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Introduction

About this
book. . .

Welcome to the new generation of HP  logic ana@erS.  The
HP 165OB/SlE logic analyrers  have been desigued  to be the easiest to
use logic aualyzers  ever. In addition to beii easy to use, these logic
analyzxrs  make a s&&ant contribution to digital measurement
texhology.

That’s why we’d like you to invest your time going through this G&g
Started manual Whether you’re a novice logic analyzer user or just new
to these particular models, this book will give you a working knowMge
of the HP 165OB/5lB so that you can start using it to solve your
measurement problems. It covers:

0 front panel orga&atior~
l how to operate the front panel;
l learuiug  the basic menus;
l howtosetuptheh
l how to make basicmeasurements.

To make the book easier to use, we have put the names of keys
(FORMAT, SELECT etc.) in bold type. And we have highlighted
actions (rotate the knob, press the DISPLAY) in color.

If you are au experienced HP logic analyzer  user but new to this family
of logic anal-  you may feel like going directly to the reference
manual. We’d like you to reconsider and read chapters 1 through 4
first. These chapters will ouly  take a few minutes  and you will find  the
user interface of the HI  165OB/5lB  very friendly and easy to learn.

Don’t worry...we  didn’t try  to cover every feature and function of the
HI’  165OBElB  logic analyzer in this manual That’s the job of your
HP 165OB~5lB  Front-Panel manual

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



1
Introducing the HP1650B/HP  16518

What Are the The HP 165OB/SlB  logic anal-  are new general-purpose logic
HP 1650B and analyzers with improved features to accommodate next-generation

HP 1651B?
design tasks. They are basically the same as their predecessors the
HP 165OA  =d  HP 165lA,  but now have State Compare, State
Waveform, and State Chart modes. They both have HP-IB  capabiIi&
in  addition  to RS-232C.  Both the 80-chanuel  HP  165OB  and the
32-cbamel  HP 165J.B  logic ana&ers  are capable of 100 MHz timing
analysis. TheHP1651Biscapableof25MHzstateanatysiswhitethc
HP MOB  is capable of 35 MHz state analyh  on all  channels. The
HP 165lB,  wbile oniy  having 32 channels, has basically the same
features as the HP 1650B. That%  why you have the same manual set
regardless of whether you have an HP 1650B or HP 16518.

The key features of the HP 165OB  and HP 165l.B  are:

l Transitional or glitch timing  modes
l Simultaneous state/state or state/timing modes
0 lkdecp  memory on all  channels
l Glitch detection on  all channels
0 Maker  measurements
l Pattern, edge, and glitch  triggering
0 Overlappii of timingwaveforms
0 Eight sequencelevek
l Eight pattern  recognhrs
0 Onerangerecogniw
0 Small lightweight probing
l Time and number of states tagging
0 Pre-store
l State Compare
0 State Waveform
0 StateChart

Not all of these feahxes  wilI  be covered in this Getting Started manual.
However,  you can find the details of these and all  the features of the
HP 1650Bfl651B  in the HP 165OBMP  165l.B Reference manuaL

HP lt;sOB/HP  16618 What Is the HP 165OB/HP  1651B?
Getting Started Guide 1-l



Getting Ready If you have just unpacked your new HP  16SOB/5lB  logic analyzer,
to Operate please take a few minutes to completely read this chapter. It teIls  you

how to prepare your  Logic az&nzr for applying power and turning it
on-Ifyouareleaminghowtousethelogicana@eranditisalready
turned on,  start  with with chapter 2 “Getting to Know the Front Panel”.

Initial
Inspection

Inspect the shipp&  amtainer  for damage. If the shipping container or
packaging  materials are m you should keep them until the
contents of the shipment have been checked for completeness and the
instrument has beencheckedmechanicallyand  electrically.

If the contents of the shippii  container have  been damaged or the.
usmment does not operate properly, refer to the service manual.

What Is the HP 1660B/HP  166183 HP 1650B/HP 16518
l-2 Getting Started Guide



Accessories III  addition to ckxking  the inmment  for damage, you should also
check to see that the acccssork  supplied with it are complete.
Acc#soriwcansom~belostintransitwhentheshipping
cOntaineris-

The Fmti-P&  Rejkrence  manual lists al the accessories for the
HP 165OB/5lB  logic ana@xrs.  If any of these  items are missing cmtact
your nearest Hewim-Packard o&e.

Removing Your logic ana@  is shipped with a protefztive  yellow shipping disk in

Yellow the disk drive.  Before you can insert  the operating system disk you must

Shipping Disc
remove the yellow shipping disk.  Press the disk  eject  button as shown in
thefigure.Theyellawshippingdiskwillpopontpartwaysoyoucan
puliitonrofthediskdrive.

HP 165OBIHP  16518 What Is the HP 1650WHP  16!51B?
Getting Started Guide l-3



Selecting the
line Voltage

The line voltage selector has been factory set to the line voltage used in
your countty.  It is a good idea to check the setting of the line voltage
selector so you can become fandiar  with what it looks like. If the
seaiagneedstobechangedffollowthcprocedureinthenext
PW

CAUTION *
You can damage the logic analynx  if the module is not set to the
correaposition

You change the line voltage setting by pulling the fuse module out and
reins-  it with the proper  arrows aligned To remove the fuse
moduk,  carefully  pry at the top center of the module (as shown) until
you can grasp it and pull it out by hand.

What Is the HP 1650B/HP  16!31B? HP 1660B/HP 16618
l-4 Getting Started Guide



Checking for
the Correct
Fuse

If you need to check for the correct fuses,  remove the fuse module and
look at the amperage and voltage of each  fuse. The  followiztg  figure wiR
help you locate the 115 V and 230 V fuses. To remove the fuse  module,
carefuylpryatthttopcenterofthemoduleantilyoucan~pitand
pull it out by hand. (Refer to “Selecting the tie  Voltage” on the
previous page.)

3.8 A FUSE 3.8 A FUSE

HP 1sSOEVHP  16SlB What Is the HP 165oEVHP 16516?
Getting Started Guide l-5



Getting Power The HP 16!5OB/5lB  comes with a Swire  power cable. When you

to the conned  the cable  to an appropriate AC power receptacle, a ground is

Instrument provided for the imrurnent  cabinet. The type of power cable you
receive  with the instrument depends on your munrxy.

WARNING
To avoid possible shock hazard, you must connect the
instrument to a properly grounded 3-wire receptacle.

Operating You may operate your logic ana@er in a normal lab or office
Environment . .environment  without any additional considerations. But don’t block its

venbkma  If you intend to use it in another type of environmeq  you
mustnotexceedcertainiimits.Youcaufindtheselimirsinthe
HP 165OBt!! 16SlB Front-Panel Rtfixnce  manud.

Ventilation You must provide an unrestricted airflow for the fan and ventilation
openings in the rear of the logic anwr.  However, you may stack the
logic analyzer under, over, or in-between other instruments as long as
the  surfaces of the other instruments aren’t needed for their ventilation.

What Is the HP 1650B/HP  1661B? HP 1650B/HP  16518
l-6 Getting Started Guide



Loading the
Operating
System

Before you can operate the logic analyzr, it must transfer its operating
system  from a disk to its memory. This is called “loading the opera@
system” or ‘booting.

The logic analyzer operating system is a set of inslnx3ions  that;contxol
the operation of the instrumea  The operating system resides on a
35-inch  flexible disk. You received  two identical operating system
disks. You should mark one of them Master and store it in a safe place.
Mark the other one Work and use only the work copy.  This will  provide
you with a back-up in case your work copy becomes corrupt.

CAUTION
To prevent  damage to your opcrathg  system disk, DO NOT remox
thediskfnwathediskdrmewhJeitisnmning..yremoveitafterthe
indicator  l ight  has gone out

HP 1650B/HP 16618 What  Is the HP 16!5OB/HP  1661B?
Getting Started Guide l-7



Installing the To load the l&c analyz& operating system, you must  install the disk

Operating as shown below before! you tmn on the power. When the disk snaps into
place, the  disk eject button will  pop out. Now you can turn on the logicSystem Disc e,

The logic analyzer runs a series of self-tests and loads the operating
system before it is ready to be operated.

What Is the HP 1660B/HP 165187 HP 165OMP  16618
l-6 Getting Started Guide



Line Switch ThelineswitchisonthertarpantLYoutPrnonthelogic~rby
pressing the 1 on the rocker switch. Make sure the operating system
diskisinthediskdrivebeforeyou~itoeIfyonfogetthedisk,
don’t worry, you won’t harm  anything.  You will merely have to repeat
thehun-onprocedurewiththediskinthedrive.

Intensity
Control

Once youhave  turned on the instrument, you maywant  to set the
display intensity to a different level that’s more comfortable for you.
You do this by turning the INTEJUSW  cxxttrol  on the rear paneL

HP 165OB/HP  1651B What Is the HP 1650B/HP  1651 B?
Getting Started Guide 1-9



Power-up
Self-Test

When you turn on the logic analyzer, it performs  a series of self- tests.
When it has successf@  completed these tests,  it loads the operating
system into memory from the disk

When the logic analyzer has compkteiy  loaded the operating system it
displays the System Gx@ration  menu as shown below.

System Configuration

U n a s s i g n e d  Peas

-

Note
This is the HP 16SOB  System Format Specifkation  menu. If you have
anHP16518,theonfydifferenceispodlwillbeassignedto~rl
andpod2wiIlbeass@dtoanalyzcr2.‘I%erewon’tbeanypodsinthe
UNASSIGNED area of the  display.

What is the HP 1650B/HP  1651B? HP 1650B/HP  16518
l-10 Getting Started Guide



Summary Now that you have unpadded,  inspected, and begun operating the logic
analyzer,  the next step will  depend on your needs.  If  you are a first-time
logic analyzer user  who wanted to gem  the instxument  running before
reading FeeZing comfortcrble  with  Logic- you should  read it
now. If you are famibr  with  logic analysis,  read either the rest of this
Getting Started  Guide or the HP I6SOBHP 16518  Fmnt-PaneI  Rtfermce
Manual.

I.nataskfomattbisGeWgS&uWGui&teachesyontheba&sof
how to operate the front  panel aud  cxm@ure  it for basic kasuremen~

TheHP  1650B~WP  16SlB Front-Panei  Rgfemce  manual describes aR
the front-panel and programming functions  of the logic amlyzrs.  ‘Ihe
KP 16SOB/HP 16XB Pqmmming  Refemce  manual tcksdes the
prognrmming  commands and conventions for the logic analyzers. Once
you feel comfortable with the basic operation of the  front panel, use
this book

HP 1650B/HP  1651B What Is the HP 165OBAlP  166183
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2
Getting to Know the Front Panel

Introduction The HP 165OB/5lB  logic analyam  have been designed to be very  easy
to use. The controls are locatedlogically  by function so you can learn
how to use them quickly and easily.

This chapter breaks down the front panel into these functionztl  areas
and gives you an ovetiew  of each  area.

Front Panel The functtional  areas of the front panel  are: display, MENU, keypad,

Organization CURSOR, ROLL and disk drive.

DlS!UY ME.NU DISO  .DRVE

1650IEX29

HP 1650B/HP 16518
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CUrSOr The CURSOR is a movable indicator on the display that allows you to
access desired fields in each  mtpla.  It changes the field where it resides
from the normal white backgound  to the dark backgromd  (inverse
video). The KNOB moves the cursor to the field (function) you wish to
use. You aakate  the field (fun&m)  by pressing the SELECT key.

ml- STATE FOCI*1  SPECIFICATION

CLOCK

&Fqgqg$g=j

ICllVllS  2 --ttt--2rttttt:t r-ttfttzttttttrt ttfttrtttftrtfrt
.aae1  PO1 15 . . . E7 . 0 15 . . 67 . c 15 87 . . 0

“I  /-
-Olf-
3-OfI-
-Oll-
-01  f -
-011-

3

-01 l-
-011-

MENU EXAMPLE
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\
1 CURSOR I

cl
SELECT

M E A S U R E M E N T  EX4MPt.E
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Keypad me ktpad  ~IOWS  YOU to  start and  stop data  aquisitim  a~ Wen  BS
enter alphanumeric data Also iu  the keypad area are the DON’T
CARE aud  CLEAR ENTRY keys.

!

Numeric Entry 0S

HP 165OB/HP 1651B
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Roll When pact of the data display is off screen, the  ROLL keys dehe
which way the KNOB will move the displayed data. You will  use these
keys and the KNOB to roll displayed data up/down  or left/right to view
data that is off s&em.

t - STITE  Form7  sPECIfIcnTIffl (SDeclfy  sybOlS  ]

CLOCK
JA

Rctivity  >
LItbe  P0l

a i
9 El+

-Ofl-
- O f f -
- O f f -

iii

- O f f -
-olf-

-ofl-
-Dfl-

- O f f -

- o f ? -

POD 4
1 TTL 1
L Clock I

-,ttt--tt%tttttt
IS . . 87 . . 0

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

................
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Menu TIE  MENU area cmtak  keys that give YOU access to the four major
menus  of the logic analyzer.  You use this  area to:

HP 1650WHP  1651B
Getting Started Guide

r
: Pccess disc drive functions

and set up me analyzer for
use with a printer or
CQntroner.

Choose how the acquired data will be
wayed

I
l Specify how and when each analyzer type till acquire data

for your measurement.

Select the timing/state format specifaion  menus where you
assign names to channels

Getting to Know the Front Panel
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Display The display &OVVS  YOU the BMSUS  for conf@hg  the logic analyzer and
the results of your measurements.

/
!  650lEX29

MENU MAMPLE

Getting to Know the Front Panel
2-6

MEASMEMENT  DCAMPLE

HP 16!5OB/HP  16518
Getting Started Guide



Disk Drive The  logic analynx uses the disk drive every time you torn  on the logic
analyzer to load its operating system. The disk drive uses 35-iich
5exibledisks.Youmnalsousethediskdrivetostoreinstmmnt
colons, squired data, and inverse assemblers for later use.
Complete details on the disk drive and its functions can be found in the
Ii?’ 165OBlINp  16SlB  Font-Panel  R&rwue  mamd

Summary Now that you are acquainted with the front panel organization, you will
be able to decide where you want to go next  If you are just star&g  to
learn logic analysis, you should read this entire manual. If you are
expeienced in logic analy&, you should continue to read chapkrs  3
and 4 to become more familiar with  the operation of the  front  panel
before you turn  to the reference manuaL These chapters will show you
how easy the HP 16SOB/5lB  logic ax&zers  are to operate.

HP 1650WHP  16518 Getting to Know the Front Panel
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3
How Do I Use the Front Panel?

Introduction In this chapter you will leam how easy the  HP 165OB/SlB  logic
analper  front panel cctntrols  are to use. You will also learn the front
panel by following self-paced exercises.

ThischaptwstartsyonoffinthesystMnconfigurationmenqthtsame
place the logic analyzer  starts  after you turn  it on. You will learn how
easyitirtogttinandoutofthismmu.Youwinaisolearnwbatthe
shapes of the menu fields mean

Don’t be  concerned about not seeing measurement examples in this
chapter. You will  see them in chapters 5 through 8.

HP 1650BIHP 16518 How Do I Use the Front Panel?
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Menu Field
Convent ions

Before starting to work with the menus,  you need to know the two
menu field conventions. This allows  you  to quickly recognize what type
of action will occur when you select a 6&i.

There are two shapes that you should become famibar  with:  rectangles
with square comers and  rectangles with rounded comefs

When you select  a field with square comers, it pops up and lists two or
moreitems.Youmustselectasi@eitem.

Fields with rounded comers will  either execute the function
immediately or pop up  with a list of multi$le  items that you must
Spedfy.

/

Spstem  Conflgurouon

P O P - U P  M E N U

I
IYMrnlKrE  ExEcuTE  OR

MULTIPLE ITEM FIELD
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Your First Step Whenyouturnonthehgicana+craudtheopcrahgsystemhas
hished  loading, you will see the System Co&uration  menu. Notice
the cursor is in one of the fields in this men& Operating the
HP  16SClB/5lB  front panel is like leaning to drive a car.

Type: roT(

, - - .

lJnass1gnra  POOS

PO0  2

--m----s------_

Es/

Pod  5
- -  - -

----- - --__
Pod  4

To “drive” around the menu, turn the KNOB and watch the cursor
move  from field to field. Most of the logic ana@r  operation is
accomplishcdbyplacingthccursor on the fieJd  youwant  to interact
with and pressing the SEJXCT  key. Depending on the field type
&mediate execute or pop-up) pressing SELECT wiIl  either execute a
function or open a pop-up menu.

Note
This is the ZIP 165OB  System Format Specification menu If you have
an HP 165lB,  the only difference is pod 1 will be assigned to ana@er  1
andpod2~beassignedtoanalyzer2Therewon’tbeanypodsinthe
UNASSIGNED area of the  display.

HP 165OWHP 16518 How Do I Use the Front Panel?
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Returning to
the System

When you leave the System Colon  meny  you can return  to it at
anytime byfollowingthese  steps

Configuration
Menu 1.  Press either the FORMAT, TRACE, or DISPLAY key. You now

seeanewmenuAUthrteofthesemenushaveafieldinthenpper
left comer. This field will display either MACHINE 1 or
MXHINEtdependingonhowthelogic~wasumfigured.

2. Place the cursor  on this 6eld  and press SELUX  You will see the
following pop-up menIL

3. Place the cursor on System and press SELECI’.  You will be
returned to the System ConFguration  menu

How Do I Use the Front Panel? HP 165OWHP  16518
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Exploring the
System
Configuration
Menu

Now is a good time to explore the System configuration  me~lu  by
driving the cursor around and pressing SELECT. Don’t worry,  you
can’t hurt anythhg  because no matter what field you select you will
hWCiUllSSpi3yOU.t.

For example, select  the Name: MACHJ.NE  1 field, and you will see a
papapthatyoucanusetonameanalyternumbnLInthispopup
mennyonwinseeafieldnamedDonethatletsyougetoatofthismenu
and back to the System Co&guration  menu where you star&d.

IfyoaselectAuto-scPle,theiogic~willdisplayapopapwith
the choices of Cancel and Continue. The Cancel allows you to change
your mind before the au&scale  is executed. This is handy became
auto-scale will change  your previous con@urations  -

If you select Coutime,  the logic analyzer will display the TIMING
WAVEFORMS menu However, if there is no signal activity at the
probes, the Waveforms menu wiIl  not display data and the label to the
left of the waveform area will be slf-.

To get back to the System Co&gu&on  menu after execnting
Autd

L Place the cursor on the field in the upper left corner and press
SELECT.

2 Place the cursor  on System in the pop-up and press SEIECT.  You
will  now be back in the System Configuration menu.

HP 1650B/HP 16618 How Do I Use the Front Panel?
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ClOShlg  POP-UP  ~Pprcvious~~youdosedtheAlphaEntrypojFupbyusingthe

Menus Done field. But,  what if there is no Done in the other fields? Fields that
don’t bave  choices like  Done, Can&  or Exit wiIl  close automaticaliy
when  you make your sekction.  For example, you have used this type of
pop-up to get back to the System &nfigwation  menu

To see  another example of a popup  that automatic.ally  doses, fallow
thesesteps

L Rotate the  JCNOB  until the cursor is on the OtFficld  in the
ANALYZER 2 field, tbcn  press SELECT. You will now see the
folloklg  pop-lqx

Unsrrigma  Peas

F-00 2
- -

_ -- - - - - - -____
ma 3

Ez

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

Poe 4
- -

------m--m--  -_

2. Place the cursor on State and press Select.

The pop-up menu will automatically dose, analyzer  2 is now on and the
type will  be State.

How Do I Use the Front Panel?
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Summary
B

In this chapter you iezsned  what menu the logic analyzer displays once
you have turned it on and where you will usually  start con&ring  the
logic analym once you are ready to make measurements.

The next chapter wiIl teach you the most common  types of popup
menus, which will help you progress towards making  measurements as
explained  in chapters 5 &rough 7.
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Learning the Ba&ic‘Menus
4

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

0 Selector
l AlPhaEntry
a NumericEaty
0 Assigmnent/speci6catioIi

Selector
Pop-up Menu

In the selector type of pop-up rnau you do what the name implies,
make a selection from rwo  or more optious.  The best way to inlroduce
you to a scleaor  type of menu is to lxave you work with  one right away.

Switching You urlll use a selector type of popnp menu to switch between
Between analyzers or get back to the System configuration menu- You can

Analyzers switch tiprs in the FORMAT, TRACE and  DISPLAY menn~,
without having to go back to the System Configuration menu. This is
done easi ly  by fol lowing these  steps:

1. Press the TRACE key. You will now be iu either the TIMING
TRACE  or STATE TRACE SPECIPICATION  menu depending
on what  you did last in the System Con6guration  menu.

HP 1650BIHP  1651B Learning the Basic Menus
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Learning the Basic Menus
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2. Place  the cursor in  the field in  the upper left comer of the menu
and press SELECT.  A popup  menu will appear displaying
System and the current analyzer names (default names are
MACHINElandMACRINEt).Thecursorwillbeonthecurrcnt
anaipzer  -

S stem
rlfcHINE  1

/=

WKHIM  2

/

m Nnile storing  -anystate-
I times

&
Trlaacr  on “mustate’-- 1 [  Run ]

BrafICheS

store "mystate- [ OTT ]
2

count

[ OIf  ]

Prcstcre
r . . . f

3. Move the cursor to the other machine (analyzer) and press
SlXZCTi  The pop-up will close and you will see the
cc3rresponding  menu of the other analyzer on the display.

HP 1650B/HP  16618
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Assigning Pods Anotherselectormenutypeyoutiuseisassign.@poAtothe
analyLcrrToassignpock

L Get back to the System (h&igwation menu (refer to “Returning to
the System configuration  Menu” in chapter 3 if you need a
reminder).

2 Place the cursor on one of the pod fields on the right  side of the
display and press SELZCR  You will see the following menu:

HP 1650B/HP  16518
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Sptn Configuration

nnslyrcr  1 f-  AnalJzer  2 )

3. Place the cursor on Analyzer 2 and press SELEm. The pop-up
closes and your desired pod is  now assigned to analyzer 2

Learning the Basic Menus
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Alpha Entry
Pop-up Menu

l Bothana@crs
l Labels

To learn how this  type of pop-up works, you’ll name analyzer 1
LEARN. However, LEARN will be misspelled when you fin&b
entering it  Do&worry, this is intentional..  You will then be shown how
tocorrectiL

L Get back to the System confignration  menu refer to “Returning to
the System Colon  Mea”  in chapter 3 if you need a
reminder).

2. Rotate the KNOB until the cursor is  over MACHINE 1 and press
SELECIZ

You will now see a pop-up window in the System Configuration menu
as shown in the example.

unsssignca Pods

r
Poe 2

I
---w-m _

---- --

PO0 3

la

- - -  --wm------
- -

Pea 4

--J/------_____
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3. Rotate the  KNOB aad  you will see how the cursor moves within
the pop-up.

CURSOR

) al;;

jO123456789-/‘/ EIEI

[MXHINE  1 1

Note d

4.  Now that you are ready to name analyzer  1, move the cursor so
that it is on the L and press SELJKT.

In the bottom of the @pup,  you will see an L in the far  left  comer of
the bottom box Also notice the under-score marker in&e  bottom box
is now under the A of MACHINE. The under-score marker tells you in
what space in the box your next selection will  be placed.

5. Rotate the KNOB again until you have placed the cursor over the
E, then press SELECT.

You can  also make direct keypad entries. Your selection will be placed
where the under-score marker is in the bar

HP 16!5OB/HP  16518
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6.  Repeat step 5 three more fimes  selecting A, R, and M rmly.

You should now see IBIRMNE 1inthebottomboxSincethisisnot
the name you wanted, change the name.

System Canfigufatim

’ nnrlJzcr 1 ’ c nnaipar  2 ’

N a m e : 1-1

Type:  pziiir-] Type: I?]

Cnut-co’ nIpho  Entry ( D o n e
.

~EcDEFGHIJL~N~P~R~Tuv~~Y~

IOl23456769-tj q a-----___-_.
CLEAP@E I 1

unsssignca  POOS

----  -- ------ - -_-
POE 4

----_________ - -
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Changing Alpha TO make changes or corredions in the Alpha Entry field, place the
Emi= under-score marker under  the character you want to change.

To move the under-score marker to the left, place the cursor over the
left arrow and pres SELECT once for each backspace.

HP 165OWHP 16516
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+ -3] 0 123456789edp  7

E LEARM- 1 3

/
BACKSPACES UNDERSCORE

\
MOMS UNDERSCDRE

MARKER MARKER TD THE RIGHT

To move the under-score marker to the right, you either place the
cursor on a desired character and press SELECT, or place it on the
right arrow and press SELJXX

You cazl  also use the ROLL Keys and the KNOB to move the
underscore marker. To use this  ahernate method:

1. Press the IefUrighht  ROLL key.

2. Rotate the KNOB to place the under-score marker under the
desired character.

3. Press the left/right ROLL keyagain to turn off the ROLL function

Learnjng the Basic Menus
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If you want to erase  the  entire cntxy  and place  the uuder-saxe  marker
atthtbegirmingofthenamebox,presstheCLEARENTRYkeyonthe
front paneL

If you want to replace a cbaracIer  with a space, place the underscore
marker under that character and press the DON?  CARE key on the
front pimeL

.

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

Learning the Basic Menus
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Numeric Entry There are  many pop-up menus  in whi&  you eqter numeric data. The

Menus two major types are:

l Numeric entry with fi⌧ed units (ie. volts)

l Numeric entry with  variable tits (ie. ms, p s, etc)

There are several numeric entry menus in which you only enter the
value, and the units are fixed. One such type of numeric entry pop-up is
the POD Mold Pop-rip  menu.

Besides being able to set the pod thresholds  to either of the preset
thresholds (‘ITL or ECL), you can set the thresholds to a specific
v&age from -9 9 V to + 9.9 V.

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

1. Select either the TIMING or STATE FORMAT
SPECIFICATION menll by pressing  the FORMAT key. It doesn’t
matter whether you are in the TIMING or STATE FORMAT
SPEUFKATION  menu.

2 Rotate the KNOB to place the cursor in the TTL field of any pod
displayed and press SELECT. You will  now see a popup with the
choices, TIL, ECL, and User defined.

LIeal  PO1  1s . . . . 87  . . . . 0
a 1 . . . . . . . . . . . . . . -.j

TIfUN6  FORIW  SPECIFICATION SPPClf  y spo1r
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3. Place the cursor on User DaBned  and press SELECT. Another
pop-up menu will appear as shown.

Pod Threshold (Exit)

You can enter your desired threshold with either of two methods when
the pod threshold popup is open. The first method is to rotate the
KNOB until your desired threshold is displayed- Rotating the KNOB
increments or decrements the value in small inaements.

The second method is to use the keypad, which allows you to change
large values quickly. With the keypad follow these simple steps to enter
-5.0 V for the pod threshold:

4. Enter 5.0 from the keypad. You will see the 0.0 V replaced with 5.0.

Learning the Basic Menus
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5. Press the CHS  (change sign) key on the front paueL  You  will now
see -5.0 in the popup.

Also notice the cursor is iu the upper right comer  of the pop-up over
the operative Exit. When you press SELECT,  the pop-up will close and
your new threshold will be placed  in the Pod field.

.

\ \

tUOKU7
\ ’

cl
ces

Another type of numeric en&y  you will  use reqties  you to speciij the
units as well as the numeric value. The following steps show you how

1. Select the TIMING TRACE  SPECIFICATION menu by pressing
the TRACE  key.

Note #I4 If the STATE TRACE SPECIFICATION menu comes up, refer to
“Switching Between  Analyzers” in thii chapter.

HP 1650B/HP 16518
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2. Rotate the KNOB to pIace the cursor in the 30 ns box within the
present for>  30 ns line and press SELECT. You wiIl  now see the
following pop-up:

3. Enter a new value to replace 30.00 with  the keypad. When you
have entered your desired value, you can change the unirs  type by
rotating  the KNOB.

Once you have selected the new value and the units, close the popup
by pressing SELECT. The new value and the units will now be
displayed in the present for > f ie ld.

Learning the Basic Menus
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Assignment/
Specification
Menus

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

0 fetig+gbitstopods
0 specifyingpattems
0 spedyiugeclges

Assigning Bits’  to The bit assignment fields  in  both state and  timing anal-  work
pods identically.  Before starting this exercise you need to know how the logic

analyzer knows which bits are asigned  and which ones are not
asigned.  The conventi  for bit assignment is:

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

In the following menu cxunple,  bits  0 throngb  7 are assigned to the
label BIT.

HP 16SOB/HP  16516
Getting Started Guide

i-j!- TINPI  FOPmT  SPECIFICRTXCIN S*rcl?g  SylsOlS

LO%1  PO1
p-7
I -off-

El

-Of'-
I -off-
-Off-
-Off-
-or:-

1

-Olf-
-oll-
-Off-

-of?-
-err-
-olT-
-ofT-

I .--1-1.1. -BIT ASSIGNHMT FIELD

Dassignbits

1. Select either the  TIMING or STATE FORMAT
SPECIFICATION menu

Learning the Basic Menus
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2Place.  the cursor on one of the bit assignment fields and press
SELECI:  You will see  the following popup  memo

Note d
If you don’t see any bit assignment  fields, it merely means you don’t
have any pods assigned to this analpr. Either  switch analyzers or
asi&napodtotheaua@eryouareworkingwith.

Learning the Basic Menus
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I
pKmiq  - TII'IINC  FORmI  SPEUFICllllOY (specify Swols  1

3.Rotate the KNOB to place the cursor on one of the asterisks or.
peritxls  in the pop-up and press SELECT. You will notice how the
bit assignment toggles to the opposite state of what it was when
the pop-up opened.

II15 6 7 T**************** I1
4.You  close the pop-up by placing the cursor on Done and pressing

SELECT.

HP 165OB/HP  16518
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Specifying
Patterns

The Specify Patterns  fields appear in several menus in both the timing
and state analyzers Patterns can be specified  in one of seveml number
bases,  however, for now we’ll use hexadecimal (HEX) since it is the
dehult  base.

Before starting this exercise you need to know how the logic analyzr
knaws  which pattern to ignore (doesn’t care about). Whenever you see
an “x* in this type of menu, it indicates a “don’t care.?

To specify patterns:

1. Select  the TIMING TRACE SPECIFICATION menu

2PlacethecursorontheFindPattem field and press
SELECT. You will see the foIlowing  pop-up menu.

HP 1650B/HP  1651s Learning the Basic Menus
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3. Type in 2,3,4, and press the DON’T CARE key. You will see 234X
in the pop-up. This will be the pattern in hexidecimal that you
want the logic analyzer to recognize.

4. Close the pop-up by pressing SELECT.



Specifying You specify edges in tbe TIMING  TRACE  SPECIFICATION menu

Edges by following these steps:

LPres the TRACE key. Switch to the timing analyzer if the STATE
TRACE SPEClFICAlION  menu is displayed.

ZPlacethecursoronthe~findEdge..~ldunderoneofthe
labelsand press SELFCI’.  The following pop-up will w.

p r e s e n t  1or r;l [ 30 ns 1

nsn fina

You will notie  16 periods in the popup  menu Each period represents
an unassigned bit for each bit assigned to the labeL D&t be alarmed if
you have a different number of una&gned bits; it merely means the
mxnber of bits in your label is different than the label in this example.

3.Phce the cursor on one of the unassigned bit periods and press
SE~cr once. You will now see an arrow pointing down.

Learning the Basic Menus
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5.  Move  the  cursor  to  yet  another  masigned  bit  period  and press

You  have just  selected  a positive-going  (  t ),  negative-going  (  C),  and
either  edgt  (Q  for  your  edge  parameter.

6. Place  the  cursor  on  Done  and press  SELECT. The pop-up  will
close  and  you  will  see  the  following  display.

prsaenr  f o r  m i sons I

1nen  rlnE

Eogc l+s..j

Note
When  you close the pop-up after  spedfying  edges,  you  will  see  dollar
signs  ($6  _  .)  in the Then  find  Edge  field  if the logic  analyzer  can’t
display the edges  correctly.  This  indicates  the logic  analyzer  can’t
display  the data  corrtxtly  in the number  base  you  have seleaed.

HP 165OB/HP  16518 Learning the Basic Menus
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Summary In  this chapter you have  learned  some of the most common popup
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 famiiiar  with logic ana@is  and feel you are
comfortable enough with ,@e  HP 165OB/5lB  user interface, you may be
ready for the HP 165OiWlB  Fkont-Panel  R@w

If you are not hmiliar  with  logic analyxxs  or logic analysis,  you should
uultinuewiththisluanllaL

Learning the Basic Menus HP 1650B/HP 166lB
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5
Using the Timing Analyzer

Introduction Inthischaptcryoawilllearnhowtonsethe~~bysetting
apthe~~rtomakeasimplemeasur~entwegiveyouthe
measurement results as actual@  measured by the logic analyzer, since
you may not have the same ckuit  available.

The~cistinthis~pterisor~inataskformat.Thetasksare
ordered in  the same way you will  most  l ikely  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 au
example of each menu after it has been properly set up.

How you use the steps depends on how much you remember from
chapters 1 through 4. If you can set up each menu by just look&  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.

When you have finished configmkg  the logic analyzer for this exercise,
you can load a file from the operating system disk. This file configurw
the logic analyzr  the same way it is con6gured  for this exercise. It also
loads the same data acquired  for this exercise so you can see what it
looksliheonscreen.

In order to learn how to configure the logic analyzer, we recommend
that you follow the exercise to “Acquiring the Data” before loading the
Clefromthedisk.

You  can also compare your configuration with the one on the dish by
printing it (if you have a piinter)  or malting notes before you load the
tile .

HP 1650BjHP  1651B Using ,the liming Analyzer
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Problem
Solving with
the Timing
Analyzer

In this exercise, assume you are designiq  a dynamic RAh4 memory
(DRAM)  controller and you must verify the timing of the row address
strobe (RA!S)  and the column  address strobe (CAS). You are using a
41l6dynamicRAMandthedatabookspecifiesthattheminimumtime
fromwhenLRAsisasserted(gowlow)towhenLcAsisnolonger
asserted (goes high) is 250 ns.  You could use an oscilloscope but you
have au HIP  165OB/SlB  on your bench Sicc  the timing analper  will do
just fine when you don’t need voltage parametrics,  you decide to go
ahead and use  the logic analyzer.

What Am I
Going to
Measure?

Using the Timing Analyzer HP 1650WHP  166lB
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After c&@ring  the logic m and hooking it up to your circuit
under test, you will be measuring the time (x) from when the FCAS  goes
low to when the CAS  goes high,  as shown below.

RAS

CAS 1

1 I lMoAA6



How Do I In order to make this timing measurement, you must configure the logic
Configure the analyzer as a timing an&zer.  By following these steps you will

Logic Analyzer?
cdigurefbdyzer1asthetiminganalyzer.

If you are in the System Chf@ration  menu you are in the right place
to get started and yen  can start with step 2; otherwise, start with step 1.

1. Using the field in the upper left corner  of the display, get the
system Con@uration  menu on screen

a. Place the cursor on the field in the upper left comer of the
display and press  SELECT.

b. Place the cursor on Systun  and press SELECT.

2. ln  the System Gmfiguration  menu, change Analyzer 1 type to
Timing. lf aualyzer  1 is already a timing analyzer, go on to step 3.

a Place the cursor on the Type2 field  and press
SELECT.

b. Place the cursor on Timing and press SELECL

HP 1650WHP  16616
Getting Started Guide
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3.Name  Analpr  1 “DRAM TEST (optional)

a. Piace  the cursor on the Name field of halyzer  1 and
press SELECT.

b. With  the Alpha Entry  pop-up, change the name to “DRAM
TEST”  (see “Alpha Entry Pop-up Menu” in chapter 4 if you
need a reminder).

4Jusign  pod 1 to the thing  an&m.

a. Place the cursor on  the Pod 1 held and press SELECE

b. In the Pod 1 pop-up, place the cursor on Analyzer  1 and press
!!iELEcr.

HP lSSOB/HP 16518
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4

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.

Sinceyouwillbeas~PodlbifOtotheRASlabel,youcoMect
Pod 1 bit 0 to the memory IC pin connected to the FUG signaL You
ccmnectPod1bit1tot.heICpincoxmectedtotheCASsignaL

Activity Indicators When the logic analyzer is connected and your target system isnuming,
you will see 1 at the right-most end (least significant bits) of the Pod 1
field in the System Confqurahon  menu. This indicates the RAS and
CASsignalsaretransitioning.

system  conf  1pora:ion

i- poll 1
I

t
k~3lWlY  INOICA..

Unasslgnea  PC&

POC 2

_ _ _ __ _ _ - - - - - - - - -
PO0 3

---_--_------m--

B

POC 4

_______-------__
PO0 5

_____-----------
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Configuring the Now that you have eonfigured the system, you are ready to conf@re

Timing Analyzer thetimiugardpr.Youwillbe:

0 hating two names (labels) for the input signals
0 A+pingthechannek.connectedtotheinputsignals
0 Specifving  a trigger condition

~Displaythe  TIMING FORMAT SPECIFICATION menu.

s.  Press the FORMAT key on the front panel

ZName two labels, one &IS  and one CAS.

a. Place the cursor on the top field in the label column and press
SELECT.

b. Place the cursor on Modify label and press SEIJXX.

Pctiviry )
LIDCl  PO1
RRS +

ElCM +
-Oil- !
- O f f -
-Olf-
- O f f -
-01 ( -

1

- O f f -
- o f f -
- O f f -
- O f f -
-01 f-
- O f f -
-ofr-

POD t
1 lTL 1

--__---------=
1s . 87 . . . 0
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c. With the Alpha Entry pop-up, change the name of the label to
R/S  (see “Alpha Entry Pop-up Menu” in chapter 4 if you need
a reminder).

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

3. Assign the channels ccinn&  to the input signals (Pod 1 bii 0
and 1) to the labels RAS and CAS respectively.

a. Place the cursor on the bit assignment field below Pod 1 and to
the right of &IS  aud press SELECT.

b. Any cctmbiion  of bits may be ass&ed to this pod;  however,
you will want only bit 0 assigned to the RAS label  The easiest
way to assign bits is to press the CLEAR ENTRY key to
un-assign any a&gned  bits before you start

c. Place the ausor on the period under the 0 in the bit assignment
popup and press SELECT. This will  place an asterjsk  in the
pop-up for bit 0 indicating Pod 1 bit 0 is now assigned to the
RAS  labeL  Place cursor on Done and press SELECT’  to close
the  pop-up*

d.AssignPod1bit1totheCASlabelbymovingtheausorto
bit 1 and pressing SELECT.

HP 1660B/HP  16618
Getting Started Guide
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Specifying a
Trigger
Condition

To capture tbe data and then place the data of interest in the center of
the  display of the TIMING WAVEFORMS menu, you need to tell  the
logic analyzer  when to trigger. Since the first event of interest is when
the LRA!3  is asserted (negative-going edge of RAS), you need to tell
the logic ana&er  to trigger on a negative-going edge of the RAS signal.

LSelect  the TIMING TRACE menu by pressing the TRACE key.

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

a. Plact the cursor on the Zhen  6nd  Edge field under the label
RAS, then press SEIdXX.

b. Place the cursor on the. (period) in the pop-up and  press
SELECT once. Pressing  SEXJET onceinthispop-up chauges
a period to Jwbich  indicates a negative- going edge.

c Place the cursor on Done and press SELECT. The popup
closesanda%willbelocatedinthisfieldThe$indicatedaa
edge has been specSed even though it can’t be shown in the
HExbase.

LOB01  ) i Rffi II ChS  j

BOSO a / nox II HCX ]
Find

Pe:trrn I x II x I
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Acquiring the
Data

Now that you have configured  and connected the logic analyzer, you
acquire the data for your measurement by pressing the RUN key. The
logic analyzer will  look for a  negative edge on the RAS signal and
triggerifitseesone.Whenittriggers,thedisplayswitchestothe
TIMING WAVEFORMS  menu.

HP 16SOB/HP  165iB Using the Timing Analyzer
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The RAS  label shows you the FU!S  signal and the CA!3  label shows you
the CA!5  signal Notice the RAS  sipal  goes low at or near the center of
the waveform display area (horizontal center).

Now is  the t ime to load the t iming measurement demo file  from the
disk if  you wish The file  name is  TIMINGDEMO. Follow the
procedure in Appendix B to load the filt.



The Timing
Waveforms
Menu

The TIMING WAVEFORMS menu differs from the other menus you
have used so far in this exercise. Besides displaying the acquired data,
it has menu fields that you use to change the way the aqnired data is
displayed and fields that give you timing answers. Before you can use
this menu to Snd answers, you need to know some of the special
symbols and their functions. The symbols are:

l TheXandO
l Thev�

l The verkal dotted line

The X and 0 The X and 0 are markers you use to find your answer. You place them
on the points of interest on your waveforms, and rhe logic analper
displays the time between the markers. The X and 0 markers will be in
the center of the display when X to trig&r) and 0 to trig(ger) are
both 0.000 s (see example below).

Using the liming Analyzer HP 1650B/tiP 1651B
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The v

The Vertical
Dotted tine

The v tjmverted  triangle) indicates the trace point. Remember, trace
point = trigger + delay. Since delay in this example is O.ooO  s, yon will
see the negative-going edge of the IUS signal at center screen n&x
the’-

The vertical dotted line  indicates the trigger point you spccihd in the
TIMING TRACE SPECIFICATION maa  The vertical dotted line is
at center sueenundcr  the V andis superimposed  on  the
negative-going edge of the RA!3 signal as sha

HP 16!iOB/HP  16518
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Configuring the Now that  you have acquired the IMS  and CAS  waveforms, you need to

Display umfigure  the TIMING WAVEFORMS menu for best resolution and
to obtain your answer.

Display R~OlUtiOn You get the best  resolution by chnging  the S&Div  to a value that
displays one negativtsgoiug  edge of both the IUS  and CAS wavehms.
ScttheSec/Divbyfollowingthsesteps.

l-Place  the cursor on Sec/Div  and press SELECT,  The SecDiv
pop-up appears,  showiug  you the current scthg.

2 While the pop-up is prcsent,rotate  the KNOB until your waveform
shows you only one negative-going edge of  the RA!3  waveform and
one positive-going edge of the CA!3  waveform. (see above). In  this
exampie  uw)  ns  is best.

Using the Timing Analyzer
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Making the
Measurement

What you want to know is how much time elapses between the time
RAS goes low and the tie  CM goes high  again. You wiu  use the X
and 0 markers to quickly find the answer. Remember, you specked
the negative-going edge of the RAS to be your trigger  point; therefore,
theXmarkershouldbeonthisedgeifXtolKg  = O.lfnot,foUow
stepsland

L Place the cursor on the X to Trig field and press SELECT. A
pop-up will appear showing  you the current time from the X
marker to the trigger; h owever, you don’t need to worry about this
numbernow.

2 Rotate the KNOB to plaa the X marker on the negative-going
edge of the RAS waveform and press SELECT.  The pop-up
closesanddisplaysXtoTrig  = 0.000s

3. Place the cursor on 0 to Trig and press SELECT. Repeat step 2
except place the 0 maker on the positive-going edge of the CAS
waveform and press SELECT. The pop-up closes and displays
otolkig=71ons.

HP 16SOB/HP  16518 Using the Timing Analyzer
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Finding the
Answer

Yoaranswercouidbecalculatedbyad~theXtoTrigandOto~
Fz&podon’t  need to bother. The logic  analyzer has already

’ answeranddisplaysitintheTimeXto0 field.

This example indicated the time is 710 ns. Since the data book speciiies
a minimum of 250 ns,  it appears your DRAM  controller circuit is
designed properly.

Using the liming Analyzer HP lsSOB/HP 16518
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Summary You have just learned how to make a simple timing measurement with
the HP 16!iOB/5lB  logic analyzer. You have:

0 specified a timing analyzer
l assignedpodl
0 assignedbits
a assignedlabels
0 spedled  a trigger condition
0 learned which probes to connect
l aquircdthedata
l umfigured  the display
l set  the SeJDiv  for best resolutions
l positioned the markers for the measurement answer

Youhavescenhoweasyitistousethetiminganalyzertomaketiming
measurements that you could have made with a scope. You can use the
timing analyzer for any timing measurement that doesn’t require
voltage paramenics  or doesn’t go beyond the accuracy of the timing
analyzer .

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

HP 165OBRIP  16518 Using the Timing Analyzer
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6
Using the State Analyzer

Introduction InthischaptMyouwilllearnhowtousetbestateanalyzerbyseaingup
the logic analyzer to make a simple state measurement. We give you the
measurement results as acNany  measured by the logic analyzr,  since
you may not have the same circuit available.

Theexerciseiathischapteris~inataslrformat.Thetasksare
in the same or&r you will most likely use them once you become
experienced. The steps in this format are both numbered and lettered
The numbered steps state the step objective.  The lettered steps explain
how to accomplish each step objective. There is also an example of
each mum  after it has been  properly set up.

How you use the steps depends on  bow much you remember from
chapters 1 through 4. If you can set up each menu by just looking at the
menu picture, go ahead and do so. If you need a reminder of what steps
to perform, follow the numbered steps. If you  still need more
information  about “how,” use the lettered steps.

When you have finished con@ukg  the logic analyer  for this exercise,
you can load a file from the operating system disk. This file con@ures
thelogicanalyzerrtheewayitisconfiguredforthisexerdse.Italso
loads the same data acquired  for this exercise so you can see what it
looks like on screen.

In order to leam how to copfigure  the logic analyzer, we recommend
that you follow  the exercise to “Aquiring  the Data’ before loading the
file from the disk

You can also compare your configuration with  the one on the disk  by
printing it (if you have a printer) or making notes before you load the
f i le .

HP 1650B/HP  1651B Using the State Analyzer
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Problem
Solving with
the State
Analyzer

In this example assume you have designed a microprocessor controUed
circuit  You have completed the hardware, and the software designer
has completed the software and programmed the ROM (read-only
memory). When you turn  your circuit on for the tit  lime, your circuit
doesn’t work properly. You have checked the power supply voltages
and the system clock and they are working properly.

Since the circuit has never worked before, you and the software
engineer aren’t sure if it is a hardware or software problem, You need
to do some testing to fI.nd  a solution

What Am I
Going to
Measure?

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

When you power up a 68KKl  microprocessor, it is held in reset for a
s-c  length of time before it starts doing anytbiug  to smbilize  the
power supplies. The time the microprocessor is held in reset ensures
stable levels (states) on ail  the devices and buses in your circoit.  Wheo
this reset period has ended, the 68000 performs a specific  routine
called “fetching t6e  reset vector.”

The Srst  thing you check is the time the microprocessor is held in  reset.
You fmd the time is WITCCL  The next thing to check is whether the
microprocessor fetches the reset vector properly.

The steps of the 68000 reset  vector fetch are:

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

2 Find  the first address location in memory where the
microprocessor fetches its first instructiox~  This is also specified
by you and stored in ROM at address locations 4 and 6.

Using the State Analyzer HP 16SOB/HP  16518
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What you decide to Snd  out is:

L 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 kmk  at for the
address where its  first insbuction  is stored in ROM, and is the
instmdioncorrect?

HP 165OBIHP  1651B
Getting Started Guide

3. Does the micropr- then go to the address where its first
iIlsmaionisstored?

4. Is  the executable inshu~on stored in the first instruction location
comet?

Your measuremw  then,  requires verification of the sequential
addresses the ticroprocessor  looks at, and of the data in ROM at
these addresses. If the  reset vector fetch is correct (in this example),
you will see the following list of numbers in HEX (default base) when
your measurement results are displayed

+tUlOOoOOOOOOO
+ooOl  NlOOO2  04FC
+OOCI2OWO4WOO
+0003OOOOM8048
+0004 008048 3E7C
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How Do I In order to make this stab2  measurement, you must co*e  the logic

Configure the adyer as a state analyzer. By following &se  steps you-kill  configke

Logic Analyzer?
Anaiyzcrlasthesfateanaljzex.

If you are in the System configuration  menu you are in the right  place
to get  star&d  and you can start  with step 2;  otherwise,  start  with step 1.

1.  Using the field in the upper left comer of the display, get the
System Configuration menu on  saeen

a Place  the axsor  on the field in  the upper left comer of the
display and press SELECT.

b. PAace  the cursor on System and pnss SELECT.

2 In  the Systtm  Configwation  men&  ch24nge  the Analyzer 1 type to
State. If Analyzer 1 is already a state analyzr,  go on to step 3.

a.PlacethecursorontheType: and press SELdDX

b. Place the cursor on State and press SELECI’.

Using the State Analyzer
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3. Name Analyzer 168000STATE(optional)

a. Place the carsor  on the Naw: fkldofAnalyzer1and
presssEm.

b.WiththeAlpbaEntrypopup,c&mgethenameto
6SODOSTATE  (see “Alpha Emy  Pop-up  Menu” in chapter 4 if
you need a reminder).

4.Assignpodsl,2,and3tothestateanalyzer.

a Place the CUTSOT  on the Pod 1 field and pnss  SELECT.

b.InthePod1popup,placethecursaronAnalyzv1andpress
Sm.

c.Repeatstepsaandbforpods2and3.

Using the State Analyzer
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Connecting the At this point, if you had a target system with a 6!3000  microprocessor,

Probes you would connect  the logic a&zcr to your system  Since you will be
assighg labels ADDR and DATA, you conned the probes to your
systemacwrdingly.

l Pod 1 probes 0 through 15 to the data bus lines DO through Dl5.
l Pod 2 probes 0 through I5 to the address bus lines A0 through

AIL
l Pod 3 probes 0 through 7 to the address bus lines Al6 through

AZ.
l Pod l, CLK (J clock) to the address strobe (LAS).

Activity  IndiC&OrS When the logic analpr is connected  and your target system is running,
YOU will see 1 iu the Pod 1.2 and 3 fields of the System Configuration
menu. This indicates  whici signal lines are aansit&ng. -

Using the State Analyzer HP 1650WHP  165lB
6 6 Getting Started Guide



COnfigUring  t h e  Now~tyoubave~~~~bete~youarereadytoconfigure
State Analyzer the state aualyzer.  You will be:

0 Creating two names (labels) for the input signals
l Assighg  the &nmek connected to the input signals
0 Spedyiug the State (J)  clodc
0 Spchfyhgatriggercondition

I.  Display the STATE FORh4AT  SPECIFICATION menu.

a.Prc.sstheFORMATkeyonthefrontpaneL

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

a. Place the cursor on the top field in the label c&nun  and press
SEL?KT.

b. Place the cursor on Modlfj label and press SELECT.

[pismq- stetc f-0-t Spccifitot~oa Soocify  S-01+ )

Clock
Jl

LlbCl  P-01

HP 16!5OBMP  16518
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c With  the  Alpha Entry popup,  change the name of the label to
ADDR (see “Alpha  Entry Pop-up Menu” in  chapter 4 if you
need a reminder).

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

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

a. Place the cursor on the  bit as&meat  field below Pod 1 and to
the right  of DATA and press SELECT.

b, Any combination of bits may already be assigned to this pod;
however, you will want all 16 bits assigned  to the DATA label
The easiest way to assign is to press the CLEAR  ENTRY key to
an-assigned  any assigned bits before you stab

cPlacethecursorontheperiodnnderthe15inthebit
assignment popup  and press SELECT.  This  will place an
asterisk in  the pop-up for bii 15,  indicating Pod 1 bit 15  is now
assigned to the DATA IabeL  Repeat this  procedure until all 16
bits have an asterisk under each bit number. Place the cursor
on Done and press SELECT to close the popup.

cl. Repeat step c for Pod 2 and  the  ADDR label to assign all 16
bits .

e.  Repeat step c except you will  assign the lower eight bits (0 - 7)
of Pod 3 to the ADDR IabeL

HP 165OB/HP  l&518
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Specifying the If you remember from Whafs  a State Analyzer’  in Feeling  Comfomdde

J Clock Wru(LogicRncJyLas,  theaateaualyzrsamplesthe&taunderthe
ccm~ol  of an external clock, which is “!4ynchronous”  with your circuit
under test. lhmfore,  you mast specify which clock probe you will  use
for your measumaent.  In this exercise+  you will  use the J clock, which
is amssiile  through pod L

1. Select the STATE FORMAT SPEUFICAT.ION  menu by
pressingtheFORMATkey.

- 2 Set the J Clock to sample oa a negative-going edge.

a. Place the cursor on the CLOCK field and press SELECT.

b.Placethecnrsoronthe~jnsttotherightofJiothegopap
(labeled OFF) and press  SEUDX

cPhcetheamorm  ~andpressSF3LECI‘.

d. Place the cursor on Dose  aad  press SELECT.

Clock

HP 1650B/HP  16618
Getting Started Guide

Using the State Analyzer
&9



Specifying a
Trigger
Condition

To capture the data and place the data of interest in the center of the
display of the STATE LISTING menu, you need to teIl the state
analyzer when to trigger. Since  the 5rst  event of interest is address
ooo0,  you need to tell the state an&yzer to trigger when it detects
address OOW on the address bus.

1.  Select the STATE TRACE  SPECIPKATION  menu by pressing
the TRACE key.

ZSettbetriggersothatthestatermalyzertriggersonaddress0000.

a Place the cursor on the 1 iu the !3equence Levels field of the
menu and press SEIXCT.

[.]-  SIITE TlAcE SPECIFICRTLOI
‘recc  mec  p3TF-j

Using  the State Analyzer HP 165OB/HP  165lB
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I n s e r t  Lwel Delete Level

mile storing snystste I
[frlOgcrJ1st 1 1 times

ncnen

Of?

ount

k

O f ?

Store

Of7

Lobe1  I
Base  ’  1 wcx  II  Hex  ]

r000000n  0000 I
[xxxxxxll  X x X x  ]
~xxvwtxll]

[Xwmtxlll

J

b. Place the axsor  on the anystate field to the right of the
Trigger on field and press SELECT. Another popup  appears
showing you a list of “trigger on” options. Options a through h
are qualifiers.  You can assign  them a pattern for the trigger
SpXifiCatiOll.
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c. Place the cursor on the a option and press SELECT.

d.  Place the cursor on Done in the Sequence Levels pop-up and
press SELEcr.

e. Place the cursor on the field to the right of the a under the
labclADDRandprcssSELECT.

f With the keypad,  press 0 (zero)  until there are all zeros in the
Spedfy  Patterm  pop-up and then press SELECT

Your trigger  spebkation  now states: While storing anysta&  trigger
on “a” once  and then store  auystatc.”

When

158000ST~TE!-  STATE TtllCE  SPECIfXCRTION

LODOI  > j ADDR  I  DA’IP
sase  ’ 1  NIX  II  wex  1

[ooooccll  0 0 0 0  1
(xxuwrxllj
[xrxlcwll]
[mm/

the state analyzer is  connected to your circuit and is aquking
data,  i t  continuously stores until it sees 0000 on the address
will store anystate  until the analyzer memory is filled.

then it

Using the State Analyzer
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Acquiring the
Data

Since. you want to capture the data when the microprocfzssor  sends
address 0000 on the bus after power-up, you press the RUN key to arm
the state analyzer and then force a reset of your circuit. When the reset
cycle ends, the microprocessor should send address 0000, tr&er the
state analyzer and switch the display to the STATE LXSTING menu

Well assume this iswhat  happens in this example, since the odds that
the microprocessor won’t send address 0000 are vev low.

Using the State Analyzer HP 166OB/HP 16518
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j-6-I- STITC LIST1116

tlarkars  [ 011 1

L(IbLI
Base

- 0 0 0 7
- 0 0 0 6
- 0 0 0 5
-0004
- 0 0 0 3
- 0 0 0 2
- 0 0 0 1
EEE3
4001
+0002
+0003
a004
*oos
-006

:
006936 BOX
00692E 6lFP
0 0 6 9 3 0 Box
0004F4 w o o
0004F6 0930
OoB92P 4EFR
00692C FFPR
000000 0000
0 0 0 0 0 2 OIFC
0 0 0 0 0 4 0000 RESET VECTUR FETCH ROUTME
0 0 0 0 0 6 6046
0 0 6 0 4 6 2L7C
OOBO4a 0000
00BrJ4c 04rc

+0007 OOBCWE 6106
+oooB 00B050 6100

Now is the time to load the state measurement demo file from the disk
if you wish The file  name is  STATEDEMO. Follow the procedure in
Appendix B to load the iilei.



The State
Listing

The  state listing displays three dnnns  of numbers as shown:

HP 16!5OB/HP  16518 Using the State Analyzer
Getting  Started Guide 613

I6eooos‘mrE7-  SlllE  LISTIN

nsrltcrs 1 Olf  J

L;m: ; iy$ylj:]

- 0 0 0 7 ow935 90X
-0005 OW92E
+oas 008930
- 0 0 0 4 0004F4
-0005 0004F6
- 0 0 0 2 ow92a
-0001 ow92c
&g 000000
*oooI 000002
+0002 000004
+ooos 0 6 0 0 0 6
+0004 006046
+ooos OOw4R
MOOI OOm4C
a007 00604E
+0306 008050

61FA
BOX
0000
(1950
4EfA
FF94
0000
04FC
0000
So46
2E7C
w o o
04FC
6106
6100

The first column  of numbers are the state line number locations as they
relate to the trigger  point. The trigger state is on line + 0000 in the
vertical center of the list area. The negative numbers indicate states
occurring before the trigger and the positive nuphcrs  indicate states
ocmrring  after the trigger.

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

,

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



Finding the Youranswerisnowfoundinthelistingofstates  +WOOthrough  +OOW.

Answer
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The 68000 ahva~ reads address loca!ions  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, hc  must put the stack pointer location at address
locationsOand2.Oisththighwordlocationand2isthelowword
locatiox~ Similarly, the high word of the instruction fttch location must
beinaddresslocation4andthelowwordinlocation6.

Since the software design calls for the reset vector to:

1. set the stack pointer to 04FC

2. read memory address location 8048 for its first instruction fetch,

you are interested in what is on both the address bus and the data bus
in states 0 through 3. You look at the following listing and see that
states 0 and 1 do contain address locations 0 and 2 under the ADDR
label, indicating the microproc&or  did look at the correct locations
for the stack pointer data. You also see that the data contained in these
ROM locations are OOUO and O4FC, which arc uxreu.

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
locationsisOOOOand8O48,whichisalsocorred

+CXM.M0000000000
+ooO1OOOOO2 04FC
+WO20000040000
+WO3OOOOO68048
+Im4  oct8048  3E7C

HP 1650B/HP  1651B
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So far you have verified that the microprocessor has correctly
performed the reset vector scar&  The next thing you must vcriQ  is
whetherthemicropr-addresscstheconcctiocationinROM
thatitwasinsuuctedtoaddressinstate4andwhetherthedatais
correct in this ROM location. From the listing you see that the address
instate4is008048,whichiscorrecfbnttheinsauctionfonndinthis
location is 2E7C,  which is not cor~ct. You have found your problem:
iucorre.ct  data stored in ROM for the microprocessor’s first instruction.

+ooao clomo oooo (high  word of stackpointerlocatioll)
+CMIOl  WOO2 04FC  (lowword  of stack pointer location)
+t3lO2  000004  OOOO@ighwordofhructionfetchhxation)
+0003 000006  8048 (lowword  of instruction fetch location)
+0004 008048 2EVC (first microprocessor instruction)

-0007 oowS6 B O W
-0006 oOw2E 61Cfi
- 0 0 0 5 0 0 6 9 3 0  WK
- 0 0 0 4 OOMF4 w o o
- 0 0 0 3 0004F6 0930
-0002 00092a 4EFa
-000 1 00692c FFPP
B o o o o o o 0 0 0 0
+I3001 0 0 0 0 0 2 O4FC
+0002 owoor  oooi
+0005 0ooo06
+0004 OOm46 E6  INCORRECT WA
+ooos 00604cI 0 0 0 0
+ooos 00604c
WOO7 06604E z5
+0006 oowso 6100

HP 1550WHP  15518
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Summary You have just learned how to make a simple state measurement with
the HP 165OB  Logic Anz&er.  You have:

0 specitkd  astate  analyzer
0 learned which probes to connect
l assignedpods1,2,and3
0 assigmdlabels
0 assignedbits
l speci&dtheJclock
0 specikdatriggercoadition
0 acquiredthedata
0 interpreted the state listing

You have seen bow easy it is to use the state analyzer to capture the
data on the address aud data buses. You can use this same technique to
capture and display related data on de microprocessor status, control,
and various strobe lines. You are not limited to using this techuique  on
micxoproccssors.  You can use this technique any time you need to
capture data on multiple lines  and need to sample the data relative to a
systemcl~

The next chapter teaches you how to use the logic analyzer as an
interacxive  timing and state analyzer. You will see a simple
measurement that shows you both tjming  waveforms and state listings
audhowtheyarecorrelated.

If you have an HP 165lB,  you do not have enough channels to
simultaneously capture all  the data for a 68000-  But, since you probably
ardtworkingwith16-bitmiuoprocesso~this  examplekstiU  .
valuable because i t  shows you how to make the same kind of
measurement on an eight-bit microprocessor.

Using the State Analyzer HP 166OB/HP  16618
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7
Using the Timing/State Analyzer

Introduction Inthischapceryouwilllearnhawtorrsethetimingand,stateanalyzers
interactmeybysettingupthelogic~tomakeasimple
measures  We give you the measurement results as actually
measured by the logic analyzx,  since you may not have the same circuit
available.

The exercise in this chapter is  organ&d  differentlythan the exerckes
in the two pvious chapters. Since you&we  already set up both the
timiug  and state aualyzers,  you should be  ready to set them up for this
measurement by looking at  the menu pictures.

Any new set-ups in this exerf5se  will be explained iu  task format steps
like the previous chapters.

How you use the steps depends 011  how much you remember from
chapters 1 through 4.  If  you can set  up each menu by just  looking at  the
menupictare,goaheadand&so.IfyouneedareminderofwhatsteK
to perform,  follow the numbered steps. If you still need  more
information about “how,” use the lettered steps.

When you have hished  codigu+  the logic aualyzer  for this exercise,
yoncanloadafile~omtbeoperatingsrstemdiskThis~econfigurw
thelogicanalyzerthesamewayitisconfiguredforthiswterdse.Italso
loads the same data acquired  for this exercise so you can see what it
looks like on saeen

In or&r to learn how to co&glue  the logic ana&er,  we recommend
that you follow the exercise t8 “Aquiring  the Data” before loading tie
filefimuthedisk.

You can  also compare your co&guration  with the one on the disk by
;$&ng  it (if you have a printer) or making notes before you load the

.
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Problem
Solving with
the
Timing/State
Analyzer

In  this example assume you have designed a microprocessor-controlled
circuit. You have wmpleted  the hardwine,  and the sofiware  designer
has completed the  &ware  and progmnmcd  the ROM (read-only
memory). when  you tum your  c&&t on for the first  time, your c&&t
doesn’t work properly. You have &e&cd  the power supply voltages
and the system  clock,  and they are working propexly.

Smce  the circuit has never worked before, you and the software
engineer aren’t sure  if it is a hardware or sofhvare  problem. You need
todosometes@toSndasolution.

You also notice the circuit fails intenCttentlyy.  More specifically, it only
fails when the microprocessor attempts to address a routine that  starts
at address 8930,

What Am I
Going to
Measure?

To see what might be causing the  failure, you d&de  to start where the
microprocessor goes to the routine that starts at address 8930.

The fust  thing you check is whether the microprocessor actually
addresses address 8930. The next thii you check is whether the code
is correct iu all the stepsin  this routine.

Your measuremen&  then,  requires verificatim  0E

l whether the microprocessor addresses location 8930
l whether all  the addresses within the routine are correct
0 whether all the data at the addresses in  the routine are correct

If the routine is correq  the state listing will  display

+0000008930BO3C
+OOOl  008932  6lFA
+ooCn  CM8934  67F8
+03008936BO3C
+OOW  00892E  6lFA

Using the Timing/State Analyzer HP 1sSWHP  16516
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How Do I Inordertomakethk measureme~  you must coafjgure  the  logic
Configure the analper  as a state 2malyzer  because you want to trigger on a specific

Logic Analyzer?
state (8930). You also want to verify that the addresses and data are
correct in  the states of this routine.

HP 1650B/HP  16518
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A

Configuring the Now that you have configured the system, you are ready to configure

State Analyzer thestateallalpr.

Cmfigure  the STATE FORMAT SPECIFICATION menu as shown:

Clock
J& I

aclivi
LlDCl
6lOOR
Dam
-oll-
- O f f -
-0(1-

1

- O f f -
-011-
- o f f -
- O f f -
-ofl-
-ml-

tY ’
POI

+

El*

Configure the STATE TRACE SPECIFICATION  menu as shcnwx

t-l- SlnlE TRACE  WECIFICATIIY
-rrece Moe m

soQuoocc LW.1~ Lrmoa oy

nn11e  rtor1ng  ‘snystotr’
Trlggrr  on -a- l tames

1-1

Brsncncs

?I Store ‘onys  tato- 1-1
2

count

1 Time  ]

I prestore

~0aei  x [~DDR UDAT~ 1
Base ’ 1 nax I W‘X  1

[ml]
~xxxxxx~l xxxx  J
~xxxxxxll  x x x x  ]
g?TEZZllJ
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Connecting the At this  point, if you had a target system with a 68000 microprocessor,
Probes yollwouldccmnecl the logic analyzer to your system. Since  you will be

assig&g  labels ADDR and DATA, you will hook the probes to your
system acaxdingiy.

PodlprobtsOthrough15tothedatabuslinesWthroughD15
Pod 2 probes 0 through 15 to the address bus Iines A0 through

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

Pod l, CLX (J clock) to the address strobe (LAS)

Acquiring the
Data

Since you want to capture the data when the microprocesso r sends
address 8930 on the bus, you press the RUN key to arm the state
analyzer. If the microprocessor sends address 8930, it will trigger the
state analyzer and switch &e display to the STATE L.ISTING menu.

Well assume this is what happens in this exzmple.

HP 165OWHP  16518 Using the Timing/State Analyzer
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Finding the
Problem

Youlookatthis~~toseewhatthedataisinstates  +OWOthrough
+ooo4.Youlrnowyourroutiaeisfivestat~long.

The 6MOO  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: *

+oooo  008930 Bo3c
+ooo1  008932 6lFA

+ooo2  008934 67F8
+ooo3  008936 Box
+ooo4  00892E  6lFA

As you compare the state list&g  (shown below) with the above  data,
you not&  the data at address 8932 is incorre.c.~  Now you need to find
out why-

@iizciq- STITE LISTING

narkrrs 1  Olf

Label  >
ease  )

4 0 0 7
- 0 0 0 6
-0005
4004
-0005
- 0 0 0 2
4001
FgiiLiJ
4 0 0 1
MOO2
4.0003
-04
4005
+0006
+ow7
+oooe

00wccI

WWFE
008900

wwcc
CQWCE

4E?5
3000

OOFF
6 7 3 0
480

000254
0002B6
we9io
006952
008954
008936
00892E
0089JO
000284
000286
ooe92FI

0 0 0 0
0 9 3 0
80X
O O F F  - lNCOf?REcl  DAIA
67FlY
80X
6lFA
80X
0 0 0 0
8 9 3 0
4EFe
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your iirst assumption is that incorrect data is stored to this  memory
locatior~  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 vcriij  whether or not the data
at address 8932 is correcl.  The &Ware  desiier tells you that the data
is cmrtct.  Now what do you do?

Now i t ’s  t ime to  look at the hardware to see if  i t  is  causing incorrect
data when the  microprocessor reads &is  memory address. You decide
you want to see what is happening on the address and data bnses
during this routine in the time domain

What Since  the problem exists during the routine that starts at address 8930,
Additional you decide you want  to see the timing waveforms cm the address and

Measurements databuswhentheroutineisnmning.Youalsowanttoseetbecontrol
signals that control the read  cycle. You will then  compare the

Must I Make? waveformswiththetimingdiagnmsinthe68000databook.

Your measurement, then, requires verifxcation  of:

0 correcttimingoft.hecontrolsi@s
l stable addresses and data during the memory read

The control signals you must check arc

0 systemclock
l address strobe (AS)
l lower  and upper data strobes (LDS  and UDS)
0 data transfer acknowledge (DTACK)
l read/write(RW)

HP 165OB/HP  16516
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How Do I
Re-conf igu re
the Logic
Analyzer?

In order to make this measurement  you must re-co-e  the logic
anaivrr.rsoAnalyter2isatimiDg~r.YouleaveAnalyrerlasa
state analyzer since you will use the state z&zer  to trigger on address
8930.

[=I E] unassl9nce Poas

c )

I Poll 1 I .l Poe  4 -l

Connecting the At this point you would connect the probes of pods 4 and 5 as follows:
Timing

l

Analyzer
Pod 4 bit 0 to address strobe (AS)

0 Pod4bitltothesystemcloc.k

Probes l Pod 4 bit 2 to low data strobe (LDS)
0 Pod 4 bit 3 to upper data strobe &IDS)
l Pod 4 bit 4 to the read/write  (R/W)
0 Pod 4 bit 5 to data transfer acknowledge @TACK)
l Pod 5 bits 0 through 7 to address lines A0  through A7
l Pod5biu8throyh15to&talinesDOthroughD?

Using the Timing/State Analyzer HP 1650B/HP 165lB
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COnf igjU  f i ilg the Now that YOU  have configured the -em, YOU  are ready  to configure
Timing Analyzer tk tim& d~r-

Configure the TIMING FORMAT SPECIFICATION mean as shown:

lpijczeq- TINIS  FO‘OPIWIT  SPECIFICRTION Specify S*ols

P O D  5 POD 4

c TTL I : m I
Rctlvlty  ) --------_---_--- --ttt--t*s----t-1s .... 67 .... 0................................................................

El
...................................... ..-0.1.  ..-. ..I..-- ........

1s . . . . 87 . . . . 0
. . . . . . . . . . . . . .*.
. . . . . . . . . . . . . . . .
. . . . . . . . . . . ..- . .
. . . . . . . . . . . .- . . .

El

. . . . . . . . ..-. . . . .

. . . . . . . . . . . -. . . .

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

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

Configure the TIMING TRACESPECIFICA~ON  as shown:
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Setting the
Timing
Analyzer
Trigger

Your timing measurement requires the timing analyzer  to display the
timing waveforms present on the buses when the routine is  running.
Since you triggered the state ana@er on address 8930, you want to.
higgertbetimingana&zrsothetimingwaveformscanbetime
mrrelatedwiththestatelisting.

To set up the logic ana+er so that the state analyzer triggers the
timing  analyzer, perform  these steps

1. Display the TIMING TRACE SPECIFICATION menu

2. Place the cursor on the Armed by field and press SELECT.

3. Place the  cursor on the 6SOOQSTAm  option in the pop-up and
press SELECT.

Your timiug  trace specification should match  the menu shown:

SlWE ANALYZER
AFMS  TIMING m
ANALYZER

Using the Timing/State Analyzer HP 165OWHP le51B
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T i m e Inordcrtotimecorrelatcthedata+theilagicanalprmuststorethe
Correlating the timingrelationshipsbetweenstates.SincethetimingaMiyzersamples

Data
asynchronously and the state ana@zer  samples synchronously, the logic
analyzermustmethestoredtimingrehtiomhipofthedatato
nxm&mct a time ccmelateddisplay.

To set up the logic an&m  to keep track  of these timing relabonships,
turn on a counter in  the STATE TRACE  SPECJFKXTION  menu
The following steps show you how,

1.  Display the STATE  TRACE  SPECIFICATION menu

2PlacethecursorinthefieldjustbelowComtontherightsideof
the display and press SELECT.

3. Place the cursor on the Time option and press SELECT.  The
cormterwinnowbeabletok~baclcoftimeforthetime
correlatia

HP 1650B/HP  16518
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Re-acquiring
the Data

tier you connect the probes of pods 4 and 5 to your circuit, aU yon
havetodoispressRUN.Whenthtlogicanafyzeraq~~thedeta.it
switches the display to the STATE IJSTING menu mless you switched
one of the other menus to the timiig analyzer after reconfiguring  the
STATE TRACE menu Regardless of which menu is displayed, change
the display to the Mixed mode

Now is the time to load the mixed measuremen tdemofilefromthedisk
if you wish. The file name is MIXEDDEMO. Follow the procedure in
AppendixB  to load the file.

Mixed Mode
Display

The Mixed mode display shows you both the STATE LETING and
TIMING WAVEFORMS menus simuhaneously.  To change the
displaytotheMixedmodC

L Place the cursor on the field in the upper lefixmner of the display
and press SELECL

2 Place the cursor on Mixed mode and press SELECT.

Youwillnowstethelnixeddisplaya6sho~

p-]- oisp1q 6noooSTnTE - STITE LfsTxNs

L;af: ; pz--l~Ifj

-0003 008900 3000 1.24 "b
do02 0004F4 0000 1 .24 us
-0001
m

0004F6 6930 1.24 us
008930 WSC 1.24 US

+oOOl 000932 OOFF 1.28 us
-002 000934 67F6 1.24 US
+0003 000936 BOX 1.24 UC

6600OTIfM - lxmfari awEFoew X to Trigger I-24.06  Ys

Using the Timing/State Analyzer HP 16SOBDlP  16518
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Interpreting the IatheMiredmodedisplaythestatelistingisinthetop~oftbe
Display scceeu  and the timing  waveforms are in the lower  halt  The important

thing to remember is that you timf2  correlated this display so you  ux&l
seewhatishappehginthetimedomainduringthehltyroutine.

As you look at  the mixed display,  you notice nothing wrong except  the
data at address 8932  is inconect.  However, you are seeing only one bit
each of the  address and the data. To see all  the data and addresses in
the timing waveform part of the  display, you  must overlap theIlL

HP 166OBMP 16516
Getting Started Guide

I~)-Disclag 66000ST6TE  - STltE  USTINS

“2 : lqgqgqF/
-0003 000900 3000 1.24 "0
-0002 ODO4F4 1.24 US
-Do01 ooo4Fc I.24 US
&j?J W6930 60X I.24 us
+a001 DO8932 WFF I.26 us
rdoo2 oD6934  67Fs 1.24 us
+Doo3 006936 60X I.24 US

66ODDTI= - TInING  mwErDenS
SeclDlv  1-1 Delay  1 0 S 1 0 to Trigger  1-1

L
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Overlapping
Timing
Waveforms

Since  you see nothing wroug  with the timing waveform so far, you
thinknnstabledatamaybeonthe&talincsdntingthereadcycle.Jn
order to see nastablc  data, you must be able to see. all  the data lines
during the read and look for transitions. Overlapping the wa~foms
allows you to  do this .  To overlap waveforms,  follow these steps:

Lpla~the~ontheoOoftheADDRoOlabelaadpress
SELZKT.  The following  popup opens in which you speci&  the bit
or bits of the  address bus you waut  to overlap.

ZRotatethe~OB~~allisdisplayedandprcss~.  Authe
address bits will be overlapped on one he.

3.Rqcatstep2exccptoverlapthedahbits.

Bit select (Done)

all

-0001
r(O000l

0004F6 09930 1.24 "I
000950 WSC I .24 "t

+oOOl 006932 zz 1.28 us
a002 006934 1.24 US
+ooos 006936 wsc 1.24 "I

68000mme - lxruw  nvEForm

StClDiU 1-1 Delay [ 0 f
B

1 0 to Trlygcr  (-1

Using the Timing/State Analyzer HP 165OB/HP  1651s
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Finding the
Answer

Asyoulookattheoverlappingwa9eforms,younoticetherean
~~onthedatatinesd~thereadcycle,indicatingthedatais
unstable. You have found the probable cause of the problem in this
routine. Additional troublcshothg  of the hardware will identify the
actual  cause.

HP 1660B/HP  16518 Using the Timing/State Analtier
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/iiiimodc]-DUr1.y 6w9osTnlE-  51nlE  U.sTING

Label  ' RDDR  II  DRTR  fl  Tlr~
8OLO  > HOx  II HO%  U Rtl

-DO03 ooe900  UKK) 1.24 "0
-DO02 OOOIFI 1.24 us
-DO01 00066
kooool

1.24 "f
008930 BOX 1.24 YS

+DOOl we932 1.2s  US
MDD2 oow34 s 1.24 US
MD03 001956 BOX 1.24 US

w900Rm9 - mum lwEFwl6 X to Trigger j-24.66 US 1

sec/Div  L-1  Delay  jO:J 0  t o  Trigger  IzzxGq



Summary You have just leamed how to use the timing and state analyzn
interactively to End a problem that first appeared to be a software
problem, but ac%uaRy  was a hardware problem.

You have learned to:

0 trigger one.analyzer with the other
0 time correlate measurement data
l interpretthelUi⌧edmodedisplay

l overlap timing waveforms

If you have an HP 165lB, you do not have enough channe&  to
simultaneously capture all the data for a 6WOO.  Bnt,  since you probably
aren’t working with E-bit microprocessors, this exercise is still valuable
because  it shows you how to make the same kind of measurement on an
eight-bit microprocessor.

Using the Timing/State Analyzer HP 1650B/HP  16518
7-16 Getting Started Guide



8
Making Hardcopy Prints

Introduction TheHP  l65W5l.B  L0gicAnalym-s allow you to print the
codigudons,  waveforms, and Wings.  Whenever your printer is
connectedtoyomlogicanaaerandyoninstructittodoso,it~
printwhatisavreatlydisplayedonscreeu.

This chapter shows you how to set up the logic MS  HP-IB  and
RS-232C interfaces for printen  If you have a Hewktt-Packard
ThinkJet,  QuietJet,  or LaserJet series printer with  the RS-232C
interface, the RS-23ZC  interface is already set up for you.

If you have another kind of printer,  refer to your printer manual  for its
interface requirements and change your logic analgzeis  interface
ixndigmtion  as instructed.

Hooking Up
Your Printer

If your  printer is abeady  c.ormMed  to the logic analyzer,  skip to
“Setting RS-2324I  for HP Printers” or “Setting HP-LB for HP Printers.”
If not ,  hooking up your printer  is  just  a  matter of having the correct
HP-IB  or RS-232C  interface cable. Refer to the Font-Punel  Rtfexnce
manual  you rekved with your logic analyzx.

HP 165OWHP  16518 Making Hardcopy Prints
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Setting AU you have to  do to set  the interface for any of the previously listed
RS-232C for HP Hewlett-Packard series  printers with the  RS-232C  interface is to set the

Printers printertyj~inthektendUOPortCo~ration  submenu

To set the printer type, follow these steps:

1.  Display the J/O menu by pressing the J/O  key.

2 Place the cursor on I/O  Port ConQuration  and press SELECT.

YouwiJlseethefollowingsubmemx

Making Hardcopy Prints HP 165OWHP  16518
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F.xtrmal I/D Port ConflguraU*n (oonc)

Printer conncctc~  to 1-1  Controller connected to [HPreI

ES-232-C  Con<iguration
Protocol 1 [rcNnaFj

Data  Bltr  : [Tl

stop 111x  1 j]

Parity : [Nonr]

Baud  ra:o : 196001

lIPI0  bnfigurs  tion
HPIE  LIddress  : r-1

Prinler  Information
Prltlter : ~Gczrl Paper  vldth  : r-1

3. If the Printer connected to field displays RW32C skip to step 4.
Otherwise,place  the axsor in the Printer connected  to HP-JB
field and press SELECT. The Printer  connected to switches from
HP-K@  to RS-232C.

4. Place the cursor on the printer series type and press SELECT.

5. Place the cursor on Done and press SELECT. The logic analyzer
will  display the menu that was displayed when you selected the
l/O  menL



Setting
RS-232C for
Your Non-HP
Printer

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

l FVOtOWl
0 mnnberofdatabii
0 numbcrofstopbits
l parityw
l Bandrate
0 paperwidth

You can set all of these atzributes  for your printer by folbwing this
procedure: .

1. Press the I/O  key to display the f/O  menu

2 Place the cursor on I/O Port Configu~ion  and press SJZLECT.

3.  Place &be  carsor  on the attribute and press SELECT.

4. When &e pop-up is open place the cursor on the option your
printer requires and press SELFCK The pop-up closes, placing
your selection in the box Repeat this step for all attributes that
you need to change.

5. Place the cursor on Done and press SELECT. The logic analper
will display the menu that was displayed when you selected the
l/o menlL

HP 165OBIHP  16516 Ma!cing Hardcopy Prints
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Setting HP-l B The HP 16SOB/SlB  interfaces directly with HP PCL printers
for HP Printers supporting the printer command language. These printers must also

support HP-R3  and “Listen Ahvays.” Printers currently available from
Hewlett-Packard with these features include:

l HP2225AThinkJet
0 HP 2227B  QuietJet
l HP 3630A option 002 PaintJet

Note
The printer must be in “Listen  Always” when HP-IB is the printer
interface.

The HP 16SOB/5lB  HP-IB port does not respond to service requests
(SRQ) when controlling a printer. The SRQ enable setting for the
IWIES  printer has no effect on the I-W  165OB/165lB  operation

Making Hardcopy Prints HP 1650B/HP  16518
B-4 Getting Started Guide

For HP-IB printers, the Printer connect to field must be set to HP-III
in the I/O  Port GMignration  menu You access the UO  Port
Contigmdion  menu by first accessing the J/O menq  then the UO Port
corlfigumtion.



Starting the
Printout

When you are ready to print ,  you will  need  to know whether there is
maredatathanisdisplayedonscraen.Incaseswheredataisoff8creen
(ie,  format  spcciblions  with  all pods assigned to a single analyrer),
youneedtodecidewhetheryouwantaUthedataorjustthe&tais<m
saeen

Once you decide which option to use,  start  the printout by placing the
cursor on the print option (screen or all) and pressing SEUXI’.

l DOIle
0 PrintscxeeIl
0 PrintAll
0 Discoperations
0 40 Port Configuration
l External BNC ConQuratio~
l Selftests

Print Screen TheRintScreen~pti~~pri&  0dpbitkdk@ayd0~~~~atthe
time you initiate the printout. In  the Print Screen  mode, the printer
uses  i ts  graphics  capabil i t ies  so  the printout  will  look just  l ike the logic
analyzer screen  with only one exception: the cursor will not print

HP 1650B/HP 16518 Making Hardcopy Prints
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Print AlI The Print  all option  pMts  not OX@ what  is displayed  on SCICZXI,  but
also what is off screen at the time you initiate the printout. In the Print
AUmode,theprintontwillbtma&inehet~modewithontyone
wcception: a timing waveform display will be printed in the graphics
mode because it has no off-screcu  data.

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

l TiiandStateFormatSpecifications
l StateTraceSpedfications
0 !St.ateIistiug

What Happens When  you press select to start the printout, the I/O menu popup
during a disappears and an advisory PRINT in progress appears in the top

Printout?
center of the display. While the data is transferred to the printer, the
logic analyzer’s keyboard deactivates. When the logic ana&zer has
completed the data transfer to the printer, the advisory disappears and
the keyboard reactivates.

Don’t worry! The Print in progress advisory won’t appear in your
printout.

Making Hardcopy Prints
a 6
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A
Logic Analyzer Turn-on Check List

HP 165OWHP  16518
Getting Started Guide

This  appendix srrmmarizes  the steps you take to bun on the
HP 165OB/5lB  logic analyzers. The  details of the turn-on procedures
areinChapter1oftbisbookiet.

L Check the rear-panel line voltage indicator for the  proper setting.
changetbesettingifntcessarp.

2. Make sure you have the proper 3wire  grounded AC power cable.

3. Make sure the rear-panel line  switch if OE

4. Conatct  the power cable to the rear-panel line connector  and a
properly grounded power receptacle.

5. Make sure the yellow shipping disk is removed from  the disk drive.

6. Insert  the operating system disk in the disk drive.

7. Turn the logic analyzer on with the rear-panel line switch.

When the logic analyzer completw  its self-tests, ir  then loads the
operating gstem  from the disk. When the operating system has been
completely loaded, the System Conf@ration  menu will be displayed.

Logic Analyzer Turn-on Check List
A-l



Summary Now that you have cxm@urcd  the RS232C  or HP-IB  interface for your
printer, you can make harw  prhtoIlts  of anythg  that the  logic
am&m  displays. This is a valuable feature whem  you need  to keep
records of configurations and measurements.

HP 165OB/tiP  16516 Making Hardcopy Prints
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B
Loading Demo Files from the Disk

Note d

To load the demo files whom  the disk, follow these steps:

1PrestheI/O  keyonthefmtpd

2. Place the cursor on * Dii Operations and press SELECK

The disk drive indicator light will come on telling you the logic analyzer
isreadingthedisk.Whmthediskisread,thelogicanalyttrwiUshow
you the directory of files on the disk.

3. Press the up/down ROLL key to activate the roil function.

4. Rotate the KNOB to place your i3e  sebtion in the center of the
screen.TheantMofthescreenhasanarrowoneachsideofthe
display area jioinhg toward the.-.

When your file  selectjon is in the center, it will be displayed in bold
type-

5. Press the up/down ROLL key again to deactivate the file selection
fun&

Check to see what is displayed in the field 31 the upper left of the menu.
IfLoadisdisplayed,skipsteps6and7.

HP 1660B/HP  16518
Getting Started Guide

6. Place the cursor in the field in the upper  left of the menu and press
SELTECJL

7. Place the cursor on Load and press SELECT. The popup will
close and place Load in this field

Loading Demo Files from the Disk
B-l



Verify  that your file seleceion  is displayed in the box  to the right of
Load from tile.  Ifit  is not, repeat step 4. If the correct file is displayed,
continue to step 8.

8. Place the cursor on Acute  and press SELECT.

The logic analpr  will  load the file and display Load  operation
compkte.  You resume normal logic mer  operation by selecting the
menu key for the menu you want to sec.

Loading Demo Files from the Disk
B-2
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ThisistocertifythattbisproductHPl6saB/HPl6slBmceutbcradio
frql,lencyinterfaencerrqpiremestsofdirectiRvfg.1046/84.  lbc
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9
Timing Format Specification Menu

Introduction This chapter desuii the Thing  Format Spedficaticm menu  and all
thepopupmenusthatyonwiunseonyourtinling~.The
purpaseandftmcthnofcachpopupmcnuisexplaincdindetaiI,and
we have included many ihstrations  and exaaipks  to make the
expIaJlationselearer.

Accessfng  the The Timiag Format Speci6cation  menu can be accessed by pressing

fiming Format the FORMAT  key on the front panel If the State Fonuat Specibtion

Menu Menuisdisplayed~nyoupiwstheFORMATItey,youwillba~  to
switch analper& This is not a problem it merely indicates that the last
act&ion  you performed in the System Gdguration Menu was on the
state aaaiym.

Xming Format The Timing Format Spczc%cation menu lets  you configme  the timing
Specification analyzer to group chmcls  from your micmproccssor  intolabels  you

Menu assign for your measurements. You cau set  the beshold levels of the
~gnedtothe~,rcrjgniabekandchannels,ands~

At power up, the logic analyu~ is configwcd  with a default setting.
Youcannsethisdefaultsetthgtomakeatest measurement on the
systtm\mdtrtwt.Itcangivtpouanideaofwherctosuvtyour
measurement. For an example of setting up con6gorations for the
Tii axulyzer, refer to the Geaing Stmui Guide or ‘Thing Analyur
Measurement Example” in chapter 12 of this manaL

HP 16SOBklP  lS!jlB
Front-Panel Reference
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At power up the Timing Format Specificatim  menu looks like  that

Fiiue  9-l. Timing Format Specification Menu

ThcTimingFormatS~menrrfortheMP1651Bis~to
thatfortheHP1650BexccptthatPod2appcarsinthemcnniastcadof
P o d  5 .

Thismenushowsonlyouepodassignedtocachmalyzcr,whichisthe
caseatpowerap.Anynumberofpods~be~toone~,
fromnonetopllfivefortheHp165oB,and~omnonetotwofcKthe
HP 16XB.  In the liming Format Specihtion  menu,  only three pods
appearatatimeinthedisp)ay.To~anypods~areoflsaeen,
press the l&hight  ROLL key and rotate the KNOB. The pods arc
ahvayspos%ncdsothatthclowcstnmnbcrcdpoclisonthexightaad
thehi&cstnumbcrcdpodisonthel~

Timing Format Specification Menu
9 2
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Label The label column contains 20  Label fields that you can define. Of the
2Oiabels,thelo&analymdi@ysonly14intheTimiqFon~at
Specificatianmenuat~time.Toviewthehbelsthatanoffscreen,
pressthen~~ROUkeyarrdrotatetheIcNOB.Thtlabelsscrcdl
upanddown.Todcachtethcscrallio&prtssthcROLLkey~

ToacctssontaftheLabelfuclds,placethecPrsoranthefitldand
pres  SELECK  You will see a pop-up menu  Ue that shown below.

Turn label on
Hodif  y 1 sbel
Turn label  off

F~ure  S-2 Lsbd PopUp Menu

Tumbbolon

Selecting this option turns the label on  and gives it a default letter
name.Ifyouturnedallthtlabels~thcywouldbcnamcdAthroughT
from top to bottom. When a label is turned on bit assignment fields for
the label appear to the right of the label under the pods.

HP 16SOBRiP  16518
Front-Panel Reference
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Ifyouwaatto~e~theofalabcl,orwaDttoturnalabelon
and give i t  a  specific  name,  you would select  the Modify label  option
whenyou&,anAlphaEntrypopupmenuappears.Youcanusethc
popupmcmuaadthckeypadaatthefrontpaneltonamethelabeLA
labelnamecanbeamaximumofsixcharactcrs

SelecringthtsoptianrarlrsthelabeloftWbtnalabelisNrnedoff,rhe
bitaL3s@meares?4vedbythelogicaealyzer.Thisgioesyonthe
optiouoftumingthelabclbackonandstillhavingthcbitass@mms
if~uneedtkmThcwaveformsarcaisosavcd.

POlMty  (POl) Each label has a polarity  assigned to it The default for all the labels is
po&vc(  +)pokty.Youcanchangethcpolarityofalabelby
placiugthecamoronthepohityfieldandprcsingS~C’I’~This
togglcsthepohritybctwecnpo&ivc(+)andnegative(-).

Inthetimingamlpr,negativepolarityiwertsthedata

Bit  Assignment TIIC  bit &~IIICIU fields ~IOW  J-OU to assign  MS (cbannek)  to labels.
AboveeacbccJlumnofbit ats@ment  fields is a line that tells you the
bitnrrmbasfromOto1S,withtheltftbitnrnnbcrcd15andthe~tbit
numbered0.Tbis~belpsy0uknowexa~whichbhuyouare
arcimriw.

Thecxmvhthforbitassignmentis:

* (t&risk)  indicates zisdpedbit
. (period) indicatts  llxlas&ed  bit

Timing Format Speclkation Menu
w
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Atpowezopthe16bitsafPodlare~tothe~analyzM
andthe16bitsofPod5xueasigncdtothestateaaalyzm.To&angea
bitassigmmtccm@uration,placetbe-onabitwfield
and press SELECT.  You will see the foRowing  pop-up menu.

lr
(Done)87* , . . . . . . OII**.*..+1

Figure 9-3. Bit Assiinment  PopUp  Menu

liming Format Specification Menu
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Figure S-4.  Numbering of Assigned Btts

Pod Threshold Each  pod has a tbrehld lwei asigned to it For the HP 165lB  Logic

Adper,  thrc.shoId  Icvels  may be defmcd for Pods 1 and 2 individually.
FortheHp1~Logic~,~dlmlsmaybe&~for
Podsl,2and3in~,~and~ldforPods4andS.Itdoes
notmatterifPcds4and5areassignedtodifkrenranalymschangiq
the threshbId  of one  will change  the threshold oft&e other.

If you place  the cursor on 01lt  of the pod threshold fields and press
SEuxr,  youwin~thefollowhgpap-upmenu.

Figure  9-5. Pod Threshold Pop-Up Menu

lTLsetsthctlm&oldat  + l..6volts,andECLsetsthethresholdat
-uvdts.

The User-defmed  option lets you set the threshold to a specifk  voltage
between -99Vaud  + 99V.IfyouseleetthisoptionyouwilIscea
NumericEmypopupmenuasshoum

Figure 9-6. User-Defined Numeric Entry PopUp  Menu

Timing Formst Specification Menu HP 1650BMP  l9SlB
9-8 Front-Panel Reference



spedfjf  Symbols The Sped@  SJTYMS  field diEers  from the other Eelds  in the ‘I?mx&
Menu Format Speci6mion  menu in that it displays a complete menu instead

of a pop-up.

The logic ana&cr supplies Tii and State Symbol Tables in which
youcandefintamnrmon;eforasp~bitpatternofalabel.When
mtasuranentsaremadebythetimingan~r,themnemonicis
d&iayedwherethebitpattunoccnrsiftheSymbolbaseissehted.

It is possiile  for you to spec@ up to ulo  symbols in the logic an*.
Ifyonha~orJyoneofthciaternalanalytcrsson,allU)Osymbolscanbe
definedinit.Ifb&analprsarepethe2OOsymbolsarcsplitbctwccn
the two. For example, ana@r  1 may have 150,  leaving 50  available for
analyzer2

To am  the Symbol Table in the Tii Format Speci6cation  mean,
place the  cursor  on the Specify Symbols 6eld  and press SELECI’.  You
~seeanewmmnasshowninfigme9-7.Thisisthedefaulrsetting
fortheSymbolTableinboththetimingaadstateam@ers.

HP 16506MP  16518
Front-Panel Reference

Figure 87. Symbol Table Menu

Timing Format  Specification Yenu
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Specify  Symbols ~her e are four fields in the Symbol Table  menu. They arez
Menu Fields

Label

Ohbe
4 Base
0 symbo1viewsize
0 symbolname

The Label field identifies the label for which you are spec@hg
~Ifyoustlectthisfield,yaawillkttapopPpthatlistsallthe
labels turned on for that aualpr.

Base

Pigwe  s-8.  Lebel  PopUp  Menu

EachlabelhasasepaatesymboltaMe.Thisallowsyoutogivethe
same name to symbols de&ted  under ciifkreut  labels. In the Label
pop-upselectthelabelforwhichyouwishtospeci@symbok

Tht~~ldtcllsyouthtnamericbaseinwhichthc~e~winbe
spedid  The  base you dmse  here will  affect the Fmd  Pattern field of
the  Timing  Trace  Specification menu.  This is  covered later  in this
chaptes.

Timing Fwnat  Specifk8ti0n  Menu
Q-8
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Note $

HP Y65OB/HP  16518
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Tochangethebase,piaocthecursotontheBase~dandpress
SELECL  You will see the following popup  memL

Pigwe  9-Q. Base PopUp Menu

Timing Format Specification Menu
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Symbol view Size The Symbol view size  field Lets pu specify bow many characters of the
symbol  name will  be displayed when the symbol is referenced in the
Thing Trace  Spec&ation  menu and the Thing Waveform menu
Selcdng  tbis field gives you tbe following pop-up.

Fqure  9-10. SymboI View Sii Pop-Up Menu

Youcanhavr:thtlogicaMtyardisplay~3toan16oftttt
&mctersinthesymbolname.Formoreinformationsec’Tihiag
Trace  Specjfication  Menu” in Chapter 10 and the Timing  Waveforms
MUlU”inChpWlL

Symbol Name wh pu fht  xccss  the symbol  Table, there  are 110  symbols
~Thesymbolnamefieldreads”NewSymboL”Ifyouseleathis
field,youw;n~anAlpbaEatrypopupmenuantbtdisplay,u~tht
pop-up menu and the  keypad on the front panel to enter the name of
yoursymbolA~~d16charaaerscaabeosedinasymbol
name. When  you select the Done field in the Alpha Entry pop-up menu
thtnamtthatappwsinthesymbolnamefieldis~andnto
more fields appear in the display.

Timing Form@ Specification Menu
910
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Fw QY  1. Symbol Defined as a PItljem

Fy(ure  912 Specify Pattern  Pop-Up

Ifthesymbolisdefbedasarange,two6eldsappearinwhicbyou
specifythcuppcrandlowcrbomhrksoftherange.

Flgure  813. Symbol Defined as a Flenge

Seltctingeitherofthwefieldsgivesyouapo~upwithwhichyoucao
specify the boundary of the range.

[yIDI:]

Figure S-14. Specify Range PopUp

liming FomuM  Specification Menu
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You can specify ranges  that overlap or are nested within each other.
Don’t cares are not allowed.

To add more symbols to your symbol table, place the cursor on the last
symbol dched and press SELECT. A pop-up menu appears as shm

flodif  y syslbol
Insert new swol
Delete sgmbol 1

Figure 9-15.  Symbol Pop-Up Menu

ThcsecondoptianiathepopPpisInscnnewsymbol.Itanowsyollto
specify aaother  symbol When  you select is you will  see  an Alpha Entry
popup meau.  Use the menu and the keypad on the front panel to enter
the name of your new symbol  When you select Done, your new symbol
will appear in the Symbol Table. The  third option in the popup  is
Deletesymbol,Ifyouselcctthisoption,chtsymbolwillbedeietcdfram
the SymboI  Table.

bWing  the W~UI  you  have specified  all ~OIE  symbols, you cs~l  leave the Symbol -
Symbol Table Table mcau  in one of two ways. One method is to place the cursor on

Menu the Done held and press SELECT.  This puts you back in the Format
Specification  menu that you were in before entering the Symbol Table.
The other method is to press the FORMAT, TRACE, or DISPLAY
keysonthehntpancltogctyonintothercspcahmcnu.

Timing Format Specification Menu
S-12
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10
Timing Trace Specification Menu

introduction This  chapter describes  Thing  Trace Specification menu and all the
pop-upmenusthatyouwitlnseonyourthinganaIyer.Thepurpose
andfanctionofeaEhpopopmenPis~indetail,andwr:
llaveincludedmanyill-and examples to make the
explanationsdeanr.

Accessing the Ther~TtaceSpedficatwnmenucanbeaccwedbypressiagthe

Timing Trace TRACE key on the front panel If the State Trace Speciticatjoa menu

Specification
isdi@ayedvhenyonpressthe-fRACEkey,youwillhavetoswitch
apalyzen.Thisisnotaptoblem,itmeretyin<licatesthatthcbstaction

Menu youpeTformediatbeSystemCoafigraationMmaswasonthestate
analp?n-

Timing Trace
Specification
Menu

TheTraccSpedficationmenusaUowyou to amfiguretbelogic
analycrtocaptureonlythedataofiaterestinyourmeaswemeaLIn
thetimbgsmalyzwyoucanan@uretheadyzertotriggeronspecific
patterns,edges,orgiitdxs.TheT.i~TraceSpedfica~menulets
youspedfythetriggerpointforthelogic~tostartca~
dataandthe mannerinwhiebthcana@rwitlcaphIredata.You
confqnrethetimingana+rtobdapattemhstandtbena
transitioniutllesigfJalorsignak.

HP 165OB/IiP  16516 Timing Trace Speclcation  Menu
Front-Pad Reference lo-l



At power up the Timing Tract  menu  looks like  that shorn  below.

Figure 10-l. Thing  Trace Speclfloation  Menu

Tf mfng Trace The fields  in the Tii Trilce  Speci6* menu  are:
Specification

l Tracemode
Menu Fields *-by

l ~lnode
l Iahel
*Base
l FindPattern
l PatternDuration(prsentfor)
* ThellfindEdge

These are desuibcd  ia the  fobwing  sections

Timlag  Tmce Specification Menu
lo-2
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Trace Mode WiththeTtaceModefieldyonspedfythtmodeinwfiichther;m;no
analpr  will trace. You have two chokes  for Trace mode: Single and
Repetitipe.If~uphcethecmsoronthefieldandpresssELE~,the
fieidtogglesfmnonemodetotheother.

Single Trace mode aquircs data ouce  per trace. Repethive  Trace
mode repeats single aquisitious  until the STOP key on the  front panel
ispressea  orifstop zneamementhasbecnseleaedandthestop
measmsmIltl%mdithhasbeeamet

PigurelO-2.  Armed By PopUp  Menu

HP 166OBRIP  16618
Front-Panel Reference
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Tmnskional Acqulattlon  Mode

Whea the logic ma&m is  opcrahg in  the Transitional Acquisition
mode, it samples the iiata  at regular intemls,  but it stores data in
memory~on~~o~inthe~Atimctagthatisstoredwith
each sample &ws  ream&u&on  of the samples in the  Tii
Waveforms display.

Tra&tionaltimiogahvayssamplcsatarateof100hfHz
(10 nshampk).  This proides  xnaximum  timing resolution even in
~~thatspank~timt~d~Timecovcredbyafnllmtlnory
acqPisition~withthcnmnberofpaaernchangesinthedataIf
thereare~~~ehedata~endpriortothetimewindow
deShdbeCBCthC~isfilIl.HoWevCr, a prestore qualikation
in~OllrlOgiC~jssmes that data Mlbe  captured and displayed
benveentheleftsideoftbescreenaudthehggerp0ia

Fv  10-3  illustrates Transitional aquisith,  comparing it to
T r a d i t i o n a l -

F~ure  103.  Transitional  vs. Traditional Acquisition

Timing Tmce Spccif~a~tion  Menu
10-4
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Traditional timing samples and stores data at regular iotcmals.
Traa&iomltikngsamplesdataatrcguLarhmalsbutstoresa
Ymrpltonly~therehasbetna~~ononeormartofthe
channels. This makes it possible for Transitional timing  to store more
inf-illthcsamcamountofmemory.

Yourlogicanal~hasthecapabZtyoftr&ekgonaglitchand
capmingallthedatathatoccurredbeforeit.The@itchmnsthavea
widthofatIwt5nsatthreshddinorderfortbeanalamtodetedit

Ifyouwautyourtidngandpsrto~onaglitchint.hedatasettbe
AcqkitionmodetoGlitch.Tbkansesseveralcbangesinthe
analyaer..e~isthatafieldforgtitchdeteaionioeachlabelis
added to the Tihg Trace Specifications  as sbowe-

Then find
Edge I....
or

6litch[....l

F~ure  1 W. Glitch Spedficrtion  Fold

Glitch Aquisition  mode causes the storage  memory to be cat in half
hm lk to 92. Half the memory (32) is allocated for storing the data
sampIe, and the other half for storing the secxmd tmsition  of a gIitch
in a sample. Every sample is stored.

Timing Tmce Specification Menu
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Thesampleratevariesfm7n2OHztoSOh4Hz(SOmshmp~eto
20 n&ample)  and is antomatic.aRy  selected by the timing amlyzer  to
insurecoxapietedatainthewindowofintmst

- GLITCH

ANALYZER
INPUT

I-
ELITO+ OISPLAYED
OHNMSSvPLE

ANALYZER 1
DISPLAY

0-

Plgure  104.  Glitch In liming Wavefom

Base ThtBlrrefieldsrIlcrwyoutospecifytheDumericbaseinwhichgoa
waattodefiaeapattemforalabeLTheBase6eldsaholetyouusea
symbol that was specified in the 7ii Symbol Table for the  pattern.
Eachlabelhasits~basede~~~a~fromtheotherlabet.Lf
youseleaoneoftheBaseklds,youwillseethefollowingpopup
mena Decide which  base you want to define  your pattern in and selea
that*

Thing  Trace  Specification Menu
10-6

Flgure  10-S.  Base Popup  Menu
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OntoftheoptioasintheBasepopopisASCIl.Itgowsyoutosee
characters that are represented by the pattern  you specified in the
Fmd Pattern Geld.

Figure l&7. ASCII De&ted as Numeric Base

Ffnd Pattern With  the  Fmd  Pattern fields, you  configure  your tihg  ana&zcr  to look
foractrtainpaneminthedata.Eachlabelhas~<nanpatternfield
thatyouusetospeci&apatternforthatlabeL

Duringarm5thel~c~loolrsforapatterninyourdatawhich
isthclogicalANDofaUthelab&panernsTbatis,itlooksfora
silll- ocwrarceofthespeci6edpaaems.whenitfindsthe
pattcm,ittr&ersatthepointthatyouspec5edintheThcn6mdEdge
fields. See ‘“Then Find E&C?  later in this  chapter for more iuformation
aboutedgetiggering.

You select  a Fmd Pattern field  with one of two methods. The 6rst
method is  to place the cursor on the Fmd Pattern field and press
SELECT. The  second method is to plaw  the  cursor on the Fmd
Pattern field and press one of the alphanumeric keys on the front-panel
keypad.  Both methods give you a popup  similar  to  that  shown in figure
10-8.

HP 165OBIHP  1651B
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I Specify  Pattern:
2425

FIgwe  l&8.  Specify Pattern  PopUp  for Find Pattern

Thepop-upwmvarlldepeadingonthebareyoochooseandthe
numberofchamelsyoua&gntothatlabeLIfyoupressakeyonthe
kcypadtoopenthepopup,thechatacteronthtkeyisplacedint6t
f%sthcationofthepatteIa

EateryourpattemintbepopupandpresSELECT.Thepattern
apptarspnderthClabClilltheE;indPatten!field.

Label B 1  POD 1 I

Bose > 1  SumbOl I
Find

Pattern  labsolute 2 4 2 5 )

Figure 10-S.  Symbol Detined  in Base Fii

liming Trace Speciffcation  Menu
10-8
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SyrbOl  se1 ecuon

*absolute 4.
RECID
HRITE

Figure 1040. Symbol Selection PopUp  for  Find Pattern

To select an option from the popnp, use  the  KNOB to scroll  the
symbols up and down  until the desired symbol is between the two
arrow~  Press  SELECT.  The symbql  name  appears in the Find Pattern
fkldumderthclabeL

Pattern Duration There are two fields with  WMI you specify  the  Pattern DLW~GOIL  TIICY
(present for ) are  located next  to  present  for iu  the Tiig Trace

SpecScation  menu. You use these  fields to tell the timing aaalyzcr  to
zioyEe  or after the speciEed  pattern has ocuured  for a given

HP 16SOWHP  16518
Front-Panel Reference

Timing Tmce Specification Menu
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Thefmtfieldcanbescrto”  > “(grcatcrthau)or”  < “(lessthan).If
you place the cursor on this beId  and press SELECT, it toggles
between > and ~.Theseamdfieldspecihthedurationofthe
pattern. If  you select  > in the  f&t field, you can set the duration to a
vahebctwcen3Onsand1Oms.Ifyouseh < inthe&stfield,youcan
setthedmationtoavalnebe~40osandlOms.Ifyouanemptto
set the duration to a valne  outside the given range, the analyzer  will
automatically set it to the nearest hit.

To change the value of the pattern  duration, place the cursor on the
second field  and either press SELECT to get a popup  menu, or just
prcssoneofthe numeric keys on the front-panel keypad Both m&o&
giveyouaNumcrk Entrypop-upsimilartotbatsllowIl.

Iwlawic  Entry 0S

(y--75)8
us
0n s

Pigwe  10-11. Pattern Dumtion @resent  for)  Pop-Up

Wti the bnt-panel keypad enter the desired  pattern duration. Use
theKNOBtoplacethEcpnopantbecorrcatiming~~theopr~
SEUXX  Your value for Pattern Duration will  appear in the CcJd.

N&e $ Ifyoupressakeyanthekeypadtoopentbepopup,thenumberth?t
you pressed will appear in the entry field  replacing the previous *ae.
To r&ore the original value press the CLEAR ENTRY key.

Timing Tmce Specification Menu
lo-10
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As an example, suppose you conGgure  the preseat  for -  field as
shm

promnt  fnr I >  1 sons 1

Figure lCtl2  Example of Pattem Duration (Greater Then)

Choosiq~(lessthan)fonrsglitchaadcdgetriggeringoff,andthe
timbgana@rtr@crsimm~atthecndofthepattemthat
meets the duration requirm.  The fields  with which  you specify
edges and  glitches don’t appear in t&e mean  For instance, if you
am@nrethepresentfor~fieldasshawn:

prrrmnt  f o r  I <  r 100 ns ]

Figure  l&13.  Example of Pattern Duration  (Less Than)

Whenyouspecifganedgeonmorethanonecbamel,thetiming
anatyLerl~ORsthemtogetberto~forthetriggerpoint.That
is,it~swhenitstesanyoneoftheedgesyouspccified.Italso
ANDs  the edges with the pattern you specified in the Find  Pattem
fields The logic analyzer uiggers  on au edge following the valid
duration of the pattern while the pattern is  still  present.  To specifj  an
edge,  place the cursor on one of the Then find Edge fields and press
SELECT. You will see a popup  similar  to that shown in the following
k=

HP 165OB/HP  16518
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Figure lw4.  Specify Edge Pop-Up for Then Find Edge

Your pop-up may look different than this  depending on  the number of
cbamels  you asigned  to the iabel  Each period in the popup  indicates
tJmtnocdgeisspecihdforth2itchamu.L

Figure 10-15.  Negative  Edge Specified

Tospedfyapositivcedge,placetheansoronolleoftheperiodsand
prcssELJxrtwiee.ThepericKi~tot,asshaam:

Fqure 16-16. Positive Edge Spedfied

Hyouwanttheanalnertotriggeroneitherapositiveoranegdtivc
edgqplacethearsoronaperiodandprcsSELECTtiueetimxTht
j3eriodEhpnntstol  ,asshowllz

Timing Trace Specification Menu
l&l2

Fgure l&17. Either  Edge Specified

HP 1650B/HP 165lB



Note
6

HP 16!MB/HP 19518
Front-Panel Rderence

Fgure l&18. SpecyI  Glitch PopUp  for Then PM Glitch

Your pop-up may look ditkeut  depending on the muber  of chameis
you have assigned to the label  Each  period indicates that the channel
hasnotbeenspe&iedforgEtchtigger&

FIgwe  10-19. Glitches Specifii

Timing Trace Specification Menu
lo-13



IfyouwanttodeleteagIitchsptcificarion,placctheavsoronthe
asterisk and press SELECT. The asterisk is replaced with a period.

Note IfyouucnotinBiaarybase,goawillseedoIlarsigns(SS-)inthe
Glitch 6dd  when you dose the pop-up. This  indicatts  that glitches
have been specified;  however, the logic  analym  can’t display them
tardy  unless  you have seked Bimy for the base.

WknmorethancmegEtci3hasbecnspecStd,thelogicanalyzr
logically OF&5 them together. In additicw, tke  logic ana+r ORs  tbe
glitchspcScaticmswiththe;#lgespecifications,thenANDsthertsult
withthepatt#nyous~~intbeFindPatternfieidsinorderto~
thetriggerpOiWAboOkUleXpE&oCllinustratingthisis:

Ifyou&c!t  c (lesstban)inthepresentfol f i e l d , edge and glitch
triggering arc  turned 08.  The Thei find Edge or Glitch field no longer
a~~t6escrcea.Thelogic~rthentriggerso~onthe
pattmspecifiedinthcFmdPiittem~.

Timing Trace  Speclfbtion  Menu HP 1650BIHP 16518
lo-14 Front-Panel Rederence



1 1
Timing Waveforms Menu

Introduction The Tii Waveforms menu  is the display menu of the timing
aualpr.  This chapter describes  the Thing  Wavcfomu  menu and how
tointerprecitJt~ttllsyouhowtousethefieldstomaninulatethe
displayeddatasoyoucaufiadyourmeasurelneutauswers.

HP 165OB/HP  165lB

/. ~ ,.

Figure 11-l. Timing Waveiofms  Menu

Timing Waveforms Menu
1 l-l



The waveforms area  displays the data that the timing aaalyzer  acquire
TheQtaisdisplayedinafonrratdmiletto~oscilloscopewiththt
horimualaxisrepr~timeaodthevuticalaxisre~
amplitude. The basic d&rcmxs betweenalMlSdlOSCQptdiSph~and
the timingwavcfonas  display arc  in the lIimiagwavefom  display&e
vertical  axis  only displays highs (above threshold)  and lows (below
threshold) .  Also,  the waveform lows  are represented by a thicker line
for ca!qdiserultiati~

Figure 11-2.  Tiiing Waveforms Menu with 24 Waveforms

Accessing the The Ti  Waveforms Menu  is aaxsscd  by the pressing tke
Timing DISPLAY key on the front panel  when the timing analyzr  is on It will

Waveforms
automatically be displayed when yoo  pms  RUN.

Menu

Timing Waveforms Menu
11-2
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Timing
Waveforms
Menu Fields

The menu area umains  S&s  that  allow you to Aange  the display
paramm~,  place markers, and displaywavefonn  measurement
Pa--e=

Figure 11-3.  liming Waveforms Menu Fields

l off
0 nlle
0 Patterns
0 statistics
0 hdarkers  OmsamplePeriod

When the markers are off they are not visible and the sample period is
displayed In  transitional riming  mode, the sample period will ahvays  be
1Onsc~G~~thcrampltperiodiscoarpolltdbycheTime/Divsctting
aDdcanbemonitoredbyfzmir9gthemarkersa&

Note d TIE sample period displayed is the sample periad of the  last
acquWon.IfyouchangetheTi&/Divsetting,youmustpressRUNto
initiate another acqisition  before the sample period is updated-

Al&o*  the markers are of&  the logic anal-r  stiIl  performs sta&stiq
soifyoubavespecifiulastop measuremelltconditionthe
measurement will  stop if the  pattern  specified for the markers is found.

Fiiure  114. Markers Off

HP 165OB/HP  165lB
Front-Panel Reference

Timing Wavefwms Menu
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Markers Time when  tht markrrs  SC set CO TRUE,  YOU  QLD  &CC  the  markfrs  OII the
waveforms at events of interest and the logic analyzr  will tell ym

l Tii X to Txi&cr)
l TimeOtoTri&gcr)
0 Timextoo

PlQure  11-S. Markers lime

TheTimtXtoOfieldw9chaage~~tothepobiti~ofthtX
andOmarkcrsIfyouplacethtarrsolonthtTimeXtoOfieldznd
prcssSELEC&amthefpopupwillappcarslmwingyouaUthrcc
timcszXtoTriggcr,OtoTrigga,aadT.i.ieXtoO.

Timing Waveforms Menu
114
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Markers Patterns whm  the markers  art bet to patterns,  yell fan specify  the  patterns  011
whicuelogic~winplacelhemarkcrsYollcanalscl~
hmrnany ocamcaccsofcachmarkcrpattmthclogicana+rlook5
for.~useofthemarken~owsyontofindtimcbctweenspecific
pattcrnsintheaquircddata.

Pigure  11-f.  Markers  Patterns

Panernsforegchmarker(xandO)canbtspecified.Pa~canbe
specified for both markers in each label ‘Ike  logic analjzcr  searches
forthelogical”aod”ofpa~for~bbelseveathopghontycwtlabeI
canbcdisplay&atatime.YoucamalsospeciQwhethcrthemarkcris
placcdonthcpatternatthcbeginningofiuo~ (enterhrg)  orat
tttcaldofirs -(ltithg)8SSill~Cll8.

F~ure  114. Uarker Patterns pop-up mnu

Stop MmsummnL  Another feature of markers set to patterns is the
Stopmoa!uKclnultwhen’IhneX-O~. ThCOptiOIlSart:LCSSthan,
Grcatcrthan,Snrangc,Notinrange

with this feature you can use  the logic amlyzcr  to look for a specified
timeorrangcoftimcbchvccnthcmarkedpattunsandhavcitstop
aquiringdatawhenitsecsthisthncbctwccnmarkc~(TheXmarkcr
must prcade  the 0 marker.)

HP 1SSOWHP  16516 Timing Waveforms Menu
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Note

Markers Statistics

Accumulate Mode

liming Wweforms  Menu
11-4

The upper and lower range boundaries must not  be the same value. For
cxample,ifyonwanttostopamcameme ntwhentheXandOmarkers
areinrangeof~ngyoushoaldsutberangt~to190nsandUO
ns.ThkclimhatwelI- -ttermination.

When statistics are specibd  for markus, the logic analyzer will display
the:

0 Numbcroftotalrans
a Number of valid runs  (runs  where marken were able to be placed

~sptcifitdpaocms)
l MinimumtimebetwcentheXandOmarkers
l MaximmtimcbetweenthcXandOmarkers
l AveragctimebetweeatbeXaadOmarkers

Statistiaarebasedonthebime~nmarlrerswhichareplacedoll
sptcificpaaenrs.Ifamarkerpaffernisnotapedfied,thc~kerwin
bcplacedonthetriggerpoiatbythelogicamiyzer.lntJiscasethe
stahicdlneasumnentwillbcthetimefromthetriggertothe
spedfitdmarker.Howthe stati&s6llbeupclateddependsonthe
riulingtraccmode(repetitiveorsiagle).

Inrcpetit&stati&swillbeupdatedeachtimeavalidnmocaxs
~~yw~sToP.whenyouprevRuN~rsTOP,thtstatistics
wiUbeclcarcdandwiUrestarcframzero.

Accumulate mode is selected  by toggling the A-ulate ON/OFF
field in the Tii Waveforms  menu.  When accumulate is on,  the
timinga&zcrdisplaysthcdatafmnafz.urrentaqui&ionontopof
the  previouslyaquired data

HP 165OBDiP  16518
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AT
Marker -

HP 1650BMP  16518
FrontSane  Reference

Timing Waveforms Menu
11-7

Figure  11-S. At 0 Marker ADDR fields

You can toggle the At
markers.

Marker field between the X and 0



ThenextfieldtotherightoftheAt Marker field will pop up
whenseleaedandshawyouallthelabelsassigDedtothe~
Wi&iXaSShOWlbClOW.

Figure 1 l-10. label  Option Popup

Time/Div (time
per division)
Field

Note d

Note
d

Thetimeperdivisi~fieldanoarsyontodranntthewidthofthetime
windowofthcTiiWaveformsmcnu

whtnthepop-upisopenyoucanchangethetimepcrdivisionby
mating  the KNOB or entering a numericvalue  from the keypa&  When
you rotate the KNOB, the time per d&ion  increments or decrements
in1-2-5squencefronl1onsfdivto5omsfdiv~

Sample period is fixed  at 10  ns  in  the Transitional aquisition  mode.

In  Glitch mode, changing the TiieDiv  setting changes the sample
period for the  next run To view  the sample period after the next raa,
turn  the markers off if they are on and press RUN.

liming Waveforms Menu
11-e
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Delay Field TheDelayfiield~~goPtoentera~y.Thedelaycanbeeither
pa&k  or negative. Delay allows  you to place the time window
(selected by Tii)  of the aspired  data at center smcn

HP 165OBRIP 16SlB liming Waveforms Menu
Front-Panel Reference 11-B

Fylure 11-l  1. Trigger and Trace Points

lfyouwimttotraceaftcrtheuiggerpo&entcrapmitive&hy.Ifyou
wait  to trace before the tiger-point  (similar to negative time) enter a
~dtlay.T6tlogic~iscapaMtofrmurimumdJayso[
-2XK1seadsto  + 2!iOOseum&.InTransiti~mudethe~um
ddayiS-bythCllUlllkOf- OftkCilXQdgdata

Datamaynotbcdisp&edatallsettiqsofTibueIDivaadDe&y.



~GGlitchmodethtmarr;mumdelayt25stconds,whichiscontrolltd
by memory and sample period (512  x 5Ctms).  The sample rate is also
dependent on the  delay wing.  It is rcprmed  by the following
form&

ifdelay~2ons
Hmiclay  = 2Ons(thisisan--)

ifdelay > loms
Hwd&y=lOms

&cHwdelay = dclay(dclaymingintimingwavefor~~~mcnu)

sampleperiod=LagMoE

absolute value [(d&y  - Hwdelay) + 256J

Ifsamp~epaiod  > 5oms

ThUlSampfepetiCd=5OtllS

Timing Waveforms Memi
11-10
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Introduction Inthisdmpteryonwilllearnhowtonsetbetimingana@zerbyseaing
upthtlogic~tomakeasimpltmeasuremeatWegivtyouthe
mB  results as actually numured  by the logic ana@er,  since
youmaynothmethesamecircuitavailable.

Theexer&intbis&apterisorgakedinataskformatThetaskssre
ordmdintht~waypoawillmod~lyasethemonccyoubecomt
anexperknceduser.Thtstepsinthisfomlatarebothnumberedaad
lettered  The numbered steps state the  step objective.  The lettered
stepseaphinhowtot3ccoqWeachstepobjecaive.Thereisalsom
exampleofeachmcQuafterithasbeen~lysetup.

Inordertolearn~toconfigarethelogicandyzer,,rrecommend
that you follow the exercise to “Acquiring the Data” before loading the
filefromthedisc

Youcanalso~eyour~~~withtbeoneonthediscby
printing it (if you iwe  a printer) or making notes before you load the
file.

HP 165061tlP  16518 Thing Analyzer Measurefne~nt  Example
Front-Panel Relerence 12-l



Problem
Solving with
the Timing

hthisexercise,asumeyouaredes@ngadpamicRAMmemory
(DRAM) controller and you must verify the timing of the  row address
smbe(US)andthecohunnaddressstrobe(CAS).Youareusinga
4116dynamicWMandtheda~abookspcci6csthatthcmin;mumtime

What Am I
Golng to
Measure?

AftM~thelogicana;lyzerandhookingituptoyourcircPit
undertest,yoawillbe meamingtbetime(x)fromwheutbeIUSgoes
lowtowhenthecAsgoeshigl&asshownbelow.

lim*hg  Analyzef  Measurement Example
12-2

I

C A S
9

1 I 01-

PlQure  ,12-l.  RAS and  CAS Slgnsb

HP 165OWHP  16518



HowDoI Inordertomakcthistihg -~yollmustconfigPtethelogic
Configure the analjmrasatiminganalymByfollowingthtsestepsyouwill

dgic Analyzer? COl&gWCAnalyzMlaSthet;m;nn~.

;IPhCCtlkCCWXOXltheTypC: ~ii&idpresSSELECT.

b. Place the amor on ‘ihing and press SELECT.

HP 165OBMP 16518
Front-Panel Reference

Fgure  12-2  System Conmutation Menu

liming Analyzer Measurement Example
12-3



3.NameAnatyzer1”DIUMTE!T(optioml)

a.PiacethecursorontheNamc:~ field of Analyzer 1 and  prcs
SELECT.

4.Assi@pocl1tothetiming~.

aPh#theaasoroathePodlfieldandprwsSELECI.

b.InthePod1popup,placethcamronAna@cr1andprcss
SELECT.

Tlmlng Anslyzer Measurement Example
12-u
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A

Connecting the Atthispoint,ifpuhadatagttsystem~a41l6DRAM~
Probes IC,youwouldconnectthebgicaua@zrtoyoursy5tem.

Sinctyoa~be~PodlbitOtotbeRAShbel,youhookPod
1bit0tothemeItKny1cpin mmectedtotheRASs&nalYouhook
Pod1bit1totheICpiacumeued tothecAssignaL

Activity Indicators w&t the  logic  w is coaneaed  and  gotrr  mget system is  nmning,
youwilIsceJ  attbcright-mastend(least~~bits)ofthePod1
fieldintheSystemtZox&urationmennThisin~tkRASaad

HP 165OB/HP  1651B
Front-Panel Reference

Figure  12-2.  AcWity  lndiatkrs

liming Analyzer Measurement Example
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Configuring the ~0wtbtyou&vefzon@mdthesyst~youattmdytocanfigme
Timing Analyzer thetimingan&mr.YouwiJlbc

0 ctwingtwotlamcs(labcls)forthcinput~
0 AssighgtherhlmntLc-edtotheiuputsignals
0 Spuifyhgatriggcrcotbdi~

LDisplaytheTIMlNGFOlWATSPEU3WAI’IONmcnu

aPrcsthcFORMATkcyontkfrontpaneL

2Nametwolab&,oneRASandoncCAS.

aPhcethccmsarondtctopfitldinthelabclcolumnaadpres
SEmcr.

b.PlacethcatrsoronModifylabelaadprwsSELEcr.

F~ure  l24limlng Format Specification Menu

Timing Anaiyzer  Measurement Example
12-6
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3.&siglthecham&amneued tothciaputsignals(pod1bitsO
and1)totheiab&RASaadCASrcspcckly.

a.Placctheamoronthebit w&uncntficidbclowPod1aadto
the!ightofIus8ndprsssELEcT

b.Anyannb&&nofbitsmaybcassigaedtotbispod;howcvcr,
yoPlWill~&bitO~tOtheRASlabelThCeasiest
waytozSsi$lbasistoprcssthccLEARENTRYkcyto
wassignany~birsbcforeyoustart.

cPla&hccPrsorollthepcriodlmderthcOinthebit~ent
popnpandprcssSELECT.T%iswillplaceanasteriskiat&
popupforbitOidic&lgPod1bitOisnow~dtothe
RASlabcLPhacmoronDaneandpressSELECTtoclose
*pappp-

Timing Analy2er  Measurement Example
124



Specifying a
Trigger
Condition

2setthetriggersothatthelogicanal~triggersonthe
ntgativecBoisgedgeoftheRAs.

aPlacetheamoroatheThenfindEdgefieldundertheiabel
Ius, thenpressELEcr.

b. Place the cwsorcmthe.(periai)inthepop-upandpress
SELE~OIhce.PlTkDg~OXI~inthispopup~
aperiodto+whichindicatesanegative-goingedge.

cPlacetheansaronDooemdlnessSEWECT.Thtpop-up
closesandafwillbelocatedinthisfield.TheSimkatesan
edgebasbeenspedfiedeventhoughitcaa’tbeahowniuthe

Figure 12-5.  Trigger Edge Specified

liming Analyzer Measurement Example HP 165OUHP I=16
12-g Front-Panel Reference



Acquirfng the
Data

Nowtbatyouhaveconfiprcdandamcued the logic  =JY=.  you
acqnirethedataforyour mWmemcntbypESillgtheRUNkty.Thc
logicana@rwilllookforancgahedgeontheRASsignaland
triggerifitscesonc.Whenittriggen,thcdisplayswitchestothe
TlMING  WAVEFORMS menu

HP lSOB/HP  16518 liming Analyzer Measurement Exampie
Front-Panel Reterence 12-s

Figure 124.  liming Wwefortns  Menu

TheRASlabelShOw5yWtbeRASSigUiilandthCCASiabelShOwSyop
theCASsignalNoticetheRASsigpalgasbwatorn~thecentuof
thewavefonndisplayarea@orimmlcenter).

Nowisthetimetoloadthetiming measurement demo iile  from the
dixifyouwish.ThtfilenameisTLMINGDEMO.RefertoZood
Operatian”inchsptrr6ifyonnttdaremioderonhowtoloadatilt.



TheXandO Thtxaadoartmarkasy0p~fo~dy0ar answer. You plaa  them
onthepoiatsofiaterestonyourwavefoms,andthelogic~aaalyzr
displiysthetimebetweenthcmrken.Thexandomarkerswinbeill
thecenterofthedisplaywhenXtotrig@er)aaclOtotrig(ger)are
both  o.ooo 15  (see example below).

Fgure  12-7.  X 810 Marken

liming Analyzer Measurement Example
12-10
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The Vertical The  ~~rticd  domd line indhte~  the  wigger point  you pecifkdin  the
Doeed tine Timing Trace Specification menu. The.  vertical dotted line is at center

acrcemundcrthc.invcxtcdhangleandissuperimposedonthe
Ilcgatk-goingedgcoftheRASaignaL

HP 16!5OB/HP 16518
Front-Panel Reference

Figwe  12-8. Inwrted  Triangle & Vertical Do!!ed  Line

Timing Analyzer Measurement Example
12-l 1



Configuring the NOW that y0n hare  acquired the  RAs ;Imd  CAS  wi3veforms,  y0~  oecd  t0

Display codgure  the iii  Waveforms menu for best resohtion  and to
obtainyouranswer.

Display Resolution You get the best resolution by danging the TimdDiv  to a value that
displaysone~~edgtofboththeRASandCASwaveforms
Set the TkuJDiv  by following these steps.

RAs -

C A S
i I O\uRDI

Figure t2-9.  RAS and CAS Signals

L Place the cursor on Tii/Div  and  press  SELEm . The lii
pop-up appears, showiag  you  tk  axrent  setting.

Z While the popup  is  present, rotate the  KNOB until your
wavcfoxm  shows you only  one  lugatk-gw  edge of the  RAS
waveform and one positive-going edge of  the CT%  waveform (see
JlbOV&IUthiScrample#K)USiSis

Timing Analyzer Msasurement Example
12-12

Figure 12-10.  Changing Time/Dhf

HP 1650B/HP 1SSlB
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Making the
Measurement

whatyouwapttokmowishawmuchtimtclapsesbetweentbetime
RASgocslowandthetimecASgoeshighagaill.YoalwillusetheX
and 0 markers to quick@find  the ?11swtr. Remember, you spe&ed
the negadpe-going  edge of the RA!3  to be  your trigger point; therefore,
theXmarkershouidbeouthisedgeifXtoTrig  = O.Ifnot,follow
step61and2

LPlacethecursorontheXtoTrigfie1dandpressSELECT.A
pop-upwiUappcarshowiagyoutheanrenttimefromthcX
marker to the trigger, howemr,  you don’t need to worry  about
thisllumbernow.

2 Rotate the KNOB to place the X marker 011  the negative-going
edgeaftheRAswaveformaodprwsSELE~.Thepopup
doscsanddisplaysXtoTrig  = O.CUXIs.

3.Placetheaasor~OtoTrigandpressSELECT.RepeatstepZ
except place the 0 markerontheposih-goingedgeoftheCAS
waveform  and press  SELEa. The pop-up closes and displays 0
toTrig  = 7lons.

HP 1660B/HP 16618 Timing Analyzer Measurement Example
Front-Panel Reference 12-13

Figure 12-l 1. Marker Placement



Finding the
Answer

Yomvlswercoaldbecalcalatedbyad~theXtoTrigand  Oto
Trig times, but you don’t nemi to bother. The logic analyzer  has already
calculatedthisanswtranddisplaysitinthtTimeXtoO-Md

Thiseklrmpleindicatesthetimeis710ns.Sinathedatabook~
aminrmnmof25Ons,itappcarsyourDRAMcontrollercira&is
designed  propaly.

I I 1

liming Analyzer Measurement Example
12-w

Pigure 12-12. lime x to 0
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Summary Youhavejustkatnedhowtomakeasimpletimingmcasanmentwith
the HP 165oN5lA  logic alIa&er.  You have:

0 ~atiminganalyzer
l rrcdrmcdpodl
0 assignedm

I l asignedlabels
l specikdatriggercondikn
0 learnedwhidlpobesto~
l aquiredthedata
0 configuredthedisplay
0 settbeTiiforb#trcsoMon
l posSmedthemar%ersforthemeasmanentaxnver

Youhaveseenhoweasyitistousethetim@aualyzrtomaketimiug
measurrmentstbatyoucouldhavemadewithascope.Yoncanuscthe
tinlinganalprforanyt.iming~IlTeluellttbatdoesn’trcquire
~~eparameniaordoesn’tgobeyandtheacavacyofthetiming
-b=-

HP 165OBRIP  16518 liming  Analyzer Measurement Example
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13
The State Analyzer

Introduction This chapterintroducesthestatcanalyzerandcontainsthestate
aaal~rmenumaps.

l Chapter 14 expkins  the State Format menu
l ChapterJSexpIaiastL!ZtatcTracemexm
0 chapterl6ezplainsthestate~menu
0 chapter17explainstheStatecQmparelneau
0 cJhpterl8~thestatechartmenn
0 Chapter 19  explabs  the State Wavcfom menu
l Chapter2OgivesyouabasicStateAnalyzerMeaswement

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

(An Overview)
displaytdioalistfarmintheStareLjstingmenaamdinwaveformfonm
intbeStateWaveform~Thestate~rdiffersfrcmnthetiming
analyzerintbattheaq&sitionclockisprovidedbythe
system-under-tes  instead of the internal aa@ition  clock used by the
timing amlyzer.  Therefm  the State Waveform menu  displays the state
waveformsrefereacedbystatcsperdivisionandnotsecondsper
diViSiOYlaSiUthEtbiUgZllldpU.

State Analyzer The State Analper  menu maps show you the fields and the available
Menu Maps options of each field within the six menns.  The mum  maps will  help

yougetanovmriewofeachmenaaswellasprovideyouwithaqnick
reference of what each menu contains.

HP 1650WHP  16!51B The State Analyzaf
13-l



State Format
Menu Map

- TYQC

- PottcrdRorqe

The State Analyzer
13-2

Fiiure  13-l.  State Format Menu Map

HP 1666BiHP 1651B
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State Trace
Menu Map

-

HP 165OBMP 16SlB
Front-Panel Reference

Fiiure  13-2. State Trace Menu Map

The State Analyzer
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The State Analyzer
13-4

conrinucd  rrar! previous  pap.
-

Rgure 13-Z. State Trace Menu Map (continued)

HF 16SOB/HP  1eSlB
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State Listing
Menu Map

I

Fina  .-o,ort.rn

Figure 13-3. State Listing Menu Map

HP 16SOBMP 1651B
Front-Panel Reference

The State Analyzer
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State Compare
Menu Map

The stat8  AnaIyzer
ls6

Find Error 4oto  e n t r y  mypa

dot0  e n t r y  keyDad

Fgure  13-4.  state Compare Menu Map

HP 165OBRlP  16518
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State
Waveform
Menu Map

HP 16SOBMP  1651B
Front-Panel Reference

.j  rwoir  =J-- dotc  mtry’kelpod

be.. - ciinory
- OcaQI
- 04Cimnl

Figure 13-5. State Waveform  Menu Map

The State Analyzer
l&7



-

- Ilodify ra*form

Bit dots  .ntry

01s5ce30

F~ure  13-6.  State Waveform Menu Map  (continued)

The State Analyzer HP 16508/HP  1661B
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State Chart
Menu Map

HP 166OB/HP  16518

Fine Pottarn

dot0 entry kvypad

4nly  oroiloblc  when  Find Pattern is
set  to 0 marker.

016SCWS

Fylure  13-6.  State Chart  Menu Map

The State Analyzer
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Pigum  13-6.  Stfite  Chart Menu Map (continued)

The State Analyzer
13-10
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14
State Format Specification Menu

Introduction This chapter dcshbcs  the State Format Specification menu and all
popPpmenllstharyouwSuseonpoPrsrattarrahzcf.Thepurpose
andfbactionsof~menuareuplainediadctail,andwehavc
included many illustrations aud exampk  to make. the exphmhs
dearer.

Accessing the The State Format Specihatian  BIUIU  can be accessed by prcsiug  the

State Format FORMATkeyonthehntpaneLIftheTiiFoxmatSpc.&caGon

Specification
Menu is displayed when you press the FORMAT key, you will have to
swiach~Thisisrrotaproblem,$mMelyindicatestbatthelast

Menu aceiwyouperforrnedinthcSystem~~Mesluw?sontbt
timing-b=

State Format
Specification
Menu

The State Farmat  Specibtion  menu lets  you co&gure  the logic

measmcmmts.YoncmsetthetlmsholdIevckdthe
podsassipedtothestate~,~labelsaudchanne4spedfy
synbols,aadsetdodcsfortr&&ng

HP 165WHP  1651B

Atpowerup,thelogicaaa@misam&urcdwithadefauksetting
YoucanusetbisdcfauItscttingtomakeatest measurementonrhe
sgs~m~&rtestItcaagfveyopanideaofwheretostartgoar
measurement. For an example of setting up configrvations  for the a
State ana&cr,  refer to your GetbgStmed  Guide or “State Ana@r
Measurement Example” in Chapter 20 of this manuaL

State Format Specification Menu
14-l



Ad power Sp  the State Format Spedfication  IIWIU  looks like  that shown
below

Figure 14-l. State Format  Specification Menu

The State Format S-a  menu  for the  HP 165lB is simihr  to
thatfcntheHP1650BwrceptthatPod2appearsinthemePuinsttadof
Pod 5.

TbismenusllowsonIyfnlcpod~toeach~,whichisck
caseatpawerPP.AnYn~erofpodsombearswaGdtoaneanalyzer,
frcrmnonetoallfivefortheHPl~,andfromnaretotwofortbe
HP 165lB.  In  the State Format Specification  menu, only three pods
appearatatimeinthe~~y.Toviewanypodstbatartoffsaee~
press the left/right ROLL key  and rotate the KNOB. The pods are
alwayspo5itjonedsothatthelawestn-podisonrhelightand
thehighestnumbercdpodisont&kft.

State Format Specification Menu
14-2

HP 1660BMP 16SlB
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State Format Seventypcsoffieldsareprescntiothemenus.Theyare:
Specification l Label
Menu Fields l pobricyo

l Bitassigmncnts
0 Pudthmhold
l specqsymbols

l ciock
0 Podcbck
l cIockPexiod

Aportionofthemenuthatisnota6eldistheA&ityIndicators
display.Thc~~~~s~tmdertheactivcbitsofeachpo4neJdto
“Auivity> ,“wheathe10&analJmrrcouneacdtoyourtargel
systemandthesystemisnmnin&yonwillsee fiutheAaivity
indicators display for each channel that has activity. These tell you that
thesignalsonthecbauuelsareeansitiwing.

ThefitldsintbeFonnatmenusandescribedinthtfollowingsectioas.

Label Thelabelrnhmmd 20Label6el&tbatyoucandefine.Ofrhc
2oiabck,thestMeanatyzerdisplays~11~bclsatanetimt.Toview
the labels  that are off screen, pres the up/down ROLL key and rtttatc
the KNOB. The  labels scmll up and down. To deactivate the scroUiag,
pmtheROLLkeyaoa;n

Toa~~oftheLabelfiekls,plactthtcDMraothtfield~
press SELECZ.  You will see a pop-up menu like that shown below.

HP 165OWHP 16518
Front-Penel Reference

Faure  14-2 lebel  Pop-Up Menu

State Format Specification Menu
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Modii  label

Ifyouwanttochangetbenameofalabe~orwanttoturnalabelon
andgiveitaqccificnamc,youwouldsekctthe  Modifylabeloption.
WhpUdO,ilUlAlphaEntrypapapmUUJappears.YOUCanUSCtbC
pop-upmenuandtbekcypadontbefrontpaacltonamctbclabeLA
labcinamccanbeamaximnm ofsixcharauezs

fun label  err

WcctingthisoptiontmnsthekbeloEWbenakbelistsmedo&,the
bitass@mcntsaresavedbytbekgicanalym.Thisgiwsyouthe
opthoftmningthelabelbackonaadatiUhavingthebit~ents
ifyouueedth~Thewa~onnsanclstate~areakosaved.

Polarity (POI) ~labtlbasapolarity~toitThcdcfaPltforollthetabekis
piSve(  +)pokrity.YYonmnchangethepdarityofalabelby
pla6ngthccursormthepokrityfieldaadprcssiagSELECT.Tbis
toggkstbepokitybetweeupositive( +)alldnegative( -).

Bit Assignment TIE: asst fields allow you to assign bits (channels) to labe&
Aboveeacbcohmmofbit a&gmentfkldsisalinetbattcllsyouthe
bitn~~fromOto15,withthcleftbitnumbercd15andtherightbit
mnubered  0. This line helps yen  know  exactly which bits you are
=%45

State Format Spedfication  Menu
144

HP 165OWHP 16510
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Thewnventionforbitas@mentisz

l (asterirlr)  indicates lusiped  bit

. (period) indicats&ed  bit

Atpowerupthel6bitsofPod1area&gnedtothetiminganalyzer
andtbe16bitsofPod5areass+edtothestateanalyzr.

To change a bit assignment con@ration, place the cursor on  a bit
assignment field  and press SBLECr.  You will see the fokwing pop-up

HP 16SOB/HP  165lB
Front-Panel Referem

FIgwe  M-3.  Bit Assignment Pop-Up Menu

UsethtKNOBtomavethecursortoanast~oraptriodandprtss
SELECT.  The bit assijpa  toggles to the opposite state of what it
was before. When  the bits (channels)  arc assigned  as desired, place the
amxwonDoneaadprcssSELEC’LThisdosesthepopupand
displaysthenewbitass&ment.

Channek  assigned to a label arc numbered from right  to left by the
logicaaalyzr.Thekastsignificanta&gnedbit(LSB)onthefarright
isnmnberedO,thenadassignedbitisnurnbered1,andsoon.Sinct32
channtlscanbea.u;rmedtoonelabelarmosSthehighestnlrmbtrthat
canbegiventoachasmelis31.

Stste  Format Specificstion Menu
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Altbougblabelscancontainsplitfitlds,~cbannelsareahrvags
suunbed  eonsefdveiywithin  a label The numbering of channels is
illustmedwith  the figurebelow.

Figure 144. Numbering of Assigning Bits

Pod  fhWShOid Each pod has a thresholdkvel  assigned to it For the HP  165lB  Logic
halper,  threshold levels  may be defined for Pods 1 and 2 iuv.
F~theHP1650BLogic~,threshoMkv~maybedefiatdfar
Podsl,2and3in&hmUy,~oaetbresholdforPods4and5.Itdocs
notmaaerifPods4and5anassignedtodifferent~~~
thethr#hoidofanetRinchrmgethethresholdofthtother.

IfyOPplacetheansorollaneofthepodtbresholdfieldsandpress
SELEcr, youwill secthef0llowingpopupmcaR

F~ure  14-s. Pod Threshold Pop-Up Menu

7TLsetsthethr&oldat+  l.hvolts,andECLsetsthethsholdat
-l3VOltS

State Format Specification  Menu
14-6
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TheUser-definedoptionItuyou~tthethresholdtoasptdfic~
tmween  -9.9Vmd  + 9.9V.Ifyousckfxthisoptionyouwillscca
Numeric Entry pop-up menu as shown.

Figure  14-6.  Userdefined  Numeric Entry PopUp Menu

Yoncan&angcthcvalueinthcpop-upcithcrwitbthekeypadonthc
~tpanelor~theKNOB,whichyoarotate~~yougetthe
desired~.Wll~tllCCaeaVOltagCiSdiSpla~pressSELEcT
Thcpopupwilldoseandyournewth&oldwillbcplacedinthepod
thresholdfield.

Specify Sysnbols This  field provides  aazss  to the  Specify Symbols menu It diffets  froln
the other fields  in the State Format Sp&btion  menu  in that it
displaysacompWmenoinsteadofapogap.The~letc
description of  the Specify Symbols Menu follows the  State  Format
Specihtion Menu  C&is  later in  this chapter.

clock The Clock 5eld  in  the Format Spccifih  menu  displays the clocks
forclackiagyoursystcmLThedisplaywillbcrefemdtoasthc
“doddllg~~

TheHF’  165l.B  Logic Analyzer has two dock channels, each on one of
thepods.TheJd~iswpodlaadtheKd~isonpodZ

HP 165OWHP  18518
Front-Panel Reference

Stale Fommt  Specification Menu
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1 Specify Clock (Done)
JJ

J~Kjl~tl~N~

Figure 14-7. Clock PogUp  Menu

Piiure  14-k  Slngk Clock PopUp  Menu

ThcclodcsarecombincdbyORingaadANDingthcmC3ockcdgcs
are ORcd  to clock edges, clock lcvchrc  ORed  to dock lcvck,  and
clockcdgcsarcANDedtoclock~

Forexamplc,ifyonseieaCfor~Jdod;,tfortheKclock,_forthe
Mclock,and  -  fortheNckk,theresukiagclockhgarrangcment
willappearinthedisplayasz

Clock
I( JJ+Kt 1. (tl,+N- 11

Figure  149.  Example of a Clocking Arrangement

State Format Specification Menu HP 195OB/HP  16518
144 Front-Panel Reference



with this mTangeme*  the state analyzer wiu clock the data when therFi
isamgativecdgeoftheJclockORapositiveedgeoftheKdock,
ANDwhenthereisakwvlevtlanthcMdockORafiightevelontheN

Pod Clock Your logic ana@mr  has the capability of docking data in three
d&rent  ways The  pod Clock Gelds in the State Format Specification
meauanowyoutospedfy~~ofthethreewarsyouwanttodo~tbe

Eachpodass&nedtothestateanalyzcrhasapodCbdcfield
associated with  it. seleaing  one  OF the pod aodc  lields gives you tile
fohwixlgpop-UpmuIIx

Figure  W-10.  Pod clock Fwld  Pop-Up Menu

NOMW

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

Clock
I( bl1+  KT I]

F~ure  M-11.  Example of a Clocking Arrangement

HP 165081HP  1661s

In Normal mode the state analyzer will sample the data on any assigned
podsonanegativeedgeofcheJdockORona@tiveedgeoftheK

state  Format Specification Mew
14-Q



Demultiplex

Wti the HP 165OB/SlB LogicA&zers,  you can do& two merent
typcsofdatathatoccurmthesamelines.Forinstan~~that
transfer both address and data information need to be clocked at
differcntfimesinor&rtog~the~infarmationatthc:righttimt.
The Dcmkiplex  optimtprovides the means to do this.

WhenyouselecttheDemltiplcxoprion,thepodClock~ldcbanges
to7Master 1 Sla~“andtwoclockCeldsappearabovethepodswhere
j~oneQockfieldosedtobe.These6ieldsarethtMastMQock?nd
ShWCClChaSShOWKt

Sl...  ClllOl
KY

Fqure  14-12 Master  Clock and Slave Clock

Notice, the bit numbers that appear above the bit as&meat  field have
changed.  The bits are now numbered 7-07-O instead of lL87-0.
This helps you set up the ana@er to clock the r$ht information at the
righttime.

State Format SpecifiaHion Menu HP 165OWHP 165lB
1410 Front-Panel Reierence



HP 165OBbiP 16516
Front-Panel Reference

Figure 14-13.  Master and Sbwe clock  Bit Assignments

ThcMasterandSlaveao&callhavcthcsamedocking
arrangc~ThcdocJringisstiUdoaethcsameway,withthtlowcr
cightbitsbcingdocked&stontkSlavcClo&thcnontheMastcr
a0ck

The Mixed Clocks option allow  you  to dock the hwer  eight bits of a
pudseparatclyfromthcuppcrcightbit.LThestateana@eruses
Master and Slave  Clock  to do this, If you select  this option from the
pod clock  pop-up, the pod Clock  field changes to Master I Slave,”
and two Chck~elds,  Master  and Slave,  appear above the pods.

State Format  SpecificWon  Menu
1011



As in Demultipleq  the Master Clock follows  the Slave Clock The state
alAyzeriooksforthedockiag amtngement  given by the She  Clock
aadcl~thelcrwereightbiu.Thenit~fortheclodcarrangwnent
givenbytheMasterClockaaddockstheappereightbits.Unlike
Demultiplex,alll6bitsofapodaresampied.

TheMasterandSlawzClockscaahavethesameclockiug
arrangements. The dodiug  is still  done  the same way, with  the lower
eightbitsdockedontheslaveclodtandtheuppereiglltbitsdodced
antheMastnclo&

Clock Period ‘rhk  tad provides  gt~~ measurrmcntaccaracywhenyourstate
inpntdockperiodisgreaterthau6Ons.  Whenyonselect  > 6Oas,tite
stateanalyzrpmvidesgreaterimmmityagahstmiseorringingiathe
stateinputdocksign&also,thelogicanalyzrprovidesgreater
acaxracywhentrig@nganotherstateortimingana&rortheBNC
triggcrm

Specffy The  logic analyzer supplies Thing  and State symbol  Tables in which
Symbols Menu youcandehcamnemoaicfffaapecificbi.tpattcmofalabeLWhea

measureraentsaremadebythestate~,thcnmemonick
displayedwhcrcthebitpattemoccnrsiftheSymbolbasissclecWi

T o  access  the Symbol Table in the State Format Specification menu,
place the ausor  on  the Specify Symbols field  and press SELECT.  You
willseeancwmenuasshownThisisthedefautsetttrgfortheSymbo1
Tableinbothtbetiminpandstateimdprs.

State Format Specifhtion  Menu HP 16SOBIHP  1sSlB
14-12 Front-Panel Reference



F~ure  M-14. Syjnbolfabk Menu

Specify Symbols ther e are four  kids in the Symbol Table menxL  They arc:
Menu Fields *Label

l Base
0 symbo1viewsize
0 symbolname

HP 165OB/HP  l(islB
Front-Panel Reference

Figufe  1445.  &ible  Pop-Up Menu

State Format Specification Menu
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Eacbhbelbasascparatesymboltable-Thisa&2wsyoutogivetbe
samenametosyxabolsdehedundcrdiEerentlabels.IntheLabcl
pop-ups&ctthehbeiforwixichyouwishtospecifysymbols

Film M-16.  Bme  Pop-Up Menu

State Format Specification Menu
14-14
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Symbol View Size Thesymbolvitwsizefieidlets~uspedfyh~~charactmofthc
symbolnamewillbe~~~whenth+~lisrefwtncedinthe
StateTraceSpec&ationmenuandthcStateListingmcnu.  Selecting
this field gives  you the following pop-up.

Fgure  1417.  Symbol Viw Sii PopUp  Menu

Youcanhavethelogicanalprdisplayfrom3toall16ofthe
charactersiathesymbolname.Formoreinformationsce  “htel’race
SW Menu” and ‘state  listing Menu” later in this chapter.

Symbol Name when you Eirst access  the symbol  Table, there  are no symbols
spec&d.Thesymbolnamcfieldreads%wSymbaL”Jfyouselecttbis
~~yoa~seeanAlpha~~~~uoILthe~~y.Usethe
pop-up menu and the keypad on the front panel to qnter  the name of
yoursymboLAmximumof16characfersczmbeuscdinasymbol

F@ure  1418.  Symbol Defined as a Pattern

HP 165OWiP  16518
Front-Panel Reference
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Figure  M-19.  Specify Pattern Pop-Up  Menu

Ifthesymbalis&~asarange,twofieldsapptarinwhichyou
speciQtheupperaadlowerboundakoftherange.

Figure  14-20.  Symbol Defined as a Range

Figure M-21.  Specify Range PopUp  Menu

You can speci@  ranges thau  overlap or are nested within each other.
Don’tcaresarenotalhvedm

State Format Spedcation  Menu
14-w

HP 165OWHP  1651B
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To add more symbols to your symbol table+  place  the ausor  on the last
symbol defined  and press SELECT. A popup menu appears as showx~

Figure 14-22.  Symbol PopUp  Menu

Leavingthe when y~~hgvt~~anyo~rsymbols,yo~~an~~~ethesgmbol
Symbol  fable Table menu in one of two ways. One method is to place the cursor on

Menu the  DW  field ad PESS SELEfl- This puts LOU back in the F-t
Speeifiearicm  menu that you were ELI  before entering the Symbol Table.
The other method is to press the FORMAT, TRACE,  or DISPLAY
lteysonthcfrontpaneltogetyoointotherespeccivemerm.

HP 165OBIHP  16516
Front-Panel Reference

State Format Specification Menu
14-17



State Trace Menu

Introduction

Farancwmpleofsetting~aaaoe~~foraState~,
refer to your Gebg  StMed  Guii& of State Analyzer MB
Exaulpwiachaptcx2oaft.hisJll2maL

HP 165OB/HP  16SlB State Trace Menu
Front-Panel Reference 15-l

Fqure  15-l. State Trace Specification Menu



State Trace
Menu Fields

Themennisdividcdhtothreescdonx thCS~~Ht.hC
largecenter~thcaapisitkkldsatthetopandrightofthe
scrcen,andthcquaiifkaadpattunficldsatthebottomoftbesucen

State lrece  Menu HP 1650BRlP 1651B
152 Front-Panel Refetrence

Bcfozedesa%ngthcfieldsinthemena,wenecdtodefineafcwternrr
Thesetumswiflbeusedintbedi!iamioxI5ofthefi*so
undcrstandiugtheir~iseasentiaL

P~~itcrs:apatterno[bia(0,1ar~ineacblabeLThere
areeightrecognims~~whenone$tate~risanFomart
availabletoeach,naner~twostafeanaytcnareoILThepattern
rcmpkrsare~thenamesatlKoughhauda,rcpartitioacdinto
groups of four, a-d and e-A

Rccogntnr:recognizesdatawhichisnmnnicanybetweenortm
twospedfiedpatterns.Onerangetcrmisavailableandis~to
theGrststateanalprueatedby~ podstoitorifonlyo5e
aualjzerison,thelltherangetenuis~edtoiL

QuaUGecuser-spcsikltamthatcanbcanystat~ncasta&asingk
panern=cognizer,arangencogaiter, the~ofapatternor
range rc.copizcr,  or a logical m&nation of pattern and range
recognizerrWhenyous~~afreldtospecifyaq~,yonar9set

-thefollowingqualifkrpopttpmenu



HP 165OB/HP  16SlB
Front-Panei  Refemma

-Full  Qurlifler  Specification

0 [orrl

(Oone)

Or

%
Or

OJ“Or

F~um  153. Full Qualifier Specification PopUp



Note
WI

-?.-i

StateTrace  Menu
15-$

WnhtbisFmIlQuaIUkSpcd6utianpopup,youspcciQal~. .-ofpattunsor~asthc~.nepattern
ncogkrsarcahvayspartirionedimothcgroupsoffoorshowaonty
oneopcramisatlowedbctwccnthcparzemsinagronp.PatrenrsiP
un~form(a,b,etc)citno.nlybcO~

Thecomplrmumofpamm(  * a, * b,etc.)canonlybcA.NDcd
For~ifthefitstORfi~(&att)ischangedtoAND,anthe
p.ttemforthatgatcarecQntplemented,asshownbelow.

1

i
2

Fall  Ouolifir S~ecifiwtioa (oam)

FIgure  154.  Compiemented  Patterns

HP 165OBMP  165lB
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Tospecifyapatterntobeusedintheamnbhi~piacetheaxrsoron
the pattern recogxkr field and press SELECT. The field  toggles  from
~to~~daconnectionis~~~thcpatternfieldtathegate.
InfigrPc~5,paaernsb,candd~the~areORedtogethcr,
andeandgarcANDcdtogether.

122

range [ In 1 I
L-I&  1

Ffgure  155.  Patterns Assigned for Logical Combinations

1
22

,DonaF u l l  Ousliflcr  SDccificstion r
CllOIII.
bf  On L
3Cl

Fgun  15-6.  Range Specification PopUp  Menu

State Tmce Mefu~
15-S



Mile  s t o r i n g  Cb+c+d+rsnge)+(rre*tgI

Flgure 15-7.  Boo&n  Expression for QuaMii

State Tmce Menu

Seqwnce  Level  1 (W

Insor  t Level Delete Lavel

Uhilc  storing any state

[f?on)18 .!. 1I7I tlI!Ms

Flgltre  15-a.  %quence.L8vel  Pop-up Menu

)’
I

HP lSSOB/HP  16518
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Insert level

Delete Level

Note $

ToinsertaleveL,placethecmsoranehtfitldlabelcd~Lenluld
press  SELECT. You win see  the  following pop-up menu

Cance 1

I
Bof or0
Af tr

Fgure  15-O. lmert Level Pop-Up Menu

CuncelrcturnsyontothesequcncelcvcIpop-up*~inseninga
lcvcLBefo~inscxtsalmJbcforcthcprcscntlevcLAfterinscrtsaim1
afkrtheprcsultlmLxftllcrearecightlevc~tbcInseltLevclfield
doudtapjmrinthesequeaakvdpopup

IfyouwaDttodeluethepresmtltvcSseleathefiddlabeledDclete
IYouwillsccapop-upmeanwiththechoicesC.imccland
Becute.  canal remrBsyou  to the sqllcace  level pop-UpwithouI
d&tiagthclcveLExemted&tcsthcpresentlmehndrcxumsyouto
the State Trace Spwifhhn  mum.

HP 165OWHP  16518
Front-Panel Reterence

State Trace Menu
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Hhile  storing e+d

Figum 1510.8torage  Qualifier Example

TheonlystatestlIatwiubestoredanddisplayedarethestat#gmapby
patternrcmgnksaandd

Branching Evmysequea~~l~~~l~~~~~ptthebsthasaprimarybramhbgqnalifk.
Qualifier With  the  branching qdifk,  you tell  the aaalyzr to look for a specific

stateorstatcs.ThcprimrybrandhgquaHeradvancestkspacnm
tothenextkvelifitsqualifieris~

rntileamntpieoff&arcls4$thcbraachingquatidertcJlsthc~r
vhemtriggcr.Inothcrsqucncekvc~thequaIifiermaysimpiy
speciQastatetbatthcamlyzeristoiookforbeforccontinuingtothe
nextkvel.

Somesqucacelevclsakohaveasamiarybraachingq~-The
scco&rybraachwiQifsatis6ed,routethesequcaccrtoalevclthat
yoadefimt.Thisis~edinnurredeailin”Branches”latainthis
chapta.

state  Trace Menu HP 165OWHF 16518
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0CCUrt8tlC8  Theprimarybranching~hesm oaaxrenct  comer.  Wfi  the
Counter  owzmenceanmterhldyouspe@thenmnberoftimwthcbranching

qtlaEcriztooccmbcforcmovingtorhencxckvcl

Flgtlfe  s-11. Occtmence!  counter Pop-up Menll

Youorn~the~atbytitharobtingtheI(NOBorpressingtbt
appropriatemnerickeys.Thegmlibrcanbcspec&dtoocaxrfram
onet065535timeS

m] 1 a n y  state I  I 1  t i m e s

F~we  1512.  Then Rnd  Ennchii  Qualifier

HP l6sosMP  1651  B
Front-Panel RefereM

State Tmce  Menu
15-Q



Inrer  t Levr  1 Delete  Low1  :

+lhlle  storing my stste

Store my state 3 /
DlteOlo  on no state II 1 t1m.s  .

Figure 1513.  Storage M8u-o  Sequence  Level  Example

St8te Tmce Menu
lB10

1

8
2

,
Saqmemcm  Lmvml  I (Xi$

Insert Lovs 1 Dolate  LIV.1  i

While  stwlng I 1
fEnsb)ej[a II 1 times

start t I
DlsrDlr  on I II 1 timts

Flgure 15-t4. Sequence Level Pop-up with Storage Macro

HP 165OWHP t65tE
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Reading the
Sequence
Level Display

Rcadiagthcdk@ayisfairlysoradghdorwvdForr?lramnlc,sppposc
yourdisplaybolcr~thatsllownbclow.

Scawnce Levels
Wile  storing * my state

5 t1lhas

Wile  storing ‘B’
Trlggcr on 'c' 1 tunes

no state

Fgure  15-M.  Sequence  Level Display Exnmpie

HP 1650B/HP  16518. Front-Panel Reference
State Trace Menu
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AncxampkofastatelisZingforthepreviousStateTraaco~
issbcnmbelow.Thestatepattemsspcciftdrae:

a-BO3C
b--0000
c=#30

Lab.1
mmu

-0028
-0027
-0026
-0025
4024
4022
4022
4021
4020
-0019
4ou
4017
4011
-0015
-0014
4ol.3
-0ol2
4ola
-0010
-0009
-0008
-0007
-0006
-000s
4 004
4003
-0002
-0001
+oooo

4E7s
cam
w o o

E
oom
M O
l  m
ms
☺O00
woo
l 9☺O
BO☺C
OOrE

L!l%
Cl?A
20⌧
0000
J9JO
4c?A

z.c
DOW

ttz
0000
0080
W☺O

Fgure 1646. Blate LisUng  Example

Aaptate was stored while  theadyzer  lookcdbrhc  occurraa  of
thestateB(nCAfttrthehfthoccmr~~wasformd,oalystate0000

- wasstoreduatiIscate893Owasfonnd,andthcana&crtriggered.After
thetrigger,aostateswerestored.



Acquisttion Theqhitimfieldsarcaxn~of&heTra~mode,Armedby
Fields Bradies,  Coans  and Restore fields, as shown below.

Fgure  W-17. State Tmce  Acquiottkm  Folds

1-m Mode Youspecifythemodcinwhkhtkstateaual&aiUtraccwiththc
Trace mode field You  have  two choices  for Eace  mode  Sic and
Repc&ivcIfyouplacctheaxsorantheMdandpresSEILECfthc
ficldt~fromooemodetotheothcr.

Si Trace mode  actpim data  cmec per  trace. Repdive  Trace
modcrqxatssingleaa@sitionsuatiltheSTOPkeyonthcfrontpantl
ispraedyorifstopmeasurwnentison,untilam&tious~with
tlteXandOlnarkersiutheStateListinglrmuaremU.

mloth9llmlymsare~oalyonetracemodecmbt
speci5&Spcc@agoneuacemodeforoneanalyzrsetsthesame
traccmodcfortheotJsraaalpr.

HP 165OWHP  16516
Front-Panel Reterence

State Trace  Menu
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WhenyousekdtheArmedbyfield,apop-upmennappearsEkethat
sbownbe.low.Thefirsttwooptiollsahvaysappcariathepopup.Thc
tbirdoptionwiUgivethenameofrheothcr~.Iffatbcr
analyzzris~oriftheothertn.a&hisbeirrganncdbythis~
this option witl  not be availah.

Fmned by
Run

I
BNC Input
C#CHIM  1

Figure s-18. Armed  By PopUp  Menu

Branches TIC ~nnches  md &WS YOU  to COII@KC  the  stqpen~er  oft&  stlre
adyzertobranchhmonesquencekveltoauotherwithsccorhy
branchingc@iticqortorrsrPrtwhenacertainconditianisma
selectillgthisfieldgivesputhefoflowingpopPpmemL

Branches
Off i

Restart
Per level

Figure S-19. Bnnches Pop-Up  Manu

Btete  Trace  Menu
S-14

TheRcstartoptiollauowsputostimovcxfr&nscqualce~1when
p aspcc&dconditionismuThiscanbchandyifyoubavccodttbat

branchcsoffillsevcralpatbsaadyotlwanttbe~tofdbwone
#nainpath.Ifthe~gowoffonaoundesiredpatb,yorrwonld
wantthe~tostopaadgobaJrtothebegiadmgandtairethc
--Path.

If you select the Restart option, you will see  a qualifier popup  menu
like that shown in Egurc  l5-L Wrtb the pop-up you select the qnalifier
forthepaaernonwhichyouwantyour~~tostaamr.

HP 165OBMP  16519
Front-Panel Reierence
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whe.nyourstate8llalprisreadingdataitproceedsthroughtbe
squcnccIfatcnndOfSll’tmat&thebran~quatifier,itisthca
che&cd8gainstRstarLIfthetemmat~thestate8mlyzcrjumps
backthesequencelevell.

Per Level

SektingthcPcrbxeloptionallowsyoutode6neasecondary
bran&hgqna&rforcacbscquenczkvd.Astatemcntisad&din
cachkvclsothatywcancdignrctkanal~rtomovetoadZcxent
lcvclwhcnaspdMaditionismeLAn~pleofascqwnccicvel
withaseandaylxanchgqPalifierkshowninthe6gure~.

Sequence Level 2 (Done)

Insert Leve 1 Delete Level

While storing b I
Tien  flixl c II 1 timss

Else on f 1 got0 level 141

Figure S-20.  Secondary Blanching. Ouali!ier

State Trace Menu
15-15



Bt8le  Trace Menu
15-W

rnthelastsequcnceicvc~wfiichoalyhpecifiesstatcsthataretobe
storu&thcsc.condalybranchingqualifierstat-lookslikethat

shownbclow.

I(
S*quente  Level 7 ( D o n e )

Insert Level Delete Level

store my stotc I

On e ] got0 level 161

k

Figure 15-21. Secondary Brunch QuaIltier  in tat  letml

HP 165WHP r65lB
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HP 16505IHP  16515
Front-Pmel  Reference

seownw  Lovslb
ntl11r  rtorrng  3,
Then find “c- 1 timas
Else on "1' go to levrl 4

bthilc s t o r i n g  ‘0’
Than find  'c' 1 tims

Hhlla CtO?ing *a’
Then fina  '9' 1 times 1

F~ure  15-22.  Snnching  Between Sequemce  Levds

Eachseqncncckvclcanbranchtoodyonclmlttmugha~
bmchingqnaEcr.Howevcr, themmbcrafhestowhichahelcan
bcbramhcdislimitcdonlybythenumbcrofimlspreseotAImlcan
haveonlyoncan-owpoi&gawyfromit,butitcslhavctwo~
toitifmoretbanoncotherl~isbnnchingtoitAnaampleofthis
issbowninthcfigurebclow.ThcarrowwithrwotaiIsindicatcsthata
kvclabovcandalmelbelmbrmchtotkisIwcL

Mhilr rtorlng  - my steto'

Else on ‘0’ go to level  2

blhlle ctorlng * my state'
men find 73’ I tmes
Elect on ‘g’  go to Iov.1  3

nhllr storing - ang 8tato’
friggor on ‘a’ I t1mos
Elm on a any etate’ go to lr~~l 2

Figure 15-23. Muttipk  Snnching  @.+lween  lmds

Sbte Tnce Menu
1617



c o u n t The count field allows you to place tags on states  so  yctu  can count
tbelnCounb’mgaltstheaquisiti~memoryiubalf~lkto532and
thenMmumdockrateisreduccdto16.67MHz

Note Count (State Trace  menu) is  turned aEwhm”CkxkPeriod”  is set to
c 60nsintheStateFormatSpecificationmcousincctheclockrateis
gllXt~t.bZll6.67MHtIfyOUSClectCopat,thCClOdtperiod
antomatically  dmagfx  to > 60  xu

State Trace Menu HP 1650BMP  16516
s-18 Front-Panel Reference

Count
Off

El

Time
States

Fqure  l&24. Count PopUp Merw

T i m e



OCF 1.20 .I

z 1.24  1.26 II. “I

C D 5 1.72 ms
2000 1.26 ”

z 1.24 1.2. at  n
602c 1 . 2 4 "
zz 1.2. .*

1.m u

isi
I.24  0s
1.72 .‘

mx 1.2 6 a*

!s 1.66 1.521.24 .* .t .s

Fgure  1525.  Rel8tive  Tiie  Tagging

Anex3mpkofasnteEstingwithtimetaggingr~tothetriggerk
shownbekm?

HP r65WHP  165lB
Front-Plnel  Reierence
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Btate  fnce  Menu
15-20

Fqure  15-27.  Relative State Tagging

HP 16SWHP 165lB
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r !
-P

Prestore

Figure 15-28.  Absolute State Tagging

Restore allows you to store two qualified  states before each state that
is stored. Thtn  is only one  qaal5er  that enables prestore  for each
sequence~Ifyouseltatbisfier4youaillsetapop-upwiththc
~~~and~.S~On~yollaqualifierpopapmeaa
lilrethatin~e~~fromwhichyouchoosethepatternrangeor
axnbination  of patterns and  ra+s that you want  to prcstorc.

Note
aI

Prcstoreisodytrwilabltwhalclockpeliodis  > 6ons.xfyouselect’
Pmtore,tbeclockpaiodautomtidy~t~~6Onsifitwas
prcvioaslysctto  < 6ons.

HP 165OWHP 16518
Front-Panel Reference
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Qualifier and
Pattern Fields

Label

Base

State Tmce Menu
1522

The qdi6er ad pattan &Id.5  appear at the bottom of the State Trace
S~caticm  menu They allow you to specify pattern  for tile
quali6ers  that are used in the sequence  levels.

Label  > ( A
Base > (1

e
b

0

[XXXXJ
pszq

C

d Piixxxx

Flgure 154%  Qualifier and Pat&m  Fields

The Label fields display the labels that you specified in the  State
Format Specification mena  The labels appear in the or&r that you
spedfiedthem;h~~,,youcanchangt~eardcT.Select~ofthe
label~ldsandyoawillseeapopupmcnowithallthelabels.Ded&
which label  you want to appear in the label field and select that iabel.
The label that was there previously switches  positions with the label you
selected from the pop-up.

ThebastSelds~owpoutospecifythenumericbastinwbich~want
todefineapattemforalabeLThebasefieldsakoletyouuseasymbol
thatwasspecifiedintheStateSymbolTableforthtpaaeneEach~l
has its own base defmed  separately from the other labels. If you select
one of the base fields, you wiIl  see the following pop-up menu. Decide
which base you want to define your pattern in and select that option

Figure  1530.  Numeric Base  POP-UP  Menu

HP 1650BMP 16518
FronWanel Reference



Note You cannot define ASCII dmracten direct@  You must first de&e  the
pattun  in onl of the other nunteric  bases, then you can switch the  base
to ASUI  to see the  A!33 characters..

QuaIifier Field If JTIU select the qaaliGtr field, you will  SCC,&C fobwing  pop-up mem

Label >
Bsse  >

Fqwe  15-31.  Qualifm  Field Pop-Up  Menu

~~pattc;mrecognizers areintwogroupsoffouxa-dande-hIfyou
skctoneofthcsetwooptio~theqnaUcr5eldwiUcontabmly
thosepattenl rwo@mForimtance,thequaEfierfzldinf@c
1529contaiosonlytIterecognizersad.  1 ,

‘.
-i

HP 1650WHP  165lB State  Tmce Menu
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Ranges

Uyousdcct  the range  option, the  qua&x and pattcm  fields  look
similar to that shown  b&w.

Label )
Base )

Renge

n

louer pi%-~
UPPer pix]

Faure  S-32.  Flange Qualiier and Pat&m Fis

Pattern Fields The pattern fields allow  LOU  t0 spedj  the statts  that p waz~f  the 3ta

analyzer to search for and store. Each label  has its  own.  pattern field
thatpoansetospedfyapaaernf~thatlabtl(ifyonart~~a
pattcrnfurap2itmnr~).

Stale Tnce Menu
15-24
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State Listing Menu

Introduction This chapter  dcsaibcs  the State Listing menus and how to interpret  h
It also tells  you how to use  the fields to maniptalate  the  displayed data
soyoucanCndyourmeasuremejnt answcrs.Tlle  state Listiagmcau  is
the display menu of the state analpf.

There  are  two difFe.reIlt  areas  of the  slate  iisting  display, the Inelm  area
and the listing area. The menu  area is in the top opt-fourth  of the
xreenandtbe~areairthtbottomthree-fo~oftberneee

”
-2

HP 165OBMP  lG51B State Listing Menu
FbnbPanel  Reference s-1

F~ure  181. Slate listing Menu..,

This listing display shows you 16 of tbe possible 1024 lines of data at
‘“one  ihue.  You cau  use the ROLL keys and the KNOB to roll the listhg

to the lines  of illtcresL



The cduian  of numbers at the far left represents the location  of the
squired data in the state ana@r%  memory. The trigger state is
~~0000.Attheverticalcenteroft6iscolumnyouwillseeabax
co-  a number. The bax is used to quickly select anot&  locatior
in the state listing  The rest  of the wlumas  (except the TimJsrares
column) represent the data acquired bythe  state analym.  The  data is
grouped by label and dispIaycd  in the nmnbcr  base you have sekctui
(hexadecimal is the default base).

When the Tie  or States option is selected in the  Count f&d (State
Trace Speciiicatioa  Menu), the aquircd data will be displayed with
timeorstatetags.

The The  dttmn  displays either the Rel(ative)  time (time from one
state to the next) or Abs(olute)  time  (time from each state to the
nigger).

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

Accessing the
State Listing
Menu

ThcStateListingMenPisaccessedbypressingtheDISPLAYkeyon
the front panel when the state analyzer  is on. It will  automatically be
displayed when  you press RUN. If the Timing Waveforms is displayed
when you  press the DISPL AY key, youwill  have to switch  analpen.
This is not a problem, it merely indicates that you were in the timing
anatyterorywhadperformedanaaiontotheriminrranatyzerintfie
Sptem  Configuration Mena

State Listing Menu HP 165OBRIP  1651s
l&2 Front-Panel Reference



State listing
Menu Fields

Tlms X to Trigger  [-2.4]
TIY  0 t o  Tragger  13.761
Tlmo  x to 0 6.24 us

Fgure 162 Statelisting  Menu FeMs

Markers TheMarktrsfieldaZlawsyoatospecifyhowtheXandOmraterswiIl
be positioned on the state listiug.  The State Trace Speci6cations  mea
0ptionsar~  ’

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

0 off
0 Pattern

Xf Count  in the State  Trace  menu is set  to State the marker options are:

l off

0 Pattern
0 State

p ”
4

HP 165OBMP  1651B State Listing Menu
Front-Panel Reference 163



Markers Off

Markers Patterns

state Listing  Menu
164

Whenthemarktrsaresettopatttms,yoncaaspedfypatternson
arhichthelagic~~phcethemarkers.Youcanakospecify
how many OCCP~OCW of each marker pattern the logic am&m  Iooks
for. This use of the markers allows you KO find a specific patter0 for
cachlabeliutheacquircddata.

F@ure  163.  Markers Set to Patterns

PactMDsfortachmarker(XandO)canbtsped6ed.Theycanbe
spedied for both markers in each label The logic analyzer searches
fortllclogical”al&ofpactanshlalllabels.

In the Fmd X (0)~pattern  0 from Triger field you specify how many
oczurrencts  of the marked pattern from a reference point you want the
logic analysr  to search for. The reference points are:

l TliggH
0 Start(ofatracc)
l X Marker (only available in 0 marker panem spedficarion)

Figure 164. Search Reference PopUp  Menu

HP %SOB/HP 165lB
Front-Panel Reierence



Stop Measurement.  Another feature of markers set to patterns is Stop
Measurement You can specify either stop measurement when X-O is
-or compareis . The options for X-O are: Lw w
Greater than, In r&$& in range. The options for Compare are:
Ekpal and Not Equal (see 5gure  165).

I Slop huwalent  ?ormotofs <Dono)

I
Store axeoptton  to dlakl  ion Flit  nome  lE%EPRoN ]
Fi le  aescrlptlon  1-1

Figure l&5.  Markers Patterns  Pop-Up Menu

Wti  this  feature $0~ can use the logic analyzer to look for a spcc5ed
time or raage of time between the marked patterns and to stop
squiring  data when it finds this time between markers. The X marker
must precede the 0 ma&r.

Ako available is Store exception to disk which allows you to specify a
neontaediskthatwrctptionscanbestaredin.Tbedefaultfilenameis
EXCEPTION.  When the trace mode is repetitive and Store exception
todislcisan,thefonowingprocesstalresplace:dataisaq~~until
the stop criteria is met, data acquisition will stop, data in the
aquisition  memory  will  be stored on the disk,  and data aquisition  will
resumewhentbtdataisstored.Thisprocessccmtinues~thedisLis
faUThe&taisstortdinthtsarnefikname;howevtr,thelastthree
clmractcrs  will automatically be replaced with a numerical serial
number. For exam&  JZXCEPrION  will  change to EXCEPTUh the
secood  time memory is stored.

Note $ The upper and lower range boundaries must not be  the same value. For
examp~ifyouwanttostopa measurement when the X and 0 mark
preinrangeof200ns,youshoaldsettherangevaluesto190nsand
2lo  as. This elimbam  e~oneous measurement teImiMtion.

HP 165OB/HP  15518
Fronl-Panel  Reference

State Llstlng  Menu
1 6 5



Markers Tim8 When  the markers  are stt  to Time, y~rwan  place the markers on states
inthcSistingofinterestandtbelogicaxx$zerwillteUyo~

l Time X to Trig&r)
l Tie  0 to Trig(ger)
0 TimeXtoO

To position the markers, move  the cursor to the field of the  marker you
wish  to position and press SELECT.  A popap will appear showing the
cm-rent  time for that marker. Either rotate the KNOB or enter a
numericvalue  from the keypad to change the position of that  marker.
Pressing SELECT when you are finished positions the marker and
closes the pop-up.

f6eooosTnTEl-  lstete  ust1ne  J
Tim X to Trigpar

nerters 1
1  6 . 7 6  US]

Tinm 3 TIlm 0 to Trtggor 11
llmn x to 0 -3.00 us

Fgure  16-6.  Markers Set to lime

TheTiiXtoOficldwiRchangeacmniingtothepositionoftheX
and 0 markers  It displays the total time between the states marked by
theXandOmarkers.

Markers StatiStiCS When staGtics  are specified for markers, the logic an-  will  display
tk

l Numberoftotalruns
l Number of valid runs (runs where markers were able to be placed

on specified patterns)
a MinhumtimebetweentheXandOmarkers’Maximumtime

betwultheXandOmarkers
l AveragetimcbetmeatheXandOmarkers

Figure 16-7.  Markers Set to Statistics

State Listing Menu
166
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How the aatiaics wiIl  be updated depends on the state trace mode
(repetitive or siugle).

Inrepebitive,statisticswillbe~t~eachtimeavalidran~
mtil  you press STOP. When you press RUN after STOP, the statis&
WillbCClWCdandWdlrwti%lTfiOlllZerO.

Lnsingle,eachthDeyoupressRUNanadditionalvalidrunwiUbe
addedtothedataandthestatistictwillbeupdattd.Thiswin~~ue
unless you change the placement of the X and 0 markers between rum

Pattern You use the Pattern
FiG

~fiekitospec@thepatternsfortheXandO
markers for each label.

Figure 16-8.  Pat&m Fti Pop-Up Menu

When x-pattern is specified  in the Fmd ~~~field,~POPups
in the Pattern field allow you to &&%y  a pattern for  the X
marker in each=

When the O-pattern is specX&  the pop-ups in the Pattern -
field allow you to specie) the patterns for the 0 marker in each label

HP 166OBRlP  166lB State List ing Menu
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17
State Compare Menu

Introduction State compare is a software post-pmce5sing  feature that  provides the
ability to do a bit by bit ccunpaison  between the acquired state data
listing and a compare data image.  You can view the acquired data and
the compare image separately. in  additioq  there is a separate
differcncelistingthar~thtbitsintheacquireddatathatdo
~match~ecorrespondingbitsinthccompareimage.Eachstate
machine has its own Compare and Di&rcnce  list@

The comparison between the acquired state Wag  data and the
campareimagedataisdonerelativetothetriggerpoinu.Thkmeans
thatthetwodatamcordsarca@udatthetriggcrpointsandthen
comparodbitbybitAnybitsintheacquireddatathatdonotmatch
the bits in the compare image are treated as uneqal.  The don’t
comparebitsirrthtcompartirrurrtartignortdforthtcomparison.

Whenalogic~clmfirmrstirmisMvedtoorioadedfromadisir,
aayvalidcomparcdataWnciingtkdataimage,etcisalsosavedor
loaded

HP 165OBMP  1651B State Compare Menu
17-l



Accessing the The Compare menu is accessed from the State Listing menu To

Compare Menu accesstheComparcmcnup~thecarsoranthe~ldStateListing
andpmssSELECLApop-upappcarswiththcfollowingoptiansz

0 StatcWavefonns
0 Statechart
0 statecompare

Place the ausor  on State Comprvr  and press SEIJXX.  The pop-up
will close and display the State Compare  menu

The Compare
and Difference
Listing Displays

The Compare
Listing

TheDifference
Listing

TbeCompareLktingc83mins the image (or template) that acquired
dataisannparedtoduringacomparjsonmeasmement.The
baand?riesoftheimage(orsizeofthetemplate)canbecontrolledby
using the chaunel masking and compare range fimctions  descrii
~.Anybitsinsidetheimagedisplaycdasxhavebeensetto~t
compare&.

TheDiffemccListinghigUghsthecntirerowwithiavcrsetideo,if
anydi&nncescrislintheacquired&tathatdiffersfrom~~einthe
compareimagc.lnaddifion,whcnthebaseisbexadecimal,ocA,occa,
binary,thebit(ordipjtcontainingthebit)thatdifftrsfromtht
compare image is underlined (see 5gu.m  17-2 and 17-3). If the base is
imerse assembled symbols, the display does not change; however, the
stopmeasurementfundionsstillfuacti~

State Compare Menu
17-2
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The controls  that roll @e iktkg  in all three mcms,  the normal State
ListillgtheCompareListin&andtheDiffer~~are
synchronized unless the nnmber  of pre-trigger states differ between the
Comparelistingandtheaqubddata.Tbisnmastbtwhcnyou
&angethecurrentrowpo5itionintheDiffennceLjsEing,thel0gic
analyzer automatically Updates the current row in the acquired !$tate
List&CompareListingaudvia-qsa.

If the three listings are synchronized and you re-aquire data, the
Compare Listing may have a di&rmt  number of prc-trigger  states
&pemiingonthestatetraceu@raitekTheC4nnparcListingcan
he resyncbronizcd  to the  State and Difference  Lihgs (if different) by
entcringtheduircdstate(aquisitionmunory)location~thc
front-panel keypad.

This allows you toview fzomponding  areas of the hvo lists, to cross
checkthealignment,andanalyzethebitsthatdonotmatch

TomovebesveentheState&tingandCompareLktinginthe
HP 165OB/SlB,  select  the field dire&y to the  right of !&uw  in the
apptrleftpartofthescreerrandprwSELECT.This~~t~s
betwccnCompareListingandDifkrcnccListing

Creating a Aninitialcompareimagecanbcgcxrakdbycowingaoqrrircddata
Compare Image intotheccmpareimagcbulTer.W&ny0uplaathec4usoron  the

CoprTracetoCompvcfieklinthe~m~eLiniPgmeouapapup
appears with the options Canal  and Continue!. If the  Contimw  is
selected, the contents oftbe  acquisition data structure for the current
machine  are copied to the ccmpare  image  buffer. The previous
compareimagcislostifitharnotbetnsaoedtoadis]tIfyonseiea
Canal the current compare image rcmainsunchangmi

HP 166OWHP  16618
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Bit Editing of
the Compare
Image

BittditingallawsyoatomodifytheMintsofindividualbitsinthe
compareimrgeor~themasd~‘tcomparebitsThebitediting
fields are located iu the aster of the Compare  Listing display to the
right of the listiug number field (see fqure 17-1). A bit editing field
er6stsfarmrylabelinthtdisplaynnlessthelabel’sbaseisAscIlor
iwcrse~symbols.Youarnaccessany&taintheCompare
Listingbyrallingthedesiredrowverticallyuntilitislocatedinthebit
editingficldforthathbel  (column).

When you seleU  cme  of the bit editing  fields a pop-up appears in which
YOU enter your desired pattun  or don’t compare for each bit.

state Compare Menu
17-4

Figure 174.  Bit Editing Fields

HP 165OB/HP  16518
Front-Panel Reference



Masking ThechannclmaskingfunctionaUowsyoutospecifya~orbitsinea&

Channels in the labclthatyoudonotwantcxmlpax~Thisca~thecorr~

Compare Image
bitsinallsta~tobeigrrorediuthecomparison.Thecomparedata
;narreitselfrh ndmgedonthedisplay.TheMaskfieldsare
~~abovethehbelandb~fieldsatthetopofboththtCompare
and Difference w  (see Sgurel7-2).  When you select one  of these
fieldsapopapappearsinwhichyoaspecifywhidrcharmelsantobe
compared and which  &am&  are to be masked-  A “.”  (period)
indicatesadon’tcomparemaskforthat~landan~(,te~)
indicatc!sthatobalmelistobe~

HP 165OB/HP  16516
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Pipe  17-2.  Bit  Masking Folds

State Compare Menu
17-S



Tbe Compare mode is accessed  by s&cting  the Fall  Compa~WPartial
Gimpan  field in either the Chapare  or Difference listing menus.
Whenseiected,apopPpappcarsin~cbyouseltcteithertheFrrllor
Rrtiolopion.whenyopsekathePartialopti~fitldsforsetcingtbe
start state and  stop state values appear (see figure 17-3).

State Compre  Menu
17-6

Figure 17-3.  Compare Full/Compare Partial Aekl

HP 16!5OB/HP  16518
Front-Panel Reierence



Repetitive
Comparisons
with a Stop
Condition

.You access the stop measurcm ent fuucth by sekuing  the Spaify
Stop Mcastvcmat  field in either the Compare or Difference Listing
menus. When you select this field,  the Stop Measurement  Parameters
pop-up appears (see 6gure 17-4). The first field in this pop-up, just to
the right of Stop measurement contains either oft, X-O or Compare.

When this field is selw a popup  appears in which you select
Compare. When you select the Compare option, you can access and
seledeithutheEqoalorNotEqualoptioninthentxtfi~totheright

4 9 0 7 7 ra 4 7 i
uma -7 0 2 2
4 9 O T P aad Cl J
M o a o ama 4 4 1

Fgure  17-4.  Specify Stop Measurement IWd

Also available is Store exception to disk which allows you to specify a
Ele on the disk that exceptions can be stand  NIL The default f&ame is
EXCEPTION.

HP 16%B/HP  16518 State Compare Menu
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Note 1ID

WhenthetracemodeisrepetitiveandStoreexceptioatodiskison,the
following process takes place: data is squired  until the stop aitti  is
met,  dataaq~w9stop,dataitheaqaisitionmemarywinbe
storedanthedisk,arrd&taaoqrdsitionwillresumewhenthedatais
stondThisprocesscontinuespntilthe~ifnll.Thtdataisstoredin
thesamefilename;however,thelastthreecharaeterswiU
automatically be replaced with a numerical  serial  number.  For
example,EXCEPTIONwillchangetoEXCEF’IBO1thesecondtime
memoryisstored.

YoumayalsospecifyastopmeasurementbastdontimtbenmentheX
andOmarkersintheCompareorDifferenceL&ingmenus,Thisis
apailaMeonlywhenColmtissUrOTIlwbothtStateTra~mcnaIfthe
Stop Measurement is set torun  until  Gmparc Equal or CompareNot
Equal in the Compareor  DifferenceLhings,  +e  Stop Measurement
ontimeXtoOwiU&24ngetonmuntilCompareEqualorCompare
Not QuaI in the  other state display menus (ii. State L&i&.

Locating The  Frnd  Differcna  feature allows you to easily locate any patterns
Mismatches In thatWnotmatcbinthelastcompar&on.Ocaarences ofd3ferences

the Difference
are found in numerical ascending order from the start of the list@
Thefirst occurreuee  of an error  has tbe numerical  tie  of one.

Listing
Thisf&tureiscontroUedbytbeFindDiff~ fieldi.n&e
DEfermceL&ing~~WhenyouselectthisfiZLriWegcr~
popupappearsinwbichyouenteranumberindicatingwbicb
differenccyouwanttofincLTheUingisthenscam&s~
untilthespedid ocuurence  is  found and rolled into view.

Saving
Compare
Images

Whenyoasavealogic~r~~toadisk,thecompare
imagesforbothstaternahzersaresandwithit.Tbecomparedatais
compacted to amsem  disk space. Likewise, when  you load a
configuration from disk, valid  compare data will also be loaded

.

State Compare Menu
174
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Introduction The State  Chart Menu allows you to build X-Y plots of label activity
using state data. The Y-axis ahvays represents data values for a
specified lab& 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 axs to sdcchely view data of interest. An aummulate
mode is available that allows the chart display to build up over several
runs. When State is selected for the X-axis, X & 0 markers are
availablewhichallowstheaarentsamplt(stateortime)relativeto
trace point to be  displayed. Marker placement is synchronized  with the
normal State Listing.

Accessing the The Chart menu is accessed from the State Listing menu To acccti the
State Chart C&art menu place the cursor on the field State Listing and press

Menu
SELECT. A pop-up appears with  the fohtwing  options

0 StateListing
0 State Wavefoms
0 StateChart
0 StateCompare

Place the cursor  on State Chart and press SELECT. The pop-up wiIl
dose  and display the State Chart menu.

Selecting the
Axes for the
Chart

Wbm using the State Chart display, you should  first select what data
you want plotted on each axis  Assigning a label to the vertical axis of
the chart  is accomplished by positioning the cursor on the Y-axis Label
field in the menu When scltaed,  a pop up appears in which you select
one of the labels  that were defined  in the State Format  Specihtion
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  pops up when s&.cted in which you select  one of the
defined state labels.

HP 165OBMP  1651B State Charf  Menu
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Scaling the
Axes

Eithcraxisofthex-Ychartcanbescaledby*theassociated
vmicalorhorizmalmin(minimm)ormax(nmximum)valuehtlds.
Whcnsekct&,aSpeciQNmnberpopupappcarsinwhichyouspccify
the actual miniumandmaximumvaluesthatwillbtdisplaycdonthc

State Chart  Menu H P  165oB/HP 16518
l&2 Front-Panel Reference

Figure l&l.  MS Scaling Popup Menu

When Sfate  is selected  for the X-luds,  state acquisition mcmozy
l&  are plotted on the X-axis. The minimum and maximum values
canrangcfrom-lU23to  +1023dcpcndingonthetracepointlocation
The minimum aad  maximum values for labels  can range fim
OOOOOOOOHto~(Oto233”)ngardl#iof~dncelabeLs
arerestrictedto32bits.



The Label Value TheLabelValueversnsStatechartisaplotofbbelactivityoasnsthe
.

l&es Chart
memory bcation  in  which the label data is stored. The label  value is
plotted against successive analyzer  memory locations. For example, in
the following figure, label  activity of POD 1 is plotted on the Y axis and
the memory locations (State) are plotted on the X axis.

HP 165OB/HP  16518 Slefe  ChaR  Menu
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Figure 18-2.  label vs. Stale Chart



The Label Value when &IS ltre tiped to bMh  axis, the  chart  shows  how  OIE  label

v s . varies in relation to the other for a particular state trace reamL Mel

Label Value
values are always plotted in ascend@ order from the bottom to the top
ofthecbartaadinascendingorderfromlefrtorightacrossthechah

Chart PlottingalabtlagainstiuelfwillnsnltinadiagonalIinefromthelower
~toupperrightoorner.X&Omarkersaredisabledwhenoperating

Stale Chart Menu
l&8

I :.

Figure l&3.  Label  vs. Label chart

HP t6SOWHP  16518
Front-Panel Reference



X & 0 Markers When State is specified for the X-axis, X &  0 markers are avaiiable

and Readouts which can be  moved ho&on&&  The markers are synchronized wicb

for Chart
tbeXandOmarkersinthenormalStateListing.

To select the marker  mode for Chart (if it is not presently displayed),
plaa the cursor on the To Marker Control Eeld and press SELECT.
This field will toggle to To Range Control and the marker fields will  be
displayed (see  figure  B-4).

HP 1666B/HP 16618 State Ch8rt Menu
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Figure  l&4. Marker Fe&is

When a marker is positioned in the State Chart menu, it is also
positioned in the State Listing menu and via-w The Chart marker
operation is identical to the mafkers  in the State Listing menu (see
chapter 16).



Marker OptiOnS The marker options in the state Chart  menu depend  on what Count  is
settointheStateList&mmeau.

l off
l PatteHl

When Count is set to Tie the Chart markers can be set to:

0 off
0 Pattern
l Tii
*statistics

When Count is set to States the Chart  markers can  be set to:

0 Pattern
0 states

State Chart Menu
m-6
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State Waveforms Menu

Introduction The State Wavefarms  Menu ahws  you to view state data in the form of
waveforms identihd by label name and bit number. Up to 2~
waveforms can be displayed simultaneously. Only state data from the
aurent  state machine can be displayed as waveforms in the State
Waxfofms  menu.

The presentation and user interface is generally the same as the Thing
Waveform menu, except the X-&s of the state waveform display
represents only samples, or states instead of time (seconds). This  is
true regardless of whether Count (ii the  State Trace menu) is set to
Tme or Off. As a result, the horizontal axis of the display is scaled by
Statcs/Div  and Delay in terms of samples from trigger. Marker features
arethesameasforStateListinthatT~eorStattswillonlybe
available when Count is set to TI~~K  or States. The Sample  Rate display
is not available in State Waveform even when markers are off.

Accessing the The State Wav+rms  memu  is accessed from the State Listing mem
State Waveforms To access the State Wavcfonns  menu phcc the arrsor  on the State

Menu
Listing field and press SELECT. A pop-up appears with  the following
options

0 StateList&
l State Waveforms
0 StateCbart
l StateCompare

Place the cursor  oo State Waveforms and press SELECT. The popup
will dose and display the State Waveforms mtLlll

HP 165qB/HP  165lB State Waveforms Menu
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Selecting a
Waveform

You can display up to 24 waveform on screen at one time. Each
waveform is  a representation of a prcdchcd IabeL  To select  a
~~form,plactthe~onalabelIlameontheleftsidtofthe
display and press SELEm.  A popup  appears in which you:

Iusertwavef0~
Twuonwavefornls
Mdifywaveform  (waveformlabels)
Turnoffwavefonns
Delete wav&rms

J~totherightofeachLabclnameisatwpdigitn~~ortheword
“alL”  The number indicates which bit  of the label the waveform
represents  or ,  all  the bits  of  the  label when “all” is  displayed (see figure
19-l) .

Fgure  19-l. State Waveforms Menu

Inthe~figure,labelAhas”alI”spedfi~displayingallthebics
overlaid in a single  waveform. Label B however,  has seven of its  biis
displayed individually (bits  0  through 6) .

State Waveforms Menu
19-2
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Replacing
Waveforms

You can replaa a currently  diqhyed  waveform (label) with another
one of the predebed  waveforms (labek).  To replace one waveform
with another,  plaa the cursor CM the waveform you wish to replace and
prcdELECXApop-upappcarsinwhichyouseltctModify
Waveform  as shown in the following figure.

Fiiure  19-2  Waveform Selection Pop-up Menu

HP 165OB/HP  16518 State Waveforms Menu
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Another popup appcaxs  in  which you select the waveform (label) you
wish to display (see figure 19-3). when  you place tbe cursor on the new
mveform  (label) aud  press SELECT the new waveform replaces the
oldwaveform

Figure w-3.  Avsihble  Waveforms Pop-up Menu

Deleting
Waveforms

You can delete any of the currently displayed wavcfoms  by placing the
cursor on the waveform you wish to delete and pressing SELECT _
When the pop-up appears place the cursor on Delete  waveform and
pressELEcr.

Selecting States YOU 0m specify  the states  per division  by placing  the MSOT  011  the
per Division field just to the right of StatedDii,  pressing SELECT, aud  either

entering tbe number  of states per division witb the keypad or the knob.
Theraugeisfrom1tolOZMperdhisio~

State Waveforms Menu
194
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Delay from
Trigger

You can specify  the. delay from trigger by specaying  the number of
states from the trigger. The delay will affect  only the position of the
State Waveforms display. it does not affect data aquisiio~  The
minimum is - 1024 and the maximum is 1024 independent of trace
position in the record Delay is  not limited to the window contahing
data.

State
Waveform
Display
Features

The waveform display features of the State Waveform  menu arc  the
same as the Thiog  Waveform menu with regard to:

l low lcv& (below threshold) are represented by darker line
l dotted tines  representing the X and 0 markers
0 inverted triangle representing  the trigger point
l Accum&eM&
0 graticule  frame with 10 horizontal divisions

Xand 0 Markers can be placed on the waveform display by sphfying the

Markers for n~~rofstltesfromtriggcrorstarrinthecaseoftheXmarlseror

State Waveform
number of states from either  the trigger, staxt,  or X marker in the case
ofhe o mukcr.

Markers can be anunaaticztUy  placed on the waveform by searching for
specific patterns assigned to each marker.

HP 165OB/HP  16!ilB

The X and 0 marker operation is identical to the marker operation in
the Thing  Waveform Menu  (see chapter ll).

State Waveforms Menu
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State Analyzer .Measurement  Example

Introduction

HP 165OWHP 16518
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hthirchaptcryouwillIwnhowtousethestate~~byseningup
the logic analper  to make a simple  state measurement. We give you the
measurement results as acrualiymeasured  byrhe  logic analyzer, since
you hay  not have  the same circuit availabk

Thewrerciseinthischapteriso~~ataskformat~etasksare
in the same order you will  most  l ikely  use  them once  you become
experienced. The steps in this format are both numbered and  kttered.
The numbered steps state the step objective. The kttered  steps cxplaiu
how to accompEsb  each step objective. There is also an exampk  of
eachmeuuafterithasbecnprop&ysetup.

How you use the steps depends on how much you remember from
chapters1through4oftheccpingslmtcdGuide.Ifyoucansetup
each menu by just  lookiug  at the menu picture,  go ahead and do so.  If
you need a reminder of what  steps to perform,  follow the numbered
steps.  If  you still  need more information about “how,’  use the kttered
steps

When you have ihisld  codgurbg  the logic analyzer for this exercise,
you can load a file from the operatiug  system disc. This file coufigures
the~c~~thessmewayitiscoatiguredforthisucerdse.Itaiso
loadsthesamedataacquiredforthisuterdsesoyoucanseewhatit
looks l ike on screen

In order to karn  how to configure the logic analyzer,  wt  recommend
that you follow the exercise to “Acquiring  the Data” before loading the
filefromthedisc.  .

You can also compare your con6guration  with  the one on the disc by
;,“i”  it (ii you have a priuter)  or making notes before you load the

Stale Analyzer Measurement Example
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Problem Sdving in this CXZUII~IC  assume YOU havt  designed  a microprocessor controUed

with the State circuit. You have completed the hardware,  and the &ware  designer

Analyzer
has ump&ed the sofnme and programed the ROM (read-only
memory). When you turn your circuit  on for the Erst time, your circuit
doesn’t  work properly. You have checked the power supply voltages
and the system clot3 and they are workingpropcrIy~

Since the circuit has never worked before, you and the software
enginea  aren’t sure if it is a hardware ox software proHem.  You need
to do some testing to find a solution

What Am I
Going to
Measure?

You decide to start where the microprocessor stamwhenpoweris
applied. We wii descrii a 6SOtB microprocessor; however, every
processor has similar start-up routiLLts.

~youpowerupa68000miaoproceuor,itishcldinrwctfora
spedficiengthoftimebeforeitstartsd~anythingtostabJizethe
power suppks.  The time the microprocessor is held iu reset ensures
stable Ievds  (states) on aU the devices and buses in your.ciraxit  When
this reset period has ended, the WOO  performs  a spec%c  rout&e
called “ferchiug the reset vector.

The first thing you check is the time the microprocessor is held ia reset..
YoufimdthetimeiscorrcdThenartthingtochedriswhetbertbe
llliUOjKOCCSSOI fetches the reset vector  jqdy.

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 Fmd the first address location in memory  where the  microprocessor
fetches its first  instruction This is also spcciGed by you and stored in
ROM at address locations 4 and 6.

State Analyzer Measurement Example
20-2
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What you decide to find out is:

1. What ROM address does the microprocessor  look at for the Aocation
of the stack pointer, and what  is the stack pointer location  stored in
ROM?

HP leSQB/HP 1651B
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2 What ROM address does  the microprocessor look at for the address
where its first instruction is stored in ROM, and is the instrucfion
COlTeCt?

3. Does the microprocessor then go to the address where its first
instnl~on  is stored?

cl.Isthe executable instructicm  stored in the  first instruction location
correct?

Your measurem~.th~ requires verification  of the sequential
addresses the microprocessor  looks at, and of the data in ROM at
these addr- If the reset vector fetch is correct (ii this example)
you will see the following list of numbers in HEX (default base) when
your measaremeat results are displayed.

+00000000000000
+oooloLmo204FC
+0002CJOOOCM0000
+0003oOOOO68048
+ooo4 oo8048 3E7c

State Analyzer Measurement Example
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How Do I In  order to make this  state measurem*  you must con6gure  the logic
Configure the analyzuasastateanatyzer.ByfdlawingthesestepsyoawillconfigPre

Logic Analyzer?
AnalyzMlasthestate~.

If you arc in the System configaration  menu you are in  the right place
togetstartedandyoucanstartwithstep2;otbtrwise,startwithsrepL

I.  Using the field  in the upper left comer of the display, get ‘the Spxn
Coafiguration  menu on screen.

a. Place the cursor on the  field in the upper  left comer of the display
and press SEECT.

b. Place the axsor on  System and press SELECT.

2IntheSystemConligurationmcnqchgetheAaa&r1typto
Stut.IfAna3rcerlisalreadyasFate~r,goOLItoStep3.

aPkethccursoronthcl)pez ~iUldp%SSSELECI.

b. Place the cursor  on State and press  SELECT.

St8te  Analyzer Measurement Exampk
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Figure 20-1. System Configuration Menu
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3. Name Adyzr  168OOOSTATE  (optional).

aPlacetkaxsorontheName: ~fieldofAna@crlandpress
SELECT.

b. Wdh  the Alpha Enby  popup,  change the name to 68OCKXTATE.

4.Assignpodsl,2,and3tothestateanalyerr.

aPlaaethecunoronthePod1ficldandprnsSELECT.

b. In the Pod 1 popup,  place the cursor on AnatpZer  1 and press
SELECT.

cRcpcatstepsaandbforpods2and3.

State Andyzer  Measurement Example
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Connecting the At this point, if you had a target system with a @HI0 microprocessor,

Probes you would connect  the logic  analyzer to your system. Since you will be
ass&&g  labels ADDR and DATA, you hook the probes to your
*emaccordingty.

l PodlprobesOthrough15tothedatabuslinwWthronghD15.
l Pod 2 probes 0 thugh 15 to the address bus lines A0 through

Al5
l Pod 3 probes 0 through 7 to the address bus lines A16 through

A23
l PodI,cLK(Jclock)totheaddressstrobe(LAs).

AtiiVity Indicators When the logic ana+r is connected and your target system is run&g,
you will see) in the Pod 1,Z and 3 fields of the System Configuration
menu. This indicates which signal lines are tmnsitioning.

Stste  Analyzer Measurement Exampk

Figure 20-2  Activity Indicators
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Configuring the Nowthat~~haveconfigaredthesystem,~~art~to~nfigarc

State Analyzer thestatcanal~.Youwillbcx

0 creating two names (labels)  for  the input signals
0 Assignhgthechamclsconnecttdtotheinputsignak
l SpccifykgtheState(J)clock
0 Spc&yingau&gercondition

L Display  the STATE FORMAT SPECIFICATION menu

a. Press  the FORMAT key on the front pancL

2 Name two labels, one ADDR and one DATA

a. Place the amor on the  top field in  the label a&mm  and press
SELECT.

b. Place the amor on Modify  label and press  SELEa.

HP 1650B/HP  Y651B
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F~ure  20-3. State Format Specification Menu
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c With the Alpha Entry pop-up, change the name of the label to
ADDR.

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

a.Phcethecursoronthebit asigment field below Pod 1 and to
the right of DATA and press SELECT.

b. Any combination of bii may akeady be assigned to this pod;
however, you will want all 16 bii assigned to the DATA label.
ThccasicstwaytoassignistopresstheCLEARENTRYkeyto
ll.naGp any assigned bii before you start.

c. Place the cursor on the period under the I5 in the bit assignment
popupandprtsssELEcT.Thiswillplacear,vteriskiatbe
popup for bit 15,  indicating Pod 1 bit 15 is now assigned to the
DATA label. Repeat this  procedare  Mail all 16 bits have an
asterisk u&r each bit number. Place the cursor on Done and
press SELECT to close the popup.

d.  Repeat step c for Pod 2 and the ADDR label to assign all 16 bits.

e. Repeat step c except you will assign the lower eight bits (0 - 7) of
Pod3tothcADDRiabel
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Specifying the If you remember hm “what’s  a State Analyzr”  in Feehg  CoPnfonoMe

J Clock IErh  Logic-, the state analyzer samples the data under the
control of an cxtemal  dock,  which is “synchronous” with your &!llit
under test  Therefore, you must specify which  clock probe you will use
foryommursprement.inthisuardseyouwillasethtJclodSwhichis
acccssibletbroughpod  L

1. Select the STATE FORMAT SPECIFICATION menu by pressing
the FORMAT key.

2 Set the J Clock to sample on a negatimgoing  edge.

a. Place the arrsor on the  UOCKtield  and press ELECT.

b.PlacethecPrsorootheboxjusttotherightofJintbepopPp
(labeled OFF) and press SELECr.

cPlacethecursoronlandprcssSEiLECT~

d. Place the cursor on Done and press SELECT.

HP 165OBIHP  16518
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Fllure  204.  Specifying the J Clock
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Specifying a
Trigger
Condition

To capture the data and place the data of interest  in the center of the
display of the STATE LISTING  menu, you need to tell the state
analyre  when to trigger. Since the first event of interest is address
0000, you need to tell the state analyzer to trigger when it detects
address 0000 on the address%=

1. Select the STATE TRACE SPECIFICATION menu by pressing the
TRACE key.

2 Set the trigger so that the state analyzer triggers on address 0000. If
the Trigger on option is not already a perform steps a through d. If
theoptionisaskiptostept.

$ Place the cnrsor  on the 1 in the Sequence Levels field of the  menu
aluipresssELEcr.

Figure 20-5.  State Trace Specification Menu

b. Place the  cursor on the field to the right of the Trigger on field
and press SELECT. Another pop-up appears showing you a list
of “trigger on” options. Options a through h are qualiks. You
can assign them a pattern for the bigger specification

State Analyzer Measurement Example HP 165OB/HP  16518
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c Place  the uxsor  0x1  the a option and press SELECJT.

d Place the eursor  on Done in the Sequence Levels  popup and
press SELECT.

e. Place the axqr  on the field to the right of the a mder the label
ADDRaadpressSELECT.

f. with the keypad, press 0 (zero) until there arc  all zeros in the
Specify Patterc  pop-up and then press SELECT.

Your trigger tpxif~eation  now states While storing anystate  trigger on
“a” once and  then  store anystate.

.
I

‘I

Fgure  20-6.  State Trace Specification

When the state analyzr is cmneucd  to your circuit and is acquiring
data, it amtinuously  stores until it sees OCHI  on the address bus, then it
will store anystate until the analyzer memory  is fiJled.

State Analyzer Measurement Example
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Acquiring the
Data

Siiee  you want to captnre  the  data ivhen  themicroprocessor  sends
address OCNIO  on the bus after power-up, you press the RUN key to arm
the state analyzr  and then force  a reset  of your circuit. When the fese~
eyde  ends, the microprocessor  should send address 0000 trigger the
state analper  and switch the display to the STATE LISTlNG  menu.

We’ll  assume this  is  what  h2qpcns  in  this example,  since the odds that
the mifx0pr~ won’t send address ooo0  are very low.

. Reset Vector FetchIRoutine

Figure 20-7.  Reqt Vector Fetch Routine

Now is the time  to load the  state measurement demo fiie  from the disc
if you ksl~  7’he  file name is STATEDEMO. Refer to “Luad
Operation”inchapta6ifyonneedareminderonhowtoloadaIle.

State Analyzer Measurement Example HP 165owHP  16518
2&12 Front-Panel Reference



The State
Listing

HP 1650BIHP 16518
Front-Panel Reference

The state  l ist ing displays three columns of  numbers as  ShownI

Btate  Lationr

Fgwe 20-8.  State Locations

The Srst  c&mm  of numbers are the state line  number locations as they
relatetothctziggcrpoint.Thctriggcrstatcisonlint  + OOOOinthc
vertical center of the list ama.  The mgativc  numbers indicate states
ocavring  before tbc  trigger and  the positive ouu~bers  indicate states
occurring after the trigger.

Tbc  suxmd  c&mm  of mxmbcrs  are the states (listed in HEX) the state
anal-r  sees cm the address  bus. l&s column is labeled  ADDS

Thethirdoolumnof~sarethcaattsOistcdinHEX)thestatt
analyzer  sees  on the data bus. This column  is labeled DATA.

Sate  Analyzer Measurement Example
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Findirig the YouranswerisnowfoundintheIishgofstatcs  + OOOOthr~ugb

Answer +0004.

The 68000 always reads address locations 0,2,4, and 6 to fmd 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 designers
program the ROM, they must put the stack pointer location at address
locatiansOand2Oisthehighwordlocationand2isthelowword
location. Siily, the high word of the instruction fetch location must
btinad~ssl~ti~4andthe~wordinlocation6.

In order for the 68000 to do this, the so&e design calls for the reset
vector to:

LscsthestackpoiutcrtoO4FC,and

2 read memory address location 8048  for its first insmnion  fetch.

Therefore, you are interested in what is on both the address bus and
thedatabusistatesOtbrough3.

YoulookatthefoUowinglistingandsecthatstatesOand1docxmtain
address locations 0 and 2 under the ADDR label, indicating the
microprocessor did look at the correct locations for the stack pointa
data. You also see that the data contained  in these ROM locations are
OMO  and CMFC,  which  are correct.

You then look at states 2 and 3. You see that the next two add&s
locahns  are 4 and 6, which is correct, and the data folmd at these
locationsisOOOOand8O48,whichisalsocorrcxL

+OKBOOOOOOO0000
+0001OCKlOO2O4FC
+NlO2OOOOO40000
+ooo3ooooO68048
+ooo4  008048 3E7c

State Analyzer Measurement Example
20-14

HP lWOB/HP  4651B
Front-Panel Reference



HP 165OWHP  165iB
FronWanel  Reference

sofaryouhaveveri6edthattllemicroprocessorilaswrreuly
performedthtresetvcctorsearch.Thenenthipgpoumustvnifyis
wkthert.i!emicroprocessor addmsscsthecmecxkmtioniuROM
that$wrsinstractedtoaddressinsurte4aadwherhtrtbedatais
corrtctinthisROMlocation.Fnrmthelistingyousetthatthead&ess
instate4isoo8o48,whichGcOma,butthcinstraccionfound~this
location  is ZEE,  which  is not am-m.  You have found your problem:
incomct  data stored in ROM for the micropr~~s  first instruaion.

+ 0000 OOOOOO  ooo0  (high  word of stack pointer location)
+ 0001 OOOOO2  04FC  (low word of stack pointer location)
+ oo(wL OClOOO4  OWO  (high word of instrwhon  fetch location)
+OCUB  OOOOM  8048(lmwordofinstmctionfctchlocation)
+ooo4  tlcso48  2Fx(firstmicroproc#solinstruction)

Fgue  20-B. lnconcct  Data

Stste  Analyzer  Measurement Example
20-15



Summary You have just learned how to make a simple state measurement with
the HP 16SOB  Logic Ana@er.  You have:

0 specifkdastateana&r
0 learned which probes to collnm
a aLTsi@pods1,5and3
l assignedlabels
0 assigYledbits
l specified the J clock
l specified a trigger co&an
0 aquiredthedata
l interpreted the state listing

You have seen how easy it is to use the state ana&zer to capture the
data on *e 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 kchniquc on
microprocessors. You can use this technique  any time you need to
capture data on multiple lines and need to sample the data relative to a
system clock.

Chapter 20 shows you how to use the logic ana@er as an interactive
timing and staze analper.  You will see a simple measurement that
shows you both timing waveforms and state  ktings  and how they are
correlated.

If you have an HP 16SlB,  you do not have enough channels  to
simultaneously capn.tre  all the data for a 6MOO.  But, since you probably
aren’t working with U-bit micropr -~thisexampleisstill
valuabie  because it shows you how to make the same kind of
measurement on an eight-bit microprocessor.

Slate Analyzer Measurement Example HP 16!5OB/HP  165lB
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2 1
Mixed Mode Displays

Introduction This chapter shows you both a timing/state and a state/state mixed
mode display. The detailed operation of each individual type of display
is in their respectin chapters. Only the amique features of the mixed
modes displays are given here.

Accessing Mixed YOU CD access mixed  mode displays  when  both  anatyzers zc OIL =d
Mode Displays Count is set to The in the State Trace Specification menu. Mked

modedisplaysarconlyaMilablefor~ostate~orone~
and one state analyzer. To display mixed mode, place the cursor on the
field in the upper left corner of the display and press SELECT. When
the pop-up appws you will see the Mixed mode option. Place the
cursor on this option and press SELECT. When the pop-up closes,
mixedmode willbe displayed.

HP 165OWHP 16516 Mixed Mode Displays
Front-Panel Reference 21-l



Timing/State
Mixed Mode
Display

M’ued  Mode Displays
21-2

Fgure  21-l. ~ming/State  Mixed Mode Diipby

The  markers for the State Listing&d the Timing Waveform in time-
corre&ted  Mixed Mode are d&rent  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

HP %50B/HP  16518



State/State
Vixed  Mode
&play

whentwostatezsnalymareon,thelogicanalgLerwilldisplaybotll
sulte~~asshoambel<nv.Data~~statemachinelkthedata
with the normal memory  location columns rmed  and with normal black.
on white video.  State machine 2 data is  interlaced and displayed in
inverse video (white on black). Its memory locations are &et  to the
right in a COIUIIUL

To time-comlate  data from two state machines, you must set the
Count (State Trace menu)  for both  machines  to The.

HP 16!NB/HP 16518 Mixed Mode Displays
Front-Panel Reference 21-3

Fiure  21-2. Dual-State Machine Miiad  Mode Display

The markers for a State/State time-correlated Mid  Mode wiIl  be  the
same as the  markers placed in each  of the individual State Listing.



Time-correlated The m1mBm  Logic  w m thHW&t~  data betw#n

Displays thctimingana&erandthestate~(seeTiitateMixcd
Mode Display) and bmveen  nvo state am&m  (see State/State Mixc
Mode Display). In order for the logic analyzer to time-correlate data,
tbeCoPnt~tbeStaxeTracemwum\rstbesettoTimebeforeyoustart
anaquisition

The logic analper  uses a couatcr  to keep track of the time between the
nigguhg  of one analyzer and the niggex%g of the second. It uses  this
couut  in  the mixed mode displays to reconstrua  time-correlated data.

Miied  Mode Displays
2 1 4

HP 165OB/HP  16518



22
Timing/State Measurement Example

Introduction InthischaptcryouwiUleamhowtousethetimingandstateanalyms
int#actmelybysettiagnpthelogicanalprtomakeasimple
measuremen&  We give you the  mcasnruncnt  results as actually
measured by the logic aBi@zcr,  since  you may not have tile same circuit
available.

How you use the steps depends on how much  you remember from
chaptess1~0~40fthcGemigs~~cirride.If~ucansetop
eachmcnubyjust~uthemenPpi~,goahcadand&so.If
you need a reminder of what steps to pezfm follow the numbered
steps.  If  you stil l  need more information about “how,” use the lettered
steps

In order  to lean  how to configure the logic analyzer, we recommend
that you  follow  the exercise to “Aquiring  the Data” before loading the
file from the disk

YoucaoalsocompareyourconfigPtationwiththeontonthedislrby
printing it (if you have a printer) or making  notes before you load the
file.

HP ltisOB/HP  16518
Front-Panel Reference
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Problem Solving anti ~~mplc  1ss~m~ YOU havt  &+JIIUI aticropmccssor-cootrded

with the cira&Youhavecompletcdthehardwarc,andthesofnvaredcsigner

Timing/State
hascomphdthcsoftwareandprogrammedtheROM(rcad-oaly
memary).whenyoutmnyoardtcuitonfartbefim:timt,yourcircait

Analyzer doesn’t work prop&y.  You have chsked the power sqplyvoltages
and the system clock,  and they are working proper@.

-
Siitheciraithasnevcrworkedbefore,youandthesoftware
enginewarcn”tsareifitisahardwartorsoftwareproMwYountcd
todosomctestingtofindaso~

You also notice the circuit fails intenuittently.  More spe-,  it ouly
failswhenthemicroproassor attempts  to addres  a routine that starts
ataddress8930.

What Am I
Going to
Measure?

Tosetwhatmightbecausingthefailure,youdeddeto~wherethe
micmproecssor  goes to the routine that  starts  at address 8930. The tirst
thing you check is whether the  micmpmesor  act&y  addresses
address893o.TheneJrt~youchedris~erthecodeiscorreain
allthestepsiuthisrouhe.

l whetherthcnkropr- addresses bcation  B30
0 whethcralltheaddrcscswithintheroutinearecorrcct
l whe&rallthe&taattheaddrcscsintheroutinearewrrect

Iftheroutinciscorrect,thcstate&ingwiUdispIay

+0000008930BO3C
+ oool  008!I32  61FA
+OKI20089346738
+ooo3008936BU3C
+ aKM  m892E  6lFA

TimirtgBtate  Measurement Example HP 16508/HP16518
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How Do I lllorclertomakethis Iueasurem~youmustconfigrpethelogic
Configure the anaiylefaaeanalyztrbecanseyoawaottoniggtronasptcific

Logic Analyzer?
state (8930).  You also want to verify that the addresses and &ta are
comet  in the states of this  routine.

Co- the logic analyzer  so that Analyzer  1 is a state analpr as

HP 165OBRlP  16518
Front-Panel Reference

F~ure  22-l. System Confiiumtion  Menu

Timing/State Measurement Example
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State Analyzer the state analpr.  configme  the STATE FORMAT
SPECIFICATION~~~~~~~~~E

Figure 22-2. State Format Specification Menu

Con&me  the  STATE TRACE SPECIFICATION menu as &OWE

b
SIWL  - ay  *,,I.’ I

2
COWlI

I
,“.t.r.

Figure 22-3.  State Trace Specification Menu

T,ming!State  Measurement Exampk
22-4
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Connecting the Atthispoint,ifyouhadatargetsystemwitba68000miuolaocessor,
Probes yoa~~~thelogic~toyourspsttm.sm~yoawinbe

iwig+ labels ADDR and DATA, you will hook the probes to your
systtmaccordiagty.

l PodlprobesO~o~15totheQtabusLintsM)~~D15
l Pod 2 probes 0 through 15  to the address bus lines A0 though

l Pod3probesOthrough7totheaddressbuslin#11l6throPgh

0 Pod & UK (J dock) to the address strobe (LAS)

Acquiring the
Data

Since you want to capture the  data when the microprocessor  scads
ad&ess8930onthebus,youpressthcRUNkeytoannthestate.
aaalpr.  Ifthe  Inicropr- scuds address 8930, it will Uigger the
state analper  and switch the dispiay to the STATE LI!STING mcnn

wellzIssImthisiswhathappensinthisexample.

HP 16SOBMP  16518 Timing/State Measurement Example
Front-Panel Reference 22-S



Finding the Yonlookatthististingtoseewhatthedataisinstates+0000throngh

Problem + ooo4.Youknowyourroutineisfxvestateslong.

Tht68000dowaddresslocation89M;soyouknowthattheroutinek
addmscd.  Now you need  to compare the state listing with the
fobwing  correct  addresses and data:

+OOOOllO893OBO3C
+ooo1  008932 6lFA
+ooo200893467F8
+NJO3OCB936BO3C
+tXKM tW92E  6lFA

As you compare  the state listing (shown below) with the above data you
notice.thedataataddress~isincofied.Nowyouneultofindopa

Timing/State Measurement Example
22-6

Figure 224. Incorrect Data

HP 165OB/HP  16518
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Your f%st  assumption is that incorrccI  data is stored to this mealory
locatioo.AssumethisroutineisinROMsinctitis~oftbeopvating
system for your circuk  Since the ROM is programmed by the  mftware
designer,  you have the software designer verify  whether or not the data
ataddrcss8932iscorrecLThesoftwarc~erteIlsyouthatthedata
is correct,  Nowwhat  do you do?

Nowit’stimttolookarthehardwaretoseeifitjstausimgirrcarrea
data when  the  miaoproccssor  reads this memory address. You decide
youwanttosecwhatishapptningonthtaddressanddatabusts
duringthisroutineinthetimedomain

What Si~cc  the problem exists during the routine that starts at  address 8930,
Additional you decide you want to  see the t iming xweforms  on the address and

Measurements
databuswhwtheroutintisnroning.You~wanttoseethtcaneol
sialsthatcontrolthereadcycle.Youwillthencomparttbe

Must I Make? waveformswiththetimiugdiagmmsiuthe6&000databook

Your mcasuremerpt  tbtn,  rquirw verification 0E

0 a-rect  t iming of  the  control  s ignals
a stable addresses  and data during  the memory read

The mar01 siguak  you must check are:

l systemdock
0 addressstrobe  (AS)
l lower and upper data strobes (IDS  and UDS)
l data trader  acknowledge (DTACK)
l Teadbde(wv)

HP 16sOBIHP  l65lB
Front-Panel Reference
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How Do I
Re-Conf igure
the Logic
Analyzer?

In order to tie this measurement, you must re-con@ue the logic
analyzersoAaa@er2isatiminganalyer.Youleavetijzcr1asa
state~rsinceyoawinllsetbestateanalnertotriggeronaddress
8930.

Chdgurc&elogicanayztrsoAnalyzcr22atiminganal~ras

Figure 22-5. System Configuration Menu

Connecting the At this point  you would connect the probes of pods 4 and 5 as follows:
Timing Analyzer
Probes

0 Pod4bitOtoaddresssmbe(AS)
0 Pod4bit1tothesystunckk
0 Pod4bit2tolowdatastrobe(LDS)
l Pod 4 bit 3 to upper data strobe (UDS)
0 Pod4bit4tothcreadkvxite(RAW)
l Pod 4 bit 5 to data transfer acknowledge @TACK)
l Pod 5 bits 0 through 7 to address lines A0 through A7
l Pod5bits8through15todatalinesDOthroughD7

Timing/State  Measurement Example HP 16508MP  W!ilB
22-6 Front-Panel Reference



Timing Analyzer thethinganalper.CdiguretheTlMINGFORMAT
SPECIFICATION menu as shcnm

HP 16!iOB/HP  16618
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F$we  226.  Timing Format Speclfkation Menu

(hdigure  the TIMING TRACE SPEClFICATION  as showrx

Feure  a-7.  liming Trace Specification Menu

liming/State Measurement Example
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Setting the
Timing
Analyzer
Trigger

Yonrtihgmeasmementrquirc5thetimingan8lprtodisplaythe
timipgwaVeformspresMlt~thebustswhtnthtfOutiDeiszanning.

Since you triggad the state analyze  on address 8930, you want to
tiggcrthctimingana@rsothcbingwavcformscanbctimc
correiatedwiththestate~

To set up the logic ana@cr so that the state analyzer triggers the
timillgdyzcr,perfonnthesesteps

lDisplaythcTIMINGlRACFiSPECIFICATIONmenu.

2.PlaeethecursoronthcAmedby~field and press SELECT.

3. Place the cursor on the 6SWKbSTAE  option in the popup  and press

Your timing  trace  specificaton should match the menu shown:

State Analyzer
Arms Timing
Alsrlyzrt-

Timing/Wte  Measurement Example
22-10

Fgure  22-8.  Armed by 66000 STATE

HP 1650B/HP 16518
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lime Correlating In order  t0 time c<MnJBte  tht data,  the IO&~ most  st0rt  the
the Data timingrc&tio&+bcrweenstatcs.Sincethctiming~rsamplts

asynchronously  and the state analyzer simples  synchronously, the logic
adprmus~usethcstorcdtihgrclatiombipofthcQcat0
rcconstmctatimcamclatcddisplay.

To set up the  logic adyer  to keep track of these timing relationships,
turn  on a counter in the STATE  TRACE  SPECIFICATION mono
Thcfokwingstepssllowyouhaw:

3. Place the axsor 011  the Time  option and press SELECT.  The
counter will  now be able to keep track of time for the time
correlation.

HP 165OWHP  16518
Front-Panel Reference

Figure 22-S. Count Set to fime
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Mixed Mode
Display

The Mixed mode display shows you both the STATE Ll!STING  and
TIMING WAVEFORMS menus simultaneously.  To change the
displaytotheli+kdmode:

1. Place the amor  on the field in the  upper left  comer of the display
audpressSELECL

FGure  22-l 0. Mixed Mode Disphy

Timing/State Measurement Example HP 1650B/HP 1651B
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Interpreting the InthtMixedmodtairnlaytbtstatelistingkinthttopbalfofthe

Display screen  and the timing waveforms are in the lower  half. The important
thing to remember is  that you time correlated tbk  display so you could
scewhatishappeniagiothetimt~d~gthefanltyromint,

HP 165OWHP 16518
Front-Panel Reference

Figure 22-l 1. Interpreting the Display
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Overlapping
Timing
Waveforms

sine  you see nothing wrong witb the timing waveforms so far, you
thinlrunstabltdatamaybeontheQtaIinesduringthertadcyde.In
ordertosectmsmbledata,youmustbeabletoseeaUthedataEnes
during the read and look for transitions. overlapping  the waveforms
allows you to do this. To overlap waveforms, follow these steps

1Placethecmsoronthe00ofthtADDR00labelandpress
SELECT. The followhgpop-up  opens jn which you spcc4fy  the bit
orbitsoftheaddressbusyouwanttoovcrhp.

2 Rotate the KNOB antil  all is  displayed and press SELECT. All the
addressbitswiRbeoverlappedononelinc.

Pigure  22-12 Overlapping Timing Wavebrms

XmingfState  Measuremenl  Example HP lS!$OBMP  16518
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Finding the
Answer

As you look at the  omrlapping  wavefonus, you notice there are
trandtions  ou  the  data hes  duriug  the read qcle,  India  the data is
unstable.  You have  found the probable cause of the problem in this
routine. AddihmaI  troubleshooting of the hardware will idcntifytbe
actualcause.

HP IssOB/HP 16518
Front-Panel Reference
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Unslable  Data

F~ure  22-13.  Unstable Data



Summary Youbavcjustlearacdhowtousetbctimiagandstateana&rs
interactively to iind  a problem tbat first appeared to be a software
problem, but actually was a kdware  problem.

You have learned to:

: uiggcge~~wlththeother
measur-t  data

l interpret the Mixed mode display
0 overlap timing waveforms

If you have an HF’  16SlB,  you do not have enough channek  to
simltan~  capture all the data for a 68000. But, since you probably
aren’t working with 16-U  microprocessors tbiScxerdseiSStillVdUatJk

~~irshowspouhowtomaLethesamekindofmwmexnentonan
eight-bit  micropr-.

TimlngDtate  Nleasurement  Example
22-16
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Introduction This  appendix lists the error messages that  require corxche  a&on to
restore proper opemtion of the logic analyzer. There are several
messages that you will  see that are merely ad vkoricsandarenotlistcd
here. For example, “Load operation complete” is one of these
adlfisork

The message are listed in alphabetical order and in bold type.

Acqui&ion aborted. This message is displayed whenever data
acqlstion  is stoppecL

At kasf eae edge is requkd.  A state clock specification requires at
IwtoneclocLedge.Tbismessageonlyocansifyouturnoff~edges
in the  state clock specification.

Autoload  lile  not of proper type. This message is displayed if any file
other than an HP 16SOB/SlB con&uration l?le is specSed for an
autoload  file and the !ogic analyzer is powered up.

Autos&e  abrted. This message  is displayed when the STOP key is
rz if a signal is not found 15 seconds after the iaitiation of

.

BNCisbcingnsedasanARMINaadcanmtkuscdasraARM
OUT.ThismcssageisdisplaytdwhenBNCatmsmachinel(or2),
machinel(ar2)annsmac3rine2(orl),aadtheBNCis~as
ARMOUT.ItwillnotoccurifBNCarmsmachiae1(or2),and
machine  1 (or 2) arms BNC

Coofiguratioo  not loaded. Indicates a bad confguration  5e.  Try to
reload the file again. If the configuration file will still not load, a new
disk and/or  codguration  file is required

Copy operation  complete Indicates the copy operation has either
successfuliy  completed or has been stopped.

HP 1650BMP 1651B Error Messages
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Corrdatien  counter  overflow. The cxmelation  counter overfloiwwhen
the  time from when one machine’s trigger to the second machine’s
triggerexceedstbe maximumcouat.Itmaybepossiiletoadda
‘dummy”  state to  the second machine’s txigger  speck&ion  that is
closerintinutothetr&erofthefirstmachine.

Destination mltc protect&&  not copied. Make sure you are qiag  to
capytothecorrectdiskIf~setthtwriteproteatabtotht
non-protect position aad  repeat the  copy operatiae~

Fk not copied to disk-ckedc  disk.  The HP 16SOBNl.B  does not
sqpofttfacksparingIfabadtrackisfo~thediskiscxmsidercd
bad.Jfthediskhasbcenformattcdclscwherewithtracksparin&tk
HP16SOB/5lBwiUonlyreaduptothcfirstsparcddisk.

BudwPnE~O~trcK*po~tineoontMocLIndiolWthedatafroln
thelastacqi&ionisnottetiableandmaybavebcencausedbya
bardwareproblem.Repeat  hedataaqnisitior~  toverifythecondition
Iftbismessagert-appeantlle~c~requirestkeauenticmof
-perslcnncel

Iadlcleat  memory  to load IAL  -  load aborted This message
~thattbtreisnot,ablockoffr#memorylargeenooghfoIthe
inverseassembler  you aw  attempting to load even though there maybe
enough memory in  several  smaller  blocks Try to load the inverse
assembler again. If this load is unsucce&nl,  load the  co6guration  and
invorse  assembler separawly.

lavaUdWeaame.Ckckthe5lcmamc.A61enamemnststartw&than
alphachraacrandcanaot~spacesor~(/).

invuse  assembkr  not loaded-bad object cod&  indicates  a bad inwrsc
aswnbkx~eonthedisk.Anewdiskoriikisreqired.

Mar&awn  of 32 dmnads per lab& Indicates an attempt to assign
more than  32 channels to a label  Reassign channels so that no more
than32areassipcdtoalabeL

Em3rMestmge8
A-2
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No room on destbati~*  not eopieds Indicates the deshation  disk
doedt  have enough  room for the  file  you arc attemptiug  to copy. Try
packingthediskandrcpeahgthecupyoperation.If&isis
unsu~yonwillnecdtouseadi&rwtdisk

6) ocxmmllcesRcmaininginscqrrtncchrdicatesthelogic~is
waitingfor(x)numbcrof ocmmnccsinasquenceicvclofthetrigger
spedficationbeforeitcangoontothtneJrtsequencekveL

PRXNTh8sbeahstoPpuLThismessageappearswhentheprint
operationhasbculstoppcd

(x)  Sees  Iteahhg  in  ‘kct.  Indicates the amount of time reanbing
untilaqhitioniscompktciaGlitchmodc.

Seuchfallcd-OpgttcranotfoaDd.LndiottcstheOpanerndoesnot
existinthcaquircddata.C&ckforacorrcctOmarkcrpattm
speeificatioa

Seareb  hikd - X pattorn not found. hdica@  the X pattern does not
exist in the acquired data. Check for a correct X marker pattern
?ipedflcatiolL

Slow Clodt  or Walt&  for Arm. Indicates the state analyzer  is waking
foradoclrorarmfnrmtheothermachine.Re-chedrthtstatedodror
armipgspecificatioa

Slow or missing  Clock.  Indicates the state am&r  has not rcxm@cci
adodcfor100ms.ChecLfora~clockiftheintendeddockis
fastcrthan100ms.Ifdockispresultbntksk%wcrthan100ms,the
datawiUstillbeaq~whenadock~~~andshouldbc
valid

Sp!diCd luvcrsc  assembler sot found.  Indicate5 the inverse assembler
specifimicamotbefoqDdonrhedisk

State dodc violates  tnwdrh  spcdtkatien.  Indicates the data from the
last acquisition is not reliable due to the state dock  signal not beii
reliable. Check the  dock threshold for proper setting and the probes
for proper grounding.

States Rambling  to Post Stem.  Indicates the number of states
required until memory is filled  and aquisition  is complete.

HP 166oB/HP  16518
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Time  cmnt  need  to be turned on. This message appears when the  logic
z attempts to t ime correlate data and “Count” is  not  set  to

II.

?kansiGons  Remahhg  to Post Stotx.  Indicates the  number of.  .ttanstrons  requhd  until memory is filled and aquisition is complete.

Unsupported destination lormat-fde  not copied- Indicate5 the disk you
have attempted to  copy to  is  ei ther  not  formatted or  formatted in a
formatnotusuibythelogicana@zer.Formatthediskoruseaproperly
fonnatteddiskandrepcatthecopyoperath.

Valne  out of v  Set to  limk  Indicates an attempt to eater a value
thatis~ofrangeforthespecific~~.TheIogic~~willset
the value to the l imit  of  the variable range automatically.

waiting for  Arm.  Indicates the arming condition has  not ocaured.

Waiting for heatom  Indicates the prcstore condition has not ocuxred
(timin  =a=  onty).

Waiting  for Tk&er.  Indicates the trigger condition has not OccMed

Warn@  Chips  not sueceasfully~lndicates  the aquisition
chips in the iogic  analyzer are not running  properly. Press STOP and
then RUN agah If the warning message reappears, refer the logic
analper  to service persomuL

Warniagt  Chips  not suceesslnlly  stoppd  indicates the  aquisition
chips  in the  logic analper  are not stopping properly. Press RUN and
thenSTOPagaieIfthe~mesagereappears,referthtlogic
?nalyztr~-persoanel

Warn’mg:  Duplicate label name. Indicates an attempt to assign an
e&ingnametoanewlabeL

Warnings  Daplii symbol same.  Indicates an  attempt to assign  an
uistingnametoanewsymboL

Warning: Invalid file typo  hiicates  an attempt to load an imrillid  file
type.  For example,  the SYSTEM file can only be loaded on power-up
aad  if  you attempt to  load it  from the I /O menu,  this  message will
appurr-

Error Messages HP 165OBjHP  16518
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Warulugz  Symbol memory full. Max200  symbois.  Indicates an attempt
to store more than  200  symbok

Waming  Run HALTED due to variable change. Indicates a variable
hasbecachangcdduringdataacquisitioninthecontimoustrace
mdc.Thedataaqui&ionwiUbehaltedaudtbismcssagcwinbe
displayedwi~enanyvariabieaffectingttusystemcoaEguration,ciock
thresholds, dock multipl*  or trace specilkation  rnems  is  chauged
duringdataaquisiti~

Enor Mes!ages
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Installation and Maintenance
B

Introduction this  apptndixcoatains  infonnatian  and insrroction~  n-for
preparing the HP 1650B/5lB Logic Analyztn  for use. hclnded  in this
sectionareiuspectionprocedures,powprquirementspadcaging
infimnadoq  and operating environment. It also tells you how to load
the opeming  system and mm the logic analyzer on Maintenance that
youcandoasanopcratorisincludediathisappendk

Initial
Inspection

Inspecxtlte&ippingcontainerfordamage.Ifthe&@pingmntaincror
cushioning material is damaged, it should be kept until the contents of
tbe&ipmuuhavebculdleckcdfor~andtheinstrmncnt

~hasbecn&ck~dsneclmi~andehcbicalty.Ac#ssoriessppplied
with the instrument are Ii&d  under Aaxwxies suppIidinsection1
ofthismaooatAnaverpiewaftheself-tcstprocedtaeisinAppeodixC
of this manual  The complete details of the procedure  are in Chapter 6
of the5ervice  Mwuual.  Eleulical  pclfomlan~  vuihcatoll  flmciions  are
also in Chapter 3 of the SuviceMun~L

If the contents arc hxnnplcte,  if there is mechanical damage or defect,
orifthe instrument does not pass the Self Test Performance
Veriticatim  notify the nearest  Hewlett-Padcard  Office. If&e s&ping
containcris~cd,~thtatshioningmaterialsshawsignsofstress,
mxifythe carrieraswcllastheHew&-PackardO&c.KcepaJJ
shippiq  materials for the canicr’s  impcction The Hewlett-Packard
office will arrange for repair or replacement at HP option without
waiting for claim settlement.

HP 1650BMP 165lB Mtallatio~  8nd  Maintenance
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Operating
Environment

You may operate your logic awIyzcr  in a normal  lab or office type
environment without anyaddithal  consideration  If you intend to  use
itinaeothertypeoftnvironmenSrefcrtoTablcD-2inAppendixEfor
complete opemiag  environment  specificati~  Note the
non-aaxbsing  humidity liktation.  Condensation within the.
IllsmmmtcabinetcancausepooroperationormalfunaioIJ.
Protection should be provided against temperature extreme-s which
cause condensation.

Ventil&iOfl You must provide an unresticd  airflow for the fan  and ventilation
openings in the rear of the  logic ana&er.  However, you may stack the
logic aaalpr  under, over, or in-between other instruments as long the
surface5  of the other imaumem  are not needed for their vmihtion.

Storage and
Shipping

ThisinstrumeJltmaybestoredor  shippedin  environmen tswitbinthe
followiag  lirlhhs

l Tcmpcrahmz  -4O”Cto  + 75°C
l Hmi~Upto9076at6S’C
0 Altitude: Up to l&300  meters (50,000 feet)

Tagging for
Service

Original
Packaging

If the instrument is to be shipped to a Hiwlett-Patid  oti  fur.
servia  or repair, attach a tag to the instrument identifying  owner
address of owner, complete iwmment  model and scrialnumbers  and
a description of the service  required.

If the  original packaging material is uaavailable  or nnscticcable
materials idcntjcal  to those used in factory packaging are available
through  Hewlett-Packard offices.  If the insmment  is to be shipped to a
Hewlett-Packard office for service, tag the instrument (see Staging  for
Service” in this  appendix). Mark the container  FRAGILE  to ensure
careful handling. In any correspondence, refer to the instrument by
model number and full  serial number.

installation  and  Maiiemnce HP 16SOB1HP 16518
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Other Packaging The following general insmctim  should be followed for repacking
with connncrciaIly  available materials.

2 Use a strong Gpping  umtaincr.  A double-wall carton made of
350 lb. test material is adequate.

3.Usealayerofshock-a~~material70to100mm(3ro4
ides)  thick around atl  sides  of the  insmmmt tofidycusllion
and prevent movement inside the container. Protect the control
panelwitllaudboard.

4. seal the shipping coxltailler  seclrely.

5lUarktheskippbgcontainer lkAGILEZ  to ensure careful
handling.

6. In any car-, refer  to the instrument by model  number
and fnIl  serial number.

Power The HP 16SOB/5lB requires a power  source  of either  US or 230 Vat
Requirements ;ztO + lO%;Si@Cphase,48tO66Hz;24IOWat&~~

HP 165OBRIP  16518
Front-Panel Reference
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Power  Cable this  instnrment  is provided with a tbrce-wire  ~OWW  able.  whm
conntcfcd  to an appropriate AC power oatlet,  this cable grounds the
instrmmt  cab&t.  The type of power cable plug shipped  with the
mstnrment  depends on the country of d&iuatioe  Refer to Table B-1
for power piiiiiiiiiiil  and HP pan numbers for the available plug
- -

Warning
J!5

BEFORE CONNECTING THIS INSTRUMENT, the protective
earth terminal of the instrument must be connected to the
protectiv8  conductor of the (Mains) power cord.  The Mains
plug  must  be ineetted  In a socket outkt  provided with a
protective earth contect.  The protecthe  action must not be
negated by the use of an exteneion  cofd  (power cable) without
a protective conductor @rounding). Grounding one conductor
ol  a two conductor outlet does not provide an instrument
ground.

Installation and Malntenence HP 165OB/HP  16518
Front-Panel Reference



Table B-l. Power Cord Configurations



Removing Yourlogicanaly2misshippedwithaprotectiveyeUowshippingdiskin

Ye1  low thediskdrivt.BeforeyoucaninswttheopMatingsystemdirkyoumast

Shipping Disk
remove the yebw  hipping  disk. Press the disk eject button as shown in
figare~LTheye~ow~~diskwillpopoatpartwayso~ncan
pullitoutofthediskdrive.

Instalbtion  and Maintenance
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Selecting the
Line Voltage

Caution PIG

F~ure  B-2 Selecting the Line Voltage

You change the proper line voltage by pdlbg  the fnsc  module out and
reinserting it with the proper arrows 2Jigncd.  To remove the fuse
module, carefully pry at the top center of the module (as shown) until
you can grasp and pull it out by hand.

HP 16SOB/HP  16518
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Checking for
the Correct
Fuse

If~finditnecessarytocheckwchangtfasegremoPethefrrse
module and look at each fuse for its aqcrage and voltage. Refer to
figureB-3tolocatetheU5VaDd230Vfuselocations.Toremovcthe
fuse module, carefully pry at the top center  of the module (see &nre
3%2)untiIyoucangraspandpuUitoutbyhand.

Fiiure B-3. Checking for the Correct Fuse

Applying Power ‘when power is applied to the HP 165OB/5lB, a power-up self test will
be performed automatic.aUy. For information on the power-up self test,
refer to Apptnclix C and Se&on 3 of the Sewice  iUanual.

Loading the
Operating
System

Caution *

Before you can operate the instrument, you must bad the operating
systemfromt.beoperahgsystemdiskYourazivedtwoidtntical
opemting  system disks. You should mark one of them Master and store
itinasafep~~.MarktheotheroneWorkanduseo~theworkcopy.
This will provide you with a back-up in case your work copy becomes
-lrmpt

To prevent damage to your operating system disk, DO NOT remove
thediskfrcwlthediskdrivewhilenisnmning.~removeitaftcrthe
indicator light has gone opt

Instalhtion  and Maintenance HP 165OB/HP  16518
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Installing the
Operating
System Disk

Figure B-4. Installing the Operating System Disk

The logic analyzr  will read the  disk and load the operating system.  It
will also run self-tests before  it is ready for you to opexate.

HP 16SOBIHP  16518 Instalhtlon and Maintenance
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Flgure s-5. Lbw  switch

Intensity
Control

Onayouhannanedtheinstrumenton,yonmaywanttosettht
dispiay  inteasity  to a level that’s  more comfortabie  for you. Yoa do this
byhtrningtheINTENSlTYcontrolontherear@

Fgure B-6. Intensity Control

Instslla!ion  and Maintenance HP 165OWHP  1651B
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Power-Up
Self-Test

WhenyounanonthtAogicanalyzer,tperfonnsa~ofself-tesu.
WkniShassocctssfulfycomplctcdthesettsts,itloadstheoptrating
system into memory from the disk

When the logic aualym  has completely  loaded the operating system  it
displays the System Configurat ion menu as  shown below.

*tr cast-.U.”

[iiis!Ei]  I;iIzq  [Z]

Pod  I

Es

fE!Ey
-----------

_----__-__----_
PO6  2

--me------

Fqure B-7. System Configuration Menu

Note 6 This  is the HP  165OB  System Format  Sptdkation  IDMU  If you &VC
anHP1651B,podlwillbeassignedto~landpod2winbt
arcirmrAtoanalyzerZ.Therewon’tbeanypodsiatheUrrassigned
Pods area of the display.

HP 1650WHP  16518 Installation and Maintenance
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Operator’s Theanlymaintenanct~uneedtodoiscieantheinspumentwoerior
Maintenance andpexiodic&y  check  the rear  panel for six  resnictions.

Use  only MILD SOAP and WATER to clean the cabinet  and front
paneLDONOTrrseaharsh~pwhicbwill~ethewater-base
paint fiuish  of the  instrument,

lnstdatlon  and MainteMnce
B - 1 2
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Operator Self-Tests

ranswhenyoa~itan.You~aiso~~selftestsfromthtuo
menu  This appendix is  not intended  to provide service infomati~
bmtoaquaintyouwiththettsts.Ifsenia is rquired,  it should be
pehmedbyqualifkdsavicepusonnel.

Self -Tests The power-up self test is a set of tests that are automatically performed
w&n  you apply power to the logic aoaEyLu. You may perfom  the self
teas  individually to have  a higher levei of confidence that the
instrument is operating properly. A message that the instrument has
failedatestwillappearifaoyproManisencouDtend~atest
TlteiIldividualselftestsarelistedintheselftc5tmenuwbi&is
accssed  via the I/O menu The HP 165CWSlB self tests  are on the
opera@systemdiskaadthediskisrequiredtorunthetests.

Power-Up The power-up self test is aatomaticaUy initiated at power-up by the
Self-Test HP 165OB/5lB Lqic Analyzer.  The revision  number of the operating

systtmfirmwareis~~thenpperrigbtofthesaeendmbngthe
power-up self test As each test is complaed, either “passed” or “faiw
willbedisplaycdbeforcthellamcofthetestasshoum

PERFORMING  POWER-UP  SELFTESTS

passed ROM  test
passedIuMtest
passed htmrllpt  test
pssed  Display test
passed Keyboard test
passed Acquisition  test
passed Threshold test
passed Dkk test

LOADING  SYSTEM  FILE

HP 16SOWHP  16518 Operator Self-Tests
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As  indicated by the last message, the  HP 16SOB/XB  wiIJ  autoznatically
loadtheoperatingsystemfromthe~inthediskdtivt.Ifthe
operating system disk is not in  the disk  drive, the message  “SYSTEM
DISKNOTFOUM)“willbedisptayedattbebottomofthescreenand
“NO DISK” wiU  be displayed in front of disk test  ia place of “passed.”

If the “NO DISK” message appears,  insert the operating system  disk
into  the disk drive, and press  any front-panel  key.

Selectable Self Seven  se3f  tests ~324~  be accessed individually in  the Self
Tests

l Data Acqui&ion
0 R!⌧3zc

l  ExtcrnalTriggerBNCs  .
l Keybo4ld

ORAM

4 R O M
0 DiDrive
. qdethroQ#lantcsts

To sclccx  a test, place the  ausor  on the test name and press SELEa.
A pop-up menu  appears with  a description of the  test. The self test
does not begin until the cursor  is placed on Execute and the SELE(X
key is  pressed.

When  the test is compiete,  either Tassf.$,?%ile~,  or “Test&  will  be
displayedintheSelfTestmenuinErontofthetest.Thesetwuarealso
used as troubleshoot  aids. If a test fails, refer to Section 6 of the
Semiee  manual for infoxmation  on the individual tests used for’
trollGShoOtiU&

Operator Self-Tests
c-2
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Specifications and Operating
Characteristics

introduction ThisappendixliststbespeciG~operatimgcharacteristics,aad
supplemental characteristics of the HP 1650B and HF’  165JB  Logic
J-b==

Specifications

Probes minimum swing 600 mv peak-tcqeak.

lhmshold  AccuRcy:

Voltaee

-2ovto  +2.ov
- 9.9 v to -  21  v
+ZlVto+99V

State Mode Clod<Repetilion~tcSinglephaseis35MHz~~(25MHron
the HP  165lB).  With  time or state count&  minimum  time behveen
states is 60 ns.  Both mixed and demltiplexed  clockiq  use master-slave
clock timing  master clock must follow slave dock by  at least 10 ns  and
precedethenextslaveclockby  50~

Clock Pulse Width: 2  10 ns  at threshold.

setup  lhez  Data must be present prior to clock transition, I 10 ns.

HP 16!50B/HP  16518 Specifications and Operating Characteristics
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Hold Tbnti Data must be present after rising clock tmnsitior&  0 ns.

Data must be present after Ming  clock transition, 0 ns (HP 16SlB);
datamastbeprweslxafttrfalliogL~~on,O~~l165oB);
Qta~tbepresentafter~J,h;M,andNdocktransition,los
(HP 16soB).

Timing Mode Mlnlumm De&talk Glltek  5 ns wide at the threshold

Characteristics

Probes input RC:  100 kCz 2 2% shunted by woximately  8 pF at the probe
tip.

TI’LlErcshold  Preset: + L6voks.

ECL llweshold  Presetz - l.3 volts.

ThrcsholdRangc: -9.9to  + 99voksinO.lVincrements.

Threshold Setting:  Threshold levels may be-dcfincd for pods 1 and 2
individwlly  (HP 1651B). Threshold levels may be defined for pods I, 2,
?nd3individu~andonethnsholdrpaybe~Eorpods4andS
(HP  MOB).

Maximum  voltage  do volts peak

Dpamlc  Range: -cl0 volts about the thre5bold.

Specificetions  and Opemtirg Chancterietks
D-2
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Measurement halJzerconcigruptioos:
Configurations

Chaooel  Assigomcot:  Each group of 16  c4wmls  (a pod) cam be
~m-+=w-m2, 0rrcmainunassigndThe

amtalus5pods;theHP16slB-2pods.

State Analysis

Memory hbkqddti~n: 1024sampl#lchannel

TAR Cbcks  Five docks  (HP 1650B)  or two clock (HP 16SlB)  areavailable
specification andculbtpsedbydtheroneortwostateanatyEwsatanytimt.clocL

edgescanbeORcdtogethtraadoperateinsinglephase,cwophase
demultiplexing  or two phaqmixed  mode. Clock edge is s&ctable  as
positk,  oegative,  or both edges fix  cad3  clock

Clods  Qaalik  The high or low level of four ORcd  clocks (HP 165OB)
or one clock (HP165lB)  can be  ANDed  with the clock spcci6&on.
Setup rime: 20  ns;  hold time: 5 as.

HP 165OWHP 16518
Front-Panel Reference
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Pattern Recogniprs:  Eaeilrecognizer istbeANDcn&iionofbit
(0,1,urx)paacmsincachlabcLEightpatcemrecognizers=
available when one state adyzer is on. Four are available to each
aMlymwbelltwosfate~are~

RangeRccognizersRecognimdatawbicbisnumericallybe~nor
on two smed  patmns  (Wed  mnbinatio~~  of 0s  and/or Is).  Oue
rangetermisaoailableandis~tothefirststateanafVLernrmed
onThe-sizeis32bits.

Quallfie  A user-spe&ed  term that  can be anystate., nostate,  a siagk
pattern recopizr,  range remgnizzr,  or logical combination of pattern
-drangerecognizas

!%qucnce  ti  There  are eight levels available to determine the
squence  of events required for trigger. The trigger term can occur
anywhere in the first sewn  sequence levels.

~Eachsqucmeievclb8sabrancb&quaU?er.When
satisfie4tbeanalyerwillrestartthesecpenceorbranchtoitnotber
sequulceleveL

-cou8ter:  squcnccqua&rmaybcspecified  tooealrup
to 65535 times  before advancing to the next  level.

Storage  Qdifwation:  Each  sequence level has a storage quaker  tbat
spe&esthestat~thatarctobcstcn-cd.

EoabWDbk  De&m  a window of  post-tr&x storage. States stored
illthiswidowcaabeqllaIim.

Tagging State  Tagging~  copnts  the number  of qualikd  states  between each
stored state. Measurement can be shown relative to the prexious  state
or relative to tr&er.  Max&m  count  is 4.4 X (10 to the  12th  power).

The  Tagging Measizres  the time between stored states, relative to
either the previous state or the  trigcr.  Maximum time benveen  states is
48 horns.

With tagging  on, the acquisition menmy  is halved; minimum time
be4weenstatesis6olls.

Speclfic8tion8  and Operating Ch8mcterbtics HP 16SOB/HP  16518
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RangeSymb&:Uscrcandefiaeamnemonicaweringaraageof
tics.  Bit pattern for lower and upper limits must be defined as a
pan~of05sndIs.WhtndatadisplayisSYMBOL,vaueswitbinthe
specified~eatedispiayedasnnremooic=ooffsetfrombascof~.

Number of Pattern and  Range  Symbols: #)o total. Symbols mn  be
dmvn-IoadedoverRs-232c.

Timing Analysis

Transitional Sampleisstondina~~amemorg~whenthedatachangesA
mming Mode time tag stored with  each sample allows  rtCOOSCntQiOI1  of waveform

dispIay.Timecovuulbyafulinmmyac4gti&ionPuieswithtk
mluberofpaaernchaugesinthedata.

Saalple  Puio& 10 ns.

Glitch Capture Data sample  andgEt& information storedeverysampleperiod.
Mode

Sample Periok  20 ns to SO  ms  in a l-2-5 sequwce  dependent an
se&ivaad  d&y  settings

Memoy Depth  512 san&.s’cbannel

‘Ihe Covered by Datac Sample period x 532

HP 165OB/HP  1651B Specificalicns  and Operating Chamcterittics
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Waveform Display sc~dip. IO  IIS to  loo S;  0~11%  ft5ohltioll

Delay - 2!500  s to 2500 K prcsena of data dependent on the number
ofuansitionsindatabctwccnhiggcrandtrigerplusdclay
(traaKidonaltiming).

~~IB&&c  Waveform display is not erased between swxcssive
acqnisihons.

Overlay  Mode: Multiple channek  can be &played on one waveform
displayline.Primaryuseistoviewsmmnaryofbusactivity.

MaxhumNumberofDisplayulWawfonnc24

channel-dskcw:4nstypical.

The Intcwal Accuraq 2 (sample period + channel-Lo-channel skew
+ 0.01% of time interval reading).

Trigger lrsgncbr01~~~ htm~ Trigger  00. a SJTI&OOOUS pattern  ~SS than
Specrlcatjon orgrcaterthanspccifiedduratior~PattcrnisthelogicalANDof

speSedlow,high,ordon’tcareforeachass&cdchanncLIfpattezn
is valid  but duration is invaiid, there is a 20 as reset  time before hoking
for patterns again

GnrrtaThaaDmation:Minimuardmationis30nstolOmswithlOns
orO.Ol%resolution,whidwcrkgrcatcr.Accuraqis  + Onsto - 20
nsTriggcroccursatpattern+durath

~Thrn~e~Maximumd~~is#nstou)ms~1OIls~
0.01% resolution, whichever is greater. Pattern must be valid for at
least2Ou~Acuuacyis + 2Onsto-  Ons.Txiggeroccnrsatthet9dof
tJ=paaere

GUcb/E& ‘Ik&erins:  Trigger crm #itch or edge following vaKd
duration of asynchronous pattern while the pattern is still prcscn~
Edge can be speciEed as rising, falling or either. L.ess than duration
forces glitch and edge txiggcring a&

Speciticstlons and Operating Chsractetistics HP 16SOBRIP  1651B
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Measurement
and Display
Functions

Autoscale  (liming
Analyzer Only)

Acquisition
Specfications

Labels

Indicators

tip  165oBMP 16518
Front-Panel Reference

Autoscale  searches for and displays ch&mels  with activity on the pods
ZlSigMdtOthttiUliOg~~.

Armin%:Eachana@ercanbeannedbytherunkey,theotber
ana$cer,ortbee.xtexnaltriggerinport.

Bact  Mode  Singlemode  aquircs  data  once per  trace specific&w
rcp&ivc  mode  repeats single mode acquisitions until  stop is pressed
orlmtiltimeintervalbctweentwospe~edpatrernsislessthanor
greactrth?nasptcifitdvaiue,orwithinosnotwithinaspecifiedrange.
Thereisonlyonetraeemodewhennvoanalpersareon.

Activity India&orsProvided  in the Gmfigmation,  State Format and
TiGngFomatmenusforideati@nghigh,low,or&angingstatcsun
*inputs

Morkus:Twomarkas(XandO)preshownasdashediinesonthe
TiiWavcformsdisplay.

Triggu:  D’qlayed  as a vertical dashed line  in the  timing waveform
displayandaslineOinthestatelistingdisplay-

Sp8cifhtion8  mnd Operating Chamcteristlcs
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Marker Functions Time  ~ntervsl:  TIC  x md o markers ~WW  the time intMval betwten
onepoint~a~gwaveformand~,rwopoLPrsonthesame
thingwavef~  two points on different  waveforms, or two states
(time  tagging on).

Delta States (State halper only):  The X and 0 markers measure  tke
number  of taged states between one state and trigger, or between two
states.

Statistics: X to 0 amrker statistics are calculated for repetitive
aquisitions.  Patterns must  be specified, for bothmarkers and stat&tics
arckeptoniywhenbothpaaenrscanbefolllldinanaq~oa
Statisti~atem;nimnmXtoOtimt,mrrimnmXtoOtime,averageXto
0till&andrati00fvalidnmstototalnms.

Run/Stop Runz  Starts acquisition of data in iqxc5cd trace mode.
Functions

Stop: In single trace mode or the 6rst run of a repetitive aquisiti~
STOP halts aquisith aud displays he current  aquisition  data  For
subsequent runs in repetitive mode, STOP halts  acqukith of data and
doe5notcbangtcurrentdisplay.

Data Display/Entry ~splay  ~odcs:  state listing state wavcfonq state chart; state ,
compare;  timing waveforms; interfcavcd,  time- correlatui listing of two
state analyzers (time tagging on); time- correlated state listing and
timing waveform display (state &sting in upper half, timing waveform in
knverha&andtimetaggingon).

Thing Waveform: Pattern readout of timing waveforms at X or 0
marker.

Bases: Binary,  Octal,  De&ml,  Hexadecimal, ASCII (display only) aud
User-defined symbols.

Specifications and Operating Characteristics HP 165081HP 16518
Front-Panel Reference



State Compare Performs post-process+  bit-by-bit uunparison of the acquired state
Mode &taandamlparedataiDmge.

State X-Y Chart Plots  value of spccikd  label (cm y-axis) vs. states or another label (on
Display x-axis).Bothaxescanbescaledbytheuser.

State Waveform
Display

HP 165OWHP  16518
Front-Panel Reference

Compare Image. Created by copying a state aqnisition  into the
~~eimagebuffer.o~editingofanybitintbecomapareimage
toal,O,ardoa’tcare.

compareImageBoandarics.Eachchalmel(column)  inthccompare
;maPecanbeenabledordisabledviabitmasksinthe~ehrragt.
Upper and lower ranges of states (rows) io the compare image cau be
spcdfiedAnydatabitsthatdonotfallwithintheenabltdcharrnekand
thesp&fkdrangearenotwmparcd.

Stop Meas- Rcpctitiveacquisitionsmaybehaltedwhmthc
wmpariso~ between the current state aquisitkm  and the axrent
wIqare image is equal or not equal

Displays. Compare Listing display shows the compare image and bit
Dmsh.DifferenceLisdngdisplay~differencesbenveentbe
CmreDt state ac@&onandthe~~parcimagc.

Markers. correlated to state listiD& state Compaq and state wavefolm
ciisplap  Available as pattern, time or stat&tics  (with time co+ing on),
and states (with state connting  00).

Acalmulate.chartdisplayisllot  crascdbctwcul&~
aquisitions.

Dispiays  state acquishioD  in waveform foralaL

Statcs~div.  1 to 104.

Delay- 0 to 1024.

Accumulate. Waveform display is not erased between succtssivt
aquisitions.

Overlay Mode. Multiple channels can be displayed on one waveform
display  he. Primary use is to view summary of bus activity.

sp8ciflc8tiolls rnd opentii ch8r8cterwic8
D-9



Maximum Number  of Displayul  Waveforms. 24.

Marhrs.  Correlated to state listing, state compare, and state chart
displays. Availabie  as pattern, time or statistics (with time countbg  on),
and states (with  state  combg  on).

Operating
Environment

Tm~mInstnnnen~o” toSFC(  +32”tol31”F);probesand
cablcs,U’to6S°C(  +32”to149@F’).Rccomm ended temperature
rangefordislcmecik&l[PtoxPc(  + 5(Ptol.z!@F+).

IiumMity Instruments up  to 95% relative humidity at + m C;  (lw
FJ.  Recommended humidity range for disk media, 8% to 80% relative
humidityat  + 4PC(  + mPF).

Altipldc To 4600 m (l5,ooo  fi).

VihtiOlb

operatiagzRandoxa-5-sooHz,1om;nnrtsper~
= 241 g (ruu).

Nonqa&ngzRaadomvibratio115300Hz,10minutesperirxis,
=  241g(nns);andSveptsincr- sear4  5-500  Hzo.75 g
(O-peak), 5 minute resonant dwell @  4 resonances per axis.

Speclficatlons  ad  Opemting ChamcMstic8
D-10
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HP 16506IHP  M518

Notes: l. Dimensions are for general information only. If dimkons
arercquircdforbuildingspecialendosares,~wur
HP bid engineer.

2. Dillmsiixls are in nliuimcters  and (idles).

Specdfications  and Operating Chamctedstics
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Microprocessor Specific Measurements

Introduction Thisappcndixa.mtainsinfomalionabomtheoptiaaalacc#sorics
avaihbk  for microproassor spedfuc--Ill-depth
mcasuremeatdescriptiolrsareindndedintheoperatingnotcsthat
comewitbcachofthcscacccsor&Thcacctssori# youwillbe
inuoduced  to in  this  appendix arc the  prcprotxsor  modules  and the
HP1f3269CGcncralPtuposeProbeIntcrfacc.

Microprocessor A prepromsor module enables you to quickly and easily amnect  the
Measurements logic analyze  to your microproccsor  nuder  test. Most of the

prqxocessormodnk5mpircthe?iP10269CGeneralPurposeRobe
Inmface.Theprepr-dwiptiominthefollowiagsextions
indicatewhidlprepr- rquireit. .

Indudedwitheachprepr- modakisa3S-iichdiskwhich
containsaco&gmthfikaudaninverseassanblerfi&.Whenyou
loadtheamf&mthEik,itumfiguresthelogicanalyzcrformaking
state measuremeats  on the micsopnwrJsor for which the prepr-
isdcsigaed.Itakoloadsintheiaversctsscmbkr6k.

ThtinMxse~bl~fileisasoftwareroutintthatwilldisplay
captured information in a specific miaoprocessor’s  maemonic5.  The
DATA field in the STATE  LISTING is  replaced  with  an inverse
assembly field (see  Figure E-l). The hverseassemblersohvarcis
cksiped  to provide a display  that closely resembles the original
azsscmblylanguagelistingof  themicroproccs&ssaftware.Itako
identifies the miu oprocworbuscyckscaptmcd,suchasMcmoxy
Read, Iatcrrupt  Achowlecige,  or I/O  write.

HP 165OB/HP  16518 Microprocessor Specific Measurements
E-l



Figure  E-l. State Lis!ing  with Mnemonics,

Microprocessors nh seaianlists the microp roccKors that  are supported by
Supported by Hewlett-Packard ptepmmmandthelogicana@xmodelthatea&

Preprocessors preprocessor  rcqtth  Most of the pqmcesors  tquirc  the
HPlO269CGCIlCdPlItpSCRObC~.ThCHPlO269CacctptS
the spef3icpreproasor PCboardand -ittofiveco~ors
on the  general purpose  interface to w3Cd1  the logic analyler  probe
cablesconnea.

Note Thisappcndixktsthcprcprocmors available at the time of printing
Howevet,newpreprocessorsmaybeanneavailableasnew
microltxmsoK  arc introdllced.  check with the nearest
Hewlen-Packatd  sales office periodically for avahbility  of new
preproctssorr

Microprocessor Specific Meesutements HP 1650WHP 16518
E-2 Front-Panel Reference



280 CPU Package: 40-pin  DIP

Atxssod Required: HP 103OOB  Preprocessor
HP 10269c  General Purpose Probe Interhce

MaxhumClockSpccdz1OM&&clcinput

SiiLiaeLoading  Maximumofonc74LS’ITLbad  +35pFon
any line

Miaoprocesor CycksIdcnfifk&  Mcmoryrea~
I/O  read/write
Opcodefetch
Intermptachmdcdge
RAMrefrcshcycles

MaxhumPowcrRcqire&  03Aat + 5Vdc,snppliedbylogic
analnu

Lqic  Analyzer Requiredz  HP 165OB  or HP l6!3B

Number of Probes Used-  Two 16-channel  probes

HP 16!iOB/HP  16518
Front-Panel Reference

Microprocessor Specific Measurements
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NSC 800 CPU Pa&a&:  &I-pin  DIP

Acccssorics  Required:  HF’  10303B  Preprocessor
Hp10269(=GencraIPurposePr0beIllterfa~

hbkml!nclodcspted:4MHzclockinput

Signal Line Loading: hrfdmnm  of one HCh4OS  load + 35 pF  on any
line

Mi~oprocessorCydesIdencified:  Mcmaryrcadlwrirt
I/O r&/write
opcodefeeh
Intempt  ackmwkdge
RAM rdresh  cycles
DMAcycles

Maxirnnrn  Power Rqnircdz O.lA  at + 5 V dc,  suppiied  by logic
pnalncr

Logic Analyzer Required  HP 165OB or HP 165l.B

Number  of Probes Us&  Two 16chamel probes

Microprocesscr  specific Measufernerlts
E 4

HP 16SOB/HP  165lB
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8085 CPU Package: 40-p&  DIP

Acccsork Rtquired: HP 10304B  Prepr-r
H.P  10269C  General Purpose Probe Interface

MaximumCiockSpeed:6MHzclodtoutput(12~clodcinput)

SiiLineLoadiq  Maximumofone74LSTILIoad  + 35pFonany
line

MicsoproassorQcleIduUifi~  Mcmoryrcatiwrite
I/O  red/write
opcodefetch
Intcnupt  acknowledge

Maximum  Power Rquircd: 0.8 A at + 5 V dc,  suppkd  by logic
analyzer

Logic  Analyzer  Rquired:  HP  165OB  or HP 165IB

NumbcrofProbe5Used:Two16-~elprob#

HP 165OBMP  1651B
f ronWane  Reference

Mlcroprocesscr  Specific  hleasurements
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8086  OI  8088 CPU Package: 40-pinDIP

AcxxssoxiesRequirtd  HP 1030!iB Preprocessor
HP 10269C General Purpose Robe Interface

SiLineLoading  l+daxkumoftwo74ALSTTLloads  + 4OpFon
ZUlyliIE

Microprocessor Cycles Identihk  Memoryreadkwite
I/o  read/tie
code  fetch
Interrupt acknowledge
Haltackmwiedge
TraMfert08%7or8t.B9
CO-p~-

AdditionaICapabilitiec  The8086or8088canbeoperatingin
Miaimumor~ummodes. Thelogic.
analper cau capture all bus cycles  (iicluding
prefetcbes)  or can capture only exmxted
insnpctions.  To capture only excuted
~the8086or8088mustbe
OperatingiUtbC~Ulllmode.

Maximum Power  Rcquiredz LO A at + 5 V dc, supplied by the logic
=a=

Logic AnalyLer  Rcquird  HP l65OB

Number of Probe5 Usul: The  16-chine1  probes

Nliwpccessor  Specltlc  Mwsurements
E-6
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80186 Or 8X166 CPU Package 6%pin  PGA

HP 165WHP  16516

ActaoriesReqPired:  Hp1o3o6GPrqxoccsor

SignalLincLoading  Maximumof1oOkR  + 18pFonanyline

Microprocessor cycles  Identiiied:  Memory read/write @MA and
non-DMA)
I/O read/write @MA  and
non-DMA)
codefexch
interrupt acknowledge
Halt  acknowledge
Transfert08087,8089,
or 82586 cu-processon

Additianal  Capabilities: The 80186 can be operating  in Normal or
Queue Status modes. The  logic ana&wr  can
capture ail bus cycles (iicluding  p&etches)
orcanc.apnlreonly-iInmIctions

.Maxuwm Power Requircdz 0.08 A at + 5 V dc, supplied by system
undertest

Logic balyer Required  HP 16SOB

Number of Probes Used:  Four lkhannel  probes

Micrcprocessor  Specific Measurements
E-7



80286 CPU Package: 6hxmtact LCC or 68-pin  PGA

Accessories  Requirwk  HP  103l2D  Pteproctssor
HP 10269C  GeneralPurpose  Robe Interface

Maximum Clock Speed:  10  MHz dock output (20 MHz dock iapat)

SipalheLoadiag  Maximumoftwo74AZSTIZloads  + 4OpFcm
any line

Miaoprocesor  cycles  I* Memory m&write
I/O  read/write
Code fetch
Interrupt admowledge

Hold adiaowiedge

Transfer to 80287  co-processor

Additional  Capabilit ies : The logic analyer  captures all bus cycles
induding  prefetches

IhimumPowerReqti  0.66Aat  + SVdc,suppliedbyl+c
aIJalpr..operatingaurentfrom
syste3oundertest.

Logic Amlyzer  Requiruk  HP 165OB

Number  of Probes Used:  Three xkdmmel  probes

Microprocessor Specific Measurements
E-8
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80386 CPU Package: l32-pin  PGA

Accworiw  Rqairtd: HP 10314B  Preprocessor
HP lO269C  GcmralPurposc  Probe Intcrfice

Maximum~spetd:moMHzoutput(4oMHzclockinpnt)

signalheLoad&  Maxhumoftwo74ALSTTLloads+35pFon
ZUlyliIlC

Microproc#sorcyclesIdcnti6~  Memoryrcadhite
I/O  z&write
code fetch
Intempt  ackmwhigc,  type O-255

Shutdown
Transfer to 8087,80287,  or 80387
co-procesors

Additional Caw The lo& analjar  captures all bus  cycles

MahntmPowuRquir&  l.OAat + SVdc,supphedbylogic

bgic  Analyzer Rquirck  HF’  16SOB

Number ofProbes  Used  Fm  16-channel  probes

HP 165OBMP  16518
Front-Panel Reference

Microprocessor Specific Measurements
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6800 or 6802 CPU  Package: @-pin  DIP

AcsssoriesReqnir&  HP1O3O7BPrepmcessm
HP 10269CGeneralPurpose  Probe Interface

SignalLineLoading  hhxiammof174LSITL.load  +35pFonany
line

Micrv  cycle  k&&i&  Memoryrea~te
DMAre.adhite
Opcode  fethhperand
subroutine enter/exit
systuustaclspush/pull
Hah
Intermpt  acknowledge
Interrupt or reset veuor

MaximumPowerReqaired:  0.8Aat  + SVdc,supplkdbylogic
anaiyzu

LogicAnalyzerRequimkHP165OBorHP165lB

Number  of Probes Used:  Two 16-channel  probes

Microprooeesor  Spsciflc  Measurements
E-10
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6889  Or 6809E CPU Package: 4O-pin DIP

AccwsoriesReq~  HP1O3O8BPrcpr~r
HP 10269C  General Purpose  Probe In&a=

MaximumclockSpeed:2MHzcloclriopnt

SiLineLoadingz Maximurnofone74ALS’ITLload  + 35pFon
ally line

Microprocessor Cycles  Iduuificdz  Memory m&write
DMArcad/write
Opmdc fetch/operand
vector fetch
H&t
Iatemqlt

Additional Capabiikics: Tke  preprocessor canbe adapted to 6809/09E
systemsthatuseaMunoryManagwmtUnit
(hdMJ). This adaptation allows the capture of
all address iines on a physical address bus up
to24bitswide.

MaxinmmPowerRequircxk  LOAat  + 5Vdc,supplkdbyiogic

Logic Analper  Rcquircd: HP 16SOB  or HP 16SIB

Number of Probes Used: Two Scharmel  probes

HP l65OWHP  16518
Front-Panel Refwetnce

Mlcroproces8or  Specific  Memwemem
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68008 CPU Package:  apin  DIP

Accessories Rcquircdz  HP 1031OB  Preprocessor
HP10269cGeneralPurpmePmbelnkrfacc

.
MaxKwmclockspeed:1oMHzclockinput

Signal  Line Loading Maximum of one 74s  TTL  load + one 74F  TX-L
load + 35pFonanyline

Micxoproassor Cycles  IdentS&  User data readkite
User program read
Supervkor  readMite
Supenkor  program read
Iaterrupt  acknowledge
Busgrant
mcycie

Additional CapatiiithThe  logic analyzer captures all  bus cycles
inciudingprefetches

Maximum Power Rquirek 0.4 A at + 5 V dc,  supplied by logic
=W=

Logic Analyzer Rqtied:  HP 16SOB

Nmnber  of Probes  Used:  Three 16-dmmel  probes

Micfoprocessor  Specific Measurements
E-12
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68000 and 68010 CPU P-C:  6&ph  DIP

(64-pin DIP)

Accesoxies  Requirtxk  HI 1031lB  Preprocessor
HP 10259C  General  Purpose Robe Interface

Signal  Line Loading: Maximum of one 74s  7TL  load + one 74F
TI’Lload  + 35pFonanyhe

Microprocessor cycles  Id&ti%dz  User data read/write
User program read
Supewisorread/write
Supewisor  program read
Interrupt acknowledge
Bus Grant
-cyde

Addihmal  Capabilities The logic analyzer caphnes  alI  bus  cycles
iricllldingprefetches

Maximum Power Requiredz 0.4 A at + 5 V dc,  supplied by the logic

Logic Aaa@m  Required:  HP 16SOB

Number ofProbes  Used: Three 16-channel  probes

HP 165OB/HP  16!51B
Front-Panel Reference

Microprocessor  Spedfk  Measurements
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68000 and 68010 CPU Package: 68-pi11  PGA
(680pin  PGA)

Accessories Rqnimk HP 103llG  Preprocessor

MaximumClockSpeedzl2.!5MHzclockinpat

SignalLiaeLoading1oOkn + 1OpFonaayline

MicroPro Qcle5  Identified: User data read/mite
Userprogramread
Supervisorrea~e
Supervisor program read
Interrupt acknowledge
Bus Grazu
~cyclc

Additkmal  Capabilities: The logic analyzer captures all  bus qcks

Maximum Power Required:  Nom

Logichaly.crRquiredzHP165OB

Number of Probes used:  Three 16-chamlel  probe4

Microprocessw  Specific Measurements
E-14
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68020 CF’U  Package: 114-pin  PGA

Accessories  Requim-k  HP  103l3G

MaximumClockSpeed12SMHzclockinput

SignalLineLoadingz100kfl+  10pFonanyJine

Microprocesor  ‘Q&s  Identified: User data readkite
User program read
Supmisor  read/write
Supemisorprogramread
B u s  G r a n t
CPU space accesses incl*

Breakpoint ac&nowIedge
Access level  ccnuro~
Coprocessorannmunicaticm
Interrupt acknowledge

Additional Capabilities The logic at&m  captures  all  bus cycles
indlldiug  prefuches.  The 6so24
miaoprocessor  must be operating with the
internal cache  memory disabled for the  logic
adyzer  to provide inverse assembly-

MaximumPower  Required:  None

LogicAna&zcrRequired~  HP 1650B

Number of Probes Used:  Fke lkhannel  probes

HP 165WHP 16518
Front-Panel Reference

Micropfac8sw Specifg  Measurements
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68030 CPU Package  l28-pin  PGA

Acassories  Reqnircdz  HP  10316G

Signal Line Lading 100  KtI  plus 18 pF  on all  lines  except DSACKO
and DSACKL

h&roprocessa r Cycles Ide66edz  User data read/write
User program read
Snptrvisor  program read
J-grant
CPU space accesses including

Breakpoint acknowledge
Access  level control
coprocessoreommunication
Interrupt achmhdgc

A&i&d  Capabilitiw: The logic anaijzer  captures ill  bus q&s,
iIxludiug  prefetches.  The 68030

ocessormustbeopcratiagwiththe
itiElLahtIaem~dMMudisabled
for the  logic analyzer to provide  inverse
assembly.

IbkimamPowcr  Requirsk  None

Logic  Analyzer  Required:  HP 165OB

Number of Probes Use&  Five  16-channel  probes

Mkro~octssor  Specific Mensure-
E-16
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68HCll CPU Package: 4&pin  dual-in-line

Acsxssories  Required: Mp  lU3lSG

Maximum clock speed: 8.4 MHZ  input

h%kropmcesso r cycles  Identified: Datareadkite
opcode/operandfctches
Mexo&ers
Branchoffsets
Irrekvant  cycles

Additional Capabilkies:  The 68HCll  must  be operating in  the
qanded  multiplexed mode (addressing
external memory and/or peripheral devices)
for the logic ana@r  to provide inverse
assembly.

Maxinun  Power Required: None

Logic Analyzer Required: BP 165OB/5lB

Number of Probes UscdzTwo  16-channel  probes for sfate  analy&  and
one  t o  four for  t iming analysis .

HP 166owHP  16618
Front-Panel Reference
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Load jng Inverse YOU 1-d the ~UWZSC assembler file by loading the +propriate

Assembler Files amf5guration  file. Loading the  codigudon Sle automatically loadsthe  inverse asstmblcr  me .

Selecting the
Correct File

MostinveneassemblcrdislrscontainmarctbaaonefilcEachdisL
usuallyamtainsaninversi: asscmbhfileforusewiththeHP1o269c
aadpreprowsxasweUasa6lcforgeneralpurposeprobing.Eacb
iuvcrscasembkrfilenamehasasuBixwbichiadicates~itisfar
theHPlO269Candpreprocewrorgeneralpurpcscprob@For
example  filename C68000~1 indicates a 68000 inverse assembler Sle for

~llsewiththeHp1M69Candthe68ooopreprocwor.Filename
C68CNM-P  is for general purpose probing Specific file descriptions and
recommended usage are conkned  in each preprocessor operating

Loading the
Desired File

Toloadtheinvltneassemblerlikyouwant,inserrtht35-inchdisLyou
rcccivedwithyoarpfeprcIcxwr iotbediskdrive.selecttlKYx/omeutL
In the I/O menu, select DfsK OPERATIONS. The logic analyzerwill
read the disk and display the disk directory.

Select the Load option and place the fkname  you want to load in the
%omfWboxPlacethecmoronExccuteaudpressSELECI’.  .

Place the cursor on the anal- youwant  the Ele loaded into and press
SELECT.AnadvismyZoadingfilefromdisk”isdisplayedWhtathe
logic atialyar  has finished loading the file, you will see “Load operation
complete.”

The file is now loaded and the logic analyzer is configured for
disassembly of acquired data.

Micropmcessor  Specific  Measurement8 HP lssOB/HP 16518
E-18 Front-Panel Reference



Connecting the The specific preprocessor and inverse assembler you ax using

Logic Analyzer deter&w how you connect the logic analyzer probes. Since the

Probes iuverse assembler tiles amfigure  the System Conliguratioq State
Format Speci6rcatioq  and State Trace Specification menus, you must
connect the  logic analyax  probe cables a=dhgly  so that the
acquired data is properly grouped for inverse assembly. Refer to the
spetik inverse assembler opera&g  note for tbc  proper connections

How to Display ThespecificpreproassorandiPverseaYemblcryouatcasing
inverse &~~howtheinverseassembieddataisdisp~~.whenyou

Assembled press RUN, the logic anaiyzr  acquires data and displays the State
ListingmemL

Data
The State Listing menu will  display as  much information about the
captured data as po&iiie.  For some micr opmcesow the display will
show a cotnplcxe~y  disassembled state Es&g.

Some of the prepmmsors and/or  the  miaoprocessors  under  test do
not provide enough  status iufonnation  to Able  the  data
tsxredy- In  this case, you will need to specify additional information
(ii-,  teli  the logic analyzer w&t  state umtainsthefirstwordofan
opcode  fetch). When this  is nccessaq  an addikiooal field (WVASM)
will appear in rbe top center of the State Listing menu (see  below).
Thisfieldallows~ntopointtothefirststatcofanOpCodefetch.

@ziTmmJ  - Isat Li81hQ I (F) nlnlnua X-0’ 0 t
narrrrs  rstat;stm  1 Valia runs: n8xtaua x-02 0 *

16 of 16 n*rrrp x-o I 0 *

FQU~  E-2. inverse Assemble Field

For complete details refer to the Operating Note for the  spuiiic
preprocessors

HP 16SOBMP  16616
Front-Panel Reference
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Index

A

absoblte  lo-9
a-ulate  D-6,11-6
accuracy

timeinterval  D -6
acquisi t ion

fields (state trace) 15-U
spedficationsD-7

aquisitionmodes
glitch lo-5
state l5-l3
t iming lo-3
tIran&ional  lo-4

activity  indicators 12-5
alphaentry  3-14
alteruateprinters  7-2
analyLt

uLdigldoncapabilities  l-21-3
tJlpe#

How to Switch  between 3-8
==fJby

state l5-I3
tilnhlg  lo-3

iumiug  D-7
ASCII 9-9
Assign&  Pod Bits to Labck 3-17
asyncbronolls  pattern D-6
Autoload  5-6,&l

disable 5-6
enable 5-6

autoloading a file 6-U
Autos&e  4-5, D-7
Axes (State Chart)

scalingthe  l8-2
Selectiugtbe  18-l

B

base 9-8,10-6
Ascu  9-9
StateTrace  U-22

baud rate 516
bit asiglmelu  3-17,9-4,144
BNCs

exwaltligger 3-6
bralldles  IS-14

perlevel  s-15
Estart  u-14

bridling  D-4
multipIelcvek  U-17 .
StcoDdary  s-15

branchingqual&r  158

C

cables
power B-4
pGter  7-3
probe 2-6

Cancel field 5-4
channel-to-channel skew D-6

HP 165WHP 16518
Front-Panel Reference



Q3s (cJ=w  sign) key 34
clearEatlykey  3 3
dodc  D-3

tkxlluitip~  M-10
master M-10
Ilked  14-ll
nonual  14-9
period (state) 14-12
plliscuidtb  D-l
tplacfier  D-3
repetition rate D-l
slave 14-10
state 14-7

compare hage  D-9,17-3
BitEditingofthc  17-4
boldaries  D-9

z aD-i’-3
Maskiag  cbaaaels  in  the 1 7 - 5
stopmwsurement  D-9

Q=v=Imrrges
saviug  17-8

Chnpare  Ming  Display 17-2
CQmparcRaagc  17-6

Spwifyhga  176
CQN

adyxcr  1-2-l-3, D-3
measuremmt  D-3

-eQiag
grabbers  to probes 2-13
grabbers to test points 2-13
logic  analper  to target system 2-u)
Other HPPrinters  7-9
pods to probe cable 2-11
probe cables  to logic alla* 2-10

cosmect~
HP-IBIntcrfacc  3-7
podcable  3-6
RS-232Chtcrface  36

Coatinutfieki  54
copy 5-7,6-l
CopyiqaFile  615

count U-18
states l5-20
Time  s-18

cursor  37

D

bits  5-15
display  D-8
entry  D-8
How to  Roll 316
time-corrdatillg  22-u

heatrp
alpha 314
caangingalpbaentries  3-15
nunluic  311

Delay D-6
from Trigger (State) XI-5

Delay  (timing) II-9
Ddaing  Wavcfom  (State) I94
Dun&iplcx  (dock) 14-10
Difference Listing

Lowing-cllesin  17-8
DiffuenaListing  Display 17-2
disable D4
Disamnectiag  Probes from Pods 2-12
disk

drive  3 5
driveoperations  6-l
eject  button 35
format(L%lF)  67
indicator light 35
InstahgaBlankDisk  6-6
operations 5-3
.RcmovingYeIlowShippingDklc  B-6
yellowsbippingdisk  B-6

disk operation parameters 6-5
disk operaticms

Autoload S-6,  al,  6-U
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copy 5-7,&l
CopyingaFile Cl5
DuplicateDisk x6-1
FormatDisk 541,6-l
FormattingaDisk  6-7
load  55,&l,  6-u
PackDisk 5-9,&l
PaclcDiskOpcmion  617
pmge -096-l
Purginga  File 6-14
Rename 5-9.6-l
RenamingaFile 6-12
Selectinga 6-4
store 5-5,&l
storing to aDi!ik 69

Disk Operations mtpu
Accessingthe 6-3

display
key 33
MixedMode  Z&I,2242
resolution (Tii Waveforms) 12-U
State/state Mixed Mode 21-3
timc-correlatcd 2l4
Timing&ate Mixed Mode 2l-2

display icons
The Inverted Triangle 12-U
Vertical Dotted L&e X2-11

Diilay Menu key 3-3
Don’t Care key 3-3
Duplicar.c  Disk 5-8,&l
Duplicating the Opcrat&  System Disk 6-18

E

ECL 2-9.14-6
tdges

speci&ng 3-19
Then Fmd 10-11

enable D-4
entering data

HP 165OB/HP ‘16518
Front-Panel Reference

alpha  314
changing alpha entries 3-15
luxirii  3-11

errormmsagcs A - l
Excutemd  5-4
cxtcrdaiggerBNCs

cxdgmhm  548
3-6

F

fan  3-7
Ble demiption  5-5,6-g
Blename  5-5,6-s
FdPattern  lo-7
Format Disk 5-U.,  61
Formath4cnukey 3-2
FormatfingaDii  67
FpIlQuali6erSpccification 15-4
fuseB4

G

glitch
minimum detectablewidth D-2
trigg* ml3

Glitch Aquisition  mode lo-5
GlitchCapturenmdc D-5
gmbbers 2-7
P-ds

pod 2-7
power .B4
probes 2-8

H

Hexadecimal keys 3-4
hold time D-2
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Hooking  Up Your Printer 7-2
HP-lB

hterhce cmmcuor  3-7
primer  cables 7-3

I

uollIenll  5-l
Access&the  I1

l./OMenukey  3 3
I/OPort(lm6gurationmeIlu  5-D
indicatcKs

actidy  D-7,s5
diskdrive  3 5
markers D-7
trigger D-7

initialinspection  B - l
iJ3saahn  B - l
I.ndlation  aad  Mainwancc  B-l
hU@gaBlankDisk  6-6
ZqQl  B-a36

mifizzf3  C?
Rs-232c &4,7-l
stttiog  HP-IB for HP  Printers 7-4
Setting RS-232C  for HP Printers 7-5
Setting RS-232C  for Non-HP Printers 7-5
user l-531

inversealsscmble!d  data
How to Dii E-19

inverseassemblerBles
loading E-I.8

K

ckarlsuly  3-3
Display Menu 33
Don’t Care 33
Format Menu 32
Hexadechal(HEX)  3-4
I/OMulu  3 3
menu 32
RoU  3 4 , 3 1 6
Run  3 3
select  34
stop 33
Trace-Menu 32

Knob l-534

L

Label valucvs  LabfAvahle  (State chart) l8-4
Label Value vs. States (State Chart) 18-3
Labeling  Pods, Probes, and cabks Z - 1 4
labels D-7,9-3

State Format Speciiication  menu 14-3
StateTrace  S-22
symbols  9-8
Xming  Format Specification menu 9-3
l’kniug  Trace Specitication  menu 10.6

line
power module B-7,3-6
switell  B-lo,34
voltage selector B-7,3-6

Load 5-5,&l
loadingafile  6-11

M

machine 31
machines  l - 2
maintenance B-l

operator’s B-12

IrKlex-4 HP 165oBRIP  165lB
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Making Hardcopy Prints 7-1
markerfnndions  D-8

Deltastam  D-8
patttrms  D-8
s&.atida  D-8
timeinteldD-s

markers
Pattern (state) 164
Pattern (timing) 11-5
Statistics (state) 16-6
Statistia(timing)  xl-6
Tiie(state)  164
Time(tiulhlg)  11-4
Tii Waveforms menu 11-3
Xand 0 12-10

masterdock u-l.0
MaximumProbc  Input  voltage 2-9
measurement example

stateaMIyzr  2&l
timing-r  12-l
timin@stateaaatyter  22-1

measurements
micropr-  E - l

memory
aquisition  D-3,10&1@5
aGptb@w  D-5

mulll5elds
How toSeleu  39
POP-W  3-g
spccifysymbols  (state) 14-u
spuifysjlnllok  (timing) 9-8
stmv ( s t a t e s - p e r - c  19-4
State Format Spedfication 14-3
stateLi&gmenll  u-3
stateTracemenu  s-2
system configuration 43
Timing  Format Specification 9-3
TimingTrace  Specifkation  lb2
Thing  Waveforms menu Xl-3
toggle 311

menukeys  3 2
menu maps

stateanalycr  U-1
state chart l3-9-u-10
StateChmpare  X3-5
StateFormat  u-2
StateListing  u-4
StateTrace  U-3
State Waveform U-7-u-8
timinganalyzer  8-l
TimingFormat  8 -2
Tim&Trace 8-3
TiimingWavefonn  84

menus
aksqmmu~cation  3 1 7
Diskoperati~  5-3,6-l
How toSelect  37
I/o  5-l
I/OPortccmQuhm  if2
POPUP  3-9
Specify Symbds  (state) 14-7, U-12
specifysymbols  (lIiming)  9-7
StateChart  l8-1
State Compare 17-l
State Format Specification 14-l
StateListing  16-l
StateTrace  15-l
State Waveform 19-l
StateWaveforms  19-l
systemczanf&ation  4-l
SystemIevej  4-l
Thing  Format Specification 9-l
Timing Trace S-on  lo-1
iii  Wavefmns  11-l

l?lixedelocks  14-11
mixed mode displays 21-l

Accessing&e  21-1

N

name
anidpr  314,+3

HP 165OWHP  16SlB
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label 94,144
symbol 9-lo

numeric eutly  3-q

0

0 to Trig&) II-4
otxurreuce  counter D-4,159
operating characteristics  D-2
cqmting  enviroument B-s  D-10
operatiog~yst~

Loadiugtbe B-8
operating system Disk 6-18

DupkatiIlgthe  6-18
Iustahgthe B - 9

overlapping Timing w2vcfonns 22-14
Overlaymode D-6

P

Pa&Disk 5-9,6-l
Packiag a Disk 6-17
papmid+ S-17

Settiugthe 7 6
parity 5-15

=cagnhm  D-s.152
Pattern Fdds (state) 1524
patterus  15-23

Duration (presexlt  for ) lo-9
fields s-22
find lo-7
spemg sl.8

Podclock 14-9
pod  threshold

ECL 9-6
l-IL%
user-defined .%

pods 2-5,4-6
cabkcQrmectors  36
clock 14-9
ground 2-7
probe pod assembly 2-5
probes 2-5
tlueshold  2-9,9-a,  14-6

Polarity (PO])  9-4,144
PoPap

HowtoClose 3-9
How to !Sckct  (options) 3-10
menus 39
optious 110

@ne)s%vitcll  B-10
cabk  B-4
cord con@umiom B-5
groand  B-4
rqnircmeats B-3

pqmcewm E-2
presme D-4, S-21
print

A n  5-s7-7
screen 5-z7-7
starting  the F+rintollt 7-7

Print  All 5-&7-7
Prhuscreeu 5-57-7
printer  5-16
printers

alternate 7-2
Hoobing  Up 7-2
OtherHPPrinteK  74..
supponed  7 - l

Probe Pod Assembly 2-5
probes  2-6

cabk  2-6
dynamic range D-2
ECL threshold preset D-2
gmbbc!xs  2-7
ground  2-8
input RC D-2
maximum input voltage 2-9
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maxbuatvo@e  D-2
minimuminput-e  D-2
minimumswing  D - l
threshold acamacy  D-l
threshold range D-2
threshold setting D-2
TTLthrcshold preset D-2

Probes and Robe Pods 2-5
probing

general purpose 2-3
HP 165OB/5lB  System 2-5
options 2-1
tenination  adapter 2-3

protocol s-14
Purge ilO,&
PurgingaF& 6-14

Q

Qua&r Field (state) XT-23
qualifier D4,s2

bGudngl5-8
fields  u-22
storage s-8

R

recognizers  D-4,152
ranges  s-24
Rename 5-9,6-l
repetitive

trace mode (state) 15-U
trace mode (timing) 10-3

Replacing Wavefwms  (State) 19-3
Roll keys $4,116
RS-232C

default configuration 7-6

later&ice connector 3-6
printer c&l=  7-3
reconnwndedprot0031 7-6
seu.iag for HP printers 7-5
scaiugfornon-Hpprillters 7-5

RuaFunction D-8
Runkey 3-3

S

traktional D-5
Selea key 34
Selecting a Waveform (State) 19-2
Seleuiq an Address (HP-IB) .5-U
self test C-l, 5-18

operator C-1
power-up B-l&C-l

sequence levels D-4, B-6
,DeleteLcvel Is7
klsertLcvel U-7
Reading the Display 15-11

setuptime D - l
@al liac loading  2-9
single

mace mode (state) 15-U
trace mode (timing) 10-3

s k e w
chanael-t~l D4

slaveclock 14-10
?qnxifications  D - l
SpecifyingEdges 3-19
spccifyirrgPattcnls 3-18
st/Div (states-per-on) lsq l94
stateanalyzer  U-1

AaOvetiew U-1
meaumaps U-1

State Chart Display  D-9
State Chart menu U-1

HP 165OWHP  16!ilB
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Accessing tbe I&l
Atmandate  D-9
markers b-9

statedock 14-7
State Compare menu

Acxxsshgthe  17-2
State Compare mode D-9
State Format Spcciiication  menu 14-l

Accesingthe  14-1
fields 14-3

StateListiugmenu  16-1
Acceshgrhe  1 6 2
fields U-3

state tagging 15-20
state Trace menu s-1

Aaxssingthe  15-2
fields IS-2

State Waveform D&play D-9
State Waveform menu

Aczumulate  D - 9
State Waveforms menu l9-1

Access&the  19-l
Delay D-9
markers D-10
maximum number of waveforms D-XI
Overlay mode D-9
Statbiiv D - 9

State/State Mixed Mode 21-3
stopbirs  S-15
StopFunction  D - 8
stopkey 3-3
Stop Measurement

state 165
Stop Me2isurement  (timing) 11-5
storage and hipping B-2
storagemacfo  15-g
storage qualifhion D4
storage qualik 15-8
Store S-5,&1
Store exception to disk

state 16-S
State Gxnparti 17-7

timing ll-6
StohgtoaDisk  6 - 9
supportedprinters  7-1
mitch

liue  (power) B-10
symbols 9-7

base *lb14
label 9-8,14-u
name 9-10,14-I5
number of D-5
pattern D-5
range D-S
specify(state)  1 4 7
view size 9-10, M-15

system cozlf&aion menu 4-1
Acccsshgthe  4 2
RetuMingto  38

T

tagging s-l8
state D-4,1520
time D-4,1519

termination adapter 2-3
pinouts  2-4

Then FindEdge  lo-11
threshold

p o d  2.9,9-6,14-6
timetagging  1519
time-cmmlated  data 22-U.
time--elated displays 21-4
TielDiv (time per division)

timiug  l-l-8
m

Tract nlode  10-3
timiqandyer 8-l

Anovemiew  8-l
menumaps 8-l

Tii Format Specification menu 9-l
Aczcesdgthe 9-l
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base 10-6
fields  9-3

Thing  Trace Spcc%cation menu 10-l
Access&the 10-l
fields lo-2

Thing  Waveforms
OverlaQping  22-14

Timing  Waveforms menu 11-l
Aczcsingthe  11-2
At Marker fidd  C-7
D&i&id U-9-

Thing  Waveforms Menu  fields 11-3
Tiitatt Mixed Mode 21-2
Trace Menu key Z&2
Transitional Acquisition mode .D-S, lw
trigstring

glitcb/cdge D-6
I-I-L 2-9,144

u

user interface 1-L 3-l

V

ventjlation  B-2
view siz

spbol  9-10

X

XandOmarkers
statechart 185
State Waveform 19-5
Timing Waveforms 12-10

X to TrigCgcr) ll-4
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Y

Yellow Shipping Disk
Removingthe Bd
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