HP 1615A

OPERATNING AND SERVICE MANUAL

1615A
LOGIC ANALYZER

HEWLETT @ PACKARD

VSI9t dH



OPERATING AND SERVICE MANUAL

MODEL 1615A
LOGIC ANALYZER

SERIAL NUMBERS

This manual applies directly to instruments with serial
numbers prefixed 1937A.

With changes described in Section VII, this manual also
applies to instruments with serial numbers prefixed
1742A through 1922A.

For additional information about serial numbers, see
INSTRUMENTS COVERED BY THIS MANUAL in
Section I.

€ COPYRIGHT HEWLETT-PACKARD COMPANY/COLORADO SPRINGS D!VISION 1979
al

1500 GARDEN OF THE GODS RCAD, COLORADC SPRINGS, COLORADC, US.A.

ALL RIGHTS RESERVED

Manual Part Number 01615-90904
Microfiche Part Number 01615-90804

PRINTED: OCTOBER 1979



Model 1615A

TABLE OF CONTENTS

Section Page
H GENERAL INFOGRMATION .............. 1-1
1-1. Introduction ...................... 11
1-3. Specifications ..................... 1-1
1-5. Instruments Covered by this
Manual ........... ... oo i1
1-10.  Description ...l 11
1-13.  Modes of Operation ............... 1-1
1-15. 24-bit State Mode.................. 1-1
1-17.  8-bit Timing Mode................. 11
121. 16-bitand 8-bit Mode .............. 1-2
1-25.  Accessories Supplied .............. 1-2
1-27. Recommended Test Equipment .... 1-2
II' INSTALLATION .......coiviiiiiiinnennnn 2-1
2-1. Introduction ...................... 2-1
2-3. Initial Inspection.................. 2-1
2-5. Preparation for Use ............... 2-1
2-6. Power Requirements ............ 2-1
2-8. Line Voltage Selection .......... 2-1
2-10. Power Cords and Receptacles.... 2-1
2-12.  Repacking for Shipment........... 21
III OPERATION ........cciiiiiiiiiiiinennenn, 31
3-1. Introduction ...................... 3-1
3-3. Panel Features .................... 31
3-5. Operating Information ............ 31
3-7. State Analyzer .................. 31
39. Timing Analyzer................ 31
3-10. Synchronous vs Asynchronous
Operation............coovvinnn. 31
3-11. Synchronous Analysis .......... 31
3-12. Asynchronous Analysis ......... 3-2
3-15. The Menu Concept ................ 32
3-17.  Operating Procedures ............. 32
3-18. Instrument Connections......... 3-2
3-24. Instrument TurnOn .............. 3-3
3-27.  24-bit Synchronous State
Measurements .................. 34
3-29. Synchronous State Capture and
Display ......covvviiiiin. 34
3-30. Separating Address and Data ... 34
3-31. Delay Applications.............. 3-4
3-33. Clock Qualifier Applications..... 34
3-35. Activity Preceeding a Known
Event..oooviiiiiiiiiianennn, 3-4
3-36. Application for Trace Trigger
Events.......coiiiiiiiiiinnn.... 3-5
3-317. Displaying a Particular Pass
Through a Loop............... 35
3-38.  8-bit Asynchronous Timing
Measurements .................. 3-8

Section
340 8-bit Asynchronous Timing
Diagrams Capture and Display..
341. Asynchronous Triggering .......
3-43. On Not Triggering ........ P
3-45. 8-bit Trace Delays...............
-46. Relative Time Measurements ....
3-48. Positive/Negative Time on
Timing Diagram ..............
3-49. Trace List/Timing Diagram
Conversion...........coovuue.
3-50. Glitches............coovin....
3-55. Simultaneous Synchronous/
Asynchronous Measurements. ..
3-58. Arms/Triggers .................
3-59. 16 Bit Triggers 8 Bit ...........
3-61. 16 Bit Arms 8 Bit ..............
364. Status Messages .................
366. Operator'sTests..................
368. Power-up Self Test ...............
3-710. Keyboard Self Test...............
3-73. Data Acquisition Self Test........
379. DSATestloops..................
3-81. Data Acquisition DSA
Measurements Clock .........
3-82. Display DSA Measurements....
IV PERFORMANCETESTS .................
4-1. Introduction ......................
4-3. Equipment Required ..............
4-5, Test Connector....................
4.7, Test Record .......................
4-9, Operation Verification ............
4-11.  Specifications Tests ...............
4-13 Clock, Qualifier, and Data
Inputs Test ...................
4-14 Asynchronous Operation Test ...
4-15 Trigger Outputs (Rear Panel)
Test..coeiiiiiii i,
V.  ADJUSTMENTS......cciiiiiiiiennann,
5-1. Introduction ......................
5-3. Equipment Required ..............
5-5. Preadjustment Procedures .........
56. 5-volt Power Supply Adjustments .
5-7. Display Alignment..............
59, Display Adjustment.............
5-10. Timing Adjustments ............
5-12, Filter Width Adjustment ........ .

Table of Contents

39

3-10
3-10

3-16
3-16
3-16
3-17
3-19
3-19
3-19
3-19
3-20
3-20

3-20
3-20

4-1
41
41
4-1
4-1
41

4-2
4-5

5-1

5-1
51
51
5-1
5-2

5-3
5-4

iii



Table of Contents Model 1R1RA
List of Illustrations

TABLE OF CONTENTS (Cont'd)

Section Page Section Page
VI REPLACEABLE PARTS.................. 6-1 8-46.  16-bit Data-acquisition Section
Block Diagram Discussion ..... 8-21
6-1. Introduction ...................... 6-1 8-51.  8-bit Data-acquisition Section
6-4. Ordering Information ............. 6-1 Block Diagram Discussion ..... 8-22
6-7. Direct Mail Order System ......... 6-1 8-58. Display Section Block
Diagram Discussion............ 8-23
VII MANUAL CHANGES..................... 71 8-60. Alphanumeric/Time Switch ...... 8-23
8-62.  Alphanumeric Character
7-1. Introduction ...................... 7-1 Generator...................... 8-23
7-3. Manual Changes.................. 71 8-64. Dot and Retrace Counters ...... 8-23
8-65. Line Counters.................. 8-23
8-66. Character Counter ............. 8-23
VII SERVICE.............cooiii i 81 8-67. Address 2:1 Selector............ 8-23
8-68. Display RAM .................. 8-23
8-1. Introduction ........................ 8-1 8-69. Microprocessor Latch .......... 8-23
8-3. Troubleshooting with Status 8-70. Character Code Latch.......... 8-23
Codes........ccoovvvvvnnninnn.. 81 8-71. Character Generator ROM ... .. 8-23
8-8. Troubleshooting with Self Test 8-72. Shift Register .................. 8-23
of Data-Acquisition Hardware... 8-2 8-73. Blanking and Special Effects
8-15.  Troubleshooting with Signature Gating...............ccune. 8-23
Analysis ..............ccooe.... 8-4 8-74. Timing Diagram Generator
8-16. General Signature Analysis ..... 84 Section......................... 8-23
8-18. Signature Analysis Test Setups.. 8-4 8-75. First Word Position
8-19. DSA SetupA.................... 8-4 Counter ...............ccovnnn.. 8-23
8-21. DSASetupB.................... 8-4 8-76. Memory Address Counter ...... 8-23
8-23. DSASetupC...........c.ott. 8-4 8-717. 8-bit Data Memory ............. 8-23
8-25. DSASetupD.................... 8-4 8-78. 8-bit Glitch Memory ............ 8-24
8-27.  Troubleshooting an Incoherent 8-79. 1 of 8 Data and Glitch
Display ...........ovviviianl, 8-4 Selectors ..................... 8-24
8-29. Troubleshooting No Display....... 8-5 8-80. 2-bit Shift Register ............. 8-24
8-31.  Shock Hazard Modification........ 8-5 8-81. Timing Diagram Display ROM. 8-24
8-33.  Assembly A8 Interconnections .... 85 8-82. X1/X10 Selector................ 8-24
8-36. Mnemonics ................0.i.un. 8-5 8-83. Clock and Timing Control...... 8-24
8-38.  Discussion of 1615A Basic 8-84. Channel Selector RAM ......... 8-24
Block Diagram................. 819 8-85. Expand Indicator Blocks ....... 8-24
8-40. Control Section ................ 8-19 8-86. Trigger Marker................. 8-24
8-41. Data Acquisition............... 8-19 8-87. Graticule Counter .............. 8-24
8-42. Display Section ................ 8-19 8-88. Video Gating................... 8-24
8-43.  Control Section Block Diagram... 8-20 8-89. DisplayDriver ................... 8-24

LIST OF ILLUSTRATIONS

Figure Title Page Figure Title Page
2-1. Power Cord Configurations ............. 21 3-7. 24-bit Format Specification Menu ....... 3-6
3-8. 24-bit Trace Specification Menu......... 3-7
3-1. Operating Controls, Indicators, 39. Trace List Display...................... 3-8
and Connectors....................... 3-0 3-10.  Asynchronous Triggering Example ..... 3-8
3-2. Synchronous Operation................. 31 3-11.  Multiple Trigger Words ................. 39
3-3. Asynchronous Operation ............... 3-2 3-12. 8-bitTraceDelays ...................... 3-9
34. Probe Cable Installation................ 3-3 3-13. Relative Time Measurements ........... 39
3-5. Activity Preceeding a Known 3-14. Rearranged Channel Sequence
Event ................. il 34 Displays ......ccovvviiiiiieinnnn 39
3-6. Viewing a Particular Pass 3-15.  Positive/Negative Time
Throughaloop ...................... 3-5 Displays .............c.c.ceevene.. 3910

iv



Model 1615A

Figure
3-16.
3-17.
3-18.
3-19.
3-20.
3-21.
3-22.
3-23.
3-24.
3-25.
3-26.
3-27.
4-1.
42,
4-3.
4-4.
4-5.
46.
4-7.
48.
49.
4-10.
4-11.
4-12.
4-13.

4-14.

5-1.
5-2.

5-3.

List of Illustrations

LIST OF ILLUSTRATIONS (Cont'd)

Title

Trace List/Timing Diagram

Conversion...........coovviiinnennn.
Single Glitch Detection and

Display
Multiple Glitch Detection and

Thanlavy
Glitch Detection and Data

Transition Display ..................
Trigger on Combined Pattern and

Glitch ...t
8-bit Format Specification Menu .......
8-bit Trace Specification Menu .........
Timing Diagram Display ..............
16 BIT TRIGGERS 8 BIT Mode........
16 BIT ARMS 8 BIT Mode.............
16-bit & 8-bit Format

Specification Menu ..................
16-bit & 8-bit Trace

Specification Menu ..................

50-ohm Test Connector .................
Clock, Qualifier, and Data Inputs

Test Setup...........cooiiiiiiiil.
Clock, Qualifier, and Data Inputs

Test Waveform .......................
Format Specification for Clock,

Qualifier, and Data Inputs Tests
Trace Specification for Clock,

Qualifier, and Data Inputs Tests
Minimum Input Voltage Swing

Test Waveforms ......................
Asynchronous Specification

TestSetup.......cocvvvvieiii..
Asynchronous Operation Test

Waveform ............................
Asynchronous Tests Format

Specification Menu ...................
Asynchronous Tests Trace

Specification Menu ...................
External Trigger Test Trace

Specification Menu ...................
Trigger/Trace Point Outputs

Test Setup...................oLl
Trigger/Trace Point Outputs Format

Specification .........................
Trigger/Trace Point Outputs

Test Waveform .......................

Timing Generator Clock Strobe

Waveforms ...... P
Format Specification for Filter

Width Adjustment....................
Trace Specification for Filter

Width Adjustment....................

Page

53

8-1.

8-2.
8-3.

8-4.
8-5.

8-6.
8-7.

8-8.
89.

8-11.
8-12.

8-13.

8-14.
8-15.

8-16.

o
Yt
o

8-19.

8-20.

8-21.

8-22.

8-23.

Title

Filter Width Adjustment Test Setup....
Filter Width Adjustment Waveform ....
Adjustment Locations, Top View.......
Adjustment Locations, Display
Assembly A13.......................

Miming Adingtmant T ascation

4 AIIITiE LAUFUSUITICIiv

Assembly A2 ..ot

1615A Front Portion Exploded View ...
1615A Rear Portion Exploded View ....
1615A Frame Exploded View ..........

Mother Board Assembly A8

Interconnections......................
1615A Basic Block Diagram ...........
1615A Control Section Block

Diagram ..........cccoeiiiiiiiinann..
16-bit Data-acquisition Block

Diagram .............coiiiiiiian,
8-bit Data-acquisition Block

Diagram ............coiiiiiiiiia..
Display Section Block Diagram........
Mother Board Assembly AS,

Parts Identification..................
Mother Board (A8) Schematic..........
Low Voltage Power Supply Assembly

A7, Parts Identification..............
Low Voltage Power Supply (A7)

Schematic .........cooiiiiiiiiia..
Model 1615A Waveforms...............
Block Diagram of 1615A Display

Section for Schematic 3..............
Display Driver Assembly Al13,

Parts Identification..................
Display Driver (A13) Schematic........
Block Diagram, 16-bit Data-acquisition

Section for Schematic 4A ............
State Data-acquisition Assembly A1,

Parts Identification..................
State Data Probe Inputs

(P/0O Al) Schematic .................
Block Diagram, 16-bit Data-acquisitio

Section for Schematic 4B ............
Qualifier Multiplexer (P/O Al)

Schematic ..................covui...
Block Diagram, 16-bit Data-acquisition

Qantian for Schamatio A0

MCULIULL LUL IOUVMICIHIIAVIU TU s ee v ee oo

State Memory and Address Counter
(P/0 Al) Schematic .................

Probe Threshold/Input Assembly A9,
Parts Identification..................

Probe Thresholds (A9 and P/0O Al)
Schematic..........cooiviiiiiiinn..

w
<
-
=

Page
5-4
5-5
55
55
5-5
6-0

6-2

8-6
8-19

8-20
8-21

8-22
8-25

8-26
8-27

8-28

8-29
8-30

8-31

8-32
8-33

8-34
8-36
8-37

8-38

8-46

8-47



List of Illustrations Model 1615A
List of Tables

LIST OF ILLUSTRATIONS (Cont'd)

Figure Title Page Figure Title Page
8-24.  Block Diagram, 8-bit Data-acquisition 8-44.  Trigger and Delay (P/O A2)

Section for SchematicbA ............ 8-48 Schematic................oooiii. L 8-77
8-25.  Block Diagram, 16-bit Data-acquisition 8-45.  Block Diagram, 8-bit Data-acquisition

Section for Schematicb5A ............ 8-49 Section for Schematic 7C ........... - 8-78
8-26. Timing Data-acquisition Assembly A4, 8-46.  Trigger and Clock, Microprocessor

Parts Identification.................. 8-50 Interface (P/O A2) Schematic........ 8-81
8-27.  Timing Data-acquisition (P/O A4) 8-47.  Block Diagram, Control Section for

Schematic.......coovevvviiinnaannn, 8-51 Schematic8A ....................... 8-82
8-28.  Block Diagram, 8-bit Data-acquisition 8-48.  Microprocessor and ROM Assembly A5,

Section for Schematic 5B ............ 8-52 Parts Identification.................. 8-90
8-29. Glitch Detectors 0 Through 3 and 8-49. Microprocessor and ROM (P/0O A5)

Control (P/0O A4) Schematic ......... 8-55 SchematiC ..oovvve i 891
8-30.  Block Diagram, 8-bit Data-acquisition 8-50.  Block Diagram, Display Section for

Section for Schematic 5C ............ 8-56 Schematic8B........................ 8-92
8-31.  Glitch Detectors 4 through 7 8-51.  Block Diagram, Control Section for

(P/0 A4) Schematic ................. 8-57 Schematic8B........................ 8-93
8-32.  Block Diagram, 8-bit Data-acquisition 8-52. Keyboard Pulse and Display Information

Section for Schematic 6A ............ 8-59 Generators (P/0 A5) Schematic...... 8-99
8-33.  Block Diagram, Display Section for 8-53.  Block Diagram, Control Section for

Schematic6A ..........c.coiiiinnn. 8-60 Schematic9 ........................ 8-100
8-34. Memory Assembly A3, Parts 8-54. Keyboard Assembly A10, Parts

Identification...........coooiviaa.t. 8-62 Identification....................... 8-100
8-35. Timing Memory and Address Counters 8-55. Keyboard A10 Schematic ............. 8-101

(P/O A3) Schematic ................. 8-63 8-56.  Block Diagram, Display Section for
8-36.  Block Diagram, 8-bit Data-acquisition Schematic 10A ..................... 8-103

Section for Schematic6B ............ 8-64 8-57.  Display Programmer Assembly A6,
8-37. Timing Trigger (P/O A3) Schematic ... 8-67 Parts Identification................. 8-104
8-38.  Block Diagram, 16-bit Data-acquisition 8-58.  Video Timing Logic (P/0O A6)

Section for Schematic 7TA ............ 8-69 Schematic.......................... 8-105
8-39. Block Diagram, 8-bit Data-acquisition 8-59. Block Diagram, Display Section for

Section for Schematic TA ............ 8-70 Schematic10B ..................... 8-106
8-40.  Block Diagram, Control Section for 8-60. Block Diagram, Control Section for

Schematic7A ....... ..o ... 8-71 Schematic10B ..................... 8-108
8-41.  Trigger and Clock Assembly A2, 8-61.  Microprocessor RAM and Alphanumeric

Parts Identification.................. 8-72 Generator (P/0O A6) Schematic...... 8-109
8-42. Clocks (P/0O A2) Schematic ............ 8-73 8-62.  Block Diagram, Display Section for
8-43.  Block Diagram, 16-bit Data-acquisition Schematic 10C ..................... 8-110

Section for Schematic 7B ............ 8-74 8-63. Timing and Video Logic (P/O A6)

Schematic.......................... 8-113

LIST OF TABLES

Table Title Page Table Title Page

1-1. Specifications .............coiiiiiian... 1-2 6-2. List of Manufacturer’s Codes .......... 6-22

1-2. Supplemental Characteristics ........... 1-3 7-1. Manual Changes ....................... 7-1

1-3. Recommended Test Equipment ......... 1-3 8-1. 1615A Schematics ...................... 81
8-2. Self Test of Data-acquisition

Performance Test Record .............. 4-11 Hardware ..... e R-2

6-1. Replaceable Parts ...................... 6-3 8-3. 1615A Mnemonics ..................... 8-11

vi



Model 1615A

General Information

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. This Operating and Service Manual contains
information required to install, operate, test, and service

tha o laid Danlrard Madal 181 KA Taocio Analunar
LilT 1ITWITLLVTL avnatlu ivivuce 1viu UKLV Sularyuct.

1-3. SPECIFICATIONS.

1-4. Instrument specifications are listed in table 1-1.
These specifications are the performance standards or
limits against which the instrument is tested. Table 1-2
lists supplemental characteristics, not specifications
but typical characteristics included as additional infor-
mation for the user.

1-5. INSTRUMENTS COVERED BY THIS
MANUAL.

1-6. Attached to theinstrument is a serial number tag.
The serial number is in the form: 0000A00000. It is in
two parts; the first four digits and the letter are the serial
prefix and the last five digits are the suffix. The prefix is
the same for all identical instruments. The suffix, how-
ever, is assigned sequentially and is different for each
instrument. The contents of this manual apply to instru-
ments with the serial number prefix(es) listed under
SERIAL NUMBERS on the title page.

1-7. Aninstrument manufactured after the printing of
this manual may have a serial number prefix thatis not
listed on the title page. This unlisted serial number
prefix indicates the instrument is different from those
described in this manual. The manual for this newer
instrument is accompanied by a Manual Changes sup-
plement. This supplement contains “change informa-
tion” that explains how to adapt the manual to the
newer instrument.

1-8. In addition to change data, the supplement con-
tains information for correcting errors in the manual.
To keep this manual as current and accurate as possi-
ble, Hewlett-Packard recommends that you periodically
request the latest Manual Changes supplement. The
supplement for this manual is identified with the man-
ual print date and part number, both of which appearon
the manual title page. Complimentary copies of the sup-
plement are available from Hewlett-Packard.

1-9. For information concerning a serial number
prefix that is not listed on the title page orin the Manual
Change supplement, contact your nearest Hewlett-
Packard Office.

1-10. DESCRIPTION.

1-11. The Hewlett-Packard Model 1615A Logic Ana-
lyzer offers asynchronous timing diagram measure-

mants and svnchronons stata moasgnrements for nse in
mMenss and syncanr CIICUS SLaie INeaureinenis i¢f Use inn

the design and troubleshooting of digital systems. Pow-
erful triggering capability, six clock qualifiers, sophisti-
cated delay, occurrence counting, and 256 words of
memory assure that the desired timing and state infor-
mation will be captured.

1-12. Measurement setups are simplified with a menu
system which reduces the number and complexity of
front panel keys. With the format specification menu,
you select the desired mode of operation: timing, state,
or simultaneous dual-mode operation. The correspond-
ing trace specification menus then allow you to enter the
desired triggering and data parameters.

1-13. MODES OF OPERATION.

1-14. The 1615A offers three basic operating modes: 24-
bit state, 8-bit timing, and simultaneous 16-bit state
with 8-bit timing. The purpose and use of each of these
three modes is described in the following paragraphs.

1-15. 24-BIT STATE MODE.

1-16. In this mode, 256 words of parallel, synchronous
data up to 24 bits wide can be accumulated into memory.
The bits can be grouped by keyboard selection, and the
display of data from each group can be individually
read out in either binary, octal, decimal, or hexidecimal
formats. Any pattern of the 24 inputs can be established
as the trigger point. Part of the trigger pattern can be
“don’t cares” to establish a range of triggers.

1-17. 8-BIT TIMING MODE.

1-18. In this mode, asynchronous data is clocked into
memory. The clock rate for data acquisition can be
selected in a 1, 2.5, 5 sequence from 50 ns to 500 ms per
clock period. On the timing diagram, the clock period is
displayed on screen along with the related horizontal
time scale. The time between any two samples in
memory is displayed in a direct readout on the CRT.

1-19. The eight lines on pod 1 are the only active lines
in the eight-bit timing mode. The displayed channels
can be ordered in any arrangement by keyboard selec-
tion. The memory in this mode is eight bits wide, 256
words deep. Glitches are displayed as bright vertical
bars along each separate channel.

1-1
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1-20. The trigger point is shown by a set of short, verti-
cal lines from top to bottom on the display. Up to three
ORed patterns of the 8 bits (along with don’t cares) can
be established as the trigger requirement, or the Boo-
lean NOT of a particular pattern can be selected (this
allows triggering on a fault in a status word). Since the
trigger pattern is truly asynchronous, transient states
can provide false triggers. To avoid triggering on a false
pattern, the duration of the trigger pattern is selectable
between 15 ns and 2000 ns. Glitch occurrences on any
input line may be added to the trigger requirements. An
external trigger line can also be connected through the
clock pod. Either time delay or external clock delay can
be added to the trigger specification, if desired.

1-21. 16-BIT AND 8-BIT MODE.

1-22. In this mode, eight bits of asynchronous timing
data is captured at the same time that 16 bits of synchro-
nous state data is captured. The logic analyzer can cap-
ture timing sequences that occur before or after a
particular state, or state sequences occurring before or
after a timing event. This measurement allows correla-
tion of activity on control lines, address decoder out-
puts, and asynchronous I/0 structures with specific
states in program flow.

1-23. Four instrument triggering arrangements are
available in the 16-bit and 8-bit mode of operation: 16 bit
arms or triggers 8 bit, and 8 bit arms or triggers 16 bit. If
8 bit triggers 16 bit is selected, the 1615A captures data
as soon as the asynchronous event is recognized. This
enables observation of state information related to a
timing event such as an interrupt or glitch. By selecting
8 bit arms 16 bit, the 1615A will capture data at a spe-
cific point in program flow, but only after a particular
asynchronous event has occurred, such as a service
request.

1-24. The 16 bit arms or triggers 8 bit specification
allows the capture and display of timing information
related to a particular point in program flow. This can
be used to look at the conditions of lines on an input port
for a short time prior to reading the port to ensure that
data is valid. By using the end-display mode, the timing
information can be captured prior to the reading of the
port.

1-25. ACCESSORIES SUPPLIED.

1-26. The following accessories are supplied with the
1615A:
Four 8-bit probes (HP Model 10248B) with leads
and tips (three for data, one for clock, qualifiers,
and external trigger)

One 2.3 m (7.5 ft) power cord (refer to Section II)

One extender board (HP Part No. 01615-66512)
installed inside 1615A instrument.

One Operating and Service Manual
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1-27. RECOMMENDED TEST EGUIPMENT.

1-28. Equipment required to maintain the Model
1615A is listed in table 1-3. Other equipment may be sub-
stituted if it meets or exceeds the critical specifications
listed in the table.

Table 1-1. Specifications

CLOCK, QUALIFIER, AND DATA INPUTS

REPETITION RATE: to 20 MHz.

INPUT RC: 50 kQ shunted by <14 pF at the probe tip.

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

MAXIMUM INPUT: 15 Vto 15 V.

MINIMUM INPUT

Swing: 0.6 V.

Clock Puilse Width: 20 ns at threshold level.

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

Hold Time: time data must be present after clock tran-
sition, zero.

ASYNCHRONOUS OPERATION

SAMPLE RATE: 2 Hz to 20 MHz.

DATA SKEW: 9 ns maximum.

MINIMUM DETECTABLE GLITCH: 5 ns width and
exceeding threshold by 30% of ac swing or 250 mV,
whichever is greater.

GLITCH TRIGGER: on any selected channel(s), if a
glitch is captured, the glitch is AND’d with the
asynchronous pattern trigger.

EXTERNAL TRIGGER PULSE WIDTH: 5 ns minimum
with 30% peak overdrive or 250 mV whichever is
greater.

PATTERN TRIGGER: any 8-bit pattern. Trigger dura-
tion required is selectable 15, 50, 100, 200, 500, 1000,
or 2000 ns *+15 ns or 15% whichever is greater.

TRIGGER OUTPUTS (Rear Panel)

16/24 BIT TRIGGER OUTPUT

Level: high, 22 V into 500; low, <0.4 V into 500.

Puilse Duration: approx 25 ns.

Delay from Input Clock: approx 85 ns.

16/24 BIT TRACE POINT OUTPUT

Level: high, >2 V into 500Q; low, <0.4 V into 500.

Pulse Duration: starts at beginning of trace and ends
at the trigger point (pattern trigger plus delay).

Delay from Input Clock: approx 85 ns.

8 BIT PATTERN OUTPUT

Level: high, >2 V into 500; low, <0.4 V into 501.

Pulse Duration: pattern duration minus asynchro-
nous trigger duration width.

Delay from Pattern at Probe: approx 75 ns plus asyn-
chronous trigger duration width.

GENERAL
MEMORY DEPTH: 256 data transactions (in timing
display mode, 249 samples are displayed).
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Table 1-2. Supplemental Characteristics

General Information

SELECTABLE DELAYS
SYNCHRONOUS TRIGGER DELAY: t0 999 999 clocks.
SYNCHRONOUS TRIGGER OCCURRENCES: to 999

WEIGHT
NET: 19.1 kg (42 Ib).
SHIPPING: 23.6 kg (52 1b).

999.

ASYNCHRONOUS TIME DELAY: to 1 048 575 times

sample period.

ACCESSORIES SUPPLIED

four 8-bit Model 10248B probes with probe leads
and tips (three for data and one for clock, qualifi-

POWER ers, and external trigger) one 2.3 m (7.5 ft) power
100, 120, 220, 240 Vac; —10% to +5%; 48 to 66 Hz; cord, one operating and service manual.
230 VA max.

DIMENSIONS
see outline drawing. =T

OPERATING ENVIRONMENT g0

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 ToP —
with 0.3 mm (0.015 in) excursions, 10 to 55 Hz.

|
426 163 ! 664 263
l 202(743) 424068 3805}
; e 189 (7%] Q l [O
[ @D sy RIGHT SIDE o
| — \_1';11___ = = ~3
Table 1-3. Recommended Test Equipment
Recommended
Instrument Critical Specification Model Use*
Pulse Generators (2) External trigger HP 8013B P
dc to 50 MHz, variable
>10 ns pulse width
5-ns Pulse Generator 5-ns pulse width, 30-ns HP 8007B P
pulse period, TTL levels

Multimeter +1000 Vdec range, 0.1% HP 3465A P,T

accuracy

Oscilloscope 275 MHz BW, dual channel HP 1725A PAT

Logic State Analyzer Pattern recognition and HP 1611A T

state display Option 080
Logic Pulser Pulse logic circuits HP 10526 T T

1-3



General Information Model 1815 A
Table 1-3. Recommended Test Equipment (Cont’d)
Recommended
Instrument Critical Specification Model Use*

Logic Probe Monitor digital IC’s HP 10525T T

BNC-to-alligator HP Part No. P

Clip Adapters (3) 8120-1292

BNC Tee Connectors (2) HP Part No. P
1250-0781

Current Tracer HP 547A T

Logic Signature Analyzer No Substitute HP 5004A T
(};11:1‘ 9254

LCR Meter Capacitance, 0 to 25 pF HP 4332A P

*P = Performance Test, A = Adjustment, T = Troubleshooting

1-4
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Installation

SECTION |
INSTALLATION

2-1. INTRODUCTION.

2-2. This section contains information and instruc-
tions for installing the Model 1615A. Included areinitial
inspection procedures, power and grounding require-
ments, and instructions for repacking for shipment.

2-3. INITIAL INSPECTION.

2-4. Inspect the shipping container for damage. If the
shipping container or cushioning material is damaged,
it should be kept until contents of the shipment have
been checked for completeness and the instrument has
been checked mechanically and electrically. Procedures
for checking electrical performance are given in Section
IV.If the contents are incomplete, if thereis mechanical
damage or defect, or if the instrument does not pass the
performance tests, notify the nearest Hewlett-Packard
Office. If the shipping container is damaged, or the
cushioning material shows signs of stress, notify the
carrier as well as the Hewlett-Packard Office. Keep the
shipping materials for carrier’s inspection. The HP
office will arrange for repair or replacement at HP
option without waiting for claim settlement.

2-5. PREPARATION FOR USE.
2-6. POWER REQUIREMENTS.
2-7. The 1615A requires a power source of 100,120, 220,

or 240 Vac; —10%, +5%; single-phase; 48 to 66 Hz; 230 VA
maximum.

CAUTION

The instrument may bedamaged if the LINE
switch pair on the rear panel is not set to
match the input voltage in use.

2-8. LINE VOLTAGE SELECTION.
2-9. The LINE switch pair on the rear panel selects
either 100-, 120-, 220-, or 240-volt operation. To check or

change the position of the LINE switch pair, proceed as
follows:

a. Remove input power cord (if connected).

b. For 100-volt or 120-volt operation, set the LINE
switch pair to 100 V or 120 V respectively. Then install
the 4-ampere fuse for F1 (located beside the line power
connector).

c. For 220-volt or 240-volt operation, set the LINE
switch pair to 220 V or 240 V as applicable and install a
2-ampere fuse for F1 (located beside the line power
connector).

d. Reconnect power cord.

2-10. POWER CORDS AND RECEPTACLES.

2-11. Figure 2-1illustrates the standard configurations
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 con-
figuration. If the appropriate power cord is not included
with the instrument, notify the nearest HP Sales/Ser-
vice Office and a replacement cord will be provided.

8120-0696 8120-2296 8120-2957
8120-1692 8120-1703 8120-1521
1615A-08-79

Figure 2-1. Power Cord Configurations
2-12. REPACKING FOR SHIPMENT.

2-13. If the instrument is to be shipped to a Hewlett-
Packard Sales/Service Office for service or repair, at-
tach a tag showing owner (with address), complete
instrument serial number, and a description of the ser-
vice required.

2-14. Use the original shipping carton and packing
material. If the original packing material is not availa-
ble, the Hewlett-Packard Sales/Service Office will pro-
vide information and recommendations on materials to
be used.

2-1
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1615A

DISPLAY GROUP

FORMAT SPECIFICATION. Calls up a menu which
allows you to select the operating mode, clock slope,
logic polarity, and number base parameters. It also
permits arranging up to 24 input channels into
labelled groups.

@ TRACE SPECIFICATION. Calls up a display menu
in which you can specify trigger requirements, posi-
tion of the trigger relative to captured data within
the memory, and the clock parameters.

LIST. Calls up a display window of 15 lines of the
data captured in the 256-line memory.

@ TIMING DIAG. Calls up a timing diagram of up to
eight lines of the 256-bit memories. This mode per-
mits precise time measurements between points on
the traces. The trigger point is displayed as a set of
short vertical bars. Glitch occurrences are captured
in a separate memory and displayed as bright verti-
cal bars on the individual traces. In this mode, X10
magnification can be selected for any segment of a
displayed trace to permit improved display resolu-
tion. Probe pod 1 supplies the signals for timing dia-
gram display.

CHAN SEQ. This key offers the convenience of
returning a timing diagram to its most simple form
(lines 0 through 7 from top to bottom) after a special
sequence of lines has been arranged on the display.

Figure 3-1,
Operating Controls, Indicators, and Connectors
3-0

KEYBOARD FEATURES

___— FRONT RAIL

@ AT TRIG WORD. In the list mode, pressing this key
brings the display to the area of the trigger word. If
the trigger word starts the display, it will be the first
line of the display. If END was selected, the trigger
word will be the last line displayed. In a timing dia-
gram the brightened segment will switch imme-
diately to the trigger word when AT TRIG WORD is
pressed. If X10 magnification is being used, the dis-
play window will move to the segment which in-
cludes the trigger word. If so much trigger delay was
selected that the trigger word is not in memory,
pressing AT TRIG WORD will bring an error mes-
sage on screen (WARNING — TRIGGER NOT IN
MEMORY).

ROLL DISPLAY. In the list mode, this set of keys
moves the display window up or down through the
256-bit memory. In the timing diagram mode, this
set of keys moves the brightened trace segment left
or right across the display (for relative time mea-
surements or selection of an areatobe expanded). It
also moves the display window in X10 magnifi-
cation.

ENTRY GROUP

€D FIELD SELECT. Permits selection of variablesin the
field contents. This key is used to make selections of
variables within inverse fields which contain
brackets ([ ]). It is also used to set the zero reference
point for making point-to-point time measure-
ments.

PROBE THRESHOLD LEVEL GROUP

€ X DON'T CARE. In entry fields, X accepts all
allowed digit values (0 through 7 in octal, 0 through
F in hex, etc.). Inlabel assignment fields, X disables
the channel. An unused channel is not included in
any other label reference.

@ A-F, ., 0-9. Alphanumeric keys for entering informa-
tion into all entry fields on the display.

EDIT GROUP

DEFAULT. Returns the currently displayed menu to
its simplest form.

@D SAMPLE PERIOD. Selects the repetition rate of the
internal clock. The clock rate may be incremented
or decremented from 50 ns to 500 ms per clock (ina 1,
2.5, 5 sequence) in any display where the internal
clock rate is shown.

CURSOR. Set of switches used to move the blinking
cursor to the desired location within the menu.

EXECUTE GROUP.

TRACE. Initiates a search in logic flow to find and
capture data that corresponds to the parameters
defined in the specification menus, then displays
captured data. Pressing TRACE one time initiates a
single trace. Holding the key down placesthe 1615A
in a continuous trace mode, permitting observation
of dynamic program flow.

STOP. Stops any trigger search or data acquisition
which is in process. In order to stop a continuous
trace mode, the STOP must be pressed once to go to
the in-process mode, and then a second time to abort
the trace.

PROBE THRESHOLD LEVEL GROUP.

TTL/VARIABLE. When this switch is set to TTL, its
associated probe pod(s) is biased to operate at TTL
(1.4 V) threshold levels. In the VARIABLE position,
the probe pod bias is adjusted to the required volt-
age at the MEASURE test point.

ADJUST. Adjustment for setting logic threshold
level to the desired amplitude, offering a range from
—10 Vto +10 V.

MEASURE. A test point for measuring probe thresh-
old level voltage during adjustment.

SELF-TEST CLOCK. A test point for obtaining a
clock signal during self-test procedures and trouble-
shooting.

COMMON. A grounding point for use when making
threshold voltage adjustments and using the SELF-
TEST CLOCK.

LINE. Applies line power to the instrument.

ON. Lights when operating power is applied to the
1615A.

- .
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PANEL FEATURES
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PROBE THRESHOLD LEVEL GROUP

€D X DON'T CARE. In entry fields, X accepts all
allowed digit values (0 through 7 in octal, 0 through
Fin hex, etc.). Inlabel assignment fields, X disables
the channel. An unused channel is not included in
any other label reference.

@ A-F, ., 0-9. Alphanumeric keys for entering informa-
tion into all entry fields on the display.

EDIT GROUP

DEFAULT. Returns the currently displayed menu to
its simplest form.

SAMPLE PERIOD. Selects the repetition rate of the
internal clock. The clock rate may be incremented
or decremented from 50 ns to 500 ms per clock (ina 1,
2.5, 5 sequence) in any display where the internal
clock rate is shown.

CURSOR. Set of switches used to move the blinking
cursor to the desired location within the menu.

EXECUTE GROUP.

TRACE. Initiates a search in logic flow to find and
capture data that corresponds to the parameters
defined in the specification menus, then displays
captured data. Pressing TRACE one timeinitiates a
single trace. Holding the key down places the 1615A
in a continuous trace mode, permitting observation
of dynamic program flow.

STOP. Stops any trigger search or data acquisition
which is in process. In order to stop a continuous
trace mode, the STOP must be pressed once to go to
the in-process mode, and then a second time to abort
the trace.

PROBE THRESHOLD LEVEL GROUP.

TTL/VARIABLE. When this switch is set to TTL, its
associated probe pod(s) is biased to operate at TTL
(1.4 V) threshold levels. In the VARIABLE position,
the probe pod bias is adjusted to the required volt-
age at the MEASURE test point.

ADJUST. Adjustment for setting logic threshold
level to the desired amplitude, offering a range from
—10Vto+10 V.

MEASURE. A test point for measuring probe thresh-
old level voltage during adjustment.

SELF-TEST CLOCK. A test point for obtaining a
clock signal during self-test procedures and trouble-
shooting.

COMMON. A grounding point for use when making
threshold voltage adjustments and using the SELF-
TEST CLOCK.

LINE. Applies line power to the instrument.

ON. Lights when operating power is applied to the
1615A.

REAR PANEL FEATURES

REAR PANEL GROUP.

16/24 BIT TRIG OUT. During state analysis, this
output provides a trigger pulse whenever the state
trigger pattern plus selected delay is recognized.
Trigger pulse generation continues regardless of
the condition of the data acquisition circuitry
within the 1615A. This trigger pulse can be used to
synchronize an oscilloscope for observing a particu-
lar point in data flow.

16/24 BIT TRACE OUT. Provides a high state at the
beginning of a trace of synchronous data (when
TRACE key is pressed and the machine begins
searching for a trigger). This output resets low after
recognition of the synchronous trigger pattern plus
the delay period or occurrence count. This output
can be used to provide a clock-stopper signal during
end-trigger measurements.

8 BIT PATTERN OUT. Provides a trigger pulse when
the selected trigger patternisrecognized during tim-
ing measurements.

LINE SWITCH PAIR. Selects proper input circuit
arrangement for input voltage in use.

LINE CONNECTOR. Connection for operating
power.

LINE FUSE. Contains input operating power fuse.

Model

iB

<

Jomd

o



Model 1615A

Operation

SECTION 1l
OPERATION

3-1. INTRODUCTION.
3-2. This section provides operating information,
explains functions of 1615A controls, connectors, and

indicators and describes measurement capabilities of

the instrument.

3-3. PANEL FEATURES.

3-4. The 1615A keyboard and panel features are des-
cribed in figure 3-1. Description numbers match the
numbers on the illustration.

3-5. OPERATING INFORMATION.

3-6. The 1615A offers two logic analyzers in one: a
synchronous state analyzer and an asynchronous tim-
ing analyzer. Each analyzer captures data indepen-
dently from the other analyzer, although triggering of
the two analyzers is related.

3-7. STATE ANALYZER. The 1615A can be used for
state analysis. It will capture and display up to 256 bytes
of an operating program. It can capture bytes up to 24
bits wide (up to 16 bits wide when the timing analyzer is
also in use).

EXTERNAL
SYNCHRONOUS

3-8. In state analysis, the incoming data is synchro-
nized with the incoming clock. Trigger delays are mea-
sured in numbers of incoming clocks. The state analyzer
does not have the capability to detect glitches.

3-9. TIMING ANALYZER. The 1615A can generate a
timing diagram of the data obtained on up to eight input
lines (one 256-bit trace for each input line). The 1615A
generates several internal clocks at different rates for
capture of a trace. Additionally, an external clock can be
used, if desired. Trigger delays are measured directly in
units of time when operating with one of the internal
clocks. Delays are measured as a number of clocks when
operating with an external clock. The timing analyzeris
capable of capturing glitches and displaying them as
intensified bars on timing diagrams.

3-10. SYNCHRONOUS VS ASYNCHRONOUS
OPERATION.

3-11. SYNCHRONOUS ANALYSIS (See figure 3-2).
When the 1615A is configured as a synchronous ana-
lyzer, it gathers data bytes which are synchronized with
a clock. The clock is supplied from an external source. It
need not be periodic as long as it is synchronized with
the data (D0 and D1) to be analyzed. Trigger recognition
occurs when the clock arrives at the same time that the
states on the data lines match the trigger pattern
specified.

CLOCK

DO

DO

J

rl
- o—————JL——»————— ———
O O e — e ——_———

D1

 —— ——— —— — — — — ——

1

e e ——— —— — c——
O Or— e e e e s e —
o ——— —— — — —— — —

P amm
TRIGGER RECOGNITION

SELECTED
TRIGGER = 11

Figure 3-2. Synchronous Operation
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3-12. ASYNCHRONOUS ANALYSIS (Sce figure 3-3). By positioning a movable cursor {(an alternating display
When the 1615A is configured as an asynchronous ana- of video and inverse video), the operator selects one of
lyzer, the clock is not synchronized with the incoming the parameters in the menu. Then he enters the desired
data. The clock is periodic and is used for time measure- conditions, and moves the cursor on to the next parame-
ment. The states on the data lines are captured when ter. If the cursor is positioned in a field enclosed by
each clock occurs until 256 sequential states have been brackets (such as MODE, CLOCK SLOPE, LOGIC
obtained in memory. After the run, a trace is made for POLARITY, or BASE), selections are made by pressing
each data line showing all 256 states on the CRT as a the FIELD SELECT key. If the cursor is positioned in a
plot of line state with respect to time. field without brackets, entries are made with the other
keys in the ENTRY block on the keyboard.
3-13. In the timing analyzer, trigger recognition is not
a clock function. Anytime that the logical set specified
as the trigger word appears on the data lines, the 1615A 3-17. OPERATING PROCEDURES.
begins a measurement of time duration. The time dura-
tion is selected by the operator prior to the run. If the 3-18. INSTRUMENT CONNECTIONS (See figure 3-4).
logical set changes before the end of the specified dura-
tion, the 1615A will reset immediately and begin a new 3-19. Connect operating power to the rear-panel con-
search for the trigger word. When the logical set remains nection on the 1615A. Make sure that power-selector
stable for the selected duration, the 1615A recognizesits switches above the power connector are properly set for
trigger. the voltage in use.
3-14. In START trace modes, data acquisition is inhib- 3-20. Connect the probe cables to pod connectors under
ited until after trigger recognition occurs. In modes the keyboard by sliding each connector keeper to the left,
where trigger recognition ends the trace, data acquisi- pressing the connector into the receptacle, and then slid-
tion begins immediately as soon as the run begins, and ing the keeper to the right. Make certain that the proper
data acquisition stops when the trigger is recognized. probe cable is connected to each input receptacle.
3-15. THE MENU CONCEPT. 321. Connect pod 1 to the signals to be analyzed either
by timing diagrams or by digital list. Either synchro-
3-16. Usually, instruments capable of complex mea- nous state or asynchronous timing tests may be made by
surements have equally complex front panels. By con- the 1615A through the eight probes in pod 1.
trast, the 1615A is capable of complex measurements
but has a simple keyboard. Control complexity is re- 3-22. Connect pods 2 and 3 to the signals to be analyzed
placed with a set of menus. Each menu displays a set of by digital lists. The 1615A makes synchronous state
measurement parameters to be selected by the operator. tests through the eight probes in each of these two pods.
e | | L L L L[]
CLOCK i ]
| | _
00 l I |
N | |
|| I | l
L)
ot | l
v || |
DO ' 1 1 ' 1 1 1 o] 1
D1 1 1 1 1 0 1 1
\ INSUFFICIENT / DURATION
DURATION = NO i SATISFIED MEMORY
TRIGGER = TRIGGER STARTS
SPECIFIED RECOGNIZED
TRIGGER =11
W/DURATION je—]

Figure 3-3. Asynchronous Operation
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Figure 3-4. Probe Cable Installation

3-23. Connect clock probe to the enternal clock signal
source, if used. An external clock signal is required for
all synchronous measurements. The 1615A has an inter-
nal clock which may be used for obtaining timing dia-
grams. Connect the clock probe as follows:

a. Connect the CLOCK terminal to the external
clock signal.

b. Connect qualifier lines (QUAL 0 through 5) to
the sources of qualifier signals, if used.

c. Connect EXT TRIG terminal to the source of an
external trigger if desired for obtaining timing dia-
grams.

d. Connect theinner ground terminal to a source of
signal ground.

e. Connect the outer ground terminal to a source of
signal ground, except when clock signals are obtained
through the external probe wires. When external wires
are used, the outer ground terminal must be left open;
this prevents glitch generation in the external wires.

f. Ground all unused probe cables on all pods. Un-
used probe inputs may pick up glitches if left un-
grounded.

g. Connect cables to any of the three rear-panel
BNC terminals if triggering of external instruments is
desired. Refer to the rear-panel group described in figure
3-1 for the signal characteristics of each rear panel BNC.

3-24. INSTRUMENT TURN ON.
3-25. Power is applied to the 1615A by pressing the
LINE switch. The ON lamp lights, and the 1615A exe-
cutes the power-up self test. When self test is complete,
the format specification for the 24-bit mode appears on
screen. A successful self test is assured by the statement
POWER UP COMPLETE in the upper, right-hand
corner of the display.
NOTE

If the self test fails, the 1615A will display

TEST FAILED, STATUS = (3-digit failure

code). Refer to Section VIII of this manual for

an explanation of the failure codes.

3-26. The probe threshold level panel provides separate
adjustments for pod 1, pods 2 and 3 combined, and for
the clock pod. Adjust the probe threshold voltage as
follows:

a. Ifthe probe pods are connected to TTL circuitry,
set the TTL/VARIABLE switches to TTL. This estab-
lishes the proper probe threshold voltage (+1.4 V) for
measuring signals with TTL levels.

b. Ifthe probe pods are connected to logic circuitry
operating on other than TTL levels, set the TTL/VARI-
ABLE switches to VARIABLE. Connect a voltmeter to
the associated MEASURE test point. Then adjust the
associated ADJUST control for an indication of the
proper threshold voltage for the logic circuitry under
analysis. The ADJUST control can select any voltage
between —10 V and +10 V.

3-3
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3-27. 24-BIT SYNCHRONOUS STATE MEA-
SUREMENTS.

3-28. In the 24-bit mode, up to 24 lines of synchronous
activity can be monitored. This mode of operation uses
the following two menus: 24-bit Format Specification
(figure 3-7), and 24-bit Trace Specification (figure 3-8).
In the 24-bit Format Specification menu, the operator
can choose the format for combining and displaying
information. In the 24-bit Trace Specification menu, the
operator selects the type of data and area of program
execution to be captured. Each menu can be obtained on
the 1615A display by pressing the appropriate key in the
DISPLAY group on the keyboard.

3-29. SYNCHRONOUS STATE CAPTURE AND DIS-
PLAY. Press the TRACE key. The 1615A will capture
256 bytes of synchronous data and display a trace list.
Figure 39 shows a typical trace list.

3-30. SEPARATING ADDRESS AND DATA. The syn-
chronous state analyzer can be set up to capture and
display address and data bus information in separate,
related listings. By selecting the 24-bit Format Specifi-
cation and labeling the probes connected to address bus
A and the probes connected to the data bus C,the 1615A
will provide a display which includes separate lists for
each bus while still relating them on the display accord-
ing to each clock. By separating the address bus and
data bus in different lists, the logic polarity for each bus
and the number base used for presentation can be
assigned to each of the two buses.

3-31. DELAY APPLICATIONS. The state DELAY mode
is used to delay data capture a known number of clocks
from the trigger. One application is displaying a series
of consecutive 256-byte pages of a very long program.
This may be accomplished by making several traces of
program activity, each trace with an additional 256
bytes of delay.

3-32. The trigger OCCUR delay could be used to obtain
any particular pass through a program loop. By select-

29E4

HOW DID WE GET HERE?

Model 1615A

ing an address within the loop as the trigger word and
then specifying delay by trigger OCCURrences, any
desired pass through the loop could be captured and

displayed, up to 999 999 occurrences.

3-33. CLOCK QUALIFIER APPLICATIONS. Sometimes
it is necessary to capture only that activity in a specific
area, such as activity involving a particular ROM in a
system. The clock qualifier simplifies this information
capture. By connecting one of the clock qualifier lines to
the chip-select pin on the ROM, and then setting the
clock qualifier on the trace specification to only recog-
nize clocks which occur when the chip-select is in the
active state, a listing of activity isolated to those pro-
gram steps involving the ROM can be obtained.

3-34. Two qualifier words may be used to specify two
OR’d conditions for acceptable data, such as capturing
only I/0 reads or I/0 writes when data acquisition is to
be limited to I/0 activity. Qualifier line 1 could be con-
nected to the read line, and qualifier line 2 connected to
the write line. Additionally, qualifier line 3 could be
connected to a line which is active only when an I/0
operation is in process, such as M/1/0. By selecting the
following two qualifier words: XXX1X1 and XXX11X,
only reads (line 1) or writes (line 2) will be clocked into
the 1615A state memory when an I/0 operation (line 3)
is being implemented.

3-35. ACTIVITY PRECEEDING A KNOWN EVENT.
Sometimes it is necessary to observe activity leading up
to a known event. Figure 3-5 shows a program sequence
which contains three possible paths. The 1615A can be
used to determine exactly which path was selected dur-
ing program execution. By setting the 1615A to trigger
on the first event following the convergence of the three
paths, and selecting the END trace mode, the 1615A will
capture and display the activity that led up to the trigger
event. By including some delay with the END trigger
specification, the trigger event can be positioned within
the 1615A memory so that activity before and after the
trigger event can be observed on the same display.

ADDRESS DATA

[ [
[ ] L}
[ ] [ ]

2878 00

287C 27

287D OE

288C 7E

288D 29

288E E4

|29E4 96 END

o o | TRIGGER

. . /

DATA WINDOW

Figure 3-5. Activity Preceeding a Known Event
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3-36. APPLICATION FOR TRACE TRIGGER EVENTS.
When a specific quantity changes with each pass through
a loop, this change can be observed by using TRACE
TRIGGER EVENTS plus delay. The trigger word should
be a non-changing address in the loop. The delay is used
to offset data capture to the changing event to be
cbserved. As the program runs, one event is captured
each time that the loop occurs. The 1615A displays the
sequential changes in the event being monitored.

Q

N=0

—

N=N+1

Operation

3-37. DISPLAYING A PARTICULARPASS THROUGHA
LOOP. Sometimes it is desireable to observe program
activity during a particular pass through a program
loop (figure 3-6). The 1615A enables the operator to cap-
ture and display any desired pass through such a loop.
The 1615A can be set to recognize a particular address
within the loop as the trigger word. Then by specifying
delay as a number of trigger recognitions, the desired
pass can be captured and displayed.

What Happens in this Routine During
the 185th Pass Through the Loop.

TRIGGER = 3C80

OCCURRENCE = 185

Figure 3-6. Viewing a Particular Pass Through a Loop
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1. MODE select:

2. CLOCK SLOPE select:

3. LABEL SELECT:

4. LOGIC POLARITY select:

5. Number BASE select:

SPECIFICATION  TRACE-COMPLETE

Btk

Move cursor to this field and press FIELD SELECT key to obtain 24 BIT mode.

Move cursor to this field and press FIELD SELECT to use either postive-edge or
negative-edge of incoming clock for data acquisition.

Move cursor to this field and type in the desired label for each probe in the three
pods. In the above format specification, the 16 lines of pods 2 and 3 were
connected to an address bus and the eight lines of pod 1 were connected to a data
bus. This labeling groups the address bus lines under A and data bus under C.
Up to three separate groups can be obtained by assignment of A, B, and C labels
to the probes. Only adjacent probes can be grouped. The 1615A will not accept a
split label assignment such as AAABAACCCC, but by rearranging the label, it
will accept AAAAABCCCC or BAAAAACCCC. Assign X to any unused probe
to eliminate it from the display and trigger.

Move cursor to this field and press FIELD SELECT to assign either positive or
negative logic polarity to each set of probe inputs.

Move cursor to this field and press FIELD SELECT to choose the number base
for display of information obtained from each set of probe inputs. Either binary,
octal, decimal, or hexadecimal number bases can be selected.

3-6

Figure 3-7. 24-bit Format Specification Menu
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TRECE SPECIFICATION TRACE-CIPLETE

1 (R TRACE /
. 5 LUEL ¢ 4

£ ——————— e 5
6 7
1. TRACE point select: Move cursor to this field and press FIELD SELECT to place the trigger
word at the START or END of the trace. To locate the trigger word
within the trace and view activity before and after the trigger, select
END TRACE and add some delay as described in steps 3 and 4 below.
2. Trigger Address select: Move cursor to this field and type in the desired trigger words. In the

example above, the 1615A will recognize its trigger when the address
bus (group A) reaches 03E4 (HEX), regardless of the state on the data
bus (group C).

NOTE
The dollar sign ($) may appear in the trigger field. If $ does appear, make sure that the trigger word
can be expressed in the selected number base. For example, 1XX0 can be selected as the trigger word
when using the binary number base. If the number base is then changed to HEX, $§ will appear in the
new trigger word. This is because 1XX0 can not be expressed as a unique HEX character.

3. DELAY/OCCUR select: Move cursor to this field and press FIELD SELECT to choose either
DELAY or OCCUR. If DELAY is selected, 1615A will count a specified
number of clocks after trigger recognition before starting or ending data
acquisition. If OCCUR is selected, start or end of data acquisition will be
delayed until after a number of trigger occurrences. The number of
clocks or trigger occurrences are selected in item 4 below.

4. DELAY/OCCUR parameter: Move cursor to this field and enter the desired delay (clocks or occur-
, rences). Any delay of clocks or trigger occurrences up to 999 999 can be
selected. This parameter is always a decimal number.

5. First CLOCK QUALIFIER word: Move cursor to this field and enter word: 1 or 0 for each of the six
qualifier lines used on the clock probe. A “1” requires a high state to
qualify the clock. A “0” requires a low state to qualify the clock. Enter X
on any qualifier line that is not used.

6. Second CLOCK QUALIFIER word: Move cursor to this field and press FIELD SELECT to either turn OFF
the second qualifier word or turn it on to OR it with the first qualifier
word. If OR is selected, type in the second qualifier word in the same
format as was used for the first qualifier word.

7. TRACE data type: Move cursor to this field and press FIELD SELECT to choose either
ALL STATES or TRIGGER EVENTS. If ALL STATES is selected, the
1615A will accept every input received after trigger recognition. If
TRIGGER EVENTS is selected, the 1615A will accept only those inputs
which are a valid trace specification. ;

Figure 3-8. 24-bit Trace Specification Menu
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This illustrates a typical trace list display. TRACE-COMPLETE in the upper, right-hand corner indicates that
the data-acquisition circuitry is now inactive. The trigger word 03E4 appears in inverse video on line 000 (start
trace mode). The data acquired by the probes labeled A and C is displayed in separate columns in hexadecimal
number bases. To observe other portions of the 256-byte memory, use the ROLL DISPLAY keys on the keyboard.
To observe a particular line of display, move the cursor into the LINE NO. column and type in the line number
desired. To return to the portion of memory which contains the trigger word, press the AT TRIG WORD key.

Figure 3-9. Trace List Display

3-38. 8-BIT ASYNCHRONOUS TIMING MEA-
SUREMENTS.

3-39. In the 8-bit mode, up to eight lines of asynchro-
nous electrical activity can be monitored through the
probes in pod 1. This mode of operation uses the follow-
ing menus: 8-bit Format Specification (figure 3-21), and
8-bit Trace Specification (figure 3-22). In the 8-bit For-
mat Specification menu, the operator can select the for-
mat for display if the optional list is elected. In the 8-bit
trace specification menu, the operator selects the area of
program execution to be captured using a variety of
optional trigger pattern and delay arrangements. Also
in this menu, the rate for sampling the eight data lines
can be selected either from one of the several internal
clock rates, or by supplying a separate external clock
through a lead on the clock probe.

3-40. 8-BIT ASYNCHRONOUS TIMING DIAGRAMS
CAPTURE AND DISPLAY. Press the TRACE key. The
1615A will capture 256 bytes of asynchronous, time-
related activity and display a timing diagram (figure
3-23) which has one horizontal trace for each active
channel. Each trace displays the contents of its 256-bit
memory.

3-41. ASYNCHRONOUS TRIGGERING. In figure 3-10,
the 1615A has been set up to trigger when it detects that
all of the eight input lines have remained low for atleast
15 ns and a glitch is detected on line 5 of pod 1. Trigger-
ing will beimmediate and the trigger point will begin the
256-byte trace.

3-8

TROTE SFECIFICATION TRACE-COMPLETE

TR TRACE

Figure 3-10. Asynchronous Triggering Example

3-42. In figure 3-11, three OR’d trigger fields are used.
The 1615A will trigger wheneverit detects a 15-ns period
where all eight lines are low, OR all eight lines are high,
OR all lines alternate with the first line high and the last
line low.

3-43. ON NOT TRIGGERING. This mode of triggering
allows the operator to set up a particular status word
and then monitor a system. If the status word ever
changes, electrical activity before and/or after the
change can be captured and analyzed as a timing
diagram.
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TRACE SPECIFICATION TRACE-COMPLETE

TR OLOCK  SBNS/TLK

RS TRACE

Figure 3-11. Multiple Trigger Words

3-44. ON NOT triggering can also be used to capture a
timing diagram of activity leading up to a system crash
that stops the system clock. By selecting ON NOT
XXXXXXXX, the END TRACE mode, and external
clocking, 1615A will gather a continuous flow of activ-
ity, and will never find its 8-bit trigger word. When a
crash occurs and the clock stops, the timing diagram of
activity leading up to the crash will be presented when
the STOP key is pressed.

3-45. 8-BIT TRACE DELAYS. The 8-bit trace may be
delayed from its trigger point, either by a period of time
or by a number of external clocks. In figure 3-12, external
clock delay was selected. After the 1615A recognizes
that all states on pod 1 are low for 15 ns, it will begin to
count clocks applied to the EXT clock input of the clock
probe. When it counts 142 external clocks, it will then
gather 256 bytes of data at the rate of the internal clock
(50 ns/clock in figure 3-12). The DELAY QUALIFIER
field could have been used. The qualifier lines of the
clock probe could have been connected to a particular set
of lines and entrys made to ensure that only those exter-
nal clocks which arrived when certain states were true
would be recognized as part of the delay specification.
For example, data collection could have been delayed
until after a specific number of I/O writes had occurred.

TROCE-COMPLETE

TRICE SPECIFICATION

Figure 3-12. 8-bit Trace Delays

Operation

3-46. RELATIVE TIME MEASUREMENTS. Figure 3-13
demonstrates the process for making relative time mea-
surements on a timing diagram. In section a, the ROLL
DISPLAY keys were used to place theleading edge of the
expand indicator (brightened trace segment) on the fall-
ing edge of a pulse on line 0. Then the FIELD SELECT
key was pressed to zero the measurement indicator. In
section b, the expand indicator was moved to the falling
edge of a pulse on line 1. The measurement indicator
shows that there is an elapsed time of 11.8 usec between
the two points of interest.
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Figure 3-13. Relative Time Measurements

3-47. For ease of making timing measurements, the
channels can be rearranged on the display. In figure
3-14, channels 0 and 7 were placed next to each other. To
rearrange channels, move the cursor into the channel
number column and type in the desired order of channel
numbers. To return the channels to the normal sequence
of presentation, press the CHAN SEQ key.

TIMING DRIAGRAM TRACE~-COMPLETE

EXPAND INDICATOR

- GLITCH DISPLAY ﬁ et leg
MGNIFI"QTZGM %}

Figure 3-14. Rearranged Channel Sequence Displays

3-48. POSITIVE/NEGATIVE TIME ON TIMING DIAGRAM.
The 1615A can be set up to capture and display a timing
diagram showing activity leading up to the trigger pat-
tern, the trigger point itself, and activity following the
trigger pattern. In figure 3-15, the 8-bit mode was set up
for the trigger pattern to end the trace. Then delay was
added to the trace specification so that an additional
portion of activity would be captured following recogni-
tion of the trigger pattern.

39



QOnveration

TIMING DISGRAM

EXPAND INDICATOR {
GLITCH DISPLAY
MALNIFICATION ]

——

PATTERN

Figure 3-15. Positive/ Negative Time Displays

3-49. TRACE LIST/TIMING DIAGRAM CONVERSION.
The 1615A provides the capability of converting a tim-
ing diagram to a trace list and a trace list to a timing
diagram. In this way, activity gathered by pod 1 in
either mode of operation can be viewed both as a series of
sequential states, and as a 256-byte trace. (See figure
3-16.)

3-50. GLITCHES. A glitch is defined as two or more
transitions occurring between any two consecutive sam-
ples. When a glitch is detected by the 1615A, an intensi-
fied vertical line is shown on the 1615A display in the
time frame where the glitch detection occurred. Figures
3-17 through 3-19 will clarify the 1615A glitch detection
and display.

3-51. Figure 3-17 shows detection and display of a sin-
gle glitch occurring between two consecutive samples.
The data level crosses the threshold twice between T1
and T2, and the 1615A displays an intense vertical bar
at T2.
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Figure 3-16. Trace List/ Timing Diagram Conversion

3-52. Figure 3-18 shows detection and display of a
glitch occurrence between T1 and T2 (two or more transi-
tions crossed the threshold between T1 and T2). The
1615A can not detect and display more than one glitch
between any two consecutive samples. If in doubt, a
faster clock rate can be selected to detect glitches.

T3 T4

THRESHOLD e e e e e e e

DATA

DISPLAY .

Figure 3-17. Single Glitch Detection end Display
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3-53. Figure 3-19 shows detection and display of a
glitch that occurred within the same sample period as a
data transition. The glitch is displayed as an intensified
data transition.

3-54. Figure 3-20 shows an example which includes
glitch detection as part (or all) of the asynchronous
trigger specification. In the example, the trigger word is

T1 T2
ASYNCHRONOUS
SAMPLE CLOCK

Operation

all 1’s on the eight asynchronous data channels plus
detection of a glitch on either bit 3 or bit 7. It was not
necessary to detect glitches on both bits 3 and 7. The
entire glitch trigger field is satisfied whenever a glitch is
found in any one of the designated bits. In the illustra-
tion, no trigger would have been recognized if only bits 0
through 6 had been designated since the glitch occurred
on bit 7.

T3 T4

THRESHOLD

DATA

DISPLAY l

Figure 3-18. Multiple Glitch Detection and Display

ASYNCHRONOUS |
SAMPLE CLOCK

T3 T4

THRESHOLD e e e

DATA
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Figure 3-19. Glitch Detection and Data Transition Display
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Figure 3-20. Trigger on Combined Pattern and Glitch

MODE select:

CLOCK SLOPE select:

LABEL SELECT:

LOGIC POLARITY select:

Number BASE select:

FORMRT SPECIFICATION TROCE~COMPLET!
MODE =

CLOC

Move cursor to this field and press FIELD SELECT key to obtain 8 BIT mode.

Move cursor to this field and press FIELD SELECT to use either positive-edge or
negative-edge of incoming clock for data acquisition.

Move cursor to this field and type in the desired label for each probein pod 1. The
probes can be arranged in one or two groups for a list presentation by labeling
some probes D and others E. Only adjacent probes can be grouped. The 1615A
will not accept DDEEDDEE. Label unused probe channels with X to eliminate
them from the display and trigger.

Move cursor to this field and press FIELD SELECT to assign either positive or
negative logic polarity to each set of probe inputs.

Move cursor to this field and press FIELD SELECT to choose the number base
for a list display of information obtained from each set of probe inputs. Either
binary, octal, decimal, or hexadecimal number bases may be selected.

oo

Y

Figure 3-21. 8-bit Format Specification Menu
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1. TRACE point select:

2. Clock Source select:

3. Sample Period select:

4. Delay Type select:

TRADE SPECIFICATION TRACE-COMPLETE

SEICRE] TRACE WO CLOCK  SBNG/CLK

TRACE SFECIFICATION TRACE-COMPL Y

UELGY RUALIFIER RS

IR CLOCK /) SaNS TR

11

Move cursor to this field and press FIELD SELECT to place the
trigger word at the START or END of the trace. To locate the trigger
within the trace and view activity before and after the trigger, select
END trace and add some delay as described in steps 4 and 5 below.

Move cursor to this field and press FIELD SELECT to choose either
the internal clock or an external clock for developing a timing
diagram.

The cursor is not used to access this field. Press the SAMPLING
RATE keys on the keyboard to increment (INCR) or decrement
(DECR) the sample period. Twenty-two sample periods are available
from 50 NS/CLK to 500 MS/CLK.

Move cursor to this field and press FIELD SELECT to choose either
TIME delay, or delay by a number of external clocks (EXT CLK).

Figure 3-22. 8-bit Trace Specification Menu
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Delay Parameter select:

Trigger Status select:

External Trigger SLOPE select:

Trigger Word select:

Move cursor into this field and type in the desired trigger delay:
either a time period or number of external clocks. Delay up to 1 048
575 sample clocks can be selected. Any time delay may be entered.
The 1615A will automatically round off the time delay to a multiple
of the sample period selected in step 3.

Move cursor into this field and press FIELD SELECT to choose the
desired trigger status. ON sets the 1615A to trigger when it detects
the adjacent word. ON NOT sets the 1615A to trigger on anything
but the adjacent word. ON EXT sets the 1615A to trigger when the
selected transition occurs on the external trigger line of the clock
pod (see step 7).

Move cursor into the field and use FIELD SELECT to choose either
positive-edge or negative-edge triggering for the external trigger
line from the clock pod.

Move cursor into this field and type in the desired trigger word. The
entry must be in the number base specified for the label field. In the
example, all probe leads were combined in group E and binary
number base was selected so only 1, 0, or X are allowed values for
this entry.

NOTE

The dollar sign ($) may appear in the trigger field. If $ does appear, make sure that the trigger word
can be expressed in the selected number base. For example, 1XX0 can be selected as the trigger word
when using the binary number base. If the number base is then changed to HEX, $ will appear in the
new trigger word. This is because 1XXO0 can not be expressed as a unique HEX character.

10. GLITCH trigger select:

DELAY QUALIFIER select:

9. ASYNCH TRIGGER DURATION select Move cursor into this field and press FIELD SELECT to choose

the period of time that the trigger set must remain stable beforeitis
recognized as a valid 1615A trigger word.

Move cursor into this field and press FIELD SELECT to assign
glitch requirements to the trigger specification, if desired. A peak
under a channel number assigns a glitch trigger requirement to
that channel. This field is satisfied when any one of the specified
channels detects a glitch.

Move cursor to this field and enter qualifier states desired for the
clock probe. Use 1 (high state qualifies), 0 (low state qualifies), or X
(either state qualifies). DELAY QUALIFIER is only available
when external clock delay is selected. This field allows the operator
to establish a qualification requirement for the clocks that are
counted as part of the delay.

Figure 3-22. 8-bit Trace Specification Menu (Cont’d)
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TIMING DIAGRAM TRACE-COMPLET
EXPAND INDICARTOR (NN
GLITCH DISPLAY Xl
MACHIF ICHT I0H (%)
L - o

TRIGGER
TIC MARKS
GLITCH

1. CHANNEL SEQUENCE select Move cursor into this field and type in desired order of channel
presentation. This allows placing any desired channels side-by-side
for comparisons. Use letter X to blank a channel slot on the CRT.

2. EXPAND INDICATOR select: Move cursor into this field and press FIELD SELECT to turn ON or
OFTF the expand indicator. This 1-division brightened portion of the
trace is the area that will be displayed on screen if X10 MAGNIFI-
CATION is selected. It can be positioned anywhere on the display by
using the ROLL DISPLAY keys. It may mask glitch display so it
can be turned off if desired.

3. GLITCH DISPLAY select Move cursor into this field and press FIELD SELECT to turn ON or
OFF the display of glitches. This can reduce display clutter when
making timing measurements.

4. MAGNIFICATION select: Move cursor into this field and press FIELD SELECT to choose

either X1 or X10 display magnification. A 1-division brightened
portion of the display in X1 magnification shows what part of the
trace will be on screen in X10 magnification.

5. Sample period/Horizontal Time Scale: Use SAMPLE PERIOD INCR/DECR keys tochangeinternal clock
rate for next trace. After incrementing or decrementing the sample
period, the horizontal scale indications will be invalid for the dis-
played data until a new trace is obtained.

6. Time Measurement Field: Move cursor to this field and press FIELD SELECT key to zero
indications. Then use ROLL DISPLAY keys to move expand indica-
tor along trace. Time measurement field will show the elapsed time
between the present and original position of the expand indicator.

Figure 3-23. Timing Diagram Display
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3-55. SIMULTANEOUS SYNCHRONOUS/

ASYNCHRONOUS MEASUREMENTS.

3-56. The 1615A offers a dual mode of operation where
the 16 bits gathered by pods 2 and 3 are clocked in for
state analysis and the 8 bits gathered in pod 1 are cap-
tured asynchronously for timing analysis. This mode is
used when the area of concern involves both synchro-
nous and asynchronous activity, such as finding the
source of glitches at a particular point in program execu-
tion. The dual mode gathers its information via one of
four interactive trigger modes (see ARMS/TRIGGERS
paragraph).

3-57. In the Format Specification menu (figure 3-26),
the operator sets up the individual formats for the 16-bit
and 8-bit analyzers. In the Trace Specification menu
(figure 3-27), the synchronous and asynchronous trigger
and delay specifications are established for each of the
two separate functions. Both menus offer nearly the
same parameters as are offered for the 24-bit and 8-bit
modes, except that only one qualifier field is available
for the state analyzer and the Trigger Events mode is
not used.

3-58. ARMS/TRIGGERS. Two modes of interactive opera-
tion (ARMS and TRIGGERS) are available when the
1615A is simultaneously used as a 16-bit synchronous
state analyzer and an 8-bit asynchronous timing ana-

lyzer. The effects of the two modes are shown in figures
3-24 and 3-25.

16-BIT
STATE
ANALYZER
CLOCKS

LS T Y .
ivtvucs tVLun

3-58. 16 BIT TRIGGERS 8 BIT (figure 3-24). In this
mode, the state analyzer receives external clocks while
the timing analyzer waits. With each external clock, the
16-bit state analyzer examines the associated data word.
When the state analyzer recognizes its trigger word, it
starts to retain data bytes in the 16-bit state memory
according to the mode of operaton selected. At the same
time that the state machine recognizes its trigger, it
issues a trigger to start the 8-bit timing analyzer. The
timing analyzer then gathers 256 8-bit bytes into its
timing memory. Since the two analyzers operate inde-
pendently, they may gather data atdifferent clock rates,
as shown in figure 3-24. This enables an operator to
obtain a timing diagram of the activity associated with
a very small portion of an operating program.

3-60. By using the TRIGGERS mode of triggering, the
following applications are available:

a. Lines can be observed to detect the source of a
false interrupt (asynchronous condition) which occurs
at a particular point in program execution (synchronous
state).

b. The stability of input lines can be verified
(asynchronous activity) prior to reading an I/0 port
(synchronous state).

c. Control line states (asynchronous activity) can
be checked during a subroutine call (synchronous state).

TRIGGER
OCCURS

DATA IS RECORDED

8-BIT
TIMING
ANALYZER

CLOCKS

JM

NN

TRIGGER
SATISFIED

=
I

DATA IS RECORDED

UM

Figure 3-24. 16 BIT TRIGGERS 8 BIT Mode
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3-61. 16 BIT ARMS 8 BIT (figure 3-25). In this mode,
each of the two analyzers search for their own unique
trigger words. The state analyzer starts searching forits
trigger word as soon as the run begins, but the timing
analyzer is held in a disarmed mode. When the state
analyzer finds its trigger, it arms the timing analyzer,
allowing it to start its own trigger word search. When
the timing analyzer finds its trigger word, it then
acquires its 256 bytes of data. In this mode, both digital
and time delay can be obtained in one measurement.

3-62. By using the ARMS mode of operation, the 1615A
can be set up to search for a particular pattern on a set of

16-BIT
STATE
ANALYZER

Operation

control lines (asynchronous acitivity) only after a spe-
cific point in program execution (synchronous state).
One application of this mode would be to monitor a
status word for change (asynchronous activity) after
completion of a bootstrap (synchronous state).

3-63. The 1615A also offers the 8 BIT TRIGGERS 16
BIT and 8 BIT ARMS 16 BIT modes of triggering. These
modes are identical to those described above, exceptthat
the 8-bit timing analyzer begins watching the incoming
data at the start of the run and the 16-bit state analyzer
waits to receive an enable or trigger.

CLOCKS

TRIGGER
OCCURS >

DATA IS RECGRDED

s LN
TIMING

ANALYZER
CLOCKS

N

ARMING
OCCURS

TRIGGER
OCCURS

| DATA IS RECORDED C
W

Figure 3-25. 16 BIT ARMS 8 BIT Mode
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1. MODE select: Move cursor into this field and press FIELD SELECT to obtain 16 and 8 BIT
MODE.
2. CLOCK SLOPE select: Move cursor to this field and press FIELD SELECT to use either positive- edge or
negative-edge of incoming clock for data acquisition.
The 16-bit format specification menu is shown above the dashed horizontal line on the display. Menu selections
are made in the same manner as for the 24-BIT FORMAT SPECIFICATION, except that only the 16 probes of
pods 2 and 3 are available for synchronous state measurement.
The 8-bit format specification menu is shown below the dashed horizontal line on the display. Menu selections
are made in the same manner as for the 8-BIT FORMAT SPECIFICATION.
Figure 3-26. 16-bit & 8-bit Format Specification Menu
TRACE SFECIFICATION TRACE-COMPLETE 1
16-BIT
A
DEL &Y
AEYNG ;
}E:t;cgp 8-BIT
DURGT ION
1. Trigger Interaction select: Move cursor to this field and press FIELD SELECT to choose one of

the four trigger interaction modes:
(1) 16 BIT ARMS 8 BIT

(2) 16 BIT TRIGGERS 8 BIT

(3) 8 BIT ARMS 16 BIT

(4) 8 BIT TRIGGERS 18 BIT

The 16-bit trace specification menuis shown above the dashed horizontal line on the display. Menu selections are
made in the same manner as for the 24 BIT TRACE SPECIFICATION, except that only one CLOCK QUALI-
FIER field is available and the TRIGGER EVENTS mode is eliminated.

The 8-bit trace specification menu is shown below the dashed line on the display. Menu selections are made in the
same manner as for the 8-BIT TRACE SPECIFICATION.

3.

1

Figure 3-27. 16-bit & 8-bit Trace Specification Menu
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3-64. STATUS MESSAGES.

3-65. The following messages are displayed on the
1615A screen to provide an indication of 1615A operat-
ing status. (Messages may vary with different 1615A
options.)

COMMAND iIGNORED - Displayed when an error exists
in the operator’s entry.

DELAY OUT OF RANGE - Displayed when delay specifi-
cation exceeds 1615A capabilities.

ERROR IN RAM # - Displayed when 1615A detects a
write and read-back error during the power-up self test.

ErROR iN ROM # - Displayed when 1615A detects a
check-sum failure during power-up self test.

INVALID ENTRY - Displayed when an entry is made that
does not fit the field definition, such as entering an 8 in
an octal field.

NO ASSIGNED LABEL - Displayed when all probes are
labeled X, an invalid condition.

NO TRIGGER - Dispiayed between the time that the
1615A starts looking for its trigger and the time that it
finds its trigger.

NO 16 BIT TRIGGER - Displayed between the time that
the 1615A starts looking for its 16-bit trigger and the
time that it finds its trigger.

NO 8 BIT TRIGGER - Displayed between the time that
the 1615A starts looking for its 8-bit trigger and the time
that it finds its trigger.

POWER UP COMPLETE - Displayed after the end of the
self test if the self test detected proper operation.

POWER UP FAILED - Displayed after the end of the self
test if the self test detected improper operation.

SLOW CLOCK - Displayed when the repetition rate of
the external clock is slow.

SPLIT LABEL - Displayed when the letter assignments
in the probe label field are not contiguous.

TEST COMPLETE - Displayed when the data-acquisition
self test is completed and the 1615A is found to be operat-
ing properly.

TEST FAILED, STATUS — - Displayed when an error is
detected during the data-acquisition self test. Interpreta-
tion of status codes is further explained in Section VIII
of this manual.

TEST IN PROCESS - Displayed during the time that the
1615A is performing a self test.

Operation

TRIGGER NOT IN MEMORY - Displayed when the AT
TRIG WORD key is pressed and the trigger word is not
in memory, due to trigger delays, etc.

UNALLOWED VALUE - Displayed only in decimal fields
when an out-of-range entry is made.

USE FIELD SELECT KEY - Displayed when the operator
presses one of the alphanumeric keys in a field that is
controlled by the FIELD SELECT key.

>0<256 WDS - Displayed only when operating with a
slow external clock capturing state data in the trigger
starts trace mode. This message tells how many valid
data wurds have been captured since the start of the
trace, and before the trace is complete.

3-66. OPERATOR’S TESTS.

3-67. Several test routines have been built into the
1615A. These routines are available to the instrument
operator through front-panel selection. Each test pro-
vides a simple method of ensuring reliability in the spe-
cific function or functions tested. If a self-test failure
occurs, be sure to check all external connections.

3-68. POWER-UP SELF TEST.

3-60. This self test is performed automatically at
instrument turn on if no keyboard key is held down.
Built-in routines check the instrument program ROMs,
display RAM for alphanumeric displays, and the micro-
processor RAM. Successful completion of this test is
indicated when the CRT displays the 24-bit format speci-
fication with POWER UP COMPLETE in the upper,
right-hand corner. A failure in this test sets thetestina
loop and the CRT indicates the circuitry that failed, such
as ERROR IN ROM #3, 4, 5. The 1615A continues to
rerun the test and refresh the display. When the mal-
function is corrected, the 1615A will proceed through the
remainder of the power-up test and finish with POWER
UP COMPLETE and the 24-bit format specification.

3-70. KEYBOARD SELF TEST.

3-71. The keyboard self test is initiated when the A key
is held down during instrument turn on. In this test, the
display shows NEXT KEY #1, LASTKEY #13. To indi-
vidually check the proper operation of the entire key-
board, the keys must be pressed in sequence from left to
right and top to bottom in each functional group. The
LAST KEY # will show the number of the last key
pressed but the NEXT KEY # will only advance if the
next key specified is pressed. To end this test, press the
STOP key. Then the display will switch to the 24-bit
format specification.

3-72. If a key (other than A through D) is stuck down
during power up, the display will show POWER UP
FAILED, and LAST KEY # will show the number ofthe
stuck key.
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3-73. DATA ACQUISITION SELF TEST.

3-74. Thedata acquisition self testisinitiated when the
B key is held down during instrument turn on. A pro-
gram of test data is begun which exercises all variables
in the data acquisition circuitry. The clock probe must be
connected to the SELF-TEST CLOCK and COMMON
test points on the front panel to perform this test. At the
end of the test, the display shows the 24-bit format speci-
fication menu and TEST COMPLETE in the upper,
right-hand corner.

3-75. If a failure occurs during the data acquisition
test, the display will show TEST FAILED, STATUS =
(code number). The code number is always in octal and
indicates machine status at the time of the failure. Refer
to Section VIII of this manual for a list of failure codes
and their interpretations.

3-76. Press FORMAT SPECIFICATION and TRACE
SPECIFICATION; the display will show what state of
the test was in process when the failure occurred. When
the cause of the failure is discovered and corrected, the
test that failed can be repeated by pressing the TRACE
key. However, the untried remaining tests in the data
acquisition self test will not be performed. To perform
the entire data acquisition self test, turn off instrument
power and turn it back on while holding the B key down.

3-77. Section VIII contains a list of the tests performed
during the data acquisition self test. By referring to
Section VIII, you can determine which portions of the
circuitry were found to be operating properly, which
portion of the circuitry failed the test, and which por-
tions of the circuitry were not tested.

3-20

3-78. If you do not wish to perform the remainder of the
data acquisition self test, press the TRACE SPECIFI-
CATION key and make a change to the displayed trace
specification. This removes the internal count-up mode
from the input circuitry and reconfigures the 1615A to
acquire external data.

3-79. DSA TEST LOOPS.

3-80. While these functions are not truly instrument
self tests, they are included here because they are condi-
tions accessible from the front panel. Each test condi-
tion configures its related circuitry in a loop for trouble-
shooting with DSA measurements. In both of these
conditions, the keyboard is disabled. To terminate either
of these conditions, instrument power nmiust be turned
off.

3-81. DATA ACQUISITION DSA MEASUREMENTS
CLOCK. This clock is initiated when the C key is held
down during instrument turn on. In this condition,
TEST IN PROCESS is displayed on screen and a clock is
supplied to the SELF-TEST CLOCK terminal for use in
troubleshooting the data acquisition circuits.

3-82. DISPLAY DSA MEASUREMENTS. The display
DSA measurements mode is initiated when the D key is
held down during instrument turn on. The clock probe
must be connected to the SELF-TEST CLOCK and
COMMON test points on the 1615A front panel. In this
mode, the keyboard is disabled and the display shows a
timing disgram of the clock with each probe channel
running at one-half the rate of the channel above it. In
this mode, the microprocessor is halted and the circuitry
is configured in a loop which can be used for DSA testing
of the display logic circuits.
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Performance Tests

SECTION IV

PERFORMANCE TESTS

4-1. INTRODUCTION

4-2. The procedures in this section test the instrument

electrical performance using the specifications of table
1-1 as tha naw"nvmannn standavrde All tactc can ha nar.

-1 as the performance standards. All tests can be per

formed without access to the interior of the instrument.
A simpler operational test is included in Section III
under Operator’s Tests.

4-3. EQUIPMENT REQUIRED.

44. Equipment required for the performance tests is
listed in the Recommended Test Equipment tablein Sec-
tion I. Any equipment that satisfies the critical specifi-
cations given in the table may be substituted for the
recommended model(s).

4-5. TEST CONNECTOR.

4-6. The performance tests and adjustment procedures
require connecting pulse generator outputs to probe pod
inputs. These tests require either one or two 50-ohm ter-
minations. Figure 4-1 shows how to build a connector
that includes a 50-ohm termination for a pulse genera-
tor. The Hewlett-Packard part numbers for the parts
used in the test connector are listed below. Equivalent
parts may be used.

BNC connector ........cooovvvvvvennnn... 1250-0083
solderlug...........ooiiiiiii 0360-1632
U e it s 2950-0001
2 resistors, 1 watt, 100 ohms ............. 0760-0024

4-7. TEST RECORD.

4-8. The results of the performance tests may be tabu-
lated on the Test Record at the end of the procedures. The
Test Record lists all the tested specifications and their
acceptable limits. The results recorded at incoming
inspection can be used for later comparisons during peri-
odic maintenance, troubleshooting, and after repairs or

adinstments.

Qju=irll

BNC
w CONNECTOR
o
DN g g

TWO

100 OHM
1TWATT
RESISTORS

Figure 4-1. 50-ohm Test Connector

4-9. OPERATION VERIFICATION.

4-10. To assure that the 1615A is operating properly
without testing all of the specifications listed in table 1-
1, perform the Operator’s Tests described in Section III
of this manual. Make certain that each of the self tests
can be accessed via the applicable keyboard keys and
that each test reaches its designed conclusion. This veri-
fies proper instrument operation.

4-11. SPECIFICATIONS TESTS.

4-12. Thefollowing tests verify the specifications listed
in table 1-1. They can be used as an incoming inspection

procedure, or for performance testing after instrument
repairs or adijustments have heen made.

cpalls O aQURstiliellls I1ave DeeIl Imad
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4-13. CLOCK, QUALIFIER, AND DATA INPUTS TEST.

SPECIFICATION:
REPETITION RATE: to 20 MHz.
MINIMUM INPUT:
Swing 0.6 V.
Clock Pulse Width: 20 ns at threshold level.
Setup Time: time data must be present prior to clock transition, 20 ns.
Hold Time: time data must be present after clock transition, zero.
INPUT THRESHOLD: TTL, fixed at approx. +1.5 V; variable +10 Vdec.
INPUT RC: 50 k) shunted by <14 pF at probe tip.

DESCRIPTION:
This test verifies the specifications of the 10248 B input probes when used with the 1615A Logic Analyzer. Each data
probe should be tested separately.

EQUIPMENT:
Pulse Generators (2)
Oscilloscope
Multimeter
LCR Meter

PROCEDURE:
a. Connect pulse generators and oscilloscope to 1615A as shown in figure 4-2. Connect all inputs of clock probe and
probe pod 1 to their respective signal sources. Connect probe pods 2 and 3 to Model 1615A but do not apply signals
to these probe pods.

PULSE PULSE
GENERATOR GENERATOR
OSCILLOSCOPE 1 2 MODEL 1615A
TRIGGER
A B TRIGGER OUTPUT INPUT OUTPUT
Qo O OUTPUT O Q o)
CLK/
(J__ QUAL/
ETRG
CLOCK
GND] POD
*—4»
10:1 PROBE DATA
BITS
DATA
®7 | poDs
‘ =
10:1 PROBE
—A\N— —AM—
SEE FIG. 4-1 SEE FIG. 4-1

Figure 4-2. Clock, Qualifier, and Data Inputs Test Setup
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PERFCRMANCE TESTS

b. Set up pulse generators to supply waveforms shown in figure 4-3.

c. Press FORMAT SPECIFICATION key on 1615A.

d. Use CURSOR keys to move cursor to each field in menu. Set up menu according to figure 4-4.
e. Press TRACE SPECIFICATION key.

f. Use CURSOR keys to move cursor to each field in menu. Set up menu according to figure 4-5.

g. Set each PROBE THRESHOLD LEVEL switch to TTL.

&

Press TRACE key. Observe trace list of FF on probe pod 1 and #9 on pods 2 and 3.
1. Remove inputs from probe pod 1 and connect to probe pod 2.

j. Press TRACE key. Observe trace list of FF on probe pod 2 and 90 on pods 1 and 3.

e SONS et
—— e p— - 2.0V

PULSE
@ 20 = GENERATOR 1
e 50NS - (DATA INPUT)

]

! p— - —— 2.0V

PULSE
e 20 =~ GENERATOR 2
N R ov
(CLOCK INPUT)

Figure 4-3. Clock, Qualifier, and Data Inputs Test Waveform

AAAAAAAA 24 BIT + BBBBBBBB XX XX FF DELAY

FORMAT ©
MODE [

7 1 ] [ 1 ' .
A B c cccccccee START ALL STATES OFF 000000 XXXXXX
+

Figure 4-4. Format Specification for Clock, Qualifier, Figure 4-5. Trace Specification for Clock, Qualifier,
and Data Inputs Tests and Data Inputs Tests
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PERFORMANCE TESTS

k. Remove inputs from probe pod 2 and connect to probe pod 3.

1. Press TRACE key. Observe trace list of FF on probe pod 3 and #9 on pods 1 and 2. This verifies the 1615A specifi-

cations as follows:
REPETITION RATE: to 20 MHz.

MINIMUM INPUT
Clock Pulse Width: 20 ns at threshold level.

Setup Time: 20 ns.
Hold Time: zero.

Connect multimeter to each MEASURE test point on PROBE THRESHOLD LEVEL panel. Multimeter should
indicate approximately +1.5 Vdc (TTL threshold).

Set PROBE THRESHOLD LEVEL switches to VARIABLE and recheck each MEASURE test point with multi-
meter. Turn each ADJUST control throughout its range and make certain that voltage on associated test point

can be varied from —10 V to +10 V.

Adjust each ADJUST control to obtain +1.5 Vdc at associated MEASURE test point.
p. Disconnect inputs from probe pod 3 and reconnect to probe pod 1.

g. Set up pulse generators to supply waveforms shown in figure 4-6.

- 100NS -
20
b s = *THRESHOLDS SHOWN ARE
— APPROXIMATE AND WILL
PULSE 1 BE SLIGHTLY HIGHER THAN
GENERATOR 1 _| g ovp-pef = — = +15v b= . SYMETRICAL.
(DATA INPUT) ¥
FUNCTION GENERATOR OFFSET
. MAY BE ADJUSTED FOR
e 100NS - STABLE DISPLAY.,
f=— 20NS ==y
PULSE 1

GENERATOR 2 _f06Vpp = —f= — = +15V == .
(CLOCK INPUT) 1

Figure 4-6. Minimum Input Voltage Swing Test Waveforms

Repeat steps ¢ through 1, except leave PROBE THRESHOLD LEVEL switches in VARIABLE. This verifies
1615A minimum input swing specification of 0.6 V.

Connect multimeter to each probe inputlead (+ side to probe channel, — side to probe ground). Multimeter should
indicate 50 * 5 kilohms.

t. Using LCR meter, measure shunt capacitance between each probe input lead and probe ground. Each input ca-
pacitance should be approximately 15 to 25 pF (probe capacitance without external wiring is <14 pF.)

u. Reset PROBE THRESHOLD LEVEL switches to TTL.

44
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4-14, ASYNCHRONOUS OPERATION TEST.

SPECIFICATION:
MINIMUM DETECTABLE GLITCH: 5 ns with 30% peak overdrive or 250 mV, whichever is greater.
GLITCH TRIGGER: on any selected channel(s), if a glitch is captured, the glitch is AND’ed with the asynchronous
pattern trigger. .
PATTERN TRIGGER: any 8-bit pattern. Variable trigger duration 15, 50, 160, 200, 500, 1000 or 2000 ns =15 ns or 15%,
whichever is greater.
EXTERNAL TRIGGER PULSE WIDTH: 5 ns minimum with 30% peak overdrive or 250 mV, whichever is greater.

DESCRIPTION:
This procedure verifies the glitch detection, glitch triggering, external trigger, and asynchronous pattern triggering
operation of the 1615A.

EQUIPMENT:
5-ns Pulse Generator.
Oscilloscope.
50-ohm Termination (see figure 4-1).

PROCEDURE:
a. Connect 1615A to test equipment according to figure 4-7. Use pulse generator with 5-ns pulse output capability.

b. Connect all probe pods to 1615A, but connect only data lead § of pod 1 to pulse generator.
c. Adjust pulse generator to supply test waveform shown in figure 4-8.

d. Press FORMAT SPECIFICATION key.

5NS
PULSE
MODEL 1615A GENERATOR OSCILLOSCOPE
OUTPUT
(o)

DATA
POD

‘

10:1 PROBE

Figure 4-7. Asynchronous Specification Test Setup
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e. Use CURSOR keys to move cursor to each field in menu. Set up menu according to figure 4-9.

f. Press TRACE SPECIFICATION key.

g. Use CURSOR keys to move cursor to each field in menu. Set up menu according to figure 4-10.

h. Press TRACE key. Display will change to TRACE COMPLETE and show timing diagram with intensified verti-
cal lines (glitches) on channel § (GLITCH DISPLAY field must be ON). Move cursor to MAGNIFICATION field
and press FIELD SELECT to expand display to clearly see glitches.

i. Disconnect bit § and connect bit 1 to pulse generator output.

j. Press TRACE SPECIFICATION key.

k. Delete glitch requirement on channel ¢ and insert glitch requirement on channel 1.

1. Press TRACE key. Display will change to TRACE COMPLETE and show timing diagram with intensified verti-
cal lines (glitches) on channel 1 display.

= 30NS -

rﬁmoi

—_—————5v

Figure 4-8. Asynchronous Operation Test Waveform

+ 8 BIT START OFF O'N INT TIME  50NS/CLK

/i

HCARTIOM TREAL LETE/
- 7537 HERIRE SONS T

E L TIE
£
Condti XXX XXXXX

+ BIN EEEEEEEE OFF  XXXXXXXX ___l'_.__ >500NS 00.0NS
Figure 4-9. Asvnchronous Tests Format Specification Figure 4-10. Asynchronous Tests Trace Specification
Menu Menu
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PERFORMANCE TESTS

m.

Repeat steps i through 1 to check glitch triggering on channels 2 through 7. This verifies 1615A ability to detect
and trigger on a minimum glitch in any selected channel.

Disconnect bit 7 and connect bit 1 to pulse generator output.

Press TRACE SPECIFICATION key.

Move cursor to glitch trigger field and delete glitch requirement (ANY GLITCH ON ANYOF -------- ).
Move cursor to trigger word field and select XXXXXX1X.

Set output of pulse generator for pulse width less than 500 ns.

Press TRACE key on 1615A. Display should show WARNING — NO 8 BIT TRIGGER.

Adjust pulse width from pulse generator for pulse greater than 500 ns. Display of 1615A should show TRACE
COMPLETE. This verifies 1615A asynchronous pattern trigger with variable trigger duration.

Press TRACE SPECIFICATION key.

Move cursor to each field in menu. Set up menu according to figure 4-11.

TRACE SPECIFICATION TRACE~-COMPLETE

TEERSEEE] TRACE T EEE CLOCK T SeNSCCLKTT

LAY

RETWRER SLOPE S

ON EXT

Figure 4-11. External Trigger Test Trace Specification Menu

Press TRACE key. Display will show TRACE — IN PROCESS and WARNING — NO 8 BIT TRIGGER.

Set pulse generator to supply 5-ns pulse width, 5-volt amplitude, 1-usec repetition rate.

Connect clock probe EXT TRIG input to pulse generator output. Display of 1615A will show TRACE COM-
PLETE. This verifies 1615A acceptance of minimum external trigger on clock probe (at least 30% of the total
pulse voltage or 250 mV, whichever is greater, must be above the threshold level for at least 5 ns).
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4-15. TRIGGER OUTPUTS (REAR PANEL) TEST.

SPECIFICATION:
LEVEL: high, >+2 V into 50Q.
low, <+0.4 V into 500Q.
DELAY FROM INPUT CLOCK: approx. 85 ns (16/24 BIT)
DELAY FROM PATTERN RECOGNITION TRIGGER AT PROBE: approx 45 ns plus asynchronous trigger dura-
tion width (8 BIT).

DESCRIPTION:
This test verifies the specified operation of the trigger and trace point outputs on the rear panel of the 1615A.

EQUIPMENT:
Oscilloscope
Pulse Generator
50-ohm Termination (see figure 4-1).

PROCEDURE:
a. Connect test equipment to 1615A as shown in figure 4-12.

b. Press FORMAT SPECIFICATION key on 1615A.

PULSE
GENERATOR OSCILLOSCOPE
MODEL 1615A
OUTPUT A B
Q )
CLOCK
POD
10:1 PROBE
500
(SEE FIG. 4-1)
GND
PROBE
POD 1 | paTA
BIT 1

Figure 4-12 Trigger/ Trace Point Qutputs Test Setup
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PERFORMANCE TESTS

Use CURSOR keys to move cursor to each field in menu. Set up menu according to figure 4-13.
Press TRACE SPECIFICATION key.

Press DEFAULT key to format displayed menu in its most simple form.

Adjust pulse generator to supply waveform shown in figure 4-14 to 1615A.

Press TRACE key on 1615A. Hold key down to obtain TRACE CONTINUOUS indication on display.

Disconnect oscilloscope channel B from 16/24 BIT TRACE OUT and connect to 16/24 BIT TRACE OUT on
1615A rear panel. Oscilloscope should show high level of >+2 V into 500 and low level of <+0.4 V into 50Q. For
more readable display, press TRACE SPECIFICATION key to increase repetition rate.

Press FORMAT SPECIFICATION key on 1615A.

24 BIT AAAAAAAA CCCCCCCC

LOGIC POLSRITY [BE B B
o e e eE T HE X

+ + + BBBBBBBB
BIN BIN BIN

Figure 4-13. Trigger/ Trace Point Outputs Format Specification

f—————— 1 USEC meeeet~|
p— —— — 4V
et 200l
NS

Figure 4-14. Trigger/ Trace Point Outputs Test Waveform
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PERFORMANCE TESTS

k.

L

m.

Press FIELD SELECT key to obtain 8 BIT MODE.

Press DEFAULT key to obtain most simple 8 BIT format specification menu.
Press TRACE SPECIFICATION key.

Press DEFAULT key to obtain most simple trace specification menu.

Move cursor into trigger ON field and enter XXXXXX1X.

Hold TRACE key down to obtain TRACE CONTINUOQUS operation.

Connect oscilloscope channel B to monitor 8 BIT PATTERN OUT on rear panel of 1615A. Observe high level of
=+2 V into 500 and low level, of <+0.4 V into 500.
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PERFORMANCE TEST RECORD

Performance Tests

HEWLETT-PACKARD

MODEL 1615A

LOGIC ANALYZER Tested by
SERIAL NO. Date
Paragraph Results
Number Test Min Actual Max
4-13 Clock, Qualifier, and Data Inputs

Repetition Rate to 20 MHz Valid Clock

Minimum Input Swing 0.6 V Valid Clock

and Data

4-14

4-15

Clock Pulse Width 20 ns

Setup Time 20 ns

Hold Time 0

Input Threshold TTL +1.5 V Variable
Input RC

Asynchronous Operation

Minimum Detectable Glitch 5 ns

Glitch Trigger on any
Selected Channel

Pattern Trigger, any 8-bit
Pattern with Variable Duration.

External Trigger

Trigger Outputs
(Rear Panel)

16/24-bit Outputs

Trigger High Level

Trigger Low Level

Trigger Delay approx 85 ns

Trace High Level
Trace Low Level
Trace Delay approx 85 ns

8-bit Output
High Level
Low Level
Delay 45 ns +
Async. Trig. Duration

Valid Clock
Valid Data
Valid Data
+10 Vde

45 KQ

Glitch
Indication
Valid Trigger

Valid Trigger

Valid Trigger

55 KQ <14 pF

<04V

<04V

<04V

4-11/(4-12 blank)
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SECTION V
ADJUSTMENTS

5-1. INTRODUCTION.

5-2. This section contains a complete adjustment pro-
cedure for the 1615A. Perform the adjustment procedure
only after instrument repairs. The adjustments can be
made separately. These adjustments should not be part
of a periodic maintenance program.

Read the Safety Summary at the front of this
manual before performing adjustment pro-
cedures.

5-3. EQUIPMENT REQUIRED.

54. A list of recommended test equipment is provided
in Section I of this manual.

5-5. PREADJUSTMENT PROCEDURES.

a. Disconnect 1615A power cord.

...... 1012 A
CIII0VE 101l vwp Cuver.

;l"

c. Remove 1615A left side cover. (See figure 5-6.)

CAUTION

The adjustments are performed with the top
and left side covers removed. Use care to
avoid shorting or damaging internal parts of
the instrument.

d. Reconnect 1615A power cord.

e. Press LINE switch to on position. The ON lamp
should light.

ADJUSTMENTS

5-6. 5-VOLT POWER SUPPLY ADJUSTMENTS. (See figure 5-6 and schematic 2.)

a. Connect multimeter to test point +5 (A7TP2) and GND (A7TP4).

b. Adjust A7TR12 for +5.13 volts on multimeter.

c. Connect multimeter to test point —5 (A7TP3) and GND (A7TP4).

d. Adjust ATR22 for —5.3 volts on multimeter.
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ADJUSTMENTS
5-7. DISPLAY ALIGNMENT.
5-8. Normally it is not necessary to perform this procedure unless the CRT has been replaced.
a. Press LINE switch to off position and disconnect power cord.
b. Remove screw that secures post-accelerator lead to CRT shield.
c¢. Loosen four screws that hold CRT shield to main deck.
d. Remove CRT shield.
e. Loosen clamp on yoke L1.
f. Reconnect power cord and press LINE switch to on position.
g. Rotate yoke L1 so that horizontal lines on display are parallel with top and bottom of display window.
h. Press LINE switch to off position and disconnect power cord.
i. Tighten clamp on yoke L1.
CAUTION
Hand-tighten only. Excessive tightening will damage CRT.
J. Reinstall CRT shield and post-accelerator lead holder.
k. Reconnect power cord and press LINE switch to on position.
5-9. DISPLAY ADJUSTMENT. (See figure 5-7 and schematic 3.)
a. Press TIMING DIAG key.
b. Turn contrast adjustment A13R61 fully clockwise. This control is a service aid only. For normal operation,
A13R61 should be fully clockwise.
c. Slowly adjust intensity control A13R60 clockwise until retrace lines can be seen. Then return A13R60 counter-
clockwise until desired brightness is obtained.
CAUTION
Excessive intensity will burn CRT phosphor, but this will not degrade display performance.
d. If vertical lines cannot be seen, adjust contrast control A6R21 (figure 5-6) for desired display contrast.
e. Adjust focus control A13R45 for best overall focus of display.
f. Set horizontal size A13R6 and vertical size A13R18 fully counterclockwise.
g Adjust horizontal position A13R14 and vertical position A13R40 to center display.
h. Adjust linearity control A13R23 so that characters in top and bottom lines of display are same height.
i. Adjust horizontal size A13R6 and horizontal position A13R14 for 20 mm (0.8 in.) margin on each side of display.
j. Adjust vertical size A13R18 and vertical position A13R40 for 5 mm (0.2 in.) margin at top and bottom.
k. Repeat step h.
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5-10. TIMING ADJUSTMENTS. (See figures 5-1 and 5-8, and schematic 7A.)

5-11. Timing adjustments should only be checked and adjusted after repair of assembly A2 or a data acquisition
malfunction.

a. Set LINE power switch to off position.

b. Remove assembly A2.

c. Intall extender board.

d. Install A2 on extender board.

e. Connect oscilloscope input A to A2TP1 and input B to A2TP2, the 8-bit clock strobe timing test points.

f. Connect clock probe input to SELF-TEST CLOCK and connect clock probe ground to COMMON on 1615A front
panel.

g. Set LINE power switch to on position.

h. Press TRACE key. Oscilloscope should show waveforms in figure 5-1.

|
| !
| puae—— e 0.9V
i / 1
f—— = — e —_— 13V
4 |
TP1, TP3
(ECL LEVELS) - - — — — — -9
| |
| |
|
TP2, TP4 | - |
(TTL LEVELS) + | I
| [
|<—'21ns—>| :
! |
- 49.5ns :;
| I

Figure 5-1. Timing Generator Clock Strobe Waveforms

i. Adjust A2R10 (E20) for 21 ns between leading edges of A2TP1 and A2TP2 waveforms.
j.  Adjust A2R11 (E49) for 49.5 ns between leading edge of A2TP1 waveform and trailing edge of A2TP2 waveform.
k. Connect oscilloscope input A to A2TP3 and input B to A2TP4, the 16-bit clock strobe timing test points.

o Ao T

A R . T . H . . S
1. Adjust A2R12 (A20) for 21 ns beiween leading edges of A2TPS and A2

m. Adjust A2R11 (A49) for 49.5 ns between leading edge of A2TP3 waveform and trailing edge of A2TP4 waveform.
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ADJUSTMENTS

5-12. FILTER WIDTH ADJUSTMENT. (See figures 5-2 through 5-6, and schematic 5A.)
a. Press FORMAT SPECIFICATION key.
b.

Set up format specification according to figure 5-2.

c. Press TRACE SPECIFICATION 