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Product Warranty This Hewlett-Packard product has a wamtnty against defects in 
material and workmanship for a period of one year from date of 
shipment. During warranty period, Hewlett-Packard Company will, at 
its option, either repair or replace products that prove to be defective. 

For warranty service or repair, this product must be returned to a 
service facility designated by Hewlett-Packard. However, warranty 
service for products installed by Hewlett-Packard and certain other 
products designated by Hewlett-Packard will be performed at the 
Buyer’s facility at no charge within the Hewlett-Packard service travel 
area. Outside Hewlett-Packard service travel areas, warranty service 
will be performed at the Buyer’s facility only upon Hewlett-Packard’s 
prior agreement and the Buyer shall pay Hewlett-Packard’s round trip 
travel expenses. 

For products returned to Hewlett-Packard for warranty service, the 
Buyer shall prepay shipping charges to Hewlett-Packard and 
Hewlett-Packard shall pay shipping charges to return the product to 
the Buyer. However, the Buyer shall pay all shipping charges, duties, 
and taxes for products returned to Hewlett-Packard from another 
COUlltry. 

Hewlett-Packard warrants that its software and firmware designated by 
Hewlett-Packard for use with an instrument’will execute its 
programming instructions when’properly installed on that instrument. 
Hewlett-Packard does not warrant that the operation of the 
instrument, software, or f-ware will be uninterrupted or error free. 

Limitation Of The foregoing warranty shall not apply to defects resulting from 
Warranty improper or inadequate maintenance by the Buyer, Buyer-supplied 

software, or interfacing, unauthorized modification or misuse, 
operation outside of the environmental specifications for the product, 
or improper site preparation or maintenance. 

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. 
HEWLETT-PACKARD SPECIFICALLY DISCLAIMS THE 
IMPLIED WARRANTIES OR MERCHANTABILITY AND 
FITNESS FOR A PARTICULAR PURPOSE. 



Exclusive 
Remedies 

Safety 

THE REMEDIES PROVIDED HEREIN ARE THE BUYER’S 
SOLE AND EXCLUSIVE REMEDIES. HEWLETT-PACKARD 
SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, 
SPECIAL INCIDENTAL, OR CONSEQUENTIAL DAMAGES, 
WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER 
LEGAL THEORY. 

Product maintenance agreements and other customer assistance 
agreements are available for Hewlett-Packard products. 

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

Hewlett-Packard Company certifies that this product met its published 
specifications at the time of shipment from the factory. 
Hewlett-Packard further certifies that its calibration measurements are 
traceable to the United States National Bureau of Standards, to the 
extent allowed by the Bureau’s calibration facility, and to the 
calibration facilities of other International Standards Organization 
members. 

This product has been designed and tested according to International 
Safety Requirements. To ensure safe operation and to keep the 
product safe, the information, cautions, and warnings in this manual 
must be heeded. 



About this Welcome to Hewlett-Packard logic analyzers. The HP 1652B/HP 
manual... 1653B Logic Analpr is more than just a logic analyzer. It is an 

analyzer and oscilloscope in one instrument. With this combination, 
you have expanded measurement capabilities. 

This manual has been split into two volumes for better accessibility. 
Volume one contains general instrument information and operating 
reference information for the state analyzer. Also included is a state 
analyzer measurement example. 

Volume two contains operating reference information and 
measurement examples for the timing analyzer and oscilloscope. To 
help put the total functionality of the instrument together, a 
measurement example for mixed mode operation (timing/state/scope) 
is included. Located in the back of volume two is the appendices which 
‘contain the seldom used information. 

Information in both volumes is accessed easily by major tabs. All menu 
and field definitions are arranged by major function within each 
measurement type. In addition, both volumes have a master index. 

The user interface of the HP 1652B/1653B was designed for the most 
intuitive operation as possible. Pop-up windows help lead you through 
setups and measurements so you won’t have to memorize a lot of steps. 
As you read this manual and the other manuals about this logic 
analyzer, you will see just how easy the HP 1652B/l653B is to use. 

If you aren’t familiar with the HP 1652B/l653B Logic Analyzers, we 
suggest you read the HP 1652B/1653B Getting Started Guide. This 
guide contains tutorial examples on the basic functions of the logic 
analyzer and digitizing oscilloscope. 



If you are new to logic analyzers and digitizing oscilloscopes, or just 
need a refresher, we think you’ll find Feeling Comfortable with Logic 
Ana&zets and Feeling Comfortable with Digitizing Oscilloscopes valuable 
reading. It will eliminate any misconceptions or confusion you may 
have about their application, and will show you how to get the most out 
of the measurement funtions. 

Please take time to fill out the “Your Comments Please” questionaire. If 
it has already been used and you have any comments, address them to: 

Hewlett-Packard 
Atten: Publications Dept. 
P.O. Box 2197 
Colorado Springs, CO 80901-2197 



Contents Volume 1 

Chapter 1: General Information 
Logic Analyzer Description ................................... 1-1 

User Interface ............................................ 1-1 
Configuration Capabilities .................................. 1-2 
Key Features ............................................. l-4 

Accessories Supplied ........................................ l-5 
Available Accessories ........................................ l-7 
Manuals Supplied ........................................... 1-7 
Turning On the Logic Analyzer ................................ 1-7 

- 

Chapter 2: Probing 
Introduction ................................................ 2-l 
Probing Options 21 . ............................................. 

The HP 1032OC User-Definable Interface ................... .2-l 
The HP 10269C General Purpose Probe Interface ............ .2-2 
General Purpose Probing .................................. 23 - 
The Termination Adapter 23 - .................................. 

The HP1652B/53B Probing System ............................. 2-4 . . 
Probe Pod Assemblies ..................................... 2-4 
Pod Grounding - ........................................... 25 
Probes .................................................. 25 . 
Probe Grounding ......................................... 2-6 
Grabbers ................................................ 2-6 
Probe Cable .............................................. 26 

Oscihoscope Probes ......................................... 217 
Probe Inputs ............................................. 2-7 
External Trigger Inputs . .................................... 27 
Compensation Signal Output ............................... 2-7 

Signal Line Loading ......................................... 2-8 
Maximum Probe Input Voltage ................................ 2-8 
Pod Thresholds ..... ........ .. ... ....... 28 
Connecting the Logic Analyzer to the Target System 

................................. 
.2-8 

Connecting the Probe Cables to the Logic Analyzer ............. .2-9 
Connecting the Pods to the Probe Cable ....................... 2-10 

HP 16528/1653B 
Front-Panel Reference 

Contents - 1 



Disconnecting the Probes from the Pods ....................... 2-11 
Connecting the Grabbers to the Probes ........................ 2-12 
Connecting the Grabbers to the Test Points .................... 2-12 
Labeling Pods, Probes, and Cables ............................ 2-13 -. 

Chapter 3: Using the Front-Panel User Interface 
Introduction ................................................ 3-1 
Front-Panel Controls ........................................ 3-2 
Rear-Panel Controls and Connectors ........................... 36 - 
The Cursor ................................................. 3-7 
How to Select Menus ........................................ 3-7 
How to Switch between the Analyzers and Oscilloscope .......... ,308 
Returning to the System Configuration Menu ................... .3-8 
How to Select Fields ......................................... 3-9 
Pop-up Menus .............................................. 3-9 
How to Close Pop-up Menus .................................. 3-9 
How to Select Options ....................................... 3-10 
Toggle Fields .............................................. 3-11 
How to Enter Numeric Data ................................. 3-11 
How to Enter Alpha Data ................................... 3-14 
Changing Alpha Entries .................................... .3-15 
How to Roll Data ........................................... 3-16 
Assignment/Specification Menus ............................. 3-17 

Assigning Pod Bits to Labels .............................. .3-17 
Specifying Patterns ....................................... 3-18 
Specifying Edges ......................................... 3-19 

Chapter 4: System Configuration Menu 
Introduction ................................................ 4-l 
System Configuration Menu ................................... 4-l 
Accessing the System Configuration Menu ..................... .4-2 
System Configuration Menu Fields ............................. 4-3 

Name ................................................... 4-3 
Type .................................................... 4-4 
Scope On/Off ............................................ 4-5 -- 
Autoscale ................................................ 4-5 
Pods .................................................... 4-6 

Where to Go Next ........................................... 4-7 

Contents - 2 HP 16528/1653B 
Front-Panel Reference 



Chapter 5: I/O Menu 
Introduction .............................. . 51 
Accessing the I/O Menu 

...................................................... 
,511 

PrintScreen .............................................. ..5- 2 
Print AU ................................................... 52 - 
Disk Operations ............................................ .5-3 

Load .... ................................................ 55 - 
Store ................................ 55 - .................... 
Autoload ................................................ 56 - 
COPY .......................................... .......... 5-7 
Duplicate Disk ........................................... 58 - 
PackDisk................................................5- 9 
Rename - ................................................. 59 
Purge .................................................. 5-10 
FormatDisk.............................................5-11 

I/O Port Configuration ..................................... .5-12 
Configuring the Interfaces ................ ................ 5-13 

The HP-IB Interface .................................. .5-13 
The RS-232C Interface ................................ .5-14 

External BNC Configuration ................................ .5-17 
Self Test .................................................. 5-18 

Chapter 6: Disk Drive Operations 
Introduction ............................................... .6-l 
The Disk Operations Available ............................... .6-l 
Accessing the Disk Menu .................................... .6-3 
Selecting a Disk Operation .................................... 6-4 
Disk Operation Parameters .................................. .6-5 
Installing a Blank Disk ....................................... 66 
Formatting a Disk ........................................... 617 
Storing to a Disk .. 69 
The Load Operation 

................................................................................. 
.6-11 

Renaming a File ............................................ 6-12 
The Autoload Operation ................................... .6-13 
PurgingaFile.. .......................................... ..6.14 
CopyingaFile ........................................... ..6.15 
The Pack Disk Operation .................................... 6-17 
Duplicating the Operating System Disk ....................... .6-18 

HP 16528/1653B 
Front-Panel Reference 

Contents - 3 



Chapter 7: Making Hardcopy Prints 
Introduction ................................................ 7-1 
Supported Printers .......................................... 7-1 

Alternate Printers ......................................... 7-2 
Hooking Up Your Printer .................................... 7-2 
HP-IB Printer Cables ........................................ 7-3 
RS-232C Printer Cables ...................................... 7-3 

HP 132426 Cable ......................................... 7-3 
HP 92219H Cable ......................................... 7-4 

Setting HP-IB for HP Printers 
Setting RS-232C for HP Printers 

............................................................... 74 
.7:5 

Setting RS-232C for Your Non-HP Printer ...................... 7-S 
Setting Paper Width ......................................... 7-6 
RS-232C Default Configuration ............................... 7-6 
Recommended Protocol ...................................... 7-6 
Starting the Printout ......................................... 7-7 

Print Screen .............................................. 7-7 
Print All ................................................. 7-7 

What Happens during a Printout? ............................. 7-8 
Connecting to Other HP Printers .............................. 7-9 

Chapter 8: The State Analyzer 
Introduction ................................................ 8-l 
The State Analyzer: An Overview .............................. 8-l 
State Analyzer Menu Maps ................................... 8-1 
State Format Menu Map ..................................... 8-2 
State Trace Menu Map ....................................... 8-3 
State Listing Menu Map ...................................... 8-5 
State Compare Menu Map .................................... 8-6 
State Waveform Menu Map ................................... 8-7 
State Chart Menu Map ....................................... 8-9 

Contents - 4 HP 16528/1653B 
Front-Panel Reference 



T;‘vv?v7v?~ 
000000000 
Flrl~r(l-i~l-4l-i’ 

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

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

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

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

......... 

......... 

......... 

......... 

......... 

......... 

......... 

......... 

...... 
... 

......... 

......... 

......... 

......... 

......... 

......... 

......... 

......... 

;s::::::: 

.a::::::: 

. . 
E 

....... 

... 
. 

. 
. 

. 



Storage Macro ........................................... 10-9 
Reading the Sequence Level Display ......................... lo-11 
Acquisition Fields ......................................... 10-13 

Trace Mode ............................................ 10-13 
Armed By .............................................. l&l3 
Branches .............................................. lo-14 

Off ................................................. 10-14 
Restart .............................................. 10-14 
Per Level ............................................ lo-l!5 

count ................................................. lo-18 
Off ................................................. lo-18 
Time ............................................... lo-18 
States ............................................... 10-20 

Prestore ............................................... 10-21 
Qualifier and Pattern Fields ................................. 10-22 

Label .................................................. 10-22 
Base .................................................. 10-22 
Qualifier Field .......................................... 10-23 

Patterns ............................................. 10-23 
Ranges .............................................. lo-24 

Pattern Fields .......................................... 10-24 

Chapter 11: State Listing Menu 
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-l 
Accessing the State Listing Menu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-2 
State Listing Menu Fields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-3 

Markers ................................................ 11-3 
Markers: Off ............................................ 114 
Markers: Patterns ........................................ 11-4 

Stop Measurement .................................... 11-S 
Markers: Time ........................................... 11-6 
Markers: Statistics ....................................... 11-6 
Pattern Field ........................................ 11-7 

Contents - 6 HP 16528/1653B 
Front-Panel Reference 



Chapter 12: State Compare Menu 
Introduction ............................................... I.201 
Accessing the Compare Menu ................................ 12-2 
The Compare and Difference Listing Displays .................. l2-2 

The Compare Listing ..................................... l2-2 
The Difference Listing .................................... l2-2 

Creating a Compare Image .................................. 12-3 
Bit Editing of the Compare Image ............................ l2-4 
Masking Channels in the Compare Image ...................... 12-5 
Specifying a Compare Range ................................. 12-6 
Repetitive Comparisons with a Stop Condition ................. .12-7 
Locating Mismatches in the Difference Listing .................. l2-8 
Saving Compare Images ..................................... 12-8 

/I- 

/- 

- 

Chapter 13: State Chart Menu 
Introduction ............................................... 13-l 
Accessing the State Chart Menu .............................. 13-l 
Selecting the Axes for the Chart .............................. 13-l 
Scaling the Axes ............................................ 13-2 
The Label Value vs. States Chart ............................. 13-3 
The Label Value vs. Label Value Chart ...................... ..l3- 4 
X & 0 Markers and Readouts for Chart ....................... l-3-5 

Marker Options ......................................... 13-6 

Chapter 14: State Waveforms Menu 
Introduction ............................................... 14-l 
Accessing the State Waveforms Menu ........................ .14-l 
Selecting a Waveform ....................................... 14-2 
Replacing Waveforms ....................................... 143 
Deleting Waveforms ........................................ 14-4 
Selecting States per Division ................................. 14-4 
Delay from Trigger ......................................... 14-S 
State Waveform Display Features ............................. 14-5 
XandOMarkersforStateWaveform ........................ .14-5 

HP 16528/16538 
Front-Panel Reference 

Contents - 7 



------ 
w -__ -_ _--.- --_-- 

Chapter 15: State Analyzer Measurement Example 
Introduction ............................................... l5-1 
Problem Solving with the State Analyzer ....................... l5-2 
What Am I Going to Measure? ............................... x5-2 
HowDoIConfiguretheLogicAnalyzer? ..................... .l5-4 
Connecting the Probes ...................................... U-6 

Activity Indicators ....................................... U-6 
Configuring the State Analyzer ............................... l5-7 
Specifying the J Clock ....................................... 15-9 
Specifying a Triggel ConditioIl .............................. 15-10 
Acquiring the Data ........................................ l!5-12 
The State Listing . , ........................................ l5-13 
Finding the Answer ........................................ 514 
summary . . . . . . . . . ........................................ 35-16 

Index 

Contents - 8 HP 16528/1653B 



* _ _.----. 

,- General Information 

- 

Logic Analyzer The HP 1652B/1653B logic analyzers are general purpose logic 

Description analyzers with oscilloscope measurement capabilities. These analyzers 
are designed as stand alone instruments for use by digital and 
microprocessor designers. Both the HP 1652B and HP 1653B have 
HP-IB and RS-232C interfaces for hardcopy printouts and control by a 
host computer. With faster state analysis, oscilloscope measurement 
capabilities and the improved features, the HP 1652B\53B analyzers 
will accommodate next generation design tasks. 

The HP 1652B, is capable of 100 MHz timing and 35 MHz state 
analysis on 80 channels. The HP 1653B, is capable of 100 MHz timing 
and 25 MHz state analysis on 32 channels. You will use the same 
manual set regardless of whether you have an HP 1652B or an HP 
1653B. 

Both analyzers have the same 2-channel, 400.megasample/second, 
100 MHz single-shot and repetitive single-shot digitizing oscilloscope 
measurement capabilities. 

user IntW’faCe First-time and casual users as well as experienced logic analyzer users 
will find the user interface easier to use than in previous generations. 

The front panel is controlled by a front-panel keyboard, and the 
addition of a “KNOB” allows you to move the cursor or change settings 
more quickly than before. The timing analyzer (a close cousin of the 
oscilloscope) now has oscilloscope-type controls which more closely 
match the type of measurements you make with the timing analyzer. 
Information is displayed on a nine-inch white phosphor CRT. 

HP 16528/1653B 
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COnfigUratiOn The HP 1652B/1653B can be con@ured either as two independent 
Capabilities machines (analyers) or as two interactive machines. No matter how 

the analyzers are configured, up to two channels of oscilloscope 
measurement can be added. The configurations for each analyzer 
includes the following 

HP 1652B: 

Up to 80 channels state and up to two channels oscilloscope. 
Up to 80 channels timing and up to two channels oscilloscope. 
Two state machines with multiples of 16 channels per machine, 
with a combined maximum of 80 channels and up to two channels 
oscilloscope. 
One state and one timing machine with multiples of 16 channels 
per machine, with a combined maximum of 80 channels and up to 
two channels oscilloscope. 
Up to two channels of oscilloscope. 

. . . ..I.:,..1...1,,,.::,;,,,..1 
OR 

I 
I 

X’s;MJNEL (80-X* 1 CHANNEL 
STATE ‘-AND-]I 

OR 
I 

/ 

X’ CHANNEL (80-X* > CHANNEL 
STATE TIMING ‘-AND-,,,..,y:l 

016SOBO4 

Figure l-l. HP 16528 Configuration Capabilities 

*multiples of 16 channels 
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HP 1653B: 

Up to 32 channels state and up to two channels oscilloscope. 
Up to 32 channels timing and up to two channels oscilloscope. 
Two state machines with multiples of 16 channels per machine, 
with a combined maximum of 32 channels and up to two channels 
oscilloscope. 
One state and one timing machine with multiples of 16 channels 
per machine, with a combined maximum of 32 channels and up to 
two channels oscilloscope. 
Up to two channels of oscilloscope. 

OR 

I 

16 CHANNEL 16 CHANNEL 
STATE STATE -AND- ] 

OR 
I 

16 CHANNEL 16 CHANNEL 
STATE TIMING -AND- ;r.,.c:: 

01650807 

Figure l-2. HP 16538 Configuration Capabilities 
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Key Features A 35inch disk drive is built into the instrument for storing logic 
analyzer and oscilloscope configurations and acquired data. The disk 
drive also provides a way of loading inverse assembly configuration 
files into the logic analyzer for easy configuring. Some common 
features of the logic analyzer and oscilloscope include lightweight 
passive probes for easy hook-up, mixed-mode display, HP-IB and 
RS-232C interfaces for programming and printer output. 

Logic analyzer key features include: 

Transitional timing for extended timing analyzer memory. 
All channels can be used for state or timing. 
An external trigger BNC connector. 
Transitional or glitch timing modes. 
1 k deep memory on all channels. 
Glitch detection. 
Marker measurements. 
Triggering and pattern qualification. 
Overlapping of timing waveforms. 
Eight sequence levels. 
Eight pattern recognizers. 
One range recognizer. 
Time and number-of-states tagging. 
Pre-store. 
Autoscale. 
Programmability. 
Cross-domain triggering. 
Interactive measurements. 
Oscilloscope-type controls in the timing analyzer. 
State Compare, Chart, and Waveform modes. 

Oscilloscope key features include: 

l 400 Megasample/second digitizing rate. 
l 100 MHz single-shot (real-time) bandwidth. 
l 4 ksamples per measurement per channel. 
l Automatic waveform scaling. 

General Information 
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ECL and TTL presets. 
Automatic pulse parameter measurements. 
Channel-to-channel time interval measurements. 
Markers for time and voltage readouts. 
6-bit resolution. 
Probe attenuation from 1:l to 1OOO:l. 
5OQ dc or 1 MSZ de input coupling. 
Edge or immediate triggering. 
Delayed trigger by events and/or time. 
Trigger point marker displayed. 
Normal, average, or cumulative acquisitions. 
Connect-the-dots. 
Chan + Chan, Chan-Chan, and waveform overlay. 

Accessories 
Supplied 

Table 1-1 lists the accessories supplied with your HP 1652B/53B. If any 
of these accessories were missing when you received the logic analyzer 
from the factory, contact your nearest Hewlett-Packard office. 

HP 16528/l 653B General Information 
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Quantity 
Accessory HP Part No. 1652B 1653B 

Probe assemblies 01650-61608 5 2 
Probe cables 01650-61607 5 2 

BNC Adapter 90’ 1250-0076 2 2 

BNC-to-mini probe adapter 1250-1454 1 1 

Grabbers (Note 1) 5959-0288 100 40 

Probe Leads (Note 2) 595999333 85 34 

Ground leads (long) (Note 2) 595999335 5 2 

Ground leads (short) (Note 2) 5959-9334 10 4 

RS-232C loop back adapter 01650-63202 1 1 

Probe and probe cable 
numbering label card 01650-94303 1 1 

Mini-probes lO:l, 1 MS2, 
6.5 pF, 1 m HP 1043OA 2 2 

AC cable power See Note 3. 1 1 

Operating system disk Cdl 2 2 

Operating and Programming 
manual set 01652-90902 1 1 

Service Manual 01652-90905 1 1 

Table l-1. Accessories Supplied 

Notes: 
1. Package of 20 per part number. The quantity in the table only indicates what is shipped with 

the instrument. 

2. Package of 5 per part number. These items are shipped assembled as a 0165061608. The 
part numbers are provided for replacement orders. The quantity in the above table only 
indicates what is sent with the instrument. 

3. The type of power cord you receive with your logic analyzer depends on your country. 
Complete information about power cord options is in Appendix D of this manual. 

General Information HP 16528/16536 
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Available 
Accessories 

In addition to the accessories supplied, there are a number of 
accessories available that will make your measurement tasks easier and 
more accurate. You will find these listed in Accessories for HP Logic 
Anal)t?zen. 

Manuals . The manuals supplied with your logic analyzer are as follows: 

Supplied 
Feeling Comfortable with Logic Ana&ze~ - A primer on logic 
analyzers. 
Feeling Comfortable with Digitizing Oscilloscopes - A primer on 
digitizing oscilloscopes. 
Getting Started with the HP 16.52W1653B Lq$c Analjzet - A tutorial 
for new and casual users. 
HP 1652Bl1653B Front Panel Operation Reference Mbnual - A 
complete operating manual. 
HP 1652Bf1653B Programming Reference - A complete reference 
to progr ammingcommands. 
Service Manual - A guide to troubleshooting and module-level 
repair. 

Turning On the Before you turn your logic analyzer on, refer to Appendix D for 

Logic Analyzer information covering installation and set up of your logic analyzer. 

Note d I 4 
Do not turn on the logic analyzer before you remove the yellow 
shipping disk from the disk drive. 

If you are unfamiliar with how to use the HP 1652B/l653B logic 
analyzers, refer to chapter 1 of the Getting Started with the HP 
1652Bl1653B Logic Ana@et. 

HP 16528/l 6538 General Information 
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Introduction This chapter contains a description of the probing system of the HP 
1652B/l653B logic analyzers. It also contains the information you need 
for connecting the probe system components to each other, to the logic 
analyzer and oscilloscope, and to the system under test. 

Probing You can connect the HP 1652B/l653B logic analyzers to your system 

Options under test in one of the following ways: 

l HP 1032OC User-Definable Interface (optional). 
l HP 10269C with microprocessor specific modules (optional). 
l The standard HP 1652B/53B prob&s (general purpose probing.) 
l Direct connection to a 200pin 3M Series type header connector 

using the optional termination adapter (HP part number 
01650-63201). 

The HP 1032OC The optional HP 1O32OC User-Definable Interface module combined 
User-Definable with the optional HP 10269C General Purpose Probe Interface allows 

Interface Y ou to connect the HP 1652B/1653B logic analyzers to the 
microprocessor in your target system. The HP 1032OC includes a 
breadboard (HP 64651B) which you custom wire for your system. 

Another option for use with the HP 1032OC is the HP 1032lA 
Microprocessor Interface Kit. This kit includes sockets, bypass 
capacitors and a fuse for power distribution. Also included are 
wire-wrap headers to simplify wiring of your interface when you need 
active devices to support the connection requirements of your system. 

You will find additional information about the HP 1032OC and HP 
1032lA in the Accessories for HP Logic Anal’en data sheet. 

. HP 16528/1653B 
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The HP 10269C Instead of connecting the analyzer probe tips directly to the signal 
General Purpose lines, you may use the optional HP 10269C General Purpose Probe 

Probe Interface Interface. The HP 10269C allows you to connect the probe cables, 
without the probes, to connectors on the interface. When the 
appropriate preprocessor is installed in the interface, you will have a 
direct connection between the logic analyzer and the microprocessor 
under test. See figure 2-l for a basic block diagram. 

There are a number of microprocessor specific preprocessors available 
as optional accessories which are listed in the Accessories for HP Logic 
Analjzem data sheet. Appendix A of this manual also introduces you to 
preprocessors and inverse assemblers. 

HP 16528 
Pod 1 

HP10269C 
HP 1653B 

PREPROCESSOR 

Pod 2 

Pod 3+ 

Pod 4* 

Pod 5* 

pPROCESSOR 

L- 
01650831 

+ Not available on HP16538 

Figure 2-1. HP 10269C with Preprocessor 
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General Purpose General purpose probing involves connecting the logic analyzer and 
Probing oscilloscope probes directly to your target system without using any 

interface. General purpose probing does not limit you to specific hook 
up schemes, for an example, as the probe interface does. 

The Termination The optional termination adapter (HP part number 0165043201) 
Adapter allows you to connect the logic analyzer probe cables directly to test 

ports on your target system without the probes. However, since the 
probes contain the proper termination for the logic analyzer inputs, a 
termination must be provided. 

The termination adapter shown below, is designed to covet to a 20 
(2x10) position, 4wall, low profile header connector, 3M Series 3592 
or equivalent. 

To hook up the adapter, connect the termination adapter to the 
analyzer probe cable. Connect the other end of the adapter directly to 
your test port. 

_- Figure 2-2. Termination Adapter 
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The The standard HP 1652B/53B probing system consists of logic analyzer -_ 

HP1652B/1653B P robes and oscilloscope probes. Both have a passive design which 

Probing System 
means there are no active circuits at the outer end of the cable. The 
passive design also enables the pods and probes to be smaller and 
lighter, there by making them easier to use. 

The logic analyzer probing system consists of flat ribbon probe cables, 
a probe housing, probe leads, ground leads and grabbers. This passive 
probing system is similar to the probing system used with high 
frequency oscilloscopes. It consists of a series R-C network (100 kSZ in 
parallel with 8 pF) at the probe tip, and a shielded resistive 
transmission line. The advantages of this system include the following: 

l 2 ns risetime with 25% perturbations 
l 8 pF input capacitance at the probe tip 
l Signal ground at the probe tip for higher speed timing signals 
l Inexpensive removable probe tip assemblies 

Probe Pod Probes and probe pod assemblies allow you to connect the logic 
Assemblies analyzer to your system under test without the HP 10269C Probe 

Interface. This general purpose probing is useful for discrete digital 
circuits. Each pod, as they will be referred to for consistency, contains, 
16 probes (data channels), one clock channel, and a pod ground. See 
the figure below. 

GROUND LEAD (LONG) 
(01650-82102) n 

PROBE HOUS 
(01650452 

GROUND LEAD (SHORT) 
(01650-82103) 

0163X39 

-PROBE ASSEMBLY 
(01658-61608) 7 

Figure 2-3. Probe Pod Assembly 
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Pod Grounding Each pod is grounded by a pod ground lead that should always be 
used. You can connect the ground lead directly to a ground pm on your 
target system or use a grabber. The grabber connects to the ground 
lead the same way it connects to the probe lead. To connect the ground 
lead to grounded pins on your target system, you must use 0.63 mm 
(0.025 in.) square pins or round pins with a diameter of 0.66 mm (0.026 
in) to 0.84 mm (0.033 in). 

Probes The probe consists of a l2-inch twisted pair cable and one grabber. 
The probe tip, which connects to the target system, has an integrated 
R-C network with an input impedance of 100 kS): in parallel with 
approximately 8 pF. See figure 24 below. 

R-C NETWORK EQUIVALENT CIRCUIT 

I 
I PROBE ~CABLE~ LOGIC ANALYZER ; 
I I I I 

SIGNAL 

GROUND 

I 
0166OBOQ I 

90: 9K 

Figure 2-4. Probe Input Circuit 

The other end of the probe has a two-pin connector that snaps into the 
pod’s probe housing. See figure 2-5. . 

R-C NETWORK \ 

- 

2-5. Probe 
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Probe Grounding You can ground the probes in one of two ways. You can ground the 
probes with the pod ground only however, the ground path won’t be 
the same length as the signal path through the probe. If your probe 
ground path must be the same as your signal path, use the short ground 
lead (probe ground). The probe ground lead connects to the molded 
probe body via a pin and socket. You can then use a grabber or 
grounded pins on your target system the same way as the pod ground. 

I 
Note m 

For improved signal fidelity, use a probe ground for every four probes 
in addition to the pod ground. 

Grabbers 

Probe Cable 

If you need additional probe ground leads, order HP part number 
5959-9334 from your nearest Hewlett-Packard sales office. 

The grabbers have a hook that fits around IC pins and component 
leads and connects to the probes and the ground leads. The grabbers 
have been designed to fit on adjacent IC pins. 

The probe cable contains 17 signal lines, 17 chassis ground lines and 
two power lines (for preprocessor use) that are woven together into a 
flat ribbon that is 4.5 feet long. The probe cable connects the logic 
analyzer to the pods, termination adapter, or the HP 10269C General 
Purpose Probe Interface. 

Both ends of the cable are alike, so you can connect either end to the 
pods or logic analyzer. Each cable is capable of carrying 0.60 amps for 
preprocessor power. 

DO NOT exceed this 0.60 amps per cable or the cable will be 
damaged. Also, the maximum power available from the logic 
analyzer (all cables) is 2 amps at 5 volts. 

Note 
Preprocessor power is protected by a current limiting circuit. If current 
exceeds 2.3 amps, the circuit will open. The current limiting circuit will 
try to reset itself every 20 ms until the shorted condition is fixed. 

Probing 
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Oscilloscope 
Probes 

The two oscilloscope probes supplied with the HP 1652B/l653B Logic 
Analyzer are the HP 10433A Miniature Passive Probes. These small, 
lightweight probes allow measurements that were previously very 
difficult in densely populated circuits. 

For complete information on the operation, maintenance, and 
adjustments of the miniature passive probes, be sure to read the 
operating note that is packaged with the probes. 

Probe InpUtS Probe inputs are located on the front panel below the Knob. Input 1 
(CH 1) is on the left. The probes may be connected directly to the BNC 
input connectors. The signal is dc coupled to the oscilloscope. 

BNC cables can be connected directly to the BNC connectors. The HP 
10503A 1.2 meter BNC-to-BNC cable is not provided with the 
instrument, but, you can order it, separately. 

External Trigger Inputs. The External Trigger Input allows the analyzer/scope trigger 
BNCs to be armed from an external TI’L compatible source. Arming occurs 

when the normally active high status of the BNC is pulled low. 

Outputs. The External Trigger Output provides the user access to the 
analyzer/scope trigger output pulse. The output pulse is a TTL 
compatible positive going pulse, that remains high from the time of 
trigger until the acquisition cycle is complete. 

BNC cables can be connected directly to the BNC connectors. The 
HP 10503A 1.2 meter BNC-to-BNC cable is not provided with the 
instrument, but, you can order it, separately. 

COmpenSatiOfl The Compensation Signal Output BNC is located on the rear panel. 
Signal Output The Compensation Signal 5OQ output is - 1.2 kHz square wave with 

high amplitude near -200 mV and low amplitude near -400 mV when 
connected to a 5052 load. This square wave is used for probe 
compensation adjustment (see your operating note for more 
information about probing) and is used in examples throughout this 
manual. 

HP 16528/16538 Probing 
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Signal Line AIIY signal line you intend to probe with the logic analyzer probes, must ----. 
Loading SUPPly a minimum of 600 mV to the probe tip. The probes have an 

input impedance of 100 kst shunted by 8 pF. If the signal line is 
incapable of this minimum voltage, you will not only have an incorrect 
measurement, but the system under test may also malfunction. 

Maximum 
Probe Input 

The maximum input voltage of each logic analyzer probe is 240 volts 

Voltage The maximum input voltage of the oscilloscope probes is 2250 volts dc 
at 1 MQ setting and 5 volts rms at 50 S2 setting. 

Pod Thresholds LO gic analyzer pods have two preset thresholds and a user-defmable 
pod threshold. The two preset thresholds are ECL ( - 1.3 V) and TTL 

-- ( + 1.6 V). The user-definable threshold can be set anywhere between 
- 9.9 volts and + 9.9 volts in 0.1 volt increments. 

The pod thresholds of pods 1 and 2 in the HP 1653B and of pods 1,2, 
and 3 in the HP 1652B can be set independently. The pod thresholds of 
pods 4 and 5 in the HP 1652B are slaved together. Therefore, when 
you set the threshold on either pod 4 or 5, both thresholds will be the 
same. 

Connecting the There are four ways you can connect the logic analyzer to your target 

Logic Analyzer system: the probes (general purpose probing); the HP lO32OC 

to the Target 
System 

User-definable Interface; the HP 10269C with microprocess specific 
preprocessor modules; and direct connection to a 20 pin 3M R Series 
type header connector using the optional termination adapter (HP part 
number 01650-63201). ---. 

Since the probe interface hookups are microprocessor specific, they 
will be explained in their respective microprocessor operating notes. 
The rest of this chapter is dedicated to general purpose probing with 
the logic analyzer probes. 

Probing 
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- Connecting the You connect the probe cables to the probe cable connectors located on 

Probe Cables the rear panel of the logic analyzer. The probe cable connectors are 

to the Logic 
keyed for proper orientation. You can connect either end of the cable 
to the rear panel since both ends of the cables are alike. 

Analyzer 

Figure 2-6. Probe Cable to Analyzer Connection 

,- 
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Connecting the The analyzer pods of the HP 1652B/53B differ from other logic - 
Pods to the 
Probe Cable 

analyzers in that they are passive (have no active circuits at the outer 
end of the cable). The pods, are the connector bodies (as shown<below) 
that the probes are installed in when you receive your logic analyzer. 

Figure 2-7. Connecting Pods to Probe Cables 

To connect a pod to a cable, align the key on the cable connector with 
the slot on the pod connector and press together. 

Probing 
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Disconnecting When you receive the logic analyzer, the probes are already installed in 

the Probes the pods. To keep them out of your way, disconnect them from the pod. 

from the Pods 
To disconnect a probe, insert the tip of a ball-point pen into the latch 
opening. Push on the latch while gently pulling the probe out of the 
pod connector as shown below. 

Figure 2-8. Disconnecting Probes From Pods 

0166OEll 

You connect the probes to the pods by inserting the double pin end of 
the probe into the pod. The probes and pod connector body are both 
keyed (beveled) so that they will fit together only one way. 

HP 16528/1653B Probing 
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Connecting the Connect the grabbers to the probes by slipping the connector at the 

Grabbers to the end of the probe onto the recessed pin located in the side of the 

Probes 
grabber. If you need to use grabbers for either the pod or the probe 
grounds, connect the grabbers to the ground leads in the same manner. 

Figure 2-Q. Connecting Grabbers to Probes 

Connecting the The grabbers have a hook that fits around the IC pins and component 

Grabbers t6 the leads. Connect the grabber to the test point by pushing the rear of the 

Test Points 
grabber to expose the hook. Hook the lead and release your thumb as 
shown below. 

Probing HP 1652B/16536 
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Labeling Pods, Included with your logic analyzer are self-adhesive labels for each pod, 

Probes, and cable and probe. Use these sets of labels for identification. 

Cables 
Each set has labels for each end of the cable, a label for the probe 
housing, a label for the clock probe and l5 labels for each of the 
channels. The figure below, shows the correct placement of the labels. 

Figure 2-l 1. Labeling Pods, Probes and Cables 

*- 
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,-- Using the Front-Panel User Interface 

. Introduction This chapter explains how to use the front-panel user interface. The 
front and rear-panel controls and connectors are explained in the first 
part of this chapter followed by “How to use...” explanations of the 
front-panel user interface. 

The front-panel user interface consists of front-panel keys, the KNOB, 
and display. The interface allows you to configure the logic analyzer, 
oscilloscope and each analyzer (machine) within the logic analyzer. It 
also displays acquired data and measurement results. 

Using the front-panel user interface involves the following processes: 

l Selecting the desired menu with the menu keys. 
l Placing the cursor on the desired field within the menu by’ 

rotating the KNOB. 
l Displaying the field options or current data by pressing the 

SELECT-key. 
l Selectingthe desired option by rotating the KNOB or entering 

new data by using the KNOB or the keypad. 
l Starting and stopping data acquisition by using the RUN and 

STOP keys. 

- 
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Front-Panel 
Controls 

In order to apply the user interface quickly, you should know what the 
front-panel controls do. 

61652E62 

@j(f) 

Figure 3-l. HP 16528/53B Front Panel 

0 1 Menu Keys. The menu keys allow you to select the main menus in the 
logic analyzer. These keys are FORMAT/CHAN, TRACE/TRIG, 
DISPLAY, and I/O. The Format/Channel, Trace/Trigger, and Display 
keys will display the menus of either analyzer (machine) 1 or 2 
respectively or the oscilloscope depending on what menu was last 
displayed or what you did in the System Configuration menu. 

Format/Channel Menu Key. The FORMAT/CHAN menu key allows 
you to access either the Timing Format Specification, State Format 
Specification, or Oscilloscope Channel menus. You exit the 
Format/Channel menu by pressing another menu key or by returning to 
the System Configuration menu from this menu. 

Trace/Trigger Menu Key. The TRACE/TRIG menu key allows you to 
access either the Timing Trace, State Trace, or Oscilloscope Trigger 
menus. You exit the Trace/Trigger menu by pressing another menu key 
or by returning to the System Configuration menu from this menu. 

Using the Front-Panel User Interface HP 16528/16538 
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Display Menu Key. The DISPLAY menu key allows you to access 
either the Timing Waveforms display, State Listing display, or the 
Oscilloscope Waveforms display. You exit the Timing Waveforms, 
State Listing, and Oscilloscope Waveforms menus by pressing another 
menu key or by returning to the System Configuration menu. 

I/O Menu Key. The I/O menu key allows you to access the I/O menu. 
You can access the I/O menu from any menu in either analyzer (timing . 
or state) or oscilloscope, and at any time. Pressing the I/O menu key 
causes the I/O menu to pop up over any current menu on the display. 

Run Key. The RUN key allows you to initiate a data acquisition and 
display cycle. The analyzer (state or timing) is automatically forced into 
its display menu when a run is initiated. The oscilloscope will stay in its 
current menu when a run is initiated. The trace mode or run mode you 
select (in the Trace/Trigger menu) determines whether a single or 
multiple (repetitive) run occurs. 

Stop key. The STOP key allows you to stop data acquisition or 
printing. A single press always stops the data acquisition. The data 
displayed on screen depends on which acquisition mode (single or 
repetitive) was used to acquire the data. In the repetitive mode, STOP 
causes the old display to remain unchanged as long as the old data is 
not corrupt. In single mode, STOP causes any new data to be 
displayed. If printing a hardcopy, the STOP key stops the print. 

Don’t Care Key. The DON’T CARE key allows you to enter don’t 
cares in binary octal, and hexadecimal pattern specification fields. In 
Alpha Entry fields, this key enters a space and moves the underscore 
marker to the next space. 

Clear Entry Key. The CLEAR ENTRY key allows you to perform the 
following tasks: 

Return decimal values to the previous value in the decimal menu 
fields. 
Return values to don’t cares in menu fields with number bases 
other than decimal. 
Clear Alpha Entry menus. 
Move the underscore marker or cursor to its original position in 
the menu fields. 



. . 
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Hex(adecimal) Keypad. The HEX keypad allows you to enter numeric 
values in numeric entry fields. You enter values in the four number 
bases below: 

l Binary 

l Octal 
l Decimal 
l Hexadecimal 

The A through F keys are used for both hexadecimal and alpha 
character entries. 

CHS Key. The CHS (change sign) key allows you to change the sign 
( +) of numeric variables. 

Roll Keys. When part of the data display is off screen, the ROLL keys 
defme which way the KNOB will move the displayed data. These keys 
and the KNOB roll displayed data up/down or left/right so you can 
view off-screen data. 

Knob. The KNOB has four major functions depending on what menu 
or pop-up menu you are in. The KNOB allows you to do the following: 

Move the cursor from field to field within the System 
Configuration and main menus. 
Roll the display left or right and up or down. 
Position the cursor on options within pop-up menus. 
Increment/decrement numeric values in numeric pop-up menus. 

Select Key. The SELECT key allows you to open pop-up menus, 
choose options in them, cancel selections, and close pop-up menus. 
When the cursor is in a main menu (i.e. Format Specification) pressing 
the SELECT key either opens a pop-up, or toggles options (when there 
are only two options possible) in that field. 

- 
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When a pop-up menu appears, the cursor will be on the current option. 
You use the KNOB to move the cursor to your desired option. Pressing 
the SELECT key tells the logic analyzer this is the option you want. 
This either automatically selects the option and closes the pop-up, 
opens another pop-up, or changes options. If the pop-up doesn’t 
automatically close, it will contain the Done field. In this case you close 
the pop-up by placing the cursor on Done and pressing SELECT. 

0 11 Disk Drive. A 3.5 inch, double-sided, double density drive. Besides 
loading the operating system, it allows you to store and load logic 
analyzer configurations and inverse assembler files. 

0 52 Disk Eject Button. Press this button to eject a flexible disk from the 
disk drive. 

0 I3 Indicator Light. This light is illuminated when the disk drive is . 
operating. Wait until this light is out before removing or inserting disks. 

0 14 Inputs 1 and 2. Two BNC connectors allow the connection of 
oscilloscope probes and BNC cables for signal input to the oscilloscope. 

- 

- 
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Rear-Panel 
Controls and 
Connectors 

t ., 
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n 

0 1 

0 2 

0 3 

0 4 

Note 11 
3 

0 5 

01652E03 

Figure 3-2. HP 16528/53B Rear Panel 

Line Power Module. Permitsselection of 110420 or 220-240 Vat and 
contains the fuses for each of these voltage ranges. The On/Off switch 
is also part of the module. 

External Trigger BNCs. Provide arm out and arm in connections. 

Intensity Control. Allows you to set the display intensity to a 
comfortable level. 

Pod Cable Connectors. Keyed connectors for connecting the pod 
cables. 

The HP 1653B rear panel has connectors for pods 1 and 2 only. 

RS-232C Interface Connector. Standard DB-25 type connector for 
connecting an RS-232C printer or controller. 

Using the Front-Panel User Interface 
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0 6 
._ . . HP-IB Inte~ce Connector. Standard HP-II3 connector for connecting 

an HP-IB printer or controller. 

0 7 Fan. Provides cooling for the logic analyzer. Make sure air is not 
restricted from the fan and rear-panel openings. 

0 8 Probe Compensation Signal Output. Provides a signal for probe 
compensation adjustment. 

The Cursor The cursor (inverse video) highlights interactive fields within the menus 
that you want to use. Interactive fields are enclosed in boxes in each 
menu. When you rotate the KNOB, the cursor moves from one field to 
another. 

How to Select 
Menus 

You select the main menus by pressing the appropriate menu key. The 
main menu keys are: 

l FORMATKHAN 
l TRACE/TRIG 
l DISPLAY 
l I/o 

When the menu is displayed, you can access fields within the menus. 

The FORMAT/CHAN, TRACE/TRIG, and DISPLAY menu keys 
provide access to their respective menus. If more than one analyzer 
(machine) is on, or the oscilloscope is on, you see the selected menu of 
either analyzer 1, analyzer 2 or the oscilloscope depending on what 
type menu was last displayed (analyzer or scope), or what you did in 
the System Configuration menu. To switch from the machine 1 menu 
set to machine 2 (same analyzer) menu set or the oscilloscope menu 
set, select the desired analyzer or scope from the pop-up that appears 
when the field in the upper left comer of the main menu is selected. 
This pop-up is available in all main menus except the I/O menu. 

The I/O menu differs from the other three main menus in that it is a 
pop-up menu that appears on top of the currently displayed menu 
when you press the I/O key. 

HP 1652B/1653B Using the Front-Panel User Interface 
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How to Switch You can switch between the analyzers and oscilloscope in any main 

between the menu except the I/O menu. ,To switch between ahalyzers and scope, 

Analyzers and 
place the cursor on the field in the upper left comer of the 
FORMAT/CHAN, TRACE/TRIG, or DISPLAY (timing, state or 

Oscilloscope scope) menu and press SELECT. A pop-up menu appears with the 
following options: 

0 System 
0 MACHINE 1 (or your analyzer name) 
0 MACHINE 2 (or your analyzer name) 
l Mixed Mode (if two or more are on) 
0 Scope 

Place the cursor on the opposite analyzer (machine), or scope and 
press SELECT. The logic analyzer will display the same menu type (i.e. 
format, trace, etc.) in the other analyzer (machine) or the scope menu. 
For example, if you were in the TRACE menu of machine 1, you will 
now see the TRIGGER menu of the scope or the TRACE menu of 
machine 2. 

Returning to 
the System 
Configuration 

You can return to the System Configuration menu directly from the 
FORMAT, TRACE, or DISPLAY menus. To return to the System 
Configuration menu, place the cursor on the field in the upper left 
comer of any of these menus and press SELECT. The same pop-up 

Menu menu appears with the following options: 

0 System 
0 MACHINE 1 (or your analyzer name) 
0 MACHINE 2 (or your analyzer name) 
l Mixed Mode (if two or more are on) 
0 Scope 

Place the cursor on System and press SELECT. The System 
Configuration menu is displayed. 

Using the Front-Panel User Interface 
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How to Select You select fields within the main menus by placing the cursor on the 
Fields desired field and pressing SELECT. Depending on what type of field 

you select, you will either see a pop-up menu or a new option in fields 
that toggle. 

Pop-up Menus The pop-up menu is the most common type of menu you see when you 
select a field. When a pop-up appears, you will see a list of two or more 
options. Two pop-up menu types are described in “How to Select 
Options” in this chapter. ’ 

How to Close Pop-up menus without the Done option automatically close when you 

Pop-up Menus place the cursor on an option and press SELECT. After closing, the 
logic analyzer places your choice in the main menu field from which 
you opened the pop-up. 

Pop-up menus that contain the Done option do not automatically close 
when you make your selection. To close the pop-up, you place the 
cursor on the Done option and press SELECT. 

These two pop-up menu types are described in “How to Select 
Options” in this chapter. 

HP 16528/1653B 
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How to Select 
Options 

How to select options depends on what type of pop-up menu appears 
when you press select. When the pop-up appears, you will see a list of 
options. You select the option you want by placing the cursor on it and 
pressing SELECT. In most cases the pop-up menu closes and your 
desired option is now displayed in the field in the main menu. 

- 

There are also pop-up menus where each option within the pop-up 
menu has more than one option available. In these cases, when you 
place the cursor on one of the options and press SELECT, another 
pop- up will appear. 

An example of one of these is the clock field in the State Format 
Specification menu. When you select the clock field in this menu it will 
pop-up and show you all five clocks (J, K, L, M, and N) for an 
HP 1652B or both clocks (J and K) for an HP 1653B. 

Clock field 

pTziiEq - Stoto Formt Spaelf lcrtion 

Clock 

Label 

1 
Specify clock pop-up 

Figure 3-3. State Clock Pop-up Menu 

When you place the cursor on one of the clocks and press SELECT, 
another pop-up appears, showing you the choices of clock 
specifications available. 
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Clock specification pop-up 
I Clock PWtOd Pod 2 Pod 1 

[60~ 
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Figure 34. State Clock Pop-up with K Pop-up Open 

When you choose one of these specifications and press SELECT, this 
pop-up will close, however, the original clock pop-up still remains 
open. When finished specifying the choices for the clocks, you close 
the original pop-up menu by selecting Done and pressing SELECT. 

Toggle Fields Some fields will toggle between two options “off” and “on”. When you 
place the cursor on one of these fields and press SELECT, the 
displayed option toggles to the other choice and no additional pop-up 
appears. 

How to Enter There are a number of pop-up menus in which you enter numeric data. 

Numeric Data The two major types are as follows: 

l Numeric entry with fixed units (i.e. volts). 
l Numeric entry with variable units (i.e. ms, ps, etc.). 

An example of a numeric entry menu in which you only enter the value 
with fixed units is the pod threshold pop-up menu. 

You can set the pod thresholds to either of the preset thresholds (TTL 
or ECL) or to a specific voltage from - 9.9 V to + 9.9 V. 

HP 16528/1653B 
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Pod threshold 

To set pod thresholds to a specific voltage, place the cursor in the 
threshold portion of the pod field (‘ITL, ECL, or User-defined) of any 
pod and press SELECT. 

V]j- Tlmtrg Fomat Sp8clf lcatlon 

---------------- 
Lab.1 PO1 I5 ,I.. 87 .*.* 0 

Figure 3-5. Pod Threshold 

Select the User-defined option and another pop-up appears for you to 
specify the pod threshold voltage. 

Actlvlty > ---------------- 

Lsbol PO1 15 ,I,. 87 .I.. 0 
POD I 

-oIf- 
xl/f- 
-err- 
-off- 
xlff- 
-ot1- 
4rJff- 
-off- 
xlff- 
-ilff- 
4ff- 
-aIf- 

Userdefined-pod 
threshold entry pop-up 

[-off-J 
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You can select your desired threshold by rotating the KNOB until your 
desired threshold voltage is displayed. Rotating the KNOB increments 
or decrements the value in small steps. Or you can change the value 
with the keypad. It allows you to make large value changes quickly. 
Entering the new value from the keypad replaces the previous value. 

If you want a negative voltage for the threshold, press the CHS (change 
sign) key on the front panel. The minus (0) sign will appear in the 
POP-UP* 

Notice, the cursor stays in the upper right comer of the pop-up over 
Done. When you press SELECT, the pop-up will close and your new 
threshold will be placed in the Pod field. 

In another type of numeric entry pop-up menu you must specify the 
units as well as the numeric value. The pattern duration specification in 
the Timing Trace Specification menu is an example. When you place 
the cursor on the value in the present for field and press 
SELECT, you will see the following pop-up: 

Tiring frrce Speclf lcstlon 

Acqulsltlon mode 1 Tmstttonal ] 

*- 

Lab.1 > 

Bate ) 
Find 

Pat tern 

pf 080 

Than 1 Ind 

Eclgo 

mt for 

1 ..*. ] 

-tic Entry 0 c 

(30) g 
US 

0 nr 

Figure 3-7. Numeric Entry Pop-up 

You enter a new value from the keypad. When you have entered your 
desired value, you can change the units (i.e., ns,/cs, ms, s) by rotating 
the KNOB. 

Once you select the new value and the units, close the pop-up by 
pressing SELECT. The new value and the units will be displayed in the 
present for field. 
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In all numeric entry fields except the pod threshold field, you can open 
the pop-up without pressing SELECT. To open the pop-up without 
pressing SELECT, place the cursor on the field and press any number 
that particular field accepts. The pop-up will appear with the new 
number in the pop-up. 

I 
Note I lb 

Any time the cursor is on one of the numeric entry fields and you 
unintentionally press a key that the field accepts, the pop-up will 
appear and the number you pressed will replace your current value. To 
close the pop-up and return the original value, press the CLEAR 
ENTRY key. 

How to Enter 
Alpha Data 

You can customize your analyzer configuration by giving names to 
several items: 

l The name of each analyzer. 
l Labels. 
l Symbols. 
l Filenames. 
l File descriptions. 

For example, you can give each analyzer a name that is representative 
of your measurement. The default names for the analyzers within the 
logic analyzer are MACHINE 1 and MACHINE 2. To rename an 
analyzer, place the cursor on the name you wish to change in the 
System Configuration menu and press SELECT. You will see the 
Alpha Entry pop-up menu: 
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Figure 3-8. Alpha Entry Pop-up 

The top two lines enclosed in boxes in the pop-up contain the complete 
alphanumeric set you use for names in these types of fields. The bottom 
line (enclosed in brackets) contains the name that existed when you 
opened the Alpha Entry pop-up. To enter alpha characters in the 
brackets (where the default or old name appears) position the cursor 
on the desired character and press SELECT. The new character will be 
placed in the brackets where the underscore marker is located. If you 
want to place a new character in the brackets at a location not marked 
by the underscore marker, move the underscore marker to where you 
want the new character to be placed. Moving the underscore marker is 
explained in “Changing Alpha Entries.” 

Note II 3 You can also make direct keypad entries. Your selection will be placed 
where the underscore marker is in the box. 

Changing 
Alpha Entries 

To make changes or corrections in the Alpha Entry field, position the 
underscore marker under the character you want to change. 

, 

To move the underscore marker to the left, place the cursor over the 
left arrow and press SELECT once for each backspace. 
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To move the underscore marker to the right, you either place the 
cursor on a desired character and press SELECT, or place it on the 
right arrow and press SELECT. 

You can also use the ROLL keys and the KNOB to move the 
underscore marker. To use this alternate method press the left/right 
ROLL key and rotate the KNOB until the underscore marker is under 
the desired character. To return the KNOB to controlling the cursor’s 
movement, press the left/right ROLL key again or press SELECT. 

If you want to erase the entire entry and place the underscore marker 
at the beginning of the name box, press the CLEAR ENTRY key on 
the front panel. 

If you want to replace a character with a space, place the underscore 
marker under that character and press the DON’T CARE key on the 
front panel. 

How to Roll 
Data 

To roll data, you press either the left/right or up/down ROLL keys and 
rotate the KNOB. The roll function is only available when there is more 
data in the menu than can fit on screen. If there is off-screen data, 
pressing the ROLL keys causes an indicator to appear in the upper left 
corner of the display and activates the roll function of the KNOB. If 
there is no off-screen data, the indicator will not appear. 

Up/Down Left/Right 

016W 

Figure 3-9. Roll Function Keys 

One example of a menu with off-screen data is the STATE LISTING 
menu. The state listing can contain up to 1024 lines; however, the 
display is only capable of showing you 16 lines at a time. To roll the 
off-screen data, press the up/down ROLL key and then rotate the 
KNOB to view the off-screen data. 
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Figure 3-10. Typical State Listing Menu 

Assignment/ 
Specification 
Menus 

Assigning Pod The bit assignment fields in both state and timing analyzers work 
Bits to Labels identically. The convention for bit assignment is as follows: 

HP 16528/1653B 
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There are a number of pop-up menus in which you assign or specify 
what you want the logic analyzer to do. The basic menus of this type are 
as follows: 

l Assigning pod bits to labels 
0 Specifying patterns 
l Specifying edges 

* (asterisk) indicates assigned bits 
. (period) indicates un-assigned bits 

Using the Front-Panel User Interface 
3-17 



Note 
If you don’t see any bit assignment fields, it merely means you do not 
have any pods assigned to this analyzer. Either switch analyzers or 
assign a pod to the analyzer you are working with. 

- 

To assign bits in these menus, place the cursor on one of the bit 
assignment fields and press SELECT. You will see the following pop- 
up menu: 

I 

15 87 
, , , * ‘ a I , ******** 

Figure 3-l 1. Bit Assignment Pop-up 

Place the cursor on the left-most asterisk or period in the pop-up that 
you want to change and press SELECT. The bit assignment toggles to 
the opposite state of what it was when the pop-up first opened. Move 
the cursor one bit to the right. Holding the SELECT key, repeats the 
bit assignment. You close the pop-up by placing the cursor on Done 
and pressing SELECT. 

SpeCifying The Specify Patterns fields appear in several menus in both the timing 
Patterns and state analyzers. Patterns can be specified in one of the available 

number bases, except ASCII. 

The convention for “don’t cares” in these menus is an “X” except in the 
decimal base. If the base is set to decimal after a “don’t care” is 
specified, a $ character is displayed. 

An example of a Specify Patterns field is the Find Pattern 
the Timing Trace Specification menu. 

field in 
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When you place the cursor on the Find Pattern field and press 
SELECT, you will see the following pop-up menepar. 

- 

1 Specify Pattern: 
XXX% I 

Figure 342. Find Pattern field Popup 

When the pop-up is open, enter your desired pattern from the keypad 
(including don’t cares). When you finish entering your pattern, close 
the pop-up by pressing SELECT. 

Specifying Edges You can select positive-going ( t ), negative-going ( & ), or either edge 
( f ) as part of your trigger specification. You specify edges in the 
Timing Trace Specification menu by placing the cursor on the Then 
find Edge field under the desired label and pressing SELECT. You 
will see the following menu. 
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Figure $13. Edge Pop-up 

You will notice a number of periods in the pop-up menu. Each period 
represents an unassigned bit for each bit assigned to the label. Don’t be 
alarmed if you see a different number of unassigned bits, it merely 
means the number of bits in your label is different than the number in 
the label for this example. 

To select a desired edge, place the cursor on your desired bit position 
in the pop-up and press SELECT until you see the desired edge, or 
unassign (.) the bit. Pressing SELECT changes the bit sequentially 
from (.) to 4 to t to 1 and back to (.). 
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System Configuration Menu 
4 

Introduction This chapter describes the System Configuration menu and pop-up 
menus within the System Configuration menu. 

The purpose and functions of each field are e@ined in detail, and we 
have included illustrations and examples to make the explanations 
clearer. 

System 
Configuration 
Menu 

The System Configuration menu can be considered a system level menu 
in that it contains fields that you use to turn the scope on or off and 
start the configuration process for both analyzer 1 and analyzer 2. You 
use this menu to do the following: 

l Turn analyzer machines and scope on or off. 
l Specify analyzer type (timing and state). 
l Assign pods to the individual machines within the logic analyzer. 
l Initiate Autoscale in both the oscilloscope and timing analyzer. 
l Name each analyzer. 

In this menu, you con&ure your logic analyzer in one of nine ways: 
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Timing analyzer only. 
State analyzer only. 
Up to two scope channels. 
Two state analyzers. 
One timing analyzer and one state analyzer. 
Timing analyzer with up to two scope channels. 
State analyzer with up to two scope channels. 
Two state analyzers with up to two scope channels. 
One timing analyzer, one state analyzer and up to two scope 
channels. 



The System Configuration menu for the HP 1652B Logic Analyzer is 
shown below. 

am1 ymr 2 

Nom.1 1-1 

Type 1 1-1 

( Autoscsis ) 

Figure 4-1. System Configuration Menu For HP 16528 

Accessing the 
System 
Configuration 
Menu 

The System Configuration menu is the default display when the logic 
analyzer is turned on and the operating system has loaded. Once the 
logic analyzer or scope is on and you are in a menu other than the 
System Configuration menu, you access the System Configuration 
menu by placing the cursor in the system a&s field in the upper left 
corner and press SELECT. This field will be displaying either the 
scope, Machine 1, Machine 2, or a user-defined name for the current 
analyzer machine before you press SELECT. 

You then place the cursor on System in the pop-up menu and press 
SELECK When the pop-up closes the System Configuration menu 
will be displayed. 
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System 
Configuration 
Menu Fields 

The System Configuration menu fields are described in the following 
paragraphs* 

Name field 

Alpha Entry pop-up 
- 

Figure 4-2. Alpha Entry Popup Menu 

Name You name an analyzer by selecting the Name field under it. An Alpha 
Entry pop-up menu will open as shown above. The pop-up contains a 
row of alpha characters, a row of numeric characters, two arrows, and a 
box at the bottom of the menu in which the name appears. In the name 
box is an underscore marker. This marker indicates in what space your 
next selection will be placed. 

You can name the analyzer in one of two ways. The first way is to 
position the cursor over the desired character in the pop-up using the 
KNOB, then press SELECT. The character appears in the name box 

The second method is to use the keypad on the front panel. With this 
keypad you can enter the letters A through F and the numbers 0 
through 9 instead of using the characters in the pop-up. 
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Type PoPuP 

Type 

The arrows in the pop-up move the underscore marker forward or 
backward. To move the marker forward, position the cursor over the 
right-pointing arrow and press SELECT. To backspace the marker 
position the cursor over the left-pointing arrow and press SELECT. 

You can also move the underscore marker with the ROLL keys and the 
KNOB. Pressing the left/right ROLL key activates the marker. 
Rotating the KNOB places the marker under the desired character. 

You can replace a character with a space in one of two ways. Position 
the cursor over the space in the pop-up and press SELECT, or press 
the DON’T CARE key on the front panel. 

If you want to erase the entire entry and place the underscore marker 
at the beginning of the name box, press the CLEAR ENTRY key on 
the front panel. When you have entered the correct name, position the 
cursor over Done and press SELECT. 

- 

The Type field defines the machine as either a state analyzer or a 
timing analyzer. When this field is selected, a pop-up selector menu 
appears. You choose the machine type by using the KNOB to move the 
cursor within the menu to the desired selection and pressing SELECT. 

- 

Systa Conflgufrtion 

---------------- 
Pod 4 

7 

---------------- 

Figure d-3. Type Pop-up Menu 
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Scope On/Off Th e scope defaults to Off. To turn the scope on or off, simply move the 

cursor over the On/Off field and press select. Scope measurement may 
be added to any analyzer co&guration. 

Autoscale Autoscale provides a starting point for setting up a measurement. The 
Autoscale field appears for the timing analyzer in the System * 
Configuration menu only. When you select Autoscale, a pop-up 
appears with two options: Cancel and Continue. If you select Cancel, 
the autoscale is cancelled and control is returned to the System 
Configuration menu. 
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Figure 4-d. Autoscale Pop-up Menu 

If you choose Continue, autoscale configures the Timing Format, Trace 
Specification, and the Timing Waveforms menus. Autoscale searches 
for channels with activity on the assigned pods and displays them in the 
Waveforms menu. 

Autoscale for the scope is located in all main menus. When Continue is 
selected, the Channel, Trigger, and Waveforms displays are 
automatically configured. More information on scope autoscale is 
located in chapter 23, “Channel Menu.” 
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Pod Assignment 

Id Note d 
Choosing Autoscale erases ah previous configurations in the timing 
d yzer and scope, and turns the other analyzer (state) off ifit was on. -- 
If you don’t want this to happen, select Cancel in the pop-up. 

Pods Each pod can be assigned to one of the analyzers. When the HP 1652B 
Logic AnaIyzer is powered up, Pod 1 is assigned to AnaIyzer 1 and Pod 
5 is assigned to Analyzer 2. When the HP 1653B is powered up, Pod 1 
is assigned to Analyzer 1 and Pod 2 is assigned to Analyzer 2. 

To assign a pod, position the cursor on one of the pod fields and press 
SELECT. With the pop-up that appears, you can ass& the pod to 
Analyzer 1, Analyzer 2, or Unassign it. Pressing the SELECT key 
closes the pop-up. 

System Configuation Menu 
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Figure 4-5. Pod Assignment Pop-up Menu 
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.- Where to Go 
Next 

When you complete the system level configuration for the logic 
analyzer in this menu, you need to complete the individual analyzer 
configurations for analyzer 1, analyzer 2, or scope. To configure an 
individual analyzer you will normally configure the Format menu first 
and then the Trace menu. For the scope you configure the Channel 
menu first and then the Trigger menu. 

Configuration menus for the timing analyzer start at chapter 16. For the 
state analyzer, menus start at chapter 8 and for the scope, start at 
chapter 22. 
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I/O Menu 
5 

Introduction This chapter describes the I/O and pop-up menus that you will use on 
your logic analyzer. The purpose and functions of each menu are 
explained in detail, and we have included many illustrations and 
examples to make the explanations clearer. 

The I/O menu allows you to perform I/O tasks with your logic analyzer. 
The tasks you can do with this menu areas follows: 

0 Print screens. 
l Perform disk operations. 
0 Configure the HP-II3 Interface. 
l Configure the RS-232C Interface. 
l Enable the analyzer to perform external triggering. 
l Run self tests on the analyzer. 

Accessing the You can access the I/O menu from any other menu in the system by 

I/O Menu pressing the I/O key on the front panel. Use the KNOB to roll the 
cursor through the menu. When the cursor is positioned over the 
option you desire, press SELECT. It lists the following options: 

a Done 
0 Print Screen 
0 PrintAll 
l Disk Operations 
0 I/O Port Configuration 
l External BNC Configuration 
l Self Test 

To exit the I/O menu, position the cursor over the Done option and 
press SELECT. This returns you to the menu you were in before you 
pressed the I/O key. 

HP 16528/1653B I/O Menu 
Front-Panel Reference 51 



Print Screen When you select the Print Screen option, the information on the screen 
is frozen and the message “PRINT in progress” appears at the top of 
the display. This message will not print. Only the STOP key is 
operational while data is being transferred to the printer. If you wish to 
stop a printout before it is completed, press the STOP key. 

- 

Print All The Print All option prints not only what is displayed on screen but 
what is below, and, in the Format Specification, what is to the right of 
the screen at the time you initiate the printout. 

Note 
Make sure the first line you wish to print is on screen when you select 
Print All. Lines above screen will not print. 

Use this option when you want to print all the data in menus like: 

l Timing Format Specification 
l State Format Specification 
l State Trace Specification 
0 State Listing 
l Disk Directory 
l Symbols 

If there is information below the screen, the information will be printed 
on multiple pages. In Timing and State Format Specifications, the print 
will be compressed when necessary to print data that is off-screen to 
the right. 

When you select the Print All option, the information on the screen is 
frozen, and the message “PRINT in progress’ appears at the top of the 
display. This message will not print. If you wish to stop the printout 
before it is completed, press the STOP key on the front panel. 
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Disk Operations The Disk Operations option allows YOU to perform operations 011 YOUR 
disk and with the files on your disk. For example, you can load a file 
from your di& store a file to your disk, or format a disk. The following 
pages describe the disk operations. For additional information on the 
disk operations, refer to Chapter 6, “Disk Drive Operations.” 

When you select Disk Operations, a new menu pops up. This menu is 
divided in two sections separated by a horizontal line. The top section 
displays the disk operation that is to be performed and the file or files 
that will be affected. 

The bottom section displays the files on the disk in alphabetical order. 
It also states the type of the file and a description, if one was specified 
at storage. If no disk is in the disk drive or if the disk is not a supported 
format, the appropriate message will be displayed. 

Filp Field 

Operations 
FielY 

Files on 
Disc- 

Disc DDrtm tlons [_DPnr) 

CHnRllA!! 021xonf Ig 
CHARTll 16Wl-conftg 
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e cm1rr 16Wl Acmf im 
tlULTIS IN A 02lAonf Ig 
IlULTISIN9 Oll-conftg 
llULfISIN1 16S0/l~onflg 

, HtJLlISIN- oooAionf I g 
S1NAS.D 02lronftg 
SIN-I 0-6 02l-.conftg 
SIN,1 01 16SOlt~onf Ig 
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#llosmRMART 
#MBFoRM#zT 
COWME W DUfEREMCES 4 
sIswDsmE2x 
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SIN ICTH lODE6REE flYRElENTS 
SIE Nm 10 M6REE IRCREIERTS 
Wl6W Sgstom Softu#~ VO2.16 

Halfway down the bottom display are arrows at each side of the screen. 
These arrows tell you which file is to be operated on. To roll through 
the list of files, press the up/down ROLL key and rotate the KNOB. 
The file that is between the arrows in boldface type also appears in the 
FILE field in the top section of the display. 
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The top section of the menu contains different types of fields. Pressing 
the Done field exits the Disk Operations menu and the I/O menu, 
returning you to the menu you were in before you pressed the I/O key. 
The field on the left-most side of the display is the operations field. It 
tells you which disk operation is to be performed. Next to that will 
usually be one or two file fields that tell you which file or files are to be 
acted upon. For several operations another field will appear in the top 
section. 

The Execute field executes the disk operation appearing in the 
operations field. For non-destructive operations, when Execute is 
selected the operation is immediately performed. For destructive 
operations a pop-up appears with two options: Cancel and Continue. 
Cancel lets you change your mind before the action is taken preventing 
any data from being lost mistakenly. Continue executes the operation. 

If you select the operations field, you will see a pop-up menu with nine 
options for disk operations, as shown. Each operation will now be 
discussed in detail. 

CHART31 
l Cep@IfI 

WLTISINwB 
flULTISIND 
tIULTfS1N-E 
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S 1NJX-B 
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1650/l,COnf lg 
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1650/l,conf ig 

021,conf ig 
16SO/l,conf ig 
16S4ll~onffg 

021,conf ig 
011,conf 1g 
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000,conf ig 
021,conf rg 
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16!i00A,sys tom 

DEMl FOR CHI)RT _ UPCOUNT 
DEtlUl FOR CHCIRT - UPCOUNT 
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DEH03 FOR CHART 
DEfKB FOR CtMRT 
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Figure 5-2. Disk Operations Pop-up Menu 
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Load The Load operation allows you to load configuration files (including 
symbol tables), and inverse assemblers from a disk. Executing a Load 
operation loads the logic analyzer with the file whose name appears in 
the File field in the top section of the Disk Operations menu. Loading 
symbol or inverse assembler replaces those that are linked to the 
current configuration. 

When a Load operation is executed, a message “Loading file from disk” 
appears at the top of the display. After the file has been loaded, this 
message is replaced by “Load operation complete.” 

Disc Operations 

I Load 1 from file ICtlPDIFJ 1 

Figure 5-3. Load Operation 

Store The Store operation allows you to store all the setup information, data 
and inverse assembler links for the analyzer in a configuration file. You 
cannot store information for only one of the internal analyzers. The 
information and data present in the logic analyzer at the time the Store 
is initiated is stored on the disk. 

When you select Store from the operations pop-up menu, the top 
section of the Disk Operations menu looks similar to that shown in 
figure 5-4. In addition to the operations and file fields, there is a File 
description field. You can write an optional description of the file you 
are storing in this field. A file description is not necessary but may help 
identify a file in the future. 

When you name the file that you are storing, you must begin the file 
name with a letter. The name can contain up to ten characters. It can 
be any combination of letters and numbers, but it cannot contain any 
spaces. 

Entering a file description is similar to naming a file with three 
exceptions: you can enter up to 32 characters, start the description with 
a number, and enter spaces. 
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When you Execute the Store operation, the message “Storing 
configuration to disk” appears at the top of the display. After the file 
has been stored, the message is replaced with “Store operation 
complete” and the file name appears in the bottom section of the Disk 
Operations menu with its file type and a description, if you gave it one. 

- 

Birc ap8r8 u888 CDOM) 

1 Store 1 to file -1 

File dascrlptton [TIflING STCITE nIXED OISPIAVS 1 (S) 

Figure 5-4. Store Operation 

Autoload The Autoload operation allows a specified configuration file to be 
loaded at power up. When you select Autoload, the top section of the 
Disk Operations menu looks similar to that shown below. A field 
appears next to the operation field. When you select this field, a 
pop-up menu appears with the choices Enable and Disable . Enable 
causes the specified file to be automatically loaded at power up. 
Disable prevents any fde from being loaded at power up. 

Figure 5-5. Autoload Operation 

The file name in the file field can be changed with one of two methods. 
One method is to press the up/down ROLL key and rotate the KNOB 
to scroll through the list of files until the name of the desired file 
appears in the file field. The other method is to select the file field and 
use the Alpha Entry pop-up menu and the front-panel keypad to enter 
the name. 

Below the operations and file fields are two information lines. The first 
line indicates the status of autoload ( Enable or Disable ), and the 
second line tells you which file, if any, is enabled for autoload. When 
you select either Enable or Disable the autoload status of a file will not 
change until you select Execute. 

When you select Execute, after selecting Enable, the file whose name 
appears in the f2e field is selected for autoloading. The autoload status 
line will say Enable, and the autoload file line will state the name of the 
file . 
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Also, a file labeled AUTOLOAD is added to the bottom section of the 
display. This file is not a configuration file. It contains information the 
logic analyzer needs to load the chosen file at power up. If you disable 
autoloading, the file labeled AUTOLOAD does not disappear. You 
must Purge it to erase it from your disk. The Purge disk operation is 
covered later in this chapter. If Autoload is disabled, the logic analyzer 
will load the default configuration at power up. 

COPY The Copy operation allows you to copy a file to the same disk or to 
another disk. When you select Copy, the top section of the Disk 
Operations menu will look similar to that below. 

Dirt o~w~tlmr (iiziir) 
1 copy ] Ill. [wEERzml to Isvsrrn,ost] 

Figure 5-6. Copy Operation 

Notice that there are two file fields. You can specify the file you are 
copying from and the file you are copying to. When you select either 
file field, you will get an Alpha Entry pop-up menu. You can use this 
menu and the keypad on the front panel to enter the name of the file. 
For the file that you are copying from, it is usually easier to use the 
up/down ROLL key and the KNOB to select one of the files on the . 
disk rather than to use the Alpha Entry menu. 

When you select Execute you will see a pop-up that tells you to insert 
the disk onto which you want to copy the file. There are also two fields 
in the pop-up. One is labeled Continue. You select Continue after you 
have inserted the disk and are ready to copy the file. The other field is 
labeled Stop. Selecting the Stop field halts the copy and returns you to 
the Disk Operations menu. 

If you insert the destination disk and select Continue, the file will be 
copied. If the file is long, you might have to swap the source and 
destination disks again. The logic analyzer tells you if you need to 
reinsert the source disk to continue copying the file. You can also copy 
to the same disk, making the source and destination disk the same. 
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Duplicate Disk The Duplicate Disk operation allows you to duplicate all the files on 
one disk to another. When you select this option, only the operations 
field appears in the top section of the Disk Operations menu. The disk - 
is automatically formatted in this operation. 

Disc DDorotloar aiia 

Figure W. Duplicate Disk Operation 

When you select Execute, you will see a pop-up with a message telling 
you what occurs when a disk is duplicated. The pop-up also contains 
two fields: Cancel and Continue. Cancel stops the duplicating process 
and returns you to the Disk Operations menu. Continue executes the 
operation. If you select Continue, the display goes blank except for the 
message “Insert source disk - hit select when ready.” Insert the disk you 
want to duplicate and press SELECT. After the logic analyzer reads 
the disk, it displays the message “Insert destination disk - hit select. 
when ready.” Insert the disk to which you want to copy and press 
SELECT. The analyzer will tell you that it’s writing to the disk. 

Figure 5-8. Duplicate Disk Pop-up Menu - 

The process of duplicating a disk is an iterative one; i.e., more than one 
swapping of disks may be necessary before all files are transferred. If 
this is the case the logic analyzer will repeat the message telling you to 
insert the source disk. Insert the source disk and press SELECT. The 
analyzer remembers where it stopped duplicating the first time and 
starts reading from that location. When the analyzer is ready, insert the 
destination disk and press SELECT. You will never have to swap disks 

-\ 

more than three times. 

I/O Menu HP 16528/16538 
S-8 Front-Panel Reference 



After the duplication process is complete, the logic analyzer displays a 
message telling you what to do next. If you want to copy another disk, 
press the FORMAT key on the front panel. The analyzer will repeat its 
message to insert the source disk. If you do not want to copy any more 
disks, insert the system disk and press the SELECT key. This reboots 
the system 

,- 

Note 
Duplicating a disk destroys any existing configurations and data on the 
destination disk. Make sure that the disk to which you are duplicating is 
the correct disk. 

Pack Disk The Pack Disk operation reorganizes the files on the disk making 
room for more. When a file is purged, it is not removed from the disk 
even though it doesn’t appear in the Disk Operations menu. Packing a 
disk moves files up, creating space at the bottom of the disk memory. 

When you select Pack Disk, the top section of the Disk Operations 
menu looks similar to that shown below. Selecting Execute starts the 
process. After the packing is completed, the message “Disk packing 
complete” appears at the top of the screen. 

Dl*c oparatlmnr CD-4 

t Pack Disc 1 

Figure 5-9. Pack Disk Operation . 

Rename The Rename operation lets you rename a file. When you select this 
option, the display will look similar to that shown in figure 5-10. 

You will see a file field that tells you what the old name of the file is, 
and a file field that tells you what the new name will be. If you select 
either one of the file fields, an Alpha Entry pop-up menu appears. You 
can use this menu and the keypad on the front panel to enter the name 
of the file. For the field with the old file name, it is usually easier to use 
the up/down ROLL key and the KNOB to select the desired file rather 
than to use the Alpha Entry pop-up menu. 
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To start the rename operation, select Execute. The file will be renamed 
and relocated alphabetically in the file list in the bottom section of the 
Disk Operations menu. 

If you try to rename a file with a name that already exists, a message 
will tell you that a file already exists with that name, and the file will not 
be renamed. 

Figure HO. Rename Operation 

Purge The Purge operation allows you to delete a file from a disk. When you 
select this option, the display will look similar to that shown below. 

The file field contains the name of the file to be purged. You can 
change the file in this field either by positioning the cursor on the field 
and selecting it to access an Alpha Entry pop-up menu, or by using the 
up/down ROLL key and the KNOB to move among the files. 

When you select Execute you will see a pop-up with the choices 
Cancel and Continue. Cancel lets you stop the Purge operation and 
returns you to the Disk Operations menu. Continue purges the file 
whose name appears in the file field. 

Note ml 4 A purged file cannot be recovered. Make sure the file that is being 
purged is the correct one. 

Figure 5-l 1. Purge Operation 
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Format Disk The Format Disk operation formats a disk, purging all previous files on 
the disk. When you select this option, the display will look similar to 
thatshowninfigure5-12. 

Selecting Execute gives you a pop-up with the choices Cancel and 
Continue. Cancel stops the format operation and returns you to the 
Disk Operation menu. If you select Continue, the disk will be 
formatted. The message “Disk format in progress” will appear at the 
top of the screen. When the formatting is complete, all the files will be 
deleted. 

Note 
Formatting a disk purges all the files on the disk. Make sure the disk is 
the correct one to be formatted because purged files cannot be 
recovered. 

Format Disc 

GEEa 

Figure 5-12. Format Disk Operation 
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I/o Port 
Configuration 

The I/O Port Configuration option in the I/O menu enables you to 
configure the logic analyzer for sending configuration, waveforms and 
listings to a printer or controller via HP-IB or RS-232C. 

When you place the cursor on the External I/O Configuration option 
and press SELECT, you will see the menu shown in figure 543. 

Ewtsrnrl 110 Put Cmnffgurmtior Coon;-) 

Prlntor connoctod to -1 Controller connoctod to I] 

US-2324 Configuration HPIb Conf igurr lion 

Protocol *~I HPIB bddrorr 1 [T] 

stop bits ’ 1 1 J 

Par 1 ty 1 INansJ 

Baud rat. ’ r 2400 1 

Oats Bitt * 8 

Psinter Inforrtlmn 

Prtntar lILesorJet] Paper uiclth : vj 

Figure 5-13. External I/O Port Configuration Menu 

The HP 1652B/53B is equipped with a standard RS-232C interface and 
an HP-IB interface that allows you to connect to a printer or controller. 
Connecting a controller gives you remote access for running 
measurements, up-loading and down-loading configurations and data, 
and outputting to a printer. The controller interface is explained in 
more detail in the HP 16.52B/l653B Rogtwnming Rqerence Manual. 

Various HP-II3 and RS-232C graphics printers can be connected to the 
logic analyzer. Configured menus as well as waveforms and other data 
can be printed for complete measurement documentation. The printer 
interface is explained in more detail in Chapter 7. 
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COnfigUring the You configure the HP-IB or RS-232C interfaces for a controller or a 
Interfaces printer by first selecting the I/O menu. Then you select the J/O Port 

Configuration field to display the External I/O Port Configuration 
menu. When the menu appears, select either field at the top of the 
menu to switch the interfaces between a printer and a controller. 
Whenever you change the configuration for one interface, the other 
interface automatically changes to the opposite configuration. 

EHmrnal I/O Port Configuration (iGX) 

Printer connected to 1-1 Controller connected to 1-1 

Figure 5-14. Interface Configurations 

The HP-IB printer must be set to Listen Ah~~ys for the HP-IB 
interface. In this mode, no HP-IB addressing is necessary. There are 
two fields at the bottom of the menu that allow you to select the printer 
type and paper width. 

The Hewlett-Packard Interface Bus (HP-IB) is Hewlett-Packard’s 
implementation of IEEE Standard 48%lW8, “Standard Digital 
Interface for Programmable Instrumentation.” The HP-IB is a carefully 
defined interface that simplifies the integration of various instruments 
and computers into systems. It uses an addressing technique to ensure 
that each device on the bus (interconnected by HP-IB cables) receives 
only the data intended for it. To accomplish this, each device is set to a 
different address and this address is used to communicate with other 
devices on the bus. 

Selecting an Address. The HPIB address can be set to 32 different 
HP-ES addresses, from 0 to 31. Simply choose an address that is 
compatible with your device and/or software. The default is 7. 
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Integer Entry Pop-up 

To select an address: 

1. Select the External I/O Port Configuration menu and place the 
cursor in the field directly to t&e right of HP-IB Address:. Press 
SELECT and an Integer Entry pop-up appears. See figure 5-1. 

- 

I 
Ertwnml I/O Part Configuration (Tzir) 

Printrr connectad to rRS-2321] Control Iar connoc tad to [T] 

I RE232-C Conllgurrtion HfIb Conf iaurstion 

stop bits 8 1 1 
17) 

/ 

Data B;tt ’ e 

I 
Plirtw fnforwthn 

Prtnter +zzziq Paper uldth : l-i!i?F] 

171 

Figure 5-15. Integer Entry Pop-up 

2. When the pop-up appears, either rotate the knob or use’ the 
keypad to enter the address. If you enter an address greater than 
31, the address will default to 31 when you select Done. 

3. When you are finished entering the HP-IB address, select Done. 
The pop-up closes, placing your selection in the appropriate field. 

The RS-232C Interface 

The RS-232C interface is Hewlett-Packard’s implementation of EIA 
Recommended Standard RS-232C, “Interface Between Data Terminal 
Equipment and Data Communications Equipment Employing Serial 
Binary Data Interchange.” With this interface, data is sent one bit at a 
time and characters are not synchronized with preceding or subsequent 
data characters. Each character is sent as a complete entity without 
relationship to other events. 

- 

Protocol. Protocol governs the flow of data between the instrument and 
the external device. The protocol options are None and XON/xOFF. . 
The default setting is XON/XOFF. 
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Figure 5-W. Protocol Pop-up Menu 

HP 1652B/l653B 
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With less than a 5-wire interface, selecting None does not allow the 
sending or receiving device to control how fast the data is being sent. 
No control over the data flow increases the possibility of missing data 
or transferring incomplete data. With a full 5-wire interface, selecting 
None allows a hardware handshake to occur. With a hardware 
handshake, hardware signals control data flow. The HP l3242G cable 
allows the HP 1652B/l653BA to support hardware handshake. 

With XON/XOFF, the receiver controls the data flow. By sending 
XOFF (ASCII decemall9) over it’s transmit data line, the reciever 
requests that the sender disables data transmission. A subsequent 
XON (ASCII decimal 17) allows the sending device to resume data 
transmission 

Data Bits. Data bits are the number of bits sent and received per 
character that represent the binary code of that character. The HP 
1652B/53B supports S-bit only. 

Stop Bits. Stop bits are used to identify the end of the character. The 
number of stop bits must be the same for both the controller and the 
logic analyzer. The options are 1,15, or 2 stop bits per character. The 
default setting is 1. 

1 

I 1 l/2 
2 

Figure 5-17. Stop Bits Pop-up Menu 

Parity. The parity bit detects errors as incoming characters are 
received. If the parity bit does not match the expected value, the 
character is assumed to be incorrectly received. The action taken when 
an error is detected depends on how the interface and the device 
program are configured. 
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Parity is determined by the requirements of the system. The parity bit 
may be included or omitted from each character by enabling or 
disabling the parity function. The options are None, Odd, or Even. The 
default setting is None. 

Figure 5-18. Parity Pop-up Menu 

Baud Rate. The baud rate is the rate at which bits are transferred 
between the interface and the peripheral. The baud rate must be set to 
transmit and receive at the same rate as the peripheral, or data cannot 
be successfully transferred. The available baud rates are 110 to 19.2k. 
The default setting is 9600. 

Figure 5-19. Baud Rate Popup Menu 

Printer. You can specify which printer you are using by selecting the 
Printer attribute field and choosing one of the options in the pop-up. 
The options are ThinkJet, QuietJet, 

9 
serJet, and Alternate. 

Alternate allows you to use an Epson compatible printer. The default 
printer option is ThinkJet. 
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Figure 5-20. Printer Pop-up Menu 

Paper Width. The logic analyzer offers two options for paper width: 8.5 
and 13.5 inches. Selecting the Paper Width attribute field gives you a 
pop-up with which you can make your choice. 

8.5- El 13.5w 

Figure S-21. Paper Width Pop-up Menu 

The HP ThinkJet and HP LaserJet series printers require a paper 
width of 8.5 inches and the HP QuietJet series printers require a paper 
width of 13.5 inches. If you have an HP ThinkJet or HP LaserJet 
printer but have set the paper width to 13.5 inches, the logic analyzer 
tells the printer to compress the print so it will fit on a page. The results 
may not be satisfactory. If you have an Epson@ compatible printer, 
check your printer manual to see which size is required. 

External BNC On the rear panel of the logic analyzer are two BNC connectors. One 

Configuration BNC is an input for an external trigger source. The other is used to 
output a trigger source. The External BNC Configuration option in the 
I/O menu identifies one of the two internal machines or scope to be the 
trigger source for an external instrument. 

When you select this option you will see a field next to the words “BNC 
output armed by.” Selecting this field gives you a pop-up with either 
two or three options. One option is Off. This indicates that the logic 
analyzer will not trigger an external instrument. The other options are 
the internal analyzers, listed by name. You can select the analyzer for 
triggering your external instrument by using the KNOB to position the 
cursor on the appropriate name and pressing SELECT. 
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If for some reason both of the internal analyzers are off, selecting the 
External BNC Configuration option gives you the message “BNC 
output armed by : Off (note: both machines are off).” 

Self Test 

I 
Note ‘@ 

The Self Test option in the I/O menu allows you to run a self test on the 
logic analyzer. The self test is on the PV disk. Selecting this option 
gives you a pop-up telling you what effect the self test has on 
the analyzer. The pop-up also contains two fields: Cancel and Start 
Self Test. Cancel lets you change your mind about running the self test. 
Selecting this field returns you to the I/O menu. Selecting the Start Self 
Test field causes your logic analyzer to load the self test from the disk 
and run through it. Before selecting this field you must insert the 
master disk with the self test on it. 

Running the self test destroys all current configurations and data. 
Make sure that you save any important configurations on a disk before 
running any of the self tests. 

For a description of the individual self tests, refer to appendix E, in 
volume 2 of this manual. 
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Disk Drive Operations 

Introduction This chapter describes the disk operations of the HP 1652B/53B in a 
task format. The disk operations are described in detail in chapter 5. 

The Disk Nine disk operations are available: 

Operations 
Available 

0 
l 

- 

Load - Instrument configurations and data can be loaded from 
the disk. Inverse assemblers can be loaded. 

Store - Instrument configurations and data can be stored on disk. 
System files cannot be stored. 

Autoload - Designates a configuration file to be loaded 
automatically the next time the HP 1652B/53B is turned on. 

Copy - Any file on the disk can be copied from one disk to 
another or to the same disk. 

Duplicate Disk - All files from one disk are copied to another 
disk. The directory and all files on the destination disk will be 
destroyed with this operation. The copied files are packed on the 
new disk as they are copied. 

Pack Disk - This function packs files on a disk. Packing removes 
all empty or unused sectors between files on a disk so that more 
space is available for files at the end of the disk. 

Rename - Any filename on a disk can be changed to another 
name. 

Purge - Any file on a disk can be purged (deleted) from the disk. 

Format Disk - Any two-sided 3.5inch floppy disk can be 
formatted or initialized. The directory and all files on the disk will 
be destroyed with this operation. 
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Although default values are provided for these disk operations, you 
may have to specify additional information. This information is entered 
by selecting the appropriate fields displayed for each disk operation. 
Disk operations are initiated by selecting the Execute field If there is a 
problem or additional information is needed to execute an operation, 
an advisory appears near the top center of the screen displaying the 
status of the operation (an error message prompts to swap disks, etc.). 

-- 

If executing a disk operation could destroy or damage a file, another 
pop-up appears with the options Cancel and Continue when you select 
Execute. If you don’t want to complete the operation, select Cancel to 
cancel the operation. Otherwise, select Continue and the operation will 
be executed. 



- Accessing the To display the Disk Operations menu, press the I/O menu key. 

Disk Menu When the I/O pop-up menu appears, place the cursor on Disk 
Operations and press SELECT. You will see the Disk Operations 
menu, 
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Selecting a To select a disk operation, place the cursor on the field directly below 

Disk Operation Disk Operations and press SELECT. You will see the following 
pop-up: 

Load A 
Store 1 

Auto1 oad 
l ’ . 

COPY L 
Duplicate Disc r 

Pack Disc 1 1 
Rename , 
Purge 

Format Disc 

Figure 6 - 2. Disk Operations Popup Menu 

When the pop-up appears, place the cursor on the operation you want 
and press SELECT. After you select an option, the pop-up closes and 
displays the fields required for your operation. For example, select 
Store. The Disk Operations menu now looks like this: 

Disk Drive Operations 
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Figure &3. Store Operation 
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.Disk Operation The disk operation parameters consist of the information that the disk 

Parameters operation acts upon. They tell the logic analyzer the names, types, and 
descriptions of files. To change these parameters, select the 
appropriate field and the field will either toggle to the opposite 
function or a pop-up will appear. If a pop-up appears, select the 
appropriate option or enter data with the keypad. 

To initiate the disk operation function you have selected, place the 
cursor on Execute. A pop-up appears with Continue and Cancel. To 
continue, place the cursor on Continue and press SELECT. To cancel 
place the cursor on Cancel and press SELECT. The Autoload, Pack 
Disk, and Rename functions immediately execute because they are not 
destructive to the files. These functions do not give you the Cancel and 
Continue options. 
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Figure 6-4. Disk Operation Parameters 
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Installing a 
Blank Disk 

Included with the HP 1652B/53B is a blank 3.5.inch flexible disk for 
your own use. To install the blank disk, hold the disk so that the 
Hewlett-Packard label is on top and the metal auto-shutter is away 
from you. Push the disk gently, but firmly, into the front disk drive until 
it clicks into place. 

I IIC 
Note d 

The HP 1652Bl53B disk drives use the gray Hewlett-Packard 
double-sided disks, which can be ordered in a package of ten with the 
Hewlett-Packard part number 92192A. DO NOT use single-sided disks 
with the HP 1652Bl53B. 
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- Formatting a 
Disk 

Before any information can be stored on a new disk, you must first 
format it. Formatting marks off the sectors of the disk and creates the 
LIF (Logical Interchange Format) directory on the disk. If you initiate 
a Duplicate Disk operation, the logic analyzer will automatically format 
the destination disk. 

IIC I 
Note d 

The HP 1652B/53B does not support track sparing. If a bad track is 
found, the disk is considered bad. If a disk has been formatted 
elsewhere with track sparing, the HP 1652B/53B will only read up to 
the fist spared track. 

. Select the Format Disk operation. 

.- 
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Figure 6-6. Format Disk Operation 

After the Format Disk operation menu appears, the instrument reads 
the disk and shows its condition. One of three conditions can exist: 

l If this is a new disk, or a disk formatted by a disk drive not using 
the LIF format, the menu will display UNSUPPORTED DISK 
FORMAT on the lower portion of the menu. 

l If the disk is already formatted, but has no files, the menu will 
display No Files. 



l If the disk already has files, a list of file names appear on the 
lower portion of the menu along with a file type and description. 

If any of the listed files need to be saved, copy them to another disk 
before initiating the Format Disk function. To initiate the Format Disk 
function, select Execute. When the pop-up appears, select Continue 
and the instrument will format the disk. Otherwise, select Cancel to 
cancel the Format Disk operation. 

Once you press Continue, the Format Disk operation starts and 
permanently erases all the existing information from the disk. After 
that, there is no way to retrieve the original information. 
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Storing to a 
Disk 

The Store operation allows you to store your configurations and data to 
a file with a description of its contents. You must assign a file name for 
each file in which you wish to store data. 

Select the Store operation. 

Disc Opnstlons CEED store ] to film -1 

Flla errcrlptton [[(@Kiiiq 
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Figure 6-7. The Store Operation 

To name your ffie, place the cursor on the field to the right of “to file” 
and press SELECT. The Alpha Entry pop-up appears. 

Enter a filename that starts with a letter and contains up to ten 
characters. It can be any combination of letters and numbers, but there 
can be no blank spaces between any of the characters. 

Entering a file description is the same process as naming a file except 
you can enter up to 32 characters, start the description with a number, 
and enter spaces between characters. 

Note 
The field for “file description” makes it easier to identify the type of 
data in each file. This is for your convenience but you can leave this 
field blank. 
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When you have completed entering the file name and file description, 
you initiate the store operation by placing the cursor on Execute and 
pressing SELErTT. A pop-up appears with Continue and Cancel. To 
continue, place the cursor on Continue and press SELECT. To cancel, 
place the cursor on Cancel and press SELECT. 

Caution 
If you store a new configuration and data to an existing file, they are 
written over the original information “DESTROYING” the original 
information in that file. 
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The Load 
Operation 

The Load operation allows you to load previously stored configuration 
and data from a file on the disk. 

Select the Load operation. 

- 

4 auwLDDo wtolwLflIo rtstw: OISamLED 4 
DEF RULT 16SO/l,conflg LOhD THIS FILE TO DEFWLT THE LII 
HP 16501TR l6SO/l,conflg ACUJfRE HP1650 CHARACTERS 
168000,1 invrr80,srraa 66000 Ih FOR INTERFhCE 1-O 
168020,IP lnvers~,rrsea 66020 INVERSE CISSEnBLER lWO 
18036bwO7 lnvarrr,srru eo386 IA nml 80x87 1-O 
IZ80,I lnvrrsr,osrn 200 ZFI FOR INTERFKE 1.0 
sEnJP,l 16SO/l,conflg STATE/lItlING FORtWiT 
SETUP2 lbSO/l,conflg STNE SWlBOLS DEFINED 

Figure &8. The Load Operation 

Note ,tt 3 The Load operation is type dependent. This means that you cannot 
load a system file. For example, if you try to load the file “SYSTEM,” 
an advisory “warning: Invalid file type” appears in the top center of the 
display. 
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To load the desired file, press the up/down ROLL key and rotate the 
KNOB until the desired file appears in the field to the right of “from 
file n . 

Another way to enter the name of the file in the field to the right of 
“from fde” is to select this field. When the Alpha Entry pop-up appears, 
enter the correct filename. 
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Renaming a File The Rename operation LOWS YOU to change the name of a file. The 
only restriction is that you mot rename a file to an already existing 
filename. 

Select the Rename operation. When you have completed entering a 
new file name and description, you initiate the Rename operation by 
placing the cursor on Execute and pressing SELECT. 
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Figure 6-9. Renaming a File 

Use either the KNOB or the Alpha Entry pop-up to enter the filename 
you wish to change in the field to the right of “file.” 

Move the cursor to the field to the right of “to” and press SELECT. 
When the Alpha Entry pop-up appears, enter the new file name. When 
you have completed entering the new file name, you initiate the rename 
operation by placing the cursor on Execute and pressing SELECT’. The 
rename operation immediately executes and when it is completed, an 
advisory “Rename operation complete” is displayed. 

HP 16528116538 
Front-Panel Reference 



- The Autoload Autoload allows you to designate a configuration file to be loaded 

Operation automatically the next time the HP 1652B/53B is turned on. When the 
Autoload operation is enabled, your designated configuration file is 
loaded instead of the default configuration file. This process allows you 
to change the default configuration of certain menus to a configuration 
that better fits your needs. 

Select the Autoload operation. To enable Autoload, select the Disable 
field and when the pop-up appears, select Enable. 

With the up/down ROLL key and KNOB or the Alpha Entry pop-up 
enter the name of the configuration file you wish to load in the field to 
the right of “File” and select Execute. The Autoload function is 
Enabled as shown after “Current Autoload status:” on the display. 

Note 
When power is applied to the logic analyzer, Autoload On or Off is 
determined by the presence of an enabled autoload file on the disk. If 
an enabled autoload file is present on the disk, the logic analyer will 
load this configuration fde instead of the standard configuration fde. 

.- 

Dire Oeorotims (EK) 

LEnral,] file plm?L0~ ] 
Currmnl outolood ttrtur 1 Enabled 
Currant butoload I1 lo 1 AUTDLOAD (Wj 

, 
rllrnsnrr- DlrcrtalfO” 

l w1u0nD 
DEFMJLT 
HP 16SOlTR 
fmoo0,I 
168020,IP 
IBOSB6J37 
1280-X 

outolooLf ilo 
lbSO/l,conf Lg 
16SD/l,conf 1 g 
invor80,08rn 
inversr,rssom 
1 nvrrtm,stsn 
invrrse,stsom 
16SO/l,conf Ig 
lbSD/l-conf Ig 

rtotro: EmbLED file: DUIDlMD l 
LO&D THIS FILE TO DEFWLT THE LCI 
ACOUIRE HP1650 CWACTERS 
6BOOO ICI FOR INlERFhCE 1-O 
de020 INVERSE ASSERBLER 1-O 
8osB6 IA nxTH 00x07 1-O 
280 ICI FOR INTERFACE 1-O 
STfWE/TItlINC FORHAT 
STATE SW’IBWS OEFINED 

Figure HO. Autoload Operation Enabled 

To disable the Autoload operation, select enable and when the pop-up 
appears, select disable. When the pop-up closes, select Execute and 
the Autoload function is disabled. 
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Purging a File Select the Purge operation to Purge (delete) a file. With either the 
up/down ROLL key and KNOB or the Alpha Entry pop-up enter the 
file you wish to purge in the field to the right of “file.” Select Execute 
and when the pop-up appears, select Continue and the file is purged 
fromthedisk. ’ 

Caution 
Once EXECUTED, the Purge operation permanently erases the file. 
After that, there is no way to retrieve the orginal information. 

Disk Drive Operations HP 1652B/l653B 
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Figure Ml. Purging a File 



Copying a File The Copy operation allows you to copy a file to the same disk or 
another disk. Select the Copy operation. With either the up/down 
ROLL key and the KNOB or the Alpha Entry pop-up, enter the 
filename you wish to copy in the field to the right of “file.” Select the 
field to the right of “to” and when the Alpha Entry pop-up appears, 
enter the name of the file you want to “copy to.n 

You can also copy a file to the same filename on another disk. To do 
this, select the To” filename field, press the CLEAR ENTRY key 
place the cursor on Done and press SELECT. This copies the original 
filename in the “To” filename field. 

Select Execute to start the copy operation. A pop-up appears with 
instructions on what to do with the disks. Since you can copy a file to 
the same disk or another disk, simply follow the instructions as they 
apply to your situation and select Continue to continue. 

l When “Insert the source disk” appears, remove the source disk 
and insert the destination disk into the disk drive if you are 
copying the file to another disk. The cursor is located on 
“Continue,” so to continue, press SELECT; otherwise, place the 
cursor on “Stop” and press SELECT. If you are copying to the 
same disk, press “Continue” without moving the disk. 

If the fde cannot be copied in a single operation, the instruction “Insert 
the source disk” will appear in the pop-up. Remove the destination 
disk, re-insert the source disk and select Continue. The logic analyzer 
reads another segment of the source file. It will then tell you when to 
re-insert the destination disk and continue. 

- 

Note 
If the source file is large (ie. System file) you should use the Duplicate 
Disk operation. Duplicating large files using the Copy operation 
requires changing disks many times. This invites the possibility of losing 
track of the disk changes, which will destroy part or all of the files on 
the source disk. 
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When the copy operation is complete, you will see the new file name in 
the directory. The new file name will be inserted in the directory in 
alphabetical order. 

rtrtw: DISauEB 

I 
_ _.-. ---..- 

OEFFHJLT 16SCVl,conf Ig LOCI0 THIS FILE TU DEFWLT THE LFI 
HP 16501TR lfSSD/l,conf la ACOUIRE HP 1650 CHARACTERS 

I I6woOJ invrr rr,srs& 6WOO IA FOR INTERFACE 1-O 
168020,IP invwse,rssem 68020 IMVERSE CISSEHBLER 1-O 

I I8oftJ6~7 inverss-asswn eose6 IA nrlH etoxe7 1-O 

I IZ8O.I lnvrrsr,ossn ZOO ICI FOR INTERFKE 1-O 
SETUP,1 16SO/l,conf lg ST4iTE/fIHING FORM1 
sElw3 16SO/l,conf I g STATE SVtibDLS DEFINED 

Figure 642. Copy File Operation 
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7 The Pack Disk By deleting files from the disk and adding other files, you end up with 
r 

Operation blank areas on the disk (between files) that are too small for the new 
files you are creating. The Pack Disk operation packs the current files 
together, removing unused areas from between the files so that more 
space is available for files at the end of the disk. 

Select the Pack Disk operation. To pack the disk, select Execute. 
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Figure 643. The Pack Disk Operation 
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Duplicating the The Duplicate Disk operation allows you to duplicate all the files on 

Operating one disk to another disk. You use this operation to make a back-up 

System Disk 
copy of your important disks so you won’t lose important data in the 
event the disk wears out, is damaged, or a file is accidently deleted. 

Select the Duplicate Disk operation and press Execute. When the 
pop-up appears you will see the following advisory: 

I 

Duplicate Disc 

Dupl icate disc u8e8 al 1 Of 8y8tOI8 tan t0 help 8pOOd up 
the process of clupllcstlng discs. This will DESTROY 
the current configuration and data and will require e 
reboot of the system uhen duplication is conploto. 

Figure 6-14. Duplicate Disk Popup 

Caution 
The original directory and files on the destination disk are destroyed by 
the DUPLICATE DISK operation. 

To continue, select Continue. The instruction “Insert disk to be 
copied-hit select when ready” will be displayed. Insert the source disk 
and press SELECT. The logic analyzer reads the source disk and 
displays “Reading from source disk. Please wait...” 

When the logic analyzer has filled memory or has read the entire 
source disk, it displays “Insert destination disk-hit select when ready.” 
Remove the source disk, insert the destination disk and press 
SELECT. When the logic analyzer starts writing to the destination disk, 
you will see “Writing to destination disk. Please wait...” 

Note 
If the destination disk has not been formatted, the logic analyzer will 
automatically format the disk before it writes to it. 
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If the amount of data on the source disk exceeds the available memory 
in the logic analyzer, the logic analyzer will display “Insert the source 
disk-hit select when ready” again, and you will need to repeat the 
process of inserting the source disk, then the destination disk. Follow 
the directions on screen until the entire disk is duplicated. 

When the entire disk is duplicated, you will see “Hit FORMAT key to 
copy another disk or insert system disk and hit SELECT to reboot.” If 
you are finished duplicating disks, insert the system disk and press 
SELECT. The logic analyzer will load the system file and return you to 
the System Configuration menu. 
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7 
Making Hardcopy Prints 

Introduction The HP 1652B/l653B Logic Analyzers allow you to 
print configurations, waveforms, and Iistings. Whenever your printer is 
connected to the logic anaIyzer and you instruct it to do so, it will print 
what is currently displayed on screen or all data in the menus having 
off-screen data. 

This chapter shows you how to set up the logic analyzer’s HP-IB and 
RS-232C interfaces for printers. If you have a Hewlett-Packard 
ThinkIet, QuietJet, or LaserJet series printer with the RS-232C 
interface, the RS-232C interface is already set up for you with the 
exception of the printer type and page width. 

If you have another kind of printer, refer to your printer manual for 
its interface requirements and change the logic analyzer’s interface 
configuration as instructed. 

Supported 
Printers 

The HP 1652B/1653B logic analyzers will support the fohowing printers 
with HP-IB or R&23X capabilities. For the following RS-232C 
printers, these configurations should be used: 

l HP ThinkJet (RS-232C switches set for HP controllers) 
l HP QuietJet (factory settings) 
l HP LaserJet (factory settings) 
0 Alternate 
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Alternate Printers In addition to HP printers, the logic analyzers support Epson@ 
compatible RS-232C printers. These alternate printers must support 
graphics. 

When the logic analyzer’s RS-232C configuration is s&t for alternate 
printers, it transmits data to the printer in the Epson format. 

Printers incompatible with either HP or Epson data transfer formats 
will not work with the HP 1652B/1653B logic analyzers. 

Hooking Up 
Your Printer 

If your printer is already connected to the logic analyzer, skip to 
“Setting the RS-232C for HP Printers” or “Setting the HP-IB for HP 
Printers” in this chapter. Otherwise hooking up your HP printer is just 
a matter of having the correct HP-IB or RS-232C interface cable. Refer 
to the figure below. 

Figure 7-l. Logic Analyzer to Printer Hook-up 

The type of connector on the printer end of the interface cable is 
determined by the kind of printer. 
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HP-IB Printer 
Cables 

You can use any standard HP-IB cable to connect the logic analyzer to 
the printer. The specific HP-ES cable only depends on the length you 
need. 

RS-232C You can use either an HP l3242G or HP 92219H cable to connect the 

Printer Cables logic analyzer to the printer. However, the HP l3242G is the preferred 
cable since it can be used with either no protocol (hardware 
handshake) or XON/XOFF. 

HP 132426 Cable The HP 132426 cable has standard DB-25 connectors on each end and 
is wired for hardware handshake. The cable schematic is shown below. 

PRINTER LOGIC ANALYZER 

CHASSIS GROUND 1 1 CHASSIS GROUND 

TD 2 , TD 

RD 3 RD 

SIGNAL GROUND 7 1 7 SIGNAL GROUND 

DTR 20 1 7 5 CTS 

CTS 5 - 4 6 DSR 

DSR 6 A 1 20 DTR 

165WBL82 

Figure 7-2. HP 1342G Cable Schematic 

Note 
HP 132426 cable ends are the same, therefore it doesn’t matter which 
end of the cable is connected to which piece of equipment. 
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HP 92219H Cable The HP 92219H cable has standard DB-25 connectors on each end and 
is wired for XON/XOFF handshake. The cable schematic is shown 
below. 

PRINTER LOGIC ANALYZER 
, - , ? 

CHASSIS GROUND 1 - 1 CHASSIS GROUND 

c , 

SIGNAL GROUND 7 - 7 SIGNAL GROUND 
‘ 

165WBL03 

Figure 7-3. HP S22lSH Cable Schematic 

Setting HP-IB The HP 1652BJ53B interfaces directly with HP PCL printers 

for HP Printers supporting the printer command language. These printers must also 
support HP-IB and “Listen Always.” Printers currently available from 
Hewlett-Packard with these features include: 

l HP2225AThinkJet 
l HP 2227B QuietJet 
l HP 363OA option 002 PaintJet 

Id Note d 
The printer must be in “Listen Always” when HP-IB is the printer 
interface. The HP 1652B/53B HP-IB port does not respond to service 
requests (SRQ) when controlling a printer. The SRQ enable setting for 
the HP-IB printer has no effect on the HP 1652B/53B operation. 
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For HP-IB printers, the Printer connected to field must be set to 
HP-IB in the I/O Port Configuration menu. You access the I/O Port 
Configuration menu by first accessing the I/O menu, then the I/O Port 
Configuration. 
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Setting All three series of HP printers (HP ThinkJet, HP LaserJet, and 
HP QuietJet) use the logic analyzer’s RS-232C default configuration 
with only one or two changes depending on which printer you have. 

RSm232C for 
HP Printers 

Since the logic analyzer’s default RS-232C configuration is set for the 
HP ThinkJet printer, no changes are needed for the HP ThinkJet. 

For RS232C printers, the Printer connected to field must be set to 
RS-232C in the I/O Port Configuration menu. You access the I/O Port 
Configuration menu by fast accessing the I/O menu, then the I/O Port 
Configuration. 

Listed below, are the changes you need to make for other HP printers: 

l Printer type for the HP LaserJet and HP QuietJet. 
l Paper width for the HP QuietJet. 

You access the printer type and page width fields by first accessing the 
I/O menu, then the I/O Port Configuration menu. 

Setting 
RSm232C for 
Your Non-HP 

The following attributes of the RS-232C interface must be set to 
the correct configuration for your printer: 

0 Protocol. 

Printer 

HP 16528/16538 
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l Number of data bits. 
l Number of stop bits. 
0 Parity type. 
l Baud rate. 
l Paper width. 

You access these fields by first accessing the I/O menu then the I/O 
Port Configuration menu. 
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Setting Paper 
Width 

Paper width is set by toggling the Paper width : field in the I/O 
Port Configuration menu. It tells the printer tha=are sending up to 
80 or 132 characters per line (only when you Print All) and is totally 
independent of the printer itself. 

l If you select 132 characters per line (13.5 inches) when using 
other than an HP QuietJet selection, the listings are printed in a 
compressed mode. Compressed mode uses smaller characters to 
allow the printer to print more characters in a given width. 

l If you select 132 characters per line (13.5 inches) on an 
HP QuietJet, it will print a full 132 characters per line. 

l If you select 80 characters per line for any printer, a maximum of 
80 characters are printed per line. 

RS=232C You can use the logic analyzer’s default configuration (except for 

Default 
Configuration 

printer type and paper width) for all supported printers if you haven’t 
changed the printer’s RS-232C configuration. 

The logic analyzer’s default configuration is: 

Protocol: XON/XOFF 
Data Bits: 8 
Stop Bits: 1 
Parity: none 
Baud rate: 9600 
Printer: ThinkJet 
Paper width: 8.5 inches 

Recommended The recommended protocol is XON/XOFF. This allows you to use the _ 

Protocol simpler three-wire hook-ups. 
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Starting the 
Printout 

Print All 

Note 
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If you want just what is on screen, start the printout with the Print 
Screen option. If you want all the data, use the Print All option. Both 
options are in the I/O menu. Once you decide which option to use, start 
the printout bv placinn the cursor on the print option (screen or all) 
andbressing S&C+. 

When you are ready to print, you need to know whether there is more 
data than is displayed on screen. In cases where data is off screen (i.e., 
format specifications with all pods assigned to a single analyzer), you 
need to decide whether you want just the data that is on screen or all 
the data. 

7 I/O MENU 

l Done 
0 Print Screen 
0 Print All 
l Disk Operations 
0 I/O Port Configuration 
l External BNC Configuration 
0 Self tests 

Figure 7 - 4. I/O Menu . 

The Print Screen option prints only what is displayed on screen at the 
time you initiate the printout. In the Print Screen mode, the printer 
uses its graphics capabilities and the printout will look just like the 
logic analyzer screen with only one exception: the cursor will not print. 

The Print All option prints not only what is displayed on screen, 
but also what is below, and, in the Format Specification, what is to the 
right of the screen at the time you initiate the printout. 

Make sure the first line you wish to print is at the top of the screen 
when you select Print All. Lines above the screen will not print. 



Use this option when you want to print all the data in the following 
menus: 

l Timing Format Specifications. 
l State Format Specifications. 
l State Trace Specifications. 
l State Listing. 
l Symbols.: 
l Disk Directory. 

During 
a Printout? 

What Happens When you press SELEa to start the printout, the I/O menu pop-up 
disappears and an advisory “PRINT in progress” appears in the top 
center of the display. While the data is transferred to the printer, the 
only useable key is the STOP key. When the logic analyzer has 
completed the data transfer to the printer, the advisory “PRINT 
complete” appears and the keyboard becomes useable again. 

The PRINT in progress advisory won’t appear in your printout. If you 
press STOP while the data is being transferred to the printer the 
transfer stops and the data already sent will print out. This causes an 
incomplete printout. 
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Connecting to The HP 1652B/53B can also be used with Hewlett-Packard printers 

Other HP that have RS-232C interface options. Simply connect the printer with 

Printers 
the HP 132426 cable. Refer to table 7-1 for the appropriate selection 
for the RS-232C configuration of the HP 1652B/53B. 

Table 7-l. HP Printer Selection 

For this HP Printer 

HP 2631 

HP 2671 

HP 2673 

I 

Select this Printer in 
I/O Port Configuration menu 

QuietJet 

ThinkJet 

ThinkJet 
I 

The above printers should work with the HP 1652B/53B logic 
analyzers. However, no tests have been made to verify that they will 
work completely. Therefore, proper operation is neither promised nor 
supported by Hewlett-Packard. 
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The State Analyzer 

Introduction This chapter introduces the state analyzer and contains the state . 
analyzer menu maps. 

l Chapter 9 explains the State Format menu 
l Chapter 10 explains the State Trace menu 
l Chapter 11 explains the State Listing menu 
l Chapter 12 explains the State Compare menu 
l Chapter 13 explains the State Chart menu 
l Chapter 14 explains the State Waveform menu 
l Chapter l!5 gives you a basic State Analyzer Measurement 

example 

The State The state analyzer acquires data synchronously using the 

Analyzer system-under-test to clock the acquired data. The acquired data is 

(An Overview) 
displayed in a list form in the State Listing menu and in waveform form 
in the State Waveform menu. The state analyzer differs from the timing 
analyzer in that the acquisition clock is provided by the 
system-under-test instead of the internal acquisition clock used by the 
timing analyzer. Therefore, the State Waveform menu displays the state 
waveforms referenced by states per division and not seconds per 
division as in the timing analyzer. 

State Analyzer The State Ana.+er menu maps show you the fields and the available 

Menu Maps options of each field within the six menus. The menu maps will help 
you get an overview of each menu as well as provide you with a quick 
reference of what each menu contains. 
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State Format 
Menu Map 

1 State ynaiyzer ] 

Listing 
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Figure 6-I. State Format Menu Map 
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State Trace 
Menu Map 

I 
I 
I I 

Trace Formot Listing 

Sequence 
- Levels 

t 
Continued on next page 
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Figure 8-2. State Trace Menu Map 
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Figure 8-2. State Trace Menu Map (continued) 



State Listing 
Menu Map 

State Analyzer 
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Format 
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State Compare 
Menu Map 

The State Analyzer HP 16526/16538 
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State 
Waveform 
Menu Map 
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Figure 8-5. State Waveform Menu Map (continued) 
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State Chart 
Menu Map 
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Figure 6-6. State Chart Menu Map (continued) 
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State Format Specification Menu 

Introduction This chapter describes the State Format Specification menu and all 
pop-up menus that you will use on your state analyzer. The purpose 
and functions of each menu are explained in detail, and we have 
included many illustrations and examples to make the explanations 
clearer. 

Accessing the The State Format Specification menu can be accessed by pressing the 

State Format 
Specification 
Menu 

FORMAT key on the front panel. If the Timing Format Specification 
Menu is displayed when you press the FORMAT key, you will have to 
switch analyzers. This is not a problem, it merely indicates that the last 
action you performed in the System Configuration Menu was on the 
timing analyzer. 

State Format 
Specification 
Menu 

The State Format Specification menu lets you configure the logic 
analyzer to group channels from your microprocessor into labels you 
assign for your measurements. You can set the threshold levels of the 
pods assigned to the state analyzer, assign labels and channels, specify 
symbols, and set clocks for triggering. 

At power up, the logic analyzer is configured with a default setting. 
You can use this default setting to make a test measurement on the 
system under test. It can give you an idea of where to start your 
measurement. For an example of setting up configurations for the state 
analyzer, refer to your Getting Sttied Guide or “State Analyzer 
Measurement Example” in Chapter l5 of this manual. 
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At power up the State Format Specification menu looks Iike that shown 
below: 

L-2 - Sl8l8 rorrt sp#lflcstl8n ’ 

Clock 

Clock PoriOd 
l,60J 

Pod 5 

Actlvlty ) ----w----e------ 
Label Pal IS.... 87 . ..I 0 

CII + l +*ooloB*+*+**+L 

Figure 9-I. State Format Specification Menu 

The State Format Specification menu for the HP 1653B is similar to 
that for the HP 1652B except that Pod 2 appears in the menu instead of 
Pod 5. 

This menu shows only one pod assigned to each analyzer, which is the 
case at power up. Any number of pods can be assigned to one analyzer, 
from none to ail five for the HP 1652B, and from none to two for the 
HP 1653B. In the State Format Specification menu, only three pods 
appear at a time in the display. To view any pods that are off screen, 
press the left/right ROLL key and rotate the KNOB. The pods are 
always positioned so that the lowest numbered pod is on the right and 
the highest numbered pod is on the left. 

State Format Specification Menu HP 16528/16538 
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State FoiLmat 
Specification 
Menu Fields 

Seven types of fields are present in the menus: 

a Label 
0 Polarity (Pol) 
l Bit assignments 
l Pod threshold 
l SpecifySymbols 
l Clock 
l Pod Clock 
a Clock Period 

A portion of the menu that is not a field is the Activity Indicators 
display. The indicators appear under the active bits of each pod, next to 
“Activity > .” When the logic analyzer is connected to your target 
system and the system is running, you will see 1 in the Activity 
Indicators display for each channel that has activity. These tell you that 
the signals on the channels are transitioning. 

.- The fields in the Format menus are described in the following sections. 

Label The label column contains 20 Label fields that you can define. Of the 
20 labels, the state analyzer displays only 11 labels at one time. To view 
the labels that are off screen, press the up/down ROLL key and rotate 
the KNOB. The labels scroll up and down. To deactivate the scrolling, 
press the ROLL key again. 

To access one of the Label fields, place the cursor on the field and 
press SELECT. You will see a pop-up menu like that shown below. 

/Turn label on 1 

Figure Q-2. Label Pop-Up Menu 
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Turn Label On 

Selecting this option turns the label on and gives it a default letter 
name. If you turned all the labels on they would be named A through T 
from top to bottom. When a label is turned on, bit assignment fields for 
the label appear to the right of the label under the pods. 

- 

Modify Label 

If you want to change the name of a label, or want to turn a label on 
and give it a specific name, you would select the Modify label option. 
When you do, an Alpha Entry pop-up menu appears. You can use the 
pop-up menu and the keypad on the front panel to name the label. A 
label name can be a maximum of six characters. 

Turn Label Off 

Selecting this option turns the label off. When a label is turned off, the 
bit assignments are saved by the logic analyzer. This gives you the 
option of turning the label back on and still having the bit assignments 
if you need them. The waveforms and state listings are also saved. 

You can give the same name to a label in the state analyzer as in the 
timing analyzer without causing an error. The logic analyzer 
distinguishes between them. An example of this appears in the Getting 
Started Guide and in chapter l5 of this manual 

POhrit)/ (POl) Each label has a polarity assigned to it. The default for all the labels is 
positive ( + ) polarity. You can change the polarity of a label by 
placing the cursor on the polarity field and pressing SELECT.. This 
toggles the polarity between positive ( + ) and negative ( - ). 

In the state analyzer, negative polarity inverts the data. 

Bit Assignment The bit assignment fields allow you to assign bits (channels) to labels. 
Above each column of bit assignment fields is a line that tells you the 
bit numbers from 0 to 15, with the left bit numbered 15 and the right bit 
numbered 0. This line helps you know exactly which bits you are 
assigning. 
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The convention for bit assignment is as follows: 

HP 16528/1653B 
Front-Panel Reference 

* (asterisk) indicates assigned bit 
. (period) indicates unassigned bit 

At power up the 16 bits of Pod 1 are assigned to the timing analyzer 
and the 16 bits of Pod 5 are assigned to the state analyzer. 

To change a bit assignment configuration., place the cursor on a bit 
assignment field and press SELECT. You will see the following pop-up 
menu. 

15 I. 87 
, , I , . . I . ******** 

Figure 9-3. Bit Assignment Pop-Up Menu 

Use the KNOB to move the cursor to an asterisk or a period and press 
SELECT. The bit assignment toggles to the opposite state of what it 
was before. When the bits (channels) are assigned as desired, place the 
cursor on Done and press SELECT. This closes the pop-up and 
displays the new bit assignment. 

Assigning one channel per label may be handy in some applications. 
This is illustrated in chapter 8 of the Getting Started Guide. Also, you 
can assign a channel to more than one label, but this usually isn’t 
desired. 

Labels may have from 1 to 32 channels assigned to them. If you try to 
assign more than 32 channels to a label, the logic analyzer will beep, 
indicating an error, and a message will appear at the top of the screen 
telling you that 32 channels per label is the maximum. 

Channels assigned to a label are numbered from right to left by the 
logic analyzer. The least significant assigned bit (LSB) on the far right 
is numbered 0, the next assigned bit is numbered 1, and so on. Since 32 
channels can be assigned to one label at most, the highest number that 
can be given to a channel is 31. 

State Format Specification Menu 
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Although labels can contain split fields, assigned channels are always 
numbered consecutively within a label. The numbering of channels is 
illustrated with the figure below. 

piimcq- Ststo For#t Specification 

Clock 
J& 

Clock Period 
[>60] 

clcttv1 tg > ------------a--- ---------------- ---------------- 
Label PoI IS.... 87 o... 0 15.... 87 .a.. 0 15 .,,, 87 a,,, 0 

Bii 31 Bk 19 Bit 8 Bit 0 

Figure 94. Numbering of Assigning Bits 

Pod Threshold Each pod has a threshold level assigned to it. For the HP 1653B Logic 
Analyzer, threshold levels may be defined for Pods 1 and 2 individually. 
For the HP 1652B Logic Analyzer, threshold levels may be defined for 
Pods 1,2 and 3 individually, and one threshold for Pods 4 and 5. It does 
not matter if Pods 4 and 5 are assigned to different analyzers. Changing 
the threshold of one will change the threshold of the other. 

If you place the cursor on one of the pod threshold fields and press 
SELECT, you will see the following pop-up menu. 

)r TTL 
. ECL . 
User-defined c 

Figure 9-5. Pod Threshold Pop-Up Menu 

TIL sets the threshold at + 1.6 volts, and ECL sets the threshold at 
- 1.3 volts. 

State Format Specification Menu 
Q-6 

HP 16528/1653B 
Front-Panel Reference 



-- --_ 

.- 

The User-defined option lets you set the threshold to a specific voltage 
between - 9.9 V and + 9.9 V. If you select this option you will see a 
Numeric Entry pop-up menu as shown. 

[[““““I 

Figure 9-6. User-defined Numeric Entry Pop-Up Menu 

You can change the value in the pop-up either with the keypad on the 
front panel or with the KNOB, which you rotate until you get the 
desired voltage. When the correct voltage is displayed, press SELECI’. 
The pop-up will close and your new threshold will be placed in the pod 
threshold field. 

The threshold level you specify for the 16 data bits also applies to a 
pod’s clock threshold. 

*- Specify Symbols This field provides access to the Specify Symbols menu. It differs from 
the other fields in the State Format Specification menu in that it 
displays a complete menu instead of a pop-up. The complete 
description of the Specify Symbols Menu follows the State Format 
Specification Menu fields later in this chapter. 

Clock The Clock field in the Format Specification menu displays the clocks 
for clocking your system. The display will be referred to as the 
“clocking arrangement.” 

The HP 1652B Logic Analyzer has five clock channels, each of which is 
on a pod. The clocks are connected through the pods simply for 
convenience. The clock channels are labeled J, K, L, M, and N and are 
on pods 1 through 5, respectively. The clocking of the state analyzer is 
synchronous with your system because your analyzer uses the signals 
present in your system. The signal you use must clock the analyzer 
when the data you want to acquire is valid. 

The HP 1653B Logic Analyzer has two clock channels, each on one of 
the pods. The J clock is on pod 1 and the K clock is on pod 2. 
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When you select the Clock field, you will see the following pop-up 
menu with which you specify the clock. 

Figure 9-7. Clock Pop-Up Menu 

You can use one of the clocks alone or combine them to build one 
clocking arrangement. If you select a field to the right of one of the 
clocks in the pop-up you will see another pop-up menu: 

Figure 9-8. Single Clock Pop-Up Menu 

You can specify the negative edge of the clock, the positive edge, either 
edge, a high level, a low level, or the clock to be off. 

The clocks are combined by ORing and ANDing them. Clock edges 
are ORed to clock edges, clock levels are ORed to clock levels, and 
clock edges are ANDed to clock levels. 

For example, if you select &for the J clock, t for the K clock, for the 
M clock, and - for the N clock, the resulting clocking arrangiment 
will appear in the display as: 

Clock 
I( JJ + Kt > l ( tl, + N- 11 

Figure 9-9. Example of a Clocking Arrangement 
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With this arrangement, the state analyzer will clock the data when there 
is a negative edge of the J clock OR a positive edge of the K clock, 
AND when there is a low level on the M clock OR a high level on the N 
clock. 

You must always specify at least one clock edge. If you try to use only 
clock levels, the logic analyzer will display a message telling you that at 
least one edge is required. 

Pod Clock Your logic analyzer has the capability of clocking data in three 
different ways. The pod Clock fields in the State Format Specification 
menu. allow you to specify which of the three ways you want to clock the 
data. 

Each pod assigned to the state analyzer has a pod Clock field 
associated with it. Selecting one of the pod Clock fields gives you the 
following pop-up menu: 

Figure 940. Pod clock Field Pop-Up Menu 

Normal 

This option specifies that clocking will be done in single phase. That is 
the clocking arrangement located in the Clock field above the pods in 
the State Format Specification menu will be used to clock all the pods 
assigned to this machine. 

For example, suppose that the Clock field looks like the following: 

Clock 

Figure 9-l 1. Example of a Clocking Arrangement 

HP 16528/l 6538 

In Normal mode the state analyzer will sample the data on any assigned 
pods on a negative edge of the J clock OR on a positive edge of the K 
clock. 
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Demultiplex 

With the HP 1652B/l653B Logic Analyzers, you can clock two different 
types of data that occur on the same lines. For instance, lines that 
transfer both address and data information need to be clocked at 
different times in order to get the right information at the right time. 

When you select the Demultiplex option, the pod Clock field changes 
to “Master 1 Slave,” and two clock fields appear above the pods where 
just one Clock field used to be. These fields are the Master Clock and 
Slave Clock, as shown: 

I 
lnflCHINEJ- S tote Fomt Speclf lcatlon 

tlsslsr Clock 
[ JC ] 

Clock Parlod 
I>-j 

Actlvlty ) 
Label Pal 

El 

Pod 5 

1-1 
---------w----w- 

7 . . , . 07 . . . . 0 
***I***-****.**+ 

(Sprcify Syrbols ) 

Slave Clock 
I ut 1 

Figure a-12. Master Clock and Slave Clock 

Demultiplexing is done on the data lines of the specified pod to read 
only the lower eight bits. This is two-phase clocking, with the Master 
Clock following the Slave Clock. The analyzer first looks for the 
clocking arrangement that you specify in the Slave Clock. When it sees 
this arrangement, the analyzer clocks the data present on bits O-7 of the 
pod, then waits for the clocking arrangement that you specify in the 
Master Clock. When it sees this arrangement, it again clocks the data 
present on bits O-7 of the pod. The upper eight bits of the pods are 
ignored and don’t need to be connected to your system. 

Notice, the bit numbers that appear above the bit assignment field have 
changed. The bits are now numbered 7 . . . . 07 . . . . 0 instead of l5 . . . . 87 . . . . 0 . 
This helps you set up the analyzer to clock the right information at the 
right time. 
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The address/data lines ADO-AD7 on the 8085 microprocessor are an 
example of Demultiplex. During part of the operating time the lines 
have an address on them, and during other times they have data on 
them. Hook the lower eight bits of one of the pods to these eight lines 
and set the Slave and Master Clocks so that they clock the data and the 
address at the proper time. 

In this example, you may choose to assign the bits in the State Format 
Specification menu similarly to that shown below. In this case you 
would want to clock the address with the Slave Clock and the data with 
the Master Clock. 

- 
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Figure S-13. Master and Slave Clock . Bit Assignments 

The Master and Slave Clocks can have the same clocking 
arrangements. The clocking is still done the same way, with the lower 
eight bits being clocked first on the Slave Clock, then on the Master 
Clock. 

Mixed Clocks 

The Mixed Clocks option allows you to clock the lower eight bits of a 
pod separately from the upper eight bits. The state analyzer uses 
Master and Slave Clocks to do this. If you select this option from the 
pod Clock pop-up, the pod Clock field changes to “Master 1 Slave,” 
and two Clock fields, Master and Slave, appear above the pods. 



As in Demultiplex, the Master Clock follows the Slave Clock. The state 
analyzer looks for the clocking arrangement given by the Slave Clock 
and clocks the lower eight bits. Then it looks for the clock arrangement 
given by the Master Clock and clocks the upper eight bits. Unlike 
Demultiplex, all 16 bits of a pod are sampled. 

The Master and Slave Clocks can have the same clocking 
arrangements. The clocking is still done the same way, with the lower 
eight bits clocked on the Slave Clock and the upper eight bits clocked 
on the Master Clock. 

Clock Period This field provides greater measurement accuracy when your state 
input clock period is greater than 60 ns. When you select > 60 ns, the 
state analyzer provides greater immunity against noise or ringing in the 
state input clock signal; also, the logic analyzer provides greater 
accuracy when triggering another state or timing analyzer or the BNC 
trigger out. 

If your State input clock period is less than 60 ns, you should select 
< 60 ns. This disables the Count field in the State Trace Specification 
menu because the maximum clock rate when counting is 16.67 MHz (60 
ns clock period). This also turns Prestore off. 

Specify The logic analyzer supplies Timing and State Symbol Tables in which 

Symbols Menu you can defme a mnemonic for a specific bit pattern of a label. When 
measurements are made by the state analyzer, the mnemonic is 
displayed where the bit pattern occurs if the Symbol base is selected. 

It is possible for you to specify up to 200 symbols in the logic analyzer. 
If you have only one of the internal analyzers on, all 200 symbols can be 
defined in it. If both analyzers are on, the 200 symbols are split between 
the two. For example, analyzer 1 may have l50, leaving 50 available for 
analyzer 2. 

To access the Symbol Table in the State Format Specification menu, 
place the cursor on the Specify Symbols field and press SELECT. You 
will see a new menu as shown. This is the default setting for the Symbol 
Table in both the timing and state analyzers. 
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Figure S-14. Symbol Table Menu 

Specify Symbols II ere are four fields in the Symbol Table menu. They are: 

Menu Fields 
l Label 
l Base 
l Symbol view size 
l Symbol name 

Label The Label field identifies the label for which you are specifying 
symbols. If you select this field, you will get a pop-up that lists all the 
labels turned on for that analyzer. 

RS 
LDS 

~ 

UDS 
DTACK 
R/W 
fbDDR El DATA 

Figure 945. Lable Pop-Up Menu 
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Each label has a separate symbol table. This allows you to give the 
same name to symbols defined under different labels. In the Label 
pop-up select the label for which you wish to specify symbols. 

Base The Base field tells you the numeric base in which the pattern will be 
specified. The base you choose here will affect the pattern field of the 
State Trace Specification menu. This is covered later in this chapter. 

To change the base, place the cursor on the field and press SELECT. 
You will see the following pop-up menu. 

Figure 9-16. Base Pop-Up Menu 

If more than 20 channels are assigned to a label, the Binary option is 
not offered in the pop-up. The reason for this is that when a symbol is 
specified as a range, there is only enough room for 20 bits to be 
displayed on the screen. 

Decide which base you want to work in and choose that option from 
the numeric Base pop-up menu. 

If you choose the ASCII option, you can see what ASCII characters the 
patterns and ranges defined by your symbols represent. ASCII 
characters represented by the decimal numbers 0 to 127 (hex 00 to 7F) 
are offered on your logic analyzer. Specifying patterns and ranges for 
symbols is discussed in the next section. 

I 
Note @ You cannot specify a pattern or range when the base is ASCII. Fiist 

defme the pattern or range in one of the other bases, then switch to 
ASCII to see the ASCII characters. 
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Symbol View Size The Symbol view size field lets you specify how many characters of the 
symbol name wiIl be displayed when the symbol is referenced in the 
State Trace Specification menu and the State Listing menu. Selecting 
this field gives you the following pop-up. 

Figure S-17. Symbol View Size Pop-Up Menu 

You can have the logic analyzer display from 3 to all 16 of the 
characters in the symbol name. For more information see “State Trace 
Specification Menu” and “State Listing Menu” later in this chapter. 

Symbol Name When you first access the Symbol Table, there are no symbols 
specified. The symbol name field reads “New Symbol.” If you select this 
field, you will see an Alpha Entry pop-up menu on the display. Use the 
pop-up menu and the keypad on the front panel to enter the name of 
your symbol. A maximum of 16 characters can be used in a symbol 
name. 
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When you select the Done field in the Alpha Entry pop-up menu the 
name that appears in the symbol name field is assigned and two more 
fields appear in the display. 
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Symbol 
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Figure B-18. Symbol Defined as a Pattern 



The first of these fields defines the symbol as either a Pattern or a 
Range. If you place the cursor on this field and press SELECT, it will 
toggle between Pattern and Range. 

When the symbol is defined as a pattern, one field appears to specify 
what the pattern is. Selecting this field gives you a pop-up with which 
you can specify the pattern. Use the keypad and the DON’T CARE key 
on the front panel to enter the pattern. Be sure to enter the pattern in 
the numeric base that you specified in the Base field. 

[yt;ify Pattern: ] 

Figure 949. Specify Pattern Pop-Up Menu 

If the symbol is defined as a range, two fields appear in which you 
specify the upper and lower boundaries of the range. 

tmCHIW 1 - S@ml Table ( Dkne ) 

Label -1 Base [Hexadecimal 1 
Symbo I 
vteu size [T] 

Figure 9-20. Symbol Defined as a Range 

Selecting either of these fields gives you a pop-up with which you can 
specify the boundary of the range. 

Figure 9-21. Specify Range Pop-Up Menu 

You can specify ranges that overlap or are nested within each other. 
Don’t cares are not allowed. 
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To add more symbols to your symbol table, place the cursor on the last 
symbol defined and press SELECT. A pop-up menu appears as shown. 

Figure 9-22. Symbol Pop-Up Menu 

The first option in the pop-up is Modify symbol. If you select this 
option, you will see an Alpha Entry pop-up menu with which you can 
change the name of the symbol. 

The second option in the pop-up is Insert new symbol. It allows you to 
specify another symbol. When you select it, you will see an Alpha Entry 
pop-up menu. Use the menu and the keypad on the front panel to enter 
the name of your new symbol. When you select Done, your new symbol 
will appear in the Symbol Table. The third option in the pop-up is 
Delete symbol. If you select this option, the symbol will be deleted from 
the Symbol Table. 

Leaving the When you have specified all your symbols, you can leave the Symbol 
Symbol Table Table menu in one of two ways. One method is to place the cursor on 

Menu the Done field and press SELECT. This puts you back in the Format 
Specification menu that you were in before entering the Symbol Table. 
The other method is to press the FORMAT, TRACE, or DISPLAY 
keys on the front panel to get you into the respective menu. 

HP 16526/16538 
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10 
State Trace Menu 

Introduction This chapter describes the State Trace menu and the pop-up menus 
that you will use on your state analyzer. The purpose and functions are 
described in detail, and we have included many illustrations and 
examples to make the explanations clearer. 

The Trace Specification menu allows you to configure the state 
analyzer to capture only the data of interest for your measurement. In 
the state analyzer you can configure the analyzer to trigger on a 
sequence of states. The default setting is shown in figure 10-l below. 

For an example of setting up a trace configuration for a State analyzer, 
refer to your Gefting Started Guide or “State Analyzer Measuement 
Example” in Chapter 15 of this manual. 

WJJ- s I8 I8 fr8co spoclf lc8tlon 
Trace mod@ (-1 

, ssqumce LOvalS Aramd bg 

8 

Hhilo storing e my ststo” 1 Run ] 
1 Trigger on *‘a* I tlrn.9 

Branches 

stow - my ttsto” 1 Off ] 
2 Count 

I 
[ Off 1 

Prsrtoro 

Figure 10-l. State Trace Specification Menu 
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Accessing the The State Trace menu can be accessed by pressing the TRACE key on - 
State Trace 
Menu 

the front panel. If the Timing Trace Specification menu is displayed 
when you press the TRACE key, you will have to switch analyzers. 
This is not a problem, it merely indicates that the last action you 
performed in the System Configuration Menus was on the timing 
analyzer. 

State Trace The menu is divided into three sections: the Sequence Levels in the 

Menu Fields large center box, the acquisition fields at the top and right of the 
screen, and the qualifier and pattern fields at the bottom of the screen. 

Before describing the fields in the menu, we need to define a few terms. 
These terms will be used in the discussions of the fields, so 
understanding their meanings is essential. 

Pattern Recognizers: a pattern of bits (0, 1, or X) in each label. There 
are eight recognizers available when one state analyzer is on. Four are 
available to each analyzer when two state analyzers are on. The pattern 
recognizers are given the names a through h and are partitioned into 
groups of four, a-d and e-h. 

Range Recognizer: recognizes data which is numerically between or on 
two specified patterns. One range term is available and is assigned to 
the first state analyzer created by assigning pods to it or if only one 
analyzer is on, then the range term is assigned to it. 

Qualifier: user-specified term that can be anystate, nostate, a single 
pattern recognizer, a range recognizer, the complement of a pattern or 
range recognizer, or a logical combination of pattern and range 
recognizers. To specify a qualifier, you will use the pop-up shown in 
figure 10-2. This pop-up appears when accessed through the five 
different fields encountered when setting qualifiers throughout the 
State Trace menu. 
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Figure W-2. Qualifier PopUp Menu 

If you select the Combination option in the pop-up, you will see a 
pop-up similar to that shown below. 

1 

8 
2 
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Note 11 
9 

If two multi-pod state analyzers are on, the qualifier pop-up menu will 
show that only four pattern recognizers are available to each analyzer. 
Pattern recognizers a-d and the range recognizer are assigned to the 
first analyzer created, and pattern recognizers e-h go with the second 
analyzer. In the Full Qualifier Specification pop-up there will be only 
one OR gate and one set of pattern recognizers. 
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With this Full Qualifier Specification pop-up, you specify a logical 
combination of patterns or ranges as the qualifier. The pattern 
recognizers are always partitioned into the groups of four shown. Only 
one operator is allowed between the patterns in a group. Patterns in 
uncomplimented form (a, b, etc.) can only be ORed. 

The complements of patterns ( # a, # b, etc.) can only be ANDed. 
For example, if the first OR field (gate) is changed to AND, all the 
patterns for that gate are complemented, as shown below. A 

1 

x 2 

Full Qualifier Specification 

Figure 1 O-4. Complemented Patterns 
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To specify a pattern to be used in the combination, place the cursor on 
the pattern recognizer field and press SELECT. The field toggles from 
Off to On and a connection is drawn from the pattern field to the gate. 
In figure 10-5, patterns b, c and d and the range are ORed together, 
and e and g are ANDed together. 

Full Qua 1 if ier Specification 

a 
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range 

Figure 10-5. Patterns Assigned for Logical Combinations 

& shown in the previous figures, the range is included with the first 
group of patterns (a-d). If you select the range field, you will see the 
following pop-up menu. 
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Figure 10-6. Range Specification Pop-Up Menu 
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Off disconnects the range from the qualifier specification. In indicates 
that the contents of the range are to be in the qualifier specification, 
and Out indicates that the complement of the range is to be in the 
qualifier specification. 

When you have specified your combination qualifier, select Done. The 
Full Qualifier Specification pop-up closes and the Boolean expression 
for your qualifier appears in the field for which vou specified it. 

\ 
While storing Cb+c+d+rangel+(#e+gl 

Figure W-7. Boolean Expression for Qualifier 

Sequence 
Levels 

There are eight trigger sequence levels available in the state analyzer. 
You can add and delete levels so that you have from two to eight levels 
at a time. 

Only three levels appear in the Sequence Levels display at one time. To 
display other levels so that they can be accessed, press the up/down 
ROLL key and rotate the KNOB. 

If you select level 1 shown in figure 10-1, you will see the following 
pop-up menu: 

# 
Sequence Level 1 (TiK-jT 

Insert Level Delete Level 8 

1 b 

ITrIgger 1 a 11 

I 

L . . 

Figure 10-8. Sequence Level Pop-Up Menu 

State Trace Menu HP 16528116538 
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Not all sequence level pop-up menus look like this one. This happens 
to be the trigger sequence level in which you specify the state on which 
the analyzer is to trigger. The trigger term can occur in any of the first 
seven levels, and it is not necessarily a selectable field The fields in the 
menu of figure 10-8 are described on the following pages. 

InSeti Level To insert a level, place the cursor on the field labeled Insert Level and 
press SELECT. You will see the following pop-up menu. 

Figure W-9. Insert Level Pop-Up Menu 

Cancel returns you to the sequence level pop-up without inserting a 
level. Before inserts a level before the present level. Aflter inserts a level 
after the present level. If there are eight levels, the Insert Level field 
doesn’t appear in the sequence level pop-ups. 

Delete Level If you want to delete the present level, select the field labeled Delete 
Level. You will see a pop-up menu with the choices Cancel and 
Execute. Cancel returns you to the sequence level pop-up without 
deleting the level. Execute deletes the present level and returns you to 
the State Trace Specification menu. 

Note d If h t ere are only two levels, neither field can be deleted even though the 
Delete Level field stilI appears in the menu. There will always be’s 
trigger term level and a store term level in Sequence Levels. Therefore, 
if you try to delete either of these, all terms you have specified in these 
levels will be set to default terms, and, the trigger and store term levels 
will remain. 

HP 16528/16538 
Front-Panel Reference 
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Storage Qualifier Each sequence level has a storage qualifier. The storage qualifier 
specifies the states that are to be stored and displayed in the State 
Listing. Selecting this field gives you the qualifier pop-up menu shown 
in figure 10-2, with which you specify the qualifier. 

As an example, suppose you specify the storage qualifier in a sequence 
level as shown below. 

While storing a+d * 

Figure 10-10. Storage Qualifier Example 

The only states that will be stored and displayed are the states given by 
pattern recognizers a and d. 

Branching Every sequence level except the last has a primary branching qualifier. 
Qualifier With the branching qualifier, you tell the analyzer to look for a specific 

state or states. The primary branching qualifier advances the sequencer 
to the next level if its qualifier is satisfied. 

In the example of figure 10-8, the branching qualifier tells the analyzer 
when to trigger. In other sequence levels, the qualifier may simply 
specify a state that the analyzer is to look for before continuing to the 
next level. 

Some sequence levels also have a secondary branching qualifier. The 
secondary branch will, if satisfied, route the sequencer to a level that 
you define. This is covered in more detail in “Branches” later in this 
chapter. 

State Trace Menu 
lo-8 
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OCCUrrWlCe The primaq branching qualifier has an occurrence counter. With the 
Counter occurrence counter field you specify the number of times the branching 

qualifier is to occur before moving to the next level. 

To change the value of the occurrence counter, position the cursor on 
the field and either press SELECT or press a numeric key on the 
front-panel keypad. You will see a pop-up similar to that shown below. 

I 
Integer En try (Done) 

c 

Figure 10-l 1. Occurrence Counter Pop-Up Menu 

You can change the value by either rotating the KNOB or pressing the 
appropriate numeric keys. The qualifier can be specified to occur from 
oneto 65535times. 

storage Macro Your logic analyzer has the capability of post-trigger storage through a 
storage macro. The storage macro is available only in the second to last 
level, and it consumes both that level and the last level. The field in 
figure 10-8 allows you to configure the state analyzer for post-trigger 
storage. This field does not always say Trigger on. If the sequence level 
is not a trigger level, the field will say Then find, as shown below. 

-find : any state 
. 4 

1 times 

Figure 10-12. Then Find Branching Qualifier 

HP 16528/1653B State Trace Menu 
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Selecting the field gives you a pop-up with two options. One option is 
what the field said previously. The other option is Enable on. If you 
select this option, the Sequence Level pop-up changes to look similar 
to that shown below. 

1 

z 2 

Sequence Level 1 (Tiiiiii) 

Insert Leve 1 Delete Level i 

I )I 
fixirq 1 a I I 

Store any state I 
Dlsabl@ on no state I I 

Figure 10-13. Storage Macro Sequence Level Example 

Enable on can only be the next to last term, and when on, the last term 
is combined with the Enable term. 

You specify qualifiers for the states on which you want the macro to 
enable, the states you want to store, and the states on which you want 
the macro to disable. The storage macro is a loop that keeps repeating 
itself until memory is full. The loop is repeated when the disable 
qualifier is satisfied. As an example, suppose you configure the 
seauence level of figure 1043 to look like that shown below. 

a 

1 

8 
2 

Sequence Level 1 (Donr)j: 

Insert Level Delete Level i 
)I 

Figure W-14. Sequence Level Pop-up with Storage Macro 

Store e 



The logic analyzer will store the state given by pattern recognizer d 
until it comes across the state given by a. When it sees state a, the logic 
analyzer starts to store the state given by pattern recognizer e. It stores 
that state until it sees the state given by f, at which time it disables and 
starts the process all over again. The analyzer repeats this process until 
its memory is full. 

Reading the 
Sequence 
Level Display 

Reading the display is fairly straightforward. For example, suppose 
your display looks like that shown below. 

Sequence Levels 
Hhile storing cI any state” 
Find “a” S times 

Hhile storing “b” 
Trigger on “c” 1 times 

I o 
Store " no state” 

3 

Figure 1045. Sequence Level Display Example 

In level 1 anystate is stored while the logic analyzer searches for five 
occurrences of the pattern given by pattern recognizer a. When the five 
occurrences are found, the sequencer moves on to level 2. In level 2 the 
state given by pattern recognizer b is stored until one occurrence of the 
pattern given by pattern recognizer c is found and the logic analyzer 
triggers. In level 3 nostate is stored, so the last state stored is the trigger 
state. 

HP 16528/16538 State Trace Menu 
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An example of a state listing for the previous State Trace configuration 
is shown below. The state patterns specified are: 

a = B03C 
b=OOOO 
C=8930 

- 

MACHINE 2 - STATE LISTXNC 

Label > A 
Base > Hex 

-0028 4E35 
-0027 61E6 
-0026 0000 
-0025 08C8 
-0024 BO3C 
-0023 OOPF 
-0022 6730 
-0021 4887 
-0020 4E75 
-0019 3000 
-0018 0000 
-0017 8930 
-0016 B03C 
-0015 OOPF 
-0014 67F8 
-0013 BO3C 
-0012 61FA 
-0011 BO3C 
-0010 0000 
-0009 8930 
-0008 4EPA 
-0007 FF9A 
-0006 61E6 
-0005 603C 
-0004 0000 
-0003 0000 
-0002 0000 
-0001 0000 
+oooo 8930 

Figure 1046. State Listing Example 

Anystate was stored while the analyzer looked for five occurrences of 
the state B03C. After the fifth occurrence was found, only state 0000 
was stored until state 8930 was found, and the analyzer triggered. After 
the trigger, no states were stored. 



- Acquisition 
Fields 

The acquisition fields are comprised of the Trace mode, Armed by 
Branches, Count, and Prestore fields, as shown below. 

Trace Mode 

Armed By 

HP 1652B/1653B 
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IMCHINE 2 I- stdte Trace Specification 
Trace moder Single 1 

Sequence Levels 

1 

z 2 

Hhile storing l ’ any state” 
Trigger on ,a” 1 times 

Store ” any state” 

Wmed by 
1 Run 1 

Branches 
I Off I 

Count 
[ Off I 

Pres tore 
[ Off I 

Figure W-17. State Trace Acquisition Fields 

You specify the mode in which the state analyzer will trace with the 
Trace mode field. You have two choices for trace mode: Single and 
Repetitive. If you place the cursor on the field and press SELECT the 
field toggles from one mode to the other. 

Single Trace mode acquires data once per trace. Repetitive Trace 
mode repeats single acquisitions until the STOP key on the front panel 
is pressed, or if Stop measurement is on, until conditions specified with 
the X and 0 markers in the State Listing menu are met. 

If both analyzers are on, only one trace mode can be 
specified. Specifying one trace mode for one analyzer sets the same 
trace mode for the other analyzer. 

The Armed by field lets you specify how your state analyzer is to be 
armed. The analyzer can be armed by the RUN key, the other analyzer, 
the scope or an external instrument through the BNC Input port. Any 
of these can tell the analyzer when to start capturing data. 

State Trace Menu 
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When you select the Armed by field, a pop-up menu appears like that 
shown below. The first two options always appear in the pop-up. The 
third and fourth options will give the name of the other analyzer and 
scope. If the other analyzer or scope is off, or if the other machine or 
scope is being armed by this machine, these options will not be 
available. 

Armed by 

Figure 1048. Armed By PopUp Menu 

Branches The Branches field allows you to configure the sequencer of the state 
analyzer to branch from one sequence level to another with secondary 
branching qualifiers, or to restart when a certain condition is met. 
Selecting this field gives you the following pop-up menu. 

Branches 

Figure W-19. Branches Pop-Up Menu 

State Trace Menu 
10-14 

If you select Off, all secondary branching qualifiers are deleted from 
the sequence levels. Only the primary branches remain. 

The Restart option allows you to start over from sequence level 1 when 
a specified condition is met. This can be handy if you have code that 
branches off in several paths and you want the analyzer to follow one 
certain path. If the analyzer goes off on an undesired path, you would 
want the analyzer to stop and go back to the beginning and take the 
correct path. 

HP 16528/16538 
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If you select the Restart option, you wilI see a qualifier pop-up menu 
like that shown in figure 10-2. With the pop-up you select the qualifier 
for the pattern on which you want your analyzer to start over. 

When your state analyzer is reading data it proceeds through the 
sequence. If a term doesn’t match the branching qualifier, it is then 
checked against Restart. If the term matches, the state analyzer jumps 
back the sequence level 1. 

Per Level 

Selecting the Per level option allows you to define a secondary 
branching qualifier for each sequence level. A statement is added in 
each level so that you can configure the analyzer to move to a different 
level when a specified condition is met. An example of a sequence level 
with a secondary branching qualifier is shown in the figure below. 

Sequence Level 2 (Done) 

Insert Level Delete Level 

Whll 

Then find 

Else on 

I 4 
c JI lltime 

f ) got0 level 

S 

cl 4 

Figure 1 O-20. Secondary Branching Qualifier 

With this configuration, the state analyzer will store b until it finds c. If 
it finds f before it finds c, it will branch to sequence level 4. If you have 
specified a storage macro in the next to last sequence level the Else on 
statement will not appear in that level since a secondary branching 
qualifier already exists for that level. 

HP 16528/1653B State Trace Menu 
Front-Panel Reference 10-15 



State Trace Menu HP 16528/1653B 
lo-16 Front-Panel Reference 

In the last sequence level, which only specifies states that are to be 
stored, the secondary branching qualifier statement looks like that 
shown below. 

I 

Sequence Level I (Done) 

Insert Leve 1 Delete Level 

Store I mu state I 

On ] got0 level ITT] 

Figure 10-21. Secondary Branch Qualifier in Last Level 

In this example, as the state analyzer stores anystate, it will branch to 
sequence level 6 if it finds the state given by qualifier a. 

The trigger sequence level is used as a boundary for branching between 
levels. This level and the levels that occur before it cannot branch to 
levels that occur after the trigger level, and vice versa. Therefore, if 
there are eight sequence levels and level 5 is the trigger sequence level, 
then levels 1 through 5 can branch to levels 1 through 5 only, and levels 
6 through 8 can branch to levels 6 through 8 only. 

You can tell if secondary branch qualifiers have been specified by 
looking at the Sequence Levels display. Figure lo-22 shows how the 
display looks with the configuration that was given in figure 10-20. An 
arrow is drawn out of level 2, indicating that branching originates from 
that level, and an arrow is drawn to level 4 to indicate that a branch is 
going to that level. 



- 
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Sequence Levels 
Hhile storing “b” 
Then find “c” 1 times 
Else on “f” go to level 4 

Hhile storing “d” 
Then find “c” 1 times 

Hhile storing “8” 
Then find “g” 1 times 

Figure 1042. Branching Between Sequence Levels 

Each sequence level can branch to only one level through a secondary 
branching qualifier. However, the number of times to which a level can 
be branched is limited only by the number of levels present. A level can 
have only one arrow pointing away from it, but it can have two pointing 
to it if more than one other level is branching to it. An example of this 
is shown in the figure below. The arrow with two tails indicates that a 
level above and a level below branch to this level. 

Sequence Levels 
Hhile storing ” any state” 
Find ” any state” 1 times 
Else on “b” go to level 2 

Hhlle storing ” any state” 
Then f lnd ‘Id” 1 times 
Else on “g” go to level 3 

Hhlle storing ” any state” 
Trigger on “a” 1 times 
Else on u any state” go to level 2 

Figure W-23. Multiple Branching Between Levels 
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Count 

Note d 

The Count field allows you to place tags on states so you can count 
them. Counting cuts the acquisition memory in half from lk to 512 and 
the maximum clock rate is reduced to 16.67 MHZ. 

Count (State Trace menu) is turned off when “Clock Period” is set to 
< 60 ns in the State Format Specification menu since the clock rate is 
greater than 16.67 MHz. If you select Count, the clock period 
automatically changes to > 60 ns. 

Selecting this field gives you the following pop-up menu. 

Count 
Off 

Et 

Time 
States 

Figure 10-24. Count Pop-Up Menu 

Off 

If you select Off, the states are not counted in the next measurement. 

Time 

If you select Time counting, the time between stored states is measured 
and displayed (after the next run) in the State Listing under the label 
Time. The time displayed can be either relative to the previous state or 
to the trigger. The maximum time between states is 48 hours. 

An example of a state listing with time tagging relative to the previous 
state is shown in figure 10-25. 

State Trace Menu 
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pi5z5Kq - [stat. L1rtlrg 1 

nwkorr 1 Off 1 

-0007 OOFF 1.24 us 
4006 6730 1.28 us 
-0005 48E7 1.24 us 
-0004 4E75 1.72 UI 
6003 3000 1.m us 
-0002 0000 1.24 us 

8930 1.24 us 
80X 1.24 us 

+ooor OOFF 1.24 us 
+0002 67F8 1.28 us 
Moo3 b03C 1.24 us 
+a04 61Ffi 1.72 us 
+0005 BOX r.2e us 
MOO6 0000 1.96 us 
Moo7 8930 1.52 us 
+oooe PEFCI 1.24 us 

Figure 10-25. Relative Time Tagging 

An example of a state listing with time tagging relative to the trigger 1s 
shown below. 

[ml - [State Listing J 

nerkors [ Off 1 

-0007 OOFF -9.24 us 
4006 6730 -7.96 us 
4005 48E7 -6.72 us 
4004 4E7S -5.00 us 
6003 3000 -3.72 us 
-0002 0000 -2.48 us 

8930 -1.24 us 
803C 0 8 

+OOOl OOFF 1.24 us 
woo2 67F8 2.52 us 
+0003 b03C 3.76 us 
+0004 61FA 5.40 us 
+OOOS 80X 6.76 US 
+0006 0000 8.12 us 
Moo7 8930 10.24 us 
+oooe 4EFFI 11.48 us 

Figure W-26. Absolute Time Tagging 

State Trace Menu 
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States 

State tagging counts the number of qualified states between each 
stored state. If you select this option, you will see a qualifier pop-up 
menu like that shown in figure 10-2. You select the qualifier for the 
state that you want to count. 

In the State Listing, the state count is displayed (after the next run) 
under the label States. The count can be relative to the previous stored 
state or to the trigger. The maximum count is 4.4 X lOEl2. V-- ;i 

An example of a state listing with state tagging relative to the previous 
state is shown below. 

Lab.1 > 
60s. ) 

+OOOO 
+ooo 1 
*002 
+0003 
+OOOd 
+ooos 
+0006 
t+6oofJ 
+0006 
a009 
+0010 
+0011 
+00!2 
Ml013 
#Old 
+oOlS 

056 1 
0564 
OS6E 
0570 
0576 
0570 
0566 
0567 
0564 
056E 
0570 
0576 
0578 
0566 
0567 
OS64 

2 
11 

I 
30 
29 

56352 

5644: 
11 

3; 
29 

56552 
0 

56446 

Figure W-27. Relative State Tagging 
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An example of a state listing with state tagging relative to the trigger is 
shown below. 

Lsbal ) 
es90 1 

+QOOO 
+QOOl 
+0002 
+ooos 
a004 
*005 

056 I 0 
OS64 2 
056E 13 
0570 14 

0576 0570 z 
0566 56425 
OS67 56423 
0564 112873 
056E 112884 
OS70 1 12l!mi 
0576 112915 
0578 112944 
0566 169296 
0567 169296 
0564 225744 

Figure W-28. Absolute State Tagging 

PEStOre Prestore allows you to store two qualified states before each state that 
is stored. There is only one qualifier that enables prestore for each 
sequence level. If you select this field, you will see a pop-up with the 
options Off and On . Selecting On gives you a qualifier pop-up menu 
like that in figure 10-2, from which you choose the pattern range or 
combination of patterns and ranges that you want to prestore. 

Prestore is only available when clock period is > 60 11s. If you select 
Prestore, the clock period automatically changes to > 601~ if it was 
previously set to < 60 ns. 

HP 16528/1653B 
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During a measurement, the state analyzer stores in prestore memory 
occurrences of the states you specify for prestore. A maximum of two 
occurrences can be stored. If there are more than two occurrences 
previous ones are pushed out. When the analyzer finds a state that has 
been specified for storage, the prestore states are pushed on top of the 
stored state in memory and are displayed in the State Listing. 

State Trace Menu 
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Qualifier and 
Pattern Fields 

State Trace Menu HP 16528/1653B 
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The qualifier and pattern fields appear at the bottom of the State Trace 
Specification menu. They allow you to specify patterns for the 
qualifiers that are used in the sequence levels. 

-. 

, piizq 

Figure W-29. Qualifier and Pattern Fields 

The Label fields display the labels that you specified in the State 
Format Specifkation menu. The labels appear in the order that you 
specified them; however, you can change the order. Select one of the 
label fields and you will see a pop-up menu with all the labels. Decide 
which label you want to appear in the label field and select that label. 
The label that was there previously switches positions with the label you 
selected from the pop-up. 

The base fields allow you to specify the numeric base in which you want 
to defke a pattern for a label. The base fields also let you use a symbol 
that was specified in the State Symbol Table for the pattern. Each label 
has its own base defined separately from the other labels. If you select 
one of the base fields, you will see the following pop-up menu. Decide 
which base you want to define your pattern in and select that option. 

Binclr 
Octal 
Decimal 

-B 

Hexadecimal 
ASCII 
S mbol 

Figure 10-30. Numeric Base Pop-Up Menu 



- 

One of the options in the Base pop-up is ASCII. It allows you to see 
the ASCII characters that are represented by the pattern you specify in 
the pattern fields. 

Note d You cannot define ASCII characters directly. You must first define the 
pattern in one of the other numeric bases; then you can switch the base 
to ASCII to see the ASCII characters. 

The Symbol option in the Base pop-up allows you to use a symbol that 
has been specified in the State Symbol Tables as a pattern. In the 
pattern fields you specify the symbols you want to use. 

Qualifier Field If you select the qualifier field, you will see the following pop-up menu. 

Label ) 
Base > 

Figure W-31. Qualifier Field Pop-Up Menu 

Patterns 

The pattern recognizers are in two groups of four: a-d and e-h. If you 
select one of these two options, the qualifier field will contain only 
those pattern recognizers. For instance, the qualifier field in figure 
IO-29 contains only the recognizers a-d. 

HP 16528/1653B 
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Ranges 

If you select the range option, the qualifier and pattern fields look 
similar to that shown below. 

Label > 
Base > [ Hex 1 
-Range 
1 ower 

upper 
IooooI 
[ FFFF 1 

Figure 10132. Range Qualifier and Pattern Fields 

Only one range can be defined, and it can be defined over only one 
label, hence over only 32 channels. The channels do not have to be 
adjacent to each other. The logic analyzer selects the label over which 
the range will be defmed by looking at the labels in order and choosing 
the first one that has channels assigned under only two pods. A label 
that contains channels from more than two pods cannot be selected for 
range definition. If all the labels have channels assigned under more 
than two pods, the range option is not offered in the qualifier field 
pop-up menu. However, in the HP 1653B, the range option will always 
be offered since the analyzer has only two pods. 

Pattern Fields The pattern fields allow you to specify the states that you want the state 
analyzer to search for and store. Each label has its own pattern field 
that you use to specify a pattern for that label (if you are defining a 
pattern for a pattern recognizer). 

During a run, the state analyzer looks for a specified pattern in the 
data. When it finds the pattern, it either stores the state or states or it 
triggers, depending on the step that the sequencer is on. 

State Trace Menu 
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11 
State Listing Menu 

Introduction This chapter describes the State Listing menus and how to interpret it. 
It also tells you how to use the fields to manipulate the displayed data 
so you can find your measurement answers. The State Listing menu is 
the display menu of the state analyzer. 

There are two different areas of the state listing display, the menu area 
and the listing area. The menu area is in the top one-fourth of the 
screen and the listing area is the bottom three-fourths of the screen. 

The listing area displays the data that the state analyzer acquires. The 
data is displayed in a listing format as shown below. 

Time X to Tr lgger IO] 
Time 0 to Tr lgger 1-1 
Tlmo x to 0 0 9 

-0007 0068CA OOFF I .24 us 
-0006 oomcc 6730 I .28 us 
400s OOMCE 46E7 1.24 us 
-0004 OOMFE 4EtS 1 .72 us 
6003 008900 3000 1.28 us 
-0002 0004F4 0000 1.24 us 
-000 1 0004F6 6930 1 .24 us 

006930 bO3C 1 .24 us 
000932 OOFF I .24 us 

*002 008934 67F8 I .28 us 
a003 008936 603c I .24 us 
MOO4 00692E 6lFCI I .72 us 
+ooos 006930 BO3C I .28 us 
+0006 0004F4 0000 1.96 us 
+Ooo7 0004F6 8930 1 .s2 us 
+0008 00692R 4EFCI 1.24 us 

Figure 1 l-l. State Listing Menu 

This listing display shows you 16 of the possible 1024 lines of data at 
one time. You can use the ROLL keys and the KNOB to roll the listing 
to the lines of interest. 

HP 16528/1653B 
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The column of numbers at the far left represents the location of the 
acquired data in the state analyzer’s memory. The trigger state is 
always 0000. At the vertical center of this column you will see a box 
containing a number. The box is used to quickly select another location 
in the state listing. The rest of the columns (except the Time/States 
column) represent the data acquired by the state analyzer. The data is 
grouped by label and displayed in the number base you have selected 
(hexadecimal is the default base). 

7 

When the Time or States option is selected in the Count field (State 
Trace Specification Menu), the acquired data will be displayed with 
time or state tags. 

The Time column displays either the Rel(ative) time (time from one 
state to the next) or Abs(olute) time (time from each state to the 
trigger). 

The States column displays the number of qualified states Rel(ative) to 
the previously stored state or the trigger (absolute). 

Accessing the The State Listing Menu is accessed by pressing the DISPLAY key on 

State Listing 
Menu 

the front panel when the state analyzer is on. It will automatically be 
displayed when you press RUN. If the Timing Waveforms is displayed 
when you press the DISPLAY key, you will have to switch analyzers. 
This is not a problem, it merely indicates that you were in the timing 
analyzer or you had performed an action to the timing analyzer in the 
System Configuration Menu. 

State Listing Menu 
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State Listing 
Menu Fields 

The menu area contains fields that allow you to change the display 
parameters, place markers, and display listing measurement 
parameters. 

~~~~OOSTRTE] - Istate Listing 1 

tlarkers r Time I 
. 

Time X to Trigger -2.48 us ] 
Tfme 0 to Trigger 3,76 us ] 
Time X to 0 6.24 us 

Figure 1 l-2. State Listing Menu Fields 

Markers The Markers field allows you to specify how the X and 0 markers will 
be positioned on the state listing. The State Trace Specifications menu 
options are: 

If Count in the State Trace menu is Off, the marker options are: 

- 0 off 
0 Pattern 

If Count in the State Trace menu is set to Time, the marker options are: 

0 off 
0 Pattern 
l Time 
0 Statistics 

If Count in the State Trace menu is set to State, the marker options are: 

0 off 
0 Pattern 
0 State 

- 
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Markers Off When the markers are off they are not displayed, but are still placed at 
the specified points in the data. If Stop measurement is on and the Stop 
measurement criteria are present in the data, the measurement will 
stop even though the markers are off. 

Markers Patterns When the markers are set to patterns, you can specify patterns on 
which the logic analyzer will place the markers. You can also specify 
how many occurrences of each marker pattern the logic analyzer looks 
for. This use of the markers allows you to find a specific pattern for 
each label in the acquired data. 

l68OOOSTFITE ] - IS tote Listing 1 

flark@r$ [ Pattern 1 Find 1 o-pattern j~]ft-om 1 Trigger I 
Pattern ) 1-1 

Figure 11-3. Markers Set to Patterns 

Patterns for each marker (X and 0) can be specified. They can be 
specified for both markers in each label. The logic analyzer searches 
for the logical “and” of patterns in all labels. 

In the Find X (O)-pattern 0 from Trigger field you specify how many 
occurrences of the marked pattern from a reference point you want the 
logic analyzer to search for. The reference points are: 

l Trigger 
0 Start (of a trace) 
l X Marker (only available in 0 marker pattern specification) 

l68000STfiE ] - 1s tote Listing 1 Specify Stop Heasurement 

flarkers r Pattern 1 Find [o-pattern ))7jfrom 

Pattern > 1mjll 

Figure t l-4. Search Reference Pop-Up Menu 
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Stop Measurement 

Another feature of markers set to patterns is Stop Measurement. You 
can specify either stop measurement when X-0 is or Compare is 

. The options for X-O are: Less than, Greater= In range, Not 
inrange. The options for Compare are: Equal and Not Equal (see 
figure 11-5). 

Parmeters @iiir) 

Stop measurement 1 Ix-01 is [ Less then 1 I[ 

Store exception to disk! WI Fi 18 name 1 EXCEPTION 1 
File desct~ption I1 

Figure 11-5. Markers Patterns Pop-Up Menu 

With this feature you can use the logic analyzer to look for a specified 
time or range of time between the marked patterns and to stop 
acquiring data when it finds this time between markers. The X marker 
must precede the 0 marker. 

Also available is Store exception to disk which allows you to specify a 
file on the disk that exceptions can be stored in. The default filename is 
EXCEPTION. When the trace mode is repetitive and Store exception 
to disk is on, the following process takes place: data is acquired until 
the stop criteria is met, data acquisition will stop, data in the 
acquisition memory will be stored on the disk, and data acquisition will 
resume when the data is stored. This process continues until the disk is 
full. The data is stored in the same file name; however, the last three 
characters will automatically be replaced with a numerical serial 
number. For example, EXCEPTION will change to EXCEPT001 the 
second time memory is stored. 

The upper and lower range boundaries must not be the same value. For 
example, if you want to stop a measurement when the X and 0 markers 
are in range of 200 ns, you should set the range values to 190 11s and 
210 ns. This eliminates erroneous measurement termination. 

HP 16528/1653B 
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Markers Time When the markers are set to Time, you can place the markers on states 
in the listing of interest and the logic analyzer will show the following: 

l Time X to Trig(ger). 
l Time 0 to Trig(ger). 
l TimeXtoO. 

To position the markers, move the cursor to the field of the marker you 
wish to position and press SELECT. A pop-up will appear showing the 
current time for that marker. Either rotate the KNOB or enter a 
numeric value from the keypad to change the position of that marker. 
Pressing SELECT when you are finished positions the marker and 
closes the pop-up. 

[S~~OOST~~TE I- Istate Listing 1 

llarkers r Time I 

Time X to Trigger 6.76 us] 
Time 0 to Trigger 3.76 us 1 
Time X to 0 -3.00 us 

.Figure 11-6. Markers Set to Time 

The Time X to 0 field will change according to the position of the X 
and 0 markers. It displays the total time between the states marked by 
the X and 0 markers. 

Markers Statistics When statistics are specified for markers, the logic analyzer will display 
the followinz 

Number of total runs. 
Number of valid runs (runs where markers were able to be placed 
on specified patterns). 
Minimum time between the X and 0 markers * Maximum time 
between the X and 0 markers. 
Average time between the X and 0 markers. 

(68000STflTE]- [state Listing j 

flarkers ptatistics ] Valid runs1 

llinlmum X-01 0 s 
llax imum X-O 1 0 s 

1 of 4 Werage X-O: 0 s 

Figure 1 l-7. Markers Set to Statistics 
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How the statistics will be updated depends on the state trace mode 
(repetitive or single). 

In repetitive, statistics will be updated each time a valid run occurs 
until you press STOP. When you press RUN after STOP, the statistics 
will be cleared and will restart from zero. 

In single, each time you press RUN an additional valid run will be 
added to the data and the statistics will be updated. This will continue 
unless you change the placement of the X and 0 markers between runs. 

Pattern You use the Pattern 
Fiz markers for each 1abel.r 

field to specify the patterns for the X and 0 

I $j +oooo +ooo 1 8930 8932 BOX OOFF 1 I .24 .24 us us 
+mO2 
EEEI 
+QoO4 
+0005 
+0006 
+0007 
Moo8 
woo9 
+oOlO 
+oOll 

8934 67F8 I .26 us 
6936 BO3c 1 .24 us 
892E 61FA 1.72 us 
8930 BOX I .28 us 
04F4 0000 1 .96 us 
04F6 8930 I .52 us 
892R 4EFCI I .24 us 
B92C FF9A I .24 us 
WC6 6lE6 1.76 US 
88138 80X I .24 us 

Figure 1 l-8. Pattern Field Pop-Up Menu 

When x-pattern is specified in the Find from field, the pop-ups 
in the Pattern field allow you to specify a paTem for the X 
marker in each label. 

When the O-pattern is specified, the pop-ups in the Pattern 
field allow you to specify the patterns for the 0 marker in each label. 
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12 
y State Compare Menu 

Introduction State compare is a software post-processing feature that provides the 
ability to do a bit by bit comparison between the acquired state data 
listing and a compare data image. You can view the acquired data and 
the compare image separately. In addition, there is a separate 
difference listing that highhghts the bits in the acquired data that do 
not match the corresponding bits in the compare image. Each state 
machine has its own Compare and Difference listings. 

You can use the editing capabilities to modify the compare image. 
Masking capabilities are provided for you to specify the bits that you do 
not want to compare. “Don’t compare” bits can be specified individually 
for a given label and state row, or specified by channel across all state 
rows. A range of states can be selected for a comparison. When a range 
is selected, only the bits in states on or between the specified 
boundaries are compared. 

The comparison between the acquired state listing data and the 
compare image data is done relative to the trigger points. This means 
that the two data records are aligned at the trigger points and then 
compared bit by bit. Any bits in the acquired data that do not match 
the bits in the compare image are treated as unequal. The don’t 
compare bits in the compare image are ignored for the comparison. 

When a logic analyzer configuration is saved to or loaded from a disk, 
any valid compare data including the data image, etc. is also saved or 
loaded. 

- 
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Accessing the The Compare menu is accessed from the State Listing menu. To 

Compare Menu access the Compare menu place the cursor on the field State Listing 
and press SELECT. A pop-up appears with the following options: 

0 State Listing 
0 State Waveforms 
l State Chart 
0 State Compare 

Place the cursor on State Compare and press SELECT. The pop-up 
will close and display the State Compare menu. 

The Compare 
and Difference 
Listing Displays 

The Compare 
Listing 

The Difference 
Listing 

Two menus (or displays) in addition to the normal State Listing, are 
available for making comparison measurements: the Compare Listing 
and the Difference Listing. 

The Compare Listing contains the image (or template) that acquired 
data is compared to during a comparison measurement. The 
boundaries of the image (or size of the template) can be controlled by 
using the channel masking and compare range functions described 
below. Any bits inside the image displayed as “X” have been set to don’t 
compare bits. 

The Difference Listing highhghts the entire row with inverse video, if 
any, in the acquired data that differs from those in the compare image. 
In addition, when the base is hexadecimal, octal, or binary, the bit (or 
digit containing the bit) that differs from the compare image is 
underlined (see figures 12-2 and 12-3). If the base is inverse assembled 
symbols, the display does not change; however, the stop measurement 
functions still function. 

To display the Compare Listing or the Difference Listing, place the 
cursor on the field directly to the right of Show in the upper left part of 
the display and press SELECT. The field will toggle between Compare 
Listing and Difference Listing. 

State Compare Menu 
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The controls that roll the listing in all three menus, the normal State 
Listing, the Compare Listing, and the Difference Listing are 
synchronized unless the number of pre-trigger states differ between the 
Compare listing and the acquired data. This means that when you 
change the current row position in the Difference Listing, the logic 
analyzer automatically updates the current row in the acquired State 
Listing, Compare Listing and vice-versa. 

If the three listings are synchronized and you re-acquire data, the 
Compare Listing may have a different number of pre-trigger states 
depending on the state trace trigger criteria. The Compare Listing can 
be resynchronized to the State and Difference Listings (if different) by 
entering the desired state (acquisition memory) location from the 
front-panel keypad. 

This allows you to view corresponding areas of the two lists, to cross 
check the alignment, and analyze the bits that do not match. 

Since time tags are not required to perform the compare, they do not 
appear in either the compare image or difference displays. However, 
correlation is possible since the displays are locked together. 

To move between the State Listing and Compare Listing in the 
HP 1652B/53B, select the field directly to the right of your state 
machine’s label, in the upper left most part of the screen and press 
SELECT. When this field is selected, a pop-up wiIl appear. Select the 
State Listing field from this pop-up. 

Creating a An initial compare image can be generated by copying acquired data 

Compare Image into the compare image buffer. When you place the cursor on the 
Copy Trace to Compare field in the Compare Listing menu a pop-up 
appears with the options Cancel and Continue. If the Continue is 
selected, the contents of the acquisition data structure for the current 
machine are copied to the compare image buffer. The previous 
compare image is lost if it has not been saved to a disk. If you select 
Cancel the current compare image remains unchanged. 

HP 16528/1653B 
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Bit Editing of 
the Compare 
Image 

Bit editing allows you to mod@ the values of individual bits in the 
compare image or specify them as don’t compare bits. The bit editing 
fields are located in the center of the Compare Listing display to the 
right of the listing number field (see figure 12-l). A bit editing field 
exists for every label in the display unless the label’s base is ASCII or 
inverse assembled symbols. You can access any data in the Compare 
Listing by rolling the desired row vertically until it is located in the bit 
editing field for that label (column). 

When you select one of the bit editing fields a pop-up appears in which 
you enter your desired pattern or don’t compare for each bit. 

- 

Lab.1 
Boss 

+0065 
+0066 
+0067 
MO68 
+0069 
+0070 

0404 02 z 
0404 03 3 
0404 02 2 

+007 1 0404 03 3 
t+6072j [a404 
+Qo73 0404 82 3’ 
+Qo74 
+0075 

0404 
0404 

02 
Of 

2 
3 

MO76 0404 02 2 
MO77 0404 03 3 

+0076 0404 02 +0079 0404 03 2 
+ooeo 0404 02 2 

Figure 12-l. Bit Editing Fields 
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Masking The channel Aasking function allows you to specify a bit, or bits in each 

Channels in the label that you do not want compared. This causes the corresponding 

Compare Image 
bits in all states to be ignored in the comparison. The compare data 
image itself remains unchanged on the display. The Mask fields are 
directly above the label and base fields at the top of both the Compare 
and Difference listings (see fgurel2-2). When you select one of these 
fields a pop-up appears in which you specify which channels are to be 
compared and which channels are to be masked. A “.” (period) 
indicates a don’t compare mask for that channel and an “*” (asterisk) 
indicates that channel is to be compared. 

Label 
Ba¶o : pFll% 

+006S 04 
+0066 IS 
+0067 c2 
+0066 36 
MO69 
+0070 8X 
+007 1 c2 
fz5q 
+0073 ii 
+0074 c2 
ia 
+QO76 ;: 
da077 47 
+0078 02 
+0079 Fl 
+ooeo 44 

Figure 12-2. Bit Masking Fields 
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Specifying a The Compare Range function.allows you to defme a subset of the total --. 
Compare Range number of states in the compare image to be used in the comparison. 

The range is specified by setting start and stop boundaries. Only bits in 
states (lines) on or between the boundaries are compared against the 
acquired data. 

The Compare mode is accessed by selecting the Full Compare/Partial 
Compare field in either the Compare or Difference listing menus. 
When selected, a pop-up appears in which you select either the Full or 
Partial option. When you select the Partial option, fields for setting the 
start state and stop state values appear (see figure 12-3). 

State Compare Menu 
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Figure 12-3. Compare Full/Compare Partial Field 
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- Repetitive 
Comparisons 
with a Stop 

When you do a comparison in the repetitive trace mode, a stop 
condition may be specified. The stop condition is either Stop 
Measurement when Compare is Equal or Not Equal. In the case of 
Equal, bits in the compare image must match the corresponding bits in 

Condition the acquired data image for the stop condition to be a true. In the case 
of Not Equal, a mismatch on a single bit will cause the stop condition 
to be true. When stop conditions are specified in two analyzers, both 
analyzers stop when the stop condition of either analyzer is satisfied. It 
is an OR function. 

You access the stop measurement function by selecting the Specify 
Stop Measurement field in either the Compare or Difference Listing 
menus. When you select this field, the Stop Measurement Parameters 
pop-up appears (see figure 12-4). The first field in this pop-up, just to 
the right of Stop measurement contains either Off, X-O or Compare. 

When this field is selected, a pop-up appears in which you select 
Compare. When you select the Compare option, you can access and 
select either the Equal or Not Equal option in the next field to the right. 

[-7!ZiSl - [State Caqare 1 Speclf y Stop Heasurement 

Show [Dlf foroncm Listlnq ] Find Dtfforanc 

stop ner8urmnt Prrmtors (Doncr 

,op mosrurom~nt : 

ore exception t 
le descr lptlon I 

+0069 04m 
+0070 0438 3 
too7 1 04x c2 3 
fizGq 043D 34 
+0073 043F 09 i 
wo74 0440 c2 3 

+0075 044 1 34 +0076 0443 01 3 
+0077 OBB6 47 2 

+0078 Obl37 02 +0079 0444 Fl 5 
+ooeo 0888 44 2 

Figure 12-4. Specify Stop Measurement Field 

Also available is Store exception to disk which allows you to specify a 
file on the disk that exceptions can be stored in. The default filename is 
EXCEPTION. 
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Note f# 

When the trace mode is repetitive and Store exception to disk is on, the 
following process takes place: data is acquired until the stop criteria is 
met, data aquistion will stop, data in the acquisition memory will be 
stored on the disk, and data acquisition will resume when the data is 
stored. This process continues until the disk is full. The data is stored in 
the same file name; however, the last three characters will 
automatically be replaced with a numerical serial number. For 
example, EXCEPTION will change to EXCEPT001 the second time 
memory is stored. 

-. 

You may also specify a stop measurement based on time between the X 
and 0 markers in the Compare or Difference Listing menus. This is 
available only when Count is set to Time in the State Trace menu. If the 
Stop Measurement is set to run until Compare Equal or Compare Not 
Equal in the Compare or Difference Listings, the Stop Measurement 
on time X to 0 will change to run until Compare Equal or Compare 
Not Equal in the other state display menus (i.e. State Listing). 

Locating The Find Difference feature dews you to easily locate any patterns 

Mismatches in that did not match in the last comparison. Occurrences of differences 
I 

tne 1 m Yff erence 
Listing 

are found in numerical ascending order from the start of the listing. 
The first occurrence of an error has the numerical value of one. . 

This feature is controlled by the Find Difference field in the 
Difference Listing menu. When you select this fi= Integer Entry 
pop-up appears in which you enter a number indicating which 
difference you want to find. The listing is then scanned sequentially 
until the specified occurrence is found and rolled into view. 

Saving 
Compare 
Images 

When you save a logic analyzer configuration to a disk, the compare 
images for both state analyzers are saved with it. The compare data is 
compacted to conserve disk space. Likewise, when you load a 
configuration from disk, valid compare data will also be loaded. 

State Compare Menu 
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13 
State Chart Menu 

Introduction The State Chart Menu allows you to build X-Y plots of label activity 
using state data. The Y-axis always represents data values for a 
specified label. You can select whether the X-axis represents states (ie. 
rows in the State List) or the data values for another label. You can 
scale both the axes to selectively view data of interest. An accumulate 
mode is available that allows the chart display to build up over several 
runs. When State is selected for the X-axis, X & 0 markers are 
available which allows the current sample (state or time) relative to 
trace point and the corresponding Y-axis data value to be displayed. 
Marker placement is synchronized with the normal State Listing. 

Accessing the The Chart menu is accessed from the State Listing menu. To access the 

State Chart 
Menu 

Chart menu place the cursor on the field State Listing and press 
SELECT. A pop-up appears with the following options: 

l State Listing. 
0 State Waveforms. 
l State Chart. 
0 State Compare. 

Place the cursor on State Chart and press SELECT. The pop-up will 
close and display the State Chart menu. 

Selecting the 
Axes for the 
Chart 

When using the State Chart display, you first select what data you want 
plotted on each axis. To assign the vertical axis label, position the 
cursor on the Y-axis Label field in the menu. This is the field just to the 
right of “XY Chart of Label”. When selected, a pop up appears in which 
you select one of the labels that were defined in the State Format 
Specification Menu. The X-axis assignment field is just to the right of 
“Versus”, and toggles between State and Label when selected. When 
label is selected, a third field appears to the right of Label that pops up 
when selected in which you select one of the defined state labels. 
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Scaling the 
Axes 

Either axis of the X - Y chart can be scaled by using the associated 
vertical or horizontal min (minimum) or max (maximum) value fields. 
When selected, a Specify Number pop up appears in which you specify 
the actual minimum and maximum values that will be displayed on the 
chart. 

- 
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Figure 13-l. Axis Scaling Popup Menu 

When State is selected for the X-axis, state acquisition memory 
locations are plotted on the X-axis. The minimum and maximum values 
can range from -1023 to + 1023 depending on the trace point location. 
The minimum and maximum values for labels can range from 
OOOOOOOOHtoW (0 to 232-‘) regardless of axis, since labels 
are restricted to 32 bits. 



The Label Value The Label Value versus State chart is a plot of label activity versus the 

vs 
States Chart 

memory location in which the label data is stored. The label value is 
plotted against successive analyzer memory locations. For example, in 
the following figure, label activity of POD 1 is plotted on the Y axis and 
the memory locations (State) are plotted on the X axis. 

- 
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The Label Value When labels are assigned to both axis, the chart shows how one label -. 
vs varies in relation to the other for a particular state trace record. Label 

Lake1 Value 
values are always plotted in ascending order from the bottom to the top 
of the chart and in ascending order from left to right across the chart. 

Chart Plotting a label against itself will result in a diagonal line from the lower 
left to upper right comer. X & 0 markers are disabled when operating 
inthis mode. 
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Figure 13-3. Label vs. Label Chart 



_-- X & 0 Markers When State is specified for the X-axis, X & 0 markers are available 

and Readouts which can be moved horizontally. The markers are synchronized with 

for Chart 
the X and 0 markers in the normal State Listing. 

To select the marker mode for Chart (if it is not presently displayed), 
place the cursor on the To Marker Control field and press SELECT. 
This field wiil toggle to To Range Control and the marker fields will be 
displayed (see figure 13-4). 

-I- [stat. CRart ] ( To eanae Contra1 ) 

xv cnert of Laba 1 lpoo] VWSUS [EzEq Spmctf y Pattern 

Harkerr 1 Pattern ] Find (x-pa(ternvlfrm 1 Tripper ] 

Figure 13-4. Marker Fields 

When a marker is positioned in the State Chart menu, it is also 
positioned in the State Listing menu and vice-versa. The Chart marker 
operation is identical to the markers in the State Listing menu (see 
chapter 11). 
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Marker Options The marker options in the State Chart menu depend on what Count is 
set to in the State Listing menu. 

When Count is set to Off, the Chart markers can be set to: 

0 off. 
0 Pattern. 

When Count is set to Time, the Chart markers can be set to: 

0 off. 
l Pattern. 
l Time. 
0 Statistics. 

When Count is set to States, the Chart markers can be set to: 

State Chart Menu 
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0 Pattern. 
0 States. 
0 off. 
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14 
- State Waveforms Menu 

Introduction The State Waveforms Menu allows you to view state data in the form of 
waveforms identified by label name and bit number. Up to 24 
waveforms can be displayed simultaneously. Only state data from the 
current state machine can be displayed as waveforms in the State 
Waveforms menu. 

The presentation and user interface is generally the same as the Timing 
Waveform menu, except the X-axis of the state waveform display 
represents only samples, or states instead of time (seconds). This is 
true regardless of whether Count (in the State Trace menu) is set to 
Time or Off. As a result, the horizontal axis of the display is scaled by 
States/Div and Delay in terms of samples from trigger. Marker features 
are the same as for State List in that Time or States will only be 
available when Count is set to Time or States. The Sample Rate display 
is not available in State Waveform even when markers are off. 

Accessing the The State Waveforms menu is accessed from the State Listing menu. 

State Waveforms To access the State Waveforms menu place the cursor on the State 

Menu 
Listing field and press SELECT. A pop-up appears with the following 
options: 

a State Listing. 
a State Waveforms. 
l State Chart. 
0 State Compare. 

Place the cursor on State Waveforms and press SELECT. The pop-up 
will close and display the State Waveforms menu. 
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Selecting a 
Waveform 

You can display up to 24 waveforms on screen at one time. Each 
waveform is a representation of a predefined label. To select a 
waveform, place the cursor on a label name on the left side of the 
disDlay and press SELECT. A pop-up appears in which you: 

Insert waveforms. 
Turn on waveforms. 
Modify waveforms (waveform labels). 
Turn off waveforms. 
Delete waveforms. 

Just to the right of each label name is a two-digit number or the word 
“all.” The number indicates which bit of the label the waveform 
represents; or, all the bits of the label when “all” is displayed (see figure 
14-1). 
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Figure 14-l. State Waveforms Menu 

In the above figure, label A has “all” specified displaying all the bits 
overlaid in a single waveform. Label B however, has seven of its bits 
displayed individually (bits 0 through 6). 



A--- Replacing 
Waveforms 

You can replace a currently displayed waveform (label) with another 
one of the predefined waveforms (labels). To replace one waveform 
with another, place the cursor on the waveform you wish to replace and 
press SELECT.. A pop-up appears in which you select Modify 
Waveform as shown in the following figure. 

- 
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Another pop-up appears in which you select the waveform (label) you 
wish to display (see fwe 14-3). When you place the cursor on the new 
waveform (label) and press SELECT the new waveform replaces the 
old waveform. 

-J - IState b41~sfofms J 
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Figure 14-3. Available Waveforms Pop-up Menu 

Deleting 
Waveforms 

You can delete any of the currently displayed waveforms by placing the 
cursor on the waveform you wish to delete and pressing SELECT. 
When the pop-up appears place the cursor on Delete waveform and 
press SELECT. 

&kCth’lg states You can specify the states per division by placing the cursor on the 

per Division field just to the right of States/Div, pressing SELECT, and either 
entering the number of states per division with the keypad or the knob. 
The range is from 1 to 1024 per division. 
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Delay from 
Trigger 

You can specify the delay from trigger by specifying the number of 
states from the trigger. The delay will affect only the position of the 
State Waveforms display. It does not affect data acquisition. The 
minimum is - 1024 and the maximum is 1024 independent of trace 
position in the record. Delay is not limited to the window containing 
data. 

State 
Waveform 
Display 
Features 

The waveform display features of the State Waveform menu are the 
s as the Timing Waveform menu with regard to: 

Low levels (below threshold) are represented by darker line. 
Dotted lines representing the X and 0 markers. 
Inverted triangle representing the trigger point. 
Accumulate Mode. 
Graticule frame with 10 horizontal divisions. 

X and 0 Markers can be placed on the waveform display by specifying the 

Markers for number of states from trigger in the case of the X marker or number of 

State Waveform 
states from either the trigger or X marker in the case of the 0 marker. 

Markers can be automatically placed on the waveform by searching for 
specific patterns assigned to each marker. 

The X and 0 marker operation is identical to the marker operation in 
the Timing Waveform Menu. 

- 
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15 
State Analyzer Measurement Example 

Introduction In this chapter you learn how to use the state analyzer by setting up the 
logic analyzer to simulate a simple state measurement. Since you may 
not have the same test circuit available, we will give you the 
measurement results as actually measured by the logic analyzer, 

The exercise in this chapter is organized in a task format. The tasks are 
in the same order you will most likely use them once you become 
experienced. The steps in this format are both numbered and lettered. 
The numbered steps state the step objective. The lettered steps explain 
how to accomplish each step objective. There is also an example of 
each menu after it has been properly set up. 

How you use the steps depends on how much you remember from 
chapters 1 through 4 of the Getting started Guide. If you can set up 
each menu by just looking at the menu picture, go ahead and do so. If 
you need a reminder of what steps to perform, follow the numbered 
steps. If you still need more information about “how,” use the lettered 
steps. 

To gain confidence using your logic analyzer, we recommend that you 
configure the menus as you follow the simulated measurement example 
up to the section “Acquiring the Data.” From that section to the end, 
you will see the measurement results on the State Listing screen as if 
you had the real test circuit connected, and as if you had selected RUN. 

.- 
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Problem sOh/hlg In this example assume you have designed a microprocessor controlled . 
with the State circuit. You have completed the hardware, and the software designer --. 

Analyzer 
has completed the software and programmed the ROM (read-only 
memory). When you turn your circuit on for the first time, your circuit 
doesn’t work properly. You have checked the power supply voltages 
and the system clock and they are working properly. 

Since the circuit has never worked before, you and the software 
engineer aren’t sure if it is a hardware or software problem. You need 
to do some testing to find a solution. 

What Am I You decide to start where the microprocessor starts when power is 

Going to 
Measure? 

applied. We will describe a 68000 microprocessor; however, every 
processor has similiar start-up routines. 

When you power up a 68000 microprocessor, it is held in reset for a 
specific length of time before it starts doing anything to stabilize the 
power supplies. The time the microprocessor is held in reset ensures 
stable levels (states) on all the devices and buses in your circuit. When 
this reset period has ended, the 68000 performs a specific routine 
called “fetching the reset vector.” 

The first thing you check is the time the microprocessor is held in reset. 
You find the time is correct. The next thing to check is whether the 
microprocessor fetches the reset vector properly. 

State Analyzer Measurement Example 
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The steps of the 68000 reset vector fetch are: 

HP 16528/1653B 
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1. Set the stack pointer to a location you specify, which is in ROM at 
address locations 0 and 2. 

2. Find the fast address location in memory where the 
microprocessor fetches its first instruction. This is also specified 
by you and stored in ROM at address locations 4 and 6. 

What you decide to find out is: 

1. What ROM address does the microprocessor look at for the 
location of the stack pointer, and what is the stack pointer 
location stored in ROM? 

2. What ROM address does the microprocessor look at for the 
address where its first instruction is stored in ROM, and is the 
instruction correct? 

3. Does the microprocessor then go to the address where its frost 
instruction is stored? 

4. Is the executable instruction stored in the first instruction location 
correct? 

Your measurement, then, requires verification of the sequential 
addresses the microprocessor looks at, and of the data in ROM at 
these addresses. If the reset vector fetchis correct (in this example) 
you will see the following list of numbers in HEX (default base) when 
your measurement results are displayed. 

+oooooooooooooo 
+ 0001 OOOOO204FC 
+ooo2ooooO4oooo 
+ 0003OOOOO68048 
+ 00040080483E7C 

This list of numbers will be explained in detail later in this chapter in 
“The State Listing.” 
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How Do I In order to make this state measurement, you must configure the logic - 
Configure the analyzer as a state analyzer. By following these steps you will confisure 

Logic Analyzer? 
Analyzer 1 as the state analyzer. 

If you are in the System Configuration menu you are in the right place 
to get started and you can start with step 2; otherwise, start with step 1. 

1. Using the field in the upper left corner of the display, get the 
System Configuration menu on screen. 

a. Place the cursor on the field in the upper left corner of the 
display and press SELECT. 

b. Place the cursor on System and press SELECT. 

2. In the System Configuration menu, change the Analyzer 1 type to 
State. If Analyzer 1 is already a state analyzer, go on to step 3. 

Change to a State Analyzer / 

Eystn Conftqurrtion 

nnr1yr.r 1 

n Nom81 1-1 

Type1 1-1 

ks Pa0 I 
m--------------- 

Pod 2 

l=l 

~~~~~-~~-~~-~-~- 
Pod 3 

Anolyzor 2 

rl Type: I] 

Figure 15-l. System Configuration Menu 

a. rlace the cursor on the Type: and press SELECT. 

b. Place the cursor on State and press SELECT. 
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,- 

3. Name Analyzer 168OOOSTATE (optional). 

a. Place the cursor on the Name: field of Analyzer 1 and 
press SELECT. 

b. With the Alpha Entry pop-up, change the name to 
68000STATE. 

4. Assign pods 1,2, and 3 to the state analyzer. 

a. Place the cursor on the Pod 1 field and press SELECT. 

b. In the Pod 1 pop-up, place the cursor on Analyzer 1 and press 
SELECT. 

c. Repeat steps a and b for pods 2 and 3. 

HP 16528/1653B 
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Connecting the At this point, if you had a target system with a 68000 microprocessor, 

Probes you would connect the logic analyzer to your system. Since you will be 
assigning labels ADDR and DATA, you hook the probes to your 
system accordingly. 

l Pod 1 probes 0 through 15 to the data bus lines DO through DE 
l Pod 2 probes 0 through 15 to the address bus lines A0 through Al5 
l Pod 3 probes 0 through 7 to the address bus lines Al6 through A23. 
l Pod 1, CLK ( J clock) to the address strobe (LAS). 

Activity Indicators When the logic analyzer is connected and your target system is running, 
you will see Activity Indicators in the Pod 1,2, and 3 fields of the 
System Configuration menu. This indicates which signal lines are 

Activity 

transitioning. 

Egrla Configuration 

Analyzer 1 

Name1 [EiEMiiFl 

cl 

Qpe 1-j 

Analynr 2 

cl Type: (71 

Figure 15-2. Activity Indicators 
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Configuring the Now that you have configured the system, you are ready to configure 

State Analyzer l 

the state analyzer. You will be: 

0 

l 

0 

l 

1. 

2. , Name two labels, one ADDR and one DATA. 

Creating two names (labels) for the input signals 
Assigning the channels connected to the input signals 
Specifying the State ( J ) clock 
Specifying a trigger condition 

, Display the State Format Specification menu. 

a. Press the FORMAT key on the front panel. 

[~EIOOOSTAE I- st0 t0 ~0-1 Speclf lcs tlon 

Clock 

clock Period 
1>60nr] 

Pod 3 

Activr 
Label Pal 

+ 

E + 

Figure 15-3. State Format Specification Menu 

a. Place the cursor on the top field in the label column and press 
SELECT. 

b. Place the cursor on Modify label and press SELECT. 
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c. With the Alpha Entry pop-up, change the name of the label to 
ADDR. 

d. Name the second label DATA by repeating steps a through c. 

3. Assign Pod 1 bits 0 through I.5 to the label DATA. 

a. Place the cursor on the bit assignment field below Pod 1 and to 
the right of DATA and press SELECT. 

b. Any combination of bits may already be assigned to this pod; 
however, you will want all 16 bits assigned to the DATA label. 
The easiest way to as&n is to press the CLEAR ENTRY key 
to un-assign any assigned bits before you start. 

c. Place the cursor on the period under the 15 in the bit 
assignment pop-up and press SELECT. This will place an 
asterisk in the pop-up for bit 15, indicating Pod 1 bit l5 is now 
assigned to the DATA label. Repeat this procedure until all 16 
bits have an asterisk under each bit number. Place the cursor 
on Done and press SELECT to close the pop-up. 

d. Repeat step c for Pod 2 and the ADDS label to assign all 16 
b ts i . 

e. Repeat step c except you will assign the lower eight bits (0 - 7) 
of Pod 3 to the ADDR label. 

State Analyzer Measurement Example 
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Specifying the If you remember from “What’s a State Analyzer” in Feeling Comfortable 

J Clock with Logic An-m, the state analpr samples the data under the 
control of an external clock, which is “synchronous” with your circuit 
under test. Therefore, you must specify which clock probe you will use 
for your measurement. In this exercise, you will use the J clock, which is 
accessible through pod 1. 

1. Select the State Format Specification menu by pressing the 
FORMAT key. 

2. Set the J Clock to sample on a negative-going edge. 

HP 1652B/l653B State Analyzer Measurement Example 
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speclf Its tlon Spectf y Spbol s 

Clock 

Clock Pariocl Pod 2 Pod 1 

tY ’ 
Pal 

+ 

El + 

---a-- J& -------------- 
15 . . . . 

’ J ,...a. +lK~dIldXlN[Il 
.,,..I - ++***o*-~+oL*C4 

Lt 7 

Figure 15-4. Specifying the J Clock 

a. Place the cursor on the CLOCK field and press SELECT. 

b. Place the cursor on the box just to the right of J in the pop-up 
(labeled OFF) and press SELECT. 

c. Place the cursor on 4 and press SELECT. 

d. Place the cursor on Done and press SELECT. 



Specifying a 
Trigger 
Condition 

To capture the data and place the data of interest in the center of the 
display of the State Listing menu, you need to tell the state analyzer 
when to trigger. Since the first event of interest is address 0000, you 
need to tell the state analyzer to trigger when it detects address 0000 on 
the address bus. 

- 

1. Select the State Trace Specification menu by pressing the TRACE 
key . 

2. Set the trigger so that the state analyzer triggers on address 0000. 
If the Trigger on option is not already a perform steps a through 
d. If the option is a skip to step e. 

a. Place the cursor on the 1 in the Sequence Levels field of the 
menu and press SELECT. 

b . Place the cursor on the field to the right of the Trigger on field 

Label 

piEzzEq= State Trsce Speciflcstlon 
Trace mode ISinqlel 

Sequence Levml 1 

Inoer t Level Delete Level 

nhlle storing any state I 
lfrlggerl 1 [‘J times 

oun t b Off 

store I=! Off 

Figure 15-5. State Trace Specification Menu 

and press SELECT. Another pop-up appears showing you a 
list of “trigger on” options. Options a through h are qualifiers. 
You can assign them a pattern for the trigger specification. 

- 
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c. Place the cursor on the a option and press SELECT. 

d. Place the cursor on Done in the Sequence Levels pop-up and 
press SELECI’. 

e. Place the cursor on the field to the right of the a under the 
label ADDR and press SELECT. 

f. With the keypad, press 0 (zero) until there are all zeros in the 
Specify Pattern: pop-up and then press SELECT. 

[piii%mKI- stem Trece Spocif ic~tior 
Trace modr[~[ 

Sequence Level8 

I 0 While storing ” eng ststo” 
1 Trigger on -en I t¶mos 

6 store - 
2 

ony state” 

Armed by 

1 Run 1 

Brsnchrs 

I 
1 Off J 

Count 
[ Off ] 

Pros tore 
1 Off 1 

Lob.1 > pGTiirlADMZ1 
ear. > 

0 

rl 
b 
C 

Figure 15-6. State Trace Specification 

Your trigger specification now states: While storing anystate trigger on 
“a” once and then store anystate.” 

When the state analyzer is connected to your circuit and is acquiring 
data, it continuously stores until it sees 0000 on the address bus, then it 
will store anystate until the analyzer memory is filled. 

- 

HP 16528/1653B State Analyzer Measurement Example 
Front-Panel Reference 1541 



Acquiring the 
Data 

Since you want to capture the data when the microprocessor sends 
address 0000 on the bus after power-up, you press the RUN key to arm 
the state analyzer and then force a reset of your circuit. When the reset 
cycle ends, the microprocessor should send address 0000 trigger the 
state analyzer and switch the display to the State Listing menu. 

I 
Note ml 

4 
From this point in the exercise unto the end, we will give you the 
measurement results. This way, you will not have to obtain and use an 
identical circuit. 

-I- IState Listing 1 

tlarkoft 1 Off 1 

Lab.1 > 
Bars ) 

-0007 
4006 
QWS 
4004 
-0063 
-0002 
-000 1 
r+ooool 
+ooo 1 
+0002 
+ows 
+OOO4 
WOOS 
+0006 
+0007 
+owe 

0084C4 4E75 
DOMC6 6lE6 
OOCMFO 0000 
0004f2 MC8 
oomxl BOX 
WMCA OOFF 
OOMCC 6730 
ooww woo 
ooDOo2 04FC 
Dow04 woo -l- Reset Vector Fetch Routine 
wwo6 8048 
DOD048 2E7C J 
008046 WOO 
DO604c 04fC 
00804E 6lDO 
008050 6100 
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The State 
Listing 

The state listing displays three columns of numbers as shown: 

State Locations 

I [Z56ZKEJ - IState Llstlng 1 

flsrkort 1 Off ] 

Lab.1 ) 
BS¶@ 1 

-0007 
-0006 
-0005 
-0004 
-0003 
-0002 

-a001 
Ei?Eq 
MOO 1 
+0002 
+0003 
a004 
woo5 
+0006 
MOO7 
+oooe 

0088C4 4E75 - 
OOb8C6 6lE6 
0004F0 0000 
0004F2 88C8 
0088C8 603C 
ooem7 OOFF 
OoeBcc 6730 
000000 woo 
000002 04FC 
000004 woo 
000006 6048 
008048 2E7C 
00804c1 WDO 
00804C 04FC 
00804E 61D8 
008050 6100 
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Figure 15-8. State Locations 

The first column of numbers are the state line number locations as they 
relate to the trigger point. The trigger state is on line + 0000 in the 
vertical center of the list area. The negative nu&bers indicate states 
occurring before the trigger and the positive numbers indicate states 
occurring after the trigger. 

The second column of numbers are the states (listed in HEX) the state 
analyzer sees on the address bus. This column is labeled ADDR. 

The third column of numbers are the states (listed in HEX) the state 
analyzer sees on the data bus. This column is labeled DATA. 
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Finding the Your answer is now found in the listing of states + 0000 through 

Answer +ooo4. 

The 68000 always reads address locations 0,2,4, and 6 to find the stack 
pointer location and memory location for the instruction it fetches after 
power-up. The 68000 uses two words for each of the locations that it is 
looking for, a high word and a low word. When the software designer 
programs the ROM, he must put the stack pointer location at address 
locations 0 and 2.0 is the high word location and 2 is the low word 
location. Similarly, the high word of the instruction fetch location must 
be in address location 4 and the low word in location 6. 

Since the software design calls for the reset vector to set the stack 
pointer to 04FC and read memory address location 8048 for its first 
instruction fetch, you are interested in what is on both the address bus 
and the data bus in states 0 through 3. 

The state listing below lists the codes reset vector search, in states 0 
through 3 and the correct frost microprocessor instruction in state 4. 

+ 0ooooooooOoooo 
+ 000100000204FC 
+ 00020000040ooo 
+ooo30oooo68048 
+ 0004 008048 3E7C 

You see that states 0 and 1 do contain address locations 0 and 2 under 
the ADDR label, indicating the microprocessor did look at the correct 
locations for the stack pointer data. You also see that the data 
contained in these ROM locations are 0000 and 04FC, which are 
correct. 

You then look at states 2 and 3. You see that the next two address 
locations are 4 and 6, which is correct, and the data found at these 
locations is 0000 and 8048, which is also correct. 
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So far you have verified that the microprocessor has correctly 
performed the reset vector search. The next thing you must verify is 
whether the microprocessor addresses the correct location in ROM 
that it was instructed to address in state 4 and whether the data is 
correct in this ROM location. From the listing on your machine, you 
see that the address in state 4 is 008048, which is correct, but the 
instruction found in this location is 2E7C, which is not correct. You 
have found your problem: incorrect data stored in ROM for the 
microprocessor’s first instruction. 

+ 0000 OOOOO 0000 (high word of stack pointer location) 
+ 0001 000002 04FC (low word of stack pointer location) 
+ 0002 oOOOO4 0000 (high word of instruction fetch location) 
+ OOO3 000006 8048 (low word of instuction fetch location) 
+ 0004 008048 2E7C (first microprocessor instruction) 

I lbB000STATEJ- [Stste Llstlng 1 

llsrlcors 1 Of1 1 

-0007 008OC4 
QOO6 OOb8C6 
-0005 0004F0 
-0004 0004F2 
-0003 OObbCb 
4002 ooeec(I 

I& 001 000 0088CC 000000 
MOO 1 ooDoo2 

4E7S 
6lE6 
0000 
mea 
BOX 
OOFF 

6730 0000 
04FC 

+0002 
a003 000006 l!lO40 
+0004 008040 2E7C - Incorrect Data 
woo5 
MOO6 00804C 04FC 
+0007 00804E 61D8 
+0008 DO8050 6100 

Figure 15-S. Incorrect Data 
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Summary . You have just learned how to make a simple state measurement with 
the HP 1652B Logic Analyzer. You have: 

specified a state analyzer 
learned which probes to connect 
assigned pods 1,2, and 3 
assigned labels 
assigned bits 
speciEed the J clock 
specified a trigger condition 
acquired the data 
interpreted the state listing 

You have seen how easy it is to use the state analyzer to capture the 
data on the address and data buses. You can use this same technique to 
capture and display related data on the microprocessor status control, 
and various strobe lines. You are not limited to using this technique on 
microprocessors. You can use this technique any time you need to 
capture data on multiple lines and need to sample the data relative to a 
system clock. 

Chapter 21 shows you how to use the logic analyzer as an interactive 
timing and state analyzer. You will see a simple measurement that 
shows you both timing waveforms and state listings and how they are 
correlated. 

If you have an HP 1653B, you do not have enough channels to 
simultaneously capture all the data for a 68000. But, since you probably 
aren’t working with 16.bit microprocessors, this example is still 
valuable because it shows you how to make the same kind of 
measurement on an eight-bit microprocessor. 

- 
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Your Comments Please HP 1652B/HP 1653B 
Your comments assist us in meeting your needs better. Please complete this questionnaire and return it to us. Feel free to add 
any additional comments that you might have. All comments and suggestions become the property of Hewlett-Packard. Omit 
any questions that you feel would be proprietary. 

1. Did you receive your product when expected? 
2. Were you satisfied with the operation of the instrument at turn-on? 

Yes No 
[I [I 
[I [ 1 

3. Were the proper accessories supplied with your product? 
If not, what was missing? 

Probes[ ] Manual(s) [ ] Other 

4. What measurements will this instrument be used to make? 

5. How will the instrument be controlled? 

Front Panel [ ] HP-IB [ ] RS-232C [ ] Controller Type 

6. What do you like most about the instrument? 

7. What would you like to see changed or improved? 

8. Which manuals have you used? 
[ ] Getting Started Guide 
[ ] Front-Panel Reference 
[ ] Programming Reference 
[ ] Service Manual 

9. Please rate the manuals on the following 

4 = Excellent 3=Good 2 = Adequate l=Poor 

[ ] Breadth and depth of information 
[ ] Ability to easily find information 
[ ] Ability to understand and apply the information provided in the manual 

10. What is your experience with logic analyzers? 
[ ] No previous experience 
[ ] LRss than 1 year experience 
[ ] More than 1 year’s experience on one model 
[ ] More than 1 year’s experience on several models 

Name 
Address 
Phone 

Company 
Zip Code 
Instrument Serial # 
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16 
The Timing Analyzer 

Introduction This chapter introduces the timing analyzer and contains the timing 
analyzer menu maps. 

. Chapters 17 through 19 explain each of the Timing Analyzer menus as 
follows: 

l Chapter 17 explains the Timing Format Menu. 
l Chapter 18 explains the Timing Trace Menu. 
l Chapter 19 explains the Timing Waveforms Menu. 
l Chapter 20 gives you a basic Timing Analyzer Measurement 

example. 
l Chapter 21 gives you a basic Timing/State Analyzer Measurement 

example. 

The Timing 
Analyzer 

The timing analyzer acquires data asynchronously using an internal 
sample clock. This asynchronous data acquisition technique is similar 

(An Overview) 
to a digitizing oscilloscope. The acquired data is displayed in the form 
of one or more waveforms. The timing waveforms differ from a 
digitizing oscilloscope in that the timing analyzer only stores and 
displays two levels (one above and one below threshold). 

Timing The Timing Analyzer menu maps show you the fields and the available 

Analyzer Menu options of each field within the three menus. The menu maps will help 

Maps 
you get an overview of each menu as well as provide you with a quick 
reference of what each menu contains. 
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Timing Format 
Menu Map 
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Figure 16-l. Timing Format Menu Map 
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Timing Trace 
Menu Map 
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Timing 
Waveform 
Menu Map 
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17 
Timing Format Specification Menu 

Introduction This chapter describes the Timing Format Specification menu and all 
the pop-up menus that you will use on your timing analyzer. The 
purpose and function of each pop-up menu is explained in detail, and 
we have included many illustrations and examples to make the 
explanations clearer. 

Accessing the The Timing Format Specification menu can be accessed by pressing 

Timing Format the FORMAT key on the front panel. If the State Format Specification 

Specification 
Menu 

Menu is displayed when you press the FORMAT key, you will have to 
switch analyzers. This is not a problem, it merely indicates that the last 
action you performed in the System Configuration Menu was on the 
state analyzer. 

Timing Format The Timing Format Specification menu lets you configure the timing 

Specification analyzer to group channels from your microprocessor into labels you 

Menu 
assign for your measurements. You can set the threshold levels of the 
pods assigned to the analyzer, assign labels and channels, and specify 
symbols. 

At power up, the logic analyzer is configured with a default setting. 
You can use this default setting to make a test measurement on the 
system under test. It can give you an idea of where to start your 
measurement. For an example of setting up configurations for the 
Timing analyzer, refer to the Getting Started Guide or “Timing Analyzer 
Measurement Example” in chapter 20 of this manual. 
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At power up the Timing Format Specification menu looks like that 
shown below: 

- 
(nCltHINE1 - Tiaing Fomt Sgmcificmtion 

Act1v1 

Label 
POD I 

-off- 
-off- 
-off- 
-off- 
-off- 
-off- 
-ofr- 
-off- 
-off- 
-off- 
-off- 
+lff- 
-off- 

tu ’ 
Pol 

El 

Figure 17-l. Timing Format Specification Menu 

The Timing Format Specification menu for the HP 1653B is similar to 
that for the HP 1652B except that Pod 2 appears in the menu instead of 
Pod 5. 

This menu shows only one pod assigned to each analyzer, which is the 
case at power up. Any number of pods can be assigned to one analyzer, 
from none to all five for the HP 1652B, and from none to two for the 
HP 1653B. In the Timing Format Specification menu, only three pods 
appear at a time in the display. To view any pods that are off screen, 
press the left/right ROLL key and rotate the KNOB. The pods are 
always positioned so that the lowest numbered pod is on the right and 
the highest numbered pod is on the left. 
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Timing Format Five types of fields present in the menu are as follows: 

Specification 
l Label. 
0 Polarity (Pol). 
l Bit assignments. 
l Pod threshold. 
l Specify Symbols. 

Menu Fields 

A portion of the menu that is not a field is the Activity Indicators 
display. The indicators appear under the active bits of each pod, next to 
“Activity.” When the logic analyzer is connected to your target system 
and the system is running, you will see $ in the Activity Indicators 
display for each channel that has activity. These tell you that the signals 
on the channels are transitioning. 

The fields in the Format menus are described in this following sections. 

- 
Label The label column contains 20 Label fields that you can define. Of the 

20 labels, the logic analyzer displays only 14 in the Timing Format 
Specification menu at one time. To view the labels that are off screen, 
press the up/down ROLL key and rotate the KNOB. The labels scroll 
up and down. To deactivate the scrolling, press the ROLL key again. 

To access one of the Label fields, place the cursor on the field and 
press SELECT. You will see a pop-up menu like that shown below. 

Figure 17-2. Label Pop-Up Menu 

Turn Label On 
,‘- 

Selecting this option turns the label on and gives it a default letter 
name. If you turned all the labels on they would be named A through T 
from top to bottom. When a label is turned on, the bit assignment fields 
for that label, appear to the right of the label. 

HP 16528/1653B Timing Format Specification Menu 
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Modify Label 

If you want to change the name of a label, or want to turn a label on 
and give it a specific name, you would select the Modify label option. 
When you do, an Alpha Entry pop-up menu appears. You can use the 
pop-up menu and the keypad on the front panel to name the label. A 
label name can be a maximum of six characters. 

Turn Label Off 

Selecting this option turns the label off. When a label is turned off, the 
bit assignments are saved by the logic analyzer. This gives you the 
option of turning the label back on and still having the bit assignments 
if you need them. The waveforms are also saved. 

You can give the same name to a label in the state analyzer as in the 
timing analyzer without causing an error. The logic analyzer 
distinguishes between them. An example of this appears in “Using the 
Timing/State Analyzer” in chapter 7 of the Gettirtg Started Guide. 

Polarity (POI) Each label has a polarity assigned to it. The default for all the labels is 
positive ( + ) polarity. You can change the polarity of a label by 
placing the cursor on the polarity field and pressing SELECT. This 
toggles the polarity between positive ( + ) and negative ( - ). 

In the timing analyzer, negative polarity inverts the data. 

Bit Assignment The bit assignment fields allow you to assign bits (channels) to labels. 
Above each column of bit assignment fields is a line that tells you the 
bit numbers from 0 to 15, with the left bit numbered 15 and the right bit 
numbered 0. This line helps you know exactly which bits you are 
assigning. 

The convention for bit assignment is: 

* (asterisk) indicates assigned bit 
. (period) indicates unassigned bit 

Timing Format Specification Menu 
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At power up the 16 bits of Pod 1 are assigned to the timing analyzer 
and the 16 bits of Pod 5 are assigned to the state analyzer. To change a 
bit assignment configuration, place the cursor on a bit assignment field 
and press SELECT. You will see the following pop-up menu. 

(Done) l 

87 0 
, I I I & I # 1 ******** . 

Figure 17-3. Bit Assignment Pop-Up Menu 

Use the KNOB to move the cursor to an asterisk or a period and press 
SELECT. The bit assignment toggles to the opposite state of what it 
was before. When the bits (channels) are assigned as desired place the 
cursor on Done and press SELECT. This closes the pop-up and 
displays the new bit assignment. 

Assigning one channel per label may be handy in some applications. 
This is illustrated in “Using the Timing/State Analyzer” in chapter 7 of 
the Getting Started Guide and chapter 21 of this manual. In addition, 
you can assign a channel to more than one label. 

Labels may have from 1 to 32 channels assigned to them. If you try to 
assign more than 32 channels to a label, the logic analyzer will beep, 
indicating an error, and a message will appear at the top of the screen 
telling you that 32 channels per label is the maximum. 

Channels assigned to a label are numbered from right to left by the 
logic analyzer. The least significant assigned bit (LSB) on the far right 
is numbered 0, the next assigned bit is numbered 1, and so on. Since 32 
channels can be assigned to one label at most, the highest number that 
can be given to a channel is 31. Although labels can contain split fields, 
assigned channels are always numbered consecutively within a label as 
shown in figure 17-4. 
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[IWHINE 1 I- Timing Fomt Specification 

Pod 3 Pod 2 Pod 1 
I TTL I I TTL 1 I TTL I 

Rctivl ty ) ---------------- ---------------- ---------------- 
Label Pol 15 . . . . 87 .,.. 0 15 . . . . 87 . . . . 0 15 . . . . 87 . . . . 0 

q 1 ********CM***+*+ $1 ,1 I I 1. , ******+ ***,,,***,,,*I*, 

t t t t 

Bit 31 Bit 19 Bit 8 Bit 0 

Figure 17-4. Numbering of Assigned Bits 

Pod Threshold Each pod has a threshold level assigned to it. For the HP 1653B Logic 
Analyzer, threshold levels may be defined for Pods 1 and 2 individually. 
For the HP 1652B Logic Analyzer, threshold levels may be defined for 
Pods 1,2 and 3 individually, and one threshold for Pods 4 and 5. It does 
not matter if Pods 4 and 5 are assigned to different analyzers. Changing 
the threshold of one will change the threshold of the other. 

If you place the cursor on one of the pod threshold fields and press 
SELECT, you will see the following pop-up menu. 

Figure 17-5. Pod Threshold Pop-Up Menu 

TTL sets the threshold at + 1.6 volts, and ECL sets the threshold at 
- 1.3 volts. 

The User-defined option lets you set the threshold to a specific voltage 
between -9.9 V and + 9.9 V. If you select this option you will see a 
Numeric Entry pop-up menu as shown. 

Figure 17-6. User-Defined Numeric Entry Pop-Up Menu 
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You can change the value in the pop-up either with the keypad on the 
front panel or with the KNOB, which you rotate until you get the 
desired voltage. When the correct voltage is displayed, press SELECT. 
The pop-up will close and your new threshold will be placed in the pod 
threshold field. 

Specify Symbols The Specify Symbols field differs from the other fields in the Timing 

Menu Format Specification menu in that it displays a complete menu instead 
of a pop-up. 

The logic analyzer supplies Timing and State Symbol Tables in which 
you can define a mnemonic for a specific bit pattern of a label. When 
measurements are made by the timing analyzer, the mnemonic is 
displayed where the bit pattern occurs if the Symbol base is selected. 

It is possible for you to specify up to 200 symbols in the logic analyzer. 
If you have only one of the internal analyzers on, all 200 symbols can be 
defined in it. If both analyzers are on, the 200 symbols are split between 
the two. For example, analyzer 1 may have 150, leaving 50 available for 
analyzer 2. 

To access the Symbol Table in the Timing Format Specification menu, 
place the cursor on the Specify Symbols field and press SELECT. You 
will see a new menu as shown in figure 17-7. This is the default setting 
for the Symbol Table in both the timing and state analyzers. 

HP 16528/l 6538 
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Figure 17-7. Symbol Table Menu 
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Specify Symbols TII ere are four fields in the Symbol Table menu. They are: 

Menu Fields 
l Label 
l Base 
l Symbol view size 
l Symbol name 

Label The Label field identifies the label for which you are specifying 
symbols. If you select this field, you will get a pop-up that lists all the 
labels turned on for that analyzer. 

CLOCK I AS 
LDS 

Figure 17-8. Label Pop-Up Menu 

Each label has a separate symbol table. This allows you to give the 
same name to symbols defined under different labels. In the Label 
pop-up select the label for which you wish to specify symbols. 

Base The Base field tells you the numeric base in which the pattern will be 
specified. The base you choose here will affect the Find Pattern field of 
the Timing Trace Specification menu. This is covered later in this 
chapter. 

Timing Format Specification Menu 
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To change the base, place the cursor on the Base field and press 
SELECT. You will see the following pop-up menu. 

Figure 17-9. Base Pop-Up Menu 

If more than 20 channels are assigned to a label, the Binary option is 
not offered in the pop-up. The reason for this is that when a symbol is 
specified as a range, there is only enough room for 20 bits to be 
displayed on the screen. 

Decide which base you want to work in and choose that option from 
the numeric Base pop-up menu. 

If you choose the ASCII option, you can see what ASCII characters the 
patterns and ranges defined by your symbols represent. ASCII 
characters represented by the decimal numbers 0 to 127 (hex 00 to 7F) 
are offered on your logic analyzer. Specifying patterns and ranges for 
symbols is discussed in the next section. 

llE’ 
Note r(r;l 

You cannot specify a pattern or range when the base is ASCII. First 
define the pattern or range in one of the other bases, then switch to 
ASCII to see the ASCII characters. 
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Symbol View Size The Symbol view size field lets you specify how many characters of the 
symbol name will be displayed when the symbol is referenced in the 
Timing Trace Specification menu and the Timing Waveforms menu. 
Selecting this field gives you the following pop-up. 

Figure 17-10. Symbol View Size Pop-Up Menu 

You can have the logic analyzer display from 3 to all 16 of the 
characters in the symbol name. For more information see “Timing 
Trace Specification Menu” in Chapter 18 and the “Timing Waveforms 
Menu” in Chapter 19. 

Symbol Name When you first access the Symbol Table, there are no symbols 
specified. The symbol name field reads “New Symbol.” If you select this 
field, you will see an Alpha Entry pop-up menu on the display. Use the 
pop-up menu and the keypad on the front panel to enter the name of 
your symbol. A maximum of 16 characters can be used in a symbol 
name. When you select the Done field in the Alpha Entry pop-up menu 
the name that appears in the symbol name field is assigned and two 
more fields appear in the display. 

Timing Format Specification Menu 
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Sgmbo 1 
Label [ml Base ~Htxsdecimel 1 uleu size I 

,----- 

Figure 17-I 1. Symbol Defined as a Pattern 

The frost of these fields defines the symbol as either a Pattern or a 
Range. If you place the cursor on this field and press SELECT, it will 
toggle between Pattern and Range. 

When the symbol is defined as a pattern, one field appears to specify 
what the pattern is. Selecting this field gives you a pop-up with which 
you can specify the pattern. Use the keypad and the DON’T CARE key 
on the front panel to enter the pattern. Be sure to enter the pattern in 
the numeric base that you specified in the Base field. 
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85C4 I 

Figure 17-12. Specify Pattern Pop-Up 

If the symbol is defined as a range, two fields appear in which you 
specify the upper and lower boundaries of the range. 

rmCHINE 1 - Sjpbol Table (Done) 

Symbol 
Label -1 Base ~hexsdeclfnal 1 vlek site I] 

Figure 17-13. Symbol Defined as a Range 

Selecting either of these fields gives you a pop-up with which you can 
specify the boundary of the range. 

Specify Number: 

1FFF 

Figure 17-14. Specify Range Pop-Up 
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Leaving the 
Symbol Table 

Menu 

You can specify ranges that overlap 
Don’t cares are not allowed. 

or are within each other. 

To add more symbols to your symbol table, place the cursor on the last 
symbol defined and press SELECT. A pop-up menu appears as shown. 

Figure 17-W. Symbol Pop-Up Menu 

The first option in 1 :he pop-up is Modify symbol. If you select this 
option, you will see an Alpha Entry pop-up menu with which you can 
change the name of the symbol. 

The second option in the pop-up is Insert new symbol. It allows you to 
specify another symbol. When you select it, you will see an Alpha Entry 
pop-up menu. Use the menu and the keypad on the front panel to enter 
the name of your new symbol. When you select Done, your new symbol 
will appear in the Symbol Table. The third option in the pop-up is 
Delete symbol. If you select this option, the symbol will be deleted from 
the Symbol Table. 

When you have specified all your symbols, you can leave the Symbol 
Table menu in one of two ways. One method is to place the cursor on 
the Done field and press SELECT. This puts you back in the Format 
Specification menu that you were in before entering the Symbol Table. 
The other method is to press the FORMAT, TRACE, or DISPLAY 
keys on the front panel to get you into the respective menu. 

Timing Format Specification Menu 
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18 
- Timing Trace Specification Menu 

Introduction This chapter describes Timing Trace Specification menu and all the 
pop-up menus that you will use on your timing analyzer. The purpose 
and function of each pop-up menu is explained in detail, and we 
have included many illustrations and examples to make the 
explanations clearer. 

Accessing the The Timing Trace Specification menu can be accessed by pressing the 

Timing Trace TRACE key on the front panel. If the State Trace Specification menu 

Specification 
Menu 

is displayed when you press the TRACE key, you will have to switch 
analyzers. This is not a problem, it merely indicates that the last action 
you performed in the System Configuration Menu was on the state 
analyzer. 

Timing Trace 
Specification 
Menu 

The Trace Specification menus allow you to configure the logic 
analyzer to capture only the data of interest in your measurement. In 
the timing analyzer you can configure the analyzer to trigger on specific 
patterns, edges, or glitches. The Timing Trace Specification menu lets 
you specify the trigger point for the logic analyzer to start capturing 
data and the manner in which the analyzer will capture data. You 
configure the timing analyzer to find a pattern first and then a 
transition in the signal or signals. 

At power up, the logic analyzer is configured with a default setting. 
You can use this default setting to make a test measurement on the 
system under test. It can give you an idea of where to start your 
measurement. For an example on setting up configurations for the 
Timing analyzer, refer to the Getting Started Guide or “Timing Analyzer 
Measurement Example” in Chapter 20 of this manual. 
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At power up the Timing Trace menu looks like that shown below. 
I 

[-I- Timinfl Trace Speclf lcrtlon 

Trace mafla]Repetltlve] 

Clrm0f.l by v] CIcqulcl tlon moclr 1 Transi lionai 1 
I 

LlDel ) , -1 

Base ) 1 Hex J 
Find 

Pattern [Xx 

present for I,I [ 30 ns 1 

Than find 

Edge 12 

Figure 18-1. Timing Trace Specification Menu 

The menu is divided into two sections by a horizontal line. The top 
section contains the fields that you use to specify the data acquisition. 
The bottom section contains the fields for setting the trigger point. 

Timing Trace The fields in the Timing Trace Specification menu are as follows: 

Specification l Trace mode. 
Menu Fields l Armed by. 

l Acquisition mode. 
l Label. 
l Base. 
l Find Pattern. 
l Pattern Duration (present for ). 
l Then find Edge. 

These fields are described in this chapter. 

Timing Trace Specification Menu 
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Trace Mode With the Trace mode field you specify the mode in which the timing 
analyzer will trace. You have two choices for Trace mode: Single and 
Repetitive. If you place the cursor on the field and press SELECT, the 
field toggles from one mode to the other. 

Single Trace mode acquires data once per trace. Repetitive Trace 
mode repeats single acquisitions until the STOP key on the front panel 
is pressed, or if Stop measurement has been selected and the stop 
measurement condition has been met. 

If both analyzers are on, only one Trace mode can be specified. 
Specifying one trace mode for one analyzer sets the same trace mode 
for the other analyzer. 

Armed By The Armed by field lets you specify how your timing analyzer is to be 
armed. The analyzer can be armed by the RUN key, the other analyzer, 
the scope or an external instrument through the BNC Input port. 

When you select the Armed by field, a pop-up menu appears like that 
shown below. Use this menu to select the arming option for your 
analyzer. 

Armed by 

Figurel8-2. Armed By Pop-Up Menu 

Acquisition Mode The Acquisition mode field allows you to specify the mode in which 
you want the timing analyzer to acquire data. You are given two 
choices for the mode of acquisition: Transitional and Glitch . If you 
place the cursor on this field and press SELECT, the field toggles from 
one mode to the other. 
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Transitional Acquisition Mode 

When the logic analyzer is operating in the Transitional Acquisition 
mode, it samples the data at regular intervals, but it stores data in 
memory only on transitions in the signals. A time tag that is stored with 
each sample allows reconstruction of the samples in the Timing 
Waveforms display. 

Transitional timing always samples at a rate of 100 MHz 
(10 n&ample). This provides maximum timing resolution even in 
records that span long time windows. Time covered by a full memory 
acquisition varies with the number of pattern changes in the data. If 
there are many transitions, the data may end prior to the time window 
desired because the memory is full. However, a prestore qualification 
in your logic analyzer insures that data will be captured and displayed 
between the left side of the screen and the trigger point. 

Figure 18-3 illustrates Transitional acquisition, comparing it to 
Traditional acquisition. 

I I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 

CHANNEL 1 I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I 
1 I I I I I I 

CHANNEL 2 I I I I I I 
, 

CHANNEL 3 
I I I I / I I I I I 
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WHEN TRANSITIONAL 
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I I I I I I I I I I I 
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Figure 18-3. Transitional vs. Traditional Acquisition 
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Traditional timing samples and stores data at regular intervals. 
Transitional timing samples data at regular intervals but stores a 
sample only when there has been a transition on one or more of the 
channels. This makes it possible for Transitional timing to store more 
information in the same amount of memory. 

Glitch Acquisition Mode 

A glitch is defined as anv transition that crosses logic threshold more 
than once between Sam&es. It can be caused by capacitive coupling 
between traces, by power supply ripples, or a number of other events. 
Since a glitch can cause major problems in your system, you can use the 
Glitch mode to find it. 

Your logic analyzer has the capability of triggering on a glitch and 
capturing all the data that occurred before it. The glitch must have a 
width of at least 5 ns at threshold in order for the analyzer to detect it. 

If you want your timing analyzer to trigger on a glitch in the data, set 
the Acquisition mode to Glitch. This causes several changes in the 
analyzer. One change is that a field for glitch detection in each label is 
added to the Timing Trace Specification menu, as shown: 

Then find 

Edge 1 
or 

Glitch= 

Figure 18-4. Glitch Specification Field 

With these glitch detection fields you specify on which channel or 
channels you want the analyzer to look for a glitch. These fields are 
discussed in more detail in “Then Find Edge” later in this chapter. 

Glitch Acquisition mode causes the storage memory to be cut in half 
from lk to 512. Half the memory (512) is allocated for storing the data 
sample, and the other half for storing the second transition of a glitch 
in a sample. Every sample is stored. 

Timing Trace Specification Menu 
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The sample rate varies from 20 Hz to 50 MHz (50 MS/sample to 
20 &sample) and is automatically selected by the timing analyzer to 
insure complete data in the window of interest. 

When your timing analyzer triggers on a glitch and displays the data, 
the glitch appears in the waveform display as shown below. 

ANALYZER 
INPUT 

SAMPLE 

: 

4 4 4 
POINTS 

I f 

ANALYZER 
DISPLAY 

I+--- GLITCH DISPLAYED 
ON NEXT SAMPLE I 

Figure 18-5. Glitch in Timing Waveform 

Label The Label fields contain the labels that you defme in the Timing 
Format Specification menu. If there are more labels than can fit on 
screen, use the left/right ROLL key and the KNOB to view those that 
are not displayed. 

Base The Base fields allow you to specify the numeric base in which you 
want to define a pattern for a label. The Base fields also let you use a 
symbol that was specified in the Timing Symbol Table for the pattern. 
Each label has its own base defmed separately from the other labels. If 
you select one of the Base fields, you will see the following pop-up 
menu. Decide which base you want to define your pattern in and select 
that option. 

Figure 18-6. Base Pop-up Menu 
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One of the options in the Base pop-up is ASCII . It allows you to see 
characters that are represented by the pattern you specified in the 
Find Pattern field. 

Label ) 1 POD 1 I 

Base > 1 ASCII I 
Find 

Pattern $ X 

Figure 18-T. ASCII Defined as Numeric Base 

Notice in the figure above that the Find Pattern field is no longer a 
selectable field when the base is ASCII . You cannot specify ASCII 
characters directly. You must specify a pattern in one of the other 
bases; then you can switch the base to ASCII and see what characters 
the pattern represents. 

The Symbol option in the Base pop-up allows you to use a symbol that 
has been specified in the Timing Symbol Tables as a pattern or specify 
absolute and enter another pattern. You specify the symbol you want to 
use in the Find Pattern field. 

Find Pattern With the Find Pattern fields, you configure your timing analyzer to 
look for a certain pattern in the data. Each label has its own pattern 
field that you use to specify a pattern for that label. 

During a run, the logic analyzer looks for a pattern in your data which 
is the logical AND of all the labels’ patterns. That is, it looks for a 
simultaneous occurrence of the specified patterns. When it finds the 
pattern, it triggers at the point that you specified in the Then f’ind Edge 
fields. See “Then Find Edge” later in this chapter for more information 
about edge triggering. 

You select a Find Pattern field with one of two methods. The first 
method is to place the cursor on the Find Pattern field and press 
SELECT. The second method is to place the cursor on the Find 
Pattern field and press one of the alphanumeric keys on the front-panel 
keypad. Both methods give you a pop-up similar to that shown in figure 
18-8. 
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Specify Pattern: 
242s 1 

Figure 18-8. Specify Pattern Pop-Up for Find Pattern 

The pop-up varies depending on the base you choose and the number 
of channels you assign to that label. If you press a key on the keypad to 
open the pop-up, the character on the key is placed in the first location 
of the pattern. 

Enter your pattern in the pop-up and press SELECT. The pattern 
appears under the label in the Find Pattern field. 

As mentioned previously in “Base”, if you specify ASCII as the base for 
the label, you won’t be able to enter a pattern. You must specify one of 
the other numeric bases to enter the pattern. Then you can switch the 
base to ASCII and see what ASCII characters the pattern represents. If 
you choose Symbols in the Base field, you can use one of the symbols 
specified in the Timing Symbol Tables as the pattern. The Find Pattern 
field looks similar to that below: 

Timing Trace Specification Menu 
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Label 

Base 
Find 
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Figure 18-9. Symbol Defined in Base Field 
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If you select this field you get a pop-up similar to that shown: 

Symbol selection 

+ absolute 
READ 
WRITE 

4 

Figure 1840. Symbol Selection Pop-Up for Find Pattern 

The pop-up lists all the symbols defined for that label. It also contains 
an option “absolute xx&’ Choosing this option gives you another 
pop-up with which you specify a pattern not given by one of your 
symbols. 

To select an option from the pop-up, use the KNOB to scroll the 
symbols up and down until the desired symbol is between the two 
arrows. Press SELECT. The symbol name appears in the Find Pattern 
field under the label. 

When you specify symbols in the Timing Symbol Tables, you also 
specify the number of characters in the symbol name that are to be 
displayed. If you specify only three characters of a symbol name in the 
Symbol menu, only REA of READ and WRI of WRITE would be 
displayed in the Find Pattern Field. In addition, only the first three 
letters of “absolute” would be displayed. 

Pattern Duration There are two fields with which you specify the Pattern Duration. They 
(present for ) are located next to present for in the Timing Trace 

Specification menu. You use these fields to tell the timing analyzer to 
trigger before or after the specified pattern has occurred for a given 
length of time. 
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The first field can be set to ” > ” (greater than) or ” < ” (less than). If 
you place the cursor on this field and press SELECT, it toggles 
between > and < . The second field specifies the duration of the 
pattern. If you select > in the first field, you can set the duration to a 
value between 30 ns and 10 ms. If you select < in the frost field, you can 
set the duration to a value between 40 ns and 10 ms. If you attempt to 
set the duration to a value outside the given range, the analyzer will 
automatically set it to the nearest limit. 

To change the value-of the pattern duration, place the cursor on the 
second field and either press SELECT to get a pop-up menu, or just 
press one of the numeric keys on the front-panel keypad. Both methods 
give you a Numeric Entry pop-up similar to that shown. 

Numeric Entry 

I 401 

0 S 

0 ms 

0 us 

0 ns 

Figure 1641. Pattern Duration (present for) Pop-Up 

With the front-panel keypad, enter the desired pattern duration. Use 
the KNOB to place the cursor on the correct timing units, then press 
SELECT. Your value for Pattern Duration will appear in the field. 

Note d If you press a key on the keypad to open the pop-up, the number that 
you pressed will appear in the entry field replacing the previous value. 
To restore the original value press the CLEAR ENTRY key. 
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As an example, 
shown: 

suppose YOU the present for field as 

present for 1)] [ 50ns 1 

Figure 18-12. Example of Pattern Duration (Greater Than) ’ 

This configuration tells the timing analyzer to look for the pattern you 
specified that occurs for a period of time greater than 50 ns. Once the 
timing analyzer has found the pattern, it can look for the trigger. 

Choosing < (less than) forces glitch and edge triggering off, and the 
timing analyzer triggers immediately at the end of the pattern that 
meets the duration requirements. The fields with which you specify 
edges and glitches do not appear in the menu. For instance, configure 
the present for field as shown below. 

present for 1(1 [ 100 ns 

Figure 1843. Example of Pattern Duration (Less Than) 

The analyzer triggers when it sees the pattern you specified, and that 
occurs for a period less than 100 ns. The pattern must also be valid for 
at least 20 ns. 

Then Find Edge With the Then find Edge fields you can specify the edges (transitions) 
of the data on which your timing analyzer triggers. You can specify a 
positive edge, a negative edge, or either edge. Each label has its own 
edge trigger specification field so that you can specify an edge on any 
channel. 

When you specify an edge on more than one channel, the timing 
analyzer logically ORs them together to look for the trigger point. That 
is, it triggers when it sees any one of the edges you specified. It also 
ANDs the edges with the pattern you specified in the Find Pattern 
fields. The logic analyzer triggers on an edge following the valid 
duration of the pattern while the pattern is still present. To specify an 
edge, place the cursor on one of the Then find Edge fields and press 
SELECT. You will see a pop-up similar to that shown in the following 
figure. 
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(s) 1 . I . . . 
Figure 18-14. Specify Edge Pop-Up for Then Find Edge 

Your pop-up may look different than this depending on the number of 
channels you assigned to the label. Each period in the pop-up indicates 
that no edge is specified for that channel. 

To specify a negative edge, place the cursor on one of the periods in 
the pop-up and press SELECT once. The period changes to 4, as 
shown: 

Figure 18-l 5. Negative Edge Specified 

To specify a positive edge, place the cursor on one of the periods and 
press SELECT twice. The period changes to t , as shown: 

Specify Edge: I (K) 

LT. . . . . l . . . . . . . 
1 

Figure 18-16. Positive Edge Specified 

If you want the analyzer to trigger on either a positive or a negative 
edge, place the cursor on a period and press SELECT three times. The 
period changes to 1, as shown: 

Timing Trace Specification Menu 
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Figure 18-17. Either Edge Specified 
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If you want to delete an edge specification, place the cursor on the 
arrow for that channel and press SELECT until you see a period. To 
clear an entire label, press the CLEAR ENTRY key on the front panel. 

When you have finished specifying edges, place the cursor on the 
Done field and press SELECT to close the pop-up. 

Note ,,,I b 
d 

If you are not in Binary base, you will see dollar signs ($$..) in the Then 
find Edge field when you close the pop-up. These indicate that edges 
have been specified; however, the logic analyzer can’t display them 
correctly unless you have selected Binary for the base. 
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When you set the Acquisition mode on Glitch, a glitch detection field, 
for each label, is added to the screen. These fields allow you to specify 
glitch triggering on your timing analyzer. Selecting one of these fields 
displays the following pop-up menu. e 

I Specify Glitch: (Done) 

Figure 18-18. Specify Glitch Pop-Up for Then Find Glitch 

Your pop-up may look different depending on the number of channels 
you have assigned to the label. Each period indicates that the channel 
has not been specified for glitch triggering. 

To specify a channel for glitch triggering, place the cursor on one of the 
periods and press SELECT. The period is replaced with an asterisk, 
indicating that the logic analyzer will trigger on a glitch on this channel. 

Figure 1849. Glitches Specified 
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If you want to delete a glitch specification, place the cursor on the 
asterisk and press SELECT. The asterisk is replaced with a period. 

Note ,I$ 
d 

If you are not in Binary base, you will see dollar signs ($$..) in the 
Glitch field when you close the pop-up. This indicates that glitches 
have been specified; however, the logic analyzer can’t display them 
correctly unless you have selected Binary for the base. 

When more than one glitch has been specified, the logic analyzer 
logically ORs them together. In addition, the logic analyzer dRs the 
glitch specifications with the edge specifications, then ANDs the result 
with the pattern you specified in the Find Pattern fields in order to find 
the trigger point. A boolean expression illustrating this is: 

(glitch + glitch + edge + edge) * pattern 

Note I 
81 t 

If you select c (less than) in the present for field, edge and glitch 

d 
triggering are turned off. The Then find Edge or Glitch field no longer 
appears on the screen. The logic analyzer then triggers only on the 
pattern specified in the Find Pattern fields. 

Timing Trace Specification Menu 
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19 
Timing Waveforms Menu 

Introduction The Timing Waveforms menu is the display menu of the timing 
analyzer. This chapter describes the Timing Waveforms menu and how 
to interpret it. It also tells you how to use the fields to manipulate the 
displayed data so you can find your measurement answers. 

There are two different areas of the timing waveforms display: the 
menu area and the waveforms area. The menu area is in the top 
one-fourth of the screen and the waveforms area is the bottom 
three-fourths of the screen. 

LDRCI”TEST) - flming Navel ems 
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The waveforms area displays the data that the timing analyzer acquires. 
The data is displayed in a format similar to an oscilloscope with the 
horizontal axis representing time and the vertical axis representing 
amplitude. The basic differences between an oscilloscope display and 
the timing waveforms display are: in the timing waveforms display the 
vertical axis only displays highs (above threshold) and lows (below 
threshold). Also, the waveform lows are represented by a thicker line 
for easy differentiation. 

[p575TFK) - liming Mavsfams 

tlarkers I-1 X to Trig i-1 1 Time X to 0 ] 0 9 

Accumulate [Ofll o to Trig I-1 (It [X] pEq 

Time/D Iv (1 Delay [OS] I 
k 

Figure 19-2. Timing Waveforms Menu with 24 Waveforms 

Accessing the The Timing Waveforms Menu is accessed by the pressing the 

Timing 
Waveforms 
Menu 

DISPLAY key on the front panel when the timing analyzer is on. It will 
automatically be displayed when you press RUN. 
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Timing The menu area contains fields that ahow you to change the display 

Wavkforms parameters, place markers, and display waveform measurement 

Menu Fields 
parameters. 

\68OOOTItlNG ] - Timing Waveforms 

tlarkers 

Flccumula 

1 Time 1 
te [X77] 

X to Trig 
0 to Trig 

0 s, 
0 s 

1 Time X to 0 ] 
Fit 1-j 

0 s 
1 CLOCK ] 

Time/Dlv 1 500 ns 1 Delay 1 0 SI 

Figure 19-3. Timing Waveforms Menu Fields 

Markers The Markers field allows you to specify how the X and 0 markers will 
be positioned on the timing data. The options are: 

0 Off 
a Time 
0 Patterns 
0 Statistics 
l Markers Off/Sample Period 

When the markers are off they are not visible and the sample period is 
displayed. In transitional timing mode, the sample period will always be 
10 ns. In Glitch mode, the sample period is controlled by the Time/Div 
setting and can be monitored by turning the markers off. 

Note ,lel 
d 

The sample period displayed is the sample period of the last 
acquisition. If you change the Time/Div setting, you must press RUN to 
initiate another acquisition before the sample period is updated. 
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Although the markers are off, the logic analyzer still performs statistics, 
so if you have specified a stop measurement condition the 
measurement will stop if the pattern specified for the markers is found. 

[68OOOTItlNG 1 - liming Wavef ofms 

tlarkers II 

Flccumulate II 

Time/Div 71 Delay [] Simple period - 10 ns 

Figure 19-4. Markers Off 
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Markers Time When the markers are set to Time, you can place the markers on the 
waveforms at events of interest and the logic analyzer will tell you: 

l Time X to Trig(ger). 
l Time 0 to Trig(ger). 
l TimeXtoO. 

To position the markers, move the cursor to the field of the marker you 
wish to position and press SELECT. A pop-up will appear showing the 
current time for that marker. Either rotate the KNOB or enter a 
numeric value from the keypad to change the position of that marker. 
Pressing SELECT when you are finished positions the marker and 
closes the pop-up. 

When the cursor is on either the X to Trig or 0 to Trig fields, you can 
also enter a value directly from the keypad without pressing SELECT. 

Timing Waveforms Menu 
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Figure 19-5. Markers Time 

The Time X to 0 field will change according to the position of the X 
and 0 markers. If you place the cursor on the Time X to 0 field and 
press SELECT, another pop-up will appear showing you all three 
times: X to Trigger, 0 to Trigger, and Time X to 0. 

[68000TItlNG]- Timing Waveforms 

flarkers -1 X to Trig L-4901 
hcumul ate [ml 0 to Trig 11 
Time/Div 1-1 Delay I-1 

[ tbrker tloveamn t (=)I 

4 Time X 0 to to X Trigger Trigger to 0 -490 220 710 ns ns ns 

Figure 19-6. Time X to 0 Pop-up 
If you rotate the KNOB while this pop-up is open, both X and 0 
markers will move, but the relative placement between them will not 
change. 
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Markers Patterns When the markers are set to patterns, you can specify the patterns on 
which the logic analyzer will place the markers. You can also specify 
how many occurrences of each marker pattern the logic analyzer looks 
for. This use of the markers allows you to find time between specific 
patterns in the acquired data. 
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Figure 19-7. Markers Patterns 

Patterns for each marker (X and 0) can be specified. Patterns can be 
specified for both markers in each label. The logic analyzer searches 
for the logical “and” of patterns for all labels even though only one label 
can be displayed at a time. You can also specify whether the marker is 
placed on the pattern at the beginning of its occurrence (entering) or at 
the end of its occurrence (leaving) as shown in figure 19-8. 

tlarker Patterns 
Label I?j Base 1 Hexadec ime 11 

(Done3 

X tlarker ) I] pattern -1 
0 f”larker > 1 entering 1 pattern lxXXXXXXX1 

Stop meesurement 1 Lx-0 1 Less than ] I] 

Store exception to disk: [on] F i 1 e name 1 EXCEPTION 

File description 11 

Figure 19-8. Marker Patterns Pop-up menu 

Stop Measurement 

Another feature of markers set to patterns is the Stop measurement 
when Time X-O . The options are: Less than, Greater than, In 
range, Not in range 

With this feature you can use the logic analyzer to look for a specified 
time or range of time between the marked patterns and have it stop 
acquiring data when it sees this time between markers. (The X marker 
must precede the 0 marker.) 
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Also available is Store exception to disk which allows you to specify a 
fde on the disk that exceptions can be stored in. The default fdename is 
EXCEPTION. 

The upper and lower range boundaries must not be the same value. For 
example, if you want to stop a measurement when the X and 0 markers 
are in range of 200 ns, you should set the range values to 190 ns and 210 
ns. This eliminates erroneous measurement termination. 

Markers Statistics When statistics are specified for markers, the logic analyzer will display 
the following: 

l Number of total runs. 
l Number of valid runs (runs where markers were able to be placed 

on specified patterns). 
l Minimum time between the X and 0 markers. 
l Maximum time between the X and 0 markers. 
l Average time between the X and 0 markers. 

Statistics are based on the time between markers which are placed on 
specific patterns. If a marker pattern is not specified, the marker will 
be placed on the trigger point by the logic analyzer. In this case the 
statistical measurement will be the time from the trigger to the 
specified marker. How the statistics will be updated depends on the 
timing trace mode (repetitive or single). 

In repetitive, statistics will be updated each time a valid run occurs 
until you press STOP. When you press RUN after STOP, the statistics 
will be cleared and wiIl restart from zero. 

In single, each time you press RUN an additional valid run will be 
added to the data and the statistics will be updated. This will continue 
unless you change the placement of the X and 0 markers between runs. 

Accumulate Mode Accumulate mode is selected by toggling the Accumulate ON/OFF 
field in the Timing Waveforms menu. When accumulate is on, the 
timing analyzer displays the data from a current acquisition on top of 
the previously acquired data. 

Timing Waveforms Menu 
19-6 

HP 16528/1653B 
Front-Panel Reference 



When the old data is cleared depends on whether the trace mode is in 
single or repetitive. In single, new data will be displayed on top of the 
old each time RUN is selected as long as you stay in the Timing 
Waveforms menu between runs. Leaving the Timing Waveforms menu 
always clears the accumulated data. In repetitive mode, data is cleared 
from the screen only when you start a run after stopping acquisition 
with the STOP key. 

At 
Marker - 

The At X (or 0) Marker fields allow you to select either the X 
or 0 markers. You can pl&ZEthese markers on the waveforms of any 
label and have the logic analyzer tell you what the pattern is. For 
example, in the timing waveforms display (figure 19-9) the number 35 
to the right of the Delay field is the pattern in hexadecimal that 
is marked by the 0 mark= base of the displayed field is 
determined by the base of the specified label you selected in the 
Timing Trace menu. 
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~68000TIflNt 1 - Thing )Isuef ems 

IIar kers r Time ] x to Tflg IO] 1 Time x to o 1 1.420 us 
hccumu I8 te IF) 0 to Trig -1.420 At pEizziynarkerj ‘pTEq 

TlmeiDiv 1-1 Delay 70 35 

Figure 19-9. At 0 Marker ADDR fields 

This display tells you that 35H is the pattern on the address label lines 
where the 0 marker is located. 
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The next field to the right of the At Marker field will pop 
when selected and show you all thelabels assigned to the timing 

up 

analyzer as shown below. . 

pijzEmq- liming Wavelams I 

Figure 1940. Label Option Pop-up 

Time/Div (time 
per division) 
Field 

Note d 

The time per division field allows YOU to change the width of the time 
window of the Timing Waveformsmenu. 

When the pop-up is open you can change the time per division by 
rotating the KNOB or entering a numeric value from the keypad. When 
you rotate the KNOB, the time per division increments or decrements 
in l-2-5 sequence from 10 ns/div to 50 ms/div. 

Sample period is fixed at 10 ns in the Transitional acquisition mode. 

When you enter a value from the keypad, the time per division does not 
have to be a l-2-5 sequence. 

Note I& In Glitch mode, changing the Time/Div setting changes the sample 
period for the next run. To view the sample period after the next run, 
turn the markers off if they are on and press RUN. 

Timing Waveforms Menu 
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Delay Field The Delay field allows you to enter a delay. The delay can be either 
positive or negative. Delay allows you to place the time window 
(selected by Time/Div) of the acquired data at center screen. 

- 
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The inverted triangle in the horizontal center of the waveforms area of 
the display represents trigger + delay. The vertical dotted line 
represents the trigger point (see figure 19-11). 

liming Mwcf ofms 

I narkers I] 
Accumulate fort] 
flme/Dlv 1-1 

x to Trig 
0 to Trig 

Delay 

I-9001 
16301 
i 

1 Time X to 0 J 
fit WJ 

0 

1.530 us 

(CLOCK] 

Figure 19-11. Trigger and Trace Points 

If you want to trace after the trigger point, enter a positive delay. If you 
want to trace before the trigger point (similar to negative time) enter a 
negative delay. The logic analyzer is capable of maximum delays of 
- 2500 seconds to + 2500 seconds. In Transitional mode the maximum 
delay is determined by the number of transitions of the incoming data. 
Data may not be displayed at all settings of Time/Div and Delay. 
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In Glitch mode the maximum delay is 25 seconds, which is controlled 
by memory and sample period (512 x 50ms). The sample rate is also 
dependent on the delay setting. It is represented by the following 
formula: 

if delay c 20 ns 
Hwdelay = 20 ns (this is an instrument constant) 

if delay > 10 ms 
Hwdelay = 10 ms 

else Hwdelay = delay (delay setting in timing waveforms menu) 

Sample period = larger Of: 

Time/Div t 25 or 

absolute value [(delay - Hwdelay) t 2561 

If sample period > 50 ms 

Then sample period = 50 ms 
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, Timing Analyzer Measurement Example 

Introduction In this chapter you will learn how to use the timing analyzer by setting 
up the logic analyzer to simulate a simple timing measurement. Since 
you may not have the same test circuit available, we will give you the 
measurement results as actually measured by the logic analyzer, 

The exercise in this chapter is organized in a task format. The tasks are 
ordered in the same way you will most likely use them once you become 
an experienced user. The steps in this format are both numbered and 
lettered. The numbered steps state the step objective. The lettered 
steps explain how to accomplish each step objective. There is also an 
example of each menu after it has been properly set up. 

How you use the steps depends on how much you remember from 
chapters 1 through 4 of the Getting Started Guide . If you can set up 
each menu by just looking at the menu picture, go ahead and do so. If 
you need a reminder of what steps you need to perform, follow the 
numbered steps. If you still need more information about “how,” use the 
lettered steps. 

To gain confidence using your logic analyzer, we recommend that you 
configure the menus as you follow the simulated measurement example 
up to section “Acquiring the Data.” From that section unto the end, 
you will see the measurement results on the Timing Waveforms screen 
as if you had the real test circuit connected, and as if you had selected 
RUN. 
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Problem In this exercise, assume you are designing a dynamic RAM memory 
Solving with 
the Timing 
Analyzer 

(DRAM) controller and you must verify the timing of the row address 
strobe (RAS) and the column address strobe (CAS). You are using a 
4116 dynamic RAM and the data book specifies that the minimum time 
from when LRAS is asserted (goes low) to when LCAS is no longer 
asserted (goes high) is 250 ns. You could use an oscilloscope but since 
the timing analyzer will do just fme when you don’t need voltage 
parametrics you decide to go ahead and use the logic analyzer. 

What Am I 
Going to 
Measure? 

After configuring the logic analyzer and hooking it up to your circuit 
under test, you will be measuring the time (x) from when the RAS goes 
low to when the CAS goes high, as shown below. 

RAS 
I 

I 
I 
/ 

CAS 
I 

I 01650805 

Figure 204. RAS and CAS Signals 
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How Do I In order to make this timing measurement, you must configure the logic 
_-- 

Configure the analyzer as a timing analyzer. By following these steps you will 

Logic Analyzer? 
configure Analyzer 1 as the timing analyzer. 

If you are in the System Configuration menu you are in the right place 
to get started and you can start with step 2; otherwise, start with step 1. 

1. Using the field in the upper left corner of the display, get the System 
Configuration menu on screen. 

a. Place the cursor on the field in the upper left corner of the display 
and press SELECT. 

b. Place the cursor on System and press SELECT. 

HP 16528/1653B 
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2. In the System Configuration menu, change Analyzer 1 type to 
Timing. If analyzer 1 is already a timing analyzer, go on to step 3. 

a. Place the cursor on the Type: field and press SELECT. 

b. Place the cursor on Timing and press SELECT. 

system Configurstion 

ansl~zer 1 
Name’ LbRCln,fESTj 

Type: 1-1 

I 
Pad 1 

r 

--------s------- 

Unaeelmrd Ansluzor 
Pads - 

I Pad 2 

Figure 20-2. System Configuration Menu 
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3. Name Analyzer 1 “DRAM TEST” (optional) 

a. Place the cursor on the Name: 
SELECT. 

field of Analyzer 1 and press 

b. With the Alpha Entry pop-up, change the name to “DRAM TEST” 
(see “How to Enter Alpha Data” in chapter 3 if you need a 
reminder). 

4. Assign pod 1 to the timing analyzer. 

a. Place the cursor on the Pod 1 field and press SELECT. 

b. In the Pod 1 pop-up, place the cursor on Analyzer 1 and press 
SELECT. 

Timing Analyzer Measurement Example HP 16528/16538 
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Connecting the At this point, if you had a target system with a 4116 DRAM memory 

Probes IC, you would connect the logic analyzer to your system. 

Since you will be assigning Pod 1 bit 0 to the RAS label, you hook Pod 
1 bit 0 to the memory IC pin connected to the RAS signal. You hook 
Pod 1 bit 1 to the IC pin connected to the CAS signal. 

Activity Indicators When the logic analyzer is connected and your target system is running, 
you will see activity indicators, as shown below, at the right-most end 
(least significant bits) of the Pod 1 field in the System Configuration 
menu. This indicates the RAS and CAS signals are transitioning. 

HP 16528/1653B 
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System Configuration 

I 
Activity indicators 

Unassl 
! 

;$ llnalyzcr 

Pod 2 

Figure 20-3. Activity Indicators 
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Configuring the Now that you have configured the system, you are ready to configure 

Timing Analyzer the timing analyzer. You will be: 

l Creating two names (labels) for the input signals 
l Assigning the channels connected to the input signals 
0 Specifying a trigger condition 

1; Display the Timing Format Specification menu. 

a. Press the FORM[AT key on the front panel. 

2. Name two labels, one RAS and one CAS. 

a. Place the cursor on the top field in the label column and press 
SELECT. 

b. Place the cursor on Modify label and press SELECT . 

[DRAfl TEST ]- Tlmlng Format Speclficetion 

Pod 1 

I lTL I 
fictkvity > _____----------- 
Label Pal 15 II.I 87 .,., 0 

-orr- 
-a1f- 
+lrr- 
-Off- 

1 

-err- 
b -off- 

-off- 
i -off- -Gff- 
El I -Gff- 

Figure 20-4. Timing Format Specification Menu 

c. With the Alpha Entry pop-up, change the name of the label to 
RAS. 
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d. Name the second label CAS by repeating steps a through c. 

3. Assign the channels connected to the input signals (Pod 1 bits 0 and 
1) to the labels RAS and CAS respectively. 

a. Place the cursor on the bit assignment field below Pod 1 and to 
the right of RAS and press SELECT. 

b . Any combination of bits may be assigned to this pod; however, 
you will want only bit 0 assigned to the RAS label. The easiest way 
to assign bits is to press the CLEAR ENTRY key to un-assign any 
assigned bits before you start. 

c. Place the cursor on the period under the 0 in the bit assignment 
pop-up and press SELECT . This will place an asterisk in the 
pop-up for bit 0 indicating Pod 1 bit 0 is now assigned to the RAS 
label. Place cursor on Done and press SELECT to close the 
POP-UP- 

d . Assign Pod 1 bit 1 to the CAS label by moving the cursor to bit 1 
and pressing SELECT. 
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Specifying a 
Trigger 
Condition 

To capture the data and then place the data of interest in the center of 
the display of the Timing Waveforms menu, you need to tell the logic 
analyzer when to trigger. Since the first event of interest is when the 
LRAS is asserted (negative-going edge of RAS), you need to tell the 
logic analyzer to trigger on a negative-going edge of the RAS signal. 

- 

1. Select the Timing Trace menu by pressing the TRACE key. 

2. Set the trigger so that the logic analyzer triggers on the 
negative-going edge of the RAS. 

a. Place the cursor on the Then find Edge field under the label RAS, 
then press SELECT. 

b. Place the cursor on the . (period) in the pop-up and press 
SELECT once. Pressing SELECT once in this pop-up changes a 
period to J which indicates a negative-going edge. 

c. Place the cursor on Done and press SELECT. The pop-up closes 
and a $ will be located in this field. The $ indicates an edge has 
been specified even though it can’t be shown in the HEX base. 

[TEsTI- llnlng Trace Speclflcatlon 

Trace rnodel~j 

firmed by 1-1 Acauisition model Transltlonal ) 

Label > 

Base ) 
Find 

Patter 

Pro 

Then fin 

Edg 

sent for I,I 1 30 ns ] 

d 
8 lrii 

- 

Figure 20-5. Trigger Edge Specified 
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Acquiring the 
Data 

Now that you have configured and connected the logic analyzer, you 
acquire the data for your measurement by pressing the RUN key. The 
logic analyzer will look for a negative edge on the RAS signal and 
trigger if it sees one. When it triggers, the display switches to the 
Timing Waveforms menu. 

I 
Note ‘@ 

From this point in the exercise unto the end, we will give you the 
measurement results. This way, you will not have to obtain and use an 
identical circuit. 
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Figure 20-6. Timing Waveforms Menu 

The FZAS label shows you the RAS signal and the CAS label shows you 
the CAS signal. Notice the RAS signal goes low at or near the center of 
the waveform display area (horizontal center). 



The Timing 
Waveforms 
Menu 

The Timing Waveforms menu differs from the other menus you have 
used so far in this exercise. Besides displaying the acquired data, it has 
menu fields that you use to change the way the acquired data is 
displayed and fields that give you timing answers. Before you can use 
this menu to find answers, you need to know some of the special 
symbols and their functions. The symbols are: 

l TheXandO 
l The V 
l The vertical dotted line 

The X and 0 The X and 0 are markers you use to find your answer. You place them 
on the points of interest on your waveforms, and the logic analyzer 
displays the time between the markers. The X and 0 markers will be in 
the center of the display when X to trig (ger) and 0 to trig (ger) are 
both 0.000 s (see example below). 

pEzzxq - Timing Wsvef ems 

barkers [ Time ] X to Trig 1-1 [Time X to 0 ] 0 s 
Accumulate I] 0 to Trig 1-1 fit l-1 [RASJ 
TImeID Iv -1 0 Delay 71 

11 
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The V The (inverted triangle) indicates the trace point. Remember, trace 
point = trigger + delay. Since delay in this example is 0.000 s, you will 
see the negative-going edge of the RAS signal at center screen under 
the . 

The VetiiCal The vertical dotted line indicates the trigger point you specified in the 
Dotted Line Timing Trace Specification menu. The vertical dotted line is at center 

screen under the inverted triangle and is superimposed on the 
negative-going edge of the RAS signal. 
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tlarkers [ Time J X to Trig 1-1 [Tome x to 0 1 160 nr 
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Figure 20-8. Inverted Triangle & Vertical Dotted Line 
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Configuring the Now that you have acquired the RAS and CAS waveforms, you need to 

Display configure the Timing Waveforms menu for best resolution and to 
- 

obtain your answer. 

Display Resolution You get the best resolution by changing the Time/Div to a value that 
displays one negative-going edge of both the RAS and CAS waveforms. 
Set the Time/Div by following these steps. 

RAS 1-1 
I 

CAS 8-1 I 01650806 

Figure 20-g. RAS and CAS Signals 

1. Place the cursor on Time/Div and press SELECT. The Time/Div 
pop-up appears, showing you the current setting. 

2. While the pop-up is present, rotate the KNOB until your waveform 
shows you only one negative-going edge of the RAS waveform and 
one positive-going edge of the CAS waveform (see above). In this 
example 200 ns is best. 

pEFEq - Tlmlng Msvefoms 

tIar kers [ Time ] X to Trlg I] 1 Tlrne X to 0 ] 0 s 

Clccumulate I] 0 to Trig I-1 At priizq [RASI 

Time/D Iv 11 Delay I-1 0 

tl 

;-ii 

ii5 

Figure 20-10. Changing Time/Div. 
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Making the 
Measurement 

What you want to know is how much time elapses between the time 
RAS goes low and the time CAS goes high again. You will use the X 
and 0 markers to quickly find the answer. Remember, you specified 
the negative-going edge of the RAS to be your trigger point; therefore, 
the X marker should be on this edge if X to Trig = 0. If not, follow 
steps 1 and 2. 

1. Place the cursor on the X to Trig field and press SELECT . A 
pop-up will appear showing you the current time from the X marker 
to the trigger; however, you don’t need to worry about this number 
now. 

2. Rotate the KNOB to place the X marker on the negative-going edge 
of the RAS waveform and press SELECT . The pop-up closes and 
displays X to Trig = 0.000 s. 
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3. Place the cursor on 0 to Trig and press SELECT . Repeat step 2 
except place the 0 marker on the positive-going edge of the CAS 
waveform and press SELECT. The pop-up closes and displays 0 to 
Trig = 710 ns. 

[DRNl TEST 1 - llalng Llavefams 

narkero r Time 1 n to Trig 10 1 Tlrne x to 0 ] 710 ns 
FIccumula te I] 0 to Trig vj At pciq 1-J 

Tlme/Dlv [I Delay 1-1 0 

Figure 20-I 1. Marker Placement 



Finding the 
Answer 

Your answer could be calculated by adding the X to Trig and 0 to 
Trig times, but you don’t need to bother. The logic analyzer has already 
calculated this answer and displays it in the Time X to 0 field. 

This example indicates the time is 710 ns. Since the data book specifies . 
a minimum of 250 ns, it appears your DRAM controller circuit is 
desired properly. 

[TEsT] - 1 Iming Wavef ems 

barkers [ Time ] X to Trig 1-1 1 Time x to 0 ] 710 ns 
FIccumulats [orrl 0 to Trig [v! At [narker] [RAS] 
Time/D Iv 1-1 Delay !] 0 
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Summary You have just learned how to make a simple timing measurement with 
the HP 1652B/53B logic analyzer. You have learned to do the following: 

Specified a timing analyzer. 
Assigned pod 1. 
Assigned bits. 
Assigned labels. 
Specifed a trigger condition. 
Learned which probes to connect. 
Acquired the data. 
Configured the display. 
Set the Time/Div for best resolution. 
Positioned the markers for the measurement answer. 

,- 
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You have seen how easy it is to use the timing analyzer to make timing 
measurements that you could have made with a scope. You can use the 
timing analyzer for any timing measurement that doesn’t require 
voltage parametrics or doesn’t go beyond the accuracy of the timing 
analyzer. 



21 
- Timing/State Measurement Example 

Introduction In this chapter you will learn how to use the timing and state analyzers 
interactively by setting up the logic analyzer to simulate a simple 
timing/state measurement. Since you may not have the same test 
circuit available, we will give you the measurement results as actually 
measured by the logic analyzer. 

The exercise in this chapter is organized differently than the exercises 
in the previous chapters. Since you have already set up both the timing 
and state analyzers, you should be ready to set them up for this 
simulated measurement by just looking at the menu pictures. 

Any new set-ups in this exercise will be explained in task format steps 
like the previous chapters. 

To gain confidence using your logic analyzer, we recommend that you 
configure the menus as you follow the simulated measurement example 
up to section “Acquiring the Data.” From that section unto the end, 
you will see the measurement results on the display screens as if you 
had the real test circuit connected, and as if you had selected RUN. 

- 
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Problem SOiViI’lg In this example assume you have designed a microprocessor-controlled 

with the circuit. You have completed the hardware, and the software designer 

Timing/State 
Analyzer 

has completed the software and programmed the ROM (read-only 
memory). When you turn your circuit on for the first time, your circuit 
doesn’t work properly. You have checked the power supply voltages 
and the system clock, and they are working properly. 

. 

Since the circuit has never worked before, you and the software 
engineer aren’t sure if it is a hardware or software problem. You need 
to do some testing to fmd a solution. 

You also notice the circuit fails intermittently. More specifically, it only 
fails when the microprocessor attempts to address a routine that starts 
at address 8930. 

What Am I To see what might be causing the failure, you decide to start where the 

Going to 
Measure? 

microprocessor goes to the routine that starts at address 8930. The first 
thing you check is whether the microprocessor actually addresses 
address 8930. The next thing you check is whether the code is correct in 
all the steps in this routine. 

-. 

Your measurement, then, requires verification of the following: 

l Whether the microprocessor addresses location 8930. 
a Whether all the addresses within the routine are correct. 
l Whether all the data at the addresses in the routine are correct. 

Timing/State Measurement Example 
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If the routine is correct, the state listing displays the following: 

+ 0000 008930 B03C 
+ 0001 008932 61FA 
+ 0002 008934 67F8 
+ 0003 008936 B03C 
+ 0004 00892E 61FA 

How Do I In order to make this measurement, you must configure the logic 

Configure the analyzer as a state analyzer because you want to trigger on a specific 

Logic Analyzer? 
state (8930). You also want to verify that the addresses and data are 
correct in the states of this routine. 

Configure the logic analyzer so that Analyzer 1 is a state analyzer as 
shown below: 
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I System Conf lgurstlon 
r 

Analyzer 1 

Name 1 1-1 

Type: [-I 

Unassl ;$ llnalyzer 

(4zT-, 

Pod 5 
I 

Figure 21-1. System Configuration Menu 
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Configuring the Now that you have configured the system, you are ready to configure 

State Analyzer the state analyzer. Configure the State Format Specification menu as 
shown: 

[~BOOOSTRTE] - Slate Follra t Speclf Ica tlon 

Clock 

Spcc1f y Symbol b 

:lock Period 

Figure 21-2. State Format Specification Menu 

Configure the State Trace Specification menu as shown: 

[m) - State Trace Speclf lcallon 
Trace mode I-1 

Sequence Levels 
While storing ” any state” 
Trigger on “a” I times 

b Store y any s to te” 
2 

firmed by 

[ Run 1 

Branches 

1 Off ] 

Count 

[ Time 1 

Pres tore 

[ Off J 

Figure 21-3. State Trace Specification Menu 
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Connecting the At this point, if you had a target system with a 68000 microprocessor, 

Probes you would connect the logic analyzer to your system. Since you will be 
assigning labels ADDR and DATA, you will hook the probes to your 
system accordingly: 

l Pod 1 probes 0 through 15 to the data bus lines DO through D15. 
l Pod 2 probes 0 through 15 to the address bus lines A0 through 

A15 
l Pod 3 probes 0 through 7 to the address bus lines Al6 through 

A23. 
l Pod 1, CLK (J clock) to the address strobe (LAS). 

Acquiring the 
Data 

Since you want to capture the data when the microprocessor sends 
address 8930 on the bus, you press the RUN key to arm the state 
analyzer. If the microprocessor sends address 8930, it will trigger the 
state analyzer and switch the display to the State Listing menu. 

I 
Note ‘# 

From this point in the exercise unto the end, we will give you the 
measurement results. This way, you will not have to obtain and use an 
identical circuit. 
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Finding the 
Problem 

You look at this listing to see what the data is in states + 0000 through 
+ 0004. You know your routine is five states long. 

The 68000 does address location 8930, so you know that the routine is 
addressed. Now you need to compare the state listing with the 
following correct addresses and data: 

+ 0000 008930 B03C 
+ 0001 008932 61FA 
+ 0002 008934 67F8 
+ 0003 008936 B03C 
+ 0004 00892E 61FA 

As you compare the state listing (shown below) with the above data you 
notice the data at address 8932 is incorrect. Now you need to find out 
why. 

I-1 - (State Listing 7 

1 Off ] 

Label > 
6ase > 

-0007 
-0006 
-0005 
-0004 
4003 
-0002 
-coo 1 
~~~ 
+ooo 1 

0088CA OOFF 
0088CC 6730 
0088CE 48E7 
0086FE 4E75 
008900 3000 
0004F4 0000 
0004F6 8930 
008930 803C 
008932 OOFF - Incorrect Data 

+Ooc2 008934 67FB 
+0003 008936 BOX 
iooo4 OOB92E 6lFA 
+0005 008930 BO3C 
+0006 0004FU 0000 
+Qoo7 0004F6 8930 
wooe ooe92fi 4EFC\ 
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Your frost assumption is that incorrect data is stored to this memory 
location. Assume this routine is in ROM since it is part of the operating 
system for your circuit. Since the ROM is programmed by the software 
designer, you have the software designer verify whether or not the data 
at address 8932 is correct. The software designer telIs you that the data 
is correct. Now what do you do? 

Now it’s time to look at the hardware to see if it is causing incorrect 
data when the microprocessor reads this memory address. You decide 
you want to see what is happening on the address and data buses 
during this routine in the time domain. 

In order to see the time domain, you need the timing analyzer. 

What Since the problem exists during the routine that starts at address 8930, 

Additional you decide you want to see the timing waveforms on the address and 

Measurements 
data bus when the routine is running. You also want to see the control 
signals that control the read cycle. You will then compare the 

Must I Make? waveforms with the timing diagrams in the 68000 data book. 

Your measurement, then, requires verification of the following: 

HP 16526/16538 
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The control signals you must check are listed below: 

Correct timing of the control signals. 
Stable addresses and data during the memory read. 

l System clock. 
l Address strobe (AS). 
l Lower and upper data strobes (LDS and UDS). 
l Data transfer acknowledge (DTACK). 
l Read/write (R/W). 
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How Do I 
Re-Configure 
the Logic 

In order to make this measurement, you must reconfigure the logic 
analyzer so Analyzer 2 is a timing analyzer. You leave Analyzer 1 as a 
state analyzer since you will use the state analyzer to trigger on address 
8930. 

- 

Analyzer? 

Configure the logic analyzer so Analyzer 2 is a timing analyzer as 
shown: 

Systiwi Conflgurstlon 

Ilnalyzer 2 ’ 

Figure 21-5. System Configuration Menu 

Connecting the At this point you would connect the probes of pods 4 and 5 as follows: 

Timing Analyzer 
Probes 

l Pod 4 bit 0 to address strobe (AS). 
l Pod 4 bit 1 to the system clock. I 
l Pod 4 bit 2 to low data strobe (LDS). 
l Pod 4 bit 3 to upper data strobe (UDS). 
l Pod 4 bit 4 to the read/write (R/W). 
l Pod 4 bit 5 to data transfer acknowledge (DTACK). 
l Pod 5 bits 0 through 7 to address lines A0 through A7. 
l Pod 5 bits 8 through 15 to data lines DO through D7. 

Timing/State Measurement Example HP 16528/16538 
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Configuring the Now that you have configured the system, you are ready to configure 

the timing analyzer. Configure the Timing Format Specification menu Timing Analyzer as shown . . 

HP 16528/16538 Timing/State Measurement Example 
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I6BOOOTItlNG] - Tlnlng Forna t Speclf Its tlon Spcclf y Symbols 

Pod 5 Pod 4 
t -. i r e-. 1 
1 I IL I L I IL I 

CIctivity > _____-_--------- -------- ---- ---- 
Label Pal IS .,.. 87 .,,. 0 15 . . . . 87 . . . . 0 

~~~~ 

-off- 

I 
-off- 
-13ff- 

Figure 21-6. Timing Format Specification Menu 

Configure the Timing Trace Specification as shown: 

pEijsfS]- Tlmlng Trace Speclflcatlon 
Trace mocle[T] 

FIrmed bu I-1 Requisition mode[Transltional ] 

Label > IcLozc:ilFIsmi;lDSllDTCICKmllADDRm] 

Base ) LHexjiHexIIHex!iHerjIl 
Find 

Pattern IXIIXIIUIIrnII] 

present for I>I L 30 ns ] 

Figure 21-7. Timing Trace Specification Menu 



Setting the 
Timing 
Analyzer 
Trigger 

Your timing measurement requires the timing analyzer to display the 
timing waveforms present on the buses when the routine is running. 
Since you triggered the state analyzer on address 8930, you want to 
trigger the timing analyzer so the timing waveforms can be time 
correlated with the state listing. 

To set up the logic analyzer so that the state analyzer triggers the 
timing analyzer, perform these steps: 

1. Display the Timing Trace Specification menu. 

2. Place the cursor on the Armed by field and press SELECT. 

3. Place the cursor on the 68000STATE option in the pop-up and 
press SELECT. 

Your timing trace specification should match the menu shown: 

State Analyzer 
Arms Timing 
Analyzer 

piiZEK+ Tlmlng Trace Speclflcatlon 
Trace mode[~[ 
*firmed by 1-1 flcquisition mode[ Transitional 1 

Label > lCLoCKllFlSI[LDSllUDSmIJR/HmjlDFITCI] 

Base ) pzlIjHexI[HexIIHerII] 
Find 

Pat tern [77llixIImmKjll 

present for 1,1 1 30 ns ] 

Thin I lncl 

Edge D.DI[.li.aD 

Figure 21-8. Armed by 68000 STATE 
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Time Correlating I 11 order to time correlate the data, the logic analyzer must store the 

the Data timing relationships between states. Since the timing analyzer samples 
asynchronously and the state analyzer samples synchronously, the logic 
analyzer must use the stored timing relationship of the data to 
reconstruct a time correlated display. 

To set up the logic analyzer to keep track of these timing relationships, 
turn on a counter in the State Trace Specification menu. The following 
steps show you how: 

1. Display the State Trace Specification menu. 

2. Place the cursor in the field just below Count on the right side of 
the display and press SELECT. 

HP 16528/1653B Timing/State Measurement Example 
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3. Place the cursor on the Time option and press SELECT. The 
counter will now be able to keep track of time for the time 
correlation. 

p5i%zFq- State Trace Speciflcstlon 
Trace mcde 1-1 

Sequence Levels 
Hhile storing ” any state” 
Trigger on “0” I times 

Store ” any t to te” 

Armed by 
[ Run ) 

Branches 
1 Off ] 

Count 

[ Time ) 

Pres tore 
1 Off 1 

Figure 21-9. Count Set to Time 



Re-acquiring 
the Data 

After you connect the probes of pods 4 and 5 to your circuit, all you 
have to do is press RUN. When the logic analyzer acquires the data it 
switches the display to the State Listing menu unless you switched one 
of the other menus to the timing analyzer after reconfiguring the State 
Trace menu. Regardless of which menu is displayed, change the display 
to the Mixed Mode. 

Mixed Mode The Mixed mode display shows you both the State Listing and Timing 

Display Waveforms menus simultaneously. To change the display to the Mixed 
Mode: 

1. Place the cursor on the field in the upper left corner of the display 
and press SELECT. 

2. Place the cursor on Mixed Mode and press SELECT. You will 
now see the mixed display as shown: 

Inl~ea note]- Display 6eOOOST~lE- State Ustug I 

0004F4 I .24 us I 8 I+ooooJ +ooc2 woo3 -000 +ooo 1 I 0004F6 008930 008932 008934 008936 803C 8930 OOFF 67Ff3 803C I I.24 I I I .24 .24 .26 .24 us us US us us 

6BOOOlItWB - Timing Ww8forms X to Trigger 0 s 
Tlme/Div 1 500 ns 1 Delay [ 0 6 ] 0 to Trigger 0 6 , 

6 \ 1 I I 1 r I 

Figure 21-10. Mixed Mode Display 
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- 
Interpreting the In the Mixed Mode display the state listing is in the top half of the 

Display screen and the timing waveforms are in the lower half. The important 
thing to remember is that you time correlated this display so you could 
see what is happening in the time domain during the faulty routine. 

Notice that the trigger point in both parts of the display is the same as it 
was when the displays were separate. The trigger in the state listing is 
in the box containing + 0000 and the trigger of the timing waveform is 
the vertical dotted line. 

As you look at the mixed display, you notice nothing wrong except the 
data at address 8932 is incorrect. However, you are seeing only one bit 
each of the address and the data. To see all the data and addresses in 
the timing waveform part of the display, you must overlap them. 
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[ml- DlsDlay 68000SIATE- State Llsting 

0004FP 1.24 us 
-000 1 OOOPF6 8930 1.24 us 

Ifl+oooo] 008930 803C 1 .24 US 
+clOOl I .24 us 
4002 008934 67F8 1.28 us 
woo3 000936 BOX 1 .24 us 

6bOOOTImG - Timing Wweforms X to Trigger I 0 s 

Tlme/Div 1 500 ns 1 Delay [ 0 b ] 0 to Trigger 0 b& 
# 

Figure 21-11. Interpreting the Display 



Overlapping 
Timing 
Waveforms 

Since you see nothing wrong with the timing waveforms so far, you 
think unstable data may be on the data lines during the read cycle. In 
order to see unstable data, you must be able to see all the data lines 
during the read and look for transitions. Overlapping the waveforms 
allows you to do this. To overlap waveforms, follow these steps: 

- 

1. Place the cursor on the 00 of the ADDR 00 label and press 
SELECT. The following pop-up opens in which you specify the bit 
or bits of the address bus you want to overlap. 

-0001 0004F6 8930 1.24 us 
jjl+oooo] 008930 803C 1 .24 us 

NO0 1 008932 OOFF I .24 us 
+Qoo2 008934 67F8 I .28 us 
MOO3 008936 803C I .24 us 

6b000TIllNG - Timing naveforms X tcj Trigger 0 s’ 

Tlme/Div 71 Delay [of] 0 to 0 s Trigger 

h I 1 1 i I 

Figure 21-12. Overlapping Timing Waveforms 

2. Rotate the KNOB until all is displayed and press SELECT. All 
the address bits will be overlapped on one line. 

3. Repeat step 2 except overlap the data bits. 
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Finding the 
Answer 

As you look at the overlapping waveforms, you notice there are 
transitions on the data lines during the read cycle, indicating the data is 
unstable. You have found the probable cause of the problem in this 
routine. Additional troubleshooting of the hardware will identify the 
actual cause. 
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[ml- Display 68000STll1E- State Listing 

-0003 ooe900 3000 I.28 us 
-0002 OOOdFC 0000 I .24 us 
-Qoo 1 0004F6 8930 I .24 us 

iggG?ij 008930 803C 1.24 US 
+ooo I 008932 OOFF I .24 US 
+0002 008934 67F8 I .28 us 
+Ooo3 008936 BO3C I .24 US 

6800OTItlNG - Timing mvef arms X to Trigger 0 s 

Tlme/Dtv [ SO0 ns ] Delay [ 0 s ] 0 to Trigger _ 0 S _ 
# 

V 
Unstable Data 

Figure 21-13. Unstable Data 



Summary You have just learned how to use the timing and state analyzers 
interactively to find a problem that first appeared to be a software 
problem, but actually was a hardware problem. 

You have learned to do the following: 

l Trigger one analyzer with the other. 
l Time correlate measurement data. 
l Interpret the Mixed mode display. 
0 Overlap timing waveforms. 

If you have an HP 1653B, you do not have enough channels to 
simultaneously capture all the data for a 68000. But, since you probably 
aren’t working with 16-bit microprocessors, this exercise is still valuable 
because it shows you how to make the same kind of measurement on an 
eight-bit microprocessor. 
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The Oscilloscope 

- 

Introduction This chapter introduces the oscilloscope and gives an overview of the 
main menus that you will use on your oscilloscope. Also included are 
scope menu maps. The purpose and functions of each menu are 
explained in detail in the following chapters. 

l Chapter 23 explains the Channel Menu. 
l Chapter 24 explains the Trigger Menu. 
l Chapter 25 explains the Waveforms Menu. 
l Chapter 26 explains Mixed Mode Displays. 
l Chapter 27 gives you a basic mixed mode measurement example. 

An actual signal from the compensation signal output is used through 
out most of these chapters to better illustrate how to use the different 
oscilloscope menus. If you need an introduction to oscilloscopes, refer 
to Feeling Comfortable with Digitizing Oscilloscopes. 

The Scope The oscilloscope in the HP 1652B/1653B Logic Analyzer is a 

(An Overview) 2 channel, 400 megasample/second, 100 MHz single-shot and repetitive 
(repetitive single-shot) bandwidth scope. It is turned on/off from the 
System Configuration menu with the Channel, Trigger and Waveforms 
menus accessed from front panel keys. The scope can be armed by the 
analyzer or an external BNC. 

Scope Menu 
Maps 

The scope menu maps show you the fields and the available options of 
each field within the three menus. The menu maps will help you get an 
overview of each menu as well as provide a quick reference of what 
each menu contains. Waveform selection is available in all main menus 
and is shown in the Waveform Selection Menu Map. 
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The Channel 
Menu Map Oscilloscope 
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The Trigger 
Menu Map 
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/ Cal ibr 

i 

I 

at ion 1 Offset 

- Attenuot ion 

- Gain 

- Trigger level 

- Delay 

- Set to Default 

P De I ay 

Waveform Selection Menu Map 
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The Waveforms 
M enu Map -- 

I I 
l-j searct- . Specify Markers Menu Map 

J 

- X-pattern--from star+. 

- O-pattern--from start 

L__f Accumulate 1 

i 

L-- Wavefc)rm Selection Menu Map 
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- Waveform 
Selection 
Menu Map 

Specify 
Markers Menu 
Map 
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1 Specify Markers / 

I Waveform off 1 FLi-CZ! 

Mcrke: type i--J Percent I 

4 Absolute 1 

‘i Negative 1 

/-j Less than 

H Greater than 1 

t+ In range 

v Not in range j 

1 ’ I 
OFF] ’ ‘File ? ame 

01652605 
q FI me aescr Iption 

t 
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Menu Overview The oscilloscope menus are: - 

l Channel 
Timebase Function 
Autoscale Function 

l Trigger 
Calibration Function 

0 Waveforms 
Auto-measure Function 
Marker Measurement Function 

An illustration for each main menu is given at the beginning of each 
chapter. As new menu fields and pop-up fields appear, a new 
illustration will be shown. Use these illustrations to help in identifying 
the field being discussed. 

The Channel menu (CHAN key) controls the vertical sensitivity, offset, 
probe attenuation, and input impedance of both input channels. In 
addition, the timebase functions of seconds/division (s/Div) and delay 
are controlled in this menu. The s/Div and delay can be controlled in 
the other main menus as well, but will be defined in the Channel Menu 
chapter. 

Like the timebase functions, the autoscale function is available in all 
main menus, but is defined in the Channel Menu chapter. 
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The Trigger menu (TRIG key) controls the selection of trigger modes, 
input source, level, slope, and auto-trigger. Selection of the arming 
source and run mode is also controlled in this menu. 

Access to the oscilloscope calibration menu is done through this menu. 
When the calibration field is selected, new menus will appear that 
guide you through the calibration process. The calibration procedure is 
found in Appendix D. 

The Waveforms menu (DISPLAY key) controls the display mode, 
connect the dots, and grid on/off. Also included in this menu is the 
Auto-measure function and Marker measurement criterion set-up. 

At power up, the System Configuration menu defaults the oscilloscope 
to on. All main oscilloscope menus can be selected from the front 
panel keys. 

- 
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23 
7 Channel Menu 

Introduction The Channel menu controls the vertical sensitivity, offset, probe 
attenuation factor, and input impedance of all input channels, as well 
as the probe attenuation factor. The Channel menu also allows you to 
preset vertical sensitivity, offset, and trigger level for ECL and TTL 
logic levels. The default Channel menu is shown below. 

Channel Menu 
Fields 

IT]- Channel 

Input (CH] V/Dlv [ 1.500 V 1 Offset [ 2.500 V 1 
Probe [10] Impedance I] Preset IT] 
s/Dlv [ 10.00 US j Delay [ 0 b] 

, 
CH 

1 

Figure 23-l. Channel Menu 

hIput Field The Input field is located on the left side of the top row of fields. It 
selects the input source for the channel parameters displayed on the 
Channel Specification menu. 

The default Input field selection is channel 1. When you select the 
Input field, it will toggle from CH 1 to CH 2. 

HP 16528/1653B Channel Menu 
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V/Div Field The V/Div field is located in the middle of the top row of fields. It sets 
the vertical sensitivity of the channel selected in the Input field. 
Vertical sensitivity determines the size of a waveform displayed on 
screen and is measured in volts/division. Each waveform display is 
divided into four vertical divisions. The divisions are marked by small 
tick marks at the left and right sides of the waveform display. 

When the V/Div field is selected, a pop-up will appear which allows the 
vertical sensitivity to be changed by turning the knob. See upper 
pop-up in figure 23-2. 

As the vertical sensitivity is changed, the signal expands and 
compresses in both directions vertically from the center of the display. 
When probe field is set to lO:l, the vertical sensitivity will change in a 
l-2-5 sequence from 150 mV/div to 100 V/div. 

Vertical sensitivity can also be entered from the keypad. A Numeric 
Entry pop-up will appear when the first numeric key is touched. See 
lower pop-up in figure 23-2. 

Keypad entry pop-up A 

IScope]- Channel 

Input pi-T-1 V/D1 Offset 
Preset 

[ 2 500 v J 

I 

Figure 23-2. V/Div Entry Pop-ups 

Any value from 150 mV/div to 100 V/div can be entered from the 
keypad. The vertical sensitivity value can be set to the two most 
significant digits. For example, if you entered a value of 154 mV, the 
value would be rounded to 150 mV. 
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I 
Note #b 

Off set Field 

The default vaiue for the V/Div field is 1.5 V (‘ITL preset value). 

If acquisitions have been stopped, vertical sensitivity changes will not 
be reflected on the waveform until RUN is touched and the next 
acquisition is displayed. 

The Offset field is located on the right side of the top row of fields. 
Offset is the voltage represented at the center vertical tick mark in the 
waveform display. Offset is a dc voltage that is added or subtracted 
from the input signal so that the waveform can be shown centered on 
the waveform display. 

When the Offset field is selected, a pop-up will appear and the offset 
value of the channel selected in the Input field can be changed by 
turning the knob. See the upper pop-up in figure 23-3. 

As offset is changed, and after a run, the position of the waveform 
moves up or down on the waveform display. Offset works similar to the 
vertical position control of an analog oscilloscope, but offset is 
calibrated. 

Valid offset values can also be entered from the keypad. A Numeric 
Entry pop-up will appear when the first numeric key is touched. See 
the lower pop-up in figure 23-3. 

Knob entry - 
POP-UP - 

Keypad entry 
POP-UP - 

VScope- Channe 1 

Input piTi- V/Dlv [ 1.500 V ) 

l&marac Entry 

Figure 23-3. Offset Voltage Entry Pop-ups 
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The default value for the Offset field is 2.5 V (TTL preset value). 
Offset range and resolution is dependent on vertical sensitivity and 
input impedance. See table 23-1. 

I 
Note m 

If acquisitions have been stopped, offset changes will not be reflected 
on the waveform until RUN is touched and the next acquisition is 
displayed. 

Probe Field The Probe field is located on the left side of the middle row of fields. It 
sets the probe attenuation factor for the channel selected. The probe 
attenuation factor can be set from 1:1 to 1OOO:l in increments of 1. 
When the Probe field is selected, a pop-up will appear and the probe 
attenuation factor can be changed by turning the knob. See the upper 
pop-up in figure 23-4. 

Probe attenuation can also be entered by using the keypad. An Integer 
Entry pop-up will appear when the first key is touched. See the lower 
pop-up in figure 23-4. 

Keypad entry pop-up / 

[jcape]- Channel 

c \ ’ 
In trgar En try (Done) 

- 
\ ) 

Figure 23-4. Probe Attenuation Entry Pop-ups 

When you select a probe attenuation factor, the actual sensitivity at the 
input does not change; The voltage values used on the display (V/div, 
offset, marker values, trigger level, automatic measurements) are 
adjusted to reflect the attenuation factor. 

The default value for the Probe field is 1O:l for 1O:l divider probes. 

Channel Menu HP 1652B/1653B 
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Impedance Field 

Preset Field 

The Impedance field is located in the middle of the middle row of 
fields. It sets the input impedance for the channel selected. When the 
Impedance field is selected, the input impedance will toggle between 1 
MS2 (dc) and 50 Sz (dc). No pop-up keypad is available for this field. 
The default value for the Impedance field is 1 MOhm. 

The Preset field is located on the right side of the middle row of fields. 
It automatically sets offset, Wdiv, and trigger level values to properly 
display TTL and ECL logic levels. 

When you select the Preset field, a pop-up will appear as shown in 
figure 23-5. Rotate the knob until the proper field is highlighted, then 
touch the select key. 

TTL 

bEI 

ECL 
USER 

Figure 234. Preset Field Pop-up 

When you select TTL or ECL, the following values are set: 

PRESET VALUE 

PARAMETER ECL TTL 

V/DIV 500MV 1.5v 

OFFSET -1.0v 2.5v 

TRIG LEVEL -1 .300V 1 .620V 
& 

0165ZM0l 

Table 23-l. Preset Value 

When any of the values listed in table 23-1 are changed from the preset 
value, the Preset field will change to User defined. If User is selected 
from the pop-up, no values will be changed. 

The default value for the Preset field is TTL. 
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Waveform 
Selection 

This section will show you how to insert, modify, and delete input 
channels on the waveform display and how to perform waveform math 
and overlay functions. Any of these operations can be performed from 
any of the oscilloscope main menus. 

-- 

The channel label fields to the left of the waveform display shows the 
input channels that are being displayed. Figure 23-6 shows the default 
setting which displays CH 1 and CH 2 selected. 
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IJ- Channel (fiutoscale) 

Input 
ProbE 
6/0lv 

pi--q 
1101 
/--iEGq 

V/DLV r--Txrq 
1 

Impedance L 1 HOhm ] 
Ottset 
Preset 

[2.500 v] 

I 

Figure 23-6. Channel Label Fields 



,--- 

- 

\NWefOfl’Tl Set up the oscilloscope as described below. This instrument setup will 
Selection Setup be used throughout the remainder of this example. 

Connecting the Equipment 

Connect a BNC tee adapter and BNC cables to the oscilloscope as 
shown below. 

BACK FRONT 
VIEW VIEW 

BNC TEE 

Figure 23-7. Compensation Signal Hookup 

Setting Up the Oscilloscope 

1. Turn the power on to the instrument. 

2. From the System Configuration menu, turn the oscilloscope on 

HP 16528/1653B 
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and all analyzers off. 

Touch CHAN key. From the default oscilloscope Channel menu, 
make the following changes: 

CH 1 Probe field to 1:l 

CH 1 Impedance field to 50 Ohms 

CH 2 Probe field to 1:l 

CH 2 Impedance field to 50 Ohms 

Select Autoscale and set to Continue. 

Touch the TRIG key to display the Trigger menu. 
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Turning the 
Waveforms On/Off 

6. Select the Run mode field and toggle to Repetitive.. 

7. Select the Waveforms menu and toggle Connect dots field to On. 
The displayed waveforms should now look like figure 23-8. 

IScope]- lbvsf oras 

tiarkers [ Off ] Display 1 Normal ] Connect dolslr) 

Sample period - 1.000 us 

s/Dlv i2oo.01 Delay I Grid [or’l 

r 

Figure 23-8. Compensation Signal Waveforms 

The waveform selection defaults to Waveform on for channel 1 and 
channel 2. 

1. Select the CH 1 input label. A waveform selection pop-up 
appears as shown in figure 23-9. 

Figure 23-9. Waveform Selection Pop-up menu 
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2. With Waveform on, the channel 1 signal will be displayed in the 
waveform display. Select Waveform off. Channel 1 signal is now 
gone, and the channel label has changed to -off-. See figure 23-10. 

[Scope]- wd 0rl~s lute-tieasure 

Markers [ Off ] Display [ Normal ] Connect dolsLr1 

Sample perlad - 1.000 us 

s/Dlv priciq Delay I GrlcI Icrr] 

Figure 2340. Channel 1 Turned Off 

3. To turn channel 1 waveform back on, select the channel label 
field, then select Waveform on. 

Insert/Delete When a signal is inserted into the waveform display, its label field and 
Waveforms waveform will always be displayed directly below the highlighted label 

and corresponding waveform. 

1. Select CH 1 label field, then select Insert waveform. A channel 
mode pop-up will appear. See figure 23-11. 

HP1 6528/16538 
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\Scopej- hwef l m (Autoscsle Au to+essur e 

Her ker s 1 Off 1 oisp~ey 1 Normal ] Connect dots 171 

Sample period - 1.000 us 

s/Dlv [2oo.o1 Delay I Gt-ld 1TF-j 

Figure 23-11. Channel Mode Pop-up 

2. Select CH 2. Notice that the second CH 2 was inserted directly 
below CH 1. 

3. To delete CH 2 from the channel label list, select CH 2. 

4. Select Delete waveform. CH 2 is now removed and you are back 
to the start. 

Modify \NaWfOWlS When you modify a waveform, you select the channel label to be 
modified and replace it with a selection from the channel mode pop-up. 

1. Select CH 1 label field, then select Modify waveform. 

2. Select CH 2 from the channel mode pop-up, then touch the RUN 
key. Notice that CH 1 has been replaced with CH 2. Channel 2 is 
now being displayed twice. 

3. Select CH 2 label field (the same one just modified), then select 
Modify waveform. 

4. Select CH 1 from the channel mode pop-up, then touch the RUN 
key. Now you are back to the start. -.. 

Channel Menu 
23-10 

HP 16526/16538 
Front-Panel Reference 



Overlay (Cl,C2) wh t a we have been displaying so far in this section are examples using 
just single channels. These examples display a single input channel in 
each waveform display. 

I--- 

Suppose you wanted to take the signal from CH 1 and compare it to the 
signal from CH 2. The easiest way to do this would be to put both 
waveforms on the same waveform display, or overlay the waveforms. 

1. Select CH 1,then select Modify waveform. Select Cl,C2, then 
touch the RUN key. CH 2 is now overlayed on CH 1 in the top 
waveform display. 

2. Select the s/Div field and change the sweep speed to 5 ns/div. 
This will allow us to see the overlayed waveforms easier. The 
display should now look like the figure below. 

t I 
Note u 

To get a better display of the two waveforms overlayed, use an extra 
1 ong cable on one of the inputs. This will delay one waveform. 
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-Scope- Trigger 

tlode [ Edge Source [] Run mode IRepetltlve] 
Level I-286.0 mV ) Slope 1 Positive 1 FIuto-TrlgI On J 
s/Dlv 15.01 Delay [ firmed by 1 Run 

Figure 23-12. Overlay Waveform Display 
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\NaVefOrfTl Math Suppose YOU wanted to take the signal from CH 2 and add it to or 
(Cl +C2), (C142) subtract it from the signal from CH 1. Let’s try subtracting CH 2 from 

CH 1. 

1. Select Cl,C2 label field, then select Modify waveform. 

2. Select Cl-C2 field. With the s/Div still set at 5 ns, the waveform 
display should look like the figure below. 

Channel Menu 
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Figure 2343. Cl-C2 Waveform Display 
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Timebase The s/Div and Delay timebase functions control the horizontal display 
7 

Functions on the oscilloscope. The Delay and s/Div fields are located in the 
bottom row of fields and are displayed on all oscilloscope main menus. 

~nStt’UfTlWlt setup The instrument should already be set up from the previous exercise. If 
you need to reset the menu fields, refer to that exercise or select the 
Autoscale field and set to Continue. Your screen should look like the 
figure below. 

HP 16528/1653B 
Front-Panel Reference 

[Scope)- bbwef oras Au to-tieasure 

flarkers 1 Off 1 Display [ Normal ] Connect dotsl] 

Sample perfoe = 1.000 us 

r/Dlv [2oo.o] Delay I tr1e I] 

t 

: 
t 

. 

Figure 23-14. Compensation Signal Waveform 
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s/Div Field The s/Div field sets the sweep speed or time scale on the horizontal axis 
of the display and is measured in seconds/division. The display is 
divided into 10 horizontal divisions. The divisions are marked by small 
tick marks at the top and bottom of the waveform display. 

When the s/Div field is selected, a pop-up will appear and the sweep 
speed of the channel selected in the Input field can be changed by 
turning the knob. See the upper pop-up in figure 23-15. 

Keypad entry pop-up y 

CH 1 7 1 
Mumeric Entry 0 E 

(to> g 
US 

\ 
0, nc 

Figure 23-15. s/Div Entry Pop-ups 

As the sweep speed is changed, the signal expands and compresses in 
both directions from the center of the display. As you turn the knob, 
the sweep speed changes in a l-2-5 sequence from 5 ns/Div to 5 s/Div. 

Sweep speed can also be entered from the Numeric Entry pop-up. The 
pop-up will appear when the first numeric key is touched. See the 
lower pop-up in figure 23-15. 

Any value from 5 ns/Div to 5 s/Div can be enter from the keypad. 
Sweep speed can be set to three-digit resolution. For example, if you 
entered a value of 15.45 ns, the value would be rounded up to 15.5 ns. 

Channel Menu 
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Zoom 
(Acquisition 

Stopped) 
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At sweep speeds of 100 ms/div and slower, the time to acquire the 2048 
sample points for acquisition memory is greater than 1 second. 
At these sweep speeds the screen will display “Scope waiting for 
prestore” when acquiring the 2048 sample points prior to the trigger 
point or “Scope waiting for poststore” when acquiring the 2048 sample 
points after the trigger point. These advisories let you know the 
oscilloscope is still actively acquiring data. 

The default value for the s/Div field is 10 ps. 

If acquisitions have been stopped, the oscilloscope uses the 2048 
sample points stored in acquisition memory to display the new data on 
screen when the sweep speed is changed. This function would normally 
be used to zoom in or zoom out on a waveform acquired in Single 
(single-shot) mode. Zooming either expands or compresses the 
waveform horizontally and is changed by adjusting the s/Div field. 

Zoom Example 

Select the s/Div field and turn the knob to set the sweep speed to 200 
ps/Div, then touch the Stop Key to stop acquisitions. Now turn the 
knob to change the sweep speed and notice how the acquired 
waveform expands and compresses. 

Channel Menu 
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Channel Menu 
2346 

Normally 500 points of the 2k waveform record is displayed on screen. 
Change the sweep speed to 500 us/div. Now all 2k of the waveform 
record is compressed and displayed on screen. See figure 23-16. 

-. 
(Scope]- Llavef arms fau to-Measure 

[ Off ] Display 1 Fcormal 1 Connect dots[] 

Sample perioa - 1.000 us 

prEq Delay I Grid pF-- 

1 

1 

Figure 2346. Compressed Waveform 

Now change the sweep speed to 2 us/Div. At 200 us/Div, 500 points 
were displayed; at 2 us/Div, only 20 points are displayed. When the 
waveform is expanded, the oscilloscope uses a reconstruction filter to 
fill in the waveform points to provide a more useable display. When 
used in conjunction with scrolling (see “Delay Field” paragraph), 
zooming is very useful in displaying single-shot waveforms. 
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Delay Field Delay time is the time offset before or after the trigger point on the 
waveform and is always measured from the trigger point to the center 
of the screen. The dotted line at the center of the display is the trigger 
point. When delay time is zero, the trigger point is at the center of the 
screen. 

When the Delay field is selected, a pop-up will appear and the delay 
time can be changed by turning the knob. Remember that the trigger 
point is always delay time zero and is marked by the dotted line. When 

. the trigger -point moves to the right side of the screen, the delay time is 
negative. This means that what you are viewing at center screen is 
before the trigger point and is referred to as negative time. 

When the trigger point is moved to the left side of the screen, the delay 
time is positive and what you are viewing at center screen is after the 
trigger point. 

Delay time resolution is equal to 2% of the sweep speed setting when 
using the knob. When using the pop-up keypad, resolution is 100 ps at 
sweep speeds of 99.9 ns/Div and faster, and can be set to 4digit 
resolution at sweep speeds of 100 ns/div and slower. 

SCl’O~hlg If acquisitions have been stopped, the Delay field controls the portion 
(Acquisition of the acquisition memory displayed on screen. 

Stopped) 

When acquisition has been stopped: 

Pre-trigger delay range = delay time setting - (1024 X sample rate) 
Post-trigger delay range = delay time setting + (1024 X sample 
rate) 

This means that one-half of data stored in acquisition memory is before 
the delay time setting and one-half of the data in memory is after the 
delay time setting. 
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Channel Menu 
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This function would normally be used to scroll through a waveform 
acquired in Single (single-shot) mode. Scrolling allows you to view the 
entire waveform record by adjusting the Delay field. 

Scroll Example 

Select the s/Div field and turn the knob to set the sweep speed to 200 
us/div, then touch the Stop key to stop acquisitions. Select the Delay 
field and turn the knob to change delay time to approximately -1 ms. 
As shown in figure 23-17, you are now looking at the beginning of the 
waveform record. You can now scroll through the entire 2k waveform 
record, both before and after the trigger point. When used in 
conjunction with zooming (see “s/Div Field” paragraph), scrolling is 
very useful in displaying single-shot waveforms. 

[Scopej- bbvef or= clu to-heasure 

Uarkers [ Off ] Display [ Normal ] Connect dots[rj 

Sample period - 1.000 us 

S/DlV p?KFq Delay 1-1 Grid I] 

Figure 23-17. Scroll Begining of Waveform 
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-- Autoscale Field The Autoscale field is located in the middle of the top row of fields in 
all scope main menus except when the Markers field is set to Statistics. 
When the Autoscale field is selected, a pop-up appears allowing you to 
cancel or continue the autoscale. See figure 23-18. 

[ Scope I- Channel 

Input l7ii-q 
Probe 1-J 
s/Dlv [1o.oo] 

Offset 
Preset 

Autoscale Pop-ui 
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Figure 2348. Autoscale Pop-up 

If you have inadvertently selected autoscale or wish to abort the 
autoscale, select Cancel. If the Continue field is touched, the autoscale 
function is started and the advisory Autoscale is in progress is 
displayed. The oscilloscope automatically sets V/Div (vertical 
sensitivity), channel Offset, s/Div (sweep speed), and trigger Level so 
that the input signals are displayed on screen. The oscilloscope checks 
all vertical inputs and looks for the trigger on channel 1. The following 
fields are changed when autoscale is complete: 

Channel menu 

V/Div scaled 
Offset scaled 

Channel Menu 
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Trigger Menu 

Channel Menu 
23-20 

Mode Edge 
Source set to lowest number input with signal present 
Level scaled 
Slope positive 

Any menu 

s/Div 
Delay 

When a Signal is Found 

If a signal is found on any of the vertical inputs, the oscilloscope 
determines the frequency of the signals and automatically scales the 
vertical sensitivity, offset, sweep speed, and trigger level to display the 
waveform on screen. The oscilloscope will normally display between 1 
and 3 complete cycles of the waveform. 

If a signal is present at more than one input, the trigger source is always 
assigned to the signal input on channel 1. This input is also used to 
scale the sweep speed. If only one vertical input has a signal present, 
that signal is the trigger source. 

If No Signal is Found 

If no signal is found on any of the vertical inputs, the oscilloscope 
displays the advisory No signal found, then displays Auto Triggered, 
and the oscilloscope is placed in an auto-trigger mode. The 
auto-trigger mode allows the oscilloscope to auto-sweep and display a 
baseline anytime a trigger signal is not present. 
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24 
- Trigger Menu 

Introduction The Trigger menu controls the selection of trigger modes for the 
oscilloscope. The Trigger menu has two modes: 

l Edge 

l Immediate 

The default Trigger menu is shown in figure 24-l. 

-Scope- Trigger 

tlode [ Edge 1 
Level [1.620/ 

s/Dlv [10] 

source p-T-1 Run mode [ Single 

Slope 

Delay 

1 Positive J 

1 0 s I 

Cluto-Trig 1 On 1 

FIrmed by [r?unJ 

Figure 24-l. Trigger Specification Menu 

Calibration When the Calibration field is selected, a pop-up will appear showing 
the calibration menu. Information on when and how to calibrate the 
oscilloscope is found in Appendix D. 
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Trigger Point 
Marker 

The trigger point marker, is the dotted vertical line at the center of the 
waveform display. This dotted vertical line, points to the place on the 
waveform where the trigger source waveform or trigger condition 
intersects. This point of intersection is where timebase delay is 
referenced. This point represents a delay time of zero seconds. See 
figure 24-2. 

- 

If delay time is set to greater than 5 times the sweep speed, the trigger 
marker will be moved off screen. 

[Scopej- Trigger 

Ilode [ Edge 1 Source pii7-J Run mode I-1 

Level [1.620 Slope f-E?Ez-J Cluto-Trig [onJ 

s/Dtv pcKq Delay I Wmed by [j 

CH m‘ 

i/---- 

t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .fi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

; Trigger level 

Figure 24-2. Trigger Point 

Mode Field 

Immediate 
Trigger Mode 

The Mode field is located on the left side of the top row of fields and 
selects the trigger mode for the oscilloscope. When you select the 
Mode field, it will toggle between Edge and Immediate. 

The default selection for the Mode field is Edge. 

Immediate trigger mode causes the oscilloscope to trigger by itself after 
the arming requirements are met. This can be used when a logic 
analyzer arms the scope or another instrument arms the scope via the 
BNC connector. The default Immediate trigger menu is shown in 
figure 243. 

- 
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LSccpe]- Trigger (Callbra tion ) 

flode 1 ImedIate 1 Run mode 1 Srnqle 1 

s/Dlv [1o.o0] Delay I firmed by 17) 

Cl-l I-J’ 

Figure 24-3. Immediate Trigger Mode Default Menu 

Armed by Field 

The Armed by field is located on the right side of the bottom row of 
fields. When selected, a pop-up will appear that is used to set any 
arming requirements. See figure 24-4. 

I 

iScope]- Trigger 

tlode [ Imfnedlate ] Run mode [ Single ] 

Figure 24-4. Arming Selection Pop-up 
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Run. If Run is selected in the Armed by field, the oscilloscope will be 
in the free-run mode and the waveform display will not be 
synchronized to a trigger point. 

BNC Input. If BNC Input is selected, and the oscilloscope is in the 
trigger Immediate mode, it triggers and synchronizes itself as soon as it 
is armed by a signal from the External Trigger Input on the rear panel. 

Machine 1 and 2. If Machine 1 or Machine 2 is selected, and the 
oscilloscope is in the trigger Immediate mode, it triggers and 
synchronizes itself as soon as it is armed by an internal signal from the 
appropriate analyzer. 

The default selection for the Armed by field is Run. 

Edge Trigger Edge trigger is the type of triggering found in all oscilloscopes. In edge 
Mode trigger mode the oscilloscope triggers at a specified voltage level on a 

rising or falling edge of one of the input channels. 

In this mode you can specify which inp lut is t :he trigger source, set a 
trigger level voltage, and specify which edge to trigger on. 

Source Field 

The trigger Source field is located in the middle of the top row of fields 
and when selected, will toggle between channels 1 and 2. 

The default selection for the Source field is channel 1. 

-. 
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Level Field 

The trigger voltage Level field is located on the left side of the middle 
row of fields and is used to set the voltage level at which the trigger 
source waveform crosses the trigger marker. When the Level field is 
selected, a pop-up will appear which allows the trigger level to be 
changed by turning the knob. See the upper pop-up in figure 24-5. 

When the trigger level is changed, the waveform moves on the display 
to maintain the trigger point (where waveform edge crosses the trigger 
level line). If the trigger level is set above or below the waveform, 
trigger is lost and the waveform display will be unsynchronized. 

The trigger level, when set with the knob, can be any voltage value 
contained within the waveform display window in increments of 1% of 
full scale vertical voltage range (V/Div X 4). For example, if full scale 
voltage range were 500 mV, trigger level could be set in increments of 
20 mV. 

Trigger level can also be entered from the keypad. A Numeric Entry 
pop-up will appear when the first key is touched. See the lower pop-up 
in figure 24-5. 

ce 

e 

Y 

(Calibration ) 

1 CH 1 ] 

[ Positive J 

I 

Run mode 1 Single 1 
Cluto-Trlg [on] 

firmed by 71 

CH1 ] 

Knob entry 
Nmerric Entry 

POP-UP (7) 0 v 

0 mv 

\ 

Keypad entry pop-up H 

Figure 24-5. Trigger Level Entry Pop-ups 
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Since the trigger level range is limited by the voltage values set for the 
waveform window, the voltage level range can be easily determined. 
Turn the knob in both directions until the Level field reads minimum 
and maximum voltage. These voltage values are the trigger level limits 
of the waveform window. 

The default value for the Level field is 1.62 V (TTL preset value). 

Slope Field 

The Slope field is located in the middle of the middle row of fields. It 
selects which edge of the trigger source waveform the oscilloscope will 
trigger on. When Slope is selected, it will toggle between positive and 
negative. 

The default selection for the Slope field is Positive. 

Auto-Trig Field 

The Auto-Trig field is located on the right side in the middle row of 
fields. It lets you specify whether or not the acquisitions should wait for 
the specified trigger condition to occur. When the Auto-Trig field is 
touched, the field will toggle between On and Off. 

On. When auto-trigger is set to on, the oscilloscope waits for 
approximately 1 sec. for a trigger to occur. If a trigger does not occur 
within that time, whatever is in the acquisition memory is displayed and 
“Auto triggered” is displayed: 

l if no signal is on the input, the oscilloscope will display a baseline. 

l if there is a signal but the specified trigger condition has not been 
met within 1 set, the waveform display will not be synchronized to 
a trigger point. 

Off. When auto-trigger is set to off, the oscilloscope waits until a 
trigger is received before the waveform display is updated. If a trigger 
does not occur, the screen is not updated and “Waiting for Trigger” is 
displayed. 

The default selection for the Auto-Trig field is On. 

- 

Trigger Menu 
24-6 

HP 16528/1653B 
Front-Panel Reference 



The Run mode field is located on the right side of the top row of fields 
and is displayed only when in the Trigger menu. This field controls 
whether the oscilloscope performs a single acquisition or multiple 
acquisitions. Single mode acquires a waveform on a single acquisition 
and then stops running. Repetitive mode acquires a waveform a 
multiple number of times and rebuilds the display after each 
acquisition. Repetitive mode keeps running until the STOP key is 
pressed. When powered on, the oscilloscope defaults to the Single 
mode. There is no pop-up for this field. When selected, it simply 
toggles between Single and Repetitive. 

..- 

Single Mode Run. After the Run mode field is set to Single, you start 
the oscilloscope running in the single-acquisition mode by pressing the 
RUN key on the front panel. In this mode, the oscilloscope makes a 
single acquisition, displays the results, then waits until the RUN key is 
touched again before making another acquisition. 

Repetitive Mode Run. After the Run mode field is set to Repetitive, 
you start the oscilloscope running in the Repetitive (repetitive 
single-shot) mode by pressing the RUN key on the front panel. In this 
mode, the display is rebuilt each time a new acquisition is made. When 
you want to stop making repetitive acquisitions, touch the STOP key on 
the front panel. To resume making repetitive acquisitions, touch the 
RUN key again. 

I 
Note @ 

Before a repetitive run can be executed, all analyzers must either be 
turned off, or they must have acquired data. 
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25 
Waveforms Menu 

Introduction The Waveforms menu controls how the oscilloscope displays the 
waveforms. The waveforms may be displayed in normal, averaged, or 
accumulated mode. This menu also controls the connect-the-dots 
display feature. The default Display menu is shown in figure 25-1. 

LScDOeJ- mvltr OfA Cluto-kasure 

l’larker s [ Off 1 Display 1 NOfmOl 1 Connect dolsl] 

Sample per1013 - -- 

s/Dlv 11 Delay I Grid 1-j 

Figure 25-l. Waveforms Display Menu 

Scope Field The Scope field located in the upper left corner of the menu is used for 
accessing the System Configuration menu, any assigned analyzers, and 
the mixed mode display operation. More information on mixed mode 
displays and the system configuration menu is found in the appropriate 
chapters. 

- 

Auto-Measure 
Field 

Automatic parametric measurements are functions built into the 
digitizing oscilloscope that make parametric measurements on a 
displayed waveform. 
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25-2 

The Auto-measure field is located in the upper right comer of the 
Waveforms menu. When the Auto-measure field is selected, a pop-up 
will appear that lists the parameters measured for the channel selected. 

’ See Figure 25-2. 

Figure 25-2. Automatic Measurement Pop-up 

The channel field , which is located in the upper right corner of the 
pop-up, will toggle between channel 1 and channel 2 when selected. 
The default selection for this field is channel 1. 

There are nine automatic measurements made from the data that is 
displayed in the waveform display: 

Period 
Risetime 
Falltime 
Frequency 
+ Width 
-Width 
VP-lJ 
Preshoot 
Overshoot 

Keep the following in mind when making measurements. 

l At least one full cycle of the waveform with at least two like edges 
must be displayed for Period and Freq measurements. 
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A complete positive pulse must be displayed to make a + Width 
measurement, and a complete negative pulse must be displayed 
to make a -Width measurement. 

Risetime, Falltime, Preshoot, and Overshoot measurements will 
be more accurate if you expand the edge of the waveform by 
selecting a faster sweep speed. 

TOP and Base All measurements except Vp-p are calculated using the Vtop (100% 
Voltages voltage) and Vbase (0% voltage) levels of the displayed waveform. The 

Vtop and Vbase levels are determined from an occurrence density 
histogram of the data points displayed on screen. 

The digitizing oscilloscope displays 6-bit vertical voltage resolution. 
This means the vertical display is divided up into 26 voltage levels. 
Each of these 64 levels is called a quantization level. Each waveform 
has a minimum of 500 data points displayed horizontally on screen. 
Each of these data point sets have one quantization level assigned to it. 
The histogram is calculated by adding the number of occurrences of 
each quantization level of the displayed data point sets on the displayed 
waveform. 

The quantization level with the greatest number of occurrences in the 
top half of the waveform corresponds to the Vtop level. The 
quantization level with the greatest number of occurrences in the 
bottom half of the waveform corresponds to the Vbase level. 

If Vtop and Vbase do not contain at least 5% of the minimum (500) 
data points displayed on screen, Vtop defaults to the maximum voltage 
(Vmaximum) and Vbase defaults to the minimum voltage (Vminimum) 
found on the display. An example of this case would be measurements 
made on sine or triangle waves. 

From this information the instrument can determined the 10,50, and 
90% points, which are used in most automatic measurements. The 
Vtop or Vbase of the waveform is not necessarily the maximum or 
minimum voltage present on the waveform. If a pulse has a slight 
amount of overshoot, it would be wrong to select the highest peak of 
the waveform as the top since the waveform normally rests below the 
perturbation. 
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Automatic To demonstrate how to make automatic measurements, set up the 
Measurement oscilloscope as described below. This setup will be used throughout 

Example the remainder of this section. 

Connecting the Equipment 

Connect a BNC tee adapter and BNC cables to the oscilloscope as 
shown in figure 25-3. 

BACK FRONT 
VIEW VIEW 

COMPENSATION 
SIGNAL OUTPUT 

0165ZM01 

BNC TEE 

Figure 25-3. Equipment Setup 

Setting Up the Oscilloscope 

Turn the instrument on. 

From the System Configuration menu, turn the oscilloscope on 
and all analyzers off. 

Touch CHAN key and from the default Channel Specification 
menu, make the following changes: 

Input CH 1 Probe field to 1:l 

Input CH 1 Impedance field to 50 Ohms 

Input CH 2 Probe field to 19 

Input CH 2 Impedance field to 50 Ohms 

Select Autoscale, then select Continue. 

- 
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5. Touch the TRIG key and set the Run mode to Repetitive. 

6. Select the Waveforms menu and toggle Connect dots field to on. 
The displayed waveform should now look like figure 25-4. . 

- 

iScope- Trigger (Cal ibra tion ) 

flade _ Edge 1 Source pi--q Run mode [Repetl tlve] 
~evei ,-250,O mV ] Slope 1 Pcsltive ] fluto-Trig I] 
s/Dtv ~2oo.o] Delay I Rrmed by [RUr] 

3% 

\ 

. . . . . . . . .I . . . . . . . . . . . . I... . . . . . . . J-i- 

, 

Figure 25-4. Autoscaled Waveform 

Rise Time 
Measurement 

, l Risetime is measured on the positive-going edge of the waveform and is 
the time it takes the waveform to transition between the 10% voltage 
point and the 90% voltage point. 

1. Select the s/Div field and change the sweep speed to 5 ns/div. The 
expanded waveform should look like the figure below. 

-Scope- bbvef armi Auto-Measure 

flerker s [ Off 1 Display 1 hOfInal 1 Connect dotsl] 

Sample period - 2.5 ns 
r/Dlv 15.01 Delay 1-1 Grid 1-J 

1 

Figure 25-5. Expanded Waveform 
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Expanding the edge on the waveform will give more accurate results 
because more data points on the rising edge will be displayed. 

2. From the Waveforms menu select the Auto-Measure field. The 
Risetime value is displayed in the Automatic Measurements 
listing pop-up. 

Notice that Period, Falltime, Freq, + Width, and -Width listings are 
blank. Because only the rising edge of the waveform is displayed, there 
is insufficient data at this time to make these measurements. 

3. Select Done. You are now back to the Waveform menu. 

Fall Time Fall time is measured on the negative-going edge of the waveform and 
Measurement is the time it takes the waveform to transition between the 90% voltage 

point and 10% voltage point. You are currently displaying the 
positive-going edge of the waveform, so you need to change it to the 
negative-going edge. 

4. Touch the TRIG key and toggle the Slope field in the Trigger 
Specification menu to Negative. Notice the negative-going edge 
of the waveform is now displayed as shown in figure 25-6. 

5. Touch the Display key and select the Auto-Measure field in the 
Waveforms menu. The Falltime value is now displayed in the 
AutomaticMeasurement listing pop-up. 

-_ 

i-l- Trigger 

tlode [ Edge 1 Source [CH] Run mode (Repetl tive] 

Level -1 Slope [ Negative 1 Fluto-Trig f%-] 

s/Dlv j] Delay 113.41 FIrmed D&J 1-1 

-250mV 

Figure 25-6. Negitive Edge Of Waveform 
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6. Now measure the falltime on CH 2. Select the Input field in the 
Automatic Measurement listing pop-up and toggle to CH 2. 

7. All readings in the Automatic Measurement listing pop-up are 
now for CH2. Falltime is now being measured on CH.2. 

VP-P The peak-to-peak voltage measurement uses the maximum voltage and 
Measurement the minimum voltage values found in the data displayed on screen. 

VP-P = Vmaximum - Vminimum 

8. Notice the Vp_p measurement displayed in the Automatic 
Measurements listing pop-up. This reading is for the channel 
currently selected. 

9. Select Done to exit the Automatic Measurements listing pop-up. 

- 
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Period and Period and Freq (frequency) measurements are made using the first 
Frequency two like edges of an input displayed on screen. At least one full cycle 

Measurements of the waveform must be displayed to make the measurements. If a full 
cycle is not present, the Period and Freq measurements in the 
auto-measure field will be blank. Period and Freq are measured using 
the time (t) at the 50% level of the edges. 

If the first edge on the display is rising then: 

Period = b-king edge 2 - king edge 1 
Freq = l&king edge 2 - hising edge 1) 

If the first edge on the display is falling then: 

Period = tfalling edge 2 - tfalling edge 1 
Freq = l/(tfalling edge 2 - tfalling edge 1) 

Re-scale the waveform to display at least one full cycle of the 
waveform, then make a Period and Freq measurement on CH 1. 

1. From the Waveform menu, select s/Div and change s/Div field to 
100,~s to display only one full cycle of the waveform. See figure 
25-7. 

2. Select Auto-Measure and notice the Period and Freq 
measurements displayed in the Automatic Measurement listing 
POP-UP* 

rCH2 1 
-250mV 

Figure 25-7. One Full Cycle Waveform 
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+ Width and + Width (positive pulse width) and -Width (negative pulse width) 
-\Nidth measurements are made using the time (t) at the 50% level of the 

Measurements waveform edges. At least one positive-going edge followed by a 
negative-going edge of the waveform must be present to make a 
+ Width measurement and at least one negative-going edge followed 
by a positive-going edge must be present to make a -Width 
measurement. If these conditions are not present, the + Width and/or 
-Width measurements in the auto-measure field will be blank. 

If the first edge on the display is rising then: 

+ Width = tfalling edge 1 - trising edge 1 
-Width = king edge 2 - tfalling edge I 

If the first edge on the display is falling then: 

+ Width = tfalling edge 2 - h-king edge 1 
-Width = king edge 1 - tfalling edge 1 

HP 16528/1653B 
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3. Be sure the displayed waveform is at least one full cycle. If not, 
touch TRIG key, then select s/Div. Change s/Div field to 1OOps 
to display only one full cycle of the waveform. See figure 25-7. 

4 Touch Display key, then select Auto-Measure. The Period and 
Freq measurements displayed in the Auto-measure listing pop-up 
is for the channel selected. 
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Preshoot and Preshoot and Overshoot measure the perturbation on a waveform 
Overshoot above or below the top and base voltages (see “Top and Base Voltages” 

Measurements section earlier in this chapter). These measurements use all data 
displayed on screen, therefore it is very important that only the data of 
interest be displayed. If you want to measure preshoot and overshoot 
on one edge of a waveform, then only display that edge. If you want to 
measure the maximum preshoot and overshoot on a waveform, then 
display several cycles of the waveform. 

Preshoot is a perturbation before a rising or a falling edge and is 
measured as a percentage of the top-base voltage. Overshoot is a 
perturbation after a rising or a falling edge and is measured as a 
percentage of the top-base voltage 

If the measured edge is rising then: 

Preshoot = r -1 X 100 
L Vtop-base 

Overshoot = I Vmaximum - VtoD 1 X 100 
L 

Vtop-base 

If the measured edge is falling then: 

preshoot = [ Vmtimum - VtoD 1 X 100 8. 
Vtop-base 

Overshoot = [ Vbase - y- ] X 100 -- 
- V top-base 

Waveforms Menu 
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Re-scale the waveform to display a rising edge, then make a Preshoot 
and Overshoot measurement on CH 1. 

1. Select s/Div and change s/Div field to 5 11s to display a rising edge 
on the waveform. See figure 25-8. 

2. Select Auto-Measure. Notice the Preshoot and Overshoot 
measurements displayed in the Automatic Measurement listing 
POP-UP* 

[Scope]- Hevef orm5 Au to-hensure 

Markers [ Off J Dlsplsy [J Connect dots [on] 

Sample perioc - 2.5 ns 

s/Dlv [5.0] Delay pTxiq GrlC (75-J 

Figure 25-8. Rising Edge on Waveform 

- 
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Marker In addition to automatic parametric measurements, the oscilloscope 

Measurements also has two markers for making time and voltage measurements either -- 
manually (Time) or automatically (Search). 

To demonstrate how to make marker measurements, connect the 
oscilloscope as shown in figure 25-3 and reset the oscilloscope as 
described below. 

Turn the instrument on. 

From the System Configuration menu, turn the oscilloscope on 
and all analyzers off. 

Touch CHAN key, then from the default Channel Specification 
menu, make the following changes: 

Waveforms Menu 
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Input CH 1 Probe field to 1:l 

Input CH 1 Impedance field to 50 Ohms 

Input CH 2 Probe field to 1:l 

Input CH 2 Impedance field to 50 Ohms 

4. Select Autoscale, then select Continue. 

HP 16528/1653B 
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5. Touch the TRIG key and set the Run mode to Repetitive. 

6. Select the Waveforms menu and toggle Connect dots field to on. 
The displayed waveform should now look like figure 25-9. 

a w 

jScopa= Trigger 

llode ’ Edge ] Source [CHI Run mode (Repot1 tivs] 

Level -250.0 mV 1 Slope pzziiiq CSuto-Tr lg J-&q 

t/Dlv pzr?ziq Delay 1 Rrmed by I] 

t 

Figure 25-9. Marker Measurement Setup Display 

Markers Field In the Waveforms menu, the Markers field is located on the left side of 
the top row of fields, and can only be accessed from the Oscilloscope’s 
Waveforms menu. When the Markers field is selected, a pop-up 
appears as shown in figure 2540. 

Marker field pop-up 

fScope]- bhwef orls Autoscsle flu to-tkesur e ’ 

Figure 25-10. Markers Field Pop-up 
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The default selection for the Markers field is Off. 

Sample Period Any time the Markers field is Off, the sample period of the acquired 
Display waveform is displayed directly below the markers field. A sample 

period is the time period between acquired sample points and is the 
inverse of sample rate (digitizing rate). Sample period is a function of 
sweep speed and can only be changed by changing the s/Div field. 

Time When the Time field is selected from the Markers pop-up, the 
Sample period =- disappears and a new middle row of fields appear 

Waveforms Menu 
25-14 

in the Waveforms menu. See figure 25-11. 

Figure 2541. Time Markers Field Pop-up 

X to 0 Field 

The X to 0 field is located on the left side of the middle row of fields 
and displays the time (delta time) between the X marker and the 0 
marker. When the X to 0 field is selected, turning the knob will move 
both the X and the 0 marker across the display without changing the 
value in the X to 0 field. However, the values in the Trig to X and Trig 
to 0 fields will change to reflect the movement of the X and 0 markers. 

- 
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The value in the X to 0 field can be changed by changing the Trig to X 
or Trig to 0 values, or by changing the X to 0 value from the pop-up. 
The knob entry pop-up will appear when you select the X to 0 field. 

When the time value of X to 0 is changed using the knob, half the 
difference of the new value and old value is subtracted from the X 
marker and half is added to the 0 marker. 

Trig to X Field 

The Trig to X field is located in the middle of the middle row of fields. 
The X marker is shown on the waveform display as a dotted line with 
an X above it. The time displayed in the Trig to X field is measured 
from the trigger point to the X marker. The trigger point is marked 
with a dotted line on the waveform display and is always time 0. 

When the Trig to X field is selected, the time value can be changed by 
turning the knob or by entering a time value from the Numeric Entry 
pop-up. The Numeric Entry pop-up will appear when any key is 
touched on the keypad. 

Resolution for the Trig to X time values is 2% of the sweep speed 
setting. The default value for the Trig to X field is 0 s. 

Trig to 0 Field 

The Trig to 0 field is located on the right side of the middle row of 
fields. The 0 marker is shown on the waveform display as a dotted line 
with an 0 above it. The time displayed in the Trig to 0 field is 
measured from the trigger point to the 0 marker. 

When the Trig to 0 field is selected, the time value can be changed by 
turning the knob or by entering a time value from the Numeric Entry 
pop-up. The pop-up will appear when any key is touched on the keypad. 

Resolution for Trig to 0 time values is 2% of the sweep speed setting. 
The default value for the Trig to 0 field is 0 s. 

Waveforms Menu 
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Search When Search is selected from the Markers field, a new middle row of 
fields and the Specify Search Markers field will appear. See figure 
2512. 

.- 
/Scope] - mver arls 
tlsrker s [ Search ] Display 1 FcOrftMl 1 Connect dots[] 

X-pattern -1 from start O-pattern I] from staf-t 
s/Dlv [2oo.o] Delay -13.4 Grid mori) 

8 
t 

- i 

Figure 25-12. Search fields 

Specify Search The Specify Search Markers field is located in the upper right corner 
Markers of the Waveforms menu. When selected, a Search Markers pop-up will 

appear. After Search Markers criteria is set, the X and 0 markers will 
be positioned on the waveform, as specifed, with voltage values 
displayed below the waveform label. See figure 25-13. 

Waveforms Menu HP 16526/16538 
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iScope]- kvef ems 
. 

(Specify llarkers l 

tlarkers[ Search j Display [rJormalj Connec t dots [on] 
t 1 I \> - 

Search tbrkers @iK) 

tlar ker Tgpe [Percent] 

X-Rarker set an -1 at the 71 level uith 

[PDSltlvel slope. 
, O-tlarker set on rl et the 71 level uith 

mpositlve slope. 

Stop medsuremen t when Y-O [ 3tf I 

1[7: Store exception to CJlsk, m 

Figure 25-13. Search Markers Pop-up 



Type markers 

HP 16528/1653B 
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When the Type markers field is selected, it will toggle between Percent 
and Absolute. 

The Percent type setting is for levels that are a percentage of the 
top-to-base voltage value of a waveform. The top-to-base voltage value 
of a square wave is typically not the same as the peak-to-peak value. 
The oscilloscope determines the top and base voltages by finding the 
flattest portions of the top and bottom of the waveform. See figure 
25-14. The top and base values do not typically include preshoot or 
overshoot of the waveform. The peak-to-peak voltage is the difference 
between the minimum and maximum voltage found on the waveform. 

The Absolute type allows you to set an exact voltage level to the X or 
0 marker. 

541111WF01 

Figure 25-14. Top And Base Levels 

X-Marker set on 
O-Marker set on 

The X-O Marker set on - field assigns an input waveform (CHl or 
CH2) to the X or 0 marker. When you select this field, the field will 
toggle between the waveform sources. 

The default selection for the Marker set on- field is CHl. 

Waveforms Menu 
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at the level 

Waveforms Menu 
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When the type marker is set to Percent, the at the level field sets the 
X or 0 marker to a percentage level (from 10% to 90%) of the 
top-base voltage. When the type marker is set to Absolute, you can set 
the marker to an exact voltage level. 

The Percentage or Absolute voltage can be changed by turning the 
knob or by entering a value from the keypad. Percent values from 10% 
to 90% in increments of 1% can be entered. Absolute voltage values 
can be entered in increments of 6 mV. The Percent default value for 
the at the level field is 50%. The Absolute default value for the at 
the -1evGield is 0 V. 

with - slope. 

The with- slope field sets the X or 0 marker on either the positive or 
negative edge of the selected occurrence of a waveform. When the 
slope field is selected, the slope will toggle between Positive and 
Negative. The default selection for the Slope field is Positive. 

Stop measurement when X-O 

This field lets you set up a stop condition for the time interval between 
the X marker and 0 marker. When this field is selected, a pop-up will 
appear as shown in figure 25-15. 

The default selection for the Stop measurement when X-O field is Off. 
‘-I- llavef arms 

flarkers [ ’ Search ] Display [ kOrma1 1 Connect dotsIr] 
r 1 

y % 
Search thrkers (Done) 

tlarker Type [ Per cent ] 

c X-tlarker set on 1-1 at the 1-1 level uith 

‘-1 slope. 
t-rlarker set on [)] at the 150x1 level uith 

io,si slope. 

Stop measurement uhen X-C 

c Store exceptlon to disk Gr ma ter than 
In range 

Not in range 

Figure 2545. Stop Measurement Pop-up 
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Less than 

When the Less than field is selected from the pop-up, a time value field 
appears to the right of the Less than field. See figure 25-16. 

. 
‘Scope]- mver or= (Specif u tlarkers ) 

flarker s [ Search 1 Display 1 Normal ) Connect dots [r] 

Search llarkars 

liar ker Tupe [Portent] 

F X-tlarker set on I] at the I] level uith 

1-1 slope. 

O-tlarker set on [=I at the m level uith 

-1 slope. 

Stop measurement uhen X-II 1 Less than ] 1-51 
I 

Stop time field y 

Figure 25-16. Stop Measurement Time Field 

When the time value field is selected, the time value can be entered by 
the keypad. See figure 25-17. 

Keypad entry pop-up q 

HP 16528/1653B Waveforms Menu 
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[Scope}- bwef arms fiutoscsle > (Specift~ Harkers ) 

Search r(arkers 

Figure 25-17. Stop Measurement Time Numeric Entry 
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The keypad will appear when you touch any key. The knob is used to 
set the scale. When using the keypad, resolution is 10 ns at times up to 
99.99 ns and can be set to 5-d@ resolution for other times up to 100 
Megaseconds. Positive times would be used when the X marker is 
displayed before the 0 marker, and negative times would be used when 
the 0 marker is displayed before the X marker. 

When Less Than is selected, the oscilloscope will run until the X-O 
time interval is less than the value entered for the Less Than time field. 
When the condition is met, the oscilloscope will stop acquisitions and 
display the message “Stop condition satisfied.” 

Greater than 

When the Greater than field is selected from the pop-up, a time value 
field appears to the right of the Greater Than field. When the time 
value field is selected, the time and scale can be entered the same as for 
the Less Than field. 

When Greater Than is selected, the oscilloscope will run until the X-O 
time interval is greater than the value entered for the Greater Than 
time field. When the condition is met, the oscilloscope will stop 
acquisitions and display Stop condition satisfied. 

- 
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Time range fields 

In range to 

When the In range-to field is selected from the pop-up, two time 
value fields appear next to the In range field. See figure 25-18. The time 
range for the stop condition is entered using the keypad. When either 
time value field is selected, the time value can be entered the same as 
for the Less Than field. Default values for In range to- is 10 ns. 

When In range-to- is selected, the oscilloscope will run until the 
X-O time interval is in the range of the time values entered for the In 
range-to- time fields. When the condition is met, the oscilloscope 
will stop acquisitions and display Stop condition satisfied. 

(Specif u tiarkers ) 

tlarkers Ir [ Search ] Display ( Normal ] Connect dols[r] 
I 1 

b 
Search tbrkers (Done) 

I I Rarke: Type [] 

X+arker sel on 1x1 at the 

pGKiT] slope. 

@Marker set on 11 at the 

[T] 

[ 50% ] 

level uith 

level ui th 

I I -1 slooe. 

Stop measurefnent uher X+3 [ Ir raw9 ][Ob]tO L-1 

Store exceptlon to disk: I-1 

Figure 2548. Range Fields 

Not in range to 

When the Not in range-to- field is selected from the pop-up, two 
time value fields appear next to the Not In Range field. The time range 
for the stop condition is entered in these time fields. When either time 
value field is selected, the time can be entered the same as for the Less 
Than field. 

When Not In range- to is selected, the oscilloscope will run until 
the X-O time interval is not in the range of the time values entered for 
the Not in range-to- time fields. When the condition is met, the 
oscilloscope will stop acquisitions and display Stop condition satisfied. 

Default values for these fields are 10 ns. 
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Store exception to disk 

When the Store exception to disk: field is on, any time the Stop 
measurement when X-O criterion is met, the measurement is stored to 
a file on disk. You can designate a File name and add a File 
description by selecting those fields and using the Alpha Entry pop-up. 
After the measurement is stored, the acquisition cycle continues. If the 
disk is write protected, a notice is displayed and the acquisition cycle is 
stopped. If the Stop measurement when X-O field is off, the Store 
exception to disk: function is disabled. 

X-pattern The X and 0 pattern-from start field sets the X or 0 markers on a from 
start specific occurrence of a edge on the waveform. The edge may be the 

O-pattern from 1st displayed up to the 1024th displayed. The count of edge 

start occurrences is made starting with the first edge displayed on screen, 
either partial or full. 

1 
Note !!b 

Auto-marker measurements are made with data that is displayed on 
screen. Make sure the data of interest is fully displayed on screen. For 
example, if only part of a positive edge is displayed, the 0% point and 
100%point of the edge is calculated from what is actually displayed on 
screen. This could cause measurement errors. 

Waveforms Menu 
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When the X or 0 pattern- from start field is selected, the occurrence 
can be changed by turning the knob or by entering a new value from the 
pop-up keypad. The keypad will appear when you make the first entry 
on the keypad. Any number from 1 to 1024 in increments of 1 can be 
entered. 

The default value for the pattern- from start Occur field is 1. 
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statistics The last field in the Markers pop-up shown in figure 25-10 is Statistics. 
When Statistics is selected from the Markers field, a new middle row of 
fields appear. See figure 25-19. 
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jfcope]- lbveforres valid runs’ 2 01 7 

narkers[Statistlcs 1 Dlsplsy r-6Kr-j Connect dotsI] 

Figure 25-19. Statistics Fields 

The Statistics field allows you to make minimum, maximum, and mean 
time interval measurements from marker X to marker 0. 

Minimum, maximum, and mean (average) X-O marker time interval 
data is accumulated and displayed until one of the following happens: 

1. Autoscale is executed. 

2. Auto-marker parameters are changed. 

3. Statistics is set to Off. 

4. Repetitive Run mode is stopped. 

The default for the Min, Max, and Mean fields is 0 s. 
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Search Marker The following example will show how to make an automatic marker 

Measurement measurement using the Search markers. We will set the markers to 

Example 
make an X-O marker measurement on the CH 1 and CH 2 input 
waveforms. We want to measure the time between the falling edge of 
the 2nd displayed pulse on CH 1 to the rising edge of the 5th displayed 
pulse on CH 2. We’ll perform the measurement from the 10% point on 
CHl to the 90% point on CH 2. 

Connecting the Equipment 

Connect the equipment as shown in figure 25-20. 

I 
Note m 

An extra long BNC cable is used on channel 2 so the signal is delayed. 

Waveforms Menu 
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BACK FRONT 
VIEW VIEW 

EXTRA LONG CABLE 

Figure 25-20. Equipment Setup For Search Marker Example 

Making the Measurement 

1. In the Waveforms menu, select Markers field. When the pop-up 
appears, select the Search field. With Markers set to Search, two 
new fields will appear: X-pattern from start, and O-pattern 
from start. Set the X-pattern to 2, and the O-pattern to 5. Set the 
s/Div to 500~s. See figure 25-21. 
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Figure 25-21. Search Markers Menu 

2. Select Specify Search Markers. Set the Search Markers pop-up 
as shown in figure 25-22. 

-Scope- mver orlIE ( Specify Markers > 

tlarkersi ~ Search 1 D~spia~ 1 Normal 1 Connect dots I] 
r -1. ! 1 a 

M \ 
Search tbrkers ~ijx) 

narkef Type 1 PerCen t ] . T 

X-Rarker set on 1x21 at the 17 level ulth 

jj slope. 
O+Iarker set on lx,] at the 1-1 level uith 

IJ slope. 

Stop measurement uneq X-C [ 3:f I 

Store exceptlon to aisle m 
I 

ik 
/ 

Figure 25-22. Specify Search Markers Pop-up 



3. Select the Done field to return to the waveform display. 

Waveforms Menu HP 16528/1653B 
25-26 Front-Panel Reference 

The X marker is on the falling edge of the 2nd displayed pulse and the 
0 marker is on the rising edge of the 5th displayed pulse. See figure 
25-23. 

[Scope}- hvef ors Specifu flarkers , 

tlarker s 1 Search ] Display [Normal] Connect dots 1x1 

X-pattern 171 from stbrt O-pattern [5] from start 

s/Dlv pz?rEq Delay I Grla Iar’] 

x 0 
\ 

I 

8 
K -144mV - 
- -144mV -: 

Figure 25-23. Search Marker Measurement Waveform 

4. Select the Markers field and switch from Search to Statistics. 
Notice the statistical minimum, maximum, and mean time interval 
measurements between the X and the 0 markers are also 
displayed. The voltage measurements of where the markers 
intersect the waveforms are displayed under the CH 1 and CH 2 
channel labels. 

5. Select the Delay field, and turn the knob. Notice that as the 
waveform is moved across the display, the X and 0 markers also 
move to the edges specified in the Search Markers pop-up menu. 

6. Set the Delay time back to 0 s. 



Now let’s use the Stop measurement when X-O feature for an X-O 
measurement. 

1. Select the s/Div field and turn the knob to change the sweep 
speed to 5 ns. 

2. Select the Markers field and select Search from the pop-up. 

3. Set X-pattern and O-pattern to 1 from start. 

4. Select Specify Search Markers and set Pop-up as shown in figure 
25-24. 
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Figure 25-24. Specify Search Markers Pop-up 

5. Select Stop measurement when X-O and select Less Than from 
the pop-up. 

6. Select the time field next to the Less Than field. Set the time 
field to 10 ns. 



7. The Specify Search Markers pop-up now looks like figure 25-25. 

[ Search ] Display 1 Normal ] Connect dots (1 

(Done) 

[losltlvc] slope. 

O-llarker set on I] at the [T level ui th 

[Dosirive] slope. 

Stop measurement uhen R-0 [ Less than ] -13.n 

Store exceptlon to disk m 
II 

1 
O- 

/ 
t Y 
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Figure 25-25. Stop Measurement Less than Setup 

8. Select the Done field to return to the waveform display. The 
disDlav now looks like figure 25-26. 

jScopeI- ibvef OfmE (Specify )brkers ) 

flarkers[ Search ] Dlspla~= 

X-pattern I] from start 
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Figure 25-26. Waveform Display 

The time interval from X-O in this example is 6.5 ns. Your results may 
be different because of the different length of BNC cable used to delay 
channel 2. The oscilloscope was instructed to run until the time 
interval was less than 5 ns. When the stop condition was satisfied, the 
oscilloscope stops acquisition and displays the advisory “Stop run 
criteria met - run stopped.” 
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Display Field 

Display mode pop-up 

.- 

The Display field is located in the middle of the top row of fields. 
When this field is selected, a pop-up appears as shown in figure 25-27. 
The selections in this pop-up determine how waveform information is 
displayed. 

-Scope- bhvef of- 

f’larker s [ Off ) Display 
Sample perloc - 1.000 us 
S/DlV [2oo.o] Delay 

Connect dots I] 

Figure 25-27. Display Field Pop-up 

The default selection for the Mode field is Normal. 

Normal Mode In Normal mode, the oscilloscope acquires waveform data and then 
displays the waveform. When the oscilloscope makes a new 
acquisition, the previously acquired waveform is erased from the 
display and replaced by the newly acquired waveform. 

- 
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Average Mode In Average mode, the oscilloscope averages the data points on the 
waveforms with previously acquired data. Averaging helps eliminate 
random noise from your displayed waveforms. When the Average field 
is selected from the Display mode pop-up, an integer field appears to - 
the right of the AVG# field. When this Average integer field is 
selected, an integer selection list pop-up appears, listing all possible 
average selections. 

Auto-fleasure 

Connect dots [r] 

AVG# field 

Integer selection list pop-up 

Figure 25-28. Average Integer Entry Pop-up 

The number of averages can be changed by turning the knob to 
position the cursor over the integer you want and pressing the 
SELECT key. 

As an example, assume the Average integer field is set to 16. If the 
Run mode is set to Repetitive, the oscilloscope will immediately start 
acquiring waveform data and average them together. When the initial 
16 waveforms have been acquired, the oscilloscope will momentarily 
display the advisory “Number of averages have been met”. Once the 
initial 16 waveforms have been acquired, the oscilloscope will only 
average the last 16 waveforms acquired; all other data will be discarded. 

If the Run mode is set to Single, an acquisition is not made until the 
Run field has been selected. If Average # is set to 16, as in the 
previous example, the message “Number of averages have been met” 
would not be displayed until Run has been selected 16 times. 
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To exit the Average mode, select the AVG# field next to the Average 
Integer field. The default value for the Average # field is 8. 

Accumulate Mode 

In Accumulate mode, the oscilloscope accumulates all waveform 
acquisitions on screen without erasing the previously acquired 
waveforms. This is similar to infinite persistence on an analog storage 
oscilloscope. These acquisitions will stay on the display until Mode is 
changed, or until the waveform is adjusted by a control that causes the 
display to change, such as s/Div or V/Div. 

Connect Dots 
Field 

The Connect dots field is located on the right side of the top row of 
fields. When Connect dots field is selected, it will toggle between on 
and off. 

When Connect dots is On, each displayed dot will be connected to the 
adjacent dot by a straight line. A waveform with Connect Dots set to 
On, will be well defined and easier to see. 

The default setting for the Connect dots field is Off. 

Grid When the Grid field is selected, it will toggle between on and off. 
When the grid is turned on, the major divisions for both time and 
voltage will be marked with dotted lines. 
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26 
- Mixed Mode Displays 

Introduction This chapter explains mixed mode displays for: 

0 timing/state 
l state/state 
l timing/scope 
0 state/timing/scope 

The Mixed Mode waveform display will display all of the above 
mentioned combinations. The main menu and field definitions for each 
individual type of display is explained in their respective chapters. 
Only the unique functions and features of the mixed mode displays are 
given here. 

Mixed Mode field The Mixed Mode field is located in the same pop-up that is used to 
access the System Configuration menu, analyzers and the scope. See 
figure 26-l. The Mixed Mode field will only be available from the 
Waveform and Listing menus. 

Before mixed mode displays can be displayed, the appropriate 
analyzers and/or scope must be turned on and the appropriate 
channels or Dad bits assigned. 
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Figure 26-l. Mixed Mode Field 
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Timing/State 
Mixed Mode 
Display 

When both timing and state analyzers are on you can display both the 
State Listing and the Timing Waveforms simultaneously as shown in 
figure 26-2. 

The data in both parts of the display can be time-correlated as long as 
Count (State Trace menu) is set to Time. 

State display b 

Timing display 

Mixed Mode Displays 
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tl1xec noa9 I- DicDlay INIT - state Listing 

0553 OUT TO P tiEflORY HRITE 1,52 US 
0554 UOVE IlEtlORY REhD 2.00 u9 

0555 DECR HEMORY RECID 2.00 us 
0557 OUT TO P tiEflORV HRITE 1.48 us 
Of58 t!OVE IlEflORY READ 2.00 us 
0559 DECR flEflORY RECID 1.52 us 
0541 DECR tlEtlORY REFID 1.48 us 

I PORTS - limmg nsvef arms X to Trigger 

Tlme/Div 1-1 Delay I 0 to Trigger I] 
# 

Figure 2&2. Timing/State Mixed Mode Display 

The markers for the State Listing and the Timing Waveform in time- 
correlated Mixed Mode are different from the markers in the 
individual displays. You will need to place the markers on your points 
of interest in the time-correlated Mixed Mode even though you have 
placed them in the individual displays. 
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State/State 
Mixed Mode 
Display 

When two state analyzers are on, the logic analyzer will display both 
state listings as shown below. Data from state machine 1 is the data 
with the normal memory location columns filled and with normal black 
on white video. State machine 2 data is interlaced and displayed in 
inverse video (white on black). Its memory locations are offset to the 
right in a column. 

I 
Lnfwecnoaei- State Llstlng 

I +0004 
+0018 0396 ED 467.4 us OPCOOE FETCH I MO19 +0020 6006 0397 E2 78 680 920 ns ns UPCODE I/O READ FETCH 

wo2 1 03c5 ED 7.24 us OPCODE FETCH 
MO22 OX6 79 600 ns OPCODE FETCH I 

I +OO23 
1+oooq 

6008 62 920 ns I/O HRITE 

+0024 0396 ED 469.2 us OPCODE FETCH I +0026 +0025 6006 0397 8D 78 640 920 ns ns OPCODE T/O READ FETCH 

MO27 03c5 ED 7.28 us OPCODE FETCH 
+0028 OX6 79 640 ns OPCODE FETCH I 

I +0029 
+0006 

wo30 
I I 

Figure 26-3. State/State Mixed Mode Display 

To time-correlate data from two state machines, you must set the 
Count (State Trace menu) for both machines to Time: 

The markers for a State/State time-correlated Mixed Mode will be the 
same as the markers placed in each of the individual State Listings. 

.- 
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Timing/Scope When the timing analyzer and the oscilloscope are both on, you can 

Mixed-Mode 
Display 

display both the timing waveform and oscilloscope waveform 
simultaneously as shown below. 

Scope display b 

Timing display 

Mixed Mode Displays 
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IP”R’“] - 1 iming navel ems 

tlarkers -1 

Accumulate I] 
. 

X to Trlg 

0 to Trig 
4.600 us 

[ml 

Tlme/Dlv 1 10.00 US 1 Delay [ 0 s] 0 

y 0 
\ 

%a+ . f-$-j p--‘- 

Figure 26-4. Timing/Scope Mixed Mode Display 

Arming the Oscilloscope 

Both the state and timing analyzers can arm the oscilloscope. However, 
to display scope and timing waveforms together in the same display, 
one (either scope or timing) must arm the other. In addition, after 
proper arming, the scope and timing waveforms can be time-correlated 
by setting the scope to trigger Immediately. 

From the Trigger Specification menu, select the Armed by field. A 
pop-up will appear with all the arming choices. Select the analyzer 
machine which you have assign as the timing analyzer in the System 
Configuration menu. For more information see the chapter “Trigger 
Menu”. 
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Displaying Timing Waveforms 

After the oscilloscope has been armed by the timing analyzer, the pods 
can be assigned and accompanying waveforms displayed in the 
oscilloscope waveform display. To setup mixed mode display in the 
oscilloscope waveforms display, follow the steps below: 

1. From the waveforms display menu, select a channel label. 
Remember that the inserted waveform will be placed directly 
below the label you choose. 

2. From the waveform selection pop-up shown in figure 26-5, select 
Insert waveform field. 

Waveform selection V-b 
POP-UP 

-Scope- mvef bms ( Autoscale ) (Aulo-tlessure) 

markers I Off 1 Display [ Normal ] Connect dotsl] 
Sample period = 100.0 ns 
6/ClV ipYEGq Delay [ 0 s ] Grid piiF] 

. 
CH 

1 , 

2.5c v 

Insert waveform I 
Llevelom on 
nodlfy wavef arm 
Wavelom -of I . 
Delete woveform 
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Figure 26-5. Waveform Label Pop-up 

3. Since the timing analyzer machine is arming the oscilloscope, 
another pop-up will appear as shown in figure 26-6 that gives you 
a choice of Scope or Timing. Select Timing. 
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Label type pop-up r-L E 

( Autoscale ) 
boae [ Edge ] Source [tH] Run mode w 
Love1 -1 Slope p?zizq C\uto-Trrg (FJ 
s/Drv j1o.00 D6lClU m Armed by [m 

. 

?Ez 

I 

. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .;. . . . . . . . . . . . . . . . . . . . . . . . . . 

Figure 26-6. Label Type Pop-up 

4. A field labeled POD 1 will appear as shown in figure 26-7. 
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Sco e 
Tirin 

7 

Pod label e 

iScope]- fr igger (Calibretion ) 

Mode 
Leve 1 
s/DLv 

Source 
Slope 

Delay 1 0 91 

Run mode 1 Single 1 
Fluto-Trig 1 On 1 

farmed by -1 

. 1 1 1 I 1 8 I 

933 

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

. 

Figure 2&7. Pod Label Field 

5. Touch the Select key again and POD 1 will be inserted. 

6. Each pod that is inserted, will have the bit number incremented by 
one, starting from ‘WY’. To modify the bit number, select the Bit 
select field which is just to the right of the Pod number. See the 
Bit selection field in figure 26-8. 

- 



Knob bit entry 

Keypad bit entry pop-up 

Bit select field 

7. When the Bit select pop-up appears, enter the bit number you 
want by rotating the knob or by using the keypad. The keypad will 
appear when the fast key is touched. See figure 26-8. 

IScOpe)- Trigger 

POP-UP - -‘Tmsr 

I 

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

I 

*PODij 

I 
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Figure 26-8. Knob And Keypad Entry Pop-ups 

The markers for the oscilloscope in time-correlated Mixed Mode are 
different from the markers in the individual waveforms display. You 
will need to place the markers on your points of interest in the 
time-correlated Mixed Mode even though you have placed them in the 
individual displays. 

Mixed Mode Displays 
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State/Timing 
And Scope 
Mixed Mode 
Display 

When the state analyzer, timing analyzer and the oscilloscope are all 
on, you can display both analyzer waveforms and the oscilloscope 
waveforms simultaneously as shown below. 

State display 

Scope display 0 

Timing display 

Mixed Mode Displays 
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INIT - State Llbtlng 

0553 OUT TO P UEnORY HRITE 1.52 us 
0554 IIOVE I-lEtlORY RE6D 2.00 us 
0555 DECR tlEHORY READ 2.00 us 
0557 OUT TTJ P UEtlORY HRITE 1,46 us 
0558 tlOVE IlEflORY READ 2.00 us 

+oooEl 
woo9 

0559 DECR 
054 1 DECR 

tlEtiORY READ 
rlEtiOf?Y REF\D 

1.52 us 

PORTS - Tinmg llaveforms 
Tlme/Div I] Delay 

X to Trigger 0 5 

0 to Trigger 0 s* 

Figure 26-9. State/Timing/Scope Mixed Mode Display 

The arming requirements for the oscilloscope are the same as in 
timing/scope mixed mode displays. 

The procedure for inserting waveforms in the timing waveforms display 
is the same as in timing/scope mixed mode displays. 

The markers for the state analvzer, timing analyzer and oscilloscope in 
time-correlated Mixed Mode are different from the markers in the 
individual waveforms and listing displays. You will need to place the 
markers on your points of interest in the time-correlated Mixed Mode 
even though you have placed them in the individual displays 
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- Time-Correlated The HP1652B/1653B Logic Analyzers can time-correlate data between 

Displays the timing analyzer and the state analyzer (see Timing/State Mixed 
Mode Display) between two state analyzers (see State/State Mixed 
Mode Display) and between the state analyzer, the timing analyzer ‘and 
the scope (see State/Timing And Scope Mixed Mode Display). 

The logic analyzer uses a counter to keep track of the time between the 
triggering of one analyzer and the triggering of the second. It uses this 
count in the mixed mode displays to reconstruct time-correlated data. 

To summarize time-correlation 
remember the following. 

between the different displays, 

To time-correlate the state analyzer display to the timing analyzer 
display, arm the timing analyzer with the state analyzer, then set the 
state analyzer count mode to Time. 

HP 1652B/53B 
Front-Panel Reference 

Then, to add the scope display, arm the scope with the timing analyzer 
and set the scope to trigger Immediate. 
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27 
_-- Timing/State/Oscilloscope 

Measurement Example 

Introduction In this chapter you will learn how to use the timing analyzer, state 
analyzer, and oscilloscope interactively by setting up the logic analyzer 
menus to simulate the process of making a measurement. We will give 
you the measurement results, as actually measured by the logic 
analyzer, since you will not have the exact same circuit available. 

This measurement example uses an HP 1652B (five pods). The steps 
for setting up the analyzer menus are ordered in a manner you would 
natually take if you were actually troubleshooting this problem. 

Since you’ve already had some practice at setting up both the timing 
and state analyzers in previous examples, you should be able to setup 
the analyzer menus by looking at the pictures. If you can set up each 
menu by just looking at the menu pictures, go ahead and do so. If you 
need a reminder of what steps to perform, follow the numbered steps. 

Problem SOIVhg In this example assume you have a microprocessor-controlled circuit 

with the Timing/ that sequentially accesses five ports and reports back any that do not 

State/Scope 
respond correctly. After poiver-up, the system indicates that two of the 
ports are not responding. The block diagram shown below helps to 

Analyzer illustrate the system under test and it’s problem. 

ACCESS ORDER PORTS 
ENABLE 
LINES RESPONSE BACK TO CPU 

i 

LKEYBD 
81652806 

Figure 27-1. System Under Test With Problem 
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What Am I The circuit under test is actually hardware being controlled by 

Going to 
Measure? 

firmware. The code stored in the system ROM (Read Only Memory) 
could be faulty, or there could be a hardware problem, such as a bad 
IC or shorts/opens on the PC board. 

Your measurement should verify the following: 

l Whether the code in system ROM is correct. 
l Whether the ICs are functioning properly. 
a Whether any board shorts/opens exist. . 

Before you begin your troubleshooting process, you should recognize 
the strengths of your tools. 

1. Your state analyzer can look at the actual code in ROM that 
controls the circuit operation. In addition, you can use the state 
analyzer to control (through arming and triggering) the starting 
point of all other measurements. 

2. Your timing analyzer can verify the hardware has correctly 
translated the code in ROM into the five sequential enable signals 
with the required timing relationships. 

3. Your oscilloscope can then look at any signal lines for closer 
examination of such thing as noise, spikes, slow pulse transitions, 
signal amplitude, and any open or shorted conditions. 

The measurement sequence should follow the same order. First verify 
the system code (state analyzer), then look at the relationships 
between multiple signals (timing analyzer), then take a closer look at 
any unusual looking signal lines for the final analysis (oscilloscope). 

Timing/State/Scope Measurement Example 
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How Do I 
Configure the 
Logic Analyzer? 

this, you will configure the logic analyzer as a state analyzer. 

The fast part of your measurement is to verify that all 5 ports are 
initialized by the software in the power-up initialization routine. To do 

Configure the System Configuration menu as shown below, so Analyzer 
1 is a state analyzer. For this example, the label INIT was chosen for 
you to discribe the INITialization routine. 

HP 16528/1653B Timing/State/Scope Measurement Example 
Front-Panel Reference 27-3 

Sys tern Conf rgura tion 

Figure 27-2. Set System Configuration Menu 

1. Select Type field in Analner 1. d 

2. Select the State field. 

3. Select Pod 2 field and assign it to Analyzer 1. 



Configuring the Now that you have configured the system, you are ready to configure 

State Analyzer the state analyzer. Set the State Format Specification menu as shown in 
figure 27-3. For this example, the labels ADDR, DATA, and STAT are 
chosen for you to describe address lines, data lines and CPU status. 

piE----j- Stale Format Specification Speclly Symbols 

Cl OCk , 
i J1 1 

Ilock P~rlod 
j>6:1] 

Activity > 

-Off- 
-Of I- 
-Off- 

~ 

-Of t- 
-Of f- 
-Off- 
-Of I- 

I -Off-J 

Pocl 2 Pod 1 f 
TTL 

I Clock 1M 

I 
Bit Assignment Fields 

Figure 27-3. Configure the State Format Menu 

1. Press FORMAT key on front panel. 

2. Select Pod 2 (ADDR) bit assignment field and turn bits 0 through 
15 on. These are the address lines. 

3. Select Pod 1 (DATA) bit assignment field and turn bits 0 through 
7 on. These are the data lines. 

4. Select Pod 1 (STAT) bit assignment field and turn bit 8 on. This is 
the CPU Read/Write line. 
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You want the state analyzer to trigger and start storing states when it 
encounters the begining of the initialization routine. This happens at 
the specific state (0550). To accomplish this, configure the State Trace 
Specification menu as shown below. 

. 
!IN;Tj- Slate Trace Specification 

Tr ece mode ISlngle 

Sequence Levels 

0 Hnlle storing ” any state” 
I Tr lgger on “0” 1 times 

store ” any stete” 

v 
Label ) [m]- DFlTA 1 STAT 

Base ’ [FiEq Sqrnbol [ Sumtol 

[~]!BbSOl U te XX~Xh!!‘iXX ODSO 1 U tF x 
, 

~j/jObsOlUte XXXXXXXX abSO!UtF x- 
I 

1 %XXY jLabso1 u te xXxXXXXXj(8DSO ‘i L1 tF Xl 

Firmed by 

f?ur 

Br enches 

[ Off ] 

Count 

[ Off ] 

Prestore 

[ Off 1 

Figure 27-4. Configure the State Trace Menu 

1. Press TRACE key on front panel. 

2. Select the pattern field and insert the address you want the 
analyzer to trigger on (0550). 
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Connecting the At this point, if you had a target system, you would connect the logic 

Probes analyzer to your system. Since we have assigned labels ADDR, DATA 
and STAT, you would connect the probes to your system accordingly. 

l Pod 1 probes 0 through 7 to the data bus Iines DO through D7 
l Pod 1 probe 9 to the CPU Read/Write control line 
l Pod 2 probes 0 through 15 to the address bus lines A0 through 

A15 

Acquiring the 
Data 

You have configured the State Trace Specification menu to start 
acquiring data when the microprocessor sends address 0550 on the bus. 
When you press the RUN key, the state analyzer waits until it sees 
address 0550, then triggers itself, and completes the state data 
acquisition. The display will then switch automatically to the State 
Listing menu. 

II t I 
Note d 

We have assigned symbols for DATA and STAT in the State Listing 
d’ 1 f rsp ay or you to better illustrate where the routine executes a memory 
write to the output ports. 

example: 0550 OUT TO P MEMORY WRITE 

Timing/State/Scope Measurement Example 
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Finding the 
Problem 

You look at the state listing menu to see what the data is in states 
+ 0000 through + 0013. These are the first stored states after trigger. 
You know your routine has five “OUT TO PORT” memory writes. 

The microprocessor, does address the correct memory locations. Now 
you compare the data from the software engineer as listed below, with 
what is listed in the State Listing menu in figure 27-5. 

:P 16528/1653B Timing/State/Scope Measurement Example 
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0550 OUT TO PORT MEMORY WRITE 
0551 MOVE MEMORY READ 
0552 DECR MEMORY READ 
0553 OUT TO PORT MEMORY WRITE 
0554 MOVE MEMORY READ 
0555 DECR MEMORY READ 
0557 OUT TO PORT MEMORY WRITE 
0558 MOVE MEMORY READ 
0559 DECR MEMORY READ 
0541 DECR MEMORY READ 
0182 OUT TO PORT MEMORY WRITE 
0542 MOVE MEMORY READ 
0543 DECR MEMORY READ 
0544 OUT TO PORT MEMORY WRITE 

INIT ) - [State Listing 1 

Harkers 1 Off / 

Lobe 1 
Base : F 

+0003 
+ooo I 
+0002 
+0003 
+0004 
+ooos 
+0005 
fzizFj 
+oooe 
+0009 
+0010 

OS!50 
055 1 
0552 
0553 
0554 
0555 
0557 
0558 
0559 
054 I 
we2 

+0011 OS42 
+OOl? 0543 
+0013 c544 
+0014 0545 
+0015 089:: 

OUT TO P l7EtlORY WRITE 1.48 US 
HO’JE tlEtlORY REC\D 3 00 us 
DECR HEttORY REClD 2.00 us 
OUT TO P flEtlORY WRITE 1.52 us 
HOVE ttEflOR Y RECID 2 00 us 
OECR tlEtlOR v RECID 2.00 us 
OUT TO P tlEflORY HRITE 1.48 us 
HOVE tlEHORY RECID 2 00 us 
DECR FIEnORY REFID 1.52 us 
GECR nEnORY REFID I 49 us 
OUT TO P flEtlORY HRITE 2.00 us 
HOVE tlEtlORv REfiD 1 52 us 
DECR HEtlORv READ 2 00 us 
OUT TO P flEtlORV HRITE 1.48 us 
HOVE IlEtlORV READ 2 00 us 
HOVE tlEtlOR v REA3 3 00 us 

Figure 27-5. State Listing Menu 



Since the data stored in memory is correct, it’s time to look at the 
hardware to see if it’s causing problems during the initialization 
routine. You decide to look at the activity on the enable lines during 
this routine. 

In order to see time domain measurements on hardware signals, you 
need the timing analyzer. 

What Since the problem exists during the routine that starts at address 0550, 

Additional you decide to look at the timing waveforms on the enable lines when 

Measurements 
the routine is running. 

Must I Make? 
Your measurement, then, requires verification of: 

0 actual response of enable lines from the five ports. 
0 correct timing of the responding enable lines. 

Timing/State/Scope Measurement Example 
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How Do I 
Re-configure 
the Logic’ 
Analyzer? 

In order to make this measurement, you must re-configure the logic 
analyzer so Analyzer 2 is a timing analyzer. You leave Analyzer 1 as a 
state analyzer since you will use the state analyzer to trigger the timing 
analyzer. 

Configure the logic analyzer so Analyzer 2 is a timing analyzer as 
shown below. For this example, the label PORTS was selected for you 
to describe the output ports. 

Sys tern Conf rgura t&on 

e 
I POC I I / POC 5 \ 

Unassr 
B 

tvv; Analyzer 

f Foe 3 j 

}-----Fad-i”-- ---- 1 __--__--- - ------j 

---------------- 

Figure 27-6. k-configure System Configuration Menu 

1. Select Type field in Analyzer 2. 

2. Select the Timing field. 

Connecting the At this point you would connect the probes of pod 5 as follows: 

Timing Analyzer 
l Pod 5 bit 1 to enable line LINPT. 

Probes l Pod 5 bit 2 to enable line LOUTPT. 
l Pod 5 bit 3 to enable line LDISP. 
l Pod 5 bit 4 to enable line ISCAN. 
l Pod 5 bit 5 to enable line LKEYBD. 
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Configuring the Now that you have configured the system, you are ready to configure 

Timing AnalYzer 
the timing analyzer. Configure the Timing Format Specification menu 
as shown below . 

"ORE - liming FormI Specification 

Pad 5 
+ I.2 t 

CIct1v1ty > -----v---------- 

Label Pol I5 . . . . 87 . . 0 

-011-i 
-Off- 

=I -Off- \ 
Bit Selection Field 

Figure 27-7. Configure the Timing Format Menu 

1. Select the bit selection field. 

2. Place the cursor on the appropriate bit and turn it on (asterisk *). 
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Setting the 
Timing 
Analyzer 
Trigger 

Your timing measurement requires the timing analyzer to display the 
timing waveforms present on the enable lines when the routine is 
running. Since the state analyzer will trigger on address 0550, you will 
want to arm the timing analyzer with the state analyzer, so the timing 
waveforms will be captured at the same time. 

Configure the Timing Trace Specification menu as shown below. 
U 

Armed by field 
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I]- Timing Trace Specification 
Trace modes] t 

firmed tty 1-1 Rcqulsltion moee~Transltfo~~1 ] 

Label > 1~llLOUTPfljLDISPI~llLKEYBDj 

Base > IHexjlHexI[] 
Find 

Pat tern pF-TT--‘XliX] 

present f or l>i [ 30 ns 1 

Then I lna 

Eege =.I’.= 

Figure 27-8. Set Armed By Field to INIT 

1. Display the Timing Trace Specification menu. 

2. Select the Armed by field. 

3. Select the INIT (state analyzer) option in the pop-up. 



Time Correlating I n order to time correlate the data, the logic analyzer must store the 

the Data timing relationships between states. Since the timing analyzer samples 
asynchronously and the state analyzer samples synchronously, the logic 
analyzer must use the stored timing relationship of the data to 
reconstruct a time correlated display. 

Configure the State Trace Specification menu as shown below: 

I 
r)- Slale Trace Specification 

Trace mode -1 

SeQuence Levels 
Hnlle storing ” anq state” 
Tr lgger on “0” 1 times 

store l * any state” 

Count Field ’ 
I 

~ Label 1 w:: DFTF, STFIT 
Base ) w]j[ Symbol Symbol _ 

[W]labsol ute KXXXXXXX ebsc 1 c1 te X< 
mXXX)(jlabsolute XXXXXXXX 133solute X, 

[XXXXllabsolute XXXXXXXX iabsolute x] 

firmed by 

1 Rur 1 

Branches 

[ Off 1 

Count 
T!fW 

Prestore 
1 Off ] 

Figure 27-9. Set Count to Time 

1. Display the State Trace Specification menu. 

2. Select the Count field. 

3. Select the Time field and press the SELECT key. The counter will 
now be able to keep track of time between states, for the time 
correlation. 
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Re-Acquiring 
the Data 

With the timing analyzer configured and the probes of pod 5 connected 
to the circuit, all you have to do is press RUN. When the logic analyzer 
acquires the data it switches the display automatically to the Timing 
Waveforms menu, unless you switched to one of the other menus in the 
state analyzer after reconfiguring the Timing Trace menu. In that case, 
you will be in the State Listing menu. Regardless of which analyzer 
display menu you are in, you should now look at both analyzers 
together in the Mixed Mode Display. 

Mixed Mode 
Display 

The Mixed mode display shows you both the State Listing and Timing 
Waveforms menus simultaneously. To change the display to the Mixed 
Mode: 

1. Select the field in the upper left corner of the displav and press the 4 
SELECT key. 

2. Select the Mixed mode field. You will now see the Mixed Mode 
display as shown below. 
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Lflixed Rode]- Display INXI - Ststc Listing 

I 
+ooo 1 055 I DECR tIEtlORY READ 3.00 us 

w +0002 0552 OUT TO P IlEtIORY HR ITE 2.00 us 

I 
fxGi] 
+ooo +0005 3 

0554 
0553 0555 HOVE DECR 

DECR 
IlEflORY fiEtlORY 
IlEflORY READ 

REFlD HRITE 2.00 I .52 
2.00 us 

us us 
0557 OUT TO P 
0556 CALL 

I’lEflORY READ 
I’lEflORY WRITE 

I .48 us 
2.00 us 

- Tlmng Navofoms 
Tlme/Dlv [ml Delay 71 0 to Trigger [11.60] 

Figure 2740. Mixed Mode Display 
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Interpreting the In the Mixed Mode display the state listing is in the top half of the 

Display screen and the timing waveforms are in the lower half. The important - 

thing to remember is that you time correlated this display so you could 
see what is happening in timing during the initialization routine. 

Notice that the trigger point in both parts of the display is the same as it 
was when the displays were separate. The trigger in the state listing is 
at state + 0000 and the trigger of the timing waveform is the vertical 
dotted line. 

As you look at the Mixed Mode Display, you notice that two of the five 
sequential enable pulses are missing on the timing waveforms display. 
This is the problem you are looking for, but you still don’t have enough 
information about what might be causing these two enable lines to be 
inactive. This is where a closer look with the scope may help. 

Re-configure 
the Analyzer 
with Scope 

The two missing enable signals from the Timing Waveforms display 
show you where to look next. Before a pulse can be displayed, the 
voltage level must meet the threshold voltage requirements. To look at 
these enable lines closer, for a more detailed analysis of their voltage 
levels or any possible shorts or opens, you will use the oscilloscope. 

Your measurement then requires the verification of the following: 

l Signal voltage levels. 
l Any possible shorted or open conditions. 
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Go back to the System Configuration menu and turn the Oscilloscope 
On as shown below. 

I Syr tom Conf Agurr tion 

’ Inalyzcr 1 

Name : [] 

Type; [] 

---------------- 

(--------_---- 7 )- ____ ;;;; ______ < 

Scope On 

---------------- 

Figure 2741. Re-configure with Scope 

Connecting the Connect the scope probes to the two enable lines that show missing 

Scope Probes signals. 

Channel one is connected to LOUTPT. 
Channel two is connected to LDISP. 
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Arming ‘the 
Scope 

Before the scope signals can be time-correlated and combined with the 
Timing Waveforms display, the scope must be armed by the timing 
analyzer and set to trigger immediately. 

-- 

Set the Armed by field and Mode field in the Trigger menu as shown 
below. 

‘Scope]- Trigger 

tlode 1 Immediate ] Run mode [] 

s/Dlv pzGq Delay 1-j firmed by IPoRTs-1 

Figure 27-12. Set Armed by Field to PORTS 

1. From the System Configuration menu, press the TRIG key. If you 
don’t go to the scope Trigger menu, just select the upper left-most 
field and from there you can select the Scope field. 

2. From the scope Trigger menu select the Armed by field. 

3. From the pop-up select the PORTS field. 

4. Select the Mode field and toggle to Immediate. 
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Making the 
Scope 
Measurement 

With the scope armed by PORTS (timing analyzer) and the probes 
connected to LOUTPT and LDISP enable lines, all you have to do is 
select RUN. The scope will automatically switch to the Waveforms 
display. 

The state analyzer cross triggers the timing analyzer, which in turn, 
triggers the oscilloscope. 

Set the s/Div to 10~s and notice the double pulse and the voltage levels 
in the figure below. 

.- 
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I 
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I 
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Figure 2743. Scope Waveforms Display 

You can examine the two enable lines in three different displays: 

0 Scope Waveforms. 
l Timing Waveforms (scope channels can be added in). 
l Mixed Mode Display. 



Mixed Mode With three different measurements stored in memory, you can now get 

Display with 
Scope 

the total picture of your problem from the Mixed Mode display. As 
mentioned before, the scope must be armed by the timing analyzer and 
set to trigger Immediate before the time-correlated scope signals can 
be inserted into the Timing Waveforms display 

Insert the scope waveforms into the Timing Waveforms display 
(the lower display in Mixed Mode) as shown below. 

-~ ~~ 
Itllxed flode]- Display INIT - State Listing 

I LObe 1 
Base i m-M-/ 

+ooo 1 055 1 DECR tlEtlORV READ 3.00 us 

I 
x MOO2 0552 OUT TO P tlEtiORV WRITE 2.00 us 

+ooo 3 0553 tlOVE tlEflORV READ 1 .s2 us 
ptzz\ 0554 DECR tlEtlORV READ 2.00 us 
+0005 0555 DECR IlEtlOR’r WRITE 2.00 us 

o +0006 0557 OUT TO P tlEtlORV RECID I .48 us 
+0007 0556 CALL UEflORk WRITE 2.00 us 

PORTS - Timing Heveforrs X to Trigger 5.000 UC 

Tlme/Dlv [ 10.00 us ] Delay [ 0 s ] 0 to Trigger 11.60 us , 

Insert scope signals here 

Figure 27-14. Mixed Mode Display 

1. Select the upper-left most field and press the SELECT key. 

2. From the pop-up select the Mixed Mode field. 

3. From the Mixed Mode display menu, select the LOUTPT field 
and insert the scope’s CH 1 waveform. The waveform should 
appear directly below LOUTPT. 

4. Select the LDISP field and insert the scope’s CH 2 waveform. The 
waveform should appear directly below LDISP. 

Timing/State/Scope Measurement Example 
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- Finding the 
Answer 

You notice two double pulses instead of two sequential pulses. Since 
they are identical, this could mean a short between them. Also, the 
voltage levels never falls below threshold voltage of the timing analyzer. 
This is why the pulses were not displayed by the timing analyzer. After 
futher examination of the pc board, you find a solder bridge shorting 
the two enable signals together. 

Summary You have just learned how to use the timing and state analyzers 
interactively with the oscilloscope to find a problem that was not easily 
determined whether it was a software or hardware problem. 

You have learned to do the following: 

l Trigger one analyzer with the other. 
l Time correlate measurement data. 
l Interpret the Mixed mode display. 

.- 
With three different measurements, time-correlated and displayed side 
by side, a complete analysis of this problem is done with the HP 1652B. 

- 
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/--- Microprocessor Specific Measurements 
A 

Introduction This appendix contains information about the optional accessories 
available for microprocessor specific measurements. In depth 
measurement descriptions are included in the operating notes that 
come with each of these accessories. The accessories you will be 
introduced to in this appendix are the preprocessor modules and the 
HP 10269C General Purpose Probe Interface. 

Microprocessor A preprocessor module enables you to quickly and easily connect the 

Measurements logic analyzer to your microprocessor under test. Most of the 
preprocessor modules require the HP 10269C General Purpose Probe 
Interface. The preprocessor descriptions in the following sections 
indicate which preprocessors require it. 

Included with each preprocessor module is a 3.5-&h disk which 
contains a configuration file and an inverse assembler file. When you 
load the configuration file, it configures the logic analyzer for making 
state measurements on the microprocessor for which the preprocessor 
is designed. It also loads in the inverse assembler file. 

The inverse assembler file is a software routine that will display 
captured information in a specific microprocessor’s mnemonics. The 
DATA field in the State Listing is replaced with an inverse assembly 
field (see Figure A-l). The inverse assembler software is designed to 
provide a display that closely resembles the original assembly language 
listing of the microprocessor’s software. It also identifies the 
microprocessor bus cycles captured, such as Memory Read, Interrupt 
Acknowledge, or I/O write. 

HP 16528/1653B 
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m)- IState Listing 1 (lnveom> 
lme X to Trigger [ 0 s] 

nar kerb Time 1 Tlme 0 to Trlgger 1-1 
Time X to 0 

Label 8ere ; Fjl”8000 ;l:monic 
I 

4002 0004F4 ORI, B WO.DO 28 
-0001 0004F6 8930 program read 1.24 us 28 

8 +oooo 008930 CHP . B ttFF .DO 1.28 us 30 
+ooo 1 008932 OOFF program read 1.24 us 30 
+0002 008934 EIEQ a8 00892E 1.24 us 30 
t+ooo31 006936 CHP . B ***,DO 1.24 us 30 
+0004 00892E 0SR.B 00892FI 1 .76 us 30 
+ooos 008930 80X unu9ed prefe tch 1.24 us 30 
+0006 0004f4 0000 program urlte 2.00 us 29 
+0007 0004F6 8930 program urite 1 .48 us 29 
+QOO8 00892A JtlP 0088c6tPc 1 1.28 us 30 
+0009 00892C FF9fi program read 1.24 us 30 
+0010 0088C6 BSR s 8 OOBBCIE 1.72 us 30 
+oOll 0088C8 80X unused pref e tch 1.26 us 30 

Figure A-1. State Listing with Mnemonics 

Microprocessors This section lists the microprocessors that are supported by 

Supported by Hewlett-Packard preprocessors and the logic analyzer model that each 

Preprocessors 
preprocessor requires. Most of the preprocessors require the 
HP 10269C General Purpose Probe Interface. The HP 10269C accepts 
the specific preprocessor PC board and connects it to five connectors 
on the general purpose interface to which the logic analyzer probe 
cables connect. 

Note ld This appendix lists the preprocessors available at the time of printing. 
However, new preprocessors may become available as new 
microprocessors are introduced. Check with the nearest 
Hewlett-Packard sales office periodically for availability of new 
preprocessors. 

Microprocessor Specific Measurements 
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280 CPU Package: 40.pin DIP 

HP 16526/16538 
Front-Panel Reference 

Accessories Required: HP 103OOB Preprocessor 
HP 10269C General Purpose Probe Interface 

Maximum Clock Speed: 10 MHz clock input 

Signal Line Loading: Maximum of one 74LS TTL load + 35 pF on 
any line 

Microprocessor Cycles Identified: Memory read/write 
I/O read/write 
Opcode fetch 
Interrupt acknowledge 
RAM refresh cycles 

Maximum Power Required: 0.3 A at + 5 Vdc, supplied by logic 
analyzer 

Logic Analyzer Required: HP 1652B or HP 1653B 

Number of Probes Used: Two 16.channel probes 

Microprocessor Specific Measurements 
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NSC 800 CPU Package: 400pin DIP 

Accessories Required: HP 10303B Preprocessor 
HP 10269C General Purpose Probe Interface 

Maximum Clock Speed: 4 MHz clock input 

Signal Line Loading: Maximum of one HCMOS load + 35 pF on any . 
line 

Microprocessor Cycles Identified: Memory read/write 
I/O read/write 
Opcode fetch 
Interrupt acknowledge 
RAM refresh cycles 
DMA cycles 

Maximum Power Required: O.lA at + 5 Vdc, supplied by logic 
analyzer 

Logic Analyzer Required: HP 1652B or HP 1653B . 

Number of Probes Used: Two 16-channel probes 

Microprocessor Specific Measurements 
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8085 CPU Package: 40.pin DIP 

HP 16528/1653B 
Front-Panel Reference 

Accessories Required: HP 10304B Preprocessor 
HP 10269C General Purpose Probe Interface 

Maximum Clock Speed: 6 MHz clock output (12 MHz clock input) 

Signal Line Loading: Maximum of one 74LS TTL load + 35 pF on any 
line 

Microprocessor Cycle Identified: Memory read/write 
I/O read/write 
Opcode fetch 
Interrupt acknowledge 

Maximum Power Required: 0.8 A at + 5 Vdc, supplied by logic 
analyzer 

Logic Analyzer Required: HP 1652B or HP 1653B 

Number of Probes Used: Two 16-channel probes 

Microprocessor Specific Measurements 
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8086 Or 8088 CPU Package: 40,pin DIP 

Accessories Required: HP 10305B Preprocessor 
HP 10269C General Purpose Probe Interface 

Maximum Clock Speed: 10 MHz clock input (at CLK) 

Signal Line Loading: Maximum of two 74ALS ‘ITL loads + 40 pF on 
any line 

Microprocessor Cycles Identified: Memory read/write 
I/O read/write 
Code fetch 
Interrupt acknowledge 
Halt acknowledge 
Transfer to 8087 or 8089 
co-processors 

Additional Capabilities: The 8086 or 8088 can be operating in 
Minimum or Maximum modes. The logic 
analyzer can capture all bus cycles (including 
prefetches) or can capture only executed 
instructions. To capture only executed 
instructions, the 80860r 8088 must be 
operating in the Maximum mode. 

Maximum Power Required: 1.0 A at + 5 Vdc, supplied by the logic 
analyzer 

Logic Analyzer Required: HP 1652B 

Number of Probes Used: Three 16.channel probes 

Microprocessor Specific Measurements 
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80186 Or 8OC186 CPU Package: 68.pin PGA 

,- 

HP 16528/1653B 
Front-Panel Reference 

Accessories Required: HP 10306G Preprocessor 

Maximum Clock Speed: 12.5 MHz clock output (25 MHz clock input) 

Signal Line Loading: Maximum of 100 kS2 + 18 pF on any line 

Microprocessor Cycles Identified: Memory read/write (DMA and 
non-DMA) 
I/O read/write (DMA and 
non-DMA) 
Code fetch 
Interrupt acknowledge 
Halt acknowledge 
Transfer to 8087,8089, 
or 82586 co-processors 

Additional Capabilities: The 80186 can be operating in Normal or 
Queue Status modes. The logic analyzer can 
capture all bus cycles (including prefetches) 
or can capture only executed instructions. 

Maximum Power Required: 0.08 A at + 5 Vdc, supplied system under 
test. 

Logic Analyzer Required: HP 1652B 

Number of Probes Used: Four 16.channel probes 

Microprocessor Specific Measurements 
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80286 CPU Package: 6%contact LCC or &pin PGA 

Accessories Required: HP 10312D Preprocessor 
HP 10269C General Purpose Probe Interface 

Maximum Clock Speed: 10 MHz clock output (20 MHz clock input) 

Signal Line Loading: Maximum of two 74ALS TTL loads + 40 pF on 
any line 

Microprocessor Cycles Identified: Memory read/write 
I/O read/write 
Code fetch 
Interrupt acknowledge 
Halt 
Hold acknowledge 
Lock 
Transfer to 80287 co-processor 

Additional Capabilities: The logic analyzer captures all bus cycles 
including prefetches 

Maximum Power Required: 0.66 A at + 5 Vdc, supplied by logic 
analyzer. 80286 operating current from 
system under test. 

Logic Analyzer Required: HP 1652B 

Number of Probes Used: Three 16-channel probes 

-- 
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80386 CPU Package: 132.pin PGA 

Accessories Required: HP 10314D Preprocessor 
HP 10269C General Purpose Probe Interface 

Maximum Clock Speed: 33 MHz clock output (66 MHz clock input) 

Signal Line Loading: Maximum of two 74ALS TTL loads + 35 pF on 
any line 

Microprocessor Cycles Identified: Memory read/write 
I/O read/write 
Code fetch 
Interrupt acknowledge, type O-255 
Halt 
Shutdown 
Transfer to 8087,80287, or 80387 
co-processors 

Additional Capabilities: The logic analyzer captures all bus cycles 
including prefetches 

Maximum Power Required: 1.0 A at + 5 Vdc, supplied by logic 
analyzer 

Logic Analyzer Required: HP 1652B 

Number of Probes Used: Five 16-channel probes 

HP 16528/1653B 
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6800 Or 6802 CPU Package: 40.pin DIP 

Accessories Required: HP 10307B Preprocessor 
HP 10269C General Purpose Probe Interface 

Maximum Clock Speed: 2 MHz clock input 

Signal Line Loading: Maximum of 174LS TTL load + 35 pF on any 
line 

Microprocessor Cycle Identified: Memory read/write 
DMA read/write 
Opcode fetch/operand 
Subroutine enter/exit 
System stack push/pull 
Halt 
Interrupt acknowledge 
Interrupt or reset vector 

Maximum Power Required: 0.8A at + 5 Vdc, supplied by logic 
analyzer 

Logic Analyzer Required: HP 1652B or HP 1653B 

Number of Probes Used: Two 16.channel probes 

Microprocessor Specific Measurements 
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6809 or 6809E CPU Package: 40.pin DIP 

HP 16528116538 
Front-Panel Reference 

Accessories Required: HP 10308B Preprocessor 
HP 10269C General Purpose Probe Interface 

Maximum Clock Speed: 2 MHz clock input 

Signal Line Loading: Maximum of one 74ALS ‘ITL load + 35 pF on 
any line 

Microprocessor Cycles Identified: Memory read/write 

Additional Capabilities: 

DMA read/write 
Opcode fetch/operand 
Vector fetch 
Halt 
Interrupt 

The preprocessor can be adapted to 6809/09E 
systems that use a Memory Management Unit 
(MMU). This adaptation allows the capture of 
all address lines on a physical address bus up 
to 24 bits wide. 

Maximum Power Required: 1.0 A at + 5 Vdc, supplied by logic 
analyzer 

Logic Analyzer Required: HP 1652B or HP 1653B 

Number of Probes Used: Two 16.channel probes 

Microprocessor Specific Measurements 
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68008 CPU Package: 400pin DIP 

Accessories Required: HP 10310B Preprocessor 
HP 10269C General Purpose Probe Interface 

Maximum Clock Speed: 10 MHz clock input 

Signal Line Loading: Maximum of one 74-S TTL load + one 74F TTL 
load + 35 pF on any line 

Microprocessor Cycles Identified: User data read/write 
User program read 
Supervisor read/write 
Supervisor program read 
Interrupt acknowledge 
Bus grant 
6800 cycle 

Additional Capabilities:The logic analyzer captures all bus cycles 
including prefetches 

Maximum Power Required: 0.4 A at + 5 Vdc, supplied by logic 
analyzer 

Logic Analyzer Required: HP 1652B 

Number of Probes Used: Three 16channel probes 

Microprocessor Specific Measurements 
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68000 and 68010 CPU Package: &pin DIP 
(64-pin DIP) 

Accessories Required: HP 10311B Preprocessor 
HP 10269C General Purpose Probe Interface 

Maximum Clock Speed: 12.5 MHz clock input 

Signal Line Loading: Maximum of one 74s TTL load + one 74F 
TTL load + 35 pF on any line 

Microprocessor Cycles Identified: User data read/write 
User program read 
Supervisor read/write 
Supervisor program read 
Interrupt acknowledge 
Bus Grant 
6800 cycle 

Additional Capabilities: The logic analyzer captures all bus cycles 
including prefetches 

Maximum Power Required: 0.4 A at + 5 Vdc, supplied by the logic 
analyzer 

Logic Analyzer Required: HP 1652B 

Number of Probes Used: Three 16.channel probes 

,- 

HP 16528/1653B 
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68000 and 68010 CPU Package: 68-pin PGA 
(68-pin PGA) 

Accessories Required: HP 103llG Preprocessor 

Maximum Clock Speed: 12.5 MHz clock input 

Signal Line Loading: 100 kQ + 10 pF on any line 

Microprocessor Cycles Identified: User data read/write 
User program read 
Supervisor read/write 
Supervisor program read 
Interrupt acknowledge 
Bus Grant 
6800 cycle 

Additional Capabilities: The logic analyzer captures all bus cycles 
including prefetches. 

Maximum Power Required: None 

Logic Analyzer Required: HP 1652B 

Number of Probes Used: Three 16-channel probes 

Microprocessor Specific Measurements 
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68020 CPU Package: 114pin PGA 

HP 16528/1653B 
Front-Panel Reference 

Accessories Required: HP 10313G 

Maximum Clock Speed: 25 MHz clock input 

Signal Line Loading: 100 kQ + 10 pF on any line 

Microprocessor Cycles Identified: User data read/write 
User program read 
Supervisor read/write 
Supervisor program read 
Bus Grant 
CPU space accesses including: 

Breakpoint acknowledge 
Access level control 
Coprocessor communication 
Interrupt acknowledge 

Additional Capabilities: The logic analyzer captures all bus cycles 
including prefetches. The 68020 
microprocessor must be operating with the 
internal cache memory disabled for the logic 
analyzer to provide inverse assembly. 

Maximum Power Required: None 

Logic Analyzer Required: HP 1652B 

Number of Probes Used: Five 16-channel probes 

Microprocessor Specific Measurements 
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68030 CPU Package: ES-pin PGA 

Accessories Required: HP 10316G 

Maximum Clock Speed: 25 MHz input 

Signal Line Loading: 100KQ plus 18 pF on all lines except DSACKO 
and DSACKl. 

Microprocessor Cycles Identified: User data read/write 
User program read 
Supervisor program read 
Bus grant 

Additional Capabilities: 

CPU space accesses including: 

Breakpoint acknowledge 
Access level control 
Coprocessor communication 
Interrupt acknowledge 

The logic analyzer captures all bus cycles, 
including prefetches. The 68030 
microprocessor must be operating with the 
internal cache memory and MMU disabled 
for the logic analyzer to provide inverse 
assembly. 

Maximum Power Required: None 

Logic Analyzer Required: HP 1652B 

Number of Probes Used: Five 16.channel probes 

Microprocessor Specific Measurements 
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68HCll CPU Package: 4%pin dual-in-line 

Accessories Required: HP 10315G 

Maximum Clock Speed: 8.4 MHz input 

Signal Line Loading: 1OOKQ plus 12 pF on all lines. 

Microprocessor Cycles Identified: Data read/write 
Opcode/operand fetches 
Index offsets 
Branch offsets 

Additional Capabilities: 

Irrelevant cycles 

The 68HCll must be operating in the 
expanded multiplexed mode (addressing 
external memory and/or peripheral devices) 
for the logic analyzer to provide inverse 
assembly. 

HP 16528/1653B 
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Maximum Power Required: None 

Logic Analyzer Required: HP 1652B or HP1553B 

Number of Probes Used:Two 16.channel probes for state analysis and 
one to four for timing analysis. 

Microprocessor Specific Measurements 
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Loading hlVW’S~ YOU load the inverse assembler file by loading the appropriate 

Assemb’er Fi’es 
configuration file. Loading the configuration file automatically loads --. 
the inverse assembler file . 

Selecting the 
Correct File 

Most inverse assembler disks contain more than one file. Each disk 
usually contains an inverse assembler file for use with the HP 10269C 
and preprocessor as well as a file for general purpose probing. Each 
inverse assembler filename has a suffix which indicates whether it is for 
the HP 10269C and preprocessor or general purpose probing. For 
example, filename C68000-I indicates a 68000 inverse assembler file for 
use with the HP 10269C and the 68000 preprocessor. Filename 
C68000 P is for general purpose probing. Specific file descriptions and 
recommended usage are contained in each preprocessor operating 
note. 

Loading the 
Desired File 

To load the inverse assembler file you want, insert the 3.5inch disk you 
received with your preprocessor in the disk drive. Select the I/O menu. 
In the I/O menu, select DISK OPERATIONS. The logic analyzer will 
read the disk and display the disk directory. 

Select the Load option and place the filename you want to load in the 
“from file” box. Place the cursor on Execute and press SELECT. 

Place the cursor on the analyzer you want the file loaded into and press 
SELECT. An advisory “Loading file from disk” is displayed. When the 
logic analyzer has finished loading the fde, you will see “Load operation 
complete.” 

The file is now loaded and the logic analyzer is configured for 
disassembly of acquired data. 

Microprocessor Specific Measurements HP 16528/1653B 
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Connecting the The specific preprocessor and inverse assembler you are using 

Logic Analyzer determines how you connect the logic analyzer probes. Since the 

Probes 
inverse assembler files configure the System Configuration, State 
Format Specification, and State Trace Specification menus, you must 
connect the logic analyzer probe cables accordingly so that the 
acquired data is properly grouped for inverse assembly. Refer to the 
specific inverse assembler operating note for the proper connections. 

How to Display The specific preprocessor and inverse assembler you are using 

Inverse - - 
Assembled 
Data 

HP 16528/16538 Microprocessor Specific Measurements 
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determines how the inverse assembled data is displayed. When you 
press RUN, the logic analyzer acquires data and displays the State 
Listing menu. 

The State Listing menu will display as much information about the 
captured data as possible. For some microprocessors, the display will 
show a completely disassembled state listing. 

Some of the preprocessors and/or the microprocessors under test do 
not provide enough status information to disassemble the data 
correctly. In this case, you will need to specify additional information 
(i.e., tell the logic analyzer what state contains the first word of an 
opcode fetch). When this is necessary an additional field (INVASM) 
will appear in the top center of the State Listing menu (see below). 
This field allows you to point to the first state of an Op Code fetch. 

168000STFITE] - [State Listing ] (r) tlinimum X-O! 0 s 

Mrkers Statlstlcs Valid runs: tlaximum X-O: 0 s 
16 of 16 Clverage X-O: 0 s 

Figure A-2. Inverse Assemble Field 

For complete details refer to the Operating Note for the specific 
preprocessor. 



B 
Automatic Measurement Algorithms 

Introduction 

Measurement 
Setup 

,- 

Making 
Measurements 

HP 16528/1653B 
Front-Panel Reference 

One of the HP 1652B/1653B’s primary oscilloscope features is its 
ability to make parametric measurements. This appendix provides 
details on how automatic measurements are performed and some tips 
on how to improve automatic measurement results. 

Measurements typically should be made at the fastest possible sweep 
speed to obtain the most measurement accuracy possible. For any 
measurement to be made, the portion of the waveform required for 
that measurement must be displayed on the oscilloscope: 

l At least one complete cycle must be displayed for period or 
frequency measurements. 

l The entire pulse must be displayed for pulse width measurements. 

l The leading (rising) edge of the waveform must be displayed for 
risetime measurements. 

l The trailing (falling) edge of the waveform must be displayed for 
falltime measurements. 

If more than one waveform, edge, or pulse is displayed, the 
measurements are made on the first (leftmost) portion of the displayed 
waveform that can be used. When any of the defined measurements are 
requested, the oscilloscope first determines the top (100%) and base 
(0%) voltages of the waveform. From this information, it can 
determine the other important voltage values (10% voltage, 90% 
voltage, and 50% voltage) required to make the measurements. The 
10% and 90% voltage values are used in the risetime and falltime 
measurements. The 50% voltage value is used for measuring 
frequency, period, pulse width, and duty cycle. 

Automatic Measurement Algorithms 
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Top and Base 
Voltages 

All measurements except Vpg are calculated using the Vtop (100% 
voltage) and Vbase (0% voltage) levels of the displayed waveform. The 
Vtop and Vbase levels are determined from an occurrence density 
histogram of the data points displayed on screen. 

The digitizing oscilloscope displays 6-bit vertical voltage resolution. 
This means the vertical display is divided up into 64 voltage levels. 
Each of these 64 levels is called a quantization level. Each waveform 
has a minimum of 500 data points displayed horizontally on screen. 
Each of these data point sets have one quantization level assigned to it. 
The histogram is calculated by adding the number of occurrences of 
each quantization level of the displayed data point sets on the displayed 
waveform. 

The quantization level with the greatest number of occurrences in the 
top half of the waveform corresponds to the Vtop level. The 
quantization level with the greatest number of occurrences in the 
bottom half of the waveform corresponds to the Vbase level. 

If Vtop and Vbase do not contain at least 5% of the minimum (500) 
data points displayed on screen, Vtop defaults to the maximum voltage 
(Vmaximum) and Vbase defaults to the minimum voltage (Vminimum) 
found on the display. An example of this case would be measurements 
made on sine or triangle waves. 

From this information the instrument can determine the 10,50, and 
90% points, which are used in most automatic measurements. The 
Vtop or Vbase of the waveform is not necessarily the maximum or 
minimum voltage present on the waveform. If a pulse has a slight 
amount of overshoot, it would be wrong to select the highest peak of 
the waveform as the top since the waveform normally rests below the 
perturbation. 

Automatic Measurement Algorithms HP 16528/1653B 
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Measurement The following is a condensed explanation of the automatic 

Algorithms measurements discussed in chapter 25. 

Frequency (Freq) The frequency of the first complete cycle displayed is measured using 
the 50% levels. 

If the first edge on the display is rising then 

Freq = l/(hising edge 2 - king edge 1) 

If the first edge on the display 1s falling then 

Freq = l/(tfalling edge 2 - tfalling edge 1) 

Period The period is measured at the 50% voltage level of the waveform. 

If the first edge on the display is rising then 

Period = king edge 2 - king edge 1 

If the first edge on the display is falling then 

Period = tfalling edge 2 - tfalling edge 1 

Pea k-to-Peak The maximum and minimum voltages for the selected source are 
Voltage (VP-p) measured. 

Vp_P = Knaximum - hninimum 

where Vmmimum and V minimum are the maximum and minimum 
voltages present on the selected source. 

HP 1652B/1653B 
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POSitiVe PUbe Pulse width is measured at the 50% voltage level. If the first edge on 
width (+ Width) the display is rising then 

+ Width = tfalling edge 1 - hising edge 1 

If the first edge on the display is falling then 

+ Width = tfalling edge 2 - hising edge 1 

Negative Pulse Negative pulse width is the width of the first negative pulse on screen 
width (-Width) using the 50% levels. 

If the first edge on the display is rising then 

-Width = king edge 2 - tfalling edge 1 

If the first edge on the display is falling then 

-Width = king edge 1 - [falling edge 1 

Risetime The risetime of the first displayed rising edge is measured. To obtain 
the best possible measurement accuracy, set the sweep speed as fast as 
possible while leaving the leading edge of the waveform on the display. 
The risetime is determined by measuring time at the 10% and 90% 
voltage points on the rising edge. 

Risetime = No% - ho% 

Fa!Mma Rl!f!kilEG k YcG2i~~~z& bEVG%CE tks IQ% 3& WI% @a!! af a!l5$ c&ki~ 
edge. To obtain the best possible measurement accuracy, set the sweep 
speed as fast as possible while leaving the falling edge of the waveform 
on the display. - 

Fall time = hO% - t90% 

Automatic Measurement Algorithms 
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Preshoot and Preshoot and Overshoot measure the perturbation on a waveform 
Overshoot above or below the top and base voltages (see “Top and Base Voltages” 

section earlier in this appendix). These measurements use all data 
displayed on screen, therefore it is very important that only the data of 
interest be displayed. If you want to measure preshoot and overshoot 
on one edge of a waveform, then only display that edge. If you want to 
measure the maximum preshoot and overshoot on a waveform, then 
display several cycles of the waveform. 

HP 16528/1653B 
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Preshoot i 
measured 

.s a 
as 

Overshoot is 
measured as 

perturbation before 
a percentage of the t 

a rising 
op-base 

or a falling edge and is 
voltage. 

a 
a 

perturbation after a rising or a falling 
percentage of the top-base voltage 

If the measured edge is rising then 

Preshoot = [ Vbase - vmm ] X 100 
Vtop-base 

Overshoot = [ Vmaximum - VtoD ] X 100 
Vtop-base 

If the measured edge is falling then: 

Preshoot = [ Vmaximum - VtoD ] X 100 
Vtop-base 

Overshoot = [-I X 100 
Vtop-base 

edge and is 

Automatic Measurement Algorithms 
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Duty CyClC The positive pulse width and the period of the displayed signal are 
measured. 

duty cycle = ( + pulse width/period) x 100 

i3YlS VOltage The rms voltage is computed over one complete period. 

Average voltage The average voltage of the first cycle of the displayed signal is 
measured. If a complete cycle is not present, the instrument will 
average the data points on screen. 

Automatic Measurement Algorithms 
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C 

Introduction This appendix lists the error messages that require corrective action to 
restore proper operation of the logic analyzer. There are several 
messages that you will see that are merely advisories and are not listed 
here. For example, “Load operation complete” is one of these 
advisories. 

The messages are listed in alphabetical order and in bold type. 

Acquisition aborted. This 
acquisition is stopped. 

message is displayed whenever data 

At least one edge is required. A state clock specification requires at 
least one clock edge. This message only occurs if you turn off all edges 
in the state clock specification. 

Autoload file not of proper type. This message is displayed if any file 
other than an HP 1652B/1653B configuration file is specified for an 
autoload file andthe logic analyzer is powered up. 

Autoscale aborted. This message is displayed when the STOP key is 
pressed or if a signal is not found 15 seconds after the initiation of 
autoscale. 

BNC is being used as an ARM IN and cannot be used as an ARM 
OUT. This message is displayed when BNC arms machine 1 (or 2), 
machine 1 (or 2) arms machine 2 (or l), and the BNC is specified as 
ARM OUT. It will not occur if BNC arms machine 1 (or 2), and 
machine 1 (or 2) arms BNC. 
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Error Messages 
c-2 

Configuration not loaded. Indicates a bad configuration file. Try to 
reload the file again. If the configuration fde will still not load, a new 
disk and/or configuration file is required. 

- 
Copy operation complete. Indicates the copy operation has either 
successfully completed or has been stopped. 

Correlation counter overflow. The correlation counter overflows when 
the time from when one machine’s trigger to the second machine’s 
trigger exceeds the maximum count. It may be possible to add a 
“dummy’+ state to the second machine’s trigger specification that is 
closer in time to the trigger of the first machine. 

Data can not be correlated-Time count need to be turned on. “Count” 
must be set to “Time” in both machines to properly correlate the data. 

Destination write protected-file not copied. Make sure you are trying to 
copy to the correct disk. If so, set the write protect tab to the 
non-protect position and repeat the copy operation. 

File not copied to disc-check disc. The HP 1652B/1653B does not 
support track sparing. If a bad track is found, the disk is considered 
bad. If the disk has been formatted elsewhere with track sparing, the 
HP 1652B/l653B will only read up to the first spared track. 

Hardware ERROR: trace point in count block. Indicates the data from 
the last acquisition is not reliable and may have been caused by a 
hardware problem. Repeat the data acquisition to verify the condition. 
If this message re-appears, the logic analyzer requires the attention of 
service personnel. 

Insufficient memory to load IAL - load aborted. This message 
indicates that there is not a block of free memory large enough for the 
inverse assembler you are attempting to load even though there may be 
enough memory in several smaller blocks. Try to load the inverse 
assembler again. If this load is unsuccessful, load the configuration and 
inverse assembler separately. 
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Invalid file name. Check the file name. A file name must 
alpha character and cannot contain spaces or slashes (/). 

with an 

Inverse assembler not loaded-bad object code. Indicates a bad inverse 
assembler file on the disc. A new disc or file is required. 

Maximum of 32 channels per label. Indicates an attempt to assign 
more than 32 channels to a label. Reassign channels so that no more 
than 32 are assigned to a label. 

No room on destination-file not copied. Indicates the destination disc 
doesn’t have enough room for the file you are attempting to copy. Try 
packing the disc and repeating the copy operation. If this is 
unsuccessful, you will need to use a different disc. 

(x) Occurrences Remaining in Sequence. Indicates the logic analyzer is 
waiting for (x) number of occurrences in a sequence level of the trigger 
specification before it can go on to the next sequence level. 

PRINT has been stopped. This message appears when the print 
operation has been stopped. 

(x) Sets Remaining in Trace. Indicates the amount of time remaining 
until acquisition is complete in Glitch mode. 

Search failed - 0 pattern not found. Indicates the 0 pattern does not 
exist in the acquired data. Check for a correct 0 marker pattern 
specification. 

Search failed - X pattern not found. Indicates the X pattern does not 
exist in the acquired data. Check for a correct X marker pattern 
specification. 

Slow Clock or Waiting for Arm. Indicates the state analyzer is waiting 
for a clock or arm from the other machine. Recheck the state clock or 
arming specification. 

Error Messages 
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Error Messages 
c-4 

Slow or missing Clock. Indicates the state analyzer has not recognized 
a clock for 100 ms. Check for a missing clock if the intended clock is 
faster than 100 ms. If clock is present but is slower than 100 ms, the 
data will still be acquired when a clock is recognized and should be 
valid. 

Specified inverse assembler not found. Indicates 
specified cannot be found on the disk. 

the inverse assembler 

State clock violates overdrive specification. Indicates the data from the 
last acquisition is not reliable due to the state clock signal not being 
reliable. Check the clock threshold for proper setting and the probes 
for proper grounding. 

States Remaining to Post Store. In dicates the nu mber of 
required until memory is filled and acquisi tion is complet 

states 
:e. 

Time count need to be turned on. This message appears when the logic 
analyzer attempts to time correlate data and “Count” is not set to 
“Time.” 

Transitions Remaining to Post Store. Indicates the number of 
transitions required until memory is filled and acquisition is corn plete. 

Unsupported destination format-file not copied. Indicates the disk you 
have attempted to copy to is either not formatted or formatted in a 
format not used by the logic analyzer. Format the disk or use a properly 
formatted disk and repeat the copy operation. 

Value out of range. Set to limit. Indicates an attempt to enter a value 
that is out of range for the specific variable. The logic analyzer will set 
the value to the limit of the variable range automatically. 

Waiting for Arm. Indicates the arming condition has not occurred. 

Waiting for Prestore. Indicates the prestore condition has not occurred. 
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Waiting for Trigger. Indicates the trigger condition has not occurred. 

Warning: Chips not successfully running. Indicates the acquisition 
chips in the logic analyzer are not running properly. Press STOP and 
then RUN again. If the warning message reappears, refer the logic 
analyzer to service personnel. 

Warning: Chips not successfully stopped. Indicates the acquisition 
chips in the logic analyzer are not stopping properly. Press RUN and 
then STOP again. If the warning message reappears, refer the logic 
analyzer to service personnel. 

Warning: Duplicate label name. 
existing name to a new label. 

Indicates an attempt to an 

Warning: Duplicate symbol name. Indicates an attempt to assign an 
existing name to a new symbol. 

Warning: Invalid file type. Indicates an attempt to load an invalid file 
type. For example, the SYSTEM file can only be loaded on power-up 
and if you attempt to load it from the I/O menu, this message will 
appear. 

Warning: No clock edge in other clock, add clock edge. This message 
only occurs in a state analyzer using mixed or demultiplexed clocks. It 
indicates there is no edge specified in either the master or slave clock. 
There must be at least one edge in each of the clocks. 

Warning: Symbol memory full. Max 200 symbols. Indicates an attempt 
to store more than 200 symbols. 

Warning: Run HALTED due to variable change. Indicates a variable 
has been changed during data acquisition in the continuous trace 
mode. The data acquisition will be halted and this message will be 
displayed when any variable affecting the system configuration, clock 
thresholds, clock multiplexing, or trace specification menus is changed 
during data acquisition. 

- 
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- Installation, Maintenance and Calibration 

Introduction This appendix contains information and instructions necessary for 
preparing the HP 1652B/1653B Logic Analyzers for use. Included in 
this section are inspection procedures, power requirements packaging 
information, and operating environment. It also tells you how to load 
the operating system and turn the logic analyzer on. Also included in 
this appendix is information on calibration and maintenance that you 
can do as an operator. 

Initial 
Inspection 

Inspect the shipping container for damage. If the shipping container or 
cushioning material is damaged, it should be kept until the contents of 
the shipment have been checked for completeness and the instrument 
has been checked mechanically and electrically. Accessories supplied 
with the instrument are listed under “Accessories Supplied” in chapter 
1 of this manual. An overview of the self-test procedure is in Appendix 
E of this manual. The complete details of the procedure are in Chapter 
6 of the Service manual. Electrical performance verification functions 
are also in Chapter 3 of the Service Manual. 
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If the contents are incomplete, if there is mechanical damage or defect, 
or if the instrument does not pass the Self Test Performance 
Verification, notify the nearest Hewlett-Packard Office. If the shipping 
container is damaged, or the cushioning materials show signs of stress, 
notify the carrier as well as the Hewlett-Packard Office. Keep all 
shipping materials for the carrier’s inspection. The Hewlett-Packard 
office will arrange for repair or replacement at HP option without 
waiting for claim settlement. 



Operating You may operate your logic analyzer in a normal lab or offke type 

Etkirokent environment without any additional considerations. If you intend to use -- 
it in another type of environment, refer to Appendix F for complete 
operating environment specifications. Note the humidity limitation. 
Condensation within the instrument cabinet can cause poor operation 
or malfunction. Protection should be provided against temperature ’ 
extremes which cause condensation. 

Ventilation You must provide an unrestricted airflow for the fan and ventilation 
openings in the rear of the logic analyzer. However, you may stack the 
logic analyzer under, over, or in-between other instruments as long the 
surfaces of the other instruments are not needed for their ventilation. 

Storage and 
Shipping 

Tagging for 
Service 

Original 
Packaging 

This instrument may be stored or shipped in environments within the 
following limitations: 

l Temperature: - 40 O C to + 75 O C 
l Humidity: Up to 90% at 65 O C 
l Altitude: Up to 15,300 metres (50,000 feet) 

If the instrument is to be shipped to a Hewlett-Packard office for 
service or repair, attach a tag to the instrument identifying owner 
address of owner, complete instrument model and serial numbers and 
a description of the service required. 

If the original packaging material is unavailable or unserviceable 
materials identical to those used in factory packaging are available 
through Hewlett-Packard offices. If the instrument is to be shipped to a 
Hewlett-Packard office for service, tag the instrument (see “Tagging for 
Service”). Mark the container FRAGILE to ensure careful handling. In 
any correspondence, refer to the instrument by model number and full 
serial number. -- 

Installation, Maintenance and Calibration 
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Other Packaging The following general instructions should be followed for repacking 
with commercially available materials. 

a. Wrap the instrument in heavy paper or plastic. 

b. Use a strong shipping container. A double-wall carton made of 
350 lb. test material is adequate. 

c. Use a layer of shock-absorbing material 70 to 100 mm (3 to 4 
inches) thick around all sides of the instrument to firmly cushion 
and prevent movement inside the container. Protect the control 
panel with cardboard. 

d. Seal the shipping container securely. 

e. Mark the shipping container FRAGILE to ensure careful handling. 

f. In any correspondence, refer to the instrument by model number 
and full serial number. 

Power 
Requirements 

The HP 1652B/53B requires a power source of either 115 or 230 Vat 
-22% to + 10%; single phase, 48 to 66 Hz; 200 Watts maximum 
power. 
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Power Cable This instrument is provided with a three-wire power cable. When 
connected to an appropriate AC power outlet, this cable grounds the 
instrument cabinet. The type of power cable plug shipped with the 
instrument depends on the country of destination. Refer to Table D-l 
for power plugs and HP part numbers for the available plug 
configurations. 

----.. 

Warning l!P 
BEFORE CONNECTING THIS INSTRUMENT, the protective 
earth terminal of the instrument must be connected to the 
protective conductor of the (Mains) power cord. The Mains 
plug must be inserted in a socket outlet provided with a 
protective earth contact. The protective action must not be 
negated by the use of an extension cord (power cable) without 
a protective conductor (grounding). Grounding one conductor 
of a two conductor outlet does not provide an instrument 
ground. 
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New Zeo I ond 

OPT 902 

25ov 

OPT 903** 

125v 

OPT 904** 

8120-1689 Stroight l CEE7-Yll 791200 Mint Gray East ona West Europe, 

8120-1692 9ce 79/2w M:nt Croy Saud I Arablo. 

8120-2857 Strolght (Shielded) 791203 Coca Brown So. Afr tco. 
Inala (Unpol or lzccl 

In many nat Ions) 

I 
6120-1378 straight l NEMAS-15P Jade Gray united States. 

8120-1521 , 9o” Jade Gray Canada. 

8120-1992 Straight (Medical) Bi ack Merlco. 
ULW4 Phi I I Ipines, 

Tat wan 

Strolght l NEMA6-15P 901228 Block Unlted States, 
Canada 

OPT 905 

25ov 

30/76 , Jade Gray For Interconnect tnq 

(System Cabinet UseI 961244 system component3 and 
perlphcrals 

Unl ted States and 
Conodo only 

Swi tzer lond 

25civ 

. 
OPT Q12 791200 Ulnt Gray Denmark 

79/200 kilnt Groy 

Straight SW5164 
9o” 

791200 
79/tea 

JaOe Groy Republ ic ol South Af r ica 
India 

Stralgnt MIMI 
9c” 

Jopon 

*Part number 3hown for plug I5 ir$dustry 
complete cable +nc iu31ng plug 

l *Tnese cords are t rIc I urled I n the CSA cer 

E=tclr th Ground 
L-L 1 nc 
N=tteu t r o I 

Ident I Itr for plug or,ly Number fhown fcr cable 

t~flcotlon approval of the equlprrtent. 

Table D-l. Power Cord Configurations 
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Removing 
Yellow 
Shipping Disk 

Your logic analyzer is shipped with a protective yellow shipping disk in 
the disk drive. Before you can insert the operating system disk you must 
remove the yellow shipping disk. Press the disk eject button as shown in 
figure D-l. The yellow shipping disk will pop out part way so you can 
pull it out of the disk drive. 

3 
HEWLETT 
PACKAR:, 

00 
00 
00 
00 
00 
00 

01652E06 

D-1. Removing Yellow Shipping Disk 
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-- Selecting the 
Line Voltage 

The line voltage selector has been factory set to the line voltage used in 
your country. It is a good idea to check the setting of the line voltage 
selector so you become familiar with what it looks like. If the setting 
needs to be changed, follow the procedure in the next paragraph. 

- 

Caution 
You can damage the logic analyzer if the module is not set to the 
correct position. 
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You change the proper line voltage by pulling the fuse module out and 
reinserting it with the proper arrows aligned. To remove the fuse 
module, carefully pry at the top center of the module (as shown) until 
you can grasp and pull it out by hand. 



Checking for 
the Correct 
Fuse 

If you find it necessary to check or change fuses, remove the fuse 
module and look at each fuse for its amperage and voltage. Refer to 
figure D-3 to locate the 115 V and 230 V fuse locations. To remove the 
fuse module, carefully pry at the top center of the module (see figure 
D-2) until you can grasp and pull it out by hand. 

115v 
I 

230V 

3 0 A FUSE 3 0 A FUSE 

D-3. Checking For The Correct Fuse 

Applying Power When power is applied to the HP 1652B/1653B, a power-up self test 
will be performed automatically. For information on the power-up self 
test, refer to Appendix E and Section 3 of the Service Manual. 

Loading the 
Operating 
System 

Before you can operate the instrument, you must load the operating 
system from the operating system disk. You received two identical 
operating system disk. You should mark one of them Master and store 
it in a safe place. Mark the other one Work and use only the work copy. 
This will provide you with a back-up in case your work copy becomes 
corrupt. 

Caution 
To prevent damage to vour operating system disk, DO NOT remove 
the disk from the disk drive while it is running. Only remove it after the 
indicator light has gone out. 
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Installing the 
Operating 
System Disk 

To load the logic analyzer’s operating system, you must install the disk 
as shown below before you turn on the power. When the disk snaps 
into place, the disk eject button pops out and you are ready to turn on 
the logic analyzer. 
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D-4. Installing The Operating System Disk 

The logic analyer will read the disk and load the operating system. It 
will also run self-tests before it is ready for you to operate. 
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Line Switch The line switch is located on the rear panel. You turn the instrument on 
by pressing the 1 on the rocker switch. Make sure the operating system 
disk is in the disk drive before you turn on the logic analyzer. If you 
forget the disk, don’t worry, you won’t harm anything. You will merely 
have to repeat the turn-on procedure with the disk in the drive. 

D-5. Line Switch 

Intensity 
Control 

Once you have turned the instrument on, you may want to set the 
display intensity to a level that’s more comfortable for you. You do this 
by turning the INTENSITY control on the rear panel. 

,I ’ 
c 
b 

d 

A high intensity level setting may shorten the life of the CRT in your 
instrument. 

0165ZE09 
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. Operator’s The only maintenance you need to do is clean the instrument exterior 

Maintenance and periodically check the rear panel for air restrictions. 

Use only MILD SOAP and WATER to clean the cabinet and front 
panel. DO NOT use a harsh soap which will damage the water-base 
paint finish of the instrument. 

Calibration The oscilloscope software calibration is accessed through the 
oscilloscope Trigger menu. The calibration procedures are performed 
from the front panel and without need to access internal circuits. 

Calibration Interval Software calibration should be performed if one of the following occurs: 

l Oscilloscope board is installed, replaced or repaired. 
. l Ambient temperature changes more than 10” C. 

l 6 months or 1000 hours of operation. 

Calibration Calibration constants are stored in system memory and not on the 
Integrity Operating System Disk. Therefore, software calibration is not required 

’ when a different Operating System Disk is used to boot the instrument 
on power-up. 

HP 1652B/1653B Installation, Maintenance and Calibration 
Front-Panel Reference D-11 



Software 
Calibration 
Procedures 

I 
Note @ 

Offset Calibration 

I 
Note @ 

The following calibration procedures should be performed in their 
entirety and in the same sequence shown in this procedure. The 
following test equipment is recommended: 

l BNC cable. 
l DC Power Supply HP 6114A (2 0.1% accuracy). 
l Digital Voltmeter HP 3478A (2 0.025 % accuracy). 
l BNC (female)-to-dual Banana Adapter. 
l BNC -to-mini probe adapter 

An instrument warm-up of 15 minutes is recommended before starting 
these procedures. To abort any calibration procedure, use the 
front-panel knob to select the Cancel field, then press the SELECT key. 

1. In the System Configuration menu turn both State/Timing 
analyzers Off, and turn the oscilloscope On. 

2. Press the TRACE/TRIG key and select the Calibration field using 
the front-panel knob and SELECT key. 

Offset calibration should be the default Calibration menu setting. If 
not, select the Calibration choice field and, when the pop-up appears, 
select Offset. 

3. Disconnect all signals from the channel 1 and 2 inputs. Select 
Start with the front-panel knob and SELECT key. A message will 
appear on screen to indicate the calibration is in process. 

4. When the calibration is complete, the calibration status screen will 
appear. 
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Attenuator The attenuator calibration is the only calibration that requires test 
Calibration equipment. If you are not using the recommended equipment listed on 

the previous page, make sure the substitute equipment meets the 
critical specifications listed in the HP 1652Bll653B Service Manual. 

5. Select the Calibration choice field. When the pop-up appears, 
select Attenuation. 

6. Connect the test eauiDment as shown below. The voltmeter 
monitors the voltage level to the oscilloscoDe. 

/---INPUT 

VOLTMETER 0 

01652E14 

POWER SUPPLY 
I 1 

LOGIC ANALYZER 

1 2 
0 

-7 
Figure D-7. Attenuator Calibration Equipment Setup 

7. Select the Start field with the front-panel knob and SELECT key. 
The calibration screen will prompt you to connect the appropriate 
channel and set the DC voltage as specified. 

8. Adjust the power supply to within 20.1% of the specified voltage. 
If the measured voltage displayed on the voltmeter is greater than 
20.1 % from the specified voltage in step 7, you will have to 
compensate the oscilloscope as shown in step a below. 

a. Select the Voltage field and enter the measured voltage value, 
then select DONE 

9. To proceed with the Attenuator calibration, select the Continue 
field. Repeat steps 8 and 9 for each specified voltage value. 

10. When the calibration is complete, the updated calibration status 
screen will appear. 
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Gain Calibration 11. Disconnect all test equipment and all inputs to channel 1 and 2 of 
the oscilloscope. 

12. Select the Calibration choice field. When the pop-up appears, 
select Gain, then select Start . 

13. When the calibration is complete, the updated calibration status 
screen will appear. 

Trigger Calibration 14. Make sure all signals are disconnected from the channel 1 and 2 
inputs of the oscilloscope. 

15. Select the Calibration choice field. When the pop-up appears, 
select Trigger level, then select Start. 

16. When the calibration is complete, the updated calibration status 
screen will appear. 

Delay Calibration 17. Select the Calibration choice field. When the pop-up appears, _ 
select Delay, then select Start. 

18. Connect a BNC cable from the Probe Compensation output on 
the rear panel, to the channel 1 input. The instrument will prompt 
you when you need to switch to channel 2. 

I 
Note @ 

You have the option of using the 1O:l scope probe in place of the 
recommended 1:l BNC cable. If you use the scope probe, you will 
have to use the BNC-to-mini probe adapter supplied with the 
instrument and set attenuation field in step 19 to 1O:l. 

19. Set the attenuation field in the calibration screen to the 
appropriate setting. 
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20. 

21. 

22. 

To proceed with the Delay calibration, select Continue. 

When the calibration is compllte, the updated calibration status 
screen will appear. 

Calibration is now complete. Select Done with the front-panel 
knob and SELECT key to exit the Calibration menu. 

II I 
Note 4 

Do not execute Set to Default after calibrating the instrument. 
0 h t erwise, your calibration factors will be replaced by default 
calibration factors. 
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E 7 Operator Self Tests 

.- 

Introduction This appendix gives you an overview of the self tests the logic analyzer 
runs when you turn it on. You can also access the self tests from the I/O 
menu. This appendix is not intended to provide service information, 
but to acquaint you with the tests. If service is required, it should be 
performed by qualified service personnel. 

Self Tests The power-up self test is a set of tests that are automatically performed 
when you apply power to the logic analyzer. You may perform the self 
tests individually to have a higher level of confidence that the 
instrument is operating properly. A message that the instrument has 
failed a test will appear if any problem is encountered during a test. 
The individual self tests are listed in the self test menu which is 
accessed via the I/O menu. The HP 1652B/1653B self tests are on the 
operating system disk and the disk is required to run the tests. 

POWer-Up Self The power-up self test is automatically initiated at power-up by the 
Test HP 1652B/1653B Logic Analyzers. The revision number of the 

operating system firmware is given in the upper right of the screen 
during the power-up self test. As each test is completed, either “passed” 
or “failed” will be displayed before the test name as shown below. 

PERFORMING POWER-UP SELF TESTS 

passed ROM test 
passed RAM test 
passed Interrupt test 
passed Display test 
passed Keyboard test 
passed Acquisition test 
passed Threshold test 
passed Disk test 

LOADING SYSTEM FILE 
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When the power-up self testing is complete, the operating system will 
be automatically loaded. If the operating system disk is not in the disk 
drive, the message “SYSTEM DISK NOT FOUND” will be displayed 
at the bottom of the screen and “NO DISK” will be displayed in front of 
disk test in place of “passed.” 

- 

If the “NO DISK” message appears, turn off the instrument, insert the 
operating system disk into the disk drive, and apply power again. 

Selectable Self The following self tests may be accessed individually in the Self Test 
Tests menu: 

l Analyzer Data Acquisition 
l Scope Data Acquisition 
l RS-232C 
a BNC 
l Keyboard 
0 RAM 
l ROM 
l Disk Drive 
0 Cycle through tests 

To select a test, place the cursor on the test name and press SELECT. 
A pop-up menu appears with a description of the test. The self test 
does not begin until the cursor is placed on Single or Repetitive Test 
and the SELECT key is pressed. 

When the test is complete, either “Passed”,“Failed”, or “Tested” will be 
displayed in the Self Test menu in front of the test. These tests are also 
used as troubleshooting aids. If a test fails, refer to Section 6 of the 
Service manual for information on the individual tests used for 
troubleshooting. 
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,- Specifications and Operating 
Characteristics 

Introduction This appendix lists the specifications, operating characteristics, and 
supplemental characteristics of the HP 1652B and HP 1653B Logic 
Analyzers. 

Logic Analyzer 
Specifications 

Probes Minimum Swing: 600 mV peak-to-peak. 

Threshold Accuracy: OltageBange 

-2.OV to + 2.ov 

-9.9v to -2.lV 

+ 2.1v to + 9.9v 

Dynamic Range: t 10 volts about the threshold. 

CCUfaCV 

k 150 mV 

*3OOmV 

&3OOmV 

State Mode Clock Repetition Rate: Single phase is 35 MHz maximum (25 MHz on 
the HP 1653B). With time or state counting, minimum time between 
states is 60 ns (16.67 MHz). Both mixed and demultiplexed clocking 
use master-slave clock timing; master clock must follow slave clock by 
at least 10 ns and precede the next slave clock by 150 ns. 

Clock Pulse Width: ~10 ns at threshold. 

Setup Time: Data must be present prior to clock transition, 2 10 ns. 

Hold Time: Data must be present after rising clock transition; 0 ns. 
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Data must be present after falling clock transition, 0 ns (HP 1653B); 
data must be preserit after falling L clock transition, 0 ns (HP 1652B); 
data must be present after falling J, IS, M, and N clock transition, 1 ns 
(HP 1652B). 

Timing Mode Minimum Detectable Glitch: 5 ns wide at the threshold. 

Logic Analyzer The following operating characteristics are not specifications, but are 

Operating typical operating characteristics for the HP 1652B/1653B logic analyzer 

Characteristics 
which are included as additional information for the user. 

Probes Input RC: 100 KQ t 2% shunted by approximately 8 pF at the probe 
tip. 

‘ITL Threshold Preset: + 1.6 volts. 

ECL Threshold Preset: -1.3 volts. 

Threshold Range: -9.9 to + 9.9 volts in 0.1 volt increments. 

Threshold Setting: Threshold levels may be defined for pods 1 and 2 
individually (HP 1653B). Threshold levels may be defined for pods 1, 
2, and 3 on an individual basis and one threshold may be defined for 
pods 4 and 5 (HP 1652B). 

Minimum Input Overdrive: 250 mV or 30% of the input amplitude, 
whichever is greater. 

Maximum Voltage: t 40 volts peak. 

Maximum Power Available Through Cables: 600 mA @ 5V per cable; 
2 amp @ 5V per HP 1652B/1653B. 
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Measurement 
Configurations Analyzer Configurations: a 

Timing Off 
Off Timing 
State Off 
Off State 
Timing State 
State Timing 
State State 
Off Off 

Channel Assignment: Each group of 16 channels (a pod) can be 
assigned to Analyzer 1, Analyzer 2, or remain unassigned. The HP 
1652B contains 5 pods; the HP 1653B contains 2 pods. 

State Analysis Memory 

Data Acquisition: 1024 samples/channel. 

Trace Specification 

Clocks: Five clocks (HP 1652B) or two clocks (HP 1653B) are 
available and can be used by either one or two state analyzers at any 
time. Clock edges can be ORed together and operate in single phase, 
two phase demultiplexing, or two phase mixed mode. Clock edge is 
selectable as positive, negative, or both edges for each clock. 

Clock Qualifier: The high or low level of four ORed clocks (HP 
1652B) or one clock (HP1653B) can be ANDed with the clock 
specification. Setup time: 20 ns; hold time: 5 ns. 

,- 
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Pattern Recognizers: Each recognizer is the AND combination of bit 
(0, 1, or X) patterns in each label. Eight pattern recognizers are 
available when one state analyzer is on. Four are available to each 
analyzer when two state analyzers are on. 

Range Recognizers: Recognizes data which is numerically between or 
on two specified patterns (ANDed combination of zeros and/or ones). 
One range term is available and is assigned to the first state analyzer 
turned on. The maximum size is 32 bits and on a maximum of 2 pods. 

Qualifier: A user-specified term that can be anystate, nostate, a single 
pattern recognizer, range recognizer, or logical combination of pattern 
and range recognizers. 

Sequence Levels: There are eight levels available to determine the 
sequence of events required for trigger. The trigger term can occur 
anywhere in the first seven sequence levels. 

Branching: Each sequence level has a branching qualifier. When 
satisfied, the analyzer will restart the sequence or branch to another 
sequence level. 

Occurrence Counter: Sequence qualifier may be 
to 65535 times before advancing to the next level. 

specified to occur up 

Storage Qualification: Each sequence level has a storage qualifier that 
specifies the states that are to be stored. 

Enable/Disable: Defmes a window of post-trigger storage. States 
stored in this window can be qualified. 

Prestore: Stores two qualified states that precede states that are stored. 

Tagging 

State Tagging: Counts the number of qualified states between each 
stored state. Measurement can be shown relative to the previous state 
or relative to trigger. Maximum count is 4.4 X (10 to the 12th power). 
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Time Tagging: Measures the time between stored states, relative to 
either the previous state or to the trigger. Maximum time between 
states is 48 hours. 

With tagging on, the acquisition memory is halved; minimum time 
between states is 60 ns. 

Symbols 

Pattern Symbols: User can define a mnemonic for the specific bit 
.pattern of a label. When data display is SYMBOL, .a mnemonic is 
displayed where the bit pattern occurs. Bit patterns can include zeros, 
ones, and don’t cares. 

Range Symbols: User can define a mnemonic covering a range of 
values. Bit pattern for lower and upper limits must be defined as a 
pattern of zeros and ones. When data display is SYMBOL, values 
within the specified range are displayed as mnemonic + offset from 
base of the range. 

Number of Pattern and Range Symbols: 200 per HP 1652B/l653B. 

Symbols can be down-loaded over RS-232C and HP-IB. 

State Compare Mode 

Performs post-processing bit-by-bit 
data and compare data image. 

comparison of the acquired state 

Compare Image: Created by copying a state acquisition into the 
compare image buffer. Allows editing of any bit in the compare image 
to a zero, one, or don’t care. 

Compare Image Boundaries: Each channel (column) in the compare 
image can be enabled or disabled via bit masks in the compare image. 
Upper and lower ranges of states (rows) in the compare image can be 
specified. Any data bits that do not fall within the enabled channels 
and the specified range are not compared. 

Stop Measurement: Repetitive acquisitions may be halted when the 
comparison between the current state acquisition and the current 
compare image is equal or not equal. 
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Displays: Compare Listing display shows the compare image and bit 
masks; Difference Listing display highl@ts differences between the 
current state acquisition and the current compare image. 

State X-Y Chart Display 

Plots the value of the specified label (on 
another label (on the x-axis). Both axes 

the y-axis) versus states or 
be scaled by the user. 

Markers: Correlated to state listing, state compare, and state 
waveform displays. Available as pattern, time, or statistics (with time 
counting on), and states (with state counting on). 

Accumulate: 
acquisitions. 

Chart display is not erased between successive 

State Waveform Display 

Displays a state acquisition in a waveform format. 

States/div: 1 to 104 states. 

Delay: 0 to 1024 states. 

Accumulate: Waveform display is not erased between successive 
acquisitions. 

Overlay Mode: Multiple channels can be displayed on one waveform 
display line. Primary use is to view a summary of bus activity. 

Maximum Number of Displayed Waveforms: 24. 

Markers: Correlated to state listing, state compare, and X-Y chart 
displays. Available as pattern, time, or statistics (with time counting 
on), and states (with state counting on). 
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Timing Analysis Transitional Timing Mode 

Sample is stored in acquisition memory only when the data changes. A 
time tag stored with each sample allows reconstruction of a waveform 
display. Time covered by a full memory acquisition varies with the 
number of pattern changes in the data. 
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Sample Period: 10 11s. 

Maximum Time Covered By Data: 5000 seconds. 

Minimum Time Covered by Data: 10.24 us. 

Glitch Capture Mode 

Data sample and glitch information is stored every sample period. 

Sample Period: 20 ns to 50 ms in a l-2-5 sequence dependent on 
secldiv and delay settings. 

Memory Depth: 512 samples/channel. 

Time Covered by Data: Sample period X 512 

Waveform Display 

Sec/div: 10 ns to 100 s; 0.01% resolution. 

Screen Delay: -2500 s to 2500 s; presence of data is dependent on the 
number of transitions in data between trigger and trigger plus delay 
(transitional timing). 

Accumulate: Waveform display is not erased between successive 
acquisitions. 

Hardware Delay: 20 ns to 10 ms. 

Overlay Mode: Multiple channels can be displayed on one waveform 
display line. Primary use is to view a summary of bus activity. 

Maximum Number Of Displayed Waveforms: 24 
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Time Interval Accuracy 

Channel to Channel Skew: 4 ns typical. 

Sample Period Accuracy: 0.01% of sample period. 

Time Interval Accuracy 2 (sample period + channel-to-channel 
skew + 0.01% of time interval reading). 

Trigger Specification 

Asynchronous Pattern: Trigger on an asynchronous pattern less than 
or greater than a specified duration. Pattern is the logical AND of a 
specified low, high, or don’t care for each assigned channel. If pattern 
is valid but duration is invalid, there is a 20 ns reset time before looking 
for patterns again. 

Greater Than Duration: Minimum duration is 30 ns to 10 ms with 10 
ns or 0.01% resolution, whichever is greater. Accuracy is + 0 ns to -20 
ns. Trigger occurs at pattern + duration. 

Less Than Duration: Maximum duration is 40 ns to 10 ms with 10 ns 
or 0.01% resolution, whichever is greater. Pattern must be valid for at 
least 20 ns. Accuracy is + 20 ns to -0 ns. Trigger occurs at the end of 
the pattern. 

Glitch/Edge Triggering: Trigger on a glitch or edge following a valid 
duration of an asynchronous pattern while the pattern is still present. 
Edge can be specified as rising, falling, or either. Less than duration 
forces glitch and edge triggering off. 

Measurement and Autoscale (Timing Analyzer Only) 
Display Functions 

Autoscale searches for and displays channels with activity on the pods 
assigned to the timing analyzer. 

Acquisition Specifications 

Arming: Each analvzer can be armed by the run key, the other 
analyzer, or the external trigger in port. 
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Trace Mode: Single mode acquires data once per trace specification; 
repetitive mode repeats single mode acquisitions until stop is pressed 
or until the time interval between two specified patterns is less than or 
greater than a specified value, or within or not within a specified range. 
There is only one trace mode when two analyzers are on. 

Labels 

Channels may be grouped together and given a six character name. Up 
to 20 labels in each analyzer may be assigned with up to 32 channels 
per label. Primary use is for naming groups of channels such as 
address, data, and control busses. 

Indicators 

Activity Indicators: Provided in the Configuration, State Format, and 
Timing Format menus for identifying high, low, or changing states on 
the inputs. 

Markers: Two markers (X and 0) are shown as dashed lines on the 
display. 

Trigger: Displayed as a vertical dashed line in the timing waveform 
display and as line 0 in the state listing display. 

Marker Functions 

Time Interval: The X and 0 markers measure the time interval 
between one point on a timing waveform and trigger, two points on the 
same timing waveform, two points on different waveforms, or two states 
(time tagging on). 

Delta States (State Analyzer Only): The X and 0 markers measure the 
number of tagged states between one state and trigger, or between two 
states. 

Patterns: The X and 0 markers can be used to locate the nth 
occurrence of a specified pattern before or after trigger, or after the 
beginning of data. The 0 marker can also find the nth occurrence of a 
pattern before or after the X marker. 
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Statistics: X to 0 marker statistics are calculated for repetitive 
acquisitions. Patterns must be specified for both markers and statistics 
are kept only when both patterns can be found in an acquisition. 
Statistics are minimum X to 0 time, maximum X to 0 time, average X to 
0 time, and ratio of valid runs to total runs. 

Run/Stop Functions 

Run: Starts acquisition of data in a specified trace mode. 

Stop: In single trace mode or the frost run of a repetitive acquisition, 
STOP halts the acquisition and displays the current acquisition data. 
For subsequent runs in repetitive mode, STOP halts the acquisition of 
data and does not change current display. 

Data Display/Entry 

Display Modes: State listing; timing waveforms; interleaved, 
time-correlated listing of two state analyzers (time tagging on); 
time-correlated state listing and timing waveform display (state listing 
in upper half, timing waveform in lower half, and time tagging on). 

Timing Waveform: Pattern readout of timing waveforms at X or 0 
marker. 

Bases: Binary, Octal, Decimal, Hexadecimal, ASCII (display only), 
and User-defined symbols. 

Specifications and Operating Characteristics 
F-10 

HP 16528/1653B 
Front-Panel Reference 



Oscilloscope The following specifications are the performance standards or limits 

Specifications against which the oscilloscope in the HP 1652B/l653B is tested. 

Vertical Bandwidth (-3 dB): dc to 100 MHZ (single shot). 

DC Gain Accuracy: t 3% of full scale. 

DC Offset Accuracy: 2 (2 mV + 2% of the channel offset + 2.5% of 
full scale). 

Voltage Measurement Accuracy (DC): (Gain accuracy + ADC 
resolution + Offset accuracy). 

Horizontal Time Interval Measurement Accuracy: $276 X s/div + 0.01% X 
delta-t + 500 ps). 

Trigger Sensitivity 10% of full screen. 

Oscilloscope The following operating characteristics are not specifications, but are 

Operating typical operating characteristics for the oscilloscope in the HP 
1652B/1653B. These are included as additional information for the 

Characteristics user . 

Vertical Transition Time (109b to !W%): s 3.5 fls. 
(at BNC) 

Number of Channels: 2. 

Vertical Sensitivity Range: 15 mV/div to 10 V/div (1: 1 probe). 

Vertical Sensitivity Resolution: Adjustable 2 digit resolution. 

Maximum Sample Rate: 400 MSamples/second. 

Analog-to-Digital Conversion: 6 bit real-time. 

HP 16528/1653B Specifications and Operating Characteristics 
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Analog-to-Digital Resolution: &1.6% of full scale. . 

Waveform Record Length: 2048 points. 

Input k 1 MC2 -t 1% or 50 52 & 1%. 

Input C: Approximately 7 pF. 

Input Coupling: dc. 

Maximum Safe Input Voltage: 

1 MS2 input, 
50 s2 input, 

2 250 V [dc + peak ac (< 10 kHz)] 
k5VRMS 

DC Offset Range (1:l Probe): 

Vertical Sensitivitv Available Offset 

(50 mV/div 22.0 v 
100 mV/div - 200 mV/div t10V 
500 mV/div - 1 V/div t50 v 
~2 Vldiv t125 V 

&5 V max if input impedance is at 50 Q. 

DC Offset Resolution (1:l Probe) 

Vertical Sensitivitv Resolution 

5 50 mV/div 200 uv 
100 mV/div - 200 mV/div 1mV 
500 mV/div - 1 V/div 5mV 
r2 Vfdiv 25 mV or 4 digits of resolution, whichever 

is greater. 

Probe Factors: Any integer ratio from 1:l to 1OOO:l. 

Channel Isolation: 

40 dB: dc to 50 MHz. 

30 dB: 50 MHz to 100 MHz (with channels at equal sensitivity). 

Specifications and Operating Characteristics 
F-12 

HP 16528/1653B 
Front-Panel Reference 



Horizontal Timebase Range: 5 n~/div to 5 div. 

. 
esolum 

t < 10 ns/div loo ps 
t1.10ns/div adjustable with 3-d@ resolution 

Delay Pre-trigger Range: 5 X (s/div) @ 5 11s s s/div s 500 ns 
2.5 ps X (s/div) @ 500 ns s s/div s 5 s 

Delay Post-trigger Range: 
. 

vmle Delu 

50 ms - 5 s/d.iv 
100 - 20 msldiv ,us 
5 ns - 50ps/div 

40 X (s/div) 
1s 
10,000 X (s/div) 

Trigger Triggering on either input channel, rising or falling edge. 

Trigger Level Range: dc Offset 25 divisions. 

Trigger Level Resolution (1:1 Probe): 

r Level 

S50 mV/div 400 PV 
100 mV/ div - 200 mV/div 2mV 
500 mV/div - 1 V/div 10 mV 
r2Vldiv 50 mV 

Arming: Armed by the Run key, external BNC low input, or by 
Analyzer 1 or 2. 

Trigger Modes 

Immediate: Triggers immediately after the arming condition is met. 

Edge: Triggers on the rising or falling edge from channel 1 or 2. 
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Auto-Triggerz Self-triggers if no trigger condition is found within 
approximately 1 second after arming. 

‘Ikigger Ouk Arms Analyzer 1 or 2, or triggers the rear panel BNC. 

waveform Display Display Formats: 1 to 8 oscilloscope waveforms can be displayed. 

Display Resolution: 500 points horizontally, 240 points vertical. 

Display Modes 

Normal: New acquisitions replace old acquisitions on screen. 

Accumulate: New acquisitions are added to the screen and displayed 
with previous acquisitions until a parameter is changed and a new 
acquisition is made. 

Average: New acquisitions are averaged with older acquisitions and 
displayed. Maximum number of averages is 256. 

Overlay: Channel 1 and 2 can be overlayed in the same display area. 

Connect-the-dots: Provides a display of the sample points connected 
by straight lines. 

Waveform Reconstruction: A reconstruction falter fills in missing data 
points when timebase is s 100 ns/Div or when timebase is reduced to a 
setting where fewer than 500 samples are on screen. 

Waveform Math: Display capability of A-B and A + B functions is 
provided. 

Mixed Mode: Oscilloscope plus logic analyzer displays on the same 
screen. 

Specifications and Operating Characteristics 
F-14 

HP 16528/1653B 
Front-Panel Reference 



Measurement Aids Time Markers: TWO vertical markers labeled X and 0. Voltage levels 
are displayed for each marker. Time interval measurements can be 

- made between any two events. 

Automatic Search: Searches for a specified absolute or percentage 
voltage level at a positive or negative edge, count adjustable from 1 to 
1024. 

Auto Search Statistics: Mean, maximum, and minimum values for 
elapsed time from X to 0 markers for multiple runs. Number of valid 
runs and total number of runs displayed. 

Trigger Level Marker= Horizontal trigger level marker displayed in 
Trace/Trigger menu only. 

Automatic Measurements: The following pulse parameter 
measurements can be performed automatically: 

- 
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Frequency 
Period 
v P-P 
Rise time 
Fall time 
Preshoot 
Overshoot 
+ pulse width 
- pulse width 

Grid: May be turned on or off. 

Setup Aids 

Autoscale: Auto sets the vertical and horizontal ranges, offset, and 
trigger levels to display the input signals. Requires an amplitude above 
10 mV peak, and a frequency between 50 Hz and 100 MHz. 

Preset: Scales the vertical range, offset, and trigger level to 
predetermined values for displaying ECL or TTL waveforms. 

Calibration: Attenuation, offset, gain, trigger, and delay set to 
defaults. 

Specifications and Operating C haracteristics 
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Probe Compensation Source!: External BNC supplies square wave 
approximately -400 mV to -900 mV at approximately 1.25 kHz. 

-- 

Interactive 
Measurements 

Acquisition 

Mixed Displays 

Time Correlation 

Time Interval 
Accuracy 

Between Modules 

Oscilloscope, timing, and state can occur simultaneously or in series. 

Timing channels and oscilloscope channels can be displayed on the 
same screen. Multiple state machine listings can be displayed with 
time tags on the same screen. Timing channels can be displayed with a 
state listing with Time Tags turned on. State listings with time tags, 
timing channels, and oscilloscope channels can be displayed on the 
same screen. 

All modules are time correlated with the exception of when the 
oscilloscope is being armed by the logic analyzer, and when the 
oscilloscope is not in trigger immediate mode. 

Equals the sum of channel to channel time interval accuracies of each 
machine used for a measurement. 

Specifications and Operating Characteristics 
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General The following general characteristics for the HP 1652B/1653B include 
the environment operating conditions, shipping weights, and Characteristics instrument dimensions . 

Operating Temperature 
Environment 

Instrument: 

Operating: O°C to + 55OC (32°F to + 131°F) 
Non-operating: -40°C to + 70°C (-40°F to + 158°F) 

Probes and Cables: O°C to 65°C ( + 32°F to + 149°F) 

Disk Media: 10°C to 50°C ( + 50°F to + 149°F). 

Humidity: 

Instrument: 

Operating: Up to 95% relative humidity (non-condensing) at + 40°C 
( + 104°F) 
Non-operating: Up to 90% relative humidity at + 65°C ( + 149°F) 

Disk Media: 8% to 80% relative humidity at + 40°C ( + MM°F) 
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Operating: Up to 4600 meters (15,000 ft) 
Non-operating: Up to 15,300 meters (50,000 ft) 

Vibration 

Operating: Random vibration 5-500 Hz, 10 minutes per axis, 0.3 g 
bms) 
Non-operating: Random vibration 5-500 Hz, 10 minutes per axis, 2.41 
g (rms); 
Resonant search 5-500 Hz swept sine, 1 Octave/minute sweep rate, 0.75 
g (O-peak), 5 minute resonant dwell at 4 resonances per axis. 
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Power 
Requirements ll5/230 Vat, -25% to + lS%, 48-66 Hz, 200 W max. 

Weight 10.0 kg (22 Ibs) net; 18.2 kg (40 Ibs) shipping. 

Dimensions Refer to the outline drawing below. 

NOTES 

1 . Dimensions are for general information only. 
If dimensions are required for building special 
enclosures, contact your HP field engineer. 

2. Dimension ore in millimetres and (inches). 

545olfIl3 
425.4 (16.75”) 

Figure F-l. HP 1652B/1653B Dimensions 
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CERTIFICATION 

Hewlett-Packard Company certifies that this product met its published specifications at the time of ship- 
ment from the factory. Hewlett-Packard further certifies that its calibration measurements are traceable to 
the United States National Institute of Standards and Technology, to the extent allowed by the Institute’s 
calibration facility, and to the calibration facilities of other International Standards Organization members. 

WARRANTY 

This Hewlett-Packard product is warranted against defects in material and workmanship for a period of 
one year from date of shipment. During the warranty period, Hewlett-Packard Company will, at its option, 
either repair or replace products which prove to be defective. 

For warranty service or repair, this product must be returned to a service facility designated by HP. Buyer 
shall prepay shipping charges to HP and HP shall pay shipping charges to return the product to Buyer. 
However, Buyer shall pay all shipping charges, duties, and taxes for products returned to HP from another 
country. 

HP warrants that its software and firmware designated by HP for use with an instrument will execute its 
programming instructions when properly installed on that instrument. HP does not warrant that the 
operation of the instrument or software, or firmware will be uninterrupted or error free. 

LIMITATION OF WARRANTY 

The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by 
Buyer, buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside the 
environmental specifications for the product, or improper site preparation or maintenance. 

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. 

EXCLUSIVE REMEDIES 

THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HP SHALL NOT 
BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, 
WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY. 

ASSISTANCE 

Product maintenance agreements and other customer assistance agreements are available for 
Hewlett-Packard products. 

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

General This is a Safety Class I instrument (provided with terminal for protective earthing). BEFORE 

Operation APPLYING POWERverify that the power transformer primary is matched to the available line 
voltage, the correct fuse is installed, and Safety Precautions are taken (see the following warnings). 
In addition, note the instrument’s external markings which are described under “Safety Symbols.” 

General l 

Warnings and 
Cautions 

l 

BEFORE SWITCHING ON THE INSTRUMENT, the protective earth terminal of the 
instrument must be connected to the protective conductor of the (mains) powercord. The mains 
plug shall only be inserted in a socket outlet provided with a protective earth contact. The 
protective action must not be negated by the use of an extension cord (power cable) without a 
protective conductor (grounding). Grounding one conductor of a two-conductor outlet is not 
sufficient protection. 

Servicing instructions are for use by service-trained personnel. To avoid dangerous electric shock, 
do not perform any servicing unless qualified to do so. 

If  this instrument is to be energized via an auto-transformer (for voltage reduction) make sure 
the common terminal is connected to the earth terminal of the power source. 

Any interruption of the protective (grounding) conductor (inside or outside the instrument) or 
disconnecting the protective earth terminal will cause a potential shock hazard that could result in 
personal injury. 

Whenever it is likely that the protection has been impaired, the instrument must be made 
inoperative and be secured against any unintended operation. 

Only fuses with the required rated current, voltage, and specified type (normal blow, time delay, 
etc.) should be used. Do not use repaired fuses or short circuited fuseholders. To do so could 
cause a shock or fire hazard. 

Do not operate the instrument in the presence of flammable gasses or fumes. Operation of any 
electrical instrument in such an environment constitutes a definite safety hazard. 

Do not install substitute parts or perform any unauthorized modification to the instrument. 

Adjustments described in the manual are performed with power supplied to the instrument while 
protective covers are removed. Energy available at many points may, if contacted, result in 
personal injury. 

Any adjustment, maintenance, and repair of the opened instrument under voltage should be 
avoided as much as possible, and when inevitable, should be carried out only by a skilled person 
who is aware of the hazard involved. 

Capacitors inside the instrument may still be charged even if the instrument has been 
disconnected from its source of supply. 

Safety Symbols 

Instruction manual symbol. The product will be marked with this symbol when it is necessary for the 
user to refer to the instruction manual in order to protect against damage to the product. 

$ Indicates Hazardous Voltages 

Earth terminal (sometimes used in manual to indicate circuit common connected to grounded chassis). 

Warning The WARNING sign denotes a hazard. It calls attention to a procedure, practice, or the like, which, if 
not correctly performed or adhered to, could result in personal injury. Do not proceed beyond a 
WARNING sign until the indicated conditions are fully understood and met. 

Caution The CAUTION sign denotes a hazard. It calls attention to an operating procedure, practice, or the 
like, which, if not correctly performed or adhered to, could result in damage to or destruction of part 
or all of the product. Do not proceed beyond a CAUTION sign until the indicated conditions are fully 
understood or met. 

. . . 
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New editions are complete revisions of the manual. Update packages, which are 
issued between editions, contain additional and replacement pages to be merged 
into the manual by the customer. The dates on the title page change only when a 
new edition is published. 

A software and/or firmware code may be printed before the date; this indicates the 
version level of the software and/or firmware of this product at the time of the 
manual or update was issued. Many product updates and fixes do not require 
manual changes and, conversely, manual corrections may be done without 
accompanying product changes. Therefore, do not expect a one to one 
correspondence between product updates and manual updates. 

Edition 1 February 1990 01652-90905 

iv 



List of Effective Pages 

The List of Effective Pages gives the date of the current edition and of any pages 
changed in updates to that edition. Within the manual, any page changed since the 
last edition is indicated by printing the date the changes were made on the bottom 
of the page. If an update is incorporated when a new edition of the manual is 
printed, the change dates are removed from the bottom of the pages and the new 
edition date is listed in Printing History and on the title page. 
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General Information 

Introduction This Service Manual explains how to test, adjust, and service the Hewlett-Packard 
1652B/1653B Logic Analyzer. This manual is divided into six sections: 

0 1 - General Information. 

0 2 - Installation. 

l 3 - Performance Tests. 

l 4 - Adjustments and Calibration. 

l 5 - Replaceable Parts. 

l 6 - Service. 

For easier access, the Service section is presented in four sub-sections: 

l 6A - Theory of Operation. 

l 6B - Self Tests. 

l 6C - Troubleshooting. 

l 6D - Assembly Removal and Replacement. 

Information for operating, progr amming, and interfacing the HP 1652BJ1653B is 
contained in the HP 1652B/1653B Operating and Programming manual set 
supplied with each instrument. 

Section 1, “General Information,” includes a description of the HP 1652B/1653B 
logic analyzer, including its specifications, options, available accessories, and 
recommended test equipment for maintaining the instrument. 

Listed on the title page of this manual is a microfiche part number. This number 
can be used to order 4 by 6- inch microfilm transparencies of the manual. Each 
microfiche contains up to 96 photo-duplicates of the manual pages. The 
microfiche package also includes the latest Manual Changes supplement and 
pertinent Service Notes. 
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Instruments The instrument serial number is located on the rear panel. Hewlett-Packard uses a 

Covered by this two part serial number consisting of a four-digit prefix and a five-digit suffix 

Manual 
separated by a letter (for example, OOOOAOOOOO). The prefix is the same for all 
identical instruments and changes only when a modification is made that affects 
parts compatibility. The suffix is assigned and is different for each instrument. 
This manual applies directly to instruments with the serial prefix shown on the title 
page* 

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

In addition to change information, the supplement may contain information for 
correcting errors in the manual. To keep this manual as current and accurate as 
possible, Hewlett-Packard recommends that you periodically request the latest 
Manual Changes supplement. The supplement for this manual is identified with 
the manual print date and part number, both of which appear on the 
page. Complimentary copies of the supplement are available from 
Hewlett-Packard. 

manual title 

Safety This product is a Safety Class 1 instrument (provided with a protective earth 

Considerations terminal). Review the instrument and manual for safety markings and instructions 
before you begin operating this instrument. Specific warnings, cautions, and 
instructions are placed wherever applicable throughout the manual. These 
precautions must be observed during all phases of operation, service, and repair of 
the instrument. Failure to comply with these precautions, or with specific warnings 
elsewhere in this manual, violates safety standards of design, manufacture, and 
intended use of this instrument. 

Hewlett-Packard assumes no liability for the customer’s failure to comply with 
these safety requirements. 

General Information 
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Product The HP 1652B/1653B logic analyzers are general purpose instruments featuring 

Description measurement capabilities in all three domains of interest to the digital system 
designer: Analog, Timing, and State. Each of these domains is available to the 
user separately or in an interactive combination. 

The HP 1652B includes an 80.channel, 35 MHz state, 100 MHz timing logic 
analyzer, selectable in 16 channel groupings with a 2-channel, 100 MHz, 400 
Msample/s digitizing oscilloscope. The HP 1653B includes an 32.channel, 25 MHz 
state, 100 MHz timing logic analyzer, also selectable in 16 channel groupings with a 
2-channel, 100 MHz, 400 Msample/s digitizing oscilloscope. Both analyzers can be 
configured as two independent state analyzers or one state and one timing 
analyzer. Two channels of oscilloscope measurement can be added to any 
configuration. Some of the main features of the analyzer include the following: 

Simultaneous state/state, or simultaneous state/timing analysis. 

Time interval; number of states; pattern search; minimum, maximum, and 
average time interval statistics. 

Transitional timing to store data only when there is a transition. 

Clock qualifiers, storage qualification, time and number of state tagging, and 
prestore. 

Small lightweight probing. 

Some of the main features of the digitizing oscilloscope include the following: 

l 2 channels of 400 Msamples/s digitizing for 100 MHz bandwidth single-shot 
analysis. 

l 2k memory depth 

l Automatic pulse parameters which display time between markers, acquires 
until capturing specified time between markers, and performs statistical 
analysis on time between markers. 

l Arming by either analyzer or BNC input. 

l 60 mV through 40 V full screen resolution. 

HP 16528/l 6538 
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Other main features of the HP 1652B/1653B include the following: 

l A user interface consisting of a panel keyboard with a Rotary Pulse Generator 
(RPG) knob. 

l Nine-inch white phosphor, high resolution monitor. 

l 3.5inch floppy disk drive. 

l HP-IB and RS-232C interfaces for hardcopy output to a printer or controller 
interface. 

Accessories 
Supplied 

The following accessories are supplied with the HP 1652B/1653B Logic Analyzer: 

l Woven probe cable (HP part number 01650-61607) with a 40.pin connector on 
. each side, 17 signal lines, 18 return lines, 2 chassis ground lines, and 2 power 

lines. Each power line supplies + 5 volts for preprocessor power. Each cable 
supplies 600 milliamperes with a maximum power available from the 
HP 1652B/1653B of 2 amperes. Five probe cables are supplied with the 
HP 1652B and two are supplied with the HP 1653B. 

l Probe Tip Assemblies (HP part number 01650-61608) that provide 16 data 
channels, 1 clock channel, and 1 ground lead per pod assembly. The probe 
input specifications are listed in the Logic Analyzer Specifications of this 
section. Five Probe Tip Assemblies are supplied with the HP 1652B and two 
are supplied with the HP 1653B. 

l Grabbers for the probe tip assemblies are supplied in packages of 20 (HP part 
number 5959-0288). One-hundred grabbers (5 packages) are supplied with 
the HP 1652B and 40 grabbers (2 packages) are supplied with the HP 1653B. 

l Two HP 10430A lO:l, 1 MS& 6.5 pF, 1 m mini-probes. 

l Two right angle BNC adapters (HP part number 1250-0076). 

l One BNC-to-mini probe adapter (HP part number 125001454). 

l One Operating System Disk. 

l One Performance Verification Disk. 

l One 2.3 meter (7.5 feet) Power Cord (see section 2, “Installation,” for the 
available power cords). 

0 

One Operating and Reference Manual Set . 

One Programming Reference Manual. 

l One Service Manual. 

- 

l One RS-232C Loopback Connector. 

General 
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Accessories 
Available 

The following accessories are available for the HP 1652B/l653B Logic Analyzer: 

l Termination Adapter (HP part number 01650-63201). 

l HP Model 10269C General Purpose Probe Interface to connect the logic 
analyzer directly to microprocessor preprocessors. 

l Preprocessors for specific microprocessors and bus systems (for more 
information see your Hewlett-Packard Sales/Service Offices). 

l lO:l, lOO:l, 10 MS& 10 pf resistive divider probe set, 1.5 m (HP 1002OA). 

l BNC to BNC cable, 1.2 m (HP 10503A). 

l 24-pin IC test clip (HP 102llA). 

l BNC-to-BNC ac coupling capacitor (HP 10240B). 

1O:l Probes: 

l 1 MQ 7.5 pF miniprobe, 1 m (HP 10435A). 

l 1 MQ 10 pF miniprobe, 2 m (HP 10433A). 

1:l Probes: 

l 36 pF miniprobe, 1 m (HP 10438A). 

l 62 pF miniprobe, 2 m (HP 10439A). 

l 50 S2 miniprobe, 2 m (HP 10437A). 

1OO:l Probes: 

l 10 MQ, 2.5 pF miniprobe, 2 m (HP lOWA). 

l Soft Carrying Case (HP part number 1540-1066). 

l HP Model 1008A Option 006 Testmobile. 

l HP Model 92192A 3.5~inch Microfloppy Disks (box of ten). 

l Rackmount Kit (HP part number 5061-6175). 
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Logic Analyzer 
Specifications 

Probes 

State Mode 

Timing Mode 

The following specifications are the performance standards or limits against which 
the HP 1652B/1653B logic analyzer is tested. 

Minimum Swing: 600 mV peak-to-peak. 

Threshold Accuracy olt;age Range Accuraq 
-2.ov to + 2.ov t 150 mV 
-9.9v to -2.N & 300 mV 
-I- 2.w to -I- 9.9v t 300 mV 

Clock Repetition Rate: Single phase is 35 MHz maximum (25 MHz on the 
HP 1653B). With time or state counting, minimum time between states is 60 ns 
(16.67 MHz). Both mixed and demultiplexed clocking use master-slave clock 
timing. The master clock must follow the slave clock by at least 10 ns and precede 
the next slave clock by ~50 ns. 

Clock Pulse ‘Width: ~10 ns at threshold. 

Setup Time: Data must be present prior to the clock transition, > 10 ns. 

Hold Time: Data must be present after the rising clock transition, 0 ns. 

Data must be present after the falling clock transition, 0 ns (HP 1653B). Data 
must be present after the falling L clock transition, 0 ns (HP 1652B). Data must be 
present after the falling J, K, M, and N clock transition, 1 ns (HP 1652B). 

Minimum Detectable Glitch: 5 a~ wide at the tlxe&&L 

Logic Analyzer The following operating characteristics are not specifications, but are typical 

Operating operating characteristics for the HP 1652B/1653B logic analyzer. These 

Characteristics 
characteristics are included as additional information for the user.. 

Probes Input RC: 100 KQ t 2% shunted by approximately 8 pF at the probe tip. 

Dynamic Range: & 10 volts about the threshold. 

‘ITL Threshold Preset: + 1.6 volts. 

ECL Threshold Preset: -1.3 volts. 

Threshold Range: -9.9 to + 9.9 volts in 0.1 volt increments. 

Threshold Setting: Threshold levels may be defined for pods 1 and 2 individually 
(HP 1653B). Threshold levels may be defined for pods 1,2, and 3 on an individual 
basis and one threshold may be defined for pods 4 and 5 (HP 1652B). 
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Minimum Input Overdrive: 250 mV or 30% of the input amplitude, whichever is 
greater. 

- 

Maximum Voltage: 2 40 volts peak. 

Maximum Power Available Through Cables: 600 mA at SV per cable; 2 amp @ 
5V per HP 1652Bl1653B. 

Measurement 
Configurations Analyzer Configurations: 

Analvzer 1 
Timing 
Off 
State 
Off 
Timing 
State 
State 
Off 

Analvzer 2 
Off 
Timing 
Off 
State 
State 
Timing 
State 
Off 

Channel Assignment: Each group of 16 channels (a pod) can be assigned to 
Analyzer 1, Analyzer 2, or remain unassigned. The HP 1652B contains 5 pods; the 
HP 1653B contains 2 pods. 

- 

State Analysis Memory 

Data Acquisition: 1024 samples/channel. 

Trace Specification 

Clocks: Five clocks (HP 1652B) or two clocks (HP 1653B) are available and can 
be used by either one or two state analyzers at any time. Clock edges can be ORed 
together and operate in single phase, two phase demultiplexing, or two phase 
mixed mode. The clock edge is selectable as positive, negative, or both edges for 
each clock. 

Clock Qualifier: The high or low level of four ORed clocks (HP 1652B) or one 
clock (HP1653B) can be ANDed with the clock specification. Setup time: 20 ns; 
hold time: 5 ns. 

Pattern Recognizers: Each recognizer is the AND combination of bit (0, 1, or X) 
patterns in each label. Eight pattern recognizers are available when one state 
analyzer is on. Four are available to each analyzer when two state analyzers are on. 

Range Recognizers: Recognizes data which is numerically between or on two 
specified patterns (ANDed combination of zeros and/or ones). One range term is 
available .and is assigned to the first state analyzer turned on. The maximum size is 
32 bits and on a maximum of 2 pods. 

General Information 
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Qualifier: A user-specified term that can be anystate, nostate, a single pattern 
recognizer, range recognizer, or logical combination of pattern and range 
recogmzers. 

Sequence Levels: There are eight levels available to determine the sequence of 
events required for trigger. The trigger term can occur anywhere in the first seven 
sequence levels. 

Branching: Each sequence level has a branching qualifier. When satisfied, the 
analyzer will restart the sequence or branch to another sequence level. 

Occurrence Counter= Sequence qualifier may be specified to occur up to 65535 
times before advancing to the next level. 

Storage Qualification: Each sequence level has a storage qualifier that specifies 
the states that are to be stored. 

Enable/Disable: Defines 
window can be qualified. 

a window of post-trigger storage. States stored in this 

Prestore: Stores two qualified states that precede states that are stored. 

Tagging 

State Tagging: Counts the number of qualified states between each stored state. 
A measurement can be shown relative to the previous state or relative to trigger. 
Maximum count is 4.4 X (10 to the 12th power). 

Time Tagging: Measures the time between stored states, relative to either the 
previous state or to the trigger. Maximum time between states is 48 hours. 

With tagging on, the acquisition memory is halved; minimum time between states is 
60 ns. 

Symbols 

Pattern Symbols: A mnemonic can be defined for the specific bit pattern of a 
label. When the data display is SYMBOL, a mnemonic is displayed where the bit 
pattern occurs. Bit patterns can include zeros, ones, and don’t cares. 

Range Symbols: A mnemonic can be defmed covering a range of values. Bit 
pattern for lower and upper limits must be defined as a pattern of zeros and ones. 
When the data display is SYMBOL, values within the specified range are displayed 
as mnemonic + offset from the base of the range. 

Number of Pattern and Range Symbols: 200 per HP 1652B/1653B. 

Symbols can be down-loaded over RS-232C and HP-IB. 
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State Compare Mode 

This mode performs a post-processing 
data and the compare data image. 

bit-by-bit comparison of the acquired 

Compare Image: This is created by copying a state acquisition into the compare 
image buffer. It allows editing of any bit in the compare image to a zero, one, or 
don’t ear-e. 

Compare Image Boundaries: Each channel (column) in the compare image can 
be enabled or disabled via bit masks in the compare image. Upper and lower 
ranges of states (rows) in the compare image can be specified. Any data bits that 
do not fall within the enabled channels and the specified range are not compared. 

Stop Measurement: Repetitive acquisitions may be halted when the comparison 
between the current state acquisition and the current compare image is equal or 
not equal. 

Displays: Compare Listing display shows the compare image and bit masks. The 
Difference Listing display highlights differences between the current state 
acquisition and the current compare image. 

State X-Y Chart Display 

This function plots the value of the specified label on the y-axis versus states or 
another label on the x-axis. Both axes can be scaled by the user. 

Markers: The markers are correlated to state listing, state compare, and state 
waveform displays. They are available as pattern, time, or statistics (with time 
counting on), and states (with state counting on). 

Accumulate: Chart display is not erased between successive acquisitions. 

State Waveform Display 

This function displays a state acquisition in a waveform format. 

States/div: 1 to 104 states. 

Delay: -1023 to 1024 states. 

Accumulate: The waveform display is not erased between successive acquisitions. 

Overlay Mode: Multiple channels can be displayed on one waveform display line. 
The primary use is to view a summary of bus activity. 

Maximum Number of Displayed Waveforms: 24. 

General information 
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Timing 
Analysis 

Markers: The markers are correlated to state listing, state compare, and X-Y 
chart displays. The markers can be used for pattern, time, or statistics (with time 
counting on), and states (with state counting on). 

Transitional Timing Mode 

A sample is stored in acquisition memory only 
stored with each sample allows reconstruction 

when the data changes. A time 
of a waveform display. Time 

tag 
covered by a full memory acquisition varies with the number of pattern changes in 
the data. 

Sample Period: 10 ns. 

Maximum Time Covered By Data: 5,000 seconds. 

Minimum Time Covered by Data: 10.24 ,US. 

Glitch Capture Mode 

Data sample and glitch information is stored every sample period. 

Sample Period: 20 ns to 50 ms in a l-2-5 sequence dependent on seconds/division 
and delay settings. 

Memory Depth: 512 samples/channel. 

Time Covered by Data: Sample period X 512. 

Waveform Display 

Sec/div: 10 ns to 100 s; 0.01% resolution. 

Screen Delay: -2500 s to 2500 s. The presence of data is dependent on the number 
of transitions in data between the trigger and trigger plus delay (transitional 
timing). 

Accumulate: The waveform display is not erased between successive acquisitions. 

Hardware Delay: &(20 ns to 10 ms). 

Overlay Mode: Multiple channels can be displayed on one waveform display line. 
The primary use is to view a summary of bus activity. 

Maximum Number Of Displayed Waveforms: 24. 

Time Interval Accuracy 

Channel to Channel Skew: 4 ns typical. 
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Sample Period Accuracy: 0.01% of sample period. - 

Time Interval Accuracy: 
of time interval reading). 

2 (sample period + channel-to-channel skew + 0.01% 

Trigger Specification 

Asynchronous Pattern: Trigger on an asynchronous pattern less than or greater 
than a specified duration. The pattern is the logical AND of a specified low, high, 
or don’t care for each assigned channel. If the pattern is valid but the duration is 
invalid, there is a 20 ns reset time before the instrument will look for patterns again. 

Greater Than Duration: Minimum duration is 30 ns to 10 ms with 10 ns or 0.01% 
resolution, whichever is greater. Accuracy is + 0 ns to -20 ns. Trigger occurs at 
pattern + duration. 

Less Than Duration: Maximum duration is 40 ns to 10 ms with 10 ns or 0.01% 
resolution, whichever is greater. Pattern must be valid for at least 20 ns. Accuracy 
is + 20 ns to -0 ns. Trigger occurs at the end of the pattern. 

Glitch/Edge Triggering: Trigger on a glitch or edge following a valid duration of 
an asynchronous pattern while the pattern is still present. Edge can be specified as 
rising, falling, or either. Less than duration forces glitch and edge triggering off. 

Measurement Autoscale (Timing Analyzer Only) 
and Display 

Functions Autoscale searches for and displays channels with activity on the pods assigned to 
the timing analyzer. 

General Information 
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Acquisition Specifications 

Arming: Each analyzer can be armed by the run key, the other analyzer, the 
oscilloscope, or the external trigger in port. 

Trace Mode: Single mode acquires data once per trace specification. Repetitive 
mode repeats single mode acquisitions until stop is pressed or until the time 
interval between two specified patterns is less than or greater than a specified 
value, or within or not within a specified range. There is only one trace mode when 
two analyzers are on. 

Labels 

Channels may be grouped together and given up to a six character name. Up to 20 
labels in each analyzer may be assigned with up to 32 channels per label. The 
primary use is for naming groups of channels such as address, data, and control 
busses. 

-- 
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F Indicators 

Activity Indicators: Provided in the Configuration, State Format, and Timing 
Format menus for identifying high, low, or changing states on the inputs. 

Markers: Two markers (X and 0) are shown as dashed lines on the display. 

Trigger: The trigger is displayed as a vertical dashed line in the timing waveform 
display and as line 0 in the state listing display. 

Marker Functions 

Time Interval: The X and 0 markers measure the time interval between one point 
on a timing waveform and trigger, two points on the same timing waveform, two 
points on different waveforms, or two states (time tagging on). 

Delta States (State Analyzer Only): The X and 0 markers measure the number of 
tagged states between one state and trigger, or between two states. 

Patterns: The X and 0 markers can be used to locate the nth occurrence of a 
specified pattern before or after trigger, or after the beginning of data. The 0 
marker can also find the nth occurrence of a pattern before or after the X marker. 

Statistics: The X to 0 marker statistics are calculated for repetitive acquisitions. 
Patterns must be specified for both markers and statistics are kept only when both 
patterns can be found in an acquisition. Statistics are minimum X to 0 time, 
maximum X to 0 time, average X to 0 time, and ratio of valid runs to total runs. 

Run/Stop Functions 

Run: Starts the acquisition of data in a specified trace mode. 

Stop: In single trace mode or the first run of a repetitive acquisition, STOP halts 
the acquisition and displays the current acquisition data. For subsequent runs in 
repetitive mode, STOP halts the acquisition of data and does not change current 
display. 

Data Display/Entry 

Display Modes: State listing; timing waveforms; interleaved, time-correlated 
listing of two state analyzers (time tagging on); time-correlated state listing and 
timing waveform display (state listing in upper half, timing waveform in lower half, 
and time tagging on). 

Timing Waveform: Pattern readout of timing waveforms at X or 0 marker. 

Bases: Binary, Octal, Decimal, Hexadecimal, ASCII (display only), and 
User-defined symbols. 
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Oscilloscope 
Specifications 

Vertical 

Horizontal Time Interval Measurement Accuracy: - ‘(2% X s/div + 0.01% X delta-t + 
500 ps). 

Trigger Sensitivity: 10% of full screen. 

The following specifications are the performance standards or limits against which 
the oscilloscope in the HP 1652B/1653B is tested. 

Bandwidth (-3 dB): dc to 100 MHz (single shot). 

DC Gain Accuracy: t 3% of full scale. 

DC Offset Accuracy: t (2 mV + 2% of the channel offset + 2.5% of full scale). 

Voltage Measurement Accuracy (DC): (Gain accuracy + ADC resolution + 
Offset accuracy). 

- 

Oscilloscope The following operating characteristics are not specifications, but are typical 

Operating operating characteristics for the oscilloscope in the HP 1652B/1653B. These are 

Characteristics 
included as additional information for the user. 

VefiiCai Transition Time (10% to 90%): 5 3.5 ns. 
(at BNC) 

Number of Channels: 2. 

Vertical Sensitivity Range: 15 mV/div to 10 V/div (1:l probe). 

Vertical Sensitivity Resolution: Adjustable 2 digit resolution. 

Maximum Sample Rate: 400 MSamples/second. 

Analog-to-Digital Conversion: 6 bit real-time. 

Analog-to-Digital Resolution: t 1.6% of full scale. 

Waveform Record Length: 2048 points. 

Input R: 1 MQ 2 1% or 50 Q t 1%. 

Input C: Approximately 7 pF. 

Input Coupling: dc. 
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Maximum Safe Input Voltage: - 

1 MQ input 
50 s2 input 

& 250 V [dc + peak ac (< 10 kHz)] 
t5VRMS 

DC Offset Range (19 Probe): 

Vertical Sensitivitv Available Offset 

DC Offset Resolution (1:l Probe): 

550 mV/div Ir2.ov 
100 mV/div - 200 mV/div *lOV 
500 mV/div - 1 Vfdiv k5OV 
22 V/&v kl25V 

t5 V max if input impedance is at 50 Q. 

Vertical Sensitivitv Resolution 

5 50 mV/div 200 pv 
100 mVJdiv - 200 mV/div 1mV 
500 mVfdiv - 1 V/div 5mV 
~2 Vfdiv 25 mV or 4 digits of 

resolution, whichever --. 
is greater 

Probe Factors: Any integer ratio from 1:l to 1OOO:l. 

Channel Isolation: 40 dB: dc to 50 MHz. 

30 dB: 50 MHz to 100 MHz (with channels at equal sensitivity). 

Horizontal Timebase Range: 5 ns/div to 5 s/div. 

Timebase Resolution: 

Time/Division Setting Resolution 

t < 10 ns/div 
t > 10 nsldiv 

100 ps 
adjustable with 
3digit resolution 

Delay Pre-trigger Range: 

Time/Division Setting Delay 

5 ns s s/div 5 500 ns 5 X (sec/div) 
500 ns 5 s/div 5 5 s 2.5~s 
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Delay Post-trigger Range: 

Time/Division Setting Available Delav 

25 ms - 5 s/div 
100,~s - 25 msjdiv 
5 ns - lOO&div 

Trigger Triggering on either input channel, rising or falling edge. 

40 X (sldiv) 
1s 
10,000 X (s/div) 

Trigger Level Range: dc Offset -~5 divisions. 

Trigger Level Resolution (1:l Probe): 

Trieeer Level Resolution 

550 mV/div 
100 mV/ div - 200 mV/div 
500 mV/div - 1 Vldiv 
~2 Vldiv 

400 pv 
2mV 
10 mV 
50 mV 

Arming: Armed by the Run key, external BNC low input, or by Analyzer 1 or 2. 

Trigger Modes 

Immediate: Triggers immediately after the condition is met. 

Edge: Triggers on the rising or falling edge from channel 1 or 2. 

Auto-Trigger: Self-triggers if no trigger condition is found within approximately 1 
second after arming. 

Trigger Out: Arms Analyzer 1 or 2, or triggers the rear panel BNC. 

Waveform Display Formats: 1 to 8 oscilloscope waveforms can be displayed. 
Display 

Display Resolution: 500 points horizontally, 240 points vertically. 

Display Modes 

Normal: New acquisitions replace old acquisitions on screen. 

Accumulate: New acquisitions are added to the screen and displayed with the 
previous acquisitions until a parameter is changed and a new acquisition is made. 

Average: New acquisitions are averaged with older acquisitions and displayed. 
The maximum number of averages is 256. 
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Overlay: Channels 1 and 2 can be overlayed in the same display area. 

Connect-the-dots: 
straight lines. 

Provides a display of the sample points which are connected bY 

Waveform Reconstruction: A reconstruction filter fills in the missing data points 
when the timebase is set to 5 100 ns/d.ivision or when the timebase setting is 
reduced to a point where there are fewer than 500 data samples on the screen. 

Waveform Math: Display capability of A-B, B-A, and A + B functions is provided. 

Mixed Mode: Oscilloscope plus logic analyzer displays on the same screen. 

Measurement Time Markers: Two vertical markers labeled X and 0. Voltage levels are 
Aids displayed for each marker. Time interval measurements can be made between any 

two events. 

Automatic Search: Searches for a specified absolute or percentage 
a positive or negative edge with count adjustable from 1 to 1024. 

voltage level at 

Auto Search Statistics: Displays mean, maximum, and minimum values for 
elapsed time from X to 0 markers for multiple runs. The number of valid runs 
and total number of runs are also displayed. 

Trigger Level Marker: A horizontal trigger level marker is displayed in the 
Trace/Trigger menu only. 

Automatic Measurements: The following pulse parameter measurements can be 
performed automatically: 

Frequency 
Period 
v P-P 
Rise time 
Fall time 
Preshoot 
Overshoot 
+ pulse width 
- pulse width 

Grid: Selectable (On/Off). 

Setup Aids 

Autoscale: Automatically sets the vertical and horizontal ranges, offset, and 
trigger levels to display the input signals. This requires an amplitude above 10 mV 
peak, and a frequency between 50 Hz and 100 MHz. 
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Preset= Scales the vertical range, offset, and trigger level to predetermined values 
for displaying ECL or TTL waveforms. 

beset Vertical Range 

TT.L* 1.5 v 
ECL” 500 mV 

* Values when Probe = 1O:l. 

Trigger Level 

1.60 V 
-1.3 v 

Calibration: Offset, attenuation, gain, trigger level, delay, and set to defaults. 

Probe Compensation Source: The external BNC supplies a square wave signal of 
approximately-400 mV to -900 mV at approximately 1.25 kHz. 

Interactive 
Measurements 

Acquisition Oscilloscope, timing, and state can occur simultaneously or in series. 

Mixed 
Displays 

Timing channels and oscilloscope channels can be displayed on the same screen. 
Multiple state machine listings can be displayed with time tags on the same screen. 
Timing channels can be displayed with a state listing with Time Tags turned on. 
State listings with time tags, timing channels, and oscilloscope channels can be 
displayed on the same screen. 

Time 
Correlation 

Time Interval 
Accuracy 
between 
Modules 

All modules are time correlated with the exception of when the oscilloscope is 
being armed by the logic analyzer, and when the oscilloscope is not in trigger 
immediate mode. 

Equals the sum of channel to channel time interval accuracies of each machine 
used for a measurement. 

General The following general characteristics for the HP 1652B/1653B include the 

Characteristics environment operating conditions, shipping weights, and instrument dimensions. 

Operating Temperature 

Environment 
Instrument: Operating: O°C to +55”C (32°F to + 131°F). 

Non-operating: -4OOC to + 70°C (-40°F to + 158°F). 

Probes and Cables: O°C to 65OC ( + 32°F to + 149°F). 

Disk Media: 10°C to 50°C (+ 50°F to + 149°F). 
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Humidity 

Instrument: Operating: Up to 95% relative humidity (non-condensing) at 
+40°C(+1040F). 
Non-operating: Up to 90% relative humidity at + 65OC 
(+149"F). 

Disk Media: 8% to 80% relative humidity at + 40°C ( + 104°F). 

Altitude 

Operating: Up to 4600 meters (15,000 ft). 
Non-operating: Up to 15,300 meters (50,000 ft). 

Vibration 

Operating: Random vibration 5 to 500 Hz, 10 minutes per axis, 0.3 g (rms) 
Non-operating: Random vibration 5 to 500 Hz, 10 minutes per axis, 2.41 g (rms); 
Resonant search 5 to 500 Hz swept sine, 1 Octave/minute sweep rate, 0.75 g 
(O-peak), 5 minute resonant dwell at 4 resonances per axis. 

Power 
Requirements 115/230 Vat, -25% to + 15%, 48 to 66 Hz, 200 W max. 

- 
Weight 10.0 kg (22 lbs) net weight; 18.6 kg (41 Ibs) shipping weight. 

mensions Refer to the outline drawing below. 

1 . 

2. Dimensions are in millimetres and (inches). 

NOTES 

Dimensions are for general information only. 
If dimensions are required For building special 
enclosures, contact your HP field engineer. 

194.3 
(7.65”) 

J45OlC13 
425.4 (16.75”) 

Figure 1-l. HP 16528/1653B Dimensions 
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Recommended Table l-1 lists the test equipment required to test performance, make adjustments, 

Test Equipment and troubleshoot the HP 1652B/l653B Logic Analyzer. The table includes the 
critical specifications of the test equipment and lists each procedure in which the 
equipment is required. Other equipment may be substituted if it meets or exceeds 
the critical specifications listed in the table. 

Table l-1. Recommended Test Equipment 

Instrument 

Oscilloscope 

Critical Specifications 

dual channel 
dc to 300 MHz 

Recommended 
Model 

HP 545024: 

Use* 

P 

Pulse 
Generator 

5 ns pulse width 
20 ns period 
1.3 ns risetime 
double pulse 
100 kHz Repetition Rate 
Overshoot: 5% of Amp. 

HP 816WO20 P 

Pulse 
Generator 

Signal 
Generator 

Power 
SUPPlY 

DC Power 
SUPPlY 

Digital 
Voltmeter 

Power Meter/ 
Power Sensor 

Power 
Splitter 

Risetime 5300 ps Picosecond Pulse A 
Labs 2700C 

Frequency: 100 kHz to 300 MHz HP 8656B P 
Output Accuracy: -+l dB 

210.2 v output HP 6216C P 
current: 0 to 0.4 amperes 

Range: t 100 mV to t5 V HP 6114A p, A 
Accuracy: 20.1% 

5.5 digit resolution HP 3478A PAT 
Accuracy: 20.025% 

1 to 500 MHg -70 dBm to 0 dBm, -~1.2% HP 436A/ P 
HP 8482A 

50 ohms type N, outputs differ by < 0.15 dB HP 11667A P 

Adapter Type N male to HP Part Number P 
BNC female (qty. 2) 1250-0780 

* P = Performance Tests A = Adjustments T = Troubleshooting 
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Table l-l. Recommended Test Equipment (Continued) 

Instrument 

Adapter 

Adapter 

Critical Specifications 

Type N male to 
BNC male 

BNC(female)-to-Dual Banana 

Recommended 
Model 

HP Part Number 
1250-0082 

HP Part Number 
1251-2277 

Use* 

P 

P, A 

Adapter 

Power Supply 
Cable 

50 ohm feedthrough (Qty 2) 

No Substitute 

HP 101OOC 

54503-61604 

P 

A 

BNC Cable (male-to-male) 4%inch (Qty 2) 

Cable Banana (male)-to-Banana (male) (Qty 2) 

Cable Type N (male) 240inch 

BNC Tee lM,2F (Qty 2) 

HP 10503A p, A 

HP 11000-60001 P,A 

HP 11500B ’ P 

HP Part Number P 
1250-0781 

Coupler 

Resistor 

BNC male-to-male (Qty 2) 

2 Ohms, 25 Watts 

HP 1250-0216 P 

HP Part Number T 
0811-1390 

* P = Performance Tests A = Adjustments T = Troubleshooting 

- 
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Installation 

Introduction This section of the manual contains information and instructions necessary for 
setting up the HP 1652B/l653B Logic Analyzer. This includes inspection 
procedures, power requirements, hardware connections and configurations, and 
packaging information. 

Safety The safety symbols used with Hewlett-Packard instruments are illustrated in the 

Considerations front of this manual. WARNING and CAUTION symbols and instructions should 
be reviewed before operating the instrument. These warnings and cautions must 
be followed for your own protection and to avoid damaging the instrument. 

Initial 
Inspection 

Inspect the shipping container for damage. If the shipping container or cushioning 
material is damaged, keep it until the contents of the shipment have been checked 
for completeness and the instrument has been checked mechanically and 
electrically. The contents of the shipment are listed under “Accessories Supplied” 
inSection 1. If the contents are incomplete, if there is mechanical damage or 
defect, or if the instrument does not operate properly, notify the nearest 
Hewlett-Packard office. If the shipping container is damaged, or the cushioning 
materials show signs of stress, notify the carrier as well as the Hewlett-Packard 
office. Keep the shipping materials for the carrier’s inspection. The 
Hewlett-Packard office will arrange for repair or replacement at HP option 
without waiting for claim settlement. 

Operating Disk The instrument is shipped with a yellow protective disk in the disk drive. Before 

Installation applying power to the instrument, remove the protective disk from the disk drive 
and install the operating system disk. Reinstall the protective disk whenever the 
instrument is to be transported. 

Power The HP 1652B/1653B Logic Analyzer requires a power source of either 115 Vat or 

Requirements 230 Vat, -22% to + lo%, single phase, 48 to 66 Hz, 200 Watts maximum power. 

ub BEFORE CONNECTING POWER TO THIS INSTRUMENT, be sure the Line 
Caution Voltage Select switch on the rear panel of the instrument is set properly and the 

correct fuse is installed. 
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Line Voltage 
Selection 

When shipped from the factory, the line voltage selector is set and an appropriate 
fuse is installed for operating the instrument in the country of destination. 

-. 

To operate the instrument from a power source other than the one set at the 
factory: 

1. Turn the rear power switch to the OFF position and remove the power cord 
from the instrument. 

2. Remove the fuse module by carefully prying at the top center of the module 
until you can grasp it and pull it out by hand (see figure 2-l). 
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0 1650E82 

LINE FILTER 
SWITCH ASSEMBLY 

Figure 2-1. Removing the Fuse Module 

- 



- 

3. Reinsert the fuse module with the arrow for the appropriate line voltage 
aligned with the bar on the line filter assembly switch (see figure 2-2). 

115v 230V 

3.0 A FUSE 3.0 A FUSE 

Figure 2-2. Fuse Module Settings 

4. Reconnect the power cord, turn the rear power switch to the ON position, 
and continue normal operation. 

Power Cable This instrument is equipped with a three-wire power cable. When connected to an 
appropriate AC power outlet, this cable grounds the instrument cabinet. The type 
of power cable plug shipped with the instrument depends on the country of 
destination. See Table 2-1 for the option numbers of available power cables and 
plug configurations. 

Applying Power When power is applied to the HP 1652B/1653B, a power-up self test is 
automatically performed. For information on the power-up self test, refer to 
section 3. 
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Table 2-l. Power Plug Cord Configurations -- 

Singapore 

Straight (Shielded> 
India (Unpolarized 

in many nations) 

Taiwan 

United States and 
Canada only 

*Part number shown for plug is industry identifier for plug only. Number shown for cable is HP part number for 
complete cable including plug. 

c+These cords are included in the CSA certification approval of the equipment. 
E=:“;Lh Ground 

N3d”M 

- 
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User Interface The front-panel user interface of the HP 1652B/l653B consists of the front-panel 
keys, the KNOB, and the display. The interface allows you to configure the logic 
analyzer, each analyzer (machine) within the logic analyzer, and the oscilloscope in 
the logic analyzer. It also displays acquired data and measurement results. 

Using the front-panel interface is a process of: 

l selecting the desired menu with menu keys. 
l placing the cursor on the desired field within the menu by rotating the 

KNOB. 
l displaying the field options or current data by pressing the SELECT key. 
l selecting the desired option by rotating the KNOB or entering new data by 

using the KNOB or the keypad. 
l Starting and stopping data acquisition by using the RUN and STOP keys. 

For additional information on the user interface refer to the HP 1652B/1653B 
Front-Panel Operation Reference manual. 

HP-IB 
Interfacing 

The Hewlett-Packard Interface Bus (HP-IB) is Hewlett-Packard’s implementation 
of IEEE Standard 4884978, “Standard Digital Interface for Programming 
Instrumentation.” HP-IB is a carefully defined interface that simplifies the 
integration of various instruments and computers into systems. The interface 
makes it possible to transfer messages between two or more HP-IB compatible 
devices. HP-IB is a parallel bus of 16 active signal lines divided into three 
functional groups according to function. 

. 

Eight signal lines, called data lines, are in the first functional group. The data lines 
are used to transmit data in coded messages. These messages are used to program 
the instrument function, transfer measurement data, and coordinate instrument 
operation. Input and output of all messages, in bit parallel-byte serial form, are 
also transferred on the data lines. A 7-bit ASCII code normally represents each 
piece of data. 

Data is transferred by means of an interlocking “Handshake” technique which 
permits data transfer (asynchronously) at the rate of the slowest active device used 
in that transfer. The data byte control lines coordinate the handshaking and form 
the second functional group. 

The remaining five general interface management lines (third functional group) 
are used to manage the devices connected to the HP-IB. This includes activating 
all connected devices at once, clearing the interface, and other operations. 

The connections to the HP-IB connector on the rear panel are shown in figure 2-3. 
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0101 

0102 

D103 

D104 

EOI 

DAV 

NRFD 

NDAC 

IFC (BCL) 

SRQ 

ATN (MRE > 

SHIELD 

01652~65 

D105 

0106 

D107 

D108 

REN 

P/O TWISTED PAIR WITH 6 

P/O TWISTED PAIR WITH 7 

P/O TWISTED PAIR WITH 8 SHOULD BE GROUNDED 
P/O TWISTED PAIR WITH 9 

NEAR TERMINATION OF 
OTHER WIRE OF TWISTED PAIR 

P/O TWISTED PAIR WITH 10 

P/O TWISTED PAIR WITH 11 
I 

SIGNAL GROUND 

a TYPE 57 MICRORIBBON CONNECTOR 

Figure 2-3. HP-IB Interface Connector 

HP=IB Address Each instrument connected to the HP-IB interface bus requires a unique address. 

Selection 
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The address provides a method for the system controller to select individual 
instruments on the bus. The address of the HP 1652B/1653B defaults at power up 
to decimal “07.” ‘To change the address of the HP 1652B/1653B proceed as follows: -- 

1. Press the I/O key on the front-panel keypad and the I/O menu will appear on 
screen. 

2. Rotate the KNOB until “I/O Port Configuration” is highlighted. 

3. Touch the SELECT key and the External I/O Port Configuration menu will 
appear on screen. 

External II0 Port Conliguration (Done) 

1 Printer connected to [RS-232-C] Control I et- connected to [HpIel 

RS-232-C Configuration 

Protocol : [piEm6Fq 

Stop Bits : I] 

Parity ’ jNone] 

Baud rate * 11 

Data Bits : 8 

HP16 Configuration 
HP18 Address : rj 

Psinter Information 

Pr lnter :lLaserJet] Paper ufdth : w] 

Figure 2-4. External l/O Port Configuration Menu 

4. Select the HP-IB Address field with the KNOB and press the SELECT key. 

5. When the pop-up field appears on screen, rotate the KNOB to select the 
desired HP-IB address. 



6. Touch the SELECT key to enter the new address. 

7. Select the DONE field in the upper-right corner of the menu using the 
KNOB and SELECT key to exit the External I/O Port Configuration menu. 

RS=232-C 
Interface 

The HP 1652B/1653B interfaces with RS-232-C communication lines through a 
standard 25 pin D connector. The HP 1652B/1653B is compatible with RS-232-C 
protocol. When a hardwire handshake method is used, the Data Terminal Ready 
(DTR) line (pin 20 on the Computer/Modem connector) is used to signal whether 
space is available for more data in the logical I/O buffer. Pin outs of the RS-232-C 
connectors are listed in table 2-2. 

RS-232-C At power up, the RS-232-C interface is configured as shown in figure 2-5. To 

Configuration change the RS-232-C configuration: 

1. Press the I/O key on the front-panel keypad and the I/O menu will appear on 
screen. 

2. Rotate the KNOB until “I/O Port Configuration” is highlighted. 

3. Touch the SELECT key and the External I/O Port Configuration menu will 
appear on screen. 

AA 

External I/O Port Configuration (TKZ-) 

Printer connected to [Rs-232-C] Controller connected to IHPIBj 

RS-232-C Configuration 
Protocol : IXON/XOFF] 

Stop Bits : VI 

HP18 Configuration 
HPIB Address : 171 

Parity 1 [ None 1 

Baud rate 1 1 9600 1 

Data Bits : B 

Psinter Inlomation 

Printer : lLsserJet] Paper uldth : 18.5” 

Figure 2-5. External I/O Port Configuration Menu 

4. Using the KNOB and SELECT key, configure the RS-232-C interface as 
desired. 

5. Select the DONE field in the upper-right corner of the menu using the 
KNOB and SELECT key to exit the External I/O Port Configuration menu. 
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Table 2-2. RS-232-C Signal Definitions -- 

Pin No. Function 
RS-232-C 
Standard Signal Direction and Level 

1 Protective Ground 

2 Transmitted Data (TD) BA 

Not applicable 

Data from Mainframe 
High = Space = “0” = + 12 V 
Low = Mark = “1” = -12 V 

3 Received Data (RD) BB Data to Mainframe 
High = Space = “0” = + 3 V to + 25 V 
Low = Mark = “1” = -3 V to -25 V 

4 Request to Send (RTS) CA Signal from Mainframe 
High=ON= +12V 
Low = OFF = -12v 

5 Clear to Send (CTS) 

6 Data Set Ready (DSR) 

CB 

cc 

Signal to Mainframe 
High = ON = +3Vto +12v 
Low =oF+F= -3 v to -25 v 

Signal to Mainframe 
High = ON = +3Vto +25v 
Low = OFF = -3 V to -25 V 

7 Signal Ground 

8 Data Carrier Detect (DCD) 

AI3 

CF 

Not applicable 

Signal to Mainframe 
High = ON = +3Vto +25V 
Low = OFF = -3 V to -25 V 

20 Data Terminal Ready (DTR) CD Signal from Mainframe 
High=ON= +12V 
Low = OFF = -12 v 

23 Data Signal Rate Selector CHIC1 Signal from Mainframe 
Always High = ON = + 12 V 

- 
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Degaussing the If the instrument has been subjected to strong magnetic fields, the CRT may 

Display - become magnetized and display data may become distorted. To correct this 
condition, it may be necessary to degauss the CRT with a conventional external 
television type degaussing coil. 

Operating 
Environment 

The operating environment for the HP 1652B/1653B is described in section 1 of 
this manual. Note the non-condensing humidity limitation. Condensation within 
the instrument cabinet can cause poor operation or malfunction. Protection 
should be provided against temperature extremes which cause condensation within 
the instrument. 

The HP 1652B/1653B will operate at all specifications within the temperature and 
humidity range given in section 1 of this manual. 

Storage and 
Shipment 

The instrument may be stored or shipped in environments within the following 
limits: 

Temperature: -40° c to + 75O c. 

Humidity: Up to 90% at 65O C. 

Altitude: Up to 15,300 meters (50,000 feet). 

Tagging for 
Service 

If the instrument is to be shipped to a Hewlett-Packard office for service or repair, 
attach a tag to the instrument identifying the owner, address of the owner, 
complete instrument model and serial numbers, and a description of the service 
reauired. 

Original 
Packaging 

If the original packaging material is unavailable or unserviceable, materials 
identical to those used in factory packaging are available through Hewlett-Packard 
offkes. If the instrument is to be shipped to a Hewlett-Packard office for service, 
attach a tag identifying the owner, address of the owner, complete instrument 
model and serial numbers, and a description of the service required. Mark the 
container FRAGILE to ensure careful handling. In any correspondence, refer to 
the instrument by model number and full serial number. 
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Other 
Packaging 

The following general instructions should be followed for repacking the instrument 
with commercially available materials. 

Remove the disk from disk drive and install a yellow shipping disk. 

Wrap the instrument in heavy paper or plastic. 

Use a strong shipping container. A double-wall carton made of 350 lb. test 
material is adequate. 

Use a layer of shock-absorbing material 70 to 100 mm (3 to 4 inches) thick 
around all sides of the instrument to provide firm cushioning and prevent 
movement inside the container. Protect the control panel with cardboard. 

Seal the shipping container securely. 

Mark the shipping container FRAGILE to ensure careful handling. 

In any correspondence, refer to the instrument by model number and serial 
number. 

Cleaning 
Requirements 

Use MILD SOAP AND WATER to clean the HP 1652B/1653B cabinet and front 
panel. Care must be taken to not use a harsh soap which may damage the 
water-base paint finish of the instrument. 

--1 
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3 
Performance Tests 

Introduction The procedures in this section test the instrument’s electrical performance by 
using the specifications listed in section 1 as the performance standards. All tests 
may be performed without access to the interior of the instrument. 

Recommended Equipment required for the performance tests in this section are listed in the 

Test Equipment Recommended Test Equipment table in section 1. Any equipment that satisfies 
the critical specification listed in the table may be substituted for the 
recommended model. 

Test Record The results of the performance tests may be tabulated on the Performance Test 
Record provided at the end of this section. The Performance Test Record lists the 
performance tests and provides an area to mark whether the test passed or failed. 
The results recorded in the table at incoming inspection may be used for later 
comparisons of the tests during periodic maintenance, troubleshooting, and after 
repairs or adjustments. 

__ Self Tests The power-up self test is automatically performed upon applying power to the 
logic analyzer. Self tests do not require test equipment and may be performed 
individually to provide a higher level of confidence that the instrument is operating 
properly. A message that the instrument has failed the test will appear if any 
problem is encountered during the test. The individual self tests may be 
performed for functions listed in the self test menu which is invoked via the I/O 
menu. Since the HP 1652B/1653B self test is located on the Performance 
Verification disk, you must have the Performance Verification disk installed to run 
the tests. 
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Power-up Self Test The power-up self test is automatically invoked at power-up of the 
HP 1652B/1653B Logic Analyzer. The revision number of the operating system 
firmware is given in the upper right of the screen during the power-up self test. As 
each test is completed, either “passed” or “failed” will be printed in front of the 
name of the test in this manner: 

PERFORMING POWER-UP SELF TESTS 

passed ROM test 
passed RAM test 
passed Interrupt test 
passed Display test 
passed Keyboard test 
passed Acquisition test 
passed Threshold test 
passed Disk test 

LOADING SYSTEM FILE 

As indicated by the last message, the HP 1652B/1653B will automatically load from 
the operating system disk in the disk drive. If the operating system disk is not in 
the disk drive, the message “SYSTEM DISK NOT FOUND” will be displayed at 
the bottom of the screen and “NO DISK” will be displayed in front of disk test in 
place of “passed”. 

If the message “SYSTEM DISK NOT FOUND” appears on screen, insert the 
operating system disk into the disk drive, and press any front-panel key. 

Selectable Self Eight self tests may be invoked individually via the Self Test menu. The eight 
Tests selectable self tests are: 

l Analyzer Data Acquisition 
l Scope Data Acquisition 
a RS-232-C 
l BNC 
l Keyboard 
ORAM 
l ROM 
l Disk Drive 
a Cycle through tests 

After entering the I/O Self Tests menu, the required test is selected by moving the 
cursor to the test and pressing the front panel SELECT key. A pop-up menu 
appears with a description of the test to be performed. The self test does not begin 
until the cursor is placed on Execute, Single test, or Repetitive test and the front 
panel SELECT key is pressed. 

After the test has been completed, either “Passed”, “Failed”, or “Tested” will be 
displayed on the Self Test menu in front of the test. These self tests are used as 
troubleshooting aids. For more information, refer to section 6. 

- 
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,-- 
Performance 
Test Interval 

Periodic performance verification of the HP 1652B/1653B is required at two year 
intervals. The instrument’s performance should be verified after it has been 
serviced, or if improper operation is suspected. Calibration should be performed 
before any performance verification tests. Further checks requiring access to the 
interior of the instrument are included in the adjustment section, but are not 
required for the performance verification. 

Performance 
Test 
Procedures 

Au performance tests should be performed at the instrument’s environmental 
operating temperature and after a 15 minute warm up. The performance tests 
for the HP 1652B/1653B are separated into two sections. The first section 
contains the performance verification tests for the logic analyzer portion of the 
HP 1652B/1653B and the second section contains the performance verification 
tests for the oscilloscope portion. Procedures are based on the model or part 
number for the recommended equipment. 

HP 16528/1653B Performance Tests 
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- 
Logic Analyzer These procedures test the electrical performance of the logic analyzer by using the 

Performance specifications in section 1 as the performance standards. All tests may be 

Tests 
performed without access to the interior of the instrument. Results of 
performance tests may be tabulated in the Performance Test Record at the end of 
this section. 

Test COnneCtOt’ The logic analyzer performance tests and adjustments require connecting the pulse 
generator outputs to probe pod inputs. Figure 3-l is a test connector that may be 
built to allow testing of multiple channels (up to eight at one time). The test 
connector consists of a BNC connector and a length of wire. Connecting more 
than eight channels to the test connector at a time will induce loading of the circuit 
and true signal representation will degrade. Test results may not be accurate if 
more than eight channels are connected to the test connector. 

The Hewlet .&Packard part number for the BNC connector in figure 3-1 is 
12504032. An equivalent part may be used in place of the H Iewlett -Packard part. 

01650E38 

Figure 3-l. Test Connector 

For quicker connection without the use of grabbers, a test connector may be built 
as shown in figure 3-2 to allow testing of multiple channels (up to eight at one 
time). The test connector consists of a BNC connector and a 2-by-8 Berg 
connector. The Hewlett-Packard part number for the BNC connector in figure 3-2 
is 1250-1032 and the Hewlett-Packard part number for the 2-by-8 Berg connector 
is 1252-1816. Equivalent parts may be used in place of the Hewlett-Packard parts. 

JUMPER WIRE 

GRAY 
SIGNAL LEAD 

> /H 
Q 

BLkCK 
. GROUND PROBE 

)t ‘BERG CONNECTOR 

BNC BULKHEAD CONNECTOR 

0165X 10 

Figure 3-2. Test Connector Using Berg Connector 
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Clock, Qualifier, Description: 
and Data Inputs 

Test 1 This test verifies the setup and hold times for the falling edge of the HP 1652B 
L clock specification, and the falling edge of the HP 1653B J and K clock 
specification. This test also verifies the maximum clock rate with counting mode 
on. 

Specification: 

Clock repetition rate: With time or state counting mode on, minimum time 
between states is 60 ns. 

Setup time: Data must be present prior to the clock transition, > 10 ns. 

*HP 1652B hold time: Data must be present after the falling edge of the L clock 
transition, 0 ns. 

HP 1653B hold time: Data must be present after the falling edge of the J and K 
clock transition, 0 ns. 

Equipment Required: 

Pulse Generator .......................... HP 8161 A/O20 
Oscilloscope ............................ HP 54502A 
50 Ohm Feedthrough (2) ................... HP IOlOOC 
Test Connector (2) ........................ see figure 3-l and 3-2 
BNC m-m Coupler (2) ..................... HP 1250-0216 
BNC Cable (2) ........................... HP 10503A 
BNCTeem-f-f (2) ......................... HP1250-0781 

Procedure: 

1. Connect the HP 1652B/1653B and test equipment as in figure 3-3. 

OSCILLOSCOPE PULSE GENERATOR LOGIC ANALYZER 

CLK BIT 

1 
P 

E 
DATA BITS 2 D 

1 

/  
/  

1 8 

FIGURE 
3-l , 

GND 

01650849 

Figure 3-3. Setup for Data Test 1 

-- 

Note 
11 I s In this setup, only eight channels are tested at one time to minimize loading. The 

ground lead must be connected to ensure accurate test results. . _-... 
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2. Adjust the pulse generator for the output in figure 3-4. 

I+-- 60NS ---WI 

1 ---- 3.2v 
DATA,OUTPUT A + 10NS 

CLOCK OUTPUT B L ---- Ov 

0165CM’lO 

Figure 3-4. Waveform for Data Test 1 

Setting for HP 8161A: 

Parameter Output A Output B 

Input Mode Norm m-m 
Period (PER) 60 ns --- 
Width (WID) IO ns 10 ns 
Leading Edge (LEE) 1 ns 1 ns 
Trailing Edge (TRE) 1 ns 1 ns 
High Level (HIL) 3.2 V 3.2 V 
Low Level (LOL) ov ov 
Delay (DEL) 0 ns 0 ns 
Output Mode ENABLE ENABLE 

3. Assign the pod under test to Analyzer 1 in the System Configuration menu 
as in figure 3-5. Refer to steps a through c if you are unfamiliar with menus. 

Unassl 
c 

;tkz tinal yrer 

Figure 3-5. *System Configuration for Data Test 1 

a. Move the cursor to the Type field of Analyzer 1 and press SELECT. 

b. Set the analyzer Type to State using the cursor and the SELECT key. 

c. Move the cursor to the Pod to be tested and assign it to Machine 1. 
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4. In the State Format Specification assign the Clock Period to > 60 ns. Also 
assign the lower 8 channels of the pod under test to a label as shown in figure 
3-6. If you are testing the HP 1652B, assign the falling edge of the L clock for 
all pods. If you are testing the HP 1653B, assign the falling edge of the J 
clock for all pods. Refer to steps a through c if you are unfamiliar with the 
menus. 

- 

L-1. State Format Speclf ica tlon (Specify Symbols 1 

Cl ock Period 
1-1 

Clctlvity ) 
Label Pal 

POD I q 
-off- -off- 
-off- 
Qff- 

i 

-off- 
-off- 
-Dff- 
-Dff- 
dff- 
-Dff- 

Clock 
[ LJ 

Pod 1 

-1 

Figure 3-6. Format Specification for Data Test 1 

a. Press the front-panel FORMAT/CHAN key. 

b. Move the cursor to Clock field. Then use the cursor and SELECT 
key to assign the falling edge of the appropriate clock as in figure 3-7. 

S ts te Fonra t Speclf lea tlon Specify Symbols 

Clock Per 10d 
/ [>J 

Activity ) 
Label Pal 

Pod 1 

Performance Tests 
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Figure 3-7. Clock Assignment for Data Test 1 
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c. Move the cursor to the bit assignment field and turn on the appropriate 
eight bits to be tested (* = on; . = off) as in figure 3-8. 

ation Specify Symbols 

Clock Period 
1601 

Pod 1 

Activity ) ,,,,,,,,SS$SS5$$ 
Label Pol 15 . . . . 87 . . . . 0 

,.+*+++++* 

Figure 3-8. Bit Assignment for Data Test 1 

5. Set up the State Trace Specification without sequencing levels and set 
Count States as in fimre 3-9. Refer to stem a through c if vou are 
unfamiliar with men&. 

SJJ- S ts te Trace Speclf lcation 
Trace mode ISingte 

Sequence Levels 

8 

While storing y any state” 
1 Trigger on “a” I times 

Store Y  any state” 
2 

Label ) -1 
Base ) pcGT/ 

a 

b 

0 

I 
I 

C I 
d I 

l firmed by 

1 Run 1 

l3ranches 
1 Off ] 

Count 
[ States 1 

Pres tore 
1 Off 1 

Figure 3-9. Trace Specification for Data Test 1 

a. Press the front-panel TRACE/TRIG key. 

b. Move the cursor to Count and press SELECT. 

c. Move the cursor to States, press SELECT, and set it to any state by 
pressing SELECT again. 
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6. Press RUN. The State Listing is displayed and shows Fs for the channels 
under test as in figure 3-10. - 

I w] - IState Listing 1 

tlarkers 1 Off ] 

Label > 
Base ) 

+oooo 
+ooo 1 
+0002 
+0003 
+0004 
+ooos 
WOO6 

t+ooo7J 
+oooe 
+0009 
+oOlO 
MO11 
HI012 
+0013 
MO14 
+oOlS 

FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Figure 3-10. State Listing for Data Test 1 

I 
Note !b 

To ensure a consistent pattern of Fs in the listing, use the front-panel ROLL field 
and knob to scroll through the State Listing. 
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7. If you are testing the HP 1653B, connect the K clock of Pod 2 to the test 
connector and repeat steps 4 and 6 for the falling edge of the K clock. 

8. Remove the probe tip assembly from the logic analyzer probe cable and 
attach it to the next logic analyzer probe cable to be tested. Take care not to 
dislodge grabbers from the test connector. If you are testing the HP 1653B, 
reassign the falling edge of the J clock. 

9. Repeat steps 3,4,6 and 7 until all of the pods have been tested. 

10. Disconnect the lower eight bits (bits 0 through 7) from the test connector and 
attach the upper eight bits (bits 8 through 15) to the test connector. 

11. Repeat steps 3,4,6,7 and 8 until the upper bits of all pods have been tested. 



Clock, Qualifier, Description: 
and Data Inputs 

Test 2 This test verifies the setup and hold time specification for the rising edge transition 
of all of the clocks on the HP 1652B/l653B. 

Specification: 

Setup time: Data must be present prior to the clock transition, > 10 ns. 

Hold time: Data must be present after the rising clock transition, 0 ns. 

Equipment Required: 

Pulse Generator .......................... HP 8161A/O20 
Oscilloscope ............................ HP 54502A 
50 Ohm Feedthrough (2) ................... HP IOlOOC 
Test Connector (2) ........................ see figure 3-1 and 3-2 
BNC m-m Coupler (2) ..................... HP 1250-0216 
BNCCable (2) ........................... HP 10503A 
BNCTee m-f-f (2) ......................... HP 1250-0781 

Procedure: 

1. Connect the HP 1652B/1653B and test equipment as in figure 3.11. 

FIGURE 
3-l 

CLK BIT 

/  
/  

c 8 EB 
S 

FIGURE ’ 
3-l 

I 
01650849 

Figure 3-l 1. Test Setup for Data Test 2 

lnthiss t e up, only eight channels are tested at one time to minimize loading. The 
ground lead must be connected to ensure accurate test results. 
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2. Adjust the pulse generator for the output in figure 3-12. 

DATA,OUTPUT A 
+--28.5~s 

CLOCK OUTPUT B ---- 3.2v 

10NS+ 4 
---- Ov 

0165OWll 

Figure 3-12. Waveform for Data Test 2 

Setting for HP 816lA: 

Parameter Output A Output B 

Input Mode Norm m-w 

Period (PER) 
HP 16528 28.5 ns w-w 

HP 1653B 40.0 ns m-m 

Width (WID) 30 ns 30 ns 
Leading Edge (LEE) 1 ns 1 ns 
Trailing Edge (TRE) 1 ns 1 ns 
High Level (HIL) 3.2 V 3.2 V 
Low Level (LOL) ov ov 
Delay (DEL) 0 ns 0 ns 
Output Mode ENABLE ENABLE 

3. Assign the pod under test to Analyzer 1 in the System Configuration as in 
the previous test figure 3-5. 

4. In the State Format Specification assign the Clock Period to < 60 ns, and 
assign the rising edge of the J clock to the Clock field. Also, assign the lower 
8 channels of the pod under test to a label as in figure 3-13. 

S late Form t Speclf lea tlon 

Clock 
Jt 1 

Specify Symbols 

Activity ) ,,,,,,,,s2stszt3 
Label Pal 15 . . . . 87 . . . . 0 

a [ . . . . . . *,+++*+*+a 

Figure 3-13. Format Specification for Data Test 2 

- 
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5. Set the State Trace Specification without sequencing levels and set Count to 
Off as in figure 3-14. 

0-- -  

-II- S ts te Trace Speclf ica tlon 
Trace mode~l 

Sequence Levels 
Whrie storing *) any state” 

1 

x 

Trigger on ueN I times 

* Armed by 
1 Run ] 

Branches 

Store y any s to te” 1 Of1 1 
2 Count 

1 Olf J 

Prestore 
1 Off ] 

Label > poDI1 
Base > piiq 

a 
b 

0 

I 
I 

C lzirl 
d I 

Figure 3-14. Trace Specification for Data Test 2 

6. Press RUN. The State Listing is displayed and lists all OS for the channels 
under test as in figure 3-15. 

WI- [State Listing ] 

tlarkers 1 Off 1 

+OOOO 00 
+ooo 1 00 
+0002 00 
woo3 00 
MO04 00 
+ooos 00 
+0006 00 
pzz5.j 00 
+oooe 00 
+0009 00 
+oOlO 00 
+OOll 00 
+0012 00 
+0013 00 
MO14 00 
+oOlS 00 

Figure 3-15. State Listing for Data Test 2 

I 
Note !b 

To ensure a consistent pattern of OS in the listing, use the front-panel ROLL field 
and knob to scroll through the State Listing. 
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7. Connect the next clock to the test connector and repeat steps 4 and 6 for the 
appropriate clock. Repeat these steps until all clocks have been tested 
(clocks J, K, L, M and N). 

8. Remove the probe tip assembly from the logic analyzer probe cable and 
attach it to the next logic analyzer probe cable to be tested. Take care not to 
dislodge grabbers from the test connector. 

9. Repeat steps 3,4,6, and 7 until the lower bits of all pods (pods 1 through 5) 
have been tested with all clocks. 

10. Disconnect the lower eight bits (bits 0 through 7) from the test connector. 
Attach the upper eight bits (bits 8 through 15) to the test connector and 
repeat steps 3,4,6,7, and 8 until the upper bits of all pods (pods 1 through 5) 
have been tested with all clocks. 



Clock, Qualifier, Description: 
and Data Inputs 

Test 3 This performance test verifies the hold time specification for the falling clock 

(HP 1652B Only) 
transitions of the J, K, M, and N clock on the HP 1652B. 

- 

Specification: 

HP 1652B Hold time: Data must be present after the falling J, K, M, and N clock 
transition, 1 ns. 

Equipment Required: 

Pulse Generator .......................... HP 8161AJO20 
Oscilloscope ............................ HP 54502A 
50 Ohm Feedthrough (2) ................... HP IOlOOC 
Test Connector (2) ........................ see figure 3-1 and 3-2 
BNC m-m Coupler (2) ..................... HP 1250-0216 
BNC Cable (2) ........................... HP 10503A 
BNC Tee m-f-f (2) ......................... HP 1250-0781 

Procedure: 

1. Connect the HP 1652B and test equipment as in figure 3-16. 

4l4l i LOGIC ANALYZER 
I 

Figure 3-16. Setup for Data Test 3 

I 
Note m 

In this setup, only eight channels are tested at one time to minimize loading. The 
ground lead must be connected to ensure accurate test results. 
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2. Adjust the pulse generator for the outputs in figure 3-17. 

Z8.5NS4 

1 - ---- 3.2V 
10NS+ 4 

CLOCK OUTPUT B . ---- Ov 

+ 57NS --+ 

---- 3.2V 
llNS+ + 

DATA,OUTPUT A ---- Ov 

01650w12 

Figure 3-17. Waveform for Data Test 3 

Setting for HP 8161A: 

Parameter Output A Output B 

Input Mode Norm w-m 
Period (PER) 57 ns B-B 
Width (WID) 11 ns IO ns 
Leading Edge (LEE) 1 ns 1 ns 
Trailing Edge (TRE) 1 ns 1 ns 
High Level (Hit) 3.2 V 3.2 V 
Low Level (LOL) ov ov 
Delay (DEL) 0 ns 0 ns 
Double Pulse (DBL) --- 28.5 ns 
Output Mode ENABLE ENABLE 

3. Assign the pod under test to Analyzer 1 in the System Configuration as in 
the previous figure 3-5. 

4. In the State Format Specification menu assign the Clock Period to < 60 ns, 
and the falling edge of J clock to the Clock field. Also, assign the lower 8 
channels of the pod under test to a label as in the previous test figure 3-13. 

5. Set the State Trace Specification without sequencing levels and set Count to 
Off as in the previous test figure 3-14. 

6. Press RUN. The State Listing is displayed and lists alternating Fs and OS as 
in figure 3-18. 

- 

[iI - IState Listinq ] 

tlarkers 1 Off ] 

Label > 
ease ) 

+oooo 
+ooo 1 
+Qooz 
+0003 
+0004 
+oOOS 
+0006 
I+ooolj 
+0008 
+0009 
+QOlO 
+oOll 
+0012 
Ml013 
MO14 
+0015 

00 
FF 
00 
FF 
00 
FF 
00 
FF 
00 
FF 
00 
FF 
00 
FF 
00 
FF - 
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Figure 3-18. State Listing for Data Test 3 
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Note 11 I lb 
To ensure a consistent pattern of alternating Fs and OS, use the front-panel ROLL 
field and knob to scroll through the State Listing. 

7. 

8 . 

9 . 

-- 
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Connect the next clock to the test connector and repeat steps 4 and 6 for the 
appropriate clock. Repeat these steps until the J, K, M, and N clocks have 
been tested. 

Remove the probe tip assembly from the logic analyzer probe cable and 
attach it to the next logic analyzer probe cable to be tested. Take care not to 
dislodge grabbers from the test connector. Repeat steps 3,4,6, and 7 until 
all pods have been tested (pods 1 through 5). 

Disconnect the lower eight bits (bits 0 through 7) from the test connector. 
Attach the upper eight bits (bits 8 through 15) to the test connector. Then 
repeat steps 3,4,6,7, and 8 until the upper bits of all pods have been tested 
(pods 1 through 5). 

Performance Tests 
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Clock, Qualifier, Description: 

and Data ‘nputs Test 4 This test verifies the minimum swing voltages of the input probes and the 
maximum clock rate of the HP 1652B/1653B when it is in the single phase mode. 

Specification: 

Minimum swing: 600 mV peak-to-peak. 

Clock repetition rate: Single phase is 35 MHz maximum (25 MHz maximum for 
the HP 1653B). 

Clock pulse width: > 10 ns at threshold. 

Equipment Required: 

Pulse Generator ......... .’ ................ HP 8161 A/O20 
Oscilloscope ............................ HP 54502A 
50 Ohm Feedthrough (2) ................... HP IOlOOC 
Test Connector (2) ......................... see figure 3-1 and 3-2 
BNC m-m Coupler (2) ..................... HP 1250-0216 
BNC Cable (2) ........................... HP 10503A 
BNC Tee m-f-f (2) ......................... HP 1250-0781 

Procedure: 

1. Connect the HP 1652B/1653B and test equipment as in figure 3-19. In order 
to most accurately measure the amplitude of the test signals from the pulse 
generator, high impedance scope probes should be used to look at the signal 
levels at the output of the pulse generator. 

LOGIC ANALYZER 

Figure 3-19. Setup for Data Test 4 

I 
Note @ 

In this setup, only eight channels are tested at one time to minimize loading. The 
ground lead must be connected to ensure accurate test results. It is recommended 
that all eight channel grounds be connected. 

- 
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2. Adjust the pulse generator for the output in figure 3-20. 

28.5NS --+ 

---- 1.9v 
10NS--)c 4 ---- 1 .6V 

CLOCK OUTPUT B ---- 1.3v 

---- 1.9v 
20NS + ---- 1 .6V 

DATA, OUTPUT A m--e 1.3v 
0165OW13 

Figure 3-20. Waveform for Data Test 4 

Setting for HP 816lA: 

Parameter 

Input Mode 
Period (PER) 

HP 1652B 
HP 1653B 

Width (WID) 
Leading Edge (LEE) 
Trailing Edge (TRE) 
High Level (HIL) 
Low Level (LOL) 
Delay (DEL) 

HP 1652B 
HP 1653B 

Double Pulse (DBL) 
HP 1652B 
HP 1653B 

Output Mode 

Output A 

Norm 

57 ns 
80 ns 
20 ns 
1 ns 
1 ns 
1.9v 
1.3v 

18.5 ns 
30 ns 

m - -  

ENABLE 

Output B 

m-w 

Ions 
1 ns 
1 ns 
1.9V (see Note) 
1.3V (see Note) 

0 ns 
0 ns 

28.5 ns 
40 ns 
ENABLE 

I 
Note # 

The voltage levels of the waveforms must have the correct amplitude at the logic 
analyzer probe tips. The pulse generator output may have to be increased slightly 
to compensate for loading by the logic analyzer. 

3. Assign the pod under test to Analyzer-1 in the System Configuration as in 
the previous figure 3-5. 

4. In the State Format Specification assign the Clock Period to < 60 ns, and 
the rising edge of the J clock to the Clock field. Also, assign the lower 8 
channels of the pod under test to a label as in the previous figure 3-13. 

5. Set the State Trace Specification without sequencing levels and set the 
Count to Off as in the previous figure 3-14. 

HP 16528/1653B 
Service Manual 

Performance Tests 
3-19 



6. Press RUN. The State Listing is displayed and shows alternating Fs and OS 
for the channels under test as in figure 3-21. 

I [F?EiiKTj- [State Llstlng 1 

tlarkers 1 Off ] 

Label 
Base : w/ 

+oooo 00 
+ooo 1 FF 
+0002 00 
+0003 FF 
+0004 00 
+ooos FF 
+0006 00 

pz5imj FF 
44008 00 
+0009 FF 
+ooto 00 
+oOll FF 
+0012 00 
+0013 FF 
MO14 00 
+0015 FF 

Figure 3-21. State Listing for Data Test 4 

JC I 
Note d 

To ensure a consistent pattern of alternating Fs and OS, use the front-panel ROLL 
field and knob to scroll through the State Listing. 

7. Connect the next clock to the test connector and repeat steps 4 and 6 until all 
clocks have been tested (clocks J, K, L, M, and N). 

8. Remove the probe tip assembly from the logic analyzer probe cable and 
attach it to the next logic analyzer probe cable to be tested. Take care not to 
dislodge grabbers from the test connector. 

9. Repeat steps 3,4,6 and 7 until the lower bits of all pods have been tested 
(pods 1 through 5). 

10. Disconnect the lower eight bits (bits 0 through 7) from the test connector and 
attach the upper eight bits (bits 8 through 15) to the test connector. 

11. Repeat steps 3,4,6,7, and 8 until the upper bits of all pods (pods 1 through 5) 
have been tested with all clocks. 

Performance Tests 
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Clock, Qualifier, Description: 
and Data Inputs 

Test 5 This performance test verifies the maximum clock rate for mixed mode clocking 
during a state operation. 

Specification: 

Clock repetition rate: Single phase is 35 MHz maximum (25 MHz maximum for 
the HP 1653B). With time or state counting, minimum time between states is 60 
ns (16.7 MHz maximum). Both mixed and demultiplexed clocking use master-slave 
clock timing. The master clock must follow the slave clock by at least 10 ns and 
precede the next slave clock by 50 ns. 

Equipment Required: 

Pulse Generator .......................... HP 816lA/O20 
Oscilloscope ............................ HP 54502A 
50 Ohm Feedthrough (2) ................... HP IOIOOC 
Test Connector (2) ........................ see figure 3-1 and 3-2 
BNC m-m Coupler (2) ..................... HP 1250-0216 
BNC Cable (2) ........................... HP 10503A 
BNCTee m-f-f (2) ......................... HP 1250-0781 

Procedure: 

1. Connect the HP 1652B/1653B and test equipment as in figure 3-22 by 
connecting channels O-3 and 8-11 of the pod under test to the test connector. 
On the slave clock transition, the four bits of the lower byte are transferred to 
the logic analyzer. On the master clock transition, the four bits of the upper 
byte are transferred to the logic analyzer. 

LOGIC ANALYZER 

FIGURE 
3-l 

CLK BIT 

1 
P 

DATA BITS ; 
PO 
D 

/ 
r 

500 / a 
I 

DATA 
FIGURE ’ 

3-1 
GND 

*  
01650849 

Figure 3-22. Setup for Data Test 5 

I 
Note m 

In this setup, only eight channels are tested at one time to minimize loading. The 
ground lead must be connected to ensure accurate test results. 
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2. Adjust the pulse generator for the output in figure 3-23. 

WV--- 3.2V 
+ 10NS 

CLOCK OUTPUT B . ---- 
I Ov 

I I 

‘-120NS------d 
I I 
I I ---- 3.2v 

I I 
DATA,OUTPUT A ---- I Ov 

40NS -+ 14- 60NS -+I I+- 20NS 

0165ow14 

Figure 3-23. Waveform for Data Test 5 

Setting for HP 8161A: 

Parameter Output A Output B 

Input Mode 
Period (PER) 
Width (WID) 
Leading Edge (LEE) 
Trailing Edge (TRE) 
High Level HIL) 
Low Level (LOL) 
Delay (DEL) 
Double Pulse (DBL) 
Output Mode 

Norm 
120 ns 
60 ns 
1 ns 
1 ns 
3.2 V 
ov 
40 ns 
B-B 

ENABLE 

m - m  

IO ns 
1 ns 
1 ns 
3.2 V 
ov 
0 ns 
60 ns 
ENABLE 

3. Assign the pod under test to Analyzer 1 in the System Configuration as in 
the previous figure 3-5. 

4. Set up the State Format Specification as in figure 3-24. Assign the falling J 
clock to the Master Clock and the rising J clock to the Slave Clock. Refer to 
steps a through d after figure 3-24 if you are unfamiliar with menus. 

State Format Speclflcatlon 

l-laster Clock Slave Clock 
[ JJ. ] 1 Jt 1 

Clock Period 
l(J 

Activity ) 
Label Pal 

Pod 1 

-1 
,,,,$$ss,,,,ss:3 
15 . . . . 87 . , , . 0 
. . . . .*a*,,.,**+* 

Figure 3-34. Format Specification for Data Test 5 
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a. Move the cursor to the Pod Clock field and press SELECT. Then 
assign Mixed Clocks. 

b. Move tlie cursor to the clock fields and assign the falling transition of 
the J clock to the Master Clock and the rising transition of the J clock 
to the Slave Clock. 

c. Move the cursor to the appropriate bit assignment field and turn on 
channels O-3 and 8-11 of the pod under test. 

d. Move the cursor to the Clock Period and set it to < 60 ns. 

5. Set the State Trace Specification without sequencing levels and Count Off 
as in the previous figure 3-14. 

6. Press RUN. The State Listing displays alternating Fs and OS for the channels 
under test as in figure 3-25. 

Label 
Base t pj 

+aooo 00 
+oOOl FF 
+uoo2 00 
+0003 FF 
+0004 00 
+ooos FF 
+0006 00 

p?EJ FF 
+0008 00 
+0009 FF 
44010 
WOll ;: 
MO12 00 
+0013 FF 
+0014 00 
MO15 FF 

Figure 3-25. State Listing for Data Test 5 

IIC i 
Note d 

To ensure a consistent pattern of alternating Fs and OS, use the front-panel ROLL 
field and knob to scroll through the State Listing. 

7. Connect the next clock to the test connector and repeat steps 4 and 6. 
Repeat these steps until all clocks have been tested (clocks J, K, L, M, and 
N) . 

8. Remove the probe tip assembly from the logic analyzer probe cable and 
attach it to the next logic analyzer probe cable to be tested. Take care not to 
dislodge grabbers from the test connector. 

9. Repeat steps 3,4,6, and 7 until channels 0 - 3 and 8 - 11 of all pods have been 
tested (pods 1 through 5). Start with the falling edge of the J clock as the 
Master clock and rising edge of the J clock as the Slave clock. 

10. Disconnect bits O-3 and bits 8-11 from the test connector and attach bits 4-7 
and bits 12-15 to the test connector. Repeat steps 3,4,6,7, and 8 until all 
pods have been tested (pods 1 through 5) with all clocks. 
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Clock, Qualifier, Description: 
and Data Inputs 

Test 6 This performance test verifies the maximum clock rate for demultiplexed clocking 
during a state operation. 

Specification: 

Clock repetition rate: Single phase 35 MHz maximum (25 MHz maximum for the 
HP 1653B). With time or state counting, minimum time between states is 60 ns 
(16.7 MHz maximum). Both mixed and demultiplexed clocking use master-slave 
clock timing; the master clock must follow the slave clock by at least 10 ns and 
precede the next slave clock by 50 ns. 

Equipment Required: 

Pulse Generator . . . . . . . . . . . . . . . . . . . . . . . . . . HP 8161A/O20 
Oscilloscope . . . . . . . . . . . . . . . . . . . . . . . . . . . . HP 54502A 
50 Ohm Feedthrough (2) . . . . . . . . . . . . . . . . . . . HP IOIOOC 
Test Connector (2) . . . . . . . . . . . . . . . . . . . . . . . . see figure 3-1 and 3-2 
BNC m-m Coupler (2) . . . . . . . . . . . . . . . . . . . . . HP 1250-0216 
BNC Cable (2) . . . . . . . . . . . . . . . . . . . . . . . . . . . HP 10503A 
BNC Tee m-f-f (2) . . . . . . . . . . . . . . . . . . . . . . . . . HP 1250-0781 : 

Procedure: 

1. Connect the HP 1652B/1653B and test equipment as in figure 3-26 by 
connecting channels O-7 of the pod under test to the test connector. During 
demultiplexed clocking only the lower eight bits of each pod are used. 

FIGURE 
3-l 

CLK BIT 
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- 

2. Adjust the pulse generator for the output in figure 3-27. 

I+-- 60NS -+ 

1 - - - -  3.2v 
+ 10NS 

CLOCK OUTPUT B L 1 ---- 
I 

Ov 

I I 

‘1120NS ------WI 
I I 
I I ---- 3.2v 

I I 
DATA,OUTPUT A ---- 

I Ov 

40NS -+ I+- 60NS -+I I+- 20NS 

0165OW14 

Figure 3-27. Waveform for Data Test 6 

Setting for HP 8161A: 

Parameter Output A Output B 

Input Mode Norm w-m 
Period (PER) 120 ns e-e 
Width (WID) 60 ns Ions 
Leading Edge (LEE) 1 ns 1 ns 
Trailing Edge (TRE) 1 ns 1 ns 
High Level (HIL) 3.2V . 3.2 V 
Low Level (LOL) ov ov 
Delay (DEL) 40 ns ns 
Double Pulse (DBL) --- 60 ns 
Output Mode ENABLE ENABLE 

3. Assign the pod under test to Analyzer 1 in the System Configuration as in 
the previous figure 3-5. 

4. Set up the State Format Specification as in figure 3-28. Assign the falling J 
clock as the Master Clock and the rising J clock as the Slave Clock. Refer to 
steps a through d if you are unfamiliar with the menus. 

I 
[-I- State Fomet Speclllcation 

I Hester Cl ctck Slave Clock 
[ JA 1 [ Jt 1 

- 
Specify Symbols 

Clock Period 
1’601 

hctivity > 
Lobe1 P-01 

Pod 1 

HP 1652B/1653B 
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Figure 3-28. Format Specification for Data Test 6 
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a. Move the cursor to the Pod Clock field, press SELECT, and assign 
Demultiplex. 

b. Move the cursor to the clock fields and assign the falling clock 
transition of the J clock to the Master Clock and the rising J clock 
transition to the Slave Clock. 

c. Move the cursor to the appropriate bit field and assign ALL channels 
to the pod under test (only bits 0 through 7 are available for 
assignment). 

d. Move the cursor to the Clock Period and set it to < 60 ns. 

5. Set the State Trace Specification without sequencing levels and set Count 
Off as in the previous figure 3-14. 

6. Press RUN. The State Listing shows alternating Fs and OS for the pod under 
test as in figure 3-29. 

[ml- [State Llstlng ] r I tlarkers Of1 j 

Figure 3-29. State Listing for Data Test 6 

IIC I 
Note d 

To ensure a consistent pattern of alternating Fs and OS, use the front-panel ROLL 
field and knob to scroll through the State Listing. 

7. Connect the next clock to the test connector and repeat steps 4 and 6. 

8. Repeat steps 4,6, and 7 until all clocks have been tested (clocks J, K, L, M 
and N). 

9. Remove the probe tip assembly from the logic analyzer probe cable and 
attach it to the next logic analyzer probe cable to be tested. Take care not to 
dislodge grabbers from the test connector. 

10. Repeat steps 3,4,6,7,8, and 9 until all pods have been tested (pods 1 
through 5). Start with the falling edge of the J clock as the Master Clock and 
rising edge of the J clock as the Slave Clock. 
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Glitch Test Description: 

- 

This performance test verifies the glitch detection specification of the 
HP 1652Bl1653B. 

Specification: 

Minimum detectable glitch: 5 ns wide at the threshold. 

Equipment Required: 

Pulse Generator .......................... HP 8161 A/O20 
Oscilloscope ............................ HP 54502A 
50 Ohm Feedthrough ..................... HP 101OOC 
Test Connector .......................... see figure 3-1 and 3-2 
BNC m-m Coupler ........................ HP 1250-0216 
BNC Cable ............................. .’ HP 10503A 
BNC Tee m-f-f ........................... HP 12504781 

Procedure: 

1. Connect the test equipment as in figure 3-30. The clock inputs are not used 
for the glitch test since glitch detection is part of timing analysis. Use the 
oscilloscope to make sure pulses are 5 ns wide at the threshold (1.6 V). 

DATA BITS 7 
/ / 

8 E E 

FIGURE 
0 cl 

3-1 
GND 

F 
s 

Ol6!50103 

Figure 3-30. Setup for Glitch Test 

I 
Note m 

In this setup, only eight channels are tested at one time to minimize loading. The 
ground lead must be connected to ensure accurate test results. 
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2. Adjust the pulse generator for the output in figure 3-31. 

20NS -4 +- 

- ? ---- 3.2v 
5NS+ 4 

DATA,OUTPUT A ---- Ov 

0165OW15 

Figure 3-31. Waveform for Glitch Test 

Setting for HP 8161A: 

Parameter Output A Output B 

Input Mode Norm --- 
Period (PER) 20 ns --- 
Width (WID) 5 ns --- 
Leading Edge (LEE) 1 ns --- 
Trailing Edge (TRE) 1 ns 0-0 
High Level (HIL) 3.2 V --- 

Low Level (LOL) ov --- 
Delay (DEL) 0 ns --- 
Output Mode ENABLE --- 

3. Assign the pod under test to Analyzer 1 in the System Configuration as in 
figure 3-32. Refer to steps a through c if you are unfamiliar with menus. 

I System Configuration 
r  ~~~~ 

Analyzer 1 
Name1 [nCICHINE[ 

Type: 1-J 

( Autoscale ) 
Unassl ;izg analyzer 

+iiT-, 

Figure 3-32. System Configuration for Glitch Test 

a. Move the cursor to the Type field of Analyzer 1 and press SELECT. 

b. Set the analyzer Type to Timing using the cursor and SELECT key. 

c. Move the cursor to the pod to be tested and assign it to Machine 1 
(Analyzer 1). 
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4. In State Format Specification assign the lower eight bits of the pod under test 
to a label as shown in figure 3-33. Make sure the appropriate eight bits in the 
bit assignment field are turned on. 

VI/- Tlmlng Foram t Speclf lea lion 

Pod 1 

I l-l-L I 
Activity > ,,,,,,,,ts*tsttt 
Label Pol 15 .,., 87 .,., 0 

or + , I . , . , . I LI***IL* 

(Specify Symbols 1 

Figure 3-33. Glitch Test Timing Format Specification 

5. Set Timing Trace Specification as in figure 3-34. Follow steps a through d if 
you are unfamiliar with menus. 

I 
lnACHINE]I- flmlng Trace Speclflcatlon 

Trace model-1 
Armed by 1-1 Acquisition mode 1 G1 itch ] 

Lob 

Ba 
Fln 

P 

present for 

The n find 
Edge I.. 

Or 

Gil tch -1 

] 30ns 1 

Figure 3-34. Glitch Test Timing Trace Specification 

a. Move the cursor to the Acquisition mode field and select the Glitch 
mode. 

b. Move the cursor to the Find Pattern field and press SELECT. Assign 
all Don’t Cares (all Xs) and press SELECT. 

c. Set the Present for field to >30 ns. 

d. Set Then find Glitch “on” for all channels (* = on; . = off). 
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6. Press RUN. The timing analyzer acquires data and shows glitches for 
channels under test as in figure 3-35. Select the Delay field and rotate the 
knob to assure consistent glitch detection. 

_- 

[nCltHINEjJ- Tlmlng Waveloms 

Figure 3-35. Glitch Test Timing Waveforms 

I 
Note m 

If the sample clock and data synchronize, glitches may be displayed on the timing 
screen as valid data transitions. 

Performance Tests 
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7. Remove the probe tip assembly from the logic analyzer probe cable and 
attach it to the next logic analyzer probe cable to be tested. Take care not to 
dislodge grabbers from the test connector. 

8. Repeat steps 3,4, and 6 until all pods have been tested (pods 1 through 5). 
Make sure to assign the correct pod to be tested in the System Configuration 
menu. 

9. Disconnect the lower eight bits (bits 0 through 7) from the test connector and 
attach the upper eight bits (bits 8 through 15) to the test connector. 

10. Repeat steps 3,4,6, and 7 until the upper bits of all pods have been tested 
(pods 1 through 5). 
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Threshold Description: 

-- 

Accuracy Test 
This performance test verifies the threshold accuracy within the ranges stated in 
the specification. 

Specification: 

Threshold accuracy 150 mV accuracy over the range -2.0 to + 2.0 volts; 300 mV 
accuracy over the ranges -9.9 to -2.1 volts and + 2.1 to + 9.9 volts. 

Equipment Required: 

Power Supply ............................ HP 6216C 
Test Connector .......................... see figure 3-l and 3-2 
BNC (f)-to-Dual Banana (m) Adapter ......... HP 1251-2277 
BNC Cable .............................. HP 10503A 

Procedure: 

1. Connect the test equipment as in figure 3-36. 

LOGIC ANALYZER 

DATA BITS q 
/ 

/ / P P 

01650850 

Figure 3-36. Threshold Accuracy Test Setup 

I 
Note e 

In this setup, only eight channels are tested at one time to minimize loading. The 
ground lead must be grounded to ensure accurate test results. 

2. Assign the pod under test to Analyzer 1 in the System Configuration as in 
the previous figure 3-32. 
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3. Configure the Timing Format Specification for a User Defined pod 
threshold of 0.0 V for the pod under test and assign the lower eight bits in the 
bit assignment field as in figure 3-37. Refer to steps a through c if you are 
unfamiliar with menus. 

v/j- Tlmlng Format Speclf lcallon Specify Symbols 

Pod 1 
+ 0.0 v 

FLctivity > ---------------- 
Label PO1 

0 + 

Figure 3-37. Threshold Accuracy Format Specification 

a. Move the cursor to the Pod Threshold field and press SELECT. 

b. Move the cursor to User-defined and press SELECT. Then enter the 
appropriate voltage threshold. 

c. Move the cursor to the bit assignment field and turn on the appropriate 
eight bits to be tested (* = on; . = off). 

4. Set the Timing Trace Specification as in figure 3-38. Follow steps a through 
d if you are unfamiliar with menus. 

Speclflcatlon I WI)- Tlmlng Trace 
Trace mode-1 

Armed by 1-1 Acquisition mode 1 Glitch 1 

Label > 

Base 1 
Find 

Pat tern 

pr ese 

Then f lnd 
Edge 

Of 

Glitch 

[POD-J 
1 Hex 1 

I 

tnt for 

I 

I 

El [ 30ns ] 

Figure 3-38. Threshold Accuracy Trace Specification 

a. Move the cursor to the Acquisition mode and select the Glitch mode. 

b. Move the cursor to Find Pattern and press SELECT. Then assign 
Don’t Cares (all X s) and press SELECT. 

c. Set present for to > 30 ns. 

d. Set Then find Glitch to all Don’t Cares (all periods ‘Y). 
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5. Adjust the power supply output for + 150 mV. 

6. Press RUN. Data displayed on the Thing Waveforms display is all high for 
the pod and channels under t&t as in figure 3-39. 

-iI- Timing biavef ems 

tlarkers I-1 
Accumulate torrj 
flme/Dlv 7100 Delay 11 Sample period - 20 ns 

w \ 
PoDij 

, , I I I 
: 

Figure 3-39. Threshold Accuracy Timing Waveforms 1 

7. Adjust the power supply output for -150 mV. 

8. Press RUN. Data displayed on the Timing Waveforms display is all low for 
the channels under test as in figure 3-40. 

l-l- Tlmlng Wsvef arms 

tlar ker9 1-1 
CIccumula te Iorrj 
Time/D iv 11 Delay IO] Sample period - 20 ns 

\ 
lpoDd 

I I I I I 1 

: 

Figure 3-40. Threshold Accuracy Timing Waveforms 2 

9. Return to the Timing Format Specification and change the User Defined 
pod threshold to + 9.9 V. 

10. Adjust the power supply output for + 10.2 V. 

11. Press RUN. Data displayed on Timing Waveforms display is all high for the 
pod and channels under test as in the previous figure 3-39. 
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12, 

13, 

Adjust the power supply output for + 9.6 V. 

Press RUN. Data displayed on Timing Waveforms display is all low for the 
pod and channels under test as in the previous figure 3-40. 

14. Return to the Timing Format Specification and change the User Defined pod 
threshold to -9.9 V. 

15 . 

16. 

Adjust the power supply output for -9.6 V. 

Press RUN. Data displayed on Timing Waveforms display is all high for the 
pod and channels under test as in the previous figure 3-39. 

4T I 1. Adjust the power su~plv output for -10.2 V. 

18. 

19. 

20 . 

21. 

22. 

J I  AI d *  

Press RUN. Data displayed on Timing Waveforms display is all low for the 
pod and channels test as in the previous figure 340. 

Remove the probe tip assembly from the logic analyzer prob 
attach it to the next logic analyzer probe cable to be tested. 
dislodge grabbers from the test connector. 

le cab1 .e and 
Take care n lot to 

Repeat steps 2 through 18 until all pods have been tested (pods 1 through 5). 

Disconnect the lower eight bits (bits 0 through 7) from test connector and 
attach the upper eight bits (bits 8 through 15) to the test connector. 

Repeat steps 2 through 19 until the upper bits of all pods have been tested 
(pods 1 through 5). 
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- Oscilloscope 
Performance 
Tests 

These procedures test the HP 1652B/1653B oscilloscope module’s electrical 
performance using the specifications listed in section 1 as the performance 
standards. All tests can be performed without access to the interior of the 
instrument. Results of performance tests may be tabulated in the Performance 
Test Record at the end of this section. 

Input Resistance Description: 
Test This test checks the input resistance of the vertical inputs. A four-wire 

measurement is used for accuracy at 50 S2. Input resistance is not a specification, 
but this test is provided for the convenience of the user. 

I 
Note @ 

The Input Resistance Test is optional. The input resistance is not specified in the 
instrument performance specifications. The values given are typical. Results are 
not recorded in the test record. 

Characteristic: 

1 MS2 21% and50 Q ~1% 

Equipment Required: 

Digital Multimeter . . . . . . . . . . . . . . . . . . . . . . . . . HP 3478A 
BNC Cable (2) . . . . . . . . . . . . . . . . . . . . . . . . . . . HP 10503A 
BNC Tee m-f-f . . . . . . . . . . . . . . . . . . . . . . . . . . . HP 1250-0781 
BNC &to-Banana (m) Adapter (2) . . . . . . . . . . . HP 1251-2277 

Procedure: 

1. Set up the multimeter to make a four-wire resistance measurement. 

2. Use the BNC-to-banana adapters to connect one end of each BNC cable to 
the four-wire resistance connections on the multimeter. Then connect the 
free ends of the cables to the BNC tee as in figure 3-41. 

QSENSE-7 r--INPUT 

LOGIC ANALYZER/’ - 
OSCILLOSCOPE 

1 2 

01652E13 I 

Figure 34. Setup for input Resistance Test 
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3. Connect the male end of the BNC tee to the channel 1 input of the 
HP 1652B/1653B oscilloscope. 

4. In the System Cdnfiguration menu, turn both State/Timing Analyzers off and 
turn the oscilloscope on as in figure 3-42. Refer to steps a through d if you 
are unfamiliar with menus. 

System Configuration 

Figure 3-42. System Configuration for Input Resistance 

a. Move the cursor to the Type field of Analyzer 1 and press the SELECT 
key . 

b. Set the analyzer Type to Off using the cursor and SELECT key. 

c. Repeat steps a and b for Analyzer 2. 

d. Move the cursor to the On/Off field of the Oscilloscope and press the 
SELECT key to turn the oscilloscope On. 

5. Press the TRACE/TRIG key and use the cursor and SELECT key to set the 
Run Mode to Single. 

6. Press the FORMAT/CHAN key and use the cursor and SELECT key to set 
Input to CH 1. 

7. Set the Impedance to 1 MOhm and press RUN. The multimeter should read 
lMS2 rtlOkSZ. 

8. Set the Impedance to 50 Ohms and press RUN. The multimeter should read 
50 Q 20.5 s2. 

9. Repeat steps 3,6,7, and 8 for channel 2. 

Note 11 I s Failure of this test indicates a faulty attenuator if resistance is out of specifications. 
The oscilloscope assembly also may be at fault if input resistance cannot be 
changed. See troubleshooting in section 6C for more information. 
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VOltage Description: 
Measurement 

Accuracy Test This test verifies the voltage measurement accuracy of the instrument. 

Specification: 

t (Gain Accuracy + Offset Accuracy + ADC Resolution) 

Equipment Required: 

Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . HP 6114A 
Digital Multimeter . . . . . . . . . . . . . . . . . . . . . . . . . HP 3478A 
BNC Cable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . HP 10503A 
BNC (f)-to-Banana (m) Adapter . . . . . . . . . . . . . HP 1251-2277 
Banana (m)-to-Banana (m) Cable (2) . . . . . . . . . HP 11000-60001 

Procedure: 

1. Connect the HP 1652B/1653B and test equipment as in figure 3-43. 

l- INPUT 

MULTIMETER O *-l-l 
\ 

POWER SUPPLY 

- & / 

LOGIC ANALYZER 

I 

01652E14 

Figure 3-43. Setup for Voltage Measurement Accuracy 

2. Connect the power supply to Channel 1 of the HP 1652B/1653B oscilloscope. 

3. In the System Configuration menu, turn both State/Timing Analyzers off and 
turn the oscilloscope on as shown in the previous test figure 3-42. 
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4. Unassign all of the pods frgm the analyzers as shown in figure 3-44. Refer to 

Performance Tests 
3-38 

steps a through c if you are unfamiliar with menus. 

I System Configuration 

Clnalyter 2 

Type: [o”] 

Figure 3-44. System Configuration 

a. Move the cursor to an assigned pod and press SELECT. 

b. Move the cursor to Unassigned and press SELECT. 

c. Repeat steps a and b for all assigned pods. 

5. Press the FORMAT/CHAN key and turn off channel 2 by deleting the 
channel 2 waveform as in figure 3-45. Refer to steps a and b if you are 
unfamiliar with menus. 

II)- Channel 

Input 
Probe 
s/Dlv 

V/Div [ 1.500 V ) 
Impedance [] 
Delay I 

Offset 
Preset 

pZEFTJ 
I 

rCH1 1 
1 1 1 1 I  1 I  I  I  

:  
:  
:  
:  
:  
:  

.  

.  

:  
:  
:  

.  

:  .  
.  

:  

:  
:  .  
:  
:  .  
:  

,  t  I  I  I  ,  t  1 I  I  

I  

Figure 3-45. Deleting Channel 2 

a. Move the cursor to CH 2 at the left side of the display and press 
SELECT. 

b. Move the cursor to Delete waveform and press SELECT. 

.- 
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6. Using the knob and SELECT key, set Input to CH 1, Probe to l:l, and 
Impedance to 1 MOhm as in figure 3-46. 

[Scope)- Channel (Autoscale > 

Input [CH] VfDiv [lso.oJ OffSEt p5zzcir~ 
Probe 1-1 Impedance [InOhm-J Preset pmq 
s/Dlv 11o.001 Delay I 

1 CH m’ : 

: 

: : : : : : : : 
: 
: : : : 

, , 1 1 I 1 I L I I 

Figure 3-46. Channel Menu Configurktion 

7. Press the TRACE/TRIG key and set the Mode to Immediate and Run mode 
to Repetitive as in figure 3-47. 

IScope - Trigger 

tlode [ Immediate ] Run mode (Repetitive] 

s/Dlv [ j  Delay Armed by IRUn] 

Figure 3-47. Trigger Menu Configuration 
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8. Press DISPLAY and set Markers to Time, Display to AVG# 32, Connect dots 
to On, and Grid to On as in figure 3-48. 

tlarkersl Time 1 Display 1-1 Connect dots I] 
x to 0 r-1 Trig to X 1 0 s ] Trig to or01 
s/Dlv 11o.ooj Delay I Grid 1 

CH 1-j f : : . : 
: . 1 : 
i . 

,,.,.-.................. * .+...i....+/....i.... 
1 
: 1 : 

. ~ : : 
, . . . . ..: .,..: . . . . .--- . : . . . . : . . . . . . . . . . . * .: . . . . : . . . 

1 
: . 1 . . . i ; 1 f ; 

,.,...... . . . . . . . . . . . . . . _ . . . _ . . . . . . . . . 
i ; ; : !  

i 
. 1 . 1 I I 1 I I t * 

Figure 3-48. Waveforms Menu Configuration 

9. Press the FORMAT/WAN key and set V/Div and Offset according to the 
first line of the following table. 

V/Div Offset Power Supply 
Test 
Tolerance X and 0 Result 

10.0 v 
5.0 v 
2.0 v 
1.0 v 

500 mV 
200 mV 
100 mV 
50 mV 

20 mV 
15 mV 

20.00 v 
10.00 v 
4.00 v 
2.00 v 

1.00 v 
400 mV 
200 mV 
100 mV 

40mV 
30 mV 

35.0 v 
17.5 v 
7.0 v 
3.5 v 

1.75 v 
700 mV 
350 mV 
175 mV 

70 mV 
50 mV 

t3.242 V 
k 1.622 V 
20.650 V 
20.326 v 

-0.164 v 
266.8 mV 
t34.4 mV 
t 18.2 mV 

t8.48 mV 
k6.86 mV 

31.758 - 38.242 V 
15.878 - 19.122 V 
6.935 - 7.065 V 
3.174 - 3.826 v 

1.586 - 1.914 V 
633.2 - 766.8 mV 
315.6 - 384.4 mV 
156.8 - 193.2 mV 

61.52 - 78.48 mV 
43.14 - 56.86 mV 

10. Set the power supply to the voltage listed on the first line of the previous 
table. 

-- 



11. Press the TRACE/TRIG key, then press RUN. The Trigger level cursor will 
appear as in figure 3-49. 

-Scope- Trigger 

node 1 Immediate ] 

(Calibration ) 

Run mode 1-1 

s/Dlv 11 Delay I Armed by 1-1 
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Figure 3-49. Trigger Menu 

12. After the display has time to settle, observe the X and 0 cursor voltage 
display. Verify that these voltages are within the limits in the previous table 
and press STOP. 

13. Repeat steps 9 through 12 for each line of the table. 

14. Press the FORMATKHAN key and turn on channel 2 by inserting a 
waveform on the display. Refer to steps a through c if you are unfamiliar 
with menus. 

a. Move the cursor to CH 1 at the left side of the display and press 
SELECT. 

b. Move the cursor to Insert waveform and press SELECT. 

c. Move the cursor to CH 2 and press SELECT. 

15. Turn off channel 1 by deleting the channel 1 waveform. 

16. Set Input to CH 2 and connect the power supply to Channel 2. 

17. Repeat steps 6 through 13 for channel 2. 

I 
Note m 

Voltage measurement errors can be caused by the need for self-calibration. 
Perform the Offset Calibration and Gain Calibration (see Adjustments, section 4) 
before troubleshooting the instrument. If self-calibration fails to correct the 
problem, the cause may be the attenuator or the oscilloscope assembly. 
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DC Off set Description: 
Accuracy Test 

This test verifies the DC offset accuracy of the instrument. 

Specification: 

+(2 mV + 2% of channel offset + 2.5% of full scale) 

Equipment Required: 

Digital Voltmeter .......................... HP 3478A 
Power Supply ............................ HP 6114A 
BNC Cable .............................. HP 10503A 
BNC (f)-to-Banana (m) Adapter ............. HP 1251-2277 
Banana (m)-to-Banana (m) Cable ............ HP 1100040001 

Procedure: 

1. Connect the HP 1652B/1653B and test equipment as in figure 3-50. 

zLYzziT+-T ( POWER SUPPLY 

01652E 14 

\ 
LOGIC ANALYZER 

1 2 
0 0 

- / 

Figure 3-W Setup for DC Offset Accuracy 

2. In the System Configuration menu, turn both State/Timing Analyzers off, 
unassign all of the pods from the analyzers, and turn the oscilloscope on as in 
the previous test figure 3-44. 

3. Press the FORMATKHAN key and turn on channel 1 by inserting the 
channel 1 waveform. Then turn off channel 2 by deleting the channel 2 
waveform. 

4. Using the knob and SELECT key, set Input to CH 1, Probe to l:l, and 
Impedance to 1 MOhm as in the previous test figure 3-46. 
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5. Press the TRACE/TRIG key and set the Mode to Immediate and the 
Run mode to Repetitive as in figure 3-51. 

IscopSl- Trigger 

ilode 1 Immediate 1 Run mode I- 

s/Dlv ~1o.oo] Delay I Armed by IT  

r 
CHl J : : . 

Figure 3-51. Trigger Men& 

6. Press DISPLAY and set the Markers to Time, Display to AVG# 32, Connect 
dots On, and Grid On as in figure 3-52. 

I[Scope}- ldnvef ornks 

llarkers [ Time ] Display 1-1 Connect dots [‘Z-j 
x to 0 [O] Tr  lg to X j-01 Trig to O[o] 
s/Dlv ~1o.00~ Delay I GritI I 

Figure 3-52. Waveforms Display Menu 

7. Press FORMAT/CM and set V/Div and Offset according to the frost line 
of the following table. 

V/Div Offset 
Test 

Power Supply Tolerance Off set Result 

1.0 v  20.0 v  20.0 v ~0.502V 19.50 - 20.50 v 
500 mV 10.0 v 10.0 v to.242 V 9.758 - 10.242 V 
200 mV 5.0 v 5.0 v to.122 v  4.878-5.122 V 
100 mV 2.0 v  2.0 v  20.052 V 1.948 - 2.052 V 

8. Set the power supply to the voltage listed on the fixst line of the previous 
table. 
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9. Press RUN and readjust Offset so the trace is as close to the center 
horizontal line of the eraticule as possible after it has settled (averaging 
complete) as in figure”3-53. 

-II- Channet 

Input [CH] V/Div [-l Offset 119.931 
Probe 1-j Impedance [1j Preset (UsERI 
s/Div pc5Eiq Delay I 

Figure 3-53. Channel Menu 

. 10. Verify that the Offset voltage is within the limits specified in the prevrous 
table. Then press STOP. 

11. Repeat steps 7 through 10 for each line of the table. 

12. Turn on channel 2 by inserting a waveform on the display. Refer to steps a 
through c if you are unfamiliar with menus. 

a. Move the cursor to CH 1 at the left side of the display and press 
SELECT. 

IIC I 
Note d 

Offset errors can be caused by the need for self-calibration. Perform the Offset 
Calibration (see Adjustments) before troubleshooting the instrument. If 
self-calibration fails to correct the problem, the cause may be the attenuator or 
oscilloscope assembly. 

- 

b. Move the cursor to Insert waveform and press SELECT. 

c. Move the cursor to CH 2 and press SELECT. 

13. Turn off channel 1 by deleting the channel 1 waveform. 

14. Set Input to CH 2 and connect the power supply to Channel 2. 

17. Repeat steps 7 through 11 for channel 2. 

- 
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Bandwidth Test Description: 

This test checks the bandwidth of the oscilloscope in the HP 1652B/1653B. 

s I 
Note d 

Before doing the Bandwidth test, verify that the Attenuator Calibration is valid 
cp f er armed within the last six months or 1000 hours). 

Specification: 

Bandwidth: dc to 100 MHz 

Equipment Required: 

Signal Generator . . . . . . . . . . . . . . . . . . . . . . . . . HP 8656B 
Power Meter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . HP 436A 
Power Sensor . . . . . . . . . . . . . . . . . . . . . . . . . . . . HP 8482A 
Power Splitter . . . . . . . . . . . . . . . . . . . . . . . . . . . . HP 11667B 
Type N (m) 24 inch cable . . . . . . . . . . . . . . . . . . HP 11500B 
Type N (m) to BNC (m) Adapter . . . . . . . . . . . . . HP 1250-0082 

Procedure: 

1. With the N cable, connect the signal generator to the power splitter input. 
Connect the power sensor to one output of the power splitter as in figure 
3-54. 

I -. / 
SIGNAL GENERATOR POWER METER 

I 

01652E15 

v 
POWER 

SENSOR 

Figure 3-54. Setup for Bandwidth Test 

. 2. Using an N-to-BNC adapter, connect the other power splitter output to the 
channel 1 input of the HP 1652B/1653B oscilloscope. 

3. In the System Configuration menu, turn both State/Timing Analyzers off, 
unassign all of the pods from the analyzers, and turn the oscilloscope on as in 
the previous figure 3-44. 

4. Press FORMATKHAN and turn on channel 1 by inserting the channel 1 
waveform. Then turn off channel 2 by deleting the channel 2 waveform. 
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[Scape- Channe I 

Input /TiEI V/Div [-I Offset I 
Probe 1-1 Impedance 1-1 Preset piErJ I 
S/DiV [J Delay 

5. Set the Input to CH 1, V/Div to 100 mV, Offset to 0 V, Probe to l:l, 
Impedance to 50 Ohms, and s/Div to 5.0 us as in figure 3-55. 

t c:H 1 

Figure 3-55. Channel Menu Configuration 

6. Press TRACEITRIG and set ‘the Run mode to Repetitive and trigger Level to 
0 V as in the previous figure 3-51. 

7. Press DISPLAY and set Markers to Time, Display to Normal, Connect dots 
On, and Grid On as in figure 3-56. 

-Scope- liavef arms Auto-Measure 

tlarkersl Time 1 Display [NDrmal) Connect dots Ion] 

x to 0 [OJ Trlg to X 1-1 Trig to 0-0 

s/Dlv pmEiq Delay I Grid I 

: . . . . : . . . . 

Figure 3-56. Waveforms Display Menu Configuration 

8. Set the signal generator for 100 kHz at -4.5 dBm and press RUN on the 
HP 1652B/1653B. The signal on screen should be five cycles at two divisions 
amplitude. 

9. Press TRACEITRIG and adjust the trigger Level for a stable display. The 
signal on screen should be five cycles at approximately 2 divisions amplitude. 

10. Press DISPLAY and set Display to AVG# 16. 
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11. After the measurement settles (averaging complete, about 10 seconds) use 
Auto-Measure to obtain a peak-to-peak voltage measurement as in figure 
3-57. 

- 

-Scope- kuef arms ( Autoscsle) 

rlarkersl Time ] Display -1 Connec t dots [on] 
x to 0 [-5.oooJ Trlg to X L-1 Trig to 0-J 
s/Dlv [I Delay I Grid I 

0 -x r I 1 
CHl ] . I : ; . 9 

* :i . 1 i : : :i ;;: :“‘: : 
. I .I . 

I . . . . . . . . . . . . . - . : + . . . . . . . - . . . . e.... . :, . 
’ : I 

.I :I . I -, 
I * : i . . 

- ; : t - 
I I I I* I’ I I I 1 

Figure 3-57. Waveforms Display Menu 

12. Set the power meter Cal Factor % to the 100 kHz value from the cal chart on 
the power sensor probe, then press dB[REF] to set a 0 dB reference. 

13. In the Waveforms Display menu, set Display to Normal and s/Div to 5 ns. 

14. Change the signal generator to 100 MHz and set the power meter Cal Factor 
to the 100 MHz % value from chart. 

15. Adjust the signal generator amplitude for a power reading as close as 
possible to 0.0 dB(REL). 

16. Set the oscilloscope Display to AVG# 16. 

17. After the measurement settles (averaging complete), use Auto-Measure to 
obtain a peak-to-peak voltage as in step 11. Note this value. 

18. Calculate the response using the formula: 

hOOMHz 
Response (dB) = 20 loglo v,OOkHz 

19. Correct the result from step 18 with any difference in the power meter from 
step 15. Observe signs. For example: 

Result from step 18 = -2.3 dB 

Power meter reading = -0.2 dB(REL) 

true response = (-2.3)-(-0.2) = -2.1 dB 

HP 16528/1653B 
Service Manual 

Performance Tests 
3-47 



20. Turn on channel 2 by inserting a waveform on the display. 

21. Turn off channel 1 by deleting the channel 1 waveform. 

22. Connect the splitter to channel 2 and power repeat steps 5 through 19 for 
channel 2. 

I 
Note m 

Failure of the bandwidth test can be caused by faulty attenuator or oscilloscope 
assembly, or the need for high-frequency pulse response adjustment. 

Time Description: 
Measurement 

Accuracy Test 

Performance Tests HP 16528/1653B 
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This test uses a precise frequency 
measurement functions. 

source to check the accuracy of the time 

Specification: 

t (500 ps + 2% X s/Div + 0.01% X delta-t) 

Equipment Required: 

Signal Generator ......................... HP 8656B 
BNC Cable .............................. HP 10503A 
Type N (m) to BNC (9 Adapter .............. HP 1250-0780 

Procedure: 

1. Use a Type N to BNC adapter to connect the signal generator to the channel 
1 input of the HP 1652B/1653B oscilloscope as in figure 3-58. 

Figure 3-58. Setup for Time Measurement Accuracy 

2. In the System Configuration menu, turn both State/Timing Analyzers off, 
unassign all of the pods from the analyzers, and turn the oscilloscope on as in 
the previous figure 3-44. 

3. Press FORMAT/CHAN and turn on channel 1 by inserting the channel 1 
waveform. Then turn off channel 2 by deleting the channel 2 waveform. 

- 



4. Set Input to CH 1, V/Div to 100 mV, Offset to 0 V, Probe to l:l, Impedance 
to 50 Ohms, and s/Div to 5.0 ns as in figure 3-59. 
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Figure 3-59. Channel Menu Configuration 

5. Press DISPLAY and set Display to Normal, Connect dots On, and Grid On. 

6. Press TRACE/TRIG and set the Run mode to Repetitive and trigger Level 
to 0 V as in the previous figure 3-51. 

7. Set the signal generator to 100 MHz at approximately 150 mV. 

8. Press RUN and use the Level and Delay to center the rising edge of the 
waveform as close as possible to center screen as in figure 3-60. It may be 
necessary to use Offset to center the signal symmetrically about the 
horizontal axis. 

[Scapel- Trigger (Calibration ) 

tlode [ Edge 1 Source ICH] Run mode [ml 
Level ptmEiiq Sl ope [PositiveI auto-Trig I] 
s/Dtv 1-1 Delay 12.61 armed by 71 

I f : . 
: !  !  1 : !  

Figure 3-60. Centering the Waveform 

9. Press STOP, then press DISPLAY. Set Display to AVG# 16. 

10. Press RUN and when the waveform has stabilized at center screen, press 
STOP. 
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11. Use the following table for the next steps. 

Performance Tests 
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Delay Tolerance Limits 

10 ns 20.601 ns 9.399 to 10.601 ns 
100 ns 20.610 ns 99.39 to 100.61 ns 
500 ns kO.650 ns 499.35 to 500.65 ns 

12. Select Delay and enter the delay value listed on the first line of the previous 
table using the keypad. 

13. Select Delay again and use the knob to move the rising edge of the waveform 
directly.over the center reference as in figure 3-61. Verify that the delay is 
within t.he limits specified in the table. 

IScope]- Waver arms 

tlarkers [ Off ] ‘Di 
Sample period - 2.5 ns 

s/Dlv 15.01 De laylpJ 

~ Connect dots [onI 

Figure 3-61. Waveforms Display 

14. Repeat steps 12 and 13 for the other delays in the table. 

15. Set the signal generator to 1 MHz. 

16. Press DISPLAY and set Display to Normal. 

17. Press FORMAT/CHAN and set s/Div to 500 ns and Offset to 0 V. 

18. Repeat steps 8 through 14 using the values in the following table. 

Delay Tolerance Limits 

1 us 2 10.600 ns 989.4 to 1.010 us 
2 us t 10.700 Ix 1.989 to 2.010 us 
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19. Turn on channel 2 by inserting a waveform on the display. 

- 20. Turn off channel 1 by deleting the channel 1 waveform. 

21. Connect the signal generator to channel 2 and repeat steps 4 through 18 for 
channel 2. 

I Time Measurement Accuracy failure is caused by a defective oscilloscope 
Note m assembly. 

Trigger Sensitivity Description: 
Test 

This test checks the channel trigger for sensitivity at the rated bandwidth. 

dC I Note d 
Before doing the Trigger Sensitivity test, verify that the Trigger Calibration is valid 
cp f er ormed in the last 6 months or 1000 hours). 

Specification: 

10.0% of full scale. 

Equipment Required: 

Signal Generator ......................... HP 86568 
BNC Cable .............................. HP 10503A 
Type N (m)-to-BNC (f) ..................... HP 1250-0780 

Procedure: 

1. Use the Type N-to-BNC adapter to connect the signal generator to channel 1 
of the HP 1652B/1653B as in figure 3-62. 

SIGNAL GENERATOR 

0 

LOGIC ANALYZER - 

1 2 
0 0 

, 

01652E16 

Figure 3-62. Setup for Trigger Sensitivity 

2. In the System Configuration menu, turn both State/Timing Analyzers off, 
unassign all of the pods from the analyzers, and turn the oscilloscope on as in 
the previous figure 3-44. 

3. Press FORMATKHAN and turn on channel 1 by inserting the channel 1 
waveform. Then turn off channel 2 by deleting the channel 2 waveform. 
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4. Set Input to CH 1, V/Div to 2 V, Offset to 0 V, Probe to l:l, Impedance to 50 
Ohms, and s/Div to 2.0 us as in figure 3-63. - 

[ScopeI- Channe 1 

Input [I] V/Div [2.oool Offset I 
Probe [T]  Impedance fTF%iEj Preset piiF] 
s/Dlv ]2.ooo] Delay I 

Figure 3-63. Channel Menu Configuration 

5. Press TRACE//TRIG and set the Run mode to Repetitive and trigger Level to 
ov . 

6. Press DISPLAY and set Display to Normal, Connect dots On, and Grid On . 
as in figure 3-64. 

[Scope]- Navef ems 

tlarkers [ Off 1 Display pG?zq Connec t dots [on] 
Sample period - 10.0 ns 
s/Div [2.ooo] Del ay I Grid I 

Figure 3-64. Waveforms Display Menu 

7. Set the signal generator to 1 MHz and press RUN on the HP 1652B/1653B. 

8. Adjust the signal generator output level for 0.4 divisions of vertical deflection 
(approximately + 3 dBm). 
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9. Press TRACEITRIG and adjust the trigger Level for a stable display 
(Auto-triggered message does not appear on screen). The test passes if 
triggering is stable, as shown in figure 3-65. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

-Scope- Hevef arms 

tlarker s [ Off ] Display 1 Normal ] Connect dotsll 
Sample perlod - 10.0 ns 
s/Dlv pXKF] Delay I Gfld I 
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Figure 3-65. Waveforms Display Menu 

Press STOP and set the s/Div to 5 ns. 

Set the signal generator to 100 MHz and.press RUN on the HP 1652B/1653B. 

Adjust the signal generator output level for 0.4 divisions of vertical deflection 
(approximately + 3 dBm). 

Press TRACE/TRIG and adjust the trigger level for a stable display 
(Auto-triggered message does not appear on screen). The test passes if 
triggering is stable. 

Press FORMATKHAN and set V/Div to 200 mV and repeat steps 4 through 
13. The signal generator output should be reduced to approximately -17 
dBm. 

Press FORMATKHAN and set V/Div to 20 mV and repeat steps 4 through 
13. The signal generator output should be set to approximately -37 dBm. 

Turn on channel 2 by inserting a waveform on the display. 

Turn off channel 1 by deleting the channel 1 waveform. 

Connect the signal generator to channel 2 and repeat steps 4 through 15 for 
channel 2. 

Note 
d I s Trigger sensitivity test failure is caused by a defective attenuator or oscilloscope 3 

assembly. 

HP 1652B/16538 Performance Tests 
Service Manual 3-53 



Table 3-1. Performance Test Record 

Hewlett-Packard 
Model 1652B/1653B 
Logic Analyzer 

Tested by 

Work Order No. 

Serial 
Number 

Date Tested 

Recommended Calibration 
Interval 24 Months 

Test 

Clock, Qualifier, and Data 
Inputs Test 1 Pod1 

Pod2 
Pod3 
Pod4 
Pod5 

Results 

Passed Failed 

Clock, Qualifier, and Data 
Inputs Test 2 Pod1 

Pod2 
Pod3 
Pod4 
Pod5 

Passed Failed 

Clock, Qualifier, and Data 
Inputs Test 3 (HP 1652B Ohly) Pod1 

Pod2 
Pod3 
Pod4 
Pod5 

Passed Failed 

Clock, Qualifier, and Data 
Inputs Test 4 Pod1 

Pod2 
Pod3 
Pod4 
Pod5 

Passed Failed 

Clock, Qualifier, and Data 
Inputs Test 5 Pod1 

Pod2 
Pod3 
Pod4 
Pod5 

Passed Failed 

-- 
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Table 3-l. Performance Test Record (continued) 

Test 

Clock, Qualifier, and Data 
Inputs Test 6 Pod1 

Pod2 
Pod3 
Pod4 
Pod5 

Reqults 

Passed Failed 

Glitch Test 
Pod1 
Pod2 
Pod3 
Pod4 
Pod5 

Passed Failed 

Threshold Accuracy Test Passed Failed 
Pod1 
Pod2 
pod3 - - 
Pod4 
Pod5 

HP 16528116538 
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Table 3-l. Performance Test Record (continued) 

Test 

Voltage 
Measurement 
Accuracy 
Test 

Limits desults 

Range Chan 1 Chan2 
10.0 v 31.758 - 38.242 V 
5.0 v 15.878 - 19.122 v 
2.0 v 6.935 - 7.065 V 
1.0 v 3.174 - 3.826 V 

500 mV 1.586 - 1.914 V 
200 mV 633.2 - 766.8 mV 
100 mV 315.6 - 384.4 mV 
50 mV 156.8 - 193.2 mV 

20 mV 61.52 - 78.48 mV 
15 mV 43.14 - 56.86 mV 

DC Offset 
Accuracy 
Test 

Range 
1.0 v 
500 mV 
200 mV 
100 mV 

19.50 - 20.50 v 
9.758 - 10.242 V 
4.878 - 5.122 V 
1.948 - 2.052 v 

Chan 1 Ghan 2 

Bandwidth 
Test Down <3dB at 100 MHz 

Chan 1 Chan 2 

Time 
Measurement 
Accuracy 
Test 

10 ns 9.4 to 10.6 ns 
100 ns 99.4 to 100.6 ns 
500 ns 499.4 to 500.6 ns 
1 us 989.5 to 1.010 us 
2 us 1.990 to 2.010 us 

Chan 1 Chan 2 

Trigger 
Sensitivity 
Test 

Chan 1 Chan 2 
2 V/div 0.4 div at 1 MHz 

0.4 div at 100 MHz 

200 mV/div 0.4 div at 1 MHz 
0.4 div at 100 MHz 

20 mVldiv 0.4 div at 1 MHz 
0.4 div at 100 MHz 

- 

-- 

_-- 
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4 
Adjustments and Calibration 

Introduction 

Caution lb 

This section provides the adjustment procedures for the HP 1652B/1653B. The 
primary adjustments groups are: 

l Power Supply Assembly Adjustment. 
l CRT Monitor Assembly Adjustment. 
l System Board Assembly Threshold Adjustment. 
a Oscilloscope Assembly High-Frequency Pulse Adjustment. 

This section also contains the software calibration procedures for the oscilloscope 
assembly. 

The effects of ELECTROSTATIC DISCHARGE can damage electronic 
components. Use grounded wriststraps and mats when performing any kind of 
service to this instrument. 

Equipment 
Required 

The equipment required for the adjustments and calibration procedures in this 
section are listed in the Recommended Equipment table in section 1 of this 
manual. Any equipment that satisfies the critical specifications listed in this table 
may be substituted for the recommended model. Equipment for individual 
procedures is listed with the procedure. 

Adjustments The recommended adjustment interval for the HP 1652B/1653B is two years. The 

and Calibration adjustments are set at the factory on assemblies when they are tested. However, 

Interval 
adjustments may be necessary after repairs have been made to the instrument. 
Usually the only assembly that may require adjustments is the assembly that has 
been replaced. 

Warning 
Read the Safety Summary at the beginning of this manual before 
performing any adjustment procedures. 

Software calibration should be done on the HP 1652B/1653B oscilloscope under 
any of the following conditions: 

l At six month intervals or every 1,000 hours. 
l If the ambient temperature changes more than loo C from the temperature at 

the last software calibration. 
l To optimize measurement accuracy. 
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Safety Specific warnings, cautions, and instructions are placed wherever applicable 
throughout the manual. These must be observed during all phases of operation, 
service, and repair of the instrument. Failure to comply with them violates safety 
standards of design, manufacture, and intended use of this instrument. 
Hewlett-Packard assumes no liability for the failure of the customer to comply with 
these safety requirements. 

7 

Requirements 

Instrument 
Warm-up 

Adjust and calibrate the instrument at it’s environmental ambient temperature and 
after a 15 minute warm-up. 

Adjustments 

Caution @ 

Warning B 

Unless specified elsewhere, each adjustment procedure must be followed in its 
entirety and in the same sequence shown. 

The adjustment procedures are performed with the top cover of the instrument 
removed. Take care to avoid shorting or damaging internal parts of the instrument. 

Read the Safety Summary at the beginning of this manual before 
performing any adjustment procedures. 

Calibration The calibration procedures in this section should be followed in their entirety and 
in the same sequence shown in this section. The steps in each succeeding 
procedure assumes that all the previous procedures have been completed in the 
proper order. 

4? 11 I 
Note 

Calibration constants are stored in system memory and not on the Operating 
System Disk. Therefore, software calibration is not required when a different 
Operating System Disk is used to boot the instrument on power-up. 

Adjustments and Calibration HP 16528/1653B 
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Power Supply 
Assembly 
Adjustment 

Equipment Required: 

Digital Voltmeter . . . . . . . . ..~....................................... HP 3478A 

Procedure: 

I 
Note !h 

The Power Supply Adjustment should be performed prior to the other adjustment 
and calibration procedures. 

/--- 

1. Disconnect the power cord from HP 1652B/1653B and remove the top cover. 
Then refer to figure 4-1 for the testpoint and adjustment locations. 

+520V ADJ 

54502E09 

Figure 4-I. Power Supply Adjustments 

Connect the negative lead of the voltmeter to the COM test point on the 
Power Supply Assembly. 

Connect the positive lead of the voltmeter to + 5V on the Power Supply 
Assembly. 

Connect the power cord to the HP 1652B/1653B and turn the instrument on. 

The voltmeter reading should be within the range of + 5.180 V to + 5.220 V. 
If the voltmeter reading is out of this range, adjust the +5.2OV ADJ on the 
Power Supply Assembly to + 5.200 V kO.020 V ( + 5.180 V to + 5.220 V). 

Caution 
High voltages exist on the sweep board that can cause personal injury. Avoid 
contact with the CRT monitor sweep board when adjusting the +5.2OV. 
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CRT Monitor 
Assembly 
Adjustments 

Caution * 

Intensity, 
Sub-Bright, and 

Contrast 
Adjustment 

I 
Note m 

The CRT Monitor Assembly Adjustments optimize the characters of the CRT 
display. Set up the instrument for these adjustments as follows: 

1. Turn off the HP 1652B/1653B and disconnect the power cord. Then remove 
the top cover. 

The adjustment procedures are performed with the top cover of the instrument 
removed. Take care to avoid shorting or damaging internal parts of the instrument. 

2. Connect the power cord to the HP 1652B/1653B and turn on the instrument. 

3. In the System Configuration menu, select the Type field for Analyzer 1 
(MACHINE 1) and, when the pop-up appears, select TimJng. 

1. Press the DISPLAY key to place the Timing Waveforms menu on the screen 
of the HP 1652B/1653B. 

This menu is used because it has characters throughout the screen which are 
watched during the procedures. Any other menu may be used, however, the 
adjustments may not be as accurate if characters and/or lines are not displayed 
throughout the screen. 

2. Set the rear-panel INTENSITY control to its minimum setting. 

3. Refer to figure 4-2 for the adjustment locations. 

FOCUS 

SUB 
BRIGHT 

CONTRAST 

HEIGHT 

V. LIN 

V.HOLD 

H.PHASE ’ 0 0 0 0 0 0 0 

I 

54502E18 

Figure 4-2. CRT Adiustment Locations 

- 
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4. Adjust the sweep board SUB BRIGHT control to the lowest setting of 
brightness where the menu is still visible on the CRT screen. 

High voltages exist on the sweep board. Avoid contact with the sweep board when 
making CRT adjustments. 

5. Adjust the rear-panel INTENSITY control to bring up the intensity level on 
screen. Screen intensity should be at a comfortable viewing level and the 
position of both adjustments should be close to mid-range. 

I 
Note m 

Setting the intensity level excessively high may shorten the life of the CRT. For 
optimum usage, set the intensity as low as possible while maintaining a comfortable 
viewing level. 

Focus Adjustment 

Horizontal Phase, 
Vertical Linearity, 

and Height 
Adjustments 

I 
Note !!b 

3 . 

4. 

5 . 

1. 

2. 

Press RUN and then STOP. 

Adjust the sweep board CONTRAST control so that the error message is 
easily seen. 

Refer to the previous figure 4-2 for the adjustment locations. 

Press the DISPLAY key to place the Timing Waveforms menu on the screen 
of the HP 1652B/l653B. 

Adjust the sweep board FOCUS control for sharp pixels in the center of the 
screen menu. Then note the FOCUS control position. 

Adjust the sweep board FOCUS for sharp pixels at the corners of the screen. 
Then note the FOCUS control position. 

Set the sweep board FOCUS control for mid-position between the two 
positions noted in steps 3 and 4 for best over-all pixel focus. 

Refer to the previous figure 4-2 for adjustment locations. 

Press DISPLAY to place the Timing Waveforms menu on the screen of the 
HP 1652Bfl653B. 

This menu is used because it has characters and lines throughout the menu which 
are watched during the procedures. Any other menu may be used, however, the 
adjustments may not be as accurate. 

3. Adjust the sweep board H. PHASE control to center the menu horizontally 
on the CRT screen. 

4. Adjust the sweep board V. LIN control so that the top and bottom rows of 
text are equal in height. Text height should be approximately lmm. 

5. Adjust the sweep board HEIGHT control so that the screen menu top and 
bottom borders are equal in width to the side borders of the menu. 
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6. Readjust steps 4 and 5 as necessary for a uniform display of the screen menu. 

. 
I 

Note fb 
The V.LIN and HEIGHT adjustments interact with each other and may need to be 
repeated for best results. 

System Board 
Assembly 
Threshold 
Adjustment 

Equipment Required: 

Digital Voltmeter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*......... HP 3478A 
Power Supply Cable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54503-61604 

Procedure: 

I 
Note m 

The threshold adjustment AlR95 is located beneath the oscilloscope board and is 
not accessible without dismantling part of the instrument. Consequently, it is 
advisable to see if the threshold requires adjustment before dismantling the 
instrument. Perform the Threshold Accuracy Test in section 3 to verify if 
adjustment is required before executing this procedure. 

TP 

1. Disconnect the power cord from HP 1652B/1653B and remove the top cover. 

2. Connect the negative (-) lead of the voltmeter to TP GND. Refer to figure 
4-3 for testpoint and adjustment locations. 

HP 16528 (SAME LOCATION ON BOTH BOARDS> HP 1653B 
AlTP3 AlTP2 

/  

GND 

A l’R95 

01652E17 

-- 

Figure 4-3. System Board Testpoints and Adjustments 
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3 . 

4. 

5 . 

6 . 

Connect the positive ( +) lead of the voltmeter to AlTP3 on the HP 1652B, 
or AlTP2 on the HP 1653B, System Board Assembly. 

Connect the power cord to HP 1652B/1653B and turn on the instrument. 

Assign pod 3 of the HP 1652B, or pod 2 of the HP 1653B, to a machine in the 
System Configuration menu by using front-panel knob and SELECT key. 

Press the CHAN/FORMAT key and set the User-defined pod threshold of 
the pod assigned in the previous step to -9.9 V. Refer to the following steps 
if you are unfamiliar with menus. 

a. Move cursor to the pod threshold field (TTL) with the front-panel 
knob and press SELECT. 

b. Move the cursor to User-defined with the front-panel knob and press 
SELECT. 

c. Use the front-panel keys to enter the value -9.9 V. Then move the 
cursor to Done and press SELECT. 

The voltmeter readout should indicate a voltage value within the range of 
0.975 v to -1.005 v (0.990 v 20.015 V). 

Set the User-defined pod threshold of the pod assigned in step 6 to + 9.9 V. 

Note voltmeter readout. The voltage reading should be within the range of 
+ .975 v to + 1.0005 v (+ .990 v to.015 v). 

10. If either voltage reading is not within the given range, use the following 
procedure to adjust the threshold level. 

a. Turn off the instrument and disconnect the power cable. 

Caution 
Never attempt to remove or install any assembly with the instrument ON or the 
power cable connected. This can result in component damage. 

b . 

c. 

d . 

e. 

f . 

g . 

h . 

HP 1652B/1653B Adjustments and Calibration 
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Remove the oscilloscope assembly by following the procedure 
“Removal and Replacement of the Oscilloscope Assembly” in section 
6D . 

Loosen the two screws that hold the rear bracket on the oscilloscope 
assembly support panel until the bracket moves freely. 

Remove the support panel by carefully tilting the rear of the panel up 
and lifting the panel out through the top of the instrument cabinet. 
Make sure the metal tabs on the front of the support panel clear the 
front panel. 

Reconnect the power supply using the power supply cable (HP part 
number 54503-61604). 

Reconnect the disk drive assembly cable to the disk drive. 

Reinstall the oscilloscope assembly without the support panel to allow 
unabstracted access to AlR95. 

Reconnect the oscilloscope assembly to the system assembly with the 
appropriate cable. 



i. Reconnect the line filter assembly to the power supply. 

j. Reconnect the power cord and turn on the instrument. 

k. Repeat steps 5 and 6. 

1. Set the User-defined pod threshold of the pod assigned to -9.9 V. 

m. With the digital voltmeter connected, adjust AlR95 for reading of 

n. Set the User-defined pod threshold to +9.9 V. 

0. 

P . 

9 . 

Note the difference between this reading and + 0.9900 V. 

Adjust AlR95 so the difference in step d is halved, *0.0005 V. 

When the adjustment is complete, turn off the instrument and remove 
the power cord. Then reassemble the instrument. Refer to the section 
“Removal and Replacement of the Oscilloscope Assembly” for addition 
information on reassembling the instrument. 

-.9900 V 20.0005 V. Refer to figure 4-3 for adjustment locations. 

EXAMPLES 

If the reading is + 9952 V, the difference is .0052 V. Adjust AlR95 for + .9926 V 
~0.0005 v. 

If the reading is + .9834 V, the difference is .0066 V. Adjust AlR95 for + .9867 V 
t 0.0005 v. 

Adjustments and Calibration 
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Oscilloscope This procedure optimizes the pulse response so that the instrument will meet its 

Assembly bandwidth specification. 

High-Frequency 
Pulse 
Adjustment 

I 
Note 5 ml This procedure should not be performed as part of the routine adjustments. 

Typically, it needs to be done onIy when the instrument fails the bandwidth 
performance test, an attenuator has been changed, or the oscilloscope assembly 
has been changed (new combination of attenuators and PC board). Only the 
channel(s) involved with the failure or repair should be adjusted. 

Equipment Required: 

Pulse Generator .................................. Picosecond Pulse Labs 27OOC 
BNC Cable .......................................... HP 10503A 

Procedures: 

1. Turn off the HP 1652B/1653B and disconnect the power cord. Then remove 
the top cover. 

2. Connect the power cord to the HP 1652B/l653B and turn on the instrument. 

3. Set the pulse generator for puke output. 

Caution 
Attenuate the signals from the Picosecond Pulse Labs generator by at least 20 dB. 
Setting the attenuation from 0 dB to 20 dB may result in damage to the 
HP 1652B/1653B attenuators. 

4. In the System Configuration menu, turn both State/Timing analyzers Off, 
and turn the oscilloscope On. 

5. Press FORMATKHAN and set V/Div to 100 mV, Offset to 150 mV, Probe to 
l:l, Impedance to 50 Ohms, and s/Div to 5 ns. 

6. Press TRACE/TRIG and set the Run mode to Repetitive. 

7. Press DISPLAY and set Display to Normal, Connect dots On, and Grid On. 

8. Connect the pulse generator to the channel 1 input of the HP 1652B/1653B 
oscilloscope and press RUN. 

9. Press TRACE/TRIG and adjust the trigger Level for a stable display. 

10. Press FORMAT/CHAN and adjust V/Div and Offset to obtain a waveform as 
shown in figure 4-4. 
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I]- Channel 

Input pq V/Diu 1-j Offset pxziiq 
Probe I] Impedance 1-1 Preset IUsER] 

Figure 4-4. Channel Menu 

11. Press Display and set Display to AVG# 32. 

12. Select Auto-Measure and verify the overshoot and rise time as snown m 
figure 4-5. Use the SELECT key to toggle the Auto-Measure display 
between CH 1 and CH 2 to update the information. 

- UaveforRs 

Figure 4-5. Waveforms Display Menu 

13. The rise time should be 3.5 nS and overshoot should be < 10%. If either of 
these is out of specification, adjust the appropriate capacitor. The capacitor 
locations are shown in figure 4-6. 

l Capacitor Cl19 is for Channel 1. 
l Capacitor Cl61 is for Channel 2. . 

These capacitors are located on the oscilloscope assembly board. They can 
be accessed through the right side of the instrument, just below the power 
supply assembly. The optimum rise time is approximately 3.2 nS. 

I 
Note fib 

Increase overshoot slightly if the instrument fails the bandwidth test. However, 
k eep the overshoot within the specification. 

14. Repeat steps 3 through 13 for channel 2. 
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Figure 4-6. High-Frequency Pulse Adjustments 

'Cl 19 

01652E17 

Software Software Calibration is accessed through the Trigger menu of the oscilloscope. 

Calibration The calibration procedures in this section should be followed in their entirety and 
in the same sequence shown. 

I 
Note @ 

An instrument warm-up of 15 minutes is recommended before starting these 
procedures. 

HP 1652B/1653B 
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Offset Calibration 

I 
Note m 

I 
Note m 

Attenuator 
Calibration 

1. In the System Configuration menu turn both State/Timing analyzers Off, and 
turn the oscilloscope On. * - 

2. Press TRACE/TRIG and select Calibration using the front-panel knob and 
SELECT key. 

Offset should be listed as the default Calibration choice. If not, select the 
Calibration choice field and, when the pop-up appears, select Offset. 

3. Select Start with the front-panel knob and SELECT key. 

To abort the Offset calibration, select Cancel using the front-panel knob and 
SELECT key. 

4. Disconnect all signals from the channel 1 and 2 inputs of the 
HP 1652B/1653B oscilloscope. Then select Continue using the front-panel 
knob and SELECT key to proceed with the calibration. A message will 
appear on screen to indicate the instrument is performing the calibration. 

5. When the calibration is complete, the updated calibration status appears on 
screen and the instrument remains in the Calibration menu. 

Equipment Required: 

DC Power Supply ................................................ HP 6114A 
Digital Voltmeter .................................................. HP 3478A 

6. Select the Calibration choice field and, when the pop-up appears, select 
Attenuation. 

7. Connect the power supply to the HP 1652B/1653B oscilloscope and monitor 
the supply with the digital voltmeter as shown in figure 4-7. 

rINPUT 

/  I  \  

1 MULTIMETER O +---l POWER SUPP 

r 

01652E14 

‘L Y 

1. 
- - 

/p 
0 

\ 
LOGIC ANALYZER 

1 2 
0 

-r 

Figure 4-7. Attenuator Calibration Setup 

8. Select Start with the front-panel knob and SELECT key. The instrument 
will display the appropriate DC voltages required and prompt you to connect 
the power supply to the appropriate channel. 

at I To abort the Attenuator calibration, select Cancel using the front-panel knob and 
Note d SELECT key. 

- 
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Gain Calibration 

I 
Note @ 

Trigger Calibration 

9, 

10. 

11. 

12. 

13. 

14. 

15 . 

Adjust the power supply to within 0.1% of the specified voltage. If the 
measured DC source varies more than O.l%, select the voltage field with the 
front-panel knob and SELECT key. Then enter the source level and select 
DONE. 

To proceed with the calibration, select Continue using the front-panel knob 
and SELECT key. 

Repeat steps 9 and 10 for each specified voltage and channel. 

When the calibration is complete, the updated calibration status appears on 
screen and the instrument remains in the Calibration menu. 

Disconnect the power supply from the HP 1652B/1653B inputs. 

Select the Calibration choice field and, when the pop-up appears, select Gain. 

Select Start with the front-panel knob and SELECT key. 

To abort the Gain calibration, select Cancel using the front-panel knob and 
SELECT key. 

16. 

17. 

18. 

19. 

Disconnect all signals from the channel 1 and 2 inputs of the 
HP 1652B/l653B oscilloscope. Then select Continue using the front-panel 
knob and SELECT key to proceed with the calibration. A message will 
appear on screen to indicate the instrument is performing the calibration. 

When the calibration is complete, the updated calibration status appears on 
screen and the instrument remains in the Calibration menu. 

Select the Calibration choice field and, when the pop-up appears, select 
Trigger level. 

Select Start with the front-panel knob and SELECT key. 

To abort the Trigger calibration, select Cancel using the front-panel knob and 
SELECT key. 

Delay Calibration 22. 

20. Disconnect all signals from the channel 1 and 2 inputs of the 
HP 1652B/1653B oscilloscope. Then select Continue using the front-panel 
knob and SELECT key to proceed with the calibration. A message will 
appear on screen to indicate the instrument is performing the calibration. 

21. When the calibration is complete, the updated calibration status appears on 
screen and the instrument remains in the Calibration menu. 

Select the Calibration choice field and, when the pop-up appears, select 
Delay. 

23. Select Start with the front-panel knob and SELECT key. 

I 
Note m 

To abort the Delay calibration, select Cancel using the front-panel knob and 
SELECT key. 
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24. Connect a BNC cable from the Probe Compensation output on the rear 
panel to the channel 1 input of the HP 1652B/1653B oscilloscope. The 
instrument will prompt you when you need to switch to the channel 2 input. 

ale I 
Note a 

If you use a 1O:l probe in place of the recommended 1:l BNC cable, use the 
BNC-to-mini probe adapter supplied with the instrument. Then set the 
attenuation field in step 25 to 1O:l. 

25. Set the attenuation field in the calibration menu to the appropriate setting. 

26. To proceed with the calibration, select Continue using the front-panel knob 
and SELECT key. 

27. When the calibration is complete, the updated calibration status appears on 
screen and the instrument remains in the Calibration menu. 

Caution 
Do not execute Set to Default after calibrating the instrument. Otherwise, your 
calibration factors will be replaced by default calibration factors. 

28. Select Done with the front-panel knob and SELECT key to exit the 
Calibration menu. 

- 

Adjustments and Calibration HP 1652B/1653B 
414 Service Manual 



Contents 

Section 5: 

. 

Replaceable Parts 
Introduction 51 - .......................................................... 
Abbreviations ...................................................... ..5- 1 
Replaceable Parts - ..... ................................................ 51 
Exchange Assemblies .................................................. 5-l 
Ordering Information .................................................. S-2 
Direct Mail Order System .............................................. 5-2 



- 5 
Replaceable Parts 

Introduction This section contains information for ordering parts. Since service support for this 
instrument is down to the assembly level, the replaceable parts list only includes 
assemblies and chassis parts. Figure 5-1 shows an exploded view of the 
HP 1652B/1653B Logic Analyzer. 

Abbreviations Table 5-l lists the abbreviations used in the parts list and throughout this manual. 
In some cases two forms of the abbreviations are used: one in all capital letters, 
and one in partial or no capital letters. However, elsewhere in the manual, other 
abbreviation forms may be used with both lowercase and uppercase letters. 

Replaceable Table 5-2 is a list of replaceable parts and is organized as follows: 

Parts 1. Exchange assemblies in alphanumerical order by reference designation. 

2. Electrical assemblies in alphanumerical order by reference designation. 

3. Chassis-mounted parts in alphanumerical order by reference designation. 

The information given for each part consists of the following: 

a Reference designation. 

l HP part number. 

l Part number Check Digit (CD). 

-O Total quantity (Qty) used in the instrument or on an assembly. The total 
quantity is given once at the first appearance of the part number in the list. 

l Description of the part. 

l Typical manufacturer of the part in an identifying five-digit code. All parts in 
this list (except hardware) are manufactured by or for Hewlett-Packard, 
code 28480. No list of manufacturers is provided. 

Exchange 
Assembiies 

Some parts used in this instrument have been set up for an exchange program. 
This program allows the customer to exchange a faulty assembly with one that has 
been repaired, calibrated, and performance-verified by the factory. The cost is 
significantly less than that of a new part. The exchange parts have a part number 
in the form xXxXx-695xX. 

After receiving the repaired exchange part from Hewlett-Packard, a United States 
customer has 30 days to return the faulty assembly. For orders not originating in 
the United States, contact the local HP service organization. If the faulty assembly 
is not returned within the warranty time limit, the customer will be charged an 
additional amount. The additional amount will be the difference in price between 
a new assembly and that of an exchange assembly. 
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Ordering 
Information 

To order a part in the material list, quote the HP part number, indicate the 
quantity desired, and address the order to the nearest HP Sales/Service Office. 

To order a part not listed in the material list, include the instrument part number, 
instrument serial number, a description of the part (including its function), and the 
number of parts required. Address the order to the nearest HP Sales and Service 
office. 

Direct Mail Within the USA, Hewlett-Packard can supply parts through a direct mail order 

Order System system. There are several advantages to this system: 

l Direct ordering and shipment from the HP Parts Center in California, USA. 

l No maximum or minimum on any mail order (there is a minimum amount 
for parts ordered through a local HP office when the orders require billing 
and invoicing). 

l Prepaid transportation (there is a small handling charge for each order). 

l No invoices. 

In order for Hewlett-Packard to provide these advantages, a check or money order 
must accompany each order. 

Mail order forms and specific ordering information are available through your 
local HP office. Addresses and telephone numbers are in a separate document 
included with this manual. 

- 
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Table 5-l. Reference Designator and Abbreviations 

REFERENCE DESIGNATOR 

A 
B 
BT 
C 
CR 

DL 
DS 
E 

= assembly 
= fan;motor 
= battery 
= capacitor 
= diode;diode thyristor; 

varactor 
= delay line 
= annunciator;lamp;LED 
= misc. electrical part 

A 
A/D 
AC 
ADJ 
AL 
AMPL 
ANLG 
ANSI 

ASSY 
ASTIG 
ASYNCHRO 
ATTEN 
AWG 
BAL 
BCD 
BD 
BFR 
BIN 
BRDG 
BSHG 
BW 
C 

CAL 
cc 
ccw 
CER 
SFM 
CH 
CHAM 
CHAN 
CHAR 
CM 
2MOS 

2MR 

2NDCT 
2NTR 
SON 
CONT 
XT 
>W 

;/A 
>AC 

>ARL 
IAT 
>BL 
IBM 

lc 
ICDR 
>EG 
IEMUX 
XT 
>IA 
>IP 
NV 
)MA 
IPDT 

IRC 
IRVR 

= amperes 
= analog-to-digital 
= alternating current 
= adjust(ment) 
= aluminum 
= amplifier 
= analog 
= American National 

Standards Institute 
= assembly 
= astigmatism 
= asynchronous 
= attenuator 
= American wire gauge 
= balance 
= binary-code decimal 
= board 
= buffer 
= binary 
= bridge 
= bushing 
= bandwidth 
= ceramic;cermet 

(resistor) 
= calibrate;calibration 
= carbon composition 
= counterclockwise 
= ceramic 
= cubic feet/minute 
= choke 
= chamfered 
= channel 
= character 
= centimeter 
= complementary metal- 

oxide-semiconductor 
= common mode rejec- 

tion 
= conductor 
= counter 
= connector 
= contact 
= cathode-ray tube 
= clockwise 
= diameter 
= digital-to-analog 
= digital-to-analog 

converter 
= darlington 
= data 
= double 
= decibel referenced 

to 1mW 
= direct current 
= decoder 
= degree 
= demultiplexer 
= detector 
= diameter 
= dual in-line package 
= division 
= direct memory access 
= double-pole, 

double-throw 
= DAC refresh controller 
= driver 

F 
FL 
H 
J 

L 
MP 
P 

DWL 
ECL 
EIAS 

F 

FC 

FD 
FEM 
FF 
FL 
FM 
FR 
IT  

Fw 
FXD 
GEN 
GND 
GP 
GRAT 
GRV 
H 
HD 
HDND 
HG 
HGT 
HLCL 
HORIZ 
HP 
HP-IB 

HR 
HV 
HZ 
I/O 
IC 
ID 
IN 
INCL 
INCAND 
INP I’ 
INTEN 
INTL 
INV 
JFET 

JKT 
K 
L 
LB 
LCH 
LCL 
LED 

LG 
LI 
LK 
LKWR 
LS 
LV 
M 

MACH 
MAX 

= fuse 
= filter 
= hardware 
= electrical connector 

(stationary portion);jack 
= coil;inductor 
= misc. mechanical part 
= electrical connector 

(moveable portion);plug 

Q 

R 
RT 
S 
T  
TB 
TP 

= transistor;SCR; 
triode thyristor 

= resistor 
= thermistor 
= switch;jumper 
= transformer 
= terminal board 
= test point 

ABBREVIATIONS 

=dowel 
= emitter coupled logic 
= elastomeric 
= external 
=farads;metal film 

(resistor) 
= carbon film/ 

composition 
= feed 
= female 
= flip-flop 
= flat 
= foam$rom 
=front 
= gain bandwidth 

product 
=full wave 
= fixed 
= generator 
= ground (ed) 
= general purpose 
= graticule 
= groove 
= henries; hig h 
= hardware 
= hardened 
= mercury 
= height 
= helical 
= horizontal 
= Hewlett-Packard 
= Hewlett-Packard 

Interface Bus 
= hour(s) 
= high voltage 
= Hertz 
= input/output 
= integrated circuit 
= inside diameter 
= inch 
= include(s) 
= incandescent 
= input 
= intensity 
= internal 
= inverter 
= junction field- 

effect transistor 
= jac ket 
= kilo(lO3) 
=low 
= pound 
= latch 
= local 
= light-emitting 

diode 
= long 
= lithium 
= lock 
= lockwasher 
= low power Schottky 
= low voltage 
= mega(lO6);megohms; 

meter(distance) 
= machine 
= maximum 

MFR 
MICPROC 
MINTFI 
MISC 
MLD 
MM 
MO 
MTG 
MTLC 
MUX 
MW 
N 
NC 
NMOS 

NPN 

NPRN 
NRFR 

NSR 

NUM 
OBD 
OCTL 
OD 
OP AMP 
osc 
P 
P/O 
PC 
PCB 
PD 
PF 
PI 
PL 
PLA 

PLST 
PNP 

POLYE 
POS 
POT 
POZI 
PP 
PPM 
PRCN 
PREAMP 
PRGMBL 
PRL 
PROG 
PSTN 
PT 
PW 
PWR 
R-S 
RAM 

RECT 
RET 
RF 
RGLTR 
RGTR 
RK 
RMS 

= manufacturer 
= microprocessor 
= miniature 
= miscellaneous 
= molded 
= millimeter 
= metal oxide 
= mounting 
= metallic 
= multiplexer 
= milliwatt 
= nano( 1 O-9) 
= no connection 
= n-channel metal- 

oxide-semiconductor 
= negative-positive- 

negative 
= neoprene 
= not recommended for 

field replacement 
= not separately 

replaceable 
= numeric 
= order by description 
= octal 
= outside diameter 
= operational amplifier 
= oscillator 
= plastic 
= part of 
= printed circuit 
= printed circuit board 
= power dissipation 
= picofarads 
= plug in 
= plate(d) 
= programmable logic 
array 

= plastic 
= positive-negative- 

positive 
= polyester 
= positive;position 
= potentiometer 
= pozidrive 
= peak-to-peak 
= parts per million 
= precision 
= preamplifier 
= programmable 
= parallel 
= programmable 
= position 
= point 
= potted wirewound 
= power 
= reset-set 
= random-access 

memory 
= rectifier 
= retainer 
= radio frequency 
= regulator 
= register 
= rack 
= root-mean-square 

U 

V 

VR 

W 
X 
Y  

RND 
ROM 
RPG 
Rx 
S 

SCR 

SEC 

SEG 
SEL 
SGL 
SHF 
SI 
SIP 

SKT 
SL 
SLDR 
SLT 
SOLD 
SPCL 
SQ 
SREG 
SRQ 
STAT 
STD 
SYNCHRO 
TA 
TBAX 
TC 
TD 
THD 
THK 
THRU 
TP 
TPG 
TPL 
TRANS 
TRIG 
TRMR 
TRN 
T-l-L 
TX 
U 
UL 

UNREG 
VA 
VAC 
VAR 
vco 

VDC 
VEFIT 
VF 
vs 
W 
W/ 
w/o 

XSTR 
ZNR 
oc 

OF 
OK 

= integrated circuit; 
microcircuit 

-electron tube; glow 
IamP 

= voltage regulator, 
breakdown diode 

= cable 
= socket 
= crystal unit(piezo- 

electric or quartz) 

= Round 
= read-only memory 
= rotary pulse generator 
= receiver 
= Schottky-clamped; 

seconds(time) 
= screw;silicon 

controlled rectifier 
= second(time);secon 

dary 
= segment 
= selector 
= single 
=shift 
= silicon 
= single in-line 

package 
= skirt 
= slide 
= solder 
= slot (ted) 
= solenoid 
= special 
= square 
= shift register 
= service request 
= static 
= standard 
= synchronous 
= tantalum 
= tubeaxial 
= temperature coefficient 
= time delay 
= thread(ed) 
= thick 
= through 
= test point 
= tapping 
= triple 
= transformer 
= trigger(ed) 
= trimmmer 
= turn(s) 
= transistor-transistor 
= transmitter 
= micro(1 O-6) 
= Underwriters 

Laboratory 
= unregulated 
= voltampere 
= volt,ac 
= variable 
= voltage-controlled 

oscillator 
= volt,dc 
= vertical 
= voltage,filtered 
= versus 
= watts 
= with 
= without 
= wirewound 
= transistor 
= zener 
= degree Celsius 

(Centigrade) 
= degree Fahrenheit 
= degree Kelvin 
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Table 5-2. Replaceable Parts List 7 

-- Reference HP Part Mfr Mfr Part 
Designator Number CD Qty Description Code Number 

Al 01652-66501 0 1 
Al 01653-66501 1 1 
A2 01652-66503 2 1 
A3 2090-0204 9 1 
A4 09604753 6 1 

SYSTEM BOARD ASSEMBLY - 80 CHANNEL (16528) 
SYSTEM BOARD ASSEMBLY - 32 CHANNEL (16538) 
KEYBOARD CIRCUIT BOARD ASSEMBLY 
MONITOR ASSEMBLY 
ROTARY PULSE GENERATOR 

28480 01652-66501 
28480 01653-66501 
28480 01652-66503 
28480 2090-0204 
28480 0960-0753 

A5 0950-1879 8 1 POWER SUPPLY ASSEMBLY 28480 0950-l 879 
A6 0950-1798 0 1 DISK DRIVE ASSEMBLY 28480 0950-l 798 
A7 01650-61614 4 1 INTENSITY ADJUSTMENT ASSEMBLY 28480 01650-61614 
A8 9135-0325 8 1 LINE FILTER SWITCH ASSEMBLY 28480 9135-0325 
A9 01650-61608 6 5 PROBE TIP ASSEMBLY (1652B) 28480 01650-61608 

A9 0 1650-61608 6 2 PROBE TIP ASSEMBLY (16538) 28480 01650-61608 
Al0 0 1652066502 1 1 OSCILLOSCOPE BOARD ASSEMBLY - 2 CHANNEL 28480 0 1652066502 

All 54503-63401 4 2 ATTENUATOR ASSEMBLY 28480 54503-63401 
Al2 10430A 8 2 PROBE 500 MHZ 1M 1O:l 28480 1043OA 

Bl 3160-0429 0 1 FAN-TUBEAXIAL 1 00-CFM 12VDC 28480 3160-0429 

El 5959-9333 8 0 REPLACEMENT PROBE LEADS (PKG OF 5) 28480 5959-9333 
E2 5959-9334 9 0 REPLACEMENT PROBE GROUNDS (PGK OF 5) 28480 5959-9334 
E3 5959-9335 0 0 REPLACEMENT POD GROUNDS (PKG OF 5) 28480 5959-9335 
E4 5959-0288 4 5 GRABBER ASSEMBLY SET - 20 (16528) 28480 59594288 

E4 5959-0288 4 2 GRABBER ASSEMBLY SET-20 (1653B) 28480 5959-0288 

Fl 211 O-0003 0 1 FUSE 3A250V NTD FE UL 28480 21 lo-0003 

Hl 0535-0113 1 10 NUT “U’‘-TP M3 X 0.500.3MM-THK (TOP COVER) 28480 0535-0113 
H2 0535-0056 1 4 NUT-HEX PRVLG-TRQ M4 X 0.7 5MM-THK (CRT) 28480 0535-0056 
H3 2950-0001 8 3 NUT-DBL-CHAM 3/8-32-THDO.O94-IN-THK (RPG, BNC) 28480 2950-0001 
H4 2950-0072 3 1 NUT-DBL-CHAM l/4-32-THDO.O62-IN-THK (INTEN ADJ) 28480 2950-0072 
H5 0515-0372 2 12 SCREW M3 X 0.5 8MM-LG (DISK DRIVE, REAR PANEL) 28480 0515-0372 

H6 0515-0821 6 4 SCREW- M3.5 X 0.6 (FAN) 28480 0515-0821 
H7 0515-1035 6 22 SCREW-M3 X 0.5 8MM- (FEET, LINE FIL, TOP COVER) 28480 0515-1035 
H8 0515-l 135 7 4 SCREW- M3 X 0.5 25MM-LG (KEYPAD) 28480 0515-l 135 
H9 0515-1951 5 8 SCREW-TAPPING M4.2 (SYSTEM BOARD) 28480 0515-1951 
HlO 01650-82401 1 2 M5 SHOULDER SCREW (HANDLE) 28480 01650-82401 

Hll 2190-0009 4 
H12 2190-0016 3 
H13 21 go-0027 6 
H14 3160-0092 3 
H15 0590-l 868 1 

WASHER-LK INTL T NO. 80.168-IN-ID (HP-16 CABLE) 
WASHER-LK INTL T 3/8 IN0.377-IN-ID (BNC) 
WASHER-LK INTL T l/4 IN0.256-IN-ID (INTEN ADJ) 
FAN GUARD 
FAN MOUNTING CLIP 

28480 2190-0009 
28480 2190-0016 
28480 21904027 
28480 3160-0092 
28480 0590-l 868 

H16 
H17 
H18 
H19 
H20 

1400-0611 
0380-l 482 
01650-00203 
2950-0054 
3050-0893 v 

2 
2 
1 
1 
4 

1 
2 
2 
2 
2 

CLAMP-FL-CA l-WD (DISK DRIVE CABLE) 28480 1400-0611 
HEX STANDOFF .0340 (HP-IB CABLE) 28480 0380-l 482 
NUT PLATE (HANDLE) 28480 01650-00203 
NUT l/2 - 28.125 (ATTENUATOR BNC) 28480 295o-0054 
WASHER - FLAT (PC BOARD BRACKET) 28480 3050-0893 
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Table 5-2. Replaceable Parts List (continued) 

Reference HP Part Mfr Mfr Part 
Designator Number CD Qty Description Code Number 

H21 05X-0374 
H22 0515-1246 
H23 295o-0035 
H24 2190-0068 

MPl 0165045207 
MP2 01650-04901 
MP3 1460-1345 
MP4 01650-47701 
MP5 01650-01202 

MP6 01652-94302 
MP6 01653-94302 
MP7 01652-94301 
MP8 01652-40501 
MP9 01652-41901 

8 
9 
7 
6 
2 

MPlO 01652-40502 
MPll 01650-46101 
MP12 01650-00205 
MP12 01651-00203 
MP13 71204835 

7 
2 

0 
0 

MP14 01650-04101 
MP15 01650-84501 
MP16 01650-94303 
MP17 01650-29101 
MP17 01650-29101 

4 
6 
7 
6 
6 

MP18 01650-29102 
MP19 01650-25401 
MP20 01650-63202 
MP21 01650-47401 
MP22 01652-01201 

7 

0 
7 

MP23 01652-01202 2 
MP24 01652-94303 9 

Wl 01650-61601 
w2 54503-61606 
w3 01650-61604 
w4 01650-61605 
W5 01650-61607 

w5 01650-61607 
W6 01650-61613 
w7 01650-61616 
W8 01652-61602 
w9 54100-61610 

1 
1 
2 
2 
1 

1 
1 
1 
1 
1 

1 
2 
1 
1 
1 

1 
1 
1 
5 
2 

1 
1 
1 
1 
1 

1 
1 

1 
1 
1 
2 
5 

2 
1 
1 
1 
1 

SCREW-MACH M3.0 X 0.50 (OSCILLOSCOPE BOARD) 28480 
SCREW-MACH M3 X 0.5 (ATTENUATOR) 28480 
NUT .468-32.078 (PROBE COMPENSATION BNC) 28480 
WASHER-LK .505.630.02 (ATTENUATOR) 28480 

0515-0374 
0515-1246 
2950-0035 
2190-0068 

CABINET MOLDED PLASTIC 28480 01650-45207 
BALE HANDLE 28480 01650-04901 
TILT STAND SST 28480 1460-1345 
MOLDED FOOT 28480 01650-47701 
GROUND BRACKET 28480 01650-01202 

IDENTIFICATION LABEL (1652B) 28480 01652-94302 
IDENTIFICATION LABEL (16538) 28480 01653-94302 
KEYBOARD LABEL 28480 01652-94301 
KEYBOARD HOUSING 28480 01652-40501 
ELASTOMERIC KEYPAD 28480 01652-41901 

KEYBOARD SPACER 28480 01652-40502 
LOCKING PIN PCB 28480 01650-46101 
REAR PANEL(1652B) 28480 01650-00205 
REARPANEL(16538) 28480 01651-00203 
CSA CERTIFICATION LABEL 28480 71204835 

TOP COVER 
ACCESSORY POUCH 
PROBE LABELS 
GROUND SPRING (SYSTEM BOARD 1652B) 
GROUND SPRING (SYSTEM BOARD 1653B) 

28480 01650-04101 
28480 01650-84501 
28480 01650-94303 
28480 01650-29101 
28480 01650-29101 

CLIP RS-232 ESD 28480 01650-29102 
DISK INSULATOR 28480 01650-25401 
RS-232 LOOPBACK CONNECTOR 28480 01650-63202 
RPG KNOB 28480 01650-47401 
BRACKET - PC BD (OSCILLOSCOPE BOARD) 28480 01652-01201 

PLATE - PC BD (OSCILLOSCOPE BOARD) 28480 01652-01202 
PROBECOMPENSATIONLABEL 28480 01652-94303 

SWEEPCABLE 28480 01650-61601 
POWER SUPPLY CABLE 28480 54503-61606 
DISK CABLE 28480 01650-61604 
BNC CABLE 28480 01650-61605 
PROBE CABLE (16528) 28480 01650-61607 

PROBE CABLE (16538) 
HP-IB CABLE 
FAN CABLE 
OSCILLOSCOPE CABLE ASSY 60 COND 
PROBECOMPENSATION BNC 

28480 01650-61607 
28480 01650-61613 
28480 01650-61616 
28480 01652-61602 
28480 54100-61610 

- 
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Theory of Operation 
6A 

Introduction This section provides the theory of operation of the HP 1652B/1653B Logic 
Analyzer. The theory of operation is included for information only and is not 
intended for troubleshooting purposes. 

Safety Read the Safety Summary at the front of this manual before servicing the 
instrument. Before performing any procedure, review it for cautions and warnings. 

Warning 
Maintenance should be performed by trained service personnel aware of 
the hazards involved (for example, fire and electric shock). When 
maintenance can be performed without power applied, the power cord 
should be removed from the instrument. 

Block Level The HP 1652B is an 80 channel state and timing logic analyzer with a 2 channel, 

Theory 100 MHz, 400 Msample/s digitizing oscilloscope. The HP 1653B is a 32 channel 
state and timing logic analyzer with a 2 channel, 100 MHz, 400 Msample/s 
digitizing oscilloscope. The human interface is a front-panel keypad and knob for 
instrument control and a g-inch (diagonal) white phosphor CRT for information 
display. Available on the rear panel are RS-232-C and HP-IB ports for 
communication to a printer or from a controller. Also on the rear panel are two 
BNCs for input or output of an external trigger and a BNC for oscilloscope probe 
compensation. 

The instrument is built around the 68000 microprocessor and powerful data 
acquisition ICs that probe, shape, store, and analyze data from a target system. An 
acquisition interface to the 68000 makes the data acquisition system fully 
compatible with the architecture of the 68000 microprocessor. The System 
Assembly Board contains the necessary circuitry to interface the keypad, CRT 
monitor, disk drive, RS-232-C, and HP-IB ports. 

Figures 6A-1 and 6A-2 show a simplified block diagram of the instrument. 
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Figure 6A-1. System Board Assembly Block Diagram 
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Power Supply 
Assembly 

CRT Monitor 
Assembly 

Main Assembly 

- 
Central 

Processing Unit 
Pu) 

Oscilloscope 
Assembly 

The switching power supply provides 120 W (200 W maximum) for the instrument. 
The ac input, to the power supply is 115V or 230 V, -25% to + 15%. Maximum 
input power is 350 VA maximum. The ac input frequency is 48 to 66 Hz. 

All voltages necessary to operate the instrument are applied first to the Main 
Assembly. Unfiltered voltages of + 15V, + 12V, -12V, + 5.15V, -5.2V, and + 3.5V 
are supplied to the board where they are then filtered and distributed throughout 
the main assembly board, oscilloscope board, and to the CRT Monitor Assembly. 
Filtered voltages of approximately +5 V and + 12 V are routed through the Main 
Assembly to the CRT Monitor Assembly. The + 5.15 V supply is adjustable on the 
suPPlY= 

The CRT Monitor Assembly consists of the sweep board circuitry, a g-inch white 
phosphor CRT, and the CRT yoke. The assembly requires + 5 V and + 12 V from 
the power supply via the Main Assembly. 

The non-interlacing raster display is controlled by the CPU portion of the Main 
Assembly. System control provides synchronization and pixel information. 

The Main Assembly contains the logic analyzer acquisition system and system 
control circuitry. It also provides interfaces for the Power Supply Assembly, CRT 
Monitor Assembly, keyboard, RS-232C, and HP-IB. The input to the Main 
Assembly is from any or all of the data acquisition pods, which exit the rear panel. 
The user interface is from the-front-panel keyboard or with a controller via the 
HP-IB or RS-232C connector on the rear panel. A more detailed theory of the 
logic analyzer circuitry follows block level theory. 

The CPU is a 68000 PlO microprocessor with addressing capability of 16 
megabytes (23 address lines/l6 data lines). The CPU receives its clock (10 MHz) 
from the TCL (Timing Control Logic). The TCL circuitry consists of 
programmable array logic (PALS), various logic gates, and miscellaneous circuitry 
for arbitrating between display and refresh requests of display and system RAM. 
The PALS and arbitration circuitry are synchronized with a 20 MHz clock. The 
rest of the circuitry is asynchronous. The signals generated by the TCL provide all 
timing for the CPU. The CPU drives the read/write line and the address and data 
strobes. 

The CPU supplies a 2.5 MHz enable clock for synchronization with the CRT 
Controller (CRTC). 

The Oscilloscope Assembly contains the oscilloscope acquisition system. The 
analog input to the Oscilloscope Assembly is from either or both of two channels, 
located at the front-panel BNCs. The user interface is from the front-panel 
keyboard or with a controller via the HP-IB or RS-232C connector on the rear 
panel. A more detailed theory of the Oscilloscope Assembly follows the block 
level theorv. 

- 
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Keypad and Knob 
Assembly 

Disk Controller 

RS-232-C 
Interface 

HP-IB Interface 

The front-panel keypad is elastomeric and has 29 keys. The keyboard rows are 
continually scanned at a frequency of 60 Hz. When a key is pressed the signal is 
sent as data to the 68000 which determines the key pressed and its function. The 
Rotary Pulse Generator (RPG) is connected to the front-panel knob and supplies 
pulses to the 68000 microprocessor when the knob is turned. The RPG is used for 
cursor movement and value entry. 

The disk controller performs the necessary functions for reading or writing data to 
the built-in disk drive of the logic analyzer. The disk controller interface to the 
68000 is an 8-bit bidirectional bus for data, status, and control word transfers. 

The built-in disk drive is a 35inch double-sided Sony disk drive. The main 
features of the disk drive are low power consumption, low height, and high 
reliability with simple mechanism and electronic circuitry. 

The controlling IC of the RS-232-C Interface is a Signetics SCN2661 Enhanced 
Programmable Communications Interface (EPCI) which is a universal 
synchronous/asynchronous receiver/transmitter (USART) data 
communications IC. 

The SCN2661 serializes parallel data from the 68000 for transmission. At the same 
time, it also receives serial data and converts it to parallel data characters for the 
68000. 

The SCN2661 IC contains a baud rate generator which can be programmed from 
the logic analyzer I/O menu for one of eight baud rates. Protocol, word length, 
stop bits length, and parity are also programmed via the I/O menu. 

Two additional ICs, the DS14C88 and DS14C89, are line drivers/receivers used by 
the SCN2661 IC for interface of terminal equipment with data communications 
equipment. Slew rate control is provided on the ICs, eliminating the need for 
external capacitors. 

The HP-IB controller provides an interface between the microprocessor system 
and the HP-IB in accordance with IEEE 488 standards. An 8-bit data buffer and 
8-bit control line buffer interface the HP-IB controller to the HP-IB bus. 

The HP-IB is a 24 conductor shielded cable carrying 8 data lines, 8 control lines, 7 
system grounds, and 1 chassis ground. 
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Logic Analyzer The HP 1652B/1653B logic analyzer operation is based around a 68000 

Theory of microprocessor and proprietary acquisition ICs. Input data is captured by passive 

Operation 
probing, reshaped, and stored into memory. 

Data Acquisition The data acquisition for the logic analyzer consists of the data acquisition pods, 
acquisition ICs, and the interface to the 68000. Th 
is through any of the data acquisition pods. There 

.e interface to 
are five pods 

the target system 
available on the 

HP 1652B (80 channels) and two pods available on the HP 1653B (32 channels). 
Each pod contains 16 input data probes and one external clock input for state 
mode measurements. The data probes can be used for state or timing 
measurements. 

Each pod consists of a probe tip assembly and a 4.5 foot woven cable. A probe tip 
assembly includes 17 twelve-inch probes and a common ground return. This is 
connected to one end of the cable. The other end of the woven cable terminates at 
the rear panel of the logic analyzer. The.woven cable consists of 17 signal lines, 17 
signal return lines, 2 chassis grounds, and 2 power supply lines. All are woven 
together with polyarmid yarn. 

Each probe input has an input impedance of 100k ohms in parallel with 
approximately 8 pF. The probes can be grounded in two ways: with a common 
pod ground for state measurements, or with a probe tip ground for higher 
frequency measurements. 

The input signals are attenuated by a factor of 10 in the passive probe. The signals 
are applied to a comparator where they are compared against a voltage threshold 
to determine if the voltage level is above or below the threshold level. The 
comparator then shapes the single-ended signal and outputs it at an ECL level to 
the acquisition IC. The input data is then stored at the acquisition IC. 

Arming Control The two BNCs on the rear panel are used for arming control of the logic analyzer 
acquisition ICs. An arm signal may be output from the ICs to the rear panel 
EXTERNAL TRIGGER OUT (JlO), or input to the ICs from EXTERNAL 
TRIGGER IN (J9). 
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, Memory The memory of the logic analyzer consists of three separate memories: one ROM 
and two RAMS. The system (EP)ROM is 32 K long by 16 wide and is used 
primarily for booting-up the system and self-test storage. The system (D)RAM is 
512 K long by 16 wide and contains the operating system and the acquired data 
from the target system. Since the RAM is a volatile memory, the operating system 
is loaded at each power-up of the instrument via the built-in disk drive and a mini 
floppy disk. 

- 

The display (D)RAM is 64K long by 4 wide and is cycle shared between the 68000 
and the display refresh circuitry. This is why the display bus is separate from the 
local bus. The two buses are separated by a set of address multiplexers and data 
buffers. 

.- 

- 
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When in the “edge trigger” mode, the preamp outputs are fed through a high speed 
voltage comparator using a reference voltage from the DAC. 

Oscilloscope 
Theory of 
Operation 

Attenuator/ 
Preamps 

Post Amplifier 

ADC and FISO 
Memory 

Triggering 

The oscilloscope circuitry provides the conditioning, sampling, digitizing, and 
storage of the signals at the channel input connectors. The channels are identical. 
The trigger circuitry input can be selected between the oscilloscope channels and 
the logic analyzer. A 400 MHz oscillator, with the time base and mux/sync 
(multiplexer synchronizer), provides the sample clocking. After conditioning, the 
signals are digitized and stored in a hybrid IC containing both the ADC and 
memory. The signal data is then transferred over the data bus where it is 
processed for display. 

The channel signals are conditioned by the attenuator/preamps, thick film hybrids 
containing passive attenuators, impedance converters, and a programmable 
amplifier. The channel sensitivity defaults to the standard l-2-5 sequence (other 
sensitivities can be set also). However, the firmware uses passive attenuation of 1, 
$25, and 125, with the programmable preamp, to cover the entire sensitivity range. 

The input has a selectable 1 MQ or 50 Q input impedance. Compensation for the 
passive attenuators is laser trimmed and not adjustable. After the passive 
attenuators, the signal is split into high-frequency and low-frequency components. 
Low frequency components are amplified on the PC board where they are 
combined with the offset voltage. 

The high- and low-frequency components of the signal are recombined and 
applied to the input FET of the preamp. The FET provides a high input 
impedance for the preamp. The programmable preamp adjusts the gain to suit the 
required sensitivity and provides two output signals. One signal is the same 
polarity as the input and goes to the trigger circuitry. The other is of the opposite 
polarity and is sent to the post amplifier. 

The post amplifier conditions the signal for the ADC. It has a gain of 
approximately 2.5 and it has one compensation capacitor adjustment per channel. 
This adjustment effects the transition rise time and overshoot. 

A single hybrid digitizes and stores the channel signal. Digitization is done by a set 
of comparators in a flash converter. A precision voltage divider within the ADC 
provides a separate reference for each comparator. This voltage divider is 
controlled by a reference supply and amplifier on the PC board. 

The FISO (fast in, slow out) memory is 2 k by 6-bit bytes. Sample clocks are 
provided by the time base circuitry. At 500 ns/div and faster, the sample clock is 
400 MHz. At sweep speeds of 1 us and slower, the sample clocks range from 200 
MHz to 25 Hz. The FISO data is buffered onto the CPU data bus for further 
processing. 

The trigger circuitry accepts inputs from both oscilloscope channels, the logic 
analyzer, and the time base. Only one of these signals is multiplexed into the 
trigger circuitry, depending on the trigger mode. For example, the input from the 
time base is used while the instrument is in the “trigger immediate” mode. 
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The trigger circuitry output drives the time base and the logic analyzer arming 
input. This output and internal status signals are interfaced to the data bus for 
software processing purposes. 

Time Base The time base provides the sample clocks and timing necessary for data 
acquisition. It consists of the 400 MHz reference oscillator, mux/sync hybrid 
(multiplexer/synchronizer), and time base IC. 

The mw/sync hybrid provides sample clocks to the ADC. At sample rates of 400 
MHz and 200 MHz, this sample clock is derived from the 400 MHz reference 
oscillator. At 100 MHz and slower, the sample clock comes from the time base IC. 
The mux/sync hybrid synchronizes the gating of the sample clock to provide only 
full sample clocks. 

The time base hybrid has programmable dividers to provide the rest of the sample 
frequencies appropriate for the time range selected. It uses the time-stretched 
output of the fine interpolator to time-reference the sampling to the trigger point. 
It has counters to control how much data is taken before (pre-trigger data) and 

. after (post-trigger data) the trigger event. After the desired number of pre-trigger 
samples has occurred, the time base hybrid sends a signal to the Logic Trigger 
(trigger arm) indicating it is ready for the trigger event. When the trigger 
condition is satisfied, the Logic Trigger sends a signal back to the time base hybrid. 
The time base hybrid then starts the post-trigger delay counter. When the 
countdown reaches zero, the sample clocks are stopped and the CPU is signaled 
that the acquisition is complete. 

Fine Interpolator The Fine Interpolator is a dual-slope integrator that acts as a time-interval 
stretcher. When the trigger circuitry receives a signal that meets the programmed 
triggering requirements, it signals the time base. The time base then sends a pulse 
to the fine interpolator. The pulse is equal in width to the time between the trigger 
and the next sample clock. The fine interpolator stretches this time by a factor of 
approximately 375. Meanwhile, the time base hybrid runs a counter with a clock 
derived from the sample rate oscillator. When the interpolator indicates the 
stretch is complete, the counter is stopped. The count represents, with much 
higher accuracy, the time between the trigger and the first sample clock. The 
count is stored and used to place the recently acquired data in relationship with 
previous data. 

Probe An oscillator generates a 1.25 kHz square wave with fast edges for oscilloscope 
Compensation probe compensation. The oscillator’s levels range from approximately -400 mV to 

-900 mV. 

Digital Interface The Digital Interface provides control and interface between the system control 
and digital functions in the acquisition circuitry. 

Analog Interface The Analog Interface provides control of analog functions in the acquisition 
circuitry. It is primarily a 16 channel DAC with an accurate reference, and filters 
on the outputs. It controls channel offsets and trigger levels. 

Theory of Operation 
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6B 
Self Tests 

Introduction This section provides information on the power-up self tests and extended self tests 
of the HP 1652B/1653B. All of these self tests may be performed without access to 
the interior of the instrument. 

Power-Up 
Self Tests 

The power-up self tests are automatically performed upon applying power to the 
instrument. The revision number of the operating system is given in the upper 
right comer of the screen during the power-up self tests. As each test is 
completed, either “passed” or “failed” is printed in front of the name of each test in 
the following manner: 

PERFORMING POWER-UP SELF-TESTS 

passed ROM test 
passed RAM test 
passed Interrupt test 
passed Display test 
passed Keyboard test 
passed Acquisition test 
passed Threshold test 
passed Disk test 

LOADING SYSTEM FILE 

As indicated by the last message, the HP 1652B/1653B logic analyzer will 
automatically load from the operating system disk in the disk drive. If the 
operating system disk is not in the disk drive, the message “SYSTEM DISK NOT 
FOUND” will be displayed at the bottom of the screen and “NO DISK” will be 
displayed in front of the disk test in place of “passed.” 

NC Note d 
If the message “SYSTEM DISK NOT FOUND” appears on screen, insert the 
operating system disk into the disk drive and press any front panel key. 
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Selectable 
Self Tests 

Selectable self tests are used as troubleshooting aids. Eight self tests may be 
invoked via the Self Tests menu: 

l Analyzer Data Acquisition 
l Scope Data Acquisition 
l RS-232-C 
l BNC 
l Keyboard 
l R4M 
l ROM 
l Disk Drive 
l Cycle through tests 

The required test is selected by moving the cursor to the test and pressing the front 
panel SELECT key. A pop-up menu will appear with a description of the test to 
be performed. The self test does not begin until the cursor is placed on Single test, 
Repetitive test, or Execute and the front panel SELECT key is pressed. 

The repetitive self tests display the number of “runs” and “failures” for the selected 
test. Press STOP to discontinue the test. 

After the test is completed, either “Passed,““Failed,” or “Tested” will be displayed 
on the Self Tests menu in front of the test. 

Selecting the Self The self tests may be invoked from any menu by pressing the front panel I/O key. 
Tests Menu The pop-up I/O menu appears on screen with the following choices: - 

Done 
Print Screen 
Print All 
Disk Operations 
I/O Port Configuration 
External BNC Configuration 
Self Tests 

Move the cursor to Self Tests with the front panel knob and press SELECT. 

Caution 
The self tests are loaded from the Performance Verification disk. The process of 
running the self tests destroys the current configuration and data. 

2. Insert the Performance Verification disk (or copy of it) into the disk drive. 

Self Tests HP 1652B/1653B 
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3 . 

4. 

Move the cursor to the Start self test field with the front panel knob and 
press SELECT. After loading the self tests, the HP 1652B/l653B Self Tests 
menu will display the following: 

Untested * Analyzer Data Acquisition 
Untested * Scope Data Acquisition 
Untested * RS-232-C 
Untested * BNC 
Untested * Keyboard 
Untested * RAM 
Untested * ROM 
Untested * Disk Drive 

* Cycle through tests 

To select a self test, move the cursor to the appropriate test with the front 
panel knob and press SELECT. To leave the HP 1652B/1653B Self Tests 
menu, move the cursor to Done and press SELECT. The HP 1652B/1653B 
will reload the operating system from the disk and display the default System 
Configuration menu. 

I 
Note m 

The operating system disk (or copy of it) must be in disk drive to reload the 
operating system after leaving the Self Tests menu. 

Analyzer Data 
Acquisition 

Self Test 

The Analyzer Data Acquisition self test verifies the functionality of key elements of 
the internal acquisition system. 

1. 

2. 

3 . 

4. 

In HP 1652Bl1653B Self Tests menu, move the cursor to Analyzer Data 
Acquisition and press SELECT. A menu will appear with a description of 
the test, the number of “runs” and “failures” for the selected test, and fields to 
select Single test, Repetitive test, or Done. 

Move the cursor to Single test or Repetitive test and press SELECT. The 
message “Running Data Acquisition Test” appears on screen while the 
instrument is performing the test. When the test is finished, the message 
“Data Acquisition Test complete” will appear on screen. 

If you are running repetitive tests, press the front-panel STOP key when you 
want to discontinue the test. The number of runs and failures will be 
displayed in the menu. 

To return to HP 1652B/1653B Self Tests menu, move the cursor to Done and 
press SELECT. 
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Scope Data The Scope Data Acquisition self test verifies the functionality of key elements of 
Acquisition the internal acquisition system. These key elements include the following: 

Self Test 
l 

2. 

3 . 

4. 

Scope Memory 
Scope Pretrigger Delay 
Scope Trigger 
Scope Sample Rate 
Scope Preamp 
Scope Interpolator 

In HP 1652B/1653B Self Tests menu, move the cursor to Scope Data 
Acquisition and press SELECT. A menu will appear with a description of 
the test, the number of “runs” and “failures” for the selected test, and fields to 
select Single test, Repetitive test, or Done. 

Move the cursor to Single test or Repetitive test and press SELECT. The 
message “Running Scope Data Acquisition Test” appears on screen while the 
instrument is performing the test. When the test is finished, the message 
“Scope Data Acquisition Test complete” will appear on screen. 

If you are running repetitive tests, press the front-panel STOP key when you 
want to discontinue the test. The number of runs and failures will be 
displayed in the menu. 

To return to HP 1652B/1653B Self Tests menu, move the cursor to Done and 
press SELECT. 

RS-232-C Self Test The RS-232-C self test verifies the functionality of the RS-232-C driver and 
continuity of the RS-232-C data paths. 

Equipment Required: 

RS-232-C Loopback Connector . . . . . . . . . . . . . . 01650-63202 

Procedure: 

In HP 1652B/1653B Self Tests menu, move the cursor to RS-232-C and press 
SELECT. A menu will appear with a description of the test, the number of 
“runs” and “failures” for the selected test, and fields to select Single test, 
Repetitive test, or Done. 

Connect the RS-232-C loopback connector to the rear-panel RS-232-C 
receptacle. The message “Running RS-232C Test” appears on screen while 
the instrument is performing the test. When the test is finished, the message 
“RS-232C Test complete” will appear on screen. 

JC I The RS-232-C loopback connector is an accessory supplied with the 
Note 4 HP 1652Bl1653B. 

3 . 

4. 

Move the cursor to Single test or Repetitive test and press SELECT. 

If you are running repetitive tests, press the front-panel STOP key when you 
want to discontinue the test. The number of runs and failures will be 
displayed in the menu. 

-- 

-- 

Self Tests 
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5. To return to HP 1652B/1653B Self Tests menu, move the cursor to Done and 
- press SELECT. 

BNC Self Test The BNC self test verifies the functionality of the internal BNC trigger circuitry. 

1. 

2. 

3 . 

4. 

In HP 1652B/1653B Self Tests menu, move the cursor to BNC and press 
SELECT. A menu will appear with a description of the test, the number of 
“runs” and “failures” for the selected test, and fields to select Single test, 
Repetitive test, or Done. 

Move the cursor to Single test or Repetitive test and press SELECT.The 
message ‘Running BNC Test” appears on screen while the instrument is 
performing the test. When the test is ftished, the message “BNC Test 
complete” will appear on screen. 

If you are running repetitive tests, press the front-panel STOP key when you 
want to discontinue the test. The number of runs and failures will be 
displayed in the menu. 

To return to HP 1652B/1653B Self Tests menu, move the cursor to Done and 
press SELECT. 

Keyboard Self The Keyboard self test verifies the key closures and knob operation on the front 
Test panel system. 

1. In HP 1652B/l653B Self Tests menu, move the cursor to Keyboard and press 
SELECT. A menu will appear with a description of the test and fields to 
Execute the test or exit the menu (Done). 

Move the cursor to Execute and press SELECT. A menu displaying the 
front-panel keys will appear on screen. 

Press all of the keys on the front panel keypad and rotate the front panel 
RPG knob to verify their operation. 

Press the front-panel STOP key twice to return to the Keyboard Self Test 
menu. 

To return to HP 1652B/1653B Self Tests menu, move the cursor to Done and 
press SELECT. 

RAM Self Test The RAM self test verifies the operation of system RAM and display RAM. 

In HP 1652B/l653B Self Tests menu, move the cursor to RAM and press 
SELECT. A menu will appear with a description of the test, the number of 
“runs” and “failures” for the selected test, and fields to select Single test, 
Repetitive test, or Done. 

Move the cursor to Single test or Repetitive test and press SELECT.The 
message “Running RAM Test” appears on screen while the instrument is 
performing the test. When the test is finished, the message “RAM Test 
complete’ will appear on screen. 

If you are running repetitive tests, press the front-panel STOP key when you 
want to discontinue the test. The number of runs and failures will be 
displayed in the menu. 
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4. To return to HP 1652B/1653B Self Tests menu, move the cursor to Done and ‘. 
press SELECT. - 

ROM Self Test The ROM self test verifies the operation of svstem ROM. 

1. 

2. 

3 . 

4. 

A 4 

In HP 1652B/l653B Self Tests menu, move the cursor to ROM and press 
SELECT. A menu will appear with a description of the test, the number of 
“runs” and “failures” for the selected test, and fields to select Single test, 
Repetitive test, or Done. 

Move the cursor to Single test or Repetitive test and press SELECT.The 
message “Running ROM Test” appears on screen while the instrument is 
performing the test. When the test is fished, the message “ROM Test 
complete” will appear on screen. 

If you are running repetitive tests, press the front-panel STOP key when you 
want to discontinue the test. The number of runs and failures will be 
displayed in the menu. 

To return to HP 1652B/1653B Self Tests menu, move the cursor to Done and 
press SELECT. 

Disk Drive Self The Disk Drive self test verifies the functionality of the key elements of the internal 
Test disk drive system. 

1. In HP 1652B/1653B Self Tests menu, move the cursor to Disk Drive and 
press SELECT. A menu will appear with a description of the test, the 
number of “runs” and “failures” for the selected test, and fields to select 
Single test, Repetitive test, or Done. 

- 

I 
Note @ 

There must be a formatted disk in the disk drive to successfully run the Disk Drive 
self tests. 

2. 

3 . 

4. 

Move the cursor to Single test or Repetitive test and press SELECT.The 
message “Running Disk Test” appears on screen while the instrument is 
performing the test. When the test is finished, the message “Disk Test 
complete” will appear on screen. 

If you are running repetitive tests, press the front-panel STOP key when you 
want to discontinue the test. The number of runs and failures will be 
displayed in the menu. 

To return to HP 1652B/1653B Self Tests menu, move the cursor to Done and 
press SELECT. 
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Cycle Through Cycle through tests shows vou to cvcie throwh the following: tests: 
Tests 

U 4 d U U 

Analyzer Data Acquisition 
Scope Data Acquisition 
BNC 

- 

1. 

2. 

3 . 

4. Move the cursor to Done and press SELECT to return to the 
HP 1652B/1653B Self Tests menu. 

ROM 
Disk Drive 

In HP 1652B/l653B Self Tests menu, move the cursor to Cycle through tests 
and press SELECT. 

The tests listed above will run consecutively and continually until the 
front-panel STOP key is pressed. 

Press the front-panel STOP key to end the continuous tests. 

To see the results of the tests for individual tests, move the cursor to the 
appropriate test and press SELECT. The number of runs and failures of the 
continuous test will be displayed on the individual self test menu. 
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__-- 6C 
Troubleshooting 

Introduction This section provides troubleshooting information for the HP 1652B/1653B Logic 
Analyzer. Troubleshooting consists of flowcharts, and signal level tables. The 
troubleshooting information is provided to isolate a faulty assembly. When a faulty 
assembly has been located, the disassembly/assembly procedures in section 6D 
help direct replacement of the assembly. 

Self-test descriptions and instructions are provided in section 6B. 

Caution 
The effects of ELECTROSTATIC DISCHARGE can damage electronic 
components. Use grounded wriststraps and mats when performing any kind of 
service to this instrument. 

Safety Read the Safety Summary at the front of this manual before servicing the 
instrument. Before performing any procedure, review it for cautions and warnings. 

Warning 
Maintenance should be performed by trained service personnel aware of 
the hazards involved (for example, fire and electric shock). When 
maintenance can be performed without power applied, the power cord 
should be removed from the instrument. 

Trouble The trouble isolation flowcharts are the troubleshooting guides. Start there when 
repairing a defective instrument. 

Flowcharts The flowcharts refer to other tests, tables, and procedures to help isolate troubles. 
Disassembly procedures are included in section 6D to direct you in replacing faulty 
assemblies. The circled numbers on the charts indicate the next chart to use for 
isolating a problem. 
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Figure SC-l. Primary Troubleshooting Flowchart 
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Figure 6c-2. Trouble Isolation Flowchart for Fan/Fuse 
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Figure 6C-3. Trouble Isolation for Power Supply - 
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Figure 6C-4. Trouble Isolation for CRT Monitor 
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? 
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Figure SC-S. Trouble Isolation for Keyboard 
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Figure 6C-8. Trouble Isolation for RS-232C 
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Figure SC-S. Trouble isolation for HP-IB 
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* r r .  

Power Supply The power supply must be loaded by either the System Assembly Board or with an 

Voltages Check added resistor to check the voltages. 

Warning 
This procedure is to be performed only by service-trained personnel 
aware of the hazards involved (such as fire and electrical shock). 

Power Supply Loaded by System Assembly 

1. Remove the instrument top cover. 

2. Using the figure below, check for the voltages indicated at the testpoints. 
-12v 

+3.5v +5.20V ADJ 
-5.2V 

I 

016!5OE64 

POWER SUPPLY 
INPUT CABLE 

POWER SUPPLY 
OUTPUT CABLE 

Figure 6C-12. Power Supply Test Points 

Power Supply Isolated 

Isolate and check the supply with the following steps, Use the figure above for 
reference. 

1. Turn off the instrument and remove the power cable. 

2. Disconnect the supply output cable at the supply (see figure above). 

3. Load the + 5.20 V supply with a 2 ohm 25 watt resistor. 

a. With a jumper wire, connect one end of the resistor to one of the 
5.20 V pins (pins 1 through 4) on the supply output. 

b. With another jumper wire, connect the other end of the resistor to one 
of the ground pins (pins 5 through 8) on the supply output. 

- 
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4. Reconnect the power cable and turn on the instrument. Then check for the 
voltages at the supply output using the values in the following table. 

Table 6C-2. Power Supply/Main Assembly Voltages 

PIN SIGNAL 

1 +5.20 V 
2 +5.20 V 
3 +5.20 V 
4 +5.20 V 
5 GROUND 
6 GROUND 
7 GROUND 
8 GROUND 
9 +3.5 v 
10 GROUND 

(Display) 
(Digital) 
(Digital) 
(Display) 

PIN SIGNAL 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

-5.2 V 
GROUND 
+12 v 
GROUND 
-12 v 
GROUND 
+12 V (Display) 
-5.2 V 
+15.5 V (Fan) 
GROUND (Fan) 

I 
Note @ 

The ground planes (digital, fan, and display) are at the same potential on the 
power supply, but when you are measuring them on the main assembly, the . 
supplies must be measured with reference to the respective ground. 

CRT Monitor 1. Remove the instrument top cover. 
Signals Check 

2. Check the CRT Monitor input cable for the signals and supplies listed in the 
table below. The cable is the wide ribbon cable connecting the monitor 
assembly to the System Assembly Board. 

3. Dynamic video signals FB (Full-bright) and HB (Half-bright) are TTL 
inputs. Check for activity on these lines. The table includes a truth table for 
these signals. 

Table SC-I. CRT Monitor Input Cable Pin Assignments 

I PIN SIGNAL PIN SIGNAL FB HB VIDEO 

1 +5 V (Digital) 
3 GROUND (Display) 
5 +12 V (Display) 
7 +12 V (Display) 
9 +12 V (Display) 
11 VSYNC 
13 GROUND (Digital) 
15 GROUND (Display) 
17 GROUND (Display) 
19 GROUND (Display) 

10 
12 
14 
16 
18 
20 

+12 V (Display) 
GROUND (Display) 
GROUND (Display) 
GROUND (Display) 
HSYNC 
+12 V (Display) 
GROUND (Digital) 
FB (Full-bright) 
HB (Half-bright) 
+5 V (Digital) 

0 0 OFF 
0 1 HALF 
1 0 FULL 
1 1 FULL 
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Keyboard Signals Isolate a faulty elastomeric keypad or keyboard when the random key(s) are not 
Check operating by performing the following steps. 

1. Turn off the instrument and remove the power cable. 

2. Without disconnecting the keyboard cable, follow the keyboard removal 
procedure to loosen the keyboard. Leave the keyboard in place in front of 
the instrument. 

3. Reconnect the power cable and turn on the instrument. 

4. Run the Keyboard Self Test and press all of the keys. 

5. Allow the keyboard assembly to fall forward from the front panel. Separate 
the elastomeric keypad and keyboard panel from the PC board. 

6. Short the PC board trace (with a paper clip or screwdriver) of the 
non-operating key and look for an appropriate response on the display. 

7. If the display responds as if the key were pressed, replace the elastomeric 
keypad. 

8. If the display does not respond as if the key were pressed, replace the 
keyboard. 

The RPG connector has a TTL pulse on pins 1 and 3, when the knob is being 
turned. Pin 5 of the connector is + 5 V. 

The ROW (scan) signal is a low duty-cycle pulse at approximately 60 Hz. It is 
continually present on pins 14 through 20 of the keyboard cable. Because of the 
resistance of the keypad contacts, the signal does not appear the same on the 
COLUMN (data) pins when keys are pressed. Refer to the following table for 
signals going to and from the keyboard. 

Table 6c-3. Keyboard Connector Voltages and Signals 

PIN SIGNAL 

1 
3 
5 
7 
9 
11 
13 
15 
17 
19 

GROUND 2 
COLUMN 6 (Data) 4 
GROUND 6 
RPG (DIRECTION) 8 
COLUMN 5 (Data) 10 
COLUMN 3 (DATA) 12 
COLUMN 1 (DATA) 14 
ROW 5 (Scan) 16 
ROW 3 (Scan) 18 
ROW 0 (SCAN) 20 

PIN SIGNAL 

GROUND 
+5 V (DIGITAL) 
RPG (CLICKS) 
N/C 
COLUMN 4 (Data) 
COLUMN 2 (DATA) 
ROW 4 (Scan) 
ROW 2 (Scan) 
ROW 1 (Scan) 
ROW 6 (SCAN) 
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Disk Drive Use the following steps to check the disk drive voltages. 
Voltages Check 

1. Remove the top cover’of the instrument. 

2. Run the repetitive Disk Drive Self Test. 

3. Remove the disk drive cable from the disk drive. 

4. Check the disk drive cable for the voltages listed in the following table. 

PIN SIGNAL DESCRIPTION PIN SIGNAL DESCRIPTION 

1 CHANGE RESET (+5 V) 2 
3 +5 v 4 
5 +5 v 6 
7 +5 v 8 
9 +5 v 10 
11 +5 v 12 
13 GROUND 14 
15 GROUND 16 
17 GROUND 18 
19 GROUND 20 
21 GROUND 22 
23 GROUND 24 
25 GROUND 26 
27 'GROUND 28 
29 +12 v 30 
31 +12 v 32 
33 +12 v 34 

DISK CHANGE 
IN USE 
DRIVE SELECT3 (+5 V) 
INDEX 
DRIVE SELECT0 
DRIVE SELECT1 
DRIVE SELECT2 (+5 V) 
MOTOR ON 
DIRECTION 
STEP 
WRITE DATA 
WRITE GATE 
TRACK 00 
WRITE PROTECT 
READ DATA 
HEAD SELECT 
READY 

Caution 
Do not match the arrows of the cable and connector when connecting the disk 
drive cable to the disk drive. The connector of the disk drive is marked with an 
arrow at pin 34 of the connector. The end of the disk drive cable is marked at pin 1 
of the cable. Matching the arrows will damage the disk drive. 
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Troubleshooting The + 5 volt auxiliary power line is protected by a current limiting circuit. If the - 
Auxiliary Power current on pins 1 and 39 exceeds 2.3 amperes, the circuit will open. When the 

short is removed, the circuit will reset in approximately 20 ms. If you suspect a 
problem with this circuit, remove all loads from pins 1 and 39 and measure the 
voltage between these pins and ground (pins 2 and 40) with a voltmeter. There 
should be +5 volts at pins 1 and 39 after the 20 ms reset time. 

If the +5 volts does not appear on one or both of these pins (pins 1 and 39), 
replace the analyzer cable. If the + 5 volts still does not appear on these pins, refer 
to chart 3 in figure 6C-3. 

2 (GND) 

01650E67 

Figure 6C-13. Cable Power and Ground 
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..-- 6D 
Assembly Removal and Replacement 

Introduction This section contains the procedures for removal and installation of major 
assemblies of the HP 1652B/1653B Logic Analyzer. Read the Safety Summary at 
the front of this manual before servicing the instrument. The relative location of 
the replaceable components are shown in figure 6D-1. The part numbers and 
descriptions for these components are listed in section 5. 

Warning IiF 
Hazardous voltages exist on the power supply, the CRT, and the display 
sweep board. To avoid electrical shock, adhere closely to the following 
procedures. After disconnecting the power cable, wait at least three 
minutes for the capacitors on the power supply and sweep boards to 
discharge before servicing this instrument. 

Caution * 
Never attempt to remove or install any assembly with the instrument ON or the 
power cable connected. This can result in component damage. 

The effects of ELECTROSTATIC DISCHARGE can damage electronic 
components. Use grounded wriststraps and mats when performing any kind of 
service to this instrument. 
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10 (BELOW A51 

01653609 

MP2 1 

Figure 6D-1. HP 16526/16538 Exploded View 
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--- Removal and 
Replacement of 
the Rear Panel 
Assembly 

1. 

2 
l 

3 . 

4. 

5 . 

6 . 

7 . 

8 . 

9 . 

Turn off the instrument and disconnect the power cable. 

Disconnect the logic analyzer cables from the rear panel of the instrument. 

Remove the six screws from the top and the two screws from each side of the 
instrument’s top cover. 

Lift off the top cover. 

Disconnect the line filter cable from the power supply. 

Disconnect the ground cable of the line falter from the oscilloscope assembly. 

Disconnect the Intensity adjust cable from the rear of the high voltage sweep 
board. 

Remove the eight screws at the edges of the rear panel. 

Pull the rear panel straight out from the instrument about three inches. 

I 
Note ‘a 

An ESD ground spring clip is installed on the RS-232C connector behind the rear 
panel. This ground spring clip is not mechanically secured to the instrument. 
Make sure the ground spring clip does not fall off during disassembly. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

Remove the two screws holding the HP-IB ribbon cable connector to the rear 
panel. 

Disconnect the External Trigger Input cable from connector J9 on the Main 
Assembly. 

Disconnect the External Trigger Output cable from connector JlO on the 
Main Assembly. 

Disconnect the Probe Compensation cable from the oscilloscope board. 

Disconnect the fan cable from the Main Assembly. 

Separate the rear panel from the instrument cabinet. 

Replace the rear panel by reversing this procedure. 

11:’ Note d 
When you reinstall the top cover, insert the four screws on the sides of the cover 
f lrst while making sure the cover fits into the grooves of the instrument cabinet. 
Then insert the six screws in the top of the cover. 
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Removal and 
Replacement of 
the Disk Drive 

1. Turn off the instrument and disconnect the power cable. 

2. Remove the six screws from the top and the two screws from each side of the 
instrument’s top cover. 

3. Lift off the top cover. 

4. Remove the two screws securing the disk drive to the power supply panel. 

5. Disconnect the disk drive cable assembly (W3) from the disk drive. 

I 
Note @ 

Do not match the arrows of the cable and connector when reconnecting the disk 
drive cable to the disk drive. The connector of the disk drive is marked with an 
arrow at pin 34 of the connector. The end of the disk drive cable is marked at pin 1 
of the cable. Matching the arrows will result in damaging the disk drive. 

6: Slide the disk drive through the front panel of the instrument cabinet as in 
figure 6D-2. 

7. Replace the disk drive by reversing this procedure. 

When you reinstall the top cover, insert the four screws on the sides of the cover 
fast while making sure the cover fits into the grooves of the instrument cabinet. 
Then insert the six screws in the top of the cover. 

Assembly Removal and Replacement HP 16528/l 653B 
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Removal and When necessary, refer to other removal procedures. 

Replacement of 
the Power 
SUPPlY 
Assembly 

1. Turn off the instrument and disconnect the power cable. 

2. Remove the six screws from the top and the two screws from each side of the 
instrument’s top cover. 

3. Lift off the top cover. 

4. Remove the Disk Drive 

5. Remove the disk drive cable assembly (W3) from the disk drive panel and let 
it lay off the side of the instrument. 

6. Remove the cable (W2) that connects the Power Supply to the Main 
Assembly. 

7. Disconnect the line filter cable from the Power Supply. 

8. Remove the two locking pins that secure the Power Supply at the right front 
and rear corners of the instrument cabinet. Pull these pins up and out of the 
instrument. 

9. Slide the power supply through the side of the cabinet as in the previous 
figure 6D-2. 

10. Replace the power supply by reversing this procedure. 

de I 
Note d 

When you reinstall the top cover, insert the four screws on the sides of the cover 
f ust while making sure the cover fits into the grooves of the instrument cabinet. 
Then insert the six screws in the top of the cover. 

Removal and 
Replacement 
of the 
Oscilloscope 
Assembly 

When necessary, refer to other removal procedures. 

1. Turn off the instrument and disconnect the power cable. 

2. Remove the six screws from the top and the two screws from each side of the 
instrument’s top cover. 

3. Lift off the top cover. 

4. Remove the Disk Drive and Power Supply. 

5. Remove the Line Filter Switch Assembly from the rear panel. 

6. Disconnect the probe compensation cable from the oscilloscope assembly. 

7. Disconnect the ground cable of the line filter from the oscilloscope assembly. 

8. Disconnect the cable assembly W8 from connector 52 on the oscilloscope 
assembly. 
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9. Remove the six screws securing the oscilloscope assembly to the support 
panel. - 

I 
Note m 

Do not remove the two screws at the front of the oscilloscope board that hold the 
two attenuators in place. 

10. Remove the two nuts (H19) and two washers (H20) that secure the 
attenuator BNCs to the front panel. 

11. Slide the oscilloscope assembly toward the rear panel to allow the BNCs to 
clear the front panel. 

12. Remove the oscilloscope assembly by tilting the rear of the assembly up and 
lifting the assembly out through the top of the instrument cabinet. Make sure 
that the BNCs clear the front panel. 

13. Replace the oscilloscope assembly by reversing this procedure. 

I 
Note @ 

When you reinstall the top cover, insert the four screws on the sides of the cover 
first while making sure the cover fits into the grooves of the instrument cabinet. 
Then insert the six screws in the top of the cover. 

GROUND 
CONNECTOR 

PROBE COMPENSATION 
CONNECTOR 

/ 
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Removal and Attenuators are not part of the oscilloscope board. If the oscilloscope board is 

Replacement of replaced, the attenuators must be moved to the replacement board. 

the Attenuators 

Caution 
ELECTROSTATIC DISCHARGE can damage electronic components. Use 
grounded wriststraps and mats when servicing attenuators. 

When necessary, refer to other removal procedures. 

1. 

2. 

3 . 

4. 

5 . 

6 . 

Turn off the instrument and disconnect the power cable. 

Remove the six screws from the top and the two screws from each side of the 
instrument’s top cover. 

Lift off the top cover. 

Remove the Disk Drive, Power Supply, and Oscilloscope Assembly. 

From the component side of the Oscilloscope Assembly, remove the two 
screws that secure the Attenuator. 

A 24-pin connector, located at the rear of the inside of the attenuator, 
connects the attenuator to the PC board. With a gentle rocking or prying 
motion, lift the attenuator from the PC board. 

Note 
Prying at the rear of the attenuator with a small flat-blade screwdriver, between the 
attenuator and the PC board, will help control the attenuator removal. 

7. Replace the attenuator by reversing this procedure. 

Note 8l I s When you reinstall the top cover, insert the four screws on the sides of the cover 
first while making sure the cover fits into the grooves of the instrument cabinet. 
Then insert the six screws in the top of the cover. 
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- 
Removal and When necessary, refer to other removal procedures. 

Replacement of 1. Turn off the instrument and disconnect the power cable. 
the Keyboard 
Assembly 2. Remove the six screws from the top and the two screws from each side of the 

instrument’s top cover. 

3. Lift off the top cover. 

4. Remove the Disk Drive, Power Supply, and Oscilloscope Assembly. 

5. Loosen the two screws that hold the rear bracket on the oscilloscope 
assembly support panel until the bracket moves freely. 

6. Remove the support panel by carefully tilting the rear of the panel up and 
lifting the panel out through the top of the instrument cabinet. Make sure 
the metal tabs on the front of the support panel clear the front panel. 

- 

Figure 6D-4. Support Panel Removal 

7. From the back side of the front panel, remove the four screws securing the 
keyboard assembly to the front of the instrument cabinet. 

8. Disconnect the keyboard assembly ribbon cable from the Main Assembly. 

9. Pull on the knob to remove the keyboard assembly (label, keyboard panel, 
keypad, PC board, RPG, and knob) from the front panel as one unit. 

- 
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Disassembling Use the following steps to disassemble the keyboard assembly. 
the Keyboard 

Assembly 10. Disconnect the Rotary Pulse Generator (RPG) cable from the PC board on 
the keyboard assembly. 

11. Separate the PC board, keypad, and keyboard panel/label. 
RPG CABLE 

Note 3 II 

\ H3 

KNOB 

\ 

\ 
RIBBON CABLE 

KEYPAD 

KEYBOARD PANEL/LABEL 

01653EO6 

BOARD 

Figure 6D-5. Exploded view of the Keyboard Assembly 

12. The knob is force fitted on the RPG shaft. To remove the knob, pull it 
straight off. 

13. Remove the 3/8-inch nut from the RPG. 

14. Remove the RPG from the keyboard panel. 

15. The keyboard label uses a self-stick adhesive. If the label must be removed, 
carefully peel it off. 

16. Replace the keyboard assembly by reversing this procedure. 

When you reinstall the top cover, insert the four screws on the sides of the cover 
first while making sure the cover fits into the grooves of the instrument cabinet. 
Then insert the six screws in the top of the cover. 
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Removal and When necessary, refer to other removal procedures. 

Replacement of 1 . 
the Fan 

2. 

Turn off the instrument and disconnect the power cable. 

Remove the six screws from the top and the two screws from each side of the 
instrument’s top cover. 

Lift off the top cover. 3 . 

4. 

5 . 

6 . 

7 . Replace the fan by reversing this procedure. 

Remove the Rear Panel Assembly. 

Pull the rear panel out until the fan clears the instrument cabinet. It is not 
necessary to completely remove the rear panel. 

For reassembly, note the orientation of the fan cable. Remove the fan by 
removing the four screws securing the fan to the rear panel. 

IIC I 
Note d 

When you reinstall the top cover, insert the four screws on the sides of the cover 
f lrst while making sure the cover fits into the grooves of the instrument cabinet. 
Then insert the six screws in the top of the cover. 

Removal and 
Replacement of 
the Main 
Assembly 

Caution c 
ELECTROSTATIC DISCHARGE can damage electronic components. Use 
grounded wriststraps and mats when servicing the main assembly. 

When necessary, refer to other removal procedures. 

1. 

2. 

Turn off the instrument and disconnect the power cable. 

Remove the six screws from the top and the two screws from each side of the 
instrument’s top cover. 

3. 

4. 

5 . 

6 . 

Lift off the top cover. 

Remove the Disk Drive, Power Supply, and Oscilloscope Assembly. 

Loosen the two screws that hold the rear bracket on the oscilloscope 
assembly support panel until the bracket moves freely. 

Remove the support panel by tilting the rear of the panel up and lifting the 
panel out through the top of the instrument cabinet as in the previous figure 
6D-4. Make sure the metal tabs on the support panel clear the front panel. 

7. Remove the Rear Panel Assembly. -- 
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8. Remove the following cables from the main assembly board: 

9 

10 . 

11. 

12. 

13. 

14. 

l Disk drive cable. 
l Oscilloscope board cable. 
l Power supply cable. 
l CRT sweep cable. 
l HP-IB cable. 

Disconnect the keyboard assembly ribbon cable from the Main Assembly. 

Carefully place the instrument on its side. 

From the bottom of the instrument, remove the eight screws that secure the 
Main Assembly to the instrument cabinet. 

Set the instrument in the normal position. 

Slide the main assembly out of the rear of the instrument cabinet. 

Replace the Main Assembly by reversing this procedure. 

dC I Note d 
When you reinstall the top cover, insert the four screws on the sides of the cover 
f ust while making sure the cover fits into the grooves of the instrument cabinet. 
Then insert the six screws in the top of the cover. 

Removal and 
Replacement of 
the CRT 
Monitor 
Assembly 

The sweep board, CRT, and CRT yoke are all parts of one HP part number. They 
have been adjusted as a unit and should be replaced as a unit, rather than 
individually. Do not remove the yoke from the CRT. 

When necessary, refer to other removal procedures. 

1. Turn off the instrument and disconnect the power cable. 

2. Remove the six screws from the top and the two screws from each side of the 
instrument’s top cover. 

3. Lift off the top cover. 

4. Remove the Rear Panel, Power Supply, and Main Assembly. 

Discharge the post accelerator lead to the CRT monitoring band only. 
Components will be damaged if the post accelerator is discharged to other areas. 

5. Connect a jumper lead between the mounting band of the CRT and the shaft 
of a screwdriver. 

6. Discharge the CRT by placing the grounded screwdriver under the 
protective rubber cap of the post accelerator lead and momentarily touching 
the screwdriver to the metal clip of the post accelerator. 

The CRT may charge up by itself even while disconnected. Discharge the CRT 
before handling. Use a jumper lead to short the CRT post accelerator terminal to 
the CRT mounting band. 
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7 . 

8 . 

9 . 

10. 

11. 

12. 

13. 

14. 

Disconnect the post accelerator lead from the CRT by firmly squeezing the 
rubber cap until the metal clip disengages from the CRT. 

Disconnect the following cables at the sweep board or CRT: 

l Intensity cable. 
l CRT Monitor ribbon cable. 
l Two CRT yoke cables. 
l CRT base cable. 

Slide the sweep board up and out of the cabinet slot. When installing the 
sweep board, it may be necessary to press on the center of the outer shield of 
the sweep board to allow the board to clear the cabinet support rib. 

Carefully place the instrument with the front panel facing down. 

Remove the four nuts securing the CRT to the front panel. 

Remove the sweep board guide. 

Remove the CRT. When reinstalling the CRT, place it with the post 
accelerator terminal toward the inside of the instrument, away from the 
sweep board. 

Replace the CRT Monitor Assembly by reversing this procedure. 

mlt I 
Note d 

If necessary, after replacing the CRT Monitor Assembly perform the CRT 
Monitor Assembly Adjustment procedures in section 4 of this manual. 

@lC I 
Note d 

When you reinstall the top cover, insert the four screws on the sides of the cover 
firstwhilemakin g sure the cover fits into the grooves of the instrument cabinet. 
Then insert the six screws in the top of the cover. 

Removal and 
Replacement of 
the Feet/Tilt . 
Stand 

When necessary, refer to other removal procedures. 

1 
. 

2. 

Turn off the instrument and disconnect the power cable. 

Remove the six screws from the top and the two screws from each side of the 
instrument’s top cover. 

3 . 

4. 

5 . 

6 . 

Lift off the top cover. 

Remove the Rear Panel, Power Supply, Main Assembly, and CRT Monitor 
Assembly. 

Remove the three screws securing each foot/tilt stand to the bottom of the 
instrument cabinet. 

Replace the feet/tilt stand by reversing this procedure. 

Id 
Note d 

When you reinstall the top cover, insert the four screws on the sides of the cover - 
f rrst while making sure the cover fits into the grooves of the instrument cabinet. 
Then insert the six screws in the top of the cover. 
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Telex: 441603HPMIAMI 

UNITED STATES OF 
AMERICA 
Cust~lntonnrtkrrcenter 
(800) 752-0900 
6~00 AM to 5:00 PM Pacific Time 

WESTERN USA 
Hewlett-Packard Co. 
5161 Lankershim Blvd. 
MORTHHOUYWOOD,CA916O1 
Tel: (818) 505-5600 

ALGERIA 
Hewlett-Packard Trading S.A. 
Bureau de Liaison 
71, Lot. Benachour Abdelkader 
CHERAQA 
Tel: (213) 2810287 
Fax: (213) 2810287 
Telex: 0408 63161 

ARGENTINA 
Hewlett-Packard Argentina S.A. 
Montanws 2 140150 
1428 BUENOS AfRES 
Tel: (54/l) 7814069 

(54/l) 781-4090 

AUSTRALIA 

Brisbane, Gueensland 
OttiCe 
Hewlett-Packard Australia Ltd. 
10 Payne Road 
THE GAP, Queensland 4061 
Tel: (6117) 300-4133 
Fax: (6 l/7) 300-5592 
Telex: 42133 
Cable: HEWPARD Brisbane 

Canberra, Australia 
Capital Territory 
OtflC8 
Hewlett-Packard Australia Ltd. 
Thynne Street, Fern Hill Park 
BRUCE, A.C.T. 2617 
Tel: (6116) 251-6999 
Fax: (6116) 251-6948 
Telex: 62650 
Cable: HEWPARD Canberra 

Melbourne, Victoria 
OftiC 
Hewlett-Packard Australia Ltd. 
126-142 Trennery Crwent 
Abbotsford, VIC 3067 
Tel: (6113) 895-2895 
Fax: (6113) 898-7831 
Cable: HEWPARD Melbourne 

Parkside, South 
Australia Off ke 
Hewlett-Packard Australia Ltd. 
153 Greenhill Road 
PARKSlDE, S.A. 5063 
Tel: (61/8) 272-5911 
Fax: (6118) 373-1398 

Perth, 
Western Australia 
OffiCe 
Hewlett-Packard Australia Ltd. 
Herdsman Business Park 
Cnr. Ha&w & Goutd St. 
OSBORNE PARK, W.A. 6017 
Tel: (61/S) 441-8000 
Fax: (61/S) 242-1682 
Cable: HEWPARD Perth 

Sydney, New South 
Wales Off ice 
Hewlett-Packard Australia Ltd. 
17-23 Talavera Road 
P.O. Box 308 
NORTH RYDE, N.S.W. 2113 
Tel: (6112) 8884444 
Fax: (6112) 886-9072 
Cable: HEWPARD Sydney 

AUSTRIA ’ 
Hewlett-Packard GmbH 
VerkaufsMIro Graz 
Grottenhofstrasw 94 
8052 GM2 
Tel: (431316) 28 3066 
Fax: (43/316) 28 1756 
Telex: 312375 

Hewlett-Packard GmbH 
Lieblgasse 1 
P.O. Box 72 
1222 VIENNA 
T~JI: (431222) 2500-O 
Fax: (43/222) 2500 - 444 

BAHRAIN 
Wael Pharmacy and Drug&we 
P.O. Box 648 
YANAMA 
Tel: (973) 25 6123 
Fax: (973) 23 36 38 
Telex: 8550 WAEL BN 
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BARBADOS 
Computers CL Controls (Barbados) Ltd. 
suite 5,lat Floor 
Wlidey shopping Plaza 
ST. MCHAEL 
Tel: (809) 429-4103 
Fax: (809) 429-4103 

BELGIUM 
Hewiett-Packard Beigium S.A./N.V. 
Bivd de la Woiuwe, 100 
Wduwedal 
12OOBMJWElS 
Tel: (32/2) 76131 11 
Fax: (3212) 783 08 13 

BENIN 
Engineering Business 
21, Route du Canal 
zone3 
04 B.P. 1357 

ivory coast 
Tel:(225)215024 
Fax: (225) 35 37 90 

concept (E.B.C) 

BERMUDA 
Applied Computer Technologies 
17 Reid St. 
HAMnTDN5 
Tel: (809) 295-1818 
Fax: (809) 292-7967 
Telex: 380 3589/ACT BA 

BOLIVIA 
S&M Ltda. (Sistemas de 
importation y Sewicios Ltda.) 
Gabriel Gozaivez 221 
Casiiia 4084 
LAPK 
Tel: (591/2) 3409621 

383385/343245 
Fax: (591/2) 359288 

BRAZIL 
Edisa informatica $.A. 
Alameda Rio Negro, 750.Aiphaviiie 
08454-BMUEMP 
Tel: (55/l 1) 709-1444 
Fax: (55/l 1) 709-1244 
Teiex: 1171351 

Edisa informatica &A. 
Rua dos And&as, 1001-10 andar 
9002O-PDRTO AMRE~RS 
Tel: (55/51) 225-7188 
Fax: (55151) 225-4080 
T&x: 515883 

Edisa informatica $.A. 
Av. Eng. Abdias de Carvaiho, 111 l-5 andar 
50751-REClFE-PE 
Tel: (5518 1) 227-2722 
Fax: (55181) 228-3793 
Telex: 812904 

Edisa informatka $.A. 
Ptaia de Botafogo, 228-4 andar 
22250-M DE JANEIRO-RJ 
Tel: (5512 1) 552-0222 
Fax: (55121) 551-1449 
Telex: 2121905 

BRUNEI 
Komputer Wisman Sdn Bhd 
Room 1,3rd Floor 
Jaian Tutong 
B-w- 
BRWElDABJWl.EY 
Tel: (87312) 23918 
Telex: 0809 2447 

BURKINA FASSO 
Engineering Businem Concept @B.C.) 
21, Route du Canal 
04 B.P. 1357 
MIDJAN 
m- 
Tel: (225) 2150 24 
Fait: (225) 35 37 90 

CANADA 

Alberta 
Hewiett-Packard (Canada) Ltd. 
150 - 8th Avenue S.W. 
CAMMY, Alberta T2P 3Y7 
Tel: (403) 282-0777 
Fax: (403) 237-9309 
Hewlett-Packard (Canada) Ltd. 
11120-178th Street 
EDMOUTON, Alberta T5S lP2 
Tel: (403) 486-6666 
Fax: (403) 489-8784 

British Columbia 
Hewlett-Packard (Canada) Ltd. 
10891 Shellbridge Way 
m-9 
British Columbia V8X 2W8 
Tel: (804) 270-2277 
Fax: (804) 270-0859 

Manitoba 
Hewlett-Packard (Canada) Ltd. 
1825 ink&r Bivdl 
WlHMPEa, Manitoba R2x lR3 
Tel: (204) 894-2777 
Fax: (204) 894-3901 

Nova Scotia 
Hewlett-Packard (Canada) Ltd. 
201 Browniow Avenue 
DAMWUTH, Nova Scotia 838 lW2 
Tel: (902) 488-4725 
Fax:l(902) 488-2817 

Hewlett-Packard (Canada) Ltd. 
475 Hood Rd., Unit #2 
MARKHAM, Ontario L3R 8Hl 
Tel: (418) 479-1770 
Fax: (418) 479-3105 

Ontario 
Hewlett-Packard (Canada) Ltd. 
552 Newbold Street 
LONDON, Ontario N8E 2S5 
Tel: (519) 888-9181 
Fax: (519) 888-9145 

Hewlett-Packard (Canada) Ltd. 
8877 Goreway Drive 
MlSSfSSAUGA, Ontario L4V lM8 
Tel: (418) 878-9430 
Fax: (418) 878-9421 

He&&Packard (Canada) Ltd. 
2870Q- Dr. 
OTTAWA, Ontario K2B 8Kl 
Tel: (813) 820-8483 
Fax: (813) 820-0377 

Quebec 
Hewlett-Packard (Canada) Ltd. 
17500 Trans Canada Highway 
South service Road 
KIRKLAND, Quebec HQJ 2X8 
Tel: (514) 897-4232 
Fax: (514) 897-8941 

Saskatchewan 
Hewlett-Packard (Canada) Ltd. 
#1,2175 Airport Rd. 
SASKATOON, Saskatchewan S7L 7El 
Tel: (308) 242-3702 

CHILE 
Avanzados Sistemas de 
Conocimientos S. A. (ASC) 
Austria 204 1 
SANTlAoO 
Tel: (5812) 223-5946/8148 
Fax: (5812) 223-1912 

CHINA, PEOPLE’S 
REPUBLIC OF 
China Hewlett-Packard Co., Ltd. 
38BeiSanHuanXiRoad 
Shuang Vu Shu, Hai Dian District 
P.O. Box 9610 

Tel: (88/l) 258-8888 
Fax: (88/l) 258-3207 

China Hewlett-Packard Co,, Ltd. 
28/F Shanghai Union Buikrling 
100 Van An Dong Road 
8lw@HAl2oooo2 
Tel: (88/2 1) 320-3240 
Fax: (88/21) 320-2149 

COLOMBIA 
Carbajai S.A. 
Caiie 29 Nom No. 8 A 40 
Apartado Aereo 48 
CAU 
Tel: (5703) 875 0 11 
Fax: (57/23) 888 488 

COSTA RICA 
I.$. de Costa Rica $.A. 
Caiie 25, Avs. 8 y 8 No.848 
SAN JOSE 
Tel: (5018) 33 3722 
Fax: (5018) 55 3528 

CYPRUS 
Telerexa Ltd. 
P.O. Box 1152 
Vaientine Hou8e 
8 Strursandrou St. 
MICOSIA 
Tel: (357/2) 445 828 
Telex: 0805 5845 tim cy 

DENMARK 
He&&Packard A/S 
Birker#d Kongevew 25 
-m 
Tel: (45/42) 8188 40 
Fax: (45/42) 8158 10 

Hewlett-Packard A/S 
Voidbjergvej 18 
824ORlS8KOV,Aarhus 
Tel: (45/08) 17 80 00 
Fax: (45108) 17 80 58 
Telex: 37409 hpas dk 

DOMINICAN REPUBLIC 
Esacomp S.A. 
Ediftcio Mercantii dei Caribe 
Ave. John F. Kennedy No. 11 
P.O. Box 1496 
SANTODOMNW 
Tel: (809) 587 3241 
Fax: (eoS) 588 9774 
Telex: ITT 348 0439 

ECUADOR 
CYEDE Cia. Ltda. 
Avenida Eioy Aifaro 1749 
YBelgh 
Cadiia 8423 CCI 
QUITO 
Te& (593) 245-0075 
Fax: (593) 224-4223 
Telex: 39322548 CYEDE ED 

EGYPT 
intemationai Engineering Associ&a 
8 Et Gamea Street 
AWZAMIRO 
Tel: (2012) 712188 
Telex: 93830 IEA UN 
Cabie INTEGASSO 

EL SALVADOR 
IPESA de Et Salvador $.A. 
29 Avenida Norte 1223 
MN 8AlMDoR 
Tel: (503) 288 858 
Teiex: 30120539 IPESA SAL 

FINLAND 
Hewlett-Packard Oy 
Pi@ankaiiiontie 17 
02200 EWOO (Hddnki) 
Tel: (35810) 887 21 
Fax: (35810) 887 22 77 

Hew&t-t-Packard Oy 
VIiMnkatu 9 C 
40100 JYVW 
Td: (358141) 2185 11 

Hewtett-Packard Oy 
v0Me57 
90500olAu 
Tel: (358181) 340 144 
Fax; (358181) 340 145 
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Aix-En-Provence 
Hewbtt-Packard France 
ZIMOrClIrOB 
Rue Berthdot 
13783 LB8 MluE8 wex 
Tel: (33) 42 24 32 43 
Fax: (33) 42 58 48 72 
TebxI 410 770 

Borderux 
HewMt-Packard France 
DomalnedeP6Ju8 
5, avenue de Pythagore 
33700 -c 
Td:(33)58340084 
Fax:(33)58348084 
Tebxi 550 105 

Brest 
Hewbtt-Packard France 
UC Kqaradec 
8,rueFemandForest 
2823wouEBMw 
Tel: (33) 98 4187 00 
Fax: (33) 08 4174 77 

Grenoble 
Hewlett-Packard France 
57, chemin du Vleux Ch6ne 
ZIRST 
38240 MEYUN 
Tek(33)78803840 
Fax: (33) 78 4105 38 

Lille 
HewIett-Packard France 
Part d’activlt6s de8 Pr& 
1, rue Papin 
50558vluEMEuvE~Asca 
Tel: (33) 20 47 78 78 
Fax: (33) 20 33 38 77 
Telex: 180 124 

Lyon 
Hewlett-Packard France 
Chemin dea Moullh98 
BP 182 
80131 ECUUY C6dex 
Tel: (33) 72 20 32 03 
Fax: (33) 78 33 40 82 
Telex: 310 817 

NM 
Hewlett-Packard France 
Lea Cardoulinea - B&t. 2 
Route de8 DolInes 
Sophia Antlpolb 
08580VAUONME 
Tel:(33)03853040 
Fax:(33)03853134 

Orl68ns 
Hewlett-Packard France 
Part Tertlaire H6liopolis 
Route de my 
45380 LA CHAPEUE ST MEWIN 
Tel: (33) 38 43 04 58 
Fax: (33) 38 88 22 81 
Telex: 783 407 

OWY 
Hewlett-Packard France 
Zone lndwtridb de Courtaboeuf * 
1, avenue du Canada 
01047LE8ullBC6dex 
Tel: (33/l) 69 82 60 60 
Fax: (33/l) 80 82 60 81 
Tekx:600048 

Rennea 
HewMt-Packard France 
Pare d’octlvlt6a de la Poterie 
Rue LouI8 Kwautret-Botmel 
35ooomNE8 
Tel: (33) 00 5142 44 
Fax: (33) 00 32 20 10 
TeIw 740 012 

Rouen 
Hwbtt-Packard France 
PAT Lavatine 
3, rue Jacquee Monod 
BP 228 
78138 MONT=BMMNAN 
Tel: (33) 35 50 10 20 
Fw:(33)355085 11 
T&x: 770 035 

strasbourg 
Hewlett-Packard France 
4,ruedelaFalw&ria 
Part Club de8 TcLnnerles 
BP40 
87381 IMOMEIM C&ex 
Tel: (33) 88 78 15 00 
Fax: (33) 88 78 17 83 
Tdex: 800 141 

Toulouse 
Hewlett-Packard France 
lnnoparc 
BP 187 Voie no 7 
31328 LAMaiL C&x 
Tel: (33) 6130 1140 
Fax: (33) 8130 10 07 
Telex:531830 

GERMAN FEDERAL 
REPUBLIC 

HEADQUARTERS 
Hen&M-Packard GmbH 
Herrenberger Strasse 130 
7030 BdBlmEN 
Tel: (40/7031) 14-O 
Fax: (4017031) 14-2000 

Hewlett-Packard GmbH 
Bad Homburg 
Hewlett-Packard-%- 
838oBADHoMBuM 
Tel: (40) 8172 18-O 
Fax: (40) 8172 l&1300 
Telex: 410 844 hpbhg 

Berlin 
Hewlett-Packard GmbH 
ultzowplatz 15 
1000BERllN30 
Tel: (40130) 2500 02-O 
Fax: (4000) 2500 02-62 
Telex: 018 3405 hpbin d 

B&biingen 
HwIett-Packard GmbH 
Schkkardtiraw 2 
7030- 
Td: (40/7031) 845-g 
Fax: (40/7031) 845-420 

Bonn 
Hewlett-Packard GmbH 
Friedrich-Ebert-All28 
53gOBOMl 
Td: (401228) 23400-l 
Fax: (401228) 235 3 15 

Dortmund 
Hewlett-Packard GmbH 
SchleeMrawe28 
48ooBApbrbeck 
TeJ: (401231) 45001-O 
Fax: (401231) 45001-37 
Telex: 822858 hepdod 

Frankfurt 
HewhM-Packard GmbH 
Reparaturzentrum Frankfurt 
Bemer Stra88a 117 
8ooomANKFlm88 
Td: (40180) 5000 80 
Fax: (40180) 6ooo 8-200 
Telex: 412 815 hpffm 

Hamburg 
Hewbtt-Packard GmbH 
Kapstadtring 5 
2oooHAmJM80 
Tel: (4OM) 83804-g 
Fax: (40140) 83804-327 
Telex: 2163032 

Hennover 
Hewlett-Packard GmbH 
Helderlng 37-30 
3000 HAMOVER 81 
Tel: (40/511) 57M-O 
Fax: (401511) 5708-128 

Mannheim 
Hewlett-Packard GmbH 
Rcmslaw Weq 2-4 
8800-31 
Tel: (40182 1) 7005-O 
Fax: (40162 1) 7005-200 
Telex: 482105 

Munchen (Munich) 
Hewlett-Packard GmbH 
Esdwnstrafuw5 
8028 TAUFKIRCHEN 
Tel: (40180) 81207-O 
Fax: (40180) 81207-300 
Tebx: 0524085 hpmch 

NUmberg 
Hewlett-Packard GmbH 
Emmerlcher Strasee 13 
8500wBNBERo10 
Tel: (40/011) 5205-O 
Fax: (401011) 5205-140 
Telex: 823880 

Ratingen 
Hwbtt-Packard GmbH 
BerlInor Stra8sa 111 
403MATlNMWl 
Tel: (4012102) 404-g 
Fax: (40/2102) 404-3Og 
T&XI 8589070 

Ulm 
HwIett-Packard GmbH 
Mowr8chmltt8trauw 7 
7810NEuuw 
TeI: (491731) 7073-O 
Fax: (401731) 7078-88 
Tebx 712818 

Waldbronn 
HwMt-Packard GmbH 
ErmlitcAlI8e 
7517 WADBRONN 2 (Karbruhe) 
Tel: (40/7243) 602-O 
Fax: (49/7243) 602-512 
TeIex: 7285743 

GHANA 
Engineering Budnem Concept (E.B.C.) 
21, Route du Canal 
zone3 
04 B.P. 1357 
ABIDJAN 
ivory- 
TeI: (225) 3150 24 
Fax: (225) 35 37 00 

See United Kingdom 

GREECE 
Hew&Packard Helh 
32, KiffMar, Avenue 
15125 Amarouwbn 
ATHENB 
GfHC@ 
TeI: (3fMl) 882 88 11 
Fax: (30/l) 883 20 78 
TeIw 218588 hpat gr 

GUATEMALA 
IpesadeGuatemala 
Avenlda Reforma3-48, ZonaB 
WATEMAlAcm 
Tel: (502) 231-7853 
Fax: (502) 231-8827 
Telex: 3055785 IPESA GU 

HONG KONG 
Hewlett-Packard Asia, Ltd. 
22/F, Bond Centre, Weat Towu 
89 Queenaway Central 
HOMOKONQ 
Tel: (85215) 848-7777 
Fax: (85215) 888-4007 
Cable HEWPACK HONG KONG 
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HUNGARY 
Hewlett-Packard 
Accredit0 Office Hungary 
Radvany u. 7 
1118 BUDAPEST 
Tel: (38/l) 185 23 68 
Fax: (36/l) 165 10 85 
Teiex: 861227 632 

ICELAND 
Hewlett-Packard Iceland 
Htifdabakka 9 
110 REYKJAVIU 
Tel: (354/l) 67-1000 
Fax: (354/l) 67-303 1 
Teiex: 37409 

INDIA 

Bangalore 
Hewlett-Packard India Pvt. Ltd. 
29 Cunningham Road 
BANoAloBE 560 052 
Tel: (91/812) 261075 
Fax: (Q1/812) 261554 

Bombay 
Hewlett-Packard India Pvt. Ltd. 
Sahas 
414/2 Veer Savarkar Marg 
Prabhadevi 
BOMBAY 400 025 
Tel: (Q1/22) 4306155 
Fax: (9 l/22) 4307078 

Calcutta 
Hewlett-Packard India Pvt. Ltd. 
DBS Executive Centre 
8 Acharya J. C. Bose Road 
CALCUTTA 700 017 
Tel: (Q1/33) 444990 
Fax: (91133) 444614 

Hyderabad 
Hewlett-Packard India Pvt. Ltd. 
Q-5-13 Taramandal Complex 
9th Fioor 
Saifabad 
HYDERABAD500004 
Tel: (911842) 231756 
Fax: (Q1/842) 8313444 

New Delhi 
Hewlett-Packard India Pvt. Ltd. 
B-8 Jangpura 
Mathura Road 
NEW DELHI 110 014 
Tei: (91/l 1) 690329 
Fax: (91/l 1) 353315 

INDONESIA 
BERCA Indonesia P.T. 
Wisma Dharmaia Sakti 
10/F, Jl, Jendrai Sudirmar 
P.O. Box 41/JKPDS 
JAKARTA 10001 
Tel: (6212 1) 578-0005 
Fax: (62121) 570-1287 
Telex: 62065 BERCAMIA 

IRAQ 
Hewlett-Packard Trading S.A. 
(Service Operation) 
Al Mansoor City 6OQ/10/7 
BAWDAD 
Tel: (964/l) 54149 73 
Fax: (96411) 54149 73 
Telex: 212455 hepairagik 

IRELAND 
Hewlett-Packard Ireland Ltd. 
Temple House, Temple Road 
Biackrock, Co. DUBUW 
Tel: (353/l) 883399 
Fax: (353/l) 883742 
Telex: 30439 

ISRAEL 

Computation and Measurement 
Systems (CMS) Ltd. 
11, Hashiosha Street 
TEL-AVIV 67060 
Tel: (972) 3 5380-333 
Fax: (972) 3 5375-055 
Telex: 371234 HPCMS 

ITALY 

Anzola Emllia-Bologna 
Hewlett-Packard ltaliana S.p.A. 
Via Emilia, 51/C 
40011ANZOlAEMllJA-80lOGNA 
Tel: (3915 1) 73 10 6 1 
Fax: (39151) 73 48 30 
Telex: 5116 30 

BarI 
Hewlett-Packard ltaiiana S.p.A. 
Via Vitantonio di Cagno, 34 
70124 BARI 
Tel: (39180) 4107 44 
Fax: (39180) 4178 51 

Catania 
Hew&t-Packard ltaiiana S.p.A. 
Via Principe Nkoia, 43 G/C 
95126 CATANIA 
Tel: (39195) 37 10 87 
Fax: (SQ/QS) 38 85 69 

Corsica 
Hew&t-Packard ltaliana S.p.A. 
Via 0. di Vittorio, 10 
20094 COMIC0 (Ml) 
Tel: (3912) 440 83 51 
Fax: (3912) 440 95 64 
Telex: 440 9564 

Flrenze 
Hew&t-Packard itaiiana S.p.A. 
Via Sacco 8 Vanzetti, 1 
50145 FIRENZE 
Tei: (39/55) 3185 53 
Fax: (39155) 37 39 65 

Geneva 
Hewlett-Packard ltaiiana S.p.A. 
Viaie Brigata Bisagno, 2 
16129 GENOVA 
Tel: (3Q/lO) 54 1141 
Fax: (39110) 59 17 33 
Telex: 28 52 38 

Llmlto 
Hewlett-Packard ltaiiana S.p.A. 
Via Nuova Rivoitana, 95 
200Q0 IJMTO (Ml) 
Tel: (3912) 757 61 
Fax: (3912) 757 6230 
Telex: 32 31 16 

Napoll 
Hewlett-Packard itaiiana S.p.A. 
Via Orazio, 16 
80122 NAPOU 
Tel: (39/81) 761 14 44 
Fax: (39/81) 68 0164 
Telex: 7106 98 

Padova 
Hewlett-Packard ltaiiana S.p.A. 
Via Pelllzzo, 15 
35128 PADOVA 
Tel: (39149) 807 0166 
Fax: (39149) 77 30 97 
Telex: 43 03 15 

Roma-Eur 
Hewlett-Packard ltaiiana S.p.A. 
Via dei Tintoretto, 200 
00142 ROMA-EUR 
Tel: (3Q/6) 5 48 31 
Fax: (3916) 540 87 10 
Telex: 62 65 24 

Torino 
Hewlett-Packard ltaiiana S.p.A. 
Cm Svizzera, 185 
10149 TORINO 
Tel: (39/l 1) 74 40 44 
Fax: (3901) 77108 15 
Telex: 22 10 79 

IVORY COAST 
Engineering Business Concept (E, 
Angie Avenue J. Anoma et Bd. 
R@ublique 
08 B.P. 323 ABIDJAN 08 
Tel: (225) 32 50 2414148 70 
Fax: (225) 35 37 90 

JAPAN 

Aklta 
Yokogawa-Hewlett-Packard Ltd. 
Nihonseimei Akita Chudori Bldg. 
4-2-7 Nakadori 
AKITA 010 
Tel: (811188) 36-5021 
Fax: (811188) 36-5099 

Atsugl 
Yokogawa-Hewlett-Packard Ltd. 
Keno Kikaku Kogyo No. 2 Bldg. 
Q-32 Tamuracho 
ATSlJQl243 
Tel: (811462) 25-0031 
Fax: (811462) 25-0064 

Chlba 
Yokogawa-Hewlett-Packard Ltd. 
Fujimoto Daikhi Seimei Bidg. 
3-3-l Chuo 
MBA 280 
Tel: (811472) 25-7701 
Fax: (811472) 21-0382 

#B.C.) 

Fukuoka 
Yokogawa-Hewlett-Packard Ltd. 
Daisan Hakata-Kaisei Bldg. 
l-3-6 Hakataekiminami Hakata-ku 
FUUJOKA 812 
Tel: (81/92) 472-8731 
Fax: (8 l/92) 473-4745 

Hlroshlma 
Yokogawa-Hewlett-Packard Ltd. 
Yasuda-semei Hiroshima Bldg. 
6-l 1 Hondori Naka-ku 
-730 
Tel: (81/82) 241-0611 
Fax: (81182) 241-061Q 

Kobe 
Yokogawa-Hewlett-Packard Ltd. 
Towa BuiMing 
2-2-3 Kaigandori, Chuo-ku 
KOBE650 
Tel: (81178) 3926791 
Fax: (81178) 3926839 

Korlyama 
Yokogawa-Hewlett-Packard Ltd. 
Nihon-Dan&i-seimei Bldg. 
2 l-10 Toramaru-machi 
KOBlYAMAQ63 
Tel: (81/24Q) 39-7 111 
Fax: (81/24Q) 39-7234 

Kumagaya 
Yokogawa-Hewlett-Packard Ltd. 
Kumagaya Asahi 82 Bldg. 
3-4 Tsukuba 
KUMAQAYA 360 
Tel: (811485) 24-6563 
Fax: (81/485) 24-9050 

Kyoto 
Yokogawa-Hewlett-Packard Ltd. 
Shin-Kyoto Center Bidg. 
614 Higashi-Shokoji-cho 
Karaeuma-nishi-iru, Shiokoji-dori 
Shimogyo-ku 
KVOTO 600 
Tel: (81/75) 343-0921 
Fax: (81175) 343-4356 

Mlto 
Yokogawa-Hewlett-Packard Ltd. 
Mito Mitsui Bldg. 
l-4-73 Sannomafu 
MIT0 310 
Tel: (811292) 25-7470 
Fax: (8 l/292) 3 l-6589 

Mlyazakl 
Yokogawa-Hewlett-Packard Ltd. 
Nomura Shoken Bldg. 
4- 1-2 Tachibanadori 
Miyazaki-C. 
MlYmKl880 
Tel: (Sl/QSS) 23-7280 
Fax: (8 l/985) 23-7864 

Nagano 
Yokogawa-Hewlett-Packard Ltd. 
Nagano-Tolyekaijo Bldg. 
1081, Minamiagatamachi 
NAaHo380 
Tei: (811262) 24-8012 
Fax: (81/262) 24-8016 
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Nagoya 
Yokogawa-Hewlett-Packard Ltd. 
Nagoya Kokusai Center Bldg. 
1-47-l Nakono, Nakamura-ku 
NAWYA 450 
Tel: (81/52) 571-2282 
Fax: (81152) 565-0896 

Nara 
Yokogawa-Hewlett-Packard Ltd. 
Nissei Nara Ekimae Bldg. 
l-l-15 Omiya-cho 
NARM30 
Tel: (811742) 22-8235 
Fax: (811742) 22-8219 

Oomiya 
Yokogawa-Hewlett-Packard Ltd. 
Saikyoren Bldg. 
l-2 Dotemachi 
ooMlYA330 
Tel: (81/48) 645-8031 
Fax: (81148) 645-8001 

Osaka 
Yokogawa-Hewlett-Packard Ltd. 
Chuo Bldg. 
5-4-20 Nishinakajima 
Yodogawa-ku 
OSAKA 532 
Tel: (81/6) 304-6021 
Fax: (81/6) 304-0216 

Sapporo 
Yokogawa-Hewlett-Packard Ltd. 
Sumitomo-seimei Sapporo Chu Bldg. 
l-l-14 Nan/o-higashi Chuo-ku 
smoRoo6o 
Tel: (81/l 1) 251-1011 
Fax: (81/l 1) 222-3239 

Sendai 
Yokogawa-Hewlett-Packard Ltd. 
Y amaguchi Bldg. 
l-l-31 lchibancho Aoba-ku 
6ENDAI 980 
Tel: (81122) 225-1011 
Fax: (81/22) 225-1616 

Suwa-gun 
Yokogawa-Hewlett-Packard Ltd. 
Daimon Bldg. 
139-l Yaginishi Shimosuwa-cho 
6UWA4UN 393 
Tel: (81/266) 28-8851 
Fax: (81/266) 28-8873 

Tokyo 
Yokogawa-Hewlett-Packard Ltd. 
Shinjuku Daiichi-seimei Bldg. 
2-7-l Nishi-shinjuku 
Shinjuku-ku 
TOKYO 160 
Td: (8 l/3) 342-2734 
Fax: (8113) 348-7969 

Yokogawa-Hewlett-Packard Ltd. 
9- 1 Takakura-cho 
Hachioji-shi 
TOKYO 192 
Tel: (81/426) 42-1231 
Fax: (81/426) 45-2631 

lr”4 

Yokogawa-Hewlett-Packard Ltd. 
Tokyo-Nissan Bldg. 
l-6-34 Konan, Minato-ku 
TOKYO, 108 
Tel: (8113) 458-5411 
Fax: (8113) 458-5400 

Yokogawa-Hewlett-Packard Ltd. 
3-29-21 Takaido-higashi 
Suginami-ku 
TOKYO 168 
Tel: (81/3) 33196111 
Telex: 232 2024 YHPTOK 

Yokogawa-Hewlett-Packard Ltd. 
Tokyu Sakuragaokacho Bldg. 
31-2 Sakuragaoka Shibuya-ku 
TOKYO 150 
Tel: (8113) 780-5511 
Fax: (8113) 780-5510 

Toyota 
Yokogawa-Hewlett-Packard Ltd. 
Toyota-Tokyo-Kaijo Bldg. 
l-179 Miyuki-honmachi 
TOYOTA 473 
Tel: (811565) 27-5611 
Fax: (811565) 27-5400 

Tsukuba 
Yokogawa-Hewlett-Packard Ltd. 
lssei Bldg. 
2-3- 17 Takezono 
TSUKUBA 305 
Tel: (811298) 51-5141 
Fax: (81/298) 51-5381 

Utsunomiya 
Yokogawa-Hewlett-Packard Ltd. 
Chiyodaselmei-Utsunommiya Bldg. 
2-3-l Odori 
UT6UNOMlYA 320 
Tel: (811286) 33-l 153 
Fax: (811286) 33-l 175 

Yokohama 
Yokogawa-Hewlett-Packard Ltd. 
No. 2 Yasuda Bldg. 
2-32- 12 Tsuruyacho 
Kanagawa-ku 
YOKOHAMA-SHI KANAQAWA 
Tel: (81145) 313-1352 
Fax: (81145) 312-1846 

JORDAN 
Scientific & Medical Supplies co. 
P.O. Box 1387 
AMMAN 
Tel: (962/6) 62 49 07 
Fax: (96216) 62 82 58 
Telex: 0493 21456 sabco jo 

KENYA 
ADCOM Ltd., Inc., Kenya 
P.O. Box 30070 
NAIROBI 
Tel: (25412) 33 1955 
Telex: 22639 

KOREA 
Samsung Hewlett-Packard Co. Ltd. 
Dongbang Building, 12-16/f 
36-l YeoeuModong 
YOWLMWP-KU 
sEoulg 150 
Tel: (8212) 769-0114 
Fax: (8212) 78497084 
Telex: SAM HP K 25166 

Samsung Hewlett-Packard Co. Ltd. 
13/F Taegu Bank Bldg. 
118,2-Ka 
suseong-Dong 
Suseong-Ku 
TAEGU 
Tel: (82/53) 7562666 
Fax: (82153) 752-4696 

Samsung Hewlett-Packard Co. Ltd. 
8/F, Daehankyoyuk Insurance Bldg. 
382-l Sun Hwa-Dong 
Chung-Gu 
TEEJON 301-050 
Tel: (82142) 256-6725’ 
Fax: (82/42) 256-6727 

KUWAIT 
Al-Khaldiya Trading & Contracting 
P.O. Box 830 
SAFAT 13009 
Tel: (965) 242 49 10,241 17 26 
Fax: (965) 245 20 67 
Telex: 22481 AREEG KT 
Cable: VlSCOUNT 

LEBANON 
Computer Information Systems S.A.L. 
Chammas Building 
P.O. Box 11-6274 
DoRA-BElmJT 
Tel: (961/l) 89 31 13 
Fax: (96111) 58 18 34 
Telex: 42309 chacis le 

LUXEMBOURG 
Hewlett-Packard Belgium S.A.1N.V. 
Blvd de la Woluwe, 100 
Wduwedal 
1200 BRUSSELS 
Tel: (3212) 761-3111 
Fax: (3212) 763-0613 
Telex: 23 494 palobe b 

MALAWI 
Field Consotidated (Private) Ltd. 
system Division 
Manhattan Court 
61 Second Street 
P.O. Box 3458 

Zimbabwe 
Tel: (26314) 73 98 81 
Fax: (26314) 70 20 08 
Telex: 0907 26241 

MALAYSIA 
Hewlett-Packard Sales(M) SDN BHD 
9/F, Chung Khiaw Bank Building 
Section 46, Jalan Raja Laut 
GPO Box 11119 
50736 KUALA LUYPUR 
Tel: (6013) 298-6555 
Fax: (60/3) 291-5495 

Hewlett-Packard Sales(M) SDN BHD 
6/F, Wkuna Penang Garden 
42, Jalan Sultan Ahmad Shah 
10050 - 
Tel: @O/4) 376-532 
Fax: (60/4) 3711027 

MEXICO 
Hewlett-P&ard de Mexko, 
S.A. de C.V. 
Rio Nio No. 4049 Deap. 12 
Fracc. Cordoba 
CRJDADJUMEZ,Mdco 
Tel: (521161) 3 15 62 

Hewlett-Packard de Mexico, 
S.A. de C.V. 
Condominio Kadereyta 
Circuit0 deI Mezon No. 186 Deep. 6 
Cal. Del Prado 
76030 QUERETARO, OR0 
Tel: (5214) 636-0271 

Hew&t-Packard de Mexkq 
S.A. de C.V. 
Czda. del Valle 
409 Ote. 4th Plso 
CoIonia del Valle 
Munidpio de Garcia 
66220 GARU GARCIA, N.L. 
Tel: (5218) 378-4240 
Telex: 382410 HPMY 

Hewlett-Packard de Mexico, 
S.A. de C.V. 
Monti Moreloe No. 299 
Fraccionamiento Loma Bonita 45060 
@UADMAJARA,JalIsco 
Tel: (5213) 631-4600 
Telex: 0684 186 ECOME 

Hewlett-Packard de Mexico, 
S.A. de C.V. 
Monte Pelvoux No. 111 
Lomasdechapultepec 
11000 -0, D.F. 
Tel: (5215) 2024155 
Fax: (5215) 540-4208 

Hewlett-Packard de Mexico, 
S.A. de CM 
Blvd. Independencia 
No. 2000 Ote. P&o 3 
Cal. Estrella 
27010 TORREOM, COA. 
Tel: (52/l) 716-2201 

MOROCCO 
SICOTEL 
Complexe des Habous 
Tour C, avenue des Far 
CASAMANCA 01 
Tel: (212) 3122 70 
Telex: 0407 27604 

NETHERLANDS 
Hewlett-Packard Nededand B.V. 
Startbaan 16 
P.O. Box 667 
118ONLAM8TElVEEN 
Tel: (31/2O) 547 69 11 
Fax: (31120) 471825 
Telex: 13 216 HEPA NL 
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NETHERLANDS (cont’d) 

Hewlett-Packard Ned&and B.V. 
Boschdijk 131 
P.O. Box 2342 
5812 HB EI)IIDHOVEN 
Tel: (31/40) 32 89 11 
Fax: (31/40) 44 85 48 
Telex: 51484 h8pae ni 

NEW ZEALAND 
Hewlett-Packard (N.Z.) Ltd. 
5 Owens Road 
Epsom, AUCKLAND 3 
Tel: (8419) 887-159 
Fax: (8419) 800-507 

Hewlett-Packard (N.Z.) Ltd. 
188-190 Willis Street 
WEulwoToN 1 
Tel: (8414) 820-400 
Fax: (84/4) 843-380 

NIGER 
Engineering Business Concept (E.B.C.) 
21, Route du Canal 
zone3 
04 B.P. 1357 
MIDJAN 
ivory coast 
Tel: (225) 2150 24 
Fax: (225) 35 37 90 

NlGERIA 
Management information Systems 
Co., Ltd. 
3, Gerrard Road, ikoyi 
LAO08 
Tel: (23411) 88 08 87 
Fax: (23411) 88 54 87 
Telex: 23582 

NORTHERN IRELAND 
See United Kingdom 

NORWAY 
Hewlett-Packard Norge A/S 
oesterndaien 18-18 
P.O. Box 34 
N-1345 OE&EMAS 
Tel: (47/2) 24-80 90 
Fax: (47/2) 24 88 98,24 30 78 
Telex: 78821 HPNAS N 

Hewlett-Packard Norge A/S 
Boemetgt. 42 
Box 2470 
N-5037 6OlHElMSvu( 
Tel: (47/5) 29 00 90 
Fax: (47/5) 29 10 72 

OMAN 
imtac LLC 
P.O. Box 9198 
MINAALFAHAL 
Tel: (988) 70-77027‘70-77-23 
Fax: (988) 79 88 39 
Telex: 0498 3885 

PAKISTAN 
Mushko Electronics (PVT) Ltd. 
88-W Sama plaza 
Blue Area, F-7 
l8lAMMAD 
Tel: (92151) 814 492 
Fax: (92151) 821201 
Telex: 54001 Muski Pk 

Mushko Etectronice (PVT) Ltd. 
Victoria Chambers 
Abduiiah Haroon Road 
KARACHI 
Tel: (92121) 524 131,524 132 
Fax: (92121) 512 298 
Telex: 2894 MUSK0 PK 

PANAMA 
Eiectronko Balboa, S.A. 
Caiie Samuel Lewis, Ed. Aifa 
Apartado 4929 
PANAMACITY 
Tel: (507) 838 813 
Fax: (507) 381820 
Teiex: 388 3483 ELECTRON PO 

PERU 
cla Eiectro M&a, S.A. 
Los flamenco8 No. 145, Ofna. 301& 302 
San isidro, LIMA 1 
Tei: (51/14) 41-4325,41-3703 
Fax: (51/14) 42-3572 
Telex: 39425257 PE PB SIS 

PHILIPPINES 
The Online Advanced Systems Corp. 
2nd floor, Eiectra House 
115-l 17 Esteban Street 
Legaspi Viiiage, Makati 
Metro yuwlu 
Tel: (8312) 818-4394 
Fax: (8312) 818-0590 
Telex: 83274 ONLINE PN 

PORTUGAL 
Hewlett-Packard Portugal S.A. 
Torre de Santo Antonio 
Rua Gregorio Lopes, Lote 17328 
Re8teio 
14OOllBBON 
Tel: (351) 817 343144148 
Fax: (351) 817345 
Telex: 43128 

Hewkttt-Packard Portugai S.A. 
Edificio Tranquiiidade 
Rue D. Manuel, 298 
4OOOPORTO 
Tel: (351) 493 122 
Telex: 28054 
Fax: (351) 488 721 

PUERTO RICO 
Hewlett-Packard Puerto Rico 
P.O. Box 4048 
AouAD(uAoo8o5 
Tel: (809) 890-6000 

Hewlett-Packard Puerto Rico 
101 Munoz Rivera Avenue 
Esu. Caiie Ochoa 
HAtOBEY, 
Tel: (809) 754-7800 

QATAR 
Qatar Datamation Systems 
P.O. Box 350 
OOHA 
Tel: (974) 44 19 18 
Fax: (974) 44 12 19 
Telex: 4833 

SNDI ARABIA 
Modern Eiectronic Establishment 
P.O. Box 281 
Thouqbah 
AMNOMR 31952 
Tei: (988/S) 895-1780,895-1784 
Telex: 0495 871108 HPMEEK SJ 
Cable: ELECTA AL-KHOBAR 

Modern Electronic Establishment 
P.O. Box 1228 
Redec Plaza, 8th floor 
JEDOAH 21431 
Tei: (98812) 844 98 28 
Fax: (98812) 844 18 33 
Cable: ELECTA JEDDAH 

Modern Electronic Establishment 
P.O.Box 220 15 
MvADllll495 
Tel: (98811) 478 30 30 
Fax: (988/l) 478 78 49 
Telex: 402049 MEERYD SJ 

SCOTLAND 
See United Kingdom 

SINGAPORE 
Hewlett-Packard Singapore Ltd. 
150 Beach Road 
#29-00 Gateway West 
PO Box 2, Bras Basah Post Offks 
(uNoApoRE,9118 
Tel: (85) 2919088 
Fax: (85) 292 7089 
Telex: RS 34209 

SOUTH AFRICA 
Hi Pewformance Systems (Pty.) Ltd. 
P.O. Box 120, Howard Place 
CAPE TOWN 7450 
Tel: (2712 1) 53-7954 
Fax: (27121) 53-5119 

Hi Performance Systems (Pty.) Ltd. 
Private Bag Wendywood 
SANDTON 2144 
Tel: (27/l 1) 802-5111 
Fax: (27/ 11) 802-8332 

SPAIN 

Barcelona 
Hewlett-Packard EspaAoia S.A. 
Avda. Diagonai, 805 
08028 BARCELONA 
Tel: (3413) 4019100 
Fax: (3413) 230 84 88 
Telex: 52803 hpbee 

Bllbao 
Hewlett-Packard Ey>aAoia, S.A. 
Avda de Zugazwte, 8 
(Edifkio Ei Abra 4) 
w3olAs-CHO 
Tel: (3414) 484 32 55 
Fax: (3414) 484 90 83 
Telex: 33032 

Madrld 
Hewlett-Packard Espalida S.A. 
Crta. de la Co&a, km 18,500 
28230 La8 Rozas 

Tel: (34/l) 837 00 11 
Fax: (34/l) 837 55 82 
Telex: 23515 HPE 

Sevllla 
Hewlett-Packard EspaAoia S.A. 
c/L& de Morales, S/N 
Edificio Forum 
41005 SEwmA 
TeI: (34/5) 458 17 00 
Fax: (3415) 457 57 20 
Telex: 72933 

Valencla 
Hewlett-Packard EspaAoia S.A. 
isabei La Cat&a, 8 
48004vAlENclA 
Tel: (3418) 35159 44 
Telex: 83435 
Fax: (3418) 35149 08 

Wteborg 
Hewiett-Peckard Sverfge AB 
Topasgatan 1A 
Box 288 
42123 VaSTMaUNDA 
Tei: (48/31) 89 10 00 
Fax: (48131) 49 50 99 

MalmO 
Hewiett-Packard Sverige AB 
6stra TuNgatan 3 
20011 urr 
Box 8132 
Tel: (48140) 702 70 
Fax: (48/40) 97 74 18 

ON&O 
Hwktt-Packard Sverige AB 
Eiemenm 18 
70227 OREBRO 
Tst: (48119) 10 48 80 
Fax: (48119) 27 0187 

Stockholm 
Hewiett-Packard Svwige AB 
Skaihdtugatan 9, Kista 
P.O. Box 19 
18493 KIBTA 
Tel: (48/8) 750 20 00 
Fax: (4818) 752 77 81 
Telex: (854) 17888 
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If- 
i SWITZERLAND 

Baaei 
Hewlett-Packard (Schweiz) AG 
Clarastras8e 12 
4058Bh 
Tel: (41/61) 68150 20 
Fax: (41/61) 68108 50 
Telex: 064 710 

Qeneva/Meyrin 
Hewlett-Packard (Schweiz) A0 

TRINIDAD & TOBAGO 

30, rue de veyrot 
Computer and Controls Ltd. 
80-82 Edwards Street 

1217 MEYRIU 1 P.O. Box 51 
Tel: (41/22) 780 41 11 
Fax: (41122) 782 13 68 

PoBT-oF-BP~Ttlnldad 

Telex:27333 HPAG CH 
Tel: (800) 6262388/2380 
Fax: (800) 625-6547 

Widen 
Hewlett-Packard (Schwelz) AG 
Allmend 2 
8067 WIDEN 
Tel: (41/57) 32 11 11 
Telex: 828 010 hpag ch 
Fax: (41/57) 3173 74 

TAIWAN 
Hewbtt-Psckard Taiwan Ltd. 
11/F, 456, Chung Hslao 1st Road 
KAoHBluM 
Tel: (886/7) 241-2318 

Hewlett-Packard Taiwan Ltd. 
THM Offkx 
20, Kao-Shuang Road 
PINCHEN,Taoyuan 
Tel: (886/S) 402-0680 
Fax: (886/a) 402-8087 

Hewlett-Packard Tahvan Ltd. 
126-1, Sec. 2 
Lu-Shung Road 
TAlcHuNa 
Tel: (886/4) 237-1425 

Hewlett-Packard Taiwan Ltd. 
8/F, Hewlett-Packard Building 
337 Fu Hsing North Road 
TAIPEI 
Tel: (886/2) 712-0404 
Fax: (886/2) 715-0851 

TANZANIA 
Adcom Ltd, Inc. Kenya 
P.O. Box 30070 

Kenya 
Tel: (254/2) 33 10 55 
Telex: 0087 22630 

THAiLAND 
Hewlett-Packard Thailand Ltd. 
10th floor 
Pacific Place 
140 Sukhumvlt Road 
BAMQKOK 10110 
Tel: (66/2) 254-6720 
Fax: (66/2) 254-673 1 
Telex: 086 84430 Slmonco TH 
Cable: UNIMESA Bangkok 

TOGO 
EngInewing Business Cuncept (E.B.C) 
21, Route du Canal 
zone3 
04 B.P. 1357 
ABIDJNJ 
hrary- 
Tel: (225) 2150 24 
Fax: (225) 25 27 00 

TUNiSiA 
Preoblon Ebctronlque 
5,ruedechypreJ 
MuhrelkVllk 
1002 TUNIS BwEomE 
Tunlda 
Tel: (216/l) 78 50 37 
Tebxi 0400 13238 

TURKEY 
Hewlett-Packard Bilgbayar Ve Okum 
Sbtembrl A.S. 
ParbCaddesiNo3 
Dlareo 
06670 AHKMA 
Tel: @O/4) 125 83 13 
Fax: @O/4) 125 47 45 
Tebx: 0607 46180 

Hewlett-Packard Bilgbayar Ve Okxm 
Sbtembrl A.S. 
Mewutlyet Mah, 10 Mayis Cad. 
Nova-Baran Pbza Kat: 1 l-12 
BIBU I IBTABUL 
Tel: (001) 175 20 70 
Fax: (001) 175 20 02 
Telex: 0607 30150 

UGANDA 
Adcom Ltd, Inc. Kenya 
P0Box30070 

Tel: (254/2) 33 10 55 
Telex: 0087 22630 

UNION OF SOVIET 
SOCiALiST REPUBLICS 
Hew&&Packard Representative otfice 
Pokrov&l Btvd. 4/17 KV12 
10100 Moscow 
Tel: (007/005) 023 5001 
Fax: (007/005) 230 2611 

UNITED ARAB 
EMIRATES 
Emitac Ltd. 
P.O. Box 2711 
ABuDHMl 
Tel: (071/2) 770410 
Fax: (071/2) 72 30 58 

Emitac Ltd. 
Nook “B” Arenco Bldg. 

Uxbridge 
Hewbtt-Packard Limited 

ZabelRoad HarmanHouse 
P.O. Box 8301 No. 1 Gwrge street 

Tel: (071/4) 37 75 01 
Fax: (071/4) 37 08 00 

Mlddbex UB8 1YH 
Tel: (U/805) 72020 
Faxz (U/805) 75260 
Telex: 803 135 

Emitac Ltd. 
P.O. Box 1641 
BluRJAn 
Tel: (071/Q 501181 
Tebx 0893 48710 EMITAC EM 
Cable EMITAC SHARJAH 

ENGLAND 
Birmingham 
Hewbtt-Packard Limited 
Avon Howe 
435 Stratford Road 
shlrlgr, BolBunl 
West MIdIan& 890 4BL 
Tel: (U/21) 745-8800 
Fax: (U/21) 73395104 
Tebx: 330 105 

Brackneii 
Hewbtt-Packard Limited 
CoinRoad 
BMCKNBU 
Berkshire RG 12 IHN 
Tel: (441344) 36 ooo0 
Fw: (U/344) 36 3344 
T-840555 

Centrai.London 
Hewbtt-Packard LImIted 
B&W&H- 
0BridowellPbce 
LONDOU EC4V 6BS 
Tel: (U/71) 583-&65 
Fax: (U/71) 583-656 

Ext. 57713/570Q3 
Telex: 208163 

Gatwick 
Hewlett-Packard Limited 
ChurchIll Court 
Gatewlok Road 
cMwlN 
West Sussetx RHlO 2PN 
Td: (U/203) 562055 
Fax: (U/203) 578574 
Tebxz 878862 

Manchester 
Hewbtt-Packard Limited 
HOathS&ParkRoad 
CheadbHeath 
BTocKPm 
Chmhlre SK3 ORB 
Tel: (U/61) 428-0828 
Fax: (U/61) 405-5000 
Telex:668068 

Winnerah 
Hewbtt-Packard Limited 
KltlQSWLl4tUB 
WNNERSH Woklngham 
BwkshlmRG115AR 
Tel: (U/734) 78 4774 
Fax: (U/734) 77 7285 
Telex: 047 178 

NORTHERN IRELAND 
Hewbtt-Packard (Ireland) Ltd. 
c&rrlck~lndu8trblCemtre 
75 Belfast Road, cMmcKFLRou1) 
Co. Antrlm BT38 8PM 
Tel: (U/060) 367333 

SCOTLAND 
Hewbtt-P&ard Ltd. 
l/3 SprIngbum Place 
COlbQOMHt~North 
BABT KyI#I)(E, 074 5NU 
Tek (U/35) 524 02 61 
Fax: (U/35) 523 50 20 
Tebxi 770815 

Hewlett-Packard Ltd. 
BOUTtlQUEWBBBY 
West Lothlun, EH30 Of0 
lek (U/31) 3311188 
Fax: (U/31) 331 

UNITED STATES 
Hewbtt-Packard Co. 
cuatotner Information Center 
Tel: (8tlO) 752-OOgg 
Hours: 69g AM to 5:oO PM 
PadficTkrw, 

Alabama 
Hewbtt-Packard Co. 
2100 -Center 
Bulldln~ 100 - Suite 118 
BWBWW, AL 35214 
Tell (205) 088-0547 
Fax: (205) 088-53g8 

Hewlett-Packard Co. 
62oDllKmmyDr. 
HUNTBYB.LE, AL 35808 
Tel: (205) 83o4ooO 
Fax: (205) 830-1427 

Alaska 
Hewlett-Packard Co. 
4OgOOldS0WardHlghWay 
suite 101 
AMCHOMQE,AKOO503 
Td: (007) 5&8855 
Fax: (907) 561-7400 
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8 Arranged alphabetically by country (cont’d) 

UNITED STATES (cont’d) 

Arizona 
Hewlett-Packard Co. 
8080 Pointe Parkway West 
FHOEHIX, AZ 85044 
Tel: (602) 273-8000 
Fax: (602) 273-8080 

Hewlett-Packard Co. 
3400 East Britannia Dr. 
Bldg. C, Suite 124 
TUCSOH, AZ 85706 
Tel: (602) 573-7400 
Fax: (602) 573-7429 

Arkansas 
Hewlett-Packard Co. 
10818 Executive Center Or 
Conway Bldg. Suite 118 
UllLE ROCK, AR 72211 
Tel: (501) 225-7178 
Fax: (501) 221-3614 

California 
Hewlett-Packard Co. 
26701 W. Argoura Rd. 
CALMASM, CA 91302 
Tel: (818) 880-3400 
Fax: (818) 880-3437 

Hewlett-Packard Co. 
353 Lakeside Dr 
FOSTER CITY, CA 94404 
Tel: (4 15) 378-8400 
Fax: (415) 378-8405 

Hewlett-Packard Co. 
1907 North Gateway Blvd. 
FRESHO, CA 93727 
Tel: (209) 252-9652 
Fax: (209) 456-9302 

Hewlett-Packard Co. 
1421 S. Manhattan Av. 
FUUERTOH, CA 92631 
Tel: (714) 999-8700 
Fax: (714) 778-3033 

Hewlett-Packard Co. 
7408 Hollister Ave. #A 
@Ol.ETA,CA93117 
Tel: (805) 685-6100 
Fax: (805) 685-6163 

Hewlett-Packard Co. 
9800 Muirlando Ave. 
tRWE, CA 92718 
Tel: (714) 472-3000 
Fax: (714) 581-3607 (Direct Dial only) 

Hewlett-Packard Co. 
2525 Grand Avenue 
LOHQ BEACH, CA 90815 
Tel: (213) 498-l 111 
Fax: (213) 4961986 

Hewlett-Packard Co. 
5651 West Manchester Ave. 
LOS AHGUS, CA 90045 
Tel: (213) 337-8000 
Fax: (213) 337-8338 

Hewlett-Packard Co. 
351 E. Evelyn Ave. 
Bldg. 33 
MOUUTAIH VIEW, CA 94039 
Tel: (415) 6942000 
Fax: (415) 694-0600 

Hewlett-Packard Co. 
5161 Lankershim Blvd. 
MORlIltlOUYWOOD,CA916O1 
Tel: (818) 505-5600 
Fax: (818) 505-5875 

Hewlett-Packard Co. 
5725 W. Las Positas Blvd. 
PLEASAHTOH, CA 94566 
Tel: (415) 460-0282 
Fax: (415) 460-0713 

Hewlett-Packard Co. 
4244 So. Market Court, Suite A 
8ACRAMEHT0, CA 95834 
Tel: (916) 929-7222 
Fax: (916) 927-7152 

Hewlett-Packard Co. 
9606 Aero Drive 
SAtI DIEGO, CA 92 123 
Tel: (619) 279-3200 
Fax: (619) 268-8487 

Hewlett-Packard Co. 
50 Fremont St. Suite 200 
SAN FMHCl8C0, CA 94105 
Tel: (415) 882-6600 
Fax: (4 15) 882-6805 

SAHTAWMRA(seeGOLETA) 

Hewlett-Packard Co. 
3003 Scott Boulevard 
SAHTA CLARA, CA 95054 
Tel: (408) 988-7000 
Fax: (408) 988-7103 

Hewlett-Packard Co. 
5280 Valentine Rd. Suite 205 
VEHTUM, CA 93003 
Tel: (805) 658-6898 
Fax: (805) 650-0721 

Colorado 
Hewlett-Packard Co. 
3005 Center Green Drive #205 
Suite A 
8oulDmg co 80301 
Tel: (303) 530-3940 
Fax: (303) 938-3025 

Hewlett-Packard Co. 
24 Inverness Place, East 
EM@LEWOOD, CO 80112 
Tel: (303) 649-5000 
Fax: (303) 649-5787 

Connecticut 
Hewlett-Packard Co. 
3 Parkland Dr. 
DARtEN, CT 06820 
Tel: (203) - 
Fax: (203) 656-5563 

Hewlett-Packard Co. 
115 Glastonbury Blvd 
OLASTOHBURY, CT 06033 
Tel: (203) 633-8100 
Fax: (203) 659-6087 

District of 
Columbia 
(see Rockville, MD) 

Florida 
Hew&t-Packard Co. 
5900 N. Andrews, Suite 100 
FORT LAUDERDAlE, FL 33309 
Tel: (305) 938-9800 
Fax: (305) 938-2293 

Hewlett-Packard Co. 
6800 South Point Parkway 
Suite 301 
JACKSONVIUE, FL 32216 
Tel: (904) 636-9955 
Fax: (904) 636-9955 

Hewlett-Packard Co. 
255 East Drive, Suite B 
MEUOUME, FL 32901 
Tel: (407) 72990704 
Fax: (407) 7236557 

Hewlett-Packard Co. 
6177 Lake Ellenor Drive 
ORUHDO, FL 32809 
Tel: (407) 859-2900 
Fax: (407) 826-9309 

Hewlett-Packard Co. 
4700 Bayou Blvd. 
Building 5 
FEHSACOU, FL 32503 
Tel: (904) 476-8422 
Fax: (904) 476-4116 

Hewlett-Packard Co. 
5550 Idlewild, #150 
TAMPA, FL 33634 
Tel: (813) 884-3282 
Fax: (813) 889-4445 

Hewlett-Packard Co. 
2015 South Park Place 
ATLAHTA, GA 30339 
Tel: (404) 955-1500 
Fax: (404) 980-7669 

Hewlett-Packard Co. 
3607 Parkway Lane 
Suite 300 
HORCROSS, GA 30092 
Tel: (404) 448-1894 
Fax: (404) 246-5206 

Hawaii 
Hewlett-Packard Co. 
Pacific Tower 
1001 Bishop St. 
Suite 2400 
HONOCULU, HI 96813 
Tel: (808) 526-1555 
Fax: (808) 536-7873 

Idaho 
Hewlett-Packard Co. 
11309 Chinden Blvd. 
BOISE, ID 83714 
Tel: (208) 323-2700 
Fax: (208) 323-2528 

Mnois 
Hewlett-Packard Co. 
2205 E. Empire St. 
Bc-OH, IL 61704 
Tel: (309) 662-9411 
Fax: (309) 662-035 1 

Hewlett-Packard Co. 
525 W. Monroe St., Suite 1308 
CHICAGO, IL 60806 
Tel: (312) 930-0010 
Fax: (312) 930-0986 

Hewlett-Packard Co. 
1200 East Diehl Road 
HAmu IL 60566 
Tel: (708) 505-8800 
Fax: (708) 505-7876 

Hewlett-Packard Co. 
5201 TolMew Drive 
ROl.UHG MEADOWB, IL 60008 
Tel: (708) 255-9800 
Fax: (708) 259-5878 

Indiana 
Hewlett-Packard Co. 
11911 N. Meridian St. 
CARMEl., IN 46032 
Tel: (317) 8446100 
Fax: (317) 843-1291 

Hewlett-Packard Co. 
111 E. Ludwig Road 
Suite 108 
FT, WAYHE, IN 46825 
Tel: (219) 4826283 
Fax: (219) 482-9907 

MDlANAFOU8 (see CARMEL) 

Iowa 
Hewlett-Packard Co. 
4050 River Center Court 
CEDAR RAPIDS, IA 52402 
Tel: (319) 393-0606 
Fax: (319) 378-1024 

Hewlett-Packard Co. 
4201 Corporate Dr. 
WE8T DE8 MOMS, IA 50265 
Tel: (515) 224-1435 
Fax: (515) 224-1870 

Kansas 
Hewlett-Packard Co. 
North Rock Bueinees Park 
3450 N. Rock Rd. 
Suite 300 
WICHITA, KS 67226 
Tel: (316) - 
Fax: (316) 636-4504 

Kentucky 
H--Packard Co. 
305 N. Hurstbourne Lane, 
Suite 100 
wul8vIwE, KY 40222 
Tel: (502) 426-0100 
Fax: (502) 426-0322 

Louisiana 
Hewlett-Packard Co. 
16OJamesDriveEaet 
8T. RosE# LA 70087 
TeI: (504) 46714100 
Fax: (504) 467-4100 x 291 
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f Maryland 
t HewI8tt-Packard Co. 

3701 Koppem Street 
BAlTlWtE, MD21227 
Tel: (301) 844-m 
Fax: (301) 382-7850 

Hewiett-Packard Co. 
2 Choke Cherry Road 
BOCKVUE, MD 20850 
Tel: (301) 258-2000 
Fax: (30 1) 258-5988 

Massachusetts 
Hewlett-Packard Co. 
1775 Minuteman Road 
ANDOVEB, MA 01810 
Tel: (508) 882-1500 
Fax: (508) 704-2819 

Hew&t-Packard Co. 
29 Burlington Mali Rd. 
BUWNOTON, MA 01803-4514 
Tel: (817) 270-7000 
Fax: (817) 221-5240 

Michigan 
Hewlett-Packard Co. 
3033 Orohard Vista S.E. 
QBAND MFIDS, MI 48548 
Tel: (818) 857-1970 
Fax: (818) 958-0022 

Hewlett-Packard Co. Hewiett-Packard Co. 
39550 Orchard Hill Place Drive 1382-C Trinity Dr. 
NOW, MI 48050 LO8 AMMO& NM 87544 
Tel: (313) 34Q-9200 Tel: (505) 882-8700 
Fax: (313) 349-9240 Fax: (505) 882-4312 

Hewlett-Packard Co. 
580 Kirts Rd. 
suite 101 
TROY, MI 48084 
Tel: (313) 382-5180 
Fax: (313) 382-3028 

Minnesota 
Hewlett-Packard Co. 
2025 W. Larpenteur Ave. 
ST.PAUl,MN55113 
Tel: (812) 844-l 100 
Fax: (812) 841-0787 

Mississippi 
Hewlett-Packard Co. 
800 Woodland Parkway, suite 101 
MDQEUND, MS 39157 
Tel: (801) 957-0730 
Fax: (801) 957-2515 

Missouri 
Hewlett-Packard Co. 
8801 Winchester Ave. 
KANSMCITY,M084133 
Tel: (818) 737-0071 
Fax: (818) 73794800 

Hewlett-Packard Co. 
530 Maryviile Centre Drive 
8T,1OU#,M083140 
Tel: (314) 542-1500 
Fax: (314) 542-1588 

Nebraska 
Hewlett-Packard 
11828 NichoIas St. 
OMAN&NE88154 
Tel: (402) 483-0300 
Fax: (402) 493-4334 

New Jersey 
Hewiett-Packard Co. 
120 w. Century Road 
PAMMU& NJ 07853 
Tel: (201) 599-5000 
Fax: (201) 599-5382 

HewIett-Packard Co. 
10 syhml way 
PAnwPANY,NJO7054 
Tei: (201) 882-4000 
Fax: (201) 882-4031 

Hewlett-Packard Co. 
2ONewEngJandAve.We8t 
FSCATAWAY, NJ 08854 
Tei: (201) 582-8100 
Fax: (201) 582-8248 

New Mexico 
Hewtett-Packard Co. 
7801 Jeffwon N.E. 
ALww)ILIERouE NM 87109 
Tek (505) 823-8100 
Fax: (505) 823-1243 

New York 
Hwiett-Pucknrd Co. 
5ComputerDriveSouth 
ALBANY, NY 12205 
Tei: (518) 458-1550 
Fax: (518) 458-1550 x 0393 

Hewlett-Packard Co. 
130 John Muir Dr. 
AMl#RST,NYl4228 
Tel: (718) 888-3003 
Fw: (718) 838-7034 

BuFFM0(aee~ 

Hewlett-Packard Co. 
2OOCrcmKeysotticoPark 
PAMFORT, NY 14450 
Tel: (718) 223-8850 
Fax: (718) 223-8331 

Hewbtt-Packard Co. 
7841 Henry Ciay Blvd. 
-NY13088 
Tei: (315) 451-1820 
Fax: (315) 451-1820 x 255 

HewIett-Packard Co. 
No. 1 Penmyivania plaza 
55th Floor 
34th Street & 7th Avenue 
MAWATM NY 10119 
Tel: (212) 971- 
Fax: (212) 330-8887 

Hewiett-Packard Co. 
7OidSodFarmRoad 
MwllJ& NY 11714 
Tei: (518) 753-0555 
Fax: (518) 753-3489 

Hewlett-Packard Co. 
2975 Westchester Ave 
MCHME, NY 10577 
Tei: (914) 935-8300 
Fax: (914) 935-8497 

Hewlett-Packard Co. 
875 Brookeedge Bivd. 
WBTWUE, OH 43081 
Tel: (814) 891-3344 
Fax: (814) 891-1478 

Hewlett-Packard Co. 
Executive Square Offke Bidg. 
88 Middlebush Rd. 
WAPPMERSFAU,NYl2590 
Tel: (914) 298-9125 
Fax: (914) 298-9154 

North Carolina 
Hewlett-Packard Co. 
305 Gfegaon Dr. 
CMY, NC 27511 
Tei: (919) 487-8800 
Fax: (919) 480-2296 

(919) 480-2297 

Hew!&Packard Co. 
P.O. Box 240318 
CHMlOTf’B, NC 28224 
Tei: (704) 527-8780 
Fax: (704) 523-7857 

Hewiett-Packard Co. 
7029 Albert Pick Rd. #IO0 
GBBWBOW, NC 27408 
Td: (918) 885-1800 
Fax: (919) 888-1797 
Maiilng Address 
PO Box 28500 
Wmboro, NC 27428 

-mcAIw) 

Ohio 
-i- 
Hewiett-Pnckard Co. 
4501 Efskine Road 
CBJCHATI, OH 45242 
Tel: (513) 891-9870 
Fax: (513) 891-0033 

Hewiett-Packard Co. 
Montme West Ave. 
COFUY, OH 44321 
Td: (218) 888-7711 
Fax: (218) 888-8054 

Hewlett-Puckard Co. 
7887 Washington village Dr. 
DAYTDM, OH 45459 
Tel: (513) 433-2223 
Fax: (513) - 

--Packard Co. 
15885spr&gueRoad 
PVIUE, OH 44138 
Td: (218) 243-7300 
Fax: (218) 234-7230 

Hewbtt-Packard Co. 
One Maritime plaza, 5th floor 
720 water street 
TDlEDD, OH 43804 
Tel: (418) 242-2200 
Fax: (419) 241-7855 

Oklahoma 
Hewiett-Packard Co. 
3525 N.W. 58th St. 
suite C-100 
OKLAHOMA CITY, OK 73112 
Tel: (405) 048-0489 
Fax: (405) 842-2127 

Hewlett-Packard Co. 
8855South Lewis, 
suite 105 
TWA, OK 74138 
Tei: (918) 481-8700 
Fax: (918) 481-2250 

Oregon 
-t- 
Hewlett-Packard Co. 
9255 s. w. Pkmeer cwt 
WkWNVU& OR 97070 
Tei: (503) 484-4085 
Fax: (503) 882-8155 

Pennsylvania 
Hwbtt-Packard Co. 
Heatherwood indu8triai Park 
50 Dorohater Rd. 
P.O. Box 8080 
T PA 17112 
Tel: (717) 857-5900 
Fax: (717) 857.5948 

Hewbtt-Packard Co. 
111 ZetaDrive 
Fl’W8BUMl, PA 15238 
Tel: (412) 782-0400 
Fax: (412) @83-1300 

Hewlett-Packard Co. 
2750 Monroe Bouiward 
VALLEY FOME, PA I@482 
Tsl: (215) 888-8000 
Fax: (215) 888-2034 

South Carolina 
Hewlett-Packard Co. 
Brookside Park, Suite 122 
1 Harblmn Way 
Colt SC 29212 
Tel: (803) 732-0400 
Fax: (803) 732-4587 

Hewiett-Peckard Co. 
545 N. Pleamtburg Dr. 
Suite 100 
wimvn&SC20807 
Tei: (803) 232-8002 
Fax: (803) 232-8739 

Tennessee 
HewIett-Packard Co. 
One Energy Center Suite 200 
Peilimippi Pkwy. 
KMOXVUB, TN 37932 
Tei: (815) Q88-4747 
Fax: (815) Q88-8147 
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10 Arranged alphabetically by country (cont’d) 

UNITED STATES (cont’d) 

Tennessee (cont’d) 
Hewiett-Packard Co. 
888 Ridge Lake Bivd., 
suite 100 
MEWHIEJN 38118 
Tei: (801) 763-4747 
Fax: (901) 762-8723 

Hew&t-Packard Co. 
44 Vantage Way, 
suite 150 
NABltWUE, TN 37228 
Tel: (815) 255-1271 
Fax: (815) 726-2310 

Texas 
Hewlett-Packard Co. 
9050 Capital of Texas Highway, North 
11290 
AUSVNJX78758 
Tel: (512) 346-3855 
Fax: (512) 338-7201 
Mailing Address 
PO Box 9431 
Austin, TX 78756-8430 

Hewlett-Packard Co. 
5700 Cromo Or 
ElPMO,TX79912 
Tel: (815) 833-4400 
Fax: (815) 581-8097 

Hewlett-Packard Co. 
10535 Harwin Drive 
HOUSTON, TX 77038 
Tel: (713) 775-6400 
Fax: (713) 776-6485 

Hewlett-Packard Co. 
3301 West Royal Lane 
lRvtMeq75053 
Tei: (214) 889-3377 
Fax: (214) 530-8851 

Hewlett-Packard Co. 
109 E. Toionto, Suite 100 
McAU.EN, TX 78503 
Tel: (512) 530-3030 
Fax: (512) 630-1355 

Hewiett-Packard Co. 
14100 San Pedro Ave., Suite 100 
SAN AwTOMlO, TX 78232 
Tei: (512) 494-8338 
Fax: (512) 481-1289 

Utah 
Hewiett-Packard Co. 
3530 W. 2100 South 
8MTLAKEClTY,UT54118 
Tei: (801) 874-1700 
Fax: (801) 874-1780 

Virginia 
Hewlett-Packard Co. 
840 Greenbrier Circie 
suite 101 
CIEWEAKE, VA 23320 
Tel: (804) 424-7105 
Fax: (804) 424-1484 

Hewlett-Packard Co. 
4401 Water Front Dr. 
@l.ENAUEN,VA23050 
Tel: (804) 747.7750 
Fax: (304) 965-8287 

NORFOLK(seeCHESAPEAKE) 

Hewlett-Packard Co. 
2800 Electric Road suite loo 
ROAWKE,VA24018 
Tel: (703) 77493444 
Fax: (703) 889-8048 

Washington 
H--Packard Co. 
15815 S.E. 37th Street 
BEUEWE,WA98006 
Tel: (206) 6434000 
Fax: (206) 643-8748 

Hewlett-Packard Co. 
N. 1225 Argonne Rd 
SPOKANE, WA 9821202857 
Tel: (509) 822-7000 
Fax: (509) 927-4236 

Washington, D.C. 
(see Rockviiie, MD) 

West Virginia 
Hewlett-Packard Co. 
50156th Strti 
cHMlE8T~wv25304 
Tel: (304) 825-0402 
Fax: (304) 825-1810 

Wisconsin 
Hewlett-Packard Co. 
275 N. Corporate Dr. 
moKPlElD, WI 53005 
Tei: (414) 782-8300 
Fax: (414) 78210218 

Hewlett-Packard Co. 
333 Main St. 
QREEN BAY, WI 54301 
Tei: (414) 436-2780 
Fax: (4 14) 436-2786 

MILWAUKEE (see MWKPIEU) 

URUGUAY 
Pablo Ferrando S.A.C. e I. 
Avenida itaiia 2877 
Ca8iiia de Correo 370 
-0 
Tel: (59812) 802 586 
Telex: 388802586 

VENEZUELA 
Hewlett-Packard de Venezuela, CA. 
Tercera Transversal 
Los Ruices Norte 
Edificio Sqre, CARACAS 
Tel: (5812) 238 413314244 
Fax: (5812) 238 3080 

YUGOSLAVIA 
Do Hermes 
General Zdanova 4 
vu-1 1000 BEOGRAD 
Td: (38/l 1) 342 541 
Telex: 11433 

DoHerme8 
Celovaka 73 
YU-61000 WllbLJAwA 
Tei: (38161) 553 170 
Telex: 31583 

ZAMBIA 
R.J. Tiibury (Zambia) Ltd. 
P.O. Box 32782 
LlJ8AKA 
Tel: (25011) 2155 80 
Telex: 0902 40128 

ZIMBABWE 
Fieid ConaoiMated (Private) Ltd. 
Systron DMaJon 
Manhattan Court 
61 Second Street 
P.0. Box 3453 

Tel: (26314) 73 88 81 
Fax: (26314) 70 20 08 
Telex: 28241 

Plea88send~-k 
Test & Mrwrwrement Cataiog, 54AF 
Hewlett-Packard Company 
5301 Stevens Creek Bivd. 
P.O. Box 58058 
Santa Clara, CA 85052-8058 
Tel: (408) 553-727 1 
Fax: (408) 883-1005 
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Hewiett-Packard Co. 
830 E. Campbell Rd. 
RICHARDSON, TX 75081 
Tel: (214) 231-6101 
Fax: (214) 689-4337 
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