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Product Warranty

Limitation of Warranty

This Hewlett-Packard product has a warranty 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
country. :

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 firmware will be uninterrupted or error free,

The foregoing warranty shall not apply to defects resulting from
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

Assistance

Certification

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.

Hewilett-Packard Company certifies that this product met its published
specifications at the time of shipment from the factory.
Hewilett-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.



Chapter 1:

Chapter 2:

Table of Contents

Introduction

141
11
1-2
13
13
14

General Information

Logic Analyzer Description
User Interface
Configuration Capabilities
Key Features

Accessories Supplied

Available Accessories

2-1
2-1
2-1
2-2
23
2-3
24
24
24
25

2-5.

2-6
2-6
2-7
2-8
2-8
2-8
2-8
2-9

Probing
Introduction
Probing Options
The HP 10320C User-Definable interface
The HP 10269C General Purpose Probe Interface
General Purpose Probing
The Termination Adapter
The HP 16510A Probing System
Probes and Probe Pods
Probe Pod Assembly
Probe Cable
Probes
Grabbers
Pod Grounds
Probe Grounds
Signal Line Loading
Maximum Probe Input Voitage
Pod Thresholds
Connecting the Logic Analyzer to the Target System
Connecting the Probe Cables to the Logic Analyzer

Contents-1



Chapter 3:

Chapter 4:

Contents-2

2.9 Connecting the Pods to the Probe Cable
2-10 Disconnecting the Probes from the Pods
2-11 Connecting the Grabbers to the Probes
2-11 Connecting the Grabbers to the Test Points
2-12 Labeling Pods, Probes, and Cables

Using the Front-Panel Interface
3-1 introduction
3-1 Using the Mouse
3-2 How to Select Menus
3-3 How to Switch Between Analyzers
3-3 Returning to the System Configuration Menu
3-3 Pop-up Menus
3-3 How to Close Pop-up Menus
3-4 Toggle Fields
344 How to Select Options
3-6 How to Enter Numeric Data
3-7 How to Enter Alpha Data
3-9 How to Roll Data
3-11 Assignment/Specification Menus
3-11  Assigning Pod Bits to Labels
3-13  Specifying Patterns

~38-14  Specifying Edges

Using the Menus
4-1 introduction
4-1 Menu Maps
4-2 State/Timing Configuration Menu Map
4-3 Timing Format Menu Map
4-4  Timing Trace Menu Map
4-5 Timing Waveform Menu Map
4-7 State Format Menu Map
4-8 State Trace Menu Map
4-10 State Listing Menu Map
4-11 Mixed Display Menu Map

kY



Chapter 5:
5-1
5-1
5-2
5-2
5-3
5-4
5-5
5-5
5-6
5-6
5-7
5-7
5-8
5-9
5-9
5-11
5-11
5-12
5-14
5-21
5-23
5-27
5-28
5-28
5-29
5-30
5-32
5-33
5-34
5-37
5-39
5-43
5-44
5-48
5-48
5-49
5-49
5-50
5-50

Menus
Introduction
System Level Menu
State/Timing Configuration Menu
Name
Type
Autoscale
Pods
Print
Print Screen
Print All
Run
Sub-System Level Menus
Timing and State Format Specification Menus
Timing and State Format Specification Menu Fields
Label
Polarity (Pol)
Bit Assignment
Pod Threshold
Specify Symbols
Clock
Pod Clock
Timing Trace Specification Menu
Timing Trace Specification Menu Fields
Run/Trace Mode
Armed By
Acquisition Mode
Label
Base
Find Pattern
Pattern Duration (present for ).
Then Find Edge
State Trace Specification Menu
Sequence Levels
Insert Level
Delete Level
Storage Qualifier
Branching Qualifier
Occurrence Counter
Storage Macro

Contents-3



5-53 Reading the Sequence Level Display
6-55 Acquisition Fieids

5-55 Run/Trace Mode

5-56 Armed By

5-57 Branches

5.61  Count

5-64 Prestore

5-65 Qualifier and Pattern Fields
5-65 Label

5-66 Base

5-67 Qualifier Field

5-68 Pattern Fields

Chapter 6: Interpreting the Display
i 6-1 Introduction
6-1 The Timing Waveforms Menu
6-2 Timing Waveforms Menu Fields
6-3 Markers (Timing)
6-3 Markers Off/Sample Period
6-3 Markers Time
6-5 Markers Pattern
6-6 Markers Statistics
6-6 Accumulate Mode
6-7 At___ marker
6-8 s/Div (time per division) Field
6-9 Delay Field
6-10 The State Listing Menu
6-12 State Listing Menu Fields
6-12 Markers (State)
6-13  Markers Off
6-13  Markers Pattern
6-14  Markers Time
6-15  Markers Statistics
6-16 Timing/State Mixed Mode Display
6-17 State/State Mixed Mode Display
6-20 Time-Correlated Dispiays

Contents-4

Ptan X



Chapter 7:

Chapter 8:

Using the Timing Analyzer
7-1  Introduction
7-1 Problem Solving with the Timing Analyzer
7-2 What Am | Going to Measure?
7-2 How Do | Configure the Logic Analyzer?
7-4 Connecting the Probes
7-4 Activity Indicators
7-4 Configuring the Timing Analyzer
7-7 Specifying a Trigger Condition
7-8 Acquiring the Data
7-10 The Timing Waveform Menu
7-10  The Green and Yellow Dotted Lines
7-10  The Red Dotted Line
7-10 Configuring. the Display
7-11 Display Resolution
7-12 Making The Measurement
7-13 Finding the Answer
7-14 Summary

Using the State Analyzer
8-1 Introduction .
8-1 Problem Solving with the State Analyzer
8-2 What Am | Going to Measure?
8-3 How Do i Configure the Logic Analyzer?

" 8-6 Connecting the Probes

8-5 Activity Indicators

8-6 Configuring the State Analyzer
8-10 Specifying the J Clock

8-13 Specifying a Trigger Condition
8-16 Acquiring the Data

8-19 The State Listing

8-20 Finding the Answer

8-22 Summary

Contents-5



L
Chapter 9:

R
Chapter 10:

Contents-6

9-1
9-2
9-2
9-3
9-4
9-5
9-5
9-5
9-7
9-8
9-8
9-9
9-10
9-11
9-12
9-12
9-15
9-17
9-18
9-18

Using the Timing/State Analyzer
Introduction
Problem Solving with the Timing Analyzer
What Am | Going to Measure?
How Do | Configure the Logic Analyzer?
Configuring the State Analyzer
Connecting the Probes
Acquiring the Data
Finding the Problem
What Additional Measruements Must | Make?
How Do | Re-configure the Logic Analyzer?
Connecting the Timing Analyzer Probes
Configuring the Timing Analyzer
Setting the Timing Analyzer Trigger
Time Correlating the Data
The Timing Waveform Menu
Displaying the Waveforms
Overlapping Timing Waveforms
Re-acquiring the Data
Finding the Answer
Summary

10-1
10-1

Using a Printer
Setting Printer Configuration
Printing Options

10-2 Printing On-Screen Data
10-2 Printing Entire State Listing



Chapter 11: Microprocessor Specific Measurements
11-1  Introduction
11-1  Microprocessor Measurements
11-2 Microprocessors Supported by Preprocessors

11-3 Z80
114 NSC 800
11-5 8085

11-6 8086 or 8088

1-7 80186 or 80188

11-8 80286

11-9 80386

11-10 6800 or 6802

11-11 6809 or 6809E

11-12 68008

11-13 68000 or 68010 (64-pin DIP)

11-14 68000 or 68010 (68-pin PGA)

11-15 68020

11-16 Loading Inverse Assembler Files

11-16 Selecting the Correct File

11-16 Loading the Desired File

11-17 Connecting the Logic Analyzer Probes
11-17 How to Display Inverse Assembled Data

Appendix A: Installing New Logic Analyzer Boards into the Mainframe
A-1 Introduction
A-1 Initial Inspection
A-1  Power Requirements
A-1 Probe Cable installation
A-2 Instailation
A-2 Module Installation
A-2 Installation Considerations
A-3 Procedure
A-6 Operating Environment
A-6 Storage
A-7 Packaging
A-7 Tagging for Service

Contents-7



I —
Appendix B: Error Messages

"B-1 Error Messages

Appendix C: Specifications and Characteristics
C-1 Specifications .
C-3 Characteristics
C-6 General Characteristics

Index

Contents-8



About
this manual...

Introduction

Welcome to the new generation of HP logic analyzers! The HP 16500A
Logic Analysis System has been designed to be easier to use than any
Hewlett-Packard logic analyzer before. In addition, because of its
configurable architecture, it can easily be tailored to your specific logic
design and debug needs.

The user interface of the HP 16500A was designed for the most
intuitive operation possible. Pop-up windows and color graphics help
lead you through setups and measurements o you won't have to
memorize a lot of steps. As you read this manual and the other
manuals about the mainframe and acquisition modules, you will see just
how easy the HP 16500A is to use.

This logic analyzer reference manual is divided as follows:

* Chapters 1 through 4 contain introductory information about the
logic analyzer and the accessories supplied with the HP 16510A.
They contain information that will familiarize you with the
user-interface and menus.

e Chapters 5 and 6 describe all the menus of the logic analyzer.

e Chapters 7 through Abpendix C discuss other logic analyzer
functions such as making basic measurements, printing,
specifications, etc.

If you aren’t familiar with the HP 16510A Logic Anaiyzer. we suggest
you read the HP 16570A Getting Started Guide. This guide contains
tutorial examples on the basic functions of the logic analyzer.

If you're new to logic analyzers...or just need a refresher, we think
you'll find Feeling Comfortable with Logic Analyzers 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 your
new logic analyzer.
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General Information

S

Logic Analyzer
Description

User Interface

The HP 16510A logic analyzer is part of a new generation of general
purpose logic analyzers with improved features to accommodate next
generation design tasks.

The 80-channel HP 16510A logic analyzer is capable of 100 MHz timing
ahd 25 MHz state analysis on all channels.

This analyzer is designed as a stand alone instrument for use by digital

and microprocessor hardware designers. The HP 16500A mainframe
has HP-IB and RS-232C interfaces for hardcopy printouts and cogtrol
by a host computer.

The user interface is easier to use than in previous generations for
first- time and casual users as well as experienced logic analyzer users.

The HP 16500A has three user interface devices: the knob on the front
panel, the touchscreen, and the optional mouse.

== © —
ToucH ] —KNOB
screen 7]
FIELDS | ®/
-w o

MOUSE (OPTIONAL)

Figure 1-1. HP 16500A User Interfaces

General Information
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Configuration
Capabilities

* muitiples of 16 channels

General Information
1-2

The knob on the front panel is used to move the cursor on certain
menus, increment or decrement numeric fields, and to roll the display.

The touchscreen fields can be selected by touch or with the optional
mouse. To activate a touchscreen field by touch, touch or press the
field (the dark blue box) on the display with your finger until the field
changes color. Then remove your finger from the screen to activate
your selection.

To activate a fleld with the optional mouse, position the cursor (1) of
the mouse over the desired fieild and press the button on the upper-ieft
corner of the mouse.

The user interfaces are discussed in more detail in the HP 16500A
Reference manual.

The HP 16510A can be configured as two independent machines
(analyzers) maximum at one time or two machines interactively. The
combinations are:

® Up to 80 channels state
Up to 80 channels timing
¢ Two state machines with multiples-of 16 channels
per machine with a combined maximum of 80 channels
® One state and one timing machine with multiples of
16 channels per machine with a combined maximum
of 80 channels

80 CHANNEL
STATE OR TIMING

OR
|
X® CHANNEL (80—X®*) CHANNEL
STATE STATE
OR
X* CHANNEL (80—X*) CHANNEL
STATE TIMING
1688/9L04

Figure 1-1. HP 165710A Configuration Capabilities



Key Features

Accessories’
Supplied

Two 3.5-Inch disc drives are integral to the instrument for storing logic
analyzer configurations and acquired data. The disc drive also provides
a way of loading inverse assembly configuration files into the logic
analyzer for configuring ease.

Additional key features of both models include:

Transitional timing for extended timing analyzer memory
Lightweight passive probes for easy hook-up :
All channels can be used for state or timing at the maximum
sample rate

HP-IB and RS-232C interface for programming

and printer dumps

An external trigger BNC connector

Efficient package size

Transitional or glitch timing modes

1k-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

Auto-scale

Programmability

Cross-domain triggering

interactive measurements

Mixed-mode display

Oscilloscope type controls in the timing analyzer

Table 1 lists the accessories supplied with your HP16510A. If any of
these accessories were missing when you received the logic analyzer
from the factory, contact your nearest Hewlett-Packard office. If you
need additional accessories, refer to the Accessories for the HP
1650A/HP 1651A and HP 16500A Logic Analyzers data sheet.

General Information
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Table 1-1. Accessories

Accessory HP Part No. Quantity
Probe assembiies 01650-61608 5
Probe Cables (25MHz State) 16510-61601 3
Probe cables 16510-61602 2
Grabbers (Note 1) 5959-0288 100
Ground leads (long) 01650-82102 5
Ground leads (short) 01650-82103 10
RS-232C Loop back adapter 01650-63202 1
Probe and probe cable
numbering label card 01650-94303 1
Operating system disc 16510-13501 2
Operating and
Programming manual set 16510-90902 1
Service manual 16510-90901 1

Notes:

1. Package of 20 per part number.

L
Available In addition to the accessories supplied, there are a number of
Accessories accessories available that will make your measurement tasks easier

and more accurate. You will find these listed in the Accessories for the
HP 1650A/ HP 1651A and HP 16510A Logic Analyzers.

General Information
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Probing

Introduction

This chapter contains a description of the probing system of the

HP 16510A logic analyzer. It also contains the information you

need to connect the probe system components to each other, to the

logic analyzer, and to the system under test.
&

Probing Options

The HP 10320C
User-Definable
Interface

You can connect the HP 16510A logic analyzers to your system under
test in one of four ways:

HP 10320C User-definable Interface (optional)

HP 10269C with microprocessor specific modules (optional)
the standard HP 16510A probes (general purpose probing)
direct connection to a 20-pin 3M® series type header
connector using the optional termination adapter (HP Part No.
01650-63201).

e o o o

The optional HP 10320C User-definable Interface module combined with
the HP 10269C General Purpose Probe Interface (optional) allows you
to connect the HP 16510A logic analyzer to your target system. The
HP 10320C includes a breadboard (HP 64651B) which you custom wire
for your system.

Also available as an option that you can use with the HP 10320C is the
HP 10321A Microprocessor Interface Kit. This kit includes sockets,
bypass capacitors, a fuse for power distribution, and wire-wrap
headers to simplify wiring of your interface when you need active
devices to support the connection requirements of your system.

Probing
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The HP 10269C Instead of connecting the probe tips directly to the signal lines, you
General Purpose may use the HP 10269C General Purpose Probe interface (optional).
Probe Interface  This 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.

There are a number of microprocessor specific preprocessors available
as optional accessories which are listed in the Accessories for the HP
1650/HP1651A and HP 16500A Logic Analyzers data sheet. Chapter
11 of this manual also introduces you to preprocessors and inverse

assemblers.
HP 16518A Pog 1 HP10269C WPROCESSOR
SPECIFIC
PREPROCESSOR
< wreccesson
K Pod 3 K K
K Pod 4
1680/70L.00
< Pod 5

Figure 2-1. HP 10269C with Preprocessor

Using the Front-Panel Interface
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General Purpose
Probing

The Termination
Adapter

General purpose probing Involves connecting the probes directly to
your target system without t}slng the interface. General purpose
probing does not limit you to specific hook-up schemes as the probe
interface does.

The optional termination adapter (HP Part No. 01 650-63201) allows you
to connect the probe cables directly to test ports on your target.
systen‘i without the probes. However, since the probes contain the
proper termination for the logic analyzer inputs, a termination must be
provided when you aren’t using the probes. The termination adapter
provides this termination.

The termination adapter is designed to connect to a 20 (2x10) position,
4-wall, fow profile header connector, 3M® Series 3592 or equivalent.

You connect the termination adapter to the probe cable in place of the
pod connector and connect the other end of the adapter directly to
your test port.

1080/TX12

Figure 2-2. Termination Adapter

Using the Front-Panel Interface
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The HP 16510A
Probing System

Probes and
Probe Pods

Probe Pod Assembly

The standard HP 16510A probing system consists of probes, pods,
probe cable and grabbers. This system is passive (has no active
circuits at the outer end of the cable). This means that the pods and
probes are smaller and lighter, making them easier to use.

The passive probe system is similar to the probe system used with high
frequency oscilloscopes. It consists of a series R-C network (90.9 k& in
parallel with 8 pF) at the probe tip, and a shielded resistive transmission
line.

The advantages of this system are:

® 2 ns risetime with £ 5% perturbations

® 8 pF input capacitance at the probe tip

® signal ground at the probe tip for higher speed timing signals
¢ inexpensive removable probe tip assemblies

Probes and probe pods allow you to connect the logic analyzer to your
system under test without the HP 10269C Probe Interface. This general
purpose probing is useful for discrete digital circuits. Each probe and
pod assembly contains 16 data channels, one clock channel, and pod
ground.

The pods, as they will be referred to for consistency, are the probe
housings (as shown below) that group 16 data, one clock line, and
grounds, corresponding to a logic analyzer pod.

¥
Gnim LEAD (LONG)
(91650-82102)

PROBE LEAD
(01650-82101)

PROBE HOUSING GROUND LEAD (SHORT)
(01850—45203) /uuso—ezua)
PROBE ASSEMBLY
T (91650-61608)
1630/EX44

Figure 2-3. Probe Assembly

Using the Front-Panel Interface
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Probe Cable

Probes .

The probe pod cable contains 17 signal lines, 34 chassis ground lines
and two power lines that is woven together. It is 4.5 feet long.

CAUTION

The probe grounds are chassis (earth) grounds, not
“floating” grounds.

Each cabie 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

The preprocessor power source is fused. The fuse is
located inside the HP 16500A on the logic analyzer card.
If a preprocessor appears to be malfunctioning, refer to
the HP 16510A service manual for instructions on
checking this fuse.

The probe cable connects the logic analyzer to the pods, termination
adapter, or the HP 10269C General Purpose Probe Interface.

Each probe is a 12-inch twisted pair cable and is connected to the
probe cable at the pod. One end of each probe has a probe tip
assembly where the input R-C network is housed and a lead that
connects to the target system. The other end of the probe has a
two-pin connector that connects to the probe cable.

Figure 2-4. Probe Cable

Using the Front-Panel Interface
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SIGNAL m— T0
LOGIC

GROUND ] ANALYZER

Grabbers

Pod Grounds

You can connect the probe directly to the test pins on your target
system. To do so, the pins must be 0.63 mm (0.025 in.) square pins or
round pins with a diameter of between 0.66 mm (0.026 in.) and 0.84 mm
(0.33 in.).

Each probe has an input impedance of 100 k2 in parallel with
approximately 8 pF.

R—C NETWORK ) EQUIVALENT CIRCUIT

LOGIC ANALYZER

' '
' '
' |
| '
1 '
. e
' '
' H 9.098K
' '
) .
1 ]
! '
| '
1 1

<H

Figure 2-5. Probe Input Circuit

Probes can be grounded in one of two ways: a common pod ground
and a probe ground for each probe.

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.

Each pod is grounded by a pod ground lead that should always be
used. You can connect the ground lead directly to a ground pin 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,
the pins must be 0.63 mm (0.025 in.) square pins or round pins with a
diameter of 0.66 mm (0.026 in.) to 0.84 (0.033 in.).

Using the Front-Panel Interface
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Probe Grounds

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.

Figure 2-6. Probe Grounds

Note

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

If you need additional probe ground !eads. order HP part number
01650-82103 from your nearest Hewlett Packard sales office.

Using the Front-Panel Interface
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Signal Line Loading Any signal line you intend to probe must be able to supply a minimum

Maximum Probe
Input Voitage

Pod Thresholds

Connecting the
Logic Analyzer to
the Target System

of 600 mV to the probe tip, which has an input impedance of 100 kQ
shunted by 8 pF. If the signal line is incapable of this, you will not only
have an incorrect measurement but the system under test may also
malfunction.

The maximum input voltage of each probe is + 40 volts peak.

There are two preset thresholds and a user-definable pod threshold for
each pod. The two preset thresholds are ECL (-1.3 V) and TTL

(*1.6 V). The user-definable threshoid can be set anywhere between

- 9.9 volts and-+9.9 volts in 0.1 volt increments.

The pod thresholds of pods 1, 2, and 3 can be set independently. The
pod thresholds of pods 4 and § are slaved together; therefore, when
you set the threshold on either pod 4 or 5, both thresholds will be the
same.

There are four ways you can connect the logic analyzer to your target
system as previously mentioned at the beginning of this chapter: the
probes (general purpose probing); the HP 10320C User-definable
Interface; the HP 10269C with microprocessor specific preprocessor
modules; and direct connection to a 20 pin 3M® series type header
connector using the optional termination adapter (HP Part No.
01650-63201).

Since the probe interface hook-ups are microprocessor specific, they
will be explained in their respective operating notes. The rest of this
chapter is dedicated to general purpose probing with the HP 16510A
probes.

Using the Front-Panel Interface
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Connecting the
Probe Cables to
the Logic Analyzer

Connecting the
Pods to the
Probe Cable

The probe cables are installed in the Logic Analyzer module at the
factory. The cable for pod 1 is the far left cable (rear view). Cables 2
through 5 follow cable 1 consecutively from left to right. If there is a
need to install or replace the cables refer the HP 16510A Service
Manual, Section VI.

The pods of the HP 16510A differ from other logic analyzers in that
they are passive (have no active circuits at the outer end of the cable).
The pods, as they will be referred to for consistency, are the connector
bodies (as shown below) that the probes are instalied in when you
receive your logic analyzer. '

Figure 2-7. Connecting Pods to Probe Cables

To connect a pod to a cable, you align the key on the cable connector
with the siot on the pod connector and push them together.

Using the Front-Panel Intertace
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Disconnecting The probes are shipped already installed in the pods. However, you
the Probes from can disconnect any un-used probes from any of the pods. This keeps
the Pods the un-used probes from getting in your way.

To disconnect a probe, insert the tip of a ball-point pen in the latch
opening and push while gently pulling the probe out of the pod
connector as shown below.

Figure 2-8. Disconnecting Probes from Pods

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.

Using the Front-Panel Interface
2-10



Connecting
the Grabbers to
the Probes

Connecting
the Grabbers to
the Test Points

You connect the grabbers to the probes by slipping the connector at .
the end of the probe onto the recessed pin in the side of the grabber.
If you need to use grabbers for either the pod or the probe grounds,
connect them to the ground leads the same way you connect them to
the probes.

) N Y

Figure 2-9. Connecting Grabbers to Probes

The grabbers have a hook that fits around IC pins and component
leads. You connect the grabber by pushing the rear of the grabber to
expose the hook, hooking the lead and releasing your thumb as shown
below.

Figure 2-10. GConnecting Grabbers to Test Points

Using the Front-Pane! Interface
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Labeling Pods, So you can find the pods and probes you want to connect to your

Probes, and target system, you need to be able to quickly identify them. Included

Cables with your logic analyzer are seif-adhesive labels for each pod, cable
and probe.

They come in sets. Each set has labels for the end of the cable-- a
jabel for the pod connector body, a label for the clock probe and 16
labels for each of the channels.

One end of each cable is already connected to the HP 16510A logic
analyzer module. The cable for pod 1 is the far left cable (rear view).
Cables 2 through 5 foliow cable 1 consecutively from left to right.

Figure 2-11. Labeling Pods, Probes, and Cables

Using the Front-Panel Interface
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Introduction

Using the Front-Panel Interface

This chapter gives you an overview of how to use the front-panel
interface.

The front-pane! user interface is merely accessing the many menus and
using the convenient touch-screen to move around the menu tree. The
front panel itseif consists of a disc drive, the knob, power switch,
display, and receptacle for connecting the optional mouse.

" The user interface allows you to configure the logic analyzer and each
analyzer (machine) within the logic analyzer. It also displays acquired
data and measurement results.

Using the front-panel interface is a basic process of:

e Selecting the desired menu

e Selecting a desired field within a menu

e Displaying the options or current variable data associated with
the desired field -

e Selecting the desired option or entering new data (editing
current data) in the field

e Starting and Stopping data acquisition when the logic analyzer
is connected and configured

.|

Using the Mouse

Everything that can be done with the touch screen and knob on the HP
16500A can also be done with the optional mouse. The mouse plugs
into the connector in the lower right of the front panel. As soon as the
mouse is plugged in, it is active.

When the mouse is plugged in, a white cursor (cross) appears on the
screen. Moving the mouse causes the cursor to move. To "touch” a
field with the mouse, move the cursor to the field and press the left
button on the mouse. '

To use the mouse to perform the functions of the front-panel knob,
hold down the right button and move the mouse. When you reiease
this button, the function returns to the cursor.

Using the Front-Panel Interface
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How to
Select Menus

Before you try to select one of the main menus, make sure the field in
the upper left-hand corner is set to State/Timing E. If the HP 16500A Is
in System or Intermodule, touch that field and select State/Timing E
when the pop-up appears.

Note

- The field containing State/Timing (x) may have a different
letter following State/Timing. Don't be alarmed. This letter
merely tells you what card slot the State/Timing module is
in.

To select the main menus touch the second field from the left at the
top of the screen. A pop-up appears showing you the active menus.
The menus are:

Configuration

Format 1, 2, or both

Trace 1, 2, or both

Waveform (Timing analyzer only)
Listing (State analyzer only)

When the menu is displayed you can access the fields within the
menus. The second field from the left in the upper left-hand corner
always displays the current menu. To move around in the menu tree,
you must always touch the field displaying the current menu and select
a new menu when the pop-up appears. '

The Configuration, Format, Trace, Waveform, and Listing menu fields
provide access to their respective menus. All menus, subsystems, and
fields in the entire logic analyzer are pop-ups that appear on top of the
currently displayed menu.

If more than one analyzer (machine) is on, you see the selected menu
of either analyzer 1 or analyzer 2 depending on what analyzer menu
was fast displayed or what you did in the State/Timing E Configuration
menu.

To switch from one of these menus to another menu within the same
analyzer (machine) touch the current field (i.e. Waveform), which is
displayed in the field second from the left in the upper left corner and
make a new selection.

Using the Front-Panel Interface
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How to Switch
Between Analyzers

Returning to the
System
Configuration Menu

Pop-up Menus

How to Close
Pop-up Menus

You can switch between analyzers in any main menu by touching the
field (second from the left in the upper left-hand corner). When the
pop-up appears you can select the desired menu in the desired
analyzer when both analyzers are on. One example of the options
available when both analyzers (one state and one timing) are on are:

Format 1

Format 2

Trace 1

Trace 2

Waveform (for Timing analyzer)
Listing (for State analyzer)

Touch the field in the pop-up to enter the desired menu. You will
immediately go to that menu.

You can return to the System Configuration menu from any main logic
analyzer menu. To return to the System Configuration menu. touch
State/Timing E. When the pop-up appears, touch System. When the
pop-up closes, System will be displayed in the upper left corner. If
Configuration is not displayed in the field second from the left in the
upper left corner, touch this field. When the pop-up appears, touch
Configuration. You will now be in the System Configuration menu.

The pop-up menu is used exclusively in this logic analyzer. This gives
you more flexibiiity to move through the menu tree and faster access
to the individual subsystems.

To use the pop-ups when they appear, simply touch the field in the
pop-up you want. The pop-up will immediately close and the menu you
select will appear.

Some pop-up menus automatically close when you touch a desired
field. After closing, the logic analyzer places your choice in the main
menu field from which you opened the pop-up.

Using the Front-Panel Intertace
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Other pop-up menus don't automatically close when you make your
selection (i.e. alphanumeric keyboard). These menus have a Done
option. To close the pop-up all you have to do is touch the Done field.

Toggle Fields Some fields will toggle between two options (i.e., off and on). When
you touch one of these fields, the displayed option toggles to the other
choice and no additional pop-up appears.

-
How to Select How to select options depends on what type of pop-up menu appears
Optlons when you touch the field. When the pop-up appears, you will see a list

of options. You select the option by touching the option field. In most
cases the pop-up menu closes when you touch an option and the
selected option will be displayed. However, in some pop-ups, selecting
the option does not automatically close the pop-up. In this case the
option Done is present.

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
touch that field, another pop-up, with options, will be superimposed on
the origina! pop-up.

( Stete/Timing E ) ( Format 1 )
‘ Clock
3 .
Pod E3 Pod E2 Pod EI
™ ) m ) ™ )
Clock ' Clock )
T8 9

Jié
WO ED EO e D

hoesessscasen

orfs

Figure 3-1. State Clock Pop-up Menu

Using the Front-Panel Interface
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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). When you

select one of the five clocks, another pop-up appe

available choices of clock specifications.

(?e lolTlmingg rFome t !J

‘Prlnt ] ' Run |

Pod E3 Pod E2 Pod El
{ ™ Y m ) w )
(- orf bk Clock J

Ji

CFOEONED

3
~
=1

———————

Lou

High

Figure 3-2. State Clock Pop-up with K Pop-up Open

When you touch one of these the pop
original clock pop-up still remains open. When you are finished
specifying the choices for the clocks, you close the original pop-up

menu by touching Done.

-up will close, however, the

ars showing you the

Using the Front-Panel Interface
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How to Enter There are a number of pop-up menus in which you enter numeric data.
Numeric Data The two major types are:

» Numeric entry with fixed units
e Numeric entry with variable units (i.e. s, ms, etc.)

There are several numeric entry menus where you enter only the value,
the units being pre-determined. There are other numeric entry menus
for which you will be required to specify the units. One such type of
numeric entry pop-up that you enter the units is the pod threshold

pop-up.

Besides being able to set the pod thresholds to either of the preset
threshoids (TTL or ECL), you can set the thresholds to a specific
voltage from - 9.9 V to + 9.9V.

To set pod thresholds to a specific voltage, you enter either Format
menu and touch a pod field. When the pop-up appears you can
choose TTL, ECL, or User. :

(Slnu/ﬂmlngjj ( Formst 1) (Prmj ( R )

orf

orf

Figure 3-3. Pod Threshold

Using the Front-Panel Interface
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If you select the User option, a numeric keypad pop-up appears where
you enter the desired threshold voltage. After selecting the value, you
select the units (i.e., mV or V). Touch Done when you have finished
specifying the pod threshold.

ﬁuu/nmngg ﬁurna! IJ

(_ )
am)Eo
Levet )| pg) ;g" 4 ll S “ 6 Il mU'
~1HHOEE
m GC@JGC |
ot CLEAR DONE

ort
orf

Figure 3-4. Numeric Entry Keypad

If you want a negative voltage tor the threshold, press the - (minus
sign) in the pop-up. Entering the - (minus sign) can be done either
pefore or after the voitage level has been entered.

N
How to Enter You can give specific names to several items. These names can
Alpha Data represent your measurement specifically. For example, you might

choose the name 68000STATE for. the state analyzer configuration you
are using on a 68000 microprocessor measurement.

The two major examples of items that can be named are:

The name of each analyzer
Labels ‘
Symbols

Filenames

File descriptions

Using the Front-Panel Interface
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For example, you can name each anaiyzer with 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, touch the field to the right of Name:

in the State/Timing E Configuration menu. When the alphanumeric
pop-up menu appears, enter the name you desire.

The line above the alphanumeric keyboard contains the current name.
When you first enter the pop-up, the cursor in the name field is at the
left. You can enter the name you wish by overwriting the existing
name. If only a few changes need to be made, you can move the
cursor using the knob to a character needing changed and select a
new character. You can also clear the entire field by touching Clear.
When you have entered the desired name, touch Done and the pop-up
will close. The new name will appear in the field to the right of

Name:

(" Stete/Timing € ) (Coniguration) (print) ( Run )

Anelyzer 1 Anstyzer 2
""""] [ MACHINE 1 ]

Figure 3-5. Alphanumeric Keypad

Using the Front-Panel! Iinterface
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How to
Roll Data

The roll feature is available in all menus that contain off-screen data.
This allows you to roll data for viewing. Data can be off-screen both
above and below or left and right of what you see on screen.

One example of a menu having off-screen data above and below the
screen is the State Listing. The state listing is normally a list 1024 lines
jong, however, the display is only capable of showing you 16 lines at a
time. To roll data in the state Listing (when the box in the left center of
the listing area is light blue) simply turn the knob. If this box is not light
blue, touch this box and then turn the knob. If you touch this box
when it is light blue, a keypad will appear with which you can enter a
state location. This allows you to effectively roll the displayed listing in
large increments.

(Stetestiming €) ((Listing 1 ) (print) (C_Run )

Lebel> ADDR l DATA
Base> Hex || Hex

o
-
-

-7 0088C4 4E7S
-6 0088C6 B1E6
-5 0004F0 0000
-4 0004F2 88Cce
=3 0o8ece 803C
-2 0088CA OOFF

-1 0088CC 6730
000000 0000
000002 04FC

OQOMAUN—l

008050 6100

Figure 3-6. State Listing Menu with Off-screen Data

Using the Front-Panel Intertace
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An example of off-screen data left and right can also be shown in
figures 3-7 and 3-8. Figure 3-7 illustrates a timing Trace menu with
labels off screen. In this case only six of the eight labels can be
displayed at a time. Whenever there is data off screen to the left or
right, an additional field exists in the menu as shown in figure 3-7. This
is called a field because it is enclosed in a box and will turn light blue
when touched.

(Stelo/‘rmlng E) ( Trace 2J . (Print) ( RunJ

|
68000STATE Trensitiona!
(G ) &) ) (s )l @)
Bose > ( Hex )Wox J(Tcd( Hex_]ﬁox J( Hex ]
Fing

T e [ G| 1 G | G

Then find

OO

Figure 3-7. Additional Field indicating Off-screen Data

If data does not exist off screen, the term Label > will not be enclosed
in a box (see figure 3-8).

(“statesTiming £) ( Trece 1 ) (print) (Run )

Acquisition mode
Trensitione!

Find

Then find

Figure 3-8. No Oft-screen Data Left or Right

Using the Front-Panel Intertace
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Assignment/
Specification

Menus

Assigning Pod
Bits to Labels

There are a number of pop-up menus in which you can assign or
specify what you want the logic analyzer to do. The basic menus of
this type consist of:

® Assigning bits to pods
* Specifying patterns
® Specifying edges

The bit assignment fields in both state and timing analyzers work
identically. The convention for bit assignment is:

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

An example of assigning bits is in either the Timing or State Format
menu.

Note

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

(“stetesTiming £ ( Formet 1 ) (print) ( Run ) ’
f Clopk Al
CL e een e o RN |
Po Pod El
- [_]f_]
Clock

CLEF‘RJ DONE TR

eseencscscssnana

ort

Figure 3-9. Bit Assignment Pod
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To assign bits to either Analyzer 1 or Analyzer 2 there must be at least
one pod assigned to the desired analyzer. If ther are no pods assigned
to the analyzer you wish to use follow steps 1 and 2. If there is a pod
assigned to the desired analyzer go to step 3 where you access the
Format menu.

1.

2

Enter the State/Timing E Configuration menu.

Touch a Pod field. When the pop-up appears, assign the pod to
the analyzer of your choice.

. Touch the field second from left in the top left corner. When

the pop-up appears, touch Format 1 (or 2).

Before you can select a bit pattern at least one label must be
on. To turn & label on, touch the label field and when the
pop-up appears, touch Tum Label On.

Touch the bit assignemnt field to access the bit assignment
pop-up.

. When the pop-up appears, using the KNOB, place the cursor on

the desired bit and touch the asterisk to assign a bit or the
period to unassign a bit. Touch Done when bit assignment is
complete.

When the pop-up closes the bit assignment fieid is again displayed,
however, now it is displayed with the assigned pattern.

Using the Front-Pane! Interface
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Specifying
Pattems

The Pattern field appears in several menus. Patterns can be specified
in one of the available number bases. Patterns can be viewed in ASCH,
but cannot be selected in ASCIL.

The convention for “don't care” 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 $ will be displayed.

To select ba pattern, enter the Trace menu and follow these steps:

1. Touch the field to the right of Pattern. You will see a keypad
pop-up (see figure 3-10).

{ StetesTiming £) ( Trace !

|XXXX| -
 Lever > (?]Fgﬁj(ej
R €3 8
Pattern XXXX
present for [_ij@@
X

Then find
Edge

Figure 3-10. Specitying Patterns Keypad Pop-up Menu
2. Using the alphanumeric keyboard, enter the desired pattern.
Note

Notice that the Base > field and the Find Pattern field
are interactive. Only a keypad pop-up will appear that is
compatible with the base selected. Since ASCIl patterns
cannot be entered directly, a keypad will not appear for
data entry if the base is set to ASCIl.

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

Using the Front-Panel Interface
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Specifying You can select a positve-going (}), negative-going (}). and either edge
Edges (}) for your trigger.

To specify edges, enter the Trace menu and follow these steps:

1. Touch the field in the bottom left corner of the display. This
field is labeled Edge. You will see the following pop-up.

{ Stete/Timing E ) ( Trece 2 ) (print) ( rRun )

— ()
B
(o) Loon ( cLemr) (- pone |

Sese > Hex

Mt (2 ) (GG OGO
present wr@

Then find

Y | G ) G

Acquisition mode
Trensitionatl

l DATA

Hex

Figure 3-11. Specifying Edges Pop-up Menu

2. When the pop-up appears you can make your edge selection
for any bit by placing the cursor, using the KNOB, on the
desired bit and touching the period, either edge, or both edges
field. 3. After you have made your edge selection, touch Done.

Note

When you close the pop-up after specifying edges, you
will see dollar signs ($$.) in the Then find Edge field if
the logic analyzer can't display the edge correctly. This
indicates the logic analyzer can't display the data
correctly in the number base you have selected.

Using the Front-Panel Interface
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4 Using the Menus

Introduction This chapter contains menu maps of the HP 16510A logic analyzer.
Since the front-panel user interface consists mainly of menus that you
access to configure the logic analyzer, the menu maps provide quick
reference to the menus, menu options, and ultimately the functions of
the logic analyzer.

Menu Maps The following pages show the menu maps of all functions of the logic
analyzer. The State/Timing Configuration menu is the logic analyzer's
system level menu. The rest of the menus are the subsystem level
menus of the logic analyzer.

Using the Menus
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S
State/Timing

Configuration
Menu Map

prvesy

From System
Configuragtion menu

Y

—-{ Stote/Timing } System
—Intermodule
—iModules 1~ 5| »

—l Configuration ]—— Configuration
—{Format 1

—{Formet 2

4Trace 1

r—Troce 2
tlisting 1 (2)
—{Waveform 2 (1)

—1Mhud Dispiay

-—{Analy:cr 1or 2 Name
Typse
Autoscale =%

L--'l Pod 1~ § Anglyzer 1
Analyzer 2

Uncesigned

19810/0.12

* Modules 1 through 5 depend on whot modules
are installed in the HP 18500A
s+ Timing onalyzer only

Figure 4-1. State/Timing Configuration Menu Map
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Timing Format

Menu Map

[}iming Analyz!:J

IFormctI

Troce

r—{iPrint

Cancel

Print Screen

Print All

Single

Repetitive

Cancel

-——{vg;nbol.l

Labe!

Symbo| Width

Symbo i

Type

Pattern/Start

Stop

———{7chcl.

Turn Label Off

Modify Label

Turn Lobel On

— B8it Fieid ]—Jassignment|

TTL

ECL

User

Polarity

+ (positive)

- (negative)

16810/8L11

Figure 4-2. Timing Format Menu Map
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Timing Trace
Menu Map

Timing Analyzer

[ ]

Print ~—1 Cancel

Print Screen

Run Single

Repetitive

Cancel

Armed By Machine 1 or 2
Run or Group Run

Acqu.i‘:;:icn Trensitionol

Gliteh
»

Knob rolis labeis feft or right

Bit | Bit
8~T

m | Binary
Octol
Decimal
Hex
ASCII
Symbo |

Dotc Entry Keypad

—[Thon find Edge ]"

Data Entry Keypad

sy
—l Then find Glitch I 10810/0L 17

* Only oppeors when off-screen iabels exist
*=* Only available when "greater thon" is specified in "present for" fieid
sxs Oniy ovailable when "then find edge" is present ond in Glitch mode

Figure 4-3. Timing Trace Menu Map
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Timing Waveform
Menu Map

[ Timing AnalyurJ

I Waoveform I I Format '
Print Screen

[Run__| Single
Repetitive
Cancel

—-{Accumlato }-—E On
off

data entry keypad (18ns to 10@s)

data entry keypad (—2500s to 2500@s)

\

Continued on next page 1018

Figure 4-4a. P/O Timing Waveform Menu Map
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Continued from previous page

*Access by touching the box on the faor left of the waveforms dispioy

where the Iabels are dispiayed

Y
—{ Markers off
Time X to O
Pattern X—-pattern from trigger (x) Trig to X
Stotistics O—pattern (x)} Trig to O
from trigger At X(0) morker
Specify Paotterns ——I lobels A~ T
-
A~T
Trigger
-—l base } Binary X marker
1 Octal
=1 Decima!
}~1 Hex
— ASCII
L— Symbol
F— X marker > ————E entering ‘ dota entry keypod
ieaving
F— O marker > ————E entering data entry keypad
leaving
Stop measurement orf '
when X-0
-1 Less than :]—{x.xxa ]-—— dota entry keypad
| Greater than
] In range m data entry keypad
. —} not in ronge
{ Waveform Seiection |——] Channe! Mode } Individual
L Sequential dato entry keypad
~—{ Overiagy
‘ Insert
Replace
-—-I Labels } A~T

18818/ 19

Figure 4-4b. P/O Timing Waveform Menu Map
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State Format

Menu Map

I State Analyzer l
Format ' ITroco l Listing

—-I Print I[ Cancel
tPrint Screen
[ Run | Single
Print Atl
Repetitive -
Cancel
— Clock —{ v~ N of1
$
— symbols | Label 1
=[:r' : 3
- Symbo ! Width Low
1 Symbo | High
1 Type
—-{Pattern/Start
—{Stop
] —[ Pod CIo'ck= Normal
) -{Demultiplex
—iMixed Clocks

ECL
r—-[—chcl: Turn Labe! Off
User
Modify Label

Turn Label On

e} m
i

- Bit Fietd |—Assignment|
L{ Polarity '—Eﬂ- (positive)
- (negative)

16610/0.10

Figure 4-5. State Format Menu Map
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State Trace Menu
Map

Stote Anclyzer

l Trace I

—4 Print }47

Concel

-—[Run

Print Screen

Repetitive

Cancel

Sequence
—{ Leveis

—-[ Insert Level F

\

—{=h

Cancel

- Delote L.mJ—-E

Execute

-—ﬁlhilo ltoring}

anystate

Continued on next page

Using the Menus

48

—+ Find }

et

no state

o~ h

so~¢h

ronge

¢ ronge

Combination

Concel

Before

-

After

Trigger On Enablie on }———{Storo AAJ

anystate

no state

e~h

do~*%h

range

¥ range

Combination

Entry

anystate

no etate

a~h

so~?h

range

# range

Combinction

anystate

-

no state

a~h

so~#h

range

® range

[ 1

Combingtion

Figure 4-6a. P/O State Trace Menu Map
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Continued from previous page

Y
—-{Armd by F L Machine 1 or 2

Run or Group Run
| Branches orf
Restart #T onystote

Per Level | [ no state
4 a h
{ pg~9%h
— ronge
~{ # ronge
-I?ount off L4 Combination
Time
States anystate

-4 no stote

t—{ o~ h
— o~ *h
- ronge
- ¢ ronge
. - Combination
—{Trcutw;l-t off
On onystaote
* —{ no stote
Knob rolls labels left or right | | a~h
A A (-~ $a~?h
BT -1 range
—{ ¥ range
L Bose > Binary L Combingtion
Octal
Decimal
Hex
ASCII
Symbo |
L—{:—a a~d doto entry keypad
1
ronge Upper datc entry keypad
L Lower .
= Only oppeors when of f-screen lcbels exist 108107014

Figure 4-6b. P|O State Trace Menu Map
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State Listing Menu

Map

Print Screen

b

Run Single Print All
—1{ Repetitive
Cancel
—-I Markers } off
— Pattern
1 Time l_ Trig to X doto entry keypad
1 Stotistics Trig to O
—E}— numeric entry keypad
—l from Trigger Trigger
Start
|| Specify Stop Stop measurement of
Mecsurement when X-0

In ronge

Less thon J—l?xxn}—— dato entry keypad
Greater than .

X.XXX$ ]-—'— dato entry keypad

Not in ronge

— Pottern > dato entry keypad

— Label > —— Knob rolis label and base fields left or right

to

date entry keypad

Base >
s
A~T A~T sen
Count Time or Relative
States L Absoulute

* Only oppears when off—screen labels exist
s This field is used for repositioning labeis in the display
s*x Depends on whaot the Count field is set to in State Troce S

pecification menu

Figure 4-7. State Listing Menu Map
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U
Mixed Display
Menu Map

Mixed Display

m Cancel

Print Screen

Print All
Run Single
Repetitive
Concel
— *
L ] Label > p—————— knob rolls lobe! and base fields left or right
Base >
Stote Listing - (X
A~T AT
L Count Time Relgtive
— Absoiute
Timing Waveforms =
—-[}rlq to X x.xxxs 44}—-— data entry keypad
-—[*rig to O x.x:xggg!}——-— date entry keypad
L2 X
*—{Tlovcform s.lcctiﬂ}—‘—{crmnncl Mog}—r— Individuet
— t Sequential
Over lay
Replece
A~T

18810/8015

#» Only appears when off-screen igbels exist

«s This field is used for repositioning lobels in the display
+ =% Access by touching the box on the far left of the waveforms display where the laobels are dispicyed

f;'igure 4-8. Mixed Display Menu Map
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5 Menus

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

The main menus of the logic analyzer are grouped into two categories:
System Level Menus and Subsystem Level Menus. The System Level
Menu is:

e State/Timing Configuration Menu
The Subsystem Level Menus are:

e Format (timing and state)
e Trace (timing and state)
® Timing Waveforms

e State Listing

An illustration of each main menu is given at the beginning of the
section that describes the menu. In the illustration, the fields are
numbered according to the order in which they are discussed to make
them easy to reference.

System Level Menu When the logic analyzer is selected from the System Configuration
menu, the State/Timing Configuration menu is displayed. It is in this
menu that you configure your logic analyzer in one of four ways:
timing analyzer only, state analyzer only, two state analyzers, or one
timing analyzer and one state analyzer. You can also name each
internal analyzer and assign pods to them.

Menus
5-1



State/Timing The State/Timing Configuration menu for the HP 16510A Logic
Configuration Menu Analyzer is shown below. The fieids in the menu that are numbered in
the figure are described in this section.

n\( Stste/Timing E ) (Conrtguretion) (pPrint) ( Run )
.

Anaiyzer 1 Anelyzer 2 \’\G
[ 2 e CE
T~ (5 ]

3
Unsssigned Pods
( Pogs ) ( Podz T‘/"
| )
{ Pog 3 )]
J
[ Poe 4 ]
. J

Figure 5-1. State[Timing Configuration Menu

@B Name  You name an analyzer by selecting the Name field under it. An
alphanumeric pop-up menu will appear. The keypad is similar to a
computer keyboard.

| State/Timing E) Enngureuu@ @-:m) ( Run )

Anaiyzer | Anslyzer 2
‘ W [ {MACHINE 1 l}

CLEAR l SPACE | DONE
\rr—

Figure 5-2. Alphanumeric Keypad Pop-up

Menus
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Type

At the top of the keypad pop-up, is a box where the current name
appears when the pop-up opens, and where the new name will appear
when you touch keys on the keypad. In the name box is a cursor
which 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 character to be replaced in the pop-up
using the KNOB, then touching the new character. The new character
appears in the name box.

The second wa'y is to touch CLEAR. This clears the entire name from
the box and places the cursor at the beginning of the name box in the

pop-up.

When you have entered the correct name, touch DONE.

The Type field defines the machine as either a state analyzer or a
timing analyzer or indicates that a system performance analysis (SPA)
can be done on that analyzer (optional). When this field is touched, a
pop-up menu appears. You touch the machine type to make your
selection. '

( State/Timing EJ @onligurauon) (Prtnt Run
Anslyz Anglyzer 2
Neme: | NACI
Type: Timing Type: orf
[ Autosq Stete
Unassigned Pods

( ' Pod 1 ) Poa S ) (L Pod 2 |
1D R D A D,
( Pod 3 )
J
( Posa

Figure 5-3. Type Pop-up Menu
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Autoscale  The purpose of Autoscale is to provide a starting point for setting up a
measurement. The Autoscale field only appears on a timing analyzer.
When you touch Autoscale, you will see a pop-up with two options:
Cancel and Execute. If you select Cancel, the autoscale is cancelled
and control is returned to the State/Timing Configuration menu.

(" stetesTiming £ ) (Configuretion)
Analyzer 1 Anslyzer 2

Nome ¢ ' MACHINE 1 ]

& e
Unessigned Pods

( Pod ! ) ( Pod S ) [ Pod 2 )

Figure 5-4. Autoscale Pop-up Menu

If you choose Execute, autoscale configures the timing Format and
Trace Specification menus and the timing Waveforms menu. Any
configurations that you have done will be lost. Autoscale searches for
channels with activity on the pods assigned to the timing analyzer and
displays them in the Waveforms menu.

Note
Executing autoscale erases all previous configurations for

your timing analyzer and turns the other analyzer off. If
you don't want this to happen, touch Cancel in the pop-up.

@
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@3 Pods

EB Frint

Each pod can be assigned to one of the analyzers. When the HP
16510A Logic Analyzer is powered up, Pod 1 is assigned to Analyzer 1
and Pod 5 is assigned to Analyzer 2.

To assign a pod, touch the pod fieild. With the pop-up that appears,
you can assign the pod to Analyzer 1, Analyzer 2, or Unassign it.
Making a selection closes the pop-up and moves the pod field to the
analyzer to which the pod is assigned.

( Stete/Timing EJ (Conrxgurauorﬂ

Anelyzer 1 Anelyzer 2

il t
Type: Type: orf IACHINE
nACHINE 2

Figure 5-5. Pod Assignment Pop-up Menu

The Print field allows you to print what is displayed on the screen at
the time you initiate the printout. When you touch the Print field, a
pop-up appears showing you the print options Cancel, Print Screen,
and in some menus, Print All.

You start a print by touching the Print field. When the pop-up appears,
you touch either Print Screen or Print All . The information on the
screen is frozen, and the Print field changes to Cancel and turns red.
While the data is being transferred to the printer, the logic analyzer's
user-interface is not usable with the exception of the Cancel field.
When the logic analyzer has completed the data transfer to the printer,
the advisory “Print Completed” is displayed and the user-interface is
usable again.

If you wish to stop a printout before it is completed, touch Cancel.
This stops the print, and the message "Print Cancelled” appears in red.

Menus
5-5



Menus

Print Screen. In the Print Screen mode, the printer uses its graphics
capabilities so that the printout will look just like the logic analyzer
screen.

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 in the light
biue box at the center of the listing area when you touch
Print All. Lines above this box will not print.

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

Timing Format Specifications
State Format Specifications
State Trace Specifications
State Listing

Symbols

It there is information below the screen, as in the State Listing, the
information will be printed on muitiple 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 "Printing A" appears at the top of the
display. Don't worry, this message will not appear in your printout.
While the data is being transferred to the printer, the logic analyzer's
user-interface is not usable. When the logic analyzer has completed
the data transfer to the printer, the advisory "Print Completed" appears
and the user-interface is again usable.



If you wish to stop a printout before it is completed, touch Cancel.
This stops the print and the message *Print Cancelled” appeéars at the
top of the display. .

@3 Run  The Run field allows you to start data acquisition. The pop-up that
appears when you touch this field contains the trace mode options
Single, Repetitive, and Cancel. This field is explained in detail in
*Run/Trace Mode" in both the Timing and State Trace specification
menus sections of this chapter.
S

Sub-System Level
Menus

The HP 16510A logic analyzer is configured for measurements in the
Timing and State Format and Trace Specification menus. The Format
menus can be accessed by touching Format 1 or 2, and the Trace
menus by touching Trace 1 or 2.

The Format Specification menus let you specify how the logic analyzer
groups the input channels from your microprocessor. You can set the
threshold levels of the pods assigned to the analyzer, assign labels and
channels, specify symbols, and, in the case of the state analyzer, set
clocks for triggering. ’

The Trace Specification menus allow you to configure the logic

analyzer to capture only the data of interest in your measurement. The
logic analyzer acquires data until it triggers at a location that you
specify by setting certain parameters for the data. In the timing
analyzer you can configure the analyzer to trigger on specific patterns,
edges. or glitches. In the state analyzer you can configure the

analyzer to trigger on a sequence of states.

At power up, the logic analyzer is configured with a default setting.
You can use this default setting to make a test measurement on your
system. It can give you an idea of where to start your measurement.

Each of the format and trace specification menus will be covered in this
chapter. For examples on setting up configurations for measurements
with the timing and state analyzers, refer to your HP 16570A Getting
Started Guide or chapters 7 through 9 in this manual.
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Timing and State At power up the Timing and State Format Specification menus look

Format basically the same, with a few exceptions in the state analyzer. The
Specification Timing Format Specification menu looks like that shown below:
Menus :
( stotesTiming €] (( Formet 1 ) (Print) ( Run )
Pog E1
o X
[ 4 ] (5 )
T ]
€ — 1o &
orf

ors
ort
orf
ors

Figure 5-6. Timing Format Specification Menu

The State Format Specification menu for the HP 16510A looks like the

following:
( stetesTiming €) ( Formet 2 ) (Print) (( Run )
L“. Clock J‘l—m v ngmbols!
(™ )

orr ACTIVITY INDICATORS

ofr

Figure 5-7. State Format Specification Menu
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Timing and State
Format Specification
Menu Fields

@B Label

These menus show only one pod assigned to each analyzer at power
up. Any number of pods can be assigned to one analyzer, from none
to all five. In the Format menus, only three pods appear at a time in
the display. If there are any pods off screen, an additional field will be
present. This field is labeled Pods =+=. To view off-screen pods, touch
the Pods =+ field 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.

Seven types of fields are present in the menus. They are:

1) Label

2) Polarity (Pol)

3) Bit assignments

4) Pod threshold

5) Specify Symbols

6) Clock (state analyzer only)

7) Pod Clock (state analyzer only)

A portion of the menu that is not a field is the Activity Indicators
display. The indicators appear above the bit numbers of each pod.
When the logic analyzer is connected to your target system and the
system is running, you will see 3 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.
The descriptions apply to both the timing and state analyzers unless
noted otherwise.

The label column contains 20 Label fields that you can define. Of the
20 labels, the logic analyzer displays only 8 at one time. To view the
labels that are off screen, rotate the KNOB. The labels roll up and
down.

Menus
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To access one of the Label fields, touch the desired field. You will see
a pop-up menu like that shown below.

( stetesTiming €) (( Format 1 ) (Print) ( Run )
Turn Level Ofr {2 El
Modify Lebel
Turn Label On 87 .0

secavenes
orr
ors
orr
orr
ort
ors
ore

Figure 5-8. Label Pop-up Menu

Tum Label On. Selecting this option turns the label on and gives it a
default letter name. If you turned all the labeis on they wouid be
named POD 1 through T from top to bottom in the timing analyzer and
A throughT in the state analyzer. 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 alphanumeric keypad pop-up menu
appears. You use the pop-up keypad to name the label. A label name
can be a maximum of six characters.

Tum 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 timing 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 chapter 7
of the HP 16510A Getting Started Guide and chapter 9 of this manual.



Polarity (Pol)

Bit Assignment

Each label has a polarity assigned to it. The default for all the labeis is
positive (*) polarity. You can change the polarity of a label by touching
the the polarity field. This toggles the polarity between positive (*) and
negative (-).

In the state analyzer, negative polarity inverts all the data. In the
timing analyzer, negative polarity inverts all the data, but doesn’t
change the actual waveforms in the Timing Waveforms Menu.

The bit assignment fields aliow you to assign bits (channels) to labels.
Above each column of the 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

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, touch a bit assignment field.
You will see the following pop-up menu.

( 6696 26 26 6 36 JE 36 D6 24 26 36 6 6 I l

0

Figure 5-9. Bit Assignment Pop-up Menu

Use the KNOB to move the cursor to an asterisk or a period you wish
to change. Touch the desired state (asterisk or period) in the pop-up.
When the bits {channels) are assigned as desired, touch DONE. This
closes the pop-up and displays the new bit assignment in the Format
Specification menu.
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Pod Threshold
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Assigning one channel per label may be handy in some applications.
This is illustrated in chapter 7 of the HP 16570A 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 iabel is 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
the maximun of 32 channels can be assigned to one label, 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. The numbering of channels is illustrated
with the figure below.

(Slau/ﬂming E) ( Formot 1 J (Pnntj ( Run )
Pod E3 Pog E2 Pog E!
_m ™ ™ )

BIT 31 BIT 19 T BT BIT 0

Figure 5-10. Numbering of Assigned Bits

Each pod has a threshold level assigned to it. Threshold levels may be
defined for Pods 1, 2 and 3 individually, and one thresholtd for Pods 4
and 5. It doesn't matter if Pods 4 and 5 are assigned to different
analyzers. Changing the threshold of either pod 4 or 5 changes the
threshold of the other.



It ydu touch the pod threshold fields you will see the foliowing pop-up
menu.

( stete/Timing €) ( Formet D) (erind) ( Run )
Pod £2 Pod El

-~ ™

ECL

[ Pol 1S ..
BT [—— User
ort
orf
ofr
orf

orf
offr

Figure 5-11. Pod Threshold Pop-up Menu

TTL sets the threshold at *+1.6 voits, and ECL sets the threshold at -1.3
volts.

The User option lets you set the threshold to a specific voitage
between -9.9 V and +9.9 V. If you select this option you will see a
numeric entry keypad pop-up menu as shown.

(stetesTiming €) ( Formet 1 ) (PHQ ( Run )
( J Pod ESIU"‘W"
&G
ﬁj[ SJ[ GJ[ muj §TIITEITIIIS
= (S
= | CLERR! | DONE |

off

Figure 5-12. Numeric Entry Keypad Pop-up Menu
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Specify Symbols
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You enter a threshold in the pop-up with the keypad by touching the
desired value, units and polarity. When the correct threshold voltage is
displayed, touch DONE. The pop-up will close and the new threshold
will be placed in the pod threshold field.

In the state anaiyzer, the same threshold ievel applies to a pod's ciock
as to its 16 data bits.

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 logic 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 either the State or Timing Format
Specification menus, touch the Symbols field. You will see a new menu
as shown. This is the default setting for the Symbol Table in both the
timing and state analyzers.

(ngmmmnﬂ_[_zn.ml R {eriot ) { Bun )
SHMDOI Tadble . Symbol
»?mln
Ladel 81T Base Hex )
Symbo! Type Pattern/Start Stop

I (Toone

Figure 5-13. Symbol Table Menu




There are four fields in the Symbol Table menu. They are:

Label.

Label
Base
Symbol Width
Symbol name

The Label field identifies the label for which you are specifying

the symbols. If you select this field you will get a pop-up that lists all
the labels that are turned on in that analyzer.

(Ctarertintao €1 ( Format2 ) (Pra) {_Run )
ymbol Tebdle Symool
K
Label cuoc Bese Hex idgl.h
Symbol AS Pattern/Stert Stop
INcu symbol i
LOS
uos 3
DTACK
R/NW
ADDR
DATA
‘ Done

Figure 5-14. 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 touch the label for which you wish to specify symbols.

Base.

The Base field tells you the number base in which the pattern

will be specified. The base you choose here will appear in the Find
Pattem field of the Timing Trace Specification menu in the timing
analyzer, or the pattern field of the State Trace Specification menu in
the state analyzer. These are covered iater in this chapter.
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To change the base, touch the current base. You will see the following
pop-up menu.

(—statermina £)  Formar 2 ) (ecini) { Run )

[
Lebe? (_ CLOCK Bose Binery “’9‘

Symbo! Type Pettern/Ster Octel Stop

Decime!
[ .
- Hex L

I ASCII

1 ( Done |

Figure 5-15. 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.

When you decide which base you want to work in, choose that optio
from the number Base pop-up menu. :

If you choose the ASCII option, you can see what ASCII characters the
pattern 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.

Note

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 ASCl!
characters.



Symbol Width. The Symbol Width field lets you specify how many
characters of the symbol name will be displayed when the symbol is
referenced in the Timing and State Trace Specification menus, the
Timing Waveforms menu, of the State Listing menu. Selecting this field
gives you the following pop-up.

(M )| {erint] Run

Symbol Teble " Sumbol
—— ‘
cover (2 ? o

Stop

Symbo)

BN

[ (s 1

(DG
3

: ' CLEAR ! ! DONE \

i | Done ]

Figure 5-16. Symbol width Pop-up Menu

You can have the logic analyzer display from 1 to all 16 of the
characters in the symbol name. This is covered more in the sections
on the Trace menus, the Waveforms menu, and the State Listing menu
later in this chapter.

Symbol Name. When you first access the Symbol Tabie, there are no
symbols specified. The symbol name field reads New Symbol. If you
select this field an aiphanumeric keypad pop-up menu appears. Use
the keypad to enter the name of your symbol. A maximum of 16
characters can be used in the name of a symbol.

When you touch DONE field in the keypad pop-up menu, the name of
the symbo! appears in the symbol name field, and two more fields
appear in the display to the right of the symbol name.
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(erin )

(—stesesTinina £) € Format 2 1 Run
Symbo! Teble Symbo |
Leve! pese (C_tHox Ol
Symbol Type Pattern/Start Stop
| READ |[pattarn] [ o ]
!
1 Done

Figure 5-17. Symbol Defined as a Pattern

The first of these fields defines the symbol as either a pattern or a

range. If you touch this field, it will toggle between pattem

and range.

When the symbol is defined as a pattern, one field (Pattern/start)
appears to specify what the pattern is. Touching this field displays a
pop-up with which you can specify the pattern. Use the keypad and

the X (Don't Care) key to enter the pattern.

1 2 1 {print | Run .
Symbo! Teble

- Symgo)
‘ 1dth
9

Leber ((CLOCK ) 0000 ( Hex )

Symbo!

()
I B3
j (< JCs el
B3R ERED
! X !! CLERR ! DONE!

Stop

Figure 5-18. Specify Pattern Pop-up



If the symbol is defihed as a range, two fields appear in which you
specify the upper and lower boundaries of the range. The fields are
Pattem/Start and Stop.

s!llﬁ!Iln’nﬂ E I ' Eﬂ:ﬂﬂ' '] ‘Prlnl ‘ i Run '
( SQUMDOI Table S.rmool

Lebel ( CLOCK Base Hex

Symbol Type PatternsStert
READ pattern 0000
WRITE renge 0000

o)

Figure 5-19. Symbol Defined as a Range

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

(anul_L_an )
Lauel 0000 ( Hex )

Symbol

{erint ‘ Run |

Symboi Table

Sympbol
.?ugm

READ

CE)EE)!

WRITE

Stop

(e )e)
B3 ES
3 ER E3 D

‘ 0000

T

! CLEHR! ‘ DONE i

‘ Done ‘

Figure 5-20. Specity Range Pop-up
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You can specify ranges that overlap or are nested within each other.
They must be specific. Don't cares are not allowed.

The logic analyzer gives patterns priority over ranges when displaying
measurements. This will be covered in more detail in the sections
“Timing Waveforms Menus" and "State Listing Menus" later in this
chapter. To add more symbols to your symbol table, touch the field of
the last symbol defined. A pop-up menu appears as shown.

(—statesTiminn £) { format 2 | (peons ) ( Run )
’ Symbol Table Symoot |
r . h
Base Hex mgl
Agd & Symbol
Pettern/Start Stop
Hodify Symbol [N 0
rn 0
E Delete Symbol
1 ' Dene ;

Figure 5-21. Symbol Pop-up Menu

The first option in the pop-up is Add a Symbol. It allows you to add
another symbol. When you select it, you will see an alphanumeric
pop-up menu. Use the keypad to enter the name of your new symbol.
When you select Done, your new symbol will appear in the Symbol
Table.

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

The third option in the pop-up is Delete Symbol. If you select this
option, the symbol will be deleted from the Symbol Tabie.

Leaving the Symbol Table Menu. When you have specified all your
symbols, you can leave the Symbol Table menu by touching Done. This
puts you back in the Format Specification menu that you were in
before entering the Symbol Table.



€D clock

The Clock field is present in the Format Specification menu only in the
state analyzer. This field displays the clocks that are to be used to
clock the logic analyzer. ‘The display will be referred to as the
“clocking arrangement.”

The HP 18510A 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 ciocking of the state analyzer is
synchronous with your system because the analyzer uses the clocks

. present in your system that assure valid data.

When you select the Clock field, you will see the following pop-up menu
with which you specify the clock.

( Stau/Timmgﬂ ( Format l_)
S
Pog E3 Pog €2 Pod E)

Cm =™ ) ™ )
(;J Clock Clock )

Lovel )} poy

ADOR

DATA .
S—

oft

orf

ort

orf
orf

Jé
JCOED E @DV ED

Figure §-22. 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:
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Figure 5-23. Single Clock Pop-up Menu

With this menu you set the condition needed by each clock. You can
specify that the logic analyzer looks for the negative edge of the clock,
the positive edge, either edge, a high levet, or a low level, or you can
turn the clock 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, } for the K clock, High for
the M clock, and Low for the N clock, the resulting clocking
arrangement will appear in the display as:

—

Clock }
CJI+KT) » (M=14N=0)

Figure 5-24. -Example of a Clocking Arrangement



Pod Clock

With this arrangement, the logic 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 high level on the M clock OR a low 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.

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. As with the Clock field discussed in the previous
section, the pod Clock fields are present only in the state analyzer.
Selecting one of the pod Clock fields gives you the following pop-up
menu:

( Stete/Timing E ) ( Formet 1} (Print) ( Run ]
Clock ]
(J3oKT) o (M=14N0)
‘ Normol Pod E2 Pod EI
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Figure 5-25. Pod Clock Field Pop-up Menu
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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
data (pods) assigned to this machine. .

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

Clock
T lJIHKT

Figure 5-26. Example of a Clocking Arrangement

In Normal mode the state analyzer will sample data present on all pods
assigned to this machine on a negative edge of the J clock OR on a
positive edge of the K clock.

Demultiplex. With the HP 16510A Logic Analyzer, 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.
The Demuitiplex option provides the means to do this.

When you select the Demultiplex option, the pod Clock field changes to
Master | 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:



rSlnu/Timng E] ‘ Formet 2 |
l“ Hester Clock “Kt Sleve Clock l |Sumbols

orf

Figure 6-27. Master Clock and Slave Clock

Demuitipiexing 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 Stave Clock. The analyzer first looks for the
clocking arrangement that you specify in the Slave Clock. When it sees
that, the analyzer clocks the data present on bits 0-7 of the pod, then
waits for the clocking arrangement that you specify in the Master
Clock. When it sees that clocking arrangement, it again clocks the data
present on bits 0-7 of the pod. The upper eight bits of the pod are
ignored and don't need to be connected to your system.

Notice that the bit numbers that appear above the bit assignment field
- have changed. The bits are now numbered 7....07....0 instead of
15....87....0. This helps you set up the analyzer to clock the right
information at the right time. '

The address/data lines ADO-AD7 on the 8085 microprocessor are an
example for 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 for the pod such 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 similar to that shown in the following figure. 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 5-28. Bit Assignments for Master and Slave Clocks

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 in the pod Clock pop-up, the pod Clock field changes to
Master | Slave, and two Clock fields, Master and Slave,

appear above the pods.

As in Demuttiplex, the Master Clock follows the Slave Clock. The state
analyzer looks for the clocking arrangement given by 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
Demuitiplex, all 16 bits of a pod are sampied.

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.
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Timing Trace The Timing Trace Specification menu lets you specify the trigger point

Specification Menu 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:

The menu looks like that shown below. This is the default setting for
the menu.

, ' [ 1]
( stetesTiming €) ( Trece )

Armed by Acquisition mode
Trensitional
n"b-uou > |BIT \ﬂ

a“*-aau > @

Fing

B— i (o)
_——*prucnl for @

Then find

a— ()

Figure 5-29. Timing Trace Specification Menu
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Timing Trace
Specification Menu
Fields

Run/Trace Mode
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The fields in the Timing Trace Specification menu are:

1) Run/Trace Mode

2) Armed by

3) Acquisition mode

4) Label

5) Base

6) Find Pattern

7) Pattern Duration (present for )
8) Then find Edge

These are described in the following sections.

You specify the mode in which the timing analyzer will trace data when -
you touch Run. You have two choices for trace mode: Single and
Repetitive. When you touch Run and hold your finger on the field, you

will see the following pop-up menu:

@

Psttern

( Slato/‘rlmtngg ( Trece 2 J (print ]
Singte
Armed dy Repetitive
Run .
Cancel

v 1 B

Then fing
Edge

J

Figure §-30. Run tield pop-up Menu

You select the trace mode by touching the Run field, and, without lifting

“your finger from the screen, move it to the desired trace mode. When

you lift your finger, the logic analyzer traces data in the mode you
specify. If you wish to abort the trace after you touch Run but before
the trace starts, move your finger to Cancel before lifting your finger.



Armed By

Single Trace mode acquires data once per trace. Repetitive Trace
mode repeats single acquisitions until Stop is touched, 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. The Stop
Measurement feature is explained in detail in *Markers Pattern” in both
the *Timing Waveforms” and "State Listing" sections of Chapter 6 of
this manual.

The Armed By field is present when more than one analyzer is on at
the same time. The Armed by field lets you specify how your timing
analyzer is to be armed. The analyzer can be armed by Run, the other
analyzer, or an external arm from the IMB (Intermodule Bus).
“Intermodule Measurements" are covered in chapter 10 of the HP
16500A Reference Manual.

When you select the Armed by field, a pop-up menu appears fike that
shown below. Use this menu to select the arming option for your
analyzer.

( StetesTiming E) ( Trece2 B
MACHINE !
. Armed by Acquisition mode
' Run Transitions!
- Run
Ladsl > lﬂ j

Pattern

‘Then find
€dge

J

Figure 5-31. Armed By Pop-up Menu
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Acquisition Mode

CHANNEL 1

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. When you touch
this field, the field toggles from one mode to the other.

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 when there have been
transitions in the signals since the last data sample was stored. 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 ns/sample). 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 end of 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.

The figure below illustrates Transitional acquisition, comparing it to
Traditional acquisition.
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Figure 5-32. Transitional Timing vs. Traditional Timing



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 any transition that
crosses the logic threshold more than once between samples. It can
be caused by capacitive coupling between traces, power supply ripple,
or a number of other events. The glitch, in turn, can cause major
problems in your system.

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:

1 Stete/Timing E ) ( Trece: )

Acquisition made
Gitten

Pattern

present for @

Then find
Edge
or
Giliten

i

Figure 5-33. Glitch Specification Field
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@3 Label

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 detall in the "Then Find Edge" section later in this
chapter.

Glitch Acquisition mode causes the storage memory to be cut in halif,
from 1k to 512. Half of the memory (512) is allocated for storing the
data sample, and the other half for storing the second transition of a
gittch in a sample. Every sample is stored. The sample rate varies
from 20 Hz to 50 MHz (50 ms/sample to 20 ns/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.

~g— GLITCH
ANALYZER
INPUT

s | ? !

. GLITCH DISPLAYED
ON NEXT SAMPLE
ANALYZER

DISPLAY

Figure 5-34. Glitch in Timing Waveform

The Label fields contain the labels that you define in the Timing Format
Specification menu. If there are more labels than can fit on screen, use
the KNOB to view those that aren't displayed.



Base

The Base fields allow you to specify the number base in which you
want to define a pattern for a label. The Base fields also let you use &
symbol that was specified in the Timing 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 o define your pattern in and select
that option.

ﬁtuu/ﬂmtnﬁ) F‘(rnco 1 J

Binory .
Acquisition mode
Octel - Treansitionel

L.abel > RAS | Decimal

| —

Base > Hex )
Fing

Pattern | X ASCII

present for| Symbol 30 ns
Then find

Figure 5-35. Base Pop-up Menu

| —

One of the options in the Base pop-up is ASCIl. 1t allows you to see
the ASCII characters that are represented by the pattern you specified
in the Find Pattern field.

Base > ASCII

Find
Pattern $

Figure 5-36. ASCII Defined as Numeric Base

In the figure above, the Find Pattemn field is no longer a selectable field
when the base is ASCIl. If you touch this field, the message "ASCIl
entry not available” appears. You cannot enter ASCII characters
directly. You must specify a pattern in one of the other bases; then
switch the base to ASCIl and to see what characters the pattern
represents.

Menus



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 Pattemn field.

@3 Find Pattem  With the Find Pattern fields, you configure your timing analyzer to look
for a certain pattern in the data. Each iabel has its own pattern field
that you use to specify a pattern for that iabel.

During a run, the logic analyzer looks for a pattern in your data
generated by 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
find Edge fields. See the "Then Find Edge" section later in this chapter
for more information about edge triggering.

You specify a pattern by touching the Find Pattem field. A keypad
pop-up appears with which you enter the desired pattern. The pop-up
will vary depending on the base you choose and the number of
channels you assign to that label.

( stetesTiming €] ( Trece 1 ) |
(2425] Acquisition mode
(m' o (e ]l F ]/E)
LeJCe)
Bese > @[ 4
|

Labe!l > 8IT

Find
Pattern

present for
Then fing
Edge

Figure 5-37. Specify Pattern Pop-up for Find Pattern Field (HEX)

Enter your pattern in the pop-up and touch DONE. The pattern appears
under the label in the Find Pattern fieid.
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As mentioned in the previous section on the Base field, 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 number bases to enter the pattern,
then you can switch the base to ASCIl and see what ASCIi characters
the pattern represents. '

If you choose Symbols in the Bas'e field, you can use one of the
symbols specified in the Timing Symbol Tables as the pattern. The
Find Pattem field looks simitar to that below:

( State/Timing E J ( Trece )

Acquisition mode
Trensitional

4 Labe) > FREAD JGRITQ
Bose > ( Symdol JﬁoxJ

Find

Pattern Gsoluu 2425J (Tﬂg
present for @

Then (ind

Edge [ JrJ

Figure 5-38. Symbol Defined in Base Field
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" If you select this field you get a pop-up similar to that shown:

(stete/Timing € Trace 1) (rrint) ( Run )

Acquisition mode
Symbol Selection I Trensitions!
ortsat @

Lebdel > | READ
Bese > ! . Symbd
Find absolute

Pattern

present for [ »
Then find
Edge

|
g

Figure 5-39. Symbol Selection Pop-up Menu for Find Pattern Field

The pop-up lists all the symbols defined for that fabel. It also contains
an option absolute. Placing the blue bar on this option causes another
field within the pop-up to appear. This field is labeled oftset f .
The offset field lets you specify a pattern not given by one of your
symbols.

To select an option from the pop-up, use the KNOB to roll the symbols
up and down until the desired symboil is highlighted by the biue bar.
Touch Done to close the pop-up and place the symbol name in the Find
Pattern field under the label.

When you specify symbols in the Timing Symbol Tables, you aiso
specify the number of characters in the symbol name that are to be
displayed. If you specify to display only three characters of a symbol
name, only REA of READ and WRI of WRITE would be displayed in the
Find Pattem field. In addition, only the first three letters of absolute
would be displayed.

ey



Pattermn Duration
(present for )

- There are two fields with which you specify the Pattern Duration. They

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.

The first field can be set to > (greater than) or < (less than). When you
touch this field, 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
first 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, touch the second field to
get a pop-up keypad similar to the one shown:

ﬁtau/ﬁmngﬂ‘ Trece ! J ‘Prmt ‘ Run ]

Lebel > @D_#
F;:‘:um @ mm@@
prasent for (| @G@ .

! CLEAR | DONE ]

Figure 5-40. Pattern Duration (present for) Pop-up Menu

‘With the keypad enter the desired value and units for pattern duration,

then touch DONE. Your value for pattern duration will appear in the
field.
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As an example, suppose you configure thé present for field as shown:

sose > [ on ) (hen )

Find

Pattern { 0000 J( 0000 J

Th:dngefind( ]( J

Figure 5-41. Example of Pattern Duration > 50 ns

This configuration tells the timing analyzer to look for a certain pattern
specified by you that has a duration of 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 don't appear in the menu. For instance, if you
configure the present for field as shown: .

Find

Psttern [ 0000 J(OOOOJ
present for | 100 ns |

Figure 5-42. Example of Pattern Duration < 100 ns

The analyzer will trigger when the specified pattern has a duration less
than 100 ns. The pattern must aiso be valid for at least 20 ns.



@D Then Find Edge

With the Then find Edge flelds you can specify the edges (transitions)
of your 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 Pattam
fields. The logic analyzer triggers on an edge following the vaiid
duration of the pattern while the pattern is still present.

To specify an edge, touch one of the Then find Edge fields. You will
see a pop-up similar to that shown below.

(Slau/ﬂmmgﬂ ( Trece i) (Print ) Run

. l T H 4 “ T
| CLEHRll DONE ]
Bese >
Fingd

Pattern’ 0000 0000

Then find

Figure 5-43. Specify Edge Pop-up for Then Find Edge Field

Acquisition mode
Trensitionel

The top row of periods and arrows in 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 touch the |. The period changes to l.
To specify a positive edge, touch the 1 The period changes to 1

If you want the analyzer to trigger on either a positive or a negative
edge, touch the §. The period changes to }
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If you want to delete an edge specification, place the cursor on the
arrow for that channel and touch the . (period). To clear an entire
label, touch CLEAR in the pop-up.

When you have finished specifying edges, touch Done to close the
pop-up.

An example of a positive, negative, and either edge specification is
shown below. |

( stetesTiming E) (( Trece ! ) (print) ( rin )
AT _
Acquisition mode

Trensitional

I
o ooz (e

Find
Pattern 0000 0000
oraes 15 )

Then fing

Figure 5-44. Combination of Edges Specified

Note

When you close the pop-up after specifying edges, you
will see ($8..) in the Then find Edge field. These
indicate edges have been specified; however, the logic
analyzer can't display them correctly unless you have
selected Binary for the base.



Glitch Triggering. 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 brings up the following pop-up menu.

(Cstetarmiming €) (_Troce 1)

[llll.l.'lllll!lll
Acquisition mode

Lopel > | cu:nal[ DONE ]

Find

Pattern 0000 0000
s 1 )

Then find

or

Figure 5-45. Specify Glitch Pop-up for Then Find Glitch Field

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 touch the asterisk. The period is replaced with an
asterisk, indicating that the logic analyzer will trigger on a glitch on this
channel.

Note

If you select < (less than) in the present for field, edge
and glitch triggering are turned off. The Then find Edge
or Glitch fields no longer appear on the screen. The logic

" analyzer triggers on only the pattern specified in the
Find Pattern fields.
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( Stete/Timing € ) ( Trace 1 ) (print) ( Run )

[nu**..........--)
@(:] Giiteh
Lebel > | chanll DONE |
Bese > @

Fing
Pettern 0000 0000
ot 1oe )

Then find

or

Figure 5-46. Glitches Specified

If you want to delete a glitch specification, place the cursor on the
asterisk and touch the period. The asterisk is replaced with a period.

Note

When you close the pop-up after specifying glitches, you
will see dollar signs ($$.) in the Glitch field. These
indicate that glitches have been specified; however, the
logic analyzer can’t display them correctly unless you
have selected Binary for the base.

When you specify a glitch on more than one channel, the logic analyzer
logically ORs them together. In addition, the logic analyzer ORs the
glitch specifications with the edge specifications, then ANDs the resuit
with the pattern you specified in the Find Pattern fields in order to find
the trigger point. An equation illustrating this is:

(glitch + glitch + edge + edge) * pattern
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State Trace The State Trace Specification menu allows you to specify a sequence
Specification Menu of states required for trigger. The default setting for the menu looks
like that shown below.

(isuu/‘l't.mlng £) ( Trece2 B (Print ) CR“"J

Sequence Levels Armed by
Wnile storing ~anystete” Run

TRIGGER on “enystete 1 times

@ Store “enystate”

Branches

(=]
-
-

| &=C D
| D
¢ O ) ()
L | T

Figure 5-47. State Trace Specification Menu

The menu is divided into three sections: the Sequence Levels in the
large center box, the acquisition fields at the 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 on 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 ic 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 that you turn on or if only one anatyzer is on,
then the range term is assigned to it.
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Qualitier: a term you specify 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. When you select a field to specify a quaiifier, you will see
the following qualifier pop-up menu.

(stetesTiming €) (( Trece 2 ) (Print ) Run
[ tat ]
anystate -
'Innrt Level ' v 9 9 D
: no state n »h J
e L] ’ renge p j
(16ser on ) ( o - - renge j
¢ »C Compination —
Lebel>
Base> d g
it
0
b [ ] »e
¢ { wl l Done
¢ e’

Figure 5-48. Qualifier Pop-up Menu

If you select the Combination option in the pop-up, you will see a
pop-up similar to that shown below.
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Figure 5-49. Full Qualifier Specification Pop-up
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Note

If two multi-pod state analyzers are on, the qualitier
pop-up menu will show that only four pattern recognizers
are available to each analyzer. Pattern recognizers a-d
and the range recognizer go with 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 cne set of pattern
recognizers.

With this Full Qualifier Specification pop-up, you specify a logical
combination of patterns or a range as the qualifier. The pattern
recognizers are always partitioned into the groups of four as shown.

~ Only one operator is allowed betweer: the patterns in a group.
Patterns in uncompliemented form (a, b, etc.) can only be ORed. The
complements of patterns (ka, £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.

(Stetertiming €) (_Trece 2 )
E—— . .
8 ﬂﬁ e .':ﬂ' 11

- (29

- )
@J wg | OFf
rangs m or
Label> R ; ]

-Bose>

HEECES
or
o (o)

Figure 5-50. Complemented Patterns

S A " e A )

To specify a pattern to be used in the combination, touch the pattern
recognizer field. The field toggles from Off to On and a connection is
drawn from the pattern field to the gate. in figure 5-51, patterns b, ¢
and d and the range are ORed together, and #e and £g are ANDed
together.
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Figure 5-51. Patterns Assigned for Logical Combinations

a n o

As 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.

(stetesTiming €] ( Trece 2 ) (Print ) ( Run
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Figure 5-52. Range Specification Pop-up Menu

| |\ —

Otf 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, or in other words, "not-in-range.”
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Sequence Levels

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 you specified it.

While storing (“(b+c+d+range)+(#e-¢g)"J |

Figure 5-53. Boolean Expression for Qualifier

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, rotate
the KNOB.

If you select level 1 shown in figure 547, you will see the following
pop-up menu:

( State/Timing E) ( Trece 2 )

o

n\ -
"> Sequence Level 1 Delete Level

While storing ( “anystete” J

) (D) (D) e
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Figure 5-54. Sequence Level Pop-up Menu

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 5-54 are described on the following pages.
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n Insert Level To insert a level, touch the field labeled insert Level. You will see the
following pop-up menu.

( stete/Timing ] ( Trece 2 ) (print) ( Run )

Cence!

e storing (j “anystate” J

Before

'TRIGGER o After “e* l 1] times
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Figure 5-55. 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. After 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, touch the field labeied Delete

Menus
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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

If there are only two levels, neither field can be deleted
even though the Delete Level field still appears in the
menu. There will always be a 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 tc default terms, and, the trigger
and store term levels will remain.



Storage Qualifier

n Branching 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 5-48, with which you specify the qualifier.

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

white storing “at+d” D

Figure 5-56. Storage Qualifier Example

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

Every sequence level except the last has a primary branching 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 5-54, the branching quaiifier teils 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. ’
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Occurrence
Counter

@3 storage Macro
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The primary branching qualifier has an occurrence counter. With the
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, touch the field. You
will see a pop-up similar to that shown below.

Cstetermiming€) ((Trece z )
q ( Insert Le :] m
5 LIl
L) ) g o
l Do -

L;::.l: @
E— ! CLERR ’ ! DONE ‘
;

Fi gure §-57. Occurrence Counter Pop-up

[\ A WA A w2

You can enter the value by touching the appropriate numeric keys.
The qualifier can be specified to occur.from one to 65535 times.

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 5-54 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.

Then find L “anystate” j ( Ij times

Figure 5-58. Then Find Branching Qualifier



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.

( state/Timing g) ( Trece 2 )

—

Insert Level Sequence Level 2 Delete Lovel

While storing (

~anystate” ’

FMD‘! OQ r "anusteu" J C_'-J times

1\ DA G A A e

Store (

_)

Lebel>

Bese>
p———y Disedle on | “no stete” ) ' ll times

a o o o

{

! '

Figure 5-59. Sequence Level Pop-up Menu with Storage Macro On

Note

Enable on can only be the next to the last term, and when
on, the last term is combined with the Enable term. For
example, when you close the pop-up in figure 5-58, levels

2 and 3 will be combined.

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.
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As an example, suppose you configure the sequence level of figure
5-59 to look like that shown below.

Cuwrmme) (o)) o C=
i serine P
IS C— ).CD unes %
suore ( )F

Lebel>

225201 oisevte on ( -t~ ) @ times

Figure 5-60. Storage Macro Sequence Level Example

,
nnoo]

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

Sequence Leve s

While storing “anystete”
TRIGGER on “a” times

While storing “b”
Then find “c” 1 times

@ Store “no steate”

Figure 5-61. 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 ievel
2 the state given by pattern recognizer b is stored until one occurrence
of the pattern given by pattern recognizer ¢ is found and the logic
analyzer triggers. In level 3 nostate is stored, so the last state stored
is the trigger state.
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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 = 0000
c = 8930

MACHINE 2 - STATE LISTING
Label > A
Base > Hex

-0028 4E75

-0027 61E6

~0026 0000

-0025 88Cs8

~0024 BO3C

-0023 O0FF

-0022 6730

-~0021 48E7

-0020 - 4E75

-0019 3000

-0018 0000

-0017 8930

-0016 BO3C

-0015 0OFF

-0014 €7F8

-0013 BO3C

-0012 61FA

-0011 BO3C

~-0010 0000

-0009 8930

-0008 4EFA

-0007 FFOA

-0006 61E6

-0005 BO3C

-0004 0000

-0003 0000

-0002 0000

-0001 0000

+0000 8930

Figure 5-62. 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.
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Acquisition Fields  The acquisition fields are comprised of the Trace mode, Armed by,
Branches, Count, and Prestore fields, as shown below.

(stetesTiming E) (( Treco 2 ) 4——"
- .Segquence Leveis Armed by 2
Wnile storing “snystate”
TRIGGER on “anysteate” 1 times

Branches
Ca e

Prestore
Ce —a

Figure 5-63. State Trace Specification Acquisition Fields

Store “anystets”

& Run/Trace Mode  You specify the mode in which the timing analyzer will trace when you
touch Run. You have two choices for trace mode: Single and
Repetitive. When you touch Run and hold your finger on the field, you
will see the following pop-up menu:

( stete/Timing €] (. Trace 2 B Run
= : Singte
Sequence Levels T oy
While storing ~“enystate” go
TRIGGER on “onanatg“ 1 times Repetitive
ches
1 ]
@ Store “enystete” Cancel
orf

Prastore

o
=
-
-

oo | ) Gy
‘ XXX 'l XXX ,

) o)
(oo ) (Coxx )

Figure 5-64. Run field pop-up Menu

a o U o
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You select the trace mode by touching the Run fleld, and, without lifting
your finger from the screen, move it to the desired trace mode. When
you lift your finger, the logic analyzer traces data in the mode you
specify. If you wish to abort the trace after you touch Run but before
the trace starts, move your finger to Cancel before lifting your finger.

Single Trace mode acquires data once per trace. Repetitive Trace
mode repeats single acquisitions until Stop key is touched, or until
conditions specified with the X and O markers in the State Listing menu
are met.

Armmed By  The Armed By field is present when more than one analyzer is on at
the same time. The Armed by field lets you specify how your state
analyzer is to be armed. The analyzer can be armed by Run, the other
analyzer, or an external arm from the IMB (Intermodule Bus).
*Intermodule Measurements” are covered in chapter 10 of the HP
16500A Reference Manual.

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. With the menu, select the arming option for your analyzer.

(Stete/Timing E ) ( Trecs2 ) {print) ( Run )
Sequence Levels RACKINE 1
While storing “enystete” | Pun
TRIGGER on “enystete” 1 times Run
Store “anystete” ort
&
off
ofrf
——
o | R (o)
o | (R (oK)
e | (O (o)
| ¢ (o0 ) (CXxxx )

Figure 5-65. Armed By Pop-up Menu
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Branches

The Branches field allows you to configure the sequencer of your 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.

( Stete/Timing EJ FTrac. 24) ‘Prxnt l Run

Ssquence Levels
B i ofr Arn;;u by
While storing ~snystate un
1 | TRIGGER on “enystste” 1 times
Restert i b”’o"’c"'es
@ Store “enystete” - .
Per Level ‘ Cglr"{“
Prestore
ort
Loven> | (E_)
e | ) OGO
b XXXX XXXX
¢ (oo ) (Lo )

Figure 5-66. Branches Pop-up Menu

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

Restart. 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.

If you select the Restart option, you will see a qualifier pop-up menu
like that shown in figure 5-48. 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.
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Per Level. Selecting the Per level option aliows 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 ievel when a secified condition is met. An example of a
sequence level with a secondary branching qualifier is shown in the
following figure.

( stwetesmiming E) ( Trace 2 )
’ <
|2
a While storing L “b* j j
n Then fing L “er J ( !) times %
Level> Etse on -t ) g0 to tever @ —
Base>
o
b SECONDARY BRANCHING
¢ QUALIFIER
\ d 4

Figure 6-67. Secondary Branching

With this configuration, the state analyzer will store the state given by
pattern recognizer b until it finds the state given by c. If it finds the
state given by f before it finds ¢, 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.

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



(SteterTiming €) ((_Trece 2 ) (Print ) Run
- .

)

a Store ( “enystates ) :J]

)

Label> On F “e ) go to level @ =

L]

]

=
e '

Figure 5-68. Secondary Branch Qualifier in Last Sequence 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 e.

The trigger sequence level is used as a boundary for branching
between levels. This level and the levels that occur before it cannot
pranch 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 § can branch to levels 1 through §
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 Leveis display. Figure 5-69 shows how the
display looks with the configuration that was given in Figure 5-67. An
arrow is drawn out of level 2 to indicate that branching originates from
that level, and an arrow is drawn into level 4 to indicate that a branch is
going into that level. :
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(Stalc/Tlmlng_E)( Troce 2 ) (Print) ( ~un )
(Sequence Levels)

Whils stering “b~
Then find “c” 1 times
Else on “1* go to level 4 Brenches
While storing ~g¢~ fer Leve)
Then find “c~ 1 times
Count
of1f

While storing e~
Then fing “g~ 1 times Prestore
off
Ladel>

G )
‘ XXXX H XXXX
(o) (o
(o) (G

-

~

a o oo

Figure 5-69. Branching Between Sequence Levels

Each sequence level can branch to only one level through a secondary
branching qualifier. However, the number of times tc 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 that level.

(CswetesTiming €] ( Trace 2 ) (erint} (Run )
(chulnco Levels) Armed by
un

Hnile nortng “anystote”

it

Find “snystete 1 times
Else on "0” go to level 2 plarem:hes
b While storing “enystate” e revel
Then fing “0” 17 times c
Else on “g* go to level 3 g‘r‘?t
HWhile storing “un?slau'
3 | TRIGGER on “a” times Prestore |
€lse on “anystete” go to level 2 orf1
oo} (D@ )
R (Cxxxx ) (Cxxx )
v (Cosx ) (o0
¢ (oo ) (Cxoxx 3
L ¢ ( XXXX ]f¥ XXXX )

Figure 5-70. Multiple Branching Between Levels
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@3 count The Count field allows you to place tags on states so you can count
them. Counting cuts the acquisition memory in half from 1k to 512,
and the maximum clock rate is reduced to 16.67 MHz.

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

( stote/Timing E ( Trecet (print) ( Run )
Sequence Levels

H storing “enystate” Run

I on “8* t

-

™
‘ot

@ Store “anystate”
Time

States

hile
GGER imes
Branches
off
Count
' ort

Prastore
off?

Lebel>

(o (0006000 ) (Cxxxx )

» (O )

¢ (oo )

e
¢ Figure 5-71. 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 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.
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An example of a state listing with time tagging relative to the previous
state is shown below.

‘(stetesTimng £) (CListing 1 )

Markers Trig to X Trig to O X to O
Time 0 s , 0 s 0 s
Label: | | ADDR DATA Time
Bese> Hex Hex Reiotive
-7 00868CA QOFF 1.24 us
-6 0088CC §730 1.28 us
-5 000868CE 48E7 1.24 us
-4 O00B8FE 4E7S 1.72 us
-3 008900 3000 1.28 us
-2 0004F 4 0000 1.24 us
=1 0004F 6 8930 1.24 us
{ [¢] 030 Raxe 124 uys
1 000932 OOFF 1.24 us
2 008934 67F8 1.28 us
3 008936 803C 1.24 us
4 00892€ 61FR 1.72 us
S 008930 803C 1.28 us
6 0004F 4 0000 1.96 us
7 0004F 6 08930 1.52 us
8 008927 4aEFA 1.24 us

Figure 5-72. Relative Time Tagging

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

( stetesTiming €) (CListing 1)

Rerkers
Time

Trig to X Trig to O X to O
0 s 0 s 0 s

Label>| [ ADDR DATA Time
Base> Hex Hex Absolute
-7 00e8CA OOFF -9.24 us
-6 0088CC 6730 -7.96 us
-5 00808CE 48?7 ~6.72 us
-4 00B88FE 4E7S -5.00 us
-3 008900 3000 -3.72 us
-2 0004F 4 0000 =2.48 us
-1 0004F 6 9930 -1.24 us

 — —— 1152 [ I n_g
1 008932 QOFF 1.24 us
2 008934 67F8 2.52 us
3 008936 803C 3.76 us
4 00892€E 61FA 5.48 us
S 008930 803C 6.76 us
[} 0004F 4 0000 8.72 us
7 0004F 6 8930 10.24 us
-] 00892A 4EFA 11.48 us

Figure 5-73.

Absolute Time Tagging



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 5-48. You select the qualifier for
the state that you want to count.

In the State Listing, the state count is displayed 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 10'2

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

( stetesTiming £ ((Listing 1 ) (print ) ( Run )
Merkers
Lebel>) [ ADOR DATA STAT States
Bese> Hex Hex Hex Retative
0 0561 57 3
1 0564 aF 3 2
2 0S6E oF 3 1
3 0570 co 3 1
4 0576 co 3 30
:E’.D 0586 £ 3 se352
7 0567 o1 2 0
8 0564 4afF 3 S6448
9 0S6E oF 3 1
10 0570 cD 3 1
1n 0576 co 3 30
12 0578 co 3 28
13 0566 ES 3 56352
14 0567 [o3] 2

Figure 5-74. Relative State Tagging
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@3 Prestore

An example of a state listing with state tagging relative to the trigger Is
shown below.

( stetesTiming €) ((Lisung 1}
nerkers
ofrr
Labei>) [ROOR DATA STAT Stetes
e
Base? Hex Hex Hex Adbsolute
o 0561 57 3 0
1 0564 aF 3 2
2 0S6E OF 3 13
3 0570 co 3 14
a4 0576 co 3 44
0378 co 3 73
g ] 0566 ES 3 56425
7 0567 ()] 2 56425
[} 0564 aF 3 112873
9 0S6E OF 3 112084
10 0570 co 3 112085
1 0576 co 3 112815
12 0578 co 3 112644
13 0566 €6 3 169296
14 0567 ot 2 169296

Figure 5-75. Absolute State Tagging

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 5-48, from which you choose the pattern, range or
combination of patterns and ranges that you want to prestore,

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.



R

Qualifier and
Pattern Fields

@B Label

The qualifier and pattern fieids 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.

Lover> | (F_~—6B
) (xxxxxx)
(o)~

Figure 5-76. Qualifier and Pattern Fields

The Label fields display the labels that you specified in the State
Format Specification 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.
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Base The Base flelds aliow you to specify the number 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 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. When you decide which base you want to define your pattern in,
select that option.

( Stete/Timing EJ CTreco 1 ) -&rxnﬂ ( Run j

nce Levels
Binery
While s stete”

TRIGGER © times
@ Store arr

Hex Prastore
orf

Lebel> A ASCII
Base> Hex
Symbol
e (Xxxxxi,
>
¢
| o ) (o)

Figure 5-77. 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

You cannot define ASCII characters directly. You must
tirst define the pattern in one of the other number 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.
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Qualifier Fleld

If you select the qualifier tield, you will see the following pop-up menu.

1 Print ' Run '

(Suu/hmingg ( Trece ! )

Sequence Levels

®hile storing ~enystete”
TRIGGER on “n“g Y times

0f 1
of1

Store “enystete”

Figure 5-78. Qualitier 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 5-76 contains only the recognizers a-d.

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

( StetesTiming E) ( Trece v

Sequence Levels

While storing ~anystete”
“ 1

TRIGGER on “e imes
|
@ Store ~anystate” oLt

Lebel>
Bese>

range:
upper

louer

000000

LK

| )

Figure 5-79. Range Qualifier and Pattern Fields
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@3 Pattem Fields
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Only one range can be defined, and it can be defined over only one
label, hence over only 32 channels. The channels don't have to be
adjacent to each other. The logic analyzer selects the label over which
the range will be defined 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.

The pattern fieids 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.
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Interpreting the Display

This chapter describes the Timing Waveforms and State Listing menus

Introduction
and how to interpret them. it also tells you how to use the fields in
each of these menus to manipulate the displayed data so you can find
your measurement answers.

|

The Timing The Timing Waveforms menu is the display menu of the timing

Waveforms Menu

analyzer. It is accessed by selecting Waveform 1(2) in the pop-up that
appears when the field second from the left at the top of the screen is
touched. It will automatically be displayed when RUN is selected.

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.

(SteterTiming €) ((Heverorm 1 ) Gomen) (R )

Empu periog = 10.000 "'J
s/Div [ Deley Herkers
200 ns 0 s ort

CARS l_____f_—

Figure 6-1. Timing Waveform Menu and Display

interpreting the Display
: 6-1



Timing Waveforms

Menu Fields

Interpreting the Dispiay
6-2

The waveforms area displays the data 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 difference between an oscilloscope display and
the timing waveforms are: the vertical axis only displays highs (above
threshold) and lows (below threshold); lows are represented by a darker
line for easy differentiation.

( State/Timing E) (Nevﬁorm lj G:encﬂ) ( Run ]
Accumuiate At

( or1 j [x nerk'r] !
$/Div Deloay flerkers X to 0 Trig to X Trig to O
S00 ns 0 s Time 0 s 0 s 0 s
OCK WW

T 1 T \ I — T L —
| 1 [ T 1 T

2 [ X -

2 b JFSSUNN S — st

A

A

A

Al

1l
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|

DPPDODDDDDIV/VODDVOD O

F
H
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A
A

L A

A
A [}

Figure 6-2. Timing Waveforms Menu with 24 Waveforms

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

LSlut-/Timing E) ( Weveform 2 ) ‘Cancnl Run
[ Accuo";ur"“} [ X m‘::kor} !

8/0iv Deley fNerkers X to O Trig to X Trig to O
500 ns 0 s Time 0 s 0 s 0 s

Figure 6-3. Timing Waveforms Menu Fields




=
Markers (Timing) The Markers field allows you to specify how the X and O markers will
be positioned on the timing data. The options are:

off

Time
Patterns
Statistics

Markers Off/- When the markers are off they are not visible and the sample rate is
Sample Period  displayed. In transitional timing mode, the sample rate will always be
10 ns. In Glitch, the sample period is controlled by the s/Div setting
and can be monitored by turning the markers off.

Note

The sample period displayed is the sample period of the
fast acquisition. If you change the s/Div setting, you
must touch Run to initiate another acquisition before the
sample period is updated.

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.

( stetesTiming £) (Havoforg_) ﬁ\-@ (‘_Rvn—j

|semplc period = 10.000 ns l
$/01v Deley (mrkcrs ‘
300 ns [ ors

Figure 6-4. Markers Off

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:

e Time Trig(ger) to X
e Time Trig(ger) to O
e TimeXtoO

Interpreting the Display
6-3
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To position the markers, touch the appropriate field for marker
selection. The field will turn light blue and can then be set using the
knob. The Trig to X field controls the green marker and the Trig to O
field controls the yellow marker. The trigger point is displayed with the
red marker. To set the markers at a predetermined time relationship,
touch the field a second time, the field will turn white and a numeric
keypad will appear. Set the desired time reference, including the time
units on the right column of the keypad, and touch done to close the

pop-up.

When the X to O field Is light blue, both markers can be moved with the
knob, but the relative placement between them will not change.

(Cstetermiming €) (Hoverorm 2 )

l“““o'“f"f"“l [“'ﬁ’—* )

2] 5 oD
(o) [FUVHUY
(»=) e
G =

AS

—T]
LDs | ]
— )

_]
(1]
-

DTACK ‘-17

R cLERR | [ DONE

ADDR o

i 8 1 L T

Figure 6-5. Time Reference Pop-up



Markers Pattern

When the markers are set to pattern you can specify patterns that the
logic analyzer will place the markers on. 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.

( stete/Timing E ) ( Havetorm 2
Accumulate X-pattern from Trigger O-pattern from
ort 0 0 Trigger
s/01v ‘ Deley nerkers X to 0 Specify
200 ns 0 s Pattern 0 s Patterns

Figure 6-6. Markers Patterns Menu

Patterns for each marker (X and O) can be specified. Patterns can be
specified for both markers in each label, however, the logic analyzer
can only search one label at a time. You can also specify whether the
marker is placed on the pattern at the beginning of its occurrence
(entering) or end of its occurrence (leaving).

Another feature of markers set to patterns is the Stop measurement
when X-0 , which is in the pop-up that appears when you select
Specity Pattemns. The options are:

off

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 O marker).

Note
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 O markers are in range of
200 ns, you should set the range values to 190 ns and
210 ns. This eliminates erroneous measurement
termination.

Interpreting the Display
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Markers Saﬂsﬂa

Accumulate
Mode
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When statistics are specified for markers, the logic analyzer displays:

¢ Number of total runs

o Number of valid runs (runs where markers were able
to be placed on specified patterns)

¢ Minimum time between the X and O markers

e Maximum time between the X and O markers

e Average time between the X and O markers

Statistics are based on the time between markers which are placed on
specific patterns. If a marker pattern is not specified, the marker witl
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
(single or repetitive). ‘

in repetitive, statistics will be updated each time a valid run occurs until
you press Stop. When you touch Run after Stop, the statistics will be
cleared and will restart from zero.

In single, each time you touch 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 O markers between runs.

Accumulate mode is selected by toggling the Accumulate On/Off field.
When accumulate is on, the timing analyzer displays the data from a
current acquisition on top of the previously acquired data.

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 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 acquistion
with the Stop key or when changing menus.



At __ marker

The At X (or O) marker fields allow you to select either the
X or O markers. You can place these markers on the waveforms of
any label and have the logic analyzer tell you what the pattern is. For
example, in the following timing waveforms display, the number 35 to
the right of the field containing ADDR Is the pattern in hexadecimal that
is marked by the X marker. The base of the displayed field is
determined by the base of the specified label you selected in the timing
Trace menu. You can toggle the At__ marker field between the X an
O markers.

(suunlmmgg ( Hovetorm 1 ]
(““‘E‘i“:‘“j [ X ,m::knrJ 35

Nerkers
Time

|
|

Dbhbbhbhm
DPOHDODDD DD DNDODVD00

OTXIOOOOO DD DHD D DD DDIOCT

1 e
—
-
[ =
Supee
= —

Figure 6-7. At X Marker ADDR fields

This display tells you that the pattern on the lines in the address label
where the X marker is located is 35H.

Interpreting the Display
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The next field to the right of the At__ marker field will pop up when
selected and show you all the labels assigned to the timing analyzer as

shown below.
( StetesTiming £) ( Maverorm 2 ) {Print) ( Run )
[ “cc‘ﬂ?"'] [ X n::un cLock
/01y Dele nerk 0 Trig to X| [Trig to O
S00 ns o s [ Time | % j [1.540 usJ 1.540 u_s]
P e
— I woe —
—— 1 uos — —
! = ul {
——— | Y [r—
\e—————— pTAcKk [
——
am— = ———
Iy ADDR
A pATA - —
Figure 6-8. Label Option Pop-up
.
s/Div (seconds- The seconds-per-division field allows you to change the time window of

per-division) Field  the Timing Waveforms menu.

To activate the s/Div field you must touch the field. The field will turn
light blue indicating it can be controlled by the knob. The knob can
increment or decrement the s/Div setting in a 1-2-5 sequence. If you
touch the field again, a pop-up appears. Using the keypad on the
pop-up you can change the seconds-per-division by entering integers
and units. The range for the s/Div field is 10 ns/div to 100 s/div.

When you enter a value from the keypad, the seconds-per-division does
not have to be a 1-2-5 sequence.

Interpreting the Display
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Delay Field

Note

Sample period is fixed at 10 ns in the Transitional
acquisition mode. In Glitch mode, changing the s/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 touch Run.

The delay field allows you to enter & delay. The delay can be either
positive or negative. Delay ailows you to place the time window
(selected by s/Div) of the acquired data at center screen.

The center tic mark at the horizontal center and top of the waveforms
area represents trigger + delay. The red vertical dotted line represents
the trigger point (see figure 6-9). :

(suu/nmngg ('Navﬂormg ‘Concall ‘ Run |
(om™) (o marsac) —

s/Dtv Deloy NMarkers X to 0 Trig to X| fTrig to O
S00 ns 1,00 us Time 0 s 100.0 us 100.0 us

= T 1 1 I
s 1 Iy I
:::"‘ [ L LI
aooR ¢ [ | [ 1
DATA “1L_——] | —T T ]

Figure 6-9. Trigger and Trace Points
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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 s/Div.and
Delay.

In Glitch mode the maximum delay is 25 seconds, which is controlled by
memory and sample period (512 X 50 ms). The sample rate is also
dependent on the delay setting. It is represented by the following
formula:

if delay < 20 ns
Hwdelay = 20 ns (this is an instrument constant)
if delay > 10 ms
Hwdelay = 10 ms
else Hwdelay = delay (delay setting in waveforms menu)

Sample period = larger of:

s/Div - 25 or

absolute value [(delay - Hwdelay) - 256}
If sample period > 50 ms
Then sample period = 50 ms

The State Listing
Menu '

Interpreting the Display
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The State Listing menu is the display menu of the state analyzer. It is
accessed when the state analyzer is on. It will automatically be
displayed when you press RUN.

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

((Stete/Timing € ) (Listing 1 ) (erint) m

fHarkers Trig to X Trig to O X to 0
Time 0 s 0 s 0 s

Lebel>] | ROOR DATA Time
Base> Hex Hex Relative

-7 0088CA OO0FF 1.24 us
-6 0088CC 6730 1.28 us
-5 0086CE 48E7 1.24 us
- 00B8FE 4E7S 1.72 us
-3 008900 3000 1.28 us
-2 0004F 4 0000 1.24 us
=1 0004F 6 8930 I.gd us
l ;i 1.24 us
1 008932 OOFF 1.24 us
2 006934 67F8 1.28 us
3 008936 BO3C 1.24 us
4 00892E 61FR 1.72 us
S 000930 B03C 1,20 us
6 0004F 4 0000 1.96 us
7 0004F6 8930 1.52 us
] 00892/ 4EFA 1.24 us

Figure 6-10. State Listing Menu

This listing display shows you 16 of the possible 1024 lines of data at
one time. You can use the knob to roll the listing to the lines of
interest. '

The column of numbers at the far left represent the location of the
acquired data in the state analyzer's memory. The trigger state is
always 0. 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). The Time or States column is on when you select either
of these in the Count field of the Trace Menu.

The Time column displays either the Relative time (time from one state
to the next) or Absolute time (time from each state to the trigger). The
States column displays the number of cualified states Relative to the
previously stored state or the trigges (absolute).

Interpreting the Display
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S.tate Listing Menu The menu area contains fields that allow you to change the display
Fields parameters, place markers, and display listing measurement

parameters.

( StetesTiming €] (Listing 1 )

‘Prin( | ' Run ’

(ﬂc;l‘t:.:s ][ Trig ;o)’( J Trig ;ol’J . [ X too !.'ns ]
Figure 6-11. State Listing Menu Fields
|
Markers (State) The two markers (X & O) are horizontal lines that appear crossing the

data area of the display when they are turned on. Each marker has a

unique color and the border of its respective marker field is the same

color. The default color for the X marker color is green and the default
color for the O marker color is yellow. The Markers field allows you to

specify how the X and O markers will be positioned. The marker

options are:

If Count is off (as specified in the Trace menu):

e Off

® Pattern

If Count is on Time (as specified in the Trace menu):

e Off

Pattern

.
® Time
°

Statistics

If Count is on States (as specified in the Trace menu):
e Off

e Pattern
e States

Interpreting the Display
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Markers Off

Markers Pattern

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.

When the markers are set to patterns, you can specify patterns on
which the logic analyzer will place the markers. You can aiso 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.

(StetesTiming €) ((Listing 1 )
Rerkers Fing from
Pettern x=pattern 0 Trigger
Figure 6-12. Markers Pattern

Patterns for each marker (X and O) can be specified. Patterns can be
specified for both markers in each label. The logic analyzer searches
for the logical "and" of patterns in up to 20 labels.

in the X (O)-pattern 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:

e Trigger

e Start (of a trace)

e X Marker (only available when searching for
the O marker).

(stetesTiming E) ( Listing 1) (_P-m Run
farkers Fing ° Trigger
Pattern o-pattern
Petterns [00225C |[ O4FE | Stert
Lebel> ADDR DATA
X merker
Bese> Hex Hex

Figure 6-13. Search Reference Pop-up
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Markers Time

Interpreting the Display
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Another feature of markers set to patterns is the Stop measurement
when X-O . which is found in the Specify Patterns field. The
options are:

off

Less than
Greater than
in range
Not in range

This feature is only availabie when Count is set to Time in the Trace
menu. With this feature you can use the logic analyzer to iook 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 O marker.

Note

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 O markers are in range of
200 ns, you should set the range values to 190 ns and
210 ns. This eliminates erroneous measurement
termination.

When the markers are set to Time, you can place the markers on
states in the listing of interest and the logic analyzer will tell you:

® Trig(ger) to X
® Trig(ger) to O
® Time Xto O

To position the markers, touch the field of the marker you wish to
position.

( StetesTiming £) (" Listing 1 ) (print) ( Run )

Herkers Trig to X Trig to O X to 0
Time 0 s 0 s 0 s

Figure 6-14. Markers Time



Markers
Statistics

Markers
States

The Time X to O field will change according to the position of the X and
O markers. It displays the total time between the states marked by the
X and O markers.

When statistics are specified for markers, the logic analyzer will display
the:

e Total runs

e Number of vaiid runs (runs where markers were able to be
placed on specified patterns)

e Minimum time between the X and O markers

e Maximum time between the X and O markers

e Average time between the X and O markers

How the statistics will be updated depends on the state trace mode
(single or repetitive).

In repetitive, statistics will be updated each time & valid run occurs until
you touch Stop. When you touch Run after Stop, the statistics will be
cleared and will restart from zero.

in single, each time you touch Run an additional valid run will be added
to the data and the statistics will be updated. This will continue uniess
you change the placement of the X and O markers between runs.

When the Count is set to State in the State Trace Specification menu,
you have the option of placing the X and O markers on states of
interest in the listing and the logic analyzer will tell you:

o Trig(ger) to X
* Trig(ger) to O
e X to O (x)

This feature is similar to “Markers Time" except the number of states
are displayed instead of time.

Interpreting the Display
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Timing/State When both timing and state analyzers are on, you can display both the
Mixed Mode State Listing and the Timing Waveforms simultaneously as shown.
Display
( StetesTiming £) (Mixed Display)
Laun] [RooR ] [oATA ] Time
Bese> | [THex [ Hex |[ Relative
-3 008900 3000 7.20 us
-2 0004F4 0000 1.24 us
0 o004Fe 8930 1124 us
1 0003 OFF 1.24 us
2 008934  67F8 1.28 us
3 008936  BO3C 1.24 us
l $/01v l Delay l X to O Trig to X|gTrig to O
S00 ns 0 s 0 s 0 s 0 s
s
L0S m—— L
uos .
OTAcK o T (- ) I
ADDR o
oATA o= —t— i

Figure 6-15. Timing/State Mixed Mode Display

The data in both parts of the display can be time correlated as long as
Count (State Trace menu) is set to Time.

The markers for the State Listing and the Timing Waveform in
time-correiated 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-corretated Mixed Mode even though you have
placed them in the individual displays.

Interpreting the Display
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M

State/State

Mixed Mode

Display

When two state analyzers are on, the logic analyzer can display both
state listings as shown in figure 6-16. The acquired data of both
machines is interlaced.

The State/State mixed mode can be set up in either Listing 1 or Listing
2. For example, the mixed display In figure 6-16 is in Listing 1. The
data acquired by machine 1 is displayed with the state location
numbers centered in the far left column. The data acquired by machine
2 is displayed with the state location numbers offset to the right of this
column.

To time correlate data from two state machines, the Count (State
Trace Menu) for -both machines must be set to Time.

(StetesTiming ) ((Listing ! )

Harkers
ofrf

Label> | | ADOR Z80 Mnemonic ] [oATA STATUS Time
Bese> Hex hex l ASCII Symbo! Relati
] <ENG> RX
1 <ACK> ™ 38.46
o1 0396 IN_ A.IC) 713.0
1 0397 78 opcoge fetch . 680
2 6106 21 1/0 reed 920
3 03CS ouUT (C1.A 7.24
4 03C6 7% opcode fetch 680
H 6008 21 {/0 urite 920
2 ! RX 27.28
6 0396 IN A, IC] 469 .4
7 0397 78 opcods fetch 680

Figure 6-16. State/State Mixed Mode Display

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.

Interpreting the Display
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To display a two state mixed mode listing you must start with a single
state listing. In this example, Listing 1 is the starting point. The
desired display is:

addresses of machine 1

inverse assembled data of machine 1
data on the data bus of machine 2
status of machine 2

Start with the Listing 1 display by touching the STAT field. The
following pop-up appears:

' Suu/‘l’lmnga u.uung 1 | Prinq L Run |
ors

Ladbel> | | ADOR 280 Hnemonic ] Sinl T

Dase> Hex hex ] I Symdol Rel

Lobel Hechine
STAT Stete/Timing E~ 280

1 6
2 9
3 AT oo 7.
4 03C6 79 opcone fetch OPCODE FETCH 6
S 6008 21 1/0 Nrite 170 9
6 0396 IN o] DPCODE FETCH 496
7 0397 78 opcoao fetch OPCODE FETCH 6
8 6006 E2 {/0 reoad .1/0 READ 9

Figure 6-17. Machine and Label Pop-up

With this pop-up you can select a label from either machine to be
displayed where the label "STAT" is now displayed. In this example,
you want the data from machine 2. Touch the *Machine -
State/TimingE- Z80" field.

When the pop-up appears, choose the machine that will supply data for
the display. Since you want to see the data from the data bus of the
other state analyzer (State/Timing E-RS232 PORT), touch this field in
the pop-up.



The pop-up will close and machine 2 will supply data for this label
location on screen.

iming £) ((Listing 1 ) (print) (_Run )
Steate/Timing E- 260
Laoel> T
Base> | Symbo! Rel
Lebdel
ADOR
2 9
3 A R or e 7.
4 03C6 79 opcode fetch OPCODE FETCH 6
S 6008 21 i/70 urite I1/0 WRITE 9
6 0396 IN A, [C) OPCODE FETCH 496
7 0397 76 opcode fetch OPCODE FETCH 6
8 6006 €2 1/0 resd 1/0 READ 9

Figure 6-18. Machine Selection Pop-up

You now must specify what label you want from machine 2. The field
to the left of the machine pop-up allows you to select a label from the
jabels assigned to machine 2. Touch this field to view the labels
assigned to machine 2. ]

( stetesTiming £) ((Listing 1) (print) ( _Run )
o1t

Label> | | ADOR 260 Nnemonic J“ T
. pase>) [ Hex | nex ]r_—swn—oo_l_j Rel

Lebe) " nechtne
STATUS Stete/Timing E-RS232 PORT

2 9
3 Iy T oo 7.
a 03C6 79 opcode fetch OPCODE FETCH 6
S 6008 2) :/0 ur:ite 1/0 WRITE 9
6 0396 IN A, LC) OPCODE FETCH ag6
7 0397 78 opcode fetlch 0PCODE FETCH 6
8 6006 E2 1/0 reec 170 READ El

Figure 6-19. Machine 2 Label Field
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When the pop-up appears, touch the "DATA" field.

( StetesTiming €) ((Listing 1) (Print) Run
ATA
[L.MI)] ADOR o c Slnl j
Bese> Hex STATUS [ Symbo! [ rel

Label Machine
[ T DATAH Timing E~RS232 PORT

Count
2 9
3 e T 7.
4 03C6 79 opcods fetch OPCODE FETCH 6
S 6000 21 {/0 urite I/0 WRITE 9
] 0396 IN A, IC) QPCODE FETCH 496
7 0397 78 opcode fetch OPCODE FETCH 6
8 6006 E2 {/0 reed 1/0 READ 9

Figure 6-20. Machine 2 Labels Pop-up

When you are finished selecting the machine and the label, touch Done
to close the original pop-up. The data from machine 2 replaces STAT

in Listing 1. :

e —

Time-Correlated The HP 16510A Logic Analyzer can time-correlate data between the
Dlsplays timing analyzer and the state analyzer and between two state
analyzers. .

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.

Interpreting the Display
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7

Using The Timing Analyzer

P

introduction

In this chapter you will learn how to use the timing analyzer by setting
up the logic anaiyzer to make a simple measurement. We give you the
measurement results as actually measured by the logic analyzer, since
you may not have the same circuit available.

The exercise in this chapter is organized in a task format. The tasks
are ordered in the same way you wili 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 5. 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.

R

Problem Solving
with the
Timing Analyzer

In this exercise, assume you are designing a dynamic RAM memory
(DRAM) controlier 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 you
have an HP 16500A/510A on your bench. since the timing analyzer will
do just fine when you don't need voltage parametrics, you decide to go
ahead and use the logic analyzer.

Using the Timing Analyzer
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What Am | Going
to Measure?

How Do |
Configure the
Logic Analyzer?

Using the Timing Analyzer

7-2 :

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 —] , [

CAS I ﬁ

Figure 7-1. RAS and CAS Signals

In order to make this timing measurement, you must configure the logic
analyzer as a timing analyzer. By following these steps you will
configure Analyzer 1 as the timing analyzer.

If you are in the State/Timing E Configuration menu you are in the right’
place and you can start with step 2; otherwise, start with step 1.

1. Touch the field in the upper left corner of the display and select
State/Timing E.

2. In the State/Timing E Configuration menu, change Analyzer 1
type to Timing. If Analyzer 1 is already a timing analyzer, go on
to step 3.
a. Touch the field Type:

b. When the pop-up appears, touch Timing.



3. Name Analyzer 1 "DRAM TEST" (optional)
a. Touch the field to the right of Name: of Analyzer 1.

b. Using the alphanumeric keyboard pop-up, change the name
of Analyzer 1 to “DRAM TEST." o

4. Assign pod 1 to the timing analyzer.

a. Touch the Pod 1 field.

b. When the pop-up appears, touch DRAM TEST (or Machine
1) to assign pod 1 to Analyzer 1.

“C Stete/Timing € ) |connguralirﬂ (conce ) (  Run )
Anslyzer | Anslyzer 2

Neme: { DRAN TEST

Unessigned Pods
( Pag 1 ) ( Pod 2 )
) )
{ Pod 3 )
| .
( Fooz

A
{ Pog S R

|

Figure 7-2. State/Timing E Configuration Menu
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Connecting At this point, if you had a target system with a 4116 DRAM memory IC,
the Probes 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 When the logic analyzer is connected and your target system is
indicators  running, you will see two : at the right-most end (ieast significant bits)
of the Pod 1 field in the State/Timing E Configuration menu. This
indicates the RAS and CAS signals are transitioning.

( StetesTiming € (Conr1guration)

Anslyzer 1 Anelyzer 2

Neme: | DRAM TEST
- Unessigned Pods

ACTIVITY INDICATORS

Figure 7-3. Activity Indicators

L

Configuring Now that you have configured the system, you are ready to configure
the Timing the timing analyzer. You will be:

Analyzer

® Creating two names (labels) for the input signals
® Assigning the channels connected to the input signals
® Specifying a trigger condition

Using the Timing Analyzer
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1. Display the Timing Format Specification menu.
a. Touch the field second from the left in tﬁe upper left corner.
b. When the .pop-up appears, touch the Format 1 field.
2. Name two labels, one RAS and one CAS.
a. Touch the top field in the label column.
b. When the pop-up appears, touch Modify Label.

¢. Using the alphanumeric keyboard, enter the label RAS and touch
DONE.

d. Touch the next field down from the RAS label and repeat steps b
and c for the CAS label.

(StoterTiming €) (_Format 1 )

RAS | [+ [ ceoeeriiieenn- -
CAS | |+ | [erreseeieees -

ors
off
off
orf
orf
ort

Figure 7-4. Timing Format Specification Menu

Using the Timing Analyzer
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3. Assign the channels connected to the input signals (Pod 1 bits 0
and 1) to the labels RAS and CAS respectively.

a. Touch the bit assignment field below Pod 1 and to the right
of RAS.

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 touch CLEAR to
un-assign any assigned bits before you start.

c. Use the knob to position the cursor on bit 0 (right most bit)
in the bit assignment pop-up and touch the asterisk field.
This will place an asterisk in the 0 bit. Touch DONE when
the asterisk is in place.

d. Assign Pod 1 bit 1 to the CAS label by touching the CAS bit
assignment field and placing the cursor on bit one and
touching the asterisk. Touch DONE when compiete.

Using the Timing Anaiyzer
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S

Specifying a
Trigger
Condition

To capture the data and then place the data of interest in the center of
the display of the timing waveform 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. Display the Timing Trace Specification menu.
a. Touch the field second from the left in the upper left corner.
b. When the pop-up appears, touch the Trace 1 field.

2. Set the trigger so that the logic analyzer triggers on the
negative-going edge of the RAS.

a. Touch the Then find Edge field under the label RAS.

b. When the pop-up appears; touch the field with the arrow
pointing down. This selects a negative-going edge. Touch
DONE when your selection is complete.

ﬁuu/ﬂmng £) ( Troce I_J

Acquisition mode
Trensitional

Fing
e

Then find

Figure 7-5. Timing Trace Specification Menu
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Acquiring
the Data

Using the Timing Analyzer
7-8

Now that you have configured and connected the logic analyzer, you
acquire the data for your measurement by touching the Run field. The
display switches to the Timing Waveforms menu when the logic
analyzer starts acquiring data. The logic analyzer will look for a
negative edge on the RAS signal and trigger if it sees one.

( stetesTiming £]) (( wevetorm 1) (cencer) (( Run ]
Accumulete At ’
(Peeimeet ) ( x mameer ) 280
$/04v [ Delay Markers X to 0 Trig to X)| fTrig to O
100 ns [ Time 710 ns 0 s 710 ns
CAS aJ

Figure 7-6. Timing Waveforms Menu

If this is the first time you acquire data and you have not previously set
up the Timing Waveforms menu, you will see a label named "RAS" and
a label named "CAS all." The "CAS all* indicates all bits assigned to
the CAS label will be displayed. In this example, "CAS" and “CAS all"
will be the same since only one bit has been assigned to the CAS label.
To turn on just the “CAS" label and delete the "CAS all" label, follow
these steps:

1. Touch the large blue field where the "CAS all" label resides.

2. When the pop-up appears, place the cursor on the “CAS all"
label and touch the Delete fieid.

3. Touch the “CAS" field and the "CAS" label will appear below the
"RAS" label.

4. Touch Done when you are finished.
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e

( Stote/Timing E ) (( Woveform 1 ) (cencet ) ( Run )
Accumutete At -
(Feometete ] ([ maerer) (o8 0
s/Div Delay nerkers X toO Trig to x| §Trig to O
100 ns [ 2 ) Time 710 ns 0 s 710 ns
|
CAS

I

Figure 7-7. RAS and CAS labels

The RAS 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).

Using the Timing Analyzer
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The Timing
Waveform Menu

The Green and
Yellow Dotted Lines

The timing waveform 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:

e The green and yellow dotted lines
¢ The red dotted line

The X and O are markers are green and yellow vertical dotted lines
respectively. You can use them 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 O markers will be in
the center of the display when X to trig(ger) and O to trig(ger) are both
0.000 s (see example below).

The X marker displayed is green and the O marker displayed is yellow.
The trigger marker is red.

The Red The red vertical dotted fine indicates the trigger point you specified in
Dotted Line the Timing Trace Specification menu. The red dotted line is at center
screen and is superimposed on the negative-going edge of the RAS
signal.
|

Configuring
the Display

Using the Timing Analyzer
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Now that you have acquired the RAS and CAS waveforms, you need to
configure the Timing Waveforms menu for best resolution and to obtain
your answer.



Display You get the best resolution by changing the seconds per division (s/Div)
Resolution to a value that displays one negative-going edge of both the RAS and
CAS waveforms. Set the s/Div by following these steps.

RS T I
CAS l r

Figure 7-8. RAS and CAS Signals

1. Touch the s/Div field one time (the field will turn light blue) to
allow you to adjust the horizontal scaling with the front-panel
knob. Touch the s/Div field one more time (the field will turn
white) and use the keypad pop-up to select any scaling you
desire.

2. While the field is light blue, rotate the knob until your waveform
shows you only one negative-going edge of the RAS and one
positive-going edge of the CAS waveform (see above). In this
example 200 ns is best.

( stetesTiming £) ﬁaveforrn 1j
Accumulete At 0 .
ore X merker
s/Div Deloy rerkers X to 0 Trig to X Trig to O
200 ns 0 s Time 0 s 0.s 0 s
RAS r
CAS L___[—_

Figure 7-9. Waveform at 200 ns/Div

Using the Timing Analyzer
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Making The
Measurement
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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 O 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 (green) should be on this
edge if the X to Trig field = 0. If not, follow steps 1 and 2.

1.

Touch the Trig to X field. The field will turn light blue. At this
time you can either adjust the X to trigger time using the
front-panel knob, or touch the field again and use the keypad to
set the time to 0. Notice that this step has superimposed the X
marker (green) over the trigger marker (red).

Touch the Trig to O field. The field will turn light blue. At this
time you should use the front-panel knob to set O marker
(yellow) on the positive going edge of the CAS waveform. It is
possible to touch the field again and use the keypad pop-up to
set the desired time, however, you do not know the time to set
it to. The knob allows you to place the marker wherever you
want it to be.

(

State/Timing €] ( Woveform 1 ) (print) ( Run )

Accumulate At
(2e=m ) ( x maneer ) CREE_ )0

(

s/Div Delay Narkers X to 0 Trig to X Trig to O
200 ns 0 s Time 0 s 0 s/ |\

e IS R

|

Figure 7-10. Marker Placement
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Finding the
Answer

Your answer could be calculated by adding the Trig to X and Trig
to O times, but you don't have to. The logic analyzer has already
calculated this answer and displays it in the X to O field on the

display.

This example indicates the time is 710 ns. Since the data book
specifies a minimum of 250 ns, it appears your DRAM controller
circult is designed properly.

( StetesTiming £ ) ( nevetorn 1) (Prxﬂj ( & )

Accumulate At - 0
ort X merker

$/04v
200 ns

llw Merxers Trig to Trig to O
Time 710 ns

["RAS

|

CAS

Figure 7-11.Time X to O
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Summary
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You have just learned how to make a simple timing measurement
with the HP 16510A logic analyzer. You have:

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 s/Div for best resolution

positioned the markers for the measurement answer

You have seen how easy it is to use the timing analyzer to make timing

measurements which 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.

The next chapter teaches you how to use the state analyzer. You will
go through a simple state measurement in the same way you did the
timing measurement in this chapter.

ooy
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Using The State Analyzer

I

Introduction

In this chapter you will learn how to use the state analyzer by setting
up the logic analyzer to make a simple state measurement. We give
you the measurement results as actually measured by the logic
analyzer, since you may not have the same circult available. -

The exercise in this chapter is organized in a task format. The tasks
are ordered in the same way you will most likely use 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 aiso an
example of each menu after it has been properly set up.

How you use the steps depends on how much you remember from 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.

I

Probiem Solving
with the
State Analyzer

In this exampie assume you have designed a microprocessor controlled
circuit. You have completed the hardware, and the software designer
has completed the software and programmed the ROM (read-only
memory). When you turn your circuit on tor the first time, it 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 itis a hardware or software problem. You need
to do some testing to find a solution.

Using the State Anaiyzer
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What Am | Going
to Measure?
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You decide to start where the microprocessor starts when power is
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.

The steps of the 68000 reset vector fetch are:

1. Set the stack pointer to a location you specify which is in ROM at
address locations 0 and 2.

2. Find the first 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 first
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 to and of the data in ROM at
these addresses. If the reset vector fetch is correct (in this example),

" you will see the following list of numbers in HEX (default base) when

your measurement resuits are displayed.

+0000 000000 0000
+0001 000002 04FC
+0002 000004 0000
+0003 000006 8048
+0004 008048 3E7C

This list of numbers will be explained in detail later in this chapter in
“The State Listing.”

I

How Do |
Configure the
Logic Analyzer?

In order to make this state measurement, you must configure the logic
analyzer as a state analyzer. By following these steps you will
configure Analyzer 1 as the state analyzer.

if you are in the State/Timing E Configuration menu you are in the right
place and you can start with step 2; otherwise, start with step 1.

1. Using the field in the upper jeft corner and the field second from
the left of the display, get the State/Timing E Configuration
menu on screen.

a. Touch the field on the left and when the pop-up appears,
touch the field labeled State/Timing E.

b. Touch the field second from the left. When the pop-up
appears, touch Configuration.

2. In the State/Timing E Configuration menu, change the Analyzer
1 type to State. If Analyzer 1is already a state analyzer, go on
to step 3. .

a. Touch the field to the right of Type:

b. Touch the field labeled State.

Using the State Analyzer
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3. Name Analyzer 1 68000STATE (optional)
a. Touch the field to the right of Name:

b. When the aiphanumeric keyboard pop-up appears, touch the
appropriate keys to change the name to 68000STATE.

¢. Touch DONE when you finish entering the name.
4. Assign pods 1, 2, and 3 to the state analyzer.

a. Touch Pod 1 field if it is not aiready assigned to the state
analyzer.

b. In the Pod 1 pop-up, touch the field labeled 68000STATE.
c. Repeat steps a and b for pods 2 and 3.

The display should refiect the configuration shown below:

( Stete/Timing EJ (Con“gurouon) ‘Prinl l Run
Anelyzer 1 Anglyzer 2
Neme: [ 66000STATE
Unassigned Pods
(  Poal ) Pod S Yl | Pog 4 )]
\ J D R U J
{ Pod 2 )
| P ——— )
( Pod 3 R
 ————— ),

Figure 8-1. State/Timing E Configuration Menu

e



I

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 have
assigned labels ADDR and DATA, you would hook the probes to your
system accordingly.

e Pod 1 probes 0 through 15 to the data bus lines DO through

D15.

® Pod 2 probes 0 through 15 to the address bus lines A0 through
A15. .

e Pod 3 probes 0 through 7 to the address bus lines A16 through
A23.

e Pod 1, CLK (J clock) to the address strobe (LAS).

Activity When the logic analyzer is connected and your target system is
Indicators  running, you will see 4 in the Pod 1, 2, and 3 fields of the State/Timing
E Configuration menu. This indicates which signal lines are

transitioning.
( State/Timing E ) {Configuration) (Print ) Run
Analyzer 1 Aneliyzer 2

Nome: | 60000STATE
Unessigned Pods

Pod 1 ) [ Pod S ) (L Pod 4 |
(s3zsssessessess |\ _.o.oo---oooooo- D R . )
Pod 2 ’
(3iszzsssssssssss )
Pad 3
Ceirsssssssssss )

Figure 8-2. Activity Indicators

Using the State Analyzer
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Configuring - Now that you have configured the system, you are ready to configure
the State the state analyzer. You will be:
Analyzer '

® 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
1. Display the State Format Specification menu.
a. Touch the field second from the left at the top of the screen.

b. When the pop-up appears, touch the field labeled Format 1.

(StetesTiming €) (( Formet 1 ) (Crrine) ( Ren )
)
Jt
Pod E3 Pod E2 Pod E)
( hast )( A (. ™ )
( Clock )( Ctock )( Clock J
-_ol FE A A T L AU T AN P | AR -y AN
POD 1 b .. e [[oresenneccaneas]
ort
orf
orr

or¢
orr
orr
orf

Figure 8-3. State Format Specification Menu
2. Name two labels, one ADDR and one DATA.

a. Touch the top field in the label column.

Using the State Analyzer
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( stetesTiming E ) ( Formst 1 )
P—

Turn Label Off - J(ﬁ P:_:LE‘A’ J( P:‘:’LE' J
ocx ) Clock  J(___ Cloex J

07 .... 0 1S ... 87 ....0 1S ... 87 0

. ...Tﬂ-TF..........;;;.j

flodify Lebel

Turn Ledel On

orf
ors
orf
orr
orrs
orf
off

Figure 8-4. Label Selection
b. When the pop-up appears, touch Modify Label.

¢. With the alphaneumeric keypad, change the name of the
label to ADDR.

d. Touch DONE to close pop-up.

e. Name the second label DATA. '

State/Timing £) ( Formet 1 )
P

Pod E3 Pod E2

) ()™ )
( cioek  J(____ Clock ) cleex )

secssosssnsssese

) 1S ... 87 ....

orr
orf

Figure 8-5. State Format Specification with Labels Assigned
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3. Assign Pod 1 bits 0 through 15 to the label DATA.

a. Touch the the bit assignment field below Pod E1 and to the
right of DATA. You will see the following pop-up.

{ stete/Timing €) ( Format 1 )

Grm LRun

Jr

Clopk

b}

Pod EI

() Come

ars

Any combination of bits may already be assigned to this pod; however

Figure 8-6. Bit Assignment Field

you will want all 16 bits assigned to the DATA label.

b. Using the knob, place the cursor on each un-assigned bit

one at a time and touch the asterisk (*) field. When all 16

bits are assigned, touch DONE to close the pop-up.

&nu/ﬁming E) ( Format 1 ) (Pr;nlj ( Run ]
L Clock ]
Jt
Pod E3 Pod E2 Pod E!
m ) ™ ) ™ )
J)(
ADOR | [+ f ) ..o e csasscssercccnes
DATA | |+ (|- v e cscsssesceccanes
orr
orr
ors
orr
orr
orr
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Figure 8-7. Pod E1 Bit Selection



4. Assign Pod E2 bits 0 through 15 to the label ADDR by repeating
step 3.

5. Assign Pod E3 bits 0 through 7 to the label ADDR.

The State Format Specification menu should now look fike that below.

( stetesTiming £ ( Formet 1 )
P
Jt
Pod E3 Pod E2 Pod EI

(- m™ ) ™ ) ™ )
C cioex ) croex ) Clock )

Pol 18 TTI87IIiTo 15 .- aFioo 1587 .0
aor | [+ 1[...-. TP T |

[»7:3 (- T B I [ S | R R seccsncvsenancen
orr
orf
orf
oft
orf
ort

Figure 8-8. State Format Specification Menu with Bits Assigned
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Specifying the
J Clock
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If you remember from "What's a State Analyzer” in Feeling Comfortable
With Logic Analyzers, the state analyzer 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. Display the State Format Specification menu.
2. Set the J Clock to sample on a negative-going edge.

a. Touch the field labeled Clock.

( stetesTiming €) ( Formet 1 ) (erint) ( Run )
Jr
Pod E3 - Pod E2 Pod EI
(. _m ) T ) m
(G Clock [Clock )
por 14 o TR
AODR IE ""L"“ ............
DATA F+ | 1. [ eveacecnann
ort
e ——
orf
ore
ofr
ort
off

. Figure 8-9. Clock Selection



b. In the pop-up, touch the field to the right of J.

( StetesTiming €) ( Formst 1 ) (print) ( run )
Jt
Pod E3 Pod E2 Pod EI

™ ) ™ (™ )

Clock Clock l

Jt
el CoR oL CnlCn) wawenl
- boassvsevessss

Figure 8-10. J Clock Selection

c. Touch the field with the arrow pointing down to select a
negative going edge.

( stete/Timing £ ( Formet 1 ) (print) ( Run )
Pog E2 Pod E!

( m . m )

ort Clock m__)

T
T MDROBLCBLCH] wwwwenl

4 prosccssasans

—!!!!!!——

orf Lou
off

ort High
orf )

Figure 8-11. Negative-edge Selection

3. Turn off all other clocks (K-N) if any are on by repeating steps a
through ¢ using the Off option and then touch Done to close the

poOp-up.

Using the State Analyzer
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The State Format Specification menu should look like that shown
below.

(Stetertiming €) ( Formst 1 )
[.u clock J '

Pog E3 Pod €2 Pod El
(. ™ ) m ™ )
( cleek  J( Crocx J( creck )

DATA | [+ ] .. cvvieevivoana ] errererernnnanan seccccscssassccy

Figure 8-12. State Format Specification Menu
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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. Display the State Trace Specification menu.
a. Touch the field second from the left at the top of the screen.

b. Touch the field labeled Trace 1.

( stetesTiming £) ( Trece 1)

Sequence Levels

While storing "onv:uu"
TRIGGER on “8* times

Store “onystote”

Prastors

-
-

a } (xxxxxx)(xxxx)
’ Qoronnx ) (X )
¢ Qo) (o)
Lo ) &) D)

Figure 8-13. State Trace Specification Menu
2 Set the state analyzer so that it triggers on address 0000.

a. Touch the 1 in the Sequence Levels field of the menu.

Using the State Analyzer
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( StatesTiming €) ( Trace t ) (?rln() ( Run )

e 2
Sequence Level |
Khile storing ( “anystete” ] %
‘T‘RXGGER on ] ( ~a* I ( IJ times ]
Leabel>
Bese>
P
]
b
;
I —

Figure 8-14. Sequence Levels

b. In the pop-up. touch the field to the right of the TRIGGER on
field. This field may either contain a or anystate.

Another pop-up appears showing you a list of “TRIGGER on" options.
Options a through h are qualifiers that aliow you to assign a pattern for
the trigger specification.

c. Touch the field with the “a" option.

C stete/Timing € ) (( Trece 1 ) (Print) ( Run )
snystete -
'Inur( Level I v g 9 l
no stote h »h j
L
(] e range j
(rrseer on ) ( b b « renge ]
¢ »C Combination »
Lebel>
Base> g nd
]
b e e
¢ f wf l Done
(¢ —

Figure 8-15. Sequence Level Option Selection
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d. Touch the field labeled Done in the Sequence Levels pop-up.

e Touch the field to the right of "a” under the label ADDR.

Fuu/nmng_s) (f'rr-c-l_J (print ) ( rvn )
i 2 o e (R ]
| D(’J[’D(_]
noos
vl S0
ﬂ =! X =| cuzm!! DONE |
¢ (oo000) (L xox )
| &0

Figure 8-16. Address pattern Selection Keypad

f. With the pop-up keypad, touch the 0 (zero) key until all
zeroes appear in the display space above the keypad. Touch
the Done field to close pop-up.

(—suu/nmmg_z_) ( trece 14) (print) (fnung

50qucnc

e @ D[—J D
9 R' B P::ogf:":rc

_ e

| RS @m(‘a@

KKK KRR

Figure 8-17. Setting the Pattern
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Your trigger specification now states: "While storing anystate, trigger
on "a” 1 times and then store anystate.” .

( stete/Timing £) ( Trece 1 ) .

Sequsnce Levels

Khile storing “e”
TRIGGER on

[ 1 times
Store “anyststs”

Labsl> ADDR

(s | 000000 ) ( XXXX
b | (ooxe) (Cxxex )
¢

L o (XXX ) (XXX

Figure 8-18. State Trace Specification

When the state analyzer is connected to your circuit and is acquiring
data, it continuously stores until it sees 0000 on the address bus, at
which time it begins to store anystate until the analyzer memory is

filled.
™
Acquiring To acquire the data, you touch the green field in the upper right-hand

the Data corner of the screen labeled Run. After touching the Run field, don't lift
: you finger off the screen.

Using the State Analyzer
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(stoul‘l’tmngg ( Trecer )

Sequence Levels

While storing “e”
“v

TRIGGER on 1 times

Stors “snystets”

Pun

Single |
Repetitive
ches
{
Cancel
int

of

(s | 000000 ) (XXXX )
v (o) (1000 )
. (o) (Coox )

L ) 0o )

Figure 8-19. Acquiring Data

When you touch the Run field a pop-up appears next to it with the
options Single, Repetitive, and Cancel. Without lifting your finger from
the screen., move it to the field labeled Single. Single will turn white.

( stets/Timing £) ( Troece v

Print

Sequence Levels

While storing “a*
TRIGGER on "o~ 1 times

Store ~“anystate”

Repstitive

Ceance!

int
01

Lebel>
(o W (000000 ) (Coxx )
> (oo ) (00X )
c (omoonx ) (Coexx)
e ) (woeme0) (o )

Figure 8-20. Single Acquisition
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If you want to go to the state listing menu before taking a
measurement, touch the field second from the left at the top of the
screen. When the pop-up appears, touch the field labeled Listing 1.

Since you want to capture the data when the microprocessor sends
address 0000 on the bus after power-up, you touch the Run field 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.

we'll assume this is what happens in this example, since the odds of
the microprocessor not sending address 0000 are very low.

( Stete/Timing e) ((Listing 1) (print ) ( Rrv )

Label> ADDR DATA
Base> Hex Hex

=7 0086C4 4E7S
-6 0088C6  61E6
-5 0004F0 0000
-4 0004F2 88co
=3 0080Co 803C
=2 0088CA QOFF

04FC
000004 gggg} RESET VECTOR FETCH ROUTINE

GQOMAMN—HL
o
g
o
o
o
o
o

008050 6100

Figure 8-21. State Listing

PV
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The State -

Listing

The state listing displays three columns of numbers as shown:

( StatesTiming E ((Listng ) (print ) Run

Label? ADDR DATA
Dese> Hox- Hex
4€TS

-7 _0088C4

£ 0088C6  S1ES
-5 0004F0 0000
-4 0004F2  88C8
-3 0088C8  BO3C
-2 0088CA  OOFF

SYATE LOCATIONS

Figure 8-22. State Listing

The first column of numbers are the state line number locations as they
relate to the trigger point. The trigger state is on the line 0 in the
vertical center of the list area. The negative numbers indicate states
occurring before the trigger and the positive numbers indicate the
states occurring after the trigger.

The second column of numbers are the states (listed in HEX) the state
analzyer sees on the address bus. This column is labeled ADDR.

The third column of numbers are the states (tisted in HEX) the state
analyzer sees on the datz bus. This column is labeled DATA.

Using the State Analyzer
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Finding the
Answer
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Your answer is now found in this listing of the states *0000 through
+0004.

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, & high word and a low word.  When the software
designer programs the ROM he must put the stack pointer focation 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:
1. Set the stack pointer to be set to 04FC,

2. 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. ’

You look at the following listing and see that states 0 and 1 do contain
address locations 0 and 2 under the ADDR label, indicating the
microprocessor did look to the correct locations for the stack pointer
data. You aiso 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.



So far you have verified that the microprocessor has performed the
correct 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 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 000000 0000 (high word of stack pointer location)
+0001 000002 O04FC (low word of stack pointer location)
+0002 000004 0000 (high word of instruction fetch location)
+0003 000006 8048 (low word of instuction fetch location)
+0004 008048 2E7C (first microprocessor instruction)

{ stete/Timing £) ( Listing 1)

ADDR ATA
Lave)> | | 0 | D ]
Sese> Hex Hex

008ec4d 4ETS

000006 8048
008048 2E7C st INCORRECT DATA

-7
-5
-5
-
-3
-2
-
T 000000 0000
]
2
3
4
s
6
7
® 008050 6100

Figure 8-23. State Listing

Using the State Analyzer
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Summary

Using the State Analyzer
8-22 '

You have just learned how to make a simple state measurement with
the HP 16510A Logic Analyzer. You have:

specified a state analyzer
learned which probes to connect
assigned pods 1, 2, and 3
assigned labels

assigned bits

specified.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 microprocessbrs. You can use this technique anytime
you need to capture data on muitiple lines and need to sample the data
relative to a system clock.

The next chapter teaches 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.
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Using the Timing/State Analyzer

-}

Introduction

In this chapter you will learn how to use the timing and state analyzers
interactively by setting up the logic analyzer to make a simple
measurement. We give you the measurement results as actually
measured by the logic analyzer, since you may not have the same
circuit available.

The exercise in this chapter is organized differently than the two
previous chapters. Since you have already set up both the timing and
state analyzers, you should be ready to set them up for this
measurement by looking at the menu pictures.

Any new set-ups in this exercise will be explained in task format steps
like the previous chapters.

How you use the steps depends on how much you remember from
previous chapters. |f you can set up each menu by just looking at the
menu picture, go right 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.

Using the Timing/State Analyzer
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Problem Solving
with the Timing/
State Analyzer

What Am | Going
to Measure?

In this example assume you have designed a microprocessor controlled
circuit. You have completed the hardware, and the software designer
has completed the software and programmed the ROM. 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. The
problem now requires some testing to find 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.

To see what might be causing the failure, you decide to start where the
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:

® whether the microprocessor addresses location 8330
e whether all the addresses within the routine are correct
¢ whether all the data at the addresses in the routine are correct

If the routine is correct, the state listing will display:

+0000 008930 BO3C
+0001 008932 61FA
+0002 008934 67F8
+0003 008936 B03C
+0004 00892E 61FA

Using the Timing/State Analyzer
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How .DO | 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.
( Stste/Timing 3 (Contiguration) {(concer) ( Rvn )
Anslyzer 1 Analyzer 2
-
Unassigned Pods

Pod 1 ) { Pod 4 B

(R — ) | EEE I T )
Pod 2 ] - L PodS )

) | —
P03 .

=)

Figure 9-1. State[Timing E Configuration Menu

Using the Timing/State Analyzer
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Configuring
the State
Analyzer

Now that you have configured the system, you are ready to configure
the state analyzer.

Configure the State Format Specification . (Format 1) as shown:

( state/Timing €] (C Format 1 )

Clock
Jé

Pod E3 Pod E2 Pod EI

(—m ) m ) m )

( cioex J( croek J( crock )

Laoet )l por 15 7 ... 0 15 .87 o_ 15 87 0

ao0R | [+ |[........ I |

DATA | 1+ | vt b eeee i csvecancccsnccnn
ort
ore
off
orf
ort
orf

Figure 9-2. State Format Specification Menu

Configure the State Trace Specification (Trace 1) as shown:

( StetesTiming € ( Trece 1 ) (Print]

Sequence Levels

Hhile storing “a~
TRIGGER on “e&* 1 times

T

Branches

Store “snystete”

-
-

Count
o1 f
Prestore
11

| @& G

| D GED

¢ (0000) (_Xxx )

Lo ] (oos) (xoomx )

Figure 9-3. State Trace Specification Menu

Using the Timing/State Analyzer
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I

Connecting
the Probes

N

Acquiring
the Data

At this point, if you had a target system with a 68000 microprocessor,
you would connect the logic analyzer to your system. Since you have
assigned labels ADDR and DATA, you would hook the probes to your

system accordingly.

e Pod 1 probes 0 through 15 to the data bus lines DO through D15

e Pod 2 probes 0 through 15 to the address bus lines A0 through
A15

e Pod 3 probes 0 through 7 to the address bus lines A16 through
A23

e Pod 1, CLK (J clock) to the address strobe (LAS)

Since you want to capture the data when the microprocessor sends
address 8930 on the bus, you press the Run field 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. :

we'll assume this is what happens in this example.

R

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
tollowing correct addresses and data:

+0000 008930 BO03C
+0001 008932 61FA
+0002 008934 67F8
+0003 008936 BO3C
+0004 00892E 61FA

Using the Timing/State Analyzer
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As you compare the state listing (shown below), you notice the data at
address 8932 is incorrect. Now you need to find out why.

(_stete/Timing €) ((Listing 1) (Print ) ( Run )

Harkers Trig to X Trig to 0 X toO
Time 0 s 0 s 0 s

Lobel>) [AODR DATA Time

Pase> Hex Wex |[ Reletive

-7 0Q868CA O0FF 1.24 us

-5 oosacc 6730 1.28 us

-5 00BBCE 40E7 1.24 us

-~ 0008FE 4E7S 1.72 us

~3 008900 3000 1.28 us

=2 0004F 4 0000 1.24 us

=1 0004F 6 8930 1.24 us

T oomesp _moxc 124 ys

1 008932 OOF F. 1.24 us
2 000934 67F8 Q8 us
008936 B°3C‘\1.2\GU‘\|NCOQEECT DATA

3

4 00892€ 61FR 1.72 us
S 008930 803C 1.26 us
6 0004F 4 0000 1.96 us
7 0004F 6 8930 1.82 us
8 00892A 4EFA 1.24 us

Figure 9-4. Incorrect Data

Your first assumption is that incorrect data is stored in 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 the data at
address 8932 is correct. The software designer tells you that the data
is correct. Now what do you do?

Using the Timing/State Analyzer
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What Additional
Measurements
Must | Make?

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.

Since the problem exists during the routine that starts at address 8930,
you decide you want to see the timing waveforms on the address and
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
waveforms with the timing diagrams in the 68000 data book.

Your measurement, then, requires verification of:

e correct timing of the control signals
e stable addresses and data during the memory read

The control signals you must check are:

system clock

address strobe (AS)

jower and upper data strobes (LDS and UDS)
data transfer acknowledge (DTACK)
read/write (R/W)

Using the Timing/State Analyzer
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How Do |
Re-configure the
Logic Analyzer?

Connecting the
Timing Analyzer
Probes

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 on
address 8930.

Configure the logic analyzer so Analyzer 2 is a timing analyzer as
shown:

( stetesTiming €] (Configuration) 'Prsnlvl Run

Analyzer 1 Analyzer 2

Nome: [ 60000STATE Name: | 68000TINNG
Unassigned Pods

{ Poc | ) ( Pod 4 )
(e D S (O )
( Poa 2 Y ( Pog 5 )
| ) S U )
( Pod 3 )
J

Figure 9-5. State/Timing E Configuration Menu

At this point you would connect the probes of pods 4 and 5§ as follows:

Pod 4 bit 0 to address strobe (AS)

Pod 4 bit 1 to the system clock

Pod 4 bit 2 to low data strobe (LDS)

Pod 4 bit 3 to upper data strobe (UDS)

Pod 4 bit 4 to the read/write (R/W)

Pod 4 bit 5 to data transfer acknowledge (DTACK)
Pod 5 bits 0 through 7 to address lines A0 through A7
Pod 5 bits 8 through 15 to data lines DO through D7

¢ & & ¢ 0 0 o o

Using the Timing/State Analyzer
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Now that you have configured the system, you are ready to configure
the timing analyzer.

Configuring the
Timing Analyzer

Configure the Timing Format Specification (Format 2) as shown:

(CStete/Timing £) ((_Formet 2 ) (print) ( Run )

C~~ =™ )

Pol 15 87 . ... 0 15 ... 87 o
CLoCcK T B | B R R R R ..
AS L3 B I | EE R R R .
LDS PO B | PP TR ...
et
uos P B RN | R R ...
DTACK N 1 ISP I “ ...
R/M P B R | RN - ...
ADDR L2 R BN wsseseen || ...l
-
DATA + YT T T UL I | TR R R R
—

Figure 9-6. Timing Format Specification Menu

Configure the timing Trace specification (Trace 2) as shown:

( Stete/Timing E ) ( Trece2 (print ) Run

(o) (ecoox ) (s J(eos J(uos ) (ommex J(am )

Base > (Nex Jﬁoxj( Hex ](an Jﬁgﬁaxj

Find

O i [ | SR [ | S |
present for @

Then find

OO

Figure 9-7. Timing Trace Specification Menu

Using the Timing/State Analyzer
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. Setting the Your timing measurement requires the timing analyzer to display the
Timing Analyzer timing waveforms present on the buses when the routine is running.
Tngger 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 (Trace 2).
2. Touch the field labeled Armed by Run.
3. In the pop-up, touch the field labeled 68000STATE.

Your timing Trace specification should match the menu shown:

( stete/Timing ) ( Trace 2 ) (Pnnf] ( Rrun )
STATE ANALYZER
oy doososr
) ) E e ) ) ) )
pore > (wex J(wox J{nox ) (nen J (o J (v )
e | S | G G | G0 G,
present for @

Then find

e () JC CIJC IC

Figure 9-8. Armed by 68000STATE

Using the Timing/State Anaiyzer



Time Correlating-
the Data

in order to time correlate the data, the logic analyzer must store the
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 (Trace 1).

2. Touch the field labeled Count Off.

3. In the pop-up, touch the field labeled Time.

The counter will now be able to keep track of time for the time
correlation.

(isuulﬂmngj_) ( Trece )

Sequence Levels
While storing “an?suu"
“ times

TRIGGER on “e
ort Branches
off
Stors “enystete” .
Lount
' ot
Prastore
States ore

Lopel> ADDR
o Rcole=s
b (om0 ) (oox )
¢ (@000 ) (0% )
Lo (o ) (Oxnx )

Figure 9-9. Count Time

Using the Timing/State Analyzer
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The Timing
Waveform Menu

Displaying the
Waveforms

After pods 4 and § are connected, you can re-acquire the data.
However, first assign the labels in the Timing Waveform menu.

Display the Timing Waveform menu. Touch the long blue field on the
left side of the screen. The pop-up should look like that below:

( Stete/Timing E) (( Waveform 2 ) (print ) { Run )
[“"‘8’3“1'“’] ['x m::korJ °

s/Div Delay Merkers X toO Trig to X| [Trig to O
500 ns 0 s Time 0 s 0 s 0 s
Heveform Selection

Chennel ftode Action
Delete
[ Sequentiel ] [ Insnr&J ( J

Lebels

CLOCK | DTACK
As R/W

LDS ADDR

Figure 9-10. Timing Waveform Menu

Touch the labels CLOCK, AS, UDS, LDS, DTACK, and R/W in that
order. They will appear in the blue label area.

( stetesTiming ) ( Heverorm 2 )
() (i) G0

s/Div Delay Markers X to O Trig to X Trig to O
500 ns 0 s Time 0 s 0 s 0 s

CLOCx Woveform Selection

hs Chenne! fode Action
Delete
uos Sequential Insert

LDS Labels

DTACK CLOCK | DTACK

R/W AS R/W
LDS ADDR

Figure 9-11. Waveform Selection Menu Labels

Using the Timing/State Analyzer
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This is not the order we want them in. We want LDS before UDS. To
correct this, follow these steps:

1. Use the knob to place the cursor on the label LDS in the long
blue label field.

2. Touch the field labeled Delete. This erases LDS.

( stetesTiming E) ((Revetorm 2 ) (print ) ( Run )

s/D1v Deley Herkers X to O Trig to x| fTrig to O
500 ns 0 s Time 0 s 0 s 0 s
OCK

Waeveform Selection
AS

P
Cheanne! Hode Action
i Delete
uos Sequentiel Insert }

LDS Lebels
DTACK CLOCK | DTACK
R/W AS R/M

L0S ADDR

Figure 9-12. Delete Label

3. Use the knob to place the cursor over the label AS. Touch the
_Lps tield under Labels in the pop-up.

( stetesTiming £) ( Maverorm 2 ) (Print ) ( ren )
(Pe=mes ) ([ mavr) 0

8/04v Deley Narkers X to O Trig to X| §Tr1g to O
S00 ns 0 s © Time 0 s c s G s

Weveform Selection

AS Channel flode Action
Delste
uDs Segquentisal Insert

DTACK Lebels
R/W cLock DTACK
a5 R/W

ADDR

Figure 9-13. Replace Label

Using the Timing/State Analyzer
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LDS appears in the blue label area in the correct position.

( Stete/Timing £ ) ( Haverorm 2 )
Accumulate l At

[ ores [4} markcr] cLock °
$/0tv Deley X to O Trig to X
S00 ns 0 s ¢ s 0 s

Weveform Selection

S Chennel fode Action
Delete
LDS Sequentiei Insert

Herkers
Time

UosS Labels
DTACK cLoCK DTACK
R/H AS R/N

Los ADOR

Figure 9-14. Labels in Correct Position

Now we want to put ADDR and DATA in the long bilue label area.

Position the cursor on R/W in the long blue iabel field. Touch ADDR
under Labels in the pop-up. Since ADDR has eight bits assigned to it,
eight labels appear in the label field, one for each bit, as shown.

' States/Timing Ej (Navuorm 2 J
(oo ) (x moeer) 0

$/0iv Deley Nerkers X to 0 Trig to X| §Trig to ©
$00 ng 0 s Time 0 s 0 s 0 s
las

Weveform Selection

bg: Chennel mode Action Delete
DTACK Sequentiel . Insert

R/W
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR

Labels

CLock DTACK

AS R/W
LoS ADDR

Figure 9-15. Timing Waveform Menu with Labels

SNOPUNRUN —~-O

Using the Timing/State Analyzer
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This also occurs for DATA, as shown:

ﬁlau/ﬂmang EJ ( Navcformg
l accumuleﬂ (x mrkeJ m

s/014v Dolag Herkers X lo 0 Trig lo x| fTrig lo 0
S00 ns Time

Heveform Selection

henne! Node Action I
Delete
FSlqucnuol J [Inserl J

—vuuu
[}
x

Lebels

CcLoCK DTACK

AS R/W
LDS ADDR

Figure 9-16. Individual Data Labels

COOOTOTIO)
=0T e Te e DODDPDDDDIOOCT
=t == DO IO X

DDDD DD DDV DO

NPUBAN—O AR~

if you want to see the waveforms of each bit, you would leave the
display as it is. However, this makes the waveform display very
crowded. An easy solution is overlapping the waveforms.

Overlapping A convenient method of displaying the waveforms of all the bits in
Timing Waveforms ADDR and DATA is to overlap them. To overlap the bits for ADDR and
those for DATA, follow these steps.

1. Delete all the ADDR and DATA bit labels that were put in the
label field in the last section.

Using the Timing/State Analyzer
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2. Touch the filed labeled Channel Mode Sequential.

( statesTiming £) ((Hevetorm 2 ) (Print ) ( Run )
[ aecmuuj (x .::"J o (

s/Div Deley Nerkers X to 0 Trig to X} [Trig tc O
500 ns 0 s Time 0 s 0 s 0 s

LLOCK

Woveform Selection

" ction Detlate
Los R lndlvldut] hsert
oS Ladels ) Sequentie)

T
DTACK cLock DTRCK Overlay
R/W AS R/W
LoS ADOR
uos DATA

Figure 9-17. Channel Mode Sequential Menu
3. In the new pop-up, touch the field labeled Overiay.

(_stete/Timing E) ((Navetorm 2 ) (print) ( Run ) . (
() (o) )

$/01v Detay Narkers X to 0 Trig to X| §Trig to O
500 ns 0 s Time 0 s 0 s 0 g

Weveform Selsction

:zs Indlvldyal :::::] Locuu]
uos Lobels Sequentiel

OTACK | | cLock | oTack

R/H AS R‘/“

Los AODR

Figure 9-18. Overiay Selection

Using the Timing/State Analyzer
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4. Touch the ADDR label field under Labels.

5. Touch the DATA labe! field under Labels. The screen should
look like that shown below.

( stete/Timing £ ) { Hevetorm 2 ) (Print ) ( Run )
{Accmu{lou) (x m::kor} o

$/04v Deley Nerkers X to O Trig to X| §Trig to O
500 ns 0 s Time 0 s 0 s [
OCK K

Kaveform Selection

AS Chennel Node Action
Delete
LDS Overley Ingert

U0S Labels

DTACK cLock | pTack

R/M AS R/R

AODR oW | |pg ADDR

DATA afl uos DATA

Figure 9-19. Overlapped Waveforms

In the long blue label field ADDR and DATA have "all” next to them to
show that the bits are overlapped. Touch the Done field to close the
pop-up.

Re-acquiring
the Data

Now you are ready to acquire the data. Touch Run. The logic
analyzer will display the timing waveforms, unless you switched to one
of the state analyzer menus, in which case the state listing will be
displayed. Regardiess of which menu is displayed, change the display
to the Mixed Mode Display.

Using the Timing/State Analyzer
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Finding the As you look at the overlapping waveforms, you notice there are

Answer transitions on the data lines during the read, indicating the data is
unstable, which is the probable cause of the problem you've been
looking for.

You have found what is causing the problem in this routine. Additionat
troubleshooting of the hardware will lead you to the actual cause.

(stetesTiming E) (nixed Disproy)
Label> ADDR DATA Time
Bese> Hex Hex |[ Relative
-3 000900 3000 1.28 us
-2 0004F 4 0000 1.24 us
-1 0004F6 8930 1.24 us
_D.O.ES}Q_.M}C 124 us
1 0068932 O0FF 1.24 us
2 008934 67F8 1.28 us
3 000936 B03C 1.24 us
s/Div Delay X to O Trig to X|@Trig to O
S00 ns 0 s 0 s 0 s 0 8
RS
LDS
uos
otac =T T [ —
7
ADDR -eTf T ) I I
DATA on 1 I L) Ab===£#.

UNSTABLE DATA

Figure 9-20. Mixed Mode Display with Unstable Data

Summary You have just learned how to to use the timing and state analyzers
interactively to find a problem that first appeared to be a software
problem, but actually is a hardware problem.

You have learned to:

trigger one analyzer with the other
time correlate measurement data
interpret the Mixed mode display
overlap timing waveforms

Using the Timing/State Analyzer
9-18



1 0 'Using a Printer

S
Setting Printer All printer parameters are set in the System Coafiguration menu. If you
Configuration have just connected your printer and are unsure of how to set the

configuration, refer to the HP 16500A Reference Manual chapter
entitied "Connecting a Printer.”

The HP 16500A supports HP-1B and selected RS-232C printers.

All the pictures in this manual were taken from an HP 16500A with one
HP 16510A logic analyzer card. If the screens on your instrument
differ from the pictures in this manual, it simply means that you have a
different card configuration. All other functions will work the same
except where noted.

e

Printing Options Al logic analyzer menus include a Print field in the upper right of the
screen. If you are in the Format menu and touch the Print ti_eld. a
pop-up like the one shown below appears.

((Stete/Timing €) ( Formet T ) __g

Cence!l Symdbols
'
Ledel )| po1 15 7 o
ras | [+ ] ..ccovvieiinnt .
CAS | [ |[--ovrevecrnens .

ort

Figure 10-1. Print Option Menu
There are two fields in the pop-up, Cancel and Print Screen.

If you are in the State Listing, a slightly different pop-up will appear,
like the one shown in figure 10-2.

Using a Printer
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Printing On-
Screen Data

—

Printing Entire
State Listing

Using a Printer
10-2

(stetermiming £) (CListing 1) (xnnmjﬂ m

nornrs Ftnd Cancsl
Paturn o-pnturn

Pattern> °°°°l°00 Print Screen

Label> ADOR 68020 X -
Bese> Hex decimel| Frint Al

00000FE4  BCHG #00,D0
Q0000FE8  MOVEC DO ,CACR
O0000FEC  MOVE.L #$00090000 , $00090000

|

OB NOUNA W

00000FFO 900000009 supr prgm reed
000QOFF 4 MOVE L #800000202 , $00090004
QO0000FF8 $00000202 :upr prgm read
:[D 00000FFC 00090004 '_"_ r Brgm reed
[

I2 4 800000202 supr dete write

13 00001004 MOVEA.L #$001£0000,A0

14 00001008 NMOVE.D 4800, (A0)

1S 0000100C  DBF 07.,80000100A

16 00001010 MOVE .K #geees D7

17 001C0000 SO0 XXXXXX supr datas urite

18 00001000 ORI.0 *$8C .00

Figure 10-2. Print Option in Listing Menu

The pop-up contains three fields, Cancel, Print Screen, and Print All.

If you want a hardcopy record of the screen, touch the Print field and

then the Print Screen field from the pop-up. This will send a copy of
the screen to the printer in graphics mode.

If you want to print part of a menu in graphics mode that is off screen,
you must roll the screen vertically or horizontally to place the part on
screen. When the desired part is on screen, touch the Print Screen
field.

If you need a hardcopy record of an entire state listing, touch the Print
field and then the Print All field from the pop-up. The Print All field
causes all the list and label data to be sent to the printer, but not in
graphics mode like the Print Screen field. The data is sent in text mode
to speed printing of long data lists.
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Microprocessor Specific
Measurements

I

Introduction

This chapter contains information about the optional accessories
available for microprocessor specific measurements. In depth
measurement descriptions are in the operating notes that come with
each of these accessories. The accessories you will be introduced to in

~ this chapter are' the preprocessor modules and the HP 10269C General

Purpose Probe Interface.

R

Microprocessor
Measurements

A preprocessor module for your microprocessor enables you to quickly
and easily connect the 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.

Microprocessor Specific Measurements
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Included with each preprocessor module is a 3.5-inch disc 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 assembier file.

The inverse assembiler 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 11-1). 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.

{ stete/Timing €) ((Listing 1) (znvesm)  (concer) ( R )

Harkers Find 0 from
Pattern x=-pattern Trigger
Pattern> | YUXXXXXX ["abso?
Lebel> ADDR 80386 hnemonic
Bese> Hex nex ]
(] 0PCOD
PUSH SI
PUSH DI
HOV [DIX(~tCH],wFEH
1 00005008 MOV _(DIJ[~-1AH], w4SC7FFFEH QPCOD
§ Ooggggt‘)g I:Eifdgcm code resd g;ggg
00! AL,DX .

CT—4a7 oooogrce XXXXXXFEH write mem HEMOR
S 00009FCE FFFExxxxH write mem HEMOR
6 00005014 i11egel opcode, Oete=FFFFFFFEH 0PCCD
7 00005010 DEC BYTE PTR (DI} 0PCOD

IN AL .DX

illegol opcode. deta=FFECODFEH
8 0000501C INC WORD PTR (BXIC(SIIC(~13FBH] OPCOD
1] 00009FD4 FFFFFFFEH write mem HMEMOR
10 00009FEC xxxxxxDBH read mem MEMOR

Figure 11-1. State Listing with Mnemonics

Microprocessors
Supported by
Preprocessors

Microprocessor Specific Mea
11-2

This section lists the microprocessors that are supported by
Hewilett-Packard preprocessors. 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
cabies connect.

surements



Z80

Note

This chapter 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 office periodically for
availability of new preprocessors.

"CPU Package: 40-pin DIP

Accessories Required: HP 10300B 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 ldentified: Memory read/write
1/O readjwrite
Opcode fetch
Interrupt acknowledge
RAM refresh cycles

Maximum Power Required: 0.3 A at + 5 Vdc, supplied by logic
anaiyzer
Number of Probes Used: Two 16-channel probes

Microprocessor Specific Measurements
1.3



NSC 800 CPU Package: 40-pin DIP

Accessories Required: HP 103048 Preprocessor
HP 10269C General Purpose
Probe Interface

Maximum Clock Speed: 4 MHz clock input

Signal Line Loading: Maximum of one HCMOS ioad
+ 35 pF on any line

Microprocessor Cycles Identified: Memory read/write
1/O read/write
Opcode fetch
interrupt acknowledge
RAM refresh cycies

DMA cycles

Maximum Power Required: 0.1A at + 5 Vdc, supplied by logic
analyzer

Number of Probes Used: Two 16-channel probes

Microprocessor Specific Measurements
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8085

CPU Package:

Accessories Required:

Maximum Clock Speed:

Signai Line Loa_ding:

Microprocessor Cycle identified:

Maximum Power Required:

Number of Probes Used:

40-pin DIP

HP 103048 Preprocessor
HP 10269C General Purpose
Probe interface

6 MHz clock output (12 MHz
clock input)

Maximum of one 74LS TTL load
+ 35 pF on any line

Memory read/write
1/O read/write
Opcode fetch
interrupt acknowledge

0.8 A at * 5 Vdc, supplied by logic
analyzer

Two 16-channel probes

Microprocessor Specific Measurements
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8086 or 8088

CPU Package:

Accessories Required:

Maximum Clock Speed:

Signal Line Loading:

Microprocessor Cycles Identified:

Additional Capabilities:

Maximum Power Required:

Number of Probes Used:

Microprocessor Specific Measurements

40-pin DIP

HP 10305B Preprocessor
HP 10269C General Purpose
Probe Interface

10 MHz clock input (at CLK)

Maximum of two 74ALS TTL
loads + 40 pF on any line

Memory read/write
I/O read/write

Code fetch

Interrupt acknowiedge
Halt acknowledge
Transfer to 8087 or
8089 co-processors

The 8086 or 8088 can be
operating in Minimum or
Maximum modes. The logic
analyzer can capture all bus
cycies (including prefetches) or
can capture only executed
instructions. To capture only
executed instructions, the 8086
the 8086 or 8088 must be

operating in the Maximum Mode.

1.0 A at + 5 Vdc, supplied by the
logic analyzer

Three 16-channel probes

Ly
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80186 or 80188

CPU Package:

Accessories Required:

Maximum Clock Speed:

Signal Line Loading:

Microprocessor Cycles identified:

Additional Capabilities:

Maximum Power Required:

Number of Probes Used:

68-contact LCC

HP 103068 Preprocessor
HP 10269C General Purpose
Probe Interface

8 MHz clock output (16 MHz
clock input)

Maximum of two 74ALS TTL
joads *+ 40 pF on any line

Memory read/write
(DMA and non-DMA)
1/O read/write

(DMA and non-DMA)
Code fetch

Interrupt acknowledge
Halt acknowiedge
Transfer to 8087, 8089,
or 82586 co-processors

The 80186 or 80188 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.

0.66 A at + 5 Vdc, supplied by
logic analyzer. 80186/188
operating current +0.15 A from
system under test.

Four 16-channel probes

Microprocessor Specific Measurements
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80286

CPU Package:

Accessories Required:

Maximum Clock Speed:

Signal Line Loading:

Microprocessor Cycles Identified:

Additional Capabilities:

Maximum Power Required:

Number of Probes Used:

Microprocessor Specific Measurements

11-8

68-contact LCC or 68-pin PGA

HP 10312B Preprocessor
HP 10269C General Purpose
Probe Interface

10 MHz clock output (20 MHz
clock input)

Maximum of two 74ALS TTL
loads + 40 pF on any line

Memory read/write

I/O read/write

Code fetch

Interrupt acknowledge

Halt

Hold acknowledge

Lock

Transfer to 80287 co-processor

The logic analyzer captures ail
bus cycles, including prefetches

0.66 A at +5 Vdc, supplied by logic
analyzer. 80286 operating current
from system under test.

Three 16-channel probes



80386

CPU Package:

Accessories Required:

Maximum Clock Speed:

Signal Line Loading:

Microprocessor Cycles Identified:

Memory read/write

Additional Capabilities:
Maximum Fower Required:

Number of Probes Used:

132-pin PGA

HP 103148 Preprocessor
HP 10269C General Purpose
Probe Interface

20 MHz clock output (40 MHz
clock input)

Maximum of two 74ALS TTL
loads + 80 pF on any line

Memory read/write

1/O read/write

Code fetch

Interrupt acknowledge,
type 0-255

Hait

Shutdown

Transfer to 8087, 80287,
or 80387 co-processors

The logic analyzer captures all
bus cycles, including prefetches

1.0 A at +5 Vdc, supplied by logic
analyzer

Five 16-channel probes

Microprocessor Specific Measurements
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6800 or 6802 CPU Package:

Accessories Required:

Maximum Clock Speed:

Signal Line Loading:

Microprocessor Cycle Identified:

Maximum Power Required:

Number of Probes Used:

Microprocessor Specific Measurements
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40-pin DIP

HP 103078 Preprocessor
HP 10269C General Purpose
Probe Interface

2 MHz clock input

Maximum of 1 74LS TTL load
+ 35 pF on any line

Memory read/write
DMA read/write
Opcode fetch/operand
Subroutine enter/exit
System stack push/pull
Hait

Interrupt acknowledge
Interrupt or reset vector

0.8A at *5 Vdc, supplied by logic
analyzer BN

Two 16-channel probes



6809 or 6809E

CPU Package:

Accessories Required:

Maximum Clock Speed:

Signal Line Loading:

Microprocessor Cycles Identified:

Additional Capabilities:

Maximum Power Required:

Number of Probes Used:

40-pin DIP

HP 10308B Preprocessor
HP 10269C General Purpose
Probe interface

2 MHz clock input

Maximum of one 74ALS TTL load
+ 35 pF on any line

Memory read/write
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.

1.0 A at +5 Vdc, supplied by logic
anaiyzer

Two 16-channel probes

Microprocessor Specific Measurements
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68008

CPU Package:

Accessories Required:

Maximum Clock Speed:

Signal Line Loading:

Microprocessor Cycles Identified:

Additional Capabilities:

Maximum Power Required:

Number of Probes Used:

Microprocessor Specific Measurements
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40-pin DIP

HP 103108 Preprocessor
HP 10269C General Purpose
Probe Interface

10 MHz clock input

Maximum' of one 74S TTL load +
one 74F TTL load
+ 35 pF on any line

User data read/write
User program read
Supervisor read/write
Supervisor program read
Interrupt acknowiedge
Bus grant

6800 cycle

The logic analyzer captures all
bus cycles, including prefetches

0.4 A at +5 Vdc, supplied by logic
analyzer

Three 16-channel probes



68000 and 68010
(64-pin DIP) .

CPU Package:

Accessories Required:

Maximum Clock Speed:

Signal Line Loading:

Microprocessor Cycles Identified:

Additionai Capabilities:
Maximum Power Required:

Number of Probes Used:

64-pin DIP

HP 10311B Preprocessor
HP 10269C General Purpose
Probe Interface

12.5 MHz clock input

Maximum of one 74S TTL load
+ one 74F TTL load + 35 pF on
any line

User data read/write
User program read
Supervisor read/write
Supervisor program read
Interrupt acknowledge
Bus Grant

6800 cycle

The logic analyzer captures all
bus cycles, including prefetches

0.4 A at * 5 Vdc, supplied by the
logic analyzer

Three 16-channe! probes

Microprocessor Specific Measurements
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68000 and 68010 CPU Package: 68-pin PGA
(68-pin PGA)

Accessories Required: HP 10311G 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
Interrput acknowiedge
Bus Grant
6800 cycle

Additional Capabilities: The logic analyzer captures all
bus cycles, including prefetches.

Maximum Power Required: None

Number of Probes Used: Three 16-channel probes

Microprocessor Specific Measurements
11-14



68020

CPU Package:
Accessories Required:
Maximum Clock Speed:

Signal Line Loading:

Microprocessor Cycles Identified:

Additional Capabilities:

Maximum Power Required:

Number of Probes Used:

114-pin PGA

HP 10313G

25 MHz clock input

100 KQ + 10 pF on any line

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 commumication
Interrupt acknowledge

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.

None

Five 16-channel probes

Microprocessor _Speciﬂc Measurements
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Loading Inverse
Assembler Files

Selecting the
Correct File

Loading the
Desired File

You load the inverse assembler file by loading the appropriate
configuration file. Loading the configuration file automatically loads the
inverse assembler file.

Most inverse assembler discs contain more than one file. Each disc
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_| 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 is contained in each preprocessor operating note.

To load the inverse assembler file you want, insert the 3.5-inch disc you
_received with your preprocessor in the disc drive. Select System in the
upper left field. Touch Front Disc or Rear Disc, depending which drive
the disc is in, in the field second from the left-at the top of the display.
The logic analyzer will read the disc and display the disc directory.

Configure the second row of fields as follows:

[

Load | [[State/Timing E | from file

Touch Execute to load the selected file.

Microprocessor Specific Measurements
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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 State/Timing 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.

R

How to Display The specific preprocessor and inverse assembler you are using

Inverse determines how the inverse assembled data is displayed. When you

Assembled Data touch 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.

Microprocessor Specific Measurements
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Some of the preprocessors and/or the microprocessors under test do
not provide enough status information to disassembie 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 figure 11-2),
This field allows you to point to the first state of an Op Code fetch.

For complete details refer to the Operating Note for the specific
preprocessor.

( stetesTiming £) ((Listing 1 )

Nerkers Find 0 from
Pottern x—pottern Trigger

Potterm XXRXXKXXK 20801
Lebel> ADDR 80386 Mnemonic
Base> Hex hex
o] BX ppran
PUSH SI
PUSH DI

OV [DIJ(=1CH),wFEH

1 00005008 =NOV (DI)(—-1AH), waSC7FFFEH QPCOD
2 0000500C FEE64SC7H code read 0PCOD
3 00005010 IN AL.DX 0OPCOD
@ 00009FCC XXXXXXFEM urite mem HEFIOR
00009FCE FFFExxxxH write mem HENOR
6 00005014 illegel opcode, datesFFFFFFFEH 0PCOD
7 00005018 DEC BYTE PTR (DI} 0PCOD
IN AL.DX

illege) opcode, dete=FFECODFEH
0000501C INC WORD PTR (BXI{SIJL[-13FBH]} 0PCOD
9 00009FD4 FFFFFFFEN urite mem MENOR
10 00009FEC XXXxXxDBH reed mem HEMOR

Figure 11-2. Inverse Assemble Field

Microprocessor Specific Measurements
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Installing New Logic Analyzer
A Boards into the Mainframe

Introduction This appendix explains, how to initially inspect the HP 16510A
State/Timing Module, how to prepare it for use, storage and shipment.
Also included are procedures for module installation.

Initial Inspection Inspect the shipping container for damage. If the shipping container or
cushioning material is damaged, it shouid be kept until the contents of
the shipment have been checked for completeness and the module has
been checked mechanically and electrically. The contents of the
shipment should be as listed in the "ACCESSORIES SUPPLIES"
paragraph located in Chapter 1.

If the contents of the container are incomplete, there is mechanical
damage or defect, or the instrument does not pass the performance
tests, notify the nearest Hewlett-Packard office. Procedures for
checking electrical performance are in Section Ill of the HP 16510A
Service Manual.

If the shipping container is damaged, or the cushioning material shows
signs of stress, notify the carrier as well as the Hewlett-Packard office.
Keep the shipping material for the carrier's inspection. The
Hewlett-Packard office will arrange for repair or replacement at
Hewlett-Packard's option without waiting for claim settlement.

L
Power All power supplies required for operating the HP 16510A State/Timing
Requ:re‘ments Module are supplied to the module through the backplane connector of

the HP 16500A Logic Analysis System mainframe.

. |
Probe Cable The HP 16510A State/Timing Module comes with probe cables instalied
Instaliation by the factory. If a cable is to be switched or replaced, refer to

"PROBE CABLE REPLACEMENT" in Section V! of the HP 16570A
Service Manual.

Installing New Logic Analyzer Boards into the Mainframe
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Installation CAUTION

Do not install, remove or replace the module in the instrument
uniess the instrument power is turned off.

The HP 16510A State/Timing Module will take up one siot in the card
cage. For every additional HP 16510A State/Timing Module you install,
you will need an additional slot. They may be installed in any siot and in
any order. Procedures for installing the logic analyzer module cards
are shown in the step-by-step procedure in the following paragraphs.

|
Module The following procedure is for the installation of the HP 16510A Logic
Installation Analyzer Module.
CAUTION
The effects of ELECTROSTATIC DISCHARGE can damage
electronic components. Use grounded wriststraps and
mats when you are performing any kind of service to this
module.
Installation ® The HP 16510A State/Timing Module(s) can be installed in any
Considerations available card slot and in any order.

e Cards or filler panels below the empty siots intended for module
installation do not have tc be removed.

e The probe cables do not have to be removed to install the
module. '

Installing New Logic Analyzer Boards into the Mainframe
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Procedure a. Turn the front and rear panel power switchs off, unplug power
cord and disconnect any input BNCs.

b. Starting from the top, loosen thumb screws on filier panel(s) and
card(s). '

¢. Starting from the top, begin pulling card(s) and filler panel(s) out
halt way. See figure A-1.

© TOP CARD
NEXT LOWEST

(2

16800/2X13

Figure A-1. Endplate Overlap

Installing New Logic Analyzer Boards into the Mainframe
A-3



d. Lay the cable(s) flat and pointing out to the rear of the card. See
figure A-2. '

e. Slide the analyzer card approximately half way into the card
cage. :

f. If you have more analyzer cards to install repeat step d and e.

Figure A-2. Cable Position

Installing New Logic Analyzer Boards into the Mainframe
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g. Firmly seat bottom card into backplane connector. Keep applying
pressure to the center of card endplate while tightening thumb

screws finger tight.
h. Repeat for all cards and filler panels in a bottom to top order.

See figure A-3.

2 NEXT
HIGHEST

16880/EX18

Figure 2-3. Endplate Overlap

i. Any filler panels that are not used should be kept for future use.
Filler paneis must be installed in all unused card slots for correct

air circulation.

Installing New Logic Analyzer Boards into the Mainframe
A-5



Operating The operating environment is listed in "General Characteristics” in

Environment Appendix C of this manual. Note should be made of the
non-condensing humidity limitation. Condensation within the instrument
can cause poor operation or malfunction. Protection should be
provided against internal condensation.

The HP 16510A State/Timing Card will operate at all specifications
within the temperature and humidity range given in Appendix C.
However, reliability is enhanced when operating the module within the
following ranges.

Temperature: +20 to +35°C (*68 to +95°F)
Humidity: 20% to 80% non-condensing

|
Storage The module may be stored or shipped in environments within the

following limits:

Temperature: -40°C to +75°C
Humidity: Up to 90% at 65°C
Aftitude: Up to 15,300 meters (50,000 feet)

The module should also be protected from temperature extremes which
cause condensation on the moduie.

Installing New Logic Anaiyzer Boards into the Maintrame
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Packaging The following general instructions should be used for repacking the
module with commercially available materials.

e Wrap module in anti-static plastic.

e Use a strong shipping container. A double-wall carton made of 350
Ib. test rqaterial is adequate.

e Use a layer of shock-absorbing material 70 to 100 mm (3to 4

inch) thick around all sides of the module to provide firm
cushioning and prevent movement inside the container.

e Seal shipping container securély.
e Mark shipping container FRAGILE to ensure careful handling.

s In any correspondence, refer to module by model number and
board number.

R
Tagging it the module is to be shipped to a Hewlett-Packard office for service
for Service or repair, attach a tag showing owner (with address), complete board

number, and a description of the service required.

installing New Logic Analyzer Boards into the Mainframe
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Error Messages

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.

Autoscale a!ioned. This message is displayed when the STOP key is
pressed or if a signal is not found 15 seconds after the initiation of
autoscale.

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 the corresponding inverse assembler separately.

Inverse assembler not loaded--bad object code. indicates a bad inverse
assembiler file on the disc. A new disc or file is required.

Maximum number of symbols already allocated. Indicates an attempt
to create more than 200 symbols.

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.

Must have at least one edge specified. 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.

Error Messages
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Error Messages
B-2

No labels specified. Indicates there are no labels to which to assign
symbols.

(x) Occurrences Remaining in Sequence (y). Indicates the logic
analyzer is waiting for (x) number of occurrences in sequence level! (y)
of the state trace specification before it can go on to the next
sequence level.

(x) Secs Remaining in Trace. Indicates the amount of time remaining
until acquisition is complete in Glitch mode.

Search failed - O pattem not found. Indicates the O pattern does not
exist in the acquired data. Check for a correct O marker pattern
specification.

Search failed - X pattem 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 signal. Re-check the state clock or arming
specification.

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 the inverse assembier
specified in the configuration file cannot be found on the disc.

State clock violates overdrive specification. Indicates the data from the
tast 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.

(x) States Remaining to Post Store. Indicates the number of states
required until memory is filled and acquisition is complete.

Time correlation of data is not possible. “Count™ must be set to "Time"
in both machines to properly correiate the data. This message is also
displayed when the data from this state/timing module cannot be time
correlated in an intermodule "Group Run” configuration.



Time from arm to trace point > 41.943 ms. The correlation counter
overflows when the time from a machine's arm to the machine’s trigger
exceeds 41.493 ms. It may be possible to add a "dummy" state to the
machine's trigger specification that is closer in time to the arm signal.

(x) Transitions Remaining to Post Store. indicates the number of
transitions required until memory is filled and acquisition is complete.

Waiting for Am. Indicates the arming condition has not occurred.

Waiting for Prestore. Indicates the prestore condition has not occurred
(timing analyzer only).

Waiting for Trigger. indicates the trigger condition has not occurred.

Error Messages
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Specifications and Characteristics

Specifications
Probes Minimum Swing: 600 mV peak-to-peak.

Threshold Accuracy: Voitage Range Accuracy
-2.0V to +2.0V 150 mv
-9.9V to -2.1V £300 mV
+2.1V to +8.9V 3300 mV

Dynamic Range: + 10 voits about the threshold.

State Mode Clock Repetition Rate: Single phase Is 25 MHz maximum. With time or

Clock Pulse Width:

Setup Time:

Hold Time:

state counting, minimum time between states is
60 ns. Both mixed and demuitiplexed clocking
use master-siave clock timing; master clock must

foliow slave clock by at least 10 ns and precede

the next slave clock by >50 ns.
210 ns at threshold.

Data must be present prior to clock transition,
= 10 ns.

Data must be present after rising clock transition
on all pods; 0 ns. ’

Data must be present after falling clock transition
on pods 1,3 and 5; O ns.

Data must be present after failing clock transition
on pods 2 and 4; 1 ns.

Timing Mode

Minimum Detectable Glitch:

5 ns wide at the threshoid.

Specifications and Characteristics
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Operating
Characteristics

Probes

Measurement
Configurations

Input RC:

TTL Threshold Preset:
ECL Threshold Preset:
Threshold Range:

Threshold Setting:

Minimum Input Overdrive:

Maximum Voltage:

Analyzer Configurations:

Specifications and Characteristics

Cc-2

100 KQ 2% shunted by approximately 8 pF at
the probe tip. ’

+1.6 volits.
-1.3 volts.
-9.9 to +9.9 voits in 0.1V increments,

Threshold levels may be delined for pods 1, 2,
and 3 on an individual basis and one threshoid
may be defined for pods 4 and 5.

250 mV or 30% of the input amplitude, whichever
is greater.

+40 volits peak.

Analyzer 1
Timing

off
State

off
Timing
State
State

off

Analyzer 2
Oft

Timing
off
State
State
Timing
State
oft



State Analysis

Channel Assignment:

Data Acquisition:

Trace Specification

Clocks:

Clock Qualifier:

Pattem Recognizers:

Range Recognizers:

Qualifier:

Sequence Levels:

Each group of 16 channels (a pod) can be
assigned to Analyzer 1, Analyzer 2, or remain
unassigned. The HP 16510A contains 5 pods.

1024 samples/channel.

Five clocks are avallable 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 demultlpléxlng. or two
phase mixed mode. Clock edge is selectable as
positive, negative, or both edges for each clock.

The high or fow level of up to four clocks can be
ANDed with the clock specification. Setup time:
20 ns; hold time: 5 ns.

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 {o each
analyzer when two state analyzers are on.

Recognizes data which is numerically between or
on two specified patterns (ANDed combination of
0s and/or 1s). One range term is available and is
assigned to the first state analyzer turned on.
The maximum size is 32 bits.

A user-specified term that can be anystate,
nostate, a single pattern recognizer, range
recognizer, or logical combination of pattern and

range recognizers.

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.

Specifications and Characteristics
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Branching:

Occurrence Counter:

Storage Qualification:

Enable/Disable: '

Prestore:

Taqging

State Tagging:

Time Tagging:

Symbols

Pattern Symbols:

Range Symbols:

Specifications and Characteristics
c-4

Each sequence ievel has a branching quallfier.
When satisfied, the analyzer will restart the
sequence or branch to another sequence level,

Sequence qualifier may be specitied o occur up
to 65535 times before advancing 1o the next level.

Each sequence level has a storage qualifier that
specifies the states that are to be stored.

Defines a window of post-trigger storage. States
stored in this window can be qualified.

Stores two qualilled states that precede states
that are stored.

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 10'2.

Measures the time between stored states, relative
to either the previous state or the trigger.
Maximum time between states is 48 hours.

With tagging on, the acquisition memory Is
halved; minimum time between states is 60 ns.

User can define a. mnemonic for the specific bit
pattern of a label. When data display is
SYMBOL.. mnemonic is displayed where the bit
pattern occurs. Bit pattern can include Os, 1s,
and don't cares.

User can define a mnemonic covering a range of
values. Bit pattern for lower and upper limits
must be defined as a pattern of Os and 1s. When
data display is SYMBOL, values within the
specified range are displayed as mnemonic +
offset from base of range.



Timing Analysis

Number of Pattern and Range 100 per analyzer. Symbols can be down-loaded
Symbols: over RS-232-C.

Transitional Timing Mode

Sampie is stored in acquisition memory only when the data changes. A time tag
stored with each sample allows reconstruction of waveform display. Time 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: 5000 seconds.
Minimum Time Covered By Data: 10.24 (s,

Glitch Capture Mode

Data sample and glitch information stored every sample period.

Sample Perlod: 20 ns to S0 ms in a 1-2-5 sequence dependent on
s/div 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% resotution.

Detay: -éSOO s to 2500 s; préscnce of data dependent
on the number of transitions in data between

trigger and trigger pius delay (transitional timing).

Accumulate: Waveform display is not erased between
successive acquisitions.

Overlay Mode: Muitiple channels can be displayed on one
waveform display line. Primary use Is to view
summary pt bus activity. -

Specifications and Characteristics
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Maximum Number Of
Displayed Waveforms:

Time Interval Accuracy

Channel to Channe! Skew:

Time Interval Accuracy:

Trigger Specification

Asynchronous Pattem:

Greater Than Duration:

Less Than Duration:

Glitch/Edge Triggering:

Specifications and Characteristics
C-6

24

4 ns typical.

1 (sample period + channel-to-channel skew +
0.01% of time interval reading).

Trigger on an asynchronous pattern less than or
greater than specified duration. Pattern is the
logical AND of 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.

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.

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.

Trigger on glitch or edge following valld duration
of asynchronous pattern while the pattern is stil
present. Edge can be specified as rising, falling
or either. Less than duration forces glitch and
edge triggering off. :

s

()

N



Measurement Autoscale (Timing Analyzer Only}

and Display

Functions Autoscale searches for and dispiays channels with activity on the pods assigned

to the timing analyzer.

Acquisition Specifications

Arming:

Trace Mode:

Labels

Each analyzer can be armed by the run key, the
other analyzer, or the intermodule Bus.

Single mode acquires data once per trace
specificalion; repetitive mode repeats single mode
acquisitions until stop is pressed or until 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.

_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 controi busses.

indicators

Activity Indicators:

Markers:

Trigger:

Provided in the Configuration, State Format, and.
Timing Format menus for identifying high, low, or
changing states on the inputs.

Two markers (X and 0) are shown as dashed
lines on the display.

Displayed as a vertical dashed line in the timing
waveform display and as line 0 in the state listing

dispiay.

Specifications and Characteristics
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Marker Functions

Time interval:

Delta States:
(State Analyzer Only)

Pattems:

Statistics:

Run/Stop Functions
Run:

Stop:

Specifications and Characteristics
c-8

The X and O 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).

The X and 0 markers measure the number of
tagged states between one state and trigger, or
between two states.

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.

X to 0 marker statistics are caiculated 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 O time,
maximum X to O time, average X to O time, and
ratio of valid runs to total runs.

Starts acquisition of data in specified trace mode.

In single trace mode or the first run of a
repetitive acquisition, STOP halts acquisition and
displays the current acquisition data. For
subsequent runs in repetitive mode, STOP halts
acquisition of data and does not change current
display.



Auxiliary Power

Operating
Environments

Dats Display/Entry

Display Modes:

Timing Waveform:

Power Through Cables:

Current Draw Per Card:

Temperature:

Humidity:

Altitude:

Vibration:

State listing; timing waveforms; interleaved,
time-correlated listing of two state analyzers (time
tagging on); time-correlated state listing and
timing waveform dispiay (state listing in upper
half, timing waveform in lower half, and time
tagging on).

Pattern readout of timing waveforms at X or 0
marker.

Binary, Octal, Decimal, Hexadecimai, ASCII
(display only), and User-defined symbols.
2/3 amp @ 5V maximum per cable.

2 amp @ 5V maximum per HP 16510A

Instrument, 0° to 55° C (+32° to 131°F). Probe
lead sets and cables, 0° to 65° C (+32° to
149° F).

Instrument, up to 95% relative humidity at +40° C
(+122°F).

To 4600 m (15.000 ft).

Operation: Random vibration 5-500 Hz, 10
minutes per axis, ~0.3 g (rms).

Non-operating: Random vibration 5-500 Hz, 10
minutes per axis, ~ 2.41 g (rms); and swept sine
resonant search, 5-500 Hz, 0.75 g (0-peak), 5§

minute resonant dwell @ 4 resonances per axis.

Specifications and Characteristics
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Index

This index covers the HP 16510A Front-Panel Operation Reference. It does not cover the Getting
Started Guide. Page numbers that begin with A-C are from appendices A-C. Sequences of pages
are represented with a slash (/). e.g. 5-9/5-17. Primary references in multiple page references are in
bold type, e.g. 6-6. '

A . B

absolute, 5-36 base, 5-15, 5-33, 5-66
accumulate, 6-6, C-5 bit assignment, 3-10
accuracy branches, 5-57
time interval, C-6 restart, 5-57
acquiring data per level, 5-58
state, 8-16 branching, C-4
timing, 7-8 multiple levels, 5-60
timing/state, 9-5, 9-17 secondary, 5-58
acquisition
modes '
fields, state trace, 5-55 C
glitch, 5-31
state, 5-55 cables, probe, 2-5
timing, 5-28 . Cancel, 54, 5-5, 5-7, 5-28, 548, 5-56
transitional, 5-30 channel-to-channel skew, C-6
" specifications, C-7 Clear 3-8, 5-3, 540
activity indicators, 7-4, 8-5 clock, 3-5, 5-21, C-3
analyzer demulttiplex, 5-24/5-26
configuration capabilities, 1-2 master, 5-25/5-26
how to switch between, 3-3 mixed, 5-26
type, 5-3 normal, 5-24
arming, C-7 pod, 5-23
Armed by pulse width, C-1
state, 5-56 repetition rate, C-1
timing trace, 5-29 slave, 5-25/5-26
ASCII, 5-16 configurations
Autoscale, 5-4 analyzer, 1-2
measurement, C-2
configuring

the logic analyzer, 7-2, 8-3, 8-3

Index-1



the timing analyzer, 7-4, 9-9 entering data

the state analyzer, 8-6, 9-4 alpha, 3-7
connecting numeric, 3-6
grabbers to test points 2-11 environment, operating, C-9

logic analyzer to target system, 2-8, 7-4, 8-5, error messages, B-1
9-5, 9-8
pods to probe cable, 2-9

probe cables to logic analyzer, 2-9 F
count, 5-61
cursor 1-2; 3-1, 3-8, 5-6 Find pattern ___, 3-13, 5-34
Format Specification, 5-7
state, 5-8
D timing, 5-8
Full Qualification Specification, 5-45/5-47
data
display, C-9
entry, C-9 G
alpha, 3-7
numeric, 3-6 general purpose probing, 2-3
rolling, 3-9 grabbers, 2-6
Detlay, 6-9, C-5 grounds
Delta States, C-8 pod, 2-6
disc drive, 1-3/1-4, 3-1, 11-1, 11-16 probe, 2-7
disconnecting Glitch capture mode, C-5
probes from pods, 2-10 Greater than duration, 5-37/5-38, C-6
display Glitch
Mixed mode, 9-17, 9-18 acquisition mode, 5-31
resolution (timing), 7-11 triggering, 5-41
State/State Mixed mode, 6-17 glitch/edge triggering, C-6

time-correlated, 6-20
Timing/State Mixed mode, 6-16

Don't Care (X), 3-13 H
E holdtime, C-1
ECL, 5-13 '
edge(s)
specifying, 3-14 indicators, C-7
then find, 5-39/5-40 activity, 7-4, 8-5
triggering, C-6 initial inspection, A-1
enable/disable, C4 installation, A-1
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interface, user, 1-1, 3-1
inverse assembled data

How to display, 11-2, 11-17
inverse assembiler files, 11-16

K

Knob, 1-1/1-2, 3-1

L

Labeling Pods, Probes, and Cables, 2-12
Labels, 5-9, C-7
Symbol table, 5-14
Timing Trace Specification menu, 5-32
Qualifier and Pattern, 5-65
Timing Format Specification menu, 5-9

M

machine, 1-2, 3-1
marker(s)
Delta states, C-8
functions, C-8
Off, 6-3
Patterns
state, 6-13
timing, 6-5
Statistics, 6-6, 6-15
state, 6-15
timing, 6-6
Time, 6-3, 6-14
state, 6-14
timing, 6-3
Time interval, C-8
X &0, 7-10
maximum probe input voltage, 2-8
measurements
microprocessor, 11-2

timing, 7-1
state, 8-1
timing/state, 9-1

memory

data acquisition, 5-30/5-31, 8-16, C-3
depth (Glitch), C-5

menu

fields
How to select, 34
pop-up, 3-3
toggle, 34

maps, 4-1

menus, 5-1

Assignment/Specification, 3-11

Format specification, 5-8

How to select, 3-2

pop-up, 3-3

State Format specification, 5-8

State Listing, 6-10, 8-19

State Trace Specification, 5-43

subsystem level, 5-1, 5-7

State/Timing Configuration, 5-2

System Configuration menu,
Returning to, 3-3

system level, 5-1

Timing Format Specification, 5-8

Timing Trace Specification, 5-27

Timing Waveforms, 6-1, 7-10

Trace specification, 5-7

microprocessor

specific measurements, 11-1
supported preprocessors, 11-2

Mixed mode, 6-16/6-17, 9-17

mouse, 3-1

N

name
analyzer, 3-17/3-8, 5-2
label, 5-9
symbol, 5-17
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numeric entry
How to enter, 3-6

o)

occurrence counter, 5-50, C-4
operating characteristics, C-2
-overlapping waveforms, 8-15

Overlay mode, C-5

P

packaging, A-7
patterns, C-8
duration (present for __), 5-37
fields, 5-65/5-68
find, 5-34
qualifier field, 5-67
recognizer, 5-18, C-3
specifying, 3-13
symbol, 5-18
pods, 5-5, 24
ground, 2-6
thresholds, 3-6, 5-5, 2-8
polarity (Pol), 5-11
pop-up, 3-3
. menus, 3-3
how to close, 3-3
options, 34
how to select, 3-4
power requirements, A-4
preprocessors, 11-2
prestore, 5-64
print
All, 5-5/6-5, 10-2
options, 10-1
Screen, 5-6, 10-2
starting the printout, §-5, 10-2
probes, 2-4/2-5, C-1/C-2
cable, 2-5, A-1

Index-4

grabbers, 2-6
ground, 2-7
maximum input voltage, 2-8
pod assembly, 2-4
Probing, 2-1
general purpose, 2-3
HP 18510A system, 2-4
options, 2-1
termination adapter, 2-3

Q

qualification, storage, C-4
qualifier, 544, C4
clock, C-3
storage, 5-49
branching, 5-49
fields, 5-67, 5-68

R

range

recognizer, 5-18, C3

symbot, 5-18

qualifier field, 5-67
recognizers

pattern, C-3

range, 5-18, C4
repetitive

trace mode (timing), 5-28 °

trace mode (state), 5-565
roll, data, 3-9
run function, C-8

S

sample period, 6-3
transitional, C-5
glitch, C-5

e



sequence levels, 6-47, c4 |
setup time, C-1 '
" single
trace mode (timing), 5-28
trace mode (state), 5-55
signal line loading, 2-8
specifications, C-1
specify edge, 3-14
Starting the printout, 5-5, 10-2
State
analysis, C-3
analyzer
Finding the answer, 8-20
Problem solving with, 8-1
Specifying a trigger condition, 8-13
Specifying the J clock, 8-10
Using, 8-1
clock, 3-5
Listing menu, 3-9, 6-10, 8-19
fields, 6-12
markers, 6-12
off, 6-13
patterns, 6-13
time, 6-14
statistics, 6-15
Pattern > , 6-13
mode, C-1
tagging, 5-63, C4
statistics, E-8
Stop
function, C-8
storage
qualification, C-4
macro, 5-50
storage, A-6
symbols, 5-14, Cc-4/C-5
name, 5-17
number of pattern and range. C-5
pattern, 5-18, C-4
range, 5-19, C4
table
base, 5-15

label, 5-15

menu, 5-15

timing/state, 5-14
width, 5-17

T

Tagging, 5-61/5-64, C-4
state, C4
time, C4
Termination adapter, 2-3
Threshold, pod, 5-12/5-14, 2-8
Time
interval, C-8
accuracy, C-6
tagging, 5-61, C-4
Time-Correlated
data, 9-11
displays, 6-20
Timing
analysis, C-5
analyzer
Finding the answer, 7-13
Making the measurement, 7-12
Problem solving with, 7-1
Specifying a trigger condition, 7-7
Using, 7-1
Format Specification, 5-8
mode, C-1
Trace Specification menu, 5-27
fields, 5-28
trace mode, 5-28
single, 5-29
repetitive, 5-29
armed by, 5-29
acquisition mode, 5-30
transitional, 5-30
glitch, 5-31
label, 5-32
Timing/State analyzer
Finding the answer, 9-18
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Overlapping waveforms, 9-15
Problem solving with, 9-2
Using, 9-1

Timing Waveform Menu (Display) 6-1, 7-10, C-5

display icons
green and yellow dotted lines, 7-10
red dotted line, 7-10
X & O markers, 7-10
display resolution, 7-11
fields, 6-2:
At___ Marker___, 6-7
Delay, 6-8, C-5
Time/Div (time per division), 6-8, c-5
markers
state, 6-12
timing, 6-3
Accumulate mode, 6-6, C-5
oOff/Sample period, 6-3
Patterns, 6-5
Statistics, 6-6
Time, 6-3
maximum number of
displayed waveforms, C-6
transitional timing mode, 5-30, C-5
trigger specification, 7-7, 8-1 3, 9-10, C-6

Index-6

asynchronous pattern, C-6
duration, C-6
greater than, C-6
less than, C-6
glitch/edge, C-6
Trig(ger) to O, 7-10/7-13
Trig(ger) to X, 7-12
trace .
mode, C-7
state, 5-55
timing, 5-28
TTL, 5-13

U

User, 5-13

user interface, 1-1, 3-1

w

waveform display, see "Timing Waveforms
Display”
width, symbol, 5-17



