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Product Warranty

Limitation of Warranty

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

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

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

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

The foregoing warranty shall not apply to defects resulting from
improper or inadequate maintenance by the Buyer, Buyer-supplied
software, or interfacing, unauthorized modification or misuse, operation
outside of the environmental speclfications for the product, or Improper
site preparation or maintenance.

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



Exclusive Remedies

Assistance

Certification

Safety

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

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

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

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

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

Introduction

Welcome to the new generation of HP logic analyzers! The HP 16300A
Logic Analysls System has been designed to be easier to use than any
Hewlett-Packard loglc analyzer before. In addition, because of Its
conflgurable architecture, it can easily be tailcred to your speclfic loglc
design and debug needs.

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

This digitizing oscliloscope reference manual is divided as follows:

* Chapters 1 and 2 contaln introductory Information about the
digitizing oscilloscope features and the user Interface.

® Chapters 3 through 7 give you information on how to hook up the
probes and how to set up the vertical, horizontal, and trigger In
preparation for making measurements.

® Chapters 8 through 12 provide information on viewlng waveforms
and making measurements on the waveforms.

¢ Chapters 13 through Appendix C discuss other oscllloscope
functions such as storing and recaliing setups, printing, calibration,
specifications, etc.

If you aren't familiar with the HP 16530A/16531A Digltizing
Oscllloscope, we suggest you read the HP 16530Af16531A Getting
Started Guida. This guide contains tutorial examples on the basic
functions of the digitizing oscilloscope.

It you're new to digitizing oscilloscopes...or just need a refresher, we
think you'll find Feseling Comfortable with Digitizing Oscilioscopes
valuable reading. It will eliminate any misconceptions or confusion you
may have about their application, and wlll show you how to get the
most out of your new scope.
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Introduction

Key Features

User Convenience

Measurement

Vertical Channel

Trigger

Display

What is the
HP 16530A/16531A?

The HP 16530A/16531A module is a 400-megasample/second, 100-MHz
single-shot and repetitive bandwldth digitizing oscllioscope can be
instalied in the HP 16500A Logic Analysls System mainframe. The HP
16530A is a 400-megasample/second timebase card and the HP 16531A
Is a 2-channel acquisition card.

400 megasample/second digitizing rate

100-MH2z single-shot (real-time) bandwidth

4k samples per measurement per channel

2-channel simultaneous acquisition, expandable to 4, 6, or 8

Automatic waveform scaling
Hardcopy to graphics printers

® ECL and TTL presets

s Automatic pulse parameter measurements

Channel-to-channel time Interval measurements
Markers for time and voltage readouts

2, 4, 6, or 8 fully configured vertical channels
Continuously variable sensitivity range of 40 mV to 16 V
6-bit resciution

Probe attenuation from 1:1 to 1000:1

50 dc or 1 MY d¢ input coupling

Internal, external, or immediate modes
Edge or pattern triggering

Delayed trigger by events and/or time
Trigger point marker dispiayed

Single, average, or cumulative acquisitions
Connect-the-dots

Chan+Chan, Chan-Chan, and waveform overlay
Combine waveforms from other HP 16500A modules

What is the HP 16530A/16631A?
14



Accessories The following accessorles are supplled with the HP 18530A/31A
Supplied Digitizing Oscilloscope Module:

HP 16531A Acquilsltion card
e 2 HP 10018A 10:1, 1 MR, 10 pF mini-probes, 2 m
# 2 right angle BNC adapters (HP 1250-0076)

HP 16530A Timebase card
» 1 operating manual set (covers complete moduie)
® 1 service manual {covers complete module)

Probe Accessories The followng probe accessories are not supplled with the HP
Available 16530A/31A, but may be ordered separately:

HP 10503A BNC-to-BNC cable, 1.2 m

HP 10017A  10:1, 1 Mg, 8 pF mini-probs, 1 m

HP 10020A  10:1, 100:1, 10 M, 10 pF resistive divider probe set,
15m

HP 10021A  1:1, 36 pF mini-probe, 1 m

HP 10022A  1:1, 62 pF minl-probe, 1 m

HP 10026A  1:1, 500 minl-probe, 1 m

HP 10027A  1-1 500 minl-probe, 2 m

HP 10032A  100:1, 3 M}, 3 pF mini-probe, 1 m

HP 10240B BNC-to-BNC ac coupling capacltor

HP 10211A  24-pin IC test clip

What is the HP 16530A/16531A7
1-2



Menu Field Index The following diagram shows the fields on the digitizing oscilloscope
menus. The table lists the chapters where the fields are described.

4

1
{ osci11oscope (T Channel ((Autcscole ] (Print (
Inpul wnw offsal Probu Impedence Pruul
6— C1 150 lz s00 v l 1 nanm

¥ 1o O Tr:g te x| §7r1g luD
0 0 5 I

/

Item Description Chapter

1 Module fleld 2

2 Menu Fleld 2
Channel menu 4
Trigger menu 6
Display menu 10
Auto-Measure menu 11
Calibration menu 16

3 Autoscale 7

4 Print 14

5 Run/Stop 8

6 Menu speclfic fields See item 2

7 Waveform selection 12

8 s/Div ]

g Delay 5

10 Markers 9

What Is the HP 18530/16531A?
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Menu Maps The following pages show the menu maps for all functions of the
oscllloscope. Functions which are common to several menus are
shown on separate menu maps at the end of this chapter.

Channel Menu
Map

IChcnnul] ITrlqgerJ [DIlployl [Auto—mulugl rColibraLionl

I Offeet I (xxxV)
(1:1 to 1800:1)
—lImp-dancu l—E 5@ Chm

1 MOhm

 Preset | EcL }——v/DIv] 1.50v
2,509
TTL seamv
e
18mV to 4V
S~

L{ EXT TRIG Probe | (1:1 to 1880:1)

Impedancs '—E 56 Ohm
1 MOhm

ANV

HEHHEHEHE
>

e Common Functlons

What is the HP 16530/16531A%
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Trigger Menu Map

[Chunnell Eiqgil IDinplny] IAuto—Meuuuro] lCnlibrolionl

—m——{ Edga I——I;ur:o }-—-— Al
| A2
— B
- 82
— C1
< C2
01
— D2
' EXT TRIG

—{ Slo&'—[- Positive

Negative

(1-32000)
—{ Auto-Trig '—E On
of{

—i Pattern h—__Pbsns.-.l-- H
Pattern -
When Entered - |
Exited - —

(1 to 32000) :
WwTrig'—E on |

orf ]

I =

Conmon Functions

What is the HP 16530/16531A7
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Display Menu Map

IChunneIl [Triggsr] IDiaplnyl [Aulo—uenlural ICullbrulion]

—{Mode Hormal
'—E Averagoe —{ Avaroge # }——- 2
Accumulate — 4
= 8
— 16
— 3z
—l Connect DQL'—E On L I 54
ort — 128

1kl e

—— Commen Functicons gyliest

Auto-Measure
Menu Map

Oscl | loscope

I [ ]
IAuto-Meulura] [Trigqr_] [Diuplil [Chunnol] Ialibrutionl

—|Inpul. II Al Period

— AZ I [—Risaltime
—
a1

 [~—Falltime
— B2 —J —Freg

H ci o [—+idth
—

1 01 j — Vp—p
Sl
— D2 — Preshoot
— Overshool 0BV 14

——Common Funclione

What Is the HP 16530/16531A7
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Calibration Menu
Map

Oscllioscope

ICoIIhralIon] ITrigqarI [Di.piuyl IChonqgiJ lAuto—Nﬂunurel

—|C=|I Choice

Vertical

Trigger Lavel

Deiay

Ch_ch_skew

Balance Adjust |

Sel to Defouli

Cancal

— Autoscale ]—I:

Continue

Concael

Print Screen

[: Run
Stop

L

Repotlitive

/i 1B

What Is the HP 18830/185631A7
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Common
Functions Menu
Map

What is the HP 16530/16531A7
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Common Functliona

—LAutoacule ’—‘: Continue

Cancel

—I Prini }—I: Cance |
Print Screen

L Run —|: Slingle
Stop Repstillve

Cancal

Markers | xxx s=

Wagveform Seiection Pop—up

——IChnnnal Mode Single
Overiay
Chan + Chan
Chon -~ Chan

Raplace

)

— Labels
L3 —
EXX
| 33
Axx

ngx
axx

MmMoOOm»
|

|
El=l=]=]2]=]2]5]>]
pl=aln]=]n]= =

«See Marker fleld menu mop
sslniormodule Group Run only



Markers Field
Menu Map

[_Mcrkeru of1
On 1 X to O

F Trig to X
~{ Trig Lo O

—-[X markaer j———isn On Al

A2
B
B2
c1
cz2
D1
D2

O marksr

Manual

—| Slope I—E Positive

Negative

(1 to 100
—{ Statletics [—-[ on Mean X0

Max X-0
S Min X0

—{ Run Untii Time X—0 off
Lesa Thon xxx @

Greatar Than ]_-

In Range xxx 8 to xxx

Net in Range

1aAE/WML1T
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2 Basic User Interface Information

User Interface The HP 16500A has three user interface devices: the knob on the front
Devices panel, the touch-sensitive screen, and the optional mouse. If you are
unfamillar with any of these, this chapter covers the basic concepts of

their use. For more detailed information, refer to the HP 165004
reference manual.

System Power Up  When the HP 16500A system Is powered up, the menu you see should
lock similar to the cne shown below.

ﬁ System J ﬁlgurullul\]

s b
Carde

SCOPE ACOQUISITION HF-1B
400 MEGASAMPLE/s |
SCOPE TIMEBASE g
Controlier

c
400 MEGASAMPLE/s ||
D 1 (__ms-z32c
E #_ { |
Printer

Basic User Interface Information
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Using the Touch
Screen

Any dark-blue fleld on screen Is a "touchablae” field. That Is, if you
touch a dark-blue field, the field will toggie to another value, or a
pop-up will appear aliowing you ta select another function, For
example, touch the dark-blue field tabeled System In the upper left of
the screen. A pop-up appears showing all the modules of the
malinframe. The actual order and content of this pop-up may vary
depending on the modules you have installed and which slots the
modules are In.

Syslem

Car Inlermoduls

Oscllloscope C

-

SCOPE ACOUISITION

8 1 =a HP-1 )
400 HEGASAMPLE/S = ( =
c| SCOPE TInEBASE ®

" | |
400 HEGASAHPLE/S L] controller

I i —

1} - @ R5-232C
o i—

E—

E— — I,—_]
3 ==

! Printer
J )

Notice that the Sysiem fleld in the pop-up is highlighted In light blue.
This tells you that you are in a system menu. To move to any module
in the iist, touch that field in the pop-up. The pop-up will close and the
module chosen will appear on screen.

If you are in any other module menu, you can return to System by
touchling the module field in the upper left of the screen. When the
pop-up appears, notice again that the module you are In is highlighted
in fight blue. Remember that the dark-blue field In the upper left of the
screen allows you to move among the modules,

Basic User Interface Information
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Module Menus Each module may have several menus within it. To see these menu
selectlons, touch the dark-blue field second from the left at the top of
the screen.

I

Cerds

SCOPE ACOUISITION ||
400 HEGASAHFLE/S

SCOPE TINEBASE
400 MEGASAMPLE/S ||

Printer

This menu fleld worlis the same as the module field to the left of it,
except instead of showing all the modules, the menus within each
module are displayed. For instance, if you touch thls menu fleid while
you are in System, you'll get a pop-up that looks like the one shown

below.
Conf lguration
-
Cards l Reer Disc
A Front Olsc
g|score acoursITION | CINRERTL N = HP-1D )
400 HEGASANPLE /& 55 d
Test -
SCOPE TINEBASE ® \J-:l]
I | . ——_1
400 MEGASAMPLE/s L control ler
I— —_—
[ g — RS~232C
e
R
|
E {4-__
Frinlar

Basic User Interface Intormatlon
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Moving to the Touch the moduie field in the upper left of the screen. A pop-up will

Digitizing Scope appear similar to that shown below displaying all the modules In the
mainframe. The actual order and content of the pop-up will vary
depending on the modules you have Installed and thelr slots. The
capitalized letter to the right of the module name refers to the siot in
the mainframe where the module Is installed.

In this example, to get to the digitizing scope menus, you would touch
the Oscllloscope C field.

Systiem

Car[ Intermodule

Oecifloscope O

SCOPE ACQUISITION ||
400 HEGASANPLE/®

SCOPE TINEBASE
400 HEGASAAPLE/s

This will bring up the digitizing scope Channel menu.

(:Oscl1lutcnpa c ) { chenner ) ( Autascale J (Print) ( Run ]
Inpul [ v/D1y Offsel Prooe Impsdenca [ Praset
B1 1.50 v 2.500 v 1011 )| HOhm TTL
s/0lv Delay Harkers
10.0 us o & orf Sample Pariod 1 40.000 nx
T T ———— e ————— e e e |
B1

B2

Basic User Interface Information
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Digitizing Scope The digitizing scope has five menus. You can access them by touching
Menus the menu fiekd to the right of the Oscilloscepe C field. Touch the
Channel menu field which is currently being displayed.

| Osciltascope C @ ' Autoscale | Frint Run
Input v/D1v ofts orans f'MnPﬂ-nce] Prosel
[ 5 1.50 v | L2500

a/Div Delay Nerkars

10 0 us 0 8 orf I
o eeeeeeeeee——— |

:§]

ez

A pop-up appears with all the digitizing scope menu selections.

Oscilloscope C ulna:nllj (Prl.ntJ ( Run )
Input V/Div chonnel Probe Impedanca Prasel
B1 1.50 ¥ 1011 1 t0hm TTL

Trigger
| s/Dyv l Deley J
10,0 ue 0 s Ssmplie Periad : 40.000 ns
Dieplay e
Bl
i Auto-MNeasura
L
Calibratlion

B2

—

The following chapters will famiiiarize you with these scope menus. For
now, touch the Channel field In the pop-up menu to return to the
Channel menu. Just remember that the field next to Oscilloscope
always shows which scope menu Is displayed.

Basic User Interface Information
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Data Entry Fields  When you need to enter alphanumeric or numeric data in somae fields, a
pop-up keypad will appear on screen to allow you to enter the
information. In this pop-up, there Is a field labeled DONE. This fleld
lets the instrument know that you are finished entering data. The
keypad pop-up will not close until you touch the DONE field,

( Oscilloscope C ( Channal ) &luscnﬂ Grlrﬂ ( Run _]
Input v/DlL sdance Presat

( 51 1.50 100 ps |HO0m l TTL ]
oIl rT ][ g J[ 9 J[ 5] ' 40.000 ns

noan
naab

- | )
B

What's the Knob To the right of the screen is a knob. Turning the knob allows you to
For? increment or decrement values in a selected numeric field In the
digitizing scope menus.

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

When the mouse is plugged In, a white cursor (cross) appears on
screen. Moving the mouse causes the cursor to move. To “touch® a
fleld with the mouse, move the cursor to the field and press the left
mouse button,

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

Basic User Interface Information
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Inputs and Qutput

Cables and Probes

Each HP 16531A Acqulsitlon Card has two vertical signal Inputs. The
inputs are on the module at the rear of the mainframe. INPUT 1 Is to
the left.

The two connectors on the HP 16530A Timebase Card on the rear of
the malnframe are the external trigger (EXT TRIG) Input and the
COMPENSATION SIGNAL output. The COMPENSATION SIGNAL 50Q
output is ~1.2 kHz square wave with high amplitude near -200 mV and
low amplitude near -400 mV when connected to a 500 load. This
square wave is used for probe compensation adjustment {see your
probe operating note) and is also used in examples throughout this
manual.

oo

-} @@:D ED..

HP16531A ACQUISITION @
@ - INPT 1 T 2 - @
-

HP 165304 TIMEBASE ®
=— COMPENBATION EXT TRIG —&= @
SIGNAL
—

I ®

Cables and Probes
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Connecting BNC
Cables

BNC cables can be connected directly to the BNC connectors on the
aquisition card or timebase card. The HP 10503A 1.2 metre
BNC-t0-BNC cable is not provided with the instrument, but can be
ordered separately.

Connecting Probes

Cables and Probes
3-2

Probes may also be connected directly to the BNC input connectors on
the acquisition card or external trigger Input on the timebase card.

Two right-angle BNC adapters (HP 1250-0076} are supplied with each
aquisition card. Connecting the right-angle adapters to the inputs, and
then connecting the probes to the right-angle adapters keep the probes
from protruding beyond the plastic standoffs on the rear of the
instrument.
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Introduction

Channel Menu

The Channel menu controls the vertical sensitivity, offset, probe
attenuation factor, and input impedance of all input channels, as well as
the probe attenuation factor and Input Impedance of the external
trigger input. The Channel menu also allows you o preset vertical
sensitivity, offset, and trigger level for ECL and TTL logic levels. The
default Channel menu is shown below,

| Oscllloscope I:J ( Channel (nutns:alaj (Prlnlj ‘ Run
Input (WDW affeet J Frobe Impedance Praget
-1 1.50 ¥ 2,500 v 1011 1 _MOnm TTL
s/D1v Daley Harkers
10.0 us 0 s orr Sampla Period ' 40,000 ns
—ﬁﬁ

Channel Menu
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Channel Menu

Map

Channel Menu
4-2

The menu map for the Channel menu is shown below.

Oncillicecops

[Chunnell [Tr1gqar] IDiuplay] I:ul.o-uouauzl Eullbrutionl

HEHBHEHE
>

=Offn|t I {xxxV)
(1:1 to 1088:1)
—[ Impedance I—E 50 Ohm

1 MOhm

L] Presat | ECL [r—{v/Div] 1.50v
2.50v
TTL Saemv
-1.00v
o 10 9
(xxxV)

 ext TRIG Probo | (1:1 to 1000:1)

—— Common Functions

Impedance l—[« 50 Obm
1 MOhm

10000/ 11




Input Field The Input field selects the input source for the channel parameters
displayed on the Channel menu.

(_uscli!nscnpl c) ( Cheanal J { nulnscalaj (Pront ) { Run
Inpul V/DLlv Offset Probe Impedance Presat
Bl 1.50 ¥ 2,500 ¥ 10 1 1 HOhm L
s/Div Delay Rarksrs
100 us 0 s ort Semple Perlod 40,000 ns

B2

]
When you touch the Input fleld, a pop-up appears showing all avaitable
input channels and external trigger. Two inputs are available for each
malnframe module slot A, B, C, and D; the actual pop-up contents is
dependent upon which slots the HP 16530A Acquisition boards are

Instalied. The HP 16531A Timebase board Is identified by the slot
shown In the Oscilloscope module field.

The default Input field selectlon is the lowest letter/number
combination. For example, if an aquisition card is Installed in
mainframe slot A, the Input field will display A1.

| Dscnluunpuc] (_ Channael J l Auiescols (Pnnt] ( Run ]
B Div [ Orfset ProbDE Impecance Presat
50 ¥V 2,500 Vv 1001 1 MOhm TTL
8/ 11 ] l Harkers ' [
10. LE: ': . ott Semple Perilod ! 40.000 ns ]
I —— ——

Bi| EXT TRIG
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V/Div Field

Channel Menu
4-4

The V/DIv field sets the vertical sensitivity of the channel selected in the
Input field. Vertical sensitlvity determines the size of a waveform
displayed on screen and is measured in volts/division. Each waveform
display is divided into four vertical divislons. The divisions are marked
by small tan tick marks at the left and right sides of the waveform
display.

When the V/Div field is selected, the vertical sensitivity can be changed
by turning the knob. As the vertlcal sensitivity is changed, the signal
expands and compresses In both directions vertically from the center
of the display. As you turn the knob, the vertical sensitivity changes in
a 1-2-4 sequence from 10 mV/div to 4 V/div.

Vertlcal sensitivity can alsc be entered from the pop-up keypad. The
keypad will appear when you touch the V/Div field when the fleld Is light
blue. Any value from 10 mV/div to 4 V/div can be entered from the
keypad. The vertical sensitivity value can be set to the two most
significant digits. For example, If you entered a value of 154 mV, the
value would be truncated to 150 mV.

The default value for the V/Dlv field is 1.5 V (TTL preset value).
Note

If acquisitions have been stopped (see chapter 8), vertical
sensitivity changes will not be reflected on the waveform until
Run is touched and the next acquisition is displayed.

(_usclllns:upe (5 ] (_ Channel J (RutoucaleJ |Pr1|lJ | Run J
Offsat Probe Impadance Pressl
BR-CER (2500 v 1001 1 HOhm ‘ TTL
[ s/D1v , Deley l Harkers I [
10.0 us o 2 ofr Sampis Period : 40.000 ns

4
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Otfset Field

Offsat
Yoliage

Offset Is the voltage represented at the center vertical tick mark In the
waveform display. Offset is a dc voltage that Is added or subtracted

from the input signal so that the waveform can be shown centered on
the waveform display.

(_E::lllosnnpa E_J ( Channel AAJ (-Aulusculggj ( Prinl ] (Aggéun )

o

V/D1v f1set
1,50 ¥ 2.500 W

Prate Impeoanrce
1011 1 MOnm

Presel
TTL

9

s/D1lv Delay Harkarsg

15 0 us o s ot Semple Pariod @ 40.000 ns
e —_—

a1

B2

Offset range and resolution is dependent on vertical sensitivity:

Offset
V/Div Range Resolution
<200 mV +B00 mV 1mv
=200 mv 16 V 10 mv

When the Oftset field is selected, the offset value of the channel
selected In the Input field can be changed by turning the knob. As
offset Is changed, the position of the waveform moves up or down on
the waveform display. Offset works similar to the vertical position
control of an analog oscllloscope, but offset is calibrated.

Channel Menu
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Offset can also be entered from the pop-up keypad. The keypad will
appear when you touch the Offset field when the field Is light blue. Any
valid offset value can be entered from the keypad.

The default value for the Offset fleld Is 2.5 V (TTL preset value).
Note
If acquisitions have been stopped (see chapter ), offset changes

will not be reflected on the waveform until Run is touched and the
next acquisition is displayed.

Probe Field

Channel Menu
4-6

The Probe field sets the probe attenuation factor for the channel or
external trigger selected In the Input fleld. The probe attenuation
factor can be set from 1:1 to 1000:1 in increments of 1. When the

- Probe field is selected, the probe attenuation factor can be changed by

turning the knob or by entering a value from the pop-up keypad.

When you select a probe attenuation factor, the actual sensitivity at the
input does not change; the voltage values used on the display (V/div,
offset, marker values, trigger level, automatic measurements) are
adjusted to reflect the attenuation factor.

The default value for the Probe Field is 10:1 for 10:1 divider probes.

((osciitoscope c ] ( Channel ) (Aulu:ull] LPrnnt_} ( Run |
Irlput v/Diy Dffasl Impnuunca Preset ]
1.50 Vv 2,500V 1 H1onm TTL
8/Div Dnlng Herkers
10.0 us ore Sample Pariod 40.000 ns
w
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Impedance Field The Impedance field sets the input impedance for the channel or
external trigger selected In the Input field. When the Impedance field is
touched, the input impedance will toggle between 1 MOhm (dc) and 50
Ohms (dc). No pop-up keypad is available for this fleld.

The default value for the Impedance field is 1 MChm.

| OscilTloscope EJ ( Chennel J (_Aulu:cullj | r|n1) ( Run
Input V/DiY Dtrsol Probe Impedance Fraul
Bl 1.50 v 2.500 V 10:1 1 MGhin
s/D1v Deln Merkers
10.0 u' ote Sumpla Periog 1 40.000 ns

81

B2
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Preset Field The Preset fleid automatically sets offset, V/div, and trigger level values

to properly display TTL and ECL fogic levels.

(USC[”OSCDDE C] ( casmmer ) (_AuluscaleJ (Pr]nlj ( Pun J
Input v/Div Offset W ProDe Impedance Preset
g! 1.50 vJ 2 500 ¢ 10:1 1 HGhm __TTL
s/Div Delay Herkers
£0.0 us 0 s orr Sample Parigd : 40 Q00 ng
T —————————— —————— —
B1

F

B2

When you touch the Preset field, a pop-up appears as shown below.

(Dscllloscope (5 J ( Channal (Aulascnln] (PrlnlJ ( Run ]
Input ViDL offaat Probe Impecency m
B1 1.50 ¥ 2.500 ¥V 1511 1 HMOhm
l s/Dly l Deloy l Rarkers l I ECL
10 0 us 0 s off Samplw Period ]
a1 e ="

User

9
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When you select TTL or ECL, the following vaiues are set:

Preset Value
Parameter ECL TTL
V/Dlv 500 mv 15V
Offset -1.000 V 25V
Trig Level -1.300 V 1.380 V

When any of these values are changed from the preset value, the
Preset field will change to User defined. If User is selected from the
pop-up, no values will be changed.

The default value for the Preset fleld Is TTL.

Channel Menu
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5 Timebase Functions

Introduction The s/Div and Delay timebase functions controf the horizontal display
on the oscilloscope. s/Div and Delay are displayed In the bottormn row
of fields and are displayed on all oscilloscope menus except Callbration.
These fields as they appear on the Channel menu are shown below,

Instrument Setup Set up the oscilloscope as described below. This setup will be used
throughout this chapter.

1. Gonnect a BNG cable from the COMPENSATION SIGNAL output on
the timebase board to INPUT 1 on an acquisition board.

2. Turn the power on to the instrument.

3. Touch the System module field and select Oscilloscope from the
POp-up.

4. Touch the Autoscale fleld to autoscale the signal.

5. Touch the Run fiald and drag your finger to the Repetltive field in
the pop-up.

The display should now look ke this:

[ Dscilloscope c_] ( Chennel ( ﬂuln:calJ (Print ) |
Input V/DLy oftset Probe rnpeuun (Pruel 1
2 00 v 400V 1011 1 HOnm Uaer
Dal Rerkerse
l ;;gl:! l * ag | nu” | Sampie Perlod 1.0000 us J
—ﬁ —|

A — e, —_—

B2
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s/Div Field

Timebase Functions
5-2

The s/Div field sets the sweep speed or time scale on the horizontal
axis of the display and is measured in seconds/dlvision. The display is
divided into 10 horizontal divisions. The divisions are marked by small
tan tick marks at the top and bottom of the waveform display.

( esciiioscope C ( Chennei | (ﬂuluuula } (Print) ( stop
Inputl V/Dlvy Diiset Probe Impedance Presel
A1 2.00 v 5.400 v 1011 1 N0hm Usar
Delay Rarkers
0 s ot Sempls Pariod 1.0000 us
[P — — P

a2

When the s/Div field is selected, the sweep speed can be changed by
turning the knob. As the sweep speed is changed, the signal expands
and compresses in both directions from the center of the display. As
you turn the knob, the sweep speed changes in a 1-2-5 sequence from
5 ns/div to 10 s/div.

Sweep speed can also be entered from the pop-up keypad. The
keypad wlll appear when you touch the s/Div field when the field is light
blue. Any value from § ns/div to 10 s/div can be enter from the
keypad. Sweep speed can be set to three-diglt resolution. For
example, if you entered a value of 15.45 ns, the value would be rounded
up to 15.5 ns.



Zoom
(Acqutsition
Stopped)

At sweep speeds 100 ms/div and slower, the time to acquire the 4096
sampie points for acquisition memory Is greater than 1 second. At
these sweep speeds the screen will display Wailing for Prestore when
acquiring the 2048 sample points prior to the delay time setting and
Waiting for Poststore when acquiring the 2048 sample points after the
delay time setting. This advises you the oscilloscope is stil actively
acquiring data. Acquisltion times, which is memory depth in time, is
shown in table 5-1 later in this chapter.

The default value for the s/Div field Is 10 us.

It acquisitions have been stopped (see chapter 8), the oscllloscope uses
the 4096 sample points stored In acquisition memory to display the new
data on screen when the sweep speed Is changed. This function would
normally be used to zoom in or zoom out on a waveform acquired in
single (single-shot) mode. Zooming either expands or compresses the
waveform horizontally and is changed by adjusting the s/Dlv field.

Zoom Example. Touch the s/Div fleld and turn the knob to set the
sweep speed to 200 us/div, then touch the Siop field to stop
acquisitions. Now turn the knob to change the sweep speed and notlce
how the acquired waveform expands and compresses.

Normally 500 points of the 4k waveform record Is displayed on screen.
Change the sweep speed to 500 us/div. Now all 4k of the waveform
record.is compressed and displayed on screen as shown below.

( osciitoscope c ] ( chenne _J (Aulnculuj {Print) ( Run _)
Input v/Div 0ffeel Probe Impadance Praset
Bi 2 00 V 400 V 10:1 1 nohm Usar
8/D1v Harkers
500 us otf Sempla Perlod ¢ 1.0000 us
‘ T
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Now change the sweep speed to 2 us/dlv. At 200 us/div, 500 points
were displayed on screen; at 2 us/div. only 5 points are displayed on
screen. When the waveform is expanded, the oscilloscope uses a

reconstruction filter to fill in the waveform polnts to provide a more

useable display.

When used in conjuction with scrolling (see "Delay Field” paragraph),
zooming is very useful in displaying single-shot waveforms.

{ Osc1))oscape c] ( Channal ) (Auluscaiej (Prlnl) ( Run
[ lnpul] [ ¥/D1v } ufru Frobe Impedence Presel
2.00 Vv 6. 400 10:1 1 #0hm User
s/Div Delug Narkars
2. 00 us orr Semple Period 1.0000 us
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Delay Field

Delay time is the time offset before or after the trigger point on the
waveform and is always measured from the trigger point to the center
of the screen. The dotted red line at the center of the display Is the
trigger point. When delay time is zero, the trigger point is at the center
of the screen.

When the Delay field is selected, the delay time can be changed by
turning the knob, Remember that the trigger point Is always delay time
zero and is marked by the dotted red line. When the trigger point
moves to the right side of the screen, the delay time Is negative. This
means that what you are viewing at center screen Is before the trigger
point and is referred to as negative time.

(ﬂullloscupe l:} ( ChannnlJ Autnlcnls] (Prlnlj ‘ Siap |
Input [ v/Diy Offeet ] Probe Impadance [ Presel ]
B1 2.00 V 6 400 V 1001 1 NOhm User
s/Div l Rerkars l ‘

m are Sampis Pariod ! 1.9000 us ]

=S TEem e ——— "

S

B2
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When the trigger point is moved to the left side of the screen, the delay
time is positive and what you are vlewing at center screen is after the
triggyer point.

Delay time resolution is equal to 2% of Lhe sweep speed setting when
using the knob. When using the pop-up keypad, resolution is 10 ps at
sweep speeds of 99.99 ns/div and faster, and can be set to 5-digit
resolution at sweep speeds of 100 ns/div and slower.

When run mode Is set to Repetitive, the valid Delay range Is:
Pre-trigger delay range = 4096 X sample rate
Post-trigger delay range = 5000 X sweep speed

Timebase Functions
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Scrolling
{Acquisition
Stopped)

Timebase Functions
5-8

Pre- and post-trigger delay time range Is glven for sweep speeds In
table 5-1.

The default value for the Delay fleld is 0 s.

If acquisitions have been stopped {see chapter 8), the Delay field
controls the portion of the acquisltion memory displayed on screen.
When acquisition has been stopped:
Pre-trigger delay range = delay time setting - (2048 X sample rate)
Post-trigger delay range = delay time setting + (2048 X sample rate)

This means that one-half of data stored in acqulsition mermory Is before
the delay time setting and one-half of the data In memory is after the
delay time setting.

This functlon would normally be used to scroll through a waveform
acquired in Single (single-shot) mode. Scrolling allows you to view the
entire waveform record by adjusting the Delay field.

Scroll Example. Touch the s/Div fleld and turn the knob to set the
sweep speed to 200 us/div, then touch the Stop field to stop
acquisitions. Touch the Delay fleld and turn the knob to change the
delay time to approximately -1.5 ms. As shown below, you are now
looking at the beglnning of the waveform record. You can now scrall
through the entire 4k waveform record, both before and after the
trigger point. When used in conjuction with zooming (see “s/Dlv Field”
paragraph), scrolling is very useful in displaying single-shot waveforms.

( D=cit1oscope c ] ( Trigger ) (Aulusnullj (Print) [ Run )
Node [Suurcj Loval [ Slope J [ Count J [“"‘“‘7”9]
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Table 5-1. Pre-trigger and Post-trigger Delay Range

Sweep Sample Sample Pre-trigger | Post-trigger Memory
Speed Period Rate* Range Range Depth

5 ns/div 2.5 ns 400 Msa/s 10.240 us 25 us 10.240 us
10 ns/div 25ns 400 Msa/s 10.240 us 50 us 10.240 us
20 ns/dlv 25ns 400 Msa/s | 10.240 us 100 us 10.240 us
50 ns/dlv 25 ns 400 Msa/s 10.240 us 250 us 10.240 us
100 ns/div 25ns 400 Msa/s 10.240 us 500 us 10.240 us
200 ns/div 2.5 ns 400 Msa/s 10.240 us 1ms 10.240 us
500 ns/div 25ns 400 Msa/s 10.240 us 2.5 ms 10.240 us
1 us/div 25ns 400 Msa/s | 10.240 us 5ms 10.240 us
2 us/div 5ns 200 Msa/s | 20.480 us 10 ms 20.480 us
5 us/div 20 ns 50 Msa/s 81.920 us 25 ms 81.920 us
10 us/div 40 ns 25 Msa/s 163.84 us 50 ms 163.84 us
20 us/div 100 ns 10 Msa/s 409.60 us 100 ms 409.60 us
50 us/div 200 ns 5 Msa/s 819.20 us 250 ms 819.20 us
100 us/div 400 ns 2.5 Msafs 1.6384 ms 500 ms 1.6384 ms
200 us/div 1us 1 Msa/s 4.0960 ms is 4.0960 ms
500 us/div 2us 500 ksa/s 8.1920 ms 25s 8.1520 ms
1 ms/div 4qus 250 ksa/s 16.384 ms 5s 16.384 ms
2 ms/div 10 us 100 ksa/s 40.960 ms 10s 40.960 ms
5 ms/div 20 us 50 ksa/s 81.920 ms 25s 81.920 ms
10 ms/div 40 us 25 ksafs 163.84 ms 50 s 163.84 ms
20 ms/div 100 us 10 ksa/s 409.60 ms 100 s 409.60 ms
50 ms/div 200 us 5 ksa/s 819.20 ms 250 s 819.20 ms
100 ms/div 400 us 2.5 ksafs 1.63684 s 500 s 1.6384 s
200 ms/div 1 ms 1 ksa/s 4.0960 s 1 ks 4.0960 s
500 ms/div 2ms 500 sa/s 8.1920 s 25 ks 8.1920 s

1 §/dlv 4 ms 250 sa/s 16.384 5 2.5 ks 16.384 s
2 s/div 10 ms 100 sa/s 40.960 s 2.5 ks 40.960 s
5 s/div 20 ms 50 sa/s 81.920 s 25 ks 81.920 s
10 s/div 40 ms 25 safs 163.84 s 2.5 ks 163.84 s

* sa/s = samples/second

Timebase Functions
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Sample Period
Display
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Any time the Markers field is Off, the sample period of the acquired
waveform is displayed in the bottom row of the menu fields. Sample
period is the time period between acquired sample points and is the
inverse of sample rate (digitizing rate). Sample period is a function of
sweep speed and can only be changed by changing the s/Div fieid.
Sample period and sample rates for sweep speeds in shown in table
5-1,



6 Trigger Menu

Introduction The Trigger menu controls the selection of trigger modes for the
oscllloscopa. The Trigger menu has three modes:

® Edge
& Pattern

® |mmediate

When the oscilloscope Is powered up, the default trigger mode is Edge.

( Oscilloscops C ( Trigger i (_Aulusculnj | Frinl
Hods Source Laval Siopa I Count J [ﬂuln-Trlg
Edpe B1 1 400 V) | Positiva 1 On
8/D1v Delay | Harkers
10 0 us o s oft Sample Paeriod ! 40,000 ns J
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Trigger Menu Map  The menu map for the Trigger menu is shown below.
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Mode Field

The Mode field selects the trigger mode for the oscliloscope. When

you touch the Mode field, a pop-up appears showing the three trigger
modes: edge, pattern, and Immedlate. To select a trigger mode, touch
any selection in the pop-up field.

The default selection for the Mode field is Edge.

(Daclr:s:npacj( Trigger ) (nulns:alaJ (Print ) ( Run )

Edge

purce
21

Leval Slope [ Counl } [Aulu-Tr:g]
1.400 V¥ Posltlve 1 On

/D) le
10.0 RALTenn g 5 l m?r'," l I Sample Ferlod 1 46.000 ns ]
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B2
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Trigger Marker The trigger marker I3 the dotted vertical red line at the center of the
waveform display. The point where the waveform from the trigger
source or trigger conditlon crosses the trigger marker Is called the
trigger point and always represents delay time of zero seconds.

If delay time is set to greater than £5 times the sweep speed, the
trigger marker will be moved off screen.

( Osctlioscope € ( Trigger J { nulaacnlnj (Primy ) ( Stap )
Hade Snl.ll'tl] Level Slope l Count J (ﬁulu-Trng
| FEdge 81 -320.0 m¥ Positive ! L
I s/Div l ! Delay I l Markers ]
5.00 ne o s et Sempls Period 2.5000 ns
Bi
Trigger

Point T

B2

Trigger Menu
6-4



Immediate Trigger Immediate trigger mode causes the oscilloscope to trigger by itself.
Mode When you touch the Mode field, Immedlate can be selected from the
pop-up field. The default immedlate trigger menu is shown below.

( Oscllloscope C } ( Trigger _) (Ruloscul!) [ Print ‘ Run
Node
Immediste
s/D1v Delay Herkers
l 10.0 us l o .l l off . Semple Pariod ¢ 40.000 ns

Bi T

|

B2

It the oscilloscope module is set to Independent In the Intermodule
module menu, the oscilloscope will be in the free-run mode and the
waveform display will not be synchronized to a trigger point.

If the oscilloscope module is set to Group Run in the Intermodule
module menu, the oscilloscope triggers itself as soon as it Is armed by
the Input port or another module from the Intermodule menu.

Immediate trigger mode can be used for dual timebase applications
when one oscilloscope module arms another oscilloscope module, or
another madule such as a logic analyzer could arm the oscilloscope.
More Information about intermodule applications can be found In the
HP 16500A Logic Analysis System Reference Manual.
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Edge Trigger
Mode

Trigger Menu
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Source
Field

Edge trigger is the type of triggering found in all oscilloscopes. In edge
trigger mode the oscllloscope triggers at a specified voltage level on a
rising or falling edge of one the input channels or external trigger Input.
In this mode you can specify which input is the trigger source, set a
trigger level voltage, and specify which edge to trigger on.

The trigger source can be set to any input signal. When you touch the
Source field, a pop-up appears showing the inputs avallable as the
trigger source. The source can be input A1, A2, B1, B2, C1, C2, D1,
D2, or external trigger (EXT TRIG) input. The Inputs that appear in the
Source field pop-up are dependent upon how many acquisltion cards
are Installed In the malnframe and which slots they are instalied in. The
minimum sources displayed would be two channel inputs and external
trigger as shown below.

The default selectlon for the Source field Is the lowest letter/number
input channel. For example, if acquisition cards were installed in
mainframe slots A, B, and C, the Source fleld would default to A1,

( Oscilioscope C ] ( Trigger J (Auloualu ] 1Pr1nt
Nods Bl Leval Slope I':nunt ﬁuln-Trlg
Edga 1.620 Pusluvs
s/D1y B2 l Harksrs

[ ot Snrnpln Par:ou i 40 Q00 ng

a1 i EXT TRIG
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Level
Fleld

The voltage level at which the trigger source waveform crosses the
trigger marker is set by the Level fleld. When the Level fleid Is
selected, the trigger level can be changed by turning the knob. When
the trigger level is changed, the waveform moves on the display to
maintain the trigger point (where the waveform edge crosses the
trigger level line). If the trigger level is set above or below the
waveform, trigger Is lost and the waveform display will be
unsychronized.

Trigger level can be set to any voltage vaiue containad within the
waveform display window In Increments of 1% of full scale horizontal
voltage range (V/Div X 4). For example, if full scale voltage range were
400 mV, trigger level could be set in increments of 4 mv.

{ osctitescope €} [ Trigger ) (ﬁululcu (print) ( Run ]
Hoga [ 5nurcn Level Siope ] Count J [nuln-Trng
EUQ 1 6200 ¥ PDSlllV!

Dal
l ,;Igl:‘ l - l AT Sampls Pertos «  40.000 ns ]

Trigger level can also be entered with the pop-up keypad. The keypad
will appear when you touch the Level fieid when the field is light blue.
Any value in 1% Increments of full scale horlzontai voltage range can
be entered. Values entered that are not In this range will be rounded to
the nearest 1% Increment.

Since the trigger level range is limited by the voltage values displayed In
the waveform window, the voltage window can be easlly astermined.
Turn the knob in both directions until the Level field reads minimum and
maximum voltage. These voltage values are the limits of the waveform
window.

The default value for the Level fleld Is 2.5 V (TTL preset valus).

Trigger Menu
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Slope
Field

You can set the trigger slope to trigger on either the positive or
negatlve edge of the trigger source waveform. When the Slope fleld Is
touched, the field will toggle between Positive and Negative. No
pop-up fleld is avallable for this field.

The default selection for the Slope fleld 1s Posltive.

(“osciivoscope ) ( Trigger ] (Auluscals] Grlnl) [ Run
Hada [ Source J Lavel Stope Count |mtto-Tr1g
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Auto-Trig
Field

The Auto-Trig fleld lets you specify whether or not the acquisitions
should wait for the specified trigger condition to occur. When the
Auto-Trig field is touched, the field will toggle between On and Off. No
pop-up field is available for this field.

On. When auto-trigger is set to on, the oscllloscope walts for 25 ms
{40 Hz rate) for a trigger to occur. If a trigger does not occur within
that time, whatever is Iin the acquisition memory is displayed and "Auto
triggered” is displayed:

¢ |f no signal Is on the Input, the caciloscope will display a basellne.

® if there Is a signal but the specified trigger condition has not been
met within 25 ms, the waveform display will not be synchronlized
to a trigger polnt,

OH. When auto-trigger Is set to off, the oscllloscope walts untll a
trigger is received before the waveform display Is updated. If a trigger
does not occur, the screen is not updated and "Walting for Trigger® Is
displayed. Use this mode when:

e the trigger source slgnal is less than a 40-Hz repetitlon rate.
* the trigger events counter {see Count fleld) is set so that the
number of trigger events would not occur before 25 ms.

The default selection for the Auto-Trig field Is On.

( Oscilloscape E_) ( Trlgger ] (ﬁulucullJ (Prlnl] ( Run J
rods Source ] Level [ Slope [ Count ] Auto-Trig

Eoge B1 1.620 ¥ Positive t On

s/Div Dele ( Hark ] l

10.0 us OU 3 M;:f'f" Sempls Period ¢ 40.000 ns J

B1
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Count
Field

in edge trigger mods, you can define a positive or negative edge and
trigger level as a trigger qualifier. When the oscilloscope detects the
trigger qualifier, it will trigger after a user-defined number of edges
{Count fieid) on any input.

The Count field defines the number of trigger events that must occur
after the trigger qualifier before the oscilloscope will trigger and acquire
a waveform.

Count can be set to any integer from 1 to 32000. The event number
set by the Count field will be displayed at the trigger marker when the
acquisition is displayed. When the Count fleld |s selected, the trigger
events count can be changed by turning the knob or by entering a
value from the pop-up keypad.

This type of triggering is commonly refered to as "events triggering” or
"delay-by-events triggering”. It is very useful when trying to trigger on
a specific pulse In a burst of pulses, with a long time delay before the
next burst occurs.

The default value for the Count fleld is 1.

( Dscilloscope l:j ( Trigger ] (HIHDICBIG (Prlnl} ' Run |
[ Hoge ] Fnur:l ] Laval [ Slops ] '
Edge Bl 1.620 V¥ Pasitive On
s/D]v Daley Marxars
10.0 us I 0 ‘I l af{ Ssmple Perlod ! 40.000 ns

LL




Pattern Trigger
Mode

Pattern trigger mode allows you to trigger the oscllloscope upon
entering or exiting a specified pattern of all the input channels and the
external trigger input.

When you touch the Mode fleid, Pattem can be selected from the
pop-up field. The default pattern trigger menu is shown below.

( oscitiescope € J ( Trigger ) ( nuluuculaj (_Prlnl ) Run
node Cnennel' 12Ex wnen Counl Aulo-Trig
Patlern Poallern: XK X Entered 1 Gn
$/Div Daloy Hoerkers
l 10.0 us l 0 s | ort Sample Period ¢ 40,000 ns
-1} —

-¥4

Trigger Menu
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Channel-Pattern  The Channel-Pattem field allows you to enter a pattern for Input
Field channels and external trigger.

Channel. The Channel row of the fleld lists the inputs avallable In the
mainframe. Channels are numbered from 1 through 8 and Ex for
external trigger. The fleld will only display the actual number of Input
channels instalied in the mainframe. The lowest channel number is
assigned to the lowest letter/number combilnation Input. For example,
if acquisition cards were installed In mainframe slots B, C, and D:

Channel 1 = B1
2=pB2
3=0C1
4=C2
5=D1
6 =D2

Ex = EXT TRIG

( Oscllloscope C J ( Trigger J (Rulns:ale (;r]nlj ( Run
Node Channel: 12 Fif Hhen Count J (ﬂuln—Trlg]
Potllern Pattern: WM ¥ Ex1ited 1 On
s/Dlv Deloy narkers
I 10.0 us I I 0 s l oft I Sample Ported :  40.000 na
—

5}

B2
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Patiern. The Pattern row of the field lists the trigger condltion of the
input above it in the Channel row.

Note

You must set the trigger level for each input you want to use in
the pattern by using the Level field in Edge trigger mode. This
seats the threshold of each input for high and low levels {n the
pattern.

The pattern for each input may be specified as high (H), low (L}, or
“don't care” (X).

H - the input channel's voltage must be greater than the edge
trigger level of that Input.

L - the Input channel's voltage must be less than the edge trigger
level of that input.

X - is a “don't care” condition. The associated Input channel will
not be used in the pattern for the trigger qualifier.

The default condition for all patterns Is "don't care”. To change the
pattern, touch the Channel-Pattem field. A pop-up wilt appear which
allows you to asslgn the pattern conditions.

(" 0scilioscope T } (_Trlggur ) (nulnuala] (print) [ Run )

E:?T::.l.j E m [ Count J [ﬁuto rnﬂ

L) (2 A0
'CLEHR l DONE

rlod 1 2.3000 ns J

B2
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Trigger Menu
614

When
Fleld

To enter a pattern, touch elther X, L, or H on the pop-up. The entries
appear at the top of the pop-up as they are entered. If you make a
mistake, turn the knob to move tha highlight to the entry to be
corrected or touch CLEAR to change all entrles back to X. If the
pattern is correct, touch DONE.

When this field is touched, it toggles betwaen When Entered and When
Exited,

Gscﬂlus:upe G} ( Trigger J (ﬂuluscnle] (Prlnlj ( Run )
Mode Chennelr J2Ex Count Aulo=Trag
Paitern FPatlern: XX ¥ 1 on
5/Dlv Delay n
| o | l o ,I [ gL Sampls Period »  2.5000 ns
M py P——
Bl

9

B2

When Entered. The oscilloscope will trigger on the firgt transitlon that

makes the pattarn specification true for every Input the number of
times specified by the Count field.

When Exlted. The oscilloscope will trigger on the first transition that

causes the pattern specificatlon to be false after the pattern has been
true the number of times specifled by the Count field.

The default selection for the When field is When Entered.



Auto-Trig
Fleld

The Auto-Trig fleld lets you spacify whether or not the acquisitions
should walt for the specified pattern conditlon to occur. When the
Auto-Trig field is touched, the field will toggie between On and OH. No
pop-up feld is avallable for this field.

On. When auto-trigger Is set to on, the oscllloscope waits for 25 ms
{40 Hz rate) for a trigger to occur. If a trigger does not occur within
that time, whatever is In the acquisitton memory is displayed and "Auto
triggered” is displayed:

® If no signal is on the input, the oscllloscope will display a baseline.

e |f there is a signal but the specified pattern condition has not
been met within 25 ms, the waveform disptay wlll not be
synchronized to a trigger point.

OM. When auto-trigger Is set to off, the oscilloscope walts until a
trigger is received before the waveform display Is updated. If a trigger
does not occur, the screen Is not updated and "Walting for Trigger” is
displayed. Use this mode when:

® the trigger source signal Is less than a 40-Hz repetition rate.
® the trigger events counter (see Count field) Is set so that the
number of trigger pattern events would not occur before 25 ms.

The default selection for the Auto-Trig fleld Is On.

( faclliescope CJ ( Trigger J ﬁulnscale] (Pruﬂ ( Run )
Hode Channel: 12Ex Hhen Count Aute-Trig
Paltarn Pattern: XX X Exlted 1 On
I s/D1v belay Harksrs
5.00 na 0 s [ are J Sempls Period 1 2.5000 n® ]

B1

Bz
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Count In pattern trigger mode, you can define a pattern as a trigger qualifier.
Field When the oscllloscope detects the trigger guallfier, it will trigger after a
user-defined number of patterns has occurred (Count field) on all
Inputs.

The Count field defines the number of pattern events that must occur
after the trigger qualifier before the oscllloscope will trigger and acquire
a waveform.

Counl can be set to any integer from 1 to 32000. The event number
set by the Count fleld will be displayed at the trigger marker when the
acquisition Is displayed. When the Couni field is selected, the pattern
events count can be changed by turning the knob or by entering a
value from the pop-up keypad.

The default value for the Count field is 1.

((oecitrascope € ) ( Trigger | [ Autasesie ) (prent) ( Rum )
Hode Chennel: 12Ex Hhan | Caiti | Autla-Trig
Patiarn Pattern: XX X Exllad : 1 0n
s/Div Delay Harkerg
5 00 ng | 0 I ait ! Sampla Perilod : 2.5000 ns
T — ——————————————

at
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Pattern Trigger
Exercise

Connecling the
Equipment

Setting Up the
Oscilloscope

This exercise demonstrates how the input signals can be used In a
pattern combination to generate a trigger.

Connect one BNC tee adapter and two 1-metre BNC cables to the

oscllloscope as shown below. Connecting the cables In this manner will
delay the signal to INPUT 1 by a few nanoseconds. This wil allow you

to set up different pattern trigger combinations.

-

TEE

HPiB531A ACQUISIT
- INPUT 1 INFUT 2

@ HP16530A TIMEBASE ®
-u— QOMPENBATION EXT TRIG —= @
BIGMAL
HAANOTIER

. Turn the power on to the instrument.

. Touch the System module field and select Oscilloscope from the
pop-up.

From the default oscllloscope Channel menu, make the following
changes:

Input 1 Probe fleld to 1:1

Input 1 Impedance field to 50 Ohms

input 2 Probe field to 1:1

Input 2 Impedance field remains at 1 MOhm

Touch the Autoscale field to autoscale the signal.

Touch the Run field and drag your finger to the Repetiive field In
the pop-up.

. Set the s/Div field to 5.00 ns.

Trigger Menu



The oscilloscope display should now look like this:

ﬁs:n!us:npe !:J { cthemner ) ( ulns:ule] (Pr:nt\' ( str J
Taput ViDlv Offsel Probe Impedance [ Prassl J

B2 J 100 mv -323 mv 1 HOnm Jser
- BTy Dalay narkers i
SHD i) [ 0 s] [ ori ] l Sample Period 25000 ns
———————

B2

Touch the Channel menu field and select Trigger from the pop-up.
Touch the Mode Field and select Pallemn from the pop-up. The display
will not be sychronized to a trigger point at this time because all of the
Channel-Pattemn terrns are set to X ("don’t cares”).

((oscivioscope © ) ( Trigger | {TAutascale ] (erint) (St
Hode Channal: 12 Ex Hhen Cnunt Aulu—Trlg
Patlern Paltern: X¥ ¥ Entered
s/D1v Dala )
5 00 "iJ l iy -] n""f" J Sample Perjog : 2.5000 n&

e M e e e —
Bt

B2
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Entering a
Trigger Paltern

The Channel-Pattern field shows the Inputs avallable and the pattern
assigned to each input. At this point, input 1, input 2, and external
trigger (Ex} are assigned "don't cares”. Touch the Channel-Pattern
field. A pop-up appears as shown below.

(Dscnluscupa CJ ( Trigger J (nuiusculﬂ (Prtnl) (_Stop j
. WS ’n‘::::d [ Cnun]l ] [Ewa-:”;}
B/D1v L., . . "
R G gy i) TR

I CLERR I DONE

B2

Change the pattern to HHX by touching H, H, then X in the pop-up.
The letters appear at the top of the pop-up as they are entered. If you
make a mistake, turn the knob to move the highlight to the entry to be
corrected, or touch CLEAR to change all extries back to X and start
over again. When the pattern is entered correctly, touch DONE to
return to the pattern trigger menu.

[ Oscilioscope t) (_ Trigger J (nulnscll} (Prmt] ( Stop _]

e )
s/Div 3 2 .

' 5:0 n,' ( " }[ LJ[ Uarlod-_ 2.3000 ne ]

=

B2
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The waveform display should now lock like this, The When fleld Is set
to Entered so the oscllloscope is triggering on the first transition that
makes the pattern specification true for input 1 and input 2 (external
trigger is "don't care"). Input 2 is high first, then the trigger occurs as
input 1 crosses above it's trigger threshold.

Note

The trigger lavel for each input in the pattern specification must
be set using the Level field {n Edge trigger mode. This sets the
threshoid of each input for high and low levels in the pattern. In
this exercise, input 1 and input 2 trigger levels were set to the
corroct levels by using Autoscale.

( Ogcllloscope C J ( Tragger ] (Rulnscalaj ' Print ' Slop
rods Channel: 12Ex Count Aulo-Trig
Paltern Pattarn: HH X 1 grr
§/D1v Dalay Markers
l 5.00 ns l o & l ore | Sample Pertod ¢ 2.5000 ns }
B TEEE e —————
81

P
7

A

B2

Touch the When Entered field to toggle to When Exited. The waveform
should now look like the one at the top of the next page. The
oscilloscope is triggering on the flrst transition that causes the pattern
specification to be false after the pattern has been true one time
(Count=1). At the beglhning of the waveform trace, Input 1 and input 2
are high and the pattern specificatlon is true. When Input 2 crosses
below It's trigger threshold, the pattern becomes false and the
oscillescope triggers.

Trigger Menu
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(Usclnuscupa CJ ( TrlggEF’J (ﬂuloscula) (Pr]n!_] { stop

—
Hode [Cﬁﬂnne] 12 Ex ! WHDR Count Aulo=-Trigy
Paltern |Pattern HH X J | (Exited 1 o1 f

I s/Dv Delay [ Hark
5.G0 ns [ 0 s nrmu[rs Semple Period 2 5000 ns
Bl
L s
\__F,_L____M
a2

Change the Channel-Pattemn field to LHX. The waveform display should
now look like this, Approximately 7 ns before the trigger marker Input
1 is low, input 2 crosses above it's trigger threshoid, and the pattern
speciflcation becomes true. At the trigger marker, Input 1 crosses
above It's trigger threshold and the pattern specification becomes false.
Al this point the trigger occurs because the oscilloscope was set to

trigger when the pattern was Exited.

( gaci)loscope € ) ( Trigger ) (Ruloscule

(PrlnlJ ( Stlop _)

Mods Chennel: 12 Ex Hhen Countl
Pallern Pattern: LH ¥ Exited

[Ruln-—Trlg}
ore

s/Dlv Dele
[ 3.00 nsJ g 8| l ""uﬁar" | Sempla Paried ! 2.5000 ne J

B2

4’/\;

-
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7 Autoscale

Autoscale Field Autoscale Is a function built into the digitizing oscilloscope that
automatically displays one or more waveforms. The Autoscale field Is
displayed in the top row of menu fields on every oscilloscope menu.

( Oscilloscope C ) ( Channel )
Input { VD1 } [ Dffest ] Probe Impedance Prese!
Bl 1.50 v 2.500 W 191 1 n0hm TTL

/D1y Deley Harkers

10.0 us 0 s orf Sompie Period : 40.000 ns
T ————— —— ———

81

B2
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Autoscale
7-2

When the Autoscale field is touched, a pop-up appears allowing you to
cancel or continue the autoscale. If you accidently touch the Autoscale
field, touching the Cancel field will cancel autoscale to keep you from
inadvertantly changlng your oscilloscope setup.

) Com)
Input ¥/D1v Offset edanca Presal
B2 30 mv 250 my Cencel | phmg Usor
/01y Delay Norkers =

Laoh) (0% J (o) [ I - =

B1

a2

If the Continue fleld is touched, the autoscale function is started and
the advisory Autoscale s in progress is displayed. The oscllloscope
automatically sets V/Div (vertical sensitivity), channal Offset, s/Dlv
{sweep speed), and trigger Level so that the Input signals are displayed
on screen. The oscilloscope checks all vertical inputs and looks for the
trigger on the input channel with the towest number. The following
fields are changed when autoscale is complete:

Channel menu
V/Dlv - scaled
Offset - scaled

Trigger menu

Mode - Edge
Source - set to lowest number input with signal present
Level - scaled
Slope - Posltive
Count -1
Auto-Trig - On
Any menu
s/Div - scaled
Delay -0s



When a Signal is
Found

If a signal is found on any of the vertical Inputs, the oscilloscope
determines the frequency of the signals and automatically scales the
vertical sensitivity, offset, sweep speed, and trigger level to display the
waveform on screen. The oscllloscope will normally display between 1
and 3 complete cycles of the waveform.

It a signal Is present at more than one Input, the trigger source Is
always assigned to the signal input with the lowest number. This Input
Is also used to scale the sweep speed. If only one vertical input has a
signal present, that signal is the trigger source. The trigger point on
the waveform is displayed as a dotted vertical red line at the center of
the screen (Delay = 0 s).

When autoscaling is complete, the display should look something Ilke
this:

( Dscliloscope C | ( Chennel J (AulascallJ |Prin|. ' ]
Inpul ViD1y offset Prona Impedence [ Praset ]
100 my «213 my 50 Dhme User
/D)y Dulay ferkers
200 us o1 Sample Pariod 1.0000 us
m

B2
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If No Signal is
Found

Autoscale
7-4

If no signal is found on any of the vertical inputs, the oscllloscope
displays the advisory No signal found, then displays Auto Triggered,
and the oscilloscope Is placed in an auto-trigger mode. The
auto-trigger mode allows the oscllioscope to auto-sweep and display a
baseline anytime a trigger signal is not present.

( Dacilloscope c] ( Channel (nulus:nluJ (Prlnl] ‘ Slop
Aulto lrlggereu
Input V/Div Impeuanu Preset
g2 100 my -323 my | HOhm Usar
s/Div Dsluu narkere
200 us 0 s ot Ssmpis Period - 1.0000 us
T====l=l=:m

B2




8

Introduction

Running the Oscilloscope

The oscilloscope module is a 400-megasample/second, real-time
digltizing oscilloscope with 100-MHz bandwidth. Each 4k-sample
waveform record is acquired on a single acquisition. Multiple channets
(2, 4, 6. or 8) are acquired simuitaneously 50 you can determine
relationshlps between infrequent events. For more information on
real-time sampling, refer to chapter 4 of the book Feeling Gomfortable
with Digitizing Oscilloscopes.

-

Run/Stop Field

The Run/Stop field controls how the oscilloscope acquires waveform
data. The field Is in the upper-right corner of all oscllloscopa menus as
shown below. The oscllloscope can acquire waveforms in Single
{singie-shot) mode or in Repetitive mode. Single mode acquires a
waveform on a single acquisition and then stops running. Repetitive
mode acquires a waveform on a single acqulsition, then updates the
display each time a new acquisition is made. Repetitive mode
continues acquiring data In this manner until stopped by the user. Each
4k-sample waveform record is acquired In a single acquisition in both
Single and Repetitive mode.

[ gscilloscope I.’.J | Channel J | Auloscele (_Prlnl (_ Run
Input v/DLy [ Offsel Proce Impedance Presel
Bl 1,50 V 2.500 Vv 1011 1 HOhm TTL

s/D1iv Delay Horkard
10.0 uE 0 s orr Sample Ferliod 40.000 ns
Bl =

B2

Running the Oscilloscope
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Single Mode

Running the Oscillascope
8-2

When the green Run fleld Is displayed, the oscilioscope Is stopped and
touching the Run field will start the oscilloscope running. When the red
Stop field Is displayed, the oscllloscope Is running and touching the
Stop field will stop the oscilloscope.

When powered on, the oscllloscope defaults to the Single mode.

When the malnframe is first powered up, non of the modules installed
in the mainframe are running. This prevents any unwanted interaction
between the modules.

To start the oscilloscope running in the single-shot mode, touch the
green Run field, then slide your finger down to the Single fleid In the
pop-up untll the Single field turns white. Then remove your finger from
the screen. If the Cancel field in the pop-up Is selected, the
oscilloscope would return to the state it was (n before the Run field
was touched.

( oscittascops © ] [ Channen ) ( Rulusca1ij Brint |
Input [ V/Dlv ] [ Offast Prabe T 9 T}
B1 1,50 V¥ 2.3C00 ¥ 10:1
s/Dly Dalay Harkers Rapetilive
10,0 us 0§ orf Sample Pert
[ e =

Cancel

B2

This starts the oscllloscope running the the Single mode. When the
single-shot acquisition is belng made, the Run/Stop field will display
Stop. When the acquisition Is completed, the field wlll display Run. In
thls mode, the oscllloscope makes a single acqulsition, displays the
results, then waits until the Run field Is touched again before making
another acquisition.



S

Repetitive Mode

To start the oscllloscope running in the repetitive mode, touch the
green Run fleld, then slide your finger down to the Repetltive fieid in
the pop-up until the Repetitive fleld turns white. Then remove your
finger from the screen. If the Cancel field in the pop-up is selected, the
oscilloscope would return to the slate it was in before the Run field
was touched

(Dncluoscnpa C ] ( Channel m
Inpul VD1 Offeel Probe b
Bl 1.50 ¥ 2.500 v 1041
s/D1v Deloy Horkers
10.0 us 0 8 orr Sample Par:
[ a1

e ————  Cancel

Ropelilivg

:1

82

1
_

T

This starts the oscllloscope running the lhe Repetitive mode. in this
mode, the display is updated each time a new acquisltion is made.
While the real-time repetitive acquisitions are being made the Run/Stop
field will display Siop. When you want to stop making repetitive
acquisitions, touch the Stop fleld. To resume maklng repetitive
acquisitions, touch the Run fleld again.

I

Reminder

Remember, when the Run/Stop fleld dispiays Run, the oscilloscope is
stopped and touching the Run fleld will start the oscilloscope running.
Likewlse, when the Run/Stop field displays Stop, the oscilloscope s
running and touching the Stop fieid will stop the oscllloscope.

Running the Oscilloscope
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9 Marker Measurements

Introduction In addition to automatic parametric measurements, the oscilloscope
also has two markers for making time and voltage measurements
elther manually or automatically. These markers are accessed by
touching the Markers fleld on any of the cscllloscope menus except

Callbration.

The default selection for the Markers fieid Is Off.

( oscilloscope C ) ( Channal ) (Rulnlcalej (print]) ( Run )
Input [ V/Dlv ] [ Dffsat Probe Impedance Pragal J
B2 150 Vv 2,500 ¥ 1011 L HOnm TTL
8/01v Dalay el prr =]
10.0 ug o o ([l Sample Poriod ' 1.0000 us
TF======

B2
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Markers Field
Menu Map

{ Markers oft
on X to O
M Trig to X
— Trig to O

Marker Measuremenis
9-2

—E X marker
O marker

The menu map for the Markers field is shown below.

Al

:I——Isn. On{—

A2

B1

B2

ci

c2

D1

Dz

Manual

Positive

—| Slope ’——[
(1 to 100)

Negative

—{Eatlllica]—t on Izuean %~0
Max X-0
orf Min X-0
— Run Untll Time X-@ ort
Loss Than

Greater Thon

o

In Range

Not in Range

:l-—:xl o to xxx a

g/, 17



Marker
Measurements

Connecting the
Equipment

Setling Up the
Oscllloscope

To demonstrate how to make marker measurements, set up the
oscilloscope as described below. This setup will be used throughout
the remainder of this chapter.

Connect one BNC tee adapter and two 1-metre BNC cabies to the
oscllloscope as shown below.

—

HP16531A ACQUISIT ®
- INPUT 1 INPUT 2
-] HP16538A TIMEBASE @®
EXT TRIG —&= @
TAEEDXITE

. Turn the power on to the Instrument.

. Touch the System module fleld and select Oscllioscope from the

pop-up.

From the default oscilloscope Channel menu, make the following
changes:

input 1 Probe field to 1:1

Input 1 impedance field to 50 Ohms

Input 2 Probe fleld to 1:1

Input 2 Impedance field remains at 1 MOhm

. Touch the Autoscale fleld to autoscale the signal.

. Touch the Run field and drag your finger to the Repetitive field In

the pop-up.

Marker Measurements
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8. The display should now look like this:

( Dscllloscope I:J { chenner ) (Auloscal] (Prinmi ) [ Step ]
Inpul V/Dly 0ffsel Probe Impedance [Prasel ]
B2 100 mV -323 mv 1o} 1 nonm User |
s/D1v Del il e A
l 200 us I ’ ag » rﬂﬁr‘: Sample Fariopd ¢ 1,0000 us
B

————— e—

B2
T
Manual Marker Touch the Markers field on the display. When the pop-up appears,
Measurements touch the On field. With Markers set to On, you can manually move the

X and O markers to make time and voltage measurements.

( Oscilleecope C ] ( Channal ] (Aululculn] (P”“LJ ( Stop )
Inpul v/DLv } ' Prabe Impedance [ Prnsol]
B2 160 _my o 11 1 HOPM User
/D Dal
l ;ool:. I | 5 ag » Sample Perlod ¢ 1,0000 us
8l l Aulo |

"

Bz
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Trig to X Fleld

Trig to O Field

Three new flelds wlll appear to the right of the Markers fleld: X to O,
Trig to X, and Trig to O fields. These fields allow you to position an X
marker and an O marker by entering time values for these markers.

( Dgcilloscope C ] L Channe} J (Auloi:nllj (Prlnt) ( Stop )
Input l V/D1v ][ﬂfrul. ] Prave Impadence Prosal

62 100 mv =323 mv 111 | _HOhm User

ol 63 ¥ 100 Trig to X| fTrig Lo O
0 s 0 s

0 s

s/Div Delay
200 uw L

|

xalemd

The X marker Is shown on the waveform display as a dashed green
line. The time displayed in the Trig to X fleld Is measured from the
trigger point to the X marker. The trigger point Is marked with a
dotted red line on the waveform display and Is always time 0. A green
border around the Trig 1o X field reminds you that the X marker Is
gresn.

When the Trig 10 X field is selected, the time value can be changed by
turning the knob or by entering a time value from the pop-up keypad.
The keypad will appsar when you touch the Trig to X fleld when the
fleld is light blue.

Resolutlon for the Trig to X time values is 2% of the sweep speed
setting. The default value for the Trig to X field is 0 s.

The O marker Is shown on the waveform display as a dashed yellow
line. The time displayed In the Trig to O field Is measured from the
trigger point to the O marker. A yellow border around the Trig to O
fleld reminds you that the O marker Is yellow.

Marker Measurements
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When the Trig to © field is selected, the time value can be changed by
turning the knob or by entering a time value from the pop-up keypad.
The keypad will appear when you touch the Trig to O field when the
fleld is light blue,

Resolutlon for Trig to O time values is 2% of the sweep speed setting.
The default value for the Trig to O fleld Is D s.

X to O Field The X to O field displays the time (delta time) between the X marker
and the O marker. When the X 1o O field is selected, turning the knob
will move both the X and the O marker across the dispiay without
changing the value in the X to O field. However, the values in the
Trig to X and Trig te O flelds will change to reflect the movement of the
X and O markers.

The value in the X to O fleld can be changed by changing the Trig to X
or Trig to O values, or by changing the X to O value from the pop-up
keypad. The keypad will appear when you touch the X to O field when
the fleld Is light blue.

When the time value of X to O Is changed using the keypad, half the
difference of the new value and old value is subtracted from the X
marker and half Is added to the © marker.

Channel Label The channel label field is the dark blue field to the left of the waveform
Field display. When the markers are turned on, the voltage values where the
X and O markers Intersect each waveform are displayed under each
channel label.

( Oscilioscope C ] ( Channal J (Rulnscall | (Prlnt] ( Stop J
Inpul [ v/D1y Offsat Probe Impadance Preset
B2 100 my -323 my 151 1 NOhm Usar
s/Div Deley Herkers X o0 Trig to X
200 us 0 s On 0 3 0
|

in

D
0
1

—— e——
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Touch the Trig to X field. Now turn the knob and notice how the X
marker {green) moves across the display. As you move the marker,
the time value in the Trig to X fleld changes. A negative time value
indicates the marker Is placed before the trigger point, and a positive
time value Indicates the marker is placed after the trigger point.

(Osclnus:opu I’.‘] ( Channel J (ﬁuloscalo) (Pr[ng [ Siop ]

Input VDIV Offsal Prnnl Impedsnce [ Presel ]
100 mv —323 mv 1 HOhm Usar

As you turn the knob, the time value In the X to O fleld also changes,
showing the time difference between the X and © markers. If the time
displayed in the X 1o O field is negative, the O marker Is to the left of
the X marker.

Now touch the Trig to O field. Turn the knob and notice how the O
marker {yellow) moves, and how the time values change.

Also notlce that as you move the X or © marker from a low portion on
the square wave to a high portlon, the voltage values In the channet
label fleld also change.

Touch the X to © field and turn the knob. The X and O markers now
move together and maintain the preset X to O time value.

Marker Measurements
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Automatic Marker  Touch the Markers field. When the pop-up appears touch the Auto
Measurements fleld. This selects the automatic markers measurements.

( QOscilloscope C J ( Channel J [ futloscala | Print ‘ Stop
Input v/DIv Probe Impadance [ Prasel
B2 100 my ort 101 ' HObm User I
/D
l ;00’:5 l l Dalug . ! On ‘ Sempla Period ' 1,0000 us
T ——————— ——————— ———
—_— h |

B2

The automatlc marker measurements are made by setting the markers
to tevels that are a percentage of the top-to-base voltage value of a
waveform. The top-to-base voltage value of a square wave Is typically
not the same as the peak-to-peak value. The oscilloscope determines
the top and base voltages by finding the flattest portions of the top and
bottom of the waveform. The top and base values do not typlcally
Inciude preshoct or overshoot of the waveform. The peak-to-peak
voltage Is the difference between the minimum and maximum voltage
found on the waveform.

————— -V (2) ToP

AV (TOP=BASE)

=¥ (1) BASE

Ba111/9701
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Set on
Fleld

The default auto markers pop-up menu Is shown below.

(Putescore ) (Prini ) ((_stec )

( Dscilloscope E_J ( ‘Ehannul }4} (At .
M [ 5:;1011 J [ ] (P:slun&ze}:::{ 0::?(}
A o (ﬁslélnn ] [

Siops |---} Occur
Posilive !
Statistics
On

Run Unlll Tima X-0
afr

ol Lavel
S0 1

al Lavel
50 1

2o Yy

|

The Set on field assigns an Input waveform (B1 or B2 In this example}
to the X or O marker, or allows the marker to be set manually. When
you touch the Set on field, a pop-up appears showing all waveform

sources available,

( Oscilloscope ;_] { chennei ] ( Automcsle ) {Prim

E x ~ B1 [ alslaa\;ej [Possllutpl'vf{ mml"J
1o - O G

HANUAL

Stiatislice
On

Run Until Time XD
ort

al Level
50 t

|

o

L

What is displayed on the pop-up Is dependent upon how many

acquisition boards are Installed in the mainframe and In which slots
they are Installed. If MANUAL is selected from the Set on pop-up, that

marker will be controlled by the knob.

Marker Measurements
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at Level
Field

Slope
Field

Occur
Field

Marker Measurements
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The default selectlon for the Set on field Is the lowest lstter/number
combination. For example, if acqusition boards are installed in
mainframe slots B and C, the Set on field wlll default to B1 for both the
X and O markers.

The at Lavel fleld sets the X or © marker to a percentage level (from
10 to 90) of the top-base voltage on the waveform selected Dy the Set
on field. When the ail Level field is selected, the percentage can be
changed by turning the knob or by entering a value from the pop-up
keypad. The keypad will appear when you touch the at Level field
when the fleld Is light blue. Any percentage from 10% to 90% in
increments of 1% can be entered.

The default value for the at Level field is 50%.

The Slope fieid sets the X or O marker on either the positive or
negative edge of the selected occurrence of a waveform. When the
Sliope field Is touched, the slope wlll toggle between Posliive and
Negative.

The default selection for the Slope field is Posilve.

The Occur fleld sets the X or O marker on & specific occurrence of a
edge on the waveform. The edge may be the 1st displayed up to the
100th displayed. The count of edge occurrences Is made starting with
the first edge displayed on screen, elther partial or full.

Note

Auto-marker measurements are made with data that is displayed
on screen. Make sure the data of interest is fully displayed on
screen. For example, if only part of a positive edge is displayed,
the O%-point and 100%-point of the edge is calculated from what
is actually displayed on screen. This could cause measurement
errors.

When the Occur field Is selected, the occurrence can be changed by
turning the knob or by entering a new vaiue from the pop-up keypad.
The keypad will appear when you touch the Occur field when the field is
light blue. Any number from 1 to 100 in Increments of 1 can be
entered.

The default value for the Occur field is 1.



Statistics
Fleld

The Statigtics field aliows you to make mintmum, maximum, and mean
time interval measurements from marker X to marker 0. When you
touch the Statistics fleld, It will toggle between On and Off. The default
selection for the Statistics fleld is On,

When Statislics Is set to On, Min X-O, Max X-O, and Mean X-O appear
together in a tan fleld next to the Markers field on the maln menu.

(_Uscllloscopn C ] (_ Chennsl J (AulusnalaJ (Prlnt) ( Stop J
Inpul v/DLv Offsat Prode Impedenca | Presat
52 100 my =324 my 11 1 HOhm User
E/Div Deley AR YA nin ¥-0 hax X-0 Hean X=-D
200 us o s (NG 0 B 0 s 0 s

When On, the minlmum, maximum, and mean (average) X-O marker
time interval data Is accumulated and displayed until one of the
following happens:

1. Autoscale Is executed.

2. Auto-marker parameters are changed.
3. Statistics Is set to Off.

4. Repetilive Run mode is stopped.

When Statistics Is set to Off, the default X to ©, Trig to X, and Trig to O
flelds appear next to the Markers fleld on the main display.

Marker Measurements
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Run Untlt Time X-O
Field

Marker Measurements
9-12

This field lets you set up a stop condition for the time Interval between
the X marker and © marker. When this conditlon Is met, the
oscilloscope will stop making acquisitions and will dispiay Stop
condition satistled. These stop conditions will appear when you touch
the Run Untll Time X-O fleld. The default selectlon for this fleld is Off.

Note

The Run Until Time X-O feature is only valid if the Run field is

set to Repetitive.

Dscilloscope € } [ Channal ]‘ (’nulouala] (Priny) ( StupJ

r

Sal on
B

-

) (

ol Lav

0l Slops f---§ Oceur
50 1 Negative 1

% W NEC ()

J |

at Level
50 %

I o i

Slatlslicy
On
ars In Rangs
X
o
Lese Than Not In Rangs

Graoter Than

Done lield. Touch this fleld when you are done entering data In the
auto-markers pop-up and would like to return to the waveform display.



Less Than field, When this field is selected from the pop-up, a time
value field appears next to the Run Untll Time X-O Less Than fleld.

( Oscilloscopa Q rthnnnul j (nulnscau (F‘Fll’ll] ( Slop _J
= : =

X -3 Sat om al Level Slopa |___{ Dccur

Bl S0 1 Pos1tive 1

0 - Sel on al Level Slope }-—— Occur

Bl 50 1 Fositive !

Statistice
On

Run Until Time -0 0 =5
Less Than

X e

[=F3

!

When the time value field is selected, the time can be entered by
turning the knob or by entering a value from the pop-up keypad. The
keypad will apear when you touch the time value field when the fleld is
light blue. When using the keypad, resolution Is 10 ps at times up to
+99.99 ns and can be set to 5-digit resofution for other times up to
1100 Megaseconds. Positive times would be used when the X marker
Is displayed before the O marker, and negative times would be used
when the O marker Is displayed before the X marker.

wWhen Less Than Is selected, the oscllloscope will run until the X-O time
Interval Is less than the value entered for the Less Than time field.
When the condition is met, the oscllioscope will stop acqusitions and
display Stop condition satlstifed.

Greater Than field. When this fleld Is selected from the pop-up, a time
value field appears next to the Run Until Time X-O Greater Than field
when the time value field Is selected, the time can be entered the same
as for the Less Than field.

When Greater Than Is selected, the oscilicscope will run until the X-O
time interval is greater than the value entered for the Greater Than time
fleld. When the condition Is met, the oscllloscope will stop acqusitions
and display Stop condition satistifed.

Marker Measurements
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In_Range fleld. When this fleld Is selected from the pop-up, two time
value fields appear next to the Run Until Time X-O In Range fleld. The
time range for the stop conditlon Is entered in these time flelds. When
elther time value field is selected, the time can be entered the same as
for the Less Than field.

( Qscilloscope C ( Channsl Aj ( Autoscele ) (Frlnl} ( Staop )
M oD [ sel an ] at Level Slops }___{ oecur

B1 50 1t Posilive 1
0 - Sel on al Leval Siops .- Occur

B1 50 1 Fostil|ve 1

Sletistlcs
On

Run Until Time ¥-0 [

LI Y a—

In Ponge

ox

When In Range is selected, the oscllloscope will run until the X-O time
interval is In the range of the time values entered for the In Range time
fields. When the condition Is met, the oscllloscope wlll stop acqusitions
and display Stop condition satistifed.

Not In Range fleld. When this field Is selected from the pop-up, two
time value fields appear next to the Run Untll Time X-O Not in Range
fleld. The time range for the stop condition is entered In these time
flelds. When elther time value fleld Is selected, the time can be entered
the same as for the Less Than fleld.

When Not In Range Is salected, the oscllloscope will run until the X-O
time interval Is not in the range of the time values entered for the Not
In Range time flelds. When the condition is met, the oscilloscope will
stop acqusitions and display Stop condition satlstifed.



Auto-Marker
Exercise

Set up the oscilloscope as shown in "Marker Measurements” on page
9.3. Let's set up the auto marker pop-up to make an X-O marker
measurement on the B1 and B2 Input waveforms. We want to measure
the time between the falling edge of the 2nd displayed pulse on B1 to
the rising edge of the 5th displayed pulse on B2, We'll perform the
measurement from the 10% point on B1 to the 90% point on B2,

1. Touch the Markers fleld. When the pop-up appears, touch the Auto
fieid. The auto-markers pop-up menu Is now displayed.

2. Set the X marker {green) to the 10% point of the 2nd negative edge
of B2.
a. Touch the Set on field and select B2 {2nd pulse) from the pop-up.

b. Touch the at Level field and turn the knob until the fleld displays
10%.

¢. Touch the Siope field until the fleld displays Negative.
d. Touch the Occur fleld and turn the knob untl the field displays 2.

3. Set the © marker (yellow) to the 90% point of the 5th positive edge
of B1.

4. Leave Statistles On and Run Untll Time X-O Off.

5. The auto-marker pop-up should now look llke the screen below.

(oecitioscope ¢ ) ( Channe! ) wual-J (Print] ( st )

p—ee

¥ - Sel on ol Level S5iope Decur W
B2 10 % Negstllve 2
0 - Set an ol Lavel Slope Dccur]
Bi 90 3 Positive [ 5
Stallstice
On

Run UnlLl1 Time X-0
off

ox
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Touch the Done fleld to return to the waveform display. There aren't
enough cycles of the waveform being displayed at this time to display
the O marker on the 5th B2 pulse, so the oscliloscope displays No level
found for the O-marker. Touch the s/Div fleld and set the sweep speed
to 500 us/dlvislon. The X marker Is on the falling edge of the 2nd
displayed pulse and the O marker is on the rising edge of the 5th
displayed puise. The statistical minimum, maximum, and mean time
Interval measurements between the X and the O markers are displayed
in the tan field next to the Markers fleld. The voltage measurements of
where the markers Intersect the waveforms are displayed In the
channel label field under the B1 and B2 labels.

((osctitoscops € ] ( Channal ] ( Auluscul-) (Prin) ( Run J
Inpul rwmv ][ Offeel Probe Impsdance [ Presel
100 my -321 mV 1] 50 Ohms Usar
8/Div Dalau Harkers Hin ®-0 Hox X-0 Hean X-0
500 us Aula 2.1220 ms  2.01260 me 2.1244 ms

.
é mYl—— — — —_— ——

Touch the Delay fleld, and turn the knob. Notlce that as the waveform
is moved across the display, the X and O markers also move to the
edges speclfied In the auto-markers pop-up menu.

Set the Delay time back to 0 s.



Let's go back to the auto-marker pop-up menu and set up an X-O

measurement using the Aun Until Time X-O feature.

1. Touch the s/Div fleld and turn the knob to change the sweep speed

to 5 ns/div.

2. Touch the Markers fleld and seiect Auto from the pop-up.

3. Change the X marker flelds to:
Set on B1
at Level 50%
Slope Positive
Occur 1

4. Change the O marker fleid to:
Set on B2
at Level 50%
Slope Positive
Occur 1

5. Touch Run Untll Time X-O field and select Less Than from the

POR-Up.

6. Touch the time field next to the Lese Than field. Turn the knob to

set the time to 5.00 ns.

7. The auto-marker pop-up should now loolk (ke the screen below.

(Toscitioscope € ) (C channel ) (,AM“H“J (prinv]) ([ step )

et —

[ X -3 Sal on al Lavel Slope
B1 S50 1 Positliv

=

a - Sal on al Lavel [ Slope }:{ nc::urJ
B2 50 1 Positive J

o 1™

Slelizlice
On
Run Until Tima ¥~0
[ Less Than ] | BJclely M'

ox
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Touch the Done fleld to return to the waveform display. The display
now looks like that shown below, The time Interval from X-O in this
example is -6.7171 ns. The time is negative because the O marker Is
displayed before the X marker. The osclloscope was instructed to run
untll the time Interval was less than 5 ns. When the stop condition was
satisfled, the oscllloscope stops acquisition and displays the advisory
Stop condition satisfied.

( osctitoscope © chenrel | { Awtoseale ) (Print ) ( Ru

n
Slop condition satisfied
Input v/Diy Impsdancs Prasel
B1 100 mY =321 mV 11 %0 Ohms User

6/Div Deloy tiarkers Ain X-0 Hex X-0 Hean X-0
5.00 ns 0 s Auvto =6.7171 ns =6.7171 ns -6.7171 nsg
—

—
5 Somd P
Pk
. ]
X -ginmrv : ]
0 -%21mv] L —
IV 1
! Jf
. '

Touch the Markers field and select the Auto field from the pop-up.
Touch the Set on fleld for the X marker. Notice the pop-up fleld can be
set to manual. This allows you to have one marker set automatically
and one marker set to be controlled manually with the knob.

Touch the MANUAL field In the pop-up. Now touch Done in the
auto-markers pop-up to return to the waveform display. Touch the
Markers field again and select On from the pop-up. The X marker Is
now set to the manual mode and the © marker Is set to the automatic
mode.



1 0 Display Menu

Introduction The Display menu controls how the oscllloscope acquires and displays
waveforms. The waveforms may be displayed in normal, averaged, or
accumulated mode. This menu aiso controls the connect-the-dots
display feature. The default DIsplay menu is shown below.

Oscliloscope C ‘ Aulnn:ale] (_Prjnl] ( Stop )
Hooe Connect Dols

Normal arf

s/0lv Dalay ferkars )

i0.0 us I 0 s I ort l Semple Parlod : 40.000 ns ]

a1

i

62

Display Menu Map The menu map for the Display menu Is shown below.

[cnannet] [Trioger | [Dispiay} [Auto—wecsure| [calibration |

'—[Moda Normel
Average —{ Avarage @ I——
Accumulote —

— 1@
~ 32
—{ Connect Dots I—[ On | [ g4
off | 28
a4/, 18
—— Common Functlons —12%8
Display Menu
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Mode Field The Mode fleld determines how waveform information is acquired and
displayed.

( fizci)loscane C ( Display J (nuwscalaj (Print ( stop
Nade Connecl Dols
__Nurm.:l arr
s/Div | Deloy I l Harkars I l
[ 10.0 “J 0 & oft Semple Pariod 40.000 ns

When you touch the Mode field, a pop-up field will appear as shown
below. Normal, Average, or Accumulate mode can be selected from
the pop-up. The default selection for the Mode fleld is Normal.

(Dncilluscuplc]( Display J Wﬂuculnj (Print ' Stop )

Norma! Connect Dote
ofr
Averaga |Deloy Harkers
0 s orr Samplae Parlog 1 40.000 ns
_—_—— .- ———_——_—

fAccumulels
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Nomal Mode

In Normal mode, the oscllloscope acquires waveform data and then
displays the waveform. When the oscilloscope makes a new
acquisition, the previously acquired waveform is erased from the
display and replaced by the newly acquired waveform,

(oscitiescope € ) ( Dispisy ] ((autascets ) (Priny ] ( Step )
Hode, Conpect Dots
Normal orr
s/Div Dalsy Herkers
10.0 us 0 s et Semple Pariod 40.000 ng
B1

Display Menu
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Average Mode In Average mode, the oscllloscope averages the data polnts on the
waveforms with previously acquired data. Averaging helps eliminate
random notse from your displayed waveforms.

( Dscilloscope C ) ( Display J (ﬂulus:auj [Prlnlj ( Run )
Hade Average # Connect Daole

__fAverage B ors

8 /D1y Delay Harkers

19.0 us 0 s ott Sample Pertiod ! 1.0000 ue

Bl1 . ——

B2

When the Average mode Is selected, a new field appears next to the
Mode field which allows you to select the number of averages to make.
When the Average # field Is selected, the number of averages can be
changed by turning the knob. The number of averages can be set to 2,
4, 8, 16, 32, 64, 128, or 256.

(osctitoscope € ) ( Displeg | [ Autoscals | (Print Run

Hode Average # Connaci Dols
Averesge 8 are

/D1y Dalay Harkers
10.0 us o s orr Somple Parisd !/ 1.0000 ue
B1
]
|
4
B2

U
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Accumulate Mode

As an example, assume the Average # fleld is set to 16. If the Run
mode Is set to Repetitive, the oscllloscope will Immedlately start
acquiring waveform data and average them together. When the Initial
16 waveforms have been acquired, the oscilloscope will momentarily
display the advisory Number of averages have been met. Once the
Initlal 16 waveforms have been acquired, the oscllloscope will only
average the last 16 waveforms acquired; all other data wlll be
discarded.

If the Run mode is set to Single, an acquisition is not made untll the
Run fleld has been touched. If Average # Is set to 18, as in the
previous example, Number of averages have been met would not be
displayed until Run has been touched 16 times.

Average # can also be entered with the pop-up keypad. The keypad
will appear when you touch the Average # field when the field Is light
blue. Any power of 2 from 2 to 258 can be entered.

The default value for the Average # field is 8.

In Accumulate mode, the oscilloscope accumulates all waveform
acquisltions on screen without erasing the previously acquired
waveforms. This is slmllar to inflnite persistence on an analog storage
oscilloscope. These acquisitions will stay on the display unt!l Mode is
changed, or untll the waveform Is adjusted by a control that causes the
display to change, such as s/Div or V/Div.

( oecitioscope C ] [ Dispiey J (Aulnu:nll b (print ) ( Run )
flode Connectl Dats
Accumutlate orfy
[ s/Dlv ] l Dslay l l Rerkara [ I
10.0 us o = orf Sempia Pariog 1.0000 us

Bl

82
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Connect Dots What you see on the display below looks Ilke two parallel dashed lines,
Field because each sample Is displayed as a single dot.

LDal:Hlosu:npa CJ( Dlsplugj (Aulusculu] (Prlnt)( Stlop j

Hoda b ey 4 L

Normal | fTH]

s/Div Doetay Harkars 1
2.00 me ) are Sample Pariod 1 10 000 us
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— o b o ot o ek h o e e o o e e o e |

e e e T T T T T I

To glve you have a better idea of what the waveform looks llke, the
oscilloscope has a feature that connects the sample dots together.
When Connect Dots is On, each displayed dot will be connected to the
adjacent dot by a straight line. The same waveform with Connect Dots
set to On, is now weit defined and easler to see.

((osctitescopa € ) ( Display ] { Autoscals ] (print) ( step )
Aode

=D

l n"ukr.f" Semple Perind * 10,000 us

AN

LU

B2

=———=

The default setting for the Connect Dots field is Off,

Display Menu
10-6



1 1 Auto-Measure Menu

Introduction Automatic parametic measurements are functions bullt into the
digitizing oscilloscope that make parametric measurements on a
displayed waveform. There are nine automatic measurements available
In the automatic measurement menu:

Period
Risetime
Falltime
Frequency
+Width
-Width
vVp_p
Preshoot
Overshoot

Auto-Measure The menu map for the Aulo-Measure menu Is shown below,
Menu Map

Oacl!| loscope

IAuto—Moaluﬂ |Trlggarl IDInplil [Chunn-ll ICulIbrotianl

Period

— Risetima
—Falltime
—Freq
—+¥idth
—=Wldth
—Vp—p
-—Preshoot

L— Overshoot R, 14

l—— Common Funcilons
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Top and Base
Voltages

Auto-Measure Menu
11-2

All measurements except Vp_p are calculated using the Viep (100%
voltage) and Veaee (0% voltage) levels of the displayed waveform. The
Viop and Vease levels are determined from an occurrence denslty
histogram of the data points displayed on screen.

The digitizing oscllloscope displays 8-bit vertical voltage resolution.

This means the vertical display Is divided up into 28 voltage levels. Each
of these 64 levels is called a quantization level. Each waveform has 500
data points displayed horizontally on screen. Each of these 500 points
has one quantization level assigned to it. The histogram Is calculated
by adding the number of occurrences of each quantization level of the
500 displayed polnts on the displayed waveform.

The quantization level with the greatest number of occurrences in the
top half of the waveform corresponds to the Viep level. The
quantlzation level with the greatest number of occurrences in the
bottom half of the waveform corresponds to the Vbase level.

If Viep and Vease do not contain at least 5% of the 500 data polnts
displayed on screen, Viep defaults to the maximum voltage (Vmaximum)
and Veass defaults to the minimum voltage (Vminimum) found on the
display. An example of this case would be measurements made on
sine or triangle waves.

From this information the instrument can determined the 10, 50, and
90% points, which are used In most automatlc measurements. The Viep
or Veass of the waveform Is not necessarily the maximum or minimum
voltage present on the waveform. If a puise has a slight amount of
overshoot, it would be wrong to select the highest peak of the
waveform as the top since the waveform normally rests below the
perturbation.



Automatic
Measurement

Setup

Connecting the
Equipment

Setting Up the
Oscilloscope

To demonstrate how to make automatic measurements, set up the
oscilloscope as described below. This setup will be used throughout
the remainder of this chapter,

Connect one BNC tee adapter and two 1-metre BNC cables to the
oscllloscope as shown below,

HP16531A ACQUISIT
-— INPUT 1 INPUT 2

HP16532A TIMEBASE
t— COMPENBATION EXT TRIG —= @
BIGNAL

—

. Turn the power on to the instrument.

2. Touch the System module field and select Oscilloscope from the

pop-up.

3. From the default oscilloscope Channel menu, make the following

changes:

Input 1 Probe field to 1:1

Input 1 Impedance field to 50 Ohms

Input 2 Probe field to 1:1

Input 2 Impedance fleld remains at 1 MOhm

4. Touch the Autoscale field to autoscale the signal.

5. Touch the Run fleld and drag your finger to the Repetitive field In

the pop-up.

Auto-Measure Menu
: 11-3



6. The display should now look like this:

(Dscllloscope I:] ( Channel J (Aulnscle] (Prlnl) ( Run

Input ¥/Dty Offsel Probe Impevsnce Presat
82 100 my -324 my 11 1 nohm User
s/Dv Delay Harkers
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— a: P

g1

—

Semple Period ! 1.0000 us

|

Auto-Measure Menu The Auto-Measure menu Is accessed by touching the menu field (top

Auto-Measure Menu
11-4

row, second from the left), then selecting Auto-Measure from the
pop-up. The default Auto-Measure menu Is shown below.

(Aulos:aln) (print ) ( stop

B31.00 us Freg
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Input
Fleld

Measurement
Field

The Input field selects the source of the waveform to be measured,
Make sure the proper source Is selected for the input you are using.
When you touch this field, a pop-up appears showing the input
sources.

What Is displayed in the Input pop-up Is dependent upon how many
acquisition boards are installed In the mainframe and in which slots
they are installed. In this example the Inputs are B1 and B2.

The default selection for for the Input field Is the lowest letter/number
input channel. For example, iIf acquisition cards were installed In
mainframe slots B, C, and D, the Input field would default to B1.

' Oscilloscope C ' |nulo-—nunsurn| Auloocele
Input Period 833.00 us  Freg 1.2003 kHz Vp_p 231 mv
Rissl|me B23.52 ns +Hidth 367.00 us Presnool 2.86 1
8/Div Delay Marksrs
200 s o B ore Semple Pariod 1.0000 us
T ————
B1

Felltiime 823.46 ns  =Hidih 466.00 us DOvershgot 2.86 =

The tan field in the middle row of the menu displays the nine automatic
measurements that can be made. Automatlc measurements are made

only with data that Is currently being displayed in the waveform display.
Keep the following in mind when making measurements.

e Al least one full cycle of the waveform with at jeast two like
edges must be displayed for Period and Freq measurements.

® A complete positive pulse must be displayed to make a +Width
measurement, and a complete negative puise must be displayed
to make a -Width measurement.

® Risetime, Falltime, Preshoot, and Overshoot measurements will be
more accurate if you expand the edge of the waveform by
selecting a faster sweep speed.

Auto-Measure Menu
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Rise Time Touch the s/Div field and turn the knob to change the sweep speed to
Measurement 5 ns/dlv. Expanding the edge on the waveform will glve more accurate
results because more data points on the rising edge wiil be displayed.

(Oscillnuope EJ (nulu-ﬂusurs (ﬂutnscnlu_] (Prlnlj ( Stap ]
Feriod Freq vp_p 211 my
m Riselime S5.2900 ns +Hidlh Presnoot [ I 4
Falitime —Hidih Overshoot 0 1
XK Delay Harkars
| o s acs Sample Period 2 S000 ns
e e e ———————

B2

Risetime Is measured on the positive-golng edge of the waveform and
Is the time it takes the waveform to transition between the 10% voltage
point and the 90% voltage point. The risetime value is displayed in the
Risetime field.

Notice that Period, Falltime, Freq, +Width, and -Wldth fields are blank.
Because only the rising edge of the waveform Is displayed, there Is
Insufficient data at this time to make these measurements.

Auto-Measure Menu
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Fall Time
Measurement

Fall time Is measured on the negative-going edge of the waveform and
is the time it takes the waveform to transitlon between the 90% voltage
point and 10% voltage point. You are currently displaying the
positive-golng edge of the waveform, so you need to change It to the
negatlve-going edge.

1. Touch the Auto-Measure fleld.

2. When the pop-up appears, touch the Trigger field to display the
Trigger menu.

3, Touch the Slope fleld to change the displayed slope from Posltive
to Negative.

Notice the negative-going edge of the waveform Is now displayed.

( osciticscops c) ( Trigger ) (ﬁulnscl-_) (Prlnlj ( Stop )
[ Hoda ] EOUTEIJ Loval Siope Count [nulo-Trﬂ
Edge B1 SO fegetive 1 on

s/Div Dele 8
0orw oo g . l e Somple Period :  2.5000 ns J

n }

Auto-Measure Menu
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Now touch the Trigger fleld and select Auto-Measure from the pop-up
to return to the Aulo-Measure menu.

The fall time value is displayed In the Falllime field.

( Oscilioscope C ) [Auto-ﬂunsurej (autnscuie] (Tm) [T]

Inpul. Period Fraq Yp_p 211 mv
Risalime +HldLh Preshool 2.31 =
Falltime 4.8460 ns =Hldih

Overshool 1.54 %

D 1a Harkara
Ss;gl:s “ I off l Semple Psriod 2.5000 ne
—mﬁ

B2

Now measure the Falllime on Input B2,

1. Touch the Input fieid.
2, Select B2 from the pop-up.

Falltime is now heing measured on B2,

Auto-Measure Menu
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|

Vp__p The peek-to-peak voltage measurement uses the maximum voltage and

Measurement the minimum voltage found In the data displayed on screan for the
selected source.

Vp_p = Vaximum - Venini

The Vp_p measurement is displayed In the upper left corner of the
auto-measurement field.

(Du:lliuucnpn c) (nulo-ﬂaaauruJ (nutusculaJ (Prtnl] ( Run ]
Trpul Farlod Freq vp_p 231 mv
Risplime +Hidlh Preshgol 1.46 I
Falllime 4.43530 ns =Hidlh Uvershool 6.57 %
8/Div Delay Harkaers | ]
Sampls Feriod 1 2.5000 ns
T ——————————
[]]

[ X

_ N\

Auto-Measure Menu
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Period and Period and Freq (frequency) measurements are made using the first
Frequency two Ilke edges of an Input displayed on screen. At least one full cycle
Measurements of the wavfeform must be displayed to make the measurements. If a

full cycle is not present, the Peried and Freq measurements in the
auto-measure fleld will be blank. Period and Freq are measured using
the time (t) at the 50% level of the edges.

If the first edge on the display Is rising then
Period = trsing edge 2 = trlsing edge 1
Fl’eq = 1[(lﬂslng sdge 2 = trising wdga 1)
If the first edge on the display Is falling then
Period = tialing edgs 2 = tralling edge 1
Freq = 1f(tlnlllng sdge 2 = tislling edge 1)
Rescale the waveform to display at least one tull cycle of the
waveform, then make a Perlod and Freq measurement on B1.

1. Touch Autoscale.

2. Select Continue from the pop-up.

3. Change s/Div fleld to 100 us to display only one full cycle of the
waveform.

Period and Freq measurements are displayed in the top row of the
auto-measurement field,

[ Oscilloscape C |

G (o)

Autescale

AutoHeasura

Input Pariod 830 BO us Freg 1.2037 kHz vp_p 225 my
Rlsallms 341 16 ne  +Hidth 365.61 ug Presnool o 1
[ B2 ] Fallllme 341.17 ng__ —Widih 465.19 us Overshoot 0 %

e/D1y Dalay Harkars
0 s l arr | I Semple Period - 400.00 ns

B1

L=

L

B2

Auto-Measure Menu
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+Width and -Width
Measurements

+Width (positive pulse width) and -Width (negatlve pulse width)
measurements are made using the time (t) at the 50% level of the
waveform edges. At least one posltive-going edge followed by a
negative-going edge of the waveform must be present to make a +Width
measurement and at least one negative-going edge followed by a
positive-going edge must be present to make a -Width measurement.

If these conditons are not present, the +Width and/or -Widih
measurements in the auto-measure field will be blank.

If the first edge on the display is rising then

+Width = tialling edge 1 = trising edge 1
-Width = td-lng edge 2 = tlllllng adge 1

If the first edge on the display is falling then

+Width = {rating edge 2 = trising edpe 1
~Wlidth = trsing edge 1 = tralling edge 1

Rescale the waveform to display at least cne full cycle of the
waveform, then make a +Width and -Width measurement on B1.

1. Touch Autoscale,

2. Select Continue from the pop-up.

3. Change s/Div field to 100 us to display only one full cycle of the
waveform.

+Width and -Width measurements are displayed in the top row of the
auto-maasurement field.

‘ Oscilloscops C l 'Auln—ﬂlniuroJ (ﬂulolcals J l Print ' Run

Input Pariod 830.00 us  Freq 1.2048 kHz Vpup 225 mv
B2 Rigatime 341.21 ng +Hidlh 365.80 us Preshool 0 :
Falltime 341.17 ng -Hidth 464.40 us Owershool

8/Div Dalau Narkars
100 us art Sample Pertog 400.00 ny
——l==h=

B2
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Preshoot and
Overshoot
Measurements

Auto-Measure Menu
11-12

Preshoot and Overshoot measure the perturbation on a waveform
above or below the top and base voltages (see "Top and Base
Votages" section earller in this chapter). These measurements use all
data displayed on screen, therefore it Is very Important that only the
data of interest be displayed. If you want to measure preshoot and
overshoot on one edge of a waveform, then only display that edge. If
you want to measure the maximum preshoot and overshoot on a
waveform, then display several cycles of the waveform.

Preshoot Is a perturbation before a rising or a falling edge and Is
measured a3 a percentage of the top-base voltage.

Overshoot Is a perturbation after a rising or a falllng edge and is
measured as a percentage of the top-base voltage

If the measured edge is rising then

Vbase = Vminimum
Preshoot = [ e ] x 100
Overshoot = [ —Ymeumun = Ve ]y 409
Vlup—lnu
If the measured edge is falllng then
Vmaximum = Viop
= —_— 10
Preshoot [ Viop-bams ] X 100
.. = Vm
Overshoot = [ B SRV (i R ] X 100

Viep-base

Rescale the waveform, display a rising edge, then make a Preshoot and
Overshoot measurement on B1.

1. Touch Autoscale.
2. Select Continue from the pop-up.
3. Change s/Div field to 5 ns to display a rising edge.



Preshoot and Overshool measurements are displayed In the right side
of the auto-measurement field. Preshoot is measured at the bottom of
the rising edge and Overshoot is measured at the top of the rising
edge.

(oscilioscope € ) (Auioleasurs nutnscaluj (Priat ) ( Run J
Tnput Period Freq ¥o_p 211 my
Risetime 4.8383 ns  +Hidlh Preshaol 775 m1
- Falltima ~H1dlh Overshoot 3.68 %

s/Div Dalay Nerkers

5.00 ns o & ofr Sample Pariloed ¢ 2.5000 ns
GEEEEm, = ————— —

B1

—
/]

Go the Trigger menu, change the Slope fleld to Negative, then return to
the Aulo-Measure menu. The negative-going edge of the waveform Is
now displayed.

B2

(“oscittescops € ] (Aulo-Hessurs ) [nulncale] (Prim) ( rus
Period Freq ¥p-p 216 m
W Risallms +Hidih Preshapt 3.03
Falllime 4.7780 ns =Hidlh Overshool 2.29
s/Div Delay Harkere
5.00 ns 0 8 ors Sample Perlod ¢ 2.5000 ns
B P e

o<

B2

Preshoot now Is measured at the top of the falling edge and Overshoot
is measured at the bottom of the falling edge.

Auto-Measure Menu
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Introduction

Channel

Field

Waveform Selection

This chapter will show you how to Insert, replace, and delete input
channels on the waveform display and how to perform waveform math
and overlay functions. Any of these operatlons can be performed from
any of the oscllloscope menus.

The dark-blue channel label fleld to the left of the waveform display
shows the Input channels that are belng displayed. In this example, B1
and B2 signify INPUT 1 and INPUT 2 from the acquisition card in
mainframe slot B.

When you touch the channel labe! field, the WAVEFORM SELECTION
pop-up menu will appear as shown below. This menu allows you to
insert, delete, or replace an Input channel and choose channel modes.

( Osellloscape C ] ( Channel J ( Auloscala J ( Print l Stop
Input v/Dly Difant Probe Impedance Preasl
51 100 mv ~321 mv 1vi 50 Ohmb User
a/Div Delay Nerkars
200 ug 0 s orf Sample Period [.0000 us

B! HAVEFORN SELECTION
Channel Mode Aclion
1
[ Single } [ Ingert ook
Lebels

B2 Bl

B2

Waveform Selectlon
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Waveform The menu map for the WAVEFORM SELECTION pop-up is shown
Selection Menu below.
Map

Waveform Selection Pep—up

—[Chunncl Mode Single
Over lay
Chan + Chon
Chan — Chon
Inmart
Replace
oo iote]

— Labalinm Al

. — A2
Choauts J— xex 4 2
xxx 8 — 8
xxx C I~ B2
xxx D F—
xxx E — &1
e
— D1
- D2
T 18

aIntermodule Group Run oniy

Wavetorm Selection
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Waveform
Selection Setup

Connecting the
Equipment

Setting Up the
Oscilloscope

Set up the oscilloscope as described below. This setup will be used
throughout the remainder of this chapter.

Connect one BNC tee adapter and two 1-metre BNC cables to the
oscllioscope as shown below.

HPtB531A ACQUISIT
-— INPUT 4 INRUT 2

HP16532A TIMEBASE

~— COMPENBATION —d
37 EXT TRIG @

1. Turn the power on to the Instrument.

2. Touch the System module fleld and select Oscilloscope from the

pop-up.

3. Frocm the default oscillcscope Channel menu, make the following

changes:

Input 1 Probe field to 1:1
Input 1 impedance fleld to 50 Ohms
Input 2 Probe field to 1:1

Input 2 Impedance fleld remalns at T MOhm

4. Touch the Autoscale field to autoscale the signal.

5. Touch the Run fleld and drag your finger to the Repetitive field in

the pop-up.

Waveform Selection
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6. The display should now look like this:

1 Oscilloscape C | Channel | Auloscale [ Print ' Stop
Inpul VDY Dffsel Prope Impedance (Prasel
B1 106 mv =321 my 1.1 50 Ghms User

s/Div Delny Herkers
200 us 0 s oft Sempls Period 1.0000 us
B1
—_— —— e — r——
— ——eee ——
B2

Waveform Selection
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Replacing a Touch the Actlon field In the pop-up; each time you touch this field, the
Channel actlon will alternate between Insert and Replace. This field allows you
to insert a channel or replace a channel being displayed.

Now turn the knob both directions and notice that 81 or B2 in the
channel label fleld is highlighted in white. The area highlighted in white
tells you where the channel will be Inserted or replaced.

1. Touch the Action field untll Replace is displayed.
2. Turn the knob so that B1 is highlighted In white.
3. Touch the label B2 as shown below.

{ oscliioscops C ) ( Chunnll_] (Aulnsculu (Prlnt) { suwp J

Inpul ¥/D1v offsel Probe Impedance [i?rnsll J
100 mv —32§ mv 111 50 Ohms User

[ s/Div ] [ Dlluu ] [ Harkers ] [ ]
200 ug ot Sempla Period }.0000 ue

HWAYEFORH SELECTION
Chennel Hode Action
Singls Replece
Labels

3. —
o |

Waveiorm Selecilon
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Waveform Selection
12-8

Input channel B2 has now replaced B1. Remember, when you replace
an input channel, the new channel replaces the input highlighted in
white.

(_nsclllul:up! C J ( Channel ] ( Autlascale (Prlnlj ( Siop )
Inpu[ ¥/D1v ofrsel Probpe Impedance Praset
100 _my -321 my 50 Ohms User
a/Dly Dllau Harkers
200 us ort Semple Perlod 1.0000 us
S S

HAYEFORN SELECTION
Chenngl Rods Aclion
Single Replace

B2

2
‘IIIIIIIIIII' —

Turn the knob so that the top B2 Is highlighted In white. Touch the
label B1 to replace B2 with B1.

Labels

B2




Inserting a Inserting an input channel works similar to replacing a channel,
Channel

1. Touch the Action fleld until Insert is displayed.

2. Turn the knab so that B1 is highlighted in white.

3. Touch the label B2 as shown below.

("Dacitioscopa © ) ( Channet ] (Autuunle] (peint ) ( stes )
Input V/D1iv offeet Prote Impedance [ Froget |
81 100 _mv -321 my 111 50 Ohms user |
l s/Dlv l I Delny Nerkars
200 us 0 s LSnmpll Pariod 1.0000 us J
——— e e ——
el WAVEFORN SELECTION

Channsl Hode Aclion m
Single Ineert
Labels

Ny =
- ¢ |

Input channel B2 has now been inserted between the original B1 and
B2. Remember, when you insert an channel, the inserted channel will
always appears below the Input highlighted in white,

( 9scilisscope C ) ( chemner ) (Aulnacull] (Print]) [ stop )
Inpul [ V/DLy ][ offset } Prote Impadance Preget
B1 100 mv =321 mY 1] S0 Ohms User

s/D1v Delay fsrkers
200 us o & orr Sempie Perlod ¢ 1.0000 ue
B1

HWAVEFORH SELECTION

—
Ch 1
snnel Mode Aclion Ao |
B2 Single Ingert

Labels

B2

Waveform Selection
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Alternately touch the labels BT and B2 until eight labels have been
added to the channel label fleld. Now press the Done fleld In the
pop-up to return to the waveform display.

( Oscllloscope C ] | Channel (Aulns:nla j 1 Prini I Stop
Inpul YiD1v Offest Probe Impedance Prasel
100 my -321 Y 1:1 S0 Ohms user
s/D1v Dnlau Harkers
200 us oft Sample Perlod 1.0000 us
T

HAVEFORN SELECTION

B2 Channel Hode Acllen | l
Dalale
T Single Insert

B2 Labele

Bl BI =
82 Bz e
B

The waveform display should now look llke this. Eight waveforms are
displayed; INPUT 1 is yellow and INPUT 2 is green.

( osciticscops C ) (" cranner ) (Auluscu] (print) ( Stop )
Inpul. V/DLy Df rset Probe Impedenca [ Prasat ]
100 my =371 my 11 50 Ohms Uaer
s!Div D-luy Harkers
200 us orf Sample Period 1 1.0000 us
w

B2

-1}

B2

p|
1

B

B2

—_—
—
—

B2

TITTT I'

Waveform Selection
12-8



Deleting a Touch the channel label fleld at the left of the waveform display to

Channel return the the WAVEFORM SELECTION pop-up. Use the knob to
select the waveform label to delete. Touch the Delete fleld In the
pop-up. The input channel highlighted In white will be deleted when the
Delete fleid Is touched.

( Oscilloscope g ( Channel ) (Ruloscnle) (Prtng ‘ Siop j
Input [ V/0ly [ of fsat Probe Impedance [ Presat J
B1 100 my -321 mv 1¢1 S0 Ohma Usar
/0Ly Dalay Herkere
200 us o s oft Soamplie Parlod §.0000 us

B HAVEFORM SELECTION

82 Channsl Mode action
Bl Sing'e Insert

B2 Lobels
il L]

B2 B2

Bi

32

Continue touching the Delete field untll all but two Iinput channels are
deleted.

Waveform Selection
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Waveform Math While you are still in the WAVEFORM SELECTION pop-up, touch the

and Overlay Channel Mode fleld. A pop up will appear showing the channel mode
selections available. The Channel Mode fleld selects how the waveform

will be displayed.

( oscitioscops © ] [ channal ) (nuloncnla) {princ]) ( stp )
tnput [ V/Div J[ Offset ] Prone Impedance [ Pragel ]
B 100 mv =321 my 111 50 Ohms User
s/Div Deloy Markare
200 us 0 & ort Somple Perliod 1.0000 us

By HAVEFORN SELECTION
Chan . ctlon l
Labele Ovarlay
B2
LU Chan + Chan
B2
Chan = Chan

Single What we have been displaying so far in this chapter are examples of
Single channel mode. This mode displays a single Input channel in each
waveform display.

Waveform Selection
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Overlay

Suppose you wanted to take the signal from Input 1 and compare it to
the signal from Input 2. The easiest way to do this would be to put
both waveforms on the same waveform display, or overiay the
waveforms. Touch the Overlay fleld.

(nicillos:ope l:] ( Channel J (Auloscl CPrmlJ ( Slep J

Inpul v/Div Ofisel Prope Impecance Prosstl
100 my -321 mv S0 Ohms ( User I

uolv Dunu Narkers

m ( | orr | Sampis Poeried : 1.0000 ue

T

WAVEFORH SELECTION
-.

nsert
Chan + Chun?\<-:—<\

Chan = Chan

Lebels

82 Bl

B2

)

Let's overlay Input 1 with Input 2 in the top waveform display.

1. Turn the knob so that B1 is highlighted in white.

2. Touch the Aclion fleld until Replace Is displayed.

3. Touch the label B1 In the pop-up, then touch B2 in the pop-up.
B1,B2 Is now displayed in the top channel label field.

{ oscitioscope c) ( Channel ) (nulu-cnla] (print ) ( Stop )
Input v/DLv urfsat Prabe Impedence [ Presel J
By 100 mv —321 [l 111 50 Ohms Usar
l 8/Dlv l l Daloay I Harkerse l [
200 us o s art Sampls Period ¢ 1,0000 us ]
e e e —

pE2 WAVEFORN SELECTION
]
Channel Rode Actlan m p!
Overloy Replece =
-
Labals —
B2 B1 =_:
82 —
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1. Touch the Done key In the pop-up.
2. Touch the s/Div field and change the sweep speed to 5 ns/div.
This will allow us to see the overlayed waveforms easier,

The display should now look like this. Input 2 (green) Is now overlayed
on Input 1 (yellow) in the top waveform display.

{ oscitioscope € ) ( cnonnal ) (nulnscnle (Print ) { Run
Input v/DLv 0f feet Probe Impadance Preset
B1 100 my —321 mvV 11 S0 Onmsg Usger
/D1y Qaleoy Harkers
5 00 ns 0 s off Semple Period 2.5000 ns
1 RS e e e e e e oeereoonoioi il ——

81,82
7 /-/
62

Touch the channel label field at the left of the waveform display to
return to the WAVEFORM SELECTION pop-up.

Waveform Selection
1212



Waveform Math Suppose you wanted to take the signal from Input 2 and add it to or
{Chan+Chan, subtract It from the slgnal from Input 1. Let's try subtracting Input 2
Chan-Chan) from Input 1. Touch the Channel Mode fleld on the display. When the
pop-up appears, touch the Chan - Chan field.

( Oscilloscops C ] ( Channal j (nulos:ala] ‘Prlnl | Run
Input v/Dly Offeet Proba Impedance Presol
Bl 100 mv ~321 mv 1:1 50 0hms User
s/D1v Delay Harkars
.00 ns 0 s off Sample Period 2.3000 ns
— e —————

e WAVEFORN SELECTION m
on | Delele

Labelg Overlay
B2
Bl Chan + Chan
62

Chan-— Eian

L

Let's subtract Input 2 from Input 1 In the bottom waveform display.

1. Turn the knob so that B2 is highlighted In white.

2. Touch the Action fieid untll Replace Is displayed.

3. Touch the label B1 In the pop-up, then touch the label B2 in the
pop-up. B1-B2 Is now displayed in the bottom channel label field.

( Oscilloscope C J ( Chennel _) (nulnsnh] (PrinlJ (_ Run J
Inpul V/Div [ Difsat Prone Impadance { Preset ]
Bi 100 my -321 mv 111 50 Ohms User

| s/Div ] Daloy lnarkers l [
5.00 ne 0 s oft Somple Perlod : 2.5000 ns

PO WAYEFORM SELECTION B
[W I Action T
Chan - Choaa Replace
Labels
B1 -8z Bt =
82 ]
L
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Touch the Done key in the pop-up. The display should now look like
this:

| Dncllluuupng ( Channel —] (Hulascaiuj Erlnt ( Run_)
Inpul VDIV Drraet Prote Impadance Freset J
B1 100 my -321 mv 111 50 Ohms User
s/D1Y Delay l rerkare ] [
[ 5.00 ns] ( o ,] off Sampie Peried : 2 5000 ne
— |

B1.92
a #
_// (|
B1 -82

input 2 has been subtracted from Input 1. The resultant waveform Is
displayed in white in the top waveform display. Notice now that both

waveform overlay and A-B are displayed in the waveform display at the
same time.
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Introduction

Storing a
Configuration

Saving and Recalling Setups

You can store an oscllloscope configuration and all waveform display
and measurement data to a floppy disc in the mainframe, then recall
that Information at a later time. Since the data is stored on floppy disc,
you can store an unlimited number of configurations.

Besides recaliing measurement data, recalling a conflguration is a
convenlent way to return to a default condition without cycling the
power on the malnframse.

You can also use the Autoload feature In the dis¢c menu to
automatically load a configuration other than the default oscllloscope
configuration at power up.

When you have an oscilloscope configuration you want to store to disc,
you must go to a System disc menu to store the data. For this
example, assume you are In an Oscllloscope menu.

1. Insert a floppy disc Into efther the front or rear disc drive of the
malnframe, If the disc has not been formatted, do so at this
time. Refer to the HP 16500A Reference Manual.

2. Touch the Oscilloscope module field in the upper left corner of
the display, then select System from the pop-up.

3. Touch the menu field next to the System fleld and select either
Front Disc or Rear Disc from the pop-up, depending on where
you Inserted the floppy disc.

A disc menu similar to that shown on the next page should be
displayed. The list of files shown in this example are already stored on
the disc.

Saving and Recalling Setups
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( Systiem ] ( Franl Dlar.j
Oscilloscope C from fila SYSTEN.

Fllanoms File Type File Dascriptlon

SYSTEH- 16500A_syslem HF 16500A System Sof lWere V00.0i
SYSTEN_001 001 .gystem 1 GHz Timing Analyzar V00 .01
SYSTEN.O11 1653308 _sysism 400HSampless Dig. Scope  V00.01
SYSTER_021 0Z1_sysiam SOoMbit/s Pallern Gen. vo0.01
SYSTEH-O31 03 1_syslem 25MHz Stele/100HHZ Timing ¥00.01

Choose the Store operation from the disc menu.

1. Touch the disc operatlon field at the left of the display (Load In
this exampie).

2. Select Store from the pop-up.

Store the conflguration for the oscllloscope module only.

1. Touch the module field to the right of the Store field.

( Syslem J ( Front Dl:cJ
fiie description : { HP16S00A Sysiem & 2

Filgname File Type File Dgs

SYSTER. 16500/_syslem HP156S00A Sysilam Sof tusre VOO.
SYSTEM. 001 001 _systiem 1 GHz Timing Analyzer v00.0,
SYSTEH_ 011 16S30A_sysiem 400nSampless Dig. Scope  vDQ.01
SYSTEM. 021 021_sysiem S0MblLt/s Pattern Gen, ¥00.01
SYSTEH-O31 0X1.syslem 29MHz Stale/100HHZ TIming V00,01

Saving and Recalling Setups
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2, Select the Oscilloscope field in the pop-up. If you have two
oscllloscope madules In the mainframe (dual timebase), make
sure you select the one you want to save the conflguration for.

Enter a filename to save the conflguration to.

1. Touch the field to the right of 1o flle and a pop-up keyboard will
appear.

2. Enter the name of a flle. The fllename must start with a letter
and can contain up to elght characters with no blank spaces
between characters. In this example, touch the appropriate
keys to enter the filename SCOPE1. If you make a mistake, turn
the knob to move the cursor to the incorrect entry, then touch
the correct character on the keypad. Or if you want, touch the
CLEAR key and start over again.

3. When you have entered the filename, touch the DONE fleld in
the pop-up to return to the disc menu.

( Sysiam J ( Front Dlscj

( Slors J ( Dacll] ta file m
t SCOPE1

8!

Saving and Recalling Setups
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Notice that the filename you entered is appended with an underscore
character and the letter of the mainframe slot the oscliloscope
timebase board is in.

Note

If you enter the name of a fi/le that already exists on
the disc, the oscilloscope will dispiay STORE WILL
OVERWRITE SELECTED FILE(S).

Enter a file description.

1. Touch the field to the right of flle description and & pop-up
keypad wlill appear.

Entering a file description is optional and for your
convenience. This description will make it easier for you
to identify the type of data in each file. If you do not
want to enter a description, touch the CLEAR field In the
pop-up, then touch the DONE lield to return to the disc
ment.

2. Enter a description for the flle. The description can be any
combination of ietters or numbers up the 32 characters long.

3. When you have entered the flle description, make sure the
description Is correct since there Is no way to change the
description once the flle has been saved. If the description Is
correct, touch the DONE fleld In the pop-up to return to the disc
menu.

Saving and Recalling Setups
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Store the file to disc.

% CAUTION

iIf you store a new configuration to an existing fite, the
naw configuration is written over the original
information and will DESTROY the original information
in that file.

1. Touch the Execute fleld.
2. Select Continue from the pop-up to store the file.
The file Is now stored on the disc and is highlighted in the list of flles on

disc. The oscllloscope assigns fite type 16530A_config to the flle. All
oscilloscope configuration flles saved to the disc will have this flle type.

( Syslem 1 ( Front Disc )
( Slore ) ( Ogecillogcope C J lo file

flle dascription +{ CONP SIGNAL SETUP ) ( Exacuts )

Filename File Type File Description

SCOPE1_L 16530A_conf 1g COnP SIGNAL SETUP

SYSTEN- 16500A_sysiem HP15500A Systiem Sof tuara  Y00.01
SYSTEN_001 001 system 1 GHz Tlming Analyzer ¥00.01
SYSTEN.O11 16530A_sysiem 400nSampless Dig. Scops  V00.01
SYSTEN_021 D21_systlam SOHbii/s Pattern Gen. ¥00.01
SYSTEN_031 03 1_sysilam 25MHz Siala/1000HZ Timing V00.01

Saving and Recalling Setups
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Loading a
Configuration

Saving and Recalling Setups
13-6

When you have an oscllloscope configuration stored on disc that you
want to Ipad into the oscilloscope, you must go to the System disc
menu to load the data. For this example, assume you in an
Oscillescope menu.

1. Insert the floppy disc that contalns the stored conflguration flle
into elther the front or rear dis¢ drive of the mainframe,

2. Touch the Oscllloscope module fleld In the upper left corner of
the display, then select System from the pop-up.

3. Touch the menu fleld next to the Sysiem fleld and select either
Front Disc or Rear Dis¢ from the pop-up, depending on where
you inserted the floppy disc.

A disc menu similar to that shown on the next page should be
displayed.

( sustem ((Front dise )

F{lpneme File Type File Descriplion

SCOPE1.C 156530A_conflg CONP SIGNAL SETUP

SYSTEH- T6500A_sys Lem HP 16500 System Sof tuers V00.01
SYSTEN_CO1 001 sysiem | GHz Timing Analyzer ¥00.01
SYSTEN_O11 16530A_sys tem 400MSsmple/s Dig. Scops  V0O.0)
SYSTEM.02) 021_system SoHbit/s Pollern Gen. ¥00.01)
SYSTEN.O31 031.syslem 25MHz Stsla/100MHZ Timing V00.01



Choose the Load operatlon from the disc menu.

1. Touch the disc operation field at the left of the dispiay If the
Load field is not already displayed.

2. Select Load from the pop-up.

Load the configuration flle for the oscilloscope module only,

1. Touch the module field to the right of the Load fleld.

{ Systam

) { Front Dlec )

Filaname

Filg Type

SCOPE1..C
SYSTEH.
SYSTEN_0O1
SYSTEN_011
SYSTEN.021
SYSTEN-031

16530A_conf g
16500A_sys tem
001_systiem
16530A_sys tem
021.system
031_system

COMP SIGNAL Skt
HP16500A System Sof tho
1 GHz Timing Analyzer

400tSampla‘e Dig. Scope . ..01
SO0MBblt/s Pallern Gen. v00.01
25hHz Stlale/100RHZ Timing V00.01

2. Select the Oscilloscope field in the pop-up. If you have two
oscllloscope modules in the malnframe (dual timebase), make
sure you select the one you want to load the configuration for.

Turn the knob to move the cursor to the file you want to load, then
touch the Execute fleld to Load the configuration file into the

oscilloscope.

The configuration file has now been loaded into the oscilloscope. The
waveform data will stay in the oscllloscope memory the same as If it
were acquired In the Single mode. As soon as you touch the Run field,
the oscilloscope will acquire new waveform data.

Saving and Recalling Setups
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Autoloading a The Autoload feature in the System disc menu lets you automatically

Configuration load a configuration other than the default oscilloscope configuration at
power up. For this example, we will use the configuration file
{SCOPE1_C) we stored at the beginning of the chapter for the autoload

configuration.

1. Insert the floppy disc that contains the configuration flle you
want to use as an autoload file Into either the front or the rear

disc drive of the mainframe.

2. Touch the module key in the upper left corner of the menu, then
select System from the pop-up.

3. Touch the menu field next to the System field and select elther
Front Disc or Rear Disc from the pop-up, depending on where

you inserted the floppy disc.

A disc menu similar to that shown below should be displayed.

( sustem

) ( Front Disc )

Filename

File Type

File Destriptlicn

SCOPEI_C
SYSTEN.
SYSTER_0O1
SYSTEN_OI1
SYSTEN_O021
SYSTEN-0Z)

Saving and Recalling Setups
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16930AcenT g
16500A_sys Lem
001_gyalem
16530A_sys Lam
021_BsysLem
0¥ l_syslem

ConP SIGNAL SETUP
HP16500A System Sof iuers V00.01

1 GHz Timing Analyzar ¥00.01
400HSemple/s Dig. Scope Vo0.01
SonblL/s Patlern Gen. ¥00.01

25HH2 Slale/100MHZ Timing Y00.01



Choose the Autoload operatlon from the disc menu.

1. Touch the disc operation field at the left of the display.

( Sysiam _J (7Frnnl Disec J

Filename

SCOPEI_C 16530A_confilg
SYSTEM. 16500A_8Yys Lem
SYSTEN.0O1 001 _sysiam
SYSTEH.O11 16530A_8}8 tem
SYSTEN-021 021_sys lem
SYSTEH_O31 031_syetem

conp SETUP

HP1650. wystem Sof luere V00,01
1 GHz Tlming Analyzar v¥00.01
400HSempla/e Dig. Scops V00,01

SOHbilss Patlern Gen, Yoo .01
25NHI Slale/100MHz Timing V00.01

2. Select Autoload from the pop-up.

Enable the Autoload function.

1. Touch the Disable field next to the Autoload field.

2. Select Enable from the pop-up.

Turn the knob to move the cursor to the file you want to become the
autcload flle (SCOPE1_C in this example). The name In the fleld to the
right of Fiie : should be SCOPE1_C. Now touch the Execute fleld to
enable SCOPE1_C as the autoload fiie.

Saving and Recalling Setups
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The oscilloscope adds a new file named AUTOLOAD to the listing as
shown below.

( Sysilem J (_Fronl Disc ]
( Auloload 444J (___ Enable ] Flle

Currenl AUTDLOAD status : ENABLED

Current AUTOLDAD f11e ¢ SCOPEL_7

Flleneme Flis THEP Flles Description

AUTOLOAD aylolond_file stelust ENABLED file: SCOPEI_?
SCOPE1.L 16530A_config COMP SIGNAL SETUP

SYSTEN- 16500A_sys Lam HP16500A Syslem Sof luars V00.01
SYSTEH_001 001_systam 1 GHz Timing Analyzer Vo.01
SYSTEH_011 16530A_system 400MSsmpless Dig. Scops  V0O.01
SYSTEN_021 Q21_sysiam S0Mbit/s Pallern Gen, ¥00.01
SYSTEN.OZ1 03 _mystem 25HHz Slale/10CNHZ Timing V00.01

Two status lines are displayed under the Autoload field. The first line
gives the status of Autoload (ENABLED), and the second line glve the
flle name of the autoload file (SCOPE_?). The questlon mark (?) after
the filename indicates that all files that start with the characters
SCOPE_ will be loaded at power-on when Autoload Is enabled. This
allows you to autoload configurations for any number of modules as
long as the file names are the same. The letter at the end the file name
tells the malnframe which slots the modules are located in.

As long as Autoload Is enabled before the Instrument is shut off,
Autoload will remain enabled when you power-up the instrument and
the autoload configuration file(s) wlill be loaded.



To disable the Autoload operatlon:

1. Touch the Enable fleld next to Autoload, and select Disable from
the pop-up.

2. Touch the Execute field.

Autoload Is now disabled. The status of the AUTOLOAD file s now
DISABLED.

F Syslam J ( Front DIBEJ
‘( Autoload J ( Digabls J

Current AUTOLOAD steslus ' DISABLED

Current AUTDLDAD file : ( Exacute j
F1leneme File Type File Descriplion
AUTOLOAD aulpload_flie = lalusy DISABLED
SCOPE1.C 1653¥0Aconl ig COHP SIGMAL SETUP
SYSTEN. 16500A_system HP16S00A Sysiem Sof lWare V00.01
SYSTER.OO1 001_syslem 1 GHZ Timing Analyzer V0oo.01
SYSTEN.011 16530A_sys tam 400MSemple/s Dig. Scope  V0Q.01
SYSTEN-021 02)_system SOMblt/9 Pallern Gen. Yoo.ol
SYSTER_O31 QX1_system 235HHz State/I00MHZ Timing Y00.01

Saving and Recalling Setups
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1 4 Using a Printer

Setting Printer All printer parameters are set In the System Configuration menu. If you

Configuration have just connected your printer and are unsure of how to set the
configuration, refer to the HP 16500A Reference Manual chapter
entitted Connecting a Printer.

The HP 16500A supports HP-IB and selected RS-232C printers.

All the pictures in this manual were taken from an HP 16500A with one
HP 16530A timebase card and one HP 16531A acquisition card. If the
screens on your instrument differ from the pictures in this manual, it
simply means that you have a different card conflguration. All other
functions will work the same except where noted.

Printing Options All oscilloscope menus Include a Print fleld in the upper right of the
screen.

{ osciticscope C ( Channal J (AuluncalD

Inp VDY Ofrsal Probe Impednncn] Preset ]
1.50 V¥ 2.500 ¥ 101 1 nQhm TTL

‘ e/Div l D-uu I Harkers I [ ]
10.0 us orr Somple Fericd ¢ 40.000 ns

62
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When you touch the Print field, a pop-up llke the one shown below
appears.

( oscitlescope C ) (_ Channal J [nulnscula] @
Inpul VY/Div Offael Probe Cancal Prasul
Bl 1.50 v 2.500 Y 101 l TTL

a/Diy Delay ferkere Print Scrash

[ 10.0 us] I 0 a] l orf l Somp D.000 ns
Bl e e e e e ——
82

There are two fields in the pop-up, Cancel and Print Screen. If you
touch the Cancel fleld, the print will be cancelled.

|
Printing On- If you want a hardcopy record of the screen, touch the Print field and
Screen Data . then the Print Screen fleld from the pop-up. This will send a copy of

the screen to the printer in graphics mode. When the print is
complete,the advisory Print Completed Is displayed.

(omettioscope £ ) { channel ) (nnloscnln J m
Input [ v/DLv J [ 0ffsel ] Frobe e —
Bi 1.50 ¥ 2.5900 V¥ 10¢ L
s/Diy Delay Harkars
10.0 us 0 g ot Somp <006 ne
T ————— " —————— —————§
Bt

B2
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Introduction

Using a Dual-Timebase
Oscilloscope

The HP 18500A can be configured as a dual-timebase oscilloscope by
Installing two HP 16530A/16531A oscilloscope modules into the
mainframe, The oscllloscope are installed as two independent
Instruments -- two timebase cards, with each timebase card having an
acquistion card. If the fifth malnframe slot does not contaln another
Instrument module, an additional acquisition card can be added to one
of the timebase cards. For more information on Installing oscilloscope
modules, refer to chapter 16, "Installing New Oscilloscope Boards into
the Malnframe®.

In this chapter, we will show you how to configure and make a
measurement using a dual-timebase oscilloscope . In this example,
one oscilloscope module Is Installed In slots B and C, and the cther
oscliloscope medule is installed in slots D and E. The moduie field
pop-up will display the modules as Oscilloscope C and Oscilloscope E.

When the mainframe is first powered up, the default System
Configuration menu will ook llke the display shown below.

( system } {contiguration)

Cards

SCOPE ACAUISITION 1
B 1 - - —
400 TEGASANPLE /8 = HisiP
SCOPE TINEBASE e Q
400 MEGASAHPLE/s || - -
Controllar
SCOPE ACBUISITION I
400 nesasanpeese [[]LH @) RS-232C
SCOPE TIMEBASE Wi = [;_-I
400 HEGASAHPLE/s %
Printer

Using a Dual-Timebase Oscilloscope
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Setting Up the
Intermodule Menu

Any time one module must be configured to arm another module, the
connection must be made using the Intermodule menu. For this
example, we will configure Oscllloscope C to arm QOscllloscope E. If you
need additoinal Information on the Intermodule menu, refer to
"Intermodule Measurements™ In the HP 16500A Logic Analysis System
Refersnce Manual.

Go the the Inlermodule menu and configure the oscllloscope modules.
1. Touch the module menu key in the upper left corner of the
display. A pop-up wili appear showing System, Intermodule, and

the two oscilloscope modules.

2. Select Intermodule from the pop-up. The Intermodule menu will
appear like the display shown below.

[47 Group Run ] (7 Skeun

A

Oscilloscope E
Stopped

Using a Dual-Timebase Oscilloscope
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3. Touch the Oscllloscope C field. A pop-up appears alfowing you to
configure Oscilloscope C to run independently or to group run
with other modules.

Intarmodul e
Indepandent
B
[_ Group Run |

Uouallusiupe o

Oscilloscope
Sloppugo

4, Select Group Run from the pop-up. A yellow box with the latter
C is now displayed under the large blue Group Run fleld. A new
green Group Run field appears in the upper right corner of the
display. This field will now replace the normal green Run fleld in
the oscllloscope menus.

5. Touch the Oscillescope E field. A pop-up will appears as shown
below. This pop-up has an additlonal field. You can now specily
oscilloscope C to arm oscilloscope E.

[ Group Run Group Run ]
Slopped

PORT OUT

L UaciTlogcann € 1 Nal corrplated _

Using a Dual-Timebase Oscilloscope
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6. Select Oscilloscope C from the pop-up. A yellow box with ths
letter E appears below the yellow C box. This tells you that
Oscilloscope C will arm Oscilloscope E will Oscilloscope ©

triggers.
TeLEall

e

Skau

N

[ Group Run ]
T
| E |

Oscillinscope £
topped
Oscillozcape E
appad

PORT OUT

s 01 rejaiad
ralaled

=

Status Both oscllioscope fields in the Intermodule menu display the run/stop
status of the oscilloscope module. At this point, both oscllioscope
modules display Stopped.

Time The two light-blue fields at the bottom of the display are time
Correlatlon correlation bars. When the oscilloscopes are running and acquiring
Bars data, these bars display the start and stop time of Oscilloscope C in
relation to Oscllloscope E. At this time the oscilloscopes are not
running and no time relationship is displayed.

Using a Dual-Timebase Oscilloscope
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Skew

Touch the Skew fleld. A pop-up appears which allows you to adjust
skew between the oscllloscope modules. This adjustments atlows you
to compensate for variances in internal probing delays between
oscllloscope modules.

Intermodule 1 Group Run
Intermodule Skad L_.)
[ Group
Oscilloscopa C [ecTiiosceps £
o & | Sioppee _,|
EcilInEcops E
Oscilloscope E Stopped
0 =
POST OUT
| Dons I
E HoT Torrejelag |

To determine the value of skew time to be entered, use the Markers On
field in any of the oscllloscope menus, Measure the time between the
edge of a waveform on Oscllloscope G and the edge on the samé
signal on an input to Oscllloscope E. The time difference between the
two edges Is the skew value you should enter. A posltive time value
moves the waveform for that oscilloscope to the right and a negative
value moves the waveform to the left. In this example, since
Oscllloscope € is arming Oscilloscope E, the trigger point is set by
Oscilloscope C. Since Oscilloscope C Is the reference for trigger,
change the skew time of Oscilloscope E.

To adjust the skew between oscilloscopes, touch elther oscilloscope
fleld In the pop-up menu and turn the knob. Resolution Is 1 ns for
times up to 99.899 us, and can be set to 5-digit resolution at times
above 99.999 us. Skew can also be set by using the pop-up keypad.
The keypad will appear when you touch either Oscilloscope field when
the tield s light biue.

Using a Dual-Timebase Oscilloscope
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Setting Up the Set up the oscilloscope modules as described in the following
Oscilloscopes paragraphs.

Connect a Signal 1. Connect a BNC tee to the COMPENSATION SIGNAL output of either
of the timebase cards at the rear of the Instrument.

2. Connect a BNC cable from the BNC tee to INPUT 1 of the
acquisition card In slot B.

3. Connect a BNC cable from the BNC tee to INPUT 1 of the
acquisition card in slot D.

Acquire a 1. Touch the Intermodule fleld and select Osclltoscope E from the
Waveform with POp-up.
Oscilloscope E

-

2. Touch the Autoscale field and select Contlnue from the pop-up. The
compensation signal should now be displayed on D1.

3. Select the s/Div fleld and set the sweep speed to 20 us/div.

( Oecilloscope E ( Channe| ) | Aulnscaln] (Prlnl) [Group Run)
Input ] ( V/DLy ] ofTset Probe Impedance Frasel
1] 2.00 V¥ 600 V¥ 10¢1 1 h0hm Uner

a/Dlv Delay Narkers
200 us o oft Sample Period @ 1.0000 us
[ e ————
D1 .
| A————— _——n_ — |

D2

Using a Dual-Timebase Oscilloscope
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Set the Trigger Mode Since Qscilloscops E is armed by Qscllloscope G, you need to set the
trigger mode of Oscilloscope E to Immediale. lmmediate trigger mode

allows Oscilloscope E to trigger Immediately after Oscilloscope G

recelves It trigger. If not set to Immedliate, Oscilloscope C would wait

to trigger on an edge or pattern condition.
1. Go to the Trigger menu.
2. Touch the Mode field and select Inmediate from the pop-up.
Note
Anytime you autoscale a signal, the trigger mode is

autornaric set to Edge trigger mode. Make sure you set
trigger mode back to Immedlate before continuing.

( Duecillioscops E ) ( Trigoer J ( Auloa:nll_) (?rlnl ] (ﬁroup Run)

tode
| Immedeate

D} F—

( 2;{2'::J [ D'“g sl | WAL Semple Pariod ¢+ 1.0000 us ]
—————————— — ————— ———————— ————

L &
7
L

D2
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Add Input Labels 1. Go to any Ostilloscope C menu and touch the channel label fleld to
select the Waveform Selection pop-up. Notice that a field not
normally present In this pop-up Is displayed. The new Module field
allows you to add labels from Oscilloscope E to the channel label
field.

' Qscilloscope € ] | Channel J ' nulus:nll_) | Frinl ‘Group Runl
Inpul [ v/Div Offsal Probe Impndance ' Presst
B1 1.50 v 2.500 vV 1001 1 HOhm TTL
s/Div Dala Merkers
l 10.0 us l g = l ofr Sample Feriod ' 40,000 ns

Waveform Seleclion

Channel HModule Chennel Hode Actlon Delule ]
Label Oscilloscope C Single Insert [

Fleid Lubeis
Bz Xl

2. Touch the Module fleld and select Oscilloscope E from the pop-up.
Motice that the labels under the Module field have changed from B1
and B2 to D1 and D2.

3. Turn the knob to move the highlight to B2 In the channel label field.
Touch the Delete fleld to delete B2.

4. Touch the Actlon field until Insert is displayed. Now touch label B
to insert D1 Into the channel labet field.

5. The display should now lock fike the one shown at the top of the
next page. Touch Done to return to the oscllioscope menu.

Using a Dual-Timebase Oscilloscope
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Acquire Wavefonns

( Dscilloscope C J ( Channel J (ﬂulnicaleJ (Frlnl] (Graup Run)
[ Inpul J [ v/DLv J Offest Frobe Impldnnca Preset
1.50 v 2.500 v 1041 | nunm TTL
s/Dlv Dllay NMerkers
Con o o Semple Period +  40.000 ne

Waoveform Selacllon

Module Channsl Hods Aclion
Decllloscope E Single Insart Delale

Labels

DI D1

i

B1 and D1 are now displayed in the channel label fleld. No waveforms
are displayed and the D1 waveform area displays the advisory Not
Correlated since no waveform data has been acquired.

Touch the Autoscale field, then select Contlnue from the pop-up.
Waveforms have now been acquired on both input channels B1 and D1.

( Oscilloscops C | ( Channsl ] (nuluscullJ {Print] (Group Runj
Inpul [ v/DLlv urrur. Probe Impagence Prasal
2.00 ¥ .400 10:1 1 M0hm User
a/Dly Du1n|,| Harkers
200 us ofr Sample Pariod ¢ 1,0000 ue

D1
——
!
M 4
el
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Notlce the waveform for input D1 Is compressed in the waveform
display. B1 was acquired at 200 us/div. D1 was acqulred at 20 us/div.

Select s/Div, then turn the knab to set the sweep speed to 200 ns/div.
Dual-timebase allows you to acquired waveforms at different sweep
speeds, then examine the data in further detall by changing sweep
speed and delay time.

( Decilloscope CJ ( Chonnel J [nuloucnln] 1 Print 'Gruup Run
Input V/DIv offsel ] Probe Impagance Preset
Bt 2.00 ¥ 400V 10:1 | MOhkm Uaer
5 Dalay Harkars
| =200[msy o s ort Sample Period 1 1.0000 us
—rr:m

e

o1
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Time Correlation Touch the Oscilloscope € module fleld In the upper left corner of the
Bars display, then select Intermodule from the pop-up. Notice the time
reiationship of Oscilloscope C to Oscilloscope E in the time correlation
bars at the bottom of ihe display. This reflects the relatlonship of the
sweep speeds (20 us/div and 200 us/div) of the two oscilloscope
modules.

l Group Run J( Skeu J

Dscilloscope C
Stopped

Oscilloscope
Stoppad
PORT OUT

5c1110SC0DE

Using a Dual-Timebase Oscllloscope
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Introduction

Calibration Interval

Calibration Menu

This sectlon provides information on when and how to calibrate the
digitizing oscilloscope module.

The HP 16530A/31A Oscliloscope Module can be calibrated from the
front panel without access to the interlor of the instrument. This
procedure sets the osclllogscope calibration factors and stores them on
the operating disc in a file named CAL_FACT_X, where X Is the slot (B,
C, D, or E) in the mainframe where the timebase card Is Instalied.

To malntaln proper calibration, this callbration should be performed at
approximately two year intervals when the instrument is being used
under normal operating conditions. If the Instrument Is used more than
one shift per day the callbration interval may need to be shorter.
Immediate calibration Is required If one of the following occurs:

Oscliloscope module is Installed or replaced
Operating disc Is changed

Card configuration Is changed

Oscilloscope module Is repaired

Ambient temperaturs changes more than 10° C

Before the the adjustment procedures in section IV of the HP
16530A/371A Service Manual are performed, the oscllloscope should be
calibrated using the Callbratlon menu, then the performance tests In
section HI of the HP 16530A/31A Service Manual should be done. If
the performance tests are within specifications, then adjustments are
not necessary.

If elther card is repaired, the oscllloscope module should be adjusted.
New modules are pre-adjusted at the factory to meet the specifications
in Appendix B. If adjustments are required, refer to section IV of the HP
16530A [31A Service Manual.

Callbration Menu
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Calibration Menu The menu map for the Callbration menu Is shown below.
Map

Oacilloscope

ICcIibrcLion] rTrIqqar] [DIanuyJ IChonnel] IAuto-Meaaurl]

—'Eal Cholcl} Vertlcal
— Triggar Lavel

] Delay

— Ch_ch_skew

— Balance Adjust
—1 Sel to Defaoultl

—[ Autoecalae I—E Conce |
Continue

Print Screen

I Run L Single
—{ Stop

Repetitlive o

|
Instrument Calibrate the Instrument at it's environmental ambient temperature and
Warmup after a 15 minute warm-up.

Calibration Menu
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Calibration Menu

The Callbration menu allows you to perform automatic calibration
procedures. When the calibratlon procedures are performed, the
results are automatically stored on floppy disc. The default Callbration
menu Is shown below.

( Oscilinscope c] (Cullbrnllnn) ‘ Autoscals ‘Prlnt I Run l

Cal Choice
Vertical

When you touch the Cal Choice field, a pop-up appears showing all the
calibration cholces. Balance Adjust and Set to Default flelds in the
pop-up are service functions used In adjustment procedures. Refer to
adjustment section IV In the HP 16530A/37A Service Manus/ for
further Information.

(Ds:lllnscnpi) (:ullnrnuﬂ (ﬂuloscnlg (Prlnt] [— Run ]

Yertical
| gyl Trigger Leval
B Delay
Ch_ch_skeu

Balence Adjusti

B2 Sel Lo aefault

Calibration Menu
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Maintaining
Calibration Integrity

Calibration
Prerequisites

Calibration Menu
16-4

Calibration factors depend on the system disc, mainframe, acquisition
cards and moduie configuration all staylng together. If the system disc
or acquisition cards are interchanged between mainframes or the
oscilloscope module Is moved to different slots In the mainframe,
callbration must be be repeated. In an environment in which the
possibllity of sharing oscilloscope modules and system discs exlst, we
recommend taking the following precautions in order to maintain
calibration integrity:

Install oscllloscope module in bottom slots.

Boot system using rear disc drive.

Perform callbration procedures In Calibratlon menu.
Seal oscliloscope module to malnframe.

. Remove floppy disc and write protect It.

. Relinstall floppy disc and seal it in the rear disc drive.

oo s N

The calibration procedures in this sectlon should be followed in their
entirety and In the following sequence:

1. Vertical

2. Trigger Level
3. Delay

4. Ch_ch_skew

When callbrating the HP 16530A/31A Osciloscope Module, the cards
must be Installed in the instrument and the instrument covers and flller
panels must be in place.

Calibratlon factors for all callbrations except channel-to-channel skew
are stored on the system disc In a flle named CAL_FACT_X, where X Is
the slot {B, C, D, or E) in the mainframe where the timebase card Is
installed. The channel-to-channel skew Is stored only when the
oscllloscope's measurement parameters are stored in a coni‘iguratlon
flle.

Befora starting these procedures, make sure the system disc is
inserted In elther of the mainframe disc drives.



Vertical
Calibration

Procedure

A known offset voltage internal to the instrument is digitlzed. The
preamplifler galn and offset are then corrected to obtaln digitized data
equivaient to the known input voltage.

1. Disconnect signals from all inputs on the acqulsition card(s).

2. Touch the Cal Choice field.

3. Select the Vertical field from the pop-up.

{ osciiioscope € ] {catibretion | [ Autoscala | {Prlntr)

Di1sconnect signals from 811 inpuls and then
Cel Choice press ‘Stiart’
Verticoel

a1
B1

4, Touch the Start field.

While the vertical calibratlon is being performed, the following
advisorles are displayed on screen, in this order.

Vertical cal is in progress

Vertical calbration on X1 Is completed, where X = malnframe slot
Vertlcal callbration on X2 Is completed, and so on for all Inputs
Vertical cal completed

Sloring cal factors on disc

Storing cal factors completed

The vertical callbration factors have now been stored on the floppy

disc.

Callbration Menu
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Trigger Level A known offset voltage internal to the instrument Is digitized. The
Calibration trigger level Is then corrected to trigger at the input voltage.

Procedure 1. Disconnect signals from all Inputs on the acquisition card(s).
2. Touch the Cal Cholce fleld.

3. Select the Trigger Level field from the pop-up.

( Oscllloscope C } (Calmratwn} [ Autostale ] (Prlnu ‘ Run [
Verlical cal mustl be performed before Lhis cal, [
l Cel CnoifDisconnecl signals from all ippuls and then |
Trigger LeveT press “Srart’ ]

a; P

4. Touch the Start field.

While the trigger level callbration Is being performed, the following
advisories are displayed on screen, in this order.

Trigger cal Is In progress

Trigger level calbration on X1 Is completed, where X = mainframe slot
Trigger level callbration on X2 is completed, and so on for all inputs
Trigger level cal completed

Storing cal factors on disc

Storing cal factors completed

The trigger level callbration factors have now been stored on the floppy
disc.

Calibration Menu
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Delay Calibration

Procedure

The rising edge of the COMPENSATION SIGNAL output is set to
Time = 0 (midscreen) for each input.

1. Touch the Cal Choice fleld.
2. Select the Delay field from the pop-up.

( osc1i108cope C | { cotiorstion | [ Autoscale | [ Print ‘ Run |
vertical & Lrigger cel must be parformed
Cal |'l-""°'=9 | [bafore csley cal. |
Deloy Connsct compsnsatiion signal ONLY Lo Bi |
[ Start J [enda then prass ‘Siart” | [ J— ]

B2

3. Connect a BNC cable from the COMPENSATION SIGNAL output on
the timebase card to the acquisition card input shown in the green
advisory message.

4. Touch the Starl fleld.

When the delay calibration on the first Input Is completed the following
advisory Is displayed on screen;

Delay cal passed on X1, where X = mainframe slot
Connect compensation signal ONLY 1o X2
and then press 'Start'

If additional acquisition cards are installed, advisories wlll continue to be
displayed telling you which Input to connect the compensation signal to.
Follow the Instructions displayed on screen until all inputs have been
delay calibrated. When delay calibration is complete, the following
advisorles will be displayed:

Delay cal completed
Storing cal factors completed

The delay calibration factors have now been stored on the floppy disc.

Calibration Menu
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Channel-to- The channel-to-channel skew adjustment nulls any time delays caused

Channel Skew by the lead lengths of the probes or cables used for a measurement.
INPUT 1 of one of the acquisition ¢cards Is used as the reference
against which all other ¢channels are nulled.

Channel-to-channel skew calibration factors are not automatically
stored to the system disc. These factors are only stored when you
save an oscllioscope configuration to a disc. See chapter 13 "Saving
and Recallng Setups” for more Information,

Note

This procedure uses the compensation signal and BNC
cables to simulate a signal and probes. Consider this
procedure as an example only. In this example,
acquisitions cards are shown In mainframe slots B and C
and a timebase card in sfot D.

Procedure 1. Go to the Display menu and change the Mode field to Average. Set
Average # to 4.

Gllclllnn:npe D} ( Display J (Ruloscaluj (Pr[nl,] ( Run J
Hode lﬁveruge W Connecl Dols
Averags ! o orr
8/01lv Dalny Harkers
10.0 us 0 = ort Sompla Paripd 1 40.000 ns

Cl |_

c2
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2. Go to the Channel menu and change the Impedance fleld to 50 Ohms
for all Inputs that you want calibrated, Inputs are selected by
touching the Input fleld In the Channel menu.

((oscttioscope 0 ) ( Channei  J  (CAutoscate ] (Print ) ( Run )
Input [ ViDL offsal Prooe |1n'|p~1msncc= Presel
c2 |.50 ¥ 2.500 v 101 50 Ohms T

s/Div Delny Horkars
10.0 us 0 s oft Sompls Period ! 40.000 ns

B1 e

e
e

3. Overlay all Inputs you want callbrated on one waveform display.

a. Touch the channe! label fleld and the WAVEFORM SELECTION
pop-up menu will appear.

b. Touch the Channel Mode field, then select the Overlay fleld from
the pop-up.

¢. Delete all input labels by touching the Delete field until all labels
In the channel label field are gone.

d. Touch the Action fleld untll Insert Is displayed in the field.

€. Touch gach input in the Label field until all inputs are overlayed
together in the channel |label field.

f. Touch the Done field when you are finished. The display should
now look similar to the screen on the following page.

Callbration Menu
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Channel

Channel Hode Aactlion Delste
Label —_—l Overlay Ingert

Field

[_Dscllloscnpaﬂ ( Channal J mluscula] (Pr:nlj (

Run _)

Input ¥/Div Offsal Probe
c2 1.50 ¥ 2 500 v 101

impedence Press
| rOhm

/Dy Dulng Marksrs ]
10 0 us oft Sampls Period 40 .000 nx J

Ik,
E B2: 1 Heveform Selectilion

Lobels

B2

cl

c2

4, Using two BNC cables of equal length and a BNC tee, connect

=

—

L.

[

II

COMPENSATION SIGNAL output from the timebase card as shown
below to INPUT 1 and INPUT 2 of the top acquisition card. For your
reference, the figure below shows four acquisition cards Installed in

the mainframe. INPUT 1 of the top acquisltlon card will be the

reference for all other channels. INPUT 2 of the top acqulsition card

will be the flrst channel to be calibrated.

HP16531A ACQUISITION

TEE




5. Touch the Run fleld and drag your finger to the Repetitive fleld in
the pop-up.

6. Touch the Autoscale fleld, then select Continue from the pop-up.
7. Touch the s/Div flald and turn the knob to set the sweep speed to 5

ns/div. The display should now look similar to screen shown below.
Reference input B1 Is the yellow waveform.

(un:llloscopa DJ ( Channs} ] (AU\.OBCBII_] (Prlnl] ( Stop J
Tnpul (wmv ] ( offsel ] Proba Impadenca l Pressl ]
L2 1.50_ v 2.500 ¥ 1011 1 _HOhm T
EY T Dalay farkers

0 s off Sampls Pariod 2.5000 ns

B,Z,Cl

4

e

8. Go to the Calibration menu.

9. Turn the knob until both waveforms are overlayed at approximately
the 50% point.

| becllloscope D [Eullbrut:un] fnulusu:ale] fPrlnlJ ( Step J

Number of sveragss hos been met

Cal Choice B2 ci c2
Ch_ch_skBuW =500 ps 0 s 0

El.BZ.Cl

—
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10. If therg are multlple acguisiton cards, leave the compensation
slgnal connected to the reference input and move the other BNC
cable to the next Input to be callbrated as shown below.

® HP16531A ACQUISITION ®
-— INPUT 1 INPUT 2 —a @
—

HP18531A ACQUISITION ®
NPUT 1 INPUT 2 — @
— =

ﬁ._ 31A ACQUISITION ®
INPUT 2 —i @

16538A TIMEBASE
EXT TRIG —= @
—

1ARID/ERTR

TEE

11. Touch the label of next channel to be calibrated as shown below.,

(" osctitoscope b ) (Caltbration | { Autosceis ) (Print ) ( Stop

Cal Cholce B2 i
Ch-ch_skau =500 ps ! 0 s

@.az.cl

12. Repeat steps 6 through 11 untll all channels are calibrated to the
reference channel. The s/Div fleld appears in any oscllloscope
menu except Calibration.

Callbration Menu
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Installing New Oscilloscope Boards
into the Mainframe

Introduction This chapter explains how to add additional oscllioscope cards to the
malnframe. Also included Is initial inspection, prepartion for use,
storage, and shipment.

|

Initial Inspection

Power
Requirements

Inspect the shipping container for damage. If the shipping container or
cushioning materlal is damaged, It should be kept until the contents of
the shipment have been checked for completeness and the module has
been checked mechanically and electrically. The contents of the
shipment should be as listed in "Accessories Supplled” In Chapter 1.

If the contents are incomplete, if there is mechanlcal damage or a
defect, or if the Instrument does not pass the performance tests, notify
the nearest Hewlett-Packard office. Procedures for checking electrical
performance are given In Section 11l of the HP 16530A/31A Service
Manual.

if the shipping container is damaged, or the cushloning material shows
signs of stress, notlfy the carrier as well as the Hewlett-Packard office.
Keep the shipping material for carrier's Inspection. The
Hewlett-Packard offtce will arrange for repair or replacement at
Hewiett-Packard's optlon without waiting for claim settlement,

All power supplies needed to operate the HP 16530A/31A Oscllloscope
Module are supplled to the cards through the backplane connector of
the HP 16500A Logic Analysls System malnframe.

Dual Timebase
Installation

If you want to configure the mainframe with a dual-timebase
oscilloscope, follow the Installation Instructlons. Each
timebase/acquisitlon card set Is considered to be a separate
oscillogscope module. No Interconnecting cables are required between
the two modules.

Installing New Oscilloscope Boards into the Mainframe
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Installation

CAUTION

Do not install, remove or repiace the module in the instrument
unless the instrument power is removed.

The HP 165304/31A Oscilloscope Module consists of two or more
cards. The HP 16530A Timebase Card may have as many as four HP
16531A Acqulsition Cards connected to It. For every additional
acquisition card connected, an extra siot will be used In the card cage.
Procedures for Installing the oscllloscope module and adding acquisition
cards are shown in the step-by-step procedure in the following
paragraphs.

Module Instaliation

Installation
Considerations

The followlng procedure is for the Installation of the HP 16530A/31A
Oscilloscope Module. If the system already has an HP 16530A/31A
Oscllloscope Module installed, and you are adding additlonal acquisition
cards, follow the *Adding Acquisition Cards™ procedure later in this
sectlon.

* Acquisition cards must be positioned above the timebase card.
* Use one cable per acquisition card. See figure A-2,

® |f there are not enough empty slots to install the module
correctly, existing modules must be repositioned in card cage.

e Cards below the slots to be fllled by oscilloscope module do
not have to be removed.

CAUTION

The effects of ELECTROSTATIC DISCHARGE can damage
electronic components. Grounded wriststraps and mats should be
used when you perform any kind of service to this instrument or
the cards {n it.

installing New Oscilioscope Boards into the Malnframe
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Pracedure a. Turn Instrument power switch off, unplug power cord and
disconnect any Input BNCs.

b. Starting from the top of the Instrument rear panel, loosen thumb
scraws on flller panel(s) and card(s).

c. Starting from the top, begin pulling card(s) and filler panel(s) out half
way. See figure A-1.

IF

TOP CARD

1

{2

Figure A-1. Endplate Overhang

CAUTION

Some modules are hooked together by intercard connecting cables.

d. Noting *Installation Conslderations” on page A-2, use figure A-2 to
plan the card configuration and cable connection.

ACQUISITION CARD [

ACQUISITION caRD [ ~
(il
ACQUIEITION CARD [ H o~
i ”
ACOUISITION CARD [ -

TIMEBABE CARD [_H

| seseevonia J5  J4 J3 a2

Figure A-2. Card and Gable Contiguration

tnstalling New Oscllloscope Boards into the Mainframe
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e. Remove the filler panels covering the siots to be fllled by the
oscilloscope module.

f. Push all other card(s) into the card cage, but not completely In, so
they won't be In the way when you Install the scope module.

g. Install one cable per acquisition card into the correct timebase card

connector (see figure A-2), making sure to install the correct cable
end. Use figure A-3 to identify the correct cable end.

TINEBASE END

Figure A-3. Cable End

h. Lay cable(s) flat and pointing out to rear of card. See figure A-4.

Figure A-4. Cable Position

Installing New Oscilloscope Boards into the Malnframe
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l. Slide timebase card approximately half way Into lowest slot being
used for the oscilloscope module.

j. Slide acquisition card in hall way, feeding cable up through square
hole in acquislticn card.

k. Plug In other end of cable to connector on acquisition card. See
figure A-5,

l. If you have additional acquisltion cards, repeat steps | through | until
all cards are in half way and all cables are connected.

Figure A-5. Installation Summary

Installing New Oscilloscope Boards into the Mainframe
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m. Firmly seat bottom card into backplane connector. Keep applying
pressure to the center of card endplate while tightening thumb
screws finger tight.

n. Repeat for all cards and filler panels In a bottom to top order. See
figure A-6.

2 mamr

—>1 %
é:

Figure A-6. Endplate Overhang

0. Any filler panels that are not used should ba kept for future use.
Filler panels must be installed in all unused card slots for correct air
clreulation.

Installing New Oscilloscope Boards into the Mainframe
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Adding Acquisition
Cards

Use this procedure If you are adding acquisltion cards to a system that
already has an HP 16530A/31A Oscilioscope Module Instalied. Make
note of the “Installatlon Considerations® on page A-2 before starting.

a. Turn instrument power switch off, unplug power cord and
disconnect all Input BNCs.

b. Starting from the top, loosen thumb screws on filler panei(s) and
card(s).

¢. Starting from the top, begin pulling all cards out half way. See figure
AT,

CAUTION

Some modufes are hooked together by intercard connecting cables.

F

TOP CARD

=t

MEXT LOWEBT

{2

Figure A-7. Endplate Overhang

Installing New Oscilloscope Boards into the Mainframe
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d. Pull all cards In oscilloscope module completely out and disconnect
all cable{s) from acquisttion card(s).

e. Push all other cards into card cage, but not completely in. This will
get them out of the way for oscilloscope module Installation.

f. Use figure A-8 to plan the card configuration and cable connection.

B

ACQUISITION CARD [ oy m
Iy

ACQUISITION CARD [ H i
.

ACQUISITION cARD [ H P -
in

ACQUIBITION CARD [ 1

TIMEBASE CARD [ H

Ir 1A8B0/TX Y4 J5

J4 J3 J2
Figure A-8. Card and Cable Configuration
g. Install one cable per acquisition. card In the correct timebase card

connector, making sure that you Install the correct end. See figure
A-9,

TIMCBASE END

Figure A-9. Cable End

Installing New Oscilloscope Boards into the Malnframe
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h. Lay cable(s) flat and pointing out to rear of card. See figure A-10.

Figure A-10. Cable Position

. Slide timebase card approximately half way Into lowest slot bsing
used for the scope module.

j. Slide acquisition card in half way, feeding cable(s) up through square
hole in acquisitlon card.

k. Plug In other end of cable to connector on acquisition card.

I. Slide next acquisltion card in half way, feeding cable(s) up through
square hole In acqulsition card.

m. Plug In other end of next cable to connector on acquisition card.

n. If you have additlonal acquisition cards, repeat steps | through n
until all cards are in hali way and all cables are connected.

o. Firmly seat bottomn card in backplane connector. Keep applying
pressure to the center of card endplate while tightening thumb
screws flnger tight.

installing New Oscllloscope Boards Into the Mainframe
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p. Repeat for afl cards and flller panels in a bottom to top order. See
flgure A-11,

D 2 Meesr

— Ry
|J_\=_'—

Figure A-11. Endplate Overhang

q. Any filler panels that are not used should be kept for future use.
Flller panets must be instalied in all unused card slots for correct air

circulation.
|
Operating The operating environment Is Hsted In “General Characteristics” In
Environment Appendix B. Note should be made of the non-condensing humidity

Iimitatlon. Condensation within the Instrument can cause poor
operation or maifunction. Protection should be provided against
internal condensation.

The HP 16530A/31A will operate at all specifications within the
temperature and humidity range given In Appendix B. However,
reliabllity Is enhanced by operating the instrurment within the following
ranges:

Temperature: 120 to +35°C (+68 to Y95°F)
Humidity: 20°% to 80% non-condensing

Installing New Oscilloscope Boards into the Mainframe
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Storage The module may be stored or shipped In environments within the
following limits:

Temperature: 40°C to t75°C
Humidity: Up to 90% at 85°C
Altitude: Up to 15,300 meters (50,000 Feet)

The module should also be protected from temperature extremes which
cause condensation on the module.

Packaging The foliowing general Instructions should be used for repacking the
module with commercially available materiais.

Wrap module In anti-static plastic.

e Use a strong shipping container. A double-wall carton made of 350
Ib. test material is adequate.

® Use a layer of shock-absorbing materlal 70 to 100 mm (3 to 4 Inch)
thick around all sides of the modute to provide firm cushioning and
prevent movement inside the container.

e Seal shipping contalner securely.

* Mark shipping contalner FRAGILE to ensure careful handling.

* In any correspondence, refer to module by model number and
board number.

Tagging for Service It the module Is to be shipped to a Hewlett-Packard office for service
or repair, attach a tag showing owner (with address), complete board
number, and a description of the service required.

Installing New Qscllloscope Boards Into the Mainframe
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B Specifications and Characteristics

Specifications
Vertical (at BNC) Bandwidih (-3 dB) de to 100 MHz (de-coupled)
Renge 40 mV 1o 18 V full scale {(adjusiable wiih 2-dight
resolution)
DC Gain Accuracy +3% of full scale (valid within £ 10° C of

aulc-calibrallon temperatura)

Analog-io-Digital Converslon  £1.8% of full scale (6 bits)
{ADC) Resolution

DC Oliset Accuracy +1% of offsel £3.2% of full scale (valld within
+10° C of aule-calibration temperature)

DC Oliset Range/Resolution Vertical Ofiset Offset
Range Range Resclulion
<B00 mV +800 mv 1mv
=800 mV 16 mv 20 mv

Voliage Measurement
Accuracy (DC)

Single Cursor (X or O) = Gain accuracy + ADC resolution + offset
accuracy
Dual Cursor (X 10 O = Galn accuracy + 2 (ADC resolution)

measurements on the
same wavelorm)

Specifications and Characteristics
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Horizontal

Time Interval Measuremenl
Accuracy {(dual channel lor
deskewed channels with
equal rise lime and fall
times)

Delay (Time Offset)
Pre-trigger Range

Posi-trigger Range

Resolution

50 ns lo 100 s full scale, adjusiable with 3-digit
resolulion

+0.75 ns £0.2% of limebase range £0.02% of
reading (2.5 ns sample perlod)

tsasmple period £0.2% of {imebase range
10.02% ol reeding (25 ns sample period)
4096 x samnple period
500 screen diameters

Fine adjusiment lo 0.2% of screen diameler

Trigger

Sources

Internal Trigger
Senslilvity

Range
Resolution

Exnternsl Trigger Input (rear
pansel input BNC}

Sensitivity
Range
Resolutlon

Input coupling

Specifications and Characteristics

Any Inlernal channnel, or exiernal trigger inpul

£12% of lull scate {dc lo 100 MHz2)
Within display window (full ecale and offset)

1% of lull scale

£20 mV (dc 1o 100 MHz)
o v
2mv

de



Characteristics

Vertical Transition Time
{10% to 90%)

Input Coupling

input RC

Maximum Safe Input
Yoltage

Probe Factors

£35ns

de

1 MO £2% or 50 £t £3%, shunled by
approximalely 13 pF

1 MQ inpul, 240 V (dc + peak ac)
50 2 inpul, £5 V {dc + peak ac)

Any integer ratio from 1:1 to 1:1000, to scale the
oscllloscope to represent voliages geen at the
probe lip

Timebase Deskewing

Skew between channels can be nulled out to
compensale for probe/cable lengths.

Trigger Extemal Trigger input (Rear
panel input BNC)

Input RC
Maximum Safe Input
Voltage

Trigger Modas

Immediate

Edge

Pattern

1 MG £2% or 50 2 £3%, shunted by
approximately 12 pF

1 M£2 Input 240 V (dc + peak ac)
50 Q input £5 V (do + peak ac)

Allows oscllloscope 1o be iriggered by pori-In, or
another HP 16500-serles measurement module.

Triggers on rlsing or falling edge of any Inlernal
channet or exlernal lrigger, count adjuslable (rom
1 to 32,000,

Triggers on entering or exiting a specifled pailern
of all infernal channels and external trigger,
count adjustable from 1 to 32,000

Specifications and Characieristics
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Trigger {cont}) Auto-Trigger I enabled, lhe timebase wili seif-lrigger I the
Irigger rale Is below 40 Hz.

Evenis Delay The trigger can be sel 10 cocur on the nth edge
or patiern, as specilled by the user. The number
of evenis (n) can be set from 1 10 32,000 evenis.

Qutpuis/Rear-panel BNC HP 16530A culput BNC provides a probe
compensalion source ~ 1 kHz square wava,
switching belween -0.4 V and -0.8 V, with 50 Q
oulput resisiance.

Digitizer Resolution & blle (1 parl in B4)
Digliizing Raie Up to 400 megasamples/escond
Digitizing Technique Real-time digitizing; each 4k record ls acquired

on a single acquisition

Acquisition Memeory Slze 4096 samples per channel

Waveform Display Display Formats Waveforms can be displayed In an overlapping
and/or non-overlapping format,

Display Resolution 500 poinis horlzonially
Display Modes

Single New acqulsiilons replace old acquisilions on
screen.

Accumulate New acquisitions are added to the screen and
displayed with older acquisitions until screen Is
erased.

Average New acquisilione ara averaged wilh older
acquisitions with updaled waveform displayed
until erased,

Ovarlay Up 1o 8 acquired waveforms can be overiayed In

the same display area.

Conneci-the-dots Provides a display of the sample poinis
connecled by siraight lines.

Specifications and Characteristics
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Waveform Display waveform Reconsiruction
{cont)

Wavelorm Math

When ihere ie Insufficient dala to fill every
horlzonlal location, a pos| acquisliion
reconslruclion filter filis In {he missing iocatlons..

Dispiay capability of A-B and A+B functiones ta
provided.

Measurement Alds Markers

Automatic Measurements

Two verllcal markere are provided for
measurements of Ume and vollage. Capabllilles
are: measure voliage of X and O on each analog
waveform; measure {ime lrom X lo lrigger, O to
lrigger, and X to O; aulomalic marker placement
by specifying percentage of edge, edge number,
and rlsing or felling edge type; run untll X lo O >
than, < than, in range, and not in range provides
seleclive event search; X to O statislics (mean,
max, and min} provide analysis of lime Inlerval
devlallon,

The following pulse parameler measurements can
be perlormed aulomatically:

Frequency Rise time Overshool
Perlod Fall time + pulse width
vV pp Preshool - pulse widlh

Setup Aids Autoscale

Presais

Auto sels the vertical and horizontal ranges,
offsel, and trigger level lo display the Input
slgnals. Requires an amplitude above 10 mV
peak, and a frequency batween 50 Hz and 100
MHz.

Scales the vertical range, offsel, and irigger level
to predetermined values for dieplaylng ECL or
TTL wavelorms.

Specifications and Characteristics
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General
Characteristics

Operating Environment

Temperaiure

Humidity

Allliude

Vibratlon
Operation

Nen-operating

Specifications and Characteristics

instrument, 0° te 55° ¢ (+32° 1o 121° F).
Probes and cables, 0° lo 85° ¢ (+32° 1o 149°
F).

Ineirument, up lo 95% relallve humidity ai +40°
C (+104° F). Recommended disc media, 8% lo
80% relalive humidity at +40° C (+104° F),

To 4800 m {15 000 ).

Random vibration 5-500 Hz, 10 minules per axls,
=-0.3 g (rms).

Random vibratlon 5-500 Hz, 10 minutes psr axis,
~2.41 g (rms); and swep! sine resonani search,
5.500 Hz, 075 g (0-peak}, 5 minute resonant
dwell @ 4 resonances per axls.
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Introduction

Measurement
Setup

Making
Measurements

Automatic Measurment Algorithms

One of the HP 16530A/16531A's primary features Is its abllity to make
parametric measurements on displayed waveforms. This chapter
provides details on how automatic measurements are performed and
some tips on how to Improve automatic measurement results.

Measurements typically should be made at the fastest possible sweep
speed to obtaln the most measurement accuracy possible. For any
measurement to be made, the portion of the waveform required for
that measurament must be displayed on the oscilloscope. That Is:

* at least one complete cycle must be displayed for perlod or
frequency measurements.

¢ the entlre pulse must be displayed for pulse width measurements.

® the leading (rising) edge of the waveform must be displayed for
risetime measurements,

* the trailing (falling) edge of the waveform must be displayed for
falltime measurements.

It more than one waveform, edge, or pulse Is displayed, the
measurements are made on the first (leftmost)} portion of the displayed
waveform that can be used.

When any of the defined measurements are requested, the oscilloscope
first determines the top (100%) and base {0%) voltages of the
waveform. From thls informatlon, it can determine the other Important
voltage values (10°% voltage, 90% voltage, and 50% voltage) required
to make the measurements. The 10% and 90% voltage values are
used in the risetime and falltime measurements. The 50% voltage value
is used for measuring frequency, period, pulse width, and duty cycle.

Aulomatic Measurement Algorithms
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Top and Base
Voltages

All measurements except Vp_p are caiculated using the Viep (100%
voltage) and Vieess (0% voltage) levels of the displayed waveform. The
Viep and Vsass levels are determined from an occurrence density
histogram of the data points displayed on screen.

The digltizing oscilloscope displays 6-bit vertical voitage resolution.

This means the vertical display is divided up into 22 voltage levels. Each
of these 64 levels is called a quantization level. Each waveform has 500
data points displayed horlzontally on screen. Each of these 500 polnts
has ane quantization level assigned to it. The histogram Is calculated
by adding the number of occurrences of each quantization level of the
500 disptayed points on the displayed waveform.

The quantization level with the greatest number of occurrences In the
top half of the waveform corresponds to the Viep level. The
quantization level with the greatest number of occurrences In the
bottom half of the waveform corresponds to the Vbase level.

If Viop &0d Viese do Not contain at least 5% of the 500 data polints
displayed on screen, Viep defaults to the maximum voltage (Vmasimum)
and Vbma defaults to the minimum voltage (Vminimum) found on the
display. An example of this case would bs measurements made on
sine or trlangle waves.

From this information the instrument can determine the 10, 50, and
90% points, which are used in most automatic measurements. The Viep
or Vesss Of the waveform Is not necessarlly the maximum or minimum
voltage present on the waveform. if a pulse has a slight amount of
overshoot, it would be wrong to select the highest peak of the
waveform as the top since the waveform normally rests below the
perturbation.

Automatic Measurement Algorithms
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Measurement The following is a condensed explanation of the automatic
Algorithms measurements discussed In chapter 11.

Frequency The frequency of the first complete cycle displayed is measured using
(Freq) the 50% leveis.

If the first edge on the display Is rising then
Freq = 1I(lrlllng edge 2 = trising edge 1)

If the first edge on the display Is falling then
Freq = 1/(ttaning edgs 2 = tialing edgs 1)

Period The period is measured at the 50% voltage level of the waveform.

If the first edge on the display Is rising then
Period = trsing edge 2 = trising edge 1

If the first edge on the display is falling then
Perlod = ttalling edge 2 = Linlling edge 1

Peak-to-Peak The maximum and minimum voltages for the selected source are
Voltage (Vp_p) measured.

Vp_p = Vmazimum - Vminimom

where Vmaximum and Vminimum are the maximum and minimum voltages
present on the selected source.

Automatic Measurement Algorithms
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Positive Pulse width is measured at the 50% voltage level.
Pulse width
(+Width) If the first edge on the display is rising then
+Width = trailing edge 1 = trising edge

If the first edge on the display is falling then
+Width = tiaing edge 2 = trising sdge 1

Negative Negatlve pulse width Is the width of the first negative pulse on screen
Pulse wldth using the 50% levels.
(-Width)
If the first edge on the display is rising then
-Width = trsing edge 2 = trsiling wdge 1

If the first edge on the display Is falling then
“Width = tdsing edge 1 = 1inlling edge 1

Risetime The risetime of the first displayed rising edge Is measured. To obtain
the best possible measurement accuracy, set the sweep speed as fast
as possible while leaving the leading edge of the waveform on the
display. The risetime Is determined by measuring time at the 10% and
90° voltage polnts on the rising edge.

Risetime = tso% - t10%

Falltime Failtime is measured between the 10% and 90% points of the falllng
edge. To obtain the best possible measurement accuracy, set the
sweep speed as fast as possible while lsaving the falling edge of the
waveform on the display.

Falltime = t1o% - tso%

Automalic Measurement Algorithms
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Preshoot and
Overshoot

Preshoot and Overshoot measure the perturbation on a waveform
above or below the top and base voltages (see "Top and Base
Voltages" section earlier in this appendix). These measurements use all
data displayed on screen, therefore it is very Important that only the
data of Interest be displayed. If you want to measure preshoot and
overshoot on one edge of a waveform, then only display that edge. If
you want to measure the maximum preshoot and overshoot on a
waveform, then display several cycles of the waveform.

Preshoot is a perturbation before a rising or a falling edge and is
measured as a percentage of the top-base voltage.

Overshoot is a perturbation after a rising or a falling edge and Is
measured as a percentage of the top-base voltage

If the measured edge Is rising then

Preshoot = [ Vbase = Vminimum ] X 100
Vlnp-bln

Overshoot = [ —meaimum - Yieo Ve 1 x 100
Vlop-blu
If the measured edge Is falling then

Preshoot = | ~mesmum = Yise 7 y 459
Vlop-luru

Overshoot = [ —eesr Yminimen, Veninimem, 7y 109

Viop-base

Automatlc Measurement Algorithms
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Index

This index covers the HP 716530A/76531A Reference Manual. Sequences of pages are represented

with a slash (for example, 6-9/6-17).

A

at Level fleld, 9-10

ATB, 1213

A-B, 1213

Accessories, 1-2

Accumulate mode (Display), 10-5
Acquisition memory, 5-3,5-6
Action field, 12-5,12-7

Adding acquisitlon cards, A-7
Adjustment procedures, 16-1
Algorithms, C-1

Arming, 6-5

Attenuatlon factor, 4-6

Auto fleld (markers), 9-8
Auto-Marker exercise, 9-15
Auto-Measure menu rmap 11-1
Auto-Measure menu, 11-1,11-4
Auto-Trig fleld, 6-9,6-15
Auto-sweep, 74

Auto-trigger, 6-9,7-4

Autoload field, 13-8

Autoloading a conflguration, 13-8
Automatic marker measurements, 9-8
Automatic measurement algorithms, C-1
Autoscale, 7-1

Average #, 10-4

Average mode (Display), 104
Average time interval, 9-11

BNC adapter, 1-2,3-2
BNC cables, 3-2

Balance Adjust fleld, 16-3
Bandwidth, 8-1
Base voltage, 11-2,C-2

C

Cables, 3-1

Cal Choice field, 16-3
Calibratlon factors, 16-1
Calibratlon Iintegrity, 16-4
Callbration menu map, 16-2
Callbration menu, 16-1,16-3
Calibration prerequisites, 16-4
Cancel fleld (Autoscale), 7-2
Gancel field (Print), 14-2
Cancel figld (Repetltive run mode), 8-3
Cancel field {Single run mode), 8-2
Chan*Chan, 12-13
Chan-Chan, 12.13

Channel Input fleld, 4-3
Channel Mode fleld, 12-10
Channel label field, 9-6,12-5
Channel menu map, 4-2
Channel menu, 4-1

Channel mode, 12-13

Channel offset, 4-5
Channel-to-channel skew, 16-8
Characteristics, B-3,B-6
Compensation signal, 3-1
Conflguration files, 13-1
Connect-dots, 10-1,10-6

Count fleld (trigger), 6-10,6-16

Index-1



D

Data entry fields, 206

Data points, 11-2,C-2

Delay calibration, 16-7

Delay field, 5-5

Delay time, 5-5,6-4
Delay-by-events, 6-10

Delete fleld, 12-9

Deileting a channel, 12-9
Digitizing rate, 5-8

Disc drive, 13-6,13-8

Disc menu, 13-1,13-8

Display menu map, 10-1
Display menu, 10-1

Display mode, 10-2

Don't care, 6-13
Dual-timebase installatlon, A-1
Dual-timebase, 6-5,13-3, 15-1, A-1

E

ECL preset, 4-8

Edge occurrences, 9-10
Edge trigger mode, 6-6
Edge trigger, 6-3

Events counter, 6-9

Events triggering, 6-10
External trigger, 4-3,4-7,6-6

F

Falltime measurement, 11-1,11-7,C-4

Features, 1-1

file desription field, 13-4

Floppy disc, 13-1,13-8,16-1,16-3
Free-run mode, 6-5

Frequency measurement, 11-1,11-10,C-3

Front dls¢ menu, 13-1,13-6,13-8

Index-2

G

General characteristics, B-6
Greater Than fleld, 9-13
Group Run, 6-5,15-3

H

HP-IB, 14-1
Histogram, 11-2,C-2
Horizontal axls, 5-2

Immediate trigger mode, 6-5,15-7
Impedance fleld, 4-7

In Range field, 9-14
Independent Ffleld, 6-5

Infinite persistence, 10-5

Input field (Auto-Measure), 11-5
Input field (Channet), 4-3

Input impedance, 4-7

Input labels, 15-8

Input port, 6-5

Input source, 4-3

Input, 6-6

Insert field, 12-7

Inserting a channel, 12-7
Installing acquisition cards, A-7
Installing boards, A-1
Intermodule meny, 6-5,15-2,154

K

Keypad, 2-6
Knob, 2-1,2-6



L

Label, 12-5,12-7,12-9

Less Than field, 8-12

Level fleld (Trigger), 6-7
Loading a configuration, 13-6

M

Manual fleld, 9-9

Marker measurements (automatic), 9-8
Marker measurements (manual), 9-4
Marker measurements, 9-1

Marker voltage values, 9-7

Markers menu map, 9-2

Max X-O field, 9-11

Maximum time interval, 9-11

Maximum voltage, 9-8,11-2,11-12,C-2,C-5
Mean X-O fleld, 9-11

Mean time interval, 9-11

Measurement algorithms, C-1
Measurement data, 13-1

Measurement field, 11-5

Memory depth, 5.7

Menu fleld Index, 1-3

Menu maps, 1-4/1-9

Min X-O field, 9-11

Minl-probes, 1-2

Minlmum time interval, 9-11

Minimum voltage, 9-8,11-2,11-12,C-2,C-5
Mode field (Display), 10-2

Mode field (Trigger), 6-3

Module field, 2-4

Module instailation, A-2

Module menus, 2-3

Mouse, 2-1,2.7

N

Negative slope (markers), 9-10
Negative slope, 6-8
Negative time, 9-5,9-13,15-5

Negative width measurement, 11-11,C4
Normal mode (Display}, 10-3

Not In Range field, 9-14

Number of averages, 10-4

o

O marker, 9-4

Occur fieid, 9-10

Occurrence count, 9-10

Offset fleld, 4-5

Offset, 4-9

Operating Environment, A-10
Operatlng characteristics, B-3
Operating disc, 16-1
Oscilloscope configuration, 13-1
Overlay channel mode, 12-11
Overlay field, 12-11

Overshoot measurement, 11-1,11-12,C-5
Overshoot, 9-8

P

Packaging, A-11
Pattern trlgger exercise, 6-17
Pattern trlgger mode, 6-11
Peak-to-peak voltage

measurement, 11-1,11-9,C-3
Peak-to-peak voltage, 9-8
Percentage level, 9-10
Percentage points, 11-2,C-2
Performance tests, 16-1
Period measurement, 11-1,11-10,C-3
Positlve pulse width measurement, 11-1
Posltive slope (markers), 9-10
Posltive slope, 6-8,9-7,9-13,15-5
Posltive width measurement, 11-11,C-4
Post-trigger delay, 5-5
Post-trigger range, 5-7
Pre-trigger delay, 5-5
Pre-trigger range, 5-7
Preset fleid, 4-8
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Preshoot measurement, 11-1,11-12,C-5
Preshoot, 9-8

Print Screen fleld, 14-2

Print field, 14-1

Printer configuration, 14-1

Probe attenuation factor, 4-6

Probe field, 4-6

Probes, 1-2,3-1,3-2

Quantization level, 11-2,C-2

R

RS-232C, 14-1

Real-time digitizing, 8-1

Rear disc menu, 13-1,13-6,13-8
Recallling configurations, 13-1
Reconstruction filter, 54

Repalr, A-11

Repetitive mode, 10-5

FRepetitive mode, 8-1,8-3,9-11,9-12,10-5
Replace fleld, 12-5

Replacing a channal, 12-5

Returnng for service, A-11

Risetime measurement, 11-1,11-6,C4
Run Untll Time fleld, 9-12

Aun fieid, 4-4,4-G,8-1,8-3

S

Sample dots, 10-6

Sample period, 5-7,5-8
Sample points, 5-3
Sample rate, 5-5/5-8
Saving configurations, 13-1
Scrolling, 5-4,5-6

s/Div field, 5-1,5-2

Service, A-11

Set on fleld, 9-9

Set to Default field, 16-3

Index-4

Shipping, A-11

Singte channel mode, 12-10
Single field (channe! moda), 12-11
Single mode, 10-5

Single mode, 8-1,8-2
Single-shot, 5-3,5-6,8-2

Skew {Intermodule), 15-5

Skew (channel callbration), 16-8
Siope fleld {markers),9-10
Slope fleld, 6-8

Slot, 4-3

Source fleld (Trigger), 6-6
Specifications, B-1

Statistics fleld, 9-11

Status field, 154

Stop condition, 9-12

Stop fleld, 8-1,8-3

Storage, A-11

Storing a configuration, 13-1
Sweep speed, 5-1,5-2,5-7

o

TTL preset, 4-8

Tagging for Service, A-11

Tick marks, 4-4,4-5,5-2

Time correlation bars, 15-4,15-11
Time measurements, 9-1,11-1
Time offset, 5-5

Time scaleg, 5-2

Timebase, 5-1

to file field, 13-3

Top voitage, 11-2,C-1,C-2

Top-base voltage, 9-8,9-10,11-2,C-2

Touch screen, 2-2

Trig to O field, 9-5

Trig to X field, 9-5

Trigger count, 6-10

Trigger events counter, 6-9
Trigger level calibration, 16-6
Trigger level, 4-9,6-7

Trigger marker, 6-4,6-7



Trigger menu map, 6-2
Trigger menu, 6-1

Trigger mode, 6-3,15-7
Trigger modes, 6-1

Trigger point, 5-5.5-6.6-4,6-15
Trigger qualifier, 6-10,6-16
Trigger slope. 6-8

Trigger source, 6-6,7-3

U

User defined levels, 4-9
User Interface, 2-1

\'J

V/Dlv field, 4-4.4-9

Vbase, 11-2,C-2,C-5

Vertical callbration, 16-5

Vertical positlon, 4-5

Vertical sensitivity, 44

Vertical voltage resolutlon, 11-2,C-2
Vmaximum, 11-2,11-12,C-2,C-5
Vminimum, 11-2,11-12,C-2,G-5
Voltage levels, 11-2,C-2

Voltage measurements, 9-1,11-1
Voltage values (markers), 9-7
vp_p measurement, 11-1, 11-9,C-3
Vtop, 11-2,C-2.C-5

w

-Width measurement, 11-1,11-11,C-4
+Width measurement, 11-1,11-11,C-4
Waveform Selectlon menu map, 12-1
Waveform Selection pop-up, 12-1
Waveform math, 12-10,12-13
Waveform record, 5-3,5-6,8-1

When Entered fleld, 6-14

When Exited field, 6-14

X

X marker, 94
X to O field, 9-6

Z

Zoom, 5-3,5-6
Zoom, 5-6
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I
Worldwide Sales

and Support

DIRECTORY

Hewlett-Packard products are sold and supported worldwide through

HP offices.

® Tb contact one of the more than 240 HP Sales and Service Offices
worldwide, check your telephone directory or contact one of the

major HP offices listed,

Argentine -
B Martinez
Phons: 798-6086

H Anstralia
North Ryde, N.SW.
Phone: 02/887-1611

8 Blackburn, Victoria
Phone: 03/890-6351

Anpriria
B Vienna
Phone; 222/3516210

Belgium
H Bruasels
Phone: 02/762-3200

Brazil
8 Alphaville, Barueri
Phone: 011/421-1311

Canada
H Edmonton, Alberta
Phone: 403/452-3670

B Richmond, British
Columbia
Phone: 604/270-2277

B Missiasaugn, Ontario

Phone: 416/678-9430

Denmark
Birkeroed
Phone: 2/81-66-40

Finland

Espoo
Phone: 90/455-0211

Jyvaskyla
Phone: 41/216318

Oulu
Phone: 81/338785

France
Les Ulis
Phone: 1/9077825

Hong Eong
Wanchai
Phone: 5/832-3211

Italy
Cernusco Sul Naviglio
Phone: 2/903691

Japan
Yokogaws-Hewlett
Packard

Osaka
Phone: 6/304-6021

B Sagamihara

Phone: 427/59-1311

B Tokyo

Phone: 3/331.6111
Malaywia

Kuala Lumpur
Phone: 03/943-022

Mexico

B Xochimilco, Mexico City

Phone: 905/676-8895

The Netheriands
Amstelveen
Phone: 020/472021

New Zealand

Pakuranga
Phone: 9/68-7159

H Full Field Repair Center capabilities.



Norway
B Oestarans
Phone: 217-11-80

Puerto Rico
Carolina
Phone: 809/762-725

Saundi Arabia

B HP Distributor;
Modern Electronics
Riyadh
Phone: 01/4919715

Singapore
B Singapore
Phone: 631788

South Africa
N Sandton, Transvaal
Phone: 11/802-511

Spain
B Mirnsierra, Madrid
Phone: 91/734-1182

Sweden

@l Spanga
Phone: &/750-2000

Switzeriand
Widen
Phone: 57/31-21-11

Taivwan
Taipei
Phone:; 2/712-0404

United Eingdom
Altrincham
Fhore: 61/9268-6422

Winnersh, Wokingham
Phone: T34/7T84-T74

United States
Santa Clara, California
FPhone: 408/288-7000

Los Angeles, California
Phone: 213/870-7500

Englewood, Colorado
Phone: 303/7T71-3456

Atlants, Georgia
Phone: 404/955-1600

Rolling Meadows, Dlinois

Phone: 312/255-8800

Rockville, Maryland
Phone: 301/948-6370

Andover, Muuchmem
Phone; 617/861-8960

Novi, Michigan
Phone: 313/348-8200

Paramus, New Jersey
Phone: 201/265-5000

Eing of Prussia,
Pennsylvania
Phone: 215/285-7000

Richardson, Texas
Phons: 214/231-6101

Bellevue, Washington
Phone: 206/843-4000

Venezuela
Caracus
Phone: 2/238-4133

West Germany
Boeblingen
Phone; 7031/667750

8 Full fald Repair Center capabilities.

Other European Locations
For information on European locations other than those listed, contact:

Hewlett-Packard, SA.
150, Route du Nant-dAvril

PO. Bax
1217 Meyrin 2

Geneva, Switzerland

Other International Locations
For information on locations outside the U.S. and Europe that are not

listed, contact:

Hewlett-Packard Intercontinental

3495 Deer Creek Road
Paio Alto, CA 84304 USA,



