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CERTIFICATION

The Hewlett-Packard Company certifies that this instrument was
thoroughly tested and inspected and found to meet its published
specifications when it was shipped from the factory. The Hewlett-
Packard Company further certifies that its calibration measure-
ments are traceable to the U.S. National Bureau of Standards to
the extent allowed by the Bureaw's calibration facility.

WARRANTY AND ASSISTANCE

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

Service contracts or customer assistance agreements are
available for Hewlett-Packard products that require main-
tenance and repair on-site.
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SAFETY SUMMARY -

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

GROUND THE INSTRUMENT.

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

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE.

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

KEEP AWAY FROM LIVE CIRCUITS.
Operating personnel must not remove instrument covers. Component replacement and internal ad-
Justments must be made by qualified maintenance personnel. Do not replace components with power

cable connected. Under certain conditions, dangerous voltages may exist even with the power cable
removed. To avoid injuries, always disconnect power and discharge circuits before touching them.

DO NOT SERVICE OR ADJUST ALONE.

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

USE CAUTION WHEN EXPOSING OR HANDLING THE CRT.

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

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT.

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

DANGEROUS PROCEDURE WARNINGS.

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

| WARNING I

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

SS 6/74
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Figure 1-1. Model 1600A Logic State Analyzer
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General Information

SECTION |

GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. The Model 1600A Logic State Analyzer is
designed to aid in the analyses of digital systems which
depend on sequences of logic states to control their
operation. The 1600A provides a functional display
of ones and zeros in a tabular format of logic states

with up to 16 variables in a digital system (up to 32

variables may be displayed when a Model 1607A Logic
State Analyzer is used with the 1600A in the bus mode).

' 1-3. Tabular data is displayed in two tables of sixteen
16-bit words. Table A (left half of the CRT screen)
is a display of A-memory data acquired from the cir-
cuit under test through the 1600A data input con-
nectors. Table B (right half of the CRT screen) is a
display of B-memory data (data transferred from A-
memory by the STORE A—B pushbutton or Model
1607A input data when the 1600A is connected to
1607A using an I/0 Interface Cable), or a display of
the exclusive-OR of A-memory and B-memory data.

1-4. In map-display modes, the 1600A displays digital
words (up to sixteen bits in length) as single dots
whose location on the CRT screen identifies them
uniquely. In the map mode, the 1600A can display up
to 65 536 16-bit words (all possible states in a 16-bit
state machine).

1-5. This manual contains installation and operating
instructions, as well as maintenance information for
the 1600A. Instrument specifications and procedures
for verifying proper operation are included. Proce-
dures are also included for adjusting the instrument to
its performance specifications. Schematic diagrams,
the theory of operation, and troubleshooting infor-
mation are provided for use in maintaining the instru-
ment.

1-6. This section of the manual contains performance
specifications for the Model 1600A, and a list of the
options available. It also lists accessories supplied with
the 1600A and other accessories that are available.
Instrument and manual identification information are
also included.

1-7. SPECIFICATIONS.

1-8. Table 1-1 is a complete list of Model 1600A
critical specifications that are controlled by tolerances.
Table 1-2 contains general information that describes
operating characteristics of the 1600A.

1-9. Any changes in specifications due to manufac-
turing, design, or traceability to the U.S. National

- Table 1-1. Specifications

CLOCK AND DATA INPUTS

REPETITION RATE: 0 to 20 MHz.

INPUT RC: 40 kQ 3 kQ shunted by <14 pF.

INPUT BIAS CURRENT: <30 uA.

INPUT THRESHOLD: TTL, fixed at approx +1.5 V;
variable, +10 Vdec.

MAXIMUM INPUT

Level: —15 to +15 Vde.

Swing: 15 V peak from threshold.

MINIMUM INPUT

Swing: 0.5 V +5% of p-p threshold voltage.

Clock Pulse Width: 20 ns at threshold.

Data Pulse Width: 25 ns at threshold.

Data Setup Time: time data must be present prior
to clock transition, 20 ns.

Hold Time: time data must be present after clock
transition, 0 ns.

PATTERN AND DELAYED TRIGGER OUT-

PUTS

HIGH: 22 V into 50Q (line driver interface).

LOW: <0.4 V into 50Q (line driver interface).

PULSE DURATION

Delayed Trigger: approx 25 ns (RZ format) at 1 V
level.

Pattern Trigger: approx 25 ns in RZ formatat 1 V
level with delay set to zero or off. With delay on
and not set to zero, pattern trigger output starts
on receipt of a pattern trigger signal and ends
when the delay ends.

TRIGGER ARM INPUT

IMPEDANCE: 500.

LEVEL: low state, 0 V to <0.4 V; high state, 2 V to
<5 V. '

PULSE WIDTH: 15 ns minimum at 1.5 V level.

ARMING CONDITIONS: if the arming pulse positive
edge occurs <45 ns after a clock, triggering occurs
on the same clock cycle that it is armed. If the
arming pulse positive edge occurs >75 ns after a
clock, triggering occurs on the next clock cycle.

75 ns 45 ns
I I
cLocK ! :
1 I
| ! :
) ! i
| 1

i
TRIG ARM
=~ wiNDOW "‘
|

TRIG ARM PULSE

I
'
I

TRIG RECOGNITION >
ARMED
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General Information

Bureau of Standards will be listed on a manual change
sheet included with this manual. The manual and
manual change sheet supersede all previous infor-
mation concerning specifications of the 1600A.

1-10. ACCESSORIES SUPPLIED.

1-11. The following accessories are supplied with the
1600A:

One Clock Probe, Model 10230B

Three Six-bit Data Probes, Model 10231B

1-12. ACCESSORIES AVAILABLE.

1-13. The following accessories are available for the
1600A:

10236A Six-inch Trigger Interface Cable
10237A Twelve-inch 1/0 Interface Cable

"NOTE

The above listed cables are required to
interface the Model 1600A with a Model
1607A in the bus mode.

Model 1600A

1-14. INSTRUMENT AND MANUAL IDENTI-

“FICATION. .

1-15. Instrument identification by serial number is
located on the rear panel. Hewlett-Packard uses a
two-section serial number consisting of a four-digit
prefix and a five-digit suffix, separated by a letter
designating the country in which the instrument was
manufactured. (A = U.S.A,; G = West Germany; J =
Japan; U = United Kingdom.)

1-16. This manual applies to instruments with the
serial numbers indicated on the title page. If changes
have been made in the instrument since this manual
was printed, a “Manual Changes” supplement supplied
with the manual will define these changes. Be sure to
record these changes in your manual. Backdating’
information in Section VII adapts the manual to instru-
ments with serial numbers lower than that shown on
the title page. Part numbers for the manual and the
microfiche copy of the manual are also shown on the
title page.

Table 1-2. General Information

DISPLAY RATE: variable from <200 ms to >b s.

POWER: 100, 120, 220, 240 Vac; —10% +b5%, 48 to
440 Hz; 120 VA max.

DIMENSIONS: see outline drawings.

WEIGHT: net, 12.7 kg (28 1b); shipping, 15,9 kg (35 1b).

L

s - 0’20°%\
, \\ /

N
=

\\\\\\ 34.9(1-3/8)
. \

I
4 |-<-—184,2(7—1/4)
196.9(7-3/4)

OPERATING ENVIRONMENT

Temperature: 0°C to 55°C.

Humidity: up to 95% relative humidity at 40°C.

Altitude: to 4600 m (15 000 ft).

Vibration: vibrated in three planes for 15 min. each
with 0.254 mm (0.010 in.) excursions, 10 to 55 Hz.

.

@OO@:D ]

|ag———— 284.1(11-3/16) ~———8=|

[t————— 334.9(13-3/16) —————#=

NOTES
1. DIMENSIONS ARE FOR GENERAL

Y

- 447.5{17-5/8)

485.6(19-1/8)

INFORMATION ONLY. IF Di-
MENSIONS ARE REQUIRED FOR
BUILDING SPECIAL ENCLOSURES,
CONTACT YOUR HP FIELD

|

- 539.8(21-1/4)

Y

ENGINEER.
2. DIMENSIONS ARE IN MILLIMETERS
. AND (INCHES).
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Installation

SECTION Il

INSTALLATION

2-1. INTRODUCTION.

2-2. This section contains information and instruc-
tions necessary for installing and interfacing the Model
1600A. Included are initial inspection procedures,
power and grounding requirements, installation instruc-
tions, and procedures for repacking the instrument for
shipment.

2-3. INITIAL INSPECTION.

2-4. This instrument was carefully inspected both
mechanically and electrically before shipment. It
should be free of mars or scratches and in perfect

electrical order upon receipt. To confirm this, the:

instrument should be inspected for physical damage
incurred in transit. If the instrument was damaged in
transit, file a claim with the carrier. Check for sup-
plied accessories (listed in Section I) and test the
electrical performance of the instrument using the
performance test procedures outlined in Section V.
If there is damage or deficiency, see the warranty in
the front of this manual. -

WARNING

Read the Safety Summary at the front
of the manual before installing or oper-
ating the instrument.

2-5. POWER CORDS AND RECEPTACLES.

2-6. Figure 2-1 illustrates the standard configuration
used for HP power cords. The HP part number directly
above each drawing is the part number for an instru-
ment power cord equipped with a connector of that
configuration. If the appropriate power cord is not
included with the instrument, notify the nearest HP
Sales/Service Office and a replacement cord will be
provided.

2-7. POWER REQUIREMENTS.

2-8. The Model 1600A can be operated from any
power source supplying 100-, 120-, 220-, or 240-volts
(—10 +5%), single phase, 48 to 440 Hz. Power dis-
sipation is 120 VA maximum.

; CAUTION

Instrument damage may result if the
line-voltage selection switch is not cor-
rectly set for the proper input power
source.

8120-1639

8120-0698

8120-1689 8120-13561 8120-1395

1600A-086-09-75

Figure 2-1. Power Cord Configurations

2-9. The instrument is normally set at the factory for
120-volt operation. The LINE SELECTOR slide
switches on the rear panel select either 100-, 120-,
220-, or 240-volt operation. To check or change posi-
tions of the LINE SELECTOR switches, proceed as
follows:

a. Verify that Model 1600A power cable is not
connected to any input power source.

b. For 100- or 120-volt operation, set LINE
SELECTOR switches to 100 V or 120 V and install
1-ampere fuse (HP Part No. 2110-0007) for F1.

c. For 220- or 240-volt operation, set LINE
SELECTOR switches to 220 V or 240 V and install
0.6-ampere fuse (HP Part No. 2110-0016) for F1.

d. Reconnect power cable.

2-10. REPACKING FOR SHIPMENT.

9-11. If the instrument is to be shipped to a Hewlett-
Packard Sales/Service Office for service or repair,
attach atag showing owner (with address), complete
instrument serial number, and a description of the
service required.

2-12. Use the original shipping carton and packing
material. If the original packing material is not
available, the Hewlett-Packard Sales/Service Office
will provide information and recommendations on
materials to be used.

2-1
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16
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45
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10.

11

12.

13.

14.

15,

16.

INPUTS/OUTPUTS

CLOCK INPUT. Clocking signal input con-
nector.

Q1, Q0 INPUTS 15-12; DATA INPUTS 11-6;
DATA INPUTS 5-0. Monitored-data input con-
nectors.

PATTERN TRIG OUT. Output connector for
trigger pulse generated when input data meets
triggering requirements.

DELAYED TRIG OUT. Output connector for
delayed trigger pulse.

TRIG ARM IN. Input connector for trigger

_recognition arming signal.

TRIG BUS. Connector for trigger bus signal.
Connect TRIG BUS to TRIG BUS on a Model
1607A only.

1/0 PORT. Connector for bidirectional data
and control signal interface cable between
1600A and an external device.

LOGIC PROBE. +5 V power connector for logic
probes requiring less than 100 mA.

INDICATORS
NO ARM. Indicator light showing that 1600A
has remained unarmed for more than 0.1
second.

NO CLOCK. Indicator light showing that 1600A
has not received a clock for more than 0.1
second.

NO QUAL. Indicator light showing that 1600A
has not received display qualifier for more
than 0.1 second. NO QUAL is disabled when
DSPLY/TRIG pushbutton is set to TRIG or
NO CLOCK light is on.

NO TRIG. Indicator light showing that 1600A
has not received a trigger for more than 0.1
second. NO TRIG is disabled if NO ARM, NO
CLOCK or NO QUAL are lit.

DATA HELD. Indicator light showing that data

has been displayed for more than 0.3 second

without being updated.
DISPLAY

INTENSITY. Controls brightness of display.

FOCUS. Control for adjusting focus of display.
DISPLAY TIME. Control to adjust length of

time display is retained on CRT before being
updated in REPET and HALT A # B modes.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27,

28.

29.

COLUMN BLANKING. Control for blanking
unused data columns on CRT display.

LOGIC POS/NEG. Matches sense of displayed
characters to desired logic polarity. POS for
positive logic (most positive level is 1), or NEG
for negative logic (most negative level is 1).

BYTE 4 BIT/3 BIT. 4 BIT groups 16-bit word
format into bytes of 4 bits each. 3 BIT groups
16-bit word format into bytes of 3 bits_each
with MSB left over.

STORE A-—B. Control to load contents of A-
memory into B-memory each time button is
pushed. This control functions only when A-
memory is displayed as a table.

DISPLAY MODE

TABLE A. Selects data stored in A-memory
for display on left side of CRT screen.

TABLE A & B. Selects contents of both A
memory and B-memory for display.

TABLE A & (A @ B). Selects contents of A
memory for display on left side of CRT screen
and bit-by-bit exclusive-ORing of contents of
A-memory and B-memory for display on right
side of CRT screen with differences between
A-memory and B-memory displayed as inten-
sified ones.

TABLE B. Displays data stored in B-memory on
right side of CRT screen.

MAP NORM. Selects vertical bits 15-10 and
horizontal bits 7-2 of A-memory data for map
display.

MAP EXP. Expands sector of NORM map
selected by vertical bits 15 and 14, and hori-
zontal bits 7 and 6 to full screen display with
vertical bits 13-8 and horizontal bits 5-0 map-
ped on display. *

SAMPLE MODE

REPET. With REPET selected, displayed
data is updated every 200 ms to five seconds.

HALT A # B. With HALT A # B selected, when-
ever data in A-memory is different from data
in B-memory, the 1600A goes into single
sample mode with data containing the dif
ference displayed.

SGL. In SGL (single), data is acquired once
and held until RESET is pressed.




MN BLANKING. Control for blanking
i1 data columns on CRT display.
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gative logic (most negative level is 1).

4 BIT/3 BIT. 4 BIT groups 16-bit word
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word format into bytes of 3 bits each
1SB left over.

£ A—B. Control to load contents of A-
sy into B-memory each time button is
1. This control functions only when A-
ry is displayed as a table.

DISPLAY MODE

E A. Selects data stored in A-memory
splay on left side of CRT screen.

E A & B. Selects contents of both A-
ry and B-memory for display.
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y.

EXP. Expands sector of NORM map
:d by vertical bits 15 and 14, and hori-
bits 7 and 6 to full screen display with
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1 display.

SAMPLE MODE
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s updated every 200 ms to five seconds.
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memory, the 1600A goes into single-
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In SGL (single), data is acquired once
eld until RESET is pressed.

30.

31.

32.

33.

34.

35.

36.

317.

38.

39.

RESET. RESET .causes 1600A to return im-
mediately to the beginning of a data acquisi-
tion cycle.

TRIGGER MODE

DELAY. DELAY sets number of display-
qualified clock pulses the displayed data and
delayed trigger pulse are delayed from trig-
ger word.

DELAY ON/OFF. Turns delay generator on or
off. OFF position has the same effect as set-
ting all DELAY thumbwheels to zero.

START DSPL. When selected, trigger word is
first (top) displayed word with following 15
qualified words displayed below (DELAY off).

END DSPL. When selected, trigger word is last
(bottom) word displayed with preceding 15
qualified words displayed above (DELAY off).

NORM/ARM. In ARM position, trigger recog-
nition circuit cannot produce a trigger until
armed by a positive-going transition on TRIG
ARM input. In NORM position, a trigger is
produced any time trigger word and qualifier
conditions are met. :

LOCAL/BUS. In LOCAL position, 1600A will

. trigger whenever incoming data meets 1600A

local triggering requirements. In BUS posi-
tion, a trigger is generated only when incom-
ing data on both bussed instruments match
settings of their combined triggering re-
quirements.

OFF/WORD. In table display modes, OFF posi-
tion (out) disables TRIGGER WORD switches
(equivalent to placing all TRIGGER WORD
switches in off position). In map display
modes, OFF position removes cursor (map
locator) from CRT screen and allows only
upper left sector (LOGIC set to POS) or lower
right sector (LOGIC set to NEG) of map to be
expanded. OFF/WORD has no effect on quali-
fier channels.

TRIGGER WORD-MAP LOCATOR. Control
switches for selecting trigger word in table dis-
play modes or for locating cursor on CRT
screen in map display modes. OFF is a “don’t
care” position in table display modes and a LO
position in map display modes. Switches select
trigger word for PATTERN TRIG OUT and
DELAYED TRIG OUT in both table and map
display modes.

QUALIFIER

DSPLY/TRIG.

a. DSPLY. Prohibits 1600A from display-
ing data or generating a trigger unless
conditions set by Q0 and Q1 are true
when clock edge occurs. '

b. TRIC
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Figure 3-1. Front- and Rear-Panel Controls, Connectors, .




30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

RESET. RESET causes 1600A -to return im-
mediately to the beginning of a data acquisi-
tion cycle.

TRIGGER MODE

DELAY. DELAY sets number of display-
qualified clock pulses the displayed data and
delayed trigger pulse are delayed from trig-
ger word.

DELAY ON/OFF. Turns delay generator on or
off. OFF position has the same effect as set-
ting all DELAY thumbwheels to zero.

START DSPL. When selected, trigger word is
first (top) displayed word with following 15
qualified words displayed below (DELAY off).

END DSPL. When selected, trigger word is last
(bottom) word displayed with preceding 15
qualified words displayed above (DELAY off).

NORM/ARM. In ARM position, trigger recog-
nition circuit cannot produce a trigger until
armed by a positive-going transition on TRIG
ARM input. In NORM position, a trigger is
produced any time trigger word and qualifier
conditions are met.

LOCAL/BUS. In LOCAL position, 1600A will
trigger whenever incoming data meets 1600A
local triggering requirements. In BUS posi-
tion, a trigger is generated only when incom-
ing data on both bussed instruments match
settings of their combined triggering re-
quirements.

OFF/WORD. In table display modes, OFF posi-
tion (out) disables TRIGGER WORD switches
(equivalent to placing all TRIGGER WORD
switches in off position). In map display
modes, OFF position removes cursor (map
locator) from CRT screen and allows only
upper left sector (LOGIC set to POS) or lower
right sector (LOGIC set to NEG) of map to be
expanded. OFF/WORD has no effect on quali-
fier channels.

TRIGGER WORD-MAP LOCATOR. Control
switches for selecting trigger word in table dis-
play modes or for locating cursor on CRT
screen in map display modes. OFF is a "don’t
care” position in table display modes and a LO
position in map display modes. Switches select
trigger word for PATTERN TRIG OUT and
DELAYED TRIG OUT in both table and map
display modes.

QUALIFIER

DSPLY/TRIG.

a. DSPLY. Prohibits 1600A from display-
ing data or generating a trigger unless
conditions set by Q0 and Q1 are true
when clock edge occurs.

40.

41.

Model 1600A

b. TRIG. Prohibits 1600A from generating
a trigger unless conditions set by QO
and Q1 are true.

Q0, Q1. Control switches for setting pattern
that qualifier bits must match for data te be
displayed or trigger to be generated. OFF is
a "don’t care” position.

THRESHOLD
THLD TTL/VAR. :

" a. TTL. Sets input threshold of clock and

data probes to +1.5 V.

" b. VAR. Allows input threshold of clock and

42,

43.

44,

45,

46.

47.

48,

49.

50.

51.
52.

53.
54.

65.

data probes to be varied from —10 V to
+10 V.

SET. Adjustment for probe input threshold
voltage over range of 10 V.

MEAS. Test point for monitoring SET thresh-
old level.

CLOCK. Selects clock transition triggering.
Out position selects positive-going transition.
In position selects negative-going transition.

CRT ADJUSTMENTS

ASTIG. Adjustment for roundness of writing
spot.

TRACE ALIGN. Adjustment for aligning dis-
play with horizontal graticule.

X-POSITION. Adjustment for horizontal posi-
tion of display.

X-GAIN. Adjustment for gain of horizontal
display circuitry output.

Y-POSITION. Adjustment for vertical position
of display.

Y-GAIN. Adjustment for gain of vertical dis-
play circuitry output. %

POWER
LINE. Model 1600A line power switch.
Line Lamp. Lights when line power is on.

LINE SELECTOR. Slide switches for selecting
100-, 120-, 220-, or 240-Vac line operation.

FUSE. 1-A time-delay fuse for 100- or 120-Vac
operation, 600-mA time-delay fuse for 220- or
240-Vac operation.

Power Input. Power cable connector.

Figure 3-1. Front- and Rear-Panel Controls, Connectors, and Indicators
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SECTION Il

OPERATION

3-1. INTRODUCTION.

3-2. This section contains an explanation of the
Model 1600A operating controls, modes of operation,
operator’s checks and adjustments, and operating
instructions for most applications.

3-3. CONTROLS AND CONNECTORS.

3-4. Figure 3-1 shows the 1600A front and rear panels
and provides functional descriptions of operating con-
trols, connectors, and indicators.

' 3-5. CLOCK, DATA, AND QUALIFIER IN-

PUTS.

3-6. Clock, data and qualifier inputs to the 1600A
are supplied by monitor probes which connect to the
front-panel clock and data input connectors. Each
monitor probe comprises connecting devices and
buffer amplifier-comparators. Input threshold levels
for the buffer amplifier-comparators are supplied by
the 1600A. One clock probe and three six-channel data
probes are required to operate the 1600A. Refer to the
operating and service literature supplied with the
probes for further information.

3-7. DISPLAY MODES.

3-8. TABLE DISPLAYS. The Model 1600A has four
table display modes; A, A & B, A & (A®B), and B. In
the table formats, the 1600A displays ones and zeros
in one or two tables consisting of sixteen 16-bit words
each. Table A (left half of the CRT screen) is a display
of A-memory data acquired from the circuit under test
through the 1600A data input connectors. Table B
(right half of the CRT screen) is a display of B-memory
data (data transferred from A-memory by STORE
A—-B or Model 1607A input data when the 1600A is
connected to a Model 1607A using a Model 10237A
1/0 Interface Cable), or a display of the exclusive-OR
of A data and B data.

3-9. In display modes where table A is displayed,
the STORE A-B pushbutton duplicates the contents
of A-memory in B-memory. This feature allows table
B to be used as a reference field enabling analysis on
a comparison basis. When the 1600A is connected to a
1607A through the 170 interface cable, STORE A—B
is disabled and table B becomes an active display of
Model 1607A input data.

3-10. With A & (A@B) selected, table B displays the
bit-by-bit exclusive-OR of A-memory with B-memory.

Bit differences are displayed as intensified ones and
bit correlation is displayed as zeros.

3-11. Partial Displays. The partial-display mode per-
mits display of less than 16 words and allows viewing
of data as it is single-stepped into the 1600A. The
1600A will go into a partial display mode any time
the display qualifier rate is_less than approximately
30 bits/second. A slow dlsplay qualifier rate can be
either a low-frequency clock or a high-frequency clock
with infrequent display qualification. In the partial-
display mode, the 1600A displays data words on the
CRT as they are received, not waiting until a complete
16-word data block is in memory.

3-12. In START DSPL, the CRT is blanked until the
trigger word is found. The trigger word is then dis-
played and the following words are added to the
display with subsequent clocks. In END DSPL, data
words are displayed as they are acquired. After 16
words are displayed, each additional clock shifts the
display up one word until the trigger word is displayed.
The trigger word is intensified and the display is held
for the length of time set by DISPLAY TIME. When
A & (A®B) is selected both tables are incremented
together in partial-display operation.

3-13. MAP DISPLAYS. The map display provides an
overview of A-memory with data words displayed as
dots on the CRT screen. All possible states in a 16-bit
state machine (up to 65 536 16-bit words) can be dis-
played in the map mode. In the map display mode,
the 1600A acquires data randomly, i.e., in a free-
run sample mode. However, the pattern and delayed-
trigger outputs function the same in map display
modes as they do in table display modes. The DSPLY
qualifier mode can be used in map to selectively map
input data. In map display modes, the 1600A requives
repetitive input data with a clock rate or display
qualifier rate greater than 100 kHz. At clock rates
less than 100 kHz, it is possible that some logic states
may not be displayed.

3-14. The position of each dot on the CRT screen
uniquely identifies its address or state value. The eight
most-significant bits of a 16-bit word determine its
vertical position on the CRT screen and the eight least-
significant bits determine the horizontal position of the
word. The all-zero state is displayed in the upper-left
corner of the screen and the all-ones state is displayed
in the lower-right corner of the screen (POS logic).

3-15. The intensity of a dot indicates the relative
frequency of occurrence of that logic state. The vector

3-1
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traced between dots indicate direction of logic flow
in the machine. The brightened or intensified end of
the vector indicates the "go to” state. The vectors
are non-linear so that when logic flow occurs in
opposite directions between two logic states, thé
vectors will not overlap and obscure useful infor-
mation. Figure 3-2 shows a typical map display.

1600A-027-08-75

Figure 3-2. Map Display

3-16. NORM/EXP. With NORM selected, the six
most-significant vertical bits (bits 15-10) and the six
most-significant horizontal bits (bits 7-2) of a data
word are mapped on the CRT. In EXP, the sector of the
NORM map selected by the two most-significant
vertical bits (bits 15 and 14) and the two most-signifi-
cant horizontal bits (bits 7 and 6) is expanded to full
screen. The six least-significant vertical bits (bits
13-8) and the six least-significant horizontal bits of
the input data words are mapped on the display in
EXP. EXP provides a X4 magnification of the ex-
panded NORM map sector.

.
‘-

3-17. CURSOR. In map mode, the TRIGGER WORD
switches control the location of a cursor (a zero
displayed on the CRT screen). In NORM, the cursor is
used to select one of 16 sectors to be expanded in
EXP. TRIGGER WORD switches 15 and 14 control
vertical sector selection; switches 7 and 6 control
horizontal sector selection (see figure 3-3). The sector
containing the cursor is expanded in EXP. In EXP,
the cursor can be used to select a specific state to be
the trigger word in a table display. The cursor is
positioned about a single dot using the six least-
significant vertical and the six least-significant hori-
zontal TRIGGER WORD switches. The setting on
the switches give the -address or state of the selected
dot. Selecting one of the table modes where table A
is displayed returns the 1600A to a table display
with the selected logic state becoming the trigger word.

3-2
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Figure 3-3. Expanded Map Sector Selection

NOTE

Changing the setting of the two most-
significant vertical or two most-signifi-
cant horizontal TRIGGER WORD switches
while in EXP will cause a different sector
of the NORM map to be displayed.

3-18. SAMPLE MODES.

3-19. In the repetitive (REPET) sampling mode dis-
played data is periodically updated approximately
every 200 milliseconds to five seconds depending on
the setting of the DISPLAY TIME control. In the
single-shot (SGL) sampling mode new data is not
displayed until the RESET button is pushed. Then
new data is acquired and displayed until RESET is
pushed again. ‘

NOTE

If control settings are changed in SGL
mode, the intensified word may not nect
essarily be the trigger word,

3-20. In the HALT A # B mode, data is repetitively
acquired and displayed as long as the data in A- and
B-memories are the same. Whenever the data stored
in A-memory differs from the data stored in B-memory,
the 1600A locks in a display cycle. The 1600A then
displays the acquired data until reset. Data acquisition
is resumed when RESET is pushed or REPET is
selected. HALT A # B functions only in modes where
table A is displayed. This sample mode frees the
operator from watching for very infrequent or inter-
mittent logic sequence errors.
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3-21. TRIGGER MODES.

3-22. START DISPLAY. IN START DSPL, the trig-
gering word (the input data word matching the TRIG-
GER WORD settings) is positioned at the top of the
display with the next 15 input data words positioned
in order below the triggering word when zero delay
is selected.

3-23. END DISPLAY. In END DSPL, the 15 input
data words preceding the triggering word are dis-
played in order from the top of the display with the
triggering word positioned at the bottom when zero
delay is selected.

3-24. DELAY. With DELAY ON/OFF in the ON posi-
tion any 16-word data block from 0 to 99 999 qualified
input clock pulses following the triggering word can
be selected for display. In START DSPL, DELAY
sets the number of qualified clock pulses the first
displayed word is delayed from the trigger word. In
END DSPL, DELAY sets the number of qualified clock
pulses the last displayed word is delayed from the
trigger word. In either mode, DELAY sets the number
of qualified clock pulses the DELAYED TRIG OUT
pulse is delayed from the trigger word. Setting DELAY
ON/OFF to OFF is equivalent to setting all DELAY
thumbwheels to zero.

3-25. NORM/ARM. In NORM position, a trigger is
produced any time the 1600A trigger word and
qualifier conditions are met. In ARM position, the
1600A trigger generator cannot produce a trigger
pulse until it has been armed by a positive-going
transition on the TRIG ARM input. NORM/ARM per-
mits selection of a trigger point that is dependent upon
previously specified conditions (sequential triggering).
EXAMPLE: The TRIG ARM input could be the PAT-
TERN TRIG OUT or DELAYED TRIG OUT pulse from
another Model 1600A or a Model 1607A.

3-26. LOCAL/BUS. In LOCAL position, the 1600A will
trigger whenever the incoming data meets 1600A
triggering requirements. In BUS position, a trigger is
generated only when the incoming data on both in-
struments connected to the trigger bus match the
settings of their respective TRIGGER WORD switches.
This feature allows a 1600A and a 1607A to be bussed
together to form up to a 32-bit-wide trigger (36-bits
wide with TRIG qualification selected) enabling larger
word-size machines to be analyzed.

3-27. QUALIFIER MODES.

3-28. Display qualification prohibits the 1600A from
recognizing any clock input unless the conditions set
by Q0 and Q1 are true. On bus structures where
data is being multiplexed such as in computers or
microprocessors, display qualification permits selec-
tive viewing of data by ignoring unqualified clock
edges. Trigger qualification prohibits the 1600A from
generating a trigger unless the conditions set by QO

Operation

and Q1 are true. With trigger qualification, Q0 and Q1
become two additional undisplayed channels, i.e., the
trigger word becomes 18 bits wide.

3-29. When the DSPLY/TRIG switch is set to DSPLY,
the 1600A will display only that data that is properly
qualified when a clock occurs. When TRIG is selected,
the instrument triggers on an 18-bit trigger word.

SO-SQI_ PATTERN TRIG OUT/DELAYED TRIG

3-31. PATTERN TRIG OUT and DELAYED TRIG
OUT provide 50-ohm-compatible trigger outputs.
PATTERN TRIG OUT provides a pulse when the
Model 1600A input data meets triggering require-
ments. The PATTERN TRIG OUT pulse remains high
until the delay generator produces a pulse on
DELAYED TRIG OUT. DELAYED TRIG OUT is de-
layed from PATTERN TRIG OUT by the number of
display-qualified clock pulses selected by the DELAY
thumbwheels. With zero delay selected, the pattern
trigger is an RZ pulse approximately 25 nanoseconds
wide.

3-32. DISPLAY FEATURES.

3-33. The following controls enable the 1600A
operator to select the most usable display for his
application.

3-34. DISPLAY TIME. The DISPLAY TIME control
determines the length of time a given 16-word data
block is displayed on the CRT before being updated by
new input data. The time between data block updates
can be set from approximately 200 ms (full ccw) to
approximately five seconds (full cw). DISPLAY TIME
is used to reduce display flicker at low data acquisition
rates.

3-35. COLUMN BLANKING. The COLUMN BLANK-
ING control is adjusted to eliminate unused vertical
columns on the display. Blanking begins with the
most-significant-bit column. The least-significant bit
cannot be blanked. EXAMPLE: When monitoring a
series of eight-bit data words, the eight unused vertical
columns can be removed from the CRT display by
adjustment of COLUMN BLANKING.

3-36. LOGIC NEG/POS. The POS position (out) causes
the most positive input voltage level to be displayed
as a one, and the most negative level to be displayed
as a zero. In NEG (in position), the most negative
input level is displayed as a one, and the most posi-
tive level is displayed as a zero.

3-37. BYTE 4 BIT/3 BIT. In the 4 BIT (BCD or hexa-
decimal format) position (out) display data is arranged
into four-bit bytes. In the 3-BIT (octal format) position
(in) display data is arranged into three-bit bytes with
the MSB left over. ,

3-3
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3-38. BUS OPERATION.
NOTE

A 10236A Trigger Interface Cable and a
10237A 1/0 Interface Cable are required
to bus the 1600A with a Model 1607A.

3-39. There are two buses in the 1600A and 1607A.
The trigger bus (TRIG BUS) is used to expand trig-
gering capability and the I/0 bus (I/O PORT) is
used to transfer and control display information.
Figure 3-4 shows a Model 1600A and a Model 1607A
configured for bus operation.

3-40. TRIGGER BUS. The trigger bus permits the
1600A and a Model 1607A to be connected together
to form a 32-bit trigger word. With TRIG qualification
selected on both instruments, the trigger bus allows
trigger words up to 36-bits wide. Trigger bus operation
is controlled by the LOCAL/BUS switch. In LOCAL,
the instrument will trigger whenever the monitored
data meets the instrument’s local triggering and
qualification requirements, regardless of the status of
the other instrument on the bus. With LOCAL/BUS
set to BUS, the instrument will generate a trigger
only when data monitored by both instruments is in

Model 1600A

agreement with their composite trigger-word and
qualification requirements. When the trigger bus cable
is disconnected, the 1600A functions in the local
mode regardless of the LOCAL/BUS switch setting.

3-41. 1/0 BUS. When the 1600A and 1607A are
connected together with the I/0 interface cable, they
automatically go into I/0 bus operation. In I/0
bus operation, the combined instruments perform as a
32-bit logic state analyzer with table A data provided
by the 1600A and table B provided by the 1607A.
STORE A—B is disabled in I/0 bus operation.

3-42. With the I/O bus connected, the combined
instruments can be operated with either a single clock
or two independent clocks. Using a single clock, the
1600A can display one table of sixteen 32-bit words
or two tables of sixteen 16-bit words each. Thirty-two
sequential 16-bit words can be displayed by setting
LOCAL/BUS on both instruments to LOCAL and
triggering the 1607A on the word occuring 16 clock
pulses after the 1600A trigger word. With dual-clock
operation, "handshake” operations between two
independent machines can be observed on the same
display with 16 channels devoted to each machine and
independent clocks for each machine.

NOTE: DATA IS TRANSFERRED BETWEEN INSTRUMENTS ON MODEL 10237A DATA INTERFACE CABLE REGARDLESS OF
LOCAL/BUS SWITCH POSITION.

MODEL 10236A

TRIGGER INTERFACE

CABLE

- w
PN

cowun

BLANKING
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WEYTS 15

16074 LOGIC STATE ANALYZER

A. TRIGGER BUS OPERATION SETUP

CONNECT MODEL 10236A TRIGGER INTERFACE
CABLE BETWEEN TRIG BUS CONNECTORS ON
INSTRUMENT FRONT PANELS

MODEL 10237A
I/O INTERFACE
CABLE

1600A-028A
B. [/O BUS OPERATION SETUP  CHANGED 6-75

CONNECT MODEL 10237A {/O INTERFACE CABLE
BETWEEN I/O PORT CONNECTORS ON {NSTRUMENT
REAR PANELS.

Figure 3-4. Model 1600A/1607A Bus Configuration
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Model 1600A

3-43. BUS OPERATING MODES. Table 3-1 provides a
summary of the operating modes a available when the
1600A and 1607A are operated in the bus configura-
tion. Either single or dual clocks can be used with any
of operating modes listed.

3-44. FRONT-PANEL CONTROLS. The 1600A and
1607A controls and indicators function in the same
manner in I/O bus operation as they do when the
instruments are operated separately with the following
exception: The 1600A DISPLAY TIME controls both
instruments in the bus mode. Both completed tables
must be displayed for the time set by DISPLAY TIME
before they can be reset. With dual-clock operation,
it is possible for one table to be displayed for an
extended period of time while waiting for the other
table to be completed. Upon completion of the second
table, both tables are displayed for the time set by
DISPLAY TIME before another data acquisition cycle
begins.

3-45. RESET. As shipped from the factory, the 1600A
RESET pushbutton controls only the 1600A. If it is
desirable to control both the 1600A and the 1607A
with the 1600A RESET, the 1607A may be modified
by the user to accomplish this. A detailed procedure is
provided in Section V of the Model 1607A Operating
and Service Manual.

3-46. 32-BIT WORD DISPLAY. The 1600A displays
two 16-bit wide tables in the A & B and A & (A®B)
modes as shipped from the factory. If it is desirable to
display one 32-bit wide table on the CRT in proper
octal format (ten 3-bit bytes with the two MSB left

Operation

over), see the procedure for modifying the 1600A
provided in Section V.

3-47. OPERATOR'S CHECKS AND AD-
JUSTMENTS.

3-48. Before operating the 1600A (see figure 3-5),
perform preoperational procedure (steps a through u)
as follows:

NOTE

Clock and data probes need not be con-
nected for this procedure.

a. Set Model 1600A controls as follows:

POWER ... ... OFF
TRIGGER WORD - MAP
LOCATOR............. all switches OFF
Sample Mode ......................ut. SGL
Display Mode ....................... A&B
COLUMN BLANKING .......... full CCW
WORD ..ot e e ON
Trigger Mode ............... START DSPL
DELAYON/OFF ..................... OFF

All Other Pushbuttons .........

b. Apply Power. Display should show two 16-

word tables of ones and zeros with first word in table
A intensified.

c. Select A display mode. Observe that table A
remains displayed and table B blanks.

Table 3-1. Model 1600A/Model 1607A Bus Modes

LOCAL/BUS SETTING MODEL 1600A TRIGGER REQUIREMENTS
]_E,{J OS TR]E%%ER MODEL MODEL TABLE DISPLAY (TRIGGER WORD MATCH)
1600A 1607A A B MODEL 1600A | MODEL 1607A
No Yes LOCAL BUS 1600A Stored 1600A Word | 1600Ae1607A
Data Data Only
No Yes BUS LOCAL 1600A Stored 1600A1607A 1607A Word
Data Data Only
No Yes BUS BUS 1600A Stored 1600Ae1607A 1600Ae1607A
Data Data
Yes Yes LOCAL BUS 1600A 1607A 1600A Word 1600Ae1607A
. Data Data Only
Yes Yes BUS LOCAL 1600A 1607A 1600A¢1607A | 1607A Word
Data Data Only
Yes Yes BUS BUS 1600A 1607A 1600A*1607A 1600Ae1607A
Data Data
Yes Yes LOCAL LOCAL 1600A 1607A 1600A Word 1607A Word
Data Data Only Only '
Yes No NA* NA* 1600A 1607A 1600A Word 1607A Word
Data Data Only Only

*NA = Not Applicable

3-5




Model 1600A

Operation

1. CONNECT CLOCK AND DATA MONITOR
PROBES TO CIRCUITRY UNDER TEST,

2, SELECT CLOCK SLOPE.

SET CLOCK TO MATCH CLOCK PULSE
TRIGGERING REQUIREMENTS OF CIRCUITRY
UNDER TEST: OUT POSITION FOR POSITIVE-
EDGE TRIGGERING, IN POSITION FOR NEGA-
TIVE-EDGE TRIGGERING.

|

3. SELECT THRESHOLD.

SET THLD TO MATCH THRESHOLD OF
CIRCUITRY UNDER TEST. SELECT TTL WHEN
LOGIC THRESHOLD IS +1.5 V. FOR OTHER
THRESHOLD LEVELS, SELECT VAR AND AD-
JUSTSET TO THRESHOLD OF SYSTEM UNDER
TEST USING DVM CONNECTED TO MEAS OR
ADJUST SET TO CENTER RANGE WHERE NO
CLOCK LIGHT IS OUT.

4. ADJUST DISPLAY TIME AND COLUMN
BLANKING CONTROLS FULLY CCW.

5. SELECTDISPLAYMODE.

DATA STORED IN A-
MEMORY ON THE
LEFT SIDE OF CRT
SCREEN. B-MEMORY
DISPLAY (RIGHT SIDE
OF CRT SCREEN) IS

DATA ON THE LEFT
SIDE OF THE CRT
SCREEN AND B-MEM-
ORY DATA ON THE
RIGHT SIDE OF THE
SCREEN. WHEN BUS-
SED WITH A MODEL
1607A LOGIC ANA-

DATA ON THE LEFT
SIDE OF THE CRT TENTS ON RIGHT SIDE

OF CRT SCREEN. A-
SCREEN AND THE BIT-
BY-BIT EXCLUSIVE MEMORY DISPLAY
ORING OF A- AND B- | (LEFT SIDE OF CRT
MEMORY DATA ON SCREEN) IS BLANKED.
THE RIGHT SIDE OF
THE CRT SCREEN.

SIGNIFICANT VERTI-
CAL BITS (BITS 15-10)
AND SiX MOST SIGN!-
FICANT HORIZONTAL
BITS (BITS 7-2) OF A-
MEMORY DATA IN

, A2l A&B22 A& (A @ B)23 B 24 MAP NORM 25 MAP EXP 26
i SELECT A TO DISPLAY |SELECT A & B TO DIS- SELECT A & (A®B) TO| SELECT B TO DISPLAY | SELECT NORM TO SELECT EXP TO DIS- é
MODEL 1600A INPUT PLAY A-MEMORY DISPLAY A-MEMGORY B-MEMORY CON- DISPLAY SIX MOST PLAY SIX LEAST SIG- .

NIFICANT VERTICAL
BITS (BITS (BITS 13-8)
AND SIX LEAST SiG-
NIFICANT HORI-
ZONTAL BITS (BITS
5-0) OF A-MEMORY
DATA IN MAP FOR-
MAT. EXP EXPANDS

BLANKED. LYZER, MODEL 1607A | DIFFERENCES BE- MAP FORMAT. ONE-SIXTEENTH OF
DATA IS DISPLAYED IN | TWEEN A- AND B- NORMAL MAP SE-
THE RIGHTHAND MEMORY CONTENTS LECTED BY TWO MSB
TABLE. ARE DISPLAYED AS OF VERTICAL (BITS
INTENSIFIED ONE’S. 15, 14) AND HORI-
ZONTAL (BITS 7, 6)
DATA TO FULL
SCREEN,
6. SELECT SAMPLE MODE.
REPET 27 HALT A7 B 28 SGL 29 RESET 30

SELECT REPET TO RESET
DISPLAY REPETITIVELY AT
A RATE SET BY DSPL TIME,
NEW DATA IS DISPLAYED
WHEN SYSTEM UNDER
TEST MEETS TRIGGERING

SELECT HALT A#¥B TO SELECT SGL TO CAUSE PUSH RESET TO CAUSE
CAUSE MODEL 1600A TO MODEL 1600A TO ACQUIRE| THE MODEL 1600A TO M-
OPERATE IN REPET MODE | AND DISPLAY ONE 16- MEDIATELY RETURN TO
UNTIL A DIFFERENCE IS WORD BLOCK OF DATA THE BEGINNING OF A
DETECTED BETWEEN UNTIL RESET IS DE- DATAACQUISITIONCYCLE.

REQUIREMENTS (WHEN | TABLE A AND TABLE B. | PRESSED.
ODEL 160 N

3 MATCHES SELECTED TRIG- | Hic, MODEL 16004 THEN

' GOES INTO SINGLE SAM
| GER WORD IN SYNC WiTH | GOES INTO SINGLE SAM

i A CLOGK INPUT AND

| QUALIFIER CONDITIONS IS DEPRESSED.

! ARE TRUE).

it

i [ 1 1 |

{ 1600A-031-01-09-75
TO SHEET 2

Figure 3-5. Model 1600A Operating Procedure (Sheet 1 of 2)
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FROM
SHEET 1

Operation

7. SELECT TRIGGER MODE.

DELAY 31

DELAY ON/OFF 32

START DSPL 33

END DSPL 34

NORM/ARM 35

LOCAL/BUS 36

SET NUMBER OF
CLOCK PULSES
DISPLAY AND
DELAYED TRIG
OUT ARE TO BE
DELAYED FROM
SELECTED TRIG-
GER WORD. IN
START DSPL
MODE, START OF
DISPLAY IS DE-
LAYED FROM
TRIGGER WORD
BY DELAY SET-
TING. IN END
DSPL MODE, END
OF DISPLAY IS
DELAYED FROM
TRIGGER WORD
BY DELAY SET-
TING.

SELECT IN POSI-
TION TO TURN
DELAY GENERATOR
ON. OFF POSITION
HAS SAME EFFECT
AS SETTING ALL
DELAY THUMB-
'WHEEL SWITCHES
TO ZERO.

SELECT START
DSPL TO DISPLAY
TRIGGERING WORD
(POSITIONED AT
TOP OF DISPLAY)
AND FOLLOWING
15 INPUT DATA
WORDS.

SELECT END DSPL
TO DISPLAY TRIG-
GERING WORD
(POSITIONED AT
BOTTOM OF DIS-
PLAY) AND PRE-
CEDING 15 INPUT
DATA WORDS.

SELECT NORM TO
ALLOW TRIGGER
GENERATOR TO
PRODUCE A TRIG-
GER WHENEVER
THE TRIGGER
WORD AND QUALI-
FIER CONDITIONS
ARE MET. SELECT
ARM TO INHIBIT
TRIGGER GEN-
ERATOR FROM
FRODUCING A
TRIGGER UNTIL
IT HAS BEEN
ARMED BY A
POSITIVE-GOING
TRANSITION ON

WORD 37

SELECTLOCALTO
OBTAIN A TRIG-
GER ANYTIME THE
MODEL 1600A
INPUT DATA MEETS
TRIGGERING RE-
QUIREMENTS. SE-
LECT BUS WHEN
THE MODEL 1600A
IS TO BE USED
WITH A MODEL
1607A. IN BUS, A
TRIGGER IS GEN-
ERATED ONLY
WHEN BOTH THE
MODEL 1600A
TRIGGER RE-
QUIREMENTS AND
THE MODEL 1607A
TRIGGER REQUIRE-
MENTS ARE MET.

SELECT ON POSI-
TION TO ENABLE
TRIGGER WORD
SWITCHES. IN A
TABLE MODE THE
OFF POSITION
EFFECTIVELY
PLACES ALL
TRIGGER WORD
SWITCHES IN THE
OFF OR DON'T
CARE POSITION.
IN A MAP MODE,
THE OFF POSI-
TION REMOVES
THE CURSOR
FROM THE CRT
IN MAP AND AL-
LOWS ONLY THE
UPPER LEFT

THE TRIG ARM (LOGIC SET TO

INPUT. POS) OR LOWER
RIGHT (LOGIC
SET TO NEG)
SECTOR TO BE
EXPANDED.

WORD ON
|
8. SELECT TRIGGER WORD OR MAPLOCATOR 38
MAP MODES WORD OFF

TABLE MODES

SET SWITCHES TO MATCH REQUIRED TRIG-
GERING WORD OF INPUT DATA STREAM. HI
TO RECOGNIZE A POSITIVE LOGIC STATE,
LOTORECOGNIZE ANEGATIVELOGIC STATE,
OR OFF FOR A NON-REQUIRED INPUT.

TEREST.

USE THE TWO MOST SIGNIFICANT VERTICAL
BITS (BITS 15, 14) AND TWO MOST SIGNIFI-
CANTHORIZONTALBITS (BITS 7,6) TOSELECT
ONE OF 16 SECTORS OF DISPLAY TO BE EX-
PANDED IN EXP MODE, USE REMAINING BITS
TO LOCATE CURSOR ABOUT WORD OF IN-

L

9. SELECT QUALIFIER MODE.

DSPLY 39

SELECT DSPLY (OUT POSITION) TO SELECT-
TIVELY DISPLAY DATA WHEN THE TWO-BIT
QUALIFIER CONDITION IS MET. IF THE QUALI-
FIER CONDITION 1S NOT MET, THE MODEL
1600A IGNORES THE DATAFROM THE CIRCUIT
UNDERTEST. THE DSPLY QUALIFIERALLOWS
COMPRESSION OF DATA FOR DISPLAY.

TRIG 39

SELECT TRIG (IN POSITION) TO USE QUALI-
FIER AS EXTERNAL SYNCHRONOUS TRIG-
GER OR TO EXPAND THE LENGTH OF THE
TRIGGER RECOGNITION WORD TO 18 BITS.

L |

1

0. SELECT QUALIFIER. 40

SET QUALIFIER SWITCHES Q0 AND Q1 TO MATCH RE-
QUIRED TRIGGERING BITS OF INPUT DATA. HI TO RE-

NOTE: NUMBERS FOLLOWING CONTROL
NAMES REFER TO FIGURE 3-1

COGNIZE A POSITIVE LOGIC STATE, LO TO RECOGNIZE CALLOUTS.
ANEGATIVELOGIC STATE, OR OFF FOR ANON-REQUIRED
INPUT.
Y
11. SET UPDISPLAY FEATURES.
DISPLAY TIME 16 COLUMN BLANKING 17 | LOGIC POS/NEG 18 BYTE 4 BIT/3 BIT 19 STORE A—B 20

ADJUST FOR MAXI-
MUM USABLE FLICKER
RATE. WHEN THE
MODEL 1600A IS BUS-
SED WITH A MODEL
1607A, THE MODEL
1600A DISPLAY TIME
CONTROL CONTROLS
BOTH INSTRUMENTS.

ADJUST TO BLANK
OUT NON-REQUIRED
VERTICAL COLUMNS.
WHEN THE MODEL
1600A IS OPERATED
WITH A MODEL 1607A
IN THE I/0O BUS
MODE, TABLE A COL-
UMN BLANKING IS
CONTROLLED BY THE
MODEL 1600A AND
TABLE B IS CON-
TROLLED BY THE
MODEL 1607A.

SET TO POS TO Dis-
PLAY MOST POSITIVE
INPUT LOGIC LEVEL
AS A 1. SET TO NEG
TO DISPLAY MOST
NEGATIVE INPUT
LOGIC LEVEL AS A

1. WHEN THE MODEL
1600A IS OPERATED
WITH A MODEL 1607A
IN THE I/0O BUS

MODE, TABLE A LOGIC

IS CONTROLLED BY
THE MODEL 1600A
AND TABLE B LOGIC
IS CONTROLLED BY
THE MODEL 1607A.

SELECT 4 BIT (OUT
POSITION) TO DIS-
PLAY 4-BIT BYTES.
SELECT 3-BIT (IN
POSITION) TO DIS-
PLAY 3-BIT BYTES
(OCTAL FORMAT).
WHEN THE MODEL
1600A IS OPERATED
WITH A MODEL 1607A
IN THE I/0 BUS
MODE, MODEL 1600A
BYTE CONTROLS
TABLE A, MODEL
1607A BYTE CON-
TROLS TABLE B.

PRESS STORE A—B TO
LOAD CONTENTS OF
A-MEMORY INTO B-
MEMORY. STORE A—B
FUNCTIONS ONLY

IN MODES WHERE A-
MEMORY IS DIS-
PLAYED AS A TABLE.
STORE A—B IS DIS-
ABLED IN I/0 BUS
OPERATION.

Figure 3-5. Model 1600A Operating Procedure (Sheet 2 of 2)

1600A-031-02-08-75
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Operation

d. Select B display mode. Observe that table A
blanks and table B is displayed.

e. Select A & (A ® B). Observe that both tables
are displayed, and table B displays intensified ones
where A-memory and B-memory data differ. (If A-
and B-memory data are the same, table B will display
all zevos,

f. Press STORE A—B. Observe that table B
displays all zeros.

g. Select A & B display mode. Observe that
table A and table B are identical.

h. Select NORM map display. Observe that
intensified dots with inter-connecting lines are dis-
played on CRT screen. An oval (cursor) will be dis-
played in upper left corner with OFF/WORD in WORD
position (in).

i. Verify that TRIGGER WORD switches 2
through 7 will move cursor horizontally and TRIGGER
WORD switches 10 through 15 will move cursor
vertically.

j. Use TRIGGER WORD switches to locate
cursor on intensified dot or dots and depress map
EXP.

k. Switch two least-significant vertical and hori-
zontal TRIGGER WORD switches (bits 0, 1.and 8, 9)
to locate cursor about one of intensified dots.

3-8
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1. Set display mode to table A & B.

m. Set BYTE to 3 BIT and observe that display
format changes from four-bit bytes to three-bit bytes.

n. Set LOGIC to NEG and observe that all zeros
change to ones, and that all ones change to zeros.

o. Rotate COLUMN BLANKING cw and observe
that vertical columns are blanked starting with most
significant bit (MSB).

p. Rotate COLUMN BLANKING fully cw and
observe that least-significant bit (L.SB) column remains
on CRT.

q. Rotate COMUMN BLANKING fully ccw.

r. Set trigger mode to START DSPL and
observe that first word is intensified.

s. Set Trigger Mode to END DSPL and observe
that last word is intensified.

t. Set DELAY ON/OFF to ON. Observe that
setting DELAY thumbwheels from 0 to 15 will move
intensified word on display. Observe that intensified
word is not displayed for delays greater than 15.

u. Perform operating procedure as provided in
figure 3-5.
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Theory

SECTION IV

PRINCIPLES OF OPERATION

4-1. INTRODUCTION.

4-2. This section of the manual is divided into two
major parts: (1) a functional description of the Model
1600A based on a simplified instrument algorithm and
detailed algorithms of the major functions of the
1600A, and (2) a detailed circuit description based on
functional block diagrams and schematics.

4-3. BASIC INFORMATION.

4-4. The following paragraphs explain logic conven-
tions that are used in describing the 1600A principles
of operation.

4-5. LOGIC STATES. The terms HI and LO describe
the output states of logic circuit elements. HI indicates
the most positive dc level and LO indicates the most
negative dc level produced by a given circuit element.

4-6. LOGIC CIRCUITRY. Most integrated circuits in
the Model 1600A are in the TTL (transistor-transistor
logic) and CMOS (complementary metal-oxide semi-
conductor) families of digital devices. A LO output
from a TTL device is <+0.4 V and a HI outputis >+2.5 V.
A LO output from a CMOS device in the Model 1600A
is approximately 0 V, and a HI output is approximately
+5.0 V.

4-7. MNEMONICS. A mnemonic is a letter designator
(term) that describes the active state and function of
a signal line. A prefix letter (H, L, P or N) indicates
the active state of the signal and the remaining letters
indicate its function. An H prefix indicates the function
is active in the HI state and an L prefix indicates
the function is active in the LO state. For edge-
controlled devices, the prefix P indicates the function
is active on the positive-going transition, and the
prefix N indicates the function is active on the nega-
tive-going transition.

4-8. Mnemonic functional definitions and points of
origin are listed alphabetically in the mnemonics table
at the end of this section.

4-9. FUNCTIONAL DESCRIPTION.

4-10. Figure 4-1 presents the functional sequence of
events which occur within the 1600A. The 1600A
alternates between a data acquisition cycle and a dis-
play cycle.

4-11. During the data acquisition cycle, each word of
input data is temporarily stored before being loaded
into the memory. In the table display modes, input

data (after temporary storage) is compared with the
front-panel TRIGGER WORD switch position. When
an input word meets the selected trigger and qualifier
conditions, the 1600A performs -a data acquisition
algorithm. In map display modes, the 1600A performs
the data acquisition algorithm whenever display
qualifier conditions are met. Operation of the data
acquisition algorithm is determined by the display and
trigger modes selected. The algorithm controls
memory loading and determines when gathered data
is ready for display. When all algoritimic requirements
are satisfied, HDR occurs. The occurrence of HDR
transfers the 1600A into a display cycle.

4-12. The display cycle begins with the occurrence of
HDR. Information stored in memory during the
previous data acquisition cycle is read out and dis-
played one word at a time, beginning with table B.
At the end of each displayed word, the 1600A incre-
ments to the next data word position on the CRT. This
process continues until the end of the sixteenth dis-
played word. At the end of the sixteenth word, the
1600A. switches from table B to table A and displays
the 16 words of table A. When table A is completed,
the 1600A checks the SAMPLE MODE selected and
the DISPLAY TIME control setting to determine if new
data is required. If new data is not required, the
display cycle repeats. If new data is required, LRST
occurs. The occurrence of LRST transfers the 1600A
into a data acquisition cycle. Pressing RESET
generates LRST regardless of where the machine
is in the algorithm.

4-13. DIGITAL DELAY AND TRIGGER GENERATOR.
Functional operation of the digital delay and trigger
generator circuitry is shown in figure 4-2. The AND of
trigger word recognition with qualifier recognition and
LAT produce HBTRG and HLTRG. HBTRG and
HLTRG are applied to the bus and local flip-flops.

4-14. The bus and local flip-flops are enabled by
LARM and HARM from the trigger arm flip-flop.
When ARM trigger mode is selected, an external
arming signal is required to clock LARM and HARM
true. When NORM trigger mode is selected, LARM
and HARM are held in the true state. With LARM
and HARM true, the occurrence of HBTRG and
HLTRG force the Q outputs of the bus and local
flip-flops HI, generating HB and HL. HB and HL
enable the delay generator. The AND of HB and HL
generates the pattern trigger output (PT). If HB is
false (bus flip-flop not set), the local and arm flip-
flops are cleared and the 1600A waits for the next
trigger word.

4-1
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[INPUT DATA STREAM

- - - =7

1
TEMPORARY STORAGE

]

| OF ONE DATA WORD
| I
LOOK ! |
. FOR |
QUALIFIERS
LOAD ;
INTO
| MEMORY
|
LOOK . -
FOR l ‘
TRIGGER |
WORD | |
| | ‘
i DATA I '
DATA < ACQUISITION
' ACQUISITION ALGORITHM ] |
l CYCLE HDR OCCURS I |
- - — ] t -— _4 _—
—— - — P : i . %
DISPLAY ¥ i
CYCLE READ
| MEMORY
| 4 ‘
DISPLAY ONE |
DATA WORD I
INCREMENT
TO NEXT
DATA WORD
POSITION

1600A-070

Figure 4-1. Functional Sequence of Events
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Figure 4-2. Digital Delay/ Trigger Generator Algorithm
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4-15. Once enabled, the delay generator counts out
the delay (set on DELAY thumbwheels). When the
delay is complete, HDC goes true. The AND of HDC
with HB and HL (HDCeHBeHL) generates the delayed
trigger output (DT). In addition, HDC is used to clear
the local, arm, and bus flip-flops. LRST resets the
delay and trigger generators at the beginning of a
data acquisition cycle. In map display modes, LRST's
to the digital delay and trigger generator circuits are
inhibited.

4-16. MEMORY INDEX AND CONTROL. Functional
operation of the memory index and control circuit
is shown in figure 4-3. This circuit controls the read
and write functions of the memory and determines
when a data acquisition cycle is complete.

4-17., When the start display mode is selected,
occurrence of the trigger word and subsequent
completion of the delay (HBeHLeHDC) set the start
flip-flop. Outputs of the start flip-flop are LTRG and
HTRG*, LTRG is inverted (HTRG) and is used as a
control signal for the blanking cirucit in the display
section. HTRG* enables the data index counter. Once
enabled, the data index counter counts the number
of words written into memory. When the data index
counter reaches terminal count (16 words written into
memory), HTC sets the end flip-flop. The end flip-
flop generates HDR, initiating a display cycle.

4-18. When the end display mode is selected, HSTR
is LO. This sets the start flip-flop, enabling the data
index counter. When the data index counter reaches
terminal count, HTC goes HI and remains in that state.
Since the trigger word has not been detected, data
words continue to refresh the memory with the current
input data word being written into the bottom of
memory and the oldest word being bumped out the
top. When the trigger word is detected and the delay
generator counts out, HBeHLeHDCeHTC sets the
end flip-flop which generates HDR.

4-19, DISPLAY CYCLE. The Model 1600A provides
two types of functional displays. The table display
modes provide a display of ones and zeros in tabular
format. The map display modes display each 16-bit
data word as a single dot whose location on the CRT
uniquely idnetifies it. Figure 4-4 shows functional
operation of the display cycle in table display modes,
and figure 4-5 shows functional operation of the dis-
play cycle in map display modes.

4-20. Table Display Algorithm. The table display algo-
rithm is initiated by HDSPR. When HDSPR goes LO,
the horizontal and vertical state counters are enabled.
The vertical state counter addresses a particular 16-bit
word in memory, while the horizontal state counter
selects one of the 16 bits at a time to be written on
the CRT. Once a complete word is displayed on the
CRT, (horizontal state count = 16), the vertical state
counter is incremented and the next word in memory
is displayed.

4-4
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4-21. At the end of word sixteen, the instrument
checks HTAD. HTAD and HTBD determine whether
A-memory or B-memory data is displayed. HTBD is
the complement of HTAD. The 1600A first writes
B-memroy data on the right half of the CRT screen
(HTBD=1). The instrument then sets HTAD=1 and
writes A-memory data on the left half of the CRT
screen.

4-22. After both 16-word tables are displayed, LCRCL
is set to zero. If the repetitive sample mode is selected,
LCRCL clocks the repetitive reset circuit. If display
time is complete; LRST is set to 0 and HDSPR is
set to 1, initiating a data acquisition cycle. If display
time is not complete, the instrument sets HTBD=1,
increments the horizontal and vertical state counters,
and repeats the display algorithm. If the instrument
is in single sample mode, the display algorithm is
repeated until the instrument is manually reset.

4-23. Map Display Algorithm. The map display algo-
rithm is initiated by HGD. HGD-=1 indicates that
sixteen words of valid data are stored in A-memroy.
When HGD is set to one, the vertical state counter
is enabled. The vertical state counter addresses
A-memory, reading out the sixteen bits of each data
word in parallel. The 16 data bits are routed to D/A
converters whose outputs drive the X and Y axes of
the CRT. The eight most-significant data bits
determine vertical deflection and the eight least-
significant bits determine horizontal deflection of the
CRT beam. '

4-24, When all sixteen words in memory have been
displayed (vertical state count =16), LCRCL is set to
zero. LCRCLeHMAP writes the cursor on the CRT
screen. LCRCL then initiates a data acquisition cycle
and resets the display section (HDSPR~1).

4-25. RESET ALGORITHMS. At the end of a display
cycle, the 1600A performs two reset algorithms. The
data-acquisition reset algorithm resets the data
acquisition section of the 1600A at the start of a data
cycle. The display reset algorithm resets the
display section at the end of a display cycle.

4-26. Data-acquisition Reset. (See figure 4-6.) Opera-
tion of the data acquisition reset algorithm is deter-
mined by the sample and display modes selected.
When either REPET or HALT A # B sample mode
is selected, the 1600A performs a repetitive reset.
In table display modes, the time between repetitive
resets is controlled by DISPLAY TIME. DISPLAY
TIME ‘determines frequency of the repetitive-reset
timer. When HGDeLDSPReLA#B = 0, the repetitive-
reset counter counts the outputs of the repetitive-
reset timer. When the counter reaches terminal count
(reset count = 16), the circuit waits for the positive
edge of LCRCL. LCRCL sets LRST = 0 and starts a
voltage ramp that is compared with a threshold set by
the +12-volt unregulated ripple. When the voltage
ramp exceeds the threshold, LRST is set to 1. The
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SET
START
FLIP-FLOP

HTRG*‘
( HTRG )

DATA
INDEX
COUNTER
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comparison of the voltage ramp with the +12-volt
unregulated ripple provides a randomly varying start
time for the data acquisition cycle to prevent the reset
rate from locking to a subharmonic of the clock from
the system under test. This ensures that a different
block of 16 words will be captured in each data
acquisition cycle for display in the map modes.

4-27. If a map display mode is selected, the reset
counter is preset to the terminal count state disabling
control of repetitive reset by DISPLAY TIME. At the
occurrence of HDR, the 16 data words stored in A-
memory are displayed and then LCRCL is generated.
LCRCL starts the randomizing voltage ramp and sets
LRST to 0. When the ramp crosses threshold, the
1600A sets LRST to 1.

4-28. The reset algorithm is controlled by the RESET
pushbutton on the front panel in the single sam-
ple mode. Pressing RESET will also cause a reset
to occur in a repetitive sample mode. When RESET is
pressed, HRSTR goes HI. HRSTR generates HMR*
which sets up the data acquisition section for LRST.
After 10 us, HMR* goes LO. The trailing edge of HMR*
generates HMRXT and LRST. HMRXT is routed to
the 1/0 PORT where it can be used to reset a Model
1607A in I/0 bus operation. LRST initializes another
data acquisition cycle.

4-29. Display Reset. (See figure 4-7.) Operation of
the display reset algorithm is determined by the dis-
play mode selected. HSA is HI when table A or a map
is displayed. HSA enables the 1600A to reset the
display section internally. With table A or a map dis-
play selected, LRST from the data acquisition reset
circuit generates the display reset (LDSPR=0). In map
display modes, LGD can also cause a display reset.
Whenever there is invalid data in A-memory; LGD
goes HI, generating LDSPR. This condition can occur
at low clock rates when the Model 1600A is in the
partial display mode.

4-30. HSB is HI when table B display is selected.
HSB enables an external reset signal (LXDPR) to
generate LDSPR whenever a Model 1607A is con-
nected to the Model 1600A I/0 bus (LXPG1=0).
When both table A and table B are displayed, both
HSA and HSB are HI.

4-31. DETAILED DESCRIPTION.

4-32. A block diagram of the Model 1600A is provided
in figure 8-7. Heavy lines enclose circuitry contained
on a specific schematic (bold-face number). The Model
1600A contains two major sections: a data acquisition
section and a display section. The data acquisition
section consists of the circuitry shown on schematics
3 through 11 and schematic 13. The display section
consists of the circuitry shown on schematic 12 and
schematics 14 through 22. The following paragraphs
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provide a detailed description of the circuitry con-
tained in each block of the 1600A block diagram.

4-33. DATA INPUT. (See figure 4-8 and schematic 5.)
Inputs to the 1600A are supplied by a clock probe and
three data probes. The input threshold level for the
clock and data probes is provided by the instrument
threshold supply. With TTL selected, the threshold
level is fixed at +1.5 V. With . VAR selected, the
threshold level is variable from —10 V to +10 V by
VAR SET. Clock Select supplies two clock slope
commands (SS and SI) to the clock probe. These com-
mands, controlled by the CLOCK pushbutton,
determine which transistion of the input clock signal
transfers input data into the 1600A.

4-34. The clock probe supplies two buffered inputs;
PCLK and NCLK. The leading-edge transitions of
PCLK and NCLK are synchronous with data inputs
from the data probes. When CLOCK is out (_[ ),
the leading-edge transition of PCLK is a positive-going
transition and the leading-edge transition of NCLK
is a negative-going transition. With these conditions,
data is clocked into the 1600A on the positive-going
transition of the input clock signal. When CLOCK is
in (L), the leading-edge transition of PCLK is a
negative-going transition and the leading-edge transi-
tion of NCLK is a positive-going transition. With
CLOCK in, data is clocked on the negative-going
transition of the input clock signal.

4-35. PCLK transfers input data into temporary
storage and is used by the timing generator to derive
the internal data-acquisition clocking signals. NCLK
clocks the NO CLOCK indicator control logic.

4-36. TEMPORARY DATA STORAGE AND PATTERN
RECOGNITION. (See schematic 7.) Input data from
the data probes is applied to a series of D flip-flops
for temporary storage. The temporary storage flip-flop
outputs are the data word _and its complement (TO
through T15 and T0 through T15, and the two qualifier
bits and their complements (TQ0/TQ1 and TQO/TQ1).
The rising edge of PCLK loads new data into the
temporary storage flop-flops. OQutputs of the tempo-
rary storage flip-flops are connected to the pattern
recognition gates and A-memory.

4-37. The patter recognition gates compare the
TRIGGER WORD and QUALIFIER switch settings
with the input data and qualifier lines. When a match
occurs HBTRG and HLTRG (enabled by LAT) are
produced. HBTRG is wire ANDed with the trigger
bus. Thus, all inputs to the bus must be high before
HBTRG will rise above threshold. When DSPLY
qualifier mode is selected, the pattern recognition
circuit generates HDQ which is used to qualify timing
signals in the Model 1600A.
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Figure 4-8. Data Input, Temporary Storage, and Pattern Recognition

4-38. TRIGGER BUS. (See figures 4-9 and 4-10.) The
asynchronous trigger-bus circuit allows two logic state
analyzers (LSA’s) that are operating at different clock
rates to be triggered simultaneously. The trigger bus
circuit allows the 16-bit trigger words of the Model
1600A and a Model 1607A to describe a 32-bit state
(trigger word) that must occur in the two circuits
under test simultaneously.

4-39. The clock rates of systems 1 and 2 need not be
harmonically or phase related. The only condition that
must be met is that the trigger words of both LSA’s
must occur simultaneously, ie., HBTRG's in both
LSA’s are HI at the same time. The trigger-bus circuits
in the 1600A and the 1607A are identical. The open
collector AND of the two trigger-bus circuits,
formed through the trigger bus cable results in the 32-
bit trigger word.

4-40. HBTRG rises when HLTRGl and HLTRG2
occur simultaneously, setting the bus flip-flop. The
pattern trigger outputs (PT) in both LSA's occur when
both the local and bus flip-flops are set (HBeHL).
The local flip-flop is set when the local trigger condi-
tions are met and the delay clock rises. When the local
flip-flop in either LSA is set and the bus flop-flop is
not set, the local flip-flop is cleared when the next
system clock (PCLK) occurs, i.e., during LAT. Thus,
residues of local trigger conditions in either LSA are
not carried over from one clock cycle to the next.

4-41. Dependence of the individual LSA on the
trigger bus is determined by HTB. Whenever the
LOCAL/BUS switch on an LSA is set to LOCAL, HTB
is LO. HTB=LO holds the bus flip-flop in the clear

state, forcing HB HI. Therefore, LSA operation is
dependent only on local trigger conditions. -

4-42. LAT clears the trigger bus at the beginning of
the PCLK cycle through AND gates A1U25A, A1U25B,
and A1U25C in either LSA. Thus, with the trigger word
turned off or during periods where the trigger condi-
tions are met for multiple clock cycles, HBTRG will
occur on each system clock, setting the bus flip-flops
and generating pattern triggers.

4-43. DISPLAY QUALIFIER. (See schematics 7, 8, 10,
and 11.) the display qualifier permits selective view-
ing of data in a parallel digital system, such as a
computer or microprocessor, by allowing data to be
clocked into the 1600A only when the inputs on the
qualifier channels are true. For example, the two
qualifier channels could be used to decode status lines
in a computer system so that the 1600A would clock
data into memory only when instructions are present
on the monitored bus. Thus, the 1600A would display
instruction words only and ignore all other data on
the bus.

4-44. The display qualifier circuit functions in the
following manner. Qualifier status (Q0, Q1) is stored
in temporary storage flip-flops for one period of the
system clock (PCLK). During this time interval, the
qualifier status is tested against the qualifier condi-
tions preset by the front-panel Q1/Q0 switches. When
the qualifier status agrees with the preset conditions,
HDQ changes to a high level. HDQ remains high until
either the status lines change or the qualificaiton
conditions are changed.

4-11
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Figure 4-9. Trigger Bus Simplified Schematic

4-45. The delay clock and LWE1 have a fixed time
relationship to PCLK set by the timing generator. The
time relationship of HDL and HCL to PCLK make it
possible to gate the two clock signals with HDQ.
Whenever HDQ is high, HDL is gated through to the
delay generator. During a data acquisition cycle, LDR
is false. HDQ then allows HCL to clock A1U90,
generating LWE1 and LWE2. LWE equals HDQeLDRe
HCL. The NAND of HDQ with HDL permits the delay
generator to count only those clocks which occur
when the qualifier conditions are true. The LWE
pulses allow the 1600A to write into memory only
the data that occurs when the qualifiers ere true.

4-46. In addition, comparison of the qualifiers
with preset qualifier conditions is ANDed with the
trigger recognition. Thus, the 1600A can generate a
pattern trigger only when the qualifiers are true. When
the TRIG qualifier mode is selected, HDQ is held in
the true state by LTRQ.
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4-47. DIGITAL DELAY AND TRIGGER GENERATOR.
(See figure 4-11.) Once pattern recognition occurs,
HLTRG is clocked into the local flip-flop. If the BUS
trigger mode is selected, the rising edge of HBTRG
resets the bus flip-flop. When both flip-flops are reset,
HB and HL generate the pattern trigger (PT) and
enable the delay generator. If the delay generator is
set to zero. PT and DT (delayed trigger) are generated
when the local and bus flip-flops are set. For delays
other than zero, PT goes HI when the bus and local
flip-flops are reset and remains HI while the delay
generator is running. When the delay has timed out,
HDC occurs. DT is generated by HDCeHBeHL, and PT
is terminated. The clock for the delay generator and
local flip-flop is qualified so that a trigger is recog-
nized only when qualifier conditions are met.

4-48. When trigger arming is selected, the arm flip-
flop disables the local and bus flip-flops until an
arming pulse is received. The arm flip-flop is set on
the trailing edge of PT.
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Figure 4-10. Trigger Bus Timing Diagram

4-49. Delay Generator. (See schematic 8.) The delay
generator consists of two sections: the units-decade
counter A1U70, and the four upper-decade counters
A1U73 through A1U76. When the local and bus flip-
flops are set (HB and HL are true), the units-decade
counter is enabled, i.e., CEP and CET inputs are high.
The clock for A1U70 is the NAND of HDQ and HDL

Theory

(A1U64, pin 8). When A1U70 reaches a binary count
of 8, its Q3 output goes high. The Q3 output of A1U70
is routed to AQI gate A1U87 to provide the upper-
decades clock. The upper-decades clock is a divide-by-
ten of the delay clock. The Q3 output of A1U70 is
also combined with the Q output of flip-flop
AlU84A in AOI A1U81. When the upper-decade
counters have reached terminal count (A1U84A, Q
is HI), A1U8LA, pin 8 goes low when A1U70, Q3 is
high. This allows A1U84B to change states on the next
delay clock, generating HDC.

4-50. When the TC output of the most significant
decade (MSD) A1U76 occurs, the tens-decade counter
A1U73 counts eight more clocks, setting its Q3 output
HI. The NAND of the tens-decade Q3 output with the
TC output of the MSD parallel enables the upper-
decade counters. During the next TC output of A1U70,
A1U84A is enabled to change states (through A1U66B).
On the delay clock, the Q output of A1U84A goes
high. This indicates that the upper-decade counters
have reached terminal count. When the Q3 output of
A1U70 goes low, the upper-decades of the delay gener-
ator are preset to the nines complement of the delay
thumbwheel switch settings.

4-51. Functionally, A1U84A and A1U84B can be
viewed as state nine of the tens-decade counter and the
units-decade counter respectively. Assume the
DELAY thumbwheels are set to 90. The upper-decade
counters count 80 clocks and then are preset. Flip-
flop A1UB84A is latched, retaining the fact that the
upper decades have reached terminal count. Units-
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Figure 4-11. Digital Delay/ Trigger Generator Block Diagram
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decade counter A1U70 counts to 8 and is then preset.
While A1U70 is being preset, A1U84B performs the
last count for the units-decade. Therefore, the delay
generator is ready to count again on the next clock
pulse.

4-52. When the upper-decades of the DELAY thumb-
wheel switches are all set to zero, NAND gate A1U78
sets the @ output of A1U84B HI. Thus HDC occurs
as soon as the units-decade completes its count.
When all thumbwheel switches are set to zero, NAND
gate A1U66A holds HDC HI. When the DELAY ON/
OFF switch is set to OFF, LNDLY holds HDC in the
HI state.

4-53. Trigger Generator. (See schematic 8.) The
trigger generator consists of trigger arm flip-flop
A1UT1A, bus flip-flop A1UG7A, local flip-flop A1U67B,

and some associated combinatorial logic.

4-54. When the NORM/ARM switch is set to NORM,
LARM and HARM are held in the true state. When
the NORM/ARM pushbutton is set to ARM, the
occurrence of an external arming pulse clocks the arm
flip-flop, generating LARM and HARM. When LARM
and HARM are true, the local and bus flip-flops
are enabled to operate until a trigger word is detected
(HB and HL go true) and the delay is complete (HDC
goes true). HB and HL are ANDed by A1U63C and
A1UB2A to generate PT (pattern trigger output pulse).
HBeHL presets flip-flop A1U71B which generates
HPTS. HPTS indicates the presence of a trigger and
is a control signal for the NO TRIG indicator light.
A1U71B is clocked clear when either HB or HL is
false.

4-55. At the completion of digital delay, the AND
of HDC with HB and HL in NAND gates A1U69C
and A1U62B generates the delayed trigger output (DT).
DT remains HI for 25 ns (determined by capacitor
A1C30 and A1U63B). The trailing edge of the delayed
trigger terminates the pattern-trigger output. HLeHBe
HDC resets the trigger, arming, and terminal count
flip-flops through A1U77 and A1U65.

4-56. Data Acquisition Synchronizer. (See schematic
8.) Monostables A1U61A and A1U68A/B generate a
timing sequence used to set the delay and trigger
generators to their initial conditions (waiting for a
trigger). The three monostables also force the thumb-
wheel settings to be loaded into the decade counters.
On the negative-going edge of LRST, A1U61A pro-
vides a LO signal approximately 1 us in width. This
signal disables delay clock AOI A1U64. A1U68A out-
puts a HI signal (HRES) that sets the local, bus,
arming, and terminal-count flip-flops and parallel
enables the decade counters. During the time HRES
is true, HRECL clocks the delay generator through
A1U64 and A1U87, loading the nines-complement of
the DELAY thumbwheel settings into the decade
counters.
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4-57. When a map mode is selected, HMAP disables
the data acquisition synchronizer. This prevents
LRST’s from the display section resetting the delay

_and trigger generators. In map modes, the delay and

trigger generators function independently from the
display section.

4-58. TIMING GENERATOR. (See schematic 9.) The
timing generator provides four timing signals used
in the data acquisition section of the Model 1600A.
HAT is used in the reset circuitry for the local flip-
flop. LAT is a clock signal for the pattern recognition
circuit and memory index and control. HCL is a clock
signal used in memory index and control, and memory.
HDL is the clock far the delay generator and is also
used in the data index and control circuit.

5-59. The timing diagram for the four timing signals
is shown on schematic 9. The negative-going LAT
pulse remains LO for an interval of time determined
by transistor array A1U45 and the time constants of
A1R48, A1R49, and A1C33. Shortly before the positive-
going transition of LAT, the output of A1U45, pin 8,
clocks J/K flip-flop A1U43B and resets LAT (A1U42,
pin 10). The Q output of A1U43B goes HI, gener-
ating HCL. HCL remains HI for 25 ns. Shortly after
the positive-going edge of HCL, HDL goes HI. The
negative-going transition of HDL occurs 5 ns before
the negative-going transition of HCL. The widths of
the timing signals and the time relationship between
them are determined by A1C33 (LAT), A1C37 (HDL),
A1C41 (HCL), and A1R49 (LAT). An adjustment pro-
cedure for the timing generatoris provided in Section V..

4-60. All three circuits in the timing generator
operate in the same manner. When the input to the
transistor array goes LO, its emitters ramp down at
a rate determined by the RC network tied to the
emitters. The ramp continues until it reaches threshold
voltage minus Ve of the second transistor in the
pair. The threshold voltage (0.5 volt) is supplied by
A1U44, pin 10. When the emitters reach threshold
voltage minus Viye, the undriven transistor turns
on. The collector of the undriven transistor then goes
LO presetting the flip-flop. A1U42A/B form an RS flip-
flop, A1U43A and A1U43B are JK flip-flops.

4-61. As soon as the flip-flop is preset, the input to
the transistor array goes HI, pulling the emitter up.
When the emitters go up, the undriven transistor turns
off and the timing generator waits for another PCLK.

4-62. A-MEMORY AND MEMORY INDEX AND CON-
TROL. (See figure 4-12.) When the display section
generates LRST, a data acquisition cycle is initiated.
The data index counter, and the start and end flip-
flops are reset. When a qualified clock is detected,
the memory address lines are switched to the write
address counter and a memory write enable pulse
(LWE) is generated. While LWE is true, one word is
written in memory. At the trailing edge of LWE, the
write-address and data index counters are incremented
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Figure4-12. A-memory and Data Index/Conirol Block Diagram
and the memory address lines are switched back to count is reached, the occurrence of a trigger generates
the display or computed address (CA0-3). HDR which initiates a display cycle.
4-63. With the start display mode selected, the data 4-65. The data index counter keeps track of the
index counter is incremented by LWEZ2 only after the number of valid words written into memory. The
start flip-flop is set. The start flip-flop is set when a write address counter points to the next address in
trigger word is detected and digital delay is complete. memory to be written into. The difference of the out-
When the data index counter reaches terminal count, puts of the two counters is taken in U58 to determine
the end flip-flop generates HDR. HDR indicates that where the first word in memory is located. This
memory data is complete and initiates a display cycle. computed first word address is added to the vertical
state count from the display section to determine the
4-64. With the end display mode selected, the start address of the words to be read from memory during
flip-flop is preset enabling the data index counter to a display cycle.
run prior to trigger word recognition. When the data
index counter reaches terminal count, the end flip- 4-66. When the qualified clock rate drops below
flop is enabled to receive a trigger. After terminal 30 Hz during a data acquisition cycle, the partial
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display mode is enabled. The vertical state counter
reads partial memory data through U58/U59 and U97.
When the vertical state count exceeds the data index
count, i.e., addresses invalid data, comparator U97
provides HVGT to the display section. HVGT blanks
the CRT so that only valid data is displayed.

4-67. A-memory. (See schematic 10.) A1U28, A1U30,
A1U32, and A1U34 are random access memories.
Inverters A1U29, A1U31, and A1U33 delay the data
from the temporary storage flip-flops to provide
proper time relationships between the data and other
operations in the data acquisition section. Write
address counter A1U60 addresses memory during a
write operation. The computed address (CA0-CA3)
addresses memroy during a read operation. AOI's
A1UB4, A1UbB5, A1U56, and A1U57 switch between
the computed address and the write address counter.

4-68. The AOI's are controlled by several signals.
When LDR and HDR* are true (Model 1600A in a
display cycle), the AOQI's point to the computed
address. When the Model 1600A is in a data acquisi-
tion cycle, address selection is a function of clock
rate and the display qualifiers. If HDQ or HSWA
is LO, the AOI's points to the computed address.
If HDQ and HSWA are both HI, the AOI's point to
the write address counter.

4-69. HSWA is generated by JK flip-flop A1U46B.
A1U46B is controlled by LWE1 and LAT. LAT presets
the flip-flop, generating HSWA and LSWA. LWEL1 goes
L.O shortly after the positive-going edge of LAT. On
the positive-going edge of LWE1, A1U46B is clocked,
forcing HSWA and LSWA false. Data stored in the
temporary storage flip-flops is written into memory
during the time interval that LWE1 and HSWA are
true. The width of HSWA is 60 nanoseconds.

4-70. The operation described in the preceding
paragraph can occur only at clock rates less than
15 MHz. When the qualified clock rate exceeds 15 MHz,
LAT’s overlap the LWE1l’s and flip-flop A1U46B is
never cleared out. Therefore, HSWA and LSWA remain
in the true state.

4-71. At clock rates below 15 MHz, the memory
is addressed by the computed or display address be-
tween write cycles. The partial display mode which
occurs at clock rates below 30 Hz utilizes this feature.

4-72. DATA INDEX AND CONTROL. (See schematic 11
and figure 4-13.)

4-73. Reset. At the end of a display cycle, LRST resets
the data index and control circuit and initializes a data
acquisition cycle. The trailing-edge of LRST clocks
JK flip-flop A1U93A, setting HR1 and LRHS in the
true state. LRHS resets the start flip-flop U88C/U91
and pulls the J input of flip-flop A1U89B LO. HR1
pulls the J input of flip-flop A1U93B and the K input
of A1U89B HI. HR1 is also routed to the display
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INDEX COUNTER)

HDR
LRHS
L 1600A-090
Figure 4-13. Data Index and Control Reset Timing
Diagram

section where it performs several functions. The
first LAT after LRST sets JK flip-flop A1U93B. The
Q output of A1U93B (LR2) resets the end flip-flop
A1U92/U88B. The negative-going transition of the
first LWE after LRST clocks the @ output of A1U89B
LO. The Q output of A1U89B resets the data index
counter A1U9% and stops the clock to terminal-count
flip-flop A1U94B. LWE2 presets flip-flop A1U93A and
clears A1U94A. On the trailing-edge of LWE2, HWE
clears out flip-flop A1U89A which sets HDR LO. This
causes the K input of A1U93A to go LO, prohibiting
any additional LRST"s.

4-74. On the next LAT, A1U93B 'is cleared by the
negative-going transition. On the negative-going
transition of LWE2, A1U89B is cleared. This releases
the data index counter master reset line. LWE2 also
enables NAND gate A1U96A to pass HDL's.

4-75. Start Display Mode. In the start display mode,
HSTR enables flip-flop A1U88C/A1U91. When LRHS
is HI and a trigger word is detected (HBeHLeHDC),
LTRG and HTRG go true. HTRG enables the data
index counter to start counting qualified clocks. Count
14 of the data index counter is detected by AND gate
A1U96C, which applies a high level to the input of
JK flip-flop A1U94B. On the next clock after state
14, A1U94B counts the 15th state. The Q output
of A1U94B parallel enables the data index counter,
locking it in the terminal count state. Thus, the data
index terminal count is generated by A1U94B. This
reduces the propagation delay from clock to terminal
count of the data index counter. At the same time that
the data index counter is parallel enabled, HTC sets
the end flip-flop. This generates LDR which turns off
further LWE's so that data is no longer written into
memory. LDR indicates to the display section that
memory is loaded with good data by presetting flip-
flop A1U89A through AND gate U96B. This generates
HDR, which initiates a display cycle.

4-76. End Display Mode. In the end display mode,
HSTR is LO which holds the start flip-flop preset.
This holds LTRG and HTRG* in the true state. Thus,
the first LWE2 after LRST increments the data index
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counter. When the data index counter reaches terminal
count (HTC is true), the end flip-flop waits for HB,
HL and HDC. When a trigger word is detected and
the digital delay is complete, HDCeHBeHLeHTC sets
the end flip-flop which generates LDR. LDR does not
occur until the memory index counter is in the TC
state indicating a full memory.

4-77. Read Address Compuiation. During the display
cycle, the memory data read to the display section is
addressed by the computed address (CAO-CA3). The
computed address is derived in four-bit adders A1US8
and A1U59. A1U58 and A1U98A through A1U98D
subtract the data index count from the write address
count (WAQ-WAS3). The difference appears on the four
sum outputs of A1U58, This difference is the address
of the memory location containing the first word
acquired during the data acquisition cycle. The first
word address is added to the vertical state count in
A1UB9. The output of A1U59 is the computed address
which is the sum of the first word address and the verti-
cal state count.

4-78. During a partial display, the data index counter
and write address counter are incremented; but the
first word address will not change as long as there
are fewer than 16 words in memory. As soon as 16
words are written into memory in the end display
mode, the data index counter value becomes a fixed
constant. However, the write address counter will
continue to be incremented. Thus, the first word
address changes. The instrument then keeps adding
words at the bottom of the display and bumping a
word out the top. This results in rolling the display
on the CRT screen. As soon as the trigger word is
detected. LWE2 is turned off and the write address
counter stops counting. Thus, the output of Ub8
becomes constant. The output of A1U59 now changes
as a function of.the vertical state count.

4-79. HVGT Comparator. A1U97 compares the data
index count with the vertical state count. Whenever
the vertical state count exceeds the data index count,
HVGT is true. HVGT indicates to the display section
that the data stored in the memory location currently
being addressed has not been updated during the pre-
sent data acquisition cycle and is therefore invalid.
The CRT is blanked whenever HVGT is true.

4-80. Manual Reset. Whenever a manual reset occurs,
HMR* sets the end flip-flop, forcing LDR to the true
state. HMR* also toggles JK flip-flop A1U94A. This
generates HRBL, forcing HVGT HI. HVGT blanks the
CRT. HMR* is followed by LRST which resets the
data index and control circuit.

4-81. DISPLAY DATA SWITCH. (See schematic 12.)
The display data switch circuit consists of a 1-0f-16
data multiplexer, the 2-line-to-l1-line map data
selectors, and the expand map comparator.

4-82. Data multiplexer A1U39 serializes the 16-bit
parallel output word (AMO0-AM15) of A-memory for
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display on table A on the CRT screen. The data multi-
plexer is a 1-0f-16 multiplexer whose four select lines
are controlled by the 4-bit horizontal state count
(HO0-H3). The horizontal state count sequences through
the 16 parallel bits on the multiplexer input and pro-
vides a serial representation of the 16 bits at the
multiplexer output with bit 0 first.

4-83. Map data selectors A1U35 through A1U38 select
either the data from A-memory (AMO-AM15) or the
TRIGGER WORD/MAP LOCATOR switch settings
(SOM-S15M) for display in map display modes. During
the first portion of a map display cycle, HCRCL is
false. During this time, the map data selectors are
pointed at A-memory output and the 16 data words
are written on the CRT screen. When all 16 data words
are displayed, HCRCL is set to the true state. The
map data selectors then point to the TRIGGER WORD/
MAP LOCATOR switches, enabling the Model 1600A
to write the map locator (cursor) on the CRT screen.

4-84. Expand map comparator A1U40 compares the
two most-significant vertical bits (AM15 and AM14)
and the two most-significant horizontal bits (AM7 and
AMS6) of A-memory data with the settings of their
respective TRIGGER WORD/MAP LOCATOR
switches. When the data bits match the switch settings,
HEMAP is set to the true state. HEMAP is a control
signal for the blanking circuit. When the EXP map
mode is selected, HEMAP unblanks the CRT when-
ever the input data is located in the sector selected
for expansion.

4-85. WORD INTENSIFY. (See schematic 14.) The
word intensify circuit determines when the vertical
state count is addressing the location in memory con-
taining the trigger word. When the vertical state count
addresses the trigger word, the word intensify circuit
provides a control signal (HE) to the data routing and
multiplexing circuit. The brightening control logic in
the data routing and multiplexing circuit causes the
current addressed word to be intensified when HE is
true and table A is displayed.

4-86. Multiplexer A1U83 and 4-bit adder A1U79
perform a code conversion on the DELAY thumbwheel
switch outputs. A1U79 performs the following addition
of the thumbwheel switch outputs:

2D3  1D3 1D2 1D1
+ 2D0 2D0 1 2D0

Carry (C4) z3 z2 1

where 1D1-1D3 are units-decade switch
output bits 1-3, and 2D0, 2D3 are tens-
decade switch output bits 0 and 3.

The outputs of the adder are applied to the I inputs
of multiplexer A1U83, and HSTR is applied to the Iy
inputs of the multiplexer.
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4-87. Selection of either the Iy data from the adder
or I data from NAND gate A1U85B for output by
the multiplexer is determined by the output of NAND
gate A1U85C. I data is selected when the output
of A1U85C is LO; I data is selected when the
output of A1U85C is HI. A1U85C is LO only when
LNDLY is false and the selected delay is 15 or less.
Therefore, in the end display mode with a selected
delay of 15 or less, the vertical state count is com-
pared with the output code from the adder. When
they match, the A = B output (HE) of comparator
A1U86 goes HI. When the delay is greater than 15,
the A4 input of A1U86 is LO, forcing HE to the false
state.

4-88. When the start display mode is selected, the
comparator is enabled only when the delay is set to 0.
For all other delays, the A4 and B4 inputs of the
comparator are held at different levels; holding HE
false.

4-89. When LNDLY is true, the select input of the
multiplexer is held HI. Therefore the multiplexer
always points to the I; inputs. With HSTR true,
the I; inputs are all LO, causing the first word on
the display to be intensified. With HSTR false, the
I inputs are all HI, causing the last word on the
display to be intensified.

4-90. DATA-ROUTING AND MULTIPLEXING. (See
schematic 15.) The data-routing and multiplexing cir-
cuit performs several functions. The circuit provides a
format (4-bit or 3-bit bytes) decoding signal to the
horizontal ROM. It determines what data will be dis-
plaed on table B, i.e., stored data from B-memory, data
from an external device, or the exclusive OR of A-
memory data with B-memory data or external data.
The data-routing and multiplexing circuit also deter-
mines whether a character is to be displayed as a one
or a zero and determines whether or not the character
should be intensified.

4-91. Byte AOI A8U35. Byte format (3-bit or 4-bit
bytes) is determined by AOI A8U35. When no external
device is connected to the I/0 PORT, byte format for
both tables A and B is controlled by HBCD from the
BYTE 4-BIT/3-BIT switch. Data words are displayed
in 4-bit bytes when HBCD=1 and 3-bit bytes when
HBCD=0. When an external device capable of pro-
viding LXPG1 (such as a Model 1607A) is connected
to the I/0 PORT, table B format is determined by
HBCDX from the external device. The output of the
AOI (HOCT) is routed to the horizontal ROM to
control horizontal decoding. AOI operation is described
in table 4-1.

4-92. Multiplexer A8U33. Multiplexer A8U33 provides
LHZ and LVZ to the analog output circuit to control
one/zero switches A7U19A and A7U19B. A8U33 also
provides HBR which determines whether or not a
character is intensified. In addition, the multiplexer
provides LPOSeLMAP to input circuitry of the D/A
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Table 4-1. A8U35 Truth Table

INPUTS OUTPUT
LXPG1| HBCD | HBCDX | HTAD | HTBD| HOCT
1 1 X X X 0
1 0 X X X 1
0 1 X 1 0 0
0 0 X 1 0 1
0 X 1 0 1 0
0 X 0 0 1 1

X = Don’t Care

converters. In map display modes, LPOSeLMAP=0
causes the all-zero logic state to be displayed in the
upper-left corner of the CRT screen and LPOSeLMAP=1
causes the all-zero logic state to be displayed in the
lower-right corner of the CRT screen.

4-93. The multiplexer select line is tied to LMAP.
Thus, when table display modes are selected (LMAP=1),
the B inputs are selected. In table display modes,
LVZ is held in the true state and LHZ is controlled
by AOI gate A8U32B. LHZ is true whenever the data
bit to be displayed is a zero. When table A is being
displayed, the AOQOI looks at data from A-memory
(DATA). When table Bis being displayed, AOI ASU32B
points to the output of AOI A8U31A. In table A & B
and table B display modes, A8U31A points to XDSPD
or B DATA. In table A & (A ® B) display mode
(LEXOR=0), A8U31A points at the exclusive OR of
DATA with XDSPD or B DATA.

4-94. In table display modes, HBR is controlled by
the output of AOI A8U32A. The inputs to ABU32A are
exclusive OR of DATA with XDSPD or B DATA,
HBRXT, and HE. During the time table A is being
displayed (HTAD=1), A8BU32A points to the output of
NOR gate A8U26B. The output of A8U26B is
HE e [HSTR + (HDR + HSSS)]. Thus, in the START
DSPL mode, HBR is true only when HE is true. In
END DSPL, HBR is true anytime HE and HDR or
HSSS is true. During the time table B is being dis-
played (HTAD=0), A8U32A points to the output of
NAND gate ASU38A. Thus, in table B or table A & B
display modes with an external device connected to
the I70 PORT, HBR is true whenever HBRXT is
true. In the table A & (A® B) display mode, HBR is
true whenever a one is being displayed in table B.

4-95. In map display modes, the A inputs of multi-
plexer A8U33 are selected. LHZ and LVZ are then con-
trolled by LCRCL. LCRCL is true during that portion
of the display cycle when the cursor is written on the
CRT screen. LCRCL=0 holds LHZ and LVZ true. HBR
is tied LO when a map display mode is selected.

4-96. DISPLAY STATE COUNTERS. (See schematic 16.)
The display state counters are 16-state binary counters
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that provide basic control for the display cycle and
memory addressing for B-memory. The vertical state
count (V0-V3) controls A-memory addressing during
memory read cycles and controls the vertical deflection
of CRT beam in table display modes. In addition, the
vertical state counter is used in blanking control and,
with some additional logie, to control the horizontal
offset between table A and table B. The horizontal
state count (HO-H3) serializes parallel data from A-
memory and controls horizontal deflection of the CRT
beam in table display modes. The horizontal state
count is also used by the column blanking circuit to
determine when to blank. Horizontal and vertical state
counts together form an 8-bit address that is used to
address B-memory and external devices connected
to the I/0 PORT.

4-97. Table Mode Operation. Horizontal state counter
A8U28 is clocked by DSPCK* from the display clock
generator. When the horizontal state counter reaches
terminal count (a data word completely displayed),
the counter TC output enables vertical state counter
A8U29, permitting DSPCK* to increment the vertical
state counter to the next word location. This operation
continues until all 16 words of the table are displayed.
On word 16, the vertical state counter TC output goes
high. The TC output is inverted (LVTC) and routed
to the display reset circuit and D flip-flop ASU30A.

4-98. The trailing edge of LVTC toggles D flip-flop
A8U30A. The D flip-flop generates four signals: HTAD,
HTBD, A, and B. HTAD and HTBD are control signals
for the data routing and multiplexing circuitry and for
the blanking circuit. A and B control the horizontal
offset for tables A and B. Table A.is displayed when
A and B are both LO. Table B is.displayed when both
A and B are HI. In map display rmodes, A is LO and B
is HI, resulting in no offset. In table modes, table B is
displayed first, followed by table A.

4-99. In addition to providing LVTC, the TC output
of the vertical state counter is gated with the Q output
of D flip-flop ASU30A in NAND gate A8U22D. The
NAND gate output is applied to D flip-flop U20B.
At the completion of table A, this results in DSPCK¥*
clocking the Q and Q outputs of U20B LO and HI
respectively. This generates LCRCL and HCRCL.

4-100. In map modes, LMAP locks the horizontal
state counter in the terminal count state. Therefore,
the vertical state counter counts every DSPCK*,
reading the 16 A-memory data words out to the hori-
zontal and vertical decoders in parallel format. LMAP
also presets D flip-flop A8US30A, causing LCRCL and
HCRCL to occur every time the vertical state counter
reaches terminal count.

4-101. B-MEMORY. (See schematic 16.) B-memory is
a 256-by-1 random access memory. B-memory stores
sixteen 16-bit data words in serial format for display
on table B. B-memory accepts serial data (ADATA)
from the data acquisition section when no external
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device is connected to the I/O PORT. B-memory
accepts external data (EDTBS) when an external
device capable of providing the Model 1600A with the
appropriate control signals is connected to the I/0
PORT.

4-102. B-memory operation is controlled by LXPG1,
LXPG2, and LXPG3. All three signals are high when
no external device is connected to the I/0O PORT. This
enables the STORE A—B switch to control memory
write operations and enables the horizontal and verti-
cal state counts to address B-memory. When LXPG1 is
L.O, HSTAB is disabled and the memory read/write
select line is controlled by LWEX from an external
device. LXPG2 is tied to the enable pin of B-memory
through inverter A8U46A. When LO, LXPG2 disables
the memory (places its output in the high-impedance
state) and external data (XDSPD) is displayed on table
B. LXPG3 controls addressing and selects either A-
memory data (ADATA) or external data (EDTBS)
for storage in B-memory. When LXPGS3 is HI, ADATA
is routed to B-memory and addressing is accom-
plished by the horizontal and vertical state counters.
When LXPGS3 is LO, external data is written into
memory with addressing performed by the external
device. -

4-103. When the Model 1600A is operated with a
Model 1607A connected to the I/0 BUS, LXPG1 and
LXPG2 are LO and LXPGS3 is HI. Therefore, B-memory
is disabled and Model 1607A data is displayed directly
on the CRT.

4-104. BLANKING. (See schematic 17.) Blanking is the
most complex function in the display section. The
blanking logic is controlled by 23 variables.

4-105. Column blanking is accomplished by a discrete
D/A converter consisting of ASR16 through A8R19. In-
put to the D/A converter is the horizontal state count.
Analog output of the D/A converter is compared to
the voltage set by COLUMN BLANKING in compara-
tor A8U10. When the D/A converter output voltage
exceeds the COLUMN BLANKING voltage, the output
of A8U10 goes HI, forcing the Q output of D flip-
flop A8U20A LO. The LO level on Q gates the
output of NOR gate A8U26A HI, setting HCBLK true.
When horizontal state count is in the all-zero state,
NOR gate A8U27A holds HCBLK false. This prevents
the least-significant bit from being blanked. A8U20
is clocked by DSPCK* to ensure that only full bits are
displayed.

4-106. In partial display operation, AOI A8U14
generates a blanking signal whenever HVGT is true
except in the single-sample-start mode (LSSS=0). AOI
A8U14 also generates a blanking signal whenever
HTRG is false in the START DSPL mode. It also
generates a blanking signal whenever LLGD is false
(A-memory does not contain 16 words of valid data)
if the Model 1600A is not in the partial display mode.
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4-107. NAND gate A8U21A generates the blanking
signal for EXP map mode. When the data acquisition
cycle is complete (HGD=1), and the data addressed in
A-memory lies in the expanded map sector (HCQD=1),
A8U21A unblanks the CRT. If the vertical state count
is in the all-zero state, L# blanks the CRT. This pre-
vents extraneous vectors from being displayed on the
CRT.

4-108. Selection of the appropriate function to control
the z-axis gate signal is made by multiplexers A8U18
and A8U24. Multiplexer operation is described in the
blanking truth table on schematic 17. In table display
modes, the CRT is always blanked during the first
half-cycle of DSPCK*, i.e., when DSPCK* is HI.

4-109. DATA ACQUISITION RESET. (See schematic
18.) The data-acquisition reset circuitry generates
the reset signal (LRST) for the data-acquisition section.
LRST is also used to generate reset signals for the
display section.

4-110. Repetitive Reset. If the Model 1600A is set to
a repetitive sample mode, reset is controlled by the
DISPLAY TIME control. DISPLLAY TIME determines
the output frequency of timer A8U7. The output of
A8UY7 is divided down by 16 in counter A8U5. When
A8U5 reaches terminal count, a HI level is applied to
the D input of flip-flop A8U6B. The TC output is also
inverted by NOR gate AS8U3A and applied to the CEP
input of A8U5. This locks the counter in the terminal
count state, holding the high level on the D flip-flop.
When the next table A is completed, LCRCL clocks
AB8UG6B, setting its Q output HI. When the Q output
of A8U6B goes HI, the output of AOI A8U17 goes LO
(LRST=0), and A8C10 is ungrounded by emitter fol-
lower A8Q1. A8C10 begins to ramp from ground with
a time constant determined by A8R30 and A8R52.

4-111. The ramp voltage is applied to the non-invert-
ing input of comparator A8U11. The inverting input
of the comparator is an amplified version of the
+12-volt unregulated ripple, offset from ground such
that the minimum voltage is 1.5 volts. As soon as the
ramp voltage exceeds the unregulated ripple, the
comparator output goes HI. This signal clears D flip-
flop ASU6B through A8U4B, A8U3C, and A8U3D;
terminating LRST. The leading edge of LRST blanks
the CRT and initiates display reset. The trailing edge
of LRST resets the data acquisition section. In map
display modes, LMAP presets counter A8U5 to the
terminal count state so that a reset occurs for every
LCRCL.

4-112. The operation described in the preceding
paragraph provides a reset pulse of randomly-varying
width. At data rates greater than 100 kHz, this ran-
domization ensures that the Model 1600A will not lock
on a subharmonic of the input clock frequency. Thus,
in map modes, every logic state in the machine under
test is displayed by overlaying randomly-acquired
blocks of 16 words.
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4-113. The repetitive reset can be disabled by
several conditions in table display modes. If the Model
1600A is bused with an external device, repetitive reset
is disabled whenever HGDX is false. When table A is
selected for display (HSA=1), repetitive resets are dis-
abled whenever LGD 1is false. In the HALT A#B
sample mode, repetitive resets are disabled when
LA#B is true. When the Model 1600A is operated by
itself, repetitive resets are disabled whenever
LDSPR=0, SGL sample mode is selected (1.SS=0), or
table A is not displayed. If the Model 1600A is set to
SGL and a Model 1607A is connected to the I/0O PORT,
repetitive resets are transmitted to the Model 1607A
as long as HGDX is true.

4-114. Manual Reset. Pressing the RESET button in
any sample mode will initiate a reset. When RESET
is pressed, HRSTR triggers monostable A8U16B. The
Q output of A8U16B (HMR*) is routed to the data-
acquisition section where it initializes the reset
sequence for the data index and control circuit. The
Q output of A8U16B triggers monostable ASU16A.
The Q output of A8U16A gates AOI A8U17, generating
LRST. In addition, the Q output of A8U16A is routed
to the I/0 PORT, where it is used as a reset signal
(HMRXT) for external devices.

4-115. DISPLAY CLOCK GENERATOR. (See schematic
19.) The display clock signals are derived from the
100-kHz square-wave output of the clock generator cir-
cuit. D flip-flops ASU1B and A8U1A, and NAND gate
A8U4C divide the 100-kHz input down to either 25 kHz
50 kHz. When a map display mode is selected, HMAP
is high and the output of A8U4C (DSPCK) is a 25-kHz
clock. When a table display mode is selected, HMAP
presets A8U1A, resulting in a 50-kHz DSPCK. DSPCK
is inverted by U4D (DSPCK) and routed to D flip-flop
A8U51A and NOR gate A1U13A.

4-116. When HBR is low, A1U13A passes every
DSPCK. The output of A1U13A (DSPCK*) clocks the
horizontal and vertical state counters and the blanking
circuit. When HBR is HI, A8U51A and A8U51B inhibits
A8U13A for three DSPCK clock intervals. This stops
the horizontal state counter for three clock intervals,
resulting in the current displayed character being
written on the CRT five times. In this manner,
characters are intensified on the display.

4-117. DISPLAY RESET. (See schematic 19.) Display
resets (LDSPR and HDSPR) are generated by AOI
A8U12B. In display modes where table A is selected,
internal resets from AOI A8US8 are enabled. In display
modes where table B is displayed, an external signal
(LXDPR) can generate display resets. An internal
display reset is described by the Boolean equation:

LDSPR=HSAe¢[LRST+HMAPe(HDR+ HR1)eHSSS
+HNCQeHR1eHSSS]|

An external display reset is described by the Boolean
equation:

LDSPR=HSBeLXPGleLXDPR
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4-118. D flip-flop A8U23B controls reset in the
HALT A#B sample mode. When a difference between
table-A data and table-B data is detected, NOR gate
A8U19C applies a HI level to the D input of A8U19B.
The next DSPCK clocks the @ output of A8U23B
LO, setting LA#B=0. LA#B then inhibits repetitive
resets. The current data is displayed until RESET is
pressed. HDR then goes LO, clearing A8U23B. LA#B
goes HI and repetitive resets are enabled until the
next difference between the two tables is detected.

4-119. HORIZONTAL/VERTICALDECODERSANDD/A
CONVERTERS. (See schematic 20.) Horizontal and
vertical decoders A7Ul through A7U6 select either
the parallel data from the display data switch or the
decoded horizontal and vertical state counts and
applies the selected signals to D/A converters ATU15
and A7U16. The D/A converter outputs control hori-
zontal and vertical deflection of the CRT beam.

4-120. The horizontal and vertical decoders are con-
trolled by LMAP and LXPMP. In table display modes,
both signals are HI and the decoders point to decoded
horizontal (HMO0-HM5) and vertical (VMO0-VM5) state
counts. In the NORM map mode, LMAP is LLO and
LXPMP is HI. This causes the decoders to point to the
six most-significant vertical bits (MD15-MD10) and the
six most-significant horizontal bits (MD7-MDZ2) from
the display data switch. In the EXP map mode
(LMAP=0 and LXPMP=0), the decoders point to the six
least-significant vertical bits (MD13-MD8) and the
six least-significant horizontal bits (MD5-MDO) from
the display data switch.

4-121. The outputs of the decoders are routed through
XOR gates to the D/A converters. In the map display
modes, the XOR gates complement the decoder out-
puts when LOGIC POS/NEG is set to NEG. This
results in the all-zero state being displayed in the
lower-right corner of the map display. The D/A
~converters convert digital signals to analog signals
which are applied to the analog output circuitry.

4-122. ANALOG OUTPUT AMPLIFIERS. (See sche-
matic 21.) The analog output circuitry generates the
horizontal and vertical drive for the CRT. Outputs of
the D/A converters are applied to inverting inputs of
horizontal and wvertical preamplifiers A7U20 and
ATU21. The inputs of the preamplifiers are summing
junctions.

4-123. The horizontal preamp input is the sum of the
output of current sources A7Q6 and A7Q7, the output
of one/zero switch A7TU19A, and the horizontal D/A
converter output. The current sources are controlled
by A and B and provide the horizontal offset for tables
A and B. The one/zero switch is controlled by LHZ.
When LHZ is LO, the one/zero switch is turned on.
This applies a 100-kHz sine wave on the horizontal

Theory

drive signal, causing a zero to be written on the CRT
screen. The vertical preamp input is the sum of the
vertical D/A converter output and the output of one/
zero switch A7U19B. One/zero switch A7U19B is con-
trolled by LVZ. Gains of the horizontal and vertical
preamps are determined by R2 (HORIZ GAIN) and
R3 (VERT GAIN).

4-124. Outputs of the preamplifiers are tied to map
cursor switches A8U19C and A8U19D. The map cursor
switches apply time constants to the preamplifier out-
puts in map display modes. The time constants cause
the preamp outputs to slew less rapidly as the map
vector approaches the go-to state, resulting in the
vector being intensified at the destination state. ATR71
(MAP ADJ) allows the vertical and horizontal time
constants to be matched for optimum display.

4-125. From the time constant, the preamplifier
outputs go to cascode-output differential amplifiers.
The horizontal and vertical output amplifiers are power
matched to eliminate thermal deflection from the dis-
play. The horizontal and vertical position potentio-
meters are tied to the bases of A7Q9 and A7Q13. The
amplifier outputs are applied to the horizontal and
vertical deflection plates of the CRT.

4-126. Map Modes. In map modes, both one/zero
switches (A8U19A and A8U19B) are turned off during
the portion of the display cycle that data is being
displayed. Output of the D/A converters is an analog
representation of the input data. Thus, each dot on the
CRT screen represents a unique data word. When 16
words are displayed on the CRT, LCRCL goes LO.
This turns both one/zero switches on, turns the map
cursor switch off, and switches the display data switch
from input data to the TRIGGER WORD/MAP LOCA-
TOR switch inputs. At the location set by the TRIG-
GER WORD/MAP LOCATOR switches, the Model
1600A writes a zero. This is the map locator (cursor).
The 1600A then goes into a data acquisition cycle
and repeats the operation described above.

4-127. Table Modes. In table modes, the map cursor
switches are turned off, the vertical one/zero switch
is turned on, and the horizontal one/zero switch is
controlled by the input data. The switch is turned on
when the data bit is a zero and turned off when the
data bit is a one. The D/A converters are connected
to the decoded horizontal and vertical state counts.
The D/A converter outputs are sixteen-position,
staircased, voltage ramps. During the display cycle,
table B is written first starting with the LSB of word 0.
When all 16 words of table B are displayed, the hori-
zontal offset moves the CRT beam to the left half of
the CRT screen and table A is written. At the end of
table A, the leading edge of LCRCL blanks the CRT.
The trailing edge of LCRCL initiates a reset and the
process is repeated.
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4-128. INDICATOR LIGHT CONTROL. (See schematic
13.) The indicator light control logic provides a
hierarchy that determines the sequence in which the
indicator lights are enabled. When the NO CLOCK
light is on, the NO QUAL and NO TRIG lights are
disabled. When a clock is present and the NO QUAL
light is on, NO TRIG is disabled. The NO ARM light

Model 1600A

also disables the NO TRIG light. Otherwise, the NO
ARM light functions independently of the other lights.

4-129. The indicator light logic also provides HNCQ
to the display section. When the display qualifier rate
is less than 30 Hz, HNCQ places the display section
in the partial display mode.

|
i
i
i
{
1
i
1

Table 4-2. Model 1600A Mnemonics

TERM FUNCTION ORIGIN
A Switching signal for table A CRT offset. When A is LO, Schematic 16,
data is displayed on left-half of CRT screen. A8US37F, PIN 12
ADATA Complement of DATA. A-memory data to be stored in Schematic 15,
B-memory when STORE A—B is pressed. ADATA is displayed | A8U46F, PIN 12
on the left-half of the CRT screen.
AMO-AM15 Memory output data. Data stored in memory for display. Schematic 10, A1U28,
A1U30, A1U32, A1U33,
PINS 5,7, 9, and 11
ARM Arming input signal from TRIG ARM IN connector. Schematic 8, TRIG ARM IN
Connector J3
B Switching signal for table B CRT offset. When B is LO, Schematic 16,
data is displayed on left-half of CRT screen. A8US3T7E, PIN 10
BDATA Serialized data output from B-memory. Schematic 16,
A8U47, PIN 13
CA0-CA3 Computed Address. Memory address used to read memory Schematic 11, A1UB9,
during display cycle. Computed address=vertical state count PINS 2, 6, 9, and 15
+ (Write Address Count - Data Index Count).
DATA Serialized data output from memory used to derive LHZ Schematic 12, A1U39
and ADATA. PIN 10
DT Delayed Trigger. Trigger generator output signal applied to Schematic 8, A1U62B,
DELAYED TRIG OUT connector. PIN 8
DO0-D15 Input data bits 0 through 15 from Data Probes. Schematic 5, A1J2,
PINS 13 - 16;
Al1J3, PINS 11 - 16;
Al1J4, PINS 11 - 16
DSPCK Display Clock. Clocking signal for display section. DSPCK is Schematic 19,
50-kHz clock in table display modes, 25-kHz clock in map A8U4C, PIN 8
display modes.
DSPCK Complement of DSPCK. Schematic 19,
A8U4D, PIN 11
EDTBS External Data To Be Stored. Serial data from an external Schematic 22,
device on the I/0 bus to be stored in B-memory. J6, PIN 23
HARM HI, Armed. Complement of LARM Schematic 8,
A1UTIA, PIN 7
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Table 4-2. Model 1600A Mnemonics (Cont'd)

Theory

TERM

FUNCTION

ORIGIN

HARME

HB

HBCD

HBCDX

HBR

HBRXT

HBTRG

HCBLK
HCL

HCQD

§ HCRCL

HDC

HDL

HI, Arm Enable. Data acquisition control signal (dc level).
HARM=HI when NORM/ARM is set to ARM position (in).
When HI, the Model 1600A must be armed before it will
recognize a trigger.

HI, Bus. Data acquisition control signal.
HB=HI when bus flip-flop is reset.

HI, BCD. Display control signal (dc level) for Horizontal

Code Converter. When HI, displayed word format is

four 4-bit bytes. When LO, displayed word format is five

3-bit bytes with MSB left over. HBCD generates HOCT

when table A is displayed and when table B is displayed with
no external device connected to the I/0 PORT. HOCT=HBCD.

HI, BCD External. Table B format control signal from Model
1607A in I/0 Bus operation. When HI, table B word format
is four 4-bit bytes. When LO, word format is five 3-bit bytes
with MSB left over. HBCDX generates HOCT when table B
is displayed and an external device is connected to the

170 PORT. HOCT=HBCDX.

HI, Brighten. Control signal for character intensification.
HBR=1 momentarily halts DSPCK* to horizontal counter.
This causes the current addressed bit to be written 5 times,
resulting in intensification.

HI, Brighten External. Character Intensification control signal
from Model 1607A. HBRXT=HI causes current displayed
character in table B to be intensified.

HI, Bus Trigger. Trigger signal (HI state) indicating both
Model 1607A and Model 1600A Trigger words have
occurred simultaneously in the trigger bus mode.

HI, Column Blank. Blanking control signal. When HI, Data
column currently being addressed is blanked.

HI, Clock. Clocking signal from timing generator used to
clock data index and control. HCL is derived from PCLK.

HI, Correct Quadrant. Blanking control signal in EXP map
mode. HCQD unblanks CRT when input data word lies in map
sector selected in EXP map. HCQD=HEMAPeLXPMP.

HI, Circle. Mode control signal HCRCL goes HI for one
display clock each time display has been completed. In map,
HCRCL causes the cursor to be displayed. In table, the cursor
is blanked. ’

HI, Delay Complete. Data acquisition control
signal. HDC =HI when delay generator has counted out the
delay set on DELAY thumbwheels or LNDLY=LO.

HI, Delay Clock. Clocking signal from timing generator used
to clock delay generator. HDL is derived from PCLK.

Schematic 4, NORM/ARM
Switch A7S1D

Schematic 8, A1U6G7A,
PIN 7

Schematic 4,
BYTE 4 BIT/3 BIT Switch
ABS1F

Schematic 22,
J6, PIN 22

Schematic 15, ASU37B,
PIN 4

Schematic 22,
J6, PIN 19

Schematic 7, A1U25B,
PIN 8

Schematic 17,
A8U26A, PIN 1

Schematic 9, A1U43B,
PIN 7

Schematic 17,
A8U22C, PIN 8

Schematic 16,
A8U20B, PIN 8

Schematic 8, A1U84B,
PIN 9

Schematic 9,
A1U43A, PIN 6
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TERM FUNCTION ORIGIN

HDQ HI, Display Qualifier. DSPLY qualification signal. HDQ is HI Schematic 7, A1U26,
when DSPLY qualifier requirements are met. PIN 8

HDR HI, Data Ready. HI state occurs at the end of a data Schematic 11,
acquisition cycle indicating 16 valid data words have been A1U89A, PIN 5
acquired.

HDR* HI, Data Ready*. Memory Address control signal indicating Schematic 11,
trigger word has been found and A-memory is loaded with A1U88B, PIN 8
valid data. When HI, HDR* enables reading of memory by
display section.

HDSPR HI, Display Reset. Reset signal for display functions. Schematic 19,

A8U48B, PIN 4

HAT HI, Delta T. Clocking signal for local flip-flop reset gate. Schematic 9,
HAT is derived from PCLK. A1U42A, PIN 6

HE HI, Equal. Control signai for word intensify circuit. HI when Schematic 14,
trigger word is being addressed by display section. A1U86, PIN 14

HEMAP HI, Equal Map. Blanking control signal in EXP Schematic 12,
map mode. HEMAP is HI when bits 15, 14, 7, and 6 of the A1Q8
input data word matches the setting on TRIGGER WORD
switches.

HGD HI, Good Data. Complement of LGD. Control signal for Schematic 19,
blanking circuitry. HGD=HDReHR1 A8U9E, PIN 10

HGDX HI, Good Data External. Control signal from Model 1607A, Schematic 22,
HGDX holds off Model 1600A repetitive reset until table B is J6, PIN 15
displayed.

HL HI, Local. Data acquisition control signal. Schematic 7,
HI= HI when local flip-flop is set. A1U67B, PIN 9

HLTRG HI, Local Trigger. Trigger Signal (HI state) indicating Schematic 7,
Model 1600A has met local triggering requirements. A1U25C, PIN 12

HM1-5 Horizontal Multiplexer 1-5, Output from ROM that sets Schematic 20,
decoding of horizontal state counter which locates bits on A7U14, PINS 9 - 12
screen for 4-bit/3-bit spacing. A7U17D, PIN 11

HMAP HI, Map. Complement of LMAP. Control signal for Delay Schematic 15,
generator, data index and control, reset circuitry, and display A8U13D, PIN 13
multiplexors. HMAP=HI when map display mode is selected.

HMR* HI, Manual Reset*. Manual reset signal for data index and Schematic 18,
control circuit. A8U16B, PIN 10

HMRXT HI, Manual Reset External. External manual reset pulse to Schematic 18,
Model 1607A. A8U16A, PIN 6

HNCQ HI, No Clock or No Qualifier. Partial display mode control. Schematic 13,
HNCQ=HI when no display-qualified clock has occurred for A1U47C, PIN 8
for more than approximately 20 ms.
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Theory

TERM FUNCTION ORIGIN

HNQL HI, No Qualifier. NO QUAL indicator light control signal. Schematic 13,

)y HNQL~HI when no display qualifier has occurred for more A1U49C, PIN 10
g than approximately 100 ms.

HNTRG HI, No Trigger. NO TRIG indicator light control signal. Schematic 13, A1U49A,
HNTRG=HI when no trigger has occurred for more than PIN 1
approximately 100 ms.

HOCT HI, Octal. Table display format control signal (dc level). Schematic 15,

When HOCT=HI, table is five 3-bit bytes with MSB left over. A8U35, PIN 6
When HOCT=L0, table format is four 4-bit bytes.
HOCT=HBCD + HBCDX

HPOS HI, Positive. Display control signal (dc level). When Schematic 4,
HPOS=HI, most-positive logic state is displayed as a “1". LOGIC POS/NEG
When HPOS=LO, most-positive logic state is displayed Switch ASS1E
as a”0".

HPTS HI, Pattern Trigger Stored. Control signal for indicator Schematic 8,
light logic. When HPTS is HI, NO TRIG light is held off. A1UT1B, PIN 10

HRBL HI, Reset Button Latched. Data index control signal. Schematic 11,

When HRBL goes HI, HVGT is forced HI. A1U94A, PIN 5

HRECL HI, Reset Clock. Clocking signal for digital delay and Schematic 8,
trigger generator during reset function (LRST=LO). A1U68B, PIN 6

HRES HI, Reset. Reset pulse used in digital delay and trigger Schematic 8,
generator circuit. HRES is derived from LRST. A1UB8A, PIN 10

HR1 HI, Reset 1. When HI, HR1 indicates that a reset has been Schematic 11,
requested and will happen on next input clock. A1U93A, PIN 6

HRSTR HI, Reset Start. Reset control signal. When RESET Schematic 4,
pushbutton is depressed, HRSTR initiates manual reset. RESET switch A5S1D

HSA HI, Select A. Display control signal (dc level). Schematic 4,
HSA=HI when table A is selected for display. B pushbutton A4S1E

HSB HI, Select B. Display control signal (dc level). Schematic 4,
HSB=HI when table B is selected for display. A pushbutton A4S1B, or

Schematic 16,
A8U37D, PIN 8

HSSS HI, Single Sample Start. Complement of LSSS. In Schematic 19,
table displays, HSSS disables HVGT at instrument turn-on A8UBA, PIN 5
ensuring display on CRT in SINGLE mode. HSSS=HI at
instrument turn-on. Once LRST occurs, HSSS remains LO.

HSTAB HI, Store A in B. B-memory control signal. When STORE Schematic 4,

A—B pushbutton is pressed, contents of A-memory are STORE A—B switch
written into B-memory during display cycle. A4S1A

HSTR HI, Start. Data acquisition/display control signal Schematic 10,

(de level). HSTR=HI when START DSPL is selected or ATU9B, PIN &
map mode is selected.
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HSWA HI, Select Write Address. Address control signal. Schematic 10,
When HSWA is HI, memory is addressed by write address A1U46B, PIN 8
counter.

HTAD HI, Table A Displayed. Display control signal indicating Schematic 16,
table A is currently being displayed. A8U30A, PIN 5

HTB HI, Trigger Bus. Data acquisition control signal (dc level). Schematic 4,
HTB=HI when SRC LOCAL/BUS switch is set to BUS. LOCAL/BUS Switch A7S1E
When HI, Model 1600A will trigger only when its trigger
word and the Model 1607A trigger word are true
simultaneously in the trigger bus mode.

HTBD HI, Table B Displayed. Display control signal indicating Schematic 16,
table B is currently being displayed. A8US30A, PIN 6

HTC HI, Terminal Count. Data index control signal. Schematic 11,
HTC=HI when data index counter is at terminal count. A1U94B, PIN 9

HTRG HI, Trigger. HTRG goes HI when trigger word is found and Schematic 11,
remains HI until data acquisition section is reset. A1U88D, PIN 11

HTWO HI, Trigger Word ON. Data acquisition control signal Schematic 4,
(dc level). HTWO enables TRIGGER WORD switches. WORD OFF/ON Switch
HTWO=HI when OFF/WORD switch is set to WORD A8S1F
(in position).

HVGT HI, Vertical Greater Than. Display control signal to Schematic 11,
blank CRT when display section addresses invalid data A1U97, PIN 15
in memory. HVGT=HI when vertical state count is greater
than data index count.

HWE HI, Write Enable. Data index control signal. Schematic 11,
HWE=HDQeHCLeLDR. A1U88A

HXRPR HI, External Repetitive Reset. External repetitive Schematic 18,
reset signal to Model 1607A. A8U6B, PIN 10

HO0-H3 Horizontal State Count. Each four-bit word indicates Schematic 16,
address of a specific bit of current displayed word. A8U28, PINS 11, 12, 13

and 14

LARM LO, Armed. Control signal trigger generator circuit and Schematic 8,
indicator and control logic. A1U71A, PIN 6
LARM=LO when ARM and HARME are both HI, or when
HARME=LO.

LA#B LO, A not equal to B. Reset control signal in HALT A#B Schematic 19,
sample mode. When A-memory contents differ from A8U23B, PIN 8
B-memory contents; LA#B disables the repetitive reset
circuit, locking the Model 1600A in the single sample mode.

LCRCL LO, Circle. Complement of HCRCL. Schematic 16,

A8U20B, PIN 9
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LDQ LO, Display Qualified. Complement of HDQ. Schematic 7,

Al1U41C, PIN &

LDR LO, Data Ready. Control signal used to initiate display Schematic 11,
cycle. LDR goes LO when data acquisition is complete. A1U92, PIN 8

LDSPR LO, Display Reset. Display reset signal. Schematic 19,

ABU12B, PIN 8

LAT LO, Delta T. Clocking signal for pattern recognition, data Schematic 9,
index and control, and memory. LAT is derived from PCLK. | A1U42B, PIN 8

LECMP LO, Enable Compare. Enable signal for trigger word Schematic 7,
intensify comparator U86. DISPLY/TRIG Switch A1S1C,

Schematic 4,
OFF/WORD Switch A7S1F

LEXOR LO, Exclusive OR. Control signal (dc level). Schematic 4,

When LEXOR=LO, A-memory data is compared with A & (A@B) Switch
B-memroy data and bit differences are displayed as A4S1D
intensified one’s.
LGD L0, Good Data. Complement of HGD. Schematic 19,
A8U15D, PIN 11

LHAB LO, Halt A not equal B. Reset control signal (dc level). Schematic 4,

LHAB is used to derive LA#B. HALT A#B switch
A5S1B

LHZ LO, Horizontal Zero. One/Zero Switch A7U19A control Schematic 15,
signal. When LHZ=1.O; horizontal one/zero switch is turned | A8U33, PIN 7
on, applying 100-kHz sinie wave to CRT X-axis.

LMAP LO, Map. Display Control signal (dc level). Schematic 4,
LMAP=LO when a map display mode is selected. MAP NORM/EXP switches

A4S1F/G

LNARM LO, No Arm. NO ARM in(dicator light control signal, Schematic 13,
LNARM-=LO when no arming signal has occurred for more A1UT72B, PIN 8
than approximately 100 ms.

LNCK LO, No Clock. NO CLOCK indicator light control Schematic 13,
signal. LNCK=LO when no clock signal has occurred for A1U47D, PIN 11
more than approximately 100 ms.

LNDLY LO, No Delay. Data acquisition control signal (dc level). Schematic 4,
LNDLY=LO when DELAY OFF/ON switch is set to OFF. DELAY OFF/ON Switch

ATS1A
LRHS LO, Reset HI Start. Start flip-flop reset signal. Schematic 11,
A1U93A, PIN 5

LRST LO, Reset. Reset signal for data acquisition section. Schematic 18,

LRST occurs at end of display cycle. A8U17, PIN 8
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LR2 LO, Reset 2. Data index and control reset signal. Schematic 11,
A1U93B, PIN 7
LSS LO, Single Sample. Reset control signal (dc level). Schematic 4,
1.8S=LO when SGL sample mode is selected SGL Switch, A5S1C
LSSS L0, Single Sample Start. LSSS disables blanking and Schematic 19,
display reset at instrument turn-on ensuring display on A8US6A, PIN 6
CRT in single sample mode. LSSS=LO at instrument turn-on.
First LRST sets LSSS=HI.
LSWA LO, Select Write Address. Complement of HSWA. Schematic 10,
A1U46B, PIN 7
LTRG L0, Trigger. LTRG is inverted and routed to display Schematic 11,
section to control blanking. A1U91, PIN 8
LTRQ 1O, Trigger Qualified. Qualifier control signal. Schematic 7,
When LTRQ=LO, HDQ is held HI. DSPLY/TRIG Switch A1S1C |-
LVTC LO, Vertical Terminal Count. Display control signal. Schematic 16,
LVTC indicates vertical state counter is at terminal count. A8US36A, PIN 2
LVZ L0, Vertical Zero. One/Zero Switch U19B control signal. Schematic 15,
When LVZ=0; vertical one/zero switch is turned on, A8U33, PIN 4
applying 100-kHz sine wave to CRT Y-axis.
LWDX LO, Write Disable External. B-memory control signal from Schematic 22,
external device on I/0 bus. J6, PIN 5
LWDX=LO disables B-memory write function.
LWE1 LO, Write Enable 1. Memory address control signal. Schematic 11,
LWE1=LO enables HSWA and LSWA. A1U90A, PIN 6
LWE2 LO, Write Enable 2. Clock signal for write address counter. Schematic 11,
A1U90B, PIN 8
LXBNK LO, External Blanking. Blanking control signal from Schematic 22,
Model 1607A. LXBNK blanks table B character currently J6, PIN 21
addressed.
LXMR LO, External Manual Reset. External manual reset signal Schematic 18,
to Model 1607A for data index and control circuitry. A8U16B, PIN 9
LXPG1 LO, External Plugged 1. External Display control signal Schematic 22,
from Model 1607A. LXPG1 allows Model 1607A to control J6, PIN 24
reset, table B blanking, and table B format.
LXPG2 LO, External Plugged 2. External B-memory control signal. Schematic 22,
LXPG2 enables an external device to override B-memory. J6, PIN 25
LXPG3 L0, External Plugged 3. External B-memroy control signal. Schematic 22,
LXPG3 enables data from an external device to be J6, PIN 3
written into B-memory.
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LXPMP LO, Expand Map. Display control signal (dc level). Schematic 4,
LXPMP=LO when EXP map mode is selected EXP switch A4S1G
L1600 LO, 1600. Control signal to Model 1607A enabling the Schematic 22, I/0 PORT
Model 1600A to exercise control of the Model 1607A display Connector J6, PIN 35
section.
Lo LO, Zero. Blanking control signal indicating vertical Schematic 17,
state count=0. Lg blanks word 0 in map to prevent false A8U21C, PIN 8
vectors from being displayed.
MDO0-15 Map Data Bits 0-15. 16-bit parallel data from A-memory Schematic 12,
applied to horizontal and vertical decoders. MDO0-15 drive A1U35-38,
the D/A converters in map display modes. PINS 4,7,9, and 12
NCLK Negative (Transition) Clock. A buffered TTL reproduction Schematic 5, CLOCK INPUT
of the clocking signal from the system under test, the Connector A1J1, PIN 11
complement of PCLK.
PCLK Positive (Transition) Clock. A buffered TTL reproduction Schematic 5, CLOCK INPUT
of the clocking signal from the system under test. Connector A1J1, PIN 12
Q0, Q1 Qualifiers 0 and 1. Input qualifier bits 0 and 1 from data Schematic 5, Q1, Q0/
probes. INPUTS 15 - 12 Connector
A1J2, PINS 11 and 12
SI Slope Invert. Clock slope command signal to the Clock Schematic5, CLOCK [ /7
Probe. The complement of SS. SI=HI when CLOCK is_I™ Switch A1S1B
(out) and LO when CLOCK is ~l_(in).
SQOH, SQ1H | Buffered QUALIFIER Q0/Q1 switch outputs for HI Schematic 6, A1U24A,
position. TERM=+5 V when applicable switch is set to PIN 2; A1U24B, PIN 4
HI and =0 V when set to OFF or LO.
SQOL, SQ1L | Buffered QUALIFIER Q0/Q1 switch outputs for LO posi- Schematic 6, A1U24C,
tion. TERM=+5 V when applicable switch is set to LO and PIN 6; A1U24F, PIN 5
=0 V when set to OFF or HI. e C e
SS Slope Switch. Clock slope command signal to Clock Probe. Schematic5, CLOCK _[" /7
SS and SI control PCLK and NCLK leading edge transitions Switch A1S1B
in reference to clocking signal from system under test.
SS=LO when CLOCK is _[ (out) and HI when CLOCK
is " L.(in).
SO0H-S15H Buffered TRIGGER WORD switch outputs for HI position. Schematic 6,
TERM=+5 V when applicable switch is set to HI and =0 V A1U19 thru U24
when set to ’OFF or LO.
SO0L-S15L Buffered TRIGGER WORD switch outputs for LO position. Schematic 6,
TERM=+5 V when applicable switch is set to LO and A1U19 thru U24
=0 V when set to OFF or HI.
THRES- a dc level applied to the Clock and Data Probes which Schematic 5, A1U48,
HOLD matches probe comparator switching threshold to the PIN 6
switching threshold of the system under test.
TQO, TQ1 Temporary storage flip-flop qualifier output bits 0 and 1. Schematic 7,

A1U9, PINS 6 and 8
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TQO, TQ1 Complemented temporary storage flip-flop qualifier Schematic 7,
output bits 0 and 1. A1U9, PINS 5 and 9
TO0-T15 Temporary storage flip-flop output bits 0 through 15. Schematic 7, A1U1 thru
b U8, PINS 6 and 8
TO0-T15 Complemented temporary storage flip-flop output Schematic 7, A1U1 thru
bits 0 through 15. U8, PINS 5 and 9
V0-V3 Vertical State Count. Four-bit address of word currently Schematic 16, A8U29,
i being displayed. PINS 11, 12, 13, and 14
VMO-5 Vertical Multiplexer 0-5. 6-bit coded data that selects Schematic 16,
location where words are written on the CRT. This code A8U29, PINS 11 - 14
separates the words into groups of 2 and 4. A7U7TB, PIN 6
A7U8, PIN 4
i WAQ-WA3 Write Address Count. WAQ-WAS3 address memory during Schematic 10, A1US6,
i write function. PINS 14, 13, 12, and 11
XDSPD External Display Data. Data bit from Model 1607A currently Schematic 22, I/0 PORT
0 being addressed by XVO-XV38 and XHO0-XH3. Signal is J6, PIN 14
routed to Model 1600A via I/0 Bus for display on table B.
XHO0-XH3 External Horizontal State Count. Bit address from Model Schematic 16,
1600A display section routed to Model 1607A. A8U41, PINS 11, 8,3, and 6
XV0-XV3 External Vertical State Count. Word address from Model Schematic 16,
1600A display section routed to Model 1607A. A8U42, PINS 11, 8, 3, and 6
1D0-3, 2D0 Outputs form DELAY switch used to derive HE. Schematic 8, A10S1
2D3, 3D0, Term is XDY where X=decade and Y=bit of 4-bit code.
3D3, 4D,
4D3, 5D,
5D3
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Performance Check

SECTION V

PERFORMANCE CHECK AND ADJUSTMENTS

5-1. INTRODUCTION.

5-2. This section contains performance checks and
adjustment procedures for the Model 1600A. The per-
formance tests, which begin with paragraph 5-7,
verify that the instrument meets published specifi-
cations (table 1-1). Adjustment procedures, begin-
ning with paragraph 5-21, are provided to help main-
tain the instrument within specification limits.

5-3. RECOMMENDED TEST EQUIPMENT.

5-4. Equipment required for the performance checks,
adjustment procedures, and troubleshooting is listed
in table 5-1. Any equipment that satisfies the critical
specification given in the table may be substituted for
recommended models.

5-5. CHECK RECORD.

5-6. A Performance Check Record form is provided
at the end of this section for the purpose of recording
the results of the performance checks. This form may
be removed from the manual and retained as a
permanent record of the incoming inspection or
routine maintenance performed on the instrument.
Be sure to include the instrument serial number on
the record for identification.

5-7. PERFORMANCE CHECKS.

5-8. The following checks verify that the instrument
is operating within the specifications outlined in
table 1-1 of this manual. If it has been determined,
after completing the performance checks, that the
instrument does not meet one or more of its specifi-
cations; refer to paragraph 5-21, Adjustment Pro-
cedures, and Section VIII, Schematics and Trouble-
shooting.

5-9. INITIAL OPERATIONAL CHECK. Perform the
operator’s checks listed in Section III to verify proper
operation of the display functions in the 1600A. To
verify proper operation of the instrument acquisition
functions, perform the following procedure.

NOTE

The test equipment setup for the initial
operational check is used as a basis for
several functional and specification
checks.

a. Connect equipment as shown in figure 5-1.

b. Apply waveform shown in figure 5-2B to clock
probe input. Apply waveform shown in figure 5-2A
to data probe inputs 0-15.

c. Set Model 1600A controls as follows:

CLOCK... ... e
THLD ... TTL
QUALIFIERQL, Q0 ..........covnnt, OFF
SAMPLE MODE................... REPET
START DSPL........oii e ON
TRIGGER MODE

NORM/ARM .................... NORM

LOCAL/BUS ..............ovus LOCAL

WORD.......ooov ON
TRIGGER WORD

MAP LOCATOR................ ALL HI

DISPLAY MODE ............... TABLE A

d. Alternately switch each TRIGGER WORD
switch to LLO and back to HI. Observe that NO TRIG
lamp turns on and loss of display occurs when switch
is set to LO.

e. Ground each data probe separately. Observe
that loss of display and no trigger indication occur
when probe is grounded.

5-10. SPECIFICATION CHECK. The following para-
graphs check the instrument performance to specifi-
cations listed in table 1-1.

5-11. Repetition Rate. Specification: 0 to 20 MHz.

a. Set 1600A controls per paragraph 5-9, step c,
and apply waveforms shown in figure 5-3.

b. Observe that display is all 1’s and NO CLOCK
and NO TRIG indicators are off. This check verifies
that the 1600A is properly accepting data at the
maximum specified repetition rate.

5-12. Input RC: Specification: Probe, 40 kQ +3 kQ
shunted by less than 14 pF.

a. Using a multimeter, measure the resistance
between each data-probe input and ground. Also
measure the resistance between -clock-probe input
and ground. Observe that input impedance of clock
and data probes is 40 kQ +3 kQ. .

b. Using LCR meter, measure shunt capaci-
tance between each data-probe and clock-probe input
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Model 1600A

Vertical Plug-in

Time Base
Plug-in

Pulse
Generators (2)

Multimeter

LCR Meter

50-ohm BNC
feedthrough

Function
Generator

Counter

Logic Analyzer

Logic Trouble-
shooting Kit
High Voltage
Probe

with plug-ins

HP 1805A

HP 1825A

HP 8013B

HP 3469B

HP 4332A

HP 11048B

HP 3310A

HP 5300A

HP 5302A

HP 1601A

HP 5015T

K05-3440A

50-ohm input, 100-MHz bandwidth

10 ns/div

Adjustable 0 to 20 MHz; Adjustable
0 to 5 V pk amplitude; Positive and
Negative Polarity; Adjustable 20 ns
to 0.5-us width; Adjustable 0 to

5-V offset

Dec current 0 to 30 nA; de voltage, 0
to 10 V; Resistance, 0 to 43 kilohms

Capacitance, 0 to 25 pF

50-ohm feedthrough termination

+10 V offset, +15 V pulse

Period Measurement

Pattern recognition and

State Display

Logic Pulser, Logic Probe,
Logic Clip

1000:1 divider ratio
10 G Qinput Z

Table 5-1. Recommended Test Equipment
Instrument Required Required
Type Model Characteristics For

Clock Probe HP 10230B No substitute Performance Check
and Troubleshooting

Six-bit Data (3) HP 10231B No substitute Performance Check

Probe and Troubleshooting

Monitor HP 180 General purpose, >100 MHz; Performance Check,

Oscilloscope Mainframe Sweep Speeds of 10 ns/DIV Adjustments, and

Troubleshooting
Performance Check,
Adjustments,

and Troubleshooting
Performance Check,
Adjustments,

and Troubleshooting

Performance Check
and Troubleshooting

Performance Check,
Adjustments, and
Troubleshooting

Performance Check
and Troubleshooting
Performance Check
Performance Check
Performance Check
Troubleshooting

Troubleshooting

Adjustments and
Troubleshooting

5-2




Model 1600A Performance Check

PULSE PULSE MONITOR
MODEL 1600A GENERATOR A GENERATOR B OSCILLOSCOPE
lo——wo | 1] |3 [0 D a2
4 n—e00® 0|2 n—© 0 © S R
6 =g @LIO® || 6] =—— ¢ @ii@® ; 1 | X
[wo/v :'g jff»g@ @:F ol o
y \ aiaio o TE o
5 /a vy 9 | LI T R ;_5) o |
8 7 OUTPUT G0 080 .
B llu-r
OUTAPUT L) kO) uurrrr
PROBES BITS 0-5 ya\ i

i) >,

BITS 6-11

BITS 12-15

!

CLOCK

CD

CLOCK GND
PROBE

TEST EQUIPMENT SETUPS LEGEND

PULSE GENERATOR

RATE GENERATOR A ............ INTERNAL RATE OF 1. MODEL 1600A
APPROX 1 MHz 2. CLOCK (NPUT
RATE GENERATOR B ............ EXT 3. DATA INPUTS
. DELAY GENERATOR ... ......... DELAY OUTPUT 4. RATE GENERATOR
| OF .01 to .1 Us 5. TRIG OUTPUT
OQUTPUT GENERATOR A . ........ WIDTH: 0.03 us 8. DELAY GENERATOR
| OFFSET: 0 Vdc 7. TRIGGER INPUT
AMPL.: +3 V pk 8. OUTPUT GENERATOR A
OUTPUT GENERATORB ......... WIDTH: 0.03 Us OUTPUT +
OFFSET: 0 Vdc 9. OUTPUT GENERATOR B
AMPL: 43 V pk OUTPUT 4
MONITOR SCOPE . ..o ovvnvnnsn. ADJUST TO VIEW 10. CHANNEL A
STABLE DISPLAY (TRIGGER 11, CHANNEL B
ON CHANNEL A SIGNAL) :
1600A-046-09-75

Figure 5-1. Operational Check Test Setup

+3V_|-<—Ws—’-| ’ * }'4—-05Lts—>|

aVp +3V —
SV S I _ | (svmmeTRicAL By — e e ] --4
N , — 05 s *ABOUT +1.5V) s0me
1 ov
I A (DATA INPUT) DATA INPUT
( . — ft— 20ns DELAY
1 s —
‘ '.osusDELAvﬁ f—— | ‘——.051»@——|

+3V — 3V —
?V p-p
——)em e ] — SYMMETRICAL —— b e e e e
+1.5V ABOUT +1.5V) 1.8V

— bt — 05 U * — t— 20ns

ov
B (CLOCK INPUT) 1600A-047-09-75 CLOCK INPUT 1600A-048-09-75
Figure 5-2. Operational Check Input Waveforms Figure §-3. Repetition Rate Test Waveforms
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and ground. Observe that each input capacitance is
less than 14 pF.

5-13. Input Bias Current. Specification: Less than
30 A,

a. Set THLD to VAR and using a multimeter,
monitor VAR MEAS and adjust VAR SET for—10 Vdc.

b. Using multimeter, measure current between
each input clock and data probe and ground. Observe
that current is less than 30 pA.

5-14. Input Threshold/Swing. Input threshold speci-
fication: TTL, fixed at approximately 1.5 Vdc; variable,
to £10 Vdc. Input swing: 0.5 V +56% of threshold volt-
age p-p (min). Input level: —15 Vdc to +15 Vde.

a. Apply power to the Model 1600A and set
THLD to VAR.

b. Using multimeter, monitor VAR MEAS while
varying VAR SET from limit to limit. Verify that
voltage swing is smooth and that limits are greater
than or equal to 10 Vde.

¢. Connect test equipment as shown in figure 5-4.

d. Apply test waveform shown in figure 5-5A to
clock- and data probe inputs of the 1600A.

Model 1600A

e. Set Model 1600A controls as follows:

CLOCK ... it g
THLD ..ot TTL
START DSPL.........cooviiiiiannn. ON
WORD..........oi ON
QUALIFIER

DISPLY/TRIG..........o.ooiiinn TRIG

QL Q0. HI
TRIGGER WORD

MAP LOCATOR............ Bits 0-15 HI

f. Observe that front-panel indicator lights are
off.

g. Alternately switch each TRIGGER WORD
switch to LLO and back to HI. Observe that NO TRIG
indicator lamp comes on when switch is set to LO.

h. Apply test waveform shown in figure 5-5B to
clock- and data-probe inputs.

i. Set THLD to VAR and adjust VAR SET for
valid clock and data inputs (indicator lights off).

j. Repeat step g.

k. Remove 50-ohm scope load.

1. Apply test waveform shown in figure 5-5C.

m. Adjust VAR SET for valid data and clock
inputs (indicator lights off).

MONITOR

FUNCTION GENERATOR OSCILLOSCOPE

& ) N )
o o s
c o0 0 o
|
1 p——ls
5 P e
VARTEIU Q=0 Q]
‘ TR %) P
o0 0s3 - X :
DATA - o "y i
PROBES BITS 0-5 ¥ - 7]
L2 O 9
L——{70n et
BITS 6-11 6
70 4' BNC CABLE
BITS 12-15 §Q0, Q1
:%‘
CLOCK N\
: Al L
cLock GND 1600A-049-09-75
PROBE
| TEST EQUIPMENT SETUPS’ LEGEND
ﬁ“ FUNCTION GENERATOR 1. MODEL 1600A
RATE .. i e e 1 MHz 2. VAR MEAS
D FUNCTION . o eveeieaeienrnnn PULSE T L 3. CLOCK INPUT
i OFFSET .. it i i +1.5 Vdc 4, DATA INPUTS
: PULSE AMPLITUDE 0.55 V pk-pk B. HIGH LEVEL OUTPUT q
| (SYMMETRICAL ABOUT OFFSET) 6. CHANNEL A
It
| : Figure 5-4. Threshold/Logic Swing Test Setup
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n. Repeat step g.
o. Apply test waveform shown in figure 5-5D.

p. Adjust VAR SET for valid clock and data
inputs (indicator lights off).

q. Repeat step g.
r. Apply test waveform shown in figure 5-5E.

s. Adjust VAR SET for valid clock and data
inputs (indicator lights off).

t. With multimeter connected to VAR MEAS,
adjust VAR SET from —1 Vdc to —10 Vdec. Verify that
1600A remains triggered.

u. Apply test waveform shown in figure 5-5F.

* ADJUST FUNCTION GENERATOR
OFFSET FOR A STABLE DISPLAY,
THRESHOLDS ARE APPROXIMATE
AND WILL BE SLIGHTLY HIGHER
THAN SYMMETRICAL. SPECIFICATION
1S 0.5V P/P +6% OF THRESHOLD.

TO.SSV pp
1.5 Vdc == o — = — — o —|— - — (= SYMMETRICAL
—-] 0.2 s + ABOUT 1.5 Vdc)

S—
T0.55V p-p
(= SYMMETRICAL

i ABOUT OV)

>
-
-
r
_{
I
il
m
9]
ey
[e]
-
=]

OV — e — — — ] —3—

T1 4V p

(~ SYMMETRICAL
+ ABOUT +10 Vdc)

1]
1.4V p-p

—10 Vdg — = —f— — — — — — (= SYMMETRICAL
0.2 s * ABOUT -10 Vdc)

D —10V THRESHOLD

e —

ov I )
15V p-p
—] 0.2 Us
© —15 Vdc . -L

E —15V PEAK

D

15Vpp
0.2 s

F+18V PEAK

+15 Vdc

1800A-050-09-75

Figure 5-5. Threshold/Logic Swing Test Waveforms

Performance Check

v. Adjust VAR SET to obtain trigger (indicator
lights off).

w. With multimeter connected to VAR MEAS,
adjust VAR SET from +1 Vdc to +10 Vdc. Verify that
1600A remains triggered.

5-15. Minimum Clock-pulse Width. Specification: 20
ns at threshold.

a. Connect test setup as shown in figure 5-1 and
set 1600A controls as described in paragraph 5-9,
step c. Apply test waveforms shown in figure 5-3.

b. Slowly decrease width of pulse applied to
CLOCK INPUT of 1600A. Verify that NO CLOCK
and NO TRIG indicator lights remain OFF for clock-
pulse widths greater than or equal to 20 ns.

5-16. Minimum Data-pulse Width. Specification: 25 ns
at threshold.

a. Connect equipment as shown in figure 5-1 and
set 1600A controls as described in paragraph 5-9,
step c. Apply test waveforms shown in figure 5-3.

b. Slowly decrease width of pulse appzlied to
DATA INPUTS of Model 1600A. Observe that Model
1600A remains triggered for pulse widths greater than
or equal to 25 ns.

5-17. Setup and Hold Time. Specification: Setup
Time, 20 ns minimum; Hold Time, 0 ns minimum.

a. Connect test setup as shown in figure 5-1,
and set 1600A controls as described in para-
graph 5-9, step c.

b. Apply waveforms shown in figure 5-6A.

c. Slowly decrease delay time between leading
edge (_[7) of clock pulse and leading edge (_[")
of data pulse. Observe that 1600A remains triggered
and display is stable for delay times greater than or
equal to 20 ns.

d. Adjust delay time between pulses so that
trailing edge (7]_) of data pulse is coincident with
leading edge ( _[7) of clock pulse as shown in figure
5-6A (hold time). Observe that stable display occurs
for 0 hold time.

e. Switch 1600A clock slope to ( 71_). Comple-
ment pulse generator output to clock probe.

f.  Apply waveform shown in figure 5-6B.

g. Slowly decrease delay time between leading
edge ( L) of clock pulse and leading edge (_[") of
data pulse. Observe that 1600A remains triggered and
display is stable for delay times greater than or equal
to 20 ns.
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43V —— =

+1.5V — — - ft—25n5 ——> DATA

OV ———d

b
20ns | |
|—1—SETUP-—>—I
TIME N
IV o e o — — T CLOCK
SETUP
115V o —— — — | ¢l 20n5 ] TIME
ov | -
}<—0 HOLD TIME
3V —_——
* CLOCK
F1.5V e e o e o e HOLD
ft— 2011 5—] TIME
oV ‘
A. POSITIVE DATA/POSITIVE CLOCK SETUP AND
HOLD TIMES
+3V -
+1.5V - - j——25n5 — DATA
0\/ -
| 20ns
SETUP
| TME |
CLOCK
1BV — — — — — <2005 —» SETUP
| TIME
OV = — —— — I
j— 0 HOLD TIME
+3V —
CLOCK
+1.5V ~ — — o —— — —l——20ns —® HOLD
TIME
oV - ——_—— — —
C. NEGATIVE DATA/NEGATIVE CLOCK SETUP AND
HOLD TIME

Model 1600A

+3V — —
DATA
+1.5Y — — [a——25ns —p-
oV
'<-—| 20 —>: |
ns
SETUP | |
l TIME | |
+3V - —
CLOCK
+1.5V » — — —— — — — [—=20ns—= SETUP
, TIME
oV = e e ]
f+— OHOLD TIME
+3V ' —
CLOCK-
+1.5V —— —— —— o e — — |—20ns— HOLD
TIME
OV @ e —— — —
B. POSITIVE DATA/NEGATIVE CLOCK SETUP AND
HOLD TIMES
+3V ——

+1,6V — |a————25n$ ] DATA

oV —
I 20ns |
SETUP |
| TIME |
| v
Y — ——— — — cLOCK
416V — — — — — |t} 20ns—p= ?iﬁ;‘/"gp
ov [ |
f=+— 0 HOLD TIME
+3V !
CLOCK
+1.5Y — — — e e e 20N — HIOMLED
"
ov L

D. NEGATIVE DATA/POSITIVE CLOCK SETUP AND
HOLD TIME
1600A-051-09-75

Figure 5-6. Setup and Hold Waveforms

h. Adjust delay time between pulses so that
trailing edge () of data pulse is coincident with
leading edge ( 7_) of clock pulse as shown in figure
5-6B (hold time). Observe stable display for O hold
time. )

1. Complement output of pulse generator to data
probes, and set all 1600A TRIGGER WORD switches
to LO.

j. Apply waveforms shown in figure 5-6C.

k. Slowly decrease delay time between leading
edge (L) of clock pulse and leading edge (7_) of
data pulse. Observe that 1600A remains triggered and
stable display of all zeros occurs for delay times
greater than or equal to 20 ns.

5-6

1. Adjust delay time between pulses so that
trailing edge ( _[7) of data pulse is coincident with
leading edge (™]_) of clock pulse as shown in figure
5-6C (hold time). Observe that stable display occurs
for 0 hold time.

m. Switch 1600A clock slope to (_[~) and set
pulse generator clock output to normal.

n. Apply waveforms shown in figure 5-6D.

0. Slowly decrease delay time between leading
edge (_J~) of clock pulse and leading edge (7])
of data pulse. Observe that 1600A remains triggered
and display is stable for delays greater than or equal
to 20 ns.
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PULSE MONITOR
GENERATOR B OSCILLOSCOPE

o -
L—el 1] [b—o1 I
4T a—0 9 o2 1r—e 0 ® ¥
6 = @ QiiL@® || 6 o= g @LL® 2
|20 vp ©3 7”@)@@ © 3 4 b
/ ‘ / VaiEEu o Tl |
/ 9 *® dutr s Q’) .
5 8 OUTPUT 01900 0 Y
OU;PUT B p@@ l‘ugrrri)
r 9% Wiair Y
CLOCK N\ 11
= (]
GND l
1600A-052-09-75
TEST EQUIPMENT SETUPS
PULSE GENERATOR LEGEND
RATE GENERATORA..... INTERNAL RATE OF
APPROX 1 MHz
RATE GENERATORB..... EXT
DELAY GENERATOR ..... DELAY OUTPUT 1. MODEL 1600A
OF .01 to .1 Us g _IC_ll:.{(l.)gI;FI{I\IMP}JNT
OUTPUT GENERATORA .. \gIF%ETOc??/ch S TG A ERATOR
AMPL: +3 V pk 5. TRIG OUTPUT
OUTPUT GENERATOR B.. WIDTH: 0.03 Us 6. DELAY GENERATOR
OFFSET: 0 Vdc 7. TRIGGER INPUT
AMPL: +3 V pk 8. OUTPUT GENERATOR A
MONITOR SCOPE ........ ADJUST TO VIEW 8. OUTPUT GENERATOR B
STABLE DISPLAY (TRIGGER 10. CHANNEL A ¥
ON CHANNEL A SIGNAL) 11. CHANNEL B

Figure 5-7. Trigger Arm Test Setup

p. Adjust delay time between pulses so that
trailing edge ( _I~) of data pulse is coincident with
leading edge (_|~) of clock pulse as shown in figure
5-6D (hold time). Observe that stable display occurs for
0 hold time.

5-18. Trigger Arm Input. Specification: Input Imped-
ance, 50 ohms: Input Levels, 0 V s<LOW <04 V, 2 V
<HIGH <5 V; Pulse Width, 15 ns minimum at 1.5 V.

a. Remove power from 1600A.

b. Using multimeter, measure input impedance
of the trigger arm input. Observe that measured value
is 50Q £2Q.

c. Reapply power to 1600A.

d. Set 1600A controls as follows:

CLOCK ...\ oo, I
THLD ot TTL
QUALIFIERS Q0, Q1 ... \'vvevennn... OFF
SAMPLE MODE. .. ......vvvv... REPET
START DSPL......ovoeeeeseieeanann, ON
TRIGGER MODE

NORM/ARM . ..., ARM

LOCAL/BUS .....ovviiin . LOCAL

WORD. ..\ oveie i ON
TRIGGER WORD................. ALLLO

e. Connect test equipment as shown in figure
5-7, and apply waveforms shown in figure 5-8 to
CLOCK INPUT and TRIG ARM input.

f. Connect PATTERN TRIG OUT from 1600A
to channel A of oscillosocpe. Trigger oscilloscope on
channel A input.

g. Set oscilloscope control for sweep speed of
5 ms and pulse generator A to single pulse.

h. Depress pulse generator manual (single pulse)
pushbutton. Observe that a sweep occurs for every
pulse input.

i. Set pulse generator A to =1 MHz, and apply
waveforms shown in figure 5-8.

F 200ns -
+3V —
+1.5v~~][~]F ____________ H—
ov 25ns
{+3v A (CLOCK INPUT)
OV R
l«45ns~] B (ARMING INPUT)

1600A-053-09-75

Figure 5-8. Trigger Arm Input Test Waveforms
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Adjustments

j. Adjust pulse generator delay to 75 ns.

k. Set oscilloscope control for sweep speed of
5 ms and pulse generator A to single pulse.

1. Depress pulse generator manual (single pulse)
pushbutton. Observe that triggered sweep occurs
every other pulse input. This verifies the trigger
arming conditions specified in table 1-1.

5-19. Display Time. Specification: Variable from
<200 ms to >5 s.

a. Set up test equipment per paragraph 5-9,
steps a, b, and c.

b. Remove power from 1600A and remove
bottom cover.

¢. Set up timer counter to measure period and
connect timer counter input to A1U68, pin 10.

% CAUTION

Exercise care to prevent shorting between
adjacent pins.

d. Apply power and observe timer counter mea-
surement while varying DISPLAY TIME control from
full CCW to full CW positions. Measurements should
vary from less than 200 ms for full CCW position of
DISPLAY TIME to greater than five seconds for full
CW position.

5-20. Pattern Trigger and Delayed Trigger Outputs.
Specification: High, >2 V into 50 ohms; Low, <0.4 V
into 50 ohms; Width, =25 ns.

a. Setup test equipment per paragraph 5-9,
steps a, b, and c.

b. Connect PATTERN TRIG OUT and DE-
LAYED TRIG OUT to channels A and B inputs
respectively of oscilloscope.

c. Set delay to all 0’s. Observe that output pulses
meet specifications listed above.

5-21. ADJUSTMENT PROCEDURES.

WARNING

Read the Safety Summary at the front of
this manual before performing adjust-
ment procedures.

5-22. The following is a complete adjustment pro-
cedure for the Model 1600A. These procedures should
be performed only if it has previously been established
by the performance checks that the instrument is out
of adjustment. The adjustments can be made sepa-
rately following repairs to the instrument or in

5-8
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sequence as part of a periodic calibration procedure.
The location of adjustments and test points are shown
in figures accompanying the adjustment procedures.

CAUTION

Adjustments are performed with top and
bottom covers removed. Exercise care to
avoid shorting or damaging the internal
parts of the instrument.
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Figure 5-9. +5 Volt Power Supply Adjustment Location

5-23. +5 VOLT POWER SUPPLY ADJUSTMENT. (Refer
to schematic 2 and figure 5-9.)

a. Remove power from 1600A.

b. Remove top and bottom covers.

e

Apply power to 1600A.
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Figure 5-10. Timing Adjustment Locations

d. While monitoring +5-volt power supply at test
" point TP1 with respect to ground (TP2), adjust A3R18
for +5 V +0.01 V with all probes connected.

5-24. TIMING ADJUSTMENTS. (Refer to schematic 9
and figures 5-10 and 5-11.)

a. Connect equipment as shown in figure 5-1.

b. Perform steps b and ¢ of paragraph 5-9.

¢. Switch TRIGGER WORD bit 0 to LO and set
Model- 1600A to END DSPL mode. Verify that NO
TRIG light is on.

SV N

|
! —
28ns N 26ns +1.5V

|
LWE1 (TP4) |
: N |
|
HDL (TP3) | 1.5V |
| ~—l l—2ns

I 1600A-056-09-75
Figure 5-11. Timing Adjustment Waveforms
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Adjustments

d. Disconnect monitor oscilloscope inputs from
pulse generator outputs.

e. Externally trigger monitor oscilloscope from
clock pulse (OUTPUT A).

f. Set oscilloscope sweep for 50 ns/cm and oscil-
loscope vertical sensitivity for 1 volt with X10 probe.
Set oscilloscope sweep expand to X10.

g. Adjust pulse generator rate for 10 MHz.
h. Monitor PCLK at A1US5, pin 3. Adjust monitor

oscilloscope to position 1.5 V point on positive edge
of PCLK at a reference point.

i. Monitor LWE at A1TP4. Adjust A1C33 for
maximum delay between LWE and PCLK.

j. Adjust A1R49 to position LWE 28 ns from
PCLK reference.

Model 1600A

k. Adjust A1C37 to obtain 26 ns width for LWE.

1. Monitor delay clock (HDL) at A1TP3. Set trail-
ing edge of HDL 2 ns in advance of trailing edge of
LWE by adjusting A1C41.

5-25. HIGH VOLTAGE SUPPLY ADJUSTMENT. (Refer
to schematic 3 and figure 5-12.)

a. Monitor high voltage at solder connection of
W6 (yellow wire).

b. Adjust A2R17 for —2450 V 50 V.

5-26. DISPLAY ADJUSTMENTS. (Refer to schematics
3 and 21, and figures 5-12, 5-13, and 5-14.)

a. Set up Model 1600A per paragraph 3-48, steps
a and b of the operator’s checks and adjustments.

PAT ADJUST INT LIMIT TRACE ALIGN ASTIG
A2R41 A2R35
AzRas \ Egﬂﬁ?JUST A2M32 (REAR PANEL) (REAR PANEL)
& .
) Ot =
3 Il e
R39
8
F1 -
R17 - B
() o[ ||
R27 00000
o LLL] crr P2
= [
i
C14
R29 r R32 -I. A2A1
8
@ o
R31
CR6
[ cas ]
R19
00000000 -

P1

R34

" _— _

A2 BOARD

7 RT7
'I W6
CED)
| R44
HV
POINT

R16

1600A-057-09-75

Figure 5-12. High Voltage and Display Adjustment Locations

5-10




Model 1600A

- ASTIG

TRACE
ALIGN

—X-POSITION
— X-GAIN
—Y-POSITION

Y-GAIN
1600A-058-09-75

Figure 5-13. Rear Panel Adjustments

b. Adjust X-POSITION and Y-POSITION on rear
panel to center display on CRT screen.

c. Adjust X-GAIN and Y-GAIN to obtain full
screen display.

d. With INTENSITY (front panel) set to full CW
position, adjust INT LIM A2R32 and FOCUS (front

Adjustments

panel) to obtain brightest, focused display that can
be completely blanked by COLUMN BLANKING

control.

e. Adjust ASTIG (rear panel) and PAT (A2R39)
to optimize appearance of display.

f. - Adjust TRACE ALIGN (rear panel) to obtain
display that is parallel to graticule marks.

g. Adjust character size A7TR21 from full CW to
full CCW. Verify that display remains on screen.

h. Adjust character size A7TR21 for slight space
between zeros. Displayed characters should be as large
as possible without overlap.

i. Select NORM MAP display mode.

j. Adjust ATR71 (MAP ADJ) for shortest trace
between dot locations.

A7 BOARD

00

xJ000000000000

HQ
Nl e

; /
c20
Ra7_|
R38 i ] o
R37
(@)
G [Rs] (o)
R39
% R54 313|218 M
o R53 L
Q7 O
> R59
c19
R4z | [R45 CR?
R41 8 ["Ras_| R51
R43 c13
e @
(_c22 ) R57 R74 &
5
ula @ .@
u19 @ S R76 olelale
Y [(Amr Ela|z|E] o
CEse ] ]
] &
o
Res | N g .
(ca G
R67
ATR84 A7RE5 \A7R21 A7R71
CHARACTER MAP ADJ 1600A-059-09-75

SIZE ADJ

Figure 5-14. Map and Character Size Adjustment/ 32-bit Word Modification
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Adjustments

5-27. CUSTOMER MODIFICATIONS.

5-28. 32-BIT WORD DISPLAY. (See figure 5-14.)
The Model 1600A displays two 16-bit wide tables in
the A & B and A & (A® B) modes as shipped from
the factory. If it is desirable to display one 32-bit
wide table on the CRT with proper octal format when
BYTE is set to 3 BIT (10 3-bit bytes with 2 MSB’s
left over), modify Model 1600A Analog Display
Board A7 as follows:

a. Turn off instrument power and remove power
cable from rear-panel connector.

5-12

Model 1600A

b. Remove Analog Display Board A7 from 1600A
(see disassembly procedure in Section VIII).

c¢. Remove 10-ohm resistor ATR85.

d. Install 10-chm resistor A7R84 (not installed
at factory).

e. Reinstall Analog Display Board A7 in 1600A.
The 1600A will now display one 32-bit wide table in
the A & B and A & (A®B) display modes.




PERFORMANCE CHECK RECORD

MODEL 1600A

Instrument Serial Number

Date

Check Specification Measured
INITIAL OPERATIONAL CHECK DISPLAY 16 Bits
16 Words
all ones
REPETITION RATE 0 to 20 MHz
INPUT RC
Input Resistance 40 kQ +3 kQ
Shunt Capacitance <14 pF
INPUT BIAS CURRENT
Clock-& Data-Probe Inputs <30 pnA
INPUT THRESHOLD/SWING 5V +5% of
THLD
VAR MEAS/SET Swing = +10 Vde
<—10 Vde
0 V Threshold Valid Data
+10 V Threshold Valid Data
—10 V Threshold Valid Data
—15 V Peak Valid Data
+15 V Peak Valid Data
MINIMUM CLOCK PULSE WIDTH
Applied pulses >20 ns 20 ns min
MINIMUM DATA PULSE WIDTH
Applied pulse >25 ns 25 ns min
SETUP and HOLD TIME
Setup Time 20 ns min
Hold Time 0 ns min




PERFORMANCE CHECK RECORD (Cont'd)

MODEL 1600A

Instrument Serial Number

Date

Check

Specification

Measured

TRIGGER ARM INPUT
Input Impedance
Levels

HI

LO
Arming Condition

DISPLAY TIME
Display Time CCW
Display Time CW
PATTERN TRIGGER and DELAY TRIGGER OUTPUTS
Pattern Trigger Output
Delay Trigger Output

WIDTH

50 Q2 +2 Q

>2V,<5V
>0V, <04V
<45 ns

>75 ns

<200 ms
>5 sec

into 50 Q

2V< HI>5V pk
0V<LO>4Vpk
2V< HI>5V pk
0V<LO>4Vpk
=25 ns




Model 1600A

Replaceable Parts

SECTION VI

REPLACEABLE PARTS

6-1. INTRODUCTION.

6-2. This section contains information for ordering
replacement parts. The abbreviations used in the
parts list are described in table 6-1. Table 6-2 lists
the parts in alphanumeric order by reference des-
ignation and includes the manufacturer and manu-
facturer’s part number. Table 6-3 contains the list
of manufacturers’ codes.

6-3. ORDERING INFORMATION.

6-4. To obtain replacement parts from Hewlett-Pack-
ard, address order or inquiry to the nearest Hewlett-
Packard Sales/Service Office and supply the follow-
ing information:

a. Instrument model and serial number.
b. HP part number of item(s).

¢. Quantity of part(s) desired.

d. Reference designation of part(s).

6-5. To order a part not listed in the table, provide
the following information:

a. Instrument model and serial number.

b. Description of the part, including function
and location in the instrument.

c. Quantity desired.

Table 6-1. Abbreviations for Replaceable Parts List

A AMPERE(S) H HENRY(IES)

ASSY ASSEMBLY HG MERCURY
HP HEWLETT-PACKARD

BD BOARD(S) HZ HERTZ

BH BINDER HEAD

BP BANDPASS IF INTERMEDIATE FREQ.
IMPG IMPREGNATED

C CENTI (10°2) INCD INCANDESCENT

CAR CARBON INCL INCLUDE(S)

ccw COUNTERCLOCKWISE  INS INSULATION(ED)

CER CERAMIC INT INTERNAL

CMO CABINET MOUNT ONLY

COAX  COAXIAL KILO (103)

COEF  COEFFICIENT KG KILOGRAM

COMP  COMPOSITION

CONN  CONNECTORI(S) LB POUNDI(S)

CRT CATHODE-RAY TUBE  LH LEFT HAND

cw CLOCKWISE LIN LINEAR TAPER
LOG LOGARITHMIC TAPER

D DECH (10°1) LPF LOW-PASS FILTER(S)

DEPC DEPOSITED CARBON LVR LEVER

DpP DOUBLE POLE

DT DOUBLE THROW M MILLI(10°3)
MEG MEGA (106)

ELECT ELECTROLYTIC MET FILM METAL FiLM

ENCAP ENCAPSULATED MET OX  METAL OXIDE

EXT EXTERNAL MFR MANUFACTURER
MINAT MINIATURE

F FARADI(S) MOM MOMENTARY

FET FIELD-EFFECT MTG MOUNTING

TRANSISTOR(S) My MY LAR

FH FLAT HEAD

FILH FILLISTER HEAD N NANO {10°9)

FXD FIXED N/C NORMALLY CLOSED
NE NEON

G GIGA (109) N/O NORMALLY OPEN

GE GERMANIUM NOP NEGATIVE POSITIVE

GL GLASS ZERO (ZERO TEMPER-

GRD GROUNDED ATURE COEFFICIENT)

NPN  NEGATIVE-POSITIVE- RWV REVERSE WORKING
NEGATIVE VOLTAGE
NSR  NOT SEPARATELY
REPLACEABLE S-B SLOW-BLOW
SCR SILICON CONTROLLED
RECTIFIER
OBD ORDERBY SE SELENIUM
DESCRIPTION SEC SECOND(S)
OH OVAL HEAD SECT SECTION(S)
(0)4 OXIDE Sl SILICON
SiL SILVER
P " PEAK SL SLIDE
PC PRINTED (ETCHED)  SP SINGLE POLE
CIRCUIT(S) SPL SPECIAL
PF PICOFARADS ST SINGLE THROW
PHL  PHILLIPS STD STANDARD
PIV PEAK INVERSE
VOLTAGE(S) TA TANTALUM
PNP  POSITIVE-NEGATIVE- TD TIME DELAY.
POSITIVE TFL TEFLON
P/O PART OF TGL TOGGLE
PORC PORCELAIN THYR  THYRISTOR
POS POSITION(S) TI TITANIUM
POT  POTENTIOMETER(S) TNLDIO TUNNEL DIODE(S)
P-P PEAK-TO-PEAK TOL TOLERANCE
PRGM PROGRAM TRIM TRIMMER
PS POLYSTYRENE
PWV  PEAK WORKING u MICRO {10°6)
VOLTAGE
\Y VOLTS
RECT RECTIFIER(S) VAR VARIABLE
RF RADIO FREQUENCY VDCW  DC WORKING VOLT(S)
RFI1 RADIO FREQUENCY
INTERFERENCE W WATT(S)
RH ROUND HEAD w/ WITH
OR wiv WORKING INVERSE
RIGHT HAND VOLTAGE
RMO RACK MOUNTONLY W/O WITHOUT
RMS  ROOT MEAN SQUARE WW WIREWOUND

6-1/(6-2 blank)
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Figure 6-1.

Lilustrated Parts Breakdown (Sheet 1 of 2)
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Replaceable Parts

1600A-068-02-09-75

Figure 6-1. Illustrated Parts Breakdown (Sheet 2 of 2)
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Model 1600A Replaceable Parts

Table 6-2. Replaceable Parts

o Mfr

Refgrenqe HP Part Number| Qty Description Mfr Part Number
Designation Code
Al 01600-66501 BOARD ASSY, DATA ACQUISITION 28480 C1l600~656391
22 €1690~66502 BOARD ASSY, HIGH VOLTAGE 23430 01600=56502
A3 01600=66503 B0ARD ASSY, LOW VOLTAGE 28480 01500-656503
rG 01600~66504 BJARD ASSY, UPPER SWITCH 28480 £1590=6650%
A5 01600-66505 BOAPD ASSY, LOWER SWITCH 28480 01500=66305
Ad 01600=66500 BOARD ASSY, TRIGGER SWITCH 23480 01600-66506
A7 015600-66507 BCARD AS3Y, ANALOG 28430 G1600=6 5507
AB 01600-66512 BOARD ASSY, DIGITAL 28480 01600-66512 -
A3 0960=0430 ASSY, HIGH VOLTAGE MULTIPLIER 23480 0950-0430
Al0 01600-66510 BOARD ASSY, CIGITAL SWITCH 28480 01500-66%10
CR1 1901~0525 1 DIODE; MULT: FULL WAVE BRIDGS RECTIFIER 28480 1901-0525
0S1 1990-0486 5 LED-VISIBLE 28480 1990-0484
DS2 1990-0436 LED=-VISIBLE 284380 1990-04R6
bS3 1990=0485% LED=VISIBLE 28480 1990~ 0486
0S4 1950-0436 LED-VISIALE 23680 1990-0486
DSS 1990-0486 LID~VISIBLE 28480 1990=0486
DS6 2140-0352 1 LAMP; INCAND; BULB T-1; 18V 71744 €M 6838
El 0340-0511 5 INSULATOR, TRANSISTOR 1313 43-77-2
E2 6040-0239 1 GREASE; SILICONE COMPOUND 05820 120-5GM

“ F1l 2110-0007 FUSE 1A 250V SLO=RLO 1.25X.25 71400 MDL=1
J1 1250-0118 4 CONNECTOR-RF BNC FEM SGL HOLE FR 90949 31-2221-1022

J2 1250-0118 CONNECTOR-RF BNC FEM SGL HOLE FR 30949 31-2221-1022

. J3 1250~0118 CONNECTOR=RF BNC FEM SGL HOLZ FR 90949 31-2221~1022

o J4 1250-0659 1 - 28480 125C~-0659

,' J5 1250-0118 CONNECTCR=RF BNC FEM SGL HOLE FR 90949 31-2221=-1022
Je 1251-0085 1 CONNECTNR, 36=CONT, FEM, MICRD RIBRON 71785 57-40360~375

- - J7 1251-2357 1 CONNECTOR, AC POWER, HP-9 MALE FLANGE 28480 1261-2357

’ L1 3060~-0435 1 COIL:ALIGNMENT Z AXIS 28410 5060-0435

f‘ MPL Q01600-00202 I PANELy FRONT 28480 ,01600-00202
npz 01600-00204 1 PANEL,y REAR 28480 CléCr=22204
MP3 01600-04101 1 COVER, TOP 28480 01500=04101
MP4 01600-04102 1 COVER, ROTTOM 28480 0160N-G4102
MP5 01600-20501 1 FRAME, FRONT 28480 01600-20501
nee6 01600-20502 1 FRAME, KEAR 28480 01600-20502
MP7 01600-23701 2 RAIL, SIDE 28480 01£00-23701
MPa 0370-2626 23 BEZEL, PB GRAY . 28480 0370-2675
MPG 0370=2790 1 PUSHBUTTON, YEL-ORN 28480 0370-27°0
MP1O 0370-0671 8 PUSHBUTTON, LEG BLU 28480 C370-0671
MP11 0370=0684 4 PUSHBUTTON, H GOLD 28480 0370-0684
MP12 0370-0603 3 PUSHBUTTOM:S CUARE, MINT GRAY 23480
MP13 0370-2630 6 PUSHBUTTON, SQUARE, WIL GRN 284860 -
MPL4 0370-1099 2 KNOB, BASF, PTRy .5 IN, JGK, SGI DECAL 28480 0370-1099
MP15 0370~1005 2 KNOB3 BASE; PTR; <375 IN; JGK3 SGI 28480 03708-1735
MP16 1400-0034 1 FUSEHOLDER-EXTR POST 15A 250V UL 28480 1400-0084
MPLT NOT ASSIGNED
ro1s 1450=0404 6 LIGHT=IND LENS CAP CLR TL LENS 28480 1450=0404
MP1S 1460~0604 2 SPRING CPRSN-CYL ,95=00 1.185-LG MU¥W 28480 1460-0623
MpP20 1540-0292 1 CASE=ACCESS PVC 10.5-LG 1l45=-WD 13.5-0P 28480 1540=0292
MP21 5020=0476 1 BEZEL:CRT 28480 5020-0475
Mp22 5020-8733 2 GEAP, HUB HANDLE 28430 5020-3733
¥pP23 5020-8734 2 RINGs HANDLE 28480 5020-8734%
MP24 5020-8758 1 CRT SHIELD, SAFETY 28480 5020~-8738
Mp28 5040-0508 1 SHYELD:LIGHT OLIVE BLACK(STANDARD) 28430 5040-0522
MpP2E N 5040-0511 2 CAP, TRIM 28480 5040=0511
MP27 5040-0515 1 ASSY, HANDLE 28480 SC40=-C81%
Mp2a 5040=-C516 1 COVERy PANEL 28480 5040-051%
mMpze 5040=5%861 4 FOCT:RASF 284830 5040-5361

| MP20 5040-5862 4 FROT 2REAR, AP 28480 5040-5362
MP31 1200-0408 1 COVER, SOCKET 28430 1200-0408
MP32 5080-9694 1 FUSE PACKAGE=230 VCLT 28430 5080=569%
“pP33 00140~24712 1 SUPPORT, CFT SHIELD 28430 00140-24712
MP3sL ££180-01218 2 BRACKETy COIL 28480 00180-01218
MP3cE 00183=67701 1 BASEs PILOT LIGHT 28480 00183=57701
MP3& 01200-44%701 1 SUPP{IRTy CRT 28480 n12N0N-%470n1
MP37 01600-01201 1 BRACKETy HIGH VOLTAGE 28480 01602=01291
MP3E 01600-01208 2 BRACKET: TRANSFORMER, FRONT 23480 01600-01208
MP3¢% 01600-01203 1 BRACKET, DISPLAY 28430 01422-012C3
MP4G 01600-01204 1 BRACKET, LOW VOLTAGE 296480 01500-31204
¥P41 01600=01205 1 BRACKET, LEFT 28480 01500-01205
MP&2 01600-04103 1 CIVER,y HYV 29480C G1507-141C3
MP43 01600=-04104 1 COVERy SCCKET 28430 01600-04104
MP44 4040-0706 701 5 BASE: LENS !ANS 28480 4040-0706 701
MP4S 01600-20503 1 HEAT SINKy REAR 28489 128{=-20523

See introduction to this section for ordering information
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Replaceable Parts Model 1600A
Table 6-2. Replaceable Parts (Cont'd)
Reference e Mfr
- A HP Part Number| Oty Description C Mfr Part Number
Designation ode
MP4 6 01600-23201 1 EXTENSICN, POWER SWITCH 26480 014600-23201
MpPa7 01600-60601 1 SHIELD ASSY, CRT 28480 01600~50601
MP48 0370-2862 1 PUSHBUTTON, CORP WHITE 28480 0370-2862
MP49 1490-0968 5 BUSHING; POT 28480 1480-0968
MP50 5040-0421 1 INSULATOR COVER, POT 28480 5040-0421
MP51 0590-0043 4] NUT, HEX, DBL CHAM 28480 0580-0043
MP52 3050-0791 5 WASHER, SHOULDER 28480 3050-0791
MP53 2190-0910 3 WASHER, SPRING 04713 04A52200F01
MP54 01758-0091 1 SPRING, CRT GND 28480 01758-0091
MP56 01830-23201 1 COUPLER,SWITCH_ 28480 01830-23201
MP56 01600-01207 2 BRACKET: TRANSFORMER, REAR 28480 01600-01207
Q1 1854-0433 2 TRANSISTOR NPN SI PU=90W FT=2VMHZ 28490 1834=C433
Q2 1854-0433 TRAMSISTOR NPN ST PD=90W FT=24HZ 28430 1854-0433
R1 2100-2635 1 RESISTCR-VAR S0K 20% CC 01121 TY?E W
R2 2100-2066 2 RESISTOR=VAR 2K 20% CC oli21 TYPE W
R3 2100-20066 RESISTOR=VAR 2K 23% CC o1121 TYPE W
R4 2100-2590 2 RESISTOR=VAR 10K 10% CC 12697 SERIES 63M
RS 2100-259%99 RESISTOR=VAR 10K 103 CC 12697 SERTES 63M
R6 2100-2492 1 RESISTOR=VAR 5K 20% CC 71450 SERIES 300
R7 2100-3135%5 1 PESISTOR=VAR 5K 20% CC 28480 2100=3135
R8 2100~0665 1 RESISTOR=VAR 5M 202 CC 28480 2100=0665
R9 2100-3460 1 RESISTOR=VAR 500K 10% CC 0l121 WALNO4OS304 47
R10 0684-4711 1 RESISTOR, 470 OHM 10% .26W CC TUBULAR 01121 CB4711
S1 3101-0555 1 SHITCH=PR DPDT ALTNG 4A 250VAC 28480 3101=-0555
52 3101-0625 1 SWITCH=-SL 2-DPDT-MS STD 3A 125VAC SLOR 82399 47206-LFZ
T1 9100-3420 1 TRANSFORMERy POWER 28480 9100-3420
TPl 0360=1646 1 TERMINAL-STUD SPCL PRESS MTH 28480 0360-164%45
Ul 1826-0221 1 IC MC 7912CpP 04713 MCT79120P
u2 1826=0147 1 IC REGULATCR 07263 7812UC
V1 5083-2381 1 CRTy ELECTRGN TUBE 28480 5083-2391
W1 01600-61604 1 CABLE, UPPER SWITCH 28480 01600-61506
W2 01600-61606 1 CABLFy LOWER SWITCH 2R480 01600-51606
w3 0160061603 1 CABLEy SHORT FRONT PDANEL 28480 C160G-561503
Wa 01600-61605 1 CABLE, FRONT PANEL 28480 01500=51605
WS 01600=615615 1 CABLE, INPUT/QUTPUT 28480 015600-61515
We 01600-61614 1 CASLEy CRT SCCKET 28480 C1602-51414
W7 01600-61601 1 CABLE, FOCUS AND INTENSITY 28480 015600-61501
WE 01600=61609 1 CABLEy DISPLAY POWER SUPPLY 28480 01400-51509
wa 01600-61608 1 CABLE, POWER SUPPLY 28430 G1600=51508
Wic 01600-61607 1 CA3LEy HV REGULATOR 28430 01600=41407
Wil 01600-61613 1 CABLE, LINE INPUT 284%0 01500-61513
Wiz -01600-61610 1 CABLE, DEFLFCTION 28400 Cls0N-41510
W13 8120-1521 1 CABLE3 UNSHLDO 3=COND 18AWS 29480 8120-1521
Wi4 01600-61lb16 1 CABLE, VAOLTAGE REGULATOR WA 23480 01500=-016156
w15 01600-61617 1 CABLE, VOLTAGE REGULATOR wB® 28480 01600=61617
wWle 01600=61618 1 CABLEy VOLTAGE FEGULATOR nCn 284R0 01600-51618
XV1 1200-0037 1 SOCKET, CRT 28480 1200-0037

See introduction to this section for ordering information




Model 1600A

Table 6-2. Replaceable Parts (Cont’d)

Replaceable Parts

Reference HP Part e Mfr

efg: enc Oty Description Mfr Part Number
Designation Number Code

al J1690=646501 1 BCARD ASSY, DATA ACQUISITION 284380 01A00-66501

A1C1 0140-0202 19 CAPACITOR-EXD 15PF +-353 S500WVDRC MICA 7213% DMI3C152005% JWVLCR

AlC2 0140-0202 CAOAGITOR=FXD 13PF +=5% SO0wWVNC MICA 72136 DHLSCL50J0500WVLILA

A103 01l4u=-u2J2 CAPLCTITOR=FXD 13PPM +=5% 5J0WVIC MICA 72136 DM1S50150J05004VLICR

ALCH 0140~-0202 CAPACITOR=FXD 1SPF +=5% SOURVOC MICA 72136 DML3CL50J050IWVLICR

ALCS 01£9-021)2 CAPACITOR=FXD L5PF +=5% SUIWVGC MICAH 721386 DML3C1%0J0500WVLr R

AlCG 0143-0292 CAPACITOR=FXD 13PF +=5% 500WVIC MICA 72126 DMLSCLI50J05004VICE

41C7 J140-0202 CAPACITOR=FXD 15PF +=5% SOOWVOIC MICA 72136 DML3C150J0330WY LR

ALCB 3149-13202 CAPACITOR=FXDT 15PF +=5% 500WVIC MICA 72136 DULISC15940500WVLTE

~1C9 Q1&0-G202 CAPACITOR=FXD 15PF +=5% S00WVOC MICA 72136 DML5C130J0500%VICFE

AlC1ly 2140-0292 CAPACITGR=FXD 15PF +=53% 500WVOC MICA 72136 DMLI5C150J0500RVIrE

Al1C11 Y140-926G2 CAPACITOR--FXD 15PF +=5% 500WVDC MICE 72136 DH15CL30J0%00WVLICF

AlCl12 0 la0-0232 CAPACITOR=FXD 15PF +-5% 500WVIC MICA 72136 DM15C150J0500WViCP

A1C13 314 9-C232 CAPACITIR=FXD 15PF +=5% 500wWVLC #MICA 72136 CM15C15Q3J0500WVLCER

H1CLE J140-0222 CAPACITOR=FXD 15PF +=5% 500kVDC MICA 72136 GML5C150J0500WVLICKR

£1C15 0 140-6202 CAPACITIR=FXD 15PF +=E% B500WVIC MICA 72136 DM1SC150J0500WVICR

AlClée D140=-0202 CAPACITOR=FXD 15PF +=5% S00WVOC MICA 72136 GM15L150J0%00WVLICR

ALC17 A140-G202 CAPACITAR=FXD 15PF +=5% 500wVDC MICA 72126 DM15C152J05004V1CF

41C13 U1l40=0202 CAPACITOR=FXD 15PF +=5% S00WVDC MIC2 72136 DML52150J0500WVLICF

AlC19 0160-C1l74 2 CLPACITOR=FXD «47UF +80=20% 2z5wWV0OC CER 28430 0160=0174%

£1C20 D160-0174 CAPACITOR=FXD «47UF +8U=20% 25WVDC CER 28420 0160~0174

AlC21 Q160~0174 CAPACITCR=FXD «4TUF +80=20% 25WVDC CER 28480 0160=017%

A1C22 J160~-34438 5 CAPACITOR=FXD 1D000PF +=10% 1000wVDC CER 28480 0150=3443

41823 0160-3451 35 CAPACITOR=FXD «0IUF +80=20% LOOWVDC CER 28480 0140-3651

AlC24 J160-3451 CAPACITOR=FXD «01UF +80=20% 10CwWVDC CER 28480 0160=3451

A1C25 0140-0150 2 CAPALCITOR=FXD 39PF +=5% 300WVDC MICA 721386 DM15£3%0J0300WVICR

AlC26 3160~2207 3 CEPACITOR=FXD 300PF +=5% 300WVDC MICA 28430 0160=2207

£1C27 0140-0196 1 CAPACITIR=FXD 150PF +=5% 300WVDC MICA 72136 DM15F151J0300WV1CR

21C28 0166~2204 3 CAPACITOR=FXD 100PF +=5% 300WY0C MICA 284350 0160-220%4

AlC29 V140-0202 CAPACTTOR=FXD 15PF +=5% 500WVOC MICA 72136 DM15C150J0500WVICK

AlC30 3140-0130 CAPACITOR=FXD 39PF +=5% 300WVDC MICA 72136 DM15E390J0300WVICR

A1C31 iy160=-2201 1 CAPACTITOR=FXD 51PF +=5% 300WVOC MICA 28480 0160~2201

Al1C32 0160~-3451 CAPACITOR=FXD «O1UF +80-20% 100wWVDC CER 284€0 0160=3451

AlC33 G121-0046 3 CAPACITOR; VAR; TRMR3 CER; G/35PF 73899 DPV11PS35D

A1C34 0160-3451 CAPAZITOR-FXD «O1UF +80-20% 10CWVLC CER 28480 0160-3451

A1C33 0160~3431 CAPACITGR=FXD 4OlUF +80=20% 100WVDC CER 28480 0160=3%51

#1036 NOT ASSIGNED

AlC37 0121-0046 CAPACITOR; VAR; TRMR; CER§ 9/35PF 738¢4 DV11PS330

ALC38 0160=3451 CAPACITOR=FXD +O1UF +30-20% 100wVDC CER 28450 0160-3451

ALC33 J16Q-3451 CAPACITOR=FXD +O1UF +80=20% 1:0wVDC CER 28430 0160=3451

L1C4u N 160-2198 4 CAPACITOR=FXD 20PF +=5% 300WVDC MICA 28480 0160=2193

A1C4l J121~00456 CAPACITORS VAR; TRMR; CER; 9/35PF 73839 0V11pPS350

AL1C42 0160=3451 CAPACITAP—FXD «OlUF +E0-202 100WYDC CER 28480 0160-3451

41C43 U 160-3451 CAPACITOR=FXD +01UF +8u=20% 130WVDC CER 28480 0160~3451

L1C 44 $180-0197 4 CAPACITOR=FXD; 2,2UF+=10% 20VDC TA 5¢246 1500225X%020402

A1C45 1)180-0110 9 CAPACITOR=FXD; 3.8UF+=10% 35VDC T# 56269 1500685X303562

ALC A6 J180-0116 CAPACITOR=FXD; 6.8UF+=10% 33VDC TA 56289 1509485X903522

A1C4T7 0180-01587 CAPACITOR=FXG3; 2.2UF+=10% 29vDC TA 56289 150D0225X502042

AlC48 0180-2116 CAPACITOR-FXD3 6.BUF+=10% 35VDC TA 56239 150N685X903572

ALC49 J18i-0118 CAPACITCR=FXD5 64BUF+~10% 35VDC TA 56289 1500685X303532

ALCED 018V-0116 CAPACITOR=FXD; 6.8UF+=10% 35VDC TA 56289 150068685X203562

£1C51 0180-0116 CAPLCITOR=FXD; &.8BUF+-10% 35vVDC T4 56289 1500683X203582

A1CE2 0169-2138 CAPACITOR—~FXD 20PF +=5% 300WVOC MICA 28480 0160+2133

A1C53 N160-2138 CAPACITCR=FXD 20PF +=5% 300WVIC MICA 26480 0160-21 9%

A1CB4 2160-017% CAPACITOR=FXD «4TUF +80-20% 25WVNC CER 28480 0160-0174%

41055 0160-017% CAPACITOR=FXD «4T7UF +80=20% 25WVDC CER 28480 0160=-017%

A1CS56 Q180-G106 2 CAPACITNR=FXD3; 6GUF+=20% 6VDC TA=STLID 56289 1503506X300612

A1CST DIEG-01)5 CAPACITIR-EXD; 60UF+=20% 6VDC TA-SCLIND 56289 1300606X200682

A1C38 0189-0228 5 CAPACITOR=FXD; 22UF+=10% 15VD{ TA=SOLID 56289 1500226X901532

AICE9 U180~0u222 CAPACIT! FX07 22UF+=19% 15VDC TA=SOLID 56239 1500226X701532

a1t 60 0160-2123 CAPACITIR=FXC 20PF +=5% 300WVNC MICA 23430 0160-2193

AlCElL 9160-3451 CAPACITOR=FXD JQLUF +80=20% 1JI0wVDC CER 28480 0160=3451

AlCE2 0169-3451 CALPACITOR=FXD +O0lUF +80=20% 100WVLC CER 28480 0150-3451

A1Ce32 01603431 CAPACITOR=FXD +OWUF +8D=20% lU0WVDC CER 23480 0160-3451

AlCe4 0160-34351 CAPACTITIR=FXD «O1UF +80-20% 1004VDC CER 23430 01560-3451

AlCES J160-3451 CAPACITOR=FXD +OLUF +80=20% 1006WVDC CZER 23450 016034351

AlCES 0180=234351 CAPACITOR=FXD «01UF +30=-20% 100WVLC CER 28430 01603451

A1CEeT T160G-3451 CAPACITOR=FX0 +CLlUF +80=20% 1u0OWVDC ZER 23430 016J=3651

ALC 38 J160-34%51 CAPACITOR=FXD «J1UF +80=20% LOGWVRC CER 28430 0160-3452

ALCE9 J160-3451 CAPACITUR=FXD »0WUF +30-20% 130WVAC CER 28480 0160-3¢53

ALCT7S 23160~3451 CAPACITAR=FXD «HLYF +80=20F 1IUWVDL CER 28480 0160-3451

See introduction to this section for ordering information
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Table 6-2. Replaceable Parts (Cont'd)

0 HP Part - f

, Reference Oty Description Mfr Mfr Part Number

N Designation Number Code

ol

! AlLC71 0160=3451 CAPACITOR=FXD .OLUF +£0-=20% 100WVDC CER 28480 01603451

( AlCT2 0160=3451 CAPACITOR=FXD «OIUF +80=20% 1730WVDC CER 28480 0150~ 3452

i A1CT73 0160-3451 CAPACTITOR=FXD +O1UF +80-20% 1G0WVDL CER 25480 0160=3451

11 ALCT4 0160-3451 CAPACITCR=FXD JOWF +80=20% 108WVvoC CER 28480 0150=3+51

y ALCTS 21603451 CAPACITOR=FXD 4O1UF +80=20% 134wWVDC CER 28430 0160=3437

E

4 A1CT6 0160-3451 CAPACITOR=EXD JO1UF +80=20% LICwVDC CER 23480 0150-2451

§ £1CT7 0160-3451 CAPACITOR-FXD OLUF +80=-20% 1uy0WVOC CER 22430 5

b A1CT78 0150-3451 CAPACITOR=FXD «O1UF +803=20% 1J0WVLC CER 26430 3

H

i ALCR1 1901-06040 14 DICDE=SWITCHING 2NS 30V 50M2 25480 1631 0040

i t1CR2 1901-0535 2 DIODE~SCHOTTKY 28480 1¢01-0%3%

| A1CR3 1901-9E3EF 0I0NDE=SCHATTKY 28489 1901-0535

i ; AlCR4& 1S901= Q0040 CIQDE=SHITCHING 2NS 30V 50MA 234350 1901- 0040

f A1CRS 1901-0040 DIOQDE=-SWITCHING 2NS 30V S50MA 28480 1S01-20 40

E AlJl 1251-C699 4 CONNEC TOR 284%0 12510635

N 142 1251=-069% CCNNECTCER 28430 1251=066%

: A1Jd3 1251L-0699 CONMNECTCR 1251-G49y
Alds 1251-0699 CONNECTIR 1251=0623
AldS 1200=0441 5 SGCKETy ELEC,y IC 14=~CONT OIP SLDR TERM E83827-1
AlJé 1200-04%1 SOCKETy ELEC,y IC 14-CONT DIP SLOR TERM 249935 583527-1

! ALJT 1200-0441 SOCKET, FLECy IC 14=CONT DIP SLODR TEFRM 24055 583527-1

i{ Ald8 1200-~0441 SOCKETy ELEC, IC 14-CONT DIP SLDR TERM 24563 583527-1

1} AlJS 1260-0441 SOCKETy ZLEC,y IC 14-CONT CIP SLDR TERM ‘| 24995 583527-1

i

,4‘ AlLl 2100=2259 29 COIL=FXD MOLDED RF CHOKE l.5UH 10% 24226 10/151

i A1L2 9100-2259 COIL-FXD MOLDED RF CHOKE l.5UH 10% 24226 107151

, AlL3 91G0-2259 COIL-FXD MOLDED RF CHOKE l.5UH 1Q% 24226 10/151

‘ AL 4 9100~2259 CCIL=FXD MOLDED RF CHOKE 1l.5UH 10% 24226 10/151

B AlLS 9100-2259 COTL-FXD MDLDED RF CHGKE le.5UH 10% 24226 10/151
AlLE 9100-225% CCIL=FXD MOLDED RF CHOKE 1.5UH 10% 24226 10/151
AlL7 9100~2259 COIL-FXN MOLDED RF CHOKE 1.5UH 10% 24226 107151
AlL8 9100-2259 CLIL-FXD MCOLDED RF CHOKE 1.5UH 10% 24226 10/151
AlLS 9100-2z59 COIL-FXD MOLDZD RF CHOKE 1.5UH 10% 24226 10/151
AlL1C 9100-~2259 COIL-FXD MOLDED RF CHOKE 1l.5UH 10% 24226 10/151

!

I8 AlL 1Y 9100~2259 COIL=FXD MOLDED RF CHOKE 1.5UH 10% 24226 10/151

i AlL12 91090-2259 COIL=FXD MCLDED RF CHJKE 1.SUH 10% 24226 10/151

‘ AlL13 9100~-2259 COIL-FXI) MOLDED RF CHOKE 1.5UH 19% 24226 10/151

i AlL 14 9100-2259 CarL~EXD MOLDED RF CHOKE le5UH 10% 2422¢ 10/151

! Al1L 1S 9100=~-2259 COIL-FXD MOLLED RF CHOKE la5UH 10% 24226 107151

|

; AlL1S 2100-2259 COIL=FXD MOLDED RF CHOKE 1l,5UH 10% 24226 10/151

i AlL17 91J0-2259 COIL=FXD MOLDED RF CHOKE 1.5UH 10% 24226 10/151

‘“, AlL18 9100-2259 COIL=-FXD MOLDED RF CHOKE 1.5UH 10% 24224 10/151

14 AlL1S 91J0-2259 COIL-FXD MOLRED KRF CHOKE l.5UH 10% 24226 10/151

31;‘ AlL2¢ 9100-2255 2 COIL=FXD MNLOED RF CHOKE 4£70MH 10% 24228 107470

5,

B AlL21 9100-2255 COIL=FXD MOLDED RF CHOKE 470MH 10% 24226 107470
AlL22 9130~2259 COIL=FXD MOLOED RF CHOKE 1l.5U4 10% 242326 107151
A1MPL 5040-7478 & HOUS ING, TOP 28420 5040-7473
ALMPZ 5040=T7479 4 HGUSING, B0TTOM 28430 5040-747%
AlQl 1854-0071 12 TRANSISTOR NPN SI PD=300MW FT=200MHAZ 28437 1854-0771
Al1R1 A757=-0422 19 RESISTOR 750 1% .125W F TC=0+=100 24546 C&1/B=TQ=T751 =%
AlR2Z 0757-0420 RESISTOR 750 1% .125W F TC=0+=100 24544 C4-1/8=TI=T751F
AIR3 0757~04%20 RESISTOR 750 1% .1254 F T{=0+-100 : C&=1/8-TI=751=F h
ALR4 JT57-0420 RESISTOR 750 1% .125W F TC=0+=100 Ch4al/B3=TD=751=F
ALR5 0757=-0420 RESTSTOR 750 1% .125W F TC=0+=100 24546 C421/3-T0=TS1l=F
AlR 6 YT57=0420 RESISTOR 750 1% +123W £ TC=0+=100 24546
ALRT DT57-0420 RESISTOR 750 1% .125W F TC=0+=~100 245456
AlR8 0737-0420 RESISTOR 7359 1% 41254 F TC=0+-190 245496
AlK3 V757-0420 RESISTOR 7506 1% .125W F TC=0+=100 245¢6 1=
Al8 10 V757-0420 RESISTOR 750 1% .125w F TC=0+-100 24546 C4s1/R=-TG=TH51~F
A1P11 0757=0420 RESISTOR % a125w F TC=0+=100 24546 C4=1/%TDaTE1=%
AlF12 0757-0420 RESISTOR 750 1% 1234 F TC=J+=100 246546 CL=21/2 TO=T751=F

: ALlR 12 0757-0420 - RESISTGR 750 1% .125W F TC=0+-100 24546 C421/8-TI=T51=F

B ALR 14 DT757-0420 RESISTOR 750 1% «125W F TC=0+:100 24546 C&=1/B2TO=751=F
ALRLS DT57=9420 RESISTOR 753 1% .125W F TC=0+=100 24546 C4&=2/8=TO=751=%

‘

i Al1R16 d757=0420 RE3ZISTOR 750 1% «125W F TC=0+=100 24546 Co=1/82TO=T751=F
ALR1T UTET-0420 RESISTNR 750 1% 123w F TC=0+-100 24546 C4:1/8-T0=751=F

! AlR18 0787-0420 RESISTOR 758 1% «125W £ TC=0+~100 24548 (&=1/8:-T0O=751 :F

! AlF18 0634-£821 4 RESTSTOR 648K 10% .25W FC TC=<400/+700 01121 CB&H821
AlR 20 JE98-0034 3 RESISTOR 24.15K 1% .123W F 7C=0+-100 16229 C4=1/6-TO=2151=7
ALR 21 1757=3438 5 RESISTCR 5.11K 1% .125W F TC=0+-100 26544 T4 /8-T)=5111 .F
AlR22 u757-0472 2 RESISTOPR. 200K 1% . 125W F TC=0+=100 24846 41 /8-T0=2003=F
AlR23 Q757-04c5 6 RESISTOR 100K 1% +125W F TC=0+-100 26548 £4=1/9%: TI=1D003-F
ALR 2% Q757-0463 1 RESISTIR 8Z.5K 1% «125W F T +~100 2454¢& C4=1/53=T0=2252 F
ALlF 25 0633-0275 1 RESISTOR 247 5% .25W FLC TC=w£30/+500 01121 CR27G3

See introduction to this section for ordering information
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Model 1600A Replaceable Parts

Table 6-2. Replaceable Parts (Cont'd)

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

ALRZ26 0é34=6321 RESISTO” 6.8K 10% .25W FL TC=+400/+700 clizi CRAB2L

ALF 2T 0€84~-6821 ISTOR 6.8K 10% .25W FC TC==400/+700 01121 CB6321

AIR28 0757=-0407 4 ZSISTOR 200 1¥ .125w 24546 C41/8=-T)=201=F

AiFR 20 D757=0401 2 RESISTOR 106G 1¥ «125W 24546 C4=1/3=T0=101-F

ALlR30 0634-3911 4 RESISTOR 390 10% .25W 01121 {B3911

A1R31 0684=3G11 RESISTOR 390 10X «25W FC TC=-400/+&00 01121 CE3911

L1322 0634-3911 RESISTOR 220 10% «25W FC TC==400/+600 QLi21 C8391%

AlF 33 0757=-0280 13 RESISTOR 1K 1% L125W F TC=0+=100 24546 C4=1/6=T0=1001=F

AlR34 A757-0280 RESISTOR 1K 1% .123W F TC=0+=100 26546 C4=1/8=T0=1001=~F

Alk35 0684~-3911 RESISTNR 390 10% «25W FC TC==400/+600 01121 ce3911

AlR36 0757=0288 5 RESISTIR S.09K 1% .125W F TC=0+=100 19701 MF&C1/8=T0-909L~F

ALR37 7570238 RESISTOR 9.09K 1% 4123W F TC=0+-100 19701 MF4C1/8=T0=3091=F

A1R38 0I5T-025¢8 RESISTOR 9,09K 1% +125W F TC=0+=100 16701 MF4C1 /B=T0~5091=F

AlR39 09683-5108 2 RESISTOR 51 5% +25W FC TC==400/+500 01121 cB5105

ALR 40 N757-0280 RESISTOR 1K 1£ .125W F TC=0+=100 24546 C4=1/8-T0=1001-F

AlR4L QE98=3447 2 RESISTOR 422 1% «125W F TC=0+-100 16239 C4=1/8=T2=4L22R=F

AlR42 0757-0418 1 RESISTOR 619 1% «125W F TC=0+-100 24546 C4=1/B=TO=619R=F

ALR43 D757-0416 6 RESISTOR 511 1% «125W F TC=0+=100 24546 C4=1/8=T0=5118=F

AlR44 1698-3130 1 RESISTOR 2437K 1% 4125W F TC=0+=100 162¢6 C4=1/8>T0=2371F

AlR4S 0698-3122 1 RESISTOR 412 1% 4125W F TC=0+-100 03888 PMES5=1/8=T0~4120=~F

AlR46 0757=0Q416 RESISTOR 511 1% «125W F TC=0+=100 24546 Cé4=1/6-TO=511R=F

A1R4T D757-0%42 4 RESISTOR 10K 1% .125W F TC=0+=100 24546 C4=1/8=T0=-1002=F

A1R48 Q757~-C4l6 RESISTOR 511 1% .125W F TC=0+-100 24546 C4=1/8=-TO=511R=F

ALR A4S 2100~-17338 1 RESISTOR=VAR TRMR 500 OHM 10% C TOP ADJ 84043 170-50L

ALRSC JE58=-34%4 2 RESISTOR 316 1% 125w F TC=0+-100 162%9 C4=1/8=T0=316R=F

ALF 51 0757=0230 RESISTOR 1K 1% 41254 F TC=0+=100 24546 C4=1/3=T0=1001l=F
Z AlRS52 0757-0442 RESISTOR 10K 1% «125W F TC=0+=100 248546 C4=1/8=-T0=1002-F

A1F 53 J757-0280) RESISTOR 1K 1% «125w F TC=0+-100 24546 C4=1/8=-T0=1001~F

A1RB4 0698-4130 1 RESISTOR 39 5% ,125W CC TC=0+583 01121 BB39203

A1R55 0 698-3444 RESISTOR 316 1% «125W F TC=0+-100 16299 C4=1/8=TO0=316R=F

L1R56 07570280 RESISTOK 1K 1% .125W F TC=0+=100 24546 C4=1/B8=T0~=1001=-F

ALRET7 757-0442 RESISTOR 10K 1% «125W F TC=0+=100 24546 C4=1/8-T0=1002=F

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

ALIRS59 0698-3373 1l RESISTOR 68 5% .125W CC TC=0+588 01121 BB6BOS

ALR &0 0684=-2201 2 RESISTOR 22 10% «25W FC TC==400/+500 01121 CcB2201

A1R61 Q684=4721 4 KZSISTOR 447K 102 «25W FC TC==400/+700 01121 cB&4721

AlRe2 0757-0434% 2 RESISTOR 3465K 1% «125W F TC=0+4=100 24546 C4=1/8-T0=3651=F

ALK 63 0757-0426 1 RESISTOR 143K 12 4125W F TC=0+=100 24546 C4=1/8-T0=1301=F

H1R 64 0757-0280 RESISTOR 1K 1% .125W F TC=0+=100 2454 ¢ C4=1/8=T0-1001=F

AlR 65 0757-0280 RESISTOR 1K 1% «1254 £ TC=0+=100 24546 C4=1/8=T0=~1001=F

ALRG6 07570457 7 RESISTOR 4745K 1% «125W F TC=0+=100 24546 C4=1/8=T0=4T752=F

A1R&T 0757-0457 RESISTOR 4745K 1Z J125W F 100 24546 C4=1/8-T0=4752=F

AlR68 0757=0457 RESISTOR 47.5K 1% <125W F +=100 24546 C4=1/8=T0=4752=F

ALR &9 V757-04357 RESISTOR 4T745K 13 +125W F +=100 24546 C4=1/8-T0=4752=F

AIRTO 0757-0457 RESISTOR 47.5K 1% «125W F TC=0+=100 24546 C4=1/8=T0=4752=~F

AIRT1 0684=2201 RESISTOR 22 10% .25W FC TC=+=400/+500 o112 CB2201

AlRT2 0684-6821 RESISTOR 6.8K 102 .25W FC TC==400/+700 ol121 cpéB21

ALRT3 O757=-0407 RESISTOR 200 1% «125W F TC=0+=100 24546 C4=1/8-T0=201=F

ALR T4 D757-0401 RESISTOR 100 1% .125W F TC=0+-100 24546 C4=1/82=T0=101=F

A1RTS 0498=-0084 RESISTOR 2415K 1% «125W F TC=0+-100 16299, C4=1/8-T0=2151=F

ALRT76 06%8=3151 1 RESISTOR 2487K 1% «125W F TC=0+4=100 16299 C4=1/8-T0=2871=F

ALRT7 07570457 RESISTOR 4745K 1% o125W F TC=0+=100 24546 C4=1/8-TO0=4752=F

AlSl 31011946 1 SWITCH 28480 3101-1%4»

Al1TP1 0360-0535 2 TERMINAL,y TEST POINT 4G8L9 0BRD

AlTP2 0360-C533 TERMINAL, TEST POINT 463819 [o]:1a]

A1TP3 1261-2229 2 CONNECTOR,; 1-CONT SKT .033 DIA 00779 1-331677-3

A1TP4 1251-2229 CONNECTOR; 1-CONT SKT .033 DIA 00779 1-331677-3

Alul 1320=-0693 9 IC SN745 74 N 01295 SNT4S 74N

Aly2 1820-06933 IC SNT4S 74 N 01295 SN74S 74N

ALU3 1820-3693 C SN74S 74 N 01225 SNT45T74N

Aiud 1320=0693 IC SN74S 74 N 01295 SNT4ST4N

A1U5 1820-0633 IC SN74S 74 N 01295 SN74ST4N

ERVEY 1820~0653 1C SN74S 74 N 012s5 SN74STeN

AlU7 1820-0693 IC SN74S 74 N 01295 SN74ST4N

Alueg 1320-06953 IC SN74S 74 N 01295 SNT4S 74N

Alue 1423-8693 IC SN74S 74 N 31255 SN74ST74N

£1ULI 1620=0692 9 IC SN74S €5 N 01295 SNT74S65N

AlL1l 1820-0492 IC SN74S &3 N 012¢5 SNT&SEFN

Alulz 1620-0652 IC SN74S 65 N 012¢5 SNT4SE65M

A1U13 1820-0692 IC SN74S 65 N 01295 SN74S65N

alyle 1520-0692 IC SN74S €5 N 01298 SN74S€EN

41U15 1828-0592 IC SN745 65 N 01295 SNT74S65N

alUl6 1820=0622 IC SN74S &5 N 01295 SNT74S658

AlUL7 1R20~0692 IC SNT4S €5 N 01295 SN745635M

AlUls 182u~0e92 IC SNT4S 63 N 01295 SNT4&SE5H

AlU1S 1320=1146 6 IC CO%050AE 02735 D4050LE

AlU20 1620~114¢6 IC CD4050AE 02735 CO&LO5CAE

See introduction to this section for ordering information
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Table 6-2. Replaceable Parts (Cont'd)

rence HP Part . Mfr
REf? enc Oty Description Mfr Part Number
Designation Number Code

AlU21 1820-1146 1€ CD4050AE
AlU22 1320-1146 IC C04050AE
A1U23 1820-1146 1C CD4050AE
A1U24 1820~1146 IC CD40S0AE
A1U25 1820=0687 1 IC SN74S 15 N
ALU26 1320-0691 11 IC SN74S 64 N SMT7ESES
AlU27 1820-1201 1 IC SN74LS 08 N SNT4L 503N
A1lU23 18201105 4 IC MEMORY 3101p
ALU29 1820-1139 3 IC:TTL, HEX INVERTER 1820-113%
A1U30 1820-1106 IC MEMORY 31018
A1U31 1820-1139 IC:TTL, HEX INVERTER 1820-113% .
A1U32 1820-1106 IC MEMORY 31014
A1U33 1820-1139 IC:TTL, HEX INVERTER 1820-1133
A1U34 1320-1106 IC MEMCRY 31012
A1U35 1820-1365 4 IC MMT4CLSTN PMT4C157H
A1U36 1820-1355 IC MMT4C1STN 27814 | MM74C1STY
a1u37 1820-1365 IC MMT4C157N 27014 | wM74C157H
A1U38 1820-1365 IC MM74C157N 27014 | MMT4C1STH
A1U39 1820~0640 1 IC SN74 156G N 01295 SNT4L30N
A1U40 1820-1340 1 IC MC14585CP 047132 NC14585CP
AlU41 1320=0631 3 IC SN745 00 N 01295 SN74S00
81042 1820-1158 1 IC SN74S 51 W 01205 | sN7essIN
ALU43 1820-0629 5 IC SN74S 112 N 01295 SNT4S112M
AlU4% 1821-0002 2 1C CA3045 02725 CA3045
ALU45 1821-0002 1C CA3045 92735 CA3D4E
A1U46 1820-0629 IC SN74S 112 N 01255 SN7451124
ALU4T 1£20-0661 1 1C SNT4 32 N 01295 SHT7432M
ALU4S 1820-0203 1 1C AMPLIFIER 28480 1820-0203
ALU49 1820~G584 6 IC DMT4L 02N 27014 | PHT4LOZN
ALUS0 1810-0183 14 NETWORK=RES 9=PIN SIP .1=PIN=SPCG 28480 1810-01 93
ALUSL 1820-0515 6 IC MULTIVIBRATOR 97203 96029¢C
AlU52 1826-0515 IC MULTIVIBRATCR 07263 S6020¢C
ALlU53 16200515 IC MULTIVIBRATOR 07263 96027C
ALUS4 1820-0691 IC SNT4S &4 N 01295 | SNTaSesN
ALUS5 1820-0691 IC SN74S &4 N 01265 SNT4S565M
ALUS6 1820~0651 IC SNT4S 64 N 01255 SNT45643 €
AlU57 1820-0651 IC SN74S 64 N 01295 SNTLSE4Y
A1U58 1826-0919 3 IC SN74LS 83 N 01295 SNT4L S8 37
A1U59 1820-0510 IC SN74LS 82 N 01295 SNT4LS830
A1U60 1820-1475 2 IC COUNTER 57263 5351¢0C
AlU61 1820-6515 IC MULTIVIBRATOR 47263 56020¢
AlU62 1320-0697 2 IC SNT4S 140 N 01295 SNT45140N
41063 1820-0651 IC SN74S 00 N 01205 SNT&SHON
A1U64 1820-Ca9l IC SN74S 64 N 2285 SNT4S 64N
ALU6S 1820=0691 IC SNT4S &4 N 01205 SNT4S66N
AlUG66 1620-0069 1 1€ SN74 20 N 61265 SNT&20M
ALUET 1320-1372 3 1C FLIP-FLOP 67263 Gs10rT
A1U68 1820-0515 £ MULTIVIBRATOR 07263 §6920C
21065 1320-0685 1 IC 5N74S 10 N 01295 SNT5S 10N
ALUTO 1820-1373 1 IC COUNTER 27263 0251300
ALUTL 1520=1372 1C FLIP=FLOP 07263 $51090C
AlUT2 13820-0063 2 1€ SN74 51 N 01285 SN7451N
ALUT3 1820-0666 4 IC COUNTER 67263 9311467
ALUT4 18200662 1C COUNTER 07263 9311007
ALUTS 1820-0662 ¢ COUNTER 072¢3 8301300

ALUTE 1820065 1C CGUNTER 17263 5211008

! £1077 1820=0691 IC SN74S 64 N 21265 SNT4S64M
ALUTE 1520-0070 1 1IC SN7T4 30 N 51265 | SN7430N

: A1U79 1825-CS10 IC SN74LS &3 N 91285 | SNT4LS23N
ALU80 1820-0589 1 IC LM74L 30N 27014 | OMT4L3ON
£1UBL 1620-0582 2 1C SNT4H 55 N 21255 SN74H

: AlU62 1826-0538 1 IC DN74L 20N 27014 | CM74L20N .

i AlUB3 1820-0710 3 IC MULTIPLEXEF 07263 93L2200

: ALUB4 1820-1372 IC FLIP-FLUP 07243 95199DC

i ALUS5 1825-0533 5 IC DMT4L DU 27014 | nM74L30N

I A1UBE 18200904 3 IC CCHPARATOR 07263 e3L 24Nz
AlUET 1320-0382 IC SN74H 55 W 01255 SNTAHASN
AlUJgB 182C-0681 IC SNT4S 09 N f12¢s5 SNT4S90N

nl R1U89 18200623 IC SKT4S 112 N 01255 ShT4S1120

L A1U90 1820-0657 IC SNT4S 140 N 01295 [ 5174514 3%

g L1USL 1820-065i IC SNT4S 64 N 01255 | sn7asesn

g Alus2 18200671 IC SNT4S 64 N 01295 SLT4564M

f AlUS3 1820-062% 1C SN74S 112 N 01208 SM745112N

i | t1u94 1826-0£29 IC SN74S 112 N 31255 SNT5S11 2N

: #1L95 1620-1475 & CAUNTER 07263 9351600 ‘

See introduction to this section for ordering information
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Model 1600A

Table 6-2. Replaceable Parts (Cont’d)

Replaceable Parts

Reference HP Part s Vifr
: g Qty Description Mfr Part Number

Designation Number Code
A1U96 1820-0685 1 IC SN745 11 N 21295 SNT4S11N
ALUST 1820-0904 IC COMPARATOR 07263 9312400
Aluss 1820-0683 1 IC SN745 04 N Q12903 SN74SD4AN
A1U99 1810-0183 NETWORK=RES S=PIN SIP .1-PIN=SPCS 28480 1810=01983
AlU100 1810=-0183 NETWORK=RES 9<PIN SIP 1-PIN-SPCG 28480 1210-011%3
A1U101 1810-01383 METWORK-RES 9-PIN SIP +1=PIN-SPCG 28480 1817-9133
AlU102 1810~-0183 NETWORK=RES 9=PIN SIP .1=PIN=S5SPCH 28480 1810-0183
Al1U103 1810-0183 NETWORK=RZS 9=PIN SIP 1-PIN=SPLG 28480 1810-0183
AlULl04 1810-0183 NETWORK=RES 9=PIN SIP .1-PINR-SPCG 28480 1810-0183
AlUl05 1810-0183 NETWORK=RES G=PIN SIP «1=PIN=SPC{ 28430 1810-0133
AlUl06 1810-0183 NETWORK=-RES 9=PIN SIP .1=-PIN-SPCG 28480 1810-0183
A1U1CT 1810-0183 NETWORK=RES 9=PIN SIP .1=PIN=SPCG 223430 1B810-0183
AlUl08 1810=-0183 NETHWIRK=RES S~PIN SIP .1-PIN=SPLG 28480 1810~-0133
AlUulog 1810-0183 NETWORK=RZS 9=PIN SIP +1-PIM-SPCG 28480 1817-0183
A1U110 1810-0183 ETWORK=RES 9=PIN SIP 1=PIN=SPC; 23480 1810-01133
A1XABPL 1251-2035 2 CONNFCTOR; PC EDGE; 15-COMT3; DIP SOLDER 71785 252=-15-375-300
A1XA8P2 1251=2035 CONNZCTOR; PC EDGE; 15-CONT3 DIP SCLDER 71785 252-15-30-300
A2 01600-66502 1 BOARD ASSY, HIGH VOLTAGE 23480 01600-565502
A2C1l 0180-0197 CAPACITOR-FXD; 242UF+-10% 20VOC TA 56289 150D225X902042
A2C2 0180=0197 CAPACITNR-FXD3 242UF+-10% 20VDC TA 56289 150D225X302042
A2C3 0160=016A8 2 CAPACITOR~=FXD .1UF +~10% 200NVDC POLYE 56289 292P10432
A2C4 0170-0040 2 CAPACITOR=FXD oDATUF +=10F 20)WVDC POLYE 56289 292P47332
A2C5 0180~17%4 1 CAPACITOR=FXD; 22UF+=10% 35VDC TA=SOLID 56289 1500226 X3035R2
A2Co 0160-0544 1 CAPACITOR=FXD «022UF +=20% 4000WVDC MET 84411 HEW=337
A2C7 0160-4024 1 CAPACITOR=FXD «1UF +=20% 4000WVDC MET 55289 430P104040
A2C8 0160-0634 2 CAPACITOR=FXD 1O000PF +=20% 40QCWVDC MET 84411 HEW337
A2C9 0150-0115 1 CAPACITOR-FXD 27 PF +—10% 500 WVDC CER 28480 0150-0115
A2C10 0160-0684 CAPACITOR=FXD 1000PF +=20% 4000MVDC MET 84411 HEW337
A2C11 0160-2234 1 CAPACITOR=FXD +51PF +=4,25PF 500WVDC CER 28480 0150=2234
AzC12 0160~3443 7 CAPACITOR-FXD «1UF +80-20% 50WVDC CER 28480 0160-3442
A2C13 0160-0163 1 CAPACTITOR=FXD «033UF +=10D% 200WVDC PILYE 56289 292923232
A2C14 0160-3453 1 CAPACITOR=FXD +05UF +RJ=20% 10QWVDC CER 28480 0160+~3453
A2C15 0160-3665 1 CAPACTTOR=FXD 401UF +80=20% 500WVDC CER 28480 0150=3663
A2C1le 0160-4051 1 CAPACITNR=FXD JOIUF +=20% 4000RVDC MET 84411 HFW=337
A2C17 0170-2040 CAPACITOR=FXD «047UF +=10% 200WVDC POLYF 56289 29247372
A2C18 0160~-0174% CAPACITOR=FXD «&47UF +80=20% 25WVDC CER 28480 0160=017%
A2C19 0160-0174 CAPACITOR=FXD +47UF +80=20% 25WVOC CER 23480 01560-0174
A2CR1 1901-0028 3 DICDE=PWR RECT 400V 750MA 04713 SP1358=-2
A2CR2 1901-0028 DIODE-PWR RECT 400V T50MA 04712 SFr1358-93
A2CR3 1901-0/K83 1 DINDE~HV RECT 25CNS 1GKV 5MA 28430 1901-13633
A2CR4 1901=0036 4 DIODE-HV RECT 1KV 600MA 28480 1%01-0035
A2CRS 1301-0038% DIODE~HV RECT 1KV £00MA 28620 1901-G23%
A2CR6 1901~0C40 DIDDE-SWITCHING 2NS 30V 5I0MA 23480 1601=0042
A2CR7 1901=0040 1 DIODE=SWITCHING 2NS 30V S50MA 28480 1901-0040
A2CRS 1501-0036 DIONE-HV RECT 1KV E00MA 28480 1991-2134
A2CR3I 1201-0036 CINDE~HV RECT 1KV 60OMA 28480 1901-003%
A2CR10 1901=0646 2 DIODE=PWR RECT 150NS 200V 1A 14099 S2F
A2CR11 1901~0646 DICDE-PWR RECT 150NS 200V 1A 14099 s2=
A2051 2140=-0013 2 LAMP, GLOW, BULB T=2, 37V 74276 ME234
A2DS52 2140-0013 LAMP, GLOW, BULB T-2, 57V 74276 NFE2348
A2F1 211C=-0020 1 FUST «BA 250V SLC-BLO 1.25X.25 71400 MDL 8/10
A2L1 9140=-0171 1 COIL=FXD MOLDED RF CHOKE 40UH 10% 06560 10608-1
A2L2 9140-0210 1 CAIL-FXD MILDED RF CHOKE 1Q0UH 5% 24226 15/103
A2L3 9140-0129 1 COIL-FXD MOLDED RF CHOKE 220UH 5% 24226 157223
A2MP1 5040-0430 2 MOUNT s TRANSFORMZR 28430 5040-0%30
A2MP2 5040-0430 MOUNT:TRAMSFORMER 23480 5040=0430
A2MP3 2110-0269 12 FUSEHOLDER=CLIP TYPF «25FUSE 284F0 2110=02423
A2MP4 2110-0269 FUSEHOLDER=CLIP TYPE .25FUSZ 28420 2110-02 5%
A2P1 1251-319¢ 2 COMNECTAR 8~PIN M POST TYPE 27264 09-60-1931(26)3=084)
A2P2 1251=3276 1 CONNECTOR 6—PIN M POST TYPE 27244 £=-60~-1061(A2403-61)
A2P3 12513192 1 CONNECTOR 3-PIN M POST TYPE 27264 GO=6r=1331(2+33=034)
A2Q1 1853-0020 1 TRANSISTOR PNP SI PD=300MW FT=150MHZ 28480 1853=0020
A2Q2 1854=0071 TRANSISTOR NPN SI P QOMW FT=200MHZ 28480 1854~0071
A203 1854-0071 TRANSISTCR NPN ST P OOMW FT=200%HZ 28480 1854=-0071
A204 1853-0037 1 TRANSISTCR PNP ST T0=39 PO=1W FT=100MHZ 28480 1853-0037
A205 1854-0022 1 TRANSISTOR NPN ST TO=3S PD=T700MW 07243 $17843
A2R1 Q757-0455 RESISTOR 100K 1% «125% F TC=0+-100 24546 C4=1/8-TO=-1013 -F
A27 2 Q757=0465 RESISTOR 100K 1% .125W F TC=0+-100 24546 C&=1/3=TI-1003
A2R3 0684=1051 1 RESISTIR 1M 10% .25W FC TC==300/+9200 01121 LR1051
A2R4 0683-2265 1 RESISTOR 22M 5% +25W FC TC==200/+1200 01121 ce226%
A2F 5 0684-1011 5 PESISTOR 1900 103 .25W FL TC==400/+500 01121 €81011

See introduction to this section for ordering information
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Replaceable Parts

Table 6-2. Replaceable Parts (Cont'd)

Model 1600A

; HP Part o Mfr
! Reference Oty Description Mfr Part Number
i Designation Number Code
i v
{
% L2R6 0684=1031 24 RESISTOF 10K 10% 425W FC TC==400/+700 01121 €81031
A2RT 0687-5611 2 RESISTCR 560 10% .5w CC TC=0+32¢% 01121 £B5611
A2R8 0684~-1021 19 RFESISTOR 1K 10% .25W FC TC==400/+600 01121 CRr1021
AZR9 0684~-1041 2 RFSISTOR 100K 10% .25¥W FC TC==400/+800 01121 CB1041
A2RLD 0687-1531 1 RESISTOR 15K 10% .54 CC TC=0+765 01121 ER1531
A2r11 0687=5611 RFSISTOR 560 10% .5W CC TC=0+529 01121 FB5611
A2R12 0E84=-4721 RESISTOR 447K 10% .25W FC T ~400/+700 01121 CB4721
A2rR13 0634=-4721 RESISTOR 447K 10% .25W FC T 400/+700 01121 CB4721
A2R14 0684-1061 1 RESISTOR 1OM 10% .25W FC TC==-200/+1100 01121 CB1061
A2P15 0687-1551 2 RESISTOR 1.5M 102 .S5W GCC TC=0+1000 01121 F81581
A2P16 DE37=1551 RESISTOR 1.35M 10% .5W CC TC=0+1000 01121 EBLSH1
A2F17 2100-3214 2 RESISTOR=VAR TRMR 100KOHM 10% C TOP ADJ 73133 T72PR100X
A2R13 0658-34351 1 RESISTOR 133K 1% #125W F TC=0+=100 16299 C&4=1/B-TO=1233=F
A2K19 NOT ASSIGNED
: L2R20 0687-4711 1 RESISTOR 470 10% «5W CC TC=0+529 01121 EB4T1L
A2F21 0757=-0444% 2 RESISTCE 1241K 1% .125W F TC=0+:-100 264546 C4=1/8-T0=1212=F
A2F22 Q0757-0230 RESISTOR 1K 1% .125¢ F TC=0+=100 24546 C4=1/3=T0=1001=F
; A28 23 06986-0034 RESISTOR 2.15K 1% .125W F TC=0+=100 16299 C4=1/8=T0=-21°
i A2R24 0757-0434% RESISTOR 3.65K 1% .125W F +=100 24546 C4~1/8-+T0=3651~F
f A2E25 0757-90278 2 RESISTOR 1.78K 1% «125W F TC=0+=100 24546 C4=1/3=-T0=1781~F
l A2R26 0757=0456 1 RESISTOR 43.2K 1% L125W F TC=0+=100 24546 C4~1/8=T0=46322=F
| A2R27 0757-0274 S RESISTOR 1.421K 1% .125W F TC=0+-100 24546 C4=1/8-T0=1213=F
i A2R28 0684~-1521 1 RESISTOP 1.5K 10% .25W FC TC==400/+700 o121 c8ls21
f A2R29 0684=-4721 RESISTOR 447K 10% .25W FC TC=~400/+700 01121 CR4721
i A2R30 0684-3931 1 RESISTOR 39K 10% .25W CC TUBULAR 01121 CB3931
H A2F 31 )757=0283 RESISTOR 2.09K 1% L125W F TC=04=100 19701 MF4C1/8=T0=-9091=F
| A2R32 2100-3253 RESTSTOR=VAF.  TRMR 50KQHM 10% C TOP ADJ 73138 T2PR50K
A2R33 2687-2221 2 RESISTOR 242K 103 «5W CC TC=0+647 01121 EB2221
A2R34 0687~-2221 RESISTOR 242K 10F 45W CC TC=0+647 01121 EB2221
A2P35 2100~-3355 1 RESISTOR=VAR TEMR 100KOHM 10% C SIDE ADJ 73138 72XR100K
A2R36 DT57-Q451 2 RESISTOR 24.3K 1% .125W F TC=0+-100 24546 C4=1/8-70=2432=F
A2R37 0757-0424 1 RESISTOR 1.,1K'1% .125W F TC=0+=100 24546 Cé4=1/8-T0=1101=F
A2Rr38 0757-0438 RESISTOR 5.11K 1% +125W F TC=0+=100 24546 C4=1/8=T0=5111=F
A2R36 2100-3214 RESISTOR=VAR TRMR 100KOHM 10% € TOP ADJ 73138 T2PR100K
A2R40 DELETED
A2R41 2100-3273 1 RESISTOR:VAR TRMR 2K OHM 10% C SIDE ADJ DJ 32997 3389H
A2R&2 0684-3311 1 RESISTOR:FXD 330 OHM 10% ,25W CC TUBULAR o121 CB3311
A2R 43 D684-46T41 1 RESISTOR 470K 10% .25W FC TC=~800/+500 01121 CB4T41
A2R 44 0698~8018 1 RESISTOR 30M 1% 3W CP TC=0+=100 03888 PVC175=3-T0=2004~F
A2U1 1826=0167 1 IC CA3094AT 02735 CA3094AT
A2XUl 1200-07¢&3 1 SOCKET, ELEC, 1C 8~CONT DIP SLLR TERM 7178¢% 133-98-92-061
A2AL 01600=61101 1 TRANSFORMER ASSYs HIGH VOLTAGE 28480 01600-61101
A3 01600-66503 1 BOARD ASSY, LOW VOLTAGE 28480 01690-£5503
A3C1 0180-04234 2 CAPACITOR=FXD; &50QUF+75=10% 25VDC &L 56239 26D45260250A-28=NQB
{NOT SUPPLIED WITH A3, ORDER SEPARATELY) j
. A3C2 0160-3448 CAPACITOR=FXD 1000PF +=10% 1000WVDC CER 28480 0160-3448
A3C3 0180-0434 CAPACITOR=FXD; 4500UF+75=10% 25VDC AL 54289 360452G025AA=28~D0R
. (NOT SUPPLIED WITH A3, ORDER SEPARATELY)
A3C4 0160-0174 CAPACITOR=FXD «4TUF +80=20% 25wWVDC CER 23480 0140-0174
A3C5 0130-N482 1 CAPACITOR=FXD 259UF +50=10% 200VDC AL 56239 36D251F2004A24=-D08
(NOT SUPPLIED WITH A3, ORDER SEPARATELY) .
s A3Cé 0160-0174 CAPACITAR=FXD .4T7UF +80=20% 25WVDC CER 28480 0160~ 0174
A3CT 0180-0230 4 CAPACITUR~FXD; 1UF+=20% 50VDC TA=SOLID 56289 1500105X00504A2
43C8 0180-0483- 1 CAPACITOR-FXD; 22000UF+75=10% 15VDC AL 56289 360223G0154C24- DOB
(NOT SUPPLIED WITH A3, ORDER SEPARATELY)
A3C9 0160-3448 CAPACITOR=FXD 1000PF +=10% 130CWVDC CER 23480 0160=34643
! A3CLo 0180-0232 CAPACITOR=FXDs 1UF+=20% 53VDC TA=SCLID 56289 150D105X005042
A3C11 0180-1701 3 CAPACITOR=FXD; 6.8UF+=20% 6VDC TA=SQOLID 5€289 150D685X000642
A3C12 0180-0230 CAPACITOR=FXDs 1LUF+=20% 50VDC TA-SOLID 56289 1500105X0050A2
A3C13 0160-3508 2 CAPACITOR=FXD 1UF +80=20% 5)WVDC CER 28480 0150-3503
A3C1l4 0150~3443 CAPACITOR=FXD I000PF +=10% 1000WVDC CER 25480 0160- 3443
A3L15 0160-3443 CAPACTITOR=FXD 1000PF +=10% 100CWVDC CER 28480 0160-:3443
A3C1le 0160-3448 CAPACITOR=FXD 10GOPF +=10% 1000WVDC CER 28480 0160-3449
A3CR1 19056-0027 K DIODE=MULT FULL WAVE BRIDGE RECTIFIER 04713 MDAG22=5
A3CFR2 1901-0638 DIODE=-MULT FULL WAVE BRIDGE RICTIFIER 28480 1901-0638
A3CR3 1901-0638 NITDE-MULT FULL WAVE BRIDGE RECTIFISR 28480 1901-0638
A3CR4 1301=0028 DICDE=PWR RECT 400V 750MA 04713 SK1358=9
A3DS1 2140-0003 1 LAMP, GLOW, BULB T-2, 59V 71744 ALA (NE=-2)
A3F1 2110-0011 1 FUSE 0624 250V 1.25X.25 IEC 71400 AGC 1715
A3F2 2110=0007 3 FUSE 1A 250V SLP=BLO 1.25X.25 71400 MDL-1
A3F3 2110-0007 FUSE 1A 250V SLO-BLO 1.25X.25 714380 MOL-1
A3F4 2110-0G367 1 FUSF 5A 250V SLO=-BLO 1.281X.25% UL I3C 71400 MDA=25{():5
£3F5 2110--0C12 1 FUSE «5A 250V 1.25X.25 IEC 71400 AGC 172
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Model 1600A

Table 6-2. Replaceable Parts (Cont’d)

Replaceable Parts

Reference HP Part . Mfr
- . N Qty Description Mfr Part Number
Designation umber Code
A3NPL 1205-0258 1 THERMAL-LINK PLSTCPHA PKG 28480 1205=0258
A3MP2 1205-0226 1 HEAT SINK 28480 1205-0226
A3MP3 0340-0511 2 INSULATOR, TRANSISTC 13103 43-77-2
A3MP4 1400-0439 2 CLAMP, SNAP-IN, 1.375 D 312W .594L 80033 E-50011-044
A3MPS 2110-0269 FUSEHOLDER~-CLIP TYPE .25FUSE 22480 2110-0269
\
A3Q1 1854-0234 5 TRANSISTOR NPMN 2N3440 SI TO-5 PD=1Ww 32738 2N3450
A3Q2 1854-0330 1 TRANSISTOR NPN SI PD=21W FT=10MHZ 28480 1854033
A303 1854=0039 1 TRANSISTOR NPN 2N3053 SI T0O-5 PD=1W 04713 2N3053
L3C4 1884-0082 1 THYRISTOR-SCR JEDEC 2NA4441 N4713 2M&&41
A3R1 0684~2741 1 RESISTOR 270K 10% .25W FC TC=--800/+900 01121 CR2741
A3R2 0684-2241 RESISTOR, 220K 10% .25W CC TUBULAR 01121 CB2241
A3R3 0757-0%65 RESISTOR 100K 1% .125W F TC=0+=100 24546 C4-+1/8° T0=1003~F
A3R4 0757-0279 1 RESISTNR 3418K 1% «125W F TC=0+=100 24546 C4=1/6-T0=3161-F
A3RS5 0757-1093 2 RESISTOR 3K 1% .125W F TC=0+-100 24546 C4=1/8=T0=3001=F
A3R6 0684-1041 3 RESISTOR, 100K 10% .25W CC TUBULAR 01121 CB1041
A3RT 0757-1093 RESISTOR 3K 1% L125W F TC=0+=100 24546 C4=1/8-7T0=3001-F
A3k 8 0811-1551 1 RESISTOR 10K 1% 3W PW TC=0+=20 0708& KM=300
A3RS 0698-3447 RESISTOR 422 1% .125W F TC=0+< 100 16269 C&4=1/B-TO=%22R=F
A3R10 0698-3394 1 RESISTOR 21.6 1% «5W F TC=0+-100 GM005 CECy T=0
A3R11 0767-0342 RESISTOR, 100K 1% .256W F TUBULAR 24546 C5-1/4-T0-1003-F
£3R12 0811-3424 2 RESISTOR:FXD 0.5 OHM 1% 3WWW 140 VW MAX 09969 RB00F
A3R13 0757-0278 3 RESISTOR:FXD 1.78K 1% .1256W F TUBULAR 24546 C4-1/8-T0-1781-F
A3R 14 0757-0278 RESISTOR:FXD 1.78K 1% .126W F TUBULAR 24546 C4-1/8-T0-1781-F
A3R1S 0811-3424 RESISTOR:FXD 0.5 OHM 1% 3WWW 140 VW MAX 09969 R500F
A3R16 0684=1031 RESISTOR LUK 10% .25W FC TC==400/+720 01121 c21021
A3R17 0757-0420 RESISTOR 750 1% «125W F TC=0+=100 24846 C4=1/8=T0=751=F
A3R18 2100-2574 1 RESISTOR=VAR TRMR E5G0 OHM 10% € SIDE aDJ 19701 ETS50X501
A3R19 0757-0932 1 RESISTOR 242K 2% «125W F TC=0+--100 24546 C4=1/8-T0=2201-C
AZR20 0757-0444 1 RESISTOR;FXD 12.1K 1% .125W F TUBULAR 24546 C4-1/8-T0-1212-F
A3R21 Q757=0427 RESISTOR 1.5K 1% 125w F TC=0+=100 24546 C2=1/8=T0=1501=F
A3R22 0683-5105 RESISTOR 51 5% .25W FC TC==400/+500 olizi CB5105
A3R23 068%-1001 1 RESISTOR 10 10% 25w FC TC==400/+500 01121 CR1001
A3R24 0757-0416 RESISTUR 511 1% .125W F TC=0+=100 24546 C4=1/R=T0N=5113=F
A3U1L 1820=013% 2 1C REGULATOR 07263 723HC
A3u2 1820-0196 IC REGULATOR 07263 T23HC
A3VK1 1902-0049 & DIODE=ZNR £.13V 5% DO=7 PD=44W TC=+,022% 04713 ST 10939-122
A3VR2 1902-3193 1 DIODE=ZNR 1343V 5% D3=7 PD=.4% TC=+.059% 0?713 $Z 1093%-218
A3VR3 1902-3104 1 DIODE=ZNR 5442V 5% DI=T7 PD=.%W TL=+.016% 04713 87 109372-110
Al 11600-65504 1 BOARD ASSY, UPPEF SWITCH 28430 01600-66504
A4P) 1251-3971 7 CONNZCTOR, PCST TYPE 16-MALE FXD CONTACT 27264 22-03-1151
A4P2 1251-3976 1 COMNECTOR,P3ST TYPE 6~MALE FXD COMTACTS 27264 22-03=1961
A4F 1 06842211 5 RESISTOR 220 10% .25W FC TC=-400/+£00 01121 CB2211
A4R2 0684-2211 RESISTOR 220 10% +25W FC TC==400/+600 01121 CR2211
A&GF 3 0684-2211 RASISTOR 220 10% .25%w FC TC 00/+600 01121 cn2211
K4R 4 0684-2211 RESISTOFR 220 10% .25W FC TC==400/+600 n1121 €R2211
A4S1 3101=1643 1 SWITCH 28480 3101=1943
A4UL 1820-0583 1 IC DM74L OON 27014 DM74L00ON
A4U2 1820-0071 1 IC SN74 40 N 012956 SN7440N
A4U3 1810-=0183 NETWORK=RES S=PIN SIP .1l=PIN=SPCG 28480 1810-0183
AD 01600-6%505 1 BJARD ASSY, LOWER SWITCH 234BU CL60U=54305
£5C1 0180-02239 1 CAPACITOR=FXD; 33UF+-10% 10VDC TA-SILID 56259 1500335X901032
ASP1 1251-3971 CONMECTOR, POST TYPE 1o6=MALE FXD CCONTACT 27264 22=03=1162
ASF2 1251=3975 1 CONNECTORPEST TYPE B-MALE FXD CINTACTS 27264 22-03-1031
ASK1 0E84=4751 RESISTOR 47K 10¥% o2Ew FC TC=—=40%/+300 01121 CR4&T31
AS5R2 0664=2211 RESISTOR 220 10% «23W FC TC==400/+600 91121 CR2211
ABR3 V684-1021 RESISTOR 1K 102 .25W FC TC==430/+409 01121 €B1021
A5S1 3101=194% 1 SWITCH 234R0 2101=19%«
ASU1 1820-0043 1 IC SN74 10 N C129% SN7410N
Asuz2 1320-C7390 2 1C MULTIVIBRATOR 341335 SELD2DC
ABU3 1810-0183 NETHORK=RES S=PIN SIP .1=PIN=SPCS 28489 1810-0133

See introduction to this section for ordering information
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Replaceable Parts Model 1600A
i Table 6-2. Replaceable Parts (Cont'd)
Reference HP Part - M#r
: A Qty Description Mfr Part Number
Designation Number Code
AE 01600-65506 1 BOARD ASSY, TRIGGER SWITCH 28480 01600-66506
ASSG 3101=0576 17 SWITCH=TGL SUBMIN SPDT NS 2A 250VAC 28480 3101=0576
A6S2 3101-0576 SWITCH-TGL SUBMIN SPDT NS 2A 2E5QVAC 28480 3101~-30575
A6S3 3101-C57¢ SWITCH-TGL SUBMIN SPOT NS 2A 28GVAC 28480 3101-0576
RESH 3101=0576 SWITCH=TGL SUBMIN SPDT NS 2A 250VAC 28480 3101-0576
AESS 3101-0576 SWITCH-TGL SUBMIN SPDT NS 2A 250VAC 28480 3101~057%
AGLSE 3101-0576 SWITCH=TGL SUBMIN SPDT MS 2A 2350VAC 28480 3101-0576&
A6ST 3101-0576 SWITCH-TGL SUBMIMN SPDT NS 2A 250VAC 28430 3101-0576
AGSS8 2101-0576 SWITCH~TGL SUBMIN SPDT NS 2A 250VAC 29480 3101-0575
A6SS 3101=0576 SWITCH=TGL SUBMIN SPDT NS 2A 250VAC 28480 3101=0576
: A6S10 3101-0576 SWITCH-TGL SUBMIN SPDT NS 2A 250VAC 28480 | 3101-057%
M: AdS11 3101=-0576 SWITCH-TGL SUBMIN SPDT NS 2A 250VAC 23480 3101=0576
i, A6S12 3101=-0576 SWITCH=TGL SUBMIM SPOT NS 2A 250VAC 28480 3101-0576
51 AbS13 3101-0576 SWITCH-TGL SUBMIN SPDT NS 2A 25CVAC 28480 3101-0575
i A6S14 3101-0576 SWITCH=TGL SUBMIN SPDT NS 2A 250VAC 28480 3101-0576
fﬁ Ab6S15 3101-0576 SWITCH-TGL SUBMIN SPDT NS 2A 2B50VAC 28480 3101-0576
b
9 A&S1é 3101-0576 SWITCH-TGL SUBMIN SPDT NS 2A 280VAC 28480 3131=0576
A6S17 3101=0576 SWITCH=TGL SUBMIN SPDT NS 2A 250VAC 28480 3101-0576
AbH 1 8120-0621 5 CABLE CA ASSY 14-COND 26AUG 28430 8120-0621
AbW2 £§120-0521 CABLE Cd ASSY 14=COND 26AWG 28480 | 8120-0621
ABW3 8120~-0621 CABLE CA ASSY 14-COND 26ANWG 28480 B8120~0621
AT {1600=-66507 1 BOARD ASSY, ANALOG 28480 01600=66507
ATCL 0180=1701 CAPACITOR=FXD; 6.8UF+=-20% 6VOC TA~SOLID 56289 150D685X000642
A7C2 0160=2204 CAPACITOR=FXD 1O00OPF +=5% 300WVDC MICA 28480 0160~22 04
A7C3 0160-3443 CAPACITOR=FXD «lUF +80=20% 50WVDC CER . 28480 0160=3443
A7C4% 0180-1701 CAPACITOR=FXD3 6.8UF+=20% 6VIC TA=SOLID 56289 1500685 X0006A2
ATCS 0160-2204% CAPACITOR=FXD LONPF +=5% 300WVDC MICA 28480 0160=2204
ATCé® 0160~3443 CAPACITOR=FXD .1UF +830=20% 50WVDC CER 28480 0160=-3443
h ATC7 0160-0161 1 CAPACITOR=FXD «QlLUF +=10% 200WVDC POLYE 56289 262P10392
T A7C8 0140~01568 1 CAPACITOR=FXD 1500PF +=~2% 300WVDC MICA 72136 OML9F152G0300WVILR
| AT7CS 0160-3451 CAPACITOR=FXD +U1UF +80-20% 100WVDC CER 28480 0160-3451
i AT7CL0 0160-2207 CAPACITOR=FXD 300PF +=5% 300WVCC MICA 28480 0160=-2207
o . i
f ATC1L 01602207 CAPACITUR=FXD 300PF +=5% 300WVDC MICA 28480 0160=2207 é
o A7C12 0160-3451 CAPACITOR=FXD .0LUF +80-20% 100WVDC CER 28480 0160=3451
il A7C13 Q160-2308 2 CAPACITOR=FXD 26PF +=53 300WVDC MICA 28480 0160-2303
a A7C1l4 0160-0154 2 CAPACITOR=FXD 2200PF +=10% 200UWVDC POLYE 56289 292P22292
A7C15 0160-3451 CAPACITOR=FXD OLlUF +80=20% LOCWVDC CER 28480 0160~3451
ATCLE 0160-3451 CAPACITOR=FXD .OlUF +30=-20% LOOWVDC CER 28480 0160-3451
A7C17 0160-029% 2 CAPACITOR=FXD 1B800PF +=10% 200WVDC POLYE 56289 262018292
1. A7C18 0180-0374 2 CAPACITOR=FXD; 1QUF+=10% 20VDC TA=SOLID 56289 1500106X202082
i ATC19 0160-3443 CAPACITOR=FXD +1UF +80=20% 59WVDC CER 28480 0160=3443
. ATC20 0160-3443 CAPACITOR=FXD +1UF +80=20% S0WVDC CER 28480 0160=3443
1 A7C21 0160-2303 CAPACITOR=FXLC 36PF +=5% 300WVDC MICA 28480 0160-230%
. ATC22 0160-0154 CAPACTITOR=FX0 2200PF +=10% 200WVDC POLYE 56289 292pP22252
A7C23 0160-3451 CAPACITOR=FXD .01UF +80-20% 100WVDC CER 28480 0160=3451
ATC2% 0160-3451 CAPACITOR=FXD OLUF +80=20% 100kVDC CER 28480 0160=3451
A7C25 0160-0299 CAPACITOR=FXD 18Q0PF +=10% 200WVDC POLYE 56289 292P18292
A7C26 0180~0374 CAPACITOR=FXD; 1OUF+=10% 20VDC TA=SOLID 56289 150D106X902052
AT7C27 0160=3443 CAPACITOR=FXD «lUF +80-20% S50WVDC CER 28480 0160=3443
A7C28 0 160=3451 CAPACITOR=FX0O +OlUF +80=20% lQ0WVDC CER 28480 0160=3451
A7C29 0160-3451 CAPACITOR=FXD «OlUF +80=-20% 100WVDC CER 28480 0160=3451
,w A7CR1 1901-0040 DIODE=SWITCHING 2NS 30V 50MA 28480 1901= 0040
] ATCR2 1901-0040 DIODE-SWITCHING 2NS 30V S50MA 28480 1901-0040
i AT7CR3 1901-C040 DIODS~SWITCHING 2NS 30V 50MA 28480 1901-004
é ATCRS 1501=0040 DIODE=SWITCHING 2NS 30V S0MA 23430 1901=0049
ATLL 9100-1663 1 COIL-FXD MOLDED RF CHOXE 2.7MH 5% 06560 22~1312-2%J
ATP2 1251-3971 CONNECTOR, PGST TYPE 16=MALE FXD CONTACT 27264 22=03=1161
A7Q1 1854-0071 TRANSISTCF NPN SI PD=300MW FT=200MHZ 28480 1654-0071
A7Q2 1853-CC35 9 TRANSISTCOR PNP ST PO=310MW FT=250MHZ 28480 1853~0036
A7Q3 1853=0035% TRANSISTOR PNP SI PO=310MW FT=250MHZ 23430 1853=0036
iy ATQ4 1854~-0071 TRANSISTOR NPN S1 PD=300MW FT=200MHZ 28480 1854-0071
R AT7Q5 1853~0036 TRANSISTOR PNP SI PD=310Mw FT=250MHZ 28480 1853=003%6
i ATQ6 1853=0036 TRANSISTGR PNP SI PD=310MW FT=250MHZ 28480 1853~-0036
ATQ7 1853~-0036 TRANSISTOR PNP ST PD=310MW FT=250MHZ 2848C 1853-0036
i ATCS 18540071 TRANSISTOR NPN SI PD=300MN FT=200MHZ 28480 1854=00T1
i ATQS 1854~0071 TRANSISTOR NPN SI1 PD=300MW FT=200MHZ 28480 1854-0071
| ATQL10 1854~-G071 TRANSISTOR NPN ST PD=300MW FT=200MKZ 28480 1854=0071
: A7QI1 1854=0071 TRANSISTCOR NPN SI1 PD=300MW FT=200MHZ 28480 1854-0071
AT7Q12 1854~-0071 TRANSISTOR NPN SI P OCMW FT=200MHZ 2848C 1654=-0071
£T7Q13 1854-0071 TRANSISTOF NPN SI PD=300MW FT=200MHZ 28480 1854=0071
ATC14 1854=0224 TRANSISTCF NPN 2N3440 SI TO-5 PD=1W 02735 2N3440 é
ATQ15 1834-023% TRANSISTOR NPN 2N3440 SI TO-5 PD=1W 62738 2M3440
See introduction to this section for ordering information




Model 1600A Replaceable Parts

Table 6-2. Replaceable Parts (Cont'd)

f HP Part e Mfr
Re erence Oty Description Mfr Part Number
Designation Number Code
A7Qle 1854=0234 TRANSISTOR NPN 2N3440 S1 TO=5 PD=1W 02735 2N3440
ATQ1L7 1854~0234 TRANSISTDR NPN 2N3440 SI TO-5 PO=1W G273% 2N3440
A7Q18 1853-C030 TRANSISTOR PNP SI PD=31UMW FT=250MHZ 28480 1853=0035
ATR1 0684-1031 RESISTOR 10K 10% «25W FC TC=-400/+700 01121 CB1031
ATR2 0684~-1021 RESISTOR 1K 10% .25W FC TC==400/+&00 01121 cerozt
ATR3 0684-1031 RESISTOR 10K 10% .25W FC TC==400/+700 01121 CE103)
ATR 4 0884-1031 RESISTOR 10K 10% «25W FC TC==400/+700 o121 CBL031
ATRS 0684~1031 RESISTOR 10K 102 «25W FC TC=-400/+700 01121 CR1031
ATR6 0684=1031 RESISTOR 10K 10% «25W FC TC==400/+700 Q1121 ce1031
ATR7 0684-1031 RESISTOR 10K 10% «25W FC T(C==400/+700 01121 cB81031
ATRE 0698-0085 2 RESISTOR 2461K 12 .125W F TC=0+=100 16299 C4=1/8=T0=2611=F
&TRS 0698-3155 2 RESISTOR 464K 1% .125W F TC=0+=100 16299 C4=1/8=TO=464%1=F
ATR1O 0757-0273 4 RESISTOR 3.01K 1% «125W F TC=0+=100 24546 C4=1/8-T0=3011=F
A7R11 9757=0273 RESISTOR 3.01K 1% .125W F TC=0+=100 24546 C4=1/8=T0=3011=F
ATRL2 0698~0085 RESISTOR 2461K 12 +125W F TC=0+=100 16299 C4=1/8-T70=2611-F
A7R13 0698-3155 RESISTOR 4464K 13 «125W F TC=0+-100 16299 C4=1/8=T0=46%1=F
ATE1S 0757-0273 RESISTOR 3.01K 1% .125W F TC=0+=100 24546 C4=1/8-T0=3011=F
ATR15 0757-0273 | RESISTOR 3401K 1% .125W F TC=0+-100 24546 C4=1/8-T0=3011-F
ATR16 0684=3311 3 RESISTOR 330 10% «25W FC TC=<=400/+600 0riz1 CR3311
ATR17 0684~3311 RESISTOR 330 10% «25W FC TC==400/+600 01121 CB3311
ATR18 0757-0428 1 RESISTOR 162K 1% .125W F TC=0+-100 24546 C4=1/8=TQ=1621=F
ATR19 07570441 1 RESISTOR 8.25K 1% +125W F TC=0+-100 24546 C4=1/8=T0=8251=F
AT7R20 0&84~1031 RESISTOR 10K 10% .25W FC TC==%00/+700 0L121 CR1031
ATR21 2100=2489 1 RESISTOR=VAR TRMR S5KDHM 10% C SICE ADJ 19701 ET50X502
AT7R22 07570407 RESISTOR 200 1% .125W F TC=0+=100 24546 C4=1/8=T0=201=F
ATR23 0757-0407 RESISTOR 200 1% .125W F TC=0+=100 24546 C4=1/8=T0=201=F
ATR2% 0757-0290 3 RESISTOR 6.19K 1% .125W F TC=0+=100 19701 MF4C1/8=T0-6191=F
ATR25 0684-1031 RESISTOR 10K 10% .25W FC TC==400/+700 01121 €B1031
ATR26 0684=2221 2 RESISTOR 242K 10% .25W FC TC=-400/+700 01121 cp2221
ATR27 0757-0200 2 RESISTOR 5462K 1% .125W F TC=0+-100 26546 C4=1/8=T0=5621=F
ATR28 0757-0399 1 RESISTOR 82.5 1% 4125W F TC=0+=100 24546 C4=1/8=T0=82F5=F
ATR29 0757-0200 RESISTOR 5.62K 1% 4125W F TC=0+=100 24546 C4=1/8=-T0=5621=F
ATR30 0757-0417 1 RESISTOR 562 1% 4125W F TC=0+=100 24546 C4=1/8=T0=562R=F
A7R31 0757=0317 1 RESISTOR 1.33K 1% .125W F TC=0+=100 24546 C4=1/8=-T0=1331=F
AT7R32 0675-2221 1 RESISTCR 2.2K 102 .125W CC TC=0+832 01121 BB2221
ATR33 0683-1135 1 RESISTOR 11K 5% .25W FC TC==400/+800 01121 CB113°%
ATR34 0684-1031 RESISTOR 10K 10% .25W FC T 430/+700 al121 €81031
ATR35 0684~1031 RESISTOR 10K 10% «25W FC TC==400/+700 01121 CB1031
ATR36 0757=04%6 3 RESISTOR 15K 1% 4125W F TC=0+=100 24546 C4=1/B=70=1502=F
A7R37 0757-0466 RESISTOR, 110K 1% .125W F TUBULAR 24546 C4-1/8-T0-1103-F
ATR28 0757=04562 1 RESISTOR 75K 1% .125W F TC=0+=100 24546 C4=1/8=T0=7502~F
ATR39 Q757-0449 2 RESISTOR 20K 1% 4125W F TC=0+=100 24546 C4=1/8=T0=2002=F
ATR40 0757-0449 RESISTCR 20K 1% .125W F TC=0+=100 24546 C4=1/8=T0=2002=-F
ATR4L V757=0454 1 RESISTOR 3342K 1% 1254 F TC=0+-100 24546 C4=1/8=-T0=3322~=F
ATR42 0658-3268 1 RESTISTOR 11.5K 1% 4125W F TC=0+-100 16299 C4=1/8-T0=1152=F
ATR43 D757-0444 RESISTOR 1241K 1% .125W F TC=0+-100 24546 C4=1/8-T0=1212=~F
ATRG4 0757-1094 3 RESTSTOR 1447K 1% «125W F TC=0+=100 24546 C4=1/8=T0=1471-F
ATR4S 0757-0274 RESISTOR 1.21K 1% .125W F TC=0+-100 24546 C4=1/8=-70=-1213~-F
ATR%4E 0757=0280 RESISTOR 1K 1% .125% F TC=0+~100 2454¢& C4=1/8=T0=1001=F
ATR&T 0684-4731 RESISTOR 47K 102 +25W FC TC==400/+800 01121 CB&731
ATR 48 0757-0230 RESISTOR 1K 1% 4125W F TC=0+=100 24546 C4=1/8-T0=1001=-F
ATR 49 0757-0431 4 RESISTOR 2.43K 1% .125W F TC=0+=100 24546 (4=1/8=-T0=2431=F
ATRS0 0757~-0431 RESISTOR 2443K 1% «125W F TC=0+=100 24546 C4=1/8=T0=2431=F
ATRS1 0687=2731 4 RESISTOR 27K 10% .5W CC TC=0+765 01121 EB2731
ATR52 0687-2731 RESISTOR 27K 10% . 5W CC TC=0+765 01121 £EB2731
ATRE3 0757-0274 RESISTOR 1a21K 1% .125W F TC=0+=100 24546 C4=1/8-T0=1213=F
ATRS%: 0757=0274 RESISTCR 1.21K 1% 4125W F TC=0+=100 24546 C4=1/8=T0=1213~F
ATR55 0757-0274 RESISTOR 1.21K 1% .125W F TC=0+-100 24546 C4=1/8=70=1213=F
ATR56 0757-=0433 2 RESISTOR 3.32K 1% .125W F TC=0+=100 24546 C4=1/8=T0=3321=F
A7RST 0757-0416 RESISTOR S11 1% .125W F TC=0+=100 24546 C4=1/8=-T0=511R=F
ATP58 07571054 RESISTOR 1l.47K 1% .125W F TC=0+=-100 1] 24546 C4=1/8=T0=1471-F
] ATR 59 0757-0438 RESISTOR 511K 1% 4125w F TC=0+=100 24546 C4=1/8=T0=5111=F
ATRE0 0684~-1011 RESISTOR 100 ~13% .25W FC TC==400/+500 01121 €B81i011
A7R61 0757-0283 1 RESISTOR, 2K 1% .126W F TUBULAR 24546 C4-1/8-T0-2001-F
ATRE2 0684-1031 RESISTOR 10K 10% .25W FC TC==400/+700 01121 C81031
ATR 67 0757-0443 2 RESISTOR 11K 1% .125w F TC 24546 C4=1/8=T0=1102~F
ATRE 0684-1031 RESISTOR 10K 10% .25W FC T 01121 CB1031
ATR6ES 0757-0442 REZSISTOR 10K 1% .125W F TC=0+=100 24546 C4=1/8=T0=1002=F
ATRS6 0757=0288 RESISTOR 9.06K 1% .125W F TC=0+=100 19701 MF4C1/8=T0=9091=F
ATRET 0757-1094 RESISTOR 1447K 1% .125W F TC=0+=100 24566 C4=1/8=T0=1471-F
ATR 63 0757-0274 RESISTOR 1.21K 1% «125W F TC=0+=100 24546 C4=1/8=T0=1213=F
ATP 69 J757-0280 RESISTOR 1K 1% .125¢ F TC=0+-100 24546 C4=1/8=T0=1001~F
ATRTO 0684-4731 RESISTOR 47K 10% +25W FC TC==400/+800 01121 CB&731
ATRTL 2100=2497 1 RESISTOR=VAR TRMR 2KOHM 10%Z C TOP 4&0J 13701 ET50W202
ATRT2 0757-0431 RESISTOR Z443K 1% «125W F TC=0+-100 26546 C4=1/8=T0=2431-F
ATR73 0757-0431 RESISTOR 2.43K 1% .125W F TC=0+=100 24546 C4=1/8=T0=2431~F
ATRT4 0687~2731 RESISTOR 27K 103 «5W CC TC=0+765 ol1z21 £B2721
ATPT5 0687-2731 RESISTOR 27K 10% .5W CC TC=0+765 01121 EB2731

See introduction to this section for ordering information
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Table 6-2. Replaceable Parts (Cont'd)

Model 1600A

Reference HP Part o Vifr
: . Qty Description Mfr Part Number
Designation Number - Code
i ]
il ATRT6 0757-0274 RESISTOR 1.21K 1% o125W F TC=0++100 24546 | C4=1/8-TN-1213-F
i ATRTT 0757-0274 RESISTOR 1.21K 1% .125W F TC=0+-100 24546 | C4»1/B=T0=1213:F
ATRTE 0757-0416 RESISTOR 511 1% .125W F TC=0+-100 24546 | Ch=1/B=T0=5118=F
ATRT9 0757-C274 RESISTOR 1.21K 1% .125W F TC=0+=100 24546 | C4=1/8-T0=1213=F
ATRS0 0757-0433 RESISTOR 3.32K 1% 41254 F TC=0+-100 24546 | C4=1/8-T0=3321-F
ATRS1 06841011 RESISTOR 100 10% 425W FC TC==400/+500 01121 |cm1o11
1t ATR82 0757-0283 1 |RESISTOR 2K 1% 4125k F TC=0+-100 24546  [Cé4-178-To=2001=F
. A7R83 0757-0443 RESISTOR, 11K 1% .125W F TUBULAR 24546 C4-1/8-T0-1102-F
i ATR 84" 0698-T096 2 | RESISTOR 10 10% +125W £C TC=0+5E8 o121 |BeB100L
i {NOT INSTALLED ON BOARD AT FACTORY)
i ATR85 0698-7096 RESISTOR 10 10% .125W CC TC=0+58% 01121 |®meio01
i ATR 86 2684-1031 RESISTOR 10K 10% .25W FC TC==400/+700 01121 | cBio3l
it ATS1 3101=1945 1 SWITCH 28480 | 3101=1945
i
i £7U1 1820-0708 6 IC MULTIPLEXER 07263 931090C
. A7UZ 1820~C708 1C MULTIPLEXER 07263 | 93L090C
A7U3 1820-07083 IC MULTIPLEXER 07263 | 93L0S0C
| ATU4 1820-0708 IC MULTIPLEXER 072¢3 | s3L050C
ATUS 1820-C738 IC MULTIPLEXZR 07263 | ¢3L0SDC
i ATUG 1€20-0708 IC MULTIPLEXER 07263 3L 090C
: ATUT 1620-0583 IC DMT4L OON 2701% | DM74LOON
1 ATU2 1820-0710 1€ MULTIPLEXER 07263 | 93L220C
ATUS 1820-0054 4 |1c sN7e 00 N 01295 | SNT400N
ATU10 1820-1117 4 | 1C GATE 07263 | siLsepc
" A7U1L 182C-1117 1C GATE 07263 | 9LseoC
! ATU12 1820-1117 1C GATE 07263 | oL8é"C
[ ATU13 1820~0504 IC COMPARATCR 07263 | $3L24LC
! ATUL4 1816-3352 1 IC MEMORY 28450 | 1816+0352
b ATULS 18260188 2 IC MC 1408L-8 04713 | MC1408L-3
1 ATU16 1826-0183 IC MC 14GBL—8 04713 | mC1408L-3
l A7U17 1820-0054 IC SNT4 00 N 01295 | sNT400N
. A7U18 1820~0321 3 IC COMPARATOR (ANALOG) 07263 | 710HC
i A7U19 1820-0581 1 IC CD40L6AE 02735 | CD4n16AE
: ATU20 1820-0201 2 IC MC 14396 04713 | MC14396
: A7UZL 1520-0201 IC MC 14396 04713 |MC14396
ATU22 1810~0183 NETHORK-RES 9=PIN SIP .1-PIN-SPCG 28480 | 1810-0183
- A7VR1 1502-0049 DIODE=ZNR 6.15V 5% DO~7 PD=.4W TC=+.022% | 02713 | Sz 10¢39-122
: ATVR2 1902~0049 DIODE-ZNR 6.19V 5% D=7 PD=.4N TC=+.022% | 04712 | SZ 10¢39-122
i ‘a8 01600-66512 1 BOARD ASSY, DIGITAL 28420 01600-66512
A8C1 0180-0228 CAPACITOR-FXD; 22UF+-10% 15VDC TA-SOLID 56289 | 1500226X9615R2
A8C2 0180~0228 CAPACITOR-FXD; 22UF+=10% 15VDC TA-SOLID 55289 | 1500226X501582
ABC3 0160-0168 CAPACITOR-FXD .1UF +-10% 200MVOC POLYE 55239 | 292pP10452
ABC4 0180-0228 CAPACITOR=FXD; 22UF+-10% 15VDC TA-SOLID se28e | 1500226X201582
ABCS 0180-0230 CAPACITGR=FXD3 1UF+=20% 50VDC TA=SOLID 56289 | 1500105X05022
ABC6 0180-0116 CAPACITOR=FXD; €.8UF+=10% 35VDC TA 56285 | 1500685x203582
ASC7 0160-3508 CAPACITGR=FXN LUF +80-20% 50WVDC CER 28480 | 0160-3504
A8C8 0180-0269 1 CAPACITOR-EXD; 1UF+75-10% 150VCC AL 56239 | 3001056150842
ABCS 0180-0116 CAPACITOR=FXD; 6.8UF+=10% 35V0C TA 56269 | 150D485X203562
A8Clo 0160~3443 CAPACITOR=FXD «1UF +80=20% 50HVDC CER 28430 | 0150-3443
ABC1L 0180~0116 CAPACITOR=FXDi 6.8UF+=10% 35VDC TA 56209 | 1500685%903582
A8Ci2 0160-093S 2 CAPACITOR=-FXD 430PF +=5% 300NVDC MICA 26480 | 0150-0937
i A8C13 0160-0939 CAPACITOR=FXD 430PF +=5% 300WVDC MICA 28480 | 0166-0939
| ABC14 0180-0228 CAPACITOR-FXD: 22 UF +—10% 15VDC TA-SOLID 56289 150D226X901582
! ABCR1 1901-0040 DICDE=SWITCHING 2NS 30V 50MA 28400 | 15010040
A8CR2 1901-0040 DIODE-SWITCHING 2NS 30V 50MA 28480 | 1501-0040
ABCR3 1901-0040 DIODE~SWITCHING 2NS 30V 5GMA 28430 | 1901~004)
ABCR& DELETED
ABCR5 1901-0040 DIODE~SWITCHING 2NS 30V 50MA 28430  |1901-0064
ABCR6 1910-0034 DIODE-SWITCHING 8NS 30V 80MA 28480 19100034
ABL1 9106-3139 1 COIL-EXD NCN-MOLDED RF CHOKE 75UH 15% 28480 | 9100-3130
A8L2Z 9140-0137 1 |COIL~FXD MCLDEO RF CHOKE 1MH 5% 24226 | 13/10%
ABP3 1251-3%71 CONNECTOR, PGST TYPE 16-MALE FXD CONTACT | 27264 |22-03~1161
ABPG 1251-3971 CONNECTOR, POST TYPE 16-MALE FXD CONTACT |27264 |22-03-1161
ABPS 1251-3571 CONNECTOR, PGST TYPE 16~MALE FXD CONTACT 27264 | 22-03-1161
ABPE 1251-3971 CONNECTORy PCST TYPE 16=MALE FXD CONTACT 27264 | 22-03=1161
A8P7 12513196 CONNECTOR 8-PIN M POST TYPE 27264 | CO-hD-1691(2403-08A)
AsGl 1853-0036 TRANSISTOR PNP ST PD=310MHW FT=250MHZ 23450 1653-0036
A8Q2 1853-0036 TRANSISTOR PNP S1 PD=310MW FT=250MHZ 28480 1653-0036
2603 1353-0036 TRANSISTOR PNP SI PD=310MW F7=250MHZ 28480 1853-0035
£804 1854-0071 TRANSISTOR NPN SI PD=300MH FT=200MHZ 28480 | 1854-0071
ABR1 0684-1021 RESISTOK 1K 10T .25H FC TC=-400/+600 01121 [ceio21
ABR2 0684-3311 RESISTOR 330 10% +25H FC TC==400/+600 01121 |cB3311
ABR3 0684~1021 KESISTOR 1K 10% <254 FC TC==4%00/+£00 01121 |cri021
ASR& 0684-1021 RESISTOR 1K 102 «25W FC TC==400/+600 o112l |ceio21
AgRS 0634-1021 RESISTOR 1K 10% .25W FC TC==%00/+600 01121 |ceioz.
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Table 6-3. Replaceable Parts

Replaceable Parts

HP Part A Mfr
Reference Qty Description Mfr Part Number
Designation Number Code
ABRO 0684=1021 RESISTOR 1K 102 .25W FC TC==400/+600 011zl €B1021
ABRT 0684-1021 RESISTOR 1K 10% «2%W FC TC==4%00/+600 01121 €B1021
A8RS 0684-2211 1 1 RESISTOR:FXD 220 OHM 10% .25W CC TUBULAR 01121 CB2211
ABR9 )684-1021 RESISTOR 1K 10% «25W FC TC==400/+600 01121 ca1o21
ABRI1C 06384-1031 RESISTOR 10K 10% «25W FC TC==400/+T700 01121 €B1021
A8R11 0684=10G21 RESISTOR 10K 10% .25W FC TC==4%00/+700 oriz1 €102}
A8R12 0634-1021 RESISTOR 1K 10% .25W FC TC==400/+600 01121 CR1021
ABR13 0684-1031 RESISTNDR 10K 10% «25W FC TC==400/+700 01121 CR1031L
ABR14 0684~1031 RESISTOR 1GK 1l0% «23W FC TC=-400/+700 or121 CB1031
ABR1S 0684-355621 -3 RESISTOR 5.€6K 10% «25W FC TC=-400/+70Q 01121 cps5621
ABR16& 0757=0450 1 RESISTOR 22.1K 1% .125W F TC=0+=100 24546 C4=1/8=T0=2212=F
ABRLT 9757-0457 RESISTOR 47.5K 1% 4125W F TC=0+-100 24546 C4=1/8~-T0=4752=F
ABR1S 0757-0465 RESISTOR 100K 1% 125K F TC=0+=100 24546 C4=1/8=T0=1003=F
ABRLS A757-0472 RESISTOR 200K 1% +125W F TC=0+=100 24546 C4-1/8=-T0=2003=F
ABR20 0757-0452 1 RESISTOR 27.4K 1% 125w F TC=0+-100 24546 C4=1/8=T0=2742=F
ABR21 0698=5450 3 RESISTOR 50K «1% «125W F TC=0+=50 19701 MF4C1/8=T2=5002=8
ABR22 0684~1021 RESISTOR 1K 10% .25W FC TC==400/+&00 01121 €B81021
ABR23 0684-1021 RESISTOR 1K 102 «25W FC TC==400/+600 oL121 (Blo21
ABR24 DELETED
ABR25 0684-1011 RESISTOR 100 10% .25W FC TC==400/+500 01121 celoll
ABR26 0684=3921 1 RESISTOR 3.9K 102 «25W FC TC==400/+700 01121 €p3921
A8R27 0684~1031 RESISTOR 10K 10% «25W FC TC=-400/+700 01121 CB1031
ABR28 0684-1021 RESISTOR 1K 10% .25W FC TC==400/+600 01121 cpio21
ABR29 0684-2221 RESISTOR 242K 10% +25W FC TC=-400/+700 01121 cB2221
£L8R30 0757-0438 RESISTOR S5411K 1% .125W F TC=0+=100 24546 C4=1/8=T0=5111=F
A3R31 Q757=025%C¢ RESISTOR 6.19K 1% +125W F TC=0+-100 19701 MF4CL/8=T0=6191=F
ABR32 0757-0446 RESISTOR 15K 1% .125W F TC=0+~100 24546 C4=1/8=T0=1502=F
ABR33 0757-0290 RESTISTOR 519K 1% .125W F TC=0+=100 19701 MF4C1/8=T0=6191=F
ABR34 V757-0278 RESISTOR 1.78K 1% .125W F TC=0+-100 24546 C4=1/6=T0-1781=F
A8R 35 0684-1031 RESISTOR 10K 10% .25W FC TC==400/+700 01121 CeLO31
ABR36 0698=5450 RESISTOR 50K 1% «125W F TC=0+=50 16701 MF4Cl/6=T2=5002-8
A8BF 37 0684-1021 RESISTOR 1K 10% «25W FC TC==400/+600 01121 cB1021
ABR38 0698-5450 RESISTOR 50K «1% .125W F TC=0+=50 19701 MF4(1/8=T2=5002=8
ABR39 0684-1021 RESISTOR 1K 10% 425W FC TC==400/+600 Q1121 cB1021
ABR40 0684~-1021 RESISTOR 1K 10% .25W FC TC==400/+600 01121 celozi
ABR4L 0684=1021 RESISTCR 1K 10% .25W FC TC==400/+600 01121 cplo21
ABR42 0684~-1031 RESISTOR 10K 10% «25W FC TC==400/+700 QL1211 €B1l0O31
A8R&3 0684-1021 RESISTOR 1K 10% .25W FC TC==400/+600 01121 csio21
A8R44 Q684~1031 RESISTOR 10K 10% .25W FC TC==400/+700 0L121 cB81031
A3R4LS 0664-1031 RESISTOR 10K l0% «25W FC TC==400/+700 01121 €B81031
ABR46 0684=5621 RESISTOR 546K 10% «25W FC TC==400/+700 Q1121 CB5621
ABR &7 0684-5621 RESISTOR 5.6K 10% <25W FC TC 00/+700 01121 CB5621
ABR4E 9584-1011 RESISTOR 100 10% .25W FC TC==400/+500 QL1121 CB1Ol1
ABF 49 0757-0448 1 RESISTOR 1842K 1% .125W F TC=0+-100 24546 C4=1/8=T0=1822=F
ABR50 0684-1031 RESISTOR:FXD 10K 10% .25W CC TUBULAR 01121 CB1031
ABRS51 0684-1031 RESISTOR:FXD 10K 10% .256W CC TUBULAR 01121 CB1031
ABU1L 1820=0596 6 IC DM7T4L 74N 27014 DM74LT7&N
ABU2 1320-0730 IC MULTIVIBRATOR 34335 96L02DC
A8U3 1820-058% IC DM74L O2N 27014 DM74L 02N
ABU4 1820-0054 IC SN74 00 N Q1295 SNT400N
A8US 1820-0773 1 IC COUNTER 07263 g3L16DC
ABUS 1826~-0077 1 IC SN74 74 N 01295 SNT74T4N
ABU7 1826=0119 1 IC NE 5557 18324 NESS55T
A8U8 1820-1285 3 IC SN74LS 54 N 01295 SN74L S54N
ABUQ 1820~0586 7 IC DM74L Q4N 27014 DM74L 04N
A8BUL0 18200321 IC CCMPARATCOR (ANALDG) 07263 T10HC
AgU1l 1820-0321 IC COMPAPATOR (ANALOG) Q7263 71C0HC
A8U12 1820-C043 IC SN74 51 N 01295 SNT451N
AQULS 1820-0328 JC DGTL SN74 02N GATE 01295 SN7402N
A8UL4 1820-1285 IC SN74LS 54 N 01295 SN74LS54N
A8U15 1820-0034 IC SNT4 00 N 91295 SNT7400N
A8U16 1820=0515 1C MULTIVIBRATOR 07263 96020C
ABULT 1320~0691 IC SN74S 64 N 01295 SN74S64N
ABUL8 1820-1217 2 IC DGTL SN74 LS151N MULTIPLEXER 01295 SN74LS151N
ABULS 1820-0584 IC DOM74L 02N 27014 DM74L02N
A8U20 1320-059¢ IC DM74L T4N 27014 DMT4LT4N
A8U21 1820-0587 1 IC DM74L 10N 27014 DMT4L10N
ABU22 1820=0583 IC DM74L OON 27014 DM741L.00N
A8U23 1820-0596 IC DMT4L 74N 27014 OMT4LT4N
ABUZ4 1820-1217 IC DGTL SN74LS151N MULTIPLEXER 01295 SN74LS151N
ABU2ZS 1820=0536 ¢ DM74L 04N 27014 DM74L 04N
ABU2& 13820-058% IC DM74L 02N 27014 DM74LO2N
ABU27 1820~0655 1 IC SN74 25 N 01295 SN7425N
A8U23 1820=-0231 2 IC COUNTER 07263 9316DC
ABU29 1820-0231 IC COUNTER 07263 9316DC
A8U3C 1820-C596 IC DM74L 74N 27014 DMT4LT74N

See introduction to this section for ordering information
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Replaceable Parts

Table 6-2. Replaceable Parts (Cont'd)

Model 1600A

Reference HP Part S Mfr
eferenc Qty Description Mfr Part Number
Designation Number Code |
-

ABU3L 1820-0590 2 IC DM74L SIN 27014 DMT4L5LN

A8U32 1820-0590 IC DM74L 51N 27014 OMT4L51N

A8U33 1820-0710 IC MULTIPLEXER 07263 93L220C

ABU34 1820-0536 IC DM74L 04N 27014 DMT4LON

A8U3S 1820~1285 IC SN74LS 54 N 01295 SNT4LS34M

A8U36 1820-0586 IC DM74L 04N 27014 DMT4LO4 N

ABU3T 1820=0666 1 IC SN74 07 N 01295 SNT407N

ABU38 1820-0533 1C DMT4L QON 27014 DMT4LOIN

48U39 1820~0586 IC DM74L 04N 27014 DMT4L OGN

ABU40 1820~0596 IC DMT4L 74N 27014 OMT4LT4N

ABU4L 1820-0585 2 IC DM74L 03N 27014 740034

ABU42 1820-0585 IC DM74L 03N 27914 DMT4LO2M

A8U43 1820~1117 1C GATE 07263 oLB6PC

A8U44 1820-0596 1C DM74L 74N 27014 EMT4LTGN

ABU4S 1820-0584 IC DMT74L 02N 27014 DMTSLOZN

A8U46 1820=-0536 1C DMT4L 04N 27014 GM74L 04N

ABUST 1813~0134 1 IC MM1101A/AN 27014 MML131A/ALN

A8U48 1820-0586 IC DM74L 04N 27014 OMT4LO4GN

A8U49 1810-0183 NETWORK=RES 9=PIN SIP .1=PIN=SPCG 28480 1810-01 33

ABUS50 1810-0163 NETWORK~RES 9=PIN SIP .1-PIN-SPCG 28486 1810-0183

ABUS1 1820-1112 IC DGTL SN74LS74N FLIP-FLOP 01295 SN74LS74N

A8VR1 1902-0025 1 DIODE-ZNR 10V 5% DO-7 PD=.4W TC=+.06% 04713 5210939-182

ABVR2 1902-0049 DIODE=ZNR 5419V 5% DO=7 PD=.4W T(=+.022% 04713 $7 10939-122

ABXAT 1251=2915 1 CONNECTUR; PC EDGE; 25«CONT: DIP SOLDER 71735 252=25-30=300

A 0960-0430 1 ASSY, HeV. MULTIPLIER 28430 C96G=1%3%

AlO 01800-66510 1 BOARD ASSY, DIGITAL SWITCH 28480 01600-65510

A10S1 3100-3233 1 SWITCH, RATARY 28430 3100-3234

AlOW1 8120-0621 CABLE CA ASSY 14-CCND 26AWG 28480 8120-0621

Al0W2 8120-~0621 CABLE CA ASSY 14=-CGND 26AWS 23480 8120=042]

Table 6-3. List of Manufacturers’ Codes
MFR zIp
NO. MANUFACTURER NAME ADDRESS coDE
GM005 DEUTSCHE VITROHM GMBH & CO GERMANY
01121 ALLEN BRADLEY CO MILWAUKEE W1 53212
01295 TEXAS INSTR INC SEMICOND CMPNT DIV DALLAS TX 75231
02735 RCA CORP SOLID STATE DIV SOMMERVILLE NJ 08876
03888 PYROFILM CORP WHIPPANY NJ 07981
04713 MOTOROLA SEMICONDUCTOR PRODUCTS PHOENIX AZ 85008
06560 AIRCO SPEER ELEK DIV AIR RDCN CO NOGALES AZ 85621
07088 KELVIN ELECTRIC CO VAN NUYS CA 91401
07263 FAIRCHILD SEMICONDUCTOR DIV MOUNTAIN VIEW CA 94040
12697 CLAROSTAT MFG CO INC DOVER NH 03820
13103 THERMALLOY CO DALLAS TX 75247
14099 SEMTECH CORP NEWBURY PARK CA 91320
16299 CORNING GL WK ELEC CMPNT DIV RALEIGH NC 27604
18324 SIGNETICS CORP SUNNYVALE CA 94086
19701 MEPCO/ELECTRA CORP MINERAL WELLS TX 76067
24226 GOWANDA ELECTRONICS CORP GOWANDA NY 14070
24546 CORNING GLASS WORKS (BRADFORD) BRADFORD PA 16701
24995 ENVIRONMENTAL CONTAINER SYSTEMS INC PALO ALTO CA 94304
27014 NATIONAL SEMICONDUCTOR CORP SANTA CLARA CA 95051
27264 MOLEX PRODUCTS CO DOWNERS GROVE IL 60515
28480 HEWLETT-PACKARD CO CORPORATE HQ PALO ALTO CA 94304
32997 BOURNS INC TRIMPOT PROD DIV RIVERSIDE CA 92507
34335 ADVANCED MICRO DEVICES INC SUNNYVALE CA 94086
34649 INTEL CORP MOUNTAIN VIEW CA 94040
4G819 OVERLAND PRODUCTS CO FREMONT NE 68025
56289 SPRAGUE ELECTRIC CO NORTH ADAMS MA 01247
71400 BUSSMAN MFG DIV OF MCGRAW-EDISON CO ST LOUIS MO 63017
71450 CTS CORP ELKHART IN 46514
71744 CHICAGO MINIATURE LAMP WORKS CHICAGO IL 60640
71785 TRW ELEK COMPONENTS CINCH DIV
ELK GROVE VILLAGE IL 60007
72136 ELECTRO MOTIVE MFG CO INC WILLIMANTIC CT 06226
73138 BECKMAN INSTRUMENTS INC HELIPOT DIV FULLERTON CA 92634
73899 JF D ELECTRONICS CORP BROOKLYN NY 11219
74276 SIGNALITE INC NEPTUNE NJ 07753
75042 TRW INC PHILADELPHIA DIV PHILADELPHIA PA 19108
80033 PRESTOLE EVERLOCK INC TOLEDO OH 43605
82389 SWITCHCRAFT INC CRICAGO 1L 60630
gggﬁ mvwv énlA%f\Elq_I%TFEg?\E}URG DIV ST PETERSBURG FL 33702
OGALLALA NE 69153

9D949 AMPHENOL SALES DIV OF BUNKER-RAMO HAZELWOOD MO 63042

6-18




Model 1600A

Manual Changes

SECTION VII

MANUAL CHANGES

7-1. INTRODUCTION.

7-2. This section contains information required to
backdate or update this manual for a specific in-
strument. Description of special options and standard
options are also in this section.

7-3. MANUAL CHANGES.

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

Table 7-1. Manual Changes

Serial Prefix Make Changes

1510A 1

7-5. SPECIAL OPTIONS.

7-6. Most customer special application requirements
and/or specifications can be met by factory modifica-
tion of a standard instrument. A standard instrument
modified in this way will carry a special option num-
ber, such as Model 0000A/Option COI.

7-7.  An operating and service manual and a manual
insert are provided with each special option instru-

" ment. The operating and service manual contains in-
formation about the standard instrument. The manual
insert for the special option describes the factory
modifications required to produce the special option
instrument. Amend the operating and service manual
by changing it to include all manual insert infor-
mation (and MANUAL CHANGES sheet information,
if applicable). When these changes are made, the
operating and service manual will apply to the special
option instrument.

7-8. If you have ordered a special option instrument
and the manual insert is misging, notify the nearest
Hewlett-Packard Sales/Service Offi~e. Be sure to give
a full description of the instrument, ...cluding the com-
plete serial number and special option number.

7-9. STANDARD OPTIONS.

7-10. Standard options are modifications installed on
HP instruments at the factory and are available on
request. Contact the nearest Hewlett-Packard
Sales/Service Office for information concerning stan-
dard options.

7-11. MANUAL CHANGE INSTRUCTIONS.

CHANGE 1

Table 6-2,

A8: Change HP Part No. and Mfr Part No. to 01600-
66508.

Add: A8CR4, HP Part No. 1901-0040, DIODE-
SWITCHING 2 NS 30 V 50 MA, Mfr Code 28480,
Mfr Part No. 1901-0040.

Delete: ABCRS.

A8RB8: Change to HP Part No. 0684-2721, RESISTOR-
FXD 2.7K 10% .256W FC TC = —400/+600, Mfr Code
01121, Mfr Part No. CB2721.

Add: A8R24, HP Part No. 0757-0438, RESISTOR-
FXD 5.11K 1% .125W F TC = 0 100, Mfr Code
24546, Mfr Part No. C4-1/8-T0-5111-F.

Delete: ASR50.

Delete: ASR51.

A8U13: Change to HP Part No. 1820-0584, IC DGTL
DM 74L02N, Mfr Code 27014, Mfr Part No.
DM74L02N.

A8U18: Change to HP Part No. 1820-0658, IC DGTL
MULTIPLEXER, Mfr Code 07263, Mfr Part No.
93L.12DC.

A8U24: Change to HP Part No. 1820-0658, IC DGTL
MULTIPLEXER, Mfr Code 07263, Mfr Part No.
93L12DC.

A8VRI1: Change to HP Part No. 1902-3139, DIODE-
ZNR 8.25 V 5% DO-7 PD = 4W TC = £.053%,
Mfr Code 04713, Mfr Part No. SZ 10939-158.

Figure 8-28,
Replace A8 component locator with figure 7-1.
Figure 8-29,
Replace schematic 15 with figure 7-2.
Figure 8-31,
Replace schematic 17 with figure 7-3.
Figure 8-33,
Replace schematic 19 with figure 7-4.

7-1/(7-2 blank)




Manual Changes

REF | GRID| REF | GRID

DESIG | Loc | pEsie | Loc
. [ J5 | Ra6 D-4

‘ c2 cs5| R3z c5
R14 c3 J-5 | Ras D-4

- ca L-51 R39 c1

@ 3 » c5 L5 24? cq

o S c6 B-2 4 c-
:l z T U3t u3s Ua3s c7 c3| Raz B-5
cs c1| Ra3 E-4

° cs D-5| R44 L-1

— o = c10 c5| Ras F-2
= |z Q4 a c11 c2| Ras K-4
& 7 ci12 c4| Raz K-4

— U32 1 o ~ c13 E-4| Ras H-1
o) Uag cla L-5| Rao L-1

—_ | CR1 H-2| U1 B-1
ua4q ) CR2 -5 u2 B-2

9 CR3 -5 | U3 B-3

— us3 3 CR4 -5 | U4 B-4
CR5 c1| us B-4

u40 L1 K- uUe B-5

) L ‘ L2 K-5| U7 c1
u4s P1 F-6 | US c2

— P2 E-6 | U9 c-2
u34 —_ » P3 D-1| U1o c3

P4 F-1| Ut c-4

PS5 L2 | ulz D-1

U4 uae ° P6 3| 13 D-2

u3s 0 P7 L6 | U4 D-3

= a1 D-4| U1s D-3

o Q2 D-4 | U16 D-4

va7 Q3 K-4 | u17 D-5

L] Q4 K-2| uU1s F-1

u3e u42 R1 G-4| U19 F-2

[(Ras ] R2 c-5 | uU20 F-3

5 R3 G-4| U21 F-4

(CRe_] R4 F-3 | U22 F-4

= = RS F-3 ] U23 F-5

u37 x VR1 R6 F-3 | U24 H-1

R7 F-3 | U25 G-2

R8 -4| uz6 G-2

R9 -2 | u27 G-3

N 5 R10 L-2 ] u2s8 G-3

& Hlﬂﬁ 2 © © o 1|3 R11 p-1] U29 G4

Oz el|ojlo 9 R12 H-1] us0 G-4

R13 H-2 | U31 -1

R14 K-1] U32 1-2

O R15 J3 | U33 -2

O R16 E-3 | U34 :-3

R17 E-3 | U3ss -3

XA7 & R18 3| U36 1-4

~ O R19 F-3| U37 I-4

LNe) R20 E-3 | u38 J-1

0o R21 B-2 | U39 J-2

R22 B-2 | u4o J-3

O R23 -6 | Ua1 J-3

. P2 0 R24 15 | u42 J2

) R25 -5 | U43 K-1

’ R26 D-1| u44 K-2

A8 R27 B-4 | u4s K-3

R28 B-4 | uas K-3

, R29 ca| uaz K-4

: R30 c4 | uas D-1

R31 c5 | uas L-2

R32 c4] Uso L-3

R33 -4 | vR1 K-4

R34 cs5 | VR2 -5

1600A-041-09-75 R385 C2 | XA7 I-5

Figure 7-1.

Replacement Page for Figure 8-28 Parts Identification, Board Assembly A8
7-3




Model 1600A

P3 1 P4 1
u1 III u24
= -
ﬂla Utz u1s
cns
’ RA5 Uzs
/
cHl vag
R22 us U19 u26
U113
u2
U9 I —
u14 ZH=liElg 2
i —
ua @
uz20
H uU15
ua
& 10 —
a8 R36 « U29
2| |2 L
m a1 ute
us U22 _
R32 B - o u30
<
2 nas_@ GED) 2
-
us (R T |2 u17 u23
| = I
‘~ e [vez ]
|

000000000000000 |




Manual Changes Model 1600A
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Figure 7-2. Replacement Page for Schematic 15,
Data Routing and Multiplexing Replacement
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Figure 7-3.

Replacement Page for Schematic 17, Blanking Control
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Figure 7-4. Replacement Page for Schematic 19,
Display Clock Generaior and Display Reset
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SECTION Vil

SCHEMATICS AND TROUBLESHOOTING

8-1. INTRODUCTION.

8-2. This section contains schematics, repair and
replacement information, component-identification
illustrations, waveforms, test conditions, trouble-
shooting charts, timing diagrams, and truth tables
for the Model 1600A.

8-3. REPAIR AND REPLACEMENT.

WARNING

Read the safety summary at the front of
this manual before troubleshooting the
instrument.

8-4. The following paragraphs provide procedures
for removal and replacement of assemblies, sub-
assemblies, and components in the Model 1600A.
Special servicing instructions for circuit boards and
integrated circuits are covered in paragraphs 8-13
through 8-17. Section VI provides a detailed parts list
for use in ordering replacement parts.

8-5. MECHANICAL DISASSEMBLY AND BOARD RE-
MOVAL.

NOTE

Refer to illustrations in Section VI for
locations of mechanical parts (MP refer-
ence designations).

8-6. Data Acquisition Board A1 Removal. (See figure
8-1.)

a. Disconnect main power and remove top and
bottom covers (MP3 and MP4).

b. Remove wires from square pins on component
side of Al board.

c. Remove four screws attaching Al board to
brackets MP39 and MP41.

d. Lift back of Al board until connectors
A1XA8P1 and A1XAS8P2 are disconnected from A8
board.

e. Slide Al board back from front panel until
switches and connectors are disengaged, then tilt
rear of Al board up.

f. Disconnect ribbon connectors J5 through J9
on circuit side of Al board.

DATA
ACQUISITION
BOARD A1

TRIGGER SWITCH

1600A-063-09-75 BOARD A6

Figure 8-1. Data Acquisition Al1/Trigger Switch A6
Board Removal

8-7. Trigger Switch Board A6 Removal. (See figure
8-1.)

a. Remove Data Acquisition board Al (paragraph
8-6).

b. Remove two mounting screws that hold Trig-
ger Switch board to front-panel assembly.

c. Pull Trigger Switch board away from front
panel and lift out.

8-8. High Voltage Board Assembly A2 Removal.

a. Disconnect main power and remove top and
bottom covers (MP3 and MP4).

b. Remove plastic HV cover MP42.

c. Discharge post accelerator, cathode, and grid
to ground and disconnect post accelerator connector.
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d. Unsolder leads to CRT base and FOCUS pot
on A2 board.

e. Disconnect pin connectors A2P1 and A2P3 on
A2 board.

f. Remove three screws that hold A2 board and
one screw holding HV Multiplier A9 to HV bracket
MP37.

g. Pull A2 board out of instrument from top.

h. Carequy work HV Multiplier under and away
from power switch S1.

8-9. Analog Board A7 Removal. (See figure 8-2.)

a. Disconnect main power cable and remove top
and bottom covers (MP3 and MP4).

b. Disconnect cablg to connector A7P2.

¢. Remove single retaining screw and disconnect
A7 board from A8 board.

d. Pull A7 board toward rear of instrument to
disengage switches from front panel and carefully
work board out of instrument.

NOTE:

BE CAREFUL OF
CABLES BE-

TWEEN DELAY
BOARD AND
A1 BOARD.

CABLE FROM
POTS ON REAR
PANEL

1600A-064-09-75

Figure 8-2. Analog Board A7 Removal

8-2

Model 1600A

CAUTION

When reinstalling A7 board, be careful
to avoid damaging ribbon cables con-
necting A6 and A10 boards to the Al
board.
8-10. Digital Board A8 Removal. (See figure 8-3.)
a. Remove Analog Board A7 (paragraph 8-9).

b. Disconnect all cable connectors from A8 board.

¢. Remove four mounting screws that hold A8
board to bracket MP39.

d. Disconnect A8 board from Al board.

e. Lift A8 board from instrument.

FRONT PANEL

Y
<

J

MP39
DISPLAY

BRACKET

DIGITAL
BOARD A8

1600A-065-09-75
Figure 8-8. Digital Board A8 Removal
8-11. Switch Boards A4 and A5 Removal.

a. Disconnect cables from boards A4 and Ab.

b. Remove mounting screws that hold switch
boards A4 and A5 to front panel.

¢. Carefully remove boards from front panel.
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8-12. CRT Removal. (See figure 8-4.)
a. Disconnect main power.
b. Remove light shield MP25 on front panel.

¢. Remove CRT bezel MP21 and blue safety
shield MP24.

d. Remove CRT socket cover MP43 from rear
panel.

e. Loosen CRT clamp MP36.

f. Discharge post accelerator, cathode and grid
to ground.

g. Disconnect post accelerator connector.

h. Disconnect wires to CRT neck pins and re-
move CRT socket.

i. With one hand align CRT shield with front
panel and remove CRT by pushing CRT base forward
with other hand.

8-13. SERVICING CIRCUIT BOARDS. This instrument
uses circuit boards with plated-through component
holes. This allows soldered-in components to be re-
moved or replaced from either side of the board. HP
Service Note M-20E contains additional information
“on the repair of circuit boards.

Service

*NOTE: ALIGN CRT SHIELD WITH ONE
HAND AND PUSH CRT BASE WITH
OTHER HAND.

V1
MP24
BLUE SAFETY SHIELD
MP21
BEZEL

MP25
LIGHT SHIELD

1600A-066

Figure 8-4. CRT Removal

8-14. SEMICONDUCTOR REPLACEMENT. Figure 8-5
is included to help identify the leads in the common
shapes and sizes of semiconductor devices. When re-
moving or replacing a semiconductor, use long-nosed
pliers as a heat sink between the device and the
soldering iron.

INTEGRATED CIRCUITS

14 PIN INTEGRATED CIRCUIT

LOCATOR LOCATOR
NOTCH NOTCH
L14 8

1 7

16 PIN INTEGRATED CIRCUIT

FIELD EFFECT TRANSISTORS

BLACK EPOXY

METAL CASE (PLASTIC) METAL CASE
DG1 G2S 82 s1
D1
G DS GZ G1

BI-POLAR TRANSISTORS

BLACK EPOXY (PLASTIC) TRANSISTORS

‘ | |
X
i
|

CBE EBC ECB

ECB CBE

METAL CASE TRANSISTORS
DUAL

CBE C/ BE E2 y \\ C1
B2 B1
STD-001-08-75 SHIELD C2 E1

Figure 85. Semiconductor Terminal Identification

8-3
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8-15. INTEGRATED CIRCUIT REPLACEMENT. Figure
8-30. provides power, ground and logic connections
for integrated circuits used in the Model 1600A.
Soldered IC units may be removed with soldering irons
which simultaneously heat all connections (avail-
able from various manufacturers). Soldering irons with
build-in desoldering tools facilitate quick removal.

CAUTION

Unless an IC has definitely failed, exer-
cise care to prevent damage when re-
moving or replacing it.

8-16. When replacing an IC, note the mark or notch
used for orientation. The component identification
illustrations and the IC pin-location diagrams in fig-
ure 8-1 show IC orientation.

8-17. INTEGRATED CIRCUIT HANDLING. Many of
the integrated circuits in the Model 1600A are in the
CMOS family of digital devices. CMOS devices can be
damaged by static voltages present - in the service
environment. To protect CMOS devices during
handling, the following procedures are suggested:

a. Ground all test equipment.
b. Use grounded-tip soldering irons.
c. Disconnect all low-impedance test equipment

(such as pulse generators) from device inputs before
removing dc power supplies.

Model 1600A

d. Store unused CMOS devices in conductive
rails or conductive foam, or short all device leads
together.

8-18. TROUBLESHOOTING.

8-19. The most important prerequisites for successful
troubleshooting are an understanding of the instru-
ment functional operation and the correct use of
front-panel controls. Suspected malfunctions may be
caused by improper control settings. Before perform-
ing the test and/or troubleshooting procedures, refer
to Section III for an explanation of controls, con-
nectors, and general operating considerations, and to
Section IV for an explanation of circuit functional
operation.

8-20. If trouble is suspected, visually inspect the
instrument. Look for loose or burned components that
might suggest a source of trouble. Check to see that
all circuit board connections are making good contact
and are not shorting to an adjacent circuit. If no
obvious trouble is found, check the instrument supply
voltages, and the external power sources.

8-21. FAULT ISOLATION. Figure 8-6 provides a fault
isolation procedure in flow-chart form. Malfunctions
can be isolated to a specific circuit or component by
following the indicated step-by-step instructions.
Refer to the mnemonics table in Section IV for a list
of mnemonic definitions, flow charts, block diagrams,
and simplified schematics of circuits contained
in the Model 1600A.
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KT,
CKT
5&17)

MOVE
MAP CURSOR LOCATE
WITH CURSOR ABOUT
TRIGGER WORD INTENSIFIED
SWITCHES DOT
15-10 AND 7-2

KT
1 16)

Y
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SELECT TABLE A
TRIGGER WORD -
CHECK MAP LOCATOR
MAP CURSOR CKT SWITCH SETTINGS
A7Q4/A7U19 SHOULD CORRESPOND
TO WORD
ON TABLE A
DISPLAY
LOCATE ]
MAP CURSOR
ABOUT OBSERVE
INTENSIFIED NO CLOCK AND
boT DATA HELD
INDICATOR LIGHTS
ON FRONT PANEL
Y
SELECT CHECK LED'S.
MAP EXP CHECK CLOCK

DISPLAY MODE

INDICATOR
LIGHTS ON

INDICATOR LIGHT
CKT (SCHEMATIC 13)
CHECK DATA

HELD INDICATOR
LIGHT CIRCUIT
(SCHEMATIC 4)

1600A-067-09-75

GO TO
TROUBLESHOOTING
CHART C (SHEET 2)

SECTOR
OF NORM DISPLAY
CONTAINING CURSOR
EXPANDED TO FULL
SCREEN AND TRIGGER
WORD SWITCHES 9, 8
AND 1, 0 MOVE
CURSOR

NOTE 1: MODEL 1600A FRONT PANEL TROUBLE-
SHOOTING SETUP:

CHECK LXPMP
(SCHEMATIC 20)

" SAMPLE MODE.............. .
DISPLAY MODE ........ .
TRIGGER MODE...........

THUMBWHEELS ...
COLUMN BLANKING
LOGIC ............. L

INTENSITY ..



ZCK HBCD,
DCT, AND
M A7U14
IATICS 15 & 20)

®

TURN DELAY
ON AND
INCREMENT
THUMBWHEELS
FROMOTO 15

1ECK HPOS
1{EMATIC 15)

ECK HSTRT
AND

D INTENSIFY
CKT

EMATIC 14)

CHART A.

SYSTEM TROUBLESHOOTING C

INTENSIFIED
WORD INCREMENTED
FROM BOTTOM TO
TOP OF

CHECK LNDLY
AND WORD
INTENSIFY CKT
(SCHEMATIC 14)

DISPLAY

TURN DELAY
OFF AND
SELECT
TABLE A
DISPLAY MODE

ONLY
TABLE A
DISPLAYED

CHECK IF HSB
LOW AND CHECK
BLANKING CKT
(SCHEMATIC 17)

SELECT
TABLEB
DISPLAY MODE

ONLY
TABLE B
DISPLAYED

CHECK IF HSA
LOW AND CHECK
BLANKING CKT
(SCHEMATIC 17)

SELECT
A+(A® B)
DISPLAY MODE

TABLE A
DISPLAYED AND
TABLE B DISPLAYED
WITH ALL ONE'S
INTENSIFIED

CHECK LEXOR
BLANKING CKT,
AND
BRIGHTING CKT
(SCHEMATICS 15 & 17)

DEPRESS
STORE A=B

PUSHBUTTON

TABLE
B
ALL ZERO'S

CHECK HSTAB
AND
B-MEMORY CKT
(SCHEMATIC 16)

SELECT
MAP NORM
DISPLAY MODE

MAP
DISPLAY
OF INTENSIFIED
DOTS CONNECTED

CHECK LMAP
(SCHEMATICS 16, 17
AND 18). CHECK HMAP,
LMAP - LPOS (SCHEMATIC
20), CHECK LMAP * HB
(SCHEMATIC 21)




Model 1600A

SET UP MODEL
1600A PER
NOTE 1

APPLY
POWER

ONE’S
AND ZERO'S
DISPLAYED
IN TABLES
A AND B

CHANGE BYTE
FROM 4 BIT
TO3BIT

GO TO
TROUBLESHOOTING
CHART B
(SHEET 2)

ADJUST
FOCUS

/

ADJUST INTENSITY
FOR INTENSIFIED
TOP WORD IN
TABLE A

IS
TOP WORD
INTENSIFIED

3-BIT
BYTES
DISPLAYED

CHECK HBCD
HDCT, AND

ROM A7U14
(SCHEMATICS 15

CHANGE LOGIC
FROM POS
TO NEG

CHECK LECMP
(SCHEMATIC 14)
AND HTWD
(SCHEMATIC 17)

ADJUST
COLUMN BLANKING
FULL CW

ALL
COLUMNS
BLANKED
EXCEPT
LSB

DID
ONE’S
CHANGE TO ZERO'S
AND ZERO'S
CHANGE
TO
ONE’S

CHECK HPOS
(SCHEMATIC 1

SET
TRIGGER MODE
TO
END DISPLAY

CHECK COLUMN
BLANKING CKT
(SCHEMATIC 17)

1S
BOTTOM
WORD
INTENSIFIED

CHECK HSTR1
AND

WORD INTENSIF
CKT

(SCHEMATIC 14
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SETUP FOR CHART C. pvemyyr

MeRNoTES DATAc:égElgiTION

UIPMENT AS SHOWN PER NOTE 2
EQ H | TROUBLESHOOTING
JA CONTROLS AS FOL-
...................... —J— STABLE CHECK
.................... TTL DISPLAY OF INDICATOR
ALL ONE’'S LIGHTS
...................... HI
................... TRIG
................. REPET
ON CHECK NCLK
..................... ON (SCHEMATIC 13)
................. NORM
................ LOCAL ALTERNATELY OFF
,,,,,,,,,,,,,,,,,,,,, ON SWITCH EAC REMOVE, THEN REPLACE CLOCK
TABLE A STV\T,'TGC%EER%?AF‘,E" INPUT. VERIFY NO CLOCK IS ON
.............. \BLE 2 SwiTCH FROM Hl WITH CLOCK INPUT REMOVED.
IMS SHOWN IN FIGURE :
) DATA INPUTS. ON CHECK HLCQ
(SCHEMATICS 7 & 13)
OFF

BIT
RECOGNITION
HITO LO

NO

SWITCH QO0, Q1 SWITCHES LO, THEN
BACK TO H!. VERIFY NO QUAL IS ON
WHEN Q0, Q1 ARE SET TO LO.

Y

CHECK DATA
INPUT CKT
AND PROBES
(SCHEMATICS 5 & 7)

ON ‘ CHECK HPTS
(SCHEMATICS 8 & 13)

SET MODEL 1600A
DELAY ON AND

INDEX DELAY OFF
THUMBWHEELS
SWITCH ONE TRIGGER WORD BIT SWITCH
| LO, THEN BACK TO HI. VERIFY NO TRIG
« IS ON WHEN BIT IS LO.
/
YES MONITOR on
PATTERN TRIG OUT CHECK LARM
AND (SCHEMATICS 8 & 13)
DELAYED TRIG OUT :
CHECK DATA OFF

BUFFERS AND RAM
(SCHEMATIC 10)

SET NORM/ARM TO ARM. VERIFY
. NO ARM IS LIT.

TRIGGER
QUTPUTS
PRESENT

CHECK HBTRG,

HLTRG, LNDLY,
TERMINATE HB, HD, HDC

TROUBLESHOOTING (SCHEMATIC 8)

1600A-080-02-75

Figure 8-6. Troubleshooting Chart (Sheet 2 of 2)
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CHECK
ANALOG OUTPUT
CKT
(SCHEMATIC 21)

VOLTAGE
RAMP QUTPUTS
PRESENT AT PROPER

LEVELS

CHECK HORIZ
AND VERTICAL
DECODERS,

D/A CONVERTERS, AND
OP AMPS (SCHEMATIC 20)

DECODER
AND D/A

NO

OUTPUTS
PRESENT

CHECK

ANALOG

QUTPUT
(SCHEMATIC 20)

\

CHECK HORIZ
AND VERT STATE
COUNTER OUTPUTS
(SCHEMATIC 16)

NOTE 2: INSTRUMENT SETUP F

A. CONNECT TEST EQUIPME

B.

IN FIGURE 5-1.

SET MODEL 1600A CONTI
LOWS:

QO, QL.

TRIGGER MODE
START DSPL..............
NORM/ARM ..............

APPLY WAVEFORMS SHOV
5-2 to CLOCK AND DATA IN




N
TURN POWER
OFF

REAPPLY
POWER

ONE’S YES

CHART B.
DISPLAY TROUBLESHOOTING

AND ZERO'S
DISPLAYED

CHECK SINGLE
SAMPLE START

o CKT AND HSSS
(SCHEMATIC 19)

SINGLE
SAMPLE START
FUNCTIONS
PROPERLY

SELECT
TABLE B
DISPLAY MODE

ONE’S
AND ZERO'S
DISPLAYED

|

GO TO
CHART A
(SHEET 1)
CHECK
BLANKING
CONTROL =<

(SCHEMATIC 17)

BLANKING
SIGNALS
PRESENT

NO

|

CHECK
BLANKING
OUTPUT A8U24
(SCHEMATIC 17)

CHECK
~ CRTCKT
{SCHEMATIC 3)
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INDICATOR HPTS HTRG
LIGHT LARM (o]
| CONTROL . o
HDQ
HOR
| . NCLK E
i MEMORY HR 1 F
INDEX
13 CONTROL Vo-v3 G
| | HSSS H
wee | HVGT )
|_PoLK HING HAT 11
| GENERATOR
HDL
9 -
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16T LINES AMO-15
AMEMORY 16 LINES K
i l —I | ]
' |
16T LINES I oo | | 10
}
16T LINES | T
‘ DIGITAL
PATIERN HLTRG DELAY HMAP L
- AND ~
20 LINES COGNITION TRIGGER M
GENERATOR e
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o
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DISPLY l HARME a
TRIG
7 ‘ 8
x
(4]
<
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Z 2 ARM IN @ d \Il Sr ©) X 1hic o
—— — o @ DELAYED
jz TRIG OUT
LO
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SWITCH "
BUFFERS |
6 l SM0-15
16 LINES R
Figure 8-7.

Model 1600A Block Diagram (Sheet 1 of 2)
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LPOS-LMAP LPOS-LMAP
HNCQ
HVGT
HTRG
HEMAP DATA HELD
HBR INDICATOR
LS HSA-HVGT CONTROL
DSPCK v LOGIC
HNCQ
LGD COLUMN 4
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DSPCK
AXIS GATE
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HGD |
!
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i LCRCL HV ASSEMBLY
17
—
V1 A A
|
MD0-MD15
2(2
= ~
Zigl=lgl  z|Ele | I
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El 1B
w w
) s}
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LA#B 18 2l |
g |8
> =3
o
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A A CIRCUIT
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Figure 8-7. Model 1600A Block Diagram (Sheet 2 of 2)
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Figure 8-8.
Schematic 1, Model 1600A Interconnection Diagram
89




N A9

O e 07 //$/_ R
() = ? 7 7 1
) Y IR O IO v I I [ I
m
B JK/\T A
@ S
R4 R5 R2 R3
g
o (
§L1
W6 w1241

| A7P2
l A7 ANALOG DISPLAY ASSY

|
L __

[ 1/0 PORT i

W51
AgPs | A8P5

——— - ATP1
—— —_— ABXAT
wa [ a5 swassy I A8 DIGITAL DISPLAY ASSY
DATA HELD A AR | |
| we —l
i, [N
BLANKIN -
3|5 £|3 3E
=|< 2|= =2
DISPLAY I
TIME @" TSR |
Ne |
wa [ a2 sw assy
DS2 wi
AN
0. cLOC
\:{ 053
4N sle 5| =k
| NO ARV IS g NG g3 3= 5|
| NO QUAL o) b
\\< Ds4
NO TRIG @
AN |
w8
we —_—— —_
HEE
\» <[2
W5

— D eC—— e —— — — —




Model 1600A

®©@ @

' 7 R8
(823) (926)

r——
|

® @] N
A2P3 - -
w7 A2 HVPS ASSY
£ (3) N
03 B (n N
c @) <
AZP1 ——
Wali l
0 5 wWa
' L
LINE - -
1wl A3Lves assy 0
5| !
I |
@® I o mL‘ | (1)
3 {6)
9 o | : :
LINE H 3
[T] (0) | (3) :|
I I 3 ) |
I 3 | |
! I 3t |
I | 3 ‘ (4)
] I (40)
| |
I | -
L I (50) _ |
| { 3: f5) (1)
L 928
;;z (928) (20) ‘ - |
| (54) ) @ I
£ ] — l
! 1
al = ‘ 15 o008
Locic W7z
© (R
IN wid (924)
(0) 1
U1 CASE
ouT 92 \
' |
6
N w (907)
u2 GND (0)
ouT (97)
c wis @)
a1 B (5)
¢ G
c (4)
02 B (5)
c (6)




Service

El
H
]

—
;m F2 b
=4 H
R22 <2 - \\
R23 o /
VR3 ‘\
c3
| \ / ——
[ cs ] -
\\ / ci
|
N~ \\_/// E) /
°° ~_ 7~
— E = g
\
|
cs |
|
/

- %
CR3

-+
CR2

-+
CR1

T T T

8-10

Figure 8-9. Parts Identification, Board Assembly A3
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REF | GRID | REF | GRID
DESIG | LOC | DESIG | LocC
c1 H-5 | Q3 c-6
c2 c5 | Q4 F-4
c3 G-4 | R1 H-4
ca H-1 | R2 H-3
c5 E-6 | R3 c6
c6 E-6 | R4 c-6
c7 E-6 | RS c-6
cs E-7 | Re G-2
co B-6 | R7 c6
c10 E-4 | R8 D-6
c11 G5 |R9 D-6
c12 H-1 | R10 D-6
c13 F-4 |R11 D-5
c14 H-3 | R12 B-6
c15 H-2 [R13 B-5
c16 H-2 |R14 B-5
CR1 H-3 |R15 B-6
CR2 H-2 | R16 B-6
CR3 H-2 |R17 B-5
CR4 G-2 |R18 B-6
DS1 H-3 |R19 A5
F1 F-3 |R20 B-5
F2 F-4 | R21 B-6
F3 F-3 |R22 E-4
Fa H-4 | R23 E-4
F5 H-6 |R24 B-6
MP1 F1 | U1 c5
MP3 F-1 |U2 B-6
Q1 D-6 |VR1 D-6
Q2 F-2 | VR2 D-5

VR3 E-4
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Figure 8-10.
Schematic 2, Low-voltage Power Distribution (Sheet 1 of 2)
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Figure 8-10.
Schematic 2, Low-voltage Power Distribution (Sheet 2 of 2)
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Figure 8-12. Schematic 3, High-voltage Power Supply and Gate Amplifier (Sheet 1 of 2)
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Figure 8-12.
Schematic 3, High-voltage Power Supply and Gate Amplifeir (Sheet 2 of 2)
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Figure 8-13. Parts Identification, Board Assemblies A4, A5, and A7
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