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How To Use This Guide

This guide teaches you the basic operation of the HP 16510B Logic
Analyzer Module for the HP 16500A Logic Analysis System. It is
organized in a task-oriented format that guides you through the
touch-screen menus and basic measurements that you will use to solve
digital system problems.

You should read this guide and perform the learning tasks once you
have become familiar with the operation of the HP 16500A mainframe.

If you are an experienced HP logic analyzer user but new to this family
of logic analyzers, you may want to go directly to the HP 16510B
Front-Panel Reference, but we would like to suggest that you read
chapters 1 through 4 of this guide first. These chapters describe the
basics of the user interface and will only take a few minutes to go
through. The user interfaces of the HP 16500A Logic Analysis System
and its moduies are very friendly and easy to learn.

This guide is formatted to help you through setups and measurements
in the shortest time possible. To that end, you will occasionally see
illustrations interspersed with or alongside the text showing a menu
with a hand pointing to the field we are talking about. If you are going
through a sequence for the first time, you may want to refer to the
illustrations while reading the text to aid your understanding. If you
know the basic operation and just need to refresh your memory about
the sequence, you can follow the same steps without reading the text by
just referring to the illustrations. '



Introduction

About this Welcome to the new generation of HP logic analyzers! The HP 16500A
book... Logic Analysis System has been designed to make it easier to use than

any previous Hewlett-Packard logic analyzer. And because of its
configurable architecture, it can easily be tailored to you specific logic
design and debug needs.

The user interface of the HP 16500A was designed to be as easy to
operate as possible. The use of "pop up" windows and color graphics
help lead you through setups and measurements without having to
memorize a lot of steps. As you read this and the other references
about the mainframe and the acquisition modules, you will see just how
easy to use the HP 16500A really is.

We do not, however, try to cover every feature and function of the
HP 16510B Logic Analyzer Module in this guide. That’s the job of your
HP 16510B Front-Panel Reference.

If you're new to logic analysis or just need a refresher, we think you’ll
find Feeling Comfortable With Logic Analyzers valuable reading. It will
help you sort out any confusion you may have about their application
and show you how to get the most out of your new logic analyzer.

If you haven’t already read "How to Use This Guide", you should do so
now. It will help get you started in the right direction.
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What is the HP 16510B

The HP 16510B Logic Analyzer is a programmable logic analyzer
module that is installed in the HP 16500A Logic Analysis System. It
offers 80 data channels, thus allowing the HP 16500A to have up to 400
channels when configured with five HP 16510B cards. It is capable of
100 MHz timing and 35 MHz state analysis on all channels.

The key features of the HP 16510B are:

Transitional or glitch timing modes
Simultaneous state/state or state/timing modes
1k-deep memory on all channels
Glitch detection on all channels
Marker measurements

Pattern, edge, and glitch triggering
Overlapping of timing waveform
Eight sequence Ievels

Eight pattern recognizers

One range recognizer

Small, lightweight probing

Time and number of state tagging
Pre-store

State Compare

State Waveform

State Chart

Not all of these features will be covered in this Getting Started Guide.
However, you can find the details of these and all the features of the
HP 16510B in the HP 16510B Front-Panel Reference.

HP 16510B
Getting Started Guide
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2

Cables and Probes
]

Introduction This chapter describes the cables and probes that connect the
HP 16510B module to your test system. If your system was ordered
without the cards (PC boards) installed, or if you want to move the
cards to another instrument, refer to the HP 16510B Front-Panel

Reference.
|
What Cables The cables are already connected when you receive your instrument,

and Probes Are  cxitingvia the rear panel. Each card comes with five 1.4 m (4.5 ft.) 2 by
20, ribbon cables.
Included?

1651007

The cable for pod 1 is the far left cable (rear view). Cables 2 through 5
follow cable 1 consecutively from left to right.

It also comes with one bag of probes, leads and grabbers. This bag
contains five sets of each of the following:

1 - probe pod

17 - acquisition probes
1 - pod ground

2 - probe grounds

20 - grabbers

HP 16510B Cables and Probes
Getting Started Guide 2-1



Probe The illustration below identifies the different probes and assemblies
Assembly used to connect to a test system.
Identification

GROUND LEAD (LONG)
(01650-82102)

PROBE LEAD
(@1650-82101)

PROBE HOUSING

GROUND LEAD (SHORT)
(01650-45203)

(01650-82103)

| PROBE ASSEMBLY
(01650-61608)

=
GRABBER

(5959-0288)
(QTY. 20 PER P/N>

PROBE CABLE
(16510-61601)

AND
(16510-61602)>

16510208

Cables and Probes HP 16510B
2-2
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Connecting The pods of the HP 16510B differ from those of other logic analyzers in
Pods to Probe that they are passive (have no active circuits at the outer end of the
cable). The pods are the connector bodies in which the probes are

Cables installed when vou receive vour instrument. To connect the pod to the
cable, align the key on the cable connector with the slot on the pod
connector and push them together.

HP 16510B Cables and Probes

Getting Started Guide 2-3



Disconnecti ng You can disconnect un-used probes from the pods to eliminate clutter.
Probes from To disconnect a probe, insert the tip of a ball-point pen into the latch
Pods opening and push while gently pulling the probe out of the pod

connector as shown below.

/«@m

)

AN

=

01650E11

To reconnect a probe, insert the double-pin end of the probe into the
pod. The probes and pod connector body are both keyed (chamfered)
so that they will fit together in only one way.

Cables and Probes HP 16510B
2-4
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|

Connecti ng Connect the grabbers to the probes by slipping the connector at the

Grabbers to end of the probe onto the recessed pin in the side of the grabber as
shown below.

Probes

0165042

.}

Connecti ng The grabbers have a hook that fits around IC pins and component

Grabbers to 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
Test Points below.
el
DIBS0ED7

HP 16510B Cables and Probes
Getting Started Guide
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Pod Grounds

Probe Grounds

Cables and Probes
2-6

Each pod has a separate ground lead that allows you to connect the
ground side of all the probes to a common ground. Connect it directly
or with a grabber to a ground point on your test system. Connect the
grabber to the ground lead by slipping the connector of the lead onto
the recessed pin in the side of the grabber.

To connect the ground lead directly to the ground pins on the test
system, the pins must be 0.63 mm (0.025 in.) square pins or round pins
with a diameter from 0.66 mm (0.026 in.) to 0.84 mm (0.033 in.).

You can ground the probes in one of two ways. You can ground them
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 probe body via a pin
and socket as shown below. A grabber can be used to connect the
probe ground to the test system, or it can be connected directly to
square 0.63 mm (0.025 in.) or round 0.66 mm (0.026 in.) pins on the test
system.

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

01650E41

HP 16510B
Getting Started Guide



|
Labeling Pods Included with your logic analyzer are self-adhesive labels you can

Probes and attach to each pod, cable and probe. These provide a means of quickly
Cables locating and identifying the desired probes and pods for easy accurate
connections

SOLIICA VS,

The labels come in sets. Each set has a label for the pod connector
body, a label for the clock probe, and 16 labels for each of the channels.

\

R

01650£22

HP 16510B Cables and Probes
Getting Started Guide 2-7



Signal Line

Any signal line to be connected to a probe must be able to supply a

Load ing minimum of 600 mV to the probe tip, which has an input impedance of
100 kQ shunted by 8 pF. If the signal line can’t supply this voltage, not
only will you get an incorrect measurement, the system under test could
malfunction.

&}

Probe Interface

Cables and Probes
2-8

Instead of connecting the probe tips directly to the signal lines, you may
use the HP 10269C Probe Interface (optional accessory). It allows you
to connect the pod cables (without the probes) to connectors on the
interface. When the appropriate preprocessor is installed in the
interface, you will have a way to connect the interface directly to the
microprocessor under test. A number of microprocessor-specific
preprocessors are available as optional accessories. They are listed in
the HP 16510B Front-Panel Reference along with additional details on
how the probe interface and preprocessors work.

HP 16510B
Getting Started Guide



|
Summar Yy This chapter acquainted you with:

e what cables and probes are included with the module;

o how to identify the different probe assemblies;

e how to connect the pods to the cables;

e how to connect and disconnect the probes from the pods;

o how to connect and use the grabbers;

o the pod and probe grounds;

e labeling the probes, pods and cables;

o the minimum output for a signal line that you want to measure.

For more information on the probes and cables, refer to the
HP 16510B Front-Panel Reference.

HP 16510B Cables and Probes
Getting Started Guide 2-9



Getting to the Logic Analyzer Menus
. ______________________________________________________________________________________ |

Before talking about the actual operation of the HP 16510B, we should
mention that it has three user interface devices: the knob on the front

Touch or
Mouse?

|
System Power

Up

HP 16510B

Getting Started Guide

panel, the touch-sensitive screen, and the optional mouse. If you are
unfamiliar with their use, refer to the Front-Panel Reference for the
HP 16500A mainframe.

3

"Touching" in this guide means touching the screen or using the mouse.

For example, if the guide says to touch a specific field, it means you

may touch that ficld on the screen (provided the touch screen is
activated) or you may move the cursor to that field with the mouse and
press the left button on the mouse.

When the svstem
below.

the system is powered up, you should see a menu like the one

(

System

j @nfiguration}

el

w

Cards

PATTERN GENERATOR
MASTER - 50 MHz

PATTERN GEMERATOR
EXPANDER — 50 MHz

SCOPE ACGUISITION
400 MEGASAMPLE/s

H ) Mouse

HP-IB

-

Controller

SCOPE TIMEBASE
400 MEGASAMPLE/s

25 MHz STATE
100 MHz TIMING

=

Printer

RS—232C
| —= |

Getting to the Logic Analyzer Menus

3-1



This is the System Configuration menu. If you have a different menu on
the screen, you can get back to the Configuration menu with the

following steps:

1. Touch the field second from the left at the top of the screen.

2. When the pop-up appears, touch the field labeled

"Configuration.

L]

& =

( Load )

C N

‘xecute

i

Filename File Type

SYSTEM_ HP 165004 HP16500A System Sof tuare V00.08
SYSTEN_001 001_system i GHz Timing Analyzer V00.08
SYSTEM_O11 O11_system 400HSample/s Dig. Scope  V00.08
SYSTEM_021 02i_system SOMbit/s Pattern Gen. ¥00.08
SYSTEM_031 031_system 25MHz State/100MHz Timing V00.08

| Eront Niee

Rear Disc

Front Disc

Filename File T L

Utilities [

Test

SYSTEM. HP16500A HP16500A System Sof tuare V00.08
SYSTEM_001 001_system 1 GHz Timing Analyzer Y¥00.08
SYSTEM_O11 011_system 400MSample/s Dig. Scope V00.08
SYSTENM_021 021_system S0Mbit/s Pattern Gen. v00.08
SYSTEM_031 031_system 25MHz State/100MHz Timing v00.08

Getting to the Logic Analyzer Menus
3-2
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Moving to the Now touch the field in the upper left of the screen labeled "System.” A
Logic Analyzer pop-up will appear displaying all the modules in the mainframe similar

to that shown below.

Cards

PATTERN GENERATC
MASTER - S0 Mt

p

[
PATTERN GENERATOR
EXPANDER — 50 MHz |

SCOPE ACAUISITION
400 MEGASAMPLE/s ||

o

‘Configuration

L

HP-IB

Controller

SCOPE TIMEBASE

=

400 MEGASAMPLE /s “@ RS-232C
25 MHz STATE ] - -~ = r___|
100 MHz TIMING LA,  — -

Printer

The actual order and content of the pop-up will depend on which
modules you have installed and in which slots. In this example, to get to
the logic analyzer menus, you should touch the "State/Timing E" field.

This will bring up the logic analyzer configuration menu.

System

Car Intermodule

PATTERN G
MASTER - Pattern Gen A

el

[=1)

SCOPE TIMEBASE
400 MEGASAMPLE/s

25 MHz STATE
100 MHz TIMING

PATTERN GE 0Oscilloscope D
[o4 é;;;;;g
400 MEGASAMPLE/s

HP 165108
Getting Started Guide
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Getti ng Back to Depending on which module menu you are in, the name of the module

System Level will appear at the top left of the screen. This is the same field that
previously said System. An important feature to remember about the
HP 16500A menu structure is this: you are typically not more than
three touches away from the system configuration menu. Why is this
important? Because this makes it next to impossible to go so deep in
menus that you can’t find your way out.

To get back to the System Configuration menu, touch the field at the
top left of the screen. When the pop-up appears, touch the field
labeled "System."

L

State/Timir"

Name : ' MAC

—
Type: ‘ T pattern Gen A

‘ﬁutu—s
Oscilloscope D
-

State/Timing E

Intermodule

Getting to the Logic Analyzer Menus HP 16510B
3-4 Getting Started Guide
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Learning the Basic Logic Analyzer Menus
|

Introduction In this chapter you will learn the most common pop-up menu types by
doing some basic exercises. The pop-up menu types you will learn in
this chapter are:

Selector

Alpha Entry

Numeric Entry
Assignment/Specification

To begin, move to the logic analyzer Configuration menu by following
the method described in "Moving to the Logic Analyzer" in Chapter 3.

|
Selector In the selector type of pop-up menu you do what the name implies:
Pop-u p Menu make a selection from two or more options. The best way to introduce

the selector type of menu is to have you work with one right away.
Assigning Pods  You will use a selector type of pop-up menu to assign pods to the
analyzers. To assign pods:

1. Touch one of the pod fields in the Configuration menu on the
right side of the display.

HP 165108 Learning the Basic Logic Analyzer Menus
Getting Started Guide 4-1



In the pop-up, touch the field labeled "Machine 2."

l Steate/Timing a (Canfiguratiun)

\

Analyzer | Analyzer 2
Type: Type: aff MACHINE 1
[F Pod 1 1 ( Pod 5 J‘ Unassigne

The pop-up closes and your desired pod is now assigned to Analyzer 2.

( state/Timing £ ) (Contiguration)

Analyzer | Analyzer 2
Type: Type: off
Unassigned Pods
' Pod 1 10 Pod 2 B Pod 3 R
R ——— N N — ) S —— )
{ Pod § A Pod 4 )
 —— 3 ——— ]
Learning the Basic Logic Analyzer Menus HP 16510B
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Choosing Another selector menu type that you will use quite often allows you to
Specification switch between specification menus. To do this:

Menus

1. Touch the field second from the left at the top of the screen.

State/Timing E m
Analyzer 1 A
Name: | MACHINE 1

I P-int

2. The pop-up that appears is shown below. Choose which
specification menu you want and touch that field. For example to
get to the timing Format specification menu, touch the field
labeled Format 1.

Analyzer |

2
Name: | MACHINE 1
Tupe: Trace 1
Waveform 1
—

Configuration

HP 16510B Learning the Basic Logic Analyzer Menus
Getting Started Guide 4-3



This closes the pop-up and puts you in the timing Format menu.

(StatefTiming E] ( Format 1 J Run

Pod E1
o
Rol . m™ )
Doun
ACtivity > . ___
Label Pol 15 . 87 Q

BIT [rrrrsrsrnnnnnn |
off
off
off
orf
orr
off
off

|
Alpha Entry You can give specific names to several things. These names can
POp-U p Menu represent your measurement specifically.

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

o Both analyzers
o Labels

Learning the Basic Logic Analyzer Menus HP 16510B
a-4 Getting Started Guide



To learn how this type of pop-up works, you will name Analyzer 1
LEARN. However, you will misspell it. You will then be shown how to
correct it.

1. Get back to the logic analyzer Configuration menu by touching
the field second from the left at the top of the screen. Then touch
the field labeled Configuration in the pop-up.

2. In the Configuration menu, touch the field labeled Machine 1.

( State/Timing EJ (Eonfiguraliorj Run
Analyzer | ] Analyzer 2
MACHINE

Type: I Timing
J

Unassigned Pods

You will now see an alphanumeric keyboard similar to a typewriter
keyboard, as shown below.

( State/Timing E] @nfiguration] Run
Analyzer 1 Analyzer 2
MACHINE 1
(HACHINE 1 )

((=)(=]] I

I rlca ‘ I NNNE
l L2 =) IR SPHCE l uuuuu
HP 16510B Learning the Basic Logic Analyzer Menus

Getting Started Guide 4-5



At the top of the keyboard you will see a space that contains the label
"Machine 1." The cursor in this area will tell you where the next letter
or number will appear when you touch it on the keyboard. The cursor
can be moved within the display with the KNOB.

ﬁ The cursor is not printed on a hardcopy printout therefore it is not
Note printed in the illustrations in this guide.

3. Now that you are ready to name Analyzer 1, position the cursor
over the M in Machine and touch the L key. Notice that "M" has
been changed to "L."

( State/Timing E] (Conrlguratiun) Run

Analyzer 2
[[LHCHINE 1 ll

Analyzer |

=
=) o
CLEAR l SPACE

I

()
(<]

(=)

/]

(]
(=)=

(=)= )(=)()
(<)==
(=)(=)(<)=)
(2=))(=)

-@"@a
FEEE

i

Learning the Basic Logic Analyzer Menus HP 16510B
4-6 Getting Started Guide



4. Touch ihe E, A, R, and M keys.
( stetesTiming €] (Configuration) Run

Analyzer | analyzer 2
I' 1 [ILEFIRHNE1 I]
LWEEHEEEE E

You should now see LEARMNE 1 in the display above the keyboard.
Since this is not the name you wanted, change it.

Changing Alpha To change the name, place the cursor on the character you wish to
Entries change and touch the new character.

If you want to erase the entire entry and place the cursor at the
beginning of the name box, touch the key labeled CLEAR.

( State/Timing EJ (Con!iguratwn] { Print Run
Analyzer 1 Analyzer 2
MACHINE 1 ( ]

HP 16510B
Getting Started Guide




If you want to replace a character with a space, place the cursor on that
character and touch the key labeled SPACE.

(" StetesTiming £ ) (Configuration)

Analyzer 1 Analyzer 2
(i e 1)
S LEARN E 1

Correct the name that we are working on from LEARMNE 1 to
LEARN using the KNOB and the appropriate keys. After the name is
correct, touch the field labeled DONE. This closes the pop-up and
changes the name of analyzer 1 to LEARN.

( State/Timing E] (Con(igurationj

| Analyzer 2

'LEHRN |

(=) gl

Analyzer |

| MACHINE 1

—
—

-~

(=)(=)(-]
A

(v )(=)()
()= )(m)()
(=)(=J(=)()
(< )=)(=)(e]
(=)(=)=)(=]
(==

f
i

CLEAR SPACE

(

Learning the Basic Logic Analyzer Menus HP 16510B
4-8 Getting Started Guide



Now that you have entered and edited a name, you will know how to
use the Alpha Entry pop-up menu when it appears in other logic
analyzer menus.

Numeric Entry There are many pop-up menus in which you enter numeric data. The
Menus two major types are:

o Numeric entry with fixed units
e Numeric entry with variable units (i.e. ms, ns, 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 is the POD Threshold pop-up menu.

Besides being able to set the pod thresholds to either of the preset
values (TTL or ECL), you can set the thresholds to a specific voltage
between —9.9 Vand +99 V.

To set pod thresholds to a specific voltage, follow these steps:

1. Select either Format 1 or Format 2 to get to either the timing or
state Format specification menu using the method described in
"Choosing Specification Menus" earlier in this chapter. This
displays either the state or timing Format specification. It does
not matter whether you are in the timing or state Format
specification menu.

HP 16510B Learning the Basic Logic Analyzer Menus
Getting Started Guide 49



2. Touch the field of any pod displayed. You will now see a pop-up
with the choices TTL, ECL, and User.

@ If you don’t see any pods displayed, it simply means that you do not
Note have any pods assigned to this analyzer. Either switch analyzers or
assign a pod to the analyzer with which you are working,

( State/Timing E] ( Format 1 j
| Symbols |
m Pod E!
RoT1
Doun
Activity > oo _________
Label Pol 15 ... 87 ....0
BIT I:************** I
oif
oft
orf
ofr
off
off
orf
Learning the Basic Logic Analyzer Menus HP 16510B
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3. In the pop-up, touch the field labeled "User."

( State/Timing E] ( Format IJ Run
Symbols
i Yp
Roll
Down

Activity >
Label Pol

BIT
art
arf
aff
arf
orf
orf
off

A numeric keypad will appear. You can use the keypad to enter your
desired threshold. The space above the keypad will display the
numbers as you touch them. To enter — 5.2 V:

4. Touch the keys labeled "5", ". ", and "2." Notice that 5.2 appears in
the display above the keypad.

( statesTiming €) ( Format 1 )
[ 5.27 ngmDo]s|
U

q[—ﬂ (s )¢ |

Doun

et | 4 ][5 )( 8 )
BIT F«T

B (N
off

RN
o CLEAR (
ort

off
off

el
=
>

HP 18510R Learning the Rasic Logic Anal Men
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5. Touch the key with the — sign. Now you will see — 5.2 in the

display.

( stetesTiming €) (( Format 1 )
( -

S (D

e (L4 (s (e )

B;:‘f I*** [ }[ ]

orf

off )

orf

orf

orf

off

6. Select your units by touching either of the keys on the right side of
the keypad. For this example, touch the key labeled "V." The
display now shows —5.2'V.

( State/Timing EJ ( Format 1 )
ol -
Rol1l
15
]
I

Doun

Activity >
Label Pol

BIT o
orf
off
orf
off
off
orf
arf

Learning the Basic Logic Analyzer Menus
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7. Touch the DONE field to close the pop-up and place the new

threshold in the Pod field.
( stetesTiming £) ( Format 1 ) Run
Pod E1

0

Doun

fctivity >  TTTTTTTTOTTTTTTT
Label Pol 15 ... 87 .... 0
BIT r**************** I
off

aff

off

aff

orf

off

off

HP 16510R

Learning the Basic Logic Analyzer Menus
Getting Started Guide

4-13



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

e Assigning bits to pods

o Specifying patterns
e Specifying edges

Assigning Bits t0 The bit assignment fields in both state and timing analyzers work
Pods identically. Before starting this exercise you need to know how the logic
analyzer knows which bits are assigned and which ones are not
assigned. The convention for bit assignment is:

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

In the following menu example, bits 0 through 7 are assigned to the

label BIT.
( State/Timing Ej ( Format 1 ) Run
l Symbols
Up Pod EI

Down

Activity >

Label Pol 15 ...87 ....0

BIT E | ,,,,,,, ]k o ok o ok

off

off

off

off

off

off

off

Learning the Basic Logic Analyzer Menus HP 16510B
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To assign bits:

1. Get into either the timing or state Format specification menu
using the method described in "Choosing Specification Menus"
earlier in this chapter.

2. Touch one of the bit assignment fields.

||:l If you don’t see any bit assignment fields, it simply means you don’t
Note J have any pods assigned to this analyzer. Either switch analyzers or
assign a pod to the analyzer with which you are working.

( State/Timing E ( Format 1 J
Pod E1
up
Down
Activity > . ___
Label Pol 15 ... 872 ....0
BIT Y —q
-
off
off
off
off
off
off
off
HP 1g8510R Learning the Basic Logic Analvzer Menus
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You will see the following pop-up menu.

( State/Timing Ej ( Format IJ Run
........ ********]

Po

| . T
Down

Pt 201 5] ( cLeAr] [ pone |
o] [+ I
off
off
off
off
off
off
off

3. Rotate the KNOB to place the cursor on any one of the asterisks
or periods in the pop-up. To assign the bit, touch the field
containing the asterisk. To un-assign the bit, touch the field with
the period.

Learning the Basic Logic Analyzer Menus HP 16510B
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' StatesTiming Ej ( Format 1 ) Run

)
HKIEWHINE , |, , FHIEHIENIN
Po
o (G \
Rol1 ! .
L Doun }
Activity >  _______
Label gPol 15 ... 1 CLEAR l

off
off
off
off
off
off
off

4. You close the pop-up by touching the DONE field.

Specifying The Specify Pattern fields appear in several menus in both the timing
Patterns and state analyzers. Patterns can be specified in one of several number
bases. For now we’ll use hexadecimal (HEX) since it is the default base.

Before starting this exercise you need to know how the logic analyzer
knows which patterns to ignore (doesn’t care about). Whenever you see
an "X" in this type of menu it indicates a "don’t care."

HP 185108 Learning the Basic Logic Analyzer Menus
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To specify patterns:
1. Get into the timing Trace specification menu.

2. Touch the field to the right of Find Pattern. A pop-up keyboard
display will appear.

@ If the field does not contain four X’s (representing don’t cares) do not

Note be alarmed. It simply means the number of bits in your label is different
than the label in this example. Go to the timing Format specification
menu and assign all the bits in the pod, using the method described in
the previous section. Return to the timing Trace specification menu
and continue.

( State/Timing EJ ( Trace 1 44) Print Run

Acguisition mode
Transitional

Label > BIT

Base > Hex
Find <
Pattern E

present for
Then find
Edge

Learning the Basic Logic Analyzer Menus HP 16510B
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3. On the pop-up keyboard, touch the keys 2, 3, 4, and X. You will
see 234X in the display above. This will be the pattern in
hexadecimal that you want the logic analyzer to recognize. If you
make an error when entering a number, use the KNOB to
position the cursor over the incorrect digit and touch the desired
Key.

( stetesTiming £) ( Trace 1 ) (print ) { Run )

Acquisition mode
Transitional

Label > BIT ‘]
Base > Hex
Find

Pattern KXXXK l

present for (

Then find lL
S |\

4, Close the pop-up keyboard display by touching the DONE field.



Specifying Edges You specify edges in the timing Trace specification menu by following
these steps:

1. Get into the timing Trace specification menu.

2. Touch the field to the right of "Then Find Edge."

( State/Timing Ej rTrace 1 J

Acquisition mode
Transitional

Label > BIT

Find

Pattern | 234X ]

Then find
N
Edge

Learning the Basic Logic Analyzer Menus HP 16510B
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A pop-up menu will appear as shown below. You will notice 16 periods
in the pop-up. Each period represents an unassigned edge for each bit
assigned to the label. Don’t be alarmed if you have a different number
of unassigned edges; it simply means that the number of bits in your
label is different than the label in this example.

( StatesTiming E ) ( Trace 1 J [ Print Run

CICCIC it
. 0 ¢ ¢ ALLIULILL

[ CLEHR] [ DONEJ

Label > BIT

Base > Hex
Find

Pattern 234X

Then find
Edge

3. Use the KNOB to place the cursor on one of the unassigned
edges. Touch the field with the arrow pointing up. The period is
replaced with the arrow.

( statesTiming €) ( Trace 1 ] (Print ] [ Run )

.......... )
e

Acquisition mode
Transitional

Find

Pattern 234X

Then find

N 484
nr 1991

o u
Getting Started Guide 4-2
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4. Move the cursor to another unassigned edge. Touch the field with
the arrow pointing down. The period is replaced with the arrow.

( State/Timing a ( Trace 1 J

~ Acquisition mode
l . ll 1 ! { t Transitional
Label > |POD 1 ( CLEHR] ﬁOI.

Base > Hex
Find

Pattern 234X

Then find
Edge

5. Move the cursor to yet another unassigned edge. Touch the field
with the arrow pointing both ways. The period is replaced with an
arrow pointing both up and down.

(stete/Timing ) (( Trace 1)

[.....T..¢

ﬂcqu151t10n mode
[ J[ Transitional
.

Label > |BIT [ CLEﬂ DONE ]
Base > Hex
Fing

Pattern 234%

Then find
Edge

You have just selected a positive-going ( 1), negative-going ( | ), and
either edge ( { ) for your edge parameter.

Learning the Basic Logic Analyzer Menus HP 16510B
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6. Touch the DONE fieid. The pop-up will close and you will see the
following display.

( statesTiming €] ( Trace 1 ) (print } ( rRun )

Acquisition mode
Transitional

Label > BIT

Base >
Find
Pattern 234X

Then find
Edge

% When you close the pop-up after specifying edges, you will see dollar
Note signs ($%...) in the Then Find Edge field if the logic analyzer cannot
display the data correctly in the number base you have selected.

Su mmary In this chapter you have learned some of the most common pop-up
menu types. You will use these pop-up menus as you set up the logic
analyzer in the measurement example exercises in chapters 5 through 7.

If you are already familiar with logic analysis and feel you are
comfortable enough with the HP 16500A interface, you may be ready
for the HP 16510B Front-Panel Reference.

If you are not familiar with logic analyzers or logic analysis, you should
continue with this guide.

HP 18510B Learning the Basic Logic Analyzer Menus
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5

Using the Timing Analyzer

Introduction

Problem
Solving with
the Timing
Analyzer

HP 165108

Getting Started Guide

In this chapter you will learn how to use the timing analyzer 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 in a task format. The tasks are
ordered in the same way you will most likely use them once you become
an experienced user. The steps in this format are both numbered and
lettered. The numbered steps state the step objective. The lettered
steps explain how to accomplish each step objective. There is also an
example of cach menu after it has been properly set up.

How you use the steps depends on how much you remember from
chapters 3 and 4. 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 need still more
information about "how," use the lettered steps.

In this exercise, assume you are designing a dynamic RAM memory
(DRAM) controller and you must verify the timing of the row address
strobe (RAS) and the column address strobe (CAS). You are using a
4116 dynamic ram and the data book specifies that the minimum time
from when LRAS is asserted (goes low) to when LCAS is no longer
asserted (goes high) is 250 ns. You could use an oscilloscope but you
have an HP 16500A with an HP 16510B module installed. 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 Timming Analyzer
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What Am | After configuring the logic analyzer and hooking it up to your circuit
GOiI’Ig to under test, you will be measuring the time (x) from when the RAS goes
low to when the CAS goes high, as shown below.
Measure?
| (X)
RAS —-L____ij——
i
CAS — l—-—“
1850/8L05
.
n order to make this timing measurement, you must contigure the logic
How Do | In ord ake this timi nfigure the logi
Confi gure the analyzer as a timing analyzer. By following these steps you will
. configure Analyzer 1 as the timing analyzer.
Logic Analyzer?
If you are in the analyzer Configuration menu, you are already in the
right place and can start with step 2; otherwise, start with step 1.
1. Display the analyzer Configuration menu.
a. If you are in the State/Timing Analyzer module, go on to step
b. Touch the field in the top left corner. When the pop-up
appears, touch the field labeled State/Timing E.
b. Touch the field second from the left at the top of the screen.
Anatyzer 1
.,
ne ods
{ Pod 1 ]
A )
Using the Timming Analyzer HP 16510B
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c. When the pop-up appears, touch the field labeled

"Configuration."

Analyzer 1

Name: ' MACHINE 1 Format ~N >~
—
HWaveform 1

Pod | ] '

A~

2. In the 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 to the right of Type: .

[ Slate/Timing_E] (Ennfiguration] ‘Prlnt Run

Analyzer 1 ] Analyzer 2

Name: | MACHINE 1

Unassigned Pcds
{ Pod 1

HP 18510R Lsi

VN R vSh lg
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b. Touch the field labeled Timing.
( State/Timin@ Configurat@ Run

[ Analyzer 2

Unassigned Pods

{ Pod 2 |

3. Name analyzer 1 "DRAM TEST" (optional)

a. Touch the field to the right of Name: under Analyzer 1.
( Sta(e/Tx’ming@ (Configuralxon) Run
Analyzer | ] Analyzer 2
Type: ' Timing off v}

l Pod !

Unassigned Pods

Using the Timming Analyzer HP 16510B
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b. When the alphanumeric keyboard pop-up appears, touch the
appropriate keys to change the name to "DRAM TEST" (see
"Alpha Entry Pop-up Menu" in Chapter 4 if you need a

reminder).
{ State/Timing £ {Configuration) fPrint Run
[N EEN k4 s x J
Analyzer |

—/

Analyzer 2
DRAM TEST

(=)(=)(=)

(v )(=)()
(=)(=)(=)

(F=)(e]
(L )=)=)
TJ

i
i

(=)=)(=)(=]
(==

()= ()
anan
(<)==

CLEAR SPACE

4. Assign pod 1 to the timing analyzer if it is not already assigned or
if it is assigned to analyzer 2.

a. Touch the Pod 1 field.
( State/Timing Ej (Canfiguralioﬂ i Print Run

Analyzer | Analyzer 2

Name: | DRAM TEST
s Gz | [ (G
Unassigned Pods

||F= 1€ES1<5E; l}sii-si t}. B e s HeTe] A.aagiizﬁaf

n
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b. In the Pod 1 pop-up, touch the field labeled DRAM TEST (or
Machine 1 if you didn’t name the analyzer DRAM TEST).

( State/Timing E Lonflguratmn Run
Analyzer 1 Analyzer 2
Name DRRH TEST
Type:

N

Type: T1m1ng 011

ﬁutoscale MACHINE

Unassigned

The analyzer Configuration menu should look like that shown below.

( stetesTiming €] (Contiguration) 1"!!!' Run

Analyzer 1 anglyzer 2

Name:' DRAM TEST j
S

Type: [ Timing Tyee |o0tr

‘ Autoscale }

i Fod N [ Pod 2 )

Using the Timming Analyzer HP 16510B
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Connecting the
Probes

Activity Indicators

HP 16510B
Getting Started Guide

At this point, if you had a target system with a 4116 DRAM memory
IC, you would connect the logic analyzer to your system. Since you will
be assigning Pod 1 bit 0 to the RAS label, you hook Pod 1 bit 0 to the

mamnry I nin cannactad ta tha RAQ CI{I‘I‘I')I Van hanl poﬂ 1 bif 1to

LLUVARUL Y A% Pl LULLLULIUG LU U N a0 Sigil A VU avun 1 U R &

the IC pin connected to the CAS signal.

When the logic analyzer is connected and your target system is running,
you will see two | at the right-most end (least significant bits) of the
Pod 1 field in the analyzer Configuration menu. This indicates that the
RAS and CAS signals are transitioning,

( state/Timing E] (CunfigurﬂtiunJ

ﬁutoscale

.

Analgzer 1 Analyzer 2
Name : DRAH TEST
e (Timine J | rupe:
/S N

Using the Timming Analyzer
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L
Conﬁgu ring the  Now that you have configured the logic analyzer module, you are ready
Tlmlng Analyzer to configure the timing analyzer. You will:

e Create two names (labels) for the input signals
e Assign the channels connected to the input signals
e Specify a trigger condition

1. Display the timing Format (Format 1) specification menu.

a. Touch the field second from the left at the top of the screen.

StatesTiming E m N Run

Analyzer 1

Namg:' DRAM TEST ]

Autgscale

{ Pod 1 ]
L

Using the Timming Analyzer HP 16510B
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b. Touch the field labeled Format 1. This gets you to the Format
specification menu of analyzer 1, which you have configured as
a timing analyzer.

Configuration
Analyzer 1 2
Name: | DRAM TEST .
l Autoscale )
Waveform *

2. Name two labels, one RAS and one CAS.

a. Touch the top field in the label column.

( stetestiming €) ( Formet 1 ) Run

Symbols

LD 42c4nD nire
nr 1007Vo vSing
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b. In the pop-up, touch the Modify Label field.

(stetesTiming £) ( Format 1)

Symbols

Turn Label Off

Turn Labe.

c¢. With the alphanumeric keyboard, change the name of the label
to RAS (see "Alpha Entry Pop-up Menu" in Chapter 4 if you
need a reminder).

( ststesTiming £] ( Format 1 ) Print

g
i

Symbols
Pod E! R

()
()
a0
()

D

==
=)

(=)(-J=)(+)
(<)=)(=)(=]
(=)=
NEE0

SPRCE

E
H
y

Using the Timming Analyzer HP 16510B
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d. Name the second label CAS by touching the second field in the
label column and then repeating steps b and c. The timing
Format specification with the labels is shown below.

(étate/Timingg ( Format 1 ) Run

Symbols

Pod E1

rRas | [+ ][ ...
CAS | [+ | Lo
orf
off
aff
off
orf
arf

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.

( stetesTiming £) ( Format 1 )

Symbols

Pod E1

RAS [ .“ -
cas | [+ ...

off
off
off
off N
off
off

anm [ Y

F 163108 Us:llg

n
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b. Any combination of bits may be already assigned to this pod;
however, you will want only bit 0 assigned to the RAS label.
The easiest way to assign bits is to press the CLEAR field to
unassign any assigned bits before you start.

( stetesTiming €] ( Format 1 ) Run
]

RAS
CAS
off
off
off
off
off
aff

Using the Timming Analyzer HP 16510B
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¢. Use the KNOB to position the cursor on bit 0. This is the bit on
the far right end of the bit assignment field. Touch the asterisk
field. This places an asterisk in the pop-up for bit 0-indicating
that Pod 1 bit 0 is now assigned to the RAS label. Touch the
DONE field to close the pop-up.

( State/Timing EJ ( Format 1 j m :—__Run
o]

CAS

d. Assign Pod 1 bit 1 to the CAS label by repeating steps a
through c for bit 1. The resulting timing Format menu is shown

below.
{ ctate/Timing E , T 1 ) (rrint ) gun )
[§ State/Timing :J ( Format 1 J [ Run J

Symbols

HP 165108 Using the Timming Analyzer
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Specifyi ng a To capture and place the data of interest in the center of the Timing

Tri gger waveform menu display, you need to tell the logic analyzer when to
. trigger. Since the first event of interest is when the LRAS is asserted

Condition (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 at the top of the screen.

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

State/Timing E w—

Configuretion

Symbols

Pod E1 Format 1

TTL ‘
I‘ Label )I Pol ;5""'65" HWaveform
Ras | [+ "
CAS | [+ || eeriiiiinn, *
off
off
orf
off
off
off
Using the Timming Analyzer HP 16510B
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2. Set the trigger so that the logic analyzer triggers on the
negative-going edge of the RAS signal.

a. Touch the field to the right of Then Find Edge and under the
label "RAS."

- - N e S
| State/Timing E | [ Trace 1 | | Print ] { Run j

Acquisition mode
Transitional

Find

present for '

Then find
Edge

b. In the pop-up, touch the field with the arrow pointing down.
This replaces the period with the arrow, indicating a
negative-going edge.

( State/Timing E] ( Trace 1 J Run

m Acquisition mode
l . ” 1 l{ N 1 Transitionai
Label > RAS [ CLEHR' (DL...

Base > Hex HEX
Find

Then find

HP 16510B Using the Timming Analyzer
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c. Touch the DONE field. The pop-up closes and a | is located
in the Then Find Edge field. The | indicates that a
negative-going edge has been specified.

( State/Timing E] ( Trace 1 J Run

Acquisition mode
Transitional

Find

Then find

|
Acquiri ng the Now that you have configured and connected the logic analyzer, you
Data can acquire the data for your measurement. To do so, first display the

timing Waveform menu:
1. Touch the field second from the left at the top of the screen.

2. When the pop-up appears, touch the field labeled "Waveform 1."

Configuration
Format | Acquisition mode
Transitional
Trace |
Have

Find

Then find

Using the Timming Analyzer HP 16510B
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HP 16510B
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If this is the first time you acquire data and you have not previously set
up the timing Waveform menu, you will get a blank area at the bottom
of the display. You need to turn on the RAS and CAS labels. To do so,
follow these steps:

1. Touch the long blue field on the left side of the screen.

( stetesTiming £] ( Haveform 1 ]

ﬁcc%ﬂ%late |Sample period = 10.000 ns
s/Div Delay Markers
200 ns 0 s orf

2. In the pop-up, touch the field labeled "RAS" located under
Labels. The label RAS appears at the top of the long blue field.

{ State/Timing E} ( Wavaform ! | Print Run

A 1
CC%E% ate [Sample peried = 10.000 ns
s/Div Delay Markers
200 ns 0 s orf

WAYEFORM SELECTION

Action
Delete
Insert

Channel Mode
Sequential

Labels

RAS

CAS
—

! Done

Using the Timming Analyzer
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3. Touch the field labeled "CAS" located under Labels. The label
CAS appears in the long blue field under RAS.

( statesTiming £ ( Haverorm 1 )

Accumulate
o

ff
s/Div Delay
200 ns 0 s
RAS

Labels

[éample period = 10.000 ns l
Harkers
off
WAVEFORM SELECTION T
Action

Channel Mode
. Delete
Sequential

Insert

Done

4. Touch the DONE field to close the pop-up.

( stete/Timing £) ( Waveform 1 )

Accumulate
offr

Isnmple period = 10,000 ns |

s/Div
200 ns

Delay Markers
0 s off

RAS

CAS

Using the Timming Analyzer
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To acquire the data, touch the green field in the upper right-hand
corner labeled "Run." Do not lift your finger off the screen.

(stetesTiming €) ((Waverorm 1 ) [ n )
Accumulate At
( off ] (x marker] RAS 0

s/Div Delay Markers X to 0 Trig to X F
200 ns 0 s Time 0 s 0 s

RAS

CAS

When you touch the Run fieid a pop-up appears next to it with the
options Single, Repetitive and Cancel. With your finger still on the
screen, move to the field labeled Single. It will turn white, indicating
that it has been selected.

( State/Timing EJ (Haveform 1 ]
Accumulate At

( off ] [x marker] RAS
s/Div Delay Markers
200 ns 0 s Time

RAS

CAS

HP 16510B Using the Timming Analyzer
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@ The Run field appears in, and can be activated from every specification

Note menu. However, if the timing Waveform menu has not previously been
set up, you need to display the Waveform menu as described above and
get it ready. Thereafter, you can Run a test from any specification
menu.

While the logic analyzer is acquiring data, the Run field changes color
from green to red, and instead of Run it says Stop. This allows you to
stop the data acquisition at any time just by touching this field.

( stetesTiming ) (" Haverorm 1 ) @ \ |

s/Div Delay Markers
200 ns 0 s ors

RAS

CAS

If you select Cancel, the logic analyzer will return to the state it was in
before the Run field was touched.

Using the Timming Analyzer HP 16510B
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When you touch Run, the logic analyzer will look for a negative edge
on the RAS signal and trigger if it sees one. When it triggers waveforms

appear on the display.
[ State/Timing EJ ( Haveform 1 ]
{ 1
l Acctan}uflate iSampie period = i0.000 ns }
s/Div Detay Markers
100 ns 0 s off
RAS E

CAS : ]

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).

The Ti ming The timing Waveform menu differs from the other menus you have

Waveform Menu used so far in this exercise. Besides displaying the acquired data, it has
menu fields that you can use to change the way the acquired data is
displayed, such as s/Div, and fields that give you timing answers, such
as the Markers field. These will now be discussed.

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

HP 16510B Using the Timming Analyzer
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1. If the s/Div field is already light blue, go on to step 2. If it is not
light blue, touch the field.

( State/Timing E] ﬁavefurm ! ] Run
Accumulate |Sample period = 10.000 ns l
‘ Delay Markers
off

|

| S

2. The light blue color of the field indicates that the value can be
changed with the KNOB or by touching the field to get a pop-up
keypad. For this exercise, rotate the KNOB until your waveform
shows you only one negative-going edge of the RAS waveform
and one positive-going edge of the CAS waveform. In this
example 200 ns is best.

( stetesTiming €] (Waveform 1 )
ﬂcc“c','}”,‘ate ‘Snmple period = 10.000 ns]
s/Div Delay Markers
200 ns 0 s off
RAS j l—_
= 5 I

Using the Timming Analyzer HP 165108
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The Timing The logic anaiyzer supplies two markers that you can use to make
Markers timing measurements. One is called the X marker and the other is the
O marker. You place them on the points of interest on your waveforms,

and the logic analyzer displays the time between the markers. To turn
the timing markers on:

1. Touch the field third from the left, third row down from the top of
the display. It should say "Markers Off."

( stetesTiming E ) ( Haveforn 1 )

Accn.lomfuflate Eample period = 10.000 ns
s/Diy Delay N
200 ns 0 s

RAS

CAS

2. In the pop-up, touch the field labeled "Time." This closes the
pop-up and turns the timing markers on,

( State/Timing E] ( Haveform 1 J Run

ﬂcc%ﬂilate Sampie period = 10.000 ns’
s/Div Delay orf
200 ns 0 s N

RAS

CAS Pattern

Statistics

HP 16510B
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Three more fields will appear on the screen next to the Markers field.
The first one tells you the time between the X and O markers. The
second field, which is outlined in green, tells you the time from the X
marker to the trigger point. The third field, which is outlined in yellow,
tells you the time from the O marker to the trigger point.

(stetesTiming £ ) ((Haveforn 1 )
Accumulate At

( ofrf ] (x marker] RAS 0
s/Div Delay Markers X to 0 Trig to X Trig to O
200 ns 0 s Time 0 s 0 s 0 s

RAS l

CAS “__—_]—’_

You will also see a multi-colored line down the center of the waveforms
display area. This line is actually made up of three lines: a red line, a
yellow line, and a green line. The green line is the X marker, and the
yellow line is the O marker. The red line indicates the trigger point you
specified in the timing Trace specification menu. Notice that it is
superimposed on the negative-going edge of the RAS signal.

I

Making the 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

Measurement and O markers to quickly find the answer. Remember that you
specified the negative-going edge of the RAS to be your trigger point.
Therefore, the X marker should be on this edge if Trig to X = 0. If not,
follow steps 1 and 2.

Using the Timming Analyzer HP 16510B
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1. Touch the field labeled "Trig to X." This turns the field light blue.
Remember that a Iight blue field means that the value can be
changed with the KNOB or by touching the field to get a pop-up
keypad. For this exercise we’ll use the KNOB.

i State/Timing E} | Haveform 17 | Print ' Run l
~ N ————
Accumulate -
off marker

s/Div Delag Markers X to O Trig to O
200 ns s Time 0 s 0 s

CAS

2. Rotate the KNOB to place the X marker {green line) on the
negative-going edge of the RAS waveform. The field should read
"Trigto X = 0s."

3. Touch the field labeled "Trig to O." This field should now be light
blue. Use the KNOB to place the O marker (yellow line) on the
positive-going edge of the CAS waveform. The field should now
read "Trig to O = 710 ns."

( statesTiming € ) ( Waveform 1 )
Accumulate -
off X marke
s/Div Delay Markers X to O Trlg !u X
200 ns 0 s Time 710 ns

RAS T

CAS

HP 16510B Using the Timming Analyzer
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The timing Waveform menu should look like that shown below.

Eate/ﬁming 9 LHaveform 1 )
[ Acc%mfuflaie] [ X mgr’:ker] 0

s/Div Delay Markers X to O Trig to X| fTrig to O
200 ns 0 s Time 710 ns 0 s 710 ns

1 T
CAS :. L—j——
]
Finding the The time elapsed between the time RAS goes low and the time CAS
Answer goes high can be calculated by adding the Trig to X time and the Trig

to O time, but there is no need. The logic analyzer has already
calculated this answer and displays it in the X to O field on the display.

Using the Timming Analyzer HP 16510B
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This example indicates that the time is 710 ns. Since the data book
specifies a minimum of 250 ns, it appears your DRAM controller
circuit is designed properly.

( State/TimingJ @vefurml )

{PME o J lx markerJ L - J

s/Div Delag Markers ¥ to O Trig to X| §Trig to O
200 ns Time ?IO ns 0 s 710 ns

RAS .
|

CAS H J
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Su mmary You have just learned how to make a simple timing measurement with
the HP 16510B Logic Analyzer module in the HP 16500A. You have:

specified a timing analyzer

assigned pod 1

assigned bits

assigned labels

specified 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 an oscilloscope. You
can use the timing analyzer for any timing measurement that neither
requires voltage parametrics nor surpasses 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.

Using the Timming Analyzer HP 16510B
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6
Using the State Analyzer

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 circuit 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 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 cach menu after it has been properly set up.

How you use the steps depends on how much you remember from
chapters 3 and 4. If 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 you need to perform, follow the numbered steps. If you still need
more information about "how," use the lettered steps.

HP 165108 Using the State Analyzer
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Problem In this example assume you have designed a microprocessor controlled
Ivi with circuit. You have completed the hardware and the software designer
So ng has completed the software and programmed the ROM (read-only
the State memory). When you turn your circuit on for the first time your circuit
Ana|yzer 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 a software problem. The
problem now requires some testing to find a solution.
[
What Am | You decide to start where the microprocessor starts when power is
Going to applied. We will describe a 68000 microprocessor; however, every
processor has similar start-up routines.
Measure?

Using the State Analyzer

6-2

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. This time during which 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 that 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 micro-
processor fetches its first instruction. This is also specified by you
and stored in ROM at address locations 4 and 6.

HP 16510B
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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 at 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 results are displayed:

0 000000 0000
1 000002 04FC
2 000004 0000
3 000006 8048
4 008048 3E7C

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

HP 18510R Using the State Analvzer
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How Do | In order to make this state measurement, you must configure the logic
Confi gure the analyzer as a state analyzer. By following these steps you will configure

Logic Analyzer'? Analyzer 1 as the state analyzer.

If you are in the analyzer Configuration menu you are in the right place
and can start with step 2; otherwise, start with step 1.

1. Display the analyzer Configuration menu.

a. If you are in the State/Timing Analyzer mode, go on to step b.
If you are in another mode (i.c. operating from a different
module), refer to "Moving to the Logic Analyzer" in Chapter 3
to see how to get to the analyzer mode.

b. Touch the field second from the left at the top of the screen.

State/Timing E {Print

Sequence

While storing "an¥state"
TRIGGER on “a” times

Branches
of f
Store “anystate”
2 1

=

a ' 000000 ) XXKK
b
c
d MRRXKK ( XRKK )
Using the State Analyzer HP 16510B
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¢. When the pop-up appears, touch the field labeled
"Configuration”.

State/Timing E W ~ Run
Seq

[HR] While storing “an Format
1 TRIGGER on “a&”

Store “anystate”

Trace 1

Listing 1

(-
u
:

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

a. Touch the field to the right of Type: .

( State/Timing Ej @onfiguratiorﬂ

Analyzer | Analyzer 2 )|

Name: | MACHINE 1

~
Type: g Type: off
' Autoscale

Unassigned Pods

[ Pod 4

HP 16510B Using the State Analyzer
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b. Touch the field labeled "State".

( statesTiming E ] (Configuration) (Print Run

Analyz Analyzer 2
off
Name: | MAC
Timin
Unassigned Pods
Pod 4 ]
________________ ]
Pod 5 ]

3. Name analyzer 1 68000STATE (optional).

a. Touch the field to the right of Name: .

( stetesTiming €] (Configuration)

] [ Analyzer 2

Analyzer 1

Unassigned Pods

Using the State Analyzer HP 16510B
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b. When the alphanumeric keyboard pop-up appears, touch the
appropriate keys to change the name to 68000STATE (see
"Alpha Entry Pop-up Menu" in Chapter 4 if you need a

reminder).
( State/Timing E] (Configuration) (Print) (Tm—_)
Analyzer 1 Analyzer 2
G | | (005 |

(=)(=)C-]
(M(=)=)()

CIEEE
goa

()
(£)
(o)
(x)

(=(=)E)
(2=))(=)

(<)o)
(=)(=)(=)(=)
SEA0

|

CLEAR SPACE

\'—"\

4. Assign pods 1, 2, and 3 to the state analyzer.
a. Touch the Pod 1 field.

( statesTiming E) (Configuration) (Print Run

Analyzer 1 Analyzer 2

Name: | 6B000STATE

Unassinned Pods

HP 16510B Using the State Analyzer
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b. In the Pod 1 pop-up, touch the field labeled "68000STATE".

( State/Timing E] (Configurution]

Analyzer 1 Analyzer 2

Name: | 68000STATE

c. Repeat steps a and b for pods 2 and 3.

The analyzer Configuration menu should look similar to that shown
below.

( Staete/Timing E] (l:on(iguretiun] Run

Analyzer 1 Analyzer 2

Name: | 68B000STATE

Unassigned Pods

{ Pod 4 )

W J

{ Pod 5 ]

N )
Using the State Analyzer HP 16510B
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Connecti ng the At this point, if you had a target system with a 68000 microprocessor,

Probes you would connect the logic analyzer to your system. Since you will be
assigning labels ADDR and DATA, you hook the probes to your
bjbtciﬁ.aCCGleﬁgﬂy

e Pod 1 probes 0 through 15 to the data bus lines D0 through D15.
e Pod 2 probes 0 through 15 to the address bus lines AQ through

A1lS.
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 running,
Indicators youwill see ( | )inthe Pod 1,2, and 3 fields of the analyzer

Configuration menu. This indicates which signal lines are transitioning.

State/Tlmlng E Toiru?lr;gﬂr;{i'dﬁ ' Run |
Analyzer 1 Analyzer 2
Name: | 68000STATE

Unassigned Pods

[ Pod 1 ) ( Pod 4 )
W,
[ Pod 2 ]
L thiteeeaaesaiee )
{ Pod 3
I,
HP 16510B Using the State Analyzer

Getting Started Guide 6-9



]
Co nfiguring the Nowthat you have configured the system, you are ready to configure

State Analyzer the state analyzer. You will be:

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.

State/Timing E

Analyzer 1

Name: | 68000STATE

Using the State Analyzer HP 16510B
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b. Touch the field labeled "Format 1",

Analyzer 1
Name ‘ 68000STATE d

Listing 1
' Pod 1
 — —J \
( Pod 2 ]
P —— )
' Pod 3 )
—_

2. Name two labels, one ADDR and one DATA.

a. Touch the top field in the label column.

( State/Timing E] | Format 1 ]
Clock Period Clock ol
> 60 ns Ji Symbols

Pod E3 Pod E2 Pod E1
( ™ J( TIL DI
( Clock Bl Clock I Clock ]

HP 16510B Using the State Analyzer
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b. When the pop-up appears, touch the field labeled "Modify
Label".

( stete/Timinga | Format 1 )

Clock Symbols

d E3 Pod E2 Pod E1
-

)( ™

Clock Period

c. With the alphanumeric keypad pop-up, change the name of the
label to ADDR (see "Alpha Entry Pop-up Menu" in Chapter 4
if you need a reminder).

(stetesTiming € ) ( Format 1 )
(C!uck Periuujr Clock L
> 60 ns Ji

Pod E3 ADDR }i E2 Pod EI

Using the State Analyzer HP 16510B
6-12 Getting Started Guide



d. Name the second label DATA by repeating steps a through c.

(" stotesTiming €] (( Format 1)

Clock Perﬂ[ Clock j
> 60 ns Ji

N

Pod E3 Pod E2 Pod E1
{ T G T )it T j
( Clock ]F Clock )( Clock J

soor | [+ ||
I D |
aff
off
off
orf
off
off

3. Assign Pod 1 bits 0 through 15 to the label DATA.

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

DATA.
‘ State/Timing Ej ( Format 1 J
Tlock Perioﬂ Clock
> 60 ns |14 Symbols
Pod E3 Pod E2 Pod Et

( TTL I( TTL I T )
)(

m POl 15 ... B7 ....0 15 ... 87 ....0 15 ... 87 ....0
abor | [+ ... . L ................ i
pata | [+ |1 fe . |

off
off
off
off
orf
ofrf

HP 16510B Using the State Analyzer
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b. Any combination of bits may already be assigned to this pod;
however, you will want all 16 bits assigned to the DATA label.
Start at the left end and touch the asterisk field 16 times to
assign all the bits. Touch Done to close the pop-up.

(stetesTiming £) ( Format 1)

t:luck Perind] Llaock . 1 Symbols
> 60 ns [‘“ f***************,}
> A A A

Pod EIl

1)

ADDR
DATA
off
off
off
off
orf
orf

4. Assign Pod 2 bits 0 through 15 to the label ADDR by repeating
step 3.

5. Assign Pod 3 bits 0 through 7 to the label ADDR.

If any other bit assignment field has bits assigned in it, clear that field
so that the bits are all unassigned.

Using the State Analyzer HP 16510B
6-14 Getting Started Guide



The state Format specification menu should now look like that below.

( State/Timing U ( Format 1 J lPrint Run

Clock Period Clock
> 60 ns Jé

Pod E3 Pod E2 Pod EI
TTL i TTL )i

e
L
( Clock J( Clock

@gDDR | [+ |} ........ kA Kk AR RO RRR AR | [ L e
R L A,
off
off
off
off
off
off

HP 16510B Using the State Analyzer
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Specifyi ng the If you remember from "What’s a State Analyzer" in Feeling Comfortable

J Clock 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
accessable 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".

( State/Timing E) ( Format 1 J
Clock Period Cla
> 60 ns Symbols

apDR | [+ | [ eeswwax AN N
DATA | |+ || eveeeinninn, R
off
off
ot
off
off
off
Using the State Analyzer HP 16510B
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b. In the pop-up, touch the field to the right of J.

( state/Timing E) ( Formst 1 ]
Clock Period Clock Sumbol
> 60 ns Ji ymbots

Pod E3 Pod E2 Pod E
L I( L I( L )

Clock Clock

Ji
Lo (o) T

Pie ke sk s i sk s ke ok ke e ok

ADDR
DATA
off
off
off
off
off
off

EFF

I(

T
1

c. Touch the field with the arrow pointing down.

( statesTiming ) ( Formet 1)
Clock Period Clock

Pod E3 Pod E2 Pod EI
TTL ( TTL )( T

= e sk o ke ok ok ok ok ok ok K

3. Turn off all other clocks (K-N) if any are on by repeating steps a
through c above.

HP 16510B Using the State Analyzer
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d. Touch the Done field to close the pop-up.

( statesTiming €] { Format 1 ) (Print Run
) Pod E3 Pod E2 Pod El
( TTL ) TTL I TTL )
| Clock Clock

pal__ 13 .87 ... 0

ADDR
DATA
off
off
orf
orf
off
off

5

l(‘

Ji

Bic sk sk B ok ok e ok o ok sk ke

The state Format specification menu should look like that shown below.

( stetesTiming E] { Format 1 ]

[Clm:k Period}[ Clock J
> 60 ns Ji ymbols
Pod E3 Pod E2 Pod EI
( T )( TTL ( TTL )
( Clock J( cleck ) crock )
m Pol 15 ... 87 ..... 0 15 .87 o i5.Te7 L000To

ADDR

DATA +

e ke ok oo ok sk ke ok ko ok

Using the State Analyzer
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orfr
off
off
orf
arf
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Specifyi nga To capture the data and place the data of interest in the center of the
Tri display of the state Listing menu, you need to tell the state analyzer
rigger . . . .
e when to trigger. Since the first event of interest is address 0000, you
Condition 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".

State/Timing E m— (Print Run

Configuration

Seqt
While storing “an Format 1

TRIGGER on "a”
of f

Siore “anystate”

Count

Listing off

ore

Label> ADDR DATA
Base> ex

XXRERK
XKKKKRK
XXEXEK

XXRKKK

-

KEKX
KKKK
XXX
KKXX

FELEEE
CEReRE

HP 16510B Using the State Analyzer
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2. Set the trigger so that the state analyzer triggers on address 0000.

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

( stetesTiming €] ( Trace 1)

Sequence Levels

Branches
of f
Count
off
Prestore
of f

Label>
Base> Hex [ ree
ﬁ RRRRKK
b XHXXRA
¢ HXNHA
| 4 NHHHKN (m

BECECr

b. In the pop-up touch the field labeled "anystate" to the right of
the TRIGGER on field.

(stetestiming €) ( Trece 1 )
{ Y
‘Insert Level Sequence Level | Deilete Level

Hhile storing ( “anystate” J
TRIGGER on ] i

[ A W W)

Label>
Base>

—

a o o o

Using the State Analyzer HP 16510B
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Another pop-up appears showing you a list of "trigger on" options.
Options a through h are qualifiers that allow you to assign a pattern for
the trigger specification.

c. Touch the field with the "a" option.
(!:‘;tale/TimingE [ Trace 1 J
{

no state h =h ]

e

N
TRIGGER on b
c

Label>
Base> d

a

b e

€ f =t l J
L d

d. Touch the Done field in the Sequence Levels pop-up.
(statesTiming £) (C Trace 1 )

Hhile storing ( “anystate” )
‘TRIBGERm h “a” J ( IJ times

T

Label>
Base>
2
b
¢ lL N\ |
L d
HP 16510B Using the State Analyzer
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e. Touch the field to the right of "a" under the label ADDR.
( stotesTiming €] ( Trace 1)

Sequence Levels

While storing "an?state"

TRIGGER on “a” times

Branches
f{

Store “anystate”
Count

off
Label>
Base> Hex Hex
—
[ ®¥x

Prestore

o
=
-

ok

X N
XXKKX

XEXKKK XX»

a o o o
\
x
x
>
x

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

( stete/Timing ) (( Trace 1 )
() et storsaa aauar] 000000
Store "Bnl;(C ]( DJ[ E J[ F ] Br%"rtrhes

LeJle)ln)le] i

[L][i]ts ]m e

Label>
Base>
Pitnhit
a
b
c

Using the State Analyzer HP 16510B
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Your trigger specification now states: "While storing anystate trigger on

"a" once and then store anystate."

(Stale/Timing E] ( Trace 1 J

'Print | ' Run |

Sequence Levels

Hhile storing "anystate”
TRIGGER on ~a” times

Store ”anystate”

Branches
af f
Count
off
Prestore
off

a 000000 KEKK

.,

:
L

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 the
Data

Using the State Analyzer
6-24

To acquire the data, you touch the green field in the upper right-hand
corner of the screen labeled Run. Unlike the timing analyzer you do
not have to go to the data display (state Listing) menu for the first run.
You can simply touch the Run field while in any state specification

menu. After touching the Run field, don’t lift your finger off the screen.

(steterTiming €) ( Trece 1) \ |
Sing! u
Sequence Levels ingle
While storing “anystate” .
TRIGGER on “a” times Repetitive |

Cancel

Store “anystate”

Base> Hex Hex
:
;
:

When you touch the Run field a pop-up appears next to it with the
options Single, Repetitive and Cancel. With your finger still on the
screen, move it to the field labeled "Single". Single will turn white
indicating that it has been selected.

( stetesTiming £) ( Trece 1 )

Sequence Levels

“anystate”
times

While storin
TRIGGER on “a”

Store “anystate”

-1

)
:
:

HP 16510B
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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".

State/Timing E

Configuration
Seqt
While storing ~an Format 1
1 TRIGGER on ~a”
Store “anystate” Trace 1
: ﬁ S

Branches
of f
Count
of f

~tore

Base> Hex Hex
:
:
.

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.

(State/Timing E] (Listing 1 )

Harkers
off

Base> Hex Hex
-7

0088C4 4E7S
-6 0088C6 61E6

-5 0004F0 0000

-4 0004F2 86C8

-3 0088C8 BO3C

-2 0088CA 00FF

-1 0088CC 6730
0 1 000000 0000
1 000002 04FC

2 000004 0000

3 000006 8048

4 008048 2€7C

5 008044 0000

6 00804C 04FC

7 00804E 6108

8 008050 6100

Using the State Analyzer
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The State The state listing displays three columns of numbers as shown:

Listing

( statesTiming €] (Listing 1)

Markers
off

Label> ADDR DATA
[

-7
-6
-5

m\lU\U'IAQ“\)-H

0088C4
0088C6
0004F0
0004F2
0088C8
008BCA
0088CC
000000
000002
000004
000006
008048
00804A
00804C
00804E
008050

4E7S
61E6
0000
88C8
B03C
OO0FF
6730
0000
04FC
0000
8048
2E7C
0000
04FC
61D8
6100

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
analyzer sees on the address bus. This column is labeled ADDR.

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

Using the State Analyzer
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Finding the
Answer

HP 16510B
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Your answer is now found in this listing of the states 0 through 4.

The 68000 always reads address locations 0, 2, 4, and 6 to find the stack
pointer location and memory location for the instruction it fetches after
power-up. The 68000 uses two words for each of the locations that it is
looking for, a high word and a low word. When the software designer
programs the ROM he must put the stack pointer location at address
locations 0 and 2. 0 is the high word location and 2 is the low word
location. Similarly, the high word of the instruction fetch location must
be in address location 4 and the low word in location 6.

Since the software design calls for the reset vector to:
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 that the
microprocessor did look to the correct locations for the stack pointer
data. You also see that the data contained in these ROM locations are
0000 and 04FC, which are correct.

You then look at states 2 and 3. You see that the next two address
locations are 4 and 6, which is correct, and the data found at these
locations is 0000 and 8048, which is also correct.

Using the State Analyzer
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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.

0 000000 0000 (high word of stack pointer location)

1 000002 04FC (low word of stack pointer location)

2 000004 0000 (high word of instruction fetch location)
3 000006 8048 (low word of instuction fetch location)
4 008048 2E7C (first microprocessor instruction)

( State/Timing E_] l Listing 1 ]

Markers
off

{Laber>) [ AOOR | [ DATA
L Base>J Hex ][H—ex-}

=7
-6
-5
-4
-3
-2

GJ\HJ"U'I.&MM—'H—-

0088C4
0088C6
0004F0
0004F2
0088C8
0088CA
0088CC
000000
000002
000004
000006
008048
00804A
00804C
00804E
008050

4E7S
G1E6
0000
88C8
B03C
OOFF
6730
0000
04FC
0000
8048
2E7C
0000
04FC
6108
6100
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Su mmary You have just learned how to make a simple state measurement with
the HP 16510B Logic Analyzer module in the HP 16500A. 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
microprocessors. You can use this technique anytime you need to
capture data on multiple 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.

HP 16510B Using the State Analyzer
Getting Started Guide 6-29






7

Using the Timing/State Analyzer

Introduction

Problem
Solving with
the
Timing/State
Analyzer
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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
as in the previous chapters.

How you use the steps depends on how much you remember from
chapters 3 and 4. If you can set up each menu by just iooking 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 need still more
information about "how", use the lettered steps.

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
(read-only memory). When you turn your circuit on for the first time, it
doesn’t function as required. 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 a software problem. Some
testing will be required in order 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.

Using the Timing/State Analyzer
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What Am | To see what might be causing the failure, you decide to start where the
Going to microprocessor goes to the routine that starts at address 8930.

Measure? 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:

e whether the microprocessor addresses location 8930
o whether all the addresses within the routine are correct
e whether all the data at the addresses in the routine are correct

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

0 008930 B03C
1 008932 61FA
2 008934 67F8
3 008936 B03C
4 00892E 61FA

How Do | In order to make this measurement, you must configure the logic

nfiqure th analyzer as a state analyzer because you want to trigger on a specific
Co . gure the ” state (8930). You also want to verify that the addresses and data are
L°g|c Analyzer ¢ correct in the states of this routine.

Configure the logic analyzer so that analyzer 1 is a state analyzer as
shown:

(stetesTiming ) (Configuration

Analyzer 1 Analyzer 2

Name: | 68000STATE
Type: Type: (01

Unassigned Pods

D D __J
{ Pod 2 3 Pod 5 )
| I J
( Pod 3 )
Using the Timing/State Analyzer HP 16510B
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Configuring the Now that you have configured the system, you are ready to configure

State Analyzer the state analyzer.

1 as Vii.
( statesTiming €] ( Format 1 ] {cance! Run
[J‘ Clock ] Symbols
Pod E3 Pod E2 Pod El
T TTL ( TTL )
( Clock Clock I Clock )
Pol 15 ... 87 ...._ 015 TTTer LT o015 .. 87 ... 0

|( Label ﬂ

ADDR

DATA

sk ke ok ook ok e ok s B oK K K K ROK

off
off
off
off
off
off

Configure the state Trace specification as shown:

( state/Timing EJ ( Trace

Seguence Levels

While storing “anystate”
TRIGGER on ~a” times

Store “anystate”

Branches
Count
Time

Prestore
aff

o
-
-

Label>
Base>

a
b

L

HP 16510B

Getting Started Guide

DATA

XXRKKX

Hex
HXKK
KYXK

I
@
x

Using the Timing/State Analvzer
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Connecting
The Probes

Acquiring the
Data

Finding the
Problem

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 D0 through D15

e Pod 2 probes 0 through 15 to the address bus lines AQ through
AlS

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 touch the Run field to arm the state
analyzer. Remember, after you touch Run, a pop-up will appear. Touch
the field labeled "Single" in the pop-up to get a single run. 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.

You look at this listing to see what the data is in states 0 through 4. You
know your routine is five states long.

The 68000 does address location 8930, so you know that the routine is
addressed. Now you need to compare the state listing with the
following correct addresses and data:

0 008930 BO03C
1 008932 61FA
2 008934 67F8
3 008936 BO3C
4 00892E 61FA

Using the Timing/State Analyzer HP 16510B
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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.

( stetesTiming ) { Listing 1 )
Markers ] [ Trig to X ] Trig to O ( ¥ to D
Time 0 s 0 s 14 0 s

Base> i Hex Hex
- 0088CC 6730
-5 0088CE 48E7
-4 0088FE 4E7S
-3 004480 1800
-2 0004F 4 0000

-1 0004F6 8930
008930 BO3C
008932 0Q0FF

098932 9%FE ¥~ INCORRECT DATA
0004F6 8930
00892E 61FA
008930 BO3C
0004F4 0000
000278 4498
008936 BO3C
804496 7FCD

OGO~NOUAWN

Your first assumption is that incorrect data is stored into 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 if the data at address
8932 is correct. The software designer tells you that the data is correct.
Now what do you do?

Now it’s time to look at the hardware to see if it is causing incorrect
data when the microprocessor reads this memory address. You decide
you want to see what is happening on the address and data buses
during this routine in the time domain.

In order to see the time domain, you need the timing analyzer.

B

What Since the problem arises during the routine that starts at address 8930,
Additional you decide you want to see the timing waveforms on the address and
Measurements data bus when the routine is running. You also want to see the control

Must | Make?

HP 16510B
Getting Started Guide

signals that control the read cycle. You will then compare the
waveforms with the timing diagrams in the 68000 data book.

Using the Timing/State Analyzer
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Your measurement, then, requires verification of:

e correct timing of the control signals
o stable addresses and data during the memory read

The control signals you must check are:

o system clock

o address strobe (AS)

e lower and upper data strobes (LDS and UDS)

e data transfer acknowledge (DTACK)

o read/write (R/W)
]

order to ¢ this measurement, you must re-co: ¢ the logic
How Do | In order to make this nfigure the logi
Re-confi gure analyzer so that analyzer 2 is a timing analyzer. You leave analyzer 1 as

. a state analyzer since you will use the state analyzer to trigger on
the Logic address 8930.
Analyzer? _ o
Configure the logic analyzer so analyzer 2 is a timing analyzer as shown:
( State/Timing a (Configurattan)
Analyzer |1 Analyzer 2

Name: | 68000STATE Name: 68000TINNG

Unassigned Pods
{ Pod 1 1 Pod 4 )
{

O )
{ Pod 2 1 { Pod 5 ]
5 S J
{ Pod 3 ]
J
Using the Timing/State Analyzer HP 16510B
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S
Configuring the
Timing Analyzer

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

Configure the timing Formai specification (Format 2 as shown:
( stotestiming £) ( Format 2 ) Run

Symbols

Pol

[

CLOCK

AS

LDS

ubs

DTACK
R/H
ADDR

]
= |
|
|
|
|
|
|
L

DATA

Configure the timing Trace specification (Trace 2) as shown:

Acquisition mode
Transitional
DTACK R/W

M ) Cowr)
GO

( stetesTiming £

Armed by
68000STATE

(Labe] > [CLUCK

Trace 2 J

AS

)&= D@ )
)G ) Coo ) o
GO

Then find ]( ][

[LDS

Base > [ Hex
Find
Pattern [

Edge

e ot

HP 18510B
Getting Started Guide
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.|
Setting the
Timing
Analyzer
Trigger

To set up the logic analyzer so that the state analyzer triggers the

Your timing measurement requires the timing analyzer to display the
timing waveforms present on the buses when the routine is running,
Since you triggered the state analyzer on address 8930, you want to
trigger the timing analyzer so the timing waveforms can be
time-correlated with the state listing.

timing analyzer, perform these steps:

Using the Timing/State Analyzer

7-8

1. Display the timing Trace specification menu (Trace 2).

2. Touch the field labeled "Armed by Intermodule.”

Acquisition mode
Trensitional

( State/Timing Ej ( Trace 2 )

Armed @

Intermog

(exo0
Base > He.

Find

Pattern X

present rorr? {_ 30 ns
Then find
e () IO

HP 16510B
Getting Started Guide



3. In the pop-up, touch the ficld labeled "68000STATE."

( state/Timing £) ( Trace 2 | (Print Run

Armed oy~

Jcquisition mode
“ransitional

| Intermodule

Intermodule

(Label >] | CLocK ]Las J L

Find

A

Then find

Your timing Trace specification should match the menu shown:

(State/Timing E] LTrace 2 ]
STATE ANALYZER i1
Armed by Acquisition mode

(Lﬁbel > CLDEK ] @ ] [LDS ] [UDS J LDTRCK J (R/H ]
suso » (Crox ) Coon ) (o) Cor ) Come ) Corer )

Find

e I [ | G| i | G |

Then find

HP 18510B Using the Timing/State Analyzer
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Time-Correlati NG In order to time-correlate the data, the logic analyzer must store the

the Data timing relationships between states. Since the timing analyzer samples
asynchronously and the state analyzer samples synchronously, the logic
analyzer must use the stored timing relationship of the data to
reconstruct a time-correlated display.

To set up the logic analyzer to keep track of these timing relationships,
turn on a counter in the state Trace specification menu. The following
steps show you how:

1. Display the state Trace specification menu (Trace 1).
2. Touch the field labeled "Count Off."
( State/Timing Ej ( Trace 1 ]

Sequence Levels

While storing ”anl{state"
TRIGGER on “a” ti

imes
Store “anystate” ors
0

L
Pres
of

o

Base> Hex
Using the Timing/State Analyzer HP 16510B
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3. In the pop-up, touch the field ilabeled "Time."

( state/Timing €) ( Trace 1 )

Sequence Levels

[ 1 While storing “anystate”
1 TR “a” times

et
7}
3
m
A
=)
=]
=

Store “anystate”

XXXX
XEKRK

c KRKKKK
d XRXKKKRK
.

a
n

\

The counter will now be able to keep track of time for the time
correlation.

( State/Tlming_E) ( Trace 1 J Run

Sequence Levels
@ Khile storing “anystate”
TRIGGER on "a” times
off
[ Store “anystate”
-
Time
off
Base> Hex Hex
:
:
s
HP 16510B Using the Timing/State Analyzer
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Co nnecting the  Atthis point you would connect the probes of pods 4 and 5 as follows:

Timing o Pod 4 bit 0 to address strobe (AS)
Ana|yzer ¢ Pod 4 bit 1 to the system clock
Probes e Pod 4 bit 2 to low data strobe (LDS)
e Pod 4 bit 3 to upper data strobe (UDS)
e Pod 4 bit 4 to the read/write (R/W)
e Pod 4 bit 5 to data transfer acknowledge (DTACK)
e Pod 5 bits 0 through 7 to address lines AQ through A7
e Pod 5 bits 8 through 15 to data lines D0 through D7
|
The T|m|ng After the probes of pods 4 and 5 are connected, you can re-acquire the

Waveform Menu

data. However, first you need to assign the labels in the timing
Waveform menu. A few items in the timing Waveform menu were not

discussed in Chapter 5, but they now need to be discussed.

Displaying the Display the timing Waveform menu. Touch the long blue field on the
Waveforms left side of the screen. The pop-up that appears should look like that

below.

( state/Timing €] (" Weveform 2

Accumulate At
[ orf [ X marker] cLock J

s/Div Delay Markers X to O Trig to X| §Trig to O
S00 ns 0 s Time 0 s 0 s 0 s

HAVEFORM SELECTION

Labels

l

Channel Hodew
Sequential J

Action
Delete
Insert

CLOCK

DTACK

AS

R/HW

LDS

ADOR

ubs

DATA

| Done
_ [——

Using the Timing/State Analyzer
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Touch the labeis CLOCK, AS, UDS, LDS, DTACK, AND R/W in that
order. They will appear in the blue label area.

( stetesTiming € ) ( Waveform 2 |

~

| Print ‘ Run |

o) (o)

[ﬁccumulate] [ t
} X marker

N
s/Div Delay Markers X to O Trig to X| JTrig to O
S00 ns 0 s Time Q0 s 0 s 0 s

CLOCK

AS

ubs

LDS

DTACK

R/H

Labels

HAVEFORM SELECTION

Channel Mode
Sequential

Actio
Inser

(e

CLOCK

AsS

LDS

ubs

Using the Timing/State Analyzer

7-13



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.

( statesTiming £) ( Wavetorm 2 )
Accumulate At -
[ off J [ X markerJ cLock !

s/Div Delay Markers X toO Trig to X Trig to O
500 ns 0 s Time 0 s 0 s 0 s

cLotk HAVEFORM SELECTION

As X
Channel Mode Action d ‘
ups Sequential Insert

LDS Labels
DTACK CLOCK DTACK
R/H AS R/H
LDS ADDR
uDs pATA l Done " |

3. Use the KNOB to place the cursor over the label AS. Touch the
LDS field under Labels in the pop-up.

( State/Timing E ] ( Haveform 2 ]
Accumulate At
[ orf ] [ X murker] cLock !

s/Div Delay Harkers X to D Trig to X| §Trig to O
500 ns 0 s Time 0 s 0 s 0 s

cLock WAVEFORM SELECTION

AS Channel Hode action
. Delete
LDS Sequential Ingert

ubs Labels
DTACK cLOCK
R/W as
| Los
[ wos DATA ‘ Done

Using the Timing/State Analyzer HP 16510B
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LDS appears in the biue label area in its correct position.

( State/Timing €] ( Waveform 2 )

Accumulate At
( aff ] [x marker] cLock )

s/Div

CLOCK

AS

LDS

ups

DTACK

R/H

als

Al rﬁerbnrh AR | ¥ ot ( rig to rTrxn ?g

WAVEFORM SELECTION

Channel Mode
Sequential

Labels

CLOCK DTACK
AS R/H
LDbS ADDR
ubs DATA

Action
Insert

) ()

Done

Now we want to put ADDR and DATA in the long blue label area.

Position the cursor on R/W in the long blue label 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:

( State/Timing E ) ( HWaveform 2 )

Accumulate At
[ if } [ X marker} X cLocK J !

off

s/Div Delag Markers Trig to X Trig to 8]
500 ns Time

CLOCK

LDS
ubs
DTACK
R/H
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR
ADDR

NOANDHWN = O

WAYEFORM SELECTION

[

Channel Mode
Sequential

Action
Insert

] | Delete

Labels

CLOCK DTACK
AS R/H

LDS ADDR
ubs DATA |

HP 16510B
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N —

Using the Timing/State Analyzer

7-15



Overlapping

This also occurs for DATA, as shown:

( State/Timing E) ( HWavefaorm 2 J
Accumutate At -
[ off [ X marke{J cLock !

s/Div { Delay Markers X to O Trig to X| fTrig to O
500 ns 0 s Time 0 s 0 s 0 s

HWAVEFORM SELECTION

Channel Hode Action
. Delete
L Sequential Insert

o
~

=

Labels

cLocK DTACK

AS R/K

LDS ADDR

If you want to see the waveforms of each bit, you would leave it this
way. However, this makes the waveform display very crowded. The
solution is overlapping the waveforms.

oA OO000000E DM O

DODOOODUDD DD DD DO DO
DDDDDDLDDOO0OD0000N~O0U|
DDDDDDDDADOVAVDANN0 O

IOUD AN — O~JDUIN NN —= O

A convenient method of displaying the waveforms of all the bits in

Timin ADDR or DATA is to overlap them. To overlap the bits for ADDR
g and those for DATA, follow these steps:
Waveforms
1. First, delete all the ADDR and DATA bit labels that were put in
the label field in the last section.
Using the Timing/State Analyzer HP 165108
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2. Touch the field labeled "Channel Mode Sequential.”

' State/Timing E] ﬁaveform Zj

Accumulate ! At
off [ X markerJ cLack !

|Prinl Run

( srmiv ) [ Detay | markers | [ X to0 ) (Trig ;oﬂ [Trig~ to o]
L 500 ns | 0 s { Time 1 0 s ) { Os‘ Os'
cLock WAYEFDRM SELECTION
AS Channel Zafg ( Action r
LDS Sequen.’ fifatiolia ] belete J
ups Labels
DTACK cLOCK DTACK
R/H As R/H
LDS ADDR
uos DATA

3. In the new pop-up, touch the field labeled "Overlay."

l States/Timing EJ ( Haveform 2}

Accumulat
off

) (

arer | (_Cxock_ )
X marker} CLock !

LPrln(J [ Run )

s/Div Delay Markers X to O Trig to X Trig to G
500 ns 0 s Time 0 s 0 s 0 s

CLOEK WAVEFORM SELECTION
6s ction | R
LoS hser t {Delele J
ubs Labels
DTACK CLOCK DTACK
R/H AS R/H

LDS ADDR

ups DATA

Using the Timing/State Analyzer
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4. Touch the ADDR label field under Labels.

5. Touch the DATA label field under Labels. The screen should
look like that shown below.

( stete/Timing €] (" Waveform 2 ) (Print ) [ Run ]
Accumulate At -
[ orf [ X market] cock J

s/Div Delay Markers X to O Trig to X Trig to O
S00 ns 0 s Time 0 s 0 s 0 s

CLocK WAVEFORM SELECTION

As Channel Mode Action

LDS Cverlag ] [Inserl] lDelete
ubs Labels

DTACK cLock DTACK

R/H As R/H

ADDR &l | _pg ADDR

pATA el | ups oA -J

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 Now you are ready to acquire the data. Touch Run. The logic analyzer
the Data will display the timing waveforms, unless you switched to one of the

state analyzer menus, in which case the state listing will be displayed.
Regardless of which menu is displayed, change the display to the
Mixed Mode Display.

Using the Timing/State Analyzer HP 16510B
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|
Mixed Mode The Mixed Display shows you both the state Listing and timing
Display Waveform menus simultaneously. To change to Mixed Display:

Mmool sl 0213 oy " ~ o P e e
1. Touch the field second from the left at the top of the screen.

2. In the pop-up, touch the field labeled "Mixed Display.” You will
see the Mixed Display as shown:

‘ State/Timing a (Nixed Disp]a@
Labei>) [ADDR | [pATA | L Time ]
Base> | [ Hex |[ Hex |[ Relative |
-3 008900 3000 1.28 us
-2 0004F4 0000 1.24 us
-1 0004F6 8930 1.24 us
[4] 008930 BO3C i.24 us
1 008932 00FF 1.24 us
2 008934 67F8 1.28 us
3 008936 BO3C 1.24 us
s/Div Delay ¥ to O Trig to X Trig to O
500 ns 0 s 50 ns 130 ns 180 ns
TLOCK T
As i B
LDS — A 1 __
uDs ‘ N — _
gmcx =1 — 1T oL | 1
ADDR  all T E— | i
DATA allT Tl L T - i 1
|
Finding the In the Mixed Mode Display the state Listing is in the top half of the
Answer screen and the timing waveforms are in the lower half. The important

thing to remember is that you time-correlated this display so you could
see what is happening in the time domain during the faulty routine.

Notice that the trigger points in both parts of the display are the same
as they are when the displays are separate. The trigger in the state
listing is in the box containing 0 and the trigger point of the timing
waveform is the vertical red line.

HP 16510B Using the Timing/State Analyzer
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As you look at the mixed display, you notice nothing wrong except the
data at address 8932 is incorrect. However, as you look at the
overlapping waveforms, you notice that there are transitions on the
data lines during the read cycle, indicating that the data is unstable.
You have found the probable cause of the problem in this routine.
Additional troubleshooting of the hardware will lead you to the actual

cause.

( stete/Timing £ ] (Mixed Dispiay]

Label>] | ADDR
Base> | Hex

-3
-2
-1

][DATA

|

Time

|

lL Hex

]l Relative 1

008900
0004F4
0004F6

0 008930

3000
0000
8930
B03C

.28
.24
.24
.24

1
2
3

008932
008934
008936

O0FF
67F8
BO3C

1
1
i
1
1
1
1

.24
.28
.24

s/Div Delay
500 ns 0 s

CLOCK
AS
LDS
ubns
DTACK
R/H
ADDR
DATA

all

L
i

all I

T

Using the Timing/State Analyzer
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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
overlap timing waveforms

[ J
[ J
[ ]
e interpret the Mixed Mode Display






8
What Next?

Now that you are.familiar with the logic analyzer module, you may want
to try some of the basic measurements discussed in this book on your
target system. Refer to the documentation for your microprocessor.

If you are comfortable with the basic measurements that you can
perform with the HP 16510B Logic Analyzer Module, you are ready for
the HP 16510B Front-Fanel Reference. This reference explains all the
capabilities and operations of the logic analyzer module.

HP 16510B What’s Next
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