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Introduction
L

About this Welcome to the new generation of HP logic asalyzers! 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 165108 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
belp 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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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
bave 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 modules 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 menn
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 Mlustrations.
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1
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:

o Transitional or glitch timing modes
o Simultaneous state/state or state/timing modes
o 1k-deep memory on all channels

o Glitch detection on all channels

e Marker measurements

¢ Pattern, edge, and glitch triggering
¢ Overlapping of timing waveform

o Eight sequence levels

¢ Eight pattern recognizers

¢ Oune range recognizer

o Small, lightweight probing

¢ Time and number of state tagging
o Pre-store

o State Compare

o State Waveform

o 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 165108 Front-Panel Reference.

HP 16510B What In the HP 16510B?
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2
Cables and Probes
e ]

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 Froni-Fanel

Reference.

What Cables The cables are already connected when you receive your instrument,
and Probes Are exiting via the rear panel. Each card comes with five 1.4m (4.5 ft.) 2 by

Included? 20, ribbon cables.

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 165108 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.
Identiflcation

GROUND LEAD (LONG)
(@165e-82102)

PROBE LEAD
(@1650—82101)

PROBE HOUSING

GROUND LEAD (SHORT)
(91656-45203)

(e1650-82103)

| PROBE ASSEMBLY

(81650-616@8)
GRABBER
(5959-0288)
(QTY. 2@ PER P/N)
PROBE CABLE
(16510-61601)
AND
(165190-61602)
18510608
Cables and Probes HP 168510B
2-2
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Con nectlng 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
Cabl cable). The pods are the connector bodies in which the probes are
ables installed when you receive your mstrument. 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



Disconnecting You can disconnect un-used probes from the pods to eliminate clutter.
Probes from To disconnect a probe, insert the tip of a ball-pomt pen into the latch

opening and push while gently pulling the probe out of the pod
Pods connector as shown below.

Y

W
R

01850E11

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)
50 that they will fit fogether m only one way.

Cables and Probes HP 165108
2-4 Getting Started Guide



Connecting 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

==
Connecting The grabbers have a hook that fits arcund 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. SO & .

ot

HP 16510B Csables and Probes
Getting Started Guide 2-5



Pod Grounds 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 ram (0.033 in.).

Probe Grounds  youcan 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.

Q1A

Cables and Probes HP 16510B
2-8 Getting Started Guide
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Labeling Pods  Included with your logic analyzer are self-adhesive labels you can

Probes and attac!l to eac%n pod, czablc and p!'obe. These provide a means of quickly
Cabl locating and identifying the desired probes and pods for easy accurate
ables connections.

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.

HP 165108 Cables and Probes
Getting Started Guide 2-7



Signal Line Any signal line to be connected to a probe must be able to supplya

Loading 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 conld
malfunction.

e

Probe Interface

Cables and Probes
28

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 185108
Getting Started Guide
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Sum mary This chapter acquainted you with:

o what cables and probes are included with the module;
how to identify the different probe assemblies;

o 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;

¢ labeling the probes, pods and cables;

e 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-Fanel! Reference.

HP 165t0B Cables and Probes
Getting Started Guide 2.9



3

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
panel, the touch-seasitive screen, and the optional mouse. If you are
unfamiliar with their use, refer to the Front-Panel Reference for the

Touch or
Mouse?

|
System Power

Up

HP 16510B

Getting Started Gulde

HP 16500A mainframe.

"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 field 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 system is powered up, you should see a menu like the one
below.

(

Syslem

J (I:unflguratlon)

o

Cerds

PATTERN GENERATOR

MASTER = 50 MHz |

g |PATTERN BENERATOR ||
EXPANDER - 50 HM2

SCOPE ACAUISITION
400 NMEGASANPLE /9

Contreller

SCOPE TINEBASE
400 NEGRSANPLE/s

RS—Z32C

25 Mz STATE

100 MHz TINING

S

Printer

Getting to the Logic Analyzer Menus
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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 _] [ TEML

Filaneme Fila Type

SYSTEN- HP165008 HPI6500A System Softuera V00.08
SYSTEN_O0O1 Q01 _system 1 BHz Timing Aneiyzer voD.08
SYSTEN-O11 Ol1_system 4o00nSamplass Dig. Scope VOO.08
SYSTEN..021 021._systam SonbiL/e Patiern Sen. Voo, 08
SYSTEN_O31 03 1.pystam 25HHz Slate/100MHz Timinp VOO 08

Frop® Nec-

‘

_Luu
— Rear Dlec
Front Disc
Filename File T| D
Utilities [~
Teal
SYSTEN. HP | 65004 HP165Q0A System Sof luare V09 .08
SYSTEH_001 00| _system 1 GHz Timing Analyzer V00 .08
SYSTEN_O11 Qil_system 400HEample/s Dig. Scope V00,08
SYSTEH_O021 021_systen S0HbLt/s Pattern Gen. V00 .08
SYSTEN_O3 OF1.sysLam 250Kz Steta/I00NKH: Timlng Y00 .06
Getting to the Logic Analyzer Menus HP 165108
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Moving to the
Loglc Analyzer

HP 18510B
Getting Started Guide

Now touch the field in the upper left of the screen labeled "System.” A
pop-up will appear displaying all the modules in the mainframe similar
to that shown below.

e
Cards

PATTERN GENERATC
HASTER - 30 It

‘I:onflgurnlionl

g -

PRATTERN GENERATOR T )
e ——————

EXPANDER - 50 MHz |

SCOPE ACAUISITION

400 HEGASANPLE/s ‘I l l=____ _'-I-J
I

Contraoller

SCOPE TIMEBASE
400 HEGASANPLE/s

RE5-232C

25 MHz STATE _[

E 1 [—= ] r_-i
100 MHz TINING |
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.

Systen
—_—
Car[ Intermodule
A[PATTERN &
- Patilsrn Gan A
MASTER D House
PATTERN

EXPANTER

pselll sc%'—_?._n

400 NEGASAMPLE/¢

-

Conilroller
SCOPE TIMEBASE u
400 HEGASAMPLE/s | 3 RS—232C
25 MHz STATE
100 HHz TINING

af

Getting to the Logic Analyzer Menus
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Getting Backto  Depending on which module menu you are in, the name of the module
will appear at the top left of the screen. This is the same field that

_SVStem Level 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 im
menus that you can’t find your way oot

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."

Intermodule
e
Type: ( Tl Pattern Gen A

'ﬂuta-—s
Oscilloscope D

Stole/Timing E

Getting to the Logic Analyzer Menus HP 18510B
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4
Learning the Basic Logic Analyzer Menus
1

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:

s Selector

e Alpha Entry

¢ Numeric Entry

e 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-UP 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 16510B i earning the Baslic Loglc Analyzer Menus
Getting Started Gulde 4-1



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

( state/Timing E) (Configuretien)

.‘Prlnl | ' Run |

aAnatyzer 1

o (5 1)

Type: Timing

Analyzer 2
Tupe: orf
Pod 5

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

[ Slate/Timing E] (Cnm‘igurnuon]

Ansiyzer 1

v (o 1)

Analyzer 2

Unesalgned Pods

( Pod 1 { Fed 2 \ Pod 3 i
(O A ) S VS )
[ Pod 5 R Pad 4 ]
P —— D )
Leaming the Basic Loglc Analyzer Menus HP 165108

4-2
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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.
nnalyzer T A
Nnmul
Pod 1 {
---------------- |

(-
 ———

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.

i Conflguretion
Anelgzer 1 | 2

-

Type: Trace 1
Waveform 1

{ Pgg ) ] -

N )

HP 16510B Leaming the Basic Loglc Analyzer Menus
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This closes the pop-up and puts you in the timing Format menu.

( Stata/Timing EJ ( Format 1 ]
up Pod E1
Rt
Doun
ACLIVICY > coeeocecccans
Lebel  Pol 15 ... 87 ....0
ore
oft
otr
ofr
ofr
off
ot f
]
Alpha El'ltl'y You can give specific names to several things. These names can

Pop-up Menu Tepresent your measurement specifically.
The two major examples of items that can be named are:

o Both analyzers
e Labels

Learning the Basic Logic Analyzer Menus HP 165108
4-4 Getting Started Gulde
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Tolearn 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.

( Stele/Timing EJ [Cunflgurul.lun) {Prlnl l Run l

[ Anelyzer 2 ]

Analyzer 1 ]
| MACHENE

Type: ' Timing ,

{ Pod 1

Unassigned Pads

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

( State/Timlng EJ (l:onrl.gurnuon]
Ansiyzer | Analyzer 2
| | Grome |

o
[
m
D
Al
8
Z
m

Learning the Basle Logic Ar:aiyzer Menus
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.

@ 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 EJ (l:nnlinurallon) (Prlnlj ( Run ]

Anslyzer 1 Analyzer 2
G | |oe )|

Leaming the Basic Loglc Analyzer Menus HP 16510B
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4. Touch the E, A, R, and M keys.
( State/Timing E] (CnnflguratinnJ Print

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 E] (Cnnrlgura'l.ln]
Analyzer ! Analyzer 2
o B —

)
(o)
(=)

N
200
=)
A(=)()(=)
S(E)e)(=)
(=)

(=)(=)(=)()
(=)=

(2)
0
D)
(2
Ec —

HP 16510B Learning the Basic Logic Analyzer Menus
Getting Started Guide 4-7



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

( stewsTiming € (Conf iguraiion)

Analyzer 1

| PACHINE 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.

( Stets/Timing E ) (Configurstion)

Analyzer 1

| MATHINE 1

I
I—
m
=
2| =
L -
N
[+
([,

EE)E
(ME)ER)
8000
EEE
(=)=
(=)(=)=)(=)
=R

2=
7 SE00
Nans

2
m
D
o
[2]
i)
D
(%]
m

\

Learning the Basic Logic Anélyzer Menus HP 16510B
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Now that you have entered and edited a name, you will know bow to
use the Alpha Entry pop-up menu when it appears in other logic
analyzer menus.

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

i

o Numeric entry with fixed units
o Numeric entry with variable units (Le. 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 —99 Vand +99V.

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 menn.

HP 185108 Learning the Basic Logic Analyzer Menus
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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 ar
assign a pod to the analyzer with which you are working.

( stete/Timing €) ( Format 1)
| SymbolE |
Tr Pod E?
Rol1
Doun
AELIVITY > ccmecmmaee
_Label Pol 15 ... 87 ....
BIT L------do ------
orf
oIt
ort
off
et
oir
orf
Learning the Basic Logic Analyzer Menus HP 18510B
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3, In the pop-up, touch the field labeled "User.”

( steteTimng £) (( Formet 1 ) {Print Run

Symbols

up
Roll
Doun

Aclivity »
Lebel

BIT
arr
afr
orr

1134
ort

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 - 52 V:

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

( Slnleﬁ’m!ngﬂ( Formet 1| (print) ( Ren )

5.2 )

B |
£ =G

Dinin

Activilp > .-
Labal Pol iS5
BIT .

orr
orr
ofrr
orr
oft
orr
orf

HP 185108 Learning the Basic Logic Analyzer Menus
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5. Touch the key with the — sign. Now you will see — 5.2 in the

display.

(CsteresTiming E) ( Format 1 ]

up
Roll
Down

Aclivily
Labe)

-5,2 J I Symbols

BIT
oft
orf
orr
orf
orr
orf
orf

6. Select your umits 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 —52 V.

( Stote/Tinming E) ﬁ-‘omnl 1 J

up
Roll
Doun

Activily » [
Label Pol 15

BIT

ori
oft
ort
orr
orr
off
orr

Learning the Basic Logic Analyzer Menus
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-5.,2 U ] Symbols

(K

oonD

B

1

(

Lo
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7. Touch the DONE field to close the pop-up and place the new
threshold in the Pod field.

( Simte/Timing EJ ( Format ! J LPrlntJ (_Run _)

Pod E!

Up
Rel1

Doun

Attivity > =~
Label Pol 15 ... 687 ....0

BIT [emeeeem P— l
ort
orr
orfr
orr
ort
ot
orf

HP 16510B Learning the Basic Logic Analyzer Menus
Getting Started Guide 4-13



ASS'Q nment/ There are a number of pop-up meaus in which you assign or specify
Speclflcatlon what you want the logic analyzer to do. The basic menus of this type
consist of: :
Menus
¢ Assigning bits to pods
¢ Specifying patterns
» Specifying edges
Assigning BIitS tO0  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.
(“ststesTiaing €) ( Formel 1)
Symbole
Pod E1
R:ll]l uc
Doun
Activity » T
Label Pol 15 ... 8 .... 0
BIT
orr
orf
ore
arf
art
orf
ofe
Learning the Basic Logic Analyzer Menus HP 165108
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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®
carlier in this chapter.

2. Touch one of the bit assignment fields.

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

{ stote/Tining €) ( Formei v )
Pod El

R:':l s

Doxn

ACUVIMN 3 cooeoeeecmeeee

Lsbel  Pol 15 ... B7 .... 0

o =

ofr

orf

arr

ort

orr

orf

ors

HP 165108 Learning the Baslc Logic Analyzer Menus
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You will see the following pop-up menu,

(“stetesTining £) ( Format 1)
IR RN “******]

PO
L
I 0
Doun
et e TE'TTT':I CLEAR | DONE |

81T Y
off
arr
orr
ofrr
ofr
orr
arry

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.

Leamning the Basic Logle Analyzer Menus HP 165108
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(_stetesTiming ) { Format 1 ) (print ] { Rur )
!uuu-x-, . ,n-*&uum&]
P
up

-
= ()
Lona}' " b1 j5-:2ig{_CLEAR | | ™

BIT
orr
ort
orf
o1t
orf
ot
ors

— |,

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 sce
an "X" in this type of menu it indicates a "don’t care."

HP 16510B 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 memu
and continue.

( stetesTiming£] ( Troce ! (print ) ( Run |

Acquisition mode
Transitionel

Find =
Patiern n
preseni for

Then Tind
Edge

Leaming the Basic Logic Analyzer Menus HP 185108
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3. On the pop-up keyboard, touch the keys 2, 3, 4, and X. You will
sec 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.

( Stnla/Timlngﬂ ( Traca 13

Acquisitlon mode
Trersilional

Lebe) >

Bese >
Find

preseni for

Then find
Edpe

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

HP 16510B Leaming the Basic Logic Anélyzer Menus
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Specitying Edges You specify edges in the timing Trace specification menu by following
these steps:

1. Get into the timing Trace specification menw.
2. Touch the field to the right of "Then Find Edge."

{ Stere/TimingE) { Traea 1 ]

Acquisltlon mode
Trongitlonal

Label » BIT

Find
P:tlarn
pressent for @
Then find
Edge N
Learning the Basic Logic Analyzer Menus HP 185108
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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.

( State/Timirg EJ( Trace | j [Prin‘l ' Run I

Acquigllion mode

(.. )
) miten

( cLenr) { pone )

Labei > BIT

Bage Hex
Find

prasant fer @

Then flnd
Edgs

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

( Stale/Tining E] ( Trace 1 ] (m m

eI

Fettlsrn @
present for G]

Than find
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4, Move the cursor to another unassigned edge. Touch the field with
the arrow poimting down. The period is replaced with the arrow.

{ SwtesTiming £) ( Trace 1)

IO w'—iﬂ":::::n::n:':‘"
Lobel > (POD 1 ICLEFIR [—DO:.

Bage > Hax
Find

Pattern
presant for @

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.
{ stetwTiming E] ([ Trece t )

(vonnitoid.. 8.,
4 ncquluuon wode
1 l l r Traneitionsl

Lebel 5> |BIT CLEAR
T E @n____[—...] [.—J

Find

Paltern
present for @

Then find
Edpy

You have just selected a positive-going ( 1), negative-going ( 4 ), and
either edge ( § ) for your edge parameter.

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

( stote/Timing E) ( Trace v )

Acquisition mode
Tronsi tienal

Lebel > BIT

Base >
Flnd
Patlern

o o ()

Then flnd
Edge

IHa

‘When you close the pop-up after specifying edges, you will see dollar
Note signs ($3...) 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 16510B Learning the Basic Logic Analyzer Menus
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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 each 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 Jooking 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
Going to under test, you will be measuring the time (x) from when the RAS goes
Measure? low to when the CAS goes high, as shown below.
(X
i
CAS =
1EM/ELOS
=
How Do | In order to make this timing measurement, you must configure the logic
Conflgure the analyzer as a timing analyzer. By following these steps you will
configure Analyzer 1 as the timi 3
Logic Analyzer? timing 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 anslyzer 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.

Ansiyzer 1

v (55 T)
Type Timing

ned Pods

Using the Timming Analyzer HP 165108
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¢. When the pop-up appears, touch the ficld labeled
"Configuration.”

Stele/Timing E

Analyzer 1

Noma:
Type: (_Timing ) Treca 1
R
Hoveform 1

{ Poo I e

(Prlntj ( Run J

(COnT3gres s nn

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: .

(_sultf'rininghE] [Con!l;urnlmn) (Prlnt) ( Run_]

Anatyzer | Analyzer 2

Unessigned Pcds

Using the Timming Analyzer
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b. Touch the field labeled Timing.
(stete/Tining E) (Configuretion) (print ) ( Run '}

l Analyzer 2

Typet orr

Unagsigned Pods

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

a. Touch the field to the right of Name: under Analyzer 1.
(_Stete/Timing E ) (Conriguralion) (erint ) ( Ren )
Analyzer 3 ] l Analyzar 2

orr

Type: Timing

l Pod |

Unessigned Pods

Using the Timming Analyzer HP 165108
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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).
{ StatesTiming E) (Coatiguration) m Run
analyzer I Analyzer 2
| | e

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.
( stotesTiming £} {Configuration) (erin ) [ Run ]
Anelyzer 1 Analyzar 2

Nome: | DRAM TEST

Tupe Tuper
uresnignes Pags

HP 16510B Using the Timming Analyzer
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b. In the Pod 1 pop-up, touch the field labeled DRAM TEST (or
Machine 1 if you didu’t name the analyzer DRAM TEST).

(_ StetssTiming E) (Tonfigurstion) Eprint ) [ Run )

Analyzer 1 Analyzer 2
Neme: | DRAR TEST

The analyzer Configuration menu should look like that shown below.

{ Stete/Timing €] (Conriguration) (Print} ( Run )

Analgzer | Anslyzer 2

Nema: | DRAN TEST
Type: Timing Typa! off
Unassigned Pods

{ Pod 1 3 ( Pod 2 )
(W eeseee——— B | ==e——— _J
( Pos 3 )|
 ———— )
{ Pod 4 A
)
( Pod S B
)
Using the Timming Analyzer HP 18510B
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Connecting the At this point, if you had a target system with a 4116 DRAM memory

Probes IC, you would connect the logic analyzer to your system. Since you will
be assigning Pod 1 bit 0 to the RAS label, you hook Pod 1 bit 0 to the
memaory IC pin connected to the RAS signal. You hook Pod 1 bit 1 to
the IC pin connected to the CAS signal

Activity Indicators When the logic analyzer is connected and your target system is running,
youwill 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,

( stete/Timing €) (Conflguretion) (prinv) ( Run )

Analnzsr 1 Analyzer 2

Unassligned Podas

{ Pod 1 { Fod 2 ]
(U ——— R — )
{ Poc 3 B
P — )
{ Pod 4 ]
 ——— J
( Pod 5 ]
I —— J
HP 16510B Using the Timming Analyzer
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_— :
Contiguring the  Now that you have configured the logic analyzer module, you are ready
Timing Analyzer toconfigure the timing analyzer. You will:

o Create two names (labels) for the input signals
» Asgign 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.

- State/Timing E | Fi

Anaigzer |

-
Typet Timing

{ Pod 1 1

(print) [ Run )

( Pod § ]

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.

State/Timing E

Anelyzer 1

Nemp: | DRAN TEST

—
Havaform *

(O _J

Configuration =

=
‘D
(=]
o

L/

2. Name two labels, one RAS and one CAS.
a. Touch the top field in the label column.

( stete/Timing £) { Format'1 ) (Print} Run

Synbols

Ped El

Po1 15 TTETIITH
K

[0
arr
otf
off1
arr
orr
arf

HP 16510B Using the Timming Analyzer
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b. In the pop-up, touch the Modify Label field.

(steterTiming €) (_ Fornal 1)

Symbols

Turn Lobel Off d ET
ITL

Turn Labe,

off
ort
ore
orr
orr
ofr
orr

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).

( Stswe/Timing €) ( Format 1 ]

(=)(=)(=]
[D@l@

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

( stote/Timing €} [ Format 1 )

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.

( State/Timing E] ( Format lj .

Symbols

[CooreDl poy s5o577075
RAS S, |
CAS | | ¥ [ erneens

orr
Dfy
orr
ort
orr
orr

HP 16510B Using the Timming Analyzer
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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.

(Sterestining £) (Fornat 1) Grin) (o)
|n|-l-ll~-|-|..,]
L]

[Cuana)
RAS
CAS
ort
o1t
ort
Dff
ore
ort

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.

{ stete/Timing €) (( Forsal 1 ) (print) (Run )

()
(Loweme) (&

it

arr
arf
orf
orr
ofr

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

{ Stletle/Timing a ( Format 1_) (Prlna ( Run J

Symbols

RAS [ v .
eas | [+ [[.eiiiiiiiainns .,
ort
otr
off
ot
(4}
oft

Using the Timming Analyzer
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Speclfyi nga To capture and place the data of interest in the center of the Timing

Triaqer waveform menu display, you need to tell the logic analyzer when to
a9 5 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.°

CommD) @ (o) ()

Configuration

Symbols

Pod E1 Formal 1

] Weveform

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

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."

( Stale/Timing E] ( Troece | j fFrim. i Run l

Acqulsllion mode
Tranellional

Flnd

Patlern @ (I]
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.

( stetesTiming ) (( Trecs 1 )

's T-!cquislllnn mode
l , l 1 [ o T Translilonal

Leb.ll > RAS | [ o
Base » @ HER

Find

pregsani for GJ

Then find

HP 1865108 : 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.
( stetesTiming€) ( Trace 1 ] (Print ) ( Run )

Acquisitlon mode
Transitional

Find

presenl for G

Then find

I
Acqulring 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 mepu:
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.°
|r—— @ (D)
Conf lguralian - -
Transitlonsl
Trace 1
Lobel > N |
T
n
presant for G
Then find
Using the Timming Analyzer 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 tem cn the PAS and CAS labels. To do so,
follow these steps:

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

( stete/Timing E) ( Waverorm 1 ) (Print_] (_ Run J

e
s/Div Dsloy Markers
200 ns 0 s ofr

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

( state/Timing €] [ Havatorm 1 ) (print] ([ Rrun ]

nc:unmrurluu Ismu period = 10.000 ng ]
s/Div Delay Harkere
200 ns o s orf

WAVEFORM SELECTION

Channel Hoda Action Delste
Segquantiel Ingeri

Labals

RAS

CAS
=

HP 16510B Using the Timming Analyzer
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3. Touch the field labeled "CAS" located under Labels. The label
CAS appears in the long ble field under RAS,

{( stetesTiming €) (Hevetorm | )
A“?’u’““ 15mpla pariod = 10.000 ns
a/Div Datey Harkere
200 n3 0 = Qi1
— HAVEFGRN SELECTION

Chonne! Hode Aclion
Deleie
Sequential Insart

Lebels

N

=]

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

(“state/Timing €) ((Wovetorn 1 )
D lsmln parfod =  10.000 ns I
e/Div Delay Harkery
260 ns 0 = 1144

e —

CAS

Using the Timming Analyzer HP 16510B
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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.

( stetesTining €] { Havesorm 1 ) (
[ ﬂ“?u"“] [ X markor—] -

w [ beley naTrl:IL] [ BHE ] [Tl’lg © EJ r

CAS

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 to the field labeled Single. It will turn white, indicating
that it has been selected.

( Stete/Timing EJ [ Hevalorm 1 |
n:cumuloll

(=) (o ebiver) Co 0 -
nmlv Dllnu nnrkera X lu D
200 ns 0 [} Time
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Noto

The Run field appears in, and can be activated from every specification
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 Ruon 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.

( Siate/Timing E) ( Wavafeoras 3 ] ! ‘

ISumpla peried = 10.000 ns ]
s/DLly Delay Herkers
200 ns 0O 6 arr

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 165108
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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 waveformes
appear on the display.

(statesTiming €) ((Waverorm 1)
Isumpll period = 10.000 nx l
/D1y Deley Harkars
100 ns ¢ s arr
RAS L
CAS : |

The RAS label shows you the RAS signal and the CAS labe! shows you
the CAS signal. Notice the RAS signal goes low at or near the center of
the waveform display area (horizontal center).

The Timing The iming Waveform menu differs from the other menus you have
used so far in this exercise. Besides displaying the acquired data, it has

Waveform Menu menu fields that you can use to change the way the acquired data is
displayed, such as s/Div, and ficlds 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 /Div to a value that
displays one negative-going and one positive-going edge of both the
RAS and CAS waveforms. Set the /Div by following these steps:

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

light blue, touch the field.

( SteterTining £ ) ( Keverora 1 )
Asciiiinte [sompla pertad = 10.000 ns |

ER () ]

.

CAS

i

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 yon only one negative-going edge of the RAS waveform
and one positive-going edge of the CAS wavelorm. In this
example 200 ns is best.

{ stetesTining £) ((Wovetorn 1 )

ISunpu period = 10.000 ns—l
8/D1v Delay Rarkers
200 ne L ] orf

- [ S
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The TimIng The logic analyzer 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 feld third from the left, third row down from the top of
the display. It should say "Markers OfL"

( Slete/Timing E) (Havcforn 1 J

nccug}urlau I5W" pariad = 10.000 ns |
s/0ivy Deloy N
200 ns 0 s

RAS

chs —

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

{ state/Timing €) ( Hevafora 1 ) i

Accumulatle
aff

s/D1iv Deley

200 ns 0 s
[RAS
CRS

Sample peried = 10.000 n» ’

otr

by,

Petiern

Stellstics

HP 1685108
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Making the

Three more ficlds will appear on the screen next to the Markers field.
The first one tells yon 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.

( State/Timing E] (annrorn ] )
[ ncm:]nruflals [ ¥ marltlrJ -

s/iv Daluu mrkers X toD Trig to %} fTrig to @
200 n3 0 s 0 s 0 s

|
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 kine is the X marker, and the
yellow line is the O marker. The red line indicates the trigger point you

- gpecified in the timing Trace specification menu. Notice that it is

superimposed unthenegative-goingedgeofthekASs’gnaL

‘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 Trigto X = 0 If not,
follow steps 1 and 2,
Using the Timming Analyzer HP 18510B
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1. Touch the field labeled "Trig to X.* This turns the feld light blue.
Remember that a light 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.

{ stetesviming E) [ Weverorm 1 |
[ ncm.grnlauj [)t morkarJ -

() Car) () QR

RAS

CRS

2. Rotate the KNOB Lo place the X marker (green line) on the
negative-going edge of the RAS waveform. The field should read
"Trigte 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 "Trigto O = T10ns.”

{_SlalelelngJ ( Kaveform | )
[nccumuleu] [x markL] -
=) Cr) ) Gl Y

KRS

CAS

mmmn ey g—
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The timing Waveform menu should look like that shown below.

(stewTiming £ ) (Haverorm 1 )
Accunuiate Al
[ o J [ X mrur] 0
s/DIv Dalay ] [ nerkers X100 Trip to X| §Trig 1o D
200 ns D s Time 710 ns 0 s T10 ns
RAS 5 - 3
o I

P

Flndlng 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 o 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 165108
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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.

( stetesTiming E) ( Wavetorm 1 } (print) ( Run )
[R“"I’eruru“] [ X m::lur] 2

[ s;;lﬂoivns] [ De;aus‘ [Hl;rril;naraJ [ let: l:s] [‘l‘rlg ;u :J Trlq”tonr?s
RAS i :l

cas ; |—i_

b o m st st e S —
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Summary You have just learned how to make a simple timing measurement with
the HP 16510B Logic Analyzer module in the HP 16500A. You have:

e specified a timing analyzer

) assignedpodl

o assigned bits

o assigned labels

o specified a trigger condition

¢ learned which probes to connect

e acquired the data

o configured the display

o 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
measarement in this chapter,

Using the Timming Analyzer HP 165108
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6
Using the State Analyzer
e

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 each 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 Jooking 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 18510B Using the State Analyzer
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Problem
Solving with
the State
Analyzer

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 drcuit on for the first time your circuit
doesn’t work properly. You have checked the power supply voltages
and the system clock and they are working properly,

Since the circuit has never worked before, you and the software
engineer aren’t sure if it is a hardware or a software problem. The
problem now requires some testing to find a solution,

What Am |
Going to
Measure?

Using the State Analyzer
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You decide to start where the microprocessor starts when power is
applied. We will describe a 68000 microprocessor; however, every
processor has similar start-up routines.

When you power up a 68000 microprocessor it is held in reset for a
specific length of time before it starts doing anything to stabilize the
power supplies. 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 185108
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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 pomter
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 fist of numbers in HEX (default base) when your
measurement results are displayed:

0 000000 0000
1 000002 O4FC
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 16510B Using the State Analyzer
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How Do | Inmdcrtomakethisstatemeasurem?nt,youxﬁustoonﬁgmethclogic
Conflgure the ~ 20lyeer esa siate analyzer. By folowing thesosteps you will configure
Logic Analyzer? snalyzer

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

L 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.
| i)

Sequence

Hhiles sioring 'anqstats'
TRIGGER on “a* timas
Brum:fhes
Stares “onysiale” ol
=L

Lobal>
~ | @) )
:
: | )
L 4 ] (ooemx)) (0
Using the State Analyzer HP 165108
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¢. When the pop-up appears, touch the field labeled
"Configuration”.

Stste/Timing E ‘

I

Snq
While stering “af Formst
TRIGGER on "a”
Slore “snystste~ Trece 1
Listing 1

Label>
Basa>

9
ECCRE

i
i

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

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

(stete/Timing £) (Configuration)

Anatyzer 1 I' Analyzer 2z

o (D)

-

Type:

Unosglgned Pods

| Autoscels
l Pod 4

HP 16510B Using the State Analyzer
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b. Touch the field labeled "State”.
{ State/Timing €) (Conftguration)

Anaiyz Analyzer 2
eff
Nome: | MAC
Unassigned Pods

[

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

{ Stete/Timing E) (Configuration]

Analyzer 1 ] l Anslyzer 2

Unessigned Pods

W
C IR
( Pad 3
"
Using the State Analyzer HP 18510B
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b. When the alphanumeric keyboard pop-up appears, touch the
appropriate keys to change the name to 68000STATE (sce
"Alpha Eatry Pop-up Menu" in Chapter 4 if you need a

reminder).
( stetesTiming £) (Contiguration) (rrint ) { run )
Aratyzer 1 Analyzer 2

4. Assign pods 1, 2, and 3 to the state analyzer.

a. Touch the Pod 1 field.

( Stete/Timing E) (Configuratton) (Print) ( Run ]

Analyzer 1 Analyzer 2

v (o)

Unesstaned Pods

HP 165108 Using the State Analyzer
Getting Sterted Guide 6-7



b. In the Pod 1 pop-up, touch the ficld labeled "68000STATE".

thle/‘l’irnlng E) @unfigural@
Aneliyzar ¢ Anslyzer 2
v (B0

—

c. Repeat steps a and b for pods 2 and 3.
The analyzer Configuration menu should look similar to that shown
below.

( Stale/Timing £) (Conriguration)

Analyzer 1 Analyzer 2

Hama' | GROOOSTATE

Unegsigned Poda

{ Pod 4 1

Using the State Analyzer HP 16510B
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Connectin the  Atthis point, if you had a target system with a 68000 microprocessor,
Probes you would connect the logic analyzer to your system. Since you will be
: assigning labels ADDR and DATA, you hook the probes to your
system accordingly:

e Pod 1 probes 0 through 15 to the data bus limes DO through D15.

o Pod 2 probes 0 through 15 to the address bus lines A0 through
AlS,

» Pod 3 probes 0 through 7 to the address bus lines A16 through
AR,

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

==————=—x=u
Activlty When the logic analyzer is connected and your target system is running,
indicators you will see { | )in the Pod 1,2, and 3 fields of the analyzer

Configuration menu. This indicates which signal lines are transitioning.

Stale/Timing € (Prinv]) [ Run )
Anslyzer 1 Analyzer 2

v ()

Unsssigned Pods
Poc 1 ] ( Pad 4 ]

[
T [ —— =)
Poc 2 [ Fod 5 ]
: RETTHEHEEE ; (e ——— )
Pod 3

HP 16510B Using the State Analyzer
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=—————>= -
Conﬂguring the Nowthat you have configured the system, you are ready to configure

State Analyzer the state analyzer. You will be:
| o Creating two names (labels) for the input signals
o Assigning the channels connected to the input signals
o Specifying the State (J) clock
o Specifying a trigger condition
1. Display the state Format specification mean.
a. Touch the ficld second from the left at the top of the screen.
S g ‘ feeint) (CRun )
Anelyzer 1
-
Tupe: Tave: (
{ Pod |
| A — ) .
f Pog 2 1 r a _q
 —— —
{  Pog3 B
A pE—————— )
Using the State Analyzer HP 165108
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b. Touch the field labeled "Format 1"

‘
l:unrlinur»lll::'t.....__.....2
] g
3

Nome ' | GEOOOSTATE

Analyzer |
Trace |

Listling 1

)

2. Name two labels, one ADDR and one DATA.
a. Touch the top field in the label column.

( stetesFiming E) ( Former 1 )
[l:lnck Periﬂ( Clock ]
> 80 ns Ji

Ped E3 Pod E2 Pod E1
( m ) ™ ™ )
{ Clock I Clock J{  clek )

(18]
ort
ort
ort
ofr
ofrr
off

HP 165108 Using the State Analyzer
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Using the State Analyzer

b. When the pop-up appears, touch the field labeled "Modify
Label".

(stetesTiming €} ( Format 1 ) (print) [ Run )

orr
are
arte
ore
ore

orr
ore |

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).

(swte/Timing E) ( Formt 1 ) (Print ] ( Run )

Enck Farlod][ Clock ]
> 60 n& Jé
[ PE  pooR pE e

HP 185108
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d. Name the second label DATA by repeatitg steps a through c.

(Stete/Timing £) ( Format 1 )
[Clnck ParlodJ[ €lock ]
> 60 ne |t

Pad E3 Pod E2 Pod E1

art

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

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

(Stete/Timing £) ( Format 1 )
(C!nck Perind]{ €lock ]
» 80 ne Ji
(

Pad E3 Pod E2 Pod Et

m ) ™ J ™ )

{  cCrock J( cleck J( cloek ]

Pol 15 ... 87 .. .0 5 ... 87 1...0 15 ... 87 .... 0

AOOR | {#+ || cevmeeraneeenian [[eeieeiiiie et

TR | e k ﬂ
orf
orr
ore
ore
orf
oIt

HP 1865108 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 Iabel
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 E} ( Fermat 1 ) (Print ) { Run )
Fh:ck Periuﬁ}[ Flack ]
> 60 ne Ji [ I ML l ¥

Pod El
T

Clock

DATA
orr
orf
orr
orr
orr
ore

4. Assign Pod 2 bits 0 throngh 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
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The state Format specification menn shonld now look like that below.

CwreeE) (=)
L.

Pot E3 Pod £2 Fod £1
( m™ J( ™ . oom )
( Clock T cloe DIt Clack ]
|( ‘-“B‘)] Pol 15 ... a7 o 9 75 .0 87 .... 8 15 TTE7 ... B
AOOR | [+ [[........;cmmeems |[oanmmmacsnneanea [ [l
DATA | 1% | [ ererriesrincee || ervenennnenseens [ ——
orr
or{
orf
orf
orf
ort
HP 16510B Using the State Analyzer
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Speclfying 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".

{ staterviming €] ( Format 1 )
> 6o ns )T

pot 75 10 B7 ... ¢ 87 TS
AOR |t .. eemeeame {0 N N
pata | [+ [ saemen
orf
ofr
erf
ort
orr
orf

Using the State Analyzer HP 165108
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b. In the pop-up, touch the field to the right of J.

( Sleta/Timing E] ( Format 1 ) lPrlnt Run

Clock Period Cl otk

i LR
Pog E3 Pog E2 Pod El

( T ) = ( = )

(_ Clock Clock

;i 87 . 7o
T (@ @G

c. Touch the ficld with the arrow pointing down.

(“stetesTinming E) ( Formet 1 )
> 60 ns IO
(
1d

Pod E3 Pod E2 Pod E1
m ) m ) m )

ADDR R
oata | [+ {].

art
(114
o1
off
ore

orr

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

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

(statesTiming E) ( Format 1 ) (print}  Run )
Clock Perlod Clach
> 80 ns e
Pod E3 Pad E2 Ped Ef

m ™ )|
Clock M -

s
oo E 2 8L COECDLICTE GO swwwws
[+ |

+ | prsatmmnseen
orf (

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

[ Slate/Timing E] LFormatl j (pnm] ( Run ]
c1 I;nl;ol'lnr.l odJ [J# Clock J
Pod E3 Fad E2 Pag E1
(Cm ) m )
( cloex 1 cloex I croek )
[Cumbe)] ooy 7577755 T BT GG
- ADDR | |*+ | ]| vonnnacs myhREETY abdmmavnamEanEEE [, L L. s ia
pATA | [+ ] [ [ senmana cmanas
off
ort
oft
ort
oft
ofr
Using the State Analyzer HP 165108
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Speclfylng a To capture the data and place the data of interest in the center of the
Trlgger display of the state Listing menu, you need to tell the state analyzer
. when to trigger. Since the first event of interest is address 0000, you
Condition need o 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"

CGorem @™ — @ G

confLguration)

EL
Hhile storing “af Formel 1
TRIGGER on *a”
‘l. ar%nﬁpaa
Store “snystate”
Counl I
arr
ore I

Listing

o | (30000l (o)
v |
GO 2@
e ] o) ()
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

( state/Timing E) ( Troce 1 ) (print ] [ Run ]

Sequence Lavals

Branches
or{
Count
of 1
Prastore
orr

Lebel» (~

(o ] (omel) (000
.,
:

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

{ stete/Timing €) [ Treca | ) (Print] ( run )

r "y

% Khlle storing ( “onystete” ) J

TRIGEGER on

Lebel>

Base>

L]

[
c
d

Using the State Analyzer HP 16510B
6-20 Getting Started Guide



Angther 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.
¢. Touch the feld with the "a" option.
( Stele/Timing EJ ( Troce | _]

anyetete i
Inzari Laval L 8 g

no stete h wh
i -t - so D
n .

AL A

[
Lepal>
Bosa> d
—

b
¢ f of l J
d

d. Touch the Done field in the Sequence Levels pop-up.

( Stalelmingﬂ ( Trace | }
@ Hhile storing [ ~anyslele” j :]
ERIGGER on] ( “p" J ' 1 l times %
Labal> B
Base>
e
b
: N
HP 16510B Using the State Analyzer
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Using the State Analyzer

¢. Touch the field to the right of "a" under the lahel ADDR.
( Stete/Timing E) { Traca | ] .

Saquance Lavels

Hhile storing “snystate”
TRIGGER on "e” Limes
Store ~anystate” —_—
Prastore
Of f

Lobal>
Base> | Hex ) Hex

L]

b
¢ | RO
L d y {XXXXXX ”

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.

{ stetesTiming E) urm: lj

Sequanc
% Hhlie otor B 000000

TRIGGER on [—]
c
Sters "ony

HP 185108
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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 )

Saquence Levels

Hhlle storing 'nnvstnlc'
TRIGSER on “a* Limas
Stlora “anysetate”

Branches
off
Count
ort
Prestore
arr

{ o 000000 ) [ WO
b CEDETD
c (D E)
a | (oodon) (Coox )

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.

Using the State Analyzer
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Acquiring the To acquire the data, you touch the green field in the upper right-hand

Data 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.

( stewmiming E) ( Trace 1 ) \ |

Stngle

Sequance Lavels
Whlle wsiering ~anystele”
TRIGGER on ~a-¢ | times Repstitive
Store “snysinte” Cencal

Lobel>
Base?

Bl

¢
K4

I
EELEt

MUK

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.

( stetwsmiming €] ( Treee 1 )

Sequence Lavels

Hhile slorlng “ani;stuls'
TRIGGER on “a” Limes
Sters “enyelale”

Label>
(o)
b
¢
d ] (o000 (X000 )
Using the State Analyzer HP 1685108
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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.

G o) @RT==—

Configuralion

Seqy
While slering “arl Formal 1
Slore "onystiole” UL
- Counl
off

o | ) CE)
. | EED

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 bappens in this example, since the odds of the
microprocessor not sending address 0000 are very low.

( Stata/Timing EJ (Lullng ] ] |Prlnt ‘ Run |

-7 QoBacd 4ETS
] ooeate G1E6
=5 OQ04FC

-4 0004F 2 8B8Co
-3 0088CE 803C
-2 00B8CA QOFF
=1 0088CC

0oRosSo 6100

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

USﬂng ( steterTintng E) (CListing 1)

Rarkars
prf
Leva1> | [ ADOR | [(PATA |
Booe> Hex | [ Hex

=7 0088C4 qETS
-5 0086L6 51E6
=5 0004FD 0000
- 00Q4r2 Bsca
=3 0088Ca B803C
-2 0088CA QOFF
=1 co8acc
000000 0000
[] 000002 Dart
2 000004 0000
3 000006 8048
4 000040 2E7C
3 00804A 000D
) 008204C 04FL
7 00804 51D8
8 008030 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 HP 16510B
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Finding the
Answer

HP 165108

Getting Started Gulde

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 instroction fetch location must
be in address tocation 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 4FC
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 O 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 comrect 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 sec 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 006000 0000 (high word of stack pointer location)

1 000002 O4FC (low word of stack pointer location)

2 (00004 0000 (high word of instruction fetch location)
3 000006 8048 (low word of instoction fetch location)
4 008048 2E7C (first microprocessor mstruction)

(_ Slullﬁlmlnm (Llsung Ij (;m (RT]

=7 008ACY
-4 00B8C6 GIEG
] Q004F0 Q000
-4 0C04F2 B88CHe
-3 oosaca BO3C
-2 BCA

Using the State Analyzer HP 185108
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summary 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

® & & & & 0 8 0 »

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 sce a simple
measurement that shows you both timing waveforms and state listings
and how they are correlated.

HP 185108 Using the State Analyzer
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7
Using the Timing/State Analyzer
]

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

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

Any new set-ups in this exercise will be explained in task format steps
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 looking at the
menu picture, go right ahead and do so. If you need a reminder of what
steps to perform, follow the numbered steps. If you need still more
information about "how", use the lettered steps.

| E——————————

Problem In this example assume you have designed a microprocessor-

Solvi ng with controlled circuit. You have completed the hardware, and the software
designer has completed the software and programmed the ROM

the S . .
(read-only memory). When you tumn your circuit on for the first time, it

Timing/State doesn’t function as required. You have checked the power supply

Analyzer 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,

HP 165108 Using the Timing/State Analyzer

Getting Started Gulde 7-1



What Am | To sce what might be causing the failure, you decide to start where the
Golng 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
e 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 B(3C
1 008932 61FA
2 008934 67F8
3 008936 BM3C
4 00892E 61FA

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

analyzer as a state analyzer becanse you want to trigger on a specific
conﬂgure the state (8930). You also want to verify that the addresses and data are

Loglc Analyzer? correct in the states of this rontine.
Configure the logic analyzer so that analyzer 1 is a state analyzer es
shown:
{ statesTiming E) (Cont1gurstion) m m

analyzer 1 Analyzer 2

Noms' | 66000STATE
Type: Type1 off

Unagsigned Fods

Pod 1 11 Pod 4 ]
--------- J E———
( Pog 2 1 1 Fod 5 1
| — R ————— J
( Pod 3 ]
| J
Using the Timing/State Analyzer HP 165108
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Conflguring the Now that you have configured the system, you are ready to configare
State Analyzer the state analyzer.

Configure the state Format specification as shown:

(Stalez’Timing_E)( Format 1 ] (I:un:e?)( Run ]
[ Clock J
44
Pog £3 Pod E2 Pod EJ
™ o m  J ™ )
( ciock I ereck 3 croee )
[Cuazel v f5oms5 078 BITETIIG 56
RDDR + IEEERE R htabdad Aot el L L L L D L I
DATA 5 ........................................... eras
| oarr
orr
orr
orr
orr
ore

Configure the state Trace specification as shown:
(stetemming €) { Trace 1 ) (concer) ( Run )

Sequence Levelr

Rhile storing "anvstau"
TRIGGER on “o” timas
Stores “anystale” BhS
Caunt
Time
Prastore
arf

(o ] (o0 ()
b
‘
L o ) (oo (300
HP 16510B Using the Timing/State Analyzer
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Connectlng At this point, if you had a target system with a 68000 microprocessor,

The Probes you would connect the logic analyzer to your system. Since you have

_ assigned labels ADDR and DATA, you would hook the probes to your
system accordingly:

¢ Pod 1 probes 0 through 15 to the data bus lines DO through D15

o Pod 2 probes 0 through 15 to the address bus lines A0 through
AlS

» 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)

[ =)
Acq uirlng the Since you want to capture the data when the microprocessor sends
Data 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.

[fe=——————_—=_||
Finding the You look at this listing to see what the data is in states 0 through 4. You
Problem 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 BO3C
1 008932 61FA
2 008934 67F8
3 008936 BQ3C
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.

( StotesTiming E) ( Listing 1)

farkars
Time

[T

Trig to 0
0 s

[

¥ to O
0 s

=

=

DATA

| Hex

Hex

=6
-5
-4
-3
-2
=1

QQBBCL
Q0BACE
DOBBFE
004480
Q004F4
0004F6

&730
4BE7
AETS
1800
[elatele]
8330

o1 oussss  Bosc
008932 DOFF.
006932  p7re - INCORRECT DATA
0004F6 8930
0089ZE  GIFA
006936  BOSC
000d4Fa 0000
000278 4dpB
008936  BO3C
B0aass  7FLD

VaO~NPUAWN

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 domaim.

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

I

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

‘Your measurement, then, requires verification of:

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

The control signals you must check are:

o system clock

o address strobe (AS)

» lower and upper data strobes (LDS and UDS)
o data transfer acknowledge (DTACK)

o read/write (R/W)

In order to make this measurement, yon must re-configure the logic

Re-configure 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? :
Configure the logic analyzer so analyzer 2 is a timing analyzer as shown:
( StetesTiming E ) (Configuratton)
Analyzer 1 Analyzer 2
vonr (005 | | e
Unassignad Pods
{ Pod 1 ) Pad 4 3
A R NP, )
{ Pod 2 1 ( Pod 5 ]
 OSa pu J N A ———— J
[ Pod 3 ]
(R J
Using the Timing/State Analyzer HP 16510B
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Conﬂg u ring the Naw.th.at you have configured the system, you are ready to configure
Timing Analyzer the Gmiog analyzer.

Configure the timing Format specification (Format 2) as shown:
@nte/ﬂmlng E) ( Formet 2 ]

Pod £5 Pot E4
__m ™ )

m Pal 15 ... B7 ... o 15 ... 87 ..... 3
sock | [+ [ A
as T TR | B
LS E3 R | DT
s E I R .-
= B F T | Sonane
RN I | -
ADDR T ........ L L L I T
DATA [T e

Configure the timing Trace specification (Trace 2) as shown:
( State/Timlng Ej ( Troce 2 J

(cover o) (coooe Jas  J{sos  J(ws  J{ome J(am ] .
paee > [ wex J(non ] (_van 3 Conx JCwex J(Cwen )
)00

Paltarn mLN J
1 O
JC L

Edps [

| G| |

HP 16510B
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Settlng the Your timing measurement requires the timing analyzer to display the
Timing timing waveforms present on the buses when the routine is running,

Since you triggered the state analyzer on address 8930, you want to
Analyzer trigger the timing analyzer so the timing waveforms can be
Trlgger time-correlated with the state listing.

To set up the logic analyzer so that the state analyzer triggers the
timing analyzer, perform these steps:

1. Display the timing Trace specification menu (Trace 2).
2. Touch the field labeled "Armed by Intermodule.”

( State/Timing E] [ Troce 2 ) (m (—m

Acquisilion moce
Traneltlona)

Find

Patlarn X
prasant for @ ‘ 30 ns

Then flnd

« () I)CICHOCIC

Using the Timing/State Analyzer HP 165108
7-8 Getting Started Guide



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

( statesTining €) ( Trace2 ) (print ] ( Rur )}

Jcguisiiion mode
“rensitions!

we> () G ) 8

Find

—rTo

Then flnd

Your timing Trace specification should match the menu shown:

( Siate/Tlming EJ ( Troce 2 ) (cam:ul_] ( Run _)

R ()
(Lober > [ﬁx—) [ns ] [Lnsj [uos } (n'rm:lc _] {re ]
sase s (e ){Twox ) (vex ) (Tvex ) Cven ) oo )

F;::tarn| X || % | X l ¥ || X Il X l
present for-

Then (1nd

« (. JC I)CIJCHC I
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Eemm————— .
Time-Correlating 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 ficld labeled "Count Off."

( stete/Tining E) ( Trace 1 )

Saquence Levels

Nhile gloring 'unvutall'
TRIGGER on “g* times
Branchee
ore

Siore "enysiote”

«dd

; m
=] o
@

EEE TGk
Loedht

Using the Timing/State Analyzer HP 16510B
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3. In the pop-up, touch the field labeled "Time."
( Siate/Timing E] ( Trace f;;] ‘ Print ' Run |

Spguence Lavals

Hhile storing ’an*slaln'
TRIGGER on “a” Limes
Siore “enystale”

Label? ADDR
Beamd Hax

[ o

b

Branches
off
Counlt
l| off

[

L

LeCees

LEEOGS

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

CGovmms) Crm )

Sequenca Levels
#While sloring 'unvstutl'
TRIGGER on “a* times
aff
Slore “enystale”
Tima
orr

Label> 0D
Baga>

-

-
s 9

L
LELGS

§

b
c
d
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Ee—————T— 1
Connecting the At this point you would connect the probes of pods 4 and 5 as follows:

T|m|n9 o Pod 4 bit 0 to address strobe (AS})
Analyzer o Pod 4 bit 1 to the system clock
Probes ¢ Pod 4 bit 2 to Iow data strobe (LDS)
o Pod 4 bit 3 to upper data strobe (UDS)
¢ Pod 4 bit 4 to the read/write (R/W)
o Pod 4 bit 5 to data transfer acknowledge (DTACK)
s Pod 5 bits 0 through 7 to address lines AQ through A7
¢ Pod 5 bits 8 through 15 to data lines D0 through D7
i —————=i]]
The Timi ng After the probes of pods 4 and § are connected, you can re-acquire the

data. However, first you need to assipn 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.

Waveform Menu

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

( Slale/Timing E] ( Hevalarm 2J
(Feomee ] (x omeeer ) (BB )1

s/Dlv Delay Rarkers Xwoi Trig o X] firig Lo O
500 nw 0 = Time 0 8 0 s 0 3

HAVEFORM SELECTION

Chennpal Hode aActien
Dalele
[ Sequentlal ] [ Inurt] [ ]

Lebels

CLOCK DTACK

RS R/M

LoS ADDR
uos DATA I Dooe i

Using the Timing/State Analyzer HP 18510B
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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.

( stete/Timing E) ((Hovaform 2 ]

(=)

Al
X morkerJ U

s/Div
500 ns

CLOCK
AS
UDS
LDS
DTACK

R/H

Daley Herkars ¥ to @ Trig to X| §Tr1g Le O
0 s Time [ ] 0 s 0 s

WAVEFCRH SELECTION

Channel Neda Action
. Delals
Seguential Ingert

Labels
CLOCK DTACKJ
AS R/
LDS
ues

ADDK
DATA | [ oone

Using the Timing/State Analyzer
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This is not the order we want them in. We want LDS before UDS. To
correct this, follow these steps:

1. Use the KINOB to place the cursor on the label LDS in the long
blue label field.

2 Touch the field labeled "Delete." This erases LDS.

( Stale/Timing E] ( Maveform 2 )

Accumulatls AL
(Pemiete ] [y ahteer ) Coroex )

s/Div Dalay Morkers X tod Trig to X} fTrig to 0
500 ns 0 s Time 0 3 0 s 0 g
L0

AS
uns
LD§
DTACK

RA

HAVEFORM SELECTION

(e (5] G

Lebals
cLoCK DTACK
AS RM
LoS ADDR
uos DATA | ons

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

( Stele/Tialng E) ( Haveform 2 ]

(sl

marker

s/Dlv Delay narkers X toD Trlg to X} §7Trig to D
500 ne 0.8 Time 0 s 0 s 0 g
e e

AS
LDS
DS
DTHCK
R/H

Labsls

HAVEFORM SELECTION

Channe! Hode
Sequential

Action
Insart

) )

CLOCcK

OTACK !

Using the Timing/State Analyzer
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LDS appears in the blue label area in its correct position.

( state/Timing ) ( Moverarm 2 )

Accunylste al
[ 1] ][Xnarmﬂ 1

rr

/01 Delay Harkers X ta 0 ] Trig to %| [Trig toa D
500 n» 0 3 Tine <IN ] IR
o e e

RS
LDS
uns
OTACK

R/H

HAVEFORM SELECTIDN

rcnunnll Hode
| Sequentisd

Action
Ingart

) ()

Lobels
CLOTK DTRCK
RS R/M
Los ADDR
ubs DATA

IIHHHHII

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

e

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:

{ Stete/Timing E ) ( Heverorm 2 }

Cr) |

M) (e )

¥ merker

CLOCK
AS
LPS
ups
DTACK
R/H
ADDR
ACDR
ADDR
ADDR
ADDR
ADDR
ACDR
ADDR

o XA MU VR -]

HAVEFORN SELECTION

&/Div Deley Herkars X to O Trig to X| §Trig to D
500 ns ¢ s Time o s 0 s 0 s
A

Channs) Moge
Sequantile)

Action
Ingerl

) ()

Labals

cLocK DTACX
AS R/H
LS ADDR:
uns DATA

HP 16510B
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This also occurs for DATA, as shown:

Lsuulﬂmng E] ( Woveform 2 J
[nmmmaJ [x m:;.m} i

B/DIv Deley Harkers X 1o 0 Trig to ¥| [Trig te 0O
500 ns 0 3 Time 0 3z 0 s 0 s

HAVEFORA SELECTIDN

Channel Haode Actlion Dalste
Sequantlal inserl

Lobele

CLOCK DTACK

AS R/M
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.

(S ——a—————|
Over|app|ng 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
L 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 16510B
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2. Touch the field labeled "Channel Mode Sequential.”

( State/Timing EJ ( Havafnrmzj (Prlnr,) ( Run )

Accumuiatn At

[ orf J [x murkur] EERCaap N
/D1y Deley Markers X wo Trig 1o X| fTrig-to O
500 ns 0 s Time 0 s 0 s Q3

CLUcK WAVEFORN SELECTION

AS

Il_h;-anmi:l S5 [ ff}f"" ] (Dﬂeuj
Lpg ==duer
ubs Lavels
DTACK cLOCK DTACK
R/A AS RM
LDS ADDR
ws DATA

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

( stereTiming E) { Hevetorm 2 ) (Praint ) { R )
() () G

g/Div Deley Nerkers ¥t Trig to X| fTrig 10 D
500 ns 0 s Time 0 s 0 s D s

CLRER WAVEFORN SELECTION
AS
LDS Individusl s;;:‘: ] [De‘luu]
uDs Labala Sequentinl
DIAEK CLOCK | DTACK ‘
R/H as R/H
LS ADDR
ubs DATA
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4, Touch the ADDR labe! field under Labels.

5. Touch the DATA label field under Labels. The screen should
lock liké that shown below.

( stelesTiming EJ ( Hevefarm 2 )
[ ac:umlule] [R mrkar] 1

£/Div Delay Harkars X toO Trig to X| [Trig l.u 1]
500 na 0 & Time 0 8 0 s 5|

HAVEFORM SELECTION

& [Chunnﬂ nnuu] [ nction] [ ]
Delats
Los Ovariley Insert

(] Labels

[DTACK cLOCK DTACK

R AS R/H

ACDR  all LOS ADDR

DATA 51 uDs bA -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
Mied Mode Display.

Using the Timing/State Analyzer HP 165108
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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:

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:
( Siate/Timing E) (uiuld Dlsplng] fPrlnl ‘ Run l
Lave» CTCI |
Base’ | Hex Hex || Relative
-3 00aR00 3000 1.28 us
-2 V004 A 0000 1.249 us
=1 QO04F & 8330 1,24 us
5 1 _toesan BO3C 1.24 ug
1 0CA93Z OOFF T.2d us
2 008934 57FA 1.28 us
3 00AFSH BO3IC 1.24 us
s/ Deley X to O Trig to x| @Trig e O
500 ns 0 s 50 ns 130 ns 180 ns
TR [0 U L L LG LT L L L L L LF LT
As = i
LDS 1 s —
ups N j L
gmcx S ] [ T o] [ ]
ADDR aT] T —— I I
DATA u‘lls_ T I L 1 I N 1 _ I [
I -
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 youn 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 18510B 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 cn the
data lincs 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.

( stela/Timing E ) (Hixed Displey) (Print ) ( ron ]

Labaly | | ADDR DATA | Time
Base> | [ Hex |[ Hex |[ Relative

-3 008300 3000 1.20 us
-2 O004F 4 0000 1.24 us
=1 oao4Fs 8330 1.24 us
09830 BO3C 1.24 us
) “OOBIYE GoFF T.24 us
2 00934 67F8 1.20 ux
J oas3a BO3C 1.24 us
/D1y Delay ¥ tod Trig Lo XM Trig to O
500 ns 0 = 90 ng 130 ns 180 ns
* 1
— - [ -
. N — 1
I L i - —
T I > I I
I ITY 1 [ T L
A—
UNSTABLE DATA
Uesing the Timing/State Analyzer HP 165108
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Summary You have just learned how to to use the timing and state analyzers
interactively to find a problem that first appeared to be a software
problem, but actually is a hardware problem.

You have learned to:

trigger one analyzer with the other
time correlate measurement data
overlap timing waveforms
interpret the Mixed Mode Display

HP 16510B Using the Timing/State Analyzer
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What Next?

b - |
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-Panel Reference. This reference explains all the
capabilities and operations of the logic analyzer module.

HP 165108 What's Next
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Product
Warranty

Limitation of Warranty

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

For warranty service or repair, this product must be returned to a service
facility designated by Hewlett-Packard. However, warranty service for
products instatled by Hewlett-Packard and certain other products
designated by Hewlett-Packard will be performed at the Buyer's facility at
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About this Welcome to the new gencration of HP logic analyzers! The HP 16500A

manual... Logic Analysis System has been designed to be easier to use than any
Hewleti-Packard logic analyzer before. In addition, 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 for the most
intuitive operation possible. Pop-up windows and color graphics help
lead you through setups and measurements so you won’t have to
memorize a ot of steps. As you read this manual and the other manuals
about the mainframe and acquisition modules, you will see just how
casy the HP 16500A is to use.

This logic analyzer reference manual is divided as follows:

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

Chapters 5 and 6 describe the basic menus of the timing and state
analyzers.

Chapters 7 through Appendix C describe other logic analyzer functions
such as making basic measurements, State Compare, State Waveforms,
and State Chart, printing, and specifications.

If you aren’t familiar with the HP 16510B Logic Analyzer, we suggest
you read the HP 165108 Geiting Started Guide. This guide contains
tutorial examples on the basic fuactions of the logic analyzer.

¥ you're new to logic analyzers...or just need a refresher, we think
you'll find Feeling Comfortable with Logic Analyzers valuable reading. It
will eliminate any misconceptions or confusion you may have about
their application, and will show you how to get the most out of your
new logic analyzer.
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1
General Information
|

Logic Analyzer  The HP 16510B logic analyzer is part of a new generation of general
purpose logic analyzers with improved features to accommodate next
Description generation design tas

The 80-channe! HP 16510B logic analyzer is capable of 100 MHz
timing and 35 MHz state analysis on alf channels.

This analyzer is designed as a stand alone instrument for use by digital
and microprocessor hardware designers. The HP 16500A mainframe
has HP-IB and RS-232C interfaces for bardcopy printouts and control

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

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

L ] lr——g_
;: c— o =
S |—KnOB
SCREEN
FIELDS
I B |
1SN
MOUSE (OPTIONAL)
Figure 1-1. HP 16500A User interface
HP 18510B General information
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The knob on the front panel is used to move the cursor on certain
menus, increment or decrement numeric ficlds, and to roll the display.

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

To activate a field with the optional mouse, position the cursor (+) of
the mouse over the desired field and press the button on the vpper-left
corner of the mouse.

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

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

e Up to 80 channels state

¢ Up to 80 channels timing

o Two state machines with multiples of 16 channels per machine
with a combined maximum of 80 channels

o One state and one timing machine with multiples of 16 channels
per machine with a combined maximum of 80 channels

80 CHANNEL
STATE OR TIMING

i
oR

X* CHANNEL ¢B8-X*) CHANNIL

STATE STATE
oA
|

X® CHANNEL 4B0-X*) CHANNEL
STATE TIMING
. .
multiples of 16 channels

Figure 1-2. HP 16510B Configuration Capabilities

General Information HP 16510B
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Key Features Two 3.5-inch disk drives are integral to the instrumeat for storing logic
analyzer configurations and acquired data. The disk drive also provides
a way of loading inverse assembly configuration files into the logic
analyzer for configuring ease.

Additional key features of both models include:

¢ Transitional timing for extended timing analyzer memory

¢ Lightweight passive probes for easy hook-up

¢ All channcls can be used for state or timing at the maximum
sample rate

o HP-IB and RS-232C interface for programming and printer
dumps

e An external trigger BNC connector

» Effident package size

o Transitional or glitch timing modes

e lk-deep memory on all channels

¢ Glitch detection

e Marker measurements’

¢ Triggering and pattern qualification

o Overlapping of timing waveforms

o Eight sequence levels

o Eight pattern recognizers

e One range recognizer

o Time and number-of-states tagping

o Pre-store

) -mode display
o Oscilloscope type controls in the timing analyzer
o State Compare, Chart, and Waveform displays

———
Accessories Table 1 lists the accessories supplied with your HP16510B, If any of
Supplied these accessorics were missing when you received the logic analyzer

from the factory, contact your nearest Hewlett-Packard office. If you
need additional accessories, refer to the Accessories for the HP
16504 /HP 16514 and HP 165004 Logic Analyzers data sheel.

HP 185108
Front-panel Reference
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Avallable

Table 1-3. Accessories

Accessory HP Part No. Quantity
Probe assemblies 01650-61608 5
Probe cables (35MHz State) 16510-61601 3
Probe cables 16510-61602 2
Grabbers (Note 1) 5959-0288 100
Ground leads (long) 01650-82102 5
Ground leads (short) 01650-82103 10
RS-232C Loop back adapter 01650-63202 1
Probe and probe cable numbering | 01650-94303 1
label card
Operating system disk 1651G-13520 2
Front-panel Reference manual 16510-90913 1
Programming Reference manual 16510-90914 1
Service manual 16510-90912 1
Notes:

1. Package of 20 per part number.

In addition to the accessories supplied, there are a number of

accessories available that will make your measurement tasks easier and
more accurate. You will find these listed in the Accessories for the
HP 16504/ HP 16514 and HP 165104 Logic Analyzers.

Accessories

General Information HP 16510B
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Probing

2

Introduction

Probing
Options

HP 185108
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This chapter contains a description of the probing system of the

HP 16510B logic analyzer. It also contains the information you need to
connect the probe system components to each other, to the logic
analyzer, and to the system nnder test.

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

o HP 10320C User-defmable Interface (optional)

¢ HP 10269C with microprocessor specific modules (optional)

e the standard HP 16510B probes (general purpose probing)

o direct connection to a 20-pin 3M ™ Series type header connector
uvsing the optional termination adapter (HP Part No.
01650-63201).

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

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

Probinpg
2-1



The HP 10268C  Instcad of connecting the probe tips directly to the signal lines, you may
General Purpose use the HP 10269C General Purpose Probe Interface (optional). This
Probe Intertace &llows you to connect the probe cables (without the probes) to
connectors on the interface. When the appropriate preprocessor is
installed in the interface, you will have a direct connection between the
logic analyzer and the microprocessor under test.

There are a number of microprocessor specific preprocessors available
as optional accessories which are listed in the Accessories for the

-HP 1650/HF 16514 and HP 165004 Logic Analyzers data sheet.
Chapter 11 of this manual also introduces you to preprocessors and

inverse assemblers.

HP 165188 <:E HP10269C

Ped 2

T

Pod 3

Pod 4

AiE

Pod &

AN

(o

#PROCESSOR
SPECIFIC
PREPROCESSOR

uPROCESSOR

-

Figure 2-1. HP 10269C with Preprocessor
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General PUrpose General purpose probing involves connecting the probes directly to
Probing your target system without using the interface. General purpose
probing does not limit you te specific hook-up schemes as the probe
interface does.

The Termination The optional termination adapter (HP Part No. 01650-63201) allows
Adapter youto connect the probe cables directly to test ports on your target

system without the probes. However, since the probes contain the
proper termination for the logic analyzer inputs, a termination must be
provided when you aren’t using the probes. The termination adapter
provides this termination.
The termination adapter is designed to connect to a 20 (2x10) position,
4-wall, low profile header connector, 3M® Series 3592 or cquivalent,

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

~

=
&

Figure 2-2. Termination Adapter

HP 165108 Probing
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The HP 16510B
Probing System

Probes and Probe
Pods

Probe Pod
Assembly

Probing
2-4

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

The passive probe system is similar to the probe system used with high
oscilloscopes. It consists of a series R-C network (90.9 ki) in

frequency
-paraliel with 8 pF) at the probe tip, and a shielded resistive

transmission line.
The advantages of this system are:

e 2nsrisetime with =+ 5% perturbations

» 8 pF input capacitance at the probe tip

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

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

The pods, as they will be referred to for consistency, are the probe
housings (as shown below) that group 16 data, one clock line, and

grounds, corresponding to a logic analyzer pod.
GROUND LEAD (LONG)
{@1B32-82182)
PROBE LEAD
{2165¢-82101%

{SHORT )

PROBE HOUSING GROUND LEAD
(Q1658-452037 10185082183}

| __ PROBE ASSEMALY
i @15650-5 1588)

QVeSEXe

Figure 2-3. Probe Assembly
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Probe Cable The probe pod cable contains 17 signal Enes, 34 chassis ground knes
and two power lines that is woven together, It is 4.5 fest long.

Caution w The probe grounds are chassis (earth) grounds, not *floating” grounds.

Each cable is capable of carrying 0.67 amps for preprocessor power.
Current in excess of 0.67 amps per cable will cause the preprocessor
supply voltage to drop below a safe level, DO NOT exceed this 0.67
amps per cable or the preprocessor may malfunction. Also, the
maximum power available from the logic analyzer (all cables) is 2 amps
at 5 volts.

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

on checking this fuse.

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

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

O1eAT A0

Figure 2-4. Probe Cable

HP 165108 Probing
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You can connect the probe directly to the test pins on yoer target
system, To do so, the pins must be 0.63 mm (0.025 in.) square pins or
round pins with a diameter of between 0.66 mm (0.026 in.) and 0.84 mm
(033 in.).

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

R-C NETWORX EGUIVALENT CIRCUIT
. : PROBE | CABLE LOGIC ANALYZER E
1 (] » 1
SIGNAL —r“’vm— TQ ! ! 3 : E
LOGIC i i i ]
1 8pF | 9.@9k '
GROUND _I__ ANALYZER i % i i d
' : : i
] i i oves0R0e i

98 .9K

Grabbers

Pod Grounds

Probing
2-6

Figure 2-5. Probe Input Circult

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

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

Each pod is grounded by a pod ground lead that shonld always be

used. You can connect the ground lead directly to a ground pin on your
target system or use 2 grabber. The grabber connects to the ground
lead the same way it connects to the probe lead,

. To connect the ground lead to grounded pins on your target system,

the pins must be 0.63 mm (0.025 in.) square pins or round pins with a
diameter of 0.66 mm (0.026 in.) to 0.84 (0.033 in.).

HP 18510B
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Probe Grounds You can ground the probes in one of two ways. You can ground the
probes with the pod ground only; however, the groond path won’t be
the same length as the signal path through the prebe. If your probe
ground path must be the same as your signal path, use the short ground
lead (probe ground). The probe ground lead connects to the molded
probe body via a pin and socket. You can then use a grabber or
grounded pins on your target system the same way as the pod ground.

olsanra

Flgure 2-6. Probe Grounds

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

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

HP 185108 Probing
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SIQI‘I8| Line Any signal line you intend to probe must be able to supply a minimum

Loadlng 0f 600 mV to the probe tip, which has an input impedance of 100 ki)
shunted by 8 pF. If the signal fine is incapable of this, you will not only
bave an incorrect measurement but the system nnder test may also
malfunction.

ji==— === .
MaximumProbe Thc maximum input voltage of each probe is + 40 volts peak.
Input Voltage

Pod Thresholds  There are two preset thresholds and a user-definable pod threshold for
each pod. The two preset thresholds are ECL (—13 V) and TTL
(+1.6 V). The user-definable threshold can be set anywhere between
=99 volts and + 9.9 volts in 0.1 volt increments,

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

Connecting the  There are four ways you can connect the logic analyzer to your target
iously ioned at the beginning of this ch the
system as previo mentioned at the beginming o chapter:
Loglc Analyzer probes (general purpose prabing); the HP 10320C User-definable

to the Target Interface; the HP 10259C with microprocessor épcciﬁc PTEpTOCESSOT

System - modules; and direct connection to a 20 pie 3M ™ Series type header
connector using the optional termination adapter (HP Part No.
01650-63201).

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

Probing ) HP 16510B
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Connecting the  The probe cables are installed in the Logic Analyzer module at the
factory. The cable for pod 1is the far left cable (rear view). Cables 2
Probe Cables through 5 follow cable 1 consecutively from left to right. If there is a

to the Logic need to install or replace the cables refer the HP 16510B Service

Analyzer Manual.

| =] 5

Connecting the  The pods of the HP 16510B differ from other logic analyzers in that

Pods to the they are passive (have no active circuits at the outer end of the cable).
The pods, as they will be referred to for consistency, are the connector

Probe Cable bodies {as shown below) that the probes are installed in when you

receive your logic analyzer.

Figure 2-7. Connecting Pods to Probe Cables

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

HP 16510B Probing
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Disconnecting  The probes are shipped alrcady installed in the pods. However, you
the Probes can disconnect anyl.:ni;:cdprobes from any of the pods. This keeps
’ the un-used probes getting in your way.
from the Pods Yo
To disconnect a probe, insert the tip of a ball-point pen in the latch
opening and push while gently pulling the probe out of the pod
connectar as shown below.

LT i

Figure 2-8. Disconnecting Probes from Pods

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

Probing HP 16510B
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Connecting the  You connect the grabbers to the probes by slipping the connector at
the end of the probe onto the recessed pin in the side of the grabber. If

Grabbers to the you need to use grabbers for either the pod or the probe grounds,

Probes connect them to the groumd leads the same way you connect them to
the probes.

Flgure 2-9. Connecting Grabbers to Probes

Connecting the  The grabbers have a hook that fits around IC pins and component
Grabbers to the Ileads You connect the grabber by pushing the rear of the grabber to

the h hooking the lead and releasi ur thumb as shown
Test Points e e e

Figure 2-10. Connecting Grabbers to Test Points

HP 16510B Probing
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Labeling Pods,  Soyou can find the pods and probes you want to connect to your target
Probes, and system, you need to be able to quickly identify them. Included with your
Cables logic analyzer are self-adhesive labels for each pod, cable and probe.

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

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

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

Probing HP 16510B
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Using the Front-Panel Interface

Introduction

Using the
Mouse

HP 16510B
Front-Panel Reference

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

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

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

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

e Selecting the desired menu

e Sclecting a desired field within a menu

e Displaymg the options or current variable data associated with
the desired field

o Selecting the desired option or eatering new data (editing current
data) ip the field '

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

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

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

To use the mouse to perform the functions of the front-pane] knob,
hold down the right button and move the mouse. When you release this
button, the function returns to the corsar.

Using the Front-Panel Interface
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How to
Select Menus

Note ,ﬁ

—

Before you try to select one of the main menus, make sore the field in
the upper left-hand corner is set to State/Timing E. If the HP 165004 is
in System or Intermodnle, touch that field and sclect State/Timing E
when the pop-up appears.

The field containing State/Timlng (3) may have a differeat letter
following State/Timing. Don’t be alarmed. This Jetter merely tells you
what card slot the State/Timing module is in.

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

o Configuration

o Format 1, 2, or both

e Trace 1,2, or both

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

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

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

If more than one analyzer (machine) is on, you see the s¢lected menu
of cither analyzer 1 or analyzer 2 depending on what analyzer meau
was last displayed or what you did in the State/Timing E Configuration
memL

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

Using the Front-Panel Interface HP 16510B

32

Fromt-Panel Reference



How to Switch
Between
Analyzers

Returning to

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

o Format1
o Format2
e Tracel
e Trace2
e« Waveform (for Timing analyzer)
o Listing (for State analyzer)

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

You can retorn to the System Configuration menu from any main logic

the System analyzer menu. To return to the System Configuration menu. touch
- State/Timing E. When the pop-up appears, touch System. When the -
conﬂgur ation pop-up closes, System will be displayed in the upper left corner. If
Menu Configuration is not displayed in the field second from the left in the
upper left comer, touch this field. When the pop-up appears, tonch
Confignration. You will now be in the System Configuration menu.
= ———]

Pop-up Menus

HP 165108
Front-Panel Reference

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

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

Using the Front-Panel interface
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How to Close Some pop-up menus automatically close when you touch a desired
field. After closing, the logic analyzer places your choice in the main
Pop-uP Menus meau field from which you opened the pop-up.

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

S———————————— =

Toggle Fields Some fields will toggle between two options (i.c., off and on). When

you touch one of these ficlds, the displayed option toggles to the other
choice and no additional pop-up appears.

== —=_
How to Select How to select options depends on what type of pop-up meau appears
Opﬂons when you touch the field. When the pop-up appears, you will see a list

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

There are also pop-up menus where each option within the pop-up
menu has more than one option available. In these cases, when you
touch that field, another pop-up, with options, will be superimposed on
the original pop-up.

Usling the Front-Panel Interface HP 18510B
34 Front-Panel Reference



HP 18510B
Front-Panel Reference

(ststsrmaming €] [ rormat 1)

* 60 n3

Pod E3 Pt E2

m J___ J(

Cloek
En i
COXED @@ EDE
Phersmmpbbbd
(Coone )

ADDR
DATA
L1154
ot
otr
aff
orr
ore

Figure 3 - 1. State Clock Pop-up Menu

An example of one of these is the clock field in the State Format
Specification menn. When you select the clock field in this menu it will
pop-up and show you all five clocks (J, K, L, M, and N). When you
select one of the five cdocks, another pop-up appears showing you the
available choices of clock specifications.
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Figure 3 - 2. State Clock Pop-up with K Pop-up
Open
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Whea yon touch one of these the pop-up will close, however, the
original clock pop-up still remains open. When you are finished
specifying the choices for the clocks, you close the original pop-up

ment by touching Done.
== _________am
How to Enter There are a number of pop-up menus in which you enter numeric data.

Numeric Data The two mjor types are:

o Numeric entry with fixed pmits
o Numeric entry with variable onits (i.e. ps, ms, etc.)

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

Besides being able to set the pod thresholds to either of the preset

thresholds (TTL or ECL), you can set the thresholds to a specific
voltage from —99 Vto + 9.9V.

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

Crotemimm ) (Crormar 1) )

Figure 3 - 3, Pod Threshold

Using the Front-Pane! tnterface HP 16510B
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If you select the User option, a nnmeric keypad pop-up appears where
you enter the desired threshold voltage. After selecting the value, you
select the units {(Le., mV or V). Touch Done when you have finished

specifying the pod threshold.
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Figure 3 - 4. Numeric Entry Keypad

I you want a negative voltage for the threshold, press the — (minus
sign) in the pop-up. Entering the — (minus sign) can be done either
before or after the voltage level has been entered

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

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

The two major ¢xamples of items that can be named are:

Labels
Symbols

HP 1865108
Front-Panel Reference

Filenames
File descriptions

The name of each analyzer

Using the Front-Panel Interface
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For example, you can name each analyzer with a name that is
representative of your measurement. The default names for the
analyzers within the logic analyzer are MACHINE 1 and MACHINE
2. To rename an analyzer, touch the field to the right of Name:

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

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

(Cswwmning E) (Configoration)

Analyzer | Analyzer 2

Figure 3 - 5. Alphanumeric Keypad
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How to
Roll Data

HP 16510B
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The roll feature is available in all menus that contain off-screen data.
This allows you to roll data for viewing. Data can be off-screen both
above and below or left and right of what you see on screen.

One example of a menu having off-screen data above and below the
screen is the State Listing. The state listing is normally a list 1024 lines
long, however, the display is only capable of showing you 16 lines at a
time. To roll data in the state Listing (when the box in the left center of
the listing area is light blue) simply turn the knob. If this box is not
Iight blue, touch this box and then turn the knob. If you touch this box
when it is light blue, a keypad will appear with which you can enter a
state location. This allows you to effectively roll the displayed listing in
large increments.
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Figure 3 - 6. State Listing Menu with Off-screen
Data
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An example of off-screen data left and right can also be shown in
figures 3-7 and 3-8. Figure 3-7 illustrates a timing Trace menu with
labels off screen. In this case only six of the eight labels can be
displayed at a time. Whenever there is data off screen to the left o
right, an additional field exists in the menu as shown in figure 3-7. This
is called a field because it is enclosed in a box and will turn light blue
when touched.

(stewmsinge) ( Tracez ) (E
Armed by Acquiziiion moe
SBO005 TATE Tronsttional

(Levers ) [ox J(m  Jlios  (ws  J(owaex J[wm )
Ko (w3 (o J(Coor J(Cwen J O J O )

preen (_x (e J(x Jx J(x J( =)
pr-—urnro

Then fial

wo (-} )

Figure 3 - 7. Ofi-screen Data Indicator

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

(Ceravsrmimg ) ( Trees 1) ()
Acquivflion mmde
Tronsitisnal

o+ (o) (o)

Fina

on CO D)
oo 1 )

Toen find

=

Figure 3 - 8. No Off-screen Data Left or Right
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Assignment/
Specification
Menus

Assigning Pod
Bits to Labels

Note ni

L

HP 16510B
From-Panel Reference

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

o Assigning bits to pods
s Specifying patterns
* Specifying edges

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

* (asterisk) indicates assigned bits

. (period) indicates un-assigned bits.

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

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

(cwtartinig £) ( Formatt ) 0y @
Tlock Peried Lles Al
uh
e O e oy
Py Pnd E1
—

: Cigtk :

Figure 3 - 9. Bit Assignment Pop-up Menu
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To assign bits to either Anatyzer 1 or Analyzer 2 there must be at Jeast

one pod assipned to the desired analyzer, If there are no pods assigned
to the analyzer you wish to use follow steps 1 and 2. If there is & pod

assigned to the desired analyzer go to step 3 where you access the
Format menu.

1. Enter the State/Timing E Configuration menu.

2 Tooch a Pod field. Whea the pop-up appears, assign the pod to
the analyzer of your choice.

3. Touch the field second from left in the top left corner. When the
Ppop-up appears, touch Format 1 {(or 2).

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

5. Touch the bit assignemnt field to access the bit assignmeat
pop-up.

6. When the pop-up appears, using the KNOB, place the carsoron
the desired bit and touch the asterisk to assign a bit or the period
to unassign a bit. Tonch Done when bit assignment is complete.

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

Using the Front-Panel Interface HP 165108
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Specifying The Pattern field appears in several menus. Patterns can be spedified in
Patterns one of the available number bases. Patterns can be viewed in ASCIL,
but cannot be entered in ASCIL

The conventian for "don’t care” in these menus is an X except in the
decimal base. If the base is set to decimal after a "don’t care” is

specified, a $ will be displayed.
To select a pattern, enter the Trace menu and follow these steps:

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

(Cewnrmame) ( Trece 1 )

’ m ACquisiAisn mede
@@EJ[I] Tronaiiisnal ]
w EJEF(e)
N rjmmr‘]

Figure 3 - 10. Specifying Patterns Keypad Pop-up
Menu

2. Using the alphanumeric keyboard, enter the desired pattern.

Note # The Base > ficld and the Find Pattern field are interactive. Only a
keypad that is compatible with the selected base will appear when the
pop-up opens. Since ASCII patterns cannot be entered directly, a
keypad will not appear for data entry if the base is set to ASCIL.

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

HP 165108 Using the Front-Panel intertace
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Specifying Edges Yon can select a positve-going (4), negative-going ({), and either edge
(]) for your trigger.

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

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

(Eretermimmg ) ( Trecaz ) (erin)

Acquisilion moda
GBOCOETATE " \ " 1 l 3 I( ‘; Transitlonal

Cazer > (e} Dl )
e » m@

Flog

muen [ x J( 2 J(Cx Jx ) ]E
u-uuure

Tran find

w @ C I ICD)

Figure 3 - 11. Specifying Edges Pop-up Menu

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

3. After you have made your edge selection, touch Done.

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

Using the Front-Panel Interface HP t6510B
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4
Using the Menus
|

Introduction This chapter contains menu maps of the HP 165108 logic analyzer.
Since the front-panel user interface consists mainly of menus that you
access to configure the logic analyzer, the menu maps provide quick
‘reference to the'menus, menu options, and ultimately the functions of

the logic analyzer.

=——————————————|

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

menus of the logic analyzer.

HP 165108 Using the Menus
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State/Timing
Configuration
Menu Map

From System
Configuratlon menu

y

—| State/Timing

Sya tem

Intermoduie

Modules 1~ §

'—I Configuration I——

Configuration

Format 1

—

Formol 2

Troce 1

Traca 2

Listing 1 (22

Woveform 2 (1}

Compare 1(2)

Stote WF 1(2)

Chart 1(2)

Mixed Display

'—-{Ancnyzor 1er2

Nome

Type

Autoacole

L Pod 1~ 5

Anglyzer 1

Anglyzer 2

Unaesigned

185100

« Modules 1 through 5 depend on whol modules
ore instolled in the HF 165004
ves Timing onalyzer anly

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

HP 165108
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I Timing Analyzer

|Formcli

—{ Print

Cancel

Print Sereen

Print ALl

Single

Repelitive

Cancel

F—{ Symbo 13 F—

Labe |

Base

Symbol Width

Symbol

Type

I~ Patierns/Stort

.

Stop

|Truce|

Turn Label Off

1 Lovals ]—E

Modily Label

Turn Labeil On

r——ﬁm Field |—]Assignment]

TTL

ECL

User

“—{ Polarily

+ (pomitive)

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

[Foer]

Coren

Print Sereen

S
| Single
i} —

Repotitive

Cancal

Armad By | Machine 1 or 2

Run or Group Run

|| Acquleition s
Mode L Transitional
Glitch
L .
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BA~T
) Qctol
. Decimal
Hox
ASCTI
Symbal
et Entey Ky
<

[T vine Eage |+
xaw
Then find Glitech W)
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w® DOnly gvailoble whan “greater Lhan™ iz specifiad Tn “pressnl far™ fleld
=#+ DOnly ovailoble whan "Lhen [ind edge” I3z prapent and in Gllich made

Figure 4-3. Timing Trace Menu Map

Using the Menus HP 165108
4-4 S Front-panel Reference



Timing
Waveform
Menu Map —
I Timing Analyzer]
| Waveform I | Formot !
Cone
Prinl Screen
Repetitlive
Conce |
—‘Accumlote J—E Dn
off
dalo eniry keypod (18ns Lo 109s)
dola entiry keypod (—25B0s Lo 25@@s)
Continued on next page T3
Figure 4-4. Timing Waveform Menu Map
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Flgure 4-4. Timing Waveform Menu Map (continued)
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State Format

Menu Map

HP 165108

I State Analyzer

l Formai |Tro=e

Prini Cancgel

g

={Prinl Screen

Run Single
—iPrint all
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Figure 4-5. State Format Menu Map
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State Trace
Menu Map
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Flgure 4-8. State Trace Menu Map
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Continued from previous poge
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Figure 4-6. State Trace Menu Map (continued)
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State Listing
Menu Map
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Menu Map
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Figure 4-8. State Compare Menu Map
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Menu Map
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Figure 4-9. State Wavetorm Menu Map
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Figure 4-8. State Waveforrn Menu Map (continued)
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Menu Map
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Figure 4-10. State Chart Menu Map
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Figure 4-10. State Chart Menu Map (continued)
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Introduction

System Level
Menu
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This chaptér describes the menus and pop-up menus that you will use
on your logic analyzer. The purpose and functicns of each menu are
explained in detail, and we have included many illustrations and
examples to make the explanations clearer.

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

o State/Timing Configuration Menn
The Subsystem Level Menus are:

o Format (timing and state)
¢ Trace (timing and state)
e Timing Waveforms

e State Listing

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

When the logic analyzer is selected from the System Configuration
menv, the State/Timing Configuration menu is displayed. 1t is in this
menu that you configure your logic analyzer in one of four ways: timing
analyzer only, state analyzer only, two state analyzers, or one timing
analyzer and one state analyzer. You can also name each internal

analyzer and assign pods to them.

Menus
51



State/T iming The State/Timing Configuration menu for the HP 16510B Logic

g Analyzer is shown below. The fields in the menu that are numbered in
Configuration the figure are described in this section,

Menu
1 \.\( Suate/Timing £) (Cont tguration) \\6
Analpzer i anptyzer 2
2 =G T~
4
Unedeigned Pods por”
{ :ms 2 j/
Figure 5-1. State/Timing Configuration Menu
@ Name You name an analyzer by selecting the Name field under it. An
alphanumeric pop-up menu will appear. The keypad is similar to a
computer keyboard. -
(CSuteTimng E) (Gontiguratiea) o) E
CJIE)
()
| DONE
Figure 5-2. Alphanumeric Keypad Pop-up
Menus HP 16510B
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Al the top of the keypad pop-up, is a box where the current name
appears when the pop-up opens, and where the new name will appear
when you touch keys on the keypad. In the name box is a cursor which
indicates in what space your next selection will be placed.

You can name the analyzer m one of two ways. The first way is to
position the cursor over the character to be replaced in the pop-up
using the KNOB, then touching the new character. The new character

appears in the name box.
The second way is to touch CLEAR. This clears the entire name from

the box and places the cursor at the beginning of the name box in the
pop-up.

When you bave entered the correct name, touch DONE.

Type The Type field defines the machine as either a state analyzer or a
timing analyzer or indicates that a system performance analysis (SPA)
can be done on that analyzer (optional). When this field is touched, 2
pop-up menu appears. You touch the machine type to make your
selection.

( staterTiming E] (Eontigursiien

LU ANTH Anaiyzer 2

" @ orf

Tups: Timing Type! otr
Aulos] Biale
Unaexi1gned Pese

{ Pog ! 3 Pod 5 V) ( + Podz )
. )

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

{( Stetestiming £ ) (Conriguraiion)
Analyrer 1 Ansiyzer 2
Kmmy | HACHINE 1
Typer Conzal Tpee  ors

Ewecuie

Unassiqnas Pads
Fod 7 ]

{ Pad 1 1 Po¢ 5 ]
i J

(
I \

Pod 3
T
zzcomesozemons ]

Figure 5-4. Autoscale Pop-up Menu

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

Note 'ﬁ Executing auntoscale erases all previous configurations for your timing
analyzer and turns the other analyzer off, If you don’t want this to
happen, touch Cancel in the pop-up.

Menus HP 165108
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Pods Each pod can be assigned to one of the analyzers. When the

HP 16510B
Front-Panel Reference

HP 16510B Logic Anaiyzer is powered up, Pod 1 is assigned to
Analyzer 1 and Pod 5 is assigned to Analyzer 2.

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

(Cstare/Timing £) (Eontiguratin)
Arelyzer 1 Analyzer 2
-
e (i) [ mome
e
< Peds
{ Pag 1 1 q Pad 5 Unertigosd
________________ ] S —
(  Ped3 )
WP
LT
—

Figure 5-5. Pod Assignment Pop-up Menu

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

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

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

Menus
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Note ,ﬁ

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

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

Make sure the first line you wish to print is in the light blue box at the
center of the listing area when you touch Print All. Lines above this box
will not print.

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

¢ Timing Format Specifications
o State Format Specifications
» State Trace Specifications

o State Listing
o Symbols

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

When you select the Print All option, the information on the screen is
frozen, and the message "Printing AIl" appears at the top of the display.
Don't worry, this message will not appear in your printout. While the
data is being transferred to the printer, the logic analyzer's
user-interface is not usable. When the logic analyzer has completed the
data transfer to the printer, the advisory "Print Completed” appears
and the user-interface is again usable.

HP 18510B
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If you wish to stop a printont before it is completed, tonch Cancel. This
stops the print and the message "Print Cancclled” appears at the top of
the display.

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

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

The Format Specification menus let you specify how the logic anatyzer
groups the input channels from your microprocessor. You can set the

threshold levels of the pods assigned to the analyzer, assign labels and
channeks, specify symbols, and, in the case of the state analyzer, sct
clocks for Lriggering.

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

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

Each of the format and trace specification meaus will be covered in this
chapter. For examples on setting up configurations for measurements
with the timing and state analyzers, refer to your HP 165108 Getting
Started Guide or chapters 7 through 9 in this manual.
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At power up the Timing and State Format Specification menus look
basically the same, with a few exceptions in the state analyzer. The

Timing Format Specificalion menu looks like that shown below:
Menus

{ state/Timing E] [ rerwat s }

— =

Figure 5-6. Timing Format Specification Menu

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

following:
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Figure 5-7. State Format Specification Menu

Menus

HP 18510B

Front-Panel Reference



Timing and State
Format
Specification
Menu Fields

HP 165108
Front-Panel Reference

These menus show only ane pod assigned to each analyzer at power op.
Any number of pods can be assigned to one analyzer, from none to all
five. In the Format menus, only three pods appear at a time in the
display. If there are any pods off screen, an additional field will be
present. This field is labeled Pods «+. To view off-screen pods, touch
the Pods « field and rotate the KNOB,. The pods are always
positioned so that the lowest numbered pod is on the right and the
highest numbered pod is on the left.

Seven types of ficlds are presén: in the menns. They are:

1) Label

2) Polarity (Pol)

3) Bit assignments

4) Pod threshold

5) Specify Symbols

6) Clock (state analyzer only)

7) Pod Clock (state anatyzer only)

8) Clock Period (state analyzer only)

A portion of the menn that is not a field is the Activity Indicators
display. The indicators appear above the bit numbers of each pod.
When the logic analyzer is connected to your target system and the
system is running, you will see | in the Activity Indicators display for
cach channel that has activity, These tell you that the signals on the
channels are transitioning.

The fields in the Format menus are described in the following sections.
The descriptions apply to both the timing and statc analyzers unless
noted otherwise.

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

Menus
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To access one of the Label fields, touch the desired field. You will sec a
pop-up menu like that shown below.
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Figure 5-8. Label Pop-up Menu

Torn Label On. Selecting this option turns the label on and givesita
default letter name. If you turned all the labels on they would be named
POD 1 through T from top to bottom in the timing analyzer and A
through T in the state analyzer, When a label is turned on, bit

ignment fields for the label appear to the right of the label under the

pods

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

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

You can give the same name to a label in the state analyzer as in the
timing analyzer without causing an ervor. The logic analyzer
distinguishes between them, An example of this appears in chapter 7 of
the HF 165108 Getting Started Guide and chapter 9 of this manual.
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Each label has a polarity assigned to it. The default for all the labels is
positive ( + ) polarity. You can change the polarity of a label by '
touching the polerity field. This toggles the polarity between positive

( + ) and negative { —).

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

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

The convention for bit assignment is:
* (asterisk) indicates assigned bit
« {period) indicates unassipned bit

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

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

[;*mﬂ“*“‘m* ]

o
(zw) (oo

Figure 5-9. Bit Assignment Pop-up Menu

Use the KNOB to move the cursor to ar asterisk or a period you wish
to change. Touch the desired state (asterisk or period) in the pop-up.
When the bits (channels) are assigned as desired, touch DONE. This
closes the pop-up and displays the new bit assignment in the Format
Specification meau.
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Assigning one channel per label may be handy in some applications.
‘This is illustrated in chapter 7 of the HP 165108 Getting Started Guide.
Also, you can assign a channel to more than one label, but this usually
isn't desired.

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

Channels assigned to a label are numbered from right to left by the
logic analyzer. The least significant assigned bit (LSB) on the far right
is numbered 0, the next assigned bit is numbered 1, and so on. Simce the
maximum of 32 channels can be ascigned to one label, the highest
number that can be given to a channel is 31. Although labels can
contain split fields, assigned channels are always numbered
consecutively within a label. The numbering of channels is illustrated
with the fgure below.

{ starestining €] (Formati ) Rart
[Clr.;ckﬁ:cnr’md][‘" cl:n J
Pegs EX Pod £2 Pog EN
(. ™ JO ™ J
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B [ -.---' ]i'.' L1 I E '.".... wwkbr PP I
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= | Brst  BR 1/ Bit / B0

Figure 5-10. Numbering of Asslgned Bits

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

threshold of the other.
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If you touch the pod threshold fields you will see the following pop-up

menu.
(Cststermining £) ( Formet 1)
Pod E1
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Figure 5-11. Pod Threshold Pop-up Menu

TTL sets the threshold at + 1.6 volts, and ECL sets the threshold at
—13 volix

The User option lets you set the threshold to a specific voltage between
—99V and +9.9V. If you select this option you will see a numeric
entry keypad pop-up menu as shown.
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Figure 5-12. Numeric Entry Keypad Pop-up Menu
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You enter a threshold in the pop-up with the keypad by touching the
desired value, units and polarity. When the correct threshold voltage is
displayed, touch DONE. The pop-up will close and the new threshold
will be placed in the pod threshold field.

In the state analyzer, the same threshold level applies to a pod's clock
as to its 16 data bits.

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

Symbols you can define a mnemonic for a specific bit pattern of a label, When
measurements are made by the logic analyzer, the mnemonic is

displayed where the bit pattern occurs if the Symbol base is selected.

It is possible for you to specify up to 200 symbols in the logic analyzer.
If you have only one of the internal anatyzers on, all 200 symbols can be
defined in it. If both analyzers are on, the 200 symbols are split between
the two. For example, analyzer 1 may have 150, leaving 50 available for

analyzer 2.

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

timing and state analyzers.
Symbel Tabla s'lpmn!
(s o CE) 5
mbe) Type Pt lern/Start Biep
[ Dn;|¢ }

Figure 5-13. Symbol Table Menu
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There are four fields in the Symbal Table menu. They are:

e Label
» Base
» Symbol Width

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

_argterTemian F1 L F t2 fer ) . pun ]
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Figure 5-14. Label Pop-up Menu

Each label has a separate symbol table. This allows you to give the .
same name to symbols defined under different labéls. In the Label
pop-up touch the label for which you wish to specify symbols.

Base, The Basc field tells you the number base in which the pattern will
be specified. The base you choose here will appear in the Find Pattern
field of the Timing Trace Specification menu in the timing analyzer, or
the pattern field of the State Trace Specification menu in the state
analyzer. These are covered later in this chapter.
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Note 12}

To change the base, touch the current base. You will sec the following
POp-up menu.

ALR1e/TINING E] ‘ Formit 2 l ‘i;;;; | Run
(_ Symbel Table skmnl
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[ ] Tt Paltern/Siar [T 1] Slep
Dacimm)
E Hen
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Figure 5-15. Base Pop-up

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

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

If you choose the ASCII option, you can see what ASCIH characters the
pattern and ranges defined by your symbols represent. ASCH
characters represented by the decimal numbers 0 to 127 (hex 00 to 7F)

are offered on your logic analyzer. Specifying patterns and ranges for
symbols is discussed in the next section.

You cannot specify a pattern or range when the base is ASCIL, First
define the pattern or range in one of the other bases, then switch to
ASCI {0 see the ASCII characters. ‘

HP 16510B
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Symbo! Width. The Symbo]l Width field lets you specify how many
characters of the symbol name will be displayed when the symbol is
referenced in the Timing and State Trace Specification menus, the
Timing Waveforms menu, or the State Listing menu. Selecting this

field gives you the following pop-up.

State/Timens F1 [ Foarmay 2. .1 {Friat Run

Symbo! Table r
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Figure 5-16. Symbol Pop-up Menu

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

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

When you touch DONE field in the keypad pop-up menu, the name of
the symbol appears in the symbol name field, and two more fields

appear in Lhe display to the right of the symbo! name.
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Figure 5-17. Symbol Defined as a Pattern

The first of these fields defines the symbol as either a patternor a
range. If you touch this field, it will toggle between pattern and range.

When the symbol is defined as a pattern, one field (Pattern/start)
appears to specify what the pattern is. Touching this field displays a
pop-up with which yon can specify the pattern. Use the keypad and the
X (Don't Care) key to enter the pattern. :
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Figure 5-18. Specify Pattern Pop-up
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If the symbol is defined as a range, two fields appear in which you
specify the upper and lower boundaries of the range. The fields are

Pattern/Start and Stop.
(_sunumm.f_l.(__nmt 2 1 {erpnr R
Symonl Tabis Sywhol
Labat Barp Him mg"l
Symuol Typr Patiarn/atert up
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Figure 5-19. Symbol Defined as a Range

Touching either of these fields gives you a pop-up with which you can
specify the boundary of the range.
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Figure 5-20. Specify Range Pop-up
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You can specify ranges that overlap or are nested within each other.
They must be specific. Don’t cares are not allowed.

The logic analyzer gives patterns priority over ranges when displaying
measurements. This will be covered in more detail in the sections
*Timing Waveforms Menus* and "State Listing Meaus' later in this
chapter. To add more symbols to your symbol table, touch the field of
the last symbol defined. A pop-up menu appears as shown.
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Figure 5-21. Symbol Pq'p-up Menu

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

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

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

Leaving the Symbol Table Menu. When you have specified all your
symbols, you can leave the Symbol Table meau by touching Done. This
puts you back in the Format Specification menu that you were in before
entering the Symbol Table.
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The Clock field is present in the Format Specification menu only in the
state analyzer. This field displays the clocks that are to be used to
clock the logic analyzer. The display will be referred to as the "clocking
arrangement.”

The HP 16510B Logic Analyzer has five clock channels, each of which
is on a pod. The clocks are connected through the pods simply for
convenience. The clock channels are labeled J, K, L, M, and N and are
on pods 1 through 5, respectively. The clocking of the state analyzer is
synchronous with your system because the analyzer uses the clocks
present in your system that assure valid data.

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

(svutesrminge) ( rermatt )
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Figure 5-22. Clock Pop-up Menu
You can use one of the clocks alone or combine them to build one
docking arrangement.

If you select a field to the right of one of the clocks in the pop-up, you
will se¢ another pop-up menu:
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Flgure 5-23. Single Clock Pop-up Menu

With this menu you set the condition needed by each clock. You can
specify that the logic analyzer looks for the negative edge of the clock,
the positive edge, cither edge, a high level, or a low level, or you can
turn the clock off.

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

For example, if you select | for the J clock, 4 for the K clock, High for
the M clock, and Low for the N clock, the resulling clocking
arrangement will appear in the display as:

Clock
(JIHT) » (M=14+N=0)

Figure 5-24. Example of a Clocking Arrangement

HP 16510B
Front-Panel Reference



‘With this arrangement, the logic analyzer wili clock the data when
there is a negative edge of the J clock OR a positive edge of the K
clock, AND when there is a high level on the M clock OR a low level
on the N clock.

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

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

data.

Each pod assigned to the state analyzer has a pod Clock field
associated with it. As with the Clock field discussed in the previous
section, the pod Clock fields are present only in the state analyzer.
Selecting one of the pod Clock fields gives you the following pop-up
menu:
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Figure 5-25. Pod Clock Field Pop-up Menu
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Normal. This option specifies that clocking will be done in single
phase. That is, the clocking arrangement located in the Clock field
above the pods in the State Format Specification menu will be used to
clock all data (pods) assigned to this machine,

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

Clock
Ji+Kt

Figure 5-26. Single Phase Clocking Arrangement

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

Demultiplex. With the HP 16510B Logic Analyzer, you can clock two
different types of data that occur on the same lines. For instance, lines
that transfer both address and data information need to be clocked at
different times in order to get the right information at the right time.
The Demultiplex option provides the means to do this.

When you select the Demultiplex option, the pod Clock field changes
to Master | Slave, and two clock fields appear above the pods where
just one Clock field used to be. These ficlds are the Master Cleck and
Slave Clock, as shown:
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Figure 6-27. Master Clock and Slave Clock

Demultiplexing is done on the data lines of the specified pod to read
only the lower eight bits. This is two phase clocking, with the Master
Clock following the Slave Clock. The analyzer first looks for the
clocking arrangement that you specify in the Slave Clock. When it sees
that, the analyzer clocks the data present on bits 0-7 of the pod, then
wails for the clocking arrangement that yon specify in the Master
Clock. When it sees that clocking arrangement, it again clocks the data
present on bits 0-7 of the pod. The upper eight bits of the pod are
ignored and don’t need to be connected to your system.

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

The address/data lines AD(-AD7 on the 8085 microprocessor are an
example for Demultiplex. During part of the operating time the lines
have an address on them, and during other times they have data on
them. Connect the lower eight bits of one of the pods to these eight
lines and set the Slave and Master Clocks for the pod such that they
clock the data and the address at the proper time.

In this example, you may choose to assign the bits in the State Format
Specification menu similar to that shown in the following figure. In this
case you would want to clock the address with the Slave Clock and the
data with the Master Clock.
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Flgure 5-28. Bit Assignments for Master and Slave

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

Mixed Clocks. The Mixed Clocks option allows you to clock the lower
cight bits of a'pod separately from the npper cight bits. The state
analyzer uses Master and Slave Clocks to do this. If you select this
option in the pod Clock pop-up, the pod Clock field changes to
Master | Slave, and two Clock fields, Master and Slave, appear above

. the pods.

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

The Master and Slave Clocks can have the same clocking
arrangements. The clocking is still done the same way, with the lower
cight bits clocked on the Slave Clock and the upper eight bits clocked
on the Master Clock.
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CIock Perlod This field provides greater measurement accuracy when your state

input clock period is greater than 60 ns. When you select > 60 ns, the
state analtyzer provides greater immunity against noise or ringing in the
state input clock signal; therefore, the logic analyzer provides greater
accuracy when triggering another state or timing analyzer or the BNC
trigger ouL.

If your State input clock period is less than 60 ns, you should select

< 60 ns, This disables the Count field in the State Trace Specification
menu becanse the maximum clock rate when counting is 16.67 MHz
(60 ns clock period).

N
Timlng Trace The Timing Trace Specification menu lets you specify the trigger point
Ification for the logic analyzer to start capturing data and the manner in which
sPec ficatio the analyzer will capture data. You configure the timing analyzer to
Menu find a pattern first and then a transition in the signal or signals.
The menu looks like that shown below. This is the default setting for
the menu.
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Figure 5-29. Timing Trace Specification Menu
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Timing Trace The fields in the Timing Trace Specification menu are:

Specification
Menu Flelds 3 5 M,';;" Mode

3) Acquisition mode
4) Label

5) Base

6) Find Pattern

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

These are described in the following sections.
Run/Trace You specify the mede in which the timing analyzer will trace data when

Mode youtouchRun. You have two choices for trace mode: Single and
Repetitive. When you touch Run and hold your finger on the field, you

will see the following pop-up menu:
(svwvmming €] ( Trace 1 ) (erine | ST
Single o
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Flgure 5-30. Run Field Pop-up Menu

You select the trace mode by touching the Run field, and, withont
lifting your finger from the screen, move it to the desired trace mode.
‘When you lift your finger, the logic analyzer traces data in the mode
you specify. If you wish to abort the trace after you touch Ron but
before the trace starts, move your finger to Cancel before lifting your

finger.
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Single Trace mode acquires data once per trace. Repetitive Trace
mode repeats single acquisitions nntil Stop is touched, or until the time
interval between two specified patterns is less than or greater than a
specified value, or within or not within a specified range. The Stop
Measurement feature is explained in detail in "Markers Pattern” in
both the "Timing Waveforms" and "State Listing” sections of Chapter 6
of this manual

@ Armed By The Armed By field is present when more than one analyzer is on at the
same time. The Armed by field lets you specify how your liming
analyzer is to be armed. The analyzer can be armed by Run, the other
analyzer, or an ¢xternal arm from the IMB (Intermodule Bus).
“Intermodule Measurements” are covered in chapter 10 of the
HP 165004 Reference Manual.

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

analyzer.
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Figure 5-31. Armed By Pop-up Menu
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Acquisition  The Acquisition mode field allows you to specify the mode in which
Mode youwant the timing analyzer to acquire data, You are given two

Menus

choices for the mode of acquisition: Transitional and Glitch. When you
touch this field, the field toggles from one mode to the other.

Transitional Acquisition Mode. When the logic analyzer is operating in
the Transitional Acquisition mode, it samples the dara at regular
intervals, but it stores data in memory only when there have been
transitions in the signals since the last data sample was stored. A time
tag that is'stored with each sample allows reconstruction of the samples
in the Timing Waveforms display.

Transitional timing always samples at a rate of 100 MHz

(10 as/sample). This provides maximum timing resolution even in
records that span long time windows. Time covered by a full memory
acquisition varies with the number of pattern changes in the data. If
there are many transitions, the data may end prior to the end of the
time window desired because the memory is full. However, a prestore
qualification in your logic analyzer insures that data will be captarsd
and displayed between the left side of the screen and the trigger point.

The figure below illustrates Transitional acquisition, comparing it to
Traditional acquisition,
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WHEN TRANSITIONAL
TIMING SAMPLES | 1|1 ! 41 l l ! ] ! ]| 1! 1 ! L
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Figure 5-32. Transitional Timing vs. Traditional Timing
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Traditional timing samples and stores data at regular intervals,
Transitional iming samples data at regular intervals but stores a
sample only when there has been a transition on one or more of the
channels. This makes it possible for Transitional timing to store more
information in the same amount of memory.

Gliteh Acquisition Mode. A glitch is defined as any transition that
crosses the logic threshold more than once between samples. It can be
caused by capacitive coupling between traces, power supply ripple, or 2
number of other events. -The glitch, in turn,-can cause major problems
in your system.,

Your logic analyzer has the capability of triggering on a glitch and
capturing all the data that occurred before it. The glitch must have a
width of at least 5 ns at threshold in order for the analyzer to detect it.

If yon want your timing analyzer to trigger on a glitch in the data, set
the Acquisition mode to Glitch. This causes several changes in the
analyzer. One change is that a field for glitch detection in each label is
added to the Timing Trace Specification menu, as shown:

( swewmnmg €] Trace 1 ]
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Figure 5-33. Glitch Specification Fleld
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With these glitch detection fields you specify on which channel or
channels youwant the analyzer to look for a glitch. These fields are
discussed in more detail in the "Then Find Edge” section later in this
chapter.

Glitch Acquisition mode causes the storage memory to be cut in half,
from 1k to 512. Half of the memory (512) is allocated for storing the
data sample, and the other half for storing the second transition of a
glitch in a sample. Every sample is stored. The sample rate varies from
20 Hz to 50 MHz (50 ms/sample to 20 ns/sample) and is automatically
selected by the timing analyzer to insure complete data in the window
of imterest.

‘When your timing analyzer triggers on a glitch and displays the data,
the glitch appears in the waveform display as shown below.

-— GLITCH
ANALYZER .
AT

SAPLE
POINTE

U

CLITCH DIGPLAYED

l ON MEXT SAMPLE
ANALYZER
DISPLAY

Figure §-34. Glitch in Timinﬁ Waveform

Label The Label fields contain the labels that you define in the Timing
Format Specification menu. If there are more labels than can fit on
screen, use the KNOB to view those that aren’t displayed.
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Base The Base fields allow you to specify the number base in which you want

HP 16510B
Front-Panel Reference

to define a pattern for a label. The Base fields also let you use a symbol
that was spedified in the Timing Symbol Table for the pattern. Each
label has its own base defined separately from the other labels. If you
select one of the Base fields, you will see the following pop-up menu.
Decide which base you want to define your pattern in and select that
option.
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Figure 5-35. Base Pop-up Menu

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

Find
Pattern

G o)

Figure 5-36. ASCIl| Defined as Numeric Base

In the figure above, the Find Pattern ficld is no longer a selectable field
when the base is ASCIL If you touch this field, the message "ASCII
entry not available” appears. You cannot enter ASCII characters
directly. You must specify a pattern in one of the other bases; then
switch the base to ASCII and to see what characters the pattern
represents.
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The Symbol option in the Base pop-up allows you to use a symbol that
has been specified in the Timing Symbol Tables as a pattern, or specify
absolute and enter another pattern. You specify the symbol you want to
use in the Find Pattern field,

Find Pattern With the Find Pattern fields, you configure your timing analyzer to look
for a certain pattern in the data. Each label has its own pattern ficld
that you use to specify a pattern for that label,

During a run, the logic analyzer looks for a pattern in your data
generated by the logical AND of all the labels’ patterns, That is, it looks
for a simultaneous occurrence of the specified patterns. When it finds
the pattern, it triggers at the point that you specified in the Then find
Edge ficlds. See the "Then Find Edge” section later in this chapter for
more information about edge triggering.

You specify a pattern by touching the Find Pattern field. A keypad
pop-up appears with which you enter the desired pattern. The pop-up
will vary depending on the base you choose and the number of channels
you assign to that label.
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Figure 5-37. Specity Pattern Pop-up for Find
Pattern
Enter your pattern in the pop-up and tonch DONE. The pattern
appears under the label in the Find Pattern field.
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As mentioned in the previous section on the Base Geld, if you specify
ASCH as the base for the label, you won’t be able to enter a pattern.
You must specify one of the other number bases to enter the pattern,
then you can switch the base to ASCII and see what ASCII characters

the pattern represents.
If you choose Symbols in the Base field, you can usc one of the symbols

specified in the Timing Symbol Tables as the pattern. The Find Pattern
field looks similar to that below:
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Flgure 5-38. Symbol Defined in Base Fleld
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If you select this field you get a pop-up similar to that shown:
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Flgure 6-39. Symbol Selection Pop-up for Find
Pattem
The pop-up lists all the symbols defined for that label. It also contains
an option absolute, Placing the blue bar on this option causes another
field within the pop-up to appear. This field is labeled offset .
The offset field lets you specify a pattern not given by one of your
symbols,

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

‘When you specify symbols in the Timing Symbol Tables, you also
specify the number of characters in the symbol pame that are 1o be
displayed. If you specify to display only three characters of a symbal
name, only REA of READ and WRI of WRITE would be displayed in
the Find Pattern field. In addition, only the first three letters of
absolute would be displayed.
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Pattern There are two fields with which you specify the Pattern Duration. They
Duration (present are located next to present for in the Timing Trace
for ) Specification menu. You use these fields to tell the timing analyzer to
trigger before or after the specified pattern has occurred for a given

length of time.

The first field can be set to > (greater than) or < (less than). When
you touch this field, it toggles between > and <. The second field
specifies the duration of the pattern. If you select > in the first ficld,
you can set the duration to a value between 30 ns and 10 ms. If you
select < in the first field, you can set the duration to a value between

40 ns and 10 ms. If you attempt to set the duration to a value outside

the given range, the analyzer will automatically set it to the nearest Lmit,

To change the value of the pattern duration, touch the second field to
get a pop-up keypad similar to the one shown:
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Figure 5-40. Patten Duration (present for) Pop-up
Menu
With the keypad enter the desired value and units for pattern duration,
then touch DONE. Your value for pattern duration will appear in the
field.
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As an example, suppose you configure the present for field as shown:

Bage > (Hax )[ Hex ]

Fi
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present for

Then Tind
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Figure 5-41. Example of Patternt > 50 ns

This configuration tells the timing analyzer to look for a certain pattern
specified by you that has a duration of greater than 50 ns. Once the

timing analyzer bas found the pattern, it can look for the trigger.
Choosing < (less than) forces glitch and edge triggering off, and the
timing analyzer triggers immediately at the end of the pattern that
meets the duration requirements. The fields with which you specify

edges and glitches don’t appear in the menu. For instance, if you
configure the present for field as shown:

Find

Patlern l H
present for e -

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

The analyzer will trigger when the specified pattern has a duration less
than 100 ns. The pattern must also be valid for at lzast 20 ns.
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Then Find Edge With the Then find Edge fields you can specify the edges (transitions)

HP 18510B
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of your data on which your timing analyzer triggers. You can specify a
positive edge, a negative edge, or either edge. Each label has its own
edge trigger specification field so that you can specify an edge on any
channel,

When you specify an edge on more than one channel, the timing
analyzer logically ORs them together to look for the trigger point. That
is, it trigpers when it sces any one of the edges you specified. It also
ANDs the edges with the pattern you specified in‘the Find Pattern
fields. The logic analyzer triggers on an edge following the valid
duration of the pattern while the pattern is still present.

To specify an edge, touch one of the Then find Edge fields. You will
see a pop-up similar to that shown below.
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Figure 5-43. Specify Edge Pop-up for Then Find
Edge

The top row of periods and arrows in your pop-up may look different
than this depending on the number of channels you assigned to the
label. Each period in the pop-up indicates that no edge is specified for
that channel. To specify a negative edge, place the cursor on one of the
periods in the pop-up and touch the |. The period changesto {. To
specify a positive edge, touch the 1. The pcriod changes to {.

If you want the analyzer to trigger on cither a posnwc ora ncgauvc
edge, touch the . The period changes to]. :
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If you want to delete an edge specification, place the cursor on the
arrow for that channel and touch the . {period). To clear an entire
label, touch CLEAR in the pop-up.

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

An example of a positive, negative, and either edge specification is
shown below.
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Figure 5-44, Combination of Edges Specified

Note ﬁ When you close the pop-up after specifying edges, you will see ($8..) in
the Then find Edge field. These indicate edges have been specified;
however, the logic analyzer can't display them correctly unless you have
selected Binary for the base.
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Glitch Triggering. When you set the Acquisitios mode on Glitch, a
ghitch detection field for each label is added to the scxeen. These fislds
allow you to specify glitch triggering on your timing analyzer. Selecting
one of these fields brings up the following pop-up menu.
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Figure 5-45. Specity Glitch Pop-up for Then Find

Glitch
Your pop-up may look different depending on the number of channels
you have assigned to the label. Each period indicates that the channel

has not been specified for glitch triggening.
To specify a channel for glitch triggering, place the cursor on one of the

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

Note "#! If you select < (less than) in the present for field, edge and glitch
triggering are turned off. The Then find Edge or Glitch fields no longer
appear on the screen. The logic analyzer triggers on only the pattern
specified in the Find Pattern fields.
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Figure 5-46. Glitches Specified

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

Note "ic‘ When you close the pop-up after specifying glitches, you will see dollar
signs ($3-) in the Glitch field, These indicate that glitches have been
specified; however, the logic analyzer can’t display them correctly
unless you have selected Binary far the base.

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

(glitch + glitch + edge + edge) * pattern
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State Trace
Specification
Menu
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The State Trace Specification menu allows you to specify a sequence of
states required for trigger. The default sctting for the menu looks like
that shown below.,
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Flgure 5-47. State Trace Specification Menu

The menu is divided into three sections: the Sequence Levels in the
large center box, the acquisition fields at the right of the screen, and
the qualifier and pattern fields at the bottom of the screen.

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

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

Range Recognizer: recognizes data which is numerically between or on
two specified patterns. One range term is available and is assigned to
the first state analyzer that you turn on or if oaly one analyzer is on,
then the range term is assigned to it.



Quakifier: a term you specify that can be anystate, nostate, a smgle
pattern recognizer, a range recognizer, the complement of a pattern or
range recognizer, or a logical combination of pattern and range
recognizers. When you select a field to specify a qualifier, you will see

the following qualifier pop-up menu.
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Figure 5-48. Qualifier Pop-up Menu

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

( swetesTimingE) [ Trecaz ]

Figure 5-49. Full Qualifier Specification Pop-up
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If two multi-pod state analyzers are on, the qualifier pop-up menu will
show that only four pattern recognizers are available to each analyzer.
Pattern recognizers a-d and the range recognizer go with the first
analyzer created, and pattern recognizers e-h go with the second
analyzer. In the Full Qualifier Specification pop-up, there will be only
one OR gate and one set of pattern recognizers.

With this Ful) Qualifier Specification pop-up, you specify a Jogical
combination of patterns or a range as the qualifier. The pattern
recognizers are always partitioned into the groups of four as shown.
Only one operator is allowed between the patterns in a group. Patterns
in uncomplemented form (a, b, etc.) can only be ORed. The
complements of patterns (= a, = b, etc.} can only be ANDed. For
example, if the first OR field (gate) is changed to AND, all the patterns
for that gate are complemented, as shown below,
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Figure 5-50. Complemented Patterns

To specify a pattern to be used in the combination, touch the pattern
recognizer field. The field toggles from Off to On and a connection is
drawn from the pattern ficld to the gate. In figure 5-51, patterns b, ¢
and d and the range are ORed together, and = € and = g are ANDed
together.



f
!

( svteTiming E] [ Trees 2 |

[

| i VR | S N

Figure 5-51. Pattems Assigned for Logical
Comblnations
As shown in the previous figures, the range is included with the first
group of patterns (a-d). If you select the range field, you wilt see the
following pop-up menu.
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Figure 5-52. Range Specification Pop-up Menu

Off disconnects the range from the qualifier spedfication. In indicates
that the contents of the range are to be in the qualifier specification,
and Out indicates that the complement of the range is to be in the
qualifier specification, or in other words, “not-in-range.'
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Sequence
Levels
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When yoo have specificd your combination qualifier, select Done. The
Full Qualifier Specification pop-op closes and the Boolean expression
for your qualifier appears in the field for which you specified it.

Hhile storing ("(b+c+d+range)+(ﬁe-#g)”]

Figure 5-53. Boolean Expression for Qualifier

There are eight trigger sequence levels available in the state anatyzer.
You can add and delete levels so that you heve from two to eight levels
at a time. Only three levels appear in the Sequence Levels display at
one time. To display other levels so that they can be accessed, rotate
the KNOB.

If you select level 1 shown in figure 5-47, you will see the following
POp-up menu;
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Figure 5-54. Sequence Level Pop-up Menu
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Not all sequence level pop-up menus fook like this one. This happens
to be the trigger sequence level in which you specify the state on which
the analyzer is to trigger. The trigger term can occur in any of the first
seven levels, and it is not necessarily a selectable field. The fields in the
menu of figure 5-54 are described on the following pages.



Insert Level To insert alevel, touch the field labeled Insert Level. You will see the
following pop-up menu
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Figure 5-55. Insert Level Pop-up Menu

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

§2) Delete Level Ifyou want to delete the present level, touch the Feld labeled Delete
Level. You will see a pop-up menu with the choices Caneel and
Execute. Cancel returns you to the sequence level pop-up without
deleting the level Execute deletes the present level and returns you to
the State Trace Specification menu

Note ﬁ If there are only two levels, neither field can be deleted even though the
Delete Level field still appears in the menu. There will always be a
tripger term level and a store term level in Sequence Levels.

Therefore, if you try to delete either of these, all terms you have
specified in these levels will be set to default terms, and, the trigger and
store term levels will remain.
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Each sequence level has a storage qualifier. The storage qualificr
specifies the states that are to be stored and displayed im the State
Listing. Selecting this field gives you the qualifier pop-up menu shown
in figure 548, with which you specify the qualifier.

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

While storing ( *a+d” )

Figure 5-56. Storage Qualifier Example

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

Every sequence level except the last has a primary branching qualifier.
With the branching qualifier, you tell the analyzer to look for a specific
state or states. The primary branching qualifier advances the sequencer
to the next level if its qualifier is satisfied.

In the example of figure 5-54, the branching qualifier tells the analyzer
when to trigger. In other sequence levels, the qualifier may simply
specify a state that the analyzer is to look for before continuing to the
next level.

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

chapter,

Menus
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The primary branching qualifier has an occurrence counter. With the
occarrence counter field you specify the number of times the branching
qualifier is to occur before moving to the next level.

To change the value of the occurrence counter, touch the ficld. You
will see a pop-up similar to that shown below.
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Figure 5-57. Occurrence Counter Pop-up

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

Your logic analyzer has the capability of post-trigger storage through a
storage macro. The storage macro is available only in the second to last
level, and it consumes both that level and the last level. The field in
figure 5-54 allows you to configure the state analyzer for post-trigger
storage. This field does not always say Trigger on. If the sequence level
is not a trigger level, the field will say Then find, as shown below.

Then find [ “anystete” j ( IJ times

Flgure 5-58. Then Find Branching Qualifier
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Selecting the field gives you a pop-up with two opticns. One option is
what the field said previously. The other option is Enable on, If you
select this option, the Sequence Level pop-up changes to look similar
to that shown below.
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Figure 5-59. Sequence Level Pop-up with Storage
Macro

a n =

Note ﬁ Enable on can only be the next to the last term, and when on, the last
term is combined with the Enable term. For example, when you close
the pop-up in figure 5-59, levels 2 and 3 will be combined.

You specify qualifiers for the states on which you want the macro to
enable, the states you want to store, and the states on which you want
the macro to disable. The storage macro is a loop that keeps repeating
itself until memory is full. The loop is repeated when the disable
gualifier is satisfied.
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As an example, suppose you configure the sequence level of figure 5-59

to look like that shown below.
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Figure 5-60. Storage Macro Sequence Level

Example

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

its memory is full.
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Readlng the . Reading the display is fairly straightforward. For example, suppose
Sequence your display looks like that shown below.

Level Display

Sequence Lavels
hhile storing “enystote”
TRIGGER on “~a* times

Hhile storlng “p*
Then find * 1 times

@ Store *“no stete”

Figure 5-61. Sequence Level Display Example

In level 1 anystate is stored while the logic analyzer searches for five
occurrences of the pattern given by patiern recognizer a. When the five
occurrences are found, the sequencer moves on to level 2. Inlevel 2 the
state given by pattern rccognizer b is stored until one occurrence of the
pattern given by pattern recogmzer c is found and the logic analyzer
triggers. In level 3 postate is stored, so the last state stored is the trigger
state.
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An example of a state listing for the previous State Trace configuration
is shown below. The state patterns specified are:

BO3C
0000
8930

oo
U

=0028 473
=0027 S1E¢
=-002¢ 0000
~D038 MCch
0024 BO3C
~0023 0oFF
=0022 6130
=0031 40E7
=0020 4573
=-001% 3000
-001e oape
=0O17 8930
=0016 BOIC
=0Q15 0OFF
-0014 [ 28 4]
=g0o13) BO3C
=0012 61FA
=0011 BO)C
=0010 o000
-000% 1930
=-0oea 4EFA
=0007 TFIA
=0D08 [ 8.4
=000% BO3C
=0004 [-1.1-]
=~0003 [.[r]+].]
=p0o2 0000
=000 [2-1:1.]
+0000 8930
Figure 5-62. State Listing Example

Anystate was stored while the analyzer looked for five occurrences of
the state BO3C. After the fifth occurrence was found, only state 0000
was stored until state 8930 was found, and the analyzer triggered. After
the trigger, no stales were stored.
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AchIS|t|OI'I The acquisition fields are comprised of the Trace mode, Armed by,
Flelds Branches, Count, and Prestore fields, as shown below.
(_Ellllfh-lnn E] [ Troca 2 J -—-1
s e Lavels

WA T e —2
g Stera “engalate” ’ =
—4
—5

Figure 5-83. State Trace Acquistion Flelds

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

( Swetermming €) ( Trace 2 )

Safpincs Livels

WRL14 wtorh "-aru ” 21
TRIGGER sn 'ﬂ-ul ks 1 Uimes Repalitive -
[ =3
Slord “emgsiete” Cencal
nt

Time

cf1

Leml}
L1

L

L}
E
L3

]
Ceeel

A

Figure 5-64. Run Field Pop-up Menu
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Armed By
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You select the trace mode by touching the Ran field, and, without
Lifting your finger from the screen, move it to the desired trace mode.
Whea you lift your finger, the logic analyzer traces data in the mode
you specify. If you wish to abort the trace after you touch Rux but
before the trace starts, move your finger to Cancel before lifting your
finger. :

Single Trace mode acquires data once per trace. Repetitive Trace
mode repeats single acquisitions until Stop key is touched, or until

-conditions specified with the X and O markers in the State Listing

menu are met.

The Armed By field is present when more than one analyzer is on at
the same time. The Armed by field lets you specify how your state
analyzer is to be armed. The analyzer can be armed by Ran, the other
analyzer, or an external arm from the IMB (lntermodule Bus).
"Intermodule Measurements”™ are covered in chapter 10 of the HP
165004 Reference Manual,

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

(swiestmingE) ( Traes 2 ) [Prin] [

Seaguence Levels

L4 ators “angEiatle”
'I'I!ﬁ&i ﬂnn£l==il:==' 1 ilmas

Slers “snyuiste”

orf

Lol

Boger
habanaiuiiy
[ ]

EECERL
LLLLel

[ ]
E
]

Figure 5-65. Armed By Pop-up Menu
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Branches The Branches field allows you to configure the sequencer of your stare
analyzer to branch from one sequence leve! to another with secondary
branching qualifiers, or to restart when a certain condition is met.
Selecting this field gives you the following pop-up menu.

Cswtermimimg ) ( Trecez ) )

Seguence Levelt o
Whjla etering “wyntste” R
8 S T L Iy L
SUB s,

Rasinri B e
Count
:Pll' Leve] l T ime
ore

Qlars “angetais” :

o | () ()
Bl

[]
¢ § (oo ) (o)
d

Figure 5-86. Branches Pop-up Menu

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

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

If you select the Restart option, you will see a qualifier pop-up menu
like that shown in figure 5-48. With the pop-up you select the qualifier
for the pattern on which you want your analyzer to start over.

Wher your state analyzer is reading data it proceeds through the
sequence, If a term doesn’t match the branching qualifier, it is then
checked against Restart, If the term matches, the state analyzer jumps
back the sequence level 1.
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Per Level, Sclecting the Per level option allows you to define a
secondary branching qualifier for each sequence level A statsment is
added in each level so that you can configure the analyzer to move to a
different level when a specified condition is met. An example of a
sequence level with a secondary branching qualifier is shown in the
following figure.

( Steremiming €) ( Traes 2 )

L Sactrc Lov 2

wnlte etoring L |
Then t1ng ( B ] @ 1lnas

| S, W

e Elsa on ( = ] §o o Isvel @
. Secondary Branching

3 Qualifier

:

Figure 5-67. Secondary Branching

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

In the last sequence level, which only specifies states that are to be
stored, the secondary branching qualifier statement looks like that
shown in the following figure.
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( swieTmingE) ( Trace 2 )
7

L Somes s 7
u aters (_ “snysiaie” j

Lapal> ] [_ “a" J go to lave) @

Bats>

a n v e

!

Figure 5-68. Secondary Branch Qualifier in Last
. Level
In this example, as the state analyzer stores anystate, it will branch to
sequence level 6 if it finds the state given by qualifier e.

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

You can tell if secondary branch qualifiers have been specified by
looking at the Sequence Levels display. Figure 5-69 shows how the
display looks with the configuration that was given in Figure 5-67. An
arrow is drawn out of level 2 to indicate that branching originates from
that level, and an arrow is drawn into level 4 to indicate that a branch is
going into that level
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Then Tind “e” 1 timey
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i
CECO
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Figure 5-69. Branching Between Sequence Levels

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

(staverTiming €} ( Trece 2 )
[(Eequence Laveis)

Mnile suor “atgatan”
Fina 'mﬂﬂn“‘ 1L

Elsa op “0° g2 to leval 2 Branehas
Par Loval

Wnile miaring “sngatate”
i 1000 Caunt
€les 9h “angsieie” go to level 3 T
Whiis siorisg “saystate”
Lad ?‘u-u
€lge on “anycista” go to level 2

Prastors

H

Lekel?
Bass>

-..q
LCEl
CeUll

Flgure 5-70. Multiple Branching Between Levels
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Count The Count field allows you to place tags on states 50 you can count

HP 16510B
Front-Panel Reference

them. Counting cuts the acquisition memory in half from 1k to 512, and
the maximum clock rate is reduced to 16.67 MHz.

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

(Csvwmminge) ( Traca v )
Ssquance Levels =
MALle siering “spalate
™ on "8 {imas
ofe | B"a“':!""
Stere "ssustate”
Lesets | (ROR_) (DATA_)
Boan} LI
. (a0
L] (Yoamoac ) (00X )
c (o )
o K

Figure §-71. Count Pop-up Menu

Oft. If you select OfI, the states are not counted in the next
measurcment.

Time. If you sclect Time connting, the time between stored states is
measured and displayed in the State Listing under the label Time. The
time displayed can be either relative to the previous state or to the
trigger. The maximum time between states is 48 hours,

Menus
5-61



An example of 2 state listing with time tagging relative to the previous
state is shown below.

( stousriming E] ( Listing 2 )

rarkers
T

][ Trig to %
o =

| I T

Lebal> [oata [ vis ]
Baae> Hax HeX Relétiva
=¥ CR OOFF 1.20 us
] pOEBCL 6730 1,24 ux
=3 OOBCE MBET .24
-4 QBBFE QETS 1.7 ur
- o0 3000 .24 us
Z DodFE  Bo3s 134 U
= 24w

—i us
9. QOFF .28 us

008934 &7F8 1.24 us

008935 Baic t.24 vs

4 00B9ZE 63FA 1.76 us
00BT30 Bo3c 1.24 ys

004t 2 RO00 2.00 us

0004F5 BI30 1.48 uvs

00892R AEFA 1.24 ut

Figure 5-72. Relative Time Tagging

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

][ Tg Lo X ][ m;;uﬂ[ x1wo ]

shown below. .
( stewe/miming £) ( Listing 2 )
Markera
Timp
Label> RIOR || DATA Ty
Beser [ max || Hen Absp|ute
-7 00BOCA  OOFF —5.20 os
-t paCL  B730 ~7.56 o8
- O0BBCE  «BEV 4.22 ws
=4 QOBBFE AETS =4 .06 O
= 008900 3000 =3.72
o fooars  B9%0 124
= -1, (-1 3
| l b+
00BE32  QUFF T.20 Us
2 008934  67F8 2.52 W
3 008938  BOZC 376 an
4 00B9ZE  GIFA £.57 us
3 008630  DBO3C £.76 as
[ O0QLF4 QO B.76 g3
7 0O04FE B3O 10.24 o
] oot9zA aEFA 11.48 oo

Figure 5-73. Absolute Time Tagging
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States. State tagging cotmts the number of qualified states between
cach stored state. If you select this option, you will see a qualifier
pop-up menu like that shown in figure 5-48. You select the qualifier for
the state that you want to count.

In the State Listing, the state count is displayed nnder the labe] States.
The count can be relative to the previous stored state or to the trigger.
The maximum count is 4.4 x 1012

An example of a state listing with state tagging relative to the previous

state is shown below.

(swierTining £) (Listing 1 )
Terer) (B9 (B (5w
Dows> Hex |[ wax | Hox H Roldlive |

0 o561 57
) 0864 r z
2 o308 o el
3 o @ 1
4 o518 @ 30
(14 o o
0568 &% o
o567 H] 0
] 05d ] ss4m
[ O8EE o 3 It
[+ 0570 @ 3 1
1 78 o 3 3
12 o578 @ >
13 rert] I+ =AY
] a7 ol 0

Figure 5-74. Relative State Tagging
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An example of a state listing with state tagging relative to the trigger is
shown below.

(Swwmreg €) ((Cieting 1 ) CED
(=)

() ==

Elne

11

L

B32970202290¢
SF00BRAN2RBEBAAY
A Lol 4 0 e e I ol G R

#

Figure 5-75. Absolute State Tagging

Prestore Prestore allows you to store two qualified states before each state that
is stored. There is only one qualifier that enables prestore for each
sequence level. If you select this field, you will see a pop-up with the
options Off and On. Selecting On gives you a qualifier pop-up menu
like that in figure 548, from which you choose the pattern, range or
combination of patterns and ranges that you want to prestore.

During a measurement, the state analyzer stores in prestore memory
occurrences of the states you specify for prestore. A maximum of two
occurrences can be stored. If there are more than two occurrences,
previous ones are pushed out. When the analyzer finds a state that has
been specified for storage, the prestore states are pushed on top of the
stored state in memory and are displayed in the State Listing.
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Qualifier and The qualificr and pattern fields appear at the bottam of the State Trace

tt | Specification menu, They allow you to specify patterns for the
Pattern Fields qualifiers that are used in the sequence levels,

Label> D_1

Bese> - Hex —2

Figure §-76. Qualifier and Pattern Fields

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

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

opticn.

(suwmame) (Treea ) @ E
" Biaary nee L:"u
IR 5 et —
o ]
o

ASCII

Figure 5-77. Numeric Base Pop-up Menu

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

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

The Symbel option in the Base pop-up allows you to use a symbol that
has been specified in the State Symbol Tables as a pattern. In the
pattern fields you specify the symbols you want to use.
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Qualifier Fleld Ifyou select the qualifier field, you will see the following pop-up menu.
{ stowmaing €)  Trecs 1) E

Seqeence Levale

8 it e

Per Level
Crr

Stere “oo slate”

Figure 5-78. Qualifier Field Pop-up Menu

Patterns. The pattern recognizers are in two groups of four: a-d and
e-h. If you select one of these two options, the qualifier ficld will
contain only those pattern recognizers. For instance, the qualifier field
in figure 5-76 contains cxly the recognizers a-d.

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

(s E) (Tt ) (E

Sequance Levels

Wnjls slofing “Be atelp”
‘mlﬂ’iE‘ on '-" 1 timde
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Figure 5-79. Range Qualifier and Pattern Fields
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Paftern Flelds
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Only one range can be defined, and it can be defined over only one
label, hence over only 32 channels. The channels don’t have to be
adjacent to each other. The logic analyzer selects the label over which
the range will be defined by looking at the labels in order and choosing
the first one that has channels assigned under oaly two pods. A label
that contains channels from more than two pods cannot be selected for
range definition. If all the labels have channels assigned nnder more
than two pods, the range option is not offered in the qualifier field
pop-Up meau.

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

pattern for a pattern recognizer).

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

introduction This chapter describes the Timing Waveforms and State Listing menus
and how to interpret them. It also tells you how to use the fields in each
of these meaus to manipulate the displayed data so you can find your
measurement ansSwers. ’
T
The Timing The Timing Waveforms meau is the display menu of the timing
Waveforms analyzer. It is accessed by selecting Wavefarm 1(2) in the pop-up that
appears when the field second from the left at the top of the screen is
Menu touched. It will automatically be displayed whea RUN is selected.
There are two different areas of the timing waveforms display, the
menu area and the waveforms area. The menu area is in the top
one-fourth of the screen and the waveforms area is the bottom
three-fourths of the screen.
{ statemming €] (Cuovaterm 1 )
|sompte porias - 10,000 0s |
Figure 6-1. Timing Waveform Menu and Display
HP 16510B Interpreting the Display
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The waveforms area displays the data the timing analyzer acquires. The
data is displayed in a format similar to an oscilloscope with the
horizontal axis representing time and the vertical axis representing
amplitude. The basic difference between an oscilloscope display and
the timing waveforms are: the vertical axis only displays highs (above
threshold) and lows (below threshold); lows are represented by a
darker line for easy differentiation.

[ stetwsTiming €] ( wavatorm 1 ]
() (aree) )

/01w Oatay Harkers Xwo Trig 1o ¥
F00 ng [ } Time 0 & _

R e e e

== 7 =
ég_____

== —
IE-EM ﬁ=—=-¢£

Figure 6-2. Timing Waveforms Menu with 24 .

Wavetorms
=
Tlming The menu area contains fields that allow you to change the display
Waveforms parameters, place markers, and display waveform measurement
parameters. .
Menu Fields
[ stats/Timing E ) ( Mevetarm 1 | E

Accunulois At

E=nEaer= '

rtlmv ] [ Daloy ] nerkars ] X 10 0 ] Trig K] Trip to 0
SCO niy 0 3 Time 0 3 0 8 0

Flgure 6-3. Timing Waveforms Menu Fields
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Markers The Markers field allows you to specify how the X and O markers will
(Timing) be positioned on the timing data. The options are:

o Off

o Time

¢ Patterns
o Statistics

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

1
Note % The sample period displayed is the sample period of the last
acquisition. If you change the s/Div setting, you must touch Run to
initiate another acquisition before the sample period is updated.

Although the markers are off, the logic analyzer still performs statistics,
so if you have specified a stop measurement condition the
measurement will stop if the pattern specificd for the markers is found.

( SlatesTiming E) ( Mevefors 1 ]
!llllpll peried =  10.000 m |

s/Div beisy narkers
| SO0 na ] | o al ' ort I :

Figure 6-4. Markers Off

Markers Time When the markers are set to Time, you can place the markers on the
waveforms at events of interest and the logic analyzer will tell you:

o Time Trig(ger) to X
o Time Trig(ger) to O
e Time X100

HP 165108 interpreting the Display
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To position the markers, touch the appropriate field for marker
selection. The field will turs Light bhie and can then be set using the
knob. The Trig to X field controls the green marker and the Trig to O
field controls the yellow marker. The trigger point is displayed with the
red marker. To set the markers at a predetermined time relationship,
touch the field a second time, the field will turn white and a numeric
keypad will appear. Set the desired time reference, including the time
units on the right column of the keypad, and touch done to close the

POp-up-

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

(atsteTiming €] ((Mavererm 1 ]

(o)

= " p—

‘ gl
HCOCE (e )(ae]
OEEE

o W S 1 |y —

Figure 6-5. Time Reference Pop-up Menu
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Markers Pattern When the markers are set to pattern you can specify patterns that the
logic analyzer will place the markers on. You can also specify how
many occurrences of each marker pattern the logic analyzer looks for.
This use of the markers allows you to find time between specific
patterns in the acquired data.

{ stete/Timng £) ([ Wevalorn | } E

Actunulate ¥-patters from Trigger D-pattars from

ore Q ] Trigger
€Div } [ Datay ] ( narkers J [N to 0 ] Specily }
200 ns [ ] [-480.Ig;] o N Paiierns

Figure 6-6. Markers Patterns Menu

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

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

o Off

e Lessthan

e Greater than
¢ Iprange

o Not in range

‘With this feature you can use the logic analyzer to look for a specified
time or range of time between the marked patterns and have it stop
acquiring data when it sees this ime between markers (The X marker
must precede the O marker),

Note ﬁ The upper and lower range boundaries must not be the same value,
For example, if you want to stop a measurement when the X and O
markers are in range of 200 ns, you should set the range values to
190 ps and 210 ns. This eliminates erroneous measurement termination.

HP 16510B Interpreting the Display
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Markers Statistics

Accumulate Mode

Interpreting the Display
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When statistics are specified for markers, the logic analyzer displays:

e Number of total runs

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

o Minimum time between the X and O markers

+ Maximum time between the X and O markers

s Average time between the X and O markers

.Statistics are based on the time between markers which are placed on

specific patterns. If a marker pattern is not specified, the marker will
be placed on the trigger point by the logic analyzer. In this case, the
statistical measurement will be the time from the trigger to the
specified marker.

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

In repetitive, statistics will be updated each time a valid rm occurs

until you press Stop. When you touch Run after Stop, the statistics will
be cleared and will restart from zero.

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

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

When the old data is cleared depends on whether the trace mode isin
single or repetitive. In single, new data will be displayed on top of the
old sach time Run is selected as long you stay in the Timing Waveforms
menu between runs. Leaving the Timing Waveforms menu always
clears the accumulated data. In repetitive mode, data is cleared from
the screen only when you start a run after stopping acquisition with the
Stop key or when changing menus.

HP 16510B
Front-Panel Reterence



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

O markers,

{ stetastimang £) (Cwaverorn | |
I Accuralele l L1
are M morker -
/D1y Harkers Trig to x Tr wo
5060 ns I.540 us 5‘0 u:
¥ !
| —

% te D
Ol

Tite

Figure 6-7. At X Marker ADDR Fields

This display tells you that the pattern on the lmesm the address labet
where the X marker is located is 35H.

HP 18510B Interpreting the Display
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s/Div (seconds-
per-division)
Fleld

Note

3

G
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The next field to the right of the At marker field will pop up when
selected and show you all the labels assigned to the timing analyzer as
shown below.

{ statarTiming £ ) [ Wavarern | | E
Avcoumulety Bt

l iy II X rmeryer u oo

Horkars| aq o Trig 1o X

Time [ 1,540 s 1.50 us)

e
R e e Y e L= ]
H A —
:ﬁ = ms

] T 1 . —
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3 T

acon ‘——-—&
DATA = —

Figure 6-8. Label Option Pop-up

The seconds-per-division field allows you to change the time window of
the Timing Waveforms meauw.

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

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

Sample peried is fixed at 10 ns in the Transitional acquisition mode. In
Glitch mode, changing the s/Div seiting changes the sample period for
the next run. To view the sample period after the next run, turn the
markers off if they are on and touch Rua.

HP 16510B
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Delay Fleld

HP 16510B
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The delay field allows you to enter a delay. The delay can be either
positive or negative. Delay allows you to place the time window
(selected by s/Div) of the acquired data at center screen.

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

{ stewwTining £} [ Mavetorm 1 )
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nr1 X marker -
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Figure 6-8. Trigger and Trace Points

If you want to trace after the trigger point, enter a positive delay. If you
want to trace before the trigger point (similar to negative time), enter a
negative delay. The logic analyzer is capable of maximum delays of
—2500 seconds to +2500 seconds. In transitional mode the maximum
delay is determined by the number of transitions of the incoming data.
Data may not be displayed at all settings of s/Div and Delay.

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

if delay < 20 ns
Hwdelay = 20 ns (this is an instrument constant)
if delay > 10 ms
Hwdelay = 10
clse Hwdelay = delay (delay setting in waveforms menn)
Sample period = larger of:
sDiv+ 25ar
absolute value f(delay - Hwdelay) <+ 256)
If sample period > 50 ms
Then sample period = 50 ms
emmaa——
The State The State Listing meau is the display menu of the state analyzer, It is
Me accessed when the state analyzer is on. It will automatically be
LISﬂng nu displayed when you press RUN.
There are two different areas of the state listing display, the menu area
and the listing area. The menu area is in the top one-fourth of the
screen and the Listing area is the bottom three-fourths of the screen.
Interpreting the Display HP 16510B
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The listing area shows the data the state analyzer acquires. The data is
displayed in & bisting format as shown below.
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Flgure 6-10. State Listing Menu

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

The column of numbers at the far left represent the location of the
acquired data in the stale analyzer's memory. The trigger state is
always 0. At the vertical center of this column you will see a box
containing a number. The box is used to quickly select another location

in the state Listing,

The rest of the columns (except the Time/States column) represent the
data acquired by the state analyzer. The data is grouped by label and
displayed in the number base you have selected (hexadecimal is the
default base). The Time or States column is on when you select cither
of these in the Count field of the Trace Menu.

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

interpreting the Display
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State Llstlng The menu area contains fields that allow you to change the display
Menu Flelds parameters, place markers, and display listing measurement
parameters.
(CsteteTining E]) [ Listing 1 )

[m?":':‘ ][ Trln;ﬂl: ][ rng:ug ][ x;nn' ]

Figure 6-11. State Listing Menu Fields

|

Markers (State)  The two markers (X & O) are horizontal lines that appear crossing the
data area of the display when they are turned op. Each marker hasa
unique color and the border of its respective marker feld is the same
color, The default color for the X marker color is green and the default
color for the O marker color is yellow. The Markers field allows you to
specify how the X and O markers will be positioned. The marker
options are:

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

o Off
o Pattern

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

o Off

e Pattern
o Time

o Statistics

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

« Off
o Pattern
e Stiates

interpreting the Display HP t8510B
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Markers Off When the markers are off they are not displayed, but are stifl placed at

Markers Pattern

HP 165108
Front-Panel Reference

the specified points in the data. If Stop measurement is on and the Stop
measurement criteria are present in the data, the measurement will
stop even though the markers are off.

When the markers are set to patterns, you can specify patterns on
which the logic analyzer will place the markers. You can also specify
how many occurrences of cach marker pattern the logic analyzer looks
for. This use of the markers allows you to find a specific pattern for
each label in the acquired data.

(Cstetermiming £) ((Listing 1 ) @
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Flgure 6-12. Markers Pattern

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

In the X (O)-pattern from Trigger field you specify how many
occurrences of the marked pattem from a reference point you want the
logic apalyzer to search for. The reference points are:

o Trigger
o Start (of a trace)
e X Marker (only available when searching for the O marker).

{ swstarTiming €) ( Listing 1 ) (priot ) (wn )
Narkera Fipd ° Trigger
Failern o=ph Liern
Paiterny | Q02250 QFE Stert
Lobaly | | ADDR CATA
| ¥ marker
Bean> Hax Hex

Figure 6-13. Search Reference Pop-up Menu
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Another feature of markers set to patterns is the Stop measurement
when X-O ___ which is found in the Specify Patterns field. The options
are:

o Off

e Lessthan
e Greater than
e Inrange

o Not in range

This feature is only available when Count is set to Time in the Trace
menu. With this feature you can use the logic analyzer to look for a
specified time or range of time between the marked paiterns and to
stop acquiring data when it finds this time between markers. The X
marker must precede the O marker.

Note ﬁ The upper and lower range boundaries must not be the same value.
For example, if you want to stop a measurement when the X and O
markers are in range of 200 ns, you should set the range values to
190 ns and 210 ns. This climinates erroneous measurement termination.

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

e Trig(ger) to X
e Tng(ger)to O
e Time Xto O
To position the markers, touch the field of the marker you wish to
position.
(sterermiming €) ( Listing 1 ) C=)

Ca) ) e (e )

Figure 6-14, Markers Time

Interpreting the Display HP 16510B
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Markers Statistics

Markers States

HP 16510B
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The Time X to O field will change according to the position of the X
and O markers. It displays the total time between the states marked by
the X and O markers

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

¢ Total runs

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

o Minimum lime between the X and O markers

o Maximum time betweea the X and O markers

e Average time between the X and O markers

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

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

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

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

e Trig(ger)to X
» Trig(ger)to O .
» XtoO(x)

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

Interpreting the Display
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ﬂmlng/State ‘When both timing and state analyzers are on, you can display both the
Mixed Mode State Listing and the Timing Waveforms simultaneously as shown.
Display
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Figure 6-16. Timing/State Mixed Mode Display

The data in both parts of the display can be time correlated as long as
Count (State Trace menn) is st to Tme,

The markers for the State Listing and the Timing Waveform in
time-correlated Mixed Mode are different from the markers in the
individual displays. You will need to place the markers on your points
of interest in the time-correlated Mixed Mode even though you have
placed them in the individual displays.

Interpreting the Display HP 18510B
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State/State ‘When two statc analyzers are an, the logic analyzer can display both
Mixed Mode state listings as shown in figure 6-16. The acquired data of both
Display machines is interlaced.

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

To time correlate data from two state machines, the Count (State
Trace Menu) for both machines must be set to Time.
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Figure 6-16. State/State Mixed Mode Display

The markers for a State/State time~correlated Mixed Mode will be the
same as the markers placed in each of the individual State Listings.

HP 185108 Interpreting the Display
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To display a two state mixed mode listing you must start with a single
state fisting. In this example, Listing 1 is the starting point, The desired
display is:

o addresses of machine 1

o inverse assembled data of machine 1

e data on the data bus of machine 2

o status of machine 2

Start with the Listing 1 display by touching the STAT field. The

following pop-up appears:
(sstermmiag €] ([ Lieting 1 )
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Figure 6-17. Machine and Label Pop-up Menu

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

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

the pop-up.

Interpreting the Display HP 165108
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The pop-up will close and machine 2 will supply data for this label
location on screen.
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Figure 6-18. Machine Selection Pop-up Menu

You now must specify what label you want from machine 2. The field to
the left of the machine pop-up allows you to select a label from the
labels assigned to machine 2. Touch this field to view the labels
assigned to machine 2.
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Figure 6-19. Machine 2 Label Fietd
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When the pop-up appears, touch the "DATA" field,
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Figure 6-20. Machine 2 Labels Pop-up Menu

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

in Listing 1.

= —————————— ——|

Time-Correlated Tue HP 16510B Logic Analyzer can time-correlate data between the

Displays . (iming analyzer and the state analyzer and between two state analyzers.
The logic analyzer uses a counter to keep track of the time between the
triggering of one analyzer and the triggering of the second. It uses this

count in the mixed mode displays to reconstruct time-correlated data.

Interpreting the Display ' HP 16510B
6-20 Front-Panel Reference



7

Using The Timing Analyzer
[P

Introduction

In this chapter you will iearn 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 explam how to accomplish each step objective. There is also an
example of each menu after it has been properly set up.

How you use the steps depends on how much you remember from
chapters 1 through 5. If you can set up each menu by just looking at the
menu picture, go ahead and do so. If you need a reminder of what
steps you need to perform, follow the numbered steps. If you still need
more information about "bow,” use the lettered steps.

Problem Solvlng In this exercise, assume you are designing a dynamic RAM memory

with the
Timing Analyzer

HP 16510B
Froni-Panel Reference

(DRAM; controller and you must verify the timing of the row address
strobe (RAS) and the column address strobe (CAS). You arc 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/510B on your bench. Since the timing anatyzer will
do just fine when you don't nced voltage parametrics, you decide to go
ahead and use the logic analyzer.

Using the fimlng Analyzer
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What Am | After configuring the logic analyzer and hooking it up to yoor circuit
Golng to under test, you will be measuring the time (x) from when the RAS goes
low to when the CAS igh, as shown below,
Measure? S
(X3
S
c‘.s I I: [l L -3
Figure 7-1. RAS and CAS Signals
S
How Do | In order to make this fiming measurement, you must configare the logic
Conflgure the analyzer as a timing analyzer. By following these steps you will
configure Analyzer 1 as the timing analyzer.
Logic Analyzer? X
If you are in the State/Timimg E Configuration menu you are in the
right place and you can start with step 2; otherwise, start with step 1.
1. Touch the field in the upper left corner of the display and select
State/Timing E,
2 In the State/Timing E Configuration menu, change Analyzer 1
type to Timing. If Analyzer 1 is already a timing analyzer, go on
to step 3.
a. Touch the field Type:
b. When the pop-up appears, touch Timing,
Using the Timing Analyzer HP 165108
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3. Name Analyzer 1 "DRAM TEST" (optional)
a. Touch ths field to the right of Name: of Analyzer 1.

b. Using the alphanumeric keyboard pop-up, change the name of
Analyzer 1to "DRAM TEST."
4. Assign pod 1 to the timing analyzer.
a. Touch the Pod 1 field.

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

((statemiming E) (Canf Iguratim)

Aralyzer 1 AnnlyZer 2
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- e
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Figure 7-2. State/Timing E Configuration Menu
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Connecting the At this point, if you had a target system with a 4116 DRAM memory
Probes IC, you would comnect the logic analyzer to your system.

Since you will be assigning Pod 1 bit 0 to the RAS label, you ook Pod
1bit 0 to the memory IC pin connected to the RAS signal You hook
Po«d 1 bit 1 to the IC pin connected to the CAS signal

Activity Indicators Whea 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 State/Timing E Configuration menu. This indicates the
RAS and CAS signals are transitioning.

Btaie/Tining € ) (Conf Lguration)

anuwzor 1 Angiyzer 2
‘nlnl ‘I'lllnﬂ
Unassigned Pods

Fou B

Activity Indicators

Figure 7-3. Activity Indicators

Conflgurl ng the Now_th-at you have configured the system, you are ready to configure
Timing Analyzer the timing analyzer. You will be:

¢ Creating two names (Jabels) for the input signals
e Assigning the channels connected to the input signals
o Specifying a trigger condition

Using the Timing Analyzer HP 165108
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1. Display the Timing Format Specification menn.
a. Touch the field second from the left in the upper left corner.
b. When the pop-up appears, touch the Format 1 field.
2. Nams two labels, one RAS and one CAS.
a, Touch the top feld in the label column.
b. When the pop-up appears, touch Modify Label.
c. Using the alphanumeric keyboard, enter the label RAS and

touch DONE.

d, Touch the next field down from the RAS label and repeat steps
b and c for the CAS label
( steterTiming €] [ Forman 1 | @

Bymao s
Pag E1

Mﬂ TET8 ... ©
RAS E ..............
CAS 1 [ [ icanavnanannar -
off
ot
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011
ot!
[

Figure 7-4. Timing Format Specification Menu

HP 165108 . Using the Timing Analyzer
Front-Panel Relerence 7-5



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 {o the right of
RAS.

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

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

d. Assign Pod 1 bit 1 to the CAS label by touching the CAS bit
assignment field and placing the corsor on bit one and
toaching the asterisk, Touch DONE when complete.

Using the Timing Analyzer HP 16510B
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Specltylng a To capture the data and then place the data of interest in the center of

Trigger the display of the timing waveform meay, you need to tell the logic
analyzer when to trigger. Since the first event of interest is when the

Condition LRAS is asserted (negative-going edge of RAS), you need to tell the

logic analyzer to trigger on a negative-going edge of the RAS signal.
1. Display the Timing Trace Specification menu.
a. Touch the field second from the Icft in the upper left corner,
b. When the pop-up appears, touch the Trace 1 field.

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

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

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

Cnram ) (e ) (CT)
Tramitiens)
teont >
e GG
prosenl far G
Tram (ind

Figure 7-5. Timing Trace Specification Menu
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Acquiring the Now that you have configured and connected the logic analyzer, you

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

(_stare/timing E) (Cnavatorm 1 ) @
- [mg ;u :l "rru"l: uI
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Figure 7-6. Timing Waveforms Menu

If this is the first time you acquire data and you have not previously set
up the Timing Waveforms menu, you will se¢ a label named "RAS" and
a label named "CAS all." The "CAS all" indicates all bits assigned to the
CAS label will be displayed. In this example, "CAS" and "CAS all" will
be the same since only one bit has been assigned to the CAS label To
turn on just the "CAS" label and delete the "CAS all" label, follow these
steps:
1 Touch the large blue field where the "CAS all” Iabel resides.

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

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

4, Touch Done when you are finished.

Using the Timing Analyzer HP 16510B
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Figure 7-7. RAS and CAS Labels

The RAS label shows you the RAS signal and the CAS label shows you
the CAS signal. Notice the RAS signal goes low at or near the center of
the waveform display area (horizontal center).

HP 168510B Using the Timing Analyzer
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The Timing The timing waveform menu differs from the other menus you bave used
so far in this exercise. Besides displaying the acquired data, it has menn

Waveform Menu fields that you use to change the way the acquired data is displayed and
fields that give you timing answers. Before you can use this menu to
find answers, you need to know some of the special symbols and their
finctions. The symbols are:

.o The green and yellow dotted lines
o The red dotted line

The Green and The X and O markers are green and yellow vertical dotted lines
Yellow Dotted respectively. You can use them to find your answer. You place them on
Lineg the points of interest on your waveforms and the logic analyzer displays
the time between the markers. The X and O markers will be i the
center of the display when X to trig{ger) and O to trig(ger) are both
0.000 s (see example below).

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

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

signal.
-
Configuring the  Now that you bave acquired the RAS and CAS waveforms, you need to
DI Spl ay configure the Timing Waveforms menu for best resolution and to
obtain your answer.
Using the Timing Analyzer HP 16510B
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Display Resolution You get the best resolution by changing the seconds per division
(s/Div) to a value that displays one negative-going edge of both the
RAS and CAS waveforms. Set the s/Div by following these steps.

RAS —_I I..-—-—
CAS ———L_-—r———
01830808

Figure 7-8. RAS and CAS Signals

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

2 While the field is light blue, rotate the knob until your waveform

shows you only onc ncgative-going edge of the RAS and one
positive-going cdge of the CAS waveform (see above). In this
cxample 200 ns is best.

(Ststerriming £) { Reverern ) )
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Figure 7-8. Waveform at 200 ns/Div
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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 you specified the
negative-going edge of the RAS to be your trigger point, therefore the
X marker (green) should be on this edge if the X to Trig field = 0.1
not, follow steps 1 and 2.

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

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

(Fuu/miving ) (Herererm 1 )

Actumulels At
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Figure 7-10. Marker Placement
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Finding the Your answer could be calculated by adding the Trig to X and Trigto O
Answer times, but you don't have to. The logic analyzer bas already calculated
thisansvn:rnnddisplaysitintthtoOﬁcldonthedisplny.

This example indicates the time is 710 ns. Since the data book specifies
a minimum of 250 ns, it appears your DRAM controller circuit is
designed properly.
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Figure 7-11. Time Xt0 O
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Summary You bave just learned how to make a simple timing measorement with
the HP 16510B logic analyzer. You have:

¢ leamned which probes to connect

o acquired the data

« configured the display

o set the s/Div for best resolution

o positioned the markers for the measurement answer

You have seen how easy it is to use the timing analyzer to make timing
measurements which you could have made with a scope, You can use
the timing analyzer for any timing measurement that doesn't require
voltage parametrics or doesn’t go beyond the accuracy of the timing
analyzer,

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

Using the Timing Analyzer HP 185108
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Using The State Analyzer
#

Introduction

Problem
Solving with
the State
Analyzer

HP 16510B
Front-Panel Reference

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

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

How you use the steps depends on how much you remember from the
Getting Started Guide. If you can sct up each menu by just looking at
the menu picture, go ahead and do so. If you need a reminder of what
steps you need to perform, follow the numbered steps. If you still need
more information about "how,” use the lettered steps.

In this example assume you have designed a microprocessor controlled
Grcuit. You bave completed the hardware, and the software designer
bas completed the software and programmed the ROM (read-only
memory). When you turn your circuit on for the first time, it doesn’t
work properly. You have checked the power supply voltages and the
system clock and they are working properly.

Since the circuit has never worked before, you and the software
engineer aren't sure if it is a bardware or software problem. You need
to do some testing to find a solution.

Using the State Analyzer
8-1



What Am |
Going to
Measure?

Using the State Analyzer
8-2

You decide to start where the microprocessor starts whea power is
applicd. We will describe a 68000 microprocessor; however, every
processor has similar start-up routines,

When you power up a 68000 microprocessor it is held m reset for a
specific length of time before it starts doing anything to stabilize the
power supplies. The time the microprocessor is held in reset ensures
stable levels (states) on all the devices and buses in your circuit. When
this reset period has ended, the 68000 performs a specific routine
called "fetching the reset vector.”

The first thing you check is the time the microprocessor is held in reset.
You find the time is correct. The next thing to check is whether
the microprocessor fetches the reset vector properly.

The steps of the 68000 reset vector fetch are:

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

2. Find the first address location in memory where the
microprocessor fetches its frst instruction. This is also specified
by you and stored in ROM at address locations 4 and 6.
What you decide Yo 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?

HP 18510B
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Yommeasnruncnl.then.reqnﬁresvuiﬁcaﬁonoftheseq i
addresses the microprocessor looks to and of the data in ROM at these
addresses. If the reset vector fetch is correct (in this example), you will
see the following list of oumbers in HEX (default base) when your
measurement results are displayed.

+0000 000000 0000

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

=—==——=—uauuu
How Do} In order to make this state measurcment, you must configure the logic
Configure the analyzer as a state analyzer. By following these steps you will configure

Analyzer 1 as the state analyzer.
Logic Analyzer?
If you are in the State/Timing E Configuration menu you are in the
ﬁghtp!aceandyoucanstartwithstepz; otherwise, start with step 1.

1, Using the field in the npper left corner and the field second from
the left of the display, get the State/Timing E Confignration
Mmenu On 5Creen.

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

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

2. In the State/Timing E Conliguration men, change the Analyzer
1 type to State. If Analyzer 1 is already a state analyzer, go onto
step 3. .

a. Touch the field to the right of Type: .
b. Touch the field labeled State.

HP 16510B Using the State Analyzer
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3. Name Analyzer 1 68000STATE (optional)
a. Touch the field to the right of Name:

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

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

& Touch Pod 1 field if it is not already assigned to the state
analyzer,

b. In the Pod 1 pop-up, touch the field labeled 68000STATE.
¢ Repeat steps a and b for pods 2 and 3.
The display should reflect the configuration shown below:

{_ stswmieiag £) Eontiguratien)

Anplyzar 1 Aralyrer 2

e (S0)

Pod 1
N —
(P2 ]
T
(__PocT )
A——

Undinighed Pade
[ Pod 4

Figure 8-1. State/Timing E Configuration Menu
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Connecting the
Probes

Activity Indicators

HP 165108

Front-Panel Reference

At this point, if you had a target system with a 68000 microprocessar,
youwouldoonnnathclogicannlmtoyowsysthinceyonhave
assigned labels ADDR and DATA, you would hook the probes to your
system accordingly.

o Pod 1 probes O throngh 15 to the data bus lines DO through D15,

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

AlS. .
° Pod3probes0through7totheaddrmbuslinmA16through

A23,
» Pod 1, CLK (J dock) to the address strobe (LAS).

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

{CEtetermienag £) (Eantiguratiom) @'

Annlyzer ! Rnoiyzer 2

memg+ | GBOVOSTATE
Tope: T
Unossignad Peds

ITH { tedSs ) { Pad 4 1

Figure 8-2. Activity Indicators
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Configuring the  Now that you have configured the system, you are ready to configure
State Analyzer thestar analyzer. You will be:

o Creating two names (labels) for the input signals

o Assigning the channels connected to the input signals
o Specifying the State (J) dock

o Specifying a trigger condition

1. Display the State Format Specification menu.
& Touch the field second from the left at the top of the screen.
b. When the pop-up appears, touch the field labeled Format 1.

(stewmming €] ( rermat1 )
[CTock Pm—ua] Clok
> 83 na JT
Pod E3 Pod E2 Pod E?
™ ™m m
Clgzx Clock Crack
u"“'ll’gl WOUUE g BRI MRS

P01 | [= ][ ererrerrer 13

0tt
orf
ottt
Lk
ort
(1184
ore

Figure 8-3. State Format Specification Menu

2. Name two labels, one ADDR and one DATA.
a. Touch the top field in the labe) column.

Using the State Analyzer HP 165108
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Figure -4, Label Selection

b. When the pop-up appears, touch Modify Label.

c. With the alphanumeric keypad, change the name of the label to

ADDR.
d. Touch DONE to close pop-up.
e. Name the second label DATA.
(swermiming ) ( Format1 ) @
[T‘;t‘tsfr'n:”d}tn Clock j
Pag £3 Pod EZ Poe E1
™ ( I 1 ke J
Clock ( ok J( croce ]
Qo) poy TETTRTTTIR O[ETTTTRIITE NS
ROOR comasssaronisron [|4monnnananaiinnn SANLNBSLESRLELY
DATA E ................ 1} ecooscoonaoeonsn 1| [eocaaannnpoganss
urt
trr
ot v
urr
ore
atr

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

a. Touch the bit assignment field below Pod El and tothcrighll of
DATA. You will see the following pop-up.

{ swtemming E) ( Format 1 )

Cleck Parlod
» 60 nu

—

Ll
P
T
£l
T

L)L)

J_..._'_.:_.

Figure 8-6. Bit Assignment Field

Any combination of bits may already be assigned to this pod; however,
you will want all 16 bits assigned to the DATA label.

b. Using the knob, place the cursor on each un-assigned bit (one
at a time and touch the asterisk (*) field. When all 16 bits are
assigned, touch DONE to close the pop-bp.

RADDR

(statemming &) (C Format s )
Fll;ckatnr’wn][." c_::it ﬁ
Pes E3 Pog E2 ¥Feo El
(™ ) m )
(grece ) cieex J( cleex ]
w@ & T e 18TTTTAT R AN A

DATA

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

ofr

orf

ori

orr

ory

Brr
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Figure 8-7. Pod E1 Bit Selection
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4. Assign Pod E2 bits 0 through 15 to the label ADDR by repeating
step 3. -

5. Assign Pod E3 bits 0 through 7 to the label ADDR.
6. Unassign any assigned bits in the ADDR label under Pod EL
The State Format Specification menu should now look like that below.

{(Cosourtaing €) { format | )
[cu:k Pvr:mﬂ[ Ciock _]
¥ 80 ny JT

Pag E3 Pod E2 Pad El
TiL

(o )]
( crock J{ erock ] Clock

-]

AOR | |+ []..iiv.. meanmnan || annansassssnerrn (. iiiiiiiiiannne
PATA earises it anaaan carticiiedsnrias | | PASASSEesenaTeEn
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Figure 8-8. Format Specification with Bits Assigned
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Specifying the  1f 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, yon will use the J clock which is

accessible through pod 1.

1. Display the State Format Specification menu.
2. Set the J Clock to sample on a negative-going edge.

a Touch the field labeled Clock.
(steterTining €) ( Formet 1 )
e O o
= Pad EY Pog E2 Fed E1
(. _m™ ) ™ ™ )
Clotk anu_]
L S —
D EDEDEDED
...........
Figure 8-9. Clock Selection
Using the State Analyzer HP 18510B
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b. In the pop-up, touch the field to the right of J.

(Cetarermminge) { Fomi 1}
Pag EI Padq E2 Ppod E!
™ . m O m ]
Claex jorock )
(aery p T
w00 &L O e L CL O | sy
DATA ENIE [T
ofr l Dana
o1t
ofr
o7
D7
Nt
Figure 8-10. J Clock Selection
c. Touch the field with the arrow pointing down to select a
negative gomg edge.
(statermiminge) ( Fermat1 )
Pod EJ Pod E2 Pag E
m__ . . m™ J( ™ J
ofr |  Creer [croce )
\ T
- BN ol cnlcn] s
ty heressasassss
‘ Cone
$
Lo
HEgh

Figure 8-11. Negative-edge Selection

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

pop-up.

Using the State Analyzer
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The State Format Specification menu shonld look like that shown

below.

Using the State Analyzer
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Figure 8-12. Format Specification Menu
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Specifying a To capture the data and place the data of interest in the center of the
Trlgger display of the state listing menu, you need to tell the state analyzer

when to trigger. Since the first event of interest is address 0000, you
Condition need to tell the state analyzer to trigger whe it detects address 0000 on
: the address bus.

1. Display the State Trace Specification menu.
a. Touch the Geld secand from the left at the top of the screen.
b. Touch the ficid labeled Trace 1.

( sistomieimg E) ( Treen 1 )

Sequente Lavile

8 it Sl L,

SLors “aaysiste” anh
Count
of f
Prastors
ot

Losers | (CPO0E ) (CORTA )

| E&E=E
() (o)
» |m| ooat

a n w

Figure 8-13. State Trace Specification Menu

2. Set the state analyzer so that it triggers on address 0000.
a. Touch the 1 in the Sequence Levels ficld of the menw

HP 16510B Using the Siate Analyzer
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Figure 8-14. Sequence Lavels

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

Another pop-up appears showing you a list of "TRIGGER on" options.
Options a through h are gualifiers that allow you to assign a pattern for

the trigger specification.
¢. Tounch the field with the "a" option
(swvwmen €] { T 1 ] ' E
m snyslate [} by
% B atate ] =h j
. - rengs 'J
freyscer on ) » - # reege j
s -t Lombination i
Latel
.2 e

L]
€ T =~ | Dene
L] /

Figure 8-15. Sequence Level Option Selection
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d Touch the field labeled Done in the Sequence Levels pop-np.
¢. Touch the field to the right of "a” under the label ADDR.

(suwmining ) {— Traen 1) @ @
T unrnns:::::am l
et ooon

onon
CEEE &)

- )G

) T
0 (3500 X CLERR DONE
. (Fo00000) (o )
[} H0NRKR ) (0K,

Figure 8-16. Address Pattern Selection Keypad

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

{ suwtiming E) [ Trace 1 ) @
e DO G G

CEEE) D
G =D

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

(swremome] (Treee )

Seaguante Levels

il 2%l i

Stera “anpsiate” m
Loavnt
144

Label>»
Bass»

LLSE
3

o n o

oo ) (_rooed)

Figure 8-18. State Trace Specification

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

Acquiring the To acquire the data, you touch the green field in the upper right-hand
Data comner of the screen labeled Run. After touching the Run field, don’t
lift you finger off the screen.

Using the State Analyzer HP 16510B
8-16 Front-Panel Reference



HP 185108
Fromt-Panel Reference

(swiemmnge) { Trees 1) (print | | ro
Sequance Levals Single
TeTRbER GaPTiRe e Eepettutve
8 Sters "aagsiaie” ' Cancal D

[ ikd

Pravters
1

F

]
LEELGS
QUECRY

Figure 8-18. Acquiring Data

When you touch the Ran field a pop-up appears next to it with the
options Single, Repetitive, and Cancel. Withoot lifting your finger from
the screen, move it to the field labeled Single. Single will tamn white.
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Figure 8-20. Single Acquisition
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If you want to go to the state listing menu before taking a measurement,
touch the field second from the lcft at the top of the screen. When the
pop-up appears, touch the field labeled Listing 1.

Since you want to capture the data when the microprocessor sends
address 0000 on the bus after power-up, you touch the Ron 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 bappens in this example, since the odds of the
microprocessor not sending address 0000 are very low.

(Etatartiming £) ( Listing 1 )
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Figure &-21. State Listing
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The State The state kisting displays three columns of nambers as shown:
Listing

{ GtetaTiming E ) [ Listing 1 ] (Prant J (_8wm ]

PRAEEERTARRECHR o
sEsesmessenteat o2

State Locations

Flgure B-22. State Listing showing State Locations

The first column of numbers are the state line number locations as they
relate to the trigger point. The trigger state is on 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.

HP 18510B Using the State Analyzer
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Finding the
Answer
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Your answer is now found in this listing of the states 40000 through
+0004.

The 68000 always reads address locations 0, 2, 4, and 6 to find the stack
pointer location and memory location for the instruction it fetches after
power-up. The 68000 uses two words for each of the locations that it is
looking for, 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 4FC,
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 ( through 3. :

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

HP 165108
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So far you have verified that the microprocessor has performed the
correct reset vector scarch. The next thing yon must verify is whether
the microprocessor addresses the correct location in ROM that it was
instructed to address in state 4 and whether the data is correct in this
ROM location. From the listing you see that the address in state 4 is
008048, which is correct, but the instruction found in this location is
2E7C, which is not correct. You have found your problem: incorrect
data stored in ROM for the microprocessor’s first instruction.

+0000 000000 0000 (high.word of stack pointer location)
+0001 000002 04FC (low word of stack pointer location)
+0002 000004 0000 (high word of instruction fetch location)
+0003 000006 8048 (low word of instruction fetch location)
+0004 008048 2E7C (first microprocessor instruction)

— Incorrect Data

( stevwmming e) [ Listing 1 ) @
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Figure 8-23. State Listing showing Incomrect Data
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Summary
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You have just learned how to make a simple state measurement with
the HP 16510B Logic Analyzer. You have:

o specified a state analyzer

o learned which probes to connect
e assigned pods 1,2, and 3

» assigned labels

o assigned bits

o specified the J clock

o specified a trigger condition

¢ acquired the data

e 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 chapier teaches you how to use the logic analyzer as an
interactive timing and statc analyzer. You will see a simple
measurement that shows you both timing waveforms and state listings
and how they are correlated.

HP 16510B
Front-Panel Reference



9

State Compare Menu
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introduction
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State compare is a sofiware post-processing feature that provides the
ability to do a bit by bit comparison between the acquired state data
listing and & compare data image. Youn can view the acquired data and
the compare image separately. In addition, there is a separate
difference listing that highlights the bits in the acquired data that do
not match the corresponding bits in the compare image. Each state
machine has its own Compare and Difference listings.

You can use the editing capabilities to modify the compare image.
Masking capabilities are provided for you to specify the bits that you do
not want to compare. "Don’t compare” bits can be spedfied
individually for a given label and state row, or specified by channel
ecross all state rows. A range of states can be selected for a
comparison. When a range is selected, only the bits in states on or
between the specified boundaries are compared.

The comparison between the acquired state listing data and the
compare image data is done relative to the trigger points. This means
that the two data records are aligned at the trigger points and then
compared bit by bit. Any bits in the acquired data that do not match
the bits in the compare image are treated as unequal. The don't
compare bits in the compare image are ignored for the comparison.

When a logic analyzer configuration is saved to or loaded from a disk,
any valid compare data including the data image, etc. is also saved or
loaded.

State Compare Menu
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Accessing the
Compare Menu

The Compare
and Difference
Listing Displays

The Compare
Listing

The Difference
Listing

State Compare Menu
-2

The Compare mepu is accessed by selecting the field directly to the
right of the Module select field in the upper left comner of the screen.
When the pop-up appears you will sec the options Compare 1,
Campare 2 or both depending on which analyzer is a state analyzer. If
both analyzers are state analyzers you will see both Compare 1 and
Compare 2. You select your desired option by touching the
appropriate ficld in the pop-up.

Once you select Compare, yout move between the Compare and
Difference Listings (menus) by selecting the field directly below the
Module select field, This field toggles between Compare Listing and
Difference Listing,

Two menus or displays, m addition to the normal State Listing, are
available for making comparison measurements: the Compare Listing
and the Difference Listing.

The Compare Listing contains the image, or template, that acquired
data is compared to during a comparison measurement. The
boundaries of the image, or size of the template, can be controlled by
using the channel masking and compare range functions described
below. Any bits inside the template displayed as "X” have been set to
don't compare bits.

The Difference Listing highlights which bits, if any, in the compare
image that differ from those in the acquired data, The bit (or digit
containing the bit) that differs from the compare image is highlighted
by displaying the bit in a different color.

To display the Compare Listing or the Difference Listing, select the
field directly to the right of the Module select field in the upper left
corner of the screen, When the pop-up appears, select "Compare 1 (or
2)." Either the Compare Listing or the Difference Listing will appear
depending on which of these were previously displayed.

HP 185108
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The controls that roll the list in all three mennps, the normal State
Listing, the Compare Listing, and the Difference Listing are
synchronized. This means that when you change the corrent row
position in the Difference Listing, the logic analyzer automatically
updates the current row in the acquired State Listing, Compare Listing
and vice-versa. This allows you to view corresponding areas of the two
lists, to cross check the alignment, and analyze the bits that do not
match.

Since time tags are not required to perform the compare, they do not
appear in cither the compare image or difference displays. However,
correlation is possible since the displays are locked together.

Creating a An initial compare image can be generated by copying acquired data
into the compare image buffer. When you select the "Copy Trace to

Compare lmage Compare" ficld in the Compare Listing menu a pop-up appears with
the options "Cancel” and "Continue”, If the "Coatinue" is selected, the
coatents of the acquisition data structure for the current machine are
copied to the compare image buffer. The previous compare image is
lost if it bas not been saved to a disk. If you select "Cancel” the current
compare image remains unchanged.

HP 185108 State Compare Menu
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Blt Editing of Bit editing allows you to modify the values of individnal bits in the

the Compare compare image or specify them as don’t compare bits. The bit editing
Eelds are located in the center of the Compare Listing display to the

Image right of the listing number field (see figare 9-1). A bit editing field

exists for every label in the display. You can access any data in the
Compare Listing by rolling the desired row vertically until it is located
in the bit editing field for that label (column). When you select one of
the bit editing fields a pop-up appears in which you enter numeric
valoes or don’t compare for each bit.
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Figure 8-1. Bit Editing Flelds
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Masking
Channels in the
Compare Image

HP 185108
Front-Panel Reference

The channel masking function allows you to specify a bit, or bits in each
label that you do not want compared. This causes the corresponding
bits in all states to be ignored in the comparison. The compare data
tmage itself remajns unchanged on the display. The Mask fields are
directly above the label and base fields at the top of both the Compare
and Difference Listings (see figure 9-2). When you select one of these
fields a pop-up appears in which you specify which channels are to be
compared and which channels are to be masked. A "." (period)
mdicates a don’t compare mask for that channel and an "™ (asterisk)
indicates that channel is to be compared,
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Figure 8-2. Bit Masking Flelds
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Speclfylng a The Compare Range function allows you to define a sobset of the total
number of states in the compare image to be used in the comparison.

Compare Range The range is specified by setting start and stop boundaries. Only bits in
states (lines) on or between the boundaries are compared against the
acquired data. This function can be accessed by sclecting the "Compare
Full'/"Compare Partial” field in either the Compare or Difference
listing menus (see figure 9-3). When selected, a pop-up appears in
which you select either the "Full® or "Partial” optior. When the "Partial®
option is selected, fields for setting the start state and stop state values
appear.
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Flgure 9-3. Compare Full/{Compare Partial Figld
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Repetitive
Comparisons
with a Stop
CondHition

HP 165108
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‘When you do a comparison in the repetitive trace mods, a stop
condition should be specified. The stop condition is either "Stop
Measurement’ when Compare is "Equal,” "Not Equal” or "Off" In the
case of "Equal", bits in the compare image must match the
corresponding bits in the acquired data image for the stop condition to
be a TRUE. In the case of "Not Equal”, a mismatch on a single bit will
cause the stop condition to be TRUE. When stop conditions are
specified in two analyzers, both analyzers stop when the stop condition
of cither analyzer is satisfied. It is an OR function.

The stop measurement function is accessed by selecting the "Specify
Stop Measurement” field found in either the Compare or Difference
Listing menus (see figure 9-4). When this field is selected, the *Stop
Measurement” pop-up appears. The first field in this pop-up, just to the
right of "when,” contains either "X-O" or "Compare”. When this field is
selected, a pop-up appears in which you select "Compare”. When you
select the "Compare” option, you can access and select either the
"Equal’, "Not Equal" or "Off" option in the next field to the right.
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Figure 9-4. Specify Stop Measurement Field
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Note ﬁ

Locating
Mismatches in
the Difference
Listing

You may also specify a stop measurement based on time between the X
and O markers in the Compare or Difference Listing menus. This is
available only when time tags are on. If the Stop Measurement is
specified to run until "Compare Equal” or "Compare Not Equal” in the
Compare or Difference Listings, the Stop Measurement on time X to
O will not be available in another menu (i.e. State Listing).

The "Find Error” feature allows you to casily locate any patterns that
did not match in the last comparison. Occurrences of errors, or
differences, are found in numerical ascending order from the start of
the listing. The first occarrence of an error has the numerical value of
one.

This feature is controlled by the “Find Error” field in the Difference
Listing menu. When the field is selected the field changes color and
you can roll the error number with the knob. If you select this field
again a numeric entry pop-up appears in which you can enter a number
indicating which difference you want to find. The listing is then scanned
sequentially until the specified occurrence is found and rolled into view.

|

Savlng ‘When you save a logic analyzer configuration to a disk, the compare

Compare images for both state analyzers are saved with it. The compare data is
compacted to conserve disk space. Likewise, when you load a

Images configuration from disk, valid compare data will also be loaded.

State Compare Menu HP 16510B
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State Waveform Menu
.~ |

introduction

Accessing the
State Waveform
Menu

HP 18510B

Front-Panel Reference

The State Waveform Menu allows you to view state data in the form of
waveforms identified by label name and bit number. Up to 24
waveforms can be displayed simultaneously. Only state data from the
current state machine can be displayed as waveforms in the State
Waveforms menu. Any intermodule label (ie., oscilloscope or 1 GHz
Timing ) that was selected whea the current machine was a timing
analyzer will be deleted when selecting the State Waveform menu.

The presentation and user interface is generally the same as the Timing
Waveform menu, except the X-axis of the state waveform display
represents only samples, or states instead of seconds. This is true
regardiess of whether Count (in the State Trace menu) is set to Time
or Off. As a result, the horizontal axis of the display is scaled by
Samples/Div and Delay in terms of samples from trigger. Marker
features are the same as for State List in that Time or States will only
be available when Count is set to Time or States. The Sample Rate
display is not available in State Waveform even when markers are off.

The State Waveform menu is accessed by selecting the field directly to
the right of the Module select field in the upper left corner of the
screen. When the pop up appears you will see the options StateWF 1,
StateWF 2, or both depending on which analyer is a state analyzer. If
both analyzers are state analyzers you will see both StateWF 1 and
StateWF 2. You select your desired option by touching the appropriate
field in the pop up.

State Waveform Menu
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Selecting a You can display up to 24 waveforms on screen at one time. Each

waveform is a representation of a predefined label. To select a
Waveform waveform, touch the the blue bar (field) an the left side of the

waveform portion of the display (see figure 10-1).
(Csutemiming £) (sterer | )

Waveform Selection
Fleld

Figure 10-1. Waveform Selection Field

A pop-up menu appears in which you select the label, by name, that
you want to display (see figure 10-2). )
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Figure 10-2. Waveform Selection Pop-up Menu
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Each waveform can display any one or all bits (channels) of a label or it
can be turned off. The specific bit or bits of a label that will be
displayed depends on what Channel Mode is currently displayed when
you select the label. If Sequential is currently displayed, all the label
bits will be inserted individualy in the display (sce figure 10-3).
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Figure 10-3. Sequentlal Channel Mode

If Individual is currently displayed, another pop-up menu appears in
which you select the specific label bit you want displayed (see figure
10-4). .
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Figure 10-4. Individual Channel Mode
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If Overlay is currently displayed, all bits of the label are mserted in a
single waveform to form a composite waveform (see figure 10-5).

(ssuartmming 1) (( Sra10F 1 ) @
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Figure 10-5. Overiay Channe! Mode
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In the above figure, label A has all of its bits specified to be overlaid in
the waveform display. The on-screen indication for the Overlay mode
is All following the label name.

State Waveform Menu HP 16510B
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Replacing You can replace a currently displayed waveform (label) with another

Waveforms one of the predefined waveforms (labeis). To replace one waveform
with another, place the cursor on the waveform you wish to replace
using the knob. Touch the Action Insert field to toggle it to Action
Replace (sce figure 10-6). Then select the label that will replace the old
label.
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Figure 10-6. Action Insert/Replace
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L

Deleting You can delete any of the currently displayed waveforms by placing the

Waveforms cursor on the waveform you wish to delete using the knob and selecting
Delete in the pop up.

HP 165108 State Waveform Menu
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Selecting You can specify the samples per division by entering the number of
states per division either with a keypad or the knob, The range is from

Samples per 1 to 104 per divied

Division

eee——————a— |

Delay from - You can specify the delay from trigger by specifying the number of

Trigger states from the trigger. The minimum is — 1023 and the maximum is
1024 independent of trace position in the record. Delay is not limited to
the window containing data.

je=——————————c|

State The waveform display features of the State Waveform menu are the

Waveform same as the Timing Waveform menu with regard to:

Display s low levels (below threshold) are represented by darker line

Features ' s red, green, and yellow dotted lines representing the trigger point,

X marker, and O marker respectively.
e Accumulate Mode
e graticule frame with 10 horizontal divisions

N s
Xand O Markers can be placed on the waveform display by specifying the
Markers for . numbes of states from trigger in the case of the X marker or number of
states from either the trigger or X marker in the case of the O marker,
State Waveform
Markers can be antomatically placed on the waveform by searching for
specific patterns assigned to each marker.
The X and O marker operation is identical to the marker operation in
the Timing Waveform Menu (see chapter 6).
State Waveform Menu HP 16510B
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11
State Chart Menu
L

Introduction The State Chart Menu allows you to build X-Y plots of label activity
using state data. The Y-axis always represents data values for a
specified label. You can select whether the X-axis represents states
(ie.,rows in the State List) or the data values for another label. You
can scale both the axes for selective viewing of the data of interest. An
accumulate mode allows the chart display to build up over several runs.

When states are plotted along the X-axis, X and O markers,
synchronized with those in the normal State Listing, are available, The
markers can be positioned in the State Chart display and both the
current sample (state or time) relative to trigger point and the
corresponding Y-axis data value can be viewed in the State Listing

display.
- _
Accessing the The Chart menu is accessed by selecting the field directly to the right of
State Chart the Module select field in the upper left corner of the screen. When the
pop-up appears you will see the options Chart 1, Chart 2, or both
Menu depending on which analyzer is a state analyzer. If both analyzers are

state analyzers you will see both Chart 1 and Chart 2. You select your
desired option by touching the appropriate field in the pop up.

S

Selecting the When using the State Chart display, you should first select what data

Axes for the you want plotted on each axis. You assign a label to the vertical axis of
the chart by selecting the XY Chart of field in the menu. When

Chart selected, a pop up appears in which you select one of the labels that

were defined in the State Format Specification Menu. The X-axis
assignment field toggles between State and Label when selected. When
label is selected, a third field appears to the right of Label that displays
one of.the defined labels, To select your desired label, select the label
name field to display a pop up in which all the defined labels are
displayed. You then select one of the defined labels and the pop uvp
closes.

HP 165108 State Chart Menu
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Scaling the
.Axes

State Chart Menu

11-2

Either axis can be scaled by using the vertical or horizontal min
(minimum) or max (maximum) value fields. When you select any one
of the min or max fields a pop up appears in which you specify the
actual minimum and maximum values that will be displayed on the
chart (see figure 11-1).
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Figure 11-1. Axis Scaling Pop-up Menu

When States are plotted on the X-axis the minimum and maximum
values range from -1023 to + 1024 depending on the trigger point
location. The minimum and maximum values for labels can range from
0000H to FFFFH (0 to 2"2'1) regardless of axis, since labels are
restricted to 32 bits.

HP 16510B
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I —————
The Label Value The Label Value vs. State chart is a plot of Iabel activity versns the
VS. memory location in which the label data is stored. The label value is
plotted against successive analyzer memory locations. For example, in
States Chart the following figure, Iabel activity of POD 1 is plotted on the Y axis and
the memory locations (States) are plotted on the X axis.
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Figure 11-2. Label vs. States Chart
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The Label Value When labels are assigned to both axis, the chart shows how one Iabel

ve varies in relation to the other for a particular state trace record. Label
. values are always plotted in ascending order from the bottom to the top

Label Value of the chart and in ascending order from left to right across the chart,

Chart Plotting a label against itself will result in a diagonal line from the lower

left to upper right corner. X and O markers are disabled when

operating in this mode.
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Figure 11-3, Label vs. Label Chart
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X & O Markers  When State is specified for the X-axis, X and O markers are available
for Chart which can be moved horizontally which are synchronized with the X
and O markers in the normal State Listing.

To select the marker mode for Chart (if it is not presently displayed),
select the Range field in the top center of the display. This field will
toggle to Markers and the marker selection ficlds will appear (see

figure 11-4).

(swummag£) (oriy ] (nerkars]  (Priat ) (R )
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Figure 11-4. Marker Fields

When a marker is positioned in the State Chart menu, it is also
positioned in the State Listing menu and vice-versa.The Chart marker
operation is identical to the markers in the State Listing menu (see
chapter 6).

HP 16510B State Chart Menu
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Marker Options  The marker options in the State Chart meau depend on what Count is
set to in the State Listing menu.

When Count is set to Off the Chart markers can be set to:

e Off
e Pattern

When Count is set to Time the Chart markers can be set to:

e Off

e Pattern
o Time

e Statistics

When Count is set to States the Chart markers can be set to:

e Pattern
= States

State Chart Menu ' HP 165108
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Using the Timing/State Analyzer
L.

introduction

HP 165108

Front-Panel Reference

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 resuits as actually
measured by the logic analyzer, since you may not have the same dircuit
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 pictores,

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

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

Using the Timing/State Analyzer
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Problem Solving In this example assume you have designed a microprocessor cantrolled

with the
Timing/State
Analyzer

What Am |
Going to
Measure?

circuit. You have completed the hardware, and the software designer
has completed the software and programmed the ROM. Wher you
turn your circuit on for the first time, your circuit doesn't work
properly. You have checked the power supply voltages and the system
clock and they are working properly.

Since the circuit has never worked before, you and the software
engincer aren't sure if it is a hardware or software problem. The
problem now requires some testing to find a solution.

You also notice the circuit fails intermittently, More specifically, it only
fails when the microprocessor attempts to address a routine that starts
at address 8930.

To see what might be causing the failure, you decide to start where the
microprocessor goes to the routine that starts ar address 8930.

The first thing you check is whether the microprocessor actually
addresses address 8930. The next thing you check is whether the code
is correct in all the steps in this routine.

Your measurement, then, requires verification of:

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

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

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

Using the Timing/State Analyzer HP 165108
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How Do | In order to make this measurement, you must configure the logic

analyzer as a state analyzer because you want to trigger on L
Configurethe  *h A addrmmggcrmdadmspeuﬁcm

Logic Analyzer? correct in the states of this routine.
Configure the logic analyzer so that Analyzer 1 is a state analyzer as
shown:

Lunnuung £) (Configuretiea)
Rnalyzar 1 Analyzer 2
-
Unagsignad Pods
Pnd 1 o 4
R
g [ Peas )
m zzomaoeoocooee. ]
( _ Poe3 )
————————

Figure 12-1. State/Timing E Configuration Menu

HP 165108 Using the Timing/State Analyzer
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Configuring the Now that you have configured the system, you are ready to configure
State Analyzer  thestateanalyzer.

Configure the State Format Specification (Format 1) as shown:
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Figure 12-2. State Format Specification Menu

Configure the State Trace Specification (Trace 1) as shown:

(stetammimge] [ Treca 1 )

Seqoenss Levely
Wh alor S i
‘ll.tiéa [ 13 ':E' Hgl

Wisre “pogmtate” il

Lobals
Baer | (W J(Hee )
[«
.
e
4 {000 ) ool )

Figure 12-3. State Trace Specification Menu
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Connecting the A this point, if you had a target system with a 68000 microprocessor,
Probes you would connect the logic analyzer to your system. Since yon have
assigned labels ADDR and DATA, you would hook the probes to your

system accordingly.

o Pod 1 probes 0 through 15 to the data bus lines DO through D15
¢ Pod 2 probes 0 through 15 to the address bus lines AQ through
Al5 .

o Pod 3 probes 0 through 7 to the address bus lines A16 through
AR
¢ Pod 1, CLK (J clock) to the address strobe (LAS)

j==———ue———
Acqulrlng the Since you want to capture the data when the microprocessor sends
Data address 8930 on the bus, you press the Run field to arm the state

analyzer. If the microprocessor sends address 8930, it will trigger the
state analyzer and switch the display to the State Listing.

We'll assume this is what happens in this example.

.
Finding the You look at this listing to see what the data is in states +0000 through
Problem +0004. You know your routine is five states long.

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

+0000 008930 BO3C
+0001 008932 61FA
+0002 008934 67F8
+0003 008936 BO3C
+0004 CO892E 61FA

HP 16510B Using the Timing/State Analyzer
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As you compare the state listing (shown below), you notice the data at
address 8932 is incorrect. Now you need to find out why.

( svstermimng ) ( Listing 1)

Timm
Relativa |

o0BacA
oosetr
0OBBL
GOBBF E
Ay
0O04F 4
CO04FE
34
00893
DOBYZE
08930
QOO 4
SOOMF |
Q0ES2ZR

DATA
[ Hex
DOFF

1.24 os
6730 1.286 o
wE? 1.24 me
75 1.72 os
3900 1.28 us
oond 1.24 up
mg 1.24 us
OQOFF S ,gq [
67F8 I 2
BOIC 24 us
B1FR T2 us
BO3C 1,28 ue
DOOG 1.86 up
B930 1.52 us
4EFR 1.24 us

Flgure 12-4. Incorrect Data

Your first assumption is that mcorrect data is stored in this memory
location, Assume this rontine is in ROM since it is part of the operating
system for your circuit. Since the ROM is programmed by the software
designer, you have the software designer verify the data at address 8932
is correct. The software designer tells you that the data is correct.

Now what do you do?

Using the Timing/State Analyzer
12-6
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What Additional
Measurements
Must | Make?

HP 16510B
Front-Panel Reference

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

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

Since the problem exists during the routine that starts at address 8930,
you decide you want to see the timing waveforms on the address and
data bus when the routine is running. You also want to see the control
signals that control the read cycle. You will then compare the
waveforms with the timing diagrams in the 68000 data book.

Your measurement, then, requires verification of:

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

The control signals you must check are:

e system clock

o address strobe (AS)

¢ lower and upper data strobes (LDS and UDS)
e data transfer acknowledge (DTACK)

e rcad/write (R/W)

Using the Timing/State Analyzer
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How Do | In order to make this measurement, you must re-configure the logic
. Fle-configure the analmrsoAnalymrmsanmmganalm You leave Analyzer 1 as a
state anal will use the state analyzer t ddress
Loglc Analyzer? preid lyzer since you use the (] yzer to trigger on a

Caonfigure the logic analyzer s0 Analyzer 2 is a timing analyzer as
shown:

(Suvemining &) Eonfiqurstion

Anatyzer 1§ Analyrer 2
T
l

= D) | (D
- e

tnxesigreo Pods

Figure 12-5. State/Timing E Configuration Menu

i |
Connecting the At this point you would connect the probes of pods 4 and 5 as follows:
Timing Analyzer o Pod 4 bit 0 to address strobe (AS)
Probes o Pod 4 bit 1 to the system clock
e Pod 4 bit 2 to low data strobe (LDS)
o Pod 4 bit 3 to upper data strobe (UDS)
o Pod 4 bit 4 to the read/write (R/W)
e Pod 4 bit 5 to data transfer acknowledge (DTACK)
¢ Pod 5 bits 0 through 7 to address lines A0 through A7
o Pod 5 bits B through 15 to data lines D0 through D7
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
Timing Analyzer thetiminganalyzer.

Configure the 'l"';ming Format Specification (Format 2) as shown:

(swtemming ) ( rormarz ) @
Pod £S5 Pad E4

NEEROONRE

Figure 12-8. Timing Format Specification Menu

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

(stevwrming£) { Trees z )

(o) @) ) s )l ) Gme ) )

uees (o) Con ) Con ) G (G ) G )

ruen COCO OGO
prommst e ()

Than fisd

w I ICOC IO

Figure 12-7. Timing Trace Specffication Menu
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Setting the Your timing measurement requires the timing analyzer to display the

. timing waveforms present on the buses when the routine is running.

Tlmlng Analyzer Since you triggered the state anatyzer on address 8930, you want to

Trigger trigger the timing analyzer 0 the timing waveforms can be time
correlated with the state listing.

To set up the logic analyzer so that the state analyzer triggers the
timing analyzer, perform these steps:

L Display the Timing Trace Specification menu (Trace 2).
2. Touch the field labeled Armed by Run.
3. In the pop-up, touch the ficld iabeled 68000STATE.

Your timing Trace specification should match the menu shown:

State Analyzer Arms
Timing Analyw;\
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Time Correlating In order to time correlate the data, the logic analyzer must store the

the Data timing relationships berween 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 onr 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 Iabeled Count Off.

3. In the pop-up, touch the field labeled Time.

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

correlation.
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Figure 12-9. Count Time
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The Timlng After pods 4 and 5 are connected, you can re-acquire the data.

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

"(CEntarriniag £) (Wewromz )
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Long Light L Mmetam heimlim

Naguls Charnal Nods ACTing
Blue Field \ stu-nmnug[ Sequentiel ] Innert r‘“‘

Flgure 12-10. Timing Waveform Menu

EE’EE

Touch the labels CLOCK, AS, UDS, LDS, DTACK, and R/W in that
order. They will appear in the blue label area.
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Flgure 12-11, Waveform Selection Menu Labels

VT
EE*E
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This is not the order we want them in. We want LDS before UDS. To
correct this, foliow these steps:

1. Use the knob to place the cursor on the label LDS in the long biue
label field.

2. Touch the ficld Iabeled Delete. This erases LDS.
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Flgure 12-12. Delete Label
3. Use the knob to place the cursor over the label AS. Touch the LDS
field under Labels in the pop-up.
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Figure 12-13. Replace Label
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LDS appears in the blue label arca in the correct position.
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Figure 12-14. Labels In Correct Position

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

Position the carsor 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,
cight labeils appear in the lahel field, one for each bit, as shown.
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Figure 12-15. Timing Waveform Menu with Labels
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This also occurs for DATA, as shown:
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Figure 12-16. Individual Data Labels

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

| e
Overlapping A convenient method of displaying the waveforms of all the bits in
Timing ADDR and DATA is to overlap them. To overlap the bits for ADDR
and those for DATA, follow these steps.
Waveforms
1 Delete all the ADDR and DATA bit labels that were put in the
labe! field n the last section.
HP 165108 Using the Timing/State Analyzer
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2. Touch the filed labeled Channel Mode Sequential.

(Cstorsriming £) ((Wavetorm 2 )

) C)

() () ).

lcultm Gelmclion
I nools I flapa
Slela/Timimp E Ingivicuel nnrl] b“j
Labelt Ssqumilel
ooex | oteex F——
L] LY
(¥ L)
ms m

Flgure 12-17. Channe! Mode Sequential Menu

3. In the new pop-up, touch the field labeled Overlay.
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HP 16510B
Front-Panel Reference



4. Touch the ADDR label ficld under Labels.

5. Touch the DATA label ficld onder Labels. The screen should ook
Iike that shown below.
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Figure 12-19. Overlapped Waveforms

In the long blue label field ADDR and DATA have "all" next to them
to show that the bits are overlapped. Touch the Done field to close the

pop-up.
== ]
Re-acquiring 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.

HP 165108 Using the Timing/State Anatyzer
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A [
Finding the
Answer

As youlook atthcoverhppingﬁveforms, you notice there are
transitions on the data lmes during the read, indicating the data is

unstabie, which is the probable cause of the problem you've been

looking for.

You have found what is causing the problem im this routine, Additional

troubleshooting of the hardware will lead you to the actual cauae.
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Flgure 12-20. Mixed Mode Display with Unstable
Data

=
Summary

You have learned to:

Using the Timing/State Analyzer
12-18

trigger one analyzer with the other
time correlate measurement data

interpret the Mixed mode display |
overlap Giming waveforms

You have just learned how to 1o 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.
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Using a Printer

“

Setting Printer
Configuration

Printing
Options

HP 16510B
Front-Panel Reference

All printer parameters are set in the System Configuration menu If you
hawe just connected your printer and are unsure of how to set the
configuration, refer to the HP 165004 Reference Manual chapter
entitled Connecting a Printer.’

The HP 165004 supports HP-IB and selected RS-232C printers.

All the pictures in this manual were taken from an HP 165004 with one
HP 16510A logic analyzer card. If the screens on your instrument differ
from the pictures in this manual, it simply means that you have a
different card configuration. All other functions will work the same
except where noted.

All logic analyzer menus include a Print field in the upper right of the
screen. If you are in the Format menu and touch the Print field, a
pop-up like the one shown below appears.

Courtiming £) (Cromet 1 ) o (=)

Concal Symbate

Print Geresn

Figure 13-1. Print Option Menu

There are two ficlds in the pop-up, Cancel and Print Screen,

Using a Printer
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If you are in the State Listing, a slightly different pop-up will appear,
like the one shown in figure 13-2.
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Figure 13-2. Print Option In Listing Menu

The pop-up contains three fields, Cancel, Print Screen, and Print All.

Printing On-
Screen Data

- |
_ Ifyou need a hardcopy record of an entire state listing, tonch the Print

Printing Entire
State Listing

Using & Printer
13-2

If you want a hardcopy record of the screen, touch the Print field and
then the Print Screen field from the pop-up. This will send a copy of
the screen to the printer in graphics mode.

If you want to print part of a2 menu in graphics mode that is off screen,
you must roll the screen vertically or horizontally to place the part on
screen. When the desired part is on screen, touch the Print Screen field

ficld and then the Print All field from the pop-up. The Print All field
causes all the kst and label data to be sent to the printer, but not in
graphics mode like the Print Screen ficld. The data is sent in text mode
to speed printing of long data bsts.

HP 165108
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Microprocessor Specific Measurements

L .

Introduction

Microprocessor
Measurements

HP 165108

Front-panel Reference

This chapter contains information about the optional accessories
available for microprocessor specific measurements. In depth
measurement descriptions are in the operating notes that come with
each of these accessories. The accessories you will be introduced to in
this chapter are the preprocessor modules and the HP 10269C General
Purpose Probe Interface.

A preprocessor module for your microprocessor enables you to quickly
and easily connect the logic analyzer to your microprocessor under
test. Most of the preprocessor modules require the HP 10269C
General Purpose Probe Interface. The preprocessor descriptions in
the following sections mdicate which preprocessors require it.

Included with each preprocessor module is a 3.5-mch disk which
contains a configuration file and an inverse assembler file. When you
load the configuration file, it configures the logic analyzer for making
state measurements on the microprocessor for which the preprocessor
is designed. It also loads in the inverse assembler file.

Microprocessor Specific Measurements
14-1



The inverse assembler file is a software routine that will display
captured information in a specific microprocessor’s mnemonics. The
DATA field in the state listing is replaced with an inverse assembly
field (see Figure 14-1). The inverse assembler software is designed to
provide a display that closely resembles the original assembly language
listing of the microprocessor’s software. It also ideatifies the
microprocessor bus cycles captured, such as Memory Read, Interrupt
Acknowledge, or 1/O write.
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Figure 14-1. State Listing with Mnemonics

Microprocessors This section kists the microprocessors that are supported by

Supported by
Preprocessors

Note .l
B4

Hewlett-Packard preprocessors. Most of the preprocessors require the
HP 1269C General Purpose Probe Interface. The HP 10269C accepis
the specific preprocessor PC board and connects it to five connectors
on the general purpose interface to which the logic analyzer probe
cables connect.

This chapter lists the preprocessors available at the time of printing.
However, new preprocessors may become available as new
microprocessors are introduced. Check with the nearest
Hewlett-Packard office periodically for availability of new
PIEPIOCEsSOrS.

Microprocessor Speclfic Measurements HP 185108
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ZB0 CPU Pa@: 40-pin DIP

Accessories Required: HP 10300B Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 10 MHz clock input
Signal Line Loading: Maximum of one 74LS TTL load + 35 pF on any

Line
Microprocessor Cycles Identified: Memory read/write
I/O read/write
Opcode fetch
Interrupt acknowledge
RAM refresh cycles

Maximum Power Required: 03 A at + 5 Vdc, supplied by logic

Number of Probes Used: Two 16-channe) probes

HP 16510B MIicroprocessor Specific Measurements
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NSC 800 CPU Packsge: 40-pin DIP

Accessories Required HP IMB Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 4 MHz clock inpat
Signal Line Loading Maximum of one HCMOS load + 35 pF on any
line

-Microprocessor Cycles Identified: Memoary read/write
I/O read/write
Opcode ferch
Interropt acknowledge
RAM refresh cycles
DMA cycles

Maximum Power Required: 0.1A at + 5 Vdc, supplied by logic

Number of Probes Used: Two 16-channel probes

Microprocessor Specific Measurements HP 168510B
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8085 CPU Package: 40-pin DIP

HP 18510B
Fromt-panel Reference

Accessories Required: HP 10304B Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 6 MHz clock output (12 MHz clock input)

Signal Line Loading: Maximum of one 74LS TTL load + 35 pF on any
line

Microprocessor Cycle Identified: Memory read/write
/O read/write
Opcode fetch
Interrupt acknowledge

Maximum Power Required: 0.8 A at + 5 Vde, supplied by logic
analyzer

Number of Probes Used: Two 16-channel probes

Microprocessor Specific Measurements
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8086 or B088 CPU Package: 40-pin DIP

Accessories Required: HP 10305B Preprocessor
HP 10269C General Purpose Probe Interface

Maximom Clock Speed: 10 MHz clock input (at CLK)

Signal Line Loading: Maximum of two 74ALS TTL loads + 40 pF on
any line

“Microprocessor Cycles Identified: Memory read/write
I/O read/write
Code fetch
Interrupt acknowledge
Halt acknowledge
Transfer to 8087 or 8089
CO-Processors

Additional Capabilities: The 8086 or 8088 can be operating in
Minimum or Maximum modes. The logic
analyzer can capture all bus cycles (including
prefetches) or can capture only executed -
instructions, To capture only executed
instructions, the 8086 the 8086 or 8088 must
be operating in the Maximum Mode.

Maximum Power Required: 10 A at + 5 Vdc, supplied by the logic

Number of Probes Used: Three 16-channel probes

Microprocessor Specific Measurements HP 1685108
14-8 Front-panel Reference



80186 or 80188 CPU Package: 68-contact LOC

Accessories Required: HP 10306B Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 8 MHz clock output (16 MHz clock input)

Signal Line Loading: Maximum of two 74ALS TTL Joads + 40 pF on
any line

Microprocessor Cycles Identified: Memory read/write
(DMA and non-DMA)
I/O read/write
(DMA and non-DMA)
Code fetch
Interropt acknowiedge
Halt acknowledge
Transfer to 8087, 8639, or 82586
CO-Processors

Additional Capabilities: The 80186 or 80188 can be operating in
Normal or Queue Status modes. The logic
analyzer can capture all bus cycles (including
prefetches) or can capture only executed’
mstructions.

Maximum Power Required: 0.66 A at + 5 Vdc, supplied by logic

apalyzer. 80186/188 operating current
+0.15 A from system under test.

Number of Probes Used: Four 16-channel probes

HP 18510B Microprocessor Speclfic Measurements
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80286 CPU Package: 68-contact LCC or 68-pin PGA

Accessories Reqnoired: HP 10312B Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 10 MHz clock output (20 MHz clock input)

Signal Line Loading Maximum of two 74ALS TTL loads + 40 pF on
any line
Microprocessor Cycles Identified: Memory read/write
1/O read/write
Code fetch
Interrupt acknowledge
Hslt

Hold acknowledge
Lock
Transfer to 80287 co-processor

Additional Capabilities: The logic analyzer captures all bus cycles,
including prefetches
Maximum Power Required: 0.66 A at +5 Vdc, supplied by logic
analyzer. 80286 operating current from
system under test.

Number of Probes Used: Three 16-channel probes

Microprocessor Specific Measurements HP 16510B
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80386 CPU pm'ge: 132-pin PGA

Accessaries Required:HP 10314B Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 20 MHz clock output (40 MHz clock input)

Signal Line Loading: Maximom of two 74ALS TTL loads + 80 pF on
any line

Microprocessar Cycles Identified: Memory read/write
Memory read/write
I/O read/write
Code fetch
Interrupt acknowledge,
type 0-255
Halt

Shutdown
Transfer to 8087, 80287, or B0387

CO-PTOCESSOTS

Additional Capabilities: The logic analyzer captures all bus cycles,
including prefetches

Maxiomm Power Required: 1.0 A at +5 Vde, supplied by loglc
analyzer

Number of Probes Used: Five 16-channel probes

HP 165108 Microprocessor Specific Measurements
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6800 or 6802 CPU Package: 40-pin DIP

Accessories Required: HP 10307B Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 2 MHz clock input

Signal Line Loading: Maximum of 1 74LS TTL load + 35 pF on any
lime

Microprocéssor Cycle Identified: Memary read/write
DMA read/write
Opcode fetch/operand
Subroutine enter/exit

System stack push/pull
Halt

Interrupt acknowledge
Interrupt or reset vector

Maximum Power Required: 0.8A at +5 Vdc, supplied by logic
analyzer

Number of Probes Used: Two 16-channel probes

Microprocessor Specific Measurements HP 16510B
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6809 or 6BOSE  CPU Package: 40-pin DIP

Accessories Required: HP 10308B Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 2 MHz clock input
Signal Line Loading: Maximum of one 74ALS TTL load + 35pFon

any line
Microprocessor Cycles Identified: Memory read/write
DMA read/write
Opcode fetch/operand
Vector fetch
Halt
Interrupt
Additional Capabilities: The preprocessor can be adapted to 6809/09E
systems that use a Memory Management

Unit (MMU). This adaptation allows the
capture of all address lines on a physical
address bus up to 24 bits wide.

Maximom Power Required: 1O A at +5 Vde, supplied by logic
analyzer

Number of Probes Used: Two 16-channel probes

HP 18510B Microprocessor Specific Measurements
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68008 CPU Package: 40-pin DIP

Accessories Required: HP 10310B Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 10 MHz clock input

Signal Line Loading: Maximum cf one 748 TTL load + one 74F TTL
load + 35 pF on any line

‘Microprocessor Cycles Identified: User data readfwrite
User program read
Supervisor read/write
Supervisor program read
Interrupt acknowledge

Bus grant
6800 cycle

Additional Capabilities: The logic analyzer captures all bus cycles,
including prefetches

Maximum Power Required: 0.4 A at + 5 Vdc, supplied by logic
analyzer

Number of Probes Used: Three 16-channel probes

Microprocessor SpecHic Measurements HP 16510B
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68000 and 68010 CPU Package: 64-pin DIP
(64-pin DIP)

Accessories Required: HP 10311B Preprocessor
HP 10269C General Purpose Probe Interface

Maximum Clock Speed: 12.5 MHz clock input

Signal Line Loading: Maximum of ope 74S TTL load + one 74F TTL
load + 35 pF on any line

Microprocessor Cycles Identified: User data readwrite
User program read
Supervisor read/write
Supervisor program read
Interrupt acknowledge
Bus Graat

6800 cycle

Additional Capabilities: The logic analyzer captures all bus cycles,
including prefetches

Maximum Pawer Required: 04 A at + 5 Vdc, supplied by the logic

Number of Probes Used: Three 16-channel probes

HP 16510B Microprocessor Specific Measurements
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68000 and 68010 CPU Package: 68-pin PGA
(68-pin PGA)
Accessories Required: HP 10311G Preprocessor
Maximom Clock Speed: 12.5 MHz clock input
Signal Line Loading: 100 KQ + 10 pF on any line

Microprocessor Cycles Identified: User data read/write
' User program read
Supervisor read/write
Supervisor program read
Interrupt acknowledge
Bos Grant

6800 cycle

Additional Capabilities: The logic analyzer captures all bus cycles,
including prefetches.

Mazimum Power Required: None
Number of Probes Used: Three 16-channel probes

Microprocessor Specific Measurements HP 185108
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88020 CPU Packege: 114-pin PGA
Accessories Required: HP 10313G
Maximem Clock Speed: 25 MHz clock input
Signal Line Loading: 100 Kf} + 10 pF on any linc

Microprocessor Cycles Identified: User data read/write
User program read
Supervisor read/write
Supervisor program read
Bus Grant
CPU space accesses including:

Breakpoint acknowledge
Access level control
Coprocessor communication
Interrupt acknowledge

Additional Capabilities: The logic analyzer captures all bus cycles,
including prefetches. The 68020
microprocessor must be operating with the
internal cache memory disabled for the logic
analyzer to provide inverse assembly.

Maximum Power Required: None
Number of Probes Used: Five 16-channel probes

HP 165108 Microprocessor Specific Measurements
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68030 CPU Package: 128-pin PGA
Accessories Required: HP 10316G
Maximum Clock Speed: 25 MHz input

Signal Line Loading: 100 K0 plus 18 pF on all lines except DSACKOD
and DSACKL

Microprocessor Cycles Identified: User data read/write
: User program read
Supervisor program read
Bus grant
CPU space accesses including:

Breakpoint acknowledge
Access level control
Coprocessor communication

Interrupt acknowledge
Additional Capabilities: The logic analyzer captures all bos cycles,
including prefetches The 68030
microprocessor must be operating with the
mternal cache memory and MMU disabled
for the logic analyzer to provide inverse
assembly.
Maximum Power Required: None

Number of Probes Used: Five 16-channel probes

Microprocessor Speclfic Measurements HP 16510B
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68HC11 CPU Package: 48-pin dual-in-line
Accessories Required: HP 10315G
Maximum Clock Speed: 8.4 MHz input
Signal Line Loading: 100 KO plus 12 pF on all lines

Microprocessor Cycles Identified: Data read/write
Opcode/operand fetches
Index offsets
Branch offsets
Irrelevant cycles

Additional Capabilities: The 68HC11 must be operating in the
expanded multiplexed mode (addressing
external memory and/or peripheral devices)
for the logic analyzer to provide inverse
assembly,

Maximum Power Required: None
Number of Probes Used: Two 16-channe] probes for state analysis and

.

one to four for timing analysis,

HP 185108 Microprocessor Specific Measurements
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Loading
Inverse

Assembler Flles

Selecting the
Correct Flle

Loading the
Desired File

You load the inverse assembler file by loading the appropriate
configuration file. Loading the configuration file automatically loads
the inverse assembler file.

Most inverse assembler disks contain more than one file, Each disk
usually contains an inverse assembler file for use with the HP 10269C
and preprocessor as well as a file for general purpose probing. Each
inverse assembler filename has a suffix which indicates whether it is for
the HP 10269C and preprocessor or general purpose probing. For
example, filename C68000_I indicates a 68000 inverse assembier file for
use with the HP 10269C and the 68000 preprocessor. Filename
C68000_P is for general purpose probing. Specific file descriptions and
recommended usage is contained in cach preprocessor operating note.

To load the inverse assembler file you want, insert the 3.5-inch disk you
received with your preprocessor in the disk drive. Select System in the
upper left field. Touch Front Disk or Rear Disk, depending which
drive the disk is in, in the field second from the left at the top of the
display. The logic analyzer will read the disk and display the disk

Configure the second row of fields as follows:

[Load |[State/TimingE | fromfile

Touch Execute to load the selected file.

Microprocessor Specific Measurements HP 16510B
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Connecting the

The specific preprocessor and inverse assembler you are using

Loal | r determines how you connect the logic analyzer probes, Since the
glc Ana yze inverse assembler files configure the State/Timing Configuration, State

Probes Format Specification, and State Trace Specification menus, you must
connect the logic analyzer probe cables accordingly so that the
acquired data is properly grouped for inverse assembly. Refer to the
specific inverse assembler operating note far the proper connections.

=

How to Display  The specific preprocessor and inverse assembler you are using

Inverse determines how the inverse assembled data is displayed. When yon
touch RUN, the logic analyzer acquires data and displays the State

Assembled Listing menu,

Data The State Listing menu will display as much information about the
captured data as possible. For some microprocessors, the display will
show a completely disassembled state listing.

HP 165108 Microprocessor Specific Measurements
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Some of the preprocessors and/or the microprocessors under test do
not provide enough status information to disassemble the data
correctly. In this case, you will need to specify additional information
(ie. tell the logic analyzer what state contains the first word of an
opcode fetch), When this is necessary an additional feld (Invasm) will
appear in the top center of the state listing menu (see figure 14-2). This
field allows you to point to the first state of an Op Code fetch.

For complete details refer to the Operating Note for the specific

preprocessor.
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Figure 14-2. Inverse Assembie Field
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Installing New Logic Analyzer Boards
into the Mainframe

“

Introduction This appendix explains, how to initially inspect the HP 16510B
State/Timing Module, how to prepare it for use, storage and shipment.
Also included are procedures for module installation.

—————————————'y
Initial Inspect the shipping container for damage. If the shipping container or
Inspection cushioning material is damaged, it should be kept until the contents of

the shipment have been checked for completeness and the module has
been checked mechanically and electrically. The contents of the
shipment should be as listed in the *Accessories Supplied” paragraph in
Chapter 1.

If the contents of the contaiver are incomplete, there is mechanical
damage or defect, or the instrument does not pass the performance
tests, notify the nearest Hewlett-Packard office. Procedures for
checking electrical performance are in Section III of the HP 165108
Service Manual,

If the shipping container is damaged, or the cushioning material shows
signs of stress, notify the carrier as well as the Hewlett-Packard office.
Keep the shipping material for the carrier's inspection. The
Hewlett-Packard office will arrange for repair or replacement at
Hewlett-Packard's option without waiting for claim settiement.

Power All power supplies required for operating the HP 165108 State/Timing
Modhule are supplied to the module through the backplane connector
Requireme nts of the HP 16500A Logic Analysis System mainframe.

HP 165108 installing New Logic Analyzer Boards into the Mainframe
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Probe Cable The HP 16510B State/Timing Module comes with probe cables

Installation installed by the factory. If a cable is to be switched or replaced, refer to
"Probe Cable Replacement” in Section VI of the HP 16510B Service
Maomual.

Installation

Caution w Do not install, remove or replace the module in the instrument unless
the instroment power is turned off.

The HP 16510B State/Timing Module will take up one slot in the card
cage. For every additional HP 165108 State/Timing Module you install,
you will nced an additional slot. They may be installed in any slot and in
any order. Procedures for installing the logic analyzer module cards are
shown in the step-by-step procedure in the following paragraphs.

Module ' The following procedure is for the installation of the HP 16510B Logic
Installation Analyzer Module.,

Caution Wf The effects of ELECTROSTATIC DISCHARGE can damage
electronic components. Use grounded wrist straps and mats when you
are performing any kind of service to this module.

Installation e The HP 16510B State/Timing Module(s) can be installed in any
Considerations available card slot and in any order.

e Cards or filler panels below the empty slots intended for module
imstallation do not have to be removed.

o The probe cables do not have to be removed to install the module.

instaliing New Logic Analyzer Boarde into the Mainframe HP 16510B
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Procedure a. Turn the front and rear panel power switches off, unplug power
cord and disconnect any input BNCs.

b. Starting from the top, loosen thumb screws on filler panel(s) and
card(s).

c. Starting from the top, begin pulling card(s) and fller panel(s) out
half way. See figure A-1.

TOP CARD

1

NEXT LOWEST

2

sy

Figure A-1. Endplate Overlap (Removing)

HP 185108 Installing New Logic Analyzer Boards into the Mainframe
Front-Panel Reference A-3



d Lay the cable(s) fiat and pointing out to the rear of the card. See
figure A-2.

e. Slide the analyzer card approximately half way into the card cage.
f. If you have more analyzer cards to install repeat step d and e,

Figure A-2, Cable Position

installing New Logic Analyzer Boards into the Mainframe HP 165108
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g Firmly seat bottom card into backplane connector. Keep applying
Ppressure to the center of card endplate while tightening thumb
screws finger tight.

h Repeat for all cards and filler panels in a bottom to top order. See
figure A-3.

NEXT
HIGHEST

Figure A-3. Endplate Overlap (Instailing)

i. Any filler panels that are not used should be kept for future use.
Filler panels must be installed in all unused card slots for correct
air circulation.

HP 16510B Installing New Logic Analyzer Boards Into the Malnframe
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Operati ng The operating environment is listed in "General Characteristics® in
Appendix C of this manual. Note should be made of the

Environment non-condensing humidity limitation. Condensation within the
instrumeat can cause poor operation or malfunction. Protection should
be provided against internal condensation.

The HP 16510B State/Timing Card will operate at all specifications
~within the temperature and humidity range given in Appendix C.
However, reliability is enhanced when operating the module within the
following ranges.

Temperature: +20to +35°C (+68to +95°F)
Humldity: 20% to 80% non-condensing

Storage The module may be stored or shipped in environments within the
following kimits:

Temperature; 40° Cto +75°C
Humidity: Up to 90% at 65° C
Altitode: Up to 15,300 meters (50,000 feet)

The module shonld also be protected from temperature extremes
which cause condensation on the module,

installing New Logic Analyzer Boards into the Mainframe HP 185108
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Packaging The following general instructions should be used for repacking the
module with commerdally available materials.

o Wrap module in anti-static plastic.

¢ Use a strong shipping container. A double-wall carton made of
350 Ib. test material is adequate,

» Use a layer of shock-absorbing material 70 to 100 mm (3 to 4
inch) thick around all sides of the module to provide firm
cushioning and prevent movement inside the contairer.

e Seal shipping container securely.
» Mark shipping container FRAGILE to ensure careful bandling,
¢ In any correspondence, refer to module by model number and

board number.
[ e g
Tagging for If the module is to be shipped to a Hewlett-Packard office for service
Service or repair, attach a tag showing owner (with address), complete board

number, and a description of the service required.

HP 18510B Instaliing New Logic Analyzer Boards into the Mainframe
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Error Messages

‘

HP 16510B
Front-Panel Reference

This appendix lists the error messages that require corrective action to
restore proper operation of the logic analyzer. There are several
messages that you will see that are merely advisories and are not listed

* bere. For example, "Load operation complete” is one of these

advisories.
The messages are listed in alphabetical order and in bold type.

Autoscale aborted. This message is displayed when the STOP key is
pressed or if a signal is not found 15 seconds after the initiation of
autoscale. .

Hardware ERROR: trace point In count block. Indicates the data from
the last acquisition is not reliable and may have been caused bya
hardware problem. Repeat the data acquisition to verify the condition.
If this message re-appears, the logic analyzer requires the attention of
service personnel.

Insufficient memory to load IAL - load aborted. This message
indicates that there is not a block of free memory large enough for the
inverse assembler yon are attempting to load even though there may be
enough memory in several smaller blocks. Try to load the inverse
assembler again. If this load is unsuccessful, load the configuration and
the corresponding inverse assembler scparately.

Inverse assembler not loaded--bad object code. Indicates a bad inverse
assembler file on the disc. A new disc or file is required. )

Maximum nomber of symbols already allocated. Indicates an attempt
to create more than 200 symbols,

Maximom of 32 channels per label. Indicates an attempt to assign
more than 32 channels to a label. Reassign channels so that no more
than 32 are assigned to a label.

Must have at least one edge specified. A state clock specification
requires at least one clock edge. This message only occurs if you turn
off all edges in the state clock specification.

Error Messages
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Error Messages
B-2

No labels specified. Indicates there are no labels to which to assign
symbols.

(x) Occurrences Remaining in Sequence (y). Indicates the logic
analyzer is waiting for (x} number of occarrences in sequence level (y)
of the state trace specification before it can go on to the next sequence
level.

(x) Secs Remalining in Trace. Indicates the amount of time remaining
until acquisition is complete in Glitch mode.

Search failed - O pattern not found. Indicates the O pattern does not
cxist in the acquired data. Check for a correct O marker pattern
specification.

Search falled - X pattern not found. Indicates the X pattern does not
exist in the acquired data, Check for a correct X marker pattern
specification.

Slow Clock or Walting for Arm. Indicates the state analyzer is waiting
for a clock or arm signal Re-check the state clock or arming
specification.

Slow or missing Clock. Indicates the state analyzer has not recognized
a clock for 100 ms. Check for a missing clock if the intended clock is
faster than 100 ms. If clock is present but is slower than 100 ms, the
data will still be acquired when a clock is recognized and should be
valid

Specified inverse assembler not found. Indicates the inverse assembler
specified in the configuration file cannot be found on the disc.

State clock violates overdrive specification, Indicates the data from the
last acquisition is not reliable due to the state clock signal not being
reliable. Check the clock threshold for proper setting and the probes

for proper grounding.

(x) States Remaining to Post Store. Indicates the number of states
required until memory is filled and acquisition is complete.

Time correlation of data is net poessible. "Count" must be set to "Time"
in both machines to properly correlate the data. This message is also
displayed when the data from this state/timing module cannot be time
correlated in an intermodule "Group Run" configuration.

HP 16510B
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Time from arm to trace point > 41.943 ms. The correlation counter
overflows when the time from a machine’s arm to the machine’s trigger
exceeds 41.493 ms. It may be possible to add a "dummy” state to the
machine's trigger specification that is closer in time to the arm gignal

(x) Transitions Remaining to Post Store. Indicates the number of
transitions required until memory is filled and acquisition is complete.

Waiting for Arm, Indicates the arming condition has not occurred.

Waiting for Prestore. Indicates the prestore condition has not occurred
(timing analyzer only).

Waiting for Trigger. Indicates the trigger condition has not occurred.

Error Messages
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Specifications and Characteristics
e

Introduction This appendix lists the spedifications, operating characteristics, and
supplcmcnta! characteristics of the HP 16510B Logic Analyzer Module.
R = ——

Specifications

Probes Minimum Swing: 600 mV peak-to-peak.

Threshold Accaracy:
YoltageRange _Accuracy

—2.0Vito +20V 150 mV
~99Vto —2.1V 300 mV
+21V1io +99V 300 mV

State Mode Clock Repetition Rate: Single phase is 35 MHz maximum, With time or
state counting, minimum time between states is 60 ns, Both mixed and
demultiplexed clocking use master-slave clock timing; master clock
must follow slave clock by at least 10 ns and precede the next slave
clock by > 50ns,

Clock Pulse Width: 10 ns at threshold.
Setup Time: Data must be present prior to clock transition, = 10 ns.

Hold Time: Data must be present after rising clock transition on all
pods; 0 ns. Data must be present after falling clock transition on pods
13 and 5; 0 ns. Data must be present after falling clock transition on
pods 2 and 4; 1 ns.

HP 16510B Specifications and Operating Characteristics
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Timing Mode Minimum Detectable Glitch: 5 ns wide at the threshold.
]

Operating

Characteristics

Probes Input RC: 100 Kf) 2% shunted by approximately 8 pF at the probe
tip.

TTL Threshold Preset: + 1.6 volts.
ECL Threshold Preset: — 1.3 volts.
Threshold Range: —9.9 to +9.9 volts in 0.1V increments.

Threshold Setting: Threshold levels may be defined for pods 1,2, and 3
on an individual basis and one threshold may be defined for pods 4 and
5.

Minimum Input Overdrive: 250 mV or 30% of the input ampkitude,
whichever is greater.

Maximum Veltage: =40 volts peak.
Dynamic Range: + 10 volts about the threshald.

Specificationé and Operating Characteristics HP 18510B
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Measurement
Configurations

State Analysls

Memory

Trace
Specification

HP 16510B
Front-Panel Reference

Analyzer Configurations:

Analyzer1  Anpalyzer2
Timing off
State Off

Off State
Timing State
State Timing
State State

Off Off

Channel Assignment: Each group of 16 channels (a pod) can be

assigned to Analyzer 1, Analyzer 2, or remain unassigned. The
HP 165108 contains 5 pods.

Data Acquisition: 1024 samples/channel

Clocks: Five clocks are available and can be used by either one or two
state analyzers at any time. Clock edges can be ORed together and
operate in single phase, two phase demultiplexing, or two phase mixed
mode. Clock edge is selectable as positive, negative, or both edges for
each clock,

Clock Qualifier: The high or low level of up to four clocks can be
ANDed with the clock specification. Setup time: 20 ns; bold time: 5 ns.

Pattern Recognizers: Each recognizer is the AND combination of bit
(0, 1, or X) patterns in each label. Eight pattern recognizers are
available when one state analyzer is on. Four are available to each
analyzer when two state analyzers are on.

Specificatione and Operating Characteristics
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Range Recognizers: Recognizes data which is numerically between or
on two specified patterns (ANDed combination of 0s and/or 1s). One
range term is available and is assigned to the first state analyzer turned
on. The maximum size is 32 bits.

Qualifier: A user-specified term that can be anystate, nostate, a single
pattern recognizer, range recognizer, or logical combination of pattern
and range recognizers.

Sequence Levels: There are eight levels available to determine the
sequence of events required for trigger. The trigger term can occur
anywhere in the first seven sequence levels,

Branching: Each scquence level has a branching qualifier. When
satisfied, the analyzer will restart the sequence or branch to another
scqueace level.

Occurrence Counter: Sequence qualifier may be specified to occur up
to 65535 times before advancing to the next Jevel.

Storage Qualification: Each sequence level has a storage qualifier that
specifies the states that are to be stored.

Enable/Disable: Defines a window of post-trigger storage. States stored
in this window can be qualified.

Prestore: Stores two qualified states that precede states that are stored.
Tagging State Tagging: Counts the number of qualified states between cach

stored state. Measurement can be shown relative to the previous state
ar relative to trigger, Maximum count is 4.4 x 102,

Time Tagging: Measures the time between stored states, relative to
cither the previous state or the trigger. Maximum time between states is

" 48 hours,
With tagging on, the acquisition memory is halved; minimum time
between states is 60 ns.
Specifications and Operating Characteristics HP 16510B
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Symbols

Timing Analysls

Transitional
Timing Mode

Glitch Capture
Mode

HP 16510B
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Pattern Symbols: User can define a mnemonic for the specific bit
paitern of a label. When data display is SYMBOL, mnemonic is
displayed where the bit pattern occurs. Bit pattern can imclude Os, 1s,
and don't cares.

Range Symbols: User can define a mnemonic covering a range of
values. Bit pattern for lower and upper limits must be defmed asa
pattern of Os and 1s. When data display is SYMBOL, values within the
specified range are displayed ‘as mnemonic + offset from base of range.

Number of Pattern and Range Symbels: 100 per analyzer. Symbols can
be down-loaded over RS-232C.

Sample is stored in acquisition memory only when the data changes. A
time tag stored with each sample allows reconstruction of waveform
display. Time covered by a full memory acquisition varies with the
number of pattern changes in the data.

Sampie Perlod: 10 ns.
Maximum Time Covered By Data: 5000 seconds.
Minimum Time Covered By Data: 1024 ps

Data sample and gfitch information stored every sample period.

Sample Period: 20 ns to 50 ms in a 1-2-5 sequence dependent on
s/div and delay settimgs.
Memory Depth: 512 samples/channel,

Time Covered by Data: Sample period x 512,

Specifications and Operating Characteristics
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Wavetorm Display Sec/div: 10 ns to 100 s; 0.01% resolution.

Delay: —2500 s to 2500 s; presence of data dependent on the number
of transitions in data between trigger and trigger plus delay
(transitional timing).

Accumulate: Waveform display is not erased between successive
acquisitions.

Overlay Mode: Multiple channels can be displayed on one waveform
display line. Primary use is to view summary of bus activity.

Maximom Number Of Displayed Wavelorms: 24

Time Interval Channel to Channel Skew: 4 ns typical.
Accuracy

Time Interval Accuracy: + (sample period + channel-to-channe! skew
+ 0.01% of time interval reading).

Trigger Asynchronous Pattern: Trigger on an asynchronous pattern less than
Specification orgreater than specified duration. Pattern is the logical AND of
specified low, high, or don’t care for each assigned channel. If pattern
is valid but duration is invalid, there is a 20 ns reset time before looking

for patterns again.

Greater Than Duration: Minimum duration is 30 ns to 10 ms with 10 ns
or 0.01% resolution, whichever is greater. Accuracyis + O nsto —20
ns. Trigger occurs at pattern + duration.

Less Than Duration: Maximum duration is 40 ns to 10 ms with 10 ns or
0.01% resolution, whichever is greater, Pattern must be valid for at
least 20 ns. Accuracy is + 20 ns to —0 ns. Trigger occurs at the end of
the pattern.

Glitch/Edge Triggering: Trigger on glitch or edge following valid
duration of asynchronous pattern while the pattern is still present.
Edge can be specified as rising, falling or either. Less than duration

forces glitch and edge triggering off.

Specifications and Operating Characteristics HP 16510B
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Measurement
and Display
Functions

Autoscale (Timing
Analyzer Only)

Acquisition
Speclfications

Labels

indicators
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Autoscale searches for and displays channels with activity on the pods
assigned to the timing analyzer.

Arming: Each analyzer can be armed by the run key, the other
analyzer, or the Intermodule Bus,

Trace Mode: Single mode acquires data once per trace specification;
repetitive mode repeats single mode acquisitions until stop is pressed
or until time interval between two specified patterns is less than or
greater than a specified value, or within or not within a specified range.
There is only one trace mode when two analyzers are on.

Channels may be grouped together and given a six character name. Up
to 20 labels in each analyzer may be assigned with up to 32 channels
per label. Primary use is for naming groups of channels such as
address, data, and control busses.

Activity Endicators: Provided in the Configuration, State Format, and
Timing Format menus for identifying high, low, or changing states on
the inputs. .
Markers: Two markers (X and 0) are shown as dashed lines on the
display.

Trigger: Displayed as a vertical dashed line in the timing waveform
display and as line 0 in the state listing display.

Specifications and Operating Characteristics
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Marker Functions

Run/Stop
Functions

Data Display/Entry

Time Interval: The X and 0 markers measure the time interval between
one point on a timing waveform and trigger, two points on the same
tuning waveform, two points on different waveforms, or two states
(time tagging on).

Delta States: (State Analyzer Only) The X and 0 markers measure the

number of tagged states between one state and trigger, or between two
states.

Patterns: The X and 0 markers can be used to locate the nth
occurrence of a specified pattern before or after trigger, or after the
beginning of data. The 0 marker can also find the nth occurrence of a
pattern before or after the X marker,

Statistlcs: X to 0 marker statistics are calculated for repetitive
acquisitions. Patterns must be specified for both markers and statistics
are kept only when both patterns can be found in an acquisition.
Statistics are minimuam X to 0 time, maximum X to 0 time, average X to
0 time, and ratio of valid runs to total runs.

Run: Starts acquisition of data in specified trace mode.

Stop: In single trace mode ar the first run of a repetitive acquisition,
STOP halts acquisition and displays the current acquisition data. For
subsequent runs in repetitive mode, STOP halts acquisition of data and
does not change curreat display.

Display Modes: State Jisting; timing waveforms; interleaved,
time-correlated listing of two stete analyzers (time tagging on);
time-correlated state listing and timing waveform display (state listing
in upper half, timing waveform in lower half, and time tagging on).

Timing Waveform: Pattern readout of timing waveforms at X or 0
marker.

Bases: Binary, Octal, Decimal, Hexadecimal, ASCII (display only), and
User-defined symbols.

Specifications and Opérating Characteristics HP 16510B
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Auxillary Power  Power Through Cables: 2/3 amp @ 5V maximum per cable.

Current Draw Per Card: 2 amp @ 5V maximum per HP 165108
T

Operating Temperature: Instrument, 0 to 55° C ( +32 to 131° F). Probe lead sets
Environments and cables, 0 to 65° C (+32to 149° F).

Humidity: Instrument, up to 95% relative humidity at +40° C
(+122°F).

Altitude: To 4600 m (15,000 ft).

Vibration:

Operating: Random vibration 5-500 Hz, 10 minutes per axis, =03 g
(rms).

Non-operating: Random vibration 5-500 Hz, 10 minutes per axis,
=241 g (rms); and swept sine resonant search, 5-500 Hz, 0.75 g
{0-peak), 5 minute resonant dwell @ 4 resonances per axis.

HP 18510B Specifications and Operating Characteristics
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Timing Trace Specification 5-27

Timing Waveforms 6-1, 7-10

Trace Specification 57
microprocessor

meastrements 14-1
microprocessor supported preprocessors  14-2
Mixed Mode Display

State/State 6-17

Timing/State  6-16
mouse 3-1

Using the 3-1

N

name
analyzer 3-7/3-8,52
label 5-10
symbol 5-17
normal
cdock 524

numeric eatry
How to enter 3-6

o

Occurrence Counter C-4, 5-50
off-screen pods

toview 59
operating charactenistics C-2

operating environment  A-§, C-9
Overlapping Timing Waveforms 12-15
OverlayMode C-6
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find 5%
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specifying  3-13
State Trace 5-67
symbols 518
Patterns Fields 565
Per Level 5-58
pod
thresholds 2-8,5-12
pod clock 523
pods 2-4,55
ground 2-6
thresholds 3-6
user-defined threshold  5-13
polarity 511
pop-up menus 3-3
howto close 34
options 3-4
power requirements  A-1
preprocessor module  14-1
Prestore C-4, 5-64 '
print 5-5
all 55/56,13-2
cancel 5-5
options 131
screen 5-5/5-6,13-2
probes 2-4/2.5,C-1
cable 2-5
dynamic range C-2
ECL threshold preset C-2
grabbers 26
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input RC C-2
maximum input voltage 2-8, C-2
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minimum input overdrive C-2

minimum swing C-1

pod assembly 2-4

threshold accuracy C-1

threshold range C-2

threshold setting C-2

TTL threshold preset C-2
probing

general purpase  2-3

‘HP16510B System  2-4

options 2-1

termination adapter 2-3

Q

qualifer C-4,5-44
branching 549
storage 549

Qualifier Field 5-65, 5-67
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range ,

recognizers C4

State Trace 567
red dotted line  7-10
Repetitive

State Trace Mode 5-35

Timing Trace Mode 5-28
repetitive comparisons  9-7-
Replacing Waveforms (State) 10-5
resolution

timing display 7-11
Restart 5-57
roll

data 3-9
Run 57, 5-28,5-55
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cancel 57
Run/Stop Fonctions C-8
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s/Div (scconds-per-division) 6-8
Sample Period 6-3
glitch C-5
transitional C-5
Saving Compare Images 9-8
secondary branching  5-58
Selecting a Waveform {State) 10-2
Selecting Samples per Division (State) 10-6
Sequence Levels C-4, 547
setup time C-1
signal line loading 2-8
Single
State Trace Mode 5-55
Timing Trace Mode 5-28
slave clock 5-25/5-26
specifications C-1
State Mode C-1
Timing Mode C-2
specifying cdges 314 -
specifying patterns  3-13
st/Div (states-per-division) 10-1, 10-6
starting the printout  5-5, 13-2
State Analyzer
Problem Solving with  8-1
state dock 35
State Counting 5-63
State Format Specification 58
State Listing menu  3-9, 6-10
state tagging C-4
State Trace Specification menu  5-43
State/State Mixed Mode Display 6-17
storage
module A-6
Storage Macro  5-50
storage qualification C-4
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Storage Qualifier 5-49
Symbol Name 517
Symbol Offset 5-36
Symbol Table $5-14 .

Leaving the 520
Symbol Width 5-17
symbols C-5, 5-14

base 5-15

label 5-15

pattern -5, 5-18

range C-5,5-18/5-19
System Configuration Menu

returningto  3-3

T

tagging C-4, 5-61, 5-63
termination adapter 2-3
threshold

pod 2-85-12
Time Correlating Data  12-11
time counting 561 :
time interval accuracy C-6
time tagging C-4
Time-Correlated Displays 6-20
timing analyzer

Masking the Measurement  7-12

overlapping waveforms  12-15
Problem Solving with 7-1
Timing Format Specification 5-8

Timing Trace Specification menu  5-27

Timing Waveforms menu  6-1

Timing/State Analyzer
Problem Solving with  12-2

Timing/State Mixed Mode Display 6-16
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Transitional Acquisition Mode C-5, 5-30

Trigger Specification C-6
triggering
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ifying a timing tri by
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user interface 1-1,3-1
Using the State Analyzer 81
Using the Timing/State Analyzer 12-1
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symbol 5-17
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X and O markers
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Statec Waveform 10-6
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