStG LOC DEsIG  LOC WESIG UG DESHG  LOC DESIG  LOC DESIG  LOC DESIG L DESIG LG DESHG i
[ H3 (s Il R2 €36 c3 SAE c? 15 F1 L15 oF o3 K3 w3l 2 i a7 "]} L2 71 B?
c? H2 3 1 b2 £ ] A9 2 K1 E2 L17 F3 =T} (%3 o2k K2 036 42 Qi [ I3 ai2 [¥ld
cl c5 [ 1] Dz Cas Dt CR10 c? IR M2 Lig F3 s K3 a2 K3 Qa7 Jr a5 HS 073 [}
ca [wi) Can 2 ©33 Gl CAN BE L rM] L19 F3 (o7 K3 o2z K3 Q38 17 ass B4 Qra [F1
Cs 4 ct EJ c40 F2 LA B3 L E3 L20 F3 o7 K3 023 L33 Q39 1z as? B3 ars B
6 ah co7 E3 €a1 ad CAN: 4 iR B v 86 7] 2z Q24 w3 [ 12 aBe @3 arG B3
7 [mky i D3 caz AZ A ] LE B2 L27 B& o8 k] [FELY K3 aqa1 ¥ QG0 =1 77 =}
ot} Dz C5 3 ca3 ES CA1s B4 L7 B2 L2 i3 aimn 1% o3 14 042 1z Qg1 as [ake:) oz
Cy B3 C6 [P} e ) o] cAie  E4 LA B2 L34 0s an Ja o 2 a3 12 062 B4 ar £
cin 82 G e} cas I CA1l} D4 Ly a2 L2 E2 a12 43 Az L a4 a2 ag: oL =] [
(] D3 c29 Ei CRZ G2 CR18 04 Lo EV] LZE Ez Q13 13 a2 3] aas Lz [oI-TR ] L oet =%}
(S o L] o2 CHi L2 CHIY e LIt 32 1P A1 a 12 aw K2 Q45 K2 aRk - R2 ful: g o}
13 Bd Lok ] Fa GAR3 F3 LR20 EZ Lz 82 MP2 Kt g 1% a K2 04 k2 Q6E ;) Q82 Ed
ca 3 ciaz cz CRE L2 CRz1 El L13 c1 MP3 EZ Q16 J3 052 K2 043 K2 (HR a3} Q8 E4q
c5 et <33 G2 CRE oz 43 b1 L1 c Wl 15 a7 ks (33 K2 Q49 K2 064 o) P O8E =
ci6 o8 (7] c1 SHY cz d4 L] L1 [ a2 k2 als Ji a3 12 asp K2 aso 2 A6 g4

21

B—-12¢



Mode! 81604 Service

SERVICE BLOCK 11
SLOPE GENERATOR A140 |21| 22| (23

THEORY OF OPERATION

A simplified diagram of the slope generator is given in Figure 8—11-1, It indicates 5 basic blocks: input buffer, inte-
grator, range capacitors, output buffer and acceptor circuit,

Leading vdpe bus ¢ale

r—— e —
CEl ) =34 L35
Leadrng wdge Ltacing edge
ramp curd ehl ciamp tufrent
131tR

asd i
Reduction ol oiMpRg duk Limrteng
L ohocopacibors Oiflerantial
frnpadanee Amplalint
Codvlér aut

i
S ] E ” ( 1ol
chs ‘ °'%“}2"

LEi
Compenzalion al
tranyadtors D reicatonc &

|__

1311F

Tresl g Edge

Traving wdge E
ramp Current Clomp currmnt
r_'ss 54
—_— ._._i
Fram
Ronge BC0 —aDrevmob Decodur
Laleh

Trarbnp eage

Buz dern
AN AN AN S
- N g A h
IMFU! BUFFER IMTEGRATOR RAMGE T aPACITORS DLUTPMIT BUFFER

Figure 8—11—1. Slope generator block diagram

The purpose of the slope generator is to derive a signal — from the 'width’ time interval block pulse — whi¢ch combines
stable amplitude with variable leading edge and variable trailing edge. The first stage in achieving this is the input buffer
which shifts the input pulse 1o * § volt in order to obtain the correct level for the current source switches.
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Service Model 8160A

Integrator Circuit {Service Sheet 22)

A functional block diagram, together with an explanatory waveform diagram for the integrator circuit is given in

Figure 8-11-2, To aid explanation of the integrator operation a single reference designator is sometimes allacatad in
Figure 8—11-2 to a comptets funcrional area {instead of to an individual component as in schematics) e.g. C$3 is the
trailing edge ramp current source; or $1 is the combined switch of wansistors Q69A and Q698. The following operating
theory is therefore references to Figure 8—11—2 for easier understanding.

.1y
-
C‘)“ 131R

S1-068R 7GER 4

G2 @690/G68 8

g1

wy 0 e %' i—b—l— ‘
oo |- | bl

cmt!, CR9
si-uzgam L N—F5IFe)\
IF ‘fJ]r.]F CR = diede
’ C5 = currem Source
5 Switch
¥ = vollage source [clamp!
TE - )¥2 13 1F IF current fail
IR = currend rise
- 2¥
£51

“owon

"

-]
[T

= impedonte converierfoutput
-7 CSE drives

— e INPUT
51,54 conducts §2 S3 epens. 81,54 opens 512, S3condusts,
CS4 sinks current of W2 """ Cutrem of C57 fows inla Vi and

and £S5 & so CRE turns off.
C51 charges ramp-c [IR}
CSE sinks current of ¥

N\

€55 and tyrng CRY oft. £S5 3
discharges ramp-¢ [IF|.
¥2 5inks current of CS55

ouTPUT

§2,82 cloned. CR? gets conducting CRE it conducting
Current of £S56 curtent of CS1 and W1 Curtent of CS& Hows
Mows inte €532 fiows imlo £S5 intoe £33 gng ¥2
and W}, C54 sinks current o Currenl of £5 3 flows
Current of £52 £56 and ¥ mnte C55 and VI
flows into €55

and ¥1

Figure 8—11-2, Integrator functional diagram
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Model 8160A Service

A positive step at the input buffer opens switches $3 and 52, at the same time closing switch 51 and S4. Curvent sources
€53 and €54 then sink the current from CS6 thus turning CR8 and CR 10 off {10 avoid a discharge step from capacitar
C18 voltage}; also, current source CS5 sinks the V1 current, and current source CS1 supplies the leading edge ramp
current which charges C18. Capacitor C18 is charged until CR7 begins to conduct. The current IR from CS1 now flows
through CR7, and current 1.3 IR—IR = 0.3 IR now flows through CR6, the effect being to clamp the voltage at C18 10
approximately +2 V, This state is held until the putse at the input buffer (from the width time interval section) goes
low again,

A negative step at the input buffer then opens switches $1 and S$4, at the same time closing switches 52 and 53. The
current of CS1/CS2 now flows inte V1/CSE wirning CR7 off; also, the trailing edge clamp current 1.3 IF, from CS6 flows
via CR10 into V2, thus CRB is non-conducting, and CS3 discharges the ramp capacitor C18. The voltage at C18 drops
until CR8 starts conducting again. A current IF then flows through CR8 to CS3 and a current 0.3 IF flows through CR 10
into V2, the effect being to clamp the €18 voltage at approximately —2 V. This state is hefd until the next positive step
at the input butfer.

The clamp circuits CS2, S2, C54, 54, CS5 and CS86 serve 1o provide fast pulse clipping and thus minimize the ‘roll-gff*
effects of diodes CR7, CRE {which are still conducting immediately upon current source switching),

Range Capacitor Switching {Service Sheet 23)

The range capacitors are turned on by saturated transistors.
Due to the ON-resistance of these transistars, a voltage
step occurs when the capacitor current switches from
charge to discharge, or vice-versa {see Figure 8—11-3}.

To compensate this voitage step, the step is coupled to

the inverting input of the output buffer amplifier {see -
Figure 8—~11—1} via an FET switch.

[ « d
aop € currant

= i

Ta reduce ringing due to inductance of the range capaci- V v
tors, L/R components [L1, R197, L3, R198, L4, R199)
form a low pass ladder netwark with the range capacitors vitoss

thus lowering the transition times of the charge and dis- . [—
charge currents. :

SN
The 3rd and higher ranges are turned on by relay K1. - e
To avoid inductive ringing due to the relay contacts in l/ U

the first two ranges, the contacts are by-passed via FET
switch Q98. {only the ramp voltage prior to the relay
is thus selected}. For the third and higher ranges FET

Q97 is switched on {Q98 off}, thus selecting the ramp
voltage after the relay. Figure B—11-3. ON-Resistance Compensation of Range C switch

tima

Corraction of Transition Time / Control Current for First Range {Service Sheet 22}

The characteristic of the transition time versus the control voltage becomes degressive when the transition time reaches
the minimum transition time of the slope buffer and output amplifier {See Figure 8—11-4}.
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fram Lecding

Transition Edge O a commebrier —
11me /ns
10 \
5
20 RC
s wheo mpensated
10 3
& !

compensad "“--..._____

L—— —— irangs

+ 4 + -
Vcontroi

i 1
¥ Ly

Figure 8—11—4. Compensation of transition time/contro! current for first range

The simplified circuit of the positive current source is also shown in Figure 8—11—4.1n the first range, VR plus FIC are
switched parallel to the current-determining resistor R. If the voltage drop across R is smallér than VR (7.5 V), the current
from current source is porportional to V1, If the voltage drop across R increases, VR starts conducting thus increasing the
current with a progressive characteristic.

For the operating theory of the D/A inverter, see the repetition rate theory, SERVICE BLOCK 9.

Output Buffer of Slope Generator {Service Sheet 23)

A simplified diagram of the buffer circuit is shown in Figure B—11-5_ A high input impedance is achieved by a dual source
foliower, followed by a pnp linear differential amplifier.

=

Figure 8—11-5. Simplified diagram of slope buffer
The output stage is an npn differential linear amplifier with complementary current source outputs.
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TROUBLESHOOTING

The following provides details about:

a) range latch data (from the device bus)
b} LEE/TRE controd voltage
¢} integrator fault-finding

Before troubleshooting, board A140 should be
raised on an extender board as shown in the
photograph,

Range Latch Data

Figure 8—11-6 together with Table 8—11—1 relates the range latch data to individual digits within the 8160A display.
The maximum ratio of LEE: TRE is 20: 1 (or 1:20). Should Two ranges be possible with the selected values of LEE and
TRE, the microprocessor selects the range with the best resolution, e.g. LEE 60 ns, TRE 90 ns = range 1 selected.

igit
digt { exponent)
7 J
YALUE UNIT
Figure 8—11-6. LEE/TRE display
Table 8—11—1. Range latch data
Slope DIGIT & DIGIT 7 DIGHT 8 EXPONENT
Range L3 {UEBl U4 7 Us LB [W)] U2
pin pin pin pin pin
1512 9 3 112 9 3 1512 9 3 T2tz 345 6 g
0D3.0ns HHHH HHOD H HHH O 0 0 H ¢ HHHHH
040m HHHH HOHH HHHH OO0 OH |OHHHHH
1 350 ns H H HH HOMHO HHHH O 0 0 H O HHH HH
06.0 ns HHHEFH HOOH HHHH OO0OO0OH [OHHHUHUMNH
99.9 ns OHHOQ 0O HHO 0 HHO O C 0O H O HHHHH
50.0 rs HOHDO HHHH H HHH OO0 HDO |HOHHGHAH
2 999 ns DHHO H H OHHO O OHO [HOHHHH
0,50 ps H H H H H O H O H HHH 00 HH HHOH H
3 .99 s OHHO OHHO OHHDO OO0OHH |HHO®HMHH
5.00 s HOHDO HHHH HHHH OHOD |HHHOHH
4 9.9 us OHHO OHHO O HHO OHOO |HHHOHH
500 s H O H Q HHHH H H HH O H O H HHHHOH
5 959 us OCHHO OHHO OHHDO OHOH |HHHHOE
& 0.50ms HHHH H OHO HHHH OHMHHD H HHHHAZO F . Logw !
9,99 ms o H H QO O HHDO O H H O O HHDO HHHHHO O - Loge O
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LEE / TRE Control Voltage
Usa the following Tabie 8—11—2 1o check control voltage for different display values.

Table 8—11-2. Display/Voltage Conversion

Model 81604

integrator Fault-Finding

LEE/TRE 310 5.0 10.0 20.0 30.0 40.0 50.0 80.0 70.0 80.0 90.0 499 n:
Display 50.0 100 200 300 00 500 600 700 800 000 999 ns
Value o_lso 1_c|m 2,00 3.00 4.00 5.?0 &.00 7.00 £.00 9.00 9.99 ps
! ! 1 1 1 ] i
| I i ; 1 | 1 | | | I
! | | i | | | | f y |
0.50 1.00 2.00 3.00 4.00 5.00 4,00 7.00 .00 9.00 9,99 ms
Control voltage 137V L - 9IV | - 4BV| -23v | 18V 0 12V | —083V | -07BV| 066V | ~088V| —0B2V | -047V
TP2/TP3 : |
. —-1 N D
LEE Ctamp Q60C 198V | =164V | —121v | —egv | —oav I 87V | -85V | —B3v | ~82V |— s8IV
LEE Ramp Q61C 197V | 185V 12v 98V v 86V Bav B3V B2V i — g 8V
TRE Clamp 274C 188V 186V 12v 98Yv 9.0V 86V B4V g3V 82y - o - B Y
TRE Ramp Q75C —168V | —168Y | —122v | —90V | -3.2v | -8BY -8BV | -Bd4v | -83V ——E v

A good way of checking the integrator is to measure voltages with the slope genarator inactive (see Figure 8—11--7).
This can be done as follows:

1. Set the 8160A to EXT TRIG and LEE/TRE to 3 ns {max. current}. The slope input is now —0.6 V,
which turns the TRE current source on, thus the stope output is negative {see Figure 8—11-7}.
2. Remove the slope input cable. The slope input is now 0V, which turns the LEE current source on,

thus the slope output will be positive {see Figure 8—11-7).

NOTE: in Figure 8—11-7 the red line indicates current flow if input is negative.
The biue lire indicates the current flow for zero input.
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1AL signais are TTL imeel|
Timebase: 500 ursidiv,

solicdodos

MNOTE: To obtain repeating signals, a controller is needed,

Progiam: wrr 717, "LEE 10 ns”; jmp O

For Device Bus details see SERVICE SLOCK 2.

Model 31500

Integrator Wavaforms

NOTE: Waveforms are token with & 100 MHz scope to indicate function.
Far rlsetlme mezsurements, 8 sampling cope should be used.

Fastest Integrator risetimes are typically 4—4.5 ns,

Timebasa: Main 1 ws/div, Delay 0.1 usidiv.
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Model 8160A Service

SERVICE BLOCK 12
REFERENCE TRIGGER A150 (24

THEORY OF OPERATION

The Reference Trigger Qutput is part of the digital output assembly, and consists of an aceeptor circuit, a monostable
multivibrator and an output stage. Depending on the repetition rate, the reference trigger pulses are 8 ns, 40 ns or 400 ns
wide. The fonger times are achisved by switching additional capacitances into the multivibrator. In EXT TRIGGER made,
the trigger pulses are always 8 ns long. A block diagram of the monostable and output stage are given in Figure 8—12—1,

‘ trig input

J ¢ voliage
]’—‘:‘-( ) V
S
I L Schmitt = _‘

trigger out

Ll "

1

Figure B—12—1. Schematic manostable and cutput stage Figure 8B—12-2. Timing Diagram

As can be seen from the waveform diagram in Figure 8—12—2, the trigger pulse sets the flip-flop U104, thus the Q output
goes low, Transistor Q104 is switched off, and the range capacitor{s] begin to charge. This charging continues until the
Schmitt trigger tevel is reached, at which point the Schmitt trigger pulse resets flip-flop U104, The Q output goes high
switching Q104 on, thus causing the range capacitor(s) 1o discharge. The complete ¢ycle is then repeated at the next
trigger pulse.

TROUBLESHOOTING

Table 8—12—1, Ref. trigger data table

Period Ref. trigger bit 1 bit 2
width Q102 Q103
Ext. trig.—m=| 200 —99.9n 8ns 0 0
Norm. 100 n —999n 40 ns 1 0
Gate 1 us — 999 m A s i)
Burst
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Service

Reference Trigger Acceptor
All signals are TTL level

Time base 50 us/Div

HDAT

HiNH

T

ENPUT MCDE
ar
FERIOD

————REFTRIG

—

1024

For repeating signals use controller program:
wrt 717, "PER 1 us™; jmp O
For device bus details see SERVICE BLOCK 2.
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Maodel 8160A Sarvice

SERVICE BLOCK 13
OUTPUT AMPLIFIER CONTROL A150 |25

THEORY OF OPERATION

The output amplifier control comprises 4 control circuits:
a) output mode (A SEP B, A ADD B, NORM, COMP, 50 £2, 1 k&2, ENABLE, DISABLE)
b) output amplitude control
¢} offset control
d) shift suppiy control

Two acceptor circuits {output acceptor for offset/amplitude data, and output mode acceptor for all other data) generate
the required load pulses for the latches receiving data from the device bus. Waveform diagrams illustrating the acceptar
function and tables indicating the digital control information are alf given in the following troubleshooting section,

TROUBLESHOOTING

Use the fotlowing truth-tables to checkout

the digital functioning of the 4 controf circuits:
a) output mode control
bl output amplitude control
¢} offset control
d) shift supply contrel

Table 8—13—1. Output Mode Truth Table {U3) Table §--13--2. Qutput Mode Truth Table (U17}
Standard Instrument {Channel A} Option D20 (Channel B)
U8 pin TTL LOGIC U17 pin TTL LOGIC
0 i 0 1
2 A SEP B AADDB 2 ASEP B AADDB
10 NORM COMP 10 NORM COomMpP
1 50 OHM 1K 11 50 OHM 1 KQ
1 EN DS 1 EN DIS

Table 8—13-3. Dutput Amplitude Truth Tahle {UB)

AMPLITUDES (HIL — LOL}

us 0.10V]|020V ]| 040V 060V 080V |1.00V 200V |400V] 800V 300V
i { 1 ') i i ! i i 1

019V |039V 069V [(0.79V [099V [1.09V 13099V |598 V| 7.00v]| 599V

{stage 3)

pin 2 1 1 0 1 0 1 1 0 1 o

(stage 2)

pin 10 1 i . 1 0 0 1 1 1 0 0

{ampl. X 0.1}

pin 11 1 1 1 1 1 g 0 0 0 0

{ampl. X1/X2

pin 1 1 0 0 0 0 ] 0 0 0 0
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Service Model B8160A

Table 8—13—4. Latch Truth Table for 8-bit D/A Converter (Amplituce Vernier Control in TV -+ 1,99 V range}.

NOTE: In1V— 199 Vrange, U15 pin 2 is not used. Also in the 1V — 1,99 V range, a 100 mV step corresponds
to a digital step (U 14, U15] with decimal equivalent 20,

Display U4 u1s Decimal TP1
{LOL =0V} 111 10 2 1 11 10 2 Equivalent | Vernier OQutput Amplitude
HIL1Vor100mY (1 1 0 0 1 00 0 200 1 V (100 mV}
HILT1TAVor110mv |1 0 1 1 01 00 180 1.1V (110 mV}

4 4
HIL 1.35 V 1 0 0 0O 00 10 130 1.35 V

4 4
HIL1.80Vor180mvi0 & 1 0O 1 0 0 O 40 1.80 V {180 mV)
HIL .90V or 190 mV(0 1 o 0 20 1.80 V (190 mV)
HIL 1.99 V 0C 0 0 O 00 1 0 2 199 Vv

Table B—13—5. Latch Truth Table for 8-bit D/A Converter in 2.00 V — 9.99 V Amplitude Range.

NOTE: In the 2200 V — 9.99 V range, a 100 mV step in amplitude correspends to a digital step (U14, U15) of decimal
equivalent 10. A particular digital pattern is therefore repeated for different amplitudes in this range, the amplitude
difference being determined by active vernier stages 2 and 3 — see Table 8—13-3. ¢.g. amplitudes 220V, 4.20 V,

6.20 V and 8.20 V have the same digital pattern 10110100.

Display U4 uis Decimal TP1

{LOL =0 V) 1 11 10 2 1 11 10 2 Equivalent Vernier Qutput Amplitude
HILZ00V{200mV) (1 1 0O O 1. 000 200 1.00 V {100 mV)
HILZ20V{220mV) [1 0 1 1 0100 180 1.10 vV {110 mV)

HIL 398V 0O 0 0 ¢ 0 01 0 2 198 v

HIL 3.99 V 000 ¢ 00 01 1 199 v

T able 8—13—8. Latch Truth Table for 8-bit D/A Converter for Amplitedes = 10 V {50 /1 K&}

NOTE: For amplitudes 2 10V, a 100 mV step in amplitude corresponds to a digital step {(U14, U15} of decimal eguivalent
5.A particular digital pattern is therefore repeated for different amplitudes in this range, the difference amplitudes being
determined by active vernier stages 2 and 3 — see Table 8—13-3.

Display U4 uis Decimal TP1

(LOL =0V} 1 11 10 2 111 10 2 Equivalent | Vernier Output Amplitude
HIL 100V 0 1 1 0 1. 0 0 100 250 V

HIL 150V o 0o 1 1 o 1 0 b0 375 V

HIL 19.8V 0 0 (] 1.0 1 D 10 495 Vv

HIL 199V o0 0 0 o1 0 1 5 498 V
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Model 81604 Service

Table 8—13—7. Latch Truth Table for 10-bit D/A Converter when Offset x 0.1 {U10 pin 2 low)

HIL + LOL

NOTES: 1. Offset = {50 Q):HIL + LOL {1 K2}

2. Between 0 V and 995 mV output offset, the smallest digital step corresponds 10 a step
of decimal equivalent 5.

3. Absolute voltages in the offset generator are given in SERVICE BLOCK 15,

U us u10 Decimal
1 11 10 2 1 i1 1w 2 1 11 Equivalent| HIL LOL
0 0O 0 0 o 0 o 0 0 0 0] 0.10v —-0.10V
0 0O 0 o0 0 0 0 1 0 1 5 0.1tV 010V
0O 0 0] 0 0 0 1 0 1 0 10 0.12v 0.1V
1 1 1 1 0 1 1 1 1 0 990 198 Vv ov

Table 8—13-8. Latch Truth Table for 10-bit D/A Converter when Offset x 1 {U10 pin 2 high)

(60 £2); HIL + LOL {1 K)

NOTES: 1. Offset= -'"ﬂ-%_‘:-%-

2. Between 1 V and 10 V output offset, a 100 mV step corresponds to a digital step of
decimal equivalent b.

Ut va u1g Decimal
1 1 10 2 1 1 0 2 1 1 Equivaient| HIL LOL
1 1 1 1 1 0 0 1 0 994 9.99 vV 989V
1 0 0 o 0 0 0 0 b12 999V 0.25v
0 0 1 1 1 0 1 0 250 500V ooV

Tabla 8—13-9. Truth Tahle for Offset Polartity and Gain

U25/1 o/1¢ u10/2
pos 0] 0 X
neg 1 1 X
ZBro 0 1 X
X041 X X 1
X1 X O—atl}. - ——Yow when offset 21V
X = don't care
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Service Model 81604

Table B—13—10. Latch Truth Table for the Shitt Supply 8-bit D/A Converter

NOTE: For voltage table — see SERVICE BLOCK 5.

12 U13

1 1 16 2 1 11 10 2 Shift out

o 0 0 O 1y 0 0 o ‘A"

0 1 1 0 0 1 0 0 ov

1 1 0 0 1 0 0 o +10V
Output Mode Acceptor Output Mode Acceptor
{All signals are TTL level) (All signals are TTL level)
Time base 50 ps/Div Time base 20 us/div

NDDY I

HIAT

HINH

NODY

HOAT

HINH

ow
w

To get repeating signals a controller is needed,
Program: wrt 717, "AN"; jmp Q.
For device bus details see SERVICE BLOCK 2.

To get repeating signal a controller is needed,
Program: wrt 717, "HIL 1 V" jmp 0
For device bus details see SERVICE BL.OCK 2.
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Modet 8160A Service

SERVICE BLOCK 14
OUTPUT AMPLIFIER A151 |26| (27

THEORY OF OPERATION
A functional block diagram of the output amplifier is given in Figure 8—14—1. The following description is based on the
individual functions indicated in this diagram.

POWER AMPLIFIER

LEL-RL I

VOLTAGE ! meed Loy ca

BUFFER SHIFT M B 8

J_L — enatie
Slape E
U >—_ flt

drsatie
Forkd

Supey

L)

00

flgatng
supply

STAGE SEALE
3 2

shul |

| tupply
(IS 1)

Cany Conw

I | I | OFFSET Q
DEVICE BUS DAl GENERATCR

\V4

Figure 8—14—1. Dutput amplifier block diagram

Buffer Amplifier

The outputs of the slope  generator {normal and complement) are input to the butfer amplifier {Q101 , Q102), which
amplifies the input signal by facior 2 in conjunction with the voltage shift stage G103, A104. The input signal is referenced
to fixed ground { 4} while the output signal at R119 and R122 is referenced to floating ground. The R-C time constants
in the buffer amplifier enable compensation of frequency nonlinearities in the whole output ampiifier,
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Active Vernier Attenuator

The active vernier circuit consists »f four different sections:
a) Vernier attenuator IC
bl Current saurce
¢} Cantrol current source
dl Offset voltage control

A block diagram relating ali 4 sections is given in Figure 8—=14=2.

LE LI

OFFSET COMTROL

L ac 11y 'R
6 Fiea Lymetre ta loat
E.n:l' aroutd

_/.
ACTIVE IF
j TEUT a2 20 a l
————rr—— —— —_— HORM ¢ COMPL d8
O_—J 9 “ |

r,
P + ACTIVE VERNIER Range 1y

20 ta — — e —
[ 00

-
|
BUFFERNA 2 1. { :F“*“____4£ L "
R = é
l LE ¥, Fm——f e
i}
|

|
}

} J-wmsw

|[3

L

|

frgm Slepe

J

'R when
ra ayic a9y

. I's
| mav
) 1 i

DA
Comwert

S O T,

¥ 0l Afyrik Pus cooe

L

Figure 8—14—2. Block diagram for active vernier attenuator

Vernier attenuator IC: There are two altenuating elements per attenuator stage (see Figure 8—14-3), one for normal and one
for complement gutput, and three attenuator stages in parallel to increase the dynamic range of attenuation. The attenuator
uses the current-sharing principle of a differential amplifier. As Figure 8—14--3 shows, each attenuating stage is a differential
amplifier cornected so that the signal current flows into {or out of) the common emitters. The output current is taken from
ane of the collectors and fed to the external resistar, which converts output current to voltage.
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OUTRUT DuteuT
i ‘——
Tout Ty
Tout _ _
Ix ]Y
Yy
al a2 * Q2 QL 3
'j )
WV N
INPUT —_
gL _l: :|_ ey
| - |
Ld e

Figure 8—14—3. Operating principie for each stage of active vernier

In a differential amplifier the current flowing in each collector is proportionat to the potential difference between the two
bases. Thus, by varying the potential V,, (See Figure 8-14-3} on the base of one of the transistors, the current Iy, can be
controfled. However, because of the characteristic of the base-emitter voltage of each transistor, the attenuation has a logarith-
mic characteristic.

The input signal controls the share of current source | which flows through each input transistor. Similarly, V,, controls the
current in both attenuator transistors @1, Q2 or O3, Q4 (Figure 8—14-3). Suppose that V,, sets an attenuation factor of 2
and, for simplicity, 1 = 1 mA, H the input is such that | is shared equally, then |{ = 0.5 mA and | — f1=05mA. Also
Iy=1/211=025mAand |, =1/2 {1—17) = 0,25 mA. Now, suppose that the input changes the sharing ¢f current | so that
l{=02mA,and | — (7= 0,8 mA, then, 'V = 0.4 mA and I, = 0.1 mA._ In either case, the sum I+ IY remains constant, and
is in fact constant for all input signals and attenuation ratios. Therefore a constant current source {controlled by the ampli-
1ude setting) can be used to supply the current IY + .

if1,=1,thenlout=lout=0

f1,=0,then l out =1out=05!

8-1563



Service Made! 8160A

Current souces: The current | (see Figure 8--14—4) for sach attenustor stage is provided by current sources comprising
201 d, €205, Q206 and Q207.

from active vernier
‘ I

Q209
ic206, Q207)

uU20td

-|—

Figure 8—14-4. Functional diagram of active vernier current source

Control current sources: Each attenuator stage of the vernier IC has its own control current source {0216 — Q201a, @217 —
UZ01h, Q218 — U201c} to calibrate the required attenuation of the stage.

Stage 2 and stage 3 also have transistor switches 1o enable a cut-off of the corresponding stage. In this case voltage V, is
set to one diode — voltage above base potential V¢ {Figure 8—14-3) and 1, of the corresponding stage is therefore
zero because |, =¥ (as explained above}.

Figure 8--14-5 illustrates the interstage relationship of the active vernier both for the 8160A output versus programmed
value and for the vernier output versus programmed value.

As can be seen from Figure 8—14-5, stage 1 acts as the variable part of the vernier attenuator, and the maximum output
from the iotal vernier is 5 V. With stage 2, the signal is attenuated to 50 % of maximum amplitude, and stage 3 attenuates
the output sgnal a further 20 %. Stage 1 (variable part} also provide 200 % attenwation with B-bit resolution.

Controi current scurce for stage 1 consists of one current source (equal to stages 3 and 2) to calibrate the lower attenuation
point, and a current amplifier driven by a D/A converter on A 150, to set the upper attenuation point.

Vernier OQutput Voltage Control

Due to the varying gutput current (15,4 of the vernier attenuator, the average voltage level {middle value between puise
top and baseling) is offset from fioating ground with varying attenuation. To compensate this, both output signals, NORM
and COMP, are added to obtain an average voltage which is then compared to floating ground (L2034}, Any difference
then ~ontrols a voltage source which compensates the vernier autput, thus TP1 always sees a signal symmetrical about
fioating ground.
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Service

Amplifier output

|

- 10¥
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Vernier stage
Stage 3
1
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\ -— SV
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Stage Vernier Vernier
1 Stage Stage L _ Ly
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]
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'S, Output Stage Ampiifier x2
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< v, I
- Y
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| Stage — v
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2 2
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| b
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Figure 8—14-5_ Inter-relationship of active vernier stages
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20 dB Attenuator

A 20 dB resistive attenuator is located between the vernier attenuator and the input stage of the following power amplifier.
This attenuator is only active when the amplifier is set to signal amplitudes below 1 V.

Power Amplifier

A block diagram of the output amplifier section is given in Figure 8—14—8, in which it can be seen that the power amplifier
comprises two amplifiers connected in parailel, one of which can be switched off. When switched off, total amplification
{input to output} is unity, while switching on provides a total gain factor of 2.

enabie-disobit
I

CHE
+ 0¥ 1 irem CHE % -

ampliFier '
POWER AMPLIFIER
!-
| SOIL

Gaim b (_i E? - ! AfL
Goin &
‘N +12¥ b E
b |
EXCESEIVE —_—— FEL N3
- Ly voltage
protection i
from snable I 4%D_CCHA
vaner S Gain 2 p—rrvn, 1 6‘ |
I - Gptn
i 8B |
EACLBAINE
vl Lage l
protection o0
-+ | sn
!
~ bl
+hedble
ol | dis—
’4 12\( ghte
Sain 2 — [
Gam L Ten

OFFSET CURRENT
GENERLTOR

— 0% 1

Figure 8—14—6. Power amplifier block diagram
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Figure 8—14—7 illustrates the operating principle of the switchable ampfifier, the onty difference between this and the non-
switchable being the switch function. The amplifier consists of 2 complementary cascode stages working in push — pull
made, {Complermentary cascode = NPN and PNP transistor connected in common emitter/common base configuration

te provide high input impedance, high output impedance and high gain}. The positive cascode stage comprises common
emitter transistor Q303, common base transistor Q314 and the positive current source; the negative cascode stage comprising
common emitter transistor Q305, common base transistor Q315 and the negative current source. 303 and Q305 operate

as voliage-controfled current sources, the input voltage to their bases determining which is more heavily biased {the mini-
mum bias current flows continually through all 4 transistors due to it being a linear ampiifier).

positivg furrent
Squrse

H

+
8 % aan

Input

o

SuTPJT

Rout

a0y __J
CR 202 ans

rtgative rurrent
Source

Figure 8—14—7. Switchable amplifier functional diagram

To switch the amplifier off, transistor switches Q308 and Q309 are swiiched on, so that all current flows through diodes
CR301, CR302 into the voltage sources,

Excessive Voltage Protection

To prevent the output transistors going into saturation, a protection circuit is added. If an absalute valtage of approximately
16 V {depending on level setting) is fed to the output jack, diodes CR307 to CR308 conduct for positive voltages, CR310

to CR312 for negative voltages to cause relay K303 (via board A150) to switch to DISABLE. This diode circuit is also
activated if the B160A is set 1o output levels above ~ 8 V without internal or external terminating resistor.
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TROUBLESHOOTING

The following hints are an aid to fault iselation should a
problem arise with the 8160A output amplitude, Infor-
mation given here relates to the analog sector of the out-
put amplifier, digital troubleshooting hints being given in
Service Block 13, Because amplitude and offset are
generated separately, offset troubleshooting is handled
in & separate Service Block — Service Block 15.

It should be remembered in the following information

that amplitude as a parameter is not displayed on the
B160A front panel — it must be calculated by subtracting
the programmed LOL {tow level) from the HIL (high fevel}.

AMPLITUDE =HIL — LOL

CAUTION }

At higher amplitudes, do not work at long periods with the hest sink on hoard A151
removed.

Active Vernier Qutput

A good starting point for troubleshooting amplitude problems is the output of the active vernier, TPT. (NOTE: TP1 is

an imaginary test point at R288 on the component side of A151. For measurernents on the circuit side of A151, the right-
hand printed circuit delay line can be considered as TP1). Table 8—14—1 indicates the conditions in this area for diffarent
amplitudes.

Tabie 8—14=1. Amplitude Conditions

Qutput Amplitude Range Output Impedance 20 dB Atuenvator Relay K203
100 mV — 999 mV 50 12 on on
1.00v —999 Vv 50 (1 off off
100V — 199 Vv 1k off oft

When the 20 dB attenuator is switched off {output amplitudes 1V — 19.9 V), all signals at TP1 are within 1 V105 V
amplitude and symmetrical about floating ground { ﬁ'] }. For this reason, ensure that the measuring device is also floating.
When the 20 dB attenuator is on {0.1 V — 0.993 V } all signals at TP1 are 0.1 V 10 0.5 V amplitude, also symmetrical
about tloating ground.
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D/A Converter Qutput

The following table indicates the D/A converter outputi voliage (measured at Q209 collector — against floating ground)
fordifferent 8 160A output amplitudes.

Table 8—14-2, D/A Converter Output Voltages

AMPLITUDE (HIL-LOL}) Active Vernier Power Amplifier

1.00 130 1.60 1.99 ————f— Stage 1 only - =1

2.00 2.60 3.20 399 e e Stage 1 only — X2

4.00 4.60 5.20 599 — Stages 1and 3 —famme-- x2

6.00 6.60 7.20 7.99 — |  Stages 1 and 2 — i %2

8.00 8.60 9.20 9.99 — Stages 1, 2 and 3 —me x2

Q200 112V 12.2V 135V 149V

coll,

Although fiva different amplitude settings have the same Q209 collector voltage, the difference at the 8160A output is
explained by the “active verniar’ and ‘power amplifier’ columns, e.q. for 4 V amplitude, stages 1 and 3 of the vernier
are switched on, and the power amplifier is switched to x2.

—— -MEY 2ymy

- S 1RBW 2 VMY

—— 0¥ 058VDIV

Cutput Amplifier A151

Fast test pictures are taken with a 100 MHz scope,

Tha levels are true for a sampling scope which should be used to
measure width, transition or amplitude.

Waveform conditions:

8160A — press RCL O
Scope — time base 0.2 us/Div
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Model B160A Service

SERVICE BLOCK 15
OFFSET CURRENT SOURCE A151 |28

THEORY OF CPERATION

HIL + LOL ;
A functional diagram of the offset generator is given in Figure 8—15—1. Using the formula ———————— to determine the

2xRout
required offset current, the micropracessor transmits the digital information 1o a 10-bit D/A converter on A150. The output

current of the D/A converter is then transformed to voltages V ref, vt ref, V7 ref, all referenced to floating ground.
VT ref and V™ ref contro! the output current sources which are relay-switched to obtain offset current x 1 { = 400 mA max.}
and x 0.1 { = 4D mA max.).

Onty one source can be switched on at any single point in time, this being determined by the microprocessor generated signals
POS. OFFSET and NEG. OFFSET (see schematic 28).

+« 0V F

QFFSET GENERATOR

Qtfset
k——( x1,%0.1

v+

REF * [] a
Pos aff set @10
disablellow =~ 7
active 1€ G410

+ closedy

open
i = . \\I%
e

pos. otlset [ -

calibration
YREF}

a0z F
deyice O N !
E:tsr; Cany

1K
+ I

ueos

F\

- It neg oftsel G4l
VREF #HE,?"’ | gisabie

thigh aclive 1 ¢

G411 closed!
CFfset
- X1, K

—Ig¥ B

Figure 8—15—1. Cffset Generator Functionat Diagram

8-165



Service Model 81604

TROUBLESHOOTING

A prerequisite for measuring the offset generator output with a DVM is 1o set the 8160A period << 100 ns. This ensures
that the ac signal {filtered by L4401} from the output amplifier is low, Use the following table 8-15—1 to check offset
voltages for different HIL/LOL settings.

Table 8—15-1. Offset Voltages

Measured against floating gnd. Measured against fixed gnd

HIL LOL Q401 coll, | U4D4pin3 | U405 pin 3 Q413 emm, / Q418 emm,
| 01V | -0V 187V 18.7V —18.7V oV
100V | 1.00V 18.7 V 187V —187V 05V
199V oV 134V 134V —13.4V 1.0V
_ 200V oV 18.0V 180V —t8.0V 115V
50£2/5082( 490 v oV 17.4V 174V | =174V 2.3V
600V ov 169V 169V —16.9V 22V
8.00V ov 16,4V 16.4V —16.4 V 43V
|| 989V ov 158V 158V —15.8V 5.4V
[ | 100V oV 17.2V 17.2V —17.2V 0.5V
5.00V oV 17.8v 17.8V 178V 26V
1kQ /B0 100V oV 171V 171V LR RY 5.2V
150 V oV 164V 16.4V ~16.4V 7.4V
199 VvV oV 15.7V 157V 157V 10,0V
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