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CERTIFICATION

[he Hewlett-Packard Compary cortities that this mstrument as

=
F

thorowghily tested and inspected ad found to meet its published

9

spocitications when it was shipped trom the factory. The Hewlett-
Packard Company turther certitios that its calibration measure-
ments are traceable to the UN. National Bureai of Standards to

the cxtent allowed by the Burowi's calibrat:on facidity.

WARRANTY AND ASSISTANCE

This Hewlett-Packard product is warranted against detfects
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
isexpressedor implied. Weare not liable tor 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 elsewhnere in
this manual violates safety standards of design, manufacture, and intended use of the instrument. Hew!lett-
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, 1s present.

USE CAUTION WHEN EXPOSING OR HANDLING THE CRIT.

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 Seruvice
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.

I 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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SECTION |

GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. This manual provides operating and service
information for the Hewlett-Packard Model 1600A

[.ogic State Analyzer (figure 1-1).

1-3. This section of the manual contains perform-
ance specifications for the Model 1600A (table 1-1)
and provides brief descriptive information on the
instrument, accessories, and manual. Other sections

provide information as follows:

Section II, Installation, contains information and pro-
cedures to perform an initial inspection, and to prepare
the instrument for use, storage or shipment.

Section III, Operation, describes instrument controls,
connectors, and panel features and provides operating
checks and instructions.

Section IV, Principles of Operation, provides detailed
descriptions and theory of instrument operation.

Section V, Maintenance, provides 1nformation re-
quired to verify that the i1nstrument i1s performing

in accordance with the specifications listed in table 1-1.

Section VI, Replaceable Parts, provides ordering
information and a listing of replaceable parts.

Section VII, Manual Changes, provides manual change
information (when applicable) to backdate this
manual for use with instruments having serial prefix
numbers lower than the one shown on the manual
title page.

Section VIII, Service, provides information required to
repalr the instrument. Schematics, troubleshooting
information, and service procedures are included.

1-4. On the title page of this manual, below the

manual part number, 1s a "Microfiche” part number.
This number can be used to order 4-by 6-inch micro-

film transparencies of the manual. The microfiche
package also 1ncludes the latest Manual Changes
supplement.

1-5. DESCRIPTION.

1-6. The Model 1600A Logic State Analyzeri1s designed
to aid in the analysis of digital systems which depend

on sequences of logic states to control their operation.
the Model 1600A provides a functional display of ones
and zeros 1n tabular format of logic states at up to 16
variables in a digital system (up to 32 variables may be

displayed when a Model 1607A Logic State Analyzer
1s used with the Model 1600A 1n the bus mode).

1-7. Tabular data is displayed 1n 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 circuit
under test through the Model 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 Model 1600A 1s connected
to a Model 1607A using a Model 10237A 1/0 Interface
Cable), or a display of the exclusive-OR of A-memory
and B-memory data.

1-8. In the map-display modes, the Model 1600A dis-

plays 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 Model 1600A can dis-
play up to 65 536 16-bit words (all possible states 1n
a 16-bit state machine).

1-9. Data 1s synchronously loaded i1nto the Model
1600A by the clock input transition corresponding to
the selected clock slope. The Model 1600A will accept
any convenient clock signal, such as a handshake
signal on a data bus or other strobe or command lines,
at rates up to 20 MHz. Selectable input thresholds,
either fixed TTL or variable, enable the Model 1600A

to interface with most logic famailies.

1-10. In the table display mode, a preset trigger word
set on front-panel switches controls the reference of
the sixteen-word display window to the input data
stream. Depending on the trigger mode selected, the
display starts at the trigger word, ends at the trigger
word (negative-time data capture), or is delayed up

to 99 999 1nput-clock pulses after the trigger
word. In the map mode, the same front-panel switches

that select the trigger word for the table display are
used to position the map locator (cursor) on the CRT
screen. In the normal map mode, the cursor is used
to locate the display sector to be expanded in EXP
mode. In the expand map mode, the cursor allows
selection of a specific state (dot) to be the trigger word
for the table display.

1-11. During repetitive operation, the display is re-
petitively updated by incoming data. To monitor 1n-

frequent or one-time-only events, the display can be
set to a single-shot mode (SGL). In this mode, gathered

data 1s retained and displayed until manually reset.
In the HAL'T A # B mode, the display 1s repetitively
updated by incoming data until a difference between

1-1
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the data in the two displayed memories 1s detected.
When a difference 1s detected, the data 1s retained and

displayed until manually reset.

1-12. The Model 1600A has two qualifier channels
that can function 1n either a trigger-qualified mode
(TRIG) or a display-qualified mode (DSPLY). Trigger
qualification allows the two qualifier channels to be
used as additional undisplayed data channels, provid-
ing an 18-bit trigger word. Display qualification allows
selective viewing of data by storing and displaying
only those data words that occur on clock edges when
qualifier conditions are true.

1-13. Other features of the Model 1600A 1include:

a. a trigger-arming circult that allows sequential
triggering;

Model 1600A

b. a partial-display mode to permit data to be
displayed as it is single-stepped into the Model 1600A;

c. arrangement of the displayed words in bytes
of three bits each (octal format) or in bytes of four
bits each (hexadecimal or BCD format);

d. intensification of the trigger word in table
displays;

e. the capability of blanking unrequired columns
of bits, starting with the leftmost column;

f. two front-panel trigger outputs, one generated
when the selected trigger word is detected, and the

other generated when the delay is complete.

Table 1-1. Specifications

CLOCK AND DATA INPUTS
REPETITION RATE: 0 to 20 MHz.
INPUT RC: 40 kQ 3 k2 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 Vdec.

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, O ns.

PATTERN AND DELAYED TRIGGER OUT-

PUTS

HIGH: =2 V into 501 (line driver interface).

LOW: <0.4 V into 5092 (line driver intertace).

PULSE DURATION

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

Pattern Trigger: approx 25 ns in RZ format at
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
sighal and ends when the delay ends.

TRIGGER ARM INPUT

IMPEDANCE: 501).

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.

1-2

ARMING CONDITIONS: 1if the arming pulse posi-
tive edge occurs <45 ns after a clock, triggering
occurs on the same clock cycle that 1t 1s armed.
If the arming pulse positive edge occurs >75 ns
after a clock, triggering occurs on the next clock

cycle.
75 ns 45 ns
|< . >
CLOCK

|
|

' TRIG ARM

~*— wiNnDOW ™

TRIG ARM PULSE

 TRIGRECOGNITION
ARMED

GENERAL
DISPLAY TIME: variable from <200 ms to >5 s.
POWER REQUIREMENTS: 100, 120, 220 or 240

Vac +6, —13%; 48 to 440 Hz, maximum power
120 VA (nominal 88 VA).

DIMENSIONS: see outline drawings.

WEIGHT: net 12.59 kg (27-1/8 1b); shipping, 15.31
kg (33-3/4 1b).

OPERATING ENVIRONMENT
Temperature: 0°C to +55°C.

Humidity: to 95% 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.) excursion,
10 to 55 Hz.
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Table 1-1. Specifications (Cont'd)

447.5(17-5/8)

485.6(19-1/8)

539.8(21-1/4)

1-14. ACCESSORIES.

1-15. ACCESSORIES SUPPLIED. One Model 10230B
Clock Probe and three Model 10231B Six Bit Data
probes are supplied with the Model 1600A. The

Model 10230B and Model 10231B are active probes
providing complementary TTL (transistor-transistor
logic) clock and data signals to the Model 1600A.
Probe operating power is supplied by the Model 1600A.
The probes connect to the Model 1600A front panel by
means of 17-pin miniature snap-in connectors. Refer
to the operating and service literature supplied with
these probes for more detailed information.

1-16. ACCESSORIES AVAILABLE. A six-inch trigger

interface cable (HP Model 10236A) and a 12-inch
[/0 interface cable (HP Model 10237A) are available
for use with the Model 1600A. These cables are re-
quired to interface the Model 1600A with a Model
1607A 1n the bus mode.

NOTES
1. DIMENSIONS ARE FOR GENERAL

INFORMATION ONLY. IF DlI-
MIENSIONS ARE REQUIRED FOR
BUILDING SPECIAL ENCLOSURES,
CONTACT YOUR HP FIELD
ENGINEER.

2. DIMENSIONS ARE IN MILLIMETERS
AND (INCHES).

||

284.1(11-3/16)

334.9(13-3/16)

INSTRUMENT AND MANUAL IDEN-
TIFICATION.

1-17.

1-18. Instrument identification by serial number 1s
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 desig-
nating the country in which the instrument was man-
ufactured. (A = U.S.A.; G = West Germany; J = Japan;
U = United Kingdom.)

1-19. 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 sup-
plied with the manual will define these changes. Be
sure to record these changes in your manual. Back-
dating information in Section VII adapts the manual
to instruments 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.

1-3/(1-4 blank)
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INSTALLATION

2-1. INTRODUCTION.

2-2. This section contains 1nstructions for perfor-

ming an 1nitial inspection of the Model 1600A.
Installation procedures and precautions are pre-
sented 1n step-by-step order. The procedures for
making a claam for warranty repairs and for re-
packing the instrument for shipment are also de-
scribed 1n this section.

INITIAL INSPECTION.

2-3.

| 2-4. The i1nstrument was 1nspected mechanically
| and electrically before shipment. Upon receipt,
‘ inspect it for damage that may have occurred 1n

transit. Check for broken knobs, bent or broken
| connectors, and dents or scratches. If damage 1s
‘ found, refer to the claims paragraph in this section.
| Retain the packing material for possible future use.

2-5. Check the operation of the 1nstrument
immediately after receipt. Refer to Section III for
the operator’'s checks and adjustments. The opera-
tor's check will determine whether or not the
Iinstrument 1s operating properly. If the instrument
| does not operate properly, refer to the claims
] paragraph in this section.

2-6. PREPARATION FOR USE.

| WARNING B
Read the Safety Summary at the front

of this manual before 1nstalling or
operating the instrument.

2-7. POWER REQUIREMENTS. The instrument re-
quires a source of 100-, 120-, 220-, or 240-volts ac
| +6, —13%, single-phase, 48 to 440 Hz that can deliver

approximately 120 volt-amperes. The 1nstrument
| 1s normally shipped from the factory to operate
| from a 120-volt ac power source. The LINE SELEC-
TOR slide switches on the rear panel select either
| 100-, 120-, 220-, or 240-volt operation. To check or
| change the position of the LINE SELECTOR

\ switches, see figure 2-1 and proceed as follows:

a. Turn off 1nstrument power and remove
power cord from rear-panel connector.

b. For 100- or 120-volt operation, set LINE
SELECTOR switches to 100 V or 120 V and install

i-ampere, time-delay fuse for F1.

P_-h“

e TR —————

Installation

SECTION Ii

LINE SELECTOR
100V/120V/220V/240V-13%+6%

1600A-025A
CHANGED 6-75

Figure 2-1. Line Voltage Selection

c. For 220- or 240-volt operation, set LINE
SELECTOR switches to 220 V or 240 V and install

600-mA, time-delay fuse for F1.

d. Reconnect power cord.

2-8. THREE-CONDUCTOR POWER CABLE. This 1n-
strument 1s equipped with a three-conductor power cable
that, when connected to an appropriate receptacle,
grounds the instrument through the offset pin. The
power cable required depends on the ac input voltage,
and the country in which the instrument 1s to be used.
Figure 2-2 illustrates the standard power receptacle
(wall outlet) configurations that are used throughout
the United States and in other countries. The HP part
number shown adjacent to each receptacle drawing 1s
the part number for a power cable equipped with a
mating plug for that receptacle. If the appropriate
power cable 1s not included with the 1nstrument,
notify the nearest Hewlett-Packard Sales/Service
Office and a replacement cable will be provided.

2-9. INSTRUMENT COOLING. The i1nstrument 1s
adequately cooled by normal air circulation. Install
the Model 1600A 1n a location that provides at least

1.5 inches of clearance at the rear and one-inch
clearance on both sides of the cabinet.

8120-0698

8120-1369

3120 1689 3120.1395 |

8120-135H1

Figure 2-2. Power Receptacles

2-1



Installation

2-10. CLAIMS.

2-11. The warranty statement applicable to this
instrument 1s printed inside the front cover of this
manual. If physical damage is found or if operation is
not as specified when the instrument is received,
notify the carrier and nearest HP Sales/Service Office
immediately (refer to the list in back of this manual
for addresses). The HP Sales/Service Office will
arrange for repair or replacement without waiting
for settlement of the claim with the carrier.

2-2
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2-12. REPACKING FOR SHIPMENT.

2-13. If the Model 1600A 1s to be shipped to an HP

Sales/Service Office for service or repair, attach a tag
showing owner (with address), complete instrument
sertal number, and a description of the service re-

quired.

2-14. Use the original shipping carton and packing
material. If the original packing material is not
avallable, the Hewlett-Packard Sales/Service Office

will provide information and recommendations on
materials to be used.




.
%
e
£
K.

;
3
¥
i
3
y
H
.

Model 1600A

Operation

SECTION III

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 Model 1600A front and
rear panels and provides functional descriptions of
operating controls, connectors, and indicators.

3.5, CLOCK., DATA, AND QUALIFIER

INPUTS.

3-6. Clock, data and qualifier inputs to the Model
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 sup-

plied by the Model 1600A. One clock probe and three
six-channel data probes are required to operate the
Model 1600A. Refer to the operating and service
literature supplied with the probes for further infor-

mation.

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 Model 1600A displays one’s
and zero’s 1n one or two tables consisting of sixteen

16-bit words each. Table A (left halt of the CRT
screen) 1s a display of A-memory data acquired from
the circuit under test through the Model 1600A data

input connectors. Table B (right half of the CRT

screen) 1s a display of B-memory data (data transferred
from A-memory by STORE A—B or Model 1607A

input data when the Model 1600A 1s connected to a
Model 1607A using a Model 10237A I/0 Interface
Cable), or a display of the exclusive-OR of A data

and B data.

3-9. In display modes where table A 1s 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 Model 1600A 1s con-
nected to a Model 1607A through the I/0 interface
cable, STORE A—B is disabled and table B becomes
an active display of Model 1607A 1nput 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
one’s and bit correlation 1s displayed as zero’s.

3-11. Partial Displays. The partial-display mode per-
mits display of less than 16 words and allows viewing
of data as 1t 1s single-stepped 1nto the Model 1600A.
The Model 1600A will go into a partial-display mode
any time the display qualifier rate 1s less than approxi-
mately 30 bits/second. A slow display qualifier rate
can be either a low-frequency clock or a high-fre-
quency clock with i1nfrequent display qualification.
In the partial-display mode, the Model 1600A displays
data words on the CRT as they are received, not waiting
until a complete 16-word data block 1s in memory.

3-12. In START DSPL, the CRT 1s blanked until
the trigger word 1s found. The trigger word 1s then
displayed 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 1s displayed.

The trigger word 1s intensified and the display 1s held
for the length of time set by DISPLLAY TIME. When

A & (A ® B) is selected both tables are incremented
together 1n 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 Model 1600A acquires data randomly, 1.e., 1n a
free-run sample mode. However, the pattern- and
delayed-trigger outputs function the same 1n map
display modes as they do 1n table display modes. The
DSPLY qualifier mode can be used 1n map to
selectively map 1nput data. In map display modes,
the Model 1600A requires repetitive input data with
a clock rate or display qualifier rate greater than
100 kHz. At clock rates less than 100 kHz, 1t 1s
possible that some logic states may not be displayed.

3-14. The position of each dot on the CRT screen
uniquely 1dentifies its address or state value. The
eight most-significant bits of a 16-bit word determine
1ts vertical position on the CRT screen and the eight
least-significant bits determine the horizontal posi-
tion of the word. The all-zero state 1s displayed 1n the

upper-left corner of the screen and the all-ones state 1s
displayed in the lower-right corner of the screen (POS

logice).
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