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HP 75000 SERIES C
DOCUMENTATION

Suggested Sequence
for Using the Manuals

Related Documents

HP E1420B Introduction

1. HP E1405 Command Module User's Manual. Contains
information on the logical addressing conventions used to create
instruments that are programmed using Standardized Commands
for Programmable Instruments (SCFPI}. This manual also describes
the command module's resource manager funciionality and how to
implement user-deiined configuratisns. Also included is HP-IB
programming nformation.

2. HP EI400B Mainframe User’s Manual. Contains installation
information to prepate the mainframe for use and explains bow to
install plug-in mmodules. This manual alse contains a detailed
hardware description of the mainframe.

3. Piug-In Module User’s Manuat. Contzins propramming and
configuration information for the plug-in modules. These manuals
contain examples for the maost commonly used functions and give a
complete SCP] command velerence for the module.

Beginner's Guide to TMSL. Explains the fundamentals of
programming instrements using Hewlett-Packard's Test and
Maasuremants System Language (TMSL) which is identical to
Standardized Commands for Programmable Instruments (SCPI). We
recornmend this guide to anyone who is programming with SCPI for the
first time. Hewlett-Packard part number H2325-90001.

Tutorial Description of the Hewlett-Packard Interface Bus.
Deseribes the technical fundamentals of the Hewlett-Fackard Interface
Bus (HP-IB). This decument also includes genersl information on IEEE
458 2 Common Commands, We recommend this document to anyone
who 1= programming with IEEE 488.2 for the first time. The
Hewlett-Packard part number is 5832-0156.

IEEE Standard 488.2-1987, IEEE Standard Codes, Formats,
Protocols, and Common Commands. Describes the underlying
message [ormats and data types used in SCP! and defines Common
Commands. You will find this document useful if you need to know the
precise definition of certain message formats, data types, or Common
Commands, Avsilable from: The Institute of Electrical and Electronis
Engineers, Inc.; 345 East 47th Street; New York, NY 100617, TI.5.A,

VXIbus System Specifications. Hewlett-Packard part number
E1400-90008.

The VMEbus Specification. Available from: VMEbus International

Trade Association; 10229 N. Scottsdale Road, Suite E; Scottsdale,
AZ Bb253; 1.S.A.
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HOW TO USE THIS
MANUAL

Manual Overview

Manual Content

Suggested Sequence
for Using This Manual

This manual shows how to operate, configure, and program the

HF E1420B Universal Counter. This plug-in module is a VXIbus
message-based device which ean operate in C-size or (with an adapter)
D-zize mainframes,

If you are using the counter in a Hewlett-Packard 75000 Series C
mainframe, refer to the “HP E14056 Command Module User's Manual®
for system configuration information. If you are using the counter in
another manufacture's maioframe, refer to the applicable installation
manuzl supplied by that manufacturar.

Most information in this manual applies to the counter operations in the
HF 75000 Series { mainframe with an HP E140& Command Module.
Standardized Commands for Programmable Instruments (SCPI) is used
as the programming language.

This manual has five chapters and four appendixes.

s Chapters 1 and 2 provide counter module deseription,
configuration, and quick-start information. Chapter 3 shows
several ways to use the counter to make measurements. For basic
counter aperations using BCPL, use these chapters.

» Chapter 4 explains the details of measvrement programming and
chapter & describes each of the SCPI commuands used to program
the counter,

¢ Appendix & gives the counter’s specifications, Appendix B
provides error message information, Appendix C provides
complzte performance test information, and Appendix D gives
solutions to operating problems. Appendix E provides information
about Shared Memory,

BASIC OPEAATIONS CONFIGURATION ADVANCED/REFERENCE INFORMATION
PF{CGRﬁMMLfNGi ur'h-?_i’-l-_rf Cr'ﬂi EE = Ll-fﬂi".::ﬂ = DHASTRER | EHHE‘\TL-_R
L
BarE 1w
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Getting Started

CHAPTER GUIDE  This chapter provides an overview of the HF E1420B Universal
Counter, a simplified block diagram, and a hands-on tour of some basic
functions. Also present are two simplified SCPL measurement program
examples with measurement results and information about options,
service, and support,

Where To Find » Block Diagram Description . . . . . . .. .. . ... pg 1-3
important Topics o Counter Configuration . . . . .. .. ... ... .. pg. 1-6
s Example Programs . . .. ... .. ...... pe 1-10/12

e HardwareSetwp .. . . ... ... ... ... . pe. 1-6

¢ Measurement Capabilities . . . . . . . . . . .. pg. 1-2/3

¢ Fuoctional Verifieation - . . . . .. ... . . . ... pe 1-8

» Simple Measurement Tasks . . . . . . - .. . . .. pe 1-9

Chapter Summary s Overall Description of the HP E14208 . . . . . . . . pg i-2
s HP E1420B Quick Installation/Setup .. .. . . . .pg 1-6

e Making Basic Measwremenis . . . ... . ... . . .pg 1-8

» HP E1420B Service, Suppert, and Options . . . . pg- 1-13

Getting Started 11



OVERALL  The HP E1420B is a fully proegrammable VXIbus universal counter with

DESCRIPTION OF  up to three input measurement channels. The frequency range is de to
200/100 MHz lor channels 1/2 respectively, and up to 2.5 GHz for the
THE HP E14208 optional channel 3. The counter isp:cmessage-bamd device that uses
Standardized Commands for Programmable Instruments (SCPI) to
program commands and measurement responses. Measurement
features and capabilities are presented {irst. followed by a zimplified
block diagram description of the counter.

Measurement Features  The measurement features of the HP E1420B include its functions,
input signal conditioning and auxiliary measurement capabilities,
MEASUREMENT  HFP E1420B measurement capabilities are:
FUNCTIONS
# Freguency - provides frequency measurements up to 200,100
Miz on inputs ] and 2 respectively and 2.5 GHz for input 3.

+ Period - provides pericd measurements from & ns {10 ns for
channel 2} to 1080 seconds on inputs [ and 2.

» Totalize - provides totalize measurements of up to 10'% _1 on
input 1.

= Pulsc Width - provides pulse width measuremants from 5 ns to
1 ms on inputs 1 and 2.

» Time Interval - provides time interval measurements from 1
nanosecond to 1000 seconds between inputs 1 and 2,

» Hatio - provides frequency ratio measurements via inputs 1 and
Z, {input 3 optional).

« Rise/Fall Time - provides rize and fali time measurements from
1o ns to 1 ms on input 1.

&+ Ac/De/Min/Max - provides voltage measurements of the channel
1 or 2 input signal.

INPUT CONDITIONING  HF E14208 input signal conditioning includes:
« Attenuation - x1 or %10 (manual only)

» Coupling - Ac or e

s Input Impedance - 5002 or 1 MO (500 kQ in Common Mode;
= attenuation)

« Inpat Switching - Common or Sepamate inputs 1 and 2
» Trigger Level - Automatic or Tiser-programmed

s Trigger Slope - Positive or negative

1-2  Getting Started



ADDITIONAL
MEASUREMENT
CAPABILITIES

HP E1420B Simplitied
Block Diagram
Description

TP E1420B additional measurement capabilities include:

s External Arming - provided via front panel BNC or VXIbus-
pragrammable TTL trigger lines.

s External Arming Slope and Level - three programmable
trigger levels can be selected (nominally TTL, ECL, and GND)
along with positive or negative slope.

» External Timebase Qutput - provides the counter’s internal
10 MH:z timebase to the front panel Int/Ext Reference 10 MHz
BNC for auxiliary use.

» External Timehase Input - allows the covnter to uze an
external timebase as the frequency reference via the front panel
Int/Ext Reference 10 MHz BNC.

s 100 Measurement Gate Averaging - provides an additional
digit of measurement resclution for all functions except tofalize.

s Shared Memory (Option 040) - provides measarement
throughput up to 160 measurements per second.

Figure I-1 is a simplified block diagram of the HP E1420B Uriversal
Counter. The counter consists of five standard functional blocks: Input 1
and 2 {Input 3, cptional}, External Arming, Counter, Measurement
Control, and VXIbus Interface. Some examples of SCPI
commands/options that control varicus parts of the counter’s circiits
appear above and below the block diagram and ean control the
associated circuit elements,

Signals routed into the Input 1 and 2 block are conditioned, switched
{for common/separate Input 1), and triggered before transfer to the
Counter block. The Counter block uses HP's Reciprocal Counting
Technique to generate timme and event data which is passed to the
Measurement Control block. (Refer to HE Application Note 200:
“Fundamentals of the Electronic Counters”, for details of the Reciprocal
Counting technique.) The External Armning bleck allows measurement
synchronization via one of two selectable external arming signal inputs:
front panel BNC and VXTbus programmmable TTLTrig lines.

The Measurement Contrel block uses the tirze and event information to
generate measurement results. This block alse determines when and
how SCPI response messages are passed through the VXIbus Iaterface
block. SCPLicommeon commands and any housekeeping tasks are also
handled by this block. The VXIbus Interface block manages the transfer
of all measurement and control data between the counter’s internal
circuits and the VX Ibus.

Getting Started 13
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Figure 1-1. HP E14208 Simplified Block Diagram
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Figure 1.1. HP E14208 Simplified Biock Dicgram (Continued)
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HP E1420B QUICK
INSTALLATION

Inspection

Switch/Jumper
Configuration

Hardware Setup

Getting Started

This section provides you with information to get your HP E14208
Univarsal Counter up and running as soon as possible. This “hands-on”
tour covers the following: inspeetion, configuration, installation, and
fupctional verification.

Inspect the shipping cartor for damage before unpacking your
HP E1420B. After the unit is unpacked, check for any damage {which
may have occurred during shipment) as follows:

» Visually inspect all exterior surfaces for broken elements and
damaged connectors.

» Heport damaged shipments to the carrier and the nearest
Hewlett-Packard Sales and Service office immediately.

NOTE

Lo not giscard the counter's packing malerials. They may be
needad for reshipment.

The system controller must know the counter’s location and bus
arbitration level within the VXIbus systemn. The location is determined
by the setting on the counter’s logical address switch, Bus arbitmation
priority level is set by the position of the bus grant/request level
jumpers.

s If you're using the counter in an HP 75000 Series C size
mzinframe, you may not have to do anything with either of these.

s If you're installing this counter in a mainframe that already
contains cther instruments, ensure that none of the module
addresses conflict.

» Ensure that the logical address switch setting on the counter
matehes the factory default shown on pape 2-6 in the next
chapter. {Details of the addressing schetne are explained starting
on page 2-5.)

+ Ensure that the bus grantfrequest level is “3” (factory default) as
shown on page 2-8, top of Figure 2-3, in the next chapter.

I you have another brand of C size mainframe refer to the configuration
section of chapter 2 of this manual for detailed configuration
instructions.

Install the HP E1420B with the following steps and refer to Figure 1-2:

1. Ensure that mainframe ac power is OFF before proceeding with this
installation procedure.

2. Ensure that the metal shields on each side of the counter are

securely attached to the counter before inserting the medule into the
maainframe.



Verifying HP E1420B
Operation

3. Ensure that none of the pins on either of the counter's barclplane
connectors are broken or bent.

4. Ensure that the countet’s P1 connector is correctly aligned with the
corresponding connector on the mainrframe bhackplare. (The front
panel logo and lettering must be right-side up for both the HP
counter and maioframe.}

3. Carefuliy shide the counter module edges into the carrier rails of the
desired slot other than {.

6. Ensure that the counter’s Pl and P2 connector are fully seated
without binding or jamming,

7. Secure the counter’s top and bottom mounting screws with a
l/g-inch fiat blade serewdriver.

NOTE

If you need 1o rerpove the counter fram the VXibus mainframe
reverse the order of the steps for instaliation after removing ac
powear fo the mainfrarme.
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Figure 1-2. HP EI4208 Mainframe Installation
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HF E1420B POWER-ON

EXECUTING SELF-TEST

STATE

{"TST#

iN CASE OF DIFFICULTY

Getling Started

1-8

Verify operation of the counter with the following procedure:
1. Power-up the Controller if separate frem the VXlbus mainframe,

2. Power-up the VXIbus mainframe and verify Slot 0 functicnality.
(The Slot 0 module must be correctly set up, functional, and pass its
own Self-test.}

3. Ohserve that the “Failed” LED on the HP E14208 is lit, then
extinguishes after the Gate, Access, and Error LEDs momentanily
flash indicating suecessful completion of Self- test. The counter is
now in the power-on state and is ready for use.

The power-on state is the configuration that occurs immediately after
the counter powers up and successfully completes Seli-test. Tabie 3-2 in
chapter 3 gives a summary of the counter’s default configuration
paraimteters present in the power-on nitialized state,

To execute the Self-test;

1. Connect z 10-MHz reference standard to the InYExt Reference BNC
on the E1420B front panel.

2. Send the Seilf-test query command *TST?. The results of the test are
placed in the output queve indicating whether or not the counter
comnpleted Sel-test without any detected errors.

NOTE

i a 10-MHz referance standard is not available, the Sigt 0 CLK1D
resource may be rouded fram the Cik Ouf connector on the
cormmand Moaufe's faceplfale 1o the Int/Ext Reference BNC on the
E14208. An SMB(1}-to-ENC{f} connector with a BNC cable would
b2 required.

Upan successful completion of *TST?, the counter configuration is left
unchanged.

If the counter fails to successfully complete Self-test, refer to Appendix
[} fer a checklist of simple instrument operating problems and their
solutions or mare information sbout troubleshooting and service,



MAKING BASIC
MEASUREMENTS

Maximum input VoRage

Making A Frequency
Measurement

After you've powered up the counter and sueeessfully passed Belf-test,
you're ready to make a measurement. Use the information and
procedures in this section to quickly make two basic counter
measurements: frequency and time interval. You'll be shown two
simple SCPI program examples along with how to retrieve and interpret
the measurement results,

The maximum allowable input voltage for all front panel inputs should
hot excead five volts rms when x 1 attenuation is active.

CAUTION

input voltages in excess of five volts rms may cause
permanent front-end hardware damage when x 1 attenuation
{default) is active,

Before you begin, make sure you have two signal sources available
through two separate cables with standard BNC male connectors. For
thiz demonstration we'll use:

s two signal penerators capable of supplying 1 kHz and 1 MHz,

« an HP W Serjes 2000300 instrument controtler with HF BASIC,

» an HP-IB select codie of 7, primary address of 09, and secondary
address of 06 (logical address of 48) for the counter. (Primary and
secondary zddresses are defined in chapter 2.)

Fallow these steps to make simple frequency measurements on input
channels 1 and 2.

1. Enter the frequency measurement program listed in Tabie I-1.

2, Bet the first signal source for 2 1 kHz square wave at 1 Vp-p and the
second source for a 1 MHz sinewave at 500 mV rms.

3. Connect the first signal source to the counter’s Input 1 front panel
connector,

4. Connect the second signal souree to the counter's Input 2 front
panel connector.

5. Run the program.
6.  Assess the measurement results shown oa the controller display.
Refer to “Interpreting Display Results” (next page) for frequency

measurements il you don’t understand the SCPI message response
that appears on the instrument controiler's display.

Getting Started 19



Table I-1. Frequency Measurement Program Example

PROGRAM: COMMENTS:
10 ASSIGN @E14208 TO 70906 —  Asgigns @E1420B to address 70906,
20 QUTPUT @E14208."*R5T" — Resets the counter to its default power-on

30 OUTPUT @E1420B;"MEAS1: FREQ? 1E3,.01*

40 ENTER @E1420B;FREQ1

50 PRINT FRECH

60 QUTPUT @E14208,"MEAS2:FREQT 1E6, 1

JOENTER @E1420B;FREQ2

80 PRINT FREG?2

a0 END

state.

Configures Input channel 1 for frequency
measurement, sets the target frequency to
I kHz, resolution of at least 0.01 Hz.,
performs the measurement, then transfers
the measuremnent results to the ontput
buffer.

Transfers the channe] 1 measurement
from the output buffer on the counter to
the input of the instrument eontroller.

Displays the measurement on the
instrument controller’s display.

Configeres Input channel 2 for frequency
measurement, sets the target frequency to
1 MHz, resolution of 1 Hz., performs the
measurement, then transfers the
measutement results to the output buffer.

Tranzfers the channel 2 measurement
from the output bufier on the counter to
the input of the instrument controller.

Displays the measurement on the
instrement controller display.

Terminates program and measurement.

INTEAPRETING  If you're having difficulty understanding the measurement results
FREQUENCY  output shown on the instrument controller display, read this explanation.

MEASUREMENT RESULTS

DISPLAY Al measurement results will appear in scientific notation (when more
than % digits result) with as many digits to the right of the decimal
point as needed for the reguested resolution.

For the frequency measurement example program you'd see the display
with the following formats:

1600.000 00

P.POP000 ES

NOTE

The actual displayed value may not be exactly “10 MHz" depending
upon factors such as kimebase accuracy, input signal accuracy,
cabie lengith, or specified resciution.
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Making A Time interval  Before you begin, make sure you have one signal source available
Measurement  through two separate cables {use a “T* connector} with standard BNC
male conaectors. For this demenstration we'll use:

s asignal penerator capable of generating 3 kHz,
e an FIP 9000 Series 200/300 instrument controller with HP BASIC,
» an HP-IB select code of 7, primary address of 09, and secondary

address of 06 (logical address of 4B) for the counter. (Primary and
secondary addresses are defined in chapter 2.)

Follow these steps to make a simple time interval measurement
between mput channels 1 and 2,

1
2

Enter the time interval measyrement program listed in Teble 1-2.
Set the signal source for a 5 kiz square wave at 1 Vp-p-

Connect a *“T”" BNC connector on the source output and attach &
ENC cable to gach side of it.

Connect one cable to the counter's Input 1 front panel connector.

Connect the second cable to the counter's Input 2 front panel
COnnectior.

Run the program,
Assess the measurement resuits shown on the controller display.
Refer to “Interpreting Display Resulis™ {next page) for time interval

measurements if yout don’t understand the SCPI message response
that appears on the instrument controllet's display.

Getting Started  1-M1



FROGRAM:

Table 1-Z. Time Interval Measurement Program Example

COMMENTS:

10 ASSIGN @E14208 TQ 70906 —
20 QUTPLUT @E14208; R8T —

A0 QUTPUT @E14208;"SENS2: EVEN:SLOP NEG" —

40 GUTPUT @E14208;"MEAST: TINT?" -—

50 ENTER @E14208;TINT1 —

60 PRINT TINTA —

70 END —

INTERVAL MEASUREMENT

1-12

Assigns @E 14208 to address TO906.

Resets the counter to its default power-on
state.

Selects channel 2 event sjope to negative
edge. Channel I event slope is defauited to

positive edge,

Configures Input channel 1 and 2 for time
interval measurement, measures the time
interval between the previously
programnmed edges of channels 1 and 2,
then transfers the measurement results to
the cutput buffer.

Transferz the measurement from the
cuiput buffer on the counter to the input of
the instrument controller.

Displays the measurement on the
instrument controller's display.

Terminates program.

INTERPRETING TIME I vou're having difficulty understanding the measurement results

RESULTS DISPLAY  explanation.

output as shown on the instrument controller display, read this

All measurement results will appear in scientific notation (when more
than 9 digits result) with as many digits to the right of the decimal
point needed for the requested resolution.

Far the time interval measurement example program vou'd see the
display with the following format:

100E-06

NOTE

The actual dispiayed value may not be exactly “100 psec”
gdepending Upon factors such as imebase accuracy, input signal
accuracy, cabie lenglh, or specified resolution,

Getting Started



HP E1420B SERVICE,  Service and support is available through your nearest Hewleti-Packard
SUPPORT AND  Sales and Support office. Options available for the HP E14208
OPTIONS TTiversal Couanter are listed in Tabfe I-3.

Table 1-3. HP E1420B Options

Description HP Part Number
Extra Operating and Frogramming Manual (Option 0B2} E1420-90020
Assembly-Level Service Manual (Option 0B3} : E1420-90015
Calibration Support (Option W32) ! MNong

Input Channel 3 {Option 030) | Mong
Temperatura Compensated Crystal Qscillator (TCXO) Timebase (Option 010) ‘ Nene
Shared Memory {Option 040) MNone

For more information about Service and Support, contact your nearest
Hewlett-Packard Sales and Support office (offices are listed at the back
of this manuai}).

MANUAL  The measurement function and SCPI programming information
APPLICABILITY  contained in this manual is inclusive for all HP E1420A features and
specifications with the axception of the following:
a. = 10 attenuation is not present on the HFP E14204

b. Option 040, Shared Memory is not available on the HF E1420A,

Geting Started 1-13
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HP E1420B Connections, Configuration, and Installation

CHAPTER GUIDE  This chapter briefly explains the counter’s {ront-panel features, and
shows how to configure the module hardware for use in a VXIbus
mainframe. The chapter contains the following information and sections:

Where To Find ¢ Arm Input Copmector . . . . . . . .. . ... . pg 2-2
Important Topics s Bus Grant/Request Setting . . . . . ... .. ... . pg. 26
o Cooling Consideyations . . . . .. . ... ... .. pe. 2-8

w Frogt PanelIndicators . . . . . . . . .. . ... .. pE. 2-3

o Input Commectors . . . ... .............pg22

e Logical Address Setting . . . . .. . . ... ... .. PE- 2-5

» Maximum [nput Power . . . . . . . . ... ... . pg- 2.2

¢ Powerup Verification . . . . . . . . ... ... pe 2-9

« Timebase Adjustmepnt . . . . . . ... .. .. ... . pg 23

& Timebase Input/Output . . . . . . . . .. . . .. .pg22

¢ VXlbus Edge Connector . . . . . . . . ... .. . pg 2-3

Chapter Summary » Connectors and Indicators . . .. ..........pg 22
& Internal Conofigaration . . . . . . . . . . . . _ . . pe 2-5

» Installation and Verification . . . . . . . ... .. e 2-8
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CONNECTORS AND
INDICATORS

Front Panel Signal
Connectors

Maximum lhput Power

2-2

INPUT 1 AND 2

INPUT 3, OPTION 030

ARM INPUT

INT/EXT REFERENCE

The HP E1420B front panel has four signal connectors (five if Option
030 High Frequency Channel 2 is installed), seven LED indicators, and
one adjustment. Front panel signal connectors are diseussed first,
followed by z short deseription of the irdicators, adjustment, and
on-board switches and jumpers. Figure 2-1 shows the front panel
connectors, indicators, and adjustment.

The front panel signal connectors are all standard BNC providing up to
three Input channels for signal measurement, one Arm Input for
measurement synchrerization, and a 10-MHz Timebase Input/Output
connection for timebase synchronization. A BNC connector replaces a
front-panel plug cover when Option 030 High Frequency Channel 3
Input is installed. The basic characteristics of these inputs are
explained following a description of input power.

The maximum allowable input voltage for all front panel inputs should
not exeeed 5 volts rins when x1 attenuation is active.

CAUTION

Input voltages in excess of 5 volts rms may cause permanent
front-end hardware damage when <1 attenuation is active
(default).

Inputs 1 and 2 are the main measurement channels of the counter. They
can be used for all specified measurement functions from de to 200 and
100 MHz respectively. Input impedance is selectabie as either 5052 or

1 M<2. Input attenuation is selectable as either x1 or %10, Input
coupling is selectable between ac and de. The input channels can be
used independently or together depending on the measurement
functions and needs.

Input 3 is the optional high frequency channe! and is used for frequency,
period, or ratio measurements {see appendix A for specifications). aput
impedance is fixed at 5082 and coupling is ac only.

The Arm Input is used to provide a synchronizing signal to the counter
that can start and/or stop the measurement process. Input impedance is
1 MQ with de coupling. Input trigger leve) is programmable betwaen 0V
{GNI»M, 1.6 ¥V (TTL), or 1.3 ¥V (ECL}. The Arm Input frequency range is
de to 2G MH=.

The INT/EXT REFERENCE connector can be used to lock the counter's
circuits to an external timebase input. Input level is nominally 0.2 volts
P intoz 1.1 ki? load.

Send the foliowing SCPI program messape commanding the E1420B to
select EXT input as its timehase signal through the front panel Int/Ext
Reference BMC connector:

OUTPUT @E14208,"SENS:ROSC:SOUR EXT

HF E714208 Connections, Configuration, and installation



Warm-up

Front Panel Indicators
And Adjustments

VXlbus Connectors

If you want to program the counter to output its high stability timebase
{Option 010) through the froat-pane) Int/Ext Relerence BNC connector,
send the following SCPI program message:

QUTPUT 70806;"0CUTP-ROSG.5TATe ONT

You can turn OFF this timebase output by sending either the *RST or
“OUTP:ROSC:STATe OFF program messages to the counter.

At power-up, the E1420B uses the VEIbus CLK10 as it= timebase
reference, hence ne warm-up is needed. If the optioral TCXQ timebase
is presant and selected, a thirty minute warm-up period 13
recornmended before making any measurement.

The counter's front pane! has seven LED indicators that provide
information about normal operation and etrors. A single Timebase
frequency reference adjustment provides fine-tuning of the optional
TCXO timebase oscillator.

The sevenr LED indicatore provide the following:

e INPUTS: Three green LEDs, located adjacent to each Input
eonnector, flash to indicate signal arming and triggering.
Channels ? and 3 share the same LED and cannot be used for
measurements at the same time

s GATE: A green LED to indicate when the measurement gate is
open.

&« ACCESS: A green LED to indicate data transfer accross the
counter’s VAIbus interfare.

s FAILED: A red Failed LED to indicate a non-recoverable VXIbus
error or fatled Self-test

« ERROR: A red Error LED to indicate that an error is present in
the counter's error queve.

Two 96 pin {P1 and P2) connectors setve as the VXIbus electrical
interface connection. See Figure 2-I for an end-on view of the P1 and P2
edge connectors.

If you need information about pin-out designation and signal functions,
refer to page A-3 of the VXIbus Universal Counter Assembly-Level
Service manual (P/N E1420-90015) or the VMEbus Specification: Rev.
C.1 for Pl connector pin-puts, and the VEIbus Specification: Rev. 1.3 for
P2 connector pin-outs,

CAUTION

Do not touch the connectar pins. Take care to prevent
actidental damage to the connector pins.

HP Eta20B Connectiens, Configuration, and installation 2-3
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INTERNAL
CONFIGURATION

Logical Address
Conflguration
Pracedure

Defining the Instrument
Address

The following paragraphs provide you with the information needed to
eonfigure the counter hardware legical address and bus grant/request
priority. On-board switch settings and jurnpers are cxplained aleng
with the factory shipped counter addresses and bus grant/request
priority level settings.

The logical address switch {LADDR) factory setting is 48. (oo two
YXIbus modules within the same mainframe can have the same
address.) You can change the switeh seiting by following the procedure
listed below. Valid address values are from 0 to 240 (selected value
must be a multiple of 8). The correct address value must be set before
the connter 15 installed in a VETbus mainframe.

You necd to specify a primary and secondary address to define the
Universal Counter’s HP-1B address. The primary address includes the

Interface Select Code {ISC) and the Slot 0 address. The secondary value

addresses the counter within the mainframe.

This procedure zpplies to an external controlier with an HP-1B
interface card and a Slot 0 command modole.

The E1420B can also be programmed across the VXIbus backplane by
an embedded PC contreller. Consult the documentation supplied with
the controller for information on addressing the E1420E.

Primary Address = ISC and Slot 0 address

{ISC range = 00 through 09}
{Slot 0 address range = 00 through 30

Typically, the 13C is set to T and the Slot 0 address to 09 for primary
address 703, (Vzlid selections are between 1 and 12.)

Secondary Address =  {Logical Addressis

{Logical Address is set on the counter card
with the logical address switch.

The counter iz shipped from the factory with logical address 43,
seeondary address & (secoadary address = 458/8 = 6). (Valid secondary
selections are bebween { and 30.) The instrument address is the
primary address and secondary address comhbined. For the above
examplas, the inatruoment address is 70306, This address is listed below
as part of a typical program statement to show how the component
parts make up the whele address:

Controller  thsirument SCH
Languoge  Addrass Cormnmngnd
OUTAUT 70905:; "ME AS:TREDY
HF BASIC |
infertace Select Code
So1 0 Address
Instrument Address
SCA Keywoid
N TN

HP E1420B Connections, Configuration, and tnstallation

2-5



If you need to set the counter's address, use the following procedure:

1. Locate the logieal addyess 8-pin DIP switch bank located on the
right side of the counter module. See Figure 2-2 for the switch
location and address selection.

2. Set tha logical address switch for the correct address. Fach
individual switch is open when depressed to the "0 position and
closed when depressed to the “1” position.

02 - 4

L J
|7 swaTon ADDRESS
@log 55T TO LA

,
oG] |-
(I8 |~
¥on

[Tl p—
)

Ell
L) (=] =]
n 710 4
I

1 SWITTH 15 OFER WHEN

a DEPRESSZD TS THE 0 POSTION,
HE]EW T 15 CLASED wWHEN

ol ] DZPRESSEDS 70 TRy " PLETION

Figure B-2. HP EI420B Address Switch Loention and Selection

Bus Grant and Request  The HP E1420B message based communication supports four levels of
Configuration  prioritized bus arbitration {BR0O through BR3). The counter is shipped
Procedyre  With the highest bus graat/request level setting: BR 3. The Bus
Grant/Hequest level is configured via six Bus Grant/Request
configuration jumpers. The jumpers are correctly configured at the
factory. They typically need not be changed unless a particular module

within the mainframe requires a different data interfaca priority than
other modules.

If you suspect that these jumpers are incorrectly placed, use the
following procedure to checl/correct the jumper placement:

1. Lacate the bus grant/request jumpers located on the top-right side of

the counter module adiacent to the P1 connector. See Figure 2-3 for
the jumper location and leve] selection.
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2. Move the jumpers to the new bus grant/request position. See Figure
2.2 for the individual jumper prierity positions. The top right side of
the figure shows the correct factory setting setting (priority level 3}
The bottom right side shows how to change the jumpers for priority
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e HE e ¥ B 1 DAISY -CHAM
= + » E—=m &§2-7 pMPERS
s + » = =l3
|
EXAMPLE: LEVEL 1 T

Figure 3-3. Bus Granrt Jumper Location and Selecion

SYSTEM DEFAULT

LOGICAL ADDRESSES

HP VXIbus instruments have a set of logical addresses that correspond
to instrument type. These are listed in Table 2-I. HP instrument factory
switch settings will correspond with those listed in the table. If an
application requizes more than one of a particular instrument type,

thea the additional instrument(s) will require different address(es).
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Tuble 2-1. Default AP Logical Addresses For VXibus

Instrument Type _ Swilch Setting | Secondary Address
INTERFACES - 7 T
Command modules/fComputers Q0 oo
¢ Servani interfaces (RS-232. MS-1553) 08 61
' Disk drives 16 l 02
|
ANALOG SENSORS o o
DhMs 24 03
{Reserved for multiplexers of scanning DMMs) az 04
Digttizers (A/Ds, Oscilloscopes) 40 05
Countars 48 06
Power Meters 56 o7
i Others {Spectrum analyzers) 64 08
FANALOG SOURGES B
| DC cutput {D/As, power supplies} 72 09
i Arbitrary Wavelorm Generators 80 10
' FunctioryPulse Generators 88 1 11
I RAF/Signal Generalors 96 | 12
Others 104 13
SWITGHES B
Multiplexers 112 14
Others (Matrix, BF, uWave, Form C, GP, Powar) 120 15
' Reserved for additiona! switches 128 16
"DIGITAL
* Digitial Functional Test 136 17
Digital YO {general purpose) 144 18
i Others (2ERT, Bus analyzers. eic.) 152 % 15
| ALTERNATE address for computer/resource manager 160 .’ 20
IBASIC 240 F 30
L

NOTE

The mufliplexers are set up adjacent 1o the multimaters to allow

ther to operate as a scanning volimeler system.

A gap has beer lelt in the assigned addresses so that as many as
11 mufliplexers can cperale with a single voltmetar without

disfturbing the defauft switch semtings of the other instruments,

Logical address 32 is available if the multiplexers are 1o be used

independant of the multimeter.
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INSTALLATION AND
VERIFICATION

Cooling Considerations

Hardware Setup

Verifying Operation

The following paragraphs explain how to install the HP E1420B counter
into the Series C mainframe, ensure proper ventilation, and verify
initial operation.

The HP E1420B counter automatically receives the correct ventilation
when used with an HP 75000 Series C mainframe.

The cooling requirements for the HP E1420B counter ate:

1.0 Litersfsecand
g.tamm Hz0

If a different mainframe is used, you must ensure that adequate cocling

is provided to the module per VXIbus Specilication described under title
B.7.3, Mainframe specificaticns, paragraph B.7 2.5, Mainframe cocling.

After you've set the correct logical address (if needed) and bus
request/grant level {if necessary), follow the procedure below to install
the counter.

I. Ensure that ac power IS NOT applied to the mainframe.

2. Ensure that the metal shields on each side of the counter are
securely attached to the counter before inserting the module into
the mainframe.

3 Ensure that the bus grantfrequest switchesfjumpers on the
backplane are set correctly for the slot yvou want to use. (If you are
using the HP 75000 Series C Mainframe, you may not have to do
anyvthing with them.)

4. Carefully slide the counter module into the appropriate siot.

5. Ensure that the module edge connectors align and seat correctly
into the backplane slot connectors.

6. Secure the top and bottem module meunting serews with a 1/8°
flatblade screw driver,

7. Ensure that proper ventilation is provided to the module as
described above,

8. Verify initial operation as described in the next paragraph.

Refer to page 1-8 in chapter 1 for the operation verification procedure.
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Using The HP E1420B

CHAPTER GUIDE  This chapter provides examples showing how to use the HP E1420B
Universal Counter. The examples give you some familiarity with
Standardized Commands for Programnmabie Instruments (SCPI) and
with all of the counter measurement functions. Refer to chapter 4
{Understanding the HP E1420B Universal Counter) for more
information. This chapter contains the following sections:

Where To Find s Controller Languages . . . . . . . . . .. . . ... pg. 3-2
Important Topics a DefaultPower OnState . . . . . . ... . . . ... pe- 3-4
« Frequency Measurement . . ... ... . ... .. .pg 3-6

« Period Measurement . ... ... .. ... .. ... pe- 3-8

¢ Time Intervel Measurement . .. ... .. .. . pg 3-10

» Pulse Width Measurement . . . . . . . . . .. .. pg- 3-12

s Ratio Measurement . . . . . . . . .. . pg 3-14

« Totalize Measurement . . . . . . . . . .. . .. pg. 3-18

s Rise/Fall Time Measurement . . . . . . . . .. pE- 3-18

s Voltage Measurement . . . . . . . . .. . L. Pg- 3-20

Chapter Summary » Frogramming The HP E14208B . . . . . . . . . . .. pg 3-2
& Initialization Stete . . . . . . . . .., pe 3-4

s Measurement Task Tutorials . . . . . . . .. .. .. FE 3-5
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PROGRAMMING  The primary command language of the HP E1420B is SCP1I (Similar to
THE HP E1420B  Test and Measurement Systems Language - TMSL), SCPI commands

are sant from an instrument controiler via word-serial protocol over the
VxIbus. Two common ways to send SCP{ command strings ate: via a
VXIbus embedded tnstrument controller module or by VXTbus to HP-iB
modules that connect to external instrument eontrollers.

Typical external controller examples are the HP 9000 Series 200/300
computer or an IBMT AT- compatible PC. Instrument controllers can use a
varety of languages 10 send program messages to a VXIbus module. Two
popular exampies are HP BASIC and Microsoft™ Quick BASIC?.

The two BASIC languages are briefly discussed here to point out some
differences between them and remind you to reference the language
documentation to resolve any data transfer errors that might oceur.

Controller Languages  The controller language determines the syntax used to send SCPI

commands. Tabie 3-1 lists some basic SCPI commands used in this
chapter. The language only affects how to send commands (instrument
addressing), not the artual 3CPI command string. Two popular BASIC
programiing langeages that you can use with the E14208 are:

¢ HP BASIC used ina HP 9000 Series 200300 Instrument
Controller.

* QuickBASBIC used with a GPIB-PC Interface card.

Tobie 3-1. Selected SCPI Counter Commands Used in Chapter 3

]

Command

Description

*RET

INITI1{2|3]

FETC[1[2|3]7
MEAS[1]2]3:<function? »
SENS[1|2|3]):<tunctions

INP[112]: < fungticr -

i Seis the hardware and firmware 10 a known state.

; CONF[112]3]: <functicn= ;' Configures the Counter to the selected measurement function but does not initiate

the measurement.

| .
Initiates the selected measurement and transfers the reading to counter module

memaory. Used with CONFigure or SENSe,

Transfers the most recent measurement on the configured channel from the
counter module mamary (o the output buffer. Used with INIT.

Configures the Counter to the selected measurement tunciion, initiates the
measurement, and transfers the reading to 1he outpul butfer.

Used 10 change selected measurement default parameters, such as event level
slope, atg.

Uised to change the input conditioning default parameters on channels 1 and 2
{e.q. coupling, atc.).

[1|2]3] = channel numbers

Microsoft is a U.S. registered trademark of Microsoft Corporation.

3.2 Using the HP E1420B



Seriea 200/300 HF BASIC

QuickBASIC

Use the QUTPUT statement to send commands to the counter and the
EMNTER statement to read data from the counter. The destination
specified in the OTITPUT statament is the instrument HP-IB address.
The HP-IBE address identifies the different instruments in the
mainframe,

This sddress is a combination of an interiace select code, primary
address, and secondary address. (The exact placement of these values
within the address is explained in chapter 2, “Internal Configuration”™
under “Deftning the Instrument Address”™)

Included in the OUTPUT statement is the counter's program string.
This program string sends the appropriate SCFI commands to the
counter such as;

QUTPUT 70%06,; "MEAST FREQ?”

The portion of the string ecclosed in guotes is the SCPI command
information. Complete examples of OUTPUT and ENTER statements
can be found in any of the example measurement programs that appear
later in this chapter. These examples show how to use the ASSIGN
statement so you'll only have to enter the HP-TB address ance (this
makes future address changes easy).

Before you use QuickBASIC with the GPIE-PC Interface Card, be sure
you have:

= installed the GPIB-PC Interface card,
» in=stalled GuickBASIC

s configured and named the GPIB-PC card for the counter and
other instruments in the HP E14MB mainframe,

s created a file containing the QuickBASIC language interface to
the GPIB-PC card,

s selected the appropriate peimary and secendary GPIB address for
all the instrurcents,

# enabled QuickBASIC to access the GPIB-PC card codes

Use CALL statements to program the counter and read data io the
controller. The CALL statement uses GPIB-FC /0 functions to manage
the counter’s processes and data transfer. A typical example of a CATL
statement is:

CALL ibwrt{CNTR%, OUTS)
This stetement sends the SCPI command string located in string
variable OTFT$ to the counter in variable CNTH%. The OLUTTS and

CNTR% variables must be defined according to QuickBASIC®
convention before executing the statement.
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INITIALIZATION STATE

Changing Default
Parameters

Using the HP E1420B

3-4

The HP E1420B Initialization State is the coenfiguration that the
counter agquires on power-up or at Reset. Table 3-8 summarizes this
imtialization state, The default expected value and resolution for the
CONFigure and MEASure subsystems is the same as for the SENSe
subsystem. The power on states are the same for both channels unless
specified otherwise,

Table 3-2. HP E1420R [nitialization State

e
Subsystem | Command/Parameter | State |
INPut ATTenuation %1 |

COUPIing DC :
IMPedance 506
ROUTe { SEParate
ARM EXTernal-LEVel 1.6V (TTL) !
STARLSLOFe POStive
STARILSOURCe IMMediate
| STOF-SLOPe POSitive
| STOP:S0OURce IMMediate
SENSe . APERture 100 ms :

: AVERage 5TATe OFF

| Auto Trigger Stale OFF

; DELay:STATe OFF

. : DELay: TiMe 100 ms

) ' EVENELEVel (trigger ievel} 0 volts

! . EVENUSLOPe © POSitive

| FUNCtion . FREQuency
EVEMNUHYSTeresis ; DEF
Inpul Channed 1
H1 Prescaling OFF
RANGeAUTO OFF
RELative {irigger lavel) 50%
ROSCillator: S0URce CLEA{} :
TOTalize:GATe:POLanty MORMAL i
TOTalize: GATe:STATe OFF ,
QUTPU | ROSCillator: STATe OFF |
| TTLTrg<n>:STATe OFF

You can change the mnitialization state defau!ts by using the SCPI
MEASure, CONFPigure, and SENSe keyword commands. Refer to
chapter 4, section “Making Measurements With MEASure, CONFigure,
and SENSe” and chapter 5, “Dictionary Command Reference” for details
of how to use these commands aleng with minimum and maximum
parameter values.



MEASUREMENT TASK
TUTORIALS

Maximum Input Power

This section gives examples of each measurement function the counter

can perform. Input signa! conditioning for each example is itemized. All
example programs use an HP Series 200/300 computer with HP BASIC.
The program code appears on the left of the page with comments on the

right.

The address for the counter wses an HP-IB select code of 7, mainframe
address of 0%, and secondary address of 06 (counter logical address is 48
&s shipped from the factory).

The maximum allowable input voltage for all front panel inputs should
not exeeed five volts rms when 1 attenuator is active.

CAUTION

Input voltages in excess of 5 voits rms may cause permanent
front-end hardware damage when =1 sttenuator is active
{default).

The remaining pages provide lessons for these E1420B measurement
functions:

Frequency
Period

Time Iaterval
FPulse Width
Ratio

Totalize
RisefFall Time
Voltape

Each measurement tutorial is presented on two facing pages for your
convenience. More detailed programming and commeand information
can be found in chapters 4 and 5 respectively.
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Frequency
Measurement

EXAMPLE: MAKING A
FREQUENCY
MEASUREMENT

INPUT SIGNAL
CONDITIONING

Using the HP E1420B

The following is a2 summary of the FEEQuency function:

s Frequency can be measured on channels 1, 2, or 3 iopticnal).
Channels Z and 3 share the same LED and cannot be used for
measurements at the same time. Signal connections to the other
channels ean be present.

¢ Measurement range is de to 2000100 MHz for channels 1/2
respectively and as specilted in Appendix A on optional channel 3.

s See chapter 5, STATus subsystem, for information on overflow
indication.

This example uses the counter to measure two different signal sources

and exercises the frequency measurement capability of Input channels 1
and 2.

NOTE

Belore making any signal connections, you shiould enter the
example program 10 ensure hat it is symiactically correct fefror
free} on your instriment comtrolier.

» The channel 2 input is a 28.MHz sine wave.
# The channel 1 input is a 50-kHz sine wave.

# The signals to channels 1 and 2 are expected to have an
amplitude of *1.5%.

The input signal conditioning for this measurement example is as
fallows;

» Ewvent Level: The default event level (input trigger level} of 0V
can be used since all input signais are symmetrical about 0V,

« Event Slepe: Changing event slope (inpul trigger slope) has no
effect on frequency measurements.

» Attenuation: Default (1) attenuatiop is used.
o Coupling: Dt coupling is used,

» Impedance: Input impedance is set to 500,



FREQUENCY
MEASUREMENT PROGRAM
EXAMPLE

PROGRAM:

COMMENTS:

10 ASSIGN @E14208 TO 70306
20 OUTPUT @E14208;"*RST"
0 OUTPUT @E14208 " INP1IMP 50;COUFP DC*

40 QUTPUT @E14208,"INPZIMP 50;COUP DC”

50 OUTPUT @E14208;"MEAS1.FREQ?

60 ENTER @E14208;FREQ1

70 PRINT FREQH
80 OUTPUT @E 14208, "MEASZ2:FREQ?

90 ENTER @E14208;FREQ2

100 PRINT FREGZ
110 END

COMMENTS

Azzignz @E1420B to address T0906.
Resets the counler to its default state.

Sets channel 1 input impedance to 504
and coupling to de.

Sets channel 2 input impedance to 500
and coupling to de.

Configures channel 1 for frequency
measurement, performs the measurement,
and transfers results to the output buffer.

Transfers channel ! measurement from
output buffer to the input buffer of
controller.

Displays measurement on the controller.

Configures chaonel 2 for frequency
measurement, performs the measuremeant,
and transfers results to output bufier.

Transfers the channel 2 measurement
from the output buffer to the input buffer
of the contreller.

Dvizplays measurement on the controller,

Terminates program.

Measurement Time: Dependent on both the signal input frequency

and the resclution specified. See chapter 4 for more information,

Related SCPI Commands; ABORt, CONFigure, FETCh?, INItiate,
REALY, and SENSe. See chapter 5 for more details.
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Period Measurement

EXAMPLE: MAKING A
PERICD MEASUREMENT

INPUT SIGNAL
CONDITIONING

Using the HP E1420B

The folipwing summarizes the PERiod function:

» Avetage Period can be measured on channel 1, 2, or 3.

o Measurement range is 5 nsec to 1000 sec for CHI and 10 nsec to
1004 sec for CHZ.

#+ See chapter §, STATus subsystem, for information on overflow
indication.

This example uses the counter to measure the period of an input signal.

The input trigger levels may be set anywhere between 20 volts in
2.5 mov increments.

NOTE

Before making any signalf connechons, you should enter the
example program 1o ensure that { is syntachically correct {error
free) on your instrument controfier,

# Input to channel 1 is expected to be a 10-MHz T'TL compatible
clock pulse.

The input signal conditicning for this measurement example is as
fallows:

Event Level: Event level {input trigger level) is set 1o +1.2V,
Event Slope: Not used here,

Attenuation: Default (<1} attenuation is used,

Coupling: The default de coupling is used.

lmpedance: Input impedance is 1 MQ.



PERIOD MEASUREMENT
PRAOGRAM EXAMPLE

PROGRAM: COMMENTS:
10 ASSIGN @E1420B TO 70906 — Assigns @E14208 to address 70506.
20 OLTPUT @E1420B;**R5T" — Resets the counter to its default state.

30 QUTPUT @E1420B;7INP1.CQUP DG, IMP {ES*

40 QUTRUT @E1420B8,"SENG1:EVEN.LEV 1.2V"

50 OUTFUT @E1420B,"MEAS1:PER? 1E-7 1E-9"

60 ENTER @E14208;PER1

70 PRINT PER1

80 END

— Sets CH 1 input coupling to de and input
impedance to 1 ML

— BSets the event (trigger level) level for
channel 1 to +1.2V. (The “V" suffix in
“EVEN:LEV 1.2V" i optional

— Coofigures channel 1 for period
measurement, sets the expected period to
0.1 usec at a resolution of 1 ns, performs
the actual measurement, then transfers
the measurement resulis to the cutput
buffer.

— Transfers the channel | measurement
from the cutput buffer to the input bufler
of the instrument controller.

— IDlisplays measurement on the instrument
controller.

— Terminates program.

COMMENTS  Measurement Time: Time needed to complete the measurement is
dependent on both the signal input frequency and the resclution
specified, and could take a maximum of 1009 seconds to complete. See
chapter 4 {(Understanding the HP E1420B Universal Counter} for

additional miormation.

Related SCPI Commands: Commands associated with period
measurements but not discussed in this exampie are: ABORt,
CONFigure, FETCh?, INITiate, READ? and SENSe.
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Time Interval  The following is a summary of the TINTerval function:

Measurement
+« Time interval between any two events can be measured from
channel 1 to 2.

¢ Time intervals can be selected to start and/or stop on Tising or
falling edge.

» Measurement range is 1 nsec to 1000 seconds.

» Maximutn selectable resclution is 100 ps. If the requested
resolution is less than 1 ns, 100 Gate Averaging is turned ON.

s See Chapter 5, 5TATus subsystem, for more information on
ovarflow indication.

EXAMPLE: MAKING A TIME  This example uses the counter to measurse the time interval between the
INTERVAL MEASUREMENT  edges of two pulses.

NOTE

Before making any signaf conneclions, you showld enter the
example program 1o ensure that it iz syntachcally correct (error
free] on your instrumant coniroiler.

« The example requires you to input the 10 MHz, TTL-compatible
signal into both channels 1 and 2.

INPUT SIGNAL  The input signal conditioning for this measurement example is as
CONDITIONING  follows:

Event Level: Event level (input trigger level) is set to + 1.2V,
Event Slope: Event slope is set to NEGative for channe! 1
imeasurement starts from falling edge of signal input to channel 1)
Channel 2 event slope is set to POSitve (measurement ends on the
rising edge of the signal input to channel 2,

Attenuation: Default{x 1} attenuation is used.

Coupling: D¢ coupling is used.

Impedance: Input impedance is sei to 1 MG,
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TIME INTERVAL
MEASUREMENT PROGRAM

EXAMPLE
PROGHAM: COMMENTS:
10 ASSIGN @E14208 TO 70906 — Assigns the counter to address TGH906.
20 QUTPUT @E1420B,“*RST" — Resets counter to its defaglt state.

30 OUTPUT (@E14208;*SENS1:EVEN:SLOP NEG"
40 CUTPUT @E1420B;"SENS2.EVEN:SLOP POS"

50 QUTPUT @E14208;"SENGTEVEN (LEV 1.2*
60 QUTPUT @E1420B."SENSZ.EVEN:LEV 1.2°
70 QUTPUT @E14208:"INP2:COUP DCIIMP 1EB"

80 OUTPUT @E1420E:"INP1:COUR DU IMP 1€8

20 OUTPUT ®E1420B;"MEAS 1. TINT?"

100 ENTER @E 14208 TINT

110 PRINT TINTH

120 END

NOTE

Selects channel 1 event siope to negative
edge.

Selects channel 2 event slope to positive
edge.

Sets channel 1 event level to +1.2 V.
Sets channel 2 event level to +1.2 V.

Sets coupling to de and input impedance
for channel 2 to 1 ML,

Bets coupling to de and input impedance
for channel 1 to ] M.

Configures channel 1 and 2 for time
interval measurement (CH 1 as the starl
event), performs the actual measurement,
then transfers the measurement results to
the output buffer.

Transfers the measurement fTom the
output buffer to the input buffer of the
instruntent controller.

Displays measurement on the instrument
contredler.

Terminates program.

The MEASure command in the above example does not specify a
rasoiution. Thersfora, the 1 nsec defaul! resolution is used which
requires only one measuremernt. When a resolfution kess than 1
nsec is requested, than 100-Gate Average mode is autematically
tirned ON. Reler to chapter 4, Measurement Resoiution section.

COMMENTS

Measurement Time: Time Interval measurement continues until the
secand edge is detected.

Related SCPI Commands: Commands associated with time interval
measurements but not discussed in this example are: ABORt,
CONFigure, FETCHL?, INITiate, READ?, and SENSe.
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Pulse Width
Measurement

EXAMPLE: MAKING A
PULSE WIDTH
MEASUREMENT

INPUT SIGNAL
CONDITICNING

312 Using the HP E1420B

The following summarizes the pulse width function:

Pulze width can be measured on channe]l 1 or 2.

Positive and negative pulse widths can be measured. Positive
pulse width is measured {rom rising to falling edge, and negative
pulse width is measured from falling to rising edge.

Defanit event leve] is halfway (50%) between +Ve (maximum)
and —Ve (minimum} peaks of the signal. (See
EVENt.LEVel:RELative in chapter 5 for more details.)

Measurement range is 5 nsec to 1 msee.

Maximum selectable resclution is 100 psec, which automatically
turns 100 Gate Averaging ON.

See chapter 5, STATus subaystem, for information on overflow
indication.

This example can use either channel of the counter to measure pulse

width.

NOTE

Before making any signal connections, you should entet the
example program to ensure hat it is syntactically coreci (error
free) on your instrumerd controfter,

To accurately measure pulse width, the counter automatically
sets the trigger level mid-way (50% in defauit value) between +Ve
and ~Ve peaks of the input signal.

This example measures a negative-going pulse;, we'll use the
SCPI "NWIIP" command for actual pulse measwrement.

The input signal sheuld be 2 volts peak-to.-peak at 100 kHz.

The input signal conditioning for this measurement example is as
follows:

Event Level: Event level is automatically determined by the counter.

Event Slope: Automatically defined by the puise width function.

Attenuation: Default (x1) attenuation is nsed,

Coupling: De coupling is used.

Impedance; input impedance 15 programmed Lo 1 MG



FPULSE WIDTH

MEASUREMENT PROGRAM
EXAMPLE
PRAOGRAM: COMMENTS:
10 ASSIGN @E14208 TO 70906 — Assigns @E1420B to address Y0806,
20 QUTPUT @E14208 " RST" — Resets the counter {o its default state.
30 QUTPUT @E 14208 "INP1:COUP DCIMP MAX® — Sets input channel 1 impedance to 1M£2
and coupling to de.
40 QUTPUT @E14208,"MEAS T NWIDT" — Configures channel 1 for negative pulse

width measurement and automatically
determines the event {trigger) lavel,
Performs the actual measurement, then
transfers the measurement results to the
output buffer.

50 ENTER @E14208; NWID __ Transfers the channel 1 measurement
from the cutput buffer to the input bulfer
of the instrument controller.

&0 PRINT NWID1 — Displays measurement on the instrurment
controller.
70 END — Terminates program.
NOTE

The MEASure command in the above example does not specdy a
resolution. Therefore, the 1 nsec defaull resolution is used which
requires anly one measurement. When a resolulion less than |
nsec is requested, then 100 Gate Average mode /s automatically
turned ON. Reter to Chapter 4, Measuremer! Resolulion section.

COMMENTS  Measurement Time: Positive and Negative pulse width
measurements will eontinue until the second edge is detected.

Related SCPI Commands: Commands associated with pulse width

measurements but not discussed in this example are: ABORE,
CONFigure, INITiate, SENSe, FETCh?, and READ?.
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Ratio Measurement  The foliowing summarizes the ratio function:

» Ratio is measured on channel | in relation to channel 2, or on
channel 2 in relation to channel 1, or on channgl 3 in relation to
channel 1. The channe] specified in the command is the
numerator of the ratio, for example MEAS1T:RAT results in the
ratio of frequencies of channel 1 to channel 2 {CH1/CHZ}.

s Minimum ratio value is 1[}'“; maximum ratio value is 107
» The gate time over which the ratio is counted may be specified.

EXAMPLE: MAKING A This example vses the counter to measure the mtio of two different
RATIO MEASUREMENT  frequencies,

NOTE

Before making any signal connections, you should enter the
exampie program 1o ensure that it is syriactically correct ferror
freg} on your instruhent controler.

# The program shown measures the frequency ratio of TTL signals.
# The resulting measurement could assess the input/output pulse
ratio of a TTL-compatible divider or multiplier. {The higher input

frequency i typically eonnected to the channel in the numerator. )

s The input muitiplier/divider signal (10 MHz) is routed to channel
1 with the output signal (5 MHz) routed to channel 2.

Input Signal Conditioning  The input signal econditioning for this measurement example is as
follows:

Event Level: Since the two signals are TTL, the event leval is sat to
+1.2V.

Event slope: Event slope does not aflect ratio measurements.
Attenuation: Default (1) attenuation is used.
Coupling: D¢ coupling is used because of a TTL level,

Impedance: Input impedance is sot to | MO
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RATIO MEASUREMENT
PROGHAM EXAMPLE

PROGRAM: COMMENTS:

10 ASSIGN @E 14208 TO 70906 — Assigns @E1420FB to address T0906.

20 QUTPUT @E14208;"RST" — Resets the counter to its default state.

30 EjUTPUT @E14208;"INP2:COUP DC.IMP 1EE" — Sets vhanne! 2 input coupling to dec and
input impedance to 1 ML,

40 QUTPUT @&E1420B8,*INP1.COUP DCIMF 1EE” — Bets channel] 1 input coupling to de and
input impedanes to 1 M{OL

S0 QUTPUT @E14208;"SENS1.EVEN.LEV 1.2 — Beis channel 1 event level to +1.2V,

60 QUTPUT @E14208,"SENS2.EVEN.LEV 1.2* — Sets chanoel 2 event level to +1.2 Y,

70 OUTPUT &E14208,"MEAS1:FREQ:RAT?" — Configures channe] 1 and 2 for ratic

measurement with CH 1 as numerator,
performs the actual measurement, then
transfers the measurement results to the
ocutput buffer.

You can obtain the inverse ratio of the
measurement chtained in the example
above {channel two as the numerator) by
changing the MEAS command to
MEASZ2.FREG:RAT?.

BOENTER @E1420B:RAAT1 — Translers the ratio measurement from the
output buffer to the input buffer of the
instrument controller.

20 PRINT RAT1 — Displays measurement on the instrument
controller.
100 END ~— Terminates program.

COMMENTS Measurement Time: Time needed to complete the measurement is
dependent on both the signal input frequency and the resclution
specified. See Chapter 4 (Understanding the HP E1420B Universai
Counter) for additional information.

Helated SCPI Commands: Commands associated with ratio

measurements but not discussed in this example are: ABORL,
CONFipure, FETCh?, INITiate, READ?, and SENSe.
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Totalize Measurement The foliowing is & summary of the TOTalize funstion:

s Will tatalize cvents on channel 1 or 2. Measurement range is

0 te 1012 -1 events, with 4 maximum input frequency of 100
MHz.

+ Reading the ongoing count does not stop the totalize function
or reset the counter allowing for measurement on-the-fly,

EXAMPLE: MAKING A In this example, the counter measures o renning total of events
TOTALIZE MEASUREMENT  input via [nput channel 1.

¢ The program shown measures the cumulative svents of TTI.
signals. A FETCh? query returns the most recent
measurement result to the instrument controller.

* In the example, this measurement 15 forced to ABORt. The
measurement will alse complete when a new function is

programmed. For other ways of terminating TOTalize, refer
to chapter 4.

NOTE

Safore making any signal connections, you should enter the

example program to ensure that it is syriactically correct ferror free)
O YOur instrumertt controfer.

INPUT SIGNAL  The input signal conditioning for this measurement example is as
CONDITIONING  follows:

Event Level: Input levels are TTL. Event level is set ta +1.2V 50

the input signal will transitien through the event level and trigger a
count.

Event Blope: Changing cvent slope hag no effect on totalize
measuremants.

Attenuation: Default (% 1} attenuation is used.
Coupling: D¢ coupling is used.

Impedance: 1 M(} input impedance is used.
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TOTALIZE MEASUREMENT

PROGRAM EXAMPLE
PROGRAM: COMMENTS:
10 ASSIGN @E1420B TO 70506 —  Assigns @E14208 to address TGRS0,
20 QUTPUT @E1420B;,"AST" — Resets the counter to its default state.

30 QUTPUT @E14208;“SENS1 . EVENLEV 1.2"
40 QUTPUT @E1420B;"NP1:COLUIRP DCIMP E6"

50 QUTPUT @E14208;"CONF1:TOT"

60 QUTPUT @E14208,"INIT1"
JOFOR I=1 TO 100
a0 QUTPUT @E14208;"FETC1?"

a0 ENTER @E14208;TOT1

100 PRINT IL"CH-1 COUNT = " TOT1~ "

110 NEXT |
120 QUTPUT @E14208;"AB0OR"

130 END

COMMENTS

Cets event level for channel 1 to +1.2V.

Enables de ecupling for channe] 1 and set=
impedance to 1 M.

Configures channel 1 for totalize
measurement.

Starts chanpe| 1 counting,
Define count: take 108} meazurements.

Transfers channel 1 count to the output
buffer. Counting continues after transfer.

Transfers the measurement from the
output buffer to the input buffer of the
computer.

Displays count on the instrument
controller.

Loop back to 70,

ABORt the measurement. The final vaiue

is Jost. (See chapter 4 for measurement
StartfStop details.)

Terminates program.

Related SCPI Commands: Commands associated with the totalize

function but not discussed in this example are: ABORt, INPut, SENSe,

ARM.
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Totalize Frogramming

Example

The fellowing programming example shows typical command sequences for configuring totalize
measurements,

L0 TR TR TN R R L R P R PPN TR SR F PR P
a0 ! Prograrc Examplo: Tobalize Measurement

iy !

[ ' This pragram Jliustrates several LeChoiiguos Loz Lotaliziog

5 Uevenls wilhk Lhe ELSEO8 Universsl Cowntor - Conbiouration ol

By CoTatalaee 2. Totadiec Doy Foand Totalise Fobw ?ois hoghlighied,
o ,

Al voin s prasumed thart signmols ol proper frequency and amp!inwde
=0 Uoare connecked bo Lhe coanter s Inpal 1. lonpul § omd oATw

102 channels.

11&

126 Thiu program @ds weilLer o EF ZASTC for an BP Sep iows Y000

1ic Ccompelbor,

lql"' [ N N Rl N N NNl NNl E N RN NN ]
LA !

L& 1218 Besalz5i21] PoDeclare string to nold meas. resuln
in !

=17 ! Decerminge the intertuace oddraess ol the Z1440H with =he Hi' El40SE
1an UoComnand Modoke: Lhese S1atomenis rast e cuslomised bor otier
20 D onlronnents .

2:4q Helect pode=? D KEF 13 interface at dGelect tode 7
P Cmd_addr 3 ' WEI Coinmdnd Module ab address 4
A4 F1aul_auidr =4 ! RT428R arn secondary adiizons = dE0R
240 ASSLIGH BELAZOE U0 (Select code 20041 - (Cwd addr=180) 21425 addr
K10 ool Lhe 140 path vida E1405R

LA !

270 DoPeset ond initialize bl oounle:

ABC CHEAR AELSI0L Poleay cho output bofle:

2400 OUTRLT BELAZCD: RN ' Belertr bthe default configuratkion
F4a0 SUTPUT BELA2CD: - *CLE" ' Clear ewvent reglskers, Ir-or DJuEne
3.0 !

1 UoTutallze 1 Messorowent: Manuas Gating

132 L L i T T

1432 ! Tozalize ! opuants the narber of ewvents of the Channe, 1 sigral.,
15T In the following program seqment, the moascrerent iz initiated,
ial cand Lhe gate s openoed andG clomed uruder progran contros.

WL UUThe ainleemediale counl i vead 10 Limes while the gate is

LB ' open, ard che final count s oread afreyr tne gate ian o losod,
90 !

S0 SDITPUT HEL1Q2CLe vt CCME . TOT- ! Contugure o Totalize I reasurenent
GLa GUTPLT 2ELai0h; " i SFERS: EVFEN:SI0OP POR® ¢ Count paoasilive Ch 1 adges
420 DUTECT 2ElGz0h; =AM 5TAM SRR HOLI" ' Open fhe gane ramuaally

1350 CUTPCT BEl4z0b: " ARM: STOF: SCUR ROLD" @ Close bhe gane manwally
4440 !

457 QUTYIT BETG20b, " 1Mire Colmatiatne rhe smaseresrenl

A OUTIUT BELJ20b; " -AKM: STAR: IKM™ | Opan the gace 0 SLAIL counting
1L !

4#0 FOA Samgrles=L TO I0

LN OUTPIT BEIAI0N; 2 FETD? DoQuery LN ointvomediabe roscli

500 EMTEER Brid20b;HescltLs ! iead it

=] PRINT "Totaleze 1: "Resulif:” cournts";" !ipoarmediate count]
=Rt HEXT Samplis " Fepeak 10 times

%30 !

EL OUtPoT BELaZ20bk; AHE:STOE: I¥M° ! (Cloge Lhe gale Lo sbop countiog
250 !

SE0 OUTPIT BElq20k: - FETL™™ Touery the result 1final countd

e FRTER AR1430b: Resc]cs UORead Liw iesuln

5817 FHIMT “Tata.ize L: dlesulTi:t coenatst it [Final counl |-
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Totalize Programming
Example {Continved)

LG

ulo Portwbalize 1 Measuresmonl ;o Taior
wla !
£ !
30 bW e lpobed edowes ol Lhe

Ead
UL

This exasgple perfocrms a "gate
OppoEibe wdies Lor STarbing a

el

AL
-
i ALCpRINg the mEdRUIEment .

razl be counted,
EEN AR T |

TS EL AT T -1
TEAELTEFRELE .

SE7 Sipco tbne CFETORT rpunry terorns the corrant count. tno lniont
L vt WALT sbatement ws o bto provide st et i lay S

Ll D measuTrenEnl o Comporay . hon oensures nhat Rhe final o count
Ll Voln ooy iead, [M an actuel applivalicn. *Wal., '0P0C e *0OFCY
L Vosheuld be uwsed to peziozm thol LuneToon,

JUTRCT
OUTROT
aurer

BELqQiCL; "
ARlaz0n; "
WEL4Z20b;

SCDME T
s LENS: EVEN: SLDT
CRAMETAE SGUT

TEd clrre ey el 2ak; v AR BTOR: SOUR

QUTEUT

BELAL Gkt INIT

HOL WALT 1 !
1t !
HED DUTPEUT @RLAELD; Y FELC

Ao FHTEN G142 0k Hesaled !

TRINT "'Totalize 1: " (RCsulis:
1

the
Lhie cuntiguration
ol

signal during a pulse ol
Locuses
POLATLLLeE
lhatanael

Elle

£

030 o che rchanrel to be countods
gl !

%5 CQUTLUT HELALAL; - O0WF ; TOT" .
LY OUTFELT AE14440k; © SENS : EVEN:5L0F
ann IFTPUT REL420] BT LR
GE WLITELT RELA2S L

nec

0L
L
13z0
1710
1ud0
160
1063
1072
VR
L8
Lo
1210
1220
1740

QAT
SATPROT
1
CUT: I ®EL1GAZ20b: " ZNILT
OUTTIT @FR1420b: - FETI?"
FLTER HAELAA UL Reseil s
FIIKNT "Tobtalize 1 by 2|0 :

BEl4:zCh; "
WETRYE ;"

tAEM:ETAR: SOUR
SREMGETLP - EDUR

S L

CUTPET @R1400; " INIT®
LT QElS20m: " e
ENTER AEld230; lkesulLy
PRINT "ToLacial 1 by #]-1:

L
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cne Thannel 2 gating paise.
suffixc for rre gate polarity command musth Sorraapond

LLTOT GRTE PO NORM !

HMeasure diering the negative polarity of Chanoet
QUTEUT REL4XAGL; T SEMSL:TOT :GATE: POL

TrARguLlLE

tonfigure a Totalize 1 Toasuroment
EHE Count paesstawe Ol 1 ethgen
EAT:SLOF PCSS ! BrLari o0 posicive
edgqe ot Armosional
SO e et el
cdye ol Arm sional

ZAT: ZLOF NEC™

InibE1Ana TRH Teasitemernt

Allow mufficient time for stars
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Queory the resul:t
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1
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Totalize Programming

Example { Continued}

4o

150 Vortakaliza: & By b Maasurangnt

11690 0 - mmmm-- --- smmm--

1174 ' Tocal.ze * by counts Lhe nember of events ol Lhe CRanndcl

1182 ' sigual during a paisc of rhe (Rannel L oswandl. This examzle
Liae I fopanes on ble copfiguraticon ob Lhis moasurement . Mot That
a0 tne SERJeY:FUMNCtion “TOTalize  command not CONFLGurs] s
L2l Colae pnwdd o oselect Lhii meaRsrement tuanoiioen.

1a2.E0 !

1230 OUTPDT @2lazdb; " (SENS2:FUNC  Ta7 - © Jonfbigere a Voralice 2 meuas.
1740  OUTRCT YE1420k: ' : SENSY (EVER; SLOP PUNT ¢ dount poisilive Oh ¢ cdges
1255  OUTPUT 2E1d230; " :SENE;TCT:CATE:5TAT ON- - Lount during a positive
1460 QUTPUT #E}A2ChL: - SEMED TGATEPCL HORM-'  pulse of Ol

L0 OITEUT REZAZObL; T ARMoETAR-S0UR IMMT 0 Do wot nhihit the On ol
1280 OUTErT BEI4AZOL, - ARM:STOP-ISOUR IMMY ' ganing sigral wito armong
1290

1380 COTPUT YEle29b: " TKITZES Dolnibiatne the moasunedent

1312 DQUTDUIT HYElqaZdbp; ~:-bPRTCET oQaery TRe aasuib itingl countd
132 EMTER WE.4#CD;BesulLl = Feadd che resuls

3130 PRIMNT “Totalize 2 by 11-1: Rasuwlii;” counts”

13qu !

iin0 ENG oo
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Risa/Fall Time
Measurement

EXAMPLE: MAKING A TIME

3-18

MEASUREMENT

INPUT SIGNAL
CONDITIONING

Using the HP E14208

The following summarizes the BT1Me {or FTIMe) function:

+  Rise/Fall Time can be measured via channel 1 only.

s Channel 2 cannot be used when channel 1 1= measuring
rise/fall time because Lhe counter channels are routed in
COMMeon mode. You have input signals connected to all inputs.

»  All settings for channel 1 become active for channet 2.

#  Measurement range is 13 nsec to 1 ms.

+ See chapter 5, STATus sybsystern, for information on overflow
indication.

This uses the counter to measure the rise time of an input signal.

NOTE

Before making any signaf connections, you should erter the
example program to ensure that i is symactically correc! (error free)
an your ingtrumesnt controfier,

# The input to chiannel 1 is expected to be 2 1 MHz sinusoidal
signal.

The input signal conditioning for this measurement example is as
follows:

Event Lovel: Using the MEAS ¢ommand causes the counter to
turn avto triggering ON. Channe! 1 event level is programmed at
10% (90%.) and channel 2 event level is programmed at $0% (10%)
for risetime {fallfime).

Event Slope: Event slope is set to positive by defau!t (for both
channels).

Attenuation: Default (» 1} attenuation is used.
Coupling: Ac coupling is uzsed.

Impedance: Input impedance is 500,



RISE TIME MEASUREMENT
PROGHAM EXAMPLE

PRAOGRAM: COMMENTS:

10 ASSIGN @E1420B TO 70906 —  Assigns @E1420B to address T0906.

20 QUTPUT @E1420B“*RST" — Resets the counter to its default state.

30 QUTPUT @E 14208, " INP1: COUP ACIMP 50 — Sets ch 1 input coupling to ac and input
impedance to 502

40 OUTPUT @E1420B;"MEAST:RTIM? DEF, DEF, 1£-6 1E-9* — Configures channel 1 for rise time
measuremeant, selects default values
for trigger levels (10%, 90%), and sets
the expected risetime with a
resclution of 1E-9 secopds. Performs
the actus| measurement, then
transfers the measurement results to
the cutput buffer.

s ENTER @E1420B:RTIM1 — Transfers the channel 1| measurement
from the output buffer to the input bufler
of the instrument controller.

&0 PRINT RTIM1 — Displays measurement on the instrument
controller.
70 END -~ Terminates program.

COMMENTS  Measurement Time: Time needed tc complete the measurement is
dependent on both the signal input rise/fall time arnd the resolution
specified. See chapter 4, Understanding the HP E1420B Universal
Counter for additional information.

Related SCPI Commands: Commands associated with riseffall time
measurements but not discussed in this example are: ABORt,
CONFigure, FETCH?, INITiate, READ?, SENSe, and ARM. The
command FALL:TIMe is identical in function to FTIMe and the
sommand RISE: TIMe is identical in function to RTIMe.
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Voiltage Measurement

EXAMPLE: MAKING A

VOLTAGE MEASUREMENT

3-20

INPUT SIGHAL
CONDITIONING

Using the HP E1420B

The following summarizes the voitage measurement functions:

s Ac — Ii the input signal is sinusoidal, then the AC command
mmeasures the rms value of the input signal.

s Dt Measores the offzet voltape present on the input signal.

s Min/Max —The MINimum command reportsimeasures the —Ve
peak of the input signal, and the MAXimum command
reports/measures the +Ve peak of the input signal,

a Voltage measurements are made on channel 1 or 2.

# Minimum and Maximum voltage measurement= are made with

Auto triggering ON {cannot be disabled).

This example uses the counter Lo measure all voltage parameters of the
input signal.

NOTE

Before making any signal connections, you should enter the
example program 1o ensure that it Is syrachcally correct {error
free} on your instrument controlier,

» The input signal te channed 1 is expected to be 0.5 volts {1 Vp-pt.
Event Level: Automatically configured to Autotrigger ON
Event Slope: Not used
Attenuation: Defzult {x1) attenuvation is used.
Coupling: Dc {default)

Impedance: 500



VOLTAGE MEASUREMENT
PROGRAM EXAMPLE

PROGRAM:

COMMENTS:

10 ASSIGN @E 14208 TO FO805
20 OUTPUT @E1420B,"*RET"
30 CUTPUT @E1420B;"MEAS:MIN?*

40 ENTER @E1420B: W1

50 PRINT W1

60 QUTPUT @E1420B;"MEAST:MAX 7"

70 ENTER @E1420B,V2

80 PRINT V2

20 QUTPUT @E14208;"MEAS1:AC7"

100 ENTER @E 142082

110 PRINT V3

120 CUTPUT @E14208*“MEAST:DC?

130 ENTER @E14208,V4

140 FRINT V4

150 END

Assipns E1420B to address 70906,
Resets the counter to its default state,

Reports the —Ve peak of the input ac
signal with “implied” channel 1.

Transfers the channel ! MINimum voltage
measurement {rom the output buffer to
the inpul buffer of the instrument
controller.

Displays the MINimum measurement on
the instrument controller.

Reports the +Ve peak of the input ac
signal.

Transfers the channel ] MAXimom
voltage measurement from the cutput
buffer to the input buffer of the
instrument controller.

Displays the MAXimum measurement on
the instrument controller.

Reports the ac rms veltage of the input
signal.

Transfers the channel 1 AC voltage
measurement from the cutput buffer to

the input buifer of the instrument
controller.

Displays the AC voltage measurement on
the instrument controller,

Reporis the dc offset voltage present with
the input signal.

Transfers the chanpel 1 DC voltage
measurement from the sutput buffer tn
the input bufler of the instrument
controller.

Displays the DC voltage measurement on
the instrument controller.

Terminates progratn,

COMMENTS  Related SCPI Commands: Commands associated with all voltage
measurement functions but not discussed in this example are ABORE,
SENBe, ARM, CONFigure, READ?, INITiate, and FETCL?
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Understanding the HP E1420B Universat Counter

CHAPTER GUIDE  This chapter provides a comprehensive descripticn of the operating
characteristics of the HF E1420B Universal Counter. All measurement
functions are explored with detailed procedures that include SCPI
message examples and resuits interpretation. [n addition, input
triggering, sensitivity, and hysteresis are explained for various
measurement situations.

The experienced operator who is familiar with Hewlett-Packard SCP]
iostrument technology, can refer directly to chapter §, "Dictionary
Command Reference” for complete E1420B programming details.

Where To Find » Aperture Time and Resolution . . . . . . . . . .. pE- 4-33
Important Topics s Configuration Tasks . . . . . . . . . .. .. ..., pe 4-3
e Defzult Parameters . . . . . . . . ... 0, pE 42
+ Frequency Measurements . . . . . . . . . . . .. pe 4-11
« [nput Attenuation . . . .. .. ... .. ... ... pg 422
# Period Measurements . . . . . . .. .. ... ... pg4ll
& Pulse Width Measurements . . . . . ... . . . . pg 4-12
« RatioMeasurements . ... ... ... ... .. . pg 413
# Rise/Fall Time Measurements . . . . ... . . .. pg 413
& Time Interval Measurements . . . . . . . . . . . . pg 4-14
= Totalize Measurements . . . . . . . . . . . ., pe 4-16
s Voltage Measurements . . . . . .. ... ... . pg 417
Chapter Summary « Counter Configuration and the
Measurement Procedure . . . .. . . . .., _pg 42
« Making Measurements With SCPI . . . . . . . . | .pg 4-5
¢ Measurement Functions . . . . . . . . ., .., pg 4-10
» Input Sighal Conditioning . . . . ... .. . .. . pg 418
s Arming The Counter . . . . . .. . ... . ... pg 428
» Measurement Resolution . . . . . . . ... . pE 4-32
e Cutput Formats . . . . . ... ... .. ... .. pg 434
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COUNTER

CONFIGURATION AND

4-2

THE MEASUREMENT
PROCEDURE

HP E1420B
Configuration

Counter configuration is diseussed first followed by a brief summary of
measurement procedure recommmendations and counter parameters
you'll need to consider when writing SCPI program messages.

The HP E1420B makes a measurement when configured (set up) by the
parameters sent from your SCPI program message Various input and
reasurement command parameters can take on different values.

Tuble 3-2 shows the commands you can program along with their
default values. The vaines shown define the counter’s power-onfreset
confipuration.

Three SCP] commands let you “lock at” or “measure” a sighal of
interest. They are MEASure, CONFigure, and SENSe. The MEASure
command is the simplest to use and typically involves the least
programming The SENSe command has more programming “options”
as part of its subsystemn that allow it to “search” for very specific signals
with greater speed.

A MEASure or CONFigure command (discussed in the next section}
automatically sets the parameter configuraion based on the function
speciflied in the command. Not all parameters listed in Tabie 3-2 &re set
by the MEASure or CONFigure command.

The configured parameters determine the measurement process for a
specific counter function. The process controls events that occur in the
counter’s hardware from the moment an input signal is detected at the
front end until measurernent results are stored in the counter’s cutput
buffer or sent back to the controlier.

The remaining sections of this chapter present the HP E1420B set-up
and operation in a sequence similar to the way you would use this
instrument if front panel switches and controls were present (see
Figure 4-1,

Exact details of SCPI commands, options, and parameters are contained
in chapter 5, *Dictionary Command Reference”. (The actual order of
set-up znd measurement events within the counter is 2 function of the
SCPI command tree structure/syntax and the counter’s firmware. )
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Figure 4-1. Overall SCPI Measurement Fiow

HP E1420B  Your counter measurements may be more successful if you foliow these
MEASUREMENT simple puidelines:

PR DURE
OCE L. Assess the kind of signal you wani to measure: its amplitude,

frequency; is it periodic? This information lets you set the input
signal conditioning, trigger level, and which channelis) to use. You
may also consider how complex your measurement is and what
SCPI command subsystem is appropriate for it (MEASure,
CAONFigure, or SENSe).

2. Determine the type of measurement you need to make FREQuency,
PERiod, TOTalize, PWIDth {positive pulse), NWIDth (nepative
pulse), TINTerval (time intervall, RATio, RTIMe/FTIMe (rise/fall
time), or AC/DC/MINimumMAXimom (voltage). (Channel 3 is
limited to frequency, period, or ratio measurements). Refer to the
Measurement Functions section of this chapter for more detailed
information.

3. 5et the input signal conditioning parameters for channels ] and 8-
{channel 3 input characteristics are fixed). Hefer to the Input
Signal Conditioning section of this chapter for more detailed
information.

4. Set the appropriate trigger level and sensitivity (HYSTeresis) if
nécessary (to ensure that baseline noise doesn't initiate a
meastrement). You can put the counter into AUTO triggering mode
with SENS:EVEN:LEV:AUTO ON. Refer to the Input Signal
Conditioning section of this chapter for more detailed information.
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Set the counter arming if applicable (ensure that the ARM cotmmand
parameters match the arm inpot signal source and level). Hefer to
the Arming The Counter section of this chapter for more detailed
information.

Set the measurement resolution if desired. Refer to the
Measarement Resolution section of this chapter for more detailed
information.

Muake the measurement with the MEASure, CONFigure, or SENSe
commands: (explained in the next section). (When using CONFigure
or SENSe, you'll also need to use READ? or INIT/FETCh? as
explained in the CONFigure and SENSe sections .}

Assess the resulis of your measurement. Refer to the Output
Formats section of this chapter for more detailed information.

Understanding the HP E1520B Universal Counter



MAKING
MEASUREMENTS
WITH SCPI

¥ou can customize measurements for your needs by using SCPI's three
different measurement command “levels” to select and perform a
measurement. The HP E1420B is fully compatible with SCPI Rev.
1990.0. The resulting command capability gives you these performance
advantages:

= You gain greater programming flexibility,
*  You can uvse the complete feature set of the HP F14208,

= You can trade measurement speed/versatility for automalic
parameter configuration convenience and vice-versa,

= You can alse trade functional instrument compatibility for
complete cantrol of the counter's hardware.

For example, the MEASure, CONFigure, and SENSE commands can be
used to make a frequency measurement. For example, the MEASure or
CONFigure command avtormatically selects the aperiure (Gate time)
required to obtain a desired resolution.

The SENSE command lets you custemize your measurements if the
MEASure and CONFigure default values aren'l appropriate for your
needs. When custormized, this way, your measurements gain precision
and can execute faster by using the READ?, INIT, and FETCH?
commands (see Figure 4-2),

Althouph an extra command is required for CONFipure, the counter's
actual set up changes little when using either MEASure or CONFigure.
These two commands set measurement functicn along with aperture
time or expected value. The determination results from the
programmed {or default) expected value and resolution.

The MEASure and CONFigure commands are signal-oriented. When
using these vormmands, the counter automatically sets required
measurement parameters to make the measurement as rapidly as
possible,

The SENSe:FUNCtion cormmmands are hardware-criented. When used,
the counter's zbility to automatically set neceasary measurement
parameters and techniques is disabled. Measurements are performed
using the techniques you specify, and all necessary parameters are
under your control, for example:

The MEASure, CONFigure, and SENSe:FUNCtion commands can each
set up a FREQuency measurement. The MEASure or CONFigure
command automatically selects the aperture (Gate) Lime required to
obtain nine digits of resclution, but the SENSe:FUNCtion command
requires ¥ou to choose a specific APERture time.,

Figure 4-2 illustrates how the MEASure, CONFigure, and
SENSe:FUNCtion commands differ in how they are used with READ?,
INITiate, and FETCH? commands, and how they ALL perform the
same measurement and get the data to the output bufler.
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Figure 4-2. SCPI Measurement Capability
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The MEASure, All HP E1420B measurement functions can be performed using the
CONFigure, and SENSe  MEASure command except for TOTalize. All measurements can be
Commands  configured with the CONFigure and SENSe commands, but at least one
additiohal command must then be used to initiate the measurement.

USING MEASure  Use MEASure to take a measurement automatically after the
configuration {primarily input signal conditioning) is set. No additional
command is needed to initiate the measurement or store the results.
{Exact details of SCPI commands, options, and parameters are
contained in chapter 5, "Thetionary Command Reference™ ) Wou can
select and perform a measurement with this command string:

MEAS <function=?
where <function= is one of the following

FREQ for frequency measurements

PER for period measurements

PWID jor) NWID for +pulse width measurements
TINT for time interval measurements

RTIM {or} FTIM for riseffall time measurements
FRE{QRAT for ratio measurements
MIN/MAXACIDE for voltage measuTements

For example, executing MEASure as:
MEASZ2.FREQ7? 1E7, 10

makes & measurement on input charnel 2 setting the function to
frequency, the target frequensy to 10 MHz, and the resolution to 10 He.
The remaining commands are as shown in Table 3-2 or as you've set
them pricr to the MEASure command.

The resulting measuremeant data is stored in the output buffer of the
counter. An ENTER statement can be used to transfer this information
to the contreller.

USING CONFigure  Use CONFigure when you need to specify a measurement function prior
to the READ? or INIT/FETC? commands. You will alse need to use
CONFigure for TOTalize measurements. (Exact details of SCPI
egmmands, options, and parameters are contained in chapter 5,
“Dictionary Command Reference”. ) CONFigure only sets up the
configuration, and does not perform the measurement.

You can zelect 3 measurement function on input channel 1 with this
command string:

CONF1 <function:

Understanding the HP E14208 Universal Counter 4-7



where <function> is one of the following

FREG for freqguency measurements

FER for period measurements

TOT for totalize measurements

PWID {or) NWID for positive/negative pulse width measurements
TINT for time interval measurements

ATIM {or) FTIM for riselfall time measurements

FREQ RAT for ratio measurements

MIN/MAXSAC/DC for voltage measurements

Once the selected measurement is configured and any acdditional
parameters are added, the measurement is performed using a READ? ar
INITiate command.

USING SENSe  Use the SENSe command when von need to configure not only the
measurement function but also special characteristics of the input
signal. Aperture time for FREQuency, PERicd, or RATio and gate
options for the TOTalize function may also be s2t up. {Exact details of
SCPI commands, options, and parameters are contained in chapter 5,
“Dretionary Command Beference” ) You can specify these additional
parameters as {oilows:

a For frequency, peried, and ratio measurements, allows you to set
aperture time and expected value.

» For time-interval measurements, allows you to set and enable a
delay time.

» For totalize measurements, allows you to set up GATE
characteristics.

» For the EVENL parameter, allows you to specify input trigger
charactenistics.

« For all measurements, lets you set 100 gate average mode.

SENSe only sets up the configuration, and does not perform the
measurement You can select a measurement function for input channel
1 with this command string:

SENS1:FUNCrion “function”
where <function> iz one of the following:

FREQ for freguency measurements along with APEHRture titne
PER for period measurements along with APERture time
TOT for totalize measurements along with GATE:<options»
PWID {or) NWID for *+pulse width measurements

TIMT for time interval measurements

RTiM (or) FTIM for riseffall time measurements

FREG:RAT for ratic measurements along with APERture time
MIN/MAXAC/DC for voliage measurements

Once the selected measurement is configured and any additional

parameters are added, the measurement is performed using a READ? or
INITiate commeand.
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The INITiate, READ?,
and FETCh?
Commands

USING READ?

USING [NITiate

USING FETCh?

After vou've configured a measurement with CONFigure or SENSe use
READ? or INITiate/FETCh? to perform the actual rmeasurement.

READ? performs a configured measurment and transfers the result to
the counter’s output buffer. READ? cannot be used on totalize or gated
totalize measurements. If a READ? is attemped on an unconfigured
channel, an error will be generated. You can perform and read a
configured measurement with this command string:

READN? where i = the channel number (1, 2, or 3)

An P BASIC ENTER statement can be used to transfer this data to
the controller.

INITiate performs the configured measurement immediately for cne
measurement cycle or continuously if specified. The measurement
results are not availakle in the counter's cutput buffer after INITiate
has executed. The INITiate command must be used with CONFigure or
BENSe followed by FETCh? for totalize or gated totalize measurements.
You can perform the configured measurement with this command string:

INITn where nv = the channel number (1, Z, or 3}

After a measurement has been INITiated, you'll need to use the
FETCh? command to transfer the measurement data to the counter’s
cutput buffer. An HP BASIC ENTER statement can be used to transfer
this data Lo the controller.

FETCh? loads the results of the most recent measvrement inte the
counter’s output buffer. You must precede this command with seme
SCPI measurement configuration program string and the INITiate
cotnmand ir order to get data with the FETCh? command. You can
perform this command with the following command string:

FETCn? where n = the channel number (1, 2, or 3)

An HP BASIC ENTER statement can be used to transfer this data to
the controlier.
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MEASUREMENT  The following paragraphs describe how the counter performs in each of

410

FUNCTIONS  the seven measurement modes:

= Frequency

« Period

s Pulse Width

s Ratin

s Rise/Fall Time

s Time Interval

s Totalize

s Yoitage
For each measurement mode of the counter, the range, available
channels, and operation are described. The Least Significant Digit
{L5D) measuvred, Hesolution, and Accuracy are described and specified
in Table A-T of Appendix A Figure 4-3 shows the SCPI program task
flow comman te all measurement Jevels and functions, (Exact details of
3CPI commands, options, and parameters are contained in chapter 5,
“Dictionary Command Reference” )

CHOOSE MEASUREMENT SELECT CHOOSE MEASUREMENT PEAFOAM
CAPABILITY: CHANNEL: FUNCTION: MEASUREMENT:
..Em.lm . PN ) -

irer<n: Riing 1,203 4 {AD. OO FREQ, PEA. AAT, MEAS [options)
CONFigurecne B TOT, TINT, PWAL, MAX, IMIT, FETGR?,
SEMNSe<n> FUNCHan MIN, NWID, RTIM, FTIM) READn®*
FCSCP T3l

Figure 4-3. SCPJ Measurement Configuration Flow
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Frequency/Period
Measurements

MEASUREMENT
DEFINITION AND RANGE

PROCEDURE

INPUT SIGMNAL
CONDITIONING

CHAMNELS 1 AND 2
TRIGGER LEVEL

CHAMNEL 3 TRIGGER
LEVEL

GATE (APERture) TIME

The frequency/period measurement function is specified as FREQ/PER
respectively. All three counter channels (Channel 3 optional) can
measzure {requency or period. Table A.] describes the exact
specifications for these measurements.

The HP E1420B makes frequency measurements on repetitive input
sighals between the frequency limits shown below. Input signals are
received through input channels 1, 2, or 3.

The frequency range for each channe] is:
« Input 1: 0.001 Hz {0 200 MHz
» I[nput 2: 0.901 Hz to0 100 MHz
» [nput 3: 90 MHz to 2500 MH:z

You can make frequency {or period} measurements by simply
connecting a signal o one of the inputs and executing a syntactically
correct SCP] frequency measurement program message. Refer to the
Frequency/Period Measurement program example in chapter 2 for a
typical example of a SCPI lrequencyiperiod measurement programming

S UBTICE.

Input signal conditioning is setup by using one or more of the SENSe,
and INPut commands. For low amplitude signals on inputs 1 and 2, the
sensitivity may be changad by using the LEVe] and HY3Teresis
parameter of the SENSe:EVENt command. For higher amplitude
signals, the INPut:ATTenuation command may be used.

You ean adjust the optimum trigger level for input chanpel ! and 2
frequency measurements by use of the SENSe command and
parametersioptions. Trigger leve] range is —10 V1o +10 V in 2.5 mV
steps. The trigger slope is selectable for either POSitive or NEGative.

Event triggering is indicated by the flashing LED next to each input
channel connector. An optimum trigger point is usually on that

part of the wavelorm where voltage change 15 most rapid. This
trigger point will define the trigger lavel. (Refer to the trigger level
discussion for more details about trigger level and hysteresis.) The
SENS.EVENt:LEVel parameter query gives you the currently
programmed trigeer level

The trigger level {for input channel 3 is fixed at 0 V nominal Channel 3
shares the measurement trigger display LED with inpuat channel 2,

The gate time (APERture) range is one millisecond to 99999 seconds (in
| millisecond increments) and may be determined by using the APER?
guery. Frequency/Period is averaged over the gate time. When expected
vajvue and resolution are provided, the counter automatically determines
the aptimum gate time. If the programmed gate time is shorter than the
input signal period, the actual gate time is increased te the signal
petiod.
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Pulse Width
Measurements

MEASUREMENT

DEFINITION AND RANGE

CqQHHLL i P

The pulse width measurement function is specified as PWIDth or
NWIDth. Only channels 1 and 2 can measure pulse width.

The HP E1420B makes pulse width measurements on repetitive input
pulse signals between 5 ns and 1 ms as shown in Figure 4-4. Input
signals are received through input channeis 1 or 2. Autotrigger is
automatically enabled for puise width measurements unless specifically
disabled. The default pulse wirdth trigger level is 50% of the peak tnput
signal amplitude.

Pulse width measurements are not dependent on gate time. Greater
resolution can be obtained by selecting 100 Gate Average mode via the
SCPI “SENSe:AVERage ON” program message string.

4170

BERI ERE R e KT R R - - ¥ PN - - . TQGGEQ

hEvEL
(S0%:

CAASME_E ST SRIGRAL MOSSAGE: TWE - ST P T

4-12

PROCEDURE

INPUT SIGNAL
CONDITIONING

Figure -4 Pulse Width Measuremtent

You can make pulse width measurements by simply connecting a signal
to one of the inputs and executing a syntactically correct SCPI pulse
width measurement program message. Refer to the Pujse measurement
program examples in chapter 3 for typical examples of SCP! pulse
Imeasurement programming sequence.

Input signal conditioning is set up by using one or more of the SENSe
and INPut commands. For low amplitude signals on inputs 1 and 2, the
sensitivity may be changed by using the LEVel and HYSTeresis
parameters of the SENSe:EVENt command. For higher amplitude
signals, the INPut: ATTenuation command may be used.
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Ratio Measurements

MEASUREMENT DEFINITION

PROCEDURE

GATE TIME

Rise/Fali Time
Measurements

MESUREMENT DEFINITION
AND RANGE

PROCEDURE

The ratic measurement function 15 specified as FREGQ:RAT. Three input
channe| combinations are permitted for RATio measurements:

s Input 1 with respect to Input 2,
» Input 2 with respect to Input 1,
& Input 3 with respect to Input 1.

The Ratic measurement function provides measurement of the ratio
between two frequencies. The HF E1420B measures the frequency ratio
of signals on Input 1 in relation to signals on Input 2. Both input
channels have 3& mV rms sensitivity up to 100 MH:z, Although the

HF E1420B can measvure and report ratics of less than 1, the higher
frequency must be connected to the channe! listed in the numerator ta
meet the speciflications. Note that Input 3 is prescaled by 64 internally.

You can make a frequency ratio measurement by first routing signais
simultanecusly to input channels 1 and 2. Then, execute the
FREQ:RATio measurement function within a syntactically correct SCFPI
program message that includes the appropriate input signai
conditioning.

The FREQ: APERture time determines the resclution by selecting the
number of syelas of the Input 2 signal over whish the ratio is measured.
Increasing aperture time or increasing the signal frequency at Input 1
results in greater resolution of the measurement.

The rise- or fall-time measurement function is specified as RTIMe or
FTIMe. Galy chanrel 1 can measure rise or fall time. The input signal
must be repetitive,

The Rise- or Fall-time measurement {unction automatically configures
the counter to perform either rise- or fall-time measurements, via

the Input | connector, as shown in Figure £-5. Rise- or Fall-time
measurements can be made from 15 nancseconds to 1 millisecond. The
COMMoaon and Aute-trigger modes are automaticaliy selected. In this
way the coupter automatically iccates the 10% and 90% points of the
input signal, and sets the trigger levels accordingly.

Signal routing in TOMMon mode cannot be disabled when the

HP E14208 is making Rise- or Fall-Time measurements. The automatic
level sensing can be disabled by specifically programming trigeer levels
as parameteres. Actual gate time is controlled by the riseffall time
interval. Greater resolution can be vbtained by using 1900 gate average
mode via the SENSe subsystem,

You ean make a rise- ot fall-time measurement by first connecting a
sipnal to input channel 1. Then execute either the RTIMe or FT'IMe
measurement function within a syntactically correct SCPI program
messape that includes appropriate input signal conditionmg. Channel 2
i= configured to match channel 1 input signal copditions.
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Figure 4-5. Rise!Fall Time Measurements

Time Interval  The time interval measurement function is specified as TINTerval. Only
Measurements  channels 1 and 2 can measure time interval,

MEASUREMENT  The HP E1420B can make single-shot and average time interval
DEFINITION AND RANGE  mesasurements programmed over a range of I nancsecond to 1,000
geconds. The minimum START/STOP pulse width is 5 nanoseconds.

The time-interval function of the HP E1420B measures the length of
time between a START signal at input channel | and 2 STOP signal at
input channel 2, as shown in Figure 4-6. The START and STOP signals
may be derived from separate signal sources, or they can originate from
the same source. Trigger levels and slopes can be varied independently
for each channel using the SENSe command as follows:

SENSn :EVEN.SLOP POS
SENSn EVEN:SLOP POS (where n = 1 or 2)
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Figure 4-6. Time Interval Measurement

You can make time-interval measurements between bwo events when bath
the start and stop events are derived from the same input signal. Simply
connect the signal to Input Channel 1, and use the “INPut: ROUTe
COMMon" SCPI message string to select the common input 1 mode.

If you want to make time-interval measurements between two events on
separate input sipnals, connect the signai with the start event to Input
Channel 1, and the signal with the stop event to Input Channel 2. The
appropriate ipput signal conditioning may then be selected. Ensure that
the counter is not in COMMon mode.

The SLUPe parameter (POS or NEG) determines whether the trigger
point for the START or STOP signal will be on the rising or falling edge.
Aute Triggering wmay be used for a repetitive input signal.

The time interval delay measurement function is similar to time
interval measurement function, but with the following additional
control. The SENSe:TINTerval. DELay: TIMe <time value> and
SENSe:TINTerval:DELay:STATe ON command strings used prior ta
TINTerval, insert a variable delay between the START (Input 1) event
and the enabling of the STOP (Input 2) event, as shown in Figure 4-7.
Potential STOP events are ignored during the specified delay. The
counter completes the measurement on the next STOP event after the
delay time has expired.
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Figure 4-7. Thne Intervol Deloy Measurement

Totalize Measurements  The totalize measurement function is specified as TOT.

MEASUREMENT  The HP E1420B totalizes events up to a counl of 102 _1_Input signals
DEFINITION AND RANGE are received through input channeis 1,2, or 3,

Totslize measures the number of counts (events) received through input
channel L. The count is accumulated from inpul eycle to input evele and

can be reported by vaing consecutive FETCh? queries. Totalize is
tndependent of the APERture time setting,
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You can also program the counter {o give you the number of ecunts
it received on one channel during a single count oo the other
channel. This vperation is ealled “TOTalizing-by-GATE" mode. Refer
to chapter 5 for more details.

PROCEDURE  You can make totalize measurements by simply connecting a signal
to one of the inputs and executing a syntacticaily correct SCFI
measurement program meszage. Kefer to the Totalized
Mcasurement program example in chapter 3 for a typical example of
a SCPI totalize mezasurement programming sequende.

INPUT SIGHAL  The appropriate input channel selection (1 or 2), GATE state
COMDITIOMING  1ON/OFF) and input signal conditicning (Input impedance/eoupling)
are set up by using one or more of the MEASure, SENSe, and 1NPut
commands, Fer lnw amgplitude signals on inputs 1 and 2, the
sensitivity may be changed by using the LEVel parameter of the
SENSe commands.

TRIGGER EVENT  The rigper slope setung for the selected measurement channel determines
whether the rising or falling edge of the input signal is counted. Trigger slope
is specified by the [:SENSe] 21 EEVENGSLOP: <slope> command.

ARMING AND GATING Events are counted white the mezsurement gate is open. Arming options
synchronize the gaie with input evenis by controlling when it opens and closes.
The schected totalize funclion establishes the parhicalar iming relationship
betwean arm events and the measurement gale.

When Tutalize | is selected. the stan arm and stop arm evenls open and closc
the gaie, respectively. They are specified by the (ARMSTARLSOURce
<gvent> and (ARM:STOP S0URce <ovent> commands {sex Figore 1),
Measurements can be synchronized with an exiernal signal by selecung either
EXTernal or TTLTrg as the arm evenl. IMMediate, HOLD and BUS oplians
are intended for applicattons requiring less precise conteol. For convenicnoe,
IMMediare stap arming s aliased (o HOLL, botk options inhiba the closing of
the gate until the (ARM:STOP:IMMediale command is issued.

LCONFgure1: TOTanza
or

Gt Opeen
BENSAT FUNCuoe “TOTahze” [ i J
:EEMBa: TOTaliza:GATE:STATe QFF

‘SENSET EVYEMNLSLOPe POSive NEGaIwe

e P T FL L L L

Hens

o ‘&
38 &3
Sturt Acn Slog AT
‘RAM STARESOURCE <evenl > ARMETOP SMMHce <avent=

Fipure 1. Totalize 1 Measurement
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When either Totalize by 2 o7 Totalize 2 by 125 selecicd, the gate is directly
controlied by the signal conneeted 16 the aliernate mput channel. Start and swap
arm events enable recopnition of the paung signal. Conseyuently the sequence
af alart acm. gate wpen, sop orm and gate close events must occur for these
measurements to complete, If IMMediate start and stop arming are specified,
the gaung signal alone contrels the duration over which evenis are counted
{5¢ee Fipures 2 and 3).

CONFiguret : TOTahze
L

BEMSe :FUNMGHhon " TOTAlize" . ]
BENSe TOTalze:GATE. STATE ON wate Cl_p_gu

(SEMNSe EVENESLOPa POSihve HEGawwe

CEIE SR I D I e R B |

5y 16
]
9% nd B3
SEMSeY TGTalze:GATE: 2§
POLanty MORMAL =1 "
L4
B
Channe! 2 Sugoal ‘-“E
L]
=g
SEMNEaL: TOTalize:ZATE ik
POLanty INVered
et dem Shop Amm
ARMSTAREESQURES <pven> ARMSTOP SOURCA < Aven»

Figure 2. Totalize 1 by 2 Measurement

:SENSe2 FUNCTion "TOTalize"
SENSe TOTalize: GATE: STATe 0N

;
g

:SENSeZ EVENLSLOP: POSIUve NEGalive

ewnzsow [ L L ML

&
|
1

& wi
5E 3% =8
‘BEMNCe2 TOTee:GATE. | 27
FOLarty NORMAL oa @
. , gy
Channat [ Signal : g
ShMSE2 TOTalze:GATE: i 35 |
POLanty IMVamed
Stan Arm Stop Arm
AAM-STARL SOHUACe <eyant: "AHM STOF: S0UPRCe <ovant=

Figure 3. Totalize 2 by 1 Measurement
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Reading Measurement The :FETCh? query should be used te query the totalize
Results measurement result. Issuing this query while acquiring a Tetalize 1
by 2 or Totalize 2 by 1 measurement generates a request for the
final count. The final count is returned after the measurement gate
has closed.

The Taotalize 1 function allows data to be read "on-theflv." When
the :FETCh? query is issued, the counter returns the current count.
An intermediate count {"subtotal"} is retorned if the gate is open;
the finai count 15 returned if the gate has closed. Reading an
intermediate count neither halts the measurement nor resets the
count.

For all totalize functions, the final count is automatically cleared
when the next measurement is initiated. A count of zero is returned
for the case where the gate opens and closes bul no Lrigger cvents
are detectad.

Synchronizing Measurement In many applications, ooy the final count of a Totalize 1
Completion (Totalize 1) measurement is desired. Querying the result after the
measurement gate has closed cnsures the proper respimse.

A petentizl problem occurs when an external signal closes the gate.
In this case, the timing relationship between the stop arm signal
and the :FETCh? query may not be readily apparent.
Measurement/:FETCh? synchronization can be maintained by the
*WAI and *0OPC commands and the *0PC? query. These commands
suspend execution of the data retrieval operation until the
measurement is complete, MNote, however, that the "on-the-fiy”
mode is disabled. Consult the overview of IEEE 488 2 Comman
Commands in Chapter 5 for details on the functions of these
commands.
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FROCEDURE

INPUT SIGNAL
CONDITIONING

You can also program the counter to give you the number of counts it
received on one channel during a single count on the other channel. This
operation is called “TOTalizing-by-GATE” mode. Refer to chapter 5 for
mere details.

You can make totalize measurements by simply connecting a signal to
ane of the inpots and executing a syntactically correct SCPI
measurement program message. Refer to the Totalize Measurement
program example in chapter 3 for a typical example of a SCP] totalize
Teasitrement programming sequence.

The appropriate input channel selection {1 or 2), GATE state (ON/OFF}
and input signal eonditioning (Input impedancefcoupling) are set up by
using one or more of the MEASure, SENSe, and INPut commands. For
low amplitude sipnals on inputs 1 and 2, the sensitivity may be changed
by using the LEVel parameter of the SENSe commands,

The veltage measurement funection is specified as
ACDC/MINimum/MAXimum. Only channels 1 and 2 can measure
voltage. Channel 2 cannot measure 0 Hz (de).

The HP E1420B measures input signal ac rms voltage from . 1V to 5V
when x 1 attenuation is used. A dc offsel, if present, can be measured
from -10 te +10 volts. The maximum frequency is 20 MHz, Use of = 10
attenuation will multiply the voltage measurement range accordingly.
However, you need to scale the results accordingly.

You can make voltage measurements by simply conneceting a sipnal to
input 1 or 2 and executing & syntactically correct SCPI measurement
program message. Refer to the voltage measurement program example
in chapter 3 for a typical example of an SCPI voltage measurement
Programming seguence,

The event level is automatically set with Autotrigger ON,
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INPUT SIGNAL
CONDITIONING

Input 1 and Input 2 of the HP E1420B include several programmable
input signal conditioning controis. Input 3 has a fixed set, of input signal
conditioning values. The major elements of the circuitry for each input
channe] are the amplifier and input trigger blocks.

The input trigger converts the analog output of the input amplifier toa
pulse train, compatible with the counter’s Multiple Register Counter
{MRC) block. The data accumulated by the MRC is used by the counter's
internal microprocessor {measurement control block) to compute and
format measurement results. The input characteristics described in the
following paragraphs are:

Hange
Sensitivity
Attenuation
Ac-De CUovpling
Trigper Level
Trigger Slope

Input Impedzance
Damage Level

Separate/Common Input

4 % # &2 & ® 4 4 »

Specifications for the input characteristics of the HP E1420B are given
in Appendix A. Figure 4-8 depicts the SCPI process of signal
conditioning that occurs at the front end of channels 1 and 2. (Exact
details of SCPI commands, options, and parameters are contained in
chapter 5, “Dictionary Command Reference”.} Refer to Figure 1-I fora
simplified block diagram of the HP E1420B front-end.

SELECT
CHANNEL.:

=M

:>, N -

CHORSE TRIGGEAING
QPTIONS:

CHQOSE
INPUT OPTIQNS,

R N

A ST Tarazion
- P C o nng

TEMLer D G B IR
1MEedance
LT e

FLEaCATI

Figure 4-8. SCP! Signal Conditioning Flow

Input Range

Range defines the frequency range over which the input amplifier
sensitivity is specified. The range varies with the selected coupling and
input impedance. Although the specifications for Input 1 and Inpat 2
state that the input amplifiers have a range from de to as high as

200 MHz, the range may vary for different operating modes. Consult the
individual Signal Operating range and/or Dynamic range specifications
under the appropriate OPERATING MODE in Tebic A-1.

SIGNAL OPERATING RANGE: Signal operating range defines the
maximum positive and negative voltages within which the peak-to-peak
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signal can reliably aperate. If the signal peaks extend beyond the
specified signal cperating range, as shown Figure 4-9 (bottom), one or
more operating modes may give incorrect results; for example,
frequency miscounting or time interval inaccuracies.

DYNAMIC RANGE: Dyoamic range is the maximum allcwable
peak-to-peak signal range, specified with the trigger level set at
midpoint of the input signal and centered within trigger level range,
The instrumnent’s dynamic range is limited by the input amplifier's
linear range of operation. If the input signal exceeds this range, as
shown in Figure 4.9 {(top), the input amplifier may saturate, causing
transitions of the input to be missed.

' Fal !
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bt Y e I T T TRIGSE# S VE!
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E&4ISE 1
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o — CPERATING

I RamGs

- |
Ll AL

Figure 4-8. Invalid Input Signa! Conditions

The dynamic range puts a further restriction on the allowable signal
peaks as specified by the signal operating range. For optimum
performance, the signal peaks must stay within the signa) operating
range specification, and the peak- to-peak value must stay within the
maximum dyaamic range specification, as shown in Figure 4-10.
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Figure 4- 10, Valid Input Signal Conditions

Input Sensitivity  Sensitivity is the iowest amplitude signal at a particular frequency that
the counter can measure. The amplifier gain and the voltage difference
between the input trigger levels set at a value equal to the midpoint of
the input signal. The input waveform mwust cross both upper and
lower hysteresis levels Lo penerate 8 count, as shown in
Fipure 4-11.
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Figure 4-11. Acceptable Peak-to-Penk Amplitude
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If the signal peaks do not cross both hysteresis limits, the input signal
will not generate a count. For examgple, if the peak-to-peak amplitude is
insufficient, or the trigger level is set above or below the midpoint of the
input signal, as shown in Figures 4-12 and 4- 1.3, the counter can not
make a measurement.

LFFER
S ETERCEY
LEvEL

- —

PE Ak, - T0-PF 2K

SENSITIT TRIGGER LLVEL

et

. CWEF R
HYSTEREST HPUT wGMAL —
LEviL TO COUNTER

qu"!"_‘.i wil rol genercle o oourd

Figure 4-12. Insufficient Peak-to-Peak Amplitude

You can adjust the HYSTeresis (sensitivity) of the counter by sending
the following SCPI program message to the E1420R:

SENS<n>EVEN:HYST MIN/MAX/DEF

Where n is the selected channel 1 ot 2.
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Input Attenuation

UPRER
~YETRRE Y
L vF:

oo TRGGER L SVE

TTTan!
w15 1k

Frgure 4-13. Trigger Level Set Below Midpoint of Input Signal

The sensitivity specification is given in terms of volts rms for
applications that involve measuring a sine-wave signal. You should be
aware that a different waveflorm with the same rms voltape may not
trigger a count.

Since the counter input does not respond to the rms valae of the
waveform but only to the peak -to-peak value, the sensitivity
specification is also given for volts peak-to.peak with a minimum pulse
width.

NOTE

At mnimum sensitivity, the Rysteresis window is mncreasad
requiring & larger peak-lo-peat vollage 1o generate a count, as
shown in Figure 4-14. Optimum sensitivity depends on
measurernent agplication and other factors sUch as noise of
irterfaring signals.

Selectable step attenuation of x 1 ar %10 is provided for input channels
l and 2. Attenuation of %10 must be used for signals that might exceed
5 volts rms. x 10 attenuation reduces the signal by a factor of 10. When
% 10 attenuation is selected, the user needs to scale the trigger levels or
voltage measurements appropriately. The SCPl command for selecting
%1 or »10 attenuation is INPut: ATTenuation. Refer to the command
reference in chapter 5 for more detailed information.
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Figure 4-14. Hysteresis Window ond Input Sensitivity

input Coupling  Selectable ac or dc coupling is provided for input channels 1 and 2. Ac
coupling must be used for signals with de eontent exceeding the
hysteresis limit of the input trigger. Figure 4-15 demonstrates the
hysteresis limits and the use of ac coupling.
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Figure 4-15. Ac-De Coupling
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Trigger Level

NOTE

Ar input signial with doe content {as shown in a) would not be
coumed unkess ac coupling (as sflown in b), was used lo remove
the dc offser, or the appropriate trigger level was used.

Trigger level is the voltage at the center of the hysteresis window, The
actual trigger points are typically at the upper hysteresis level (POS
slope) and at the lower hysteresis level (NEG slope), as shown in
Fipure 4-18.

HYSTERTS™S
wirdDOw

T ADTURL TRGGEE
POiHT TMEG S OFED

m-1_74 T

Figure 4-16. Trigger Level and Actual Trigger Point

The trigger tevels are adjustable over the dynamic range of the counter
when the SENS:EVENt:LEVel. AUTC command is OFF (Auto triggering
OFF} and a specific LEVel is entered. This ensures that any signal of
sufficient amplitude and within the dynamic range can be eounted.

Event triggering on the input signal is indicated by the flashing
front-panel Trigger LED= (refer to page 2-3 of chapter 2).

When SENS:EVENt:LEVelAUTO is ON (Auto triggering ON}, trigger
levels are controlled by the amplitude of the input signal and
automatically set in accordance with the measurement application.

With Auto trigger on, the input event trigger LEDs may flash randomly
during the measurement.

NOTE

Auto Triggering does not affect input attenuation. You must select
=10 gtienualion for any inpul sgnal that exceeds the dynarmic
range of the courlar in x1 attenuation.
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For example, you can change the trigger level or select autotrniggering
for input changel 2 by using the LEVel option of the SENSe:EVENt
eommands within the SCPI configuration program message as follows:
SENSZEVEN.LEV (nnn) {to select a specific level}
o -

SENS2:EVENLEVAUTC ON ifor automatic trigeering)

One use of programming the trigger level is to shift the hysteresis
levels above {example b} or below {example ¢} ground. This lets you
count positive or pegative pulse trains, respectively, as indicated in
Figure 4-17.

TRIGEERT qygyepEse
S LEVEL: | s Do
VAWOLT {
T ..
HYSTERESS | o E e
WINDOW .
______ FRIGSER T yrgresesis
- - LEVEL: WIHS O
TWILT
C e PE )
ISEMTENVEMLEY O ISEMSEVERLEY +1v) 1ZSENSIEVIMILEY -1v) e

Figure 4-17. Hysteresis Window and Trigger Level

NOTE

The sigral (exampie a} will not be counted. Programming the
trigger leve! fo shilt the hysteresis fevels above ground (example
b). or below graund fexample c), enables & count.
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Trigger Slope

Input Impedance

The SENS:EVENL:SLOPe command string determines which edge of
the input signal triggers the count. With the POBitive slope selected, a
signal going from one voltape level to 2 more positive level, regardless of
polarity, will generate a trigger pulse at the upper hysteresis limit.

With the NFEGative slope selected, the negative going edge of the signal
will generate & trigger pulse at the lower hysterssis Jimit.

Trigger points for positive and negative slopes are shown in Figure 4-18.
You can change the trigger slope of the HF E1420B by using the
POSitive or NEGative parameters of the SENSe: EVENt:SLOPe
commands within the SCFI sanfiguration program message sent prior
to initiating a measurement as follows:

SENS (EVENESLOPe POSitive (lor a positive slope}

_Or_

SENS EVENESLOPe NEGative {for a negative slope}

e

TR 3GEE
S L TR

Figure 4-18. Positive and Negative Trigger Points

Each input has a selectable impedance of 1 M2 or 500 With 1 M&
impedance, the input is shunted by <30pf. At the higher frequencies, the
502 nominal input impedance is usually preferred, since the inherent
shunt capacitance of high impedance input rapidly reduces input
impedance.

Far the lower frequencies, the 1 MQ input impedance may be selected.
The input impedance becomes 500 kQ (shunted by 40 pf maximum) in
the 1 MS! position when sigral routing is in COMMon mode and =1
attenuation is selected. When » 10 attenuation is selected, it is | MO}

{shunted by 20 pf max}. In the 5022 position, the impedance remains
5052

You can change the input impedance of the HP E1420B by using the
IMPedance parameter of the INPut command and specifying the desired
input impedance in ochms within the SCPI configuration program
message sent prior to initiating a measurement as follows:
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Damage Level

Separate/Commaon
input 1

INPAMP 50 {for a 052 input impedance)
-af -

INP:IMP 1E& {for a 1 Mf? input impedance)

Datnage level is the maximum input voltage the counter can withstand
without danger of permanent input hardware failure. The damage level
value varies with input attenuation, impedance, coupling selection, and
input waveform, For example, the maximum sine wave input signal
must never exceed 5/50 volts rms depending on the atienuation setting
in 1M mode. In no case should 5 V rms be exceeded with 50€2 input
impedance. Refer to the damage level specifications in Jable A-1. For
accurate measurements, the input signals must stay within the
dynamic range and the sipnal operating range of the counter.

Two separate inputs are provided on the HP E1420B. Inputs 1 and 2
may be coupled together to allow maximum versatility. The

INPut: ROUTe command eontrols the selection of separate or commen
input. All specifications are the same for separate or comman cperation,
except sensitivity and impedance. Refer to Table A-7 for detailed
specifications.

When the INP:ROUTe command parameter is SEParate, inputs 1 and 2
function independently of each other for all measurements.

When the INP:ROUTe parameter is programmed to COMMan, the
Input 2 connector is disconnected and the 1 and 2 input amplifiers are
connected together at Input 1. The channel 1 enupling and impedance
condition the input signal to both channel 1 and 2 Input amplifiers.
However, both channels can continue to be programmed independently
for trigger levels and stopes. Rise- and Fall-time functions cause the
input Touting to be set in COMMon mode.

The input impedance becomes 500 k¢! (shunted by 40 pf maximum}
when 1 M%) impedance is active and the Common input and =1
attenuation are enabled. When 506 impedanes is active, the impedance
remains 500 for COMMon or SEPArate programmed input states The
signal operating range, dynamic range and damage level remain

unchanged.
You can change the configuration of HP E1420B input channels by
using the COMMon pamameter of the INPut command within the SCPI
configuration program message sent prier to initiating a measurement
as follows:

INFuROUTe COMMan (for commen channel 1 and 2 operation)

- Or -

INPUt:ROUTe SEParate (for separate channel 1 and 2 operation)

The rise- or fali-time measorement functions automatically set up the
appropriate routing.
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ARMING THE  This section deseribes the procedures (commands and, if necessary,
COUNTER  signal connections) used to take advantage of the counter’s arming
system. It also explains how to abott a measurement by returning the
counter to the Idle state before a measurement has completed, or before
an arming sequence has completed. Arming provides a means of
synchronizing measurements with external signals, ioternal sources, or
other qualifiers such as the Group Execute Trigger (GET).

The SCPI arming selection flow is shown in Figure ¢-79. (Exarct details
of SCP] commands, options, and parameters are contained in chapter 3,
“Dictionary Command Reference™)

CHOOSE ARAMING CHOOSE ARAMING
SUBSYSTEM COMMAND: SUBSYSTEM OFTHONS.
AR ]
AR AR50 LEoe EXTarnall
MM iel
TT:_T[.Q-:. e
Il
Bz
i L A s T -]
i T aie: it g ote o CON Timgous
— P "W

Frgure 4-19. SCPI Arming Selection Flow

The HP E1420B may be armed (made ready to start or stop a
measurement) via the ARM subsystem by arming sources internal or
external to the counter. The counter's ARM subsystem cperates in one
of two states as shown in Figure 4-20:

» Idle state - Configuration of the counter and its arming system
scours while in the Id]e state.

» Wait-for-arm state - When the START arm condition is satisfied,
the measurement starts as soon as the input signal event crosses
the trigger threshold. The next signal event that oorurs after the
STOP arm condition is satisfied, ends the measurement. This
pair of signal events marks the measurement duration,

T INIT-CONT is ON, release from the idle state is immediate. If the
measurement does not complets (e.g., totalize), the measurement must
be terminated (aborted or reconfigured) before the counter returns to
the Idle state.
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Fipure 4-20. Counter Arming System

Internal Arming  Immediate source arming is used for measurements that do not require
synchronization with an external signal. All internal arm states are
controlled by the arming system commands and the *RET command.
The *RST command always puts the counter'’s arming system in the
Idle state. ABOR!L resets the arming system and places it in the Idle
state. Details of these commands can be feund in the Dictionary
Command Reference {chapter ).

IMMEDIATE, HOLD, The ARM[.IMMEDIATE] command provides a cne-time averride for
AND BUS  recognition of the arming event {Start or Stop). This command initiates
an event and has no *RST condition and cannot be queried.

HOLD suspends arming and bence measurement triggering. Once set,

the counter can only resume measurement with the ARM[:IMMediate]
command.

If you want the counter to hold-off measurements upon execution of

your measureraent program messages, the armiag system must be in
the HOLD arming state. You can place the STOP arming system in the
HOLD state by executing the following command string:

ARM:STOP:50UR HOLD
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BUS suspends arming and measurement tniggering until the Group
Execute Trigger (GET) command is received. A *TRG or word-zerial
GET command satisfies this condition.

External Arming  The HP E1420B may also be armed (made ready to start or stop a
measurement) by applying an external arming signal, This signal can
be supplied to the counter via the front-pane] BNC Arm input connector
or from the TTLTrig bus on the P2 backplane conneetions, but not
simultanemesly.

The external ARM inputist lets you choose the point, on a waveform, at
which the start and/or stop of a measurement ocours. Refer to Table A-1
in Appendix A for specifications on the Arm input. Figure 4-21
ilustrates using external arming to measure frequency at various
points along 2 modulated signatl.

The external arm levels may be programmed for 1.6 V (TTL), =12V

(ECL}, or 0¥ (GMD). Details of these commands can be found in the
Dictionary Command Heferenes (chapter 5.

i--l— MEAS 1

INPUT

FIRST

ARMING

%ﬁg SIGNAL
SECOND |_—'|

NPUT ARMING

SIGNAL

Figure 4-21 Use of External Arming to Measure Frequency

FRONT PANEL ARM INPUT  You can use external arming via the front panel BNC Arm input

4-30

CONNECTION connector to make measurements that must ecincide with a unigue

signal event gutside the counter not available on the VXIbus TTLTrvig
lines.

You can use externzal arming via the front-panel BNC Arm input
connector with the following command string;

ARMI{STOP or STARISOUR EXTemal
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TTL TRIGGER LINES

The frant panel external Arm Input signal that you've connected to the
counter must be within the following Arm input specifications:

Frequency Bange 0 - 20 MH:z

Input Impedance 1 M£ (40 pF shunt)

Input Sensitivity 500 mV peak-to-peak

Input Coupling de

Slope positive or negative selectable
Trigger lavel Selectable: 0V, 1.6Y, and -1.3V

fNominally; GND, TTL, and ECL}

Damage Level 0to 3.5 kHz: 50V (de + peak ac)
=25 kiiz: 5 ¥rms

NOTE

You can change the input arming slope and level characteristics by
using the LEVel and SLOPe options of the ARM command. Refer 10
the Dictionary Command Reference in chapier 5.

You can use external arming with the VXIbus backplane TTL trigger
Lines {TTLTrigh - TTLTrig7} to facilitate greater measurement
flexibility.

External arming via the ¥XIbus backplane TTL trigger lines can be
selected with the following command string:

ARM:(STARt or STOPXSOURce TTLTrg <n> (Where “n” = VXIbus
TTLTrig line #}

The signal on the TTL bus must comply with the ¥XIbus Specification
1.3 for TTL triggering.

NOTE

External arming may not be used when making Totafize measure-
ments with Firmware Revision befow 3401,
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MEASUREMENT  Resolution is the smallest change in a measurement that can be
RESOLUTION discerned. The more resclution vou desire, the longer the gate time
needead to sample the input signal. There are two ways to specify

resolution. You can set it directly with the SENSe command by

changing the Gate time via APERture, or you can program a particular

resolution as a parameter to the MEASure, CONFigure, or SENSe

commands,

The GATE TIME actually determines the resolution of the

measurement. You can set it by changing the aperture time with the
APERture command of the SENSe subsystem. The gate time range is

1 millisecond to 99,999 seconds in 1 millizecond inerements. The

maximum resclution is nine digits, per second of gate time. Thus, ohe

millisecond of gate time will display six digits of resolutien.

On power-up, the HP E1420B initializes to the FREQ function on Input
1 with the GATE TIME set at 100 milliseconds and automatic trigger
OFF (SENS:EVEN:LEV 0} Figure 4-22 shows the tesalution selection
process, (Exact details of SCP] commands, optiens, and parameters are

contained in chapter 5, “DHetionary Command Reference”.}
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M LRer resoiubon:
Li%F < fresoalon)

Figure 4-22 SCPI Resolution SelecHon Fiow
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Setting The  Aperture (Gate) time can be specified by using the APERTure command
Aperture Time  of the SENSe subsystem for FREQuency, PERicd, and RATI0
measurements only. Setting the aperture time selects a specific
resolution. Apertute time can be set from 1 ms to 99.599 seconds in
steps of 1 ms.

Use the following command string to specify a desired aperture time:

SENS:FREQ:APER n {Where n = aperture time in seconds}

NOTE

By specifying the resplution in @ MEASure or CONFigure
command, the counter automatically selecis the aperure time
required to oblain thai resclution. Explicitly selecting an apefiure
time after 8 CONFigure command will override the auiomalic
selection of the aperture Hime.

NOTE

The more resoiution wou ask for, the longer the aperiure lime
required 1o abtain that resolution. Asking far more resolution than
your necds require will decrease measurement spaed.

Resolution And Gate  The number of digits of resolution is a direct function of gate time. The
Time Calculations  absolute resolution in Hertz {for frequency} is & function of both the
measurement gate time and signal frequency. Tabie 4-I provides a
listing of available digits of resolution, correspending gate times, and
effective resclution in Hertz for 1 MHz, 10 MHz, and 100 MH=z.

Table 4-1. Resolution And Gale Time

Digits of | Resolution in Hertz
Resolution Gate Time 100 MHZ 10 MHz 1 MHz
9 isec 0.1 0.04 0.001
8 100 ms 1.0 0.1 0.01
7 10ms 10 1 0.1
& 1ms 100 10 1
ol 1ms 10 10 1
o 1 ms 100 10 1
*3 1ms 100 10 K
*The counter gives more resclution than required because the minimum
gate time is § ms.

An additional digit of resolution is available via 100 Gate Average
mode, When epabled, this mode accumulates 1) gated measurements,
computes the average, and displays the results. It can be used with all
functions except TOTalize, AC, DT, MINimum, and MAXimum.

For more details about exact calculation of resolution and gate time for

a given function please refer to Table A-1 in Appendix A, Specifications,
and also to the description of each function contained in chapter &
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QUTPUT FOBMATS The HF E1420B measurement results are output to the controller in
seientific notation as shown in Figure 4-23. The cutput data contains 21
characters arranged in the following format:

Cine digit

Decimal point
Fourteen Digits

E = sign

Two exponent digits
Carriage relurn
Line Feed

l:io] [ole]olo]|o]e[o[ololole]ofelo]eT< D] 0lerin

il ]

MEASUAEMENT DATA FIELD EXPCNENT FIELD
{17 FLACES) 14 FLACES)

Figure 4-23. Numeric Output Format
Measurement Data Field The data field consists of a 12-character string as shown in the figure.

Exponent The exponent will always be two digits preceded by 4 + sign.

Tolalize Qutput  For TOTalize, output format differs from above as follows:

|zloip[plololo]olololo] o]

I—

MEASL HEME;T DATA FIELD
12 PLACES)

The digits are right justified, that is, if the returned results do not fil}
all twelve places, the spaces are inserted.

Min/Max/AC/DC The measurement data field for MINimum, MAXimum, AC and DC
differs from the above as follows:

t=]o]o] Jelbploleris

MEASUREMENT DATA FIELD
[7 FLACES]

NOTE

13 Mantissa digits arg always returned 1or Frequency, Period,
Ratio, Tire interval, Rise Time, Fall Time, Fositive Pulse Width,
and Negative Pulse Width measurements. The user should apply

the LS (Least Signilicant Digit) formulas to determine the number
of signiticant digits,
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COMMAND TYPES

Common Command
Format

SCPl Command Format

COMMAND SEPARATOR

ABBREVIATED COMMANDS

5-2

IMPLIED CHANNEL

IMPLIED COMMANDS

Commmands are separated jnto two types: TEEE 458.2 Common
Commands and SCPI Commands. The SCPI commands control
instrument measurement/command functions unique to the HP E1420B
Universal Counter. The IEEE 488.2 Commen commands centrel and
manage communications protocolfinformation interchange between the
counter and the instrument controller.

The IEEE 48E.2 standard defines the Commor commands that perform
functions like reset, self-test, status byte query, etc. Common commands
are four or five characters in length, always begin with the asterisk
character (*), and may include one or more parameters. The command
keyword is separated from the first parameter by a space character.
Some examples of Common commands are shown below:

*RST *ESR 32  *5TB?

The SCPI commands perform functions like counter setup, making
measurements, and querying instrument states or retrieving data, A
subsystem command structure is a hierarchical structure that usually
canszists of a top level {or poot} command, one or more lower level
eommands, and their parameters. The {zllowing example shows part of
a typical subsystem:

INPut[1]2}
(IMPedance <number|MINmum{MAXimum|{DEFauil>
IMPedance? <MiNimum|MAXimum]DEFauhs

INPut is the root command with :IMPedance and :IMPedance? the
second level commands with parameters,

A colon [ : ) always separates one command from the next lower level
command as shown below:

INPut[T2] IMPedance?

The command syntax shows most comTnands as a mixture of upper and
lowar case letters. The upper case letters indicate the abbreviated
spelling for the command. For shorter program lines, send the
abbraviated form. For better program readability, you may send the
entire command. The instrument will accept either the abbreviated
form or the entire command.

For example, if the command syntax shows MEASure, then MEAS and
MEASURE are both acceptable forms. Other forms of MEASure, such

as MEASU or MEASUR will generate an ervor. You may use upper or

lower eaze letters. Therefore, MEASURE, measure, and MeAsUrE are
all acceptahle.

Some commands contain chaonel numbers in square brackets e.g.
[1]2]3] The brackets indicate that the same programming sequence
can be used for all three channels, one of which must be specified. If a
channe] number is not specified, it will default to 1.

Implied commands are those which appear in square brackets ([} }in
the comnmand syntax. (Note that the brackets are not part of the
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command and are not sent to the instrument.) Suppose you send a
second level command but do not send the preceding implied command.
In this case, the instrument azsumes you intend to use the implied
command and it responds as if you had sent it. Examine the portion of
the SENSe subsystem shown below:

ISENSe]
EVEN!
SLOPe «<POSHive]lNEGatives
SLOPe?
‘LEVel <number|MINimum|MAXimurn|DEFault»
‘LEVel?

The root command SENSe: is an implied command. To set the
instrement’s trigger level to +1.5, you can send either of the following
command statements:

SENS:EVEN:LEV 1.5 or EVENLEY 1.5

If a command is ar isplied form but ean also accept channe) numbers,
the implied form pertains to chanpel 1 only. To switch chanzels, you
tnust use the channel number in the command string, for example,
“SENSZ:EVEN:LEV 15"

PARAMETER TYPEE  Table 5-1 contains explanations and examples of parameter types you
might see later in this chapter. Parameter types may be numeric,
boolean, or discrete,

OPTIONAL PARAMETERS Table 5-1. Parameter Types
Type Explanations and Examples
Mumernc: Accepts all commonly used decimal representations of
numbers including optional signs.decimal poirts, and
scientific notation;

¥23, 123E2, 123, -1.23E2, 123,1.23E-2, 1.23000E-01.
Special cases include MIN, MAX, and DEF.

MIN setects minimum value available, MAX selects
maximum value available, and DEF selects the default or
reset value, Queries on MIN, MAX, or DEF result in an
associated numeric value. All dacimal types akso accept
MIN, MAX, or DEF, and can be queried with thern o
produce a numeric value (except with MEASure or
CONFigure, or Status Enable registers).

Boolean: Fepresents a single binary condition that is either true or
false:
1 o7 ON, 0 or OFF (Query response returns only 1 or 0.}
Discrate: Selects from a finite number of values. These parameters

use MRemenics to represent each valid setting. An
example is the ARM:SCURCce <sources> command whera
sourge ¢an be BUS, TTLTrg<n=>, HOLD, IMMediate, or
EXTemal.
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84

QUERY PARAMETERS

LINKING COMMANDS

Parameters shown within square brackets { [ 1) are optional
parameters. {Note that the brackets are not part of the parameter and
are not sent to the instrument.} IT you do not specify a value for an
optional parameter, the instrument chooses an appropriate value.

For example, sending the MEAS: NWID? [ref [ ,expected value

[, resclution]]} command without any parametet as "MEAS:NWID™
causes the counter to chooss the value of “ref” as 50%, with the
“expected value” and “resolution” being automatically determined.

All selectable numeric parameters can be queried to return the
minirmum, maximum, or default values they are capabie of being set to
by sending a MIN, MAX, or DEF optional parameter after the “™ For
example, consider the EVENu:LEVel? [<MIN | MAX | DEF>) command.

If you send the command without specifying a parameter, the present
EVENt.LEVel value is returned. If you send the MIN parameter, the
command returns the minimum level available. If you send the MAX
parameter, the command returns the maximpum level available. Be sure
to place a space between the coramand and the parametar.

To link IEEE 488.2 Common Commands with SCPI Commands, use a
semicolon between the commands. For example:

*RST.CONF2:PER

Multiple SCPI commands with correspending parameters can also be
sent at the same time Here, the first command is always referenced to
the root node. Subsequent commands, separated by “", are referenced to

'
n

the same level as the previous command if no ™" is present immediately
after the command separator. For example, sending:

EVEMN:LEV 1;SLOF POS
is equivalent to sending:

EVEM:LEV 1
EVEN:SLOP POS

The “" must be present to distinguish ancther root level command. For
example:

EVEN:LEV 1. ARM:SOUR EXT
is equivalent to sending:

EVEMN:LEY 1
ARM SOUR EXT

If the " in front of ARM i= omitted, the counter assumes that you've
sent "EVENARM:S5CUR EXT" and will generate an etror.
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COMMAND SUMMARY  This section summarizes both the IEEE 488.2 Common and HP E1420B

SCPI (5tandardized Commands for Programmable Instruments)
commands in tebtlar format. IEEE 488.2 Commen commands appear
first followed by SCPI commands for the HP E1420B Universal
Counter. The SCPI command summary also includes information about
the SCPI status of the HP E14208 SCPI commands.

The SCPI commands wsed in the counter are in conformance with the
SCPI Stapdard 13909, The counter’s SCPI commands consist of the
following:

» Applicable Common commands as defined in IEEE 488.2.

« Subsystem commands as defined (and listed) in the SCPI
Standard. (These are the commands contained in Table 5.3 as
Btd.}

» Subsystem commands designed for the counter in conformance
with SCPI standards but currenily not listad in the SCPI
standard. {These are the commands contained in Table 53 as
New and may or may not be incorporated in future versions of
SCPL)

|EEE 488.2 Common  Table 5.2 lists the IEEE 4882 Common commands implemented for the

Commands HP E4120A Universal Counter.

Tabie 5-2. Common Command Summary

[COMMAND | DESCRIPTION

*CLS Clears the Stalus Byte Register, Standard Event Status Register, and error queue.
*DMC Assigns a sequence of program elements 10 a Macro label,

*EMC Enables/disables the execution ol macros.

*EMC? Retumns the current enabiefdisable status of a macro.

*ESE Enable events in Standard Event Status Register 10 be reported.

*ESE? Returns the sum of all enabled bits in the Standard Event Sialus Register.
*ESR? Aeturns the sum of all set bits in the Standard Event Status Register,
*GMC? Heturns the currant definition of & macro,

*IDN? Hetumns identication string.

"LMGC? HAetums the labeis of all currently defined magcros.

0P Sets bit 0 in the Standard Event Status Register after all pending operations complete.
*QPC? Returns ASCI “1* after al! pending operations compiete.

"PMC Purges ali curently defined macros.

*RCL Fecalls configuration previously stored via the *SAY command,

*RST Hesets the counter Lo a known powar-onfese! status.

*SAY Saves the current counter modute configuration.

*SRE Enable Status Register bits to assert SRO.

*SRE? Returns sum of enabled Status Byte register bits.

*STB? Returns sum of all bits set in Status Byte Register.

*TRG Trgoers the Caunter,

*TST? Executes the counter's internal sel-1est.

“Wal Causes the counter 1o wait until all previous commands or queries complete.
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SCPI Commands

Tabie 5-3 lists the SCPl commands impiemented for the HP E4120A

Universal Counter,

Table 5-3. 8CPI Command Summary

! T CHANNEL SCPI
KEYWORD!SYNTAX PARAMETER FORM NUMBER STATUS
ABORt[1]2|3] 1,2.3 Std
L ARM S1d
[SEQuence(1]|:STAR!|] Std
\ SEQuenceg|:STOP Std
5 [LAY=r[1]] Sid
' [:IMMediate] | Sid
; 1EVel cvalue|MINimum|MAX imumDEFault= | Std
! LEVel? [<MINimum|MAXimum|DEF ault=} i Std
SLOPe <POSitive|NEGative: i Std
SLaPe? ! Std
SOURce <EXTernaiiMMediate|BUS| Std
HOLD|TTLTrig<n=> n= 0-7 :
| "SOURce? i Std
. 1
CONFigure[1]2|3] Std
[(WOLTage] Std
A [caxpacted values[, crestivtions]) 1.2 Std
i DC [<expected values] «resolution:]] 1.2 Std
| :FREQuency I [cexpected values{ <resolutions]] 12,3 Std
' RATIo {«expected values{ <resolution:]] 1,23 New
FTiIMe Std
-0 -
‘FALL
TIME [<lower references[,<upper relerence> 1 S
[.<expected value:[ <resoltion:=]]])
MAXImUm [eexpected values[, <resolution]} 1,2 Sid
*MIMimum [«expected values[ <regsolution:]) 1.2 Std
INWIDHh [«reference:|,«expected values 1.2 Sitd
[.=resalution>}]]
‘PERicd [«expected values],<resoluion:]] 1,23 Std
PWIDth [«references[,<axpected values 1,2 Sid
[, <resolution=]]]
RTIMe Std
~0Qr -
‘RISE
TME {<lower reference=[,<upper relerences 1 Sid
[<expected value={,<resolution=]]j
TINTervai [<expected values[ <resoiution=]] 1 New
TOTalize [=expected valugx[.<resolition:]] 1 Mew
CONFigure[1]2]3]7 Std
J
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Table 5-3. SCFI Command Summary (Continued)

CHANNEL. SCPI
KEYWORD/SYNTAX PARAMETER FORM NUMBER STATUS
DIAGnostics Std
(CAlLibrate _ MNow
:OFFSer? <BOTH- i Mew
‘FULL scala? <BOTH» ' MNew
ASSembly : New
LALL]? !
A7 i New
AZ7 I New
BLOCK ! New
[ALLT? ! New
'{CALRam? I Mew
ROM? New
LM New
ASQUNchain Mew
[:ALLY? New
LONNector? MNew
(INTerpolat? New
:DINTerpolat? MNew
MRC? New
:TiMebase? Mew
READ MNew
ANT? <STS|SPSISTLISPLISTARSTOP| New
CALIALL
‘MRC? <EREG|TREGIALL> New
TUFAI?] <QOFF|0|ON[1> {N/A for Query} New
FETCh[1[2]3} Std
[=function=]? 1,23
INITiate[1]2]3] Std
[:IMMediale] Std
:CONTInuous <OFF|O[ON| 1= Std
CONTInuous? Std
INPut{1]2] Std
:ATTenuation <valyeiMiNimumMAXimum|DEF ault- 1,2 Sud
AT Tenuation? [=MINmum|MAXImum|DEFaui>) 1.2 Sl
COUPlING <AGIDC 1.2 Sid
LOUPIng? 1,8 St
MPedance <vaiue|MINimum|MAXimum|DEFauits 1.2 Stg
(IMPedance? {<MINimum|MAXimum{DEF ault>] 1.2 Sid
‘AOUTe <COMMon|SEParate: 1 New
ROUTe? 1,2 New
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Table 5-3. SCPI Command Summary (Continued)

! CHAMNEL SCPJ
 KEYWORD/SYNTAX i PARAMETER FORM NUMEER STATUS
MEASure[1]23} 5td
[(WOLTage] Sid
ACT [xexpected values[ <resolution=]] 1.2 Std
0G? fzexpected valug:[ <resohution:]] 1.2 Sid
FREQuency? [<expected values[ <resolution=]] 1,23 Sid
‘RATIo? [expected vaiues[ <resoftions]] 1.23 New
FTIKMe? Sid
- Dr -
FALL
TIME? i<lower referencex],<upper reference 1 Sid
[.zexpectad value: [<resolution=]]]] |
‘MAXImum? [<expected value={ «resolution:]] 1.2 Sud
:MINiwm? . [«expected valuex»{ <resolution:]) 1.2 Sid
‘NWIDIR? | [<references[ <expectes value» 1,2 Sid
b [eresolution>]]]
| PERiI0g? . [<expected values[.<resolution=]] 1.2.3 Std
| PWIDth? [<reference=[ <expected values 1.2 Sid
; + [eresolution=]]]
’ :RTIMe? | Std
-or- ;
' RISE
| TIME? [<lower reference [ <upper relerance 1 Sid
[<expected value:{ <resolution:jjj]
TINTerval? [«expected value [, <resolution:]) 1 Mew
MEMory
WME:ADDRess <agdresss Mew
MME ADDRess? [MIMimwum]h AXimum] New
NMMESIZE <hytess MNew
VME:SIZEY [MINimum| kM AXimum] MNew
WVME:STATE <OFF|0, ON|[1> New
NMME:STATE? New
AUTPut Sid
TTLTrg<n= n= 0-7 Backplane 51l
[[STATe] <QOFFIOON]1> Trigger Lines S
[STATE? S1d
ROSCillator Int/Ext Mew
[STATE] < JFF|DON[1> Reference Mew
[STATE]? New
\ READ[1]2{3] Stel
[:=function=]? 1,23
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Table 5-3. SCP Command Summary (Continued)

CHANMNEL SCPI
KEYWORD/SYNTAX PARAMETER FORM NUMBER STATUS
I
[SENSe[1]2/3]] ! Std
:AVERage I 2 Mew
[[STATe] <OFF[0JON1> New
[ETATe]? New
TCOUN? New
EVEN! 1.2 MNew
LEVeal New
(:ABSolute] <valuefMINimumMAXimum|DEF ault> New
[:ABSalute]? . [«<MINimum|MAXImum|DEFault =) New
AUTC <OFF |OJON|1[ONCE » New
ALITO? MNew
‘RELative cvalug|MINimum|MAXimum|DEF auh > New
:RELative? [<MiNimum|MAXimum|DEFault>) New
‘SLOPe <POSitive|NEGative s New
SLOPe? MNew
‘HYSTeresis =MINmumMAXimum|DEFaun» New
‘HYSTeresis? New
FREQuency Std
TAPERIUrE <valu|MINimumMAXIimum|DEF ault > 1,2.3 Sid
APERtura? [<MINimum)MAXimum|DEF ault=) 123 Sid
RANGe 1 Std
[[UPPer] <valug{MiNimumMAXimurmIDEF 2ul - Std
[UFPer]? [<MINimum|MAXimum|DEF ault=) Std
:AUTO <QOFF|O|ON]1 > Std
AUTO? Sd
FUNCtion “[VOLTage:JAC” 1.2 Std
“[VOLTage:;jOC" 1,2 St
"WOLTage:]FREQuency” 1,23 Std
“VOLTage: JFREQuency: RAT" 1,23 MNew
TWOLTage:FTiMe" 1 New
“VOLTage:|FALL.TIME" 1 MNew
“IVOL Tage: ]MAXimum" 1.2 New
"WOLTage: MINimum® 1.2 New
TVOLTage:|NVYIDth" 1.2 MNew
"IVOLTage:JPERICE” 1,23 New
“WOLTage:PWIDth™ 1.2 New
VOLTage ]ATIMe" 1 New
“IVOLTage:|RISE: TIME" 1 New
WOLTage: | TINTerval” 1.2 New
“[VOLTage:]TOTalize™ 1,2 New
FUNCtion? 1,23 5id
‘PERiog New
:APERture <valug|{MiNimumMAXimumDEFaulft - 1,23 New
APERture? {<MINimum|MAXimum]DEFault:] 1.23 New
RATIo New
APER1ure cvaluglMiNimumMAXimum|DEF auit» 1.2.3 New
APERture? [«MiINimyumiMAXimum|DEF ault-] 1,23 New
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Table 5-3. SCPI Command Summary (Continued)

CHANNEL SCH
KEYWORD/SYNTAX PARAMETER FORM NUMBER STATUS
[SENSe[1]|2|3]] {continued)

‘ROSCillator Sid
SOURCce <INTarnal| EXTemal CLK10= Int/Ext MNew
SOURGa? Reference New

(TINTerval New
:DELay New

[STATe] OFF|0|ONJ1> New
[STATe]? New
! TIME <value|MINimumMAXImum|DEF auit= Mew
TIME? [«MikimumidAXimum|DEF ault=] MNew

TOTalize New

{GATE New
(:5TATe] <OFFI0|ON|1> New
[:STATE]? New

FOLarity <MNORMal|INVerad> MNew

:POLarity? Mew

50URce? MNow
STATus Std

{OFPERation Sid

CONDition® Std
! EMNABle <valuex|<non-decimal numernc: Sid
‘ENABle? Sid
[EVENT? Std

QUESHoNable Std
{CONDition? Sid
:EMAEBIle <values|<non-decimal numenc: Sd
ENABl&? Srd
LEVENIL]? Sid

PRESet Sid

S¥Y5Tem Std

:ERAor? S

PiMacra <5tring» New

WERSion? <gtring > Srat
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IEEE 488.2 COMMON
COMMANDS

*CLS
(Clear Status)

*DMC
(Define Macro)

This section deszribes the TEEE 4882 Common commanda and Queries
for the HP E1420B Universal Counter. Descriptive information about
function apd operation are included for each command. For complete
details of the common commands refer to ANSITEEE Standard 488.2 -
1987,

The Clear Status cominand clears status data structures, the
Request-for-OPC flag, and forees the eounter inte the Operation
Complete Command Idle State and the Operaticn Complete Query Idle
State. The status data structures include all Event registers and all
Queves, except the Cutput Queuve.

The Define Macre coramand lets vou assign a sequence of program
elements to a macro labe]. The sequence is executed when the label 15
received as a commmaad or query program beader. This macro helps

minimize backplane command traffic. Thke detailed description is
described in the [EEE 488.2 - 1987 standard.

You can define a macro by sending the *DMC command, ollowed by a
string desigrating the label. Following the label, you must send an
<Arhitrary Biock Program Data> element defining the macro, For
example:

*OMC "TCXO  #214:ROSC:S0UR INT

defines a macro with the name “T'CXC" that selects the internal
timebase {option 010 if installed) as the counter's timebasae,

The comiponents of a macre command statement are composed of the
following syntactic elements:

*OMC "TCXD 0nZ214:R0SC:SOUR INT
| | T

Defie magro commaond —

Juoled sinng as e Macrg nome

27 oqign
The number of aupts hot follow:
nere of 15 lwo becouse a numeral O,
and numerol 4 Follow al,

The number of choracters in the —_—

message that folows: the message

hag 14 charoclers ncuding spaces. gt
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*EMC
{(Enable Macro)

*EMC?
(Enable Macro Query)

Macro definitions also allow you to pass parameters with the maerc.
Placeholders for parameters appear as a dellar sign {ASCII $, 36
decimal} followed by a single digit in the range 1 to 9 (49-57 decimal).
For example:

*OMC "EXT_ARM™H243ARM:SOUR EXT  ARMSTORP:SOUR
EXT; ARMLEV §1

defines a macro with one parameter. Sending the command
"EXT_ARM —1.3"
would be equivalent to sending these three commands to the countat:

ARMS0UR EXT
ARM:STOP.SOUR EXT
ARMLEY -1.3

The macro label may be either a command or a query. The labe] cannot
be the same as a common command or common guery. it may be the
same as a counter dependent command. When a macro label 1s the same
as a counter dependent command, the counter will execute the macre
rather than the counter command il macros are enabled.

This command enables and disables the expansion of macros by a
counter. However, it does not affect the macrs definitions. An example
ol the use of this command is to turn off macros in order to use a
counter dependent command which kas the same name a5 a macr.
Sending this command followed by 0 will disable all macros. Sending
an integer other than 9 in the range -32768 to 32767 will enable
macros. If the namber does not round to an integer within this range,
execution error -200 will be reported.

For example, sending
‘EMC D

will disable macros. Sending
EMC -12

will enable marroes,

The Enable Macro Query allows the user to determine whether ot not
marros are enabled on the counter. The counter will return a value of 1
(ASCI 49 decimal) when macros are enabled. 1t will return a value of 0
{ASCIl 48 decimal) when macros are disabled.
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‘ESE
(Standard Event Status
Enahle}

‘ESE?
(Standard Event Status
Enable Query}

*ESR?
{Event Status Register
Guery)

GMC?
{Get Macro Contents
Query)

“IDM?
{Identification Query)

The Standard Event Status Enable Command sets the Standard Event
Status Enable Register bits. The data is defined as <Decimal Numeric
Program Data>. The counter rounds this number te an integer.,
Expressing this number in base 2 (binary) represents vaiues of the
individual bits of the Standard Event Status Enable Register.

For example, to set hit 5 {Command Error) and bit 2 {Query Error) the
command

*ESE 36

would be sent to the counter. The number sent to the counter must be
in the range 0 to 255 or an Execution Error, -222 “Data out of range®,
occurs, (Refer to STATus command description for mare information
about the Standard Event Status Register )

The command reads the contents of the Standard Event Status Enable
Register (SESER). In response to this query the counter sends the
contents of the SESR in integer formal. It will be in the range O to 255

The Event Status Register Query command reads the contents of the
Standard Event Status Repister. Reading this repister clears it. It
returns an integer, which, when converted to a binary number
represents the contents of the individual bits of the register. This
numhber will be in the range 0 to 255 decimal.

The Get Macro Contents Query command allows you to obtain the
current definition of a maern from the counter. Simply send the “GMC?
query followed by the label string of the macro. The counter responds
with a <Definite Length Arbitrary Block Kesponse Data» element
which contains the macro definition.

For example, sending

"GMC? “TCxO"
to a counter will tell it to send the macro definition for the macro
“TCXO" defined earlier. An attempt to retrieve the contents of an

undefinred macro returns 2 zero length block and reports an execution
error, =270, “Macro error”,

The Identification Query causes the counter to send its “identiiy™ over
the bus as an <Arbitrary ASCII Response Data>x element. The response
string for the E1420B Universal Counter will appear as follows:
HEWLETT-PACKARD FE1420B 3401

The entire length of the response is 72 characters or less, The lasis field
of the responge (3401) is the firmware revizion dale code.
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*LMC?
{Learn Macro Query)

*QPC
Operation Complete)

*OPC?
(Operation Complete
Cuery)

*PMC
(Purge Macros)

*RCL
(Recall

*RST
{Reset)

The Learn Macro Query instructs the counter to respond with the labels
of all the currently defined macros. The counter will respond with
strings separated by commas. }f no macros are defined the counter will
return a null string of two consecutive double quote (") marks, The
response is the same whether or not macros are enabled or disabled.

The Operation Complete command tells the counter to set bit 0 in the
Standard Event Status Register when it completes all pending
operations.

The Operation Complete Query tells the counter to place an ASCIL'Y
{decimal 49} in the counter’s output queve when it completes all
pending operations.

The Purge Macros Command causes the counter to delete all macros in
memory that were defined by the *DMC command. All macro sequences
and labels ate removed from memory. You can purge single macros by
using the SYST:PIM command of the 5Y5Tem subsystem.

The Hecall command resteres the state of a counter from a copy
previously stored in loeal memory through the *SAV command. The
counter has [/Q storage areas, so the command includes a numeric
parameter to indicate which storage area to use. These numbers will
begin at zere and end at nine.

This command resats the counter,

The Reset command:

I. Sets the counter-dependent functions te a known state, independent
of its current state. {Refer to Table 3-2.)

Disables macros
Aborts all pending operations

Forces the counter to forget about any previously received *OPC
ecommands

The Resot command dpes NOT affect:

The Output Queue

The Ervor Queue

The Service Request Enable Repister

The Standard Event Status Enable Register
The poweron flag

Macros (except to disable them}

Calibration data

e =1 & e D ko

The Protected User Data (e p. Save/Hecall states)
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*SAV
{Save)

*SRE
(Service Request
Enabie)

*SRE?
{(Service Request
Enable Guery)

*STB?
(Status Byte Query)

*TRG
{Trigger)

TST?
(Self-Test Query)

*WAl
(Wait)

The Save Command stores the present state of the counter in local
memory. The counter hac ten locations in which to store this data,
Therefcre, the command is followed by a numeric parameter
designating the storage area to use. These numbers begin at zero and
end at nine. The instrument states are stored until power is removed
from the counter.

The Service Request Enable command sets the Service Request Enable
Register. This register determines what bits in the Status Byte will
cause a service request from the counter. The data sent with the
ceommand is a <Decimal Numeric Program Datas. The counter reunds
thi= pumber to an integer. Expressing this nomber in base 2 (binary)
would then represent the values of the individual bits of the Service
Regquest Enable Register.

For example, to set bit 4 {Message Available} the command

*SRE 16

would be sent. The counter would then cause a service request when
data is ready.

The Service Heguest Enable Query command reads the contents of the
Service Hecutest Enable Register. The connter returns the data as an
<NHI1> (integer), in the range 0 to 63 or 128 to 191, since bit 6 (the RQS
bit} tannot be set.

The Status Byte Query command reads the status byte with the Master
Summary Status (M55} bit. The counter responds with an integer in the
range O to 250. These bits represent the contents of the status byte, Bit
6 represents M35 rather than RQS (Request Service). (Refer to STATus
command for more information about the Status Byte Register.)

The Trigger command causes the counter to immediately startfstop a
measurement if the corresponding ARM source is previously
programmed to *BUS”, When “BUS" is selected as a source, the
word-serial command <GET» or *TRG will satisfy the arming condition.
The measurement must be INITiated prior to sending *TRG (refer to
the INITiate command}.

The Self-Test Quety command causes the counter to execute an internat
self-test and report whether or not it detected any errors. When the
counter indicates ap erroris}, execute "DIAG:ASS: ALLY to assess
bardware failute. The *T5T? command may take up to 19 seconds to
executo,

A zeto response means that the test completed without detecting any
ervors. A response of “1” indicates a failure.

The Wait to Continue command makes the counter wait until all the
previous commands or gueries complete. It thus forces the sequential
execution of commands. The counter then continues executing
commands that follow the *WAIT command.
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HP £1420B SCPI  This section describes the Standard Commands for Programmable
COMMANDS Instruments (SCPI commands) for the HP E1420B Universal Counter.
The listings are alphabetical by SCF] root command.

ABORt The ABOR: command terminates a measurement and places the
couhter into the idle state,

Syntax;
ABORL{1|2(3]
Parameiers:

Only one channel number can be specified in the command. The channel
number defaults to channel 1 if a channel number 18 not specified.

Cormments » If the continuous mode is active, the counter aborts the current
measurement and resumes making measurements.

s Implied ABORt: In general, it is not necessary to abort a

measurement using the ABORt command. Selecting a new

funection or initiating a new measurement will perform an implied
abort.

« If the counter is waiting to respond to a query, a word-sarial
*Clear” must be sent to exit the query.

» *TRG following ABORt generates "trigper ignored error” {-210).
Example: COMFZ.PER Channel 2 function is periad
ARM:SCUR HOLD  Suspend the START ARM condition

INIT2 Channet 2 go te wait-for-arm state

ABORZ Channel 2 go to idle state

5-16 E14208 Command Reference



ARM  The purpose of the ARM command is te gualify a single event to start or
stop a measurement. The ARM subsystem of the E1420B provides:

» A selectable arming souree,
+ A selectable arming slope,
s A selectable arming trigger level for ap external arming signal,
+ A one-time software cverride of the arm event detection layer.
Subsystem Syntax:
AR

[SEQuence[!)|-STARL|)
SECQuence2| STOP

[CLAYar1]]

[IMMediate]

‘LEWVe! <value|MINimum|MAXimum|DEFault-

LEVei? [«MINimum|Maximum|DEF autt =]

SLOFe <POGitive]NEGative>

BLOPe?

‘50URCce <EXTernal|IMMediate| BUS|
HOLD|TTLTrigen>> n= O-7

SOURCe?

[:8EQuencef?]  Determines how “Start-Arm” (to start measurement) is programmed
or :STARY  based on the command opticns and parameters in the command levels
following STAR?.

:S3EQuence?  Determines how "Stop-Arm” {to stop measurement} is programmed
er :5TOP  based on the command opticns and parameters in the command levels
following STOP.

[LAYer{T]]  This command provides entry into future arming and event detection
schemes.

['idMediate]  [[TMMediate] canses an jmmediate exit from the event detection layer
for one measurement. The measurement cycie occurs immediately
provided the arming system is initiated (see the INITiate subsystem). i
[:IMMediate] is associated with ARM:STAR!, the counter is armed to
start measurement immediately, ignoring the arming source for the
current measurement. If [:TMMediate] i= azssocisted with ARM:STOP,
then the sounter is armed immediately to stop measurement ignoting
the arming source for the current measurement.

Comments s All previcusly programmed values for :50URce, :LEVel, and
:3LGPe remain in effect after the single-shot exit from the
arming subsystem initiated by [:IMMediate]

» ARM commands configure the arming subsystem but do not arm
the counter. The INTTiate command enables the arming
subsystem.

s [f an ARM:IMMediate command is sent prict to INTTiating a
measurement, error -212, “"Arm ignored”, 15 returned.

E1420B Command Reference 5-17



5-18

Example  CONF1.FREQ Function 15 frequency on channel 1.

ARMSTARSOUR EXT Start measurement arme< with rising edge
ARMSTARSLOP POS of external arming source.

ARMSTOR.SOUREXT Stop measurement armed with falling edge
ARMSTOP.SLOP NEG of external arming scurce.

IMNIT Initiate a measurement.

ARMSTAR:IMMediate For one measurement only, start arm is
immediate. Counter doesn't wait for rising
edge of the external Arm signal, but does
wait for the falling edge.

FETC? Plare measurement in the output buffer.
INIT Initiate a measurement that will not start

until the counter receives the rising edge of
an external arming source.

‘LEVel  ARM:LEWVel <numeric valve> configures the ARM subsystem to qualify
the selected amplitude of a source signal arriving at the front panel
ARM connector signal that generates a measurement, Farameter entry
is -1.3, +1.6, or ¢ volis,

Parameters Parameter Parameter Range of Default
Name Type Values Value
lewel values ~5 10 —999 results as 1.8

rominal —1.3 %V 1or ECL

—1 to +1 resulis as 0V for GND
+1.007 10 +5 results as
nominal 1.6V for TTL

discrete MIN (1.3 volts ECL)
MAX (+1.6 volts TTL)
DEF {0 vofts GND})
Comments « LEVel is funetional only when arming is EXTernal via the front

panel BNC connector.

« Even though values between -5 and +5 volts are accepted, the
counter will program only three nominal values suitable for TTL,
ECL, or ac-coupled signals.

e For TTLTtg lines, this value is ignored as the counter
automatically defaults to the TTL level (nominally 1.6 volts),

» At "RST, this value is set te 1.6 volts,

Example  ARM:STARLEVe! D Trigger level for external arm signal is set
to 0 volis.
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LEVe!?

BLOPe

Parameters

Commer!s

Exampie

:5LOPe?

SOURce

ARM:LEVel? returns the discrete value currently assighed to the
trigger subsystetn LEVel command, The quoted string is sent to the
output buffer. An example of the use of this gquery is shown below:

ARM:{EVal? Query counter to return trigger level
setting.
"ENTER" statement Euater value joto controller.

ARM:SLOPe «discrete value:- configures the trigger subsystem to salect
the slope of a selected source (EXTernal or TTLTrg) that generates a
measurement. S10Fe qualifies whether the event occurs on the rising
edge or falling edge of the signal. Farameter entry is discrete: either
positive or negative.

Parameter Parameter Range of Default
Name Type Values Value
slope discrete <POSHive|NEGative> POS

s At "BET, this value is sot to POS,
« Usaful for EXTernal arm sovrce or TTLTrg lines.

ARM:STOP:SLOPe POS Specify the SLOPe command of the ARM
subsystem.

ARM:SLOPe? returns the discrete value currently assigned to the
trigger subsystem SLOPe command. The quoted string is sent to the
output buffer. An example of the use of this query is shown below:

ARM.SLOPE? Query counter to return trigger slope
setting.
"ENTER" statement Enter value into controller.

ABRM:SCQURce <source> configures the trigger subsystem to respond to
the specified source. The following sources are available:

« BUS: Enables the counter to arm a measurement when the
Common *TRG or «GET> (Group Execute Trigger) command is
sent over the VXIbus, The counter must be initiated to recognize
the *TRG or <GET> command.

s EXTernal: The front-pane]l ARM input connector is selected as
the scurce.

» [MMediate: The arming system is always true,

s HOLD: Suspend artping. Once in HOLD mode, the counter can
only be armed by the "ARM:IMMediate” command.

¢ TTLTrig The signal source is the specified VXI P2 backpiane

TTLTrig TRIGGER line. Valid lires are TTLT¥ig0 through
TTLTrig7?.
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Parameters Parameter Parameter Hange of Default

MHarne Type Values Value
sQUrce discrete <EXTernal| MMediate| IMM
BUS|HOLD|TTLTrig<n>>»
Cormments » [f EXTernal is selected as the first Start/Stop source, then

another source such as TTLTrg cannot be selected as the second
Start/Stop source. If such a mixed-source combination is
programmied, the counter will generate error -205, “Arming
configuration conflict”, upon initiation.

¢ ARM[:IMMediate] causes an arming cycle to octur immediately
provided the Trigger subsystem has been initiated by the
INITiate command. This command ignores the current arming
sOUTCE.

» Beeause ARM:IMMediate is an event, it has no query condition.
» "RST Condition: ARM:S0UR IMM
Example ! CONF1.PER Function is period on channel 1.

ARM:STAR:SOURTTLTO  Arming Start/Stop source is the specified
ARM:STOP:SOUR TTLTG  TTLTrig 0 line of the VXTbus P2 bus.
ARMSTAR SLOP NEG Arming Start specified as negative edge.
ARMISTOR:SLORP PFOS Arming Stop specified as positive edpe.
REALD? Place counter in wait-for-arin state.

Measurement is tnade when the specified
ViXIbus F2 TTLTrig line goes low.

Example 2 CONF1:FREGQ Function is frequency on channel 1.

ARM:STARLSOURee BUS  Arming START scurce is the BUS when
*TRG is sent.

INIT Initiate 2 measurement. The enunter waits
for *TRG or <GET> on the backplane.

*TRG Batisfy arming subsystem, take a
measuremeht.

FETCh? Transfer the data o the output gquene.

:50URce?  :S0OURce” returns BUS, EXT, IMM, HOLD, or TTLT«<n>, indicating the
current arming source. The quoted string is sent to the output buffer.
An example of the use of this query is shown below:

ARM:STOP:SOUR HOLD  Arming source for Stop arming is

suspended.
ARM:STOP:SOUR? Guery counter £o Teturn arm source setting.
“ENTER" statement Enter value into controller,
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CONFigure

Comments

The CONFigure command subsystem sets up the counter to perform a
gpecified measurement but does not perform the actua) measurement.
Use the INITiate and FETCh? or READ? cornmand to initiate and read
the measurement.

Syniax:
CONFigure{1|2)3)
[(VOLTage}
AC [<expected valua=] <reschution:]*
DC [«expecied valuas] <resciution=]*
'FREQuency [xexpected valie=[,<resoluticnsj]
‘RATIO [=expected value=[,<resclution>]]
‘FTIMe :
- 0f -
FALL
TIME [«lower references(,<upper reference:
[.<expected values[ <rasoiution:]]]}
:MAXimum [eexpected values=|,<resolution:J*
:MINimum [«<expected value:[,<resolution>]]*
NWIDth [xreferences[,<expected value>
f,<resalutions]])
:PERiod [<expected valuex|,<resolutions])
PWIDtH [ereferances[,<expecied values
[<resolution=]]}
‘RTIkAe
- O -
RIS
TIME [<lower references{ <upper reference:
[<expected values{ <resolution:1]j
‘TINTerval [«expected vatuex|[, <resolution=]]
TOTalize [«expected values], <resolutions]*

*Expected value and reschaion parameters are accepted but ignored for
AC, DC, MINimum, MAXimum, ang TOTalize measuremants.

Manually entered expected value; If the optional parameters
expected value and resclution are specified, the state of the
counter will be changed to obtain the requested resalution.

Specifying optional parvameters: The optional parameters cap be
defauited from right-to-left. For example, if a value for resolution
is to be entered, the expected value must be specified. If the
parameter 1s explicitly omitted, the best possible value is chosen.

[:VOLTagel] is an implied node and may be omitted from the
ProEram message.

Auto Aequire: If the aptional parameters expected vaiue and
resalution &re not entered, the gate time is set by the counter,

Auto Trigger: Meking measurements with Auto Trigger greatly
reduces throughput as compared to measurement speed wheo
trigger levels are programmed manually. During auto triggered
frequency measurements, the counter determines the positive

and negative voitage peaks of the input signal. It then programs
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the trigger level according to the current
BENSe:EVENt:LEVel RELative parameter valuge. Auto
trigger does not affect the attenuation factor.

During auto triggered rise/fall time measurements, channel 1is
programmed for 106 (90%) value and channel 2 is programmed
for 90% (10%} vajue. Riseffall time measurements use both nput
amplifiers (common input channel 1). A signal arriving at the
channel 2 Input connector is not counted.

CONFigure and MEASure versus SENSe: Most measurements
can be performed using one of these three subsystems, and each
has advantages and disadvantages over the other. The basic
difference betweern the commands is as follows:

The CONFigure command can be used for all measurements
except “gated totalize” apd “titne-interval delay” measurements.
The CONFigure command only configures a channel for a specific
function, and does not perform the measurement. Use of
additional commands (READ?, or INIT/FETC?) to perform the
measurement and read the results is necessary. Further
customization of the counter set-up is provided, through the use
of optional parameters.

The MEASure command can be used for all measurements except
TOTalize. The MEASure commmand configures & channel for a
specific function, performs the measurement, and returns the
result to the cutput buffer. Further customization of the counter
set-up is provided, through the use of optional parameters.

The MEASure command is instrument independent and can be
used in other instruments to perform similar functions. This
command should be used when the portability of instrument
syntax is important. CONFigure/READ? is less compatible if the
counter re-configuration occurs between the CONFigure and
READ? operations.

The SENSe subsystem can be used for all measurements. The
SENSe:FINCtion eormmand cnly configures a channel for a
specific function and does not perform the measurement. The
state of the counter is not otherwise affected. Use of additional
commands MEAD?, or INIT/FETC?) to perform the measurement
and store the resulis is required.

The SENSe commands should be u=ed when direct control over
the measurement is important.

AL CONFigurel] |21 VOLTagel:AC [<expected value>{,<rescluiion>])
sonfigures the counter to measure the rms ac voitage component of the
input ac sinuscidal signa}. This command does pot initiate the
MmMedsurement process.

Parameters  ‘There are no parameters for the AC function. However, expected value
and resolution are accepted by the command but ignored.
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Camments

BC

Parameters

Commenis

:FREQuency

Paramelers

Channe! Selertion: Valid for channels 1 and 2 only.

IF 10 attepuation is active, multiply the results by 10 to get the
actual voltages.

Type of Signal Measured: Signals must be sinusoidal for the ac
valtage fuaction.

This function configures the counter for Auto triggered
measurements on the selected channel.

Expected value and resolution are accepted but ignored.

CONFigurefl | 2][: VOLTage}:DC [<expected values[ cressciutions]]
configures the counter to measure the de romponent of the input ac signal,
This function assnmes symmetrical signals bacaose the de value is
calculated as a center point between positive and negative peak values of
the signal. This command does not initiate the measurement process,

There

ate no parameters for the DC function. However, expected value

and resoiution are accepted by the command but ignered.

»

Channel Selection: Vali< on channels ! and 2 only.

If =10 attenuation is active, multiply the resuits by 10 to pet the
actual voltages.

Type of Signal Measured: Signals must be periodic and
symmetnical for the dc voltage function.

Channel 2 cannct make a measurement on a de input signal.

This function configures the counter for Auto triggered
measurements on the selected channel.

Expected value and resolution are accepted but ignored.

CONFigure{l | 2| 3]:VOLTage) FREQuency [<expected
value:[,«resclution=]] configures the counter for the frequency
measurement [unction. This command does not initiate the
measurement process.

Parameter Parameter Range of Default
Name Type Values Value
expecied nuMmeric 001 1o 200E6 Hz (ch 1)| N/A
value 001 10 100E6 Hz (ch 2)]
90E& 10 Per Spec (ch 3)

discrete DEF|MIN|MAX|AUTC
rezolution numeric 1E-9t01E5 Hz 9 digits

discrete DEF|MIMN|MAX
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Comments #» CThannel Selection: Valid for channels 1, 2, and 3, but only one
channe! is selected at a time.

» Type of Signal Measured: Signals must be periedic for the
frequency function as the counter measures average frequency
over the gate time.

= Entering Expected value: Expected value can be entered as a
aumber in Hz from 9.00) Hz to 200/100 MHz for channels 1 and 2
respectively. For ckannel 3, value can be entered as a number in
Hz [rom 90 MHz to Per Spec. Selecting a value greater than 100
MMz, enables prescaling (divide by 2) on channel 1.

s Entering Resolution: Resolution is entered as a pumber from
1E-9 Hz to 100 kHz. Entries up to 1E8 for channels 1 and 2 and
{E9 for channel 3 will be accepted. Resslution is automatically
set for 9 digits of resolution by not entering a value for the
optional resolution parameter. If resclution is entered, expected
value must also be entered.

s If no parameters are entered, the counter goes into suto-ranging
mede using a pate time of 400 ms.

e [If the entered parameters are out of range, then the counter
returns error -209, “Data clipped to limit™

Refer to Chapter 4, Measurement Resolution, for more information
regarding numeric entry. Refer to Teble 5-4 for instrument settings
when using the command with discrete parameters.

Table 5-4 Frequency Resolution and Expected Value

— EXPECTED VALUE* —
min max tef autp no param nam
min tms, off 1ms, on 1ims, off | 100ms, auto NfA If FREQ =100
= MHz, then 800
E max AOOms, off | 800ms, o | 400ims, off | 1 sec, auto MNiA ms, ON
3 K FREQ < 100
. D |det 100ms, off | 100ms, ont | 100ms, off {100ms, aulo N/A MHz, then
o 400 ms, OFF
€ no param 400ms, off | 400ms, on | 400ms, off | 400ms, auto | 400ms, auto
num 1secoft | caseB, on | case A, off ! 1 sec, aulp MNiA Gate times=
(ans/Res)*Freq.
Case A dsec 400ms 4Gms 4ms 4ms
Case B a00ms a0oms B00ms 80ms 8ms
Resalution {R) O<FR<0.05 | 0.056<R<0.5| 0.5<R<5 5<H<50 501 |

* Each cell entry = Gate time, Prescaier enfolifautc N/A = Not applicable
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Exarnpia

:FREQuency:RATo

FParamefers

Comments

CONF1:FREQ 1E6,0.1 Channel 1; Funclion: Frequency,

expected value: 1 MHz;
resolution: ©.1 Hz, Prescaler - off,
gate time = 40 ms from formuta.

READ? Take a reading

CONFigurell | 2| 3}[:VOLTage] FREGuency:RATIo [cexpected

values[ cresolution=>]] configures the counter for the ratio measurement
function. A ratio measurement requires two channels of input with the
specified channel as the numerator of the ratio. This command does not
initiate the measurement process,

Parameter Parameter Range of Default
Name Type Values Value
axpected AUMERC 10E11 10 10E-1 1
value
discrete MINMAXIDEF
resolution numeric 4 E-12 1o 4000 4E-7
discrete MIN|MAX] DEF

Channe] Selection: Select cnly one channel at a time,
Channels 1, 2, or 3 may be used for ratio measurements

and the channel selected is the numerator of the ratic. For
example, if channe] 1 is specified (CONF1.FREGQ:RAT),

the result will be the ratio of chanae! l/ichannel 2. If chanael 2
is specified {CONFZ. FREQ:RAT), the resalt will be the ratic
of channe! 2/ichannel 1. If channel 3 is specified
{CONF3.FREGQ:RAT), the result will be the ratio of

channel 3fchannel 1.

Type of Signals Measured: Signals must be periadic for the ratio
function,

Entering Expected value: Expected value is entered as a number
from 10 E-11 to 10 E} 1. The counter will automatically acguire
the input signal when the expected value parameter is not
specified.

Entering Resolution: Resolution is entered as a pumber from
4E-12 to 4000, Nine digits of resclution is antornatically set if
resolution is net specified in the conmand, Table 5-5 shows the
relaticnship between resolution and expected value.

Specifications are valid when a ratio is greater than 1 for a ratio
172 ar 2/}, when using ratic 3/1, the ratio should be greater than
64, as snput 3 i= prescaled by 64.

The default frequency range for both channel 1 and 2 is

100 MHz. The frequency range on channel 1 ean be extendad
te 20¢ MHz by enabhing channel 1 presealing via the
SENSe:FREQuency-RANGe(:UPPer] command, at the expense
of resolution.
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Table 5-5. Ratic Resplution and Expected Vaiue

r — EXPECTED VALUE* —
min max def - nLm no param
- min 1 58C 1 seC 1 sec 1 sec N/&
&
5 max 1 8e¢ 1 sec 1 sec 1 sec NfA
3.
@ | def 1 sec 1 sec 1 sec 1 sec N/A
T
4
num 1 sec 1 seg 1 s58C (See Formula) Nig
no param 1 5&¢ 1sec 1 gec 1 5eC 1 sec !
* The actual gate time may be longer than listed depending on the pancd on channel 1.
! 4 » (Ratio of freq x/freq y) .
= A = ficab
Gate Time =—— 4 oq x) » resolution NfA = Not appiicable
Example  CONF.FREQ:RAT Function: Ratio (ch1/ch2)
READ? Place counter in wait-for-arm state;
maka measuremeant; put data in the
output buffes.
“ENTER" statement Enter readings into computer
FTiMe and :FALL: TIME CONFigure[ 11VOLTapel: FTIMe -or- :FALL TIME [<lower
references[,<upper references[,<expected valuex[ <resclution>Jji)
configures the counter to measure the fall time of the input signal. If the
upper/lower reference levels are not specified, the default levels are set
to 90% and 10% of peak values. This command does not initiate the
measurement process. See also Table 5-6 for Average Mode status,
Parameters Parameter Parameter Range of Default
Name Type Yalues Value
lower reference, wvoltage —10.237510 +10.2375volis  N{A
upper reference
percent 1010 90 13%-lower,
90% -upper
discrete MIN|MAX]DEF
expected value nuUmMErc 15 ng to 30 ms 100 ns
discrete MINIMAX|DEF[ALTO
résaiution numeric 100 ps to 1 ms DEF {1 ns)
discrete MINIWVAX|DEF
Comments » Channel Selection: Channel 1 only.
» The input sigraj must be periodic.
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Exampie

sMAaXimum

Parametars

Comrwnents

Automatically routes the channel 1 input to the channel 2 input
amphfier (INF-ROUT COMM). All parameter settings for channel
2 are reconfigured with the parameter =ettings for channel 1. The
COMMon input mode cannot be overridden.

Selecting PCT (%) as units turns Auto trigger ON, while choosing
V (volis) turns Auro trigger OFF. The default unit for the
lswerfupper reference parameters is percent (POT) however,
absglute units ¥V (volts) can also be specified. You must scaie the
values according to the selected attenuation,

The CONF:FALL:TIME coromand is an alias (functional
equivzlent) to the :CONF:FTIMe command.

The counter’s input configuration {coupling and irmpedance for CH2,
routing for CHI, and state of auto trigger for both channels), before
execution of either the CONF.FTIMe or CONF:RTIMe command, is
restored whenever measurement function is changed. However, the
absolute trigger levels are not affected,

CONF.FTIMe DEF, DEF, 100E-9, 1E-9 Configures channet 1 and 2

LOMMon; Function - Fall time:;
selects 108 and 9% as iower
and upper reference value
{(Auto trigger ON)

expected value - 100 RS,
resolution - 1 ns

COMF:FTIMe 0.4V, 3.5V, 1E-6, 10E-9 Configures lower reference to 0.4

volis and upper reference to 3.5
wolts (turns Auto trigger OFF)

CONFigure{l | 2][:VOLTage:MAXimum {<expected
valuex[,<resolutionx]] configures the connter to read the maximum
value {+Ve Peak} of the input signal ac voltage This command does not
initiate the measurement process.

There are no parameters for the MAXimum function. However,
expected value and resolution are accepted by the command but ignored.

Channe! Selection: Valid for channels 1 and 2 only.

Type of Signal Measured: Signals must be periodic for the
MAXimum value function.

This function configures the counter for Auto triggered
measurements on the selected channel, but does not affect the
selected input attenuation.

If %10 attenuatiok is active, multipiy the resuits by 10 to get the
actusl voltape levels.

Expected value and resolution are accepted but ignored.
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:MINImum

Farametars

Commerits

NWIDth

Farameters

CONFigure{! | 2I[:VOLTage]: MINimum [<expectad
values[,<resolution>1] configures the counter to read the minimum
valug (Ve Peak) of the inpuet signal ac voltage. This command does not
initiate the measurement process,

There are no parameters for the MiNimum function. However, expacted
value and resolution are accepted by the command but ignored.

+ Channel Setection: Valid for channels 1 and 2 only.

s Type of Signal Measured: Signals must be pericdic for the
MINimum value function.

» This Minction configures the counter for Avto triggered
measurements on the selected channel, but does not affect the
selected input attenuation.

s If %10 atteauation is active, multiply the results by 10 to get the
actual voltage levels.

» Expected value and resclution are accepted but ignored.

CONFigurel] | 2E[VOGLTage . NWIDth [<references{, <expected
value={, <resolution>1]i configures the counter for the negative pulse
width measorement function on input channel 1 or 2. This command
does not initiate the messurement process,

Nepgative pulse width is measured as the time between the falling edge
and the next rising edge of the input signal. If the reference level is not
spetified, the default level is set to 50% of the peak-to-peak voltage.

Parameter Parameter Range of Default
Hame Type Values Value
relerencea vottage (V) 10237510 +10.2375 volis NiA
percent (PCT) 1010 80 50%
discrete MINimumjMAXimum|DEF ault
expected AUMEeric Snsto 10ms 100 ns
value
discrete MIN|MAXIDEF|AUTD
resofution TILMEHG 100 ps o 100 Ns 1ns
discrete MINIMAX |DEF

Entering relerence value: The default units of measure for the reference
parameter is percent (PCT). However, absclute units ¥V (volts) can also
be specified. Selecting percent (PCT} turns the Auto trigger mode ON
while choosing ¥V (volts) turns Auto trigger OFF. You must scale the
voltage levels according to the selected input atienuaticn.
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Entering Expected value: Measurement range is from 5 nsee to 10 ms.

If expected value is to be entered, the reference parameter must be
specified.

Entering Resolution: Resolution can be entered as a number in seconds
from 100 ps to 100 nancseconds. The 100 Gate Average mode is turned
ON for resolutions less than 1 ns,

Default Resolution: Kesolution is automatically set to ! ns by naot
entering values for expectad value and resolution. If reselution is
entered, expected value and reference must also be entered. Refer to
Table 5-6 for more information.

Comments .

Channel Selection: Select input channels 1 or 2. Channel 3
cannot make pulse width measurements.

You can override the 509% default by using the
SENSe(1|Z)EVENtLEVel:RELative command or by explicitly
providing a value in the command parameter.

Edge Select: Negative pulse width iz measured from the falling
edge to the rising edge. The measurement will not complete
until the second edpe is detected.

Refer to Table 5-6 for status of 100 Gate Average mode based on
expected value versus resolution. The iable is valid not only for
NWIDth, but alse PWIDith, FTIMe, RTIMe, TINTerval, and
TINTerval DELay measurements.

Table 5-6. NWIDth Resolution ond Expecred Value**

Resolution Expected ¥alue**
min max def auto no <value=
parm
mio (FF OFF {OFF OFF WiA OFF
max OFF OFF OFF OFF MNiA ON if exp. value 210 ms.
otherwise DFF

del OFF OFF QOFF OFF NS QOFF

no parm OFF OFF OFF OFF {OFF {OFF
<value> Oy OFF =1 ns=0N, OFF MiA O if eap. value =10 ms and
=1 as=0FF resalution i ns, otherwise

| OFF

* Also applies to PWIDth, FTIMe, RTIMe, TINTerval. and TiNTerval DELay measurements.

**Euch celf entey = Stuus of 18] Gate Average mode for cambinations of discrete measurement parameters.
NiA = NHol Applicable.
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Example  CONFNWID 75,1.56-6,500E-12 Channel 1; Function - Negative Pulse

Widih with relerence set at /5%
Aulo trigger ON
and 100 Gate Average mode ON.

READY Take reading

"ENTER" statement Erter value intc controller

PERiod  CONFigurell 121 3][;W(OLTage:PERiod [<expected
values[ <resalution=]] configures the counter for the period average
measurement fanction en chanrel 1, 2, or 3 ichanne! 1is the delaslts
This command does not initiate the measurement process.

Faranmelars Patamater Parameter Range of Default
Wame Type Values ___Value
axpected numeric 5 ns 1o 1000 sec {CH 1}
value 10 ns 1o 1000 sec {CH 2}

Fer spec (CH 3)

discrete <M IN| A AUTO|DEF DEF
(100 ns)
resolution RUMeric 1E-18t0 10E-4
discrele <M M| MAX|DEF= DEF
{100 nz)

Comments -

E14208 Command Reference

Channel Selection: Valid fer channels 1, 2, and 3, but only ene
channel is selected at a time.

Type of Sipnal Measured: Signals must be periedic for the period
fanction as the counter measures average period over the gate
time.

Entering Expected value: Expected value entered should be
within a range as specified above. Selecting a value less than 10
ns for channel 1 automatically turns prescaling ON tdivide by 22

Entering Resolution: Resolution 15 entered as a number in
seconds from 1 E-18 to Q01 seconds. Resolution 15 sutomatically
set to ? digits if expected value and resolution are not specified in
the command. If reseiution is entered, it must be preceded by an
expected value. 1 E-18 will generate an ERROR -218, even
though the counter will make a2 measurement. 1.1 E-18 will net
penerate an ERROR -218.

Refer to Table 5-7 for instrument Gate time/Presecaler status
when using the sommand with parameters.



Table 5-7. Period Resolution and Expected Value

— EXPECTED VALUE* —
min max def auto no param num
min 1ms, on 1ms, off 1ms, off | 100ms, auto MN/A If Per. =
E max 100ms, on | 100ms, off | 100ms, off [100ms, auto|  N/A lgﬂmrﬁ;.t“{E}EF
'5 def B00ms, on | B0Oms, off | 400ms, off | 1 sec, aule NiA % Per. < 10
E:' no param 400ms, on | 400ms, off | 400ms, off | 400ms, auto | 400ms, auto | g, then 800
7]
L ms/ON.
o
num case B, on t sec, off case A 1 5ec, aulo NFA Gate Tune=
(4ns/Pes)*
Peariod
Casa A 45ec 400ms 40ms ams
Case B 8 sec 800ms BOms gms
Resoluticn (R) R<1E-16 1E-16=H 1E-15<R 1E-14<R
i =E-15 =E-14

* Each cell entry = Gate time, Prescaler onfofffaisio NiA = Not applicable

Example

:PWIDth

Faramelors

CONF:PER 1E-3,1E-6

READ?

"ENTER" statement.

Function: Period; expected value: 1 mS;
resolution: 1 S

Take reading.

Enter readings into computer

CONFigurell | 21[:VOLTage]:FWIDth [<reference>[,<expected
values[,<resolution>]]] confipures the counter for the positive pulse
width measurement function on input channel 1 or 2. This command
does not initiate the measurement process.

Positive pulse width is measured as the time between the rising edge
and the next falling edge of the input signal. If the reference level is aot
specified, the default level is set to 50% of the peak-to-peak voltapge.

FParameter Parameter Range of Defauit
Name Type Values Value
reference voltage (V) —10.2375to +10.2375 vols NfA
percent {PCTy 1010 50 50%
discrete MINimum|MAXimum|DEFault
expeciad aumeric Sns1o 10 ms
value
discrete MIN|MAX|CEFIAUTO DEF
resclution numeric 100 ps to 100 ns
discrete MIN|MAX|DEF
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Commenis

Example

:ATIMe and -RISE:-TIME

Entering reference value: The default units of measure for the reference
parameter is percent (PCT). Howaver, absolute units V {volts) can also
be specified. Selecting percent (PCT) turns the Auto trigger mode ON
while choosing V (volts) turns Aute trigger OFF. You must scale the
voltage levels according to the selected inpul attenuation.

Entering Expected value; Measurement range is from 5 nsec to 1 ms. If
expected value s to be entered, the reference parameter must be
specified.

Entering Resolution: Resolution can be entered as a number in seconds
from 100 ps to 100 ns. The 100 Gate Average mode is turned ON for
resobutions less than 1 ns.

Default Kesolution: A preliminary measurement. is done o determine
the best resolution if the expected value and resolution arve not entered.
If resolution is entered. expectad value and reference must alse be
entered.

s Channe! Selection: Select input channels 1 or 2. Channel 3 cannat
make pulze width measurements.

e You can override the 504 default by using the
S5ENSe(11 2] EVENLLEVel:RELative command or by explicitly
providing a reference value in the configuration command
parameler.

v Edge Seleer: Posivive pulse width is measured from the rising
edge to the falling edze. The measurement will not complete until
the second edge is detected.

+ Refer to Table 5-6 for status of 100 Gate Average mode based on
expected value versus resolution. The table is valid for not only
PWIDth, bat also NWIDth, FTIMe, ETIMe, TINTerval, and
TINTerval DELay measarements.

CONFPWID 75 1.5E-8500E12  Channel 1. Funclion - Popsitive Pulse
Width with reterence set at 75%
Autotrigger ON and 100 Gate
Average mode ON,

READ? Take reading

“ENTER" statement Enter value inte controller

CONFigurell[:VOLTage]:RT1Me -or- :RISE:-TIME [<lower

references| <upper references! <expected valuesl <resclutions il
configures the counter to measure the rise time of the input signal. If
the upperflower reference levels are net specifiad, the default levels are
set te 10% and 90% of peak values. This command does not initiate the
measurement process. See also Table 5.8 for Average Mode Status.
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Farameiers

Cammernts

Example

Parameter Farameter Hange of Default

Name Type Values Value
lower reference,  voltage —10.237510 +10.2375 volts  N/A
upper reference
PCT 10 to 50 percent, % - lower,
MINIMAX|DEF 10%-upper
axpected value  numeric 15 ns 1o 30 ms 100 ns

discrele MINIMAX|DEF|IAUTC
resolution Aumeric 100 psto1 ms DEF {1 ns)
discrete MIN|MAX|DEF
* Channpe! Belection: Channel 1 only.
« The input signal must be periodic.

+ Automatically routes the channel 1 input to the channel 2 input
amplifier {INP:ROUT COMM)}. All parameter settings for channel
2 are reconfigured with the parameter settings for channel 1. The
COMMon imput mode cannat be overridden.

s Selecting PCT (%) as units turns Auto trigger mode ON while
cheasing V (volts) turns Aute tripger OFF. The default unit of
measure for the lower/fupper reference parameters is percent
{PCT) however, absolute units V (volis) can also be specified.
You must scale the voltage levels according to the selected input
attepuation,

s The CONF:RISE:TIME command is an alias (Fanctional
equivalent) to the CONF:RTIMe command.

e The counter’s input configuration (coupling and impedance for CH2,
reuting for CH1, and state of auto trigger for both channels), before
execution of either the CONF:FTIMe or CONF:RTIMe mmmand, is
restored whenever measurement function is chanped. However, the
absolute trigger levels are not affected.

CONF:RTiMe OEF, DEF, 1E-6, 10E-9 Configures channel 1 ard 2
COMMon; Function - Rise time
selects10% and 90% as lower
andt upper reference values
{Auto trigger ON); expecied
value - 1 us; resalution - 10ns

READ? Take reading

CONF:RTIMe 0.4V, 3.5, 1E-6, TOE-2 Comligures lower reference 10 0.4
volts and upper reference Lo
3.5 volts {tums Auto trigger OFF}

READ? Take reading
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TINTervar

Farameters

Comments

Example

TOTaliro

Fararmetars

CONFigure[1)l:VOLTagel TN Terval [<expected values[ <resslution=]]
configures the counter to measure the time interval from the signal edge
an channel 1 to the signal edge on thannel 2. This command does not
initiate the measurement process.

You must send an expected value parameter for resolution to be
accepted.

Parameter Parameter Range of Dalauli
MName Type Values Value
expected numenc 1 ns 10 1000 sec 100 N5
valug
discrele Mitd|MAX|DEF|ALTO
resoiution NUMEFiC 100 psto 180 ns 1ns
discrete MINIMAX|DEF

= Channel Selaction: Valid only on channel 1.

= Starl and Stop Edges: The edges of both the start and stop
channels can be selected using the SERSe[11 2LEVENLSLOPe
command. Unless changed, the measurement will be performed
using the currently selected slope.

+ Entering Expected value: Measurement range is 1 ns to 1000 see.

« Entering Resolation: Kesolution 15 entered as a number from 100
ps through 100 ns. 1 ns default reselution is used if a resolution is
not specified in the command. If a resclution better than 1 nsis
sppecified, 100 Gate Average mode is automatically enabled.
Rafar to Tehle 5-6 for the status of 100 Gate Average maode.

e [f vou need to make time interval measurements with delay, then
refer ta the SENSe TINT:DEL command description.

« Maximum input frequency range is 100 MHz for channel 1 and 2.

COMFTINT Funclion: Time Interval (Ch 110 Ch 2)

READ? Make measurement; put data in the ool
buffar.

"ENTER" statement Emer readings into compuler.

CONFigurel 11[: Y LTage . TOT alize configures the counter for the
totalize function but does not initiate the measurement procedure. This
function allows you to eount events on channel 1. Once the
measurement is started, the totalize function continues counting until
the ehannel is reconfigured to another function or ABORL or the
ARM-STOFIMM command is received.

There are no parameters for the totalize function. However, expected

value and resolution parameters are accepted by the command but
ignored.
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Comments

Example

» Reading Measurement Results: The totalize measurement is
started with the INTTiate command. Measurement results are
read using the FETCh? command which reads the current count
without interrupting the measurement. The READ? command
reinitizlizes the totalize measurement before returning results.

s Expected value and Resolution: Parameters are accepted but
ipnored. Measurement range is 1 E12 events with a maximum
frequency of 1 MHz.

« The Totalize measurements can be gated by an external arm
signal, TTLTrg lines, or channel 2. Refer to the SENSeTOTalize
subsystem for further details.

» Before you can change functions after completing a Totalize
function (or between each “TOTalize-by-GATE" function), you
must use ABORt to halt the Tetalize measurement process.

Changing function after Totalize

CONF1.TOT Configure channel 1 for Totalize,
NIT Initiate ameasuramant.

FETCR? Acquire 1he first count,

FETCh? Acquire a second count.

"ENTER" statement Emer measwrement into controller.
ABORt Halt Totalize measurements.

SENSe:FREQ DEF, DEF Change the function.
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CONFigure?

Comments

Example

CONFipure? veturns the function with its associated parameters that
the specified channel was configured for with the last CONFigure or
MEASure command.
Syntax;

CONFigure[112|3]?

Parameters:

Select one channe! for the command (1, 2, or 3). If a channel is not
specified, the command acts on channel 1 which is the default.

s Qutput Format: The strings returned have the following format:
“<function»<parameters>”, with multiple parameters separated
b}r IIJ!!_

s If the query is made cn a channel other than the one last
configured, then error -204, “Channel] not configured for
measurement” 1s returned.

« The values of MIN, MAX, and DEF cannot be gueried.

CONF2:FREQ 1ES 10 Channel 2 configured for freguency of 100 kHz
with 1 Hz resolution. :

CONF27 Query configuration of channel 2,

“ENTER™ slaterment RAeturns "FREQ 1E5, 10°

CONFZ:PER Channel 2 configured for period measurement.
CONF27? Query configuration of channe! 2,

"ENTER" statement Returns “PER | °
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DIAGnostics

CALibrate

The DIAGnostic command subsystem provides access to both calibration
and test functions via SCPI as options and parameters of the
DIAGnostic roct command. Most of the command options for this
command node require the expertise of qualified service persenmel and
use of specific test equipment to ensure correct application and results.
{Refer to the Assembly-Level Service manual for specific information
about adjustment, diagnosis, and repair of the E1420B Universal
Counter.)

The structure and syntax of the SCP1 E1420B diagnostic subsystem
tree iz as follows:

Syntax;

DIAGMostics
CALibrate
{OFFSe? <BOTH>
(FULLscate? <BOTH>
‘ASSembly
ALL?
A1
AZ?
BLOCK
| ALL?E
‘CALRam?
ROM?
‘RAMS
COUMchain
[:ALL?]
COMMector?
‘BINTerpatat?
INTerpolat?
MRC?
TiMebase?
‘READ
MRC? <EREG|TREG|ALL=
ANT? <3TS|STL|ISPSISPLISTARSTOP|CAL ALL»
UFAIL[?) <OFFOION|1> {NfA far Query)

The DIAGnostics:CALibrate command causes the counter ta perform
calibrations of key parameters on the input amplifiers.

+ CALibrate:0FFSet? - Performs offset calibration on input
amplifiers for both channe} 1 and channel 2. Requires grounding
the channel being calibrated. Successful completion of the
calibration returns *PASSED OFFSET CH1, PASSED OFFSET
CH2". If any “FAILED" messages appear, refer to chapter 4,
Service, of the Assembly-Level Service manual.

+ CALibrate:FULLscale? - Performs fullscale calibration on input
amplifiers CH1, CHZ, or BOTH. Requires input of precision [+5V) de
supply voltage to the channel being calibrated. Successful
completion of the ealibration returns “PASSED FULLSCALE CHA1,
PASSED FULLSCALE CH2", If any “FAILED” messages appear,

refer to chapter 4, Service, of the Assembly-Level Service manual
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:ASSembly

:BLOCK

READ:MRC? <EREG{TREG>

NOTE

The DIAGnostics:ASSembly command causes the counter to perform all
diagnastics apphcable on an assembly-level basis. The diagnostics
provide a means of 1solating hardware faults to either the Al main
printed-cireuit assembly (PCA} or A2 input amplifier PCA,

o ASSembly-ALL? performs diagnoestics on both the input
amplifier PCA (A2) and the main PCA (Al). See the Al and A2
diagnostic descriptions for infermation concerning tested
hardware.

e ASSembly A17 performs diagnestics for the main A1 YOA These
include Cat EaAM, ROM, RaM, MRC, Interpolators, and
timebase. If repeated failures oceur for one or more of these
hardware elements, then replacement aof the A1 PCA is indicated,

» :ASSembly:A2? performs diagnostics for the input amplifier A2
PCA. These diagnostics test the Interface with Al If repeated
failures occur for ene or more of these hardware elements, then
replacement of the A2 PCA is indicated.

Successful completion of the ASSembly diagnostics returns “PASSED,
<AlI A21ALLS" I a diagnostic fails, the eountar returns “FAILED”
along with failed blocks separated commas. For example, “FAILED,
ALL, ROM, INT" would indicate that the ROMs and count interpelators
failed the Self-test,

The DiAGnostics: BLOCK command causes the counter to perform all
diagnostics applicable on a functional-block basis, The power-up default
for this command is “ALL?Y". The other choices are CALRam?, ROM?,
EAM?, and COUNtchain,

Suecessful completion of BLOCK command tests 1 indieated by the
“PASSED" response. The only exception to thisis the COUNtehain node
which reguires an additional query option. The chaices available are;
ALL?, CONNMector?, MRC?, INTerpolat?, DINTerpolat?, and TlMebase?.

i the external lmebase source 15 sefected, using

“SENSAROSC SQUR EXT, a reference timebase of 10 MHz must
be connected to the InfExt BNC in order to run the diagnostc
“DIAG.BLOCKALL?"

All query options {except MRC?, INTerpolat?, and DINTerpolat?) will
return only “FASSED” or “FAILED” results. The MRC?, INTerpolators?,
and DINTerpolaters? queries will return messages containing
measurement data of their internal registers.

This 5CFPI message string returms the value of the E regisler lereg

parameter), the T register (freg parameter) or both registers for the last
measurament as follows:

s EHEG - retumns the count in the E (or Events) register, each
count equivalent to one zero crossing (event) of the input signal.

a TREG . returns the count in the T {or Time) register, each count
equivalent to 108 ns.

» ALL - returns the EREG value first, followed by the TREG value.
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AREALEINT?  This BCPl message string returns an interpolator calibration and/or
rmeasurement valae as follows:

# S5T5 - returns the start interpolater value for short calibration,
# 5TL - returns the start interpolator value for long calibration.
*« SP5 - returns the stop interpolator value for shott calibration,

s 5PL- returns the stop interpelator value for long calibration,

« 3TAR!L - returns the start interpalator value for measurement
{The value should be between 8TS and SPL.).

+ STOP - returns the stop intarpolator value for measurement
{The value should be between SPS and SPL.L

s CAL - returns calibration vaiues in listed order (sts, sps, stl, spl),

# ALL - returns ali the calibravion values and values for
measurement as follows: sts, sps, stl, spl, start, stop.

UFAIlf?]  The DIAGnostics:UFAIL «QOFF |01 ONi 1> enabies the counter to
execute the next diagnestic command in a continuous lnop. When turned
0N, the next diagnostic is executed eontinously until halted (Devica
Ciear is received) or until a failure ovccurs. The DIAGnosties:UFAIL?
query returns the state of UFAIL.

5-39 E1420B Command Reference



540

FETCh? The FETCh? command retrieves the measurement stored in the
counter's memory by the most recent INITiate command and places it
in the output buffer. This command is most commenly used in
conjunction with CONFigure and SENSe,

Syntax:

FETCh[1]2(3]

Comments .

E14204 Command Referance

[:=function=]?
Channel Number: Select only one channel at a time.

If the <function> is requested, the counter retreives the value of
the function derived from the data taken by the last
measorernent. If the value cannot be derived, error -230, “Data
corrupt or stale”, is returned. If a Frequency measurement is
made, then a Period value may be fetched or vice-versa. If Auto
triggered measurements are made, then all voltage measurements
{AC, DC, MINimum, MAXimum) can also be fetched. You must
multiply the results by 10 when x 10 attenuation is active.

When the <function> is omitted, the Last function FETChed,
READ?, or measured is ussd.

You must execute INITiate before sending the FETCh? command.
If the INITiate command bas not been executed prior to FETCh?,
error -206, "Measurement has not been initiated”, is returned
unless the eounter has been INITiated in the CONTinuous state.
Eaefer to the INITizte command.

If the counter configuration changes during a measurement,
FETCh? will return error -230, “Data corrupt or stale”.

If a FETCh? is made cn a different channg] than the cne
currently initiated, error -204, “Channel not configured for
measurement”, is returned.

Muitiple FETCh? queries are allowed on measurement data as
long as the instrument set up has not been changed.

TOTalize Measurements: If the selected channel is configured for
totalize, FETCh? reads the current value from the counter and
returns the resuit. This is the only mechanism to eontinue
reading results for the TOTalize function.

If the counter is in ARM:HOLD or BUS mode, an attempted
FETCH? returns error -215, “ARM deadlock”.



Example  CONF.FREQ 10EB6.1 Function is frequency of channel 1.

MNIT Makes a measurement.

FETC? Place readings in output buffer. As <fonctions is
missing, frequenty is assumed.

"ENTER" statememn Erter measurement irto comroller,

FETCh:PERiod? Flace period reating in cutput buffer. Does not
make a measurement.

"ENTER" statement Enter measurement into controller,

FETCh TINTerval? Generates error -230, “Data cormupt or stale”™.
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INITiate The INITiate command is used to contro! the initiation of the
measurement cycle.

Syntax:

IMiTiate[1]2]3]
[[IMMediate]
(CONTINUOUS <OFF|0{ON|1>
CONTinuoys?

Comments e Channel Number: Select only one channel at a time.

s If you attempt te initiate a measurement on a channel not
previously configered for a measurement, the coupter returns
error -204, "Channel not configured for measurement”™

+ Performing the Measurement: After the measurement is initiated
using JNIT, the state of the Arming subsystem controls when the
actual measurement occurs. For example: if ARM:S0URce is
IMMeadiate (the default for ARM:SOUR), the measurement is
performed as scon as INITiate is executed, The measurement
result is stored in the counter's memory. A measurement stored
in memory from a previcus command is replaced by the new
measurement data. {See the ARM command in this chapter for
tmore information.}

s Measurement Result: Use the FETCh? command to transfer a
measurement result from the counter's memory to the sutput
buffer.

[:iMMedigte]  INITiate[1)2|23][:IMMediate] causes an immediate exit from the idle
state, executes one measurement cycle, and returns to idle upon
completion.

Comments e [NITiate[1}2|3].IMMediate] is an event and cannot be queried
as there is no state associated with it

» If 2 measurement hias been initiated and the instrument set up
changes, then the current measurement aborts, or:

+ IFanother INIT:-IMM is received then error -213, “INTT ignored”,
i returned.

& If the counter is not in the idle state or if INITiate: CONTinuous

is =zt ON, an INIT:IMMediate command has no effect on the
Trigger subsystem and error -213, “INIT ignored”, is returned.
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Exarnple

CONTInUOUS

Comrments

CONF-FREQ
ARMSOUR EXT
ARM:STOP:S0UR EXT

INIT

FETCh?
ENTER statement

FETCh?

INIT

Function is frequency.
Start arm source is external,
Stop anm source is exiernal.

Initiate a measurement. The counter makes
a measuremant during the external armn.

Transfer measurement to ouiput buffer.
Enter measurement imfo controller,

Transter old measurement 1o cutput buffer.

Initiate a new measurgment,

INITiate{l | 2 33:CONTinuous determines whether the counter makes
only one measurement or makes rmeasvrements continucusly. If
CONTiauous is set ON, then measurements will be made as long as
arming conditions defined via the ARM command are satisfied. When
CONTIinusus 15 set OFF, the counter finishes the current measurement
and returns to the idle state.

# The state of INIT[1] 2| 3):CONTinuous: ON is not affected by the
ABORt command, however the current measurement aborts, and
the counter resumes measurement.

» Attempting to configure a different channel while
INIT:CONTinuous is ON will generate errar -200, “Exesurtion
Error”. The state of the counter remains ynchanged, continuing
with measurement execution.

» Changing any parameters or functions associated with a
configured chanrel 15 permitted when “Continuous™ state is ON.
The current measurement aberts, the requested change is made,
and the counter resumes measurement.

s The MEASure®? command turns the INTT:CONTinuous to OFF,
and performs the desired measurement,

o An INIT:IMMediate command while in continnous mode causas
error -213, “INIT ignored™.

e At *BST, CONTinuous is OFF,
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Example  CONF:FREQ Set up the counter to measure frequency.
IMIT:CONT QN Counter will initliale measurements comtinuousky,
FETCh? Transters measurement results 10 output butfer.
“ENTER" statement Enter measurement into controlier,
FETCh? Transfers new measurement results to output buffer.

"ENTER" statement Enter measurement intg contredier,

CONTinuous? INITiate:CONTInuous? will return 17 if the Continuous state is ON
and “0" if the Continuous state 15 OFF.
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INFPut

ATTenuation

Farameiers

Commernts

Examiple

ATTenuation?

Exampile

COUPlnG

Farameters

Comments

Example

The [NFut subsystem cotnmands provides control of attenuation,

impedance, coupling, and signal routing (common channel 1 input) for
the counter.

Syntax:

INPut{1}2]
ATTenuation  <value|MINimum|MAXimum]DEF ault-
ATTenuation?  {<MINimumlMAXimum|DEFault=]
:COUPiing <AC|DC>
'(COUPIling?
IMPedance  <vaiue|MINimum{MAXimum|DEF ault»
IMPedance?  [<MINimumjMAXimum|DEFault»]
:ROUTe =COMMeGn|SEParate>
RGUTe?

INFut{]l [ 2]:ATTenuation <vajue | MINimnum | MAXimum | DEFauit>
sets the selected input channel attenuation az 1 or 10. In %10 mode, the
input signal level is reduced by the factor of 10

Parameter Parameter Range of Default
Name Type Values Value
value flumeric 10 1

MIN discrete 1

M, discrete 10

DEF discrete 1

& x10 attenvation is used when input signal voltages exceed 5V
tms.

» Power-up and Reset condition is = 1.

INP1:ATT 1D Sets channel 1 atenuation 1o 10,

INPut[1 | 21:ATTenuation? returns the attenuation for channel 1 or 2 as
either [ or 10. An example of this query is shown below:

INFP1:ATT? Clueries the attenuation tor channel 1.

INFut]] | 2i-:COUPling <mode> sets the input coupling to ac or de. The
parameters [or "<mode>" are AC and DC. The AC parameter is used to
remove any de component from the input signal.

Parameter Parameter Range of Default
Name Type Values Value
mexde discrete ACIDC DC

# Power-up and *RSBT Cosdition is INP:COUP DC

INP2:COUP AC Sets channel 2 coupling to AC.
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:COUFing?

:iMPedance

FParameters

Commeaents

Example

IMPedance?

ROUTe

Paramelers

Comments

INPut[1|2):COUPling? returns the coupling for chanzels 1 or 2 as
either AC or BC. An example of the use of this guety is shown below:

INFZ.COUP? Queries the coupling for channel 2

INPut[] | 2]:IMPedance <value | MINimum | MAXimum | DEFault> sets
the input impedance to 50Q or 1 M where <value» is a floating point
number,

Parameter Parameter Range of Detault
Name Type _ . Values L Value
value AT ETIC 4010 60 and . SEG 10 1.1E6 S5
MiIN discrete 500

MAX discrete 1ML

DEF digcrete 500

+ When channel | COMMon mode routing is active, input 1
impedance will drop to 500 k&2 if the 1 M{2 is selected.

« Impedance values can be specified between 40 and 60 for 5002 and
0.9ES6 o 1.1E6 for 1 MO

« Power-up and *RST Condition: INP:IMP 50 (50 ohms)

INFZ: WP MIN Sets channel 2 impedance to 5052

INPut{l | 21:IMPedance? returns the impedance value for channels 1 or

2 as a floating point number. An example of the use of this query is
shown below:

INF2:IMPedance? Guerigs the input impedance of channel 2,

INPut[1):ROUTe <mode> routes input channel 1 signals to both channel 1
and 2 input circuits (Sets both inputs to common). The INP2ROUTe
command string will generate error -221 “Settings conflict”.

Parameter Parameter Range of Defauit
Name Type Values Valus
<M e discrete COMMon|SEParate SEParate

s Front.panel Input channel 2 connector js not active when channel
1 is routed in COMMon mode.

» Turn-on and *RST Condition: INP-ROUTe SEParate
» Rise/fall time measurements are automatically made using ROUTe

set to COMMon. Channel 2 settings are the same as channel 1.
When the function changes, the previous settings are reinstated.

» Input impedance will drop to 500 k$2 if 1 MSQ is selected while in
COMMon mode when x 1 attenuator is active.

E1420A Command Reference



Exampie

:ROUTe?

MEASure

Commaents

INF:ROUTe COMMan

Aoutes input channel 1 cannecter 1o bath
channel 1 and 2 input circuits.

INPutll | 2: RCUTe? returns the status of input routing as either
SEParate or COMMon. Channoel 2 route is always SEParate.

The MEASure command subsystem sets up the couater to perform s
specified measurement either autcmatically-acquired or for a
manually-entered expected value, apd then performs the measurement.
After making the measurement, the data is stored in the gutput buffer.

Syntax:

MEASure]1(2{3]
WO Tage]
AGT
{nloy)
FREQuency?
‘RATIO?
FTIMe?
-qQr -
FALL
TIME?

WAXImum®?
MINimum?
NWIDth?

FERiod?
PWIDth?

:ATIMe?

-0 -

AISE
TIME?

TiNTerval?

[«expected values[ <resclution:]]*
[«expected value:[<resclution=J*
{=expected value»[ <resolution:])
[=expeciad values] <resolution=]]

[«lower references[.<upper reference:
[.<expected value={ <resolution=]]]]
[cexpected value [ <resolution=]]*
[«expected values[,<resolutions]*
[ereferances|,<expacted valueas
[=resolution:]T1]

[«expected values=|, <resolution:])
[<references[.<expected values>
[=resolution:=]])

[<lower reference [ <upper reference=
[.<expected values[.<resolution=]]]]
[<expected values], <resolutiona]]

"Expected value and resolution paramelers are accepted but ignored for
AC, DC, MINimum, and MAXimum measuremens.

s TOTalize: The MEASure command CANNOT be used to totalize
counts because totalize continues counting events until the
function is changed.

s Manually entered expected value: If the optional parameters
expected value and resolution are specified, the state of the
counter will be changed to obtain the requested resclution.

» Specifying optional parameters: The optional parameters can be
defaulted from right-to-left. For example, if a value for reselution
is to be entered, the expected valee must be specified. If the
parameter is explicitly omitted, the best possible value is chosen,
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If you execute the MEASure command while the counter is in
continuous measurement mode (INIT:CONTipuocus ON), the
INIT:CONTinuous state is turned OFF, and the counter then
makes the measurement.

[(WOLTage] is an implied node and may be omitted from the
Program message.

When making voltage measurements, you must multiply the
results by 10 if x 149 attenuation is active.

Auto Acquire: If the optional parameters expected value and
restution are not entered, the gate time j= sat by the counter.

Auto Trigger: Making measurements with Auto Trigger greatly
reduces throughput as compared to measurement speed

when trigger levels are programmed manually. During auto
triggered frequency measurements, the counter determines

the positive and negative voltage peaks of the input signal.

It then programs the trigger according to the current
SENSe:EVENt.LEYel:RELative parameter value.

Rise/fzl] time measurements use both input amplifiers {common
input channel 1. During autos triggered rise/fall time
measurements, channel 1 is programmed for 10% (90%) value
and channel 2 is programmed for 90% (10%} value. A signal
arriving at the channel 2 Input connector is not counted,

CONFigure and MEASure versus SENSe; Most measurements
can be performed using ane of these three subsystems, and each
has advantages apd disadvantages over the other. The basic
difference betwaen the commands is as follows:

The CONFigure coramand can be used for all measurements
except for gated totalize and time-interval delay measurements.
The CONFigure command only configures a channel for a specific
function, and does not perform the measurement. Use of
additional commands (READ?, or INIT/FETC?) to perform the
measurement and read the results is necessary. Further
customization of the counter set-up is provided, through the use
of optional parameters.

The MEASure command can be used for all measurements except
TOTalize. The MEASure command configures a channe! for a
spectfic function, performs the measurement, and returns the
result to the gutput buffer. Further customization of the counter
set-up is provided, through the use of optional parameters.

The MEASure command is instrument independent and can be
used in cther instruments to perform similar functions. This
command should be used when the portability of instrument
syntax is important. CONFigure/REATD? is less compatible if the
counter re-configuration occurs between the CONFigure and
REATY gperations.



MEASure Command Details

MEASure Examples

The SENSe subsystem can be used for all measurements. The
SENSe:FUNCtion command only configures a channel for a
specific function and does not perform the measurement. The
state of the counter is not otherwise affected. Use of additionzl
commands {(READ?, or INIT/FETC?) to perform the measurement
and store the results is required.

The SENSe commands should be used when direct control over
the measurement is impertant.

For detailed explanations of the MEASure command functions,
parameters, examples, atd comments, refer to the individual
CONFigure command measurement function deseriptions of the
CONFigure subsystem. Three simple examples using the MEASure
commanpd are provided below.

All details of the MEASure command functions are identical to the
CONFigure command functions except for the following:

s TOTalize measurements are WOT available vnder the MEASuTe
subsystem,

s The function is written as the gquery form by including a question
mark (7} at the end of the measurement function name: for
example, "TINTerval” becomes “TINTerval?™as the MEASure
function. When the MEASure function gueries are used, the
REATD?, and INTTiate/FETCh? commands are not needed.

MEAS2:FREQ? 10E6, 1 Measures frequency on channel 2 with
an expected value of 10 MHz and resclution
of 1 Hz.

ENTER staterment Enter measurement inlo controller,

MEAST:RTIM? 2{, BO Measures rise time on channel 1 between 20%
and 80% of the input signal level transition.

ENTER statement Enter measurement into controtler.

MEAS{:PER? Measure period; when no paramelers are gven,
the counter autoranges the requested
measurement providing the best possitle
resolution. Gate time is 400 ms.

ENTER statement Enter measureman imto controller,
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MEMORY Subsystem

5-50

{Option 040}

‘VME ADDRess

Faramelers

Example

Comments

The MEMaory: VME command subeytem controls the storage of counter
readings (measurement results data) onto external VME memory cards
ot any modulefcard in the eardeage whick supports VME addresses
between ¥H200000 - ¥ HDFFFF3. Refer to Appendix E for application
details.

The stored data in external memory [ollows IEEE-754 64-bit notation
(The IEEE standard for binary floating-point representation.).

S5yntax:
MEMory

‘WME:ADDRess <address»
VME:ADBRess? [MINimum| MAXimum)

MMESIZE <bytes:

VME SIZE? [MIMimum] MAXimum)]
VME . STATe OFF/0.0N1
VME:STATe?

MEMaory. VME:ADDHess <address> sccepts a nondecimal numerie
type for address. The specified address in the command indicates the
starting address of the shared memory space to which the counter
writes data. The depth of this space is set or queried by the

MEMory VME:SIZE and MEMaory: VME:SIZE? commands respectively.

If the sum of the size allocated and the requested address exceed the
allowed address range (#/HDFFFFE), an error is ganerated and the
memory size is readjusted. To ensure that the data is correctly aligned,
the starting address adjusts to the next divisible-by-8 value if necessary.

Parameter Parameter Aange of Default
Hame Type Values Value
address non-decimal  #H200000-#HDFFFFA

nUMEnc 2097152- 1468056 2097152

Setting the VME Memory Address:
MEMory:WME: ADDRess #H200000 Set memory address location.

« You can specify the Address location in decimal or Hexidecimal
(#H...)

a MIN sets the address to #H200000 and MAX sets the address to
YHDFFFFE.

» The address and size are interdependent; setting one may affect
the other.

s *HST condition MEM:VME:ADDR #HZ00000.
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VME:ADDRess?

Example

‘VME:SIZE

Parametots

Exampie

Comments

MEMory:-VME ADDRess? [MINimum, MAXimum] returns one of the
following numbers to the cutput bufler

#» The present decima) address if no parametars are specified.
» The lowest alicwed address U MINimum is specified.
» The highest allowed address if MAXimum is specified.

Queiying the VME Memory Address:

DIM Addr[120] Dimensign address string array

MEM:VME:ADDR #H250000 Set shared Memory Address location

MEMVMEADDR? Query Counter to retusn memory
address in decimal {2424832)

"ENTER" statement Enter current address location into
string.

MEMory:VMESIZE <bvtes> allocates a portion of the memory block
availabie on the external VME memory to the counter. The memory
black size is specified in <bytes> and the starting address is specified by
the MEMory: VME.ADDR command.

If the sum of the starting address and the requested size exceed the
allowed address range (FHD¥ FFFB), an error is generated and the
starting address readjusted. To ensure that the data is correctly
aligned, the size adjusts to the next divisible-by-B value if necessary.

Parameter Paramweter Range of Default

Nams Type Values Value

size non-degimal O - #HCODODC #HTDO000
nuMeric 0-12582912

Setting the VME memaory size:
MEM: VME:SIZE 64000 sets memory size 10 64 kbytes
s Memory size can be specilied in decimal or Hexadecimal (WH...).

= The MIN parameter sets the memorty size t¢ O bytes and MAX
sets the memory size to 12582912 ntes (#HCO0000).

» The Address 2nd size are interdependent and setting one may
afTect the other.

» *RST condition: VMEMEM-SIZE 0.
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VME:SIZE?

Example

:VME:5TATe

Farameters

Example

Comments

VME:STATe?

Exampfe

MEMory: VME:SIZE? [MINimum | MAXimum] returns one of the
following numbers to the output bulTer:

e The present memory size {in decimal) selected if no parameters
are specified.

« The smallest memory size available () if MIN is specified.
« The largest memory size available (12582912) if MAX is specified.

Querying the VYME memory size:

MEMVME:SIZE 63000 Set memory size to 64 Kbytes

MEM VME:SIZE?Y Guery counter to return allecated
WME memory size.

"ENTER" statement, Enter the value into computer

MEMory: YME:STATe <mode> enables or disables the use of external
VME memory for data storage.

Parameter Parameter Range of Defautt
Name Type Values Value
mode Boolean OFF.0)CH 1 OFF, ¢

Fnabling VME memory:

CONF.FREQ DEF . DEF Function: Setup for a 10Mhz frequency
measurament.

MEM VME ADDR #H2E0000 Set memory address location 1o
#H250000

MEM VME SIZE 64000 Set memory o 64 kBytes.

MEM VME:STAT ON Enable use of external VWE memory
starting from address 250000H not
exceeding 64 kBytes.

INIT Flace courter in wai-for-arm state,;

store measurements in local memary
as wall as external VME memory.
Increment address location pointer and
decrement size.

« Decimal values for OFF {0} and ON (1) may be substituted.

» *BET condition is MEMory: VME:STATe OFF.

MEM:VME:STATe? returns either 1 or 0 to indicate whether the use of
external VME memory is enabled (1) or disabled (0},

MEMVME:STAT ON Enable use ol external VME memory.

MEMVME STAT? Query counter 1o determing whether
axternal VME memory is used as
storage for measurement data.

“ENTER" statemeni Enter statement. (Retumed value shou'd
be *17).
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QUTPut

TTLTrgen>[:STATe]

Examnple

STTLTrg<n=:STATe?

:ROSCillator:5TATe

“ROSCillator:5TATe?

The Dutput subsystem controls twe signals that can be output from the
ecouptetr. The internal timebase reference signal can be cutput via the
front panel Ini/Ext Reference BNC connector if option 010 is instalied.
In addition, the counter’s internal measurement gate signal
(GATE_OUT) car be cutput to any one of the VXIbus backplane TTLTrg
lines (0-7).

If the counter has been configured to provide its gate signal
{GATE_CUT) to one of the VXIbus backplane TTLTrg lines, then it is
not recommended to select a TTLTrg line as an arming source.

Syntax:

OUTP:wt
TTLTrg<mn> n= 0-7
[S5TATe] <QOFF|0]JONj1>
[[5TATe]?
{ROSCillator
[[STATe] <OFF|Q|ONJ1 >
[STATe]?

OUTput:TTLTrg<n»[-STATe] specifies whether or not the counter'’s
internal measurement GATE _OUT signal is output to the selected
VXIbus backplane line<n> (0-7). The GATE_OUT signal is TTL active
low. This output provides convenient measurement synchronization for
other instrument modules resident in the VXIbus mainframe.

QUTPU:TTLTrg3:STATe DN Routes the GATE_OUT signal 1o the
VXIbus backpiane TTLTrg line 3.

CAUTION

Enszure that no other source drives the same trigger line on the
YXtbus backplane, otherwise permanent hardware damage
may octur,

OUTPut: TTLTrg<n>:8TATe? returns “17 (ON) if the GATE_OUT signal
has been routed to ope of the VXIbus TTLTrg lines. Simultanesus use of
the TTLTrg lines for input and sutput is NOT RECOMMENDED.

CGUTPut: ROSCillator: STATe specifies whether or not the optional
internal timebase is routed to the front panel Int/Ext Reference BNC as
it= sutput, CUTPut:ROSCillatorSTATe ON enables this output.
OUTPut:-ROSCillatorSTATe OFF disables this outpuat.

The OUTPut: ROSCillator:STATe? query returns the current ottput
status of the reference oseillator source selected and muted to the front
ranel [nt/Ext Reference BNC connector,
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READ?  The READ? command is used to initiate a measurement and then
transfer the measurement result to the cutput buffer. The READ?
command performs the identjea) function as sending the sequence
ABORt, INITiate:IMMediate, FETCh?.

Syntax:

AEAD(1]23]

Canwnents -

[=lunction=]?

Channe! Selection: Specify only one channel at a time. [f' s
channel is not specified, the command defaults to channel 1.

If you enter a <function> that does not correspand to the last
confligured measurement function, the <function> will be ignored.
The results of the most recent meazsurement function will be
returned.

TOTalize: The READL? commmand should not be used with the
TOTalize funetion since it will reinitialize a measurement. See
INIT and FETC? commands for reading results of these
Tunctions.

Attemnpting to READ? on a non-conligured channel will return
ertor -204, "Channel not configured for measurement".

IT INITiate: CONTinuous is set ON, executing READ? will
generate error -213, “INIT ignored”.

Example  CONF-FREQRAT Function is ratio.

READ? Take measurement; transfer gata to output bufler.

“ENTER" statement  Enter readings into controller.

READFREQ? Counter ignores the FRECQuency? query and
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SENSe  The SENSe command subsystem can be used to manually configure ail

available measurements, andfor to enter various measurerent

parameters. The SENSe command also offers direct manual control of

the counter hardware.
SENSe enzbles you to change/verify the following settings:

Trigger Level, Slope, or Hysteresis
Measurement Function

Aperture Time and Gate State
Average mode selection
Time-Interval Delay

Frequency Range

Timebase Selection

Totalize Measurement Setup

" B & & % % % &

Syntax:

[SENSe[1{2]3])
:AVERage
[[STATe) <CFF|OION[1>
[[STATe?
Z0UNT
:EVENL
LEVe!
[:ABSolute) «value|MINimum]MAXImum|DEF autt >
[[ABScune?]  [<MINimum|MAXimum|DEFault=]

AUTO <OFF}0|ON[1|ONCE >
AUTO?
‘HELative <value]MINimum|MAXimum|DEF ault:-
:HELative? [«MiMNimum]MAXimum{DEF ault>]
SLOPe <POSitive|NEGative
:5LOPe?
HYSTaresis <MiNirmum|WMAXimem|DEFault:
HYSTerasis?
‘FREQuency
APERture <value] MINimum|MAXimum|DEFaull>
:APERture? [«MINimum|MAXimum | DEF ault-
‘RANGe
[:UPPer] <vaiue! MINimum|MAXimum|DEFault -
[UPPer?) [<MINimum]MAXImum| DEF ault=]
AUTO <OFF|CJON[1>
ALTO?
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FUNCHioh ‘WOl Tage]aC"

“NWOLTage:]JDC”
“WOLTage JFREQuency™
“WOLTage: JFREQuency RATID"
‘WOl Tage:JFTIMe"
"[WOLTage:]FALL. TIME”
"WOL Tage: JMAXImum™
VOLTage:MNimum"
"VOLTage: INWIDtHh"
‘WOLTage)PERId”
“WOLTage: JPWIiDth"
‘WOLTage:JRTIMe"
"WOLTage:JRISE TIME"
"MOLTage: ] TINTerval"
"IVOLT age:] TOTaiize”
FUNCtion?
:PERiod
‘APERture «value|MIMNirmum|MAXimum|DEF auli>
APERre? [«MINimum)MAXimum|DEFaul>]
‘RATig
APERture <valueMiNimum|MAXimum|DEFauhs
:APERture? [<MiNimum|MAXirmum|DEF ault>]
‘ROSCillator
50URce <IMTernalfEXTernal| CLK10>
50URce?
TINTervat
‘DELay
[STATe] <OFF[OJON|1 =
[ETATe]?
TIME <value|MINimum|MAXIimum|DEF ault>
TIMEY {=MINimum|MAXimum|DEFault:)
:TOTalize
GATE
[[STATe] <OFF|0|ONH >
[STATe]?
POl ariy <NORMalliNVerted:
:POLarity?
SOURce?

‘AVERage[:STATe] AVERage[:STATe] ON causes the counter to enter 100 Gate Average
mode. This measurement mode provides 100 picosecond resolution for
time-intervai measurements. AVERage[:STATe] OFF causes the
cotnter to return to single-shot measurement. If the resolution
parameter of CONFigure/MEASure is less than 1 ns, the AVERage
state is automaticaliy turned ON.

{AVERage{:5TATe]?  :AVERagel[:5TATe?] query returns the AVERage{:STATe) status.

:AVERage:COUNt?  The :AVERage:COUNt? query returns 100, indicating the current
numbet of averages is 100. There is no command to change this number.

:EVENLLEVeIf:ABSOlute]  EVEN:LEVel[:ABSolutel <value [ MIN | MAX | DEF > specifies the
trigger level fior channels 1 and 2.
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Parameters

Cormments

Exampie

:EVENLLEVeI[:ABSOlute?

Parameter Pasameter Range of Default

Nama Type Values Value

value numertc —10.2375V 10 +10.2375V| O volts
MIN|MAXIDEF

WM discrate -10.2375V

MAX discrete +10. 2375V

DEF discrete o

e The user must scale the desived trigger level by the input
attenuation factor {1 or 10) before programming the counter.

» Event level is programmable in 2.5 mV steps on channels 1 and 2,
Earh channel can be programmed for a different trigger level.
Values entered outside the range will return error -209, “Data
clipped to limit”. Levels are truncated to nearest 2.5 mV,

» When the sounter is in Auto trigger mode, executing this
command turns Auto trigger OFF. The trigger level is set as
requested.

s The event level is set to 0 volts for both channels 1 and 2 at
power-on or reset ("RST).

SENSZ:EVENLEY 1.2 Sets channel 2 avent leve| 10 +1.2YV.

INPZ2:ATT 10 Selects =10 attenuator for channe! 2.

SENSZEVEMLEV 12 Sets channel 2 event jevel {0 trigger at

12 vislts,

:EVENt:LEVel(: ABSclute?] query returns the current level setting as
one of thesa numeric values:

#» The user must multiply the results by the attenuation fastor (1 or
10) to get the correct trigger levels.

s The current trigger leve! in volts if no parameter is specified.

s The mizimum trigger level available (—10.2V) if MIN is specified.
¢ The maximum trigger level available (+10.2V) if MAX is specified.
» The default trigger level (0V) i DEF is specified.

An example of querving the trigger level for channel 2 is shown below:

SENSZ EVENLEV:ABSolute? Both of these commands are the same,

-0r - querying channei 2.
SENS2EVENLEV?
"ENTER" statement Enter the queried value,
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:EVENELEVe!
F:ABSolute]. AUTO

:EVENIL:LEVel
[:ABSolute L AUTO?

'EVENI:LEVel:RELative

Parametars

Exampte

:EVENt:LEVel:RELative ?

EVENtLEVel[:ABSolutel: AUTO ON specifies counter operation in the
Auto trigper mode. In this mode, the trigger point, [LEVel:ABSolute] is
autamatically set between the negative and positive detected peaks. The
level is calcelated as a percentage of the peak-to-peak voltage, added

to the negative —Ve peak value. The percentage is defined in
EVENtLEVel:RELative The actual level determination does not

occir uttless a measurement is initiated. If "ONCE" is selected, counter
determines the level automaticaliy for one measurement only.

CAUTION

Autotrigger does not automatically select an appropriate
attenuation factor. It is the User's responsibility to set proper
attenuation (1 or 10) before selecting autotrigger to prevent
tront-end and hardware damage.

The :EVENuLEVel:ABSolute]: AUTO? query returns the
EVENt:LEVel ABSolute): AUUTO status aute triggering mode as either
1 (ON) or G (OFF). IT “ONCE” was selected, query returns 0.

:EVENt:LEVel:RELative specifies the peak-to-peak signal range
percentage used to set the LEVel when AUTO is ON.

s The *RST and power-up conditicn is 50%.

Parameter Parameter Range of Default

Name Type Values Value

value PCT 10% to 90% 50

RN PCT 10%

MA PCY 20%

DEF PoT 50%

CONF:RTIM Configure the counter lor 10% and 90%
rise lime measurement.

SENS:EVEMNLEV:REL 20 Sets wrigger level on channel 1 1o the
20% point.

SENSZEVENLEV:REL 80 Sets trigger level on channel 2 1o the
80% point.

READ? Causes the counter to make a

measuremsnt and repon rise time from
the 20¢% 10 80% transition pairt.

:EYENt: LEVel:RELative? query returns the EVENt:LEVel:RELative
status as one of these nurneric values:

# The current relative trigger level in percent if no parameter is
specified.

a The minimum relative trigger level in percent (10%) availabie if
MIN is specified.
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(EVENLLEVEI?

(EVENI:SLOPe

Commernts
Example

:EVENISLOFPe?

EVENEHYSTeresis

Paramealers

Comments

Exampie

EVENLHYSTeresis?

» The maximum relative trigger level in percent (30%) availabie if
MAX is specified.

» The default relative trigger level in percent (50%) if DEF is
specified.

:EVENt:LEVe!? query returns the current level setting as a numetic
value. This guery is identical to :EVENt: LEVel[: ABSolute]?.

.EVENt:S5LOPe <POSitive| NEGative> specifies either the POSBitive
{rising} or NEGative {faliing) edge of the input signal to be used in the
messuremeant,

» At turn-on or "RST the slope is positive for all channels.

SENS2.EVEMNSLOP NEG Sets channel 2 slope to negative.

EVENLELOFe? returns one of the following reaponses:

s POS if slope was programmed to the rising edge.
s NEG if slope was programmed to the falling edge.

An example of this query is shown below:

SENSZ.EVEN.ELOP? Query countar to return the
slope ot Ch 2.
"EMTER" statemant Emer value sma controller

EVENt:HYSTeresis «<MINimum | MAXimum | DEFault> specifies the
sensitivity of the counter. If the input signal peaks o not extend beyond
bath hysteresis limits, then the input signal does pot generate a caunt.
If the input signal has a significant noise content, then the hysteresis
must be increased to prevent the counter from counting false events.

Parametar Parameter Aange of Default

Name Type Values Value

MIN character 35 MY (p-p) &0 MV
{F-p)

MAX characier 100 my

DEF character S0 my

» Selecting MAX provides the greatest noise immunity (lowest
sensitivity} while selecting MIN gives the most sensitivity (least
noise immunity).

SENS:EVEN:HYST MAX Sets the courter hysteresis
1o MAXImum.

:EVENt:HY5Teresis? returns the current (MIN, MAX, or DEF) value
set by EVENt:HYSTeresis.
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:FREQuency:APERture  FREQuency APERture <pnumber|MINimum | MAXimum | DEFault:
specifies the aperture time for a frequency measurement. APERture
time is the same as measurement gate time and can be calculated
from the following formula:

Resclution in He = 4E-9 x {F/T),

where F=frequency, and T=pgate or APERture time.

Farameters Parameter Parametar Range of Default
Hame Type Values Value
value nuUMmeric 1m310 90995 5 100 mS
MIN discrete 1mS
MAX discrete 99,953 5
DEF discreta 100 mS

Comiments » Aperture Time versus Resolution: Aperture time is the minimum

Example  FREQ

gate time during which frequency measurements are made. The
actual gate time depends on the pericd of the input signal. A
larger aperture time is required to obtain greater resolutios.
Refer to "CONFigure. FREQuency” in this chapter for more
tnformation.

Selecting Aperture Time: Aperture time is programmable in 1 mS
steps. If an aperture time is specified that is not an exact step, it
is truneated. Specifying a value out of range causes the counter to
defzult to the closast MINimum or MAXimum value. It Also
generates error -209, “Data clipped to limit".

Power-up and *H3T condition is 100 mS,

:APER 100.6E-3 Specifies apenure time as 100 ms.

:FREQuency:APERlure?  FREQuency:APERture? [<MINimum | MAXimum | DEFault>] returns
one of the following numbers to the cutput buffer:

The current aperture time in seconds il no parameter is specified.
The minimum aperture time available if MIN is specified.

The maximum zperture time available if MAX is specified,

The default aperture time if DEF is specified.

An example of this query is shown balow:

SENSFREQAPER 256E-03 Aperura time 5 256 mS.

FRE:APER? MAX Maximum aperture time (99.999 §)
is returned.

FREQ:APER? Retums 0.256
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:FREQuency:RANGe

FREQuency:RANGe:AUTO

Comments

FREQuency:RANGe:UPPer

Parameters

Comments

Exampie

:FREQuency:
RANGe[-UPP=r]?

ISENSe:FUNClioOn

:FREQuency: RANGe subsystem 1s used to specify the frequency range
for channel 1.

:FREQuency:RANGe: AUTO <OFF |0[ON | 1> specifies whether or not

the co

unter will automatically determine the frequency range.
This command has no effect on channels 201 3.

Enables prescaling (divide by 2} on channel 1 when the input
signzl frequency is greater than 100 MHz.

If AUTO is ON, then manually selecting range turns ATUTO QFF,

This cotarmand ean be used only for frequency, pericd, and ratio
measurements.

FREQuency RANGe: UPPer <value | MIN [ MAX | DEF » specifics the
maximum frequency that the counter will acquire as its input.

Parameter Parameter Range of Default
Name Type Values Value
number valug 0.001 1o 200 E6 100 E6 Hz
MiN discrate 0.001 (channels 1/2}

MAX discrete 200 EG (channel 1}

DEF

FREQ:

100 E6 (channel 2)
discrete 100 EB (channels 1/2}
This cormmand has no effect on channels 2 or 3.

If the range =100 MHz for channe] 1, prescaling is enabled and
the UPPer value is set to 200 MHz, When prescaling is ON, only
frequency, period, and ratio measurements can be made. If the
entered value is less than 100 MHz, prescaling is turned OFF
and the UPPer value is set to 100E6.

If range determination is currently automatic
((SENSe. JFREQ:RANG:AUTO ON}, then setting the value of

RANGe will disable aute ranging ([SENSe:JFREQ:RANG:AUTO
OFF?}.

RANGAPP 170E85 Turns prescaling ON and sets the
upper value to 200 MHz.

FREQuency RANGe[: UPPer]? [<MIN | MAX | DEF »] is used to query
the value of UPPer frequency range. Guerying on channel 1 returns 104

or 200

MHz while querying on channel 2 wilt return 100 MHz,

If the query returns 200E6, then prescaling (+2} on channel 1 = ON.

You can specify the measurement function with the following command

string:

[GENSe[1|213]] :FUNCHen “VOLTage: [« function:"
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Thizs command is used to set up the counter to perform a specified
measurement function without affecting any other measurement
parameters or set up. Some measurement functions such as TQTalize
by gate may require additional SENSe eommands.

Pararngtars Parameter Parameter Range of Default
Name Type Values Value

function discrete “WOLTage)ACT] "FREQ™

Cormments *

E14208 Command Heference

“[VOLTage:)CC"|
WOLTage: ]FREGuenty"|
“WOLT age:]FREQuency:RATIC"|
"WOLTage:)FTiMe"|
“[VOIL Tage:JFALL: TIME™|
"WOLTage:JMAXimum"|
"[VOLTage:]MINimum”|
“[VOLTage JNWIDtR™|
“[VOLTage: JPERiod|
“[VOLTage: )PWIDIh"|
"[WOLTage: IRTIMz"|
“[WOLTage:)RISE TIME"|
TMOLTage: ) TINTerval’
“MOLTage:] TOTalize”

{hannel Number: Select only one channel at a time.

If the counter is in continuous measurement mode
{INITiate:CONTinuous is set ON), specifying function on the
other channe! penerates error -204, “Channel not configured”
with no change made However, function may be changed on the
configured channel.

TOTalize on channel 2 is not allowed but TQOTalize on channe] 2
by channe! 1 is permitted. Refer to the TOTalize:GATE
subsystem.

Measurement Deseription: See the CONFigure subsystem for a
description of all available measurements.

[WVOLTzge] i= an implied node and may be omitted from the
Program message.

Auto Trigger: Making measurements with Auto Trigper greatly
reduces threughput as compared te measurement speed when
trigger levels are programmed manually. During auto triggered
frequency measurements, the counter determines the positive
and negative voltage peaks of the input signal. It then
programs the trigger level acoording to the eurrent
SENSe:EVENt.RELative parameter value.

Rizeffall time measurements use both input amplifiers {common
input channel 1) During auto trigeered rise/fall time
measurements, channel 1 is programmed for 10% (90%) value
and channel 2 is programmed for 90% (10%) value. A signal
arriving at the channel 2 Input connector is not counted.



Example

a CONFigure apd MEASure versus SENSe: Most measurements

can be performed using one of these three subsystems, and each
has advantages and disadvantages over the other. The basic
difference between the commands is as foliows:

The CONFigure command can be used for all measurements
except gated totalize and time interval delay. The CONFigure
command only configures a channel for a specific function, and
does not perform the measurement. Use of additional commands
{READ?, or INIT/YFETC? to perform the measurement and read
the results is necessary. Further customization of the counter
set-up is provided, through the use of optional parameters.

The MEASure command can be used for all measurements except
TOTalize. The MEASure command configures a channel for &
specific funetion, performs the measurement, and returns the
result to the output buffer. Further customization of the counter
set-up is provided, through the vse of optional parameters.

The MEASure command is instrument independent and can be
used in other instruments to perform similar functions. This
command should be used when the portability of instrument
syntax is important. CONFigure/READ? is less compatible if the
counter reconfiguration occurs between the CONFigure and
READ? operations.

The SENSe subsystem can be used for all measurements. The
SENSe:FUNCtion command only configures a channel fora
specific function and does net perform the measurement. The
state of the counter is not otherwise affected. Use of additional
commands (READ?, or INIT/FETC?} to perform the measurement
and store the results is required.

The SENSe commands should be used when direct control over
the measurement is important.

SENSZ.FUNC "PWID" Sets channel 2 function to pasitive
pulse widihn.

READ2? Make pulse width measurement,

FUNGC “PWID" Abbreviated command for setting

*PWID" function on channel 1.
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FUNCton?

PER{od:APERUre

PERI:APERture?

RATio: APERture

sRATIo:APERure?

:ROSCillator:50URce

[SENSe[1| 2| 3:IFUNCtion? returns one of the following functions listed
in the SENSe:FUNCtion command section. Only one channe! may be
selected for the FUNCtion query at a time. If the query is made on a
channel other than the last configured channel, then error -302,
“Channel not configured for measurement” is returned. Anh example of
the use of this query is shown below:

EUNC "FREQ:RAT" Funclion is ratio.

FUNC? Query counter to return selected
function.

"ENTER" statement Enter quoted string into controlier,

PERjod: APERLure determines the gate time used for PERiod
measurements. The gate time you program is the minimum value, the
actua] gate depends on the measured peried. Refer to Table 5.7 in
CONFigure:PERiod for more details about APERture (Gate time) and
resolution.

The :PERiod: APER{ure? guery returns the PERiod: APERture value.

:RATic: APERture programs the gate time during which ratio
measurements are caleulated. Refer to Table 5-5 in CONFigure:RATI0
for more details about APERture (Gate time} and resoluticon,

The :RATio: APERture? query returns the RATic: APERture value,

NOTE

The counier does nat distinguish between "apenures” for difering
measurement funclions or channels. The aperture tirme most
recently prograrmned is the one that 15 used.

:ROSCillator SOURze «CLKIQ|INT | EXT= controis selection of the
reference oscillator source used as the counter's timebase. The SOURce
parameters are CLK19, INT, and EXT. The parameters have the
following meaning:

CLK10: The counter uses the VXIbus backplane +CLK10 and -CLK10
lines as the titnebase reference signal.

[NTernal: The counter uses an internal precision cscillator {option 010)

EXTernal: The counter uses an external timebase signal supplied
through the front panel int/Ext Reference BNC connector.
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Camments

:ROSCillator:SOURce?

:TINTerval:DELay

TiNTerval:DELay[.5TATe]

TiNTerval:DELay[:STATe?]

TINTerval:DELay: TIME

Parameters

s At "REST or power-up the counter is locked to the ¥VXIbus CLK10
lines.

« [l Option 010 is installed and setected (ROSC:30UR INT], then a
30 minute warm-up period is recommended before making
measurements.

¢ If the =elected oscillator is not found, error 241, "Hardware
missing” is returned.

The :ROS5Cillator: 3D URee? query returns the current source of the
counter’s timebase,

The :TINTervak: DELay subsystem controls whether time-interval
measurement is made with or without a delay time. Refer to chapter 4,
“*Time Interval Delay Measuretnents” section for details of use. This
subsystem affects only time interval measurements.

Syntax:
TINTerval
DELay
[STATe) <CFF[0]ON|1>
[STATe]?
TIME <value|MiNimum|MAXimum]DEF ault>
TIME? [<MiNimumiMAXimum|DEFault>]

:TINTerval: DELay[:3TATe] command enables/disables time-interval
delay measurements. If :3TATe 1= ON, the counter will ignore all
STOP:ARM events for the duration determined by the

TINTerval: DELay:TIME command. If [:STATe] is OFF, and time
interval measurement is programmed, routine time interval
measurements will be made aceording to current AEMing subsystem
status.

TINTerval: DELay[:STATe?] query returns the
TINTerval: DELay[:3TATe] status. if time interval delay measurements
are enabled, the guery returns 1 (ON), otherwise it will return 0 {OFF).

‘TINTerval:DELay: TIME <value | MINimum | MAXimum | DEFault=
command determines the delay time for time interval delay
MEeASUTements.

Parameter Farameter Range of Default
Hame Type Values Value
value aumeric G100 99999 5 100 mS
MIN discrete 1ms

MAX discrete 999595

DEF discrete 100 mS
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Comments

TiNTerval:DELay: TIME?

566

TOTalize:GATE

TOTalize:GATE:STATe

Paramelers

Comments

STOTalize GATE STATe?

s The <value> should be programmed in 1 mS increments. If an
entered <values is not in millisecond increments, it will be
truncated.

» The counter ignores all STOP arm events for the requested delay
time if TINTerval:DELay:S5TATe is ON. If
TINTerval:DELay:5TATe i= OFF, setting a delay time wili not
affzct any measurement.

TINTerval:DELay: TIME? query returns a delay time <value>
regardless of the TINTerval: DELay{:STATe]j status (ON or OFF).

The TOTalize.GATE subsystem is used to define a measurement gating
signal for zlternative measurement f{eatures of the TOTalize function.
TOTalize by GATE means that the counter will accumulate events enly
when a specified gate signal is present. The GATE signal seurce will
always be the other input channel {1 or 2}. The events accumulate for
only one pulse of the gating sigmal.If the EXTernal ARM input is to be
used as the source, the ARMing subsystem must be eonfigured.

Syniax:

TOTalize
(GATE
[STATe] <QOFF|Q{ON[1>
[[STATe]?
POLarity <NORMal|lNvVerteds
:POLarity?
S0OURce?

TOTalize:GATE:STATe «OFF | 00N | 1> command enablesidisables the
TOTalize-by-GATE measurement feature. Sclecting ON or 1 enables the
feature while chaosing OFF or 0 disables it.

Parameter Parameter Range of Default
Hame Type Values Valug
moxde boolean <OFFJ0ICN1 = OFF

o I TOTalize:GATE:STATe is ON, the counter will accomulate
events on the selected channel for the duration of time defined by
the signal present on the other input channe) and the
TOTalize:GATE:POLarity command.

v If GATE:-STATe ON, events are accumulated for a sikgle pulse
{polarity defined by the GATE:POLarity command} on the other
channel.

The ‘TOTalize: GATE:STATe? query returns the TOTalize: GATE-STATe
status: 0 if “OFF" and 1 if "ON".
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‘TOTalize:GATE:POLarity  :TOTalize: GATE:POLarity <NORMal | INVerted> command sets the
polarity of the GATE signal for gated TOTalize measurements. The
events are accumulated when the GATE source is either high (NORMal)
or low {INVerted} depending on the configured pelarity.

Paramsters Parameter Parameter Range of Default
Name Type Values Value
polarity discrete <NORMal|INVerted: NORMal

Commaents s The power-up ang reset (*RE5T) value is NORMal

s Before you cap change functions after completing a Totalize
function (or between each “Totalize-by-GATE" function), you
must use ABOERt to halt the totalize measurement process,

Example  This example shows how to TOTalize 2by 1.

SENSZ:FUNC "TOT" Configure channel 2 for
TOTalize (Kot valid unless gated
by channel 1.}

SENSZ2:TOT GATE:POL INV Sets polarity of GATE signal 1o
iNVered.

SENS2.TOT.GATE:STAT ON Turns ON gating by channel 1.

READ2 Make a measuremant. Counts

number of events on channel 2
for one negative pulse on channel 1.

Example  TOTslize channel 2 by channel 1 as the Gate.

SENSeZ:FUNC "TOT™ Configure channel 2 $or TOTalize
SENSe2: TOT:GATE.ETATe ON Enable channei 1 as the Gate
SENSe2: TOT:POL INV Select channet 1 polarity
for i=1 010 initiale a measuremeant

INIT2

FETCHZ2?

ABORE Hah the measurement
NEXT I

TOTalize:GATE:POLarity? TOTalize:GATE:POLarity? query returns the
TOTalize:GATE: POLarity status, either NOREMal or INVeried
of the pating scurce.

FOTalire; GATE:SOURCe? TOTalize:GATE:SOURee? query returns the source of the gating
signal. If channel 2 is totalized with channel 1 as the gate, then the
query returns “INT1". If channel 1 is totalized with channel 2, then the
query returgs “INT2",
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STATus

The STATus subsystem lets yon examine the status of the counter by
monitoring the Operation Status Register and the Questionable
Data/Signal Register. Figure 5-1 shows all of the counter’s status
registers,

Syntax:

STATus

{QPERation
{ZONDitian?
:ENABIe evalues|<non-decimal numeric:
:EMABIe?
[[EVENt]?

‘QUESHDnable
:CONDition?
:EMNABLe <value>|<non-decimal numearics
:ENABIE?
[[EVENM?

The STATUS system contains four registers (and the Output Queue),
two of which are under IEEE 4882 control. These are the Standard
Event Status Register (ESR) and the Status Byte Register (SBR). The
ather two are the Standard Operation Status register and GQuestionable

Data register. Refer to the description of common commands for more
details.

The two registers ender the counter’s control are the Standard
Operation Status Begister, and the Questionable Data Register. These
registers may be set and queried.

Farameiers Farameter entry for both of these registers is numeric only. Numeric
types may be Decimal, Heasdecimal, Octzl, or Binary. The decimal
numeric range is between ¢ and 32767. The power-onfreset default
value is 0.

| Bt Murnber 1o Drecimal Walus Conversion
[Bi Mumber SR 3 4 1 s B 7 8 g [ 10 [ 1% [ 12 |13 1a] 15
[Dacimal Value 1 2

] 15 22 &4 128 | 256 | 512 | 1024 | 2048 | 4056 | 8192 | 16364 (32764

Sending a decimal value of 64 will set bit 6.
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Using the Operation
Status Register

defined as foliows:

The 16-bit Operation Status Register monitors counter operations
currently being performed. The counter implements bit 6 only and is

« Bit 6: has a decima) weight of “64” when the counter is in the

wait-for-arm state,

The Operation Status Register group consists of a condition (C) register,
an event (EV) register, and an enable (EN) register as shown in Figire
5.1. The commands in the STATus:OPERation subsystem contrel and
monitor these registers.
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Figure 5-1. Status System Registers
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OPERation: CONDitian?

Commerts

:OPERalion: ENABIe

Example

Camments

:OPERalonENARIe?

:OPERation[:EVEN]?

STATus:OPERation: CONDition? returns a decimal-weighted number
representing the bits set in the Operation Status Register’s condition
register. Reading the condition register does not destroy its contents.
» This command returps “07 {no bits set} or “64" (bit & set).
s The condition register does not implement latching and buffering.
The register is updated in real-time whenever the counter makes
a measurement,
« The *CLS tclear status} command clears all status registers.
Anr example of guerying the condition register is shown below:

STATOPER:COMND? Read condition register

ENTER statement Enter vaiue into controller

STATus:OPERation: ENABle <number> enables bits in the Operation
Status Register's event register to be reported to the summary bit
{setting Status Byte Register bit 7 true). The avent register bits are not
reported in the Status Bytes Hegister unless specifically enabled.
Although values 0 - 32767 are accepted, setting bit 6 (decimal 64) is the
only recommended operaticn.

STAT.OFER.ENAB 64 Enable bt 6

s Il any bits are enabled in the enable register, the corresponding
bits set in the Operation Status Register's event register are
reported to the Status Byte Register.

s The *CLS (clear status} command clears all status registers. The
*CL3 commaand does not affect which bits are enabled 1o be
reflected in the Status Byte Register,

STATus.JPERation:ENABle? returns a decimal-weighted number
representing the bits set in the Operatinn Status Register's enable
register.

An example of querying the enable register is shown below:

STAT.OPER-ENAE? Read enable register; clear
register comeants
ENTER statement Enter value imo controller

STATus: OPERation[:EVENt]? return= a decimal-weighted nurmber
representing the bits 32t in the Operation Status Register's event
register. Reading the event register clears its contents.
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Commemns

Using the Questionable
Data Register

QUESNonable:CONDition?

s The :EVENt parameter is optional. Both of the following
command statements read the event register:

STAT:QPER:EVEN? or STAT.OPER?

» The event register latches conditions from the eondition register.
Bits in the event register are latched, and remain set until
cleared by STAT:OPER:EVEN? or the *CLS (clear status)
command.

s The *C'LS {clear status) command clears all status registers
{Standard Event Status Register, Operation Status Register,
GQuestionable Data Repister).

An example of querying the event register is shown below:

STAT.OPER:EVEN? Read event register, clear
register contems

ENTER statement Enter value into controder

The Questicnable Data Register conveys iniormation about the quality
of the measurements made by the counter. The counter implements bits
9, 8, and 9 as follows:

o Bit - has 2 decimal weight of “1” when voltage measurement is
questionable. This is useful in Auto trigger measvrements for AC,
DC, MANimum, and MINimum where one of the voltages 1s at
the trigger limit or MIN and MAX are the same.

« Bit 8 has a decimal weight of “256” when the interpolator has
overflowed, This may oecur during a hardware failure or when
too many external gates have been used to take average
measurements. Decreasing the configured APERture time may
remedy this overflow.

« Bit 9: has a decima)l weight of “512" when the internal
interpolator values are questionable. If this bit is set repeatedly,
then a hardware problem is suspeet.

The Questicnable Data Register group consists of a condition regster,
an event register, and an enable register as shown in Figure 5-1. The
commands in the STATus:GUEStionable subsystem contrel and
monitor these repisters.

The STATus:QUEStionable subsystem commands query the
QUEStionable Register to indicate whether an overflow has ocrurred on
a given channel after an INIT, FETC?, READ?, or MEASure command
has executed. When any of the bits are set (questionable data), bit 3 of
the Status Register is set to 1 if enabled by the STAT:QUES:ENAB
command.

STATus:QUEStionable: CONDition? query is accepted and returns 0 as
the condition register is not accessible.
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-QUESHonable:ENABle  STATus:QUEStionable: ENABle <number> sets the enable mask which

allows true conditions in the Questionable Data/Signali EVENt Ragister
to be reported in the summary bit (setting Status Byte Register bit 3

truel
Farameters Parameter Parameter Aange of Default
Mame Type Values Value
number numeric 0 to 32767 1]
Comments s Summary Bit: Il any of the bits are set in the Questionable
Data/Signal ENABle Register, a transition of these EVENt
register bits causes the associated surmnmary bit to be true.
Example  STAT:QUES:ENAB 768 Sets bits B and 3 true

-QUEStionable;ENABle?  STATus:QUEStionable: ENABle? query returns the bit value of the
Questionable Data ENABle Register.

Comments » Output Format: The command returns a decimal weighted value
from 0 to 1023 indicating which bits are set true.

» Maximum Value Returned: The maximum decimal weighted
value used in the coenter module is 1023 (hits 1 through 9 set
true).

An example of querying the Questionable Enable Register is shown

below:
STAT:QUES:ENAB? Ciweries the enable register.
"EMNTER" data Enter data into the controller.

:QUEStionable{:EVENY?  STATus:QUEStionable:[:EVENL]? Queries the status of the
Questionable Data/Signal EVENt Register.

Commens s Information Updated: The EVENt Register latches only low to
high events from the CONDition Register.

» Output Formai: Returns a decimal weighted value from 0 to
32767 indicating which hits are set true.

s Reading Contents. Reading the EVENt Register by a query will
elear its contents.

An example of querying the event register is shown below.

STAT-QUES:EVEN? Queries the Questionable
Event Register.
STAT:QUES? The short version of the command.
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SYSTem

:ERRor?

Comments

The 5YSTem command subsystem returns error numbers and messapes
in the error quaus.

Syntax:

S8YSTem
‘ERRar?
:PiMacro <string>
VERSion?

5YSTem:ERRor? returns the error numbers and corresponding errar
messages in the error queue. See Appendix B in this manual for a
listing of the error numbers and messages.

» When an error is generated by the counter, it stores an error
number and corresponding message in the error gqueue,

# One error is removed from the error quene each time the
575Tem:ERRor? command is executed. The errors are clearad in
a first-in, first-out order. This means that if several errors are
waiting in the queue, each SYSTem:ERRor? guery will return the
aldest (not the most recent) error. That error 1= then removed
from the queue.

« When the error queuse is empty, subsequent SYS5Tem:ERRor?
queries returns +0, “Ne error”. To clear all errors from the gueue,
execute the *CLS command.

» The error queue has a maximum capacity of 30 errors. If the
queue overflows, the last error is replaced with -350, “Too many
errors”. No further errors are accepted by the queve until space
becomes available.

e *RET Condition: *RST does not clear the error queue.

» Powercn condition: The error queue is empty unless an error
occurs during power-up.

An example of querying the error queue is shown below,
COMF:FRQ 10EE, 1 Enter misspelied FREGuency

function (FRQ).
Front-panel Error LED tums on.

SYST:ERR? Ciuery the error queue
“ENTER" Statement Couner returns error -113,
“LIndefined header™
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:PiMacro  SYSTem:PIMacro<string> command {Purge Individual Macro} will
delete the macro described by the string name. If the string is not
defined, errvor -270, “Macre error”, will be returned. Use the *PMC
command to delete zl] macres, -

‘VERsion?  SYSTem:VERSion? query returns the current SCPI version identifier
{eurrently 1990.6). The returned version number signifies that the
counter's programmabile functions conform to the equivalent date of the
SCPI standard. As software is updated, or new commands added, the
response {2 this query may change to reflect the latest version.
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Appendix

A

Specifications

SPECIFICATIONS Instrument specifications are listed in Tabie A-I. These are the
performance standards, or limits against which the instrument may
be tested including cypical characteristics as additional information
for the user. {Only specifications are warranted.

Tabie A-1. HF EI1420B Specifications

L Operating Mode Specifications
{Circled numbers indicare definition references,
page 4-4.)
FREQUENLCY 1.2

Range: 001 Hz ta 200 MHz {100 MHz lor input 2}
LSD%: 4 ns ! Gate Time} "FREQ

Resalution: {3ee Graph L)

*{t nsrms + 1.4 * Trigger E.n_'g'&) « FRED
Cate Time

t LS50

Accuracy:
+ Rosoludion = Time Bage Error®
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urtpid Xigriad Frequasnoy (F]
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Graph 1. Frequency Ansolution Error; Noisa on tha inpat
signad and intemal uncaraintles afacts Frequency and Fanod
rmaasuraments, For Fesiod, invert the padod [P) of the inpt

signal (F = %] . and fnd frequency amor (AF). Panad emor
Il
{AF] = L% x P.

T 1Y ps using 100 gare average

PERIOD 1,2

Range: 10ns o 1000 5 15 ns to 1000 5 on Input 1)
LSV (4 ns / Gate Time « PER
Resolutton: (See Graph I}

*1nsrms + 1.4 * Trigger Ermrm] * FER
CateTime

* LsD

Accuracy:
t Resolution = Time Base Ecrare

TIME INTERVAL 1 - 27

Range: | ns to 1000 5 (single-shot), LG5 {100 gate
averagel
LSIKE: | ns {100 ps using 100 gare average}
Rezoluton:
+LSD = Start Trigger Error® = Stop Trigger
Error¥® + | ns rms
Accuracy:
+ Resolution = Time Base Errpr®
+ Trigger Level Timing
Error® + Trigger Level Setting Error® £ 2 ns. t

TIME INTERVAL DELAY 1-2%

Usad with T1 1—2, a selectable delay can be inserted
between START (Input | trigger) and STOF {input 2
wrigger). Electrical inputs during delay are gnored,
Specifications are che same as TT 1=2.

Delay Range: | ms to 99.535 5 {] rns sueps), oypical
Delay Accuracy: =100 s £0.05% * Delay Time, oypucal

FREQLUENCY RATIO 1/2. 211

Specified for higher frequency signal conneceed (o
Mumeratar Lnput (i.e., o input | for Ratio 1/2).
Range: 001 Hz o 100 MHz (200 MHz an inpu L il
divider is selected)

4+ RATIO
LSDO: -

Numerator Input FRE(} = Gate Time

H Syseertatic error due to differential channel delay. Can be eliminated with aptirnized measurement technigue (offsets. cable

length. erc)

Revised August 1999
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Tabde A-1. HEF E1420B Specifications (Continued)

Resclution:

T
+ Denomnacor Lnput Trgger Erroe + RATIO
Cate Time
Accuracy: Same as resalutien

TOTALIZE 1.1 BY 22 BY !

Range: Oto % 1012 -1 events

LSDY: 1 count af input signal

Resclugion: +] rount

Accuracy: t] countif

NOTE: Input slew rate at trigger point of gating
signat derarmines when the gate gpens and
closes, This 15 known as trigger level iming ermar.

RISETFALL TIME 1

With Automatic Triggering:
Range:
® 1 Mode: 15 ns o 400 psec (maxtrmum for both modes}
w 10 Mode: for freq 2300 kHz, 73 ns minimum
for freq. <500 kHz, 150 e menimum

Minlmum Amplitude: 750 mV (= At ph-pk
Frequency Range: | kHz 1o 20 MHz

With Manual Level Sectlogs [TT 1>2h
Range: {10 % max with 100 gate Averagel:
%1 Modde: 15 ns o B0 s
x 10 Mode: T5 ns to 500 5
LSDI: 1 ns (100 ps using 1K) gate average)
Retolutian:
5D = Start Trigger Errar® + Stop Trigger
Error® z 1 ns rms *
Accuracy:
+ Resolution = Trigger Level Timing Ermor® =
Trigger Level Setuing Error
Time Base Brror? £2 ns 1+

POSITIVE, NEGATIVE PULSE WIDTH 1.2
Range: Snstal ms
LSDT: 1 os (100 ps using 1040 gare average)
Resolutian:
+LSD = Start Trigger Errar® + Stop Trigger
Eevor® + 1 ns rms 1
Accuracy:
& Resalution x Trigger Lavel Timing Error® &
Trigger Level Setang Error® = Time Base Eror®
With Automatlc Triggering:
Minimum AmpHtude: 70 m\ (x Artn) rms sloe
wave, 200 m¥ < Arn) pk-pk
Frequency Range: 1 kHz o 20 MHz

MINIMLUM, MAXTMUM AC, DC VOLTAGES 1,2

*L3D

Frequency Range: do (fnput 1 andy), 1 kHMz w 20 MHz

Dynamic Range:
dc signals: £10 W (= Atn)
ac signals. 200 mY (x Attad phepk to 1OV (= Artn] pk-pk
Rexolutlon:
Min. Max, ACTC: I mY §« Arn}
Accuracy:
Min, Max: AC 50 mV (¥ Arenp 5% of pk-pk
voleage (= 107% 1f x 10 mode)
DC; x50 mV (x Actn) = 3% of pk-pk voltage {179 If
= 10 modeh

I Input Specifications

INPUT 1 RANGE

de coupled: § w 200 MHzZ
ac coupled: 140 Hz o 200 MHz

INPLUT Z EANGE

de coupled: 0t 100 MHz
ac caupled; 100 Hz to 100 MH:

SENSITIVITY 1.2 (MAX)

35 mV [« ATIN) rms s wave
100 mv (= A ph-pk at a minimum pulse width of 5 ns

t Mit:
Chmamic Range fac) . ... .. 10V [= AlLn) peak tg peak
Signal Cperating Range (del . ... .. =10 Vols (x Atn)
a0
Dynamic Ranpe {acd . ... .. - .. 10V peak o peak
Signal Operaring Range (de]l .. .. . .. . .&5 Vol

AC + DC not to exceed 5 Vms

TRIGGER LEVEL RANGE 1,2 {Noet scaled by
Attenuation Factar)

+10.2 V with step size of 2.5 mV

TRIGGER LEVEL ACCURACY 1,2

230 My (= Attn) £1% of trigger level (Same as
Autotrigger Level Accuracy)

ALUTD TRIGLGER

Can be selected 1o determine trigger levels for all
measurements except ocalize and Input 2
MEAs U MENLS,

Frequency Range: 1 kHz w 20 MHz
Mindmoumn Amplitude: TOmY (x Attn) s sine wave.
200 mY [x Ateng ph-ph

EXTERMAL ARMING

Input: Front-penel BNC or ViIbus TTLTRIG lines
Mindmum Start to Stop Time: 50 ns
Senghtiviry: 500 mY pk-pk

Signal Operating Range: -5 Yde to +5 Vo
Dynamic Range: 50 my w 5V pk-pk

Opidon 010 TCXO Time Base
Specifications

Fraquency: 10 MH:z
Stabliity:

Aging Rare: <1 = 10" month
Temperature; <] = 105, D tp 40 T [when set to
offser frequency at 23 103
Line Voltage: <5x 107 for 10% change
Mote that the TCXO is nox speciiled between 40 °C
and 55°C)

1O ps asing 100 gate average
't Spstematre error due to differential charma! delay. Can be sliminated with aptirmized measwitént eehinique (offsets, cable
lergetr, erc ).
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Table A-1. HP E14208 Specifications {Continuved)

IV. Option 030 Input 3 Specifications

Measurements: Frequency. Ratle 21, Ferlod
Range: 90 MHz 1o 2500 MHz

Resolutton: Same as Frequency !,2
Accuracy: Same as Frerquency 1,2

FREQUENCY RATIO 3.1

Specifled far lugher frequency signal connected to
Mumerator Input {i.e.. te input J for Hatig 3],

I..-SDI 4+ R_ﬂ.ﬁﬂ'
{C-channel Freq/64) + gate-dme
Sensitiviiy:

25 dBm {12.5 rov rms) o 1 GHz
-20 dBm {22.5 v rps) Ffrom =L GHz to 1.8 GHz

-12 dBm {56.5 mv rms) from »1.8 GHz to 2.5 GHz

Maximum Input Level: +7 dBm (500.5 mv rms)
Damage Level: +15 dBm (1,25 rms)

Dynamic Range: [rem minimum sensitivity spec
to +7 dBm

V. Input Characteristics

HYSTERESIS 1.2 (@1 MHz)

Adjustable to:
MIMimum {35 m¥Y ph-pk)
MAXImum (100 mV pk-pk]
DEFault (80 mV pk-pk)

COLUFPLING
ae.de

TRICCER SLOPE 1.2
Independent selection of + ar - slope

ATTENUATOR 5.2

x | ar = 10 Mominal

IMPEDANCE 1,2

= 1: ] M shunted by <30 pf or 52 T
% 100 1 MLY shunted by <20 pfor 5081 ¢

DAMACE LEVEL 1.2

30k 3V rms

1WA = I;
dc - 3 kHz E50V (dt + peak act
SkHz - 175 kHz 875 = 10% Yrms HzFREQ
=175 kHz: 5 Vrms

1 ML = 1D

dec - 50 kHz: 250V [de + peak ac)
50 kHz - 75 kHz: 8.75 = 1058 Vrms HeFREQ
=175 kH2: 1 vrms

COMMON INPLT:

All specifications are the same a5 separale aperation

except for the followtng:

Input 1 Range
Limited to 100 MHz

{ Resistance values are measured af do and capacitance at | MHz

Ravizsed August 19348

VIL

Impedance
w 1; SO0 kf) shunted to <40 pf or 5043 +
e 10 | ML shunted w <20 pf or 5002

EXTERNMNAL ARM:

Front panel ARM input or VEIbus TTL TRIG Lines
can be used (o determing Stact andior Stop pount of a
measurernent. External Arm can be used with all
medsurements.
Range: 0 o 20 MH2
TFrigger Levels: 0% (CHD), 1.6V [TTLY, -1.3v {ECL)
Slope: Independent S&lecuon of START and STOP
ARM slopes. +, .. or OFF.
Impedance: de coupled. 1 M$ shunted by <20 pF 1
Damage Level:
<5 kHz 40 ¥V rms
=5 kHz: 5V rms

OFTIGN 030 INPUT 3:

Trigger Leve): Fixed ot 0V
Ipedance: ac coupled, 5002
Damage Level: +15 dBm (1.25 Vrms)

Time Base Characteristics

Standard Time Base: Uses YXTbus CLE I as defaulr

External Keference Input: Front-panel BNC accepts
10 MHz, 500 mV to 5 V rms into 1k02 shunted by
< pF.

External Reference Ourput: The option 010 TCXO
Time Baze signal can be routed owut the frane-pane|
BNC.

Stgmal: 10 MHz. Square wave inlo 508 amplitude
400 mV {02V 1o 0.2V,

Gate Time Characteristics

Range: 1 s 10 99.999 seconds in | ms icrements.
{100 me default)

Resolution: 1 ms

Accuracy: + 100 ps + {0.05% x Gate Tirnel + two
perinds of Input signal.

100 Gate Average: 100 gates accurmudated and
average is returned. This adds an additional digic
of resolutton. It can be ussd with all functions
except Totalize.

Gate Cratput: Can be routed 1o any ane of the §
ViIbus TTLTRIC Iines. Level is low while gate
is open dunng all measurements excepr Totalze.

VIII. Measurement Throughput

Characteristics
{Definitions are lovated on page A-4.)

A, Short Speeds

Free-rune Up 10 60 measurements / second
Switching: Up to 40 measurements [ second

Specifications  A-3



Table A-1. HP E14208 Specifications (Continued)

B. Comprehensive Single Reading Times:

1. Frequency Perlod

a. 100 Hz signal, .1 Hz resoludon {3 digits)
60 ms

b. 100 He signal. {001 He resolution {6 digits}
B ms

€. 10 MMz signal, 1D kHz resolution (3 digits]
24 ms

d. 10 kiHz sigral, 10 Hz resslutian {6 digits)
25 ms

2, Totalize

a. 10 MMz signal, Time to read total (Fetch?)
9 my

1. Ratio

a. LO0 kHz signal. 00T reselution (4 digitsh
426 ms

b. {0 MHz signal. 0001 resaludon (4 digics)
3l ms

4. Time Interval

a. 10 ms signal. i0 ns resalunen (6 digics)
40 ms

k. 100 ps signal. 100 ns resolution (3 digics)
2l ms

c 100 ps signal, 1 ns resolucion (5 digits}
173 ms

5. Automatic Pulse Width

a. 5 ms signal. 5 ns resalucon (B digits)
290 ms

b 50 ps signal, 50 ns resclution (3 digics)
280 ma

6. Automatlc Hize/Fall Time

a. 1 ms per. 6 ¥pp. 1 ps rof, resolution 1 ny
(3 digics] 2B ms

T. Voliage

a. | MHz, § Vpp. -08 V resalution (2 digits)
438 m=

. Qpran M0
1. Frequency Perind

a 10 MHz, 1 ms gate dme, "MIN® resolution
T.2 m=z

2. Time Interval

a. 30 nsec, "MINT resolutlon
§.2 ms

IX. General Characteristics

Memoary: Ten measuremsnt sec-ups, including trigger
levels, may be stored in memory end subsequently
recalled. Ser-ups are lost when power is removerd
from the instrwrent.

Spacifications  A-4

FProgramming Language: SCP1 15300
Operating Temperature: (10 353°C
Fower Requirements:

DC Feak current [TPm:

*IW= 24
+12V= (1254
S12W = 0L13A
-3.2W=08A

Crynamic eurrent [IDmb:
+3¥= 154
+12V= 0014
-12V = D024
-3 2V=D.D3A
Slze: Ououpies one shot of a C-size VXIbus cardcage.
23 mm H = 30.7 mm W »x 340 rmm D
EZinHx12inWe134inDh
Weight: MNet 1.5 kg {3.2 b}, Shipping 2.3 kg i5 lb)
VXIbus Revizsion Compliance: 1.3
Caonnecinrs: Pl P2
Denclom type: Wessape-based
A Pressure: 0.15mm H;O
Alr flow: 1 literfsac

Aute Trigger:

Aute-trigger can be used to automatically set trigger
levels at 0% point {10%, 90% for Rise/Fall Time) of the
input signal. The standard auro-crigger will evaluate
the ingut signal, set the trigger level. measure and
repear Single-measurement auto-togger will evaluate
the input signal only once, and then rmeasure
Tepeatedly, speeding up the process

Trigper levels can be specified in Velts or percentage of
signal helght. Percentage trigger levals will acuvate the
auro-trigger to evatuate the signal armplitude.

Definitions*
1. LD
Unit value of Least Sigrificant Digic. Calculations

sheruld be rounded tp the nearest decade lie,. 3 Hz
becomes 10 He and 4 ns becomes 1 ns).

2.  Time Base Error (See Graph 2)

Mawimum fractiona! frequency change in the
ume base frequency due te all errors jaging,
temperaturce, Hoe voltagel multiplied by the
measurement resuit.

Nate that rms values in operating mode specilivatrons
indicate fo confidence value All graphs use loconfidence
values. For 99.9% canfidence, Jo values are advised

Raviged August 1999



Table A-1. HF E14208 Specifications (Cortinued)
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Graph 2. Timabase Ermon Crystal emdranment and aging affects

all maasirramants.

3. Tdgger Error (See Graph 3
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1us

00 ng

10 n3

1na
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Erto per point {Log scale) {12)

10 ps T '
1 Ymy 100 miins 18 miina 1 Win
A miis 1 100 mvine

Inpul Signal Slew Rate at Trigger
{Lou) scaka)

.
10 miips
Point

Graph 3. Input Neisa Trgger Emcr, Mowme on the inpat signal
alects both the Start and Stop points ol aff tme intarval

MEASUraents.

+ irlal'.'lz + tend :

Inpc Slew Rate at Trigger Potu

TE a

ei = fffective rms aoise ol counters input
channel (300 p¥ typécal)

er = rms ngise of input signal for input
bandwidth

4. Trigger Leve]l Timing Errar [See Gr
Larger af:

aph 4}

0.3 hysteresis band / input slew rave at

start trigger point®

0.5 hysteresis bacd / input slew rare at

stap trigger point®
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Graph 4, Trgger Level Timing Error. Afacts the Start and Siap
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o the two WRgger point emors. [For sine wavas, Slew rala ar 50%
laved = 2 = x » hequency » amplitude, wherg amplituda 15 12 o
the poak-to-pesk voltage. )

5.

Trigger Level Setting Error (5ze Graph 5

+ 30 my_H1% » Start Trigger Level Settng
Input Signal Slew Rate at Start Trgger Powunt

my 1'% = Stop Trigger Level Settin
Input Signal Slew Rare at Stop Trigger Point

Blgbe that riseffall times use 10% and 90% points
of signal far trigger points, unless pragrammed
differently,

t | ;
i | 1
& s ' ) . } : :
K] 2= Tiadx % Trgger Prn: ;
7 rous PN : !
E 1 \ . ; | i
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E \ I ! |
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10 Mg 1 ¥us 100 myins 13 mbie
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Graph 5. Trigger Level Saming Emor; Altects both the Stan and
Stop points o all ime inleral maaswements.
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Table A-I. HF E 14208 Specifirations {Continued)

6. Trigger Point and Hysteresis XI. Measurement Throughput Definitions

Auto crigper disabled: trigger point = trigger A Short Speeds: Quick indicator of maximmum

level reading

Auto trlgger enabled: For all measurements
except Rise/Fall Time.

trigger points = Max peak ;- Win peak

For Rise/Fall Time,
I0% trigger point = .1 * max peak + .9 roin peak

9% trigger point = 2 » max peak + .1 min peak

MinMax voltage fenction is used to measure
peaks.

X
— M K
00 = Max paal

!

Far X% iTigger pont - [ J
(l-i}x Min peak

4

Specification for all T1 and PW measurements in
* 10 artenuation mode are only valid for rigger
level settings beoween 20% and BU% of input
signal lavel {ph.pk}.

For Tatalize 1BYZ. ZBY) on a repetitive input
signal, the Totalize accuracy becomes:
=1 count, ¢ {Gate Trigger Error) < FREQ,

where Gate Trigger Eror, which affects the star
and stop poings of the Tolalize measuremens, is

the Trigger Error®. Trigger Leve] Timing Ecror®,

and Trigper Level Setting Ermor® at the ytart and
stop [rigger ppints of a gate input.

For Example, Gace Trigger Error on 2 normal
polarity gate is

Start Trigger Error® + Stop Trigger Errord
+ Start Trigger Level Tirmng Errar®

- Stop Trigger Level Timing Errer®

+ Tngeer Level Setting Error®

Specifications A-6

Lounter SPEEdS

Setup: Embedded contmller

Signat: >1 MHz: signal does not limit speed of
MERSLIETHETH

Cate: | ms measurement << COUNIET PrICESSTIE
time.

Triggering: Manual
1 Frea Bun:

Indtcates speed of measuring and cutpuiting
results, lmportant {f many measurgments are
marle from one setup.

Algorithm: Setup Frequency Measurement. then
do muliipls reads.

2. Switching:

Indicates speed of setup. measurement and putput.
Impaortant f measurement mode or parameters are
changed [requently.

Algocithm:

Setup Frequency Measurement, then make one
read;

Setup Time Interval Measurement, then make
ene read;

Satup Period Measurement. then make one read:
Hepeat.

Setupas:

Frequency setup: [nput 1 AC. Neg Slope, 5002,
Trig Lewel 0,2 V.

Time Interval setup; COMMOMN, Inpur 2 Pos
Slope, 500, Trig Level 0.2 W

Feriod setup: Inpuc | O, Pos Slope. | MO,
Trig Level -.35 V.

B. Comprehensive Single Reading Times:

Single Reading Times indicate the dmes needed
for command transfer. Instmument setup.
measurement, and result transfer
Hardware Setup:

HFP 30 Series 30 computer (3200

HF E14058 Command Module

HF E14008 Cardcage

Software Setup: HPBASIC Version 5.xx
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Appendix

Error Messages

CODE MESSAGE CAUSE

-100 Command error

-101 Inval;d character Unrecognized character in specified parameter

-102 Syntax etror Command misaing spacefeomma between
parameters

-103 Invalid separator Command parameter separated by space not
comma

-104 Data type error Wrong data type specified iz parameter

-105 GET not allowed Group Execute Trigger was received

-108 Parameter not allowed Parameter specified in parameterless command

-109 Missing parameter FParameter missing in entered command

-112 Program mnemanic too long Header contains more than 12 characters

113 Urnidefined header Command header incorrectly specified

121 Invalid character in number Entered character for aumeric data 1s incorrect

-123 Numeric overflow Exponent larger than 32000

-124 Too many digits More than 256 digits specified

-128 Nurmeric data not allowed Number specified for parameter not letter

131 Invalid suffix Parameter suffix incorrectly specified
{e.g 30 M instead of 50 MHz)

-138 Suffix not allowed Parameter suffix specified when not allowed

-141 Invalid character data Parameter type specified not allowed (e.g.
“MEAS:FREG HIGH” instead of “MEAS:FREQ
MAX"

+144 Character data too long Character data element has more than 12
characters

-148 Character data not allowed Entered character data not recognized by sounter

-150 String data error Entered string data contained a non-specific
&TToT

-151 Invalid string data Entered string data syntay invalid

Error Messages B-1



MESSAGE

CAUSE

-170
47
178
-180

-181

-183

-212
-213

=215

String data not allowed
Biock data errar

Invalid block data

Block data not aflowed
Expression ereor

lnvalid expression
Expression data not allowed

Macro error

Invalid outside macro definition

invalid inside macro definition

Execution errar
invalid while in local
Measurement timeout

Channel not configured for
measurement

Arming canhguration conflict
Measurement has not been initiated

Invalid totalize

Value sut of range

Data clipped to limit

ARM ignored
INIT ignored
Arm deadiock

Setting conflict

Data out of range

Too much data

B-2 Error Messages

String data encountered but not allowed

Entered biock data contained a non-specific error
Entered block data syntax invalid

Block data encountered but not allowed

Entered sxpression sontained a non-specific error
Entersd block data syniax invalid

Expression data encountered but not allowed

Entered macre command or parametar
contained a non-spectfic error

Macri parameter placeholder encountered
outside a macre definition

Program message sent with *"DMC is
syntactieally invalid

Hequested measurement is not available
Command not executeable while device in local
Measyrement execution exceeded maximum time

Appropriate channel was not set up for the
requested measurement

External arm source inconsistent for start and
stop within the same program message

Executed FETCh? without initiating
measurement for new configuration

Totalize on channel 2 (totalize on 1 or totalize 2
by 1)

Celeulated parameter outside allowed range

Entered parameter{s} outside of range - data
truncated at limit

ARM:IMMediate set without being INTTialized
Another measurement already in progress

Attempted FETCh? while arming was in HOLD
or BUS moede

A valid command but not supported for the
specified channe)

Specified parameter value toc large/small

Excess data for memory/device-specific process
requirements



MESSAGE

CAUSE

-273

-274

-276

lllegal parameter vatue

Data corrupt or stale

Data questionable
Hardware efror
Hardware missing
Macro error

Macro syntax error

Macro execution error

Hllegal macro label

Macro parametes error

Macra recursian error

Macro redefinition not allowed
Exceeded shared memory
System error

Selftest failed; EPROM checksum
failure

Selftest failed; FAM failure
Selftest failed; Clock 10 faited
Seltest failed: Frant-end failed

Salftest failed; Calibration RAM
failure

Too many errors

Query &rror

Query interrupted

Query unlerminated

Query deadiocked

Specified numeric vaive not allowed

New measurement staried but not completed
since last access

Measurement accuracy is suspect
Execution error due to hardware fault
Option 010 or 030 not installed
MNoo-specific executicn related macre error
Illegal macro syntax entered

Macro execution error due to macro definition
error

Entered macro label net accepted by device

Macro definitien contains improperly used
macre parameter

Deviee found macre recursive

Macro label already defined

Allotted VXIbus shared memory is full,
Nen-specific system error has occurred
Specified hardware failed

Specified hardware failed
Specified hardware failed
Specilied hardware failed

Specified hardware failed

The error queue is full — more than 30 errors
have occurred

Data not read from output buffer before another
command was executed

Command generating data unable to complete
due to configuration errer

Command cannot complete output due to
controller request {or input
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Appendix

Performance Tests

INTRODUCTION  This appendix provides two separate groups of tests designed to check
for proper operation of the HP E14208 VXIbus Universal Counter;
functionzl tests and performance tests. The functional tests provide a
quick method of verifying the basie funetioning of the counter when its
normal eperation is in gquestion. The more thorough performance tests
are used to conduct a complete investigation of the instrument’s
electrical performance, using the specifications of Table A-I (Tabie C.3
in this appendix) as the performance standards.

Where to Find v Alternate Test Equipment . . . .. .. . . . . pgs G-2/22
important Topics s Auto Frequency Measurement Test . . . . . . . . . pg. C-6
# Auto Measorement Sensitivity, Range,
and Accuracy . . ... . L L pg. C.31
« E1420B Specifications Table . . . . .. .. . .. . pg. C-21
s External-Arm Input Test . . . . ... ... .. .. pg. C-12
s Externzl-Arm Sensitivity, Range,
and Minitaumn Start-to-Stop Time . . . . . . . . . pg C-2B
o Functiomal Test Record . . .. . . ... .. ... pg C-18
« Input 1/2: Measurement Sensitivity, Range,
and Accuracy . .. .. ... pPE C-23
» Input 3: Measurement Sensitivity, Range,
and Aceuracy . . . .. .. ... .l pe C-33
¢ Input Signal ConditioningTest . . . . . . . . ., .. pe- C-B
e OptionTests . . . . . . .. . .. .. .. . pes. C-15, 16, 33
s Power-upSelf Test . . .. ... ... .. .. . .. PE-C5
« Ratio/Time-Interval Measurement Test . . . . pgs. C-T/12
s Performance Test Record . . . . .. ... . .. .. pe. G-37
Chapter Summary ¢ Equipment Required = . . .. . ... .. ... . . pg. C-2
¢ CalibrationCycle . . ... ... ... ... ... . pg C-3
¢ Test Procedure Considerations . . . . . . . . ., | . pe C-3
e Software lmplemented FPT . . .. . . .. ... .. pg. C-4
« Functional Tests . . . . . _ . . .. _ . .. ... ., pg- G4
o Full Performance Tests . . . . . . . . . . ., .., pe. C-18
& FunctionalPerformance Test Records . . . | . pgs. C-18/37
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EQUIPMENT REQUIRED

Table C-1. AP EI420F Recommended Test Equipment

Equipment required for the performance tests is listed in Table C-1,
Recommended Test Equipment. Any svbstitutes to this recommended
list are valid only if the substituted equipment satisfies all critical
requirements of the recommended moedel(s} given in the table.

BNC “T" connactor

Min, Pulse Width: 20 ns
Max. Cutput Level 5 Vp-p
3% pulse parameter accuracy

HP 1250-0781

Recommended
Equipment Critical Hequirements L Wode!
" For All Functional and Performance Tests: _
VXIhus Mairframe Meets VXIbus System Specs, Rev. 1.3 | HP 75000
Series C
Siot-0 Command Module HE-1B or RS-232 1o VXlbus compatible HP E1405E
| SCPI command language compatible .l
tnterface Controller HF-IB or RE-232 compatible HP 000 i
Serigs 200300 i
1
For Input 1 and input 2 Functional and Performance Tests: |
"'— 1
Function Generator Frequency Hange: @ — 20 MHz HP 33258 ]
Output Level: 25 myvrms - 10V pp
' (with dc offset capability)
Resolution: 0.01 Hz
Signal Generator Frequency Range: 100 MHz - 200 MHz HP B663A
Ourput Level: 25 myvrms - 100 myvrms
Resaldtion: 6.1 Hz
internai Timabase wf Rel, Output
Fulse Genarator Perigd: 50ns + 1.0 ms HP B161A

For Oplion 930 UHF Inpyt 3 Functional and Performance Tests:

Signal Generator

Fixed Attenuator

Connectors:
BNC{m) to N{m)
N{f 1o BNC{f)

Frequency Range: 90 MHz - Per Spec
Outpt Leevel: +05 —+ +2.5 dBm
Resolution: 0.1 Hz

Internal Timebase wf Ref. Output

Attenuation 10 dBR

L N{m) to BMNC()

HP BEE3IA

HF 8491A
(Option 010)
HF 1250-0082
HF 1250-1474
HF 1250-078a0

c-2 Performance Tests



CALIBRATION CYCLE

FUNCTIONAL/
PERFORMANCE TEST
RECORDS

TEST PROCEDURE
CONSIDERATIONS

To mzintain the E1420B wiathin specified operating limits, the
instrument should be checked using the full performance tests at least
once each year. This anoual time {rame may be accelerated as
demanded by specific environmental conditions and user needs. If
installed, the optionzl TCXO reference oseillator must be checked and, if
necessary, adjiusted o a house frequency standard before beginning the
performance tests. Refer to the TCXC Adjustment Procedure in Chapter
3 of the E1420B assembly level service manual Follow the preliminary
instructions given in the INTRODUCTION and SAFETY
CONSIDERATIONS paragraphs of Chapter 3.

Result= of the Functional tests may be recorded on a copy of the
Functional Test Record {Tabie C-2), which follows the functional test
procedures. Results of the full perormance tests may be recorded on a
copy of the Performanee Test Record (Toble C-4), which follows the
periormance test procedures.

NOTE

The software version of E14208 testing will record its own test
resulls, then prinl these results on computer generated
FunctonalPerformance Test Records.

The person performing the following tests must understand how to
operate the specified test equipment. Equipment settings, other than for
the Universal Counter, are stated in general terms. Unless ctherwise
specified, use straight (not 50 chm feedthrough) BNC connectors when
applying input signals to the E1420B during performance testing. All
cables, connectors, and adapters needed are also to be supplied by test
personnel.

Ouly the SCPI comamand strings for the counter are given in the
procedures. The user must send the string to the counter via a
controller and command module. To make a measurement or read back
a value, the user reads back a string from the output queue of the
counter. The user must properly dimensicn strings to accept at least 20
characters as a query mesponse to a measurement request. More details
on eonfiguring and operating the counter are given in Chapter 2 of this
manual.

CAUTION

Throughouwt these testing procedures, the ~+rS$T~ command is
used trequently to reinitialize the counter to its preset default
values. Failure {0 issue the “+rsT~ command at the specified
times (and only at these times) will result in testing errors,
since the procedures are written fo assume that the default
values are present after sending the “=psT~ command,
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SOFTWARE  Available upon order of the E1420B assembly level service manual is a
IMPLEMENTED FULL  software program designed to expedite the Functional and Performance
Testing processes. The program steps the user through any or all parts
PE HFD?SSATTSE of E14208 performance testing, sends pertinent SCFl commands to the
counter, receives and analyzes measurements sent back from the
counter, and helps the user confipure the E1420E and set up all test
equipment input cenditions, This software program, available in 5 /4"
or 3 1/2" floppy format, was written in HF BASIC for a HP 2000 Series
200/300 system communicating over HP-IB with a HP E14058 VXIbus
Slot-0 Command Module, The software part numbers are: 3 1/2" disk,
E1420-13503, Rev. .00 00, 5 /4" dick, E1420-13504, Rov. C.00.00. The
software alsg includes verification cherks {or the read and write
functions of Option (440, Shared Memory,

FUNCTIONAL TESTS  The tests included here are not as thorough and rigorous as the full
performanee tests. This group of tests is intended to serve only as a
method for giving the eperator a high degree of confidence that the
instrument is performing properly. No attempt is made to check the
specifications of the instrument.

These tests are useful for incoming QA or as a first check on an
instrument suspected of having a problem,

NOTE

The following funclional test procedures frequently call uporn the
vse of 3 low ampfitude (less than 10v p-p) 10 MHZ signal as a test
MUl This signafl exisis an the CLK 10 SME ouiput of the

HF E 1405 Slot-0 command mogule, if present. This signal can also
be generated by rouling the TCXO timebase. if present. to the
ET4208 frant pane! Inf/Ext BNC output (Refer to page C-13}.

i neither of the abave are available, the user must provide a signal
source capable of generating a v p-p sinuscidal signal at a
frequency of 10 MHz Exarmple source: HP 33250.

CAUTION

Betore the E142808 js installed ino the VXIibus Mainframe,
make certain that the counler is preperly configured as
specified in Chapter 2 of this manual. Verify that the VXibus
Mainframe meets VXthus System Specifications, Rev 1.3.

NOTE

These lests only specify the command siings that need 1o be sert
fo the counter in word-zerfal protocol gver the VXibus. Procedures
used in getting the command stings 1o the courtier are contrafier
and slol-0 dependent. See Chapter 2 of this manual lor details.
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Preliminary Procedure

Power-up Seli-Test

Use the following steps to set up the E1420B for functional testing:

1.

2.

Turn off pewer to the VXIbus Mainframe.

Flug the HP E14208 inte an empty slot on the VXlbus Mainframe.
Turn an power to the VXIbus Mainframe.

Yerify proper operation of the VXIbus slot-0 command module.
{(Generate an external sinuseidal sipnal at a frequency of 10 MHz
and an amplitude of appreximately 0.5 peak {1V p-pl with no dc

offzet. (Bee NOTE on page C-4.}

For now, DO NOT eonnect this signal to the input channels of the
HF E1420B.

Description: During the power-up sequence, the HF E1420B performs
a diagnoestic cheek of major components.

Procedure: Use the following steps to run the E1420B Self-test,

L

Cycle the VXIbus Mainframe power switeh to ON.
Observe:
a. Al E1420B front pane] LED's light momentarily,

b. The *Failed” LED extingaishes after a few seconds, indicating
suecessful completion of the self test,

Connect the 10-MHz test input signal to the IntExt Reference BNC
input of the E1420B.

Ask the counter to report its power-up status by sending the
“*T5T?* command to the E1420B,

Observe:

The E1420B “Access” LED momentanly lights, acknowledging the
counter's acceptance of the **T5T? " command.

Read the sutput string from the E1420B.
Ohserve;

The result should be "+ 0. which means “NO ERRORS™

Test Record;: Mark Pass or Fail on the Functional Test Record, line 1.
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Auto Frequency
Measurement Test

Performance Tests

C-6

Here's what was Checked:
1, Al LED's liphting indicates that all front panel LED's are aperational.

2. The extinguished “Failed” LED indicates that the micreprocessor,
bus controller, latches, and ROM are functioning.

3. The ability of the command modaule to communicate with the
sounter, indicated by the lighting of the “Access” LED, shows that
the controller is sending the appropriate control signals ta the
logical address occupied by the E1420B.

4. Reading back information from the counter indicates that the
VXIbus interface and associated latches are functioning.

3. A +07 messape indicates that the diagnostic self-test has passed.
The seli-test verifies the following:

= ROM
= RAM
MRC

L ]
» Interpolators

s CLE) Timebase presence

» Input amplifier/main board connector integrity
» Control latches and buffers

Failure: Any failures during the power-up self test will cause the
“Failed” LED to remain lit. If the failure does not affect the
micropracessar, bus controller, VXIbus interface, ROM, BAM, or
associated latches, the cutput queue will contain a “+17 message
indicating a need for further diagnestic testing. Further instructions en
failure handling are given in Chapter 4 of the assembly leve) service
manual.

Description: This test checks the auto-triggering capability and
frequency interpelation process of the E1420B.

NOTE

Thiz test requires a signal source capable of providing a 10 MHz 1
Vp-p sing wave with varying de conlent. {Example: HP 33258.)

Procedure: Use the following steps to cenduct the Auto Frequency
measurement tast.

1. {zenerate the 10 MHz signal of preliminary procedure Step 5 and
give it an offset of +2 de volts.

2. Connect a 10-MHz timebase standard to the Int/Ext ref. BNC and
configure the counter by sending “SENS:ROSC:S50UR EXT”,

3. Connect this signal to Input 1 on the £1420B.



Ratio
Measurement Test

4. Reinitialize the HP E14208 by sending “ *R3T".
5. Configure the E1420B with the following command:

Description of Command SCPi Command Siring
Flace counter in aute-trigger mode “EVEN LEVAUTO ON”

6. Make a frequency measurement on Input 1

Description of Command SCPI Command String
Measure Frequency Input 1 *MEAS1:FREQ"?"
Observe:

The input 1 trigger LED should be flashing, and the frequency
measurament should read 10 MHz, within the tolerance Hmits of
the penerated input signal.

Test Record: Mark Pass or Fall on the Fanctional Test Record Card,
line 2.

Here's what was cheched:
1. The interpolators which provide the accuracy of the frequency
count, Defective interpolators could cause a reading error of
+100 Hz.
2. The aute-trigger functioning of the E1420B,
Failure: If this test dees not cause the Input 1 trigzer LED to flash and
will not return a legitimate frequency reading, the probable cause of
erTor is the auto-triggering circuitry,
If the test retrrns a measurement not consistent with the true input
signal, then the frequency interpoiators are most likely at fault and the
Main Board is a candidate for replacement. Refer to the trouble

shogting proceduras found in Chapter 4 of the assembly leve] service
manual for more information.

Description: This test uses a 10 MHz zignal to drive the channe] 1 and
2 input amplifiers in a test of the Multiple-Register Counter [C {MRC).

Procedure: Use the fellowing steps to conduct the Ratio measurement
test.

1. Connect the 1V p-p 10 MHz with no dc offset to Input 1.
2. Reinitialize the HF E1420B by sending “*R5T",
3. Cornfigure the E1420B wath the following SCPI command:

Descrption of Command SCPI Command String

Common input moede ON “INPROUT COMM”
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ce

Input Signal
Conditioning Test

Parformance Tegts

4. Measure the frequency ratio of Input 1 to Input 2.

Description of Command SCPI Command String

Measure Frequency Ratio IN1/IN2 “MEAS :FREG:RAT?"
Ohserve:

The ratio measurement should return as 1.000000000E+00 and
bath input trigger lights should be flasking,

Test Record: Mark Pass or Fail on the Functional Test Record Card,
line 3.

Here's what was checked:

The operzation of the internal eount cireuitry (pontained in the MRC
chip) and microprocessor math circuitry is checked using the ratio
function.

Failure: Should this test fail, the MRC is the probable cause, and the
Main Boatrd is a likely candidate for replacement. Other circuit blocks
involved are the channel 1 and 2 input amplifier circuitry, along with
the measurement select-calculation-control block. RBefer to the trouble
shootitg procedures found in Chapter 4 of the assembly level service
manuaj for more information.

Description: This series of checks comprises a functional test of the
input amplifier relays and circuitry associated with those relays.

NOTE

This test requires a signal source capable of providing a 10 MHzZ
I Vp-p sine wave with varying dc content. (Exampie: HP 33258)

Procedure: Use the following steps to conduct the Input Signal
Caonditioning test.

1. Connect the 10 MHz signal of prelitaninary procedure Step 5 to
Input t.

2. Reinitialize the HP E1420B by sending “*RST"

3. Configere the HP E1420B with the following SCPI command string:

Description of Command SCP1 Command String
Commeon input mode ON “IHF:ROUT COMM"
Observe:

The Input 1 and Input 2 trigger LED's shouid both be {lashing.
Steps 3 and 4 verify operation of the trigger level LED's.



4. Graduzlly increase the trigger levels of Input 1 and Input 2 until
the trigger lights just go ofl. Use the following SCPI command
strings to make the trigger levels increase:

Description of Cammand SCPl Command String

Input 1,2: Trigger Level xx ¥V ~SENS1:EVEN:LEV X.X"

“SENSZ:EVEN:LEV x.x"

{where x.x is the trigger leve] value.)

5.

Set the HF E14208 with the following SCPI commands:

Description of Command SCPI Command Siring

Inputs 1,2: 1 Mohm impedance “INP1:IMP 1E&™

~INp2:IMP 1EG"

Common input mode OFF “INP:ROUT SEP"

Observe:

The Input 1 trigger LED should be Aashing and the Input 2 trigger
LED should not be flashing.

6. Issue the foliowing SCPI command to the E1420B:
Description of Command SCPl Cammand String
Commeon Input Mode ON ~IHP: ROUT COMM™
Observe!
The Input 1 and Input 2 trigger LED's should bath be flashing.
Steps 5 and & check the input common/separate relay.
7. Change both input impedance levels to 50 ohms.
Description of Command SCPI Command String
Input 1,2: 50 ohm impedance “INF1:IMP 50"
TINP2 s IMP 50
Observe:
The Input } and Input 2 trigger LED¥s should both be off (not
flashing). Steps 5 and 7 are aimed at checking the input impedance
relays.
8. Reinitizlize the HP E1420B by sending “*RST".
9. Configure the HP E1420B with the following SCPI commands:
Description of Command SCP| Command String
Ioputs 1 and 2, ac coupling “INF1:COUF ACT

*INPZ : COUF ACT
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c-10

Performance Tests

10. Use the following SCPI commands to turn on the x10 attenuatar:

Description of Command SCPI Command String

Inputs 1 and 2, attenvator x 10 “INPL+ATT 10°
*"INP2:ATT 10"

1. Generate a 10 MHz signa) with an amplitude of 3V rms.
12. Connect this signal to inputs 1 and 2 on the HP E14208.

13. Measure the 2¢ rms voltage of the input signal through the x10
attenuators by sending the following SCPI commands:

Description of Command SCP| Command String

Measure ae rims voltage; Inpots 1 “MEASL:AC?"

and 2. “MEASZ:AC?"
Observe:

The Input 1 and 2 trigger LED= should both be flashing, and the
voltage measurement should return as 300 mV rms, within the
tolerance limits of the penerated input signal. Note that this test is
verifying the »1/x 10 attenuator relays, not the accuracy of the
measurement process.

14. Use the following SCPI commmands to return the HP E14208
attenvators to x1 operation:

Description of Command SCPl Command String

Inputs 1 and 2, Attenuation x1. “INFl:ATT 1*
“INF2:ATT 1*

15. Measure the ac rms voltage of the signal through the x1 attenuator:

Description of Command SCP) Command String

Measure ac rms voltage; Inputs 1 “MERS1:aC?*

and 2. *MEAREZ:ARCT"
Observe:

The Input 1 and 2 LEDs should be flashing and the voltage
measured should return as 3.00 Vrms within the tolerance limits of
the penerated input signal

16. Reinitialize the HP E1420B by sending “*RET".

17. Configure the E1420B with this SCPI command:

Deacription of Command SCP Command String

Common input mode ON “INPiROUT COMM*



18, Measure the Input 1 and 2 signal frequencies with these SCPI

commands:
bescription of Command SCPL Command String
Measure Frequency: Input 1 “MEAS]:FREQ?"
Input 2 “MEASZ :FREQ?"
Observe:

The measurements should read 10 MHz, within the tolerance limits
of the external source. Note that this test is verifying the ac/de
relay, not the accuracy of the measurement process.

19. Carefully increase the dc offset level of the input signal until both
Input 1 and Input 2 trigger lights stop flashing.

20. Issue the following SCPI commands to the E1420B:

Description of Command SCPI Command String

Inputs 1,2: ac coupling “INPl:COUP ACT
“INFP2:CQUP ACY

Observe:
The Input 1 and Input 2 trigger lights should resume fiashing.

21. Measure frequencies with the following SCPI commands:

Description of Command SCP| Command String

Measure Frequency: Input 1 “MEAS]1:FREQ? 1E7,1”

Ioput 2 “MEASZ:FREQ? 1E7,1°
Observe:

The measurerments should read 10 MHz, within the toleranes limits
of the external source. Note that this test is verifying the ac/de
relay, not the accuracy of the measurernent process.

Test Record: Mark Pass or Fail on the Functional Test Record Card,
line 4,

Here's what was checked:
All input amplifier relays and associated circuitey,

Failure: The circuit blocks that are added to the testing process are the
ac/de relays, the 56/1 Mohm relays, the x1/x10 attenuator relays, and
the comtuonfseparate relay. If any part of the preceding test fails, the
Input Amplifier Board is a likely candidate for replacement. Refer to the
trouble shooting procedures found in Chapter 4 of the assembly level
service manual for more informaticn.
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Time Interval Test  Description: This test uses the Tirme Interval function to verify proper
slope switching and trigger level accuracy in the input amplifier
assembly.

Procedure: Use the following steps to conduct the Time Interval test.

. Connect the 10 MHz signal of preliminary procedure Step 5 to
Input |

2. Reinjtialize the HP E14208 by sending #+RST*,

3. Configure the E1420B with the following SCPI command strings:

Description of Camrmand SCPI Command String
Common input mode ON “INF:ROUT COMM”
Ioput 1 trigger on positive slope “SENS} :EVEN:;SLOF POS”

Input 2 trigeer on negative slope ~5ENSZ :EVEN: 5LOP HEG"

4, Meazure the time interval from Input 1 Lo Input 2.

Description of Commantd SCPI Command String
Measure Time Interval 1 + 2 “MEAS]:TINT?"
Observe:

The measurement should be approximately 1/2 period of the input
signal, or 50 ns.

5. Use the following SCPI commands to turn on x 1) attenuvation and

ac coupling:
Description of Command SCP1 Command String
Inputs 1 and 2, ac coupling and “INPl:COUP AC;ATT 10~
=10 attenuation. “INP2:;COUP AC;ATT l0O°

6. Increase the signal amplitude to 3V rms.

7. Measure the interval from Input 1 to Input 2:

Description of Command SCPI Command String
Measure Time Interval 1 - 2, MEAS1:TINTZ"
Dbhserve:

The measurement should be approximately 1/2 pericd of the input
signal, or 50 ns.
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8. The preceeding measurement was triggered to measure the positive
portion of the 19 MHz input waveform. Now configure the
HP E1420B to measure the negative portion by sending the

following SCPI commands:

Description of Command

Reinitialze the counter.

Common input mode ON.

Input 1 trigger on nepative slope.
Input 2 trigger on negative slope.

SCP| Command String

ERETT

"INP:ROUT COMM™
"SENS] :EVEN:SLOF NEG™
“SENSZ:EVEN:SLOFP POST

9. Once again measure the time interval from Input 1 to Input 2:

Description of Command

SCPI Command Etring

Measure Time Interval 1 - 2.

Observe:

“MEAS] :TINTZ"

The measurement should be approximately 1/2 period of the input

signal, or &0 ns.

10. Use the following SCPI commands to turn on the HP E1420B %10

attenuators:

Description of Command

SCP| Command Strigg

Inputs 1 and 2, Attenuation =10

“INFLl:ATT 10~
“INFZ2:ATT 140"

11. Measure the time interval from Input 1 to Input 2:

Descripticn of Command

S5CP| Command String

Mezsure Time Interval 1 + 2,

Observe:

“MEAZ1:TIRT?"

The measuremnent should be approximately 1/2 period of the inpuat

signal, or 50 ns.

Descriptien of Cemmand

Beinitialize counter

Common input mode ON

Input 1 trigger on hegative slope
Input 2 trigger on posttive slope

SCPI Command String

“eggTH
“INF :RQUT COMM-

“SENS1:EVEN:SLOP MEG™
“SENSZ:EVEN:SLOP POS”
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External Arm
input Test

Performance Tests

12. Once again measure the time interval from Input 1 to Imput 2.

Description of Command SCPI Command String
Measure Time Interval 3} = 2 “MEAS]:TIRT?"
Observe:

The measurement should be approximately 1/2 period of the input
signal, or &} ns.

NOTE

Depending on distortion in the input signal, the preceding
measurements may not be equal io exactly 1/2 of the 100 ns
periot. However, the twp measurements should sum io one period
of the input signal, (Alow for accuracy imits of the input source.}

Test Record: Mark Pass or Fail on the Functional Test Record, line o,
Here's what was chacked.:

The trigger level and control circuitry in both x1 and x10 attenuator
modes; particularly the slope switch control operation.

Failure; If the accuracy of the measurementis) is slightly out of the
specified range, the probable cause is the [nput Board and the trigger
level cirouitTy.

If the measurement is totally inaccurate {on the order of more than

50 ns}, the probable czuse is a malfunction in slope switching, which is

controlled by the MRC on the Main Board. Refer to the trouble shooting
procedures found in Chapter 4 of the assembly level service manual for
more information.

Description: This test checks the front panel external arm input
amplifier circuitry by configuring the arm to act as the gate for
measuring a signal input on channe) ).

Procedure: Use the following steps to conduct the External Arm
Input test.

1. Connect the 14 MHz signal of preliminary procedure Step 5 to Input
1 and the front panel BNC Arm Input using a BNC T-connector and
two BNC cables of equal length.

2. Retnitialize the HP E1420B by sending ~*RST".



Option 010 TCXO
Timehase Test

3. Configure the E1420B with the following SCPI command strings:

Description of Command SCPi Command String

Arm Input: Start, Stop on “ARM:STAR:SOUR EXT;LEV O~
positive edges of External ARM: STAR:SLOP POS T

Sgurce with an arm trigger “ARM:STOP : SOUR EXT;LEV O~
level of B volts. "ARM; STOP:SLOP POS"

Observe:
The Arm input {rigger LED should be flashing.

4. The E1420B is now configured to make measurements using the
first pasitive edge of the arm input to open (start} the aperture gate,
and the second positive edge of the arm input to close (stop) the
gate; the aperture time is therefore the period of the arm input
signal: 100 ns.

5. Now measure the frequency on Input 1.

Description of Command SCPI Command String
Measure Frequency: Ilnput | “MEARS1:FREQ?"
Observe:

The HP E1420B returns 10 MHz with a resolution of =1 MHz,
within the toletance limits of the external source, Note that this test
is verifying the ability of the E1420E tc trigger on an external Arm
Input, not the accuracy of the measurement process.

Test Record: Mark Pass or Fail on the Functional Test Record Card,
line §.

Here's what was checked:

External Arm input circuitry on the Input Board.

Failure: The functional block being tested is the external arm input
amplifier circuitry, If this test fails, the likely candidate for replacemeni

is the Input Board, Refer to the trouble shooting procedures found in
Chapter 4 of the assambly level serviee manua? for more infermation.

Description: This test uses the frequency ratio function to ensure
proper instaliation and operaticn of the E1420B's optional TCXO
internal timebase.

Preliminary Procedures:
H you are running this test cut of sequence with the previcus functional

tests, be sure to follow preliminary procedure Steps 1-4 for funstjonal
testing, found on page C-5.
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CAUTION

After following preliminary procedures, ALLOW 30 MINUTES
QF TCXO WARM UP TIME BEFORE ATTEMPTING THE
FOLLOWING TESTIN

Procedure: Use the following steps to conduct the TCX(Q Timebase tast.
1. Coonect the front panel Int/Ext Reference signal to Input L.
2 Heinitialize the HP E142(B by sonding ~ *RST".

3. Configure the E1420B with the following SCPI command strings:

Description of Command SCPI Command String
Houte TCXO timebase to front *SENS : ROSC :SOUR INT”
panel Int/Ext Ref. as an output *DUTP:ROSC:STAT OH™
Common input mede ON “INP:ROUT COMM~

4. Measure the frequency ratio of Input 1 to Input 2.

Description of Command SCPI Command $tring

Measure Frequency Ratic INI/IN2 ~MEAS: FREQ: RAT?"
Observe:

The ratio measurement should return as 1.0G6000000E+00 apd both
input trigger lights should be flashing.

Test Record: Mark Pass or Fail on the Functional Test Record Card,
line 7.

Here's what was checked:

1. The 10 MH:z reference oscillator signal at the front panel connector
is verified for TCXO sourcing.

2. The reference oscillator selection circuitry is exercised.

Failure: Should this test fail, first refer to the TCXO adjustment
procedure found in Chapter 3 of the assembly level service manual,
Other possible sources of error are the reference osciliator selection
circuitry, input amplifier circuitry, and internal count circuitry. Refer to
the trouble shooting procedures found in Chapter 4 of the assembly
level service manualt for more information.

Option 030, Description: The general functioning of Input 3 (Option 030} is

Input 3 Test checked by measuring & frequency within its specified range of 90 MHz
to 2.5 GHz.

Hequirements: Option 031) must be installed and a signal spurce
capable of output between 96 MHz and 2.5 GHz must be provided.
{Sugpestion: HP 86634}
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Procedure: Use the following steps to conduct the option (30 Jnput 3
test.

1. Set the signal source to genemte a frequency between 90 MHz and
2.3 GHz at 300 mV rms {(+2.5 dBms.

2. Connect the signal source to the HP E14208 Input 3.
3  Heipitialize the counter by sending “*RST".

4, Measure the frequency on Input 3 with the following SCPI
command string:

Description of Command SCPI Command String
Measure Frequency: Ioput 3 “MEAS3:FREQ?"
Observe:

The HP E1420B returns the generated frequency. Note that this
test is checking the overall integrity of Input 3, not the accuracy.

Test Record: Mark Pass or Fail on the Functional Test Record Card,
ine B

Here's what was checked:

Basic gperation of Input 3.

Failure: Refer to Chapter 4 of the assembly level serviee manual. The
functional block being tested is the Input 3 input amplifier circuitry. If

this test fails, the likely candidate for replacement is the Input
Amplifier board A2,
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Tabie C-2. HP E1420B Functional Test Record Card

FUNCTIONAL TEST RECORD _ L {Page 1 of 1}
HEWLETT-PACKARD E 1420B UNIVERSAL COUNTER
Test Faciitty: Aeport Number: _
Serial Number: Ambient Temperature: C
Customer; Relative Humidity: %
Tested By Line Frequeancy: Hz
Data: Installed Options: 010 030 D40
(Circle)
Mates: __-Cailibration Test: pre post
(Circle one)
Page Na. Description Pass Fail
C-5 Power-up Seff Test
C-8 Auto Frequency Measuremant Test
C-7 Ratio Measurement Test
C-B Input Signal Conditioning Test
C-11 Time Interval Test
C12 External Arm input Test
C-13 Option 010 TCXD Timebase Test
C-14 Option 030 tnput 3 Test

FULL PERFORMANCE  The following procedures test the electrical performance of the
TESTS HP E1420B VXIbus Universal Counter using the specifications in
Tabie A-1 as the performance standards (Table C-3 reproduces these
specifications for your convenience.} The tests included here are more
specific and exacting than the preceding functional tests. Perform these
procedures to ensure that an instrument is operating at its full
warranted performance during, but not limited to, the following events:

s incoming Quality Assurance
» the annual calibration eyele check
» [ollowing adjustment procedures

» after assembly-leve] replaceroent

These procedures were designed to be performed sequentially io order
to fully test the HP E1420B. As in the functicnal tests, only the SCPI
command strings for the counter are given; see Test Procedure
Considerations {page C-3) for more information. A view of the general

test setup used for ail E1420B performance testing is shown in
Figure C-],
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Specifications Tested

C-20

Performance Tasts

NOTE

The resolution limils specified in the following proceduras assume
ihat the tesi equipment used is calibrated and aperating at its
performarce fimits. Wher this is not the case, probiems ¢an occur,
For examgple, n0ise 6n an input signal will result in what seems i
be an inaccurale measurement. THIS condition must be consdered
whern obsetved measurements do not agree with the performance
tes! fimis.

All specifications listed in Table C-3 {(same as iz A-1) will be verified
through the performance testing. However, each specification does not
have a stand-alone test. Duplication of effort is avoided by noting that a
single test can fully verify the functionality of a circuit block and that
further tests of that circuit hlock are redundant and unnecessary.

Tabie £-3 also gives a reference number to each specification being
tested. Throughout the test procedures, these reference numbers will be
used as a convenient method of telling the user exactly what
specifications are checked in each suecessive test.

Summary of Tests:

1.

2,

Input 1/2; Measvrement Sensitivity, Range, and Accuracy
External-Arm Sensitivity, Range, and Minimum Start-to-Stop Time
Auto Measurement Sensitivity, Range, and Aeccuracy

Input 3: Measurement Sensitivity, Range, and Accuracy



Tabie C-3. HP E14208 Specifications Test List

aren Tested Fef No. Specification Tested
Inputs 1, 2 1 fnput 1 Range DG 0 - 200 MHz
2 input 2 Range DC; 0 - 100 MHz
| 3 input 1 Range AC: 100 Hz - 200 MHz
4 Input 2 Range AC: 100 Hz - 100 MHz
5 Sensiiivity: 35 mV rins sine wave
J & Dynamic Range: 100 mVpp - 10.0Vp-p
i 7 Comman input: range and accuracy
External Arm: B Range: 0- 25 MHz
g Minimum StartfStop Time © 50 ns
10 Sensitrvity: 500 my p-p
18 Dynamic Aange: 500 mV p-p - 5Vp-p
Measurement Ranges: 12 Measurement-dependent; see Table A-f
Measurement Accuracy: 13 Frequency nputs 1,2
: 14 Period  Inputs 1,2
i | 15 Time Imervat 1-2
16 Hatio 172
17 Totalize
Auto Trigiger: 18 DC Coupled Range: 1 kHz - 20 MH2
15 AC Coupled Range: 1 kHz - 20 MHz
J 20 Minimum Ampiitude: 70 myrms Sine Wave
Automatic Measuremesnt 2 FisefFall Time 1
Range and Accuracy: 22 Pulse Width 1

Uncertainties  The E14208 Performance Test Record Card contains a column that lists
Analysis Method measurement vncertainties. This column represents an accumulation of
uncertainties from the naticnal standard to the instrument, taking both

random and systematic uncertainties into account.

When comparing measurement resulis to counter specifications, the
person administering the test must allow compensation for
measurement uncertainty. This means that if an obtained measurement
falis cutside of its specified Min/Max bounds (alsc listed on the
performance test record card), yet is within the bounds of [ true input *
measuremnent uncertzinty ], the measured valye DOES conform to
specification and DOES NOT constitute a failed test point.

Ferformance Tests C-21



For example:

Imput_Signal Min  Measured  Max  Meas._Uncer. Test Siatus

100 Mz #aHz 103 Hz 102 Hz +4 Hz Passed
100 Hz 9BHz 1054z 102 Hr +4 Hz Failed
NOTE

Far the E14208 performance tests, random uncertainties were
figured using the RSS method, cakoulated 1o a confidence interval
af 7 sigma (95%).

Alternate Test  Test equipment other than that specified in Teble C-I may be used only
Equipment if the eritical specifications of each test ean still be accurately checked,
If alternate test equipment is used, adjust the tolerance limits to reflect
actual test equipment specifications. Note that to comply with
MIL-3TD-45662A calibration system requirements, the test equipment
being used should be at least four (4) times more accurate than the
instrument making the test measurement.

CAUTION

Before the E1420B is installed into the VX({ibus Mainframe, verify
that the courtter is properly configured as specified in Chapter 2
of this manual Verify that the VXlbus Mainframe meets the
specifications of the VXIbus System Specifications, Rev 1.3

NOTE

These tesis only specify the command strings that need to be sent
to the counter il word-setial protocof over the VXibus, These
skings must be sent exactly as they appear in the les! procedures
for the performance fests 10 be considerad valid.

Procedures used in getting the command sirings to the counter
are controfler ard siot- dependemt. See Chapter 2 and 3 of this
marnual for details,

Preliminary Procedure  Use the following steps to set up the E1420B for full performance
testing

1. Turn off power ta the VXIbus Mainframe.
2. Plug HP E1420B into the VXIbus Mainframe.

3. Turm on powar te the VXIbus Mainframe.
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Input 1/2: Measurement
Sensitivity, Range, and
Accuracy Tests

4. Connect 10 MHz reference cutput of the HP 8663 Signal Generalor
{back panel) to the E14208 Int/Ext Reference BNC input and all
valid testing equipment external reference frequency inputs, as
shown in Figure C.1.

5. Verify proper operation and port addressing of the Siot-0 command
module angd the HP £14208 Universal Conter. Refer to “Internal
Configuration” of Chapter 2 for details.

Description: The input frequency range and sensitivity of the E14208
is tested, along with the dynamic range and aceuracy of all critically
specified non-auto measurements.

Specifications Tested:
Referring to the reference numbers of Tabie -3, this test verifies:
1,2 - Inputs 1, 2 dc range
3, 4-Inputs 1, 2 ac range
05 - Sensitivity
06 - Drynamic range
07 - Common input speciflications
12 - Non-auto measurement ranges

Accuracy of:

13 - frequency,

14 - period,

15 - time interval,

16 - ratio, and

17 - totalize measvrements
Equipment Used:

HP 33258 Synthesizer/Function Generator
HP B663A Synthesized Bignal Generator

Input Condition A;
35 mV rms @ 10 Hz & Zin=5) ohm @& dc coupling
Procedure A:

1. Use the HP 3325B to generate a 35 mV rms sine wave at a
frequency of 10 Hz,

2. Connect this signal to Input 1 on the E1420B.
2. Resst the counter by sending “*RST* as g command string This

will automatically set the counter input defaults io 50 ochm input
impedance and dc coupling. This will alse set trigger levels ta 00V
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4, Program the E14208 to use the 10 MHz external signal of
preliminary procedure Step 4 as its timebase by issuing the

fallowing SCP command:
Description of Command SCPI Command String
Route external timebase “SENS 1ROSC : S50UR EXT”
te £14208

5. Configure the E1420B to cperate on its maximum sensitivity
{minimum hysteresis) setting.

Description of Command SCP| Command String

Maximum input sensitivity “SENS:iEVEN:HYST MIN-
6. Measure the frequency on Input 1.

Description of Command SCPI Command 5iring

Measure Frequency: Input ] “MEAS]:FREG? DEF,DEF~

Verify: That the counter measures a frequency of 10.000 000 0 Hx
+0.1 Hz.

7. BRecord the measurement on the Ferformance Test Record Card,
fine 1.

8. Change the input connection from Input 1 to Input 2,
% Measure the frequency on Input 2.

Description of Command SCPI Command String

Measure Fregquency: Input 2 “MEASZ? : FREQ? DEF,DEF*
Verify: The counter measures 10.000 000 0 Hz +0.1 Hz.

10, Record the measurement on the Performance Test Record Card,
line 2.

Input Condition B:
35 mV rms @ +10 mV de @ 100 Hz @ 2in=5) chm & ac ccupling
Procedurs B:

1. Use the HP 3325B to generate 2 35 m¥Y rms sine wave with a dc
level of +100 millivolts at a frequency of 100 He.

2. Connect the signal io [nput 2 on the E1420B.

3. Reset the counter by sending the “*RST* command.
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4. Program the E1420PB to use the 10 MHz external signal of
preliminary procedure Step 4 as its timebase by issuing the
following SCPI command:

Deseription of Command SCPI Command String
Route external timebase “SENS !ROSC!SOUR EXT~
to E14208

5. Configure the HP E1420B to use maximum sensitivity, ac coupling,
50 ohm input impedance, and a trigger level of 0.0V (trig level will
default to 0.0V, Zin to 50 ohms after «»*&57T" command).

Description of Command SCP1 Command String
Maximum input sensitivity “SENS :EVEN:HYST HIN~
Use ac coupling  Input 1 “INP1l:COUP AC™

input 2 “INPZ:COUP AC™

6. Mea=sure the frequency on Input 2.

Description of Command 5CP| Command String

Measure Frequency: Input 2 “MEASZ : FREQ? DEF,DEF*

Verify: The counter measures a frequency of 100.000 000 Hz
0.1 Hz

7. Hecord the measurement on the Performance Test Record Card, line
3.

8. Change the input connection from Input 2 to Input 1.
9. Measure the frequency on Input 1.

Description of Command SCPI Command String

Measure Freguency: Input 1 “MEAS!:FREQ? DEF,DEF-
Verify: The counter measures 100.0080 000 Hz £0.1 Hz.

10. Record the measurement on the Performanee Test Record Cand, lipe
4,

Input Condition C: 35 mV rme @ 200 MHz @ Zin=50 ohrn @ de
coupling

Procedure C:

1. Use the HP 8663A to generate a 35 mV rms (100 mVp-p} signal at
200 MHz.

2. Connect the signail to Input 1 on the E1420B.

3. HReset the counter by sending the ~*RsT™ command.
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C-25

Performance Tests

4, Program the E1420B to use the 10 MHz external signai of
preliminary procedure Step 4 as its timebase by issuing the
following SCPT command:

Description of Command SCPI Command String
Houte external timebase “EENS:ROSC :SOUR EXT™
to E1420B

5. Configure the E1420B to operate on jits maximum sensitivity
{minimum hysteresis) setting.

Description of Command SCP| Command String

Maximum input sensitivity “SENS:EVEN:HYST MIN”
6. Measure the frequency on Input 1.

Description of Command SCPI Command String

Measure Fregquency: Input 1 "MEAS) !FREQ? ZEB,DEF"

VYerify: The counter measnres a frequency of 200.000 009 MH=z
*14 He,

7. Record the measurement on the Performance Test Record Card,
fine o,

Input Condition D:
35 mV rms @ 100 MHz @ Zin=50 chm @ de eoupling
Procedure D

1. Use the HP 865634 to penerate a 35 mV rms (100 mVp-p} signal at
100 MHz.

2. Connect the signal to Input 2 on the E1420B,
2. Reset the counter by sending the “+RST* command,
4. Program the E1420B to use the 10 MHz external signal of

preliminary procedure Step 4 as its timebase by iassuing the
following SCPI command:

Deacription of Command SCPl Command String
Route external timebase “SENS;RDSC:S0OUR EXT*
to E1420B

5. Configure the E1420B to operate on 1is maximum sensitivity
(minimum hysteresis) setting,

Description of Command SCPl Command String

Maximum input sensitivity *SENS:EVEN:HYST MIN"



6. Measure the frequency on Input 2.

Description of Command SCP| Command String

Measure Frequency on Input 2 “MEAS2 ; FREQ? DEF,DEF”

Verify: The counter measures a frequency of 100.000 000 MH=
+3 Ha.

7. Record the measurement on the Performance Test Record Card,
line &

Input Condition E:
10.0 Vp-p & 26 MHz & Zin=50 chm & dc coupling
Procedure E:

1. Set the HP 33258 to generate a 10.0 volt peak-to-peak sinusoidal
signal with no de offset at a frequency of 20 MHz.

2. Connect this signal to Input 1 on the E14205,
3. Reset the counter by sending the **RST" command.
4. Program the E1420B to use the 10 MHz external signal of

preliminary procedure Step 4 as its timebase by issuing the
following SCPI eommmand:

Deseription of Command SCPI Command String
Route external timebase “SENS :ROSC; SOUR EXT”
to E1420B

5. Configure the HP E1420B to operate in COMMON input mode:

Description of Command SCP1 Command String

Common input mode ON “INP;ROUT COMM”™
6. Measure the period on Input 1.

Description of Command SCPI Command String

Measure Pericd: Input 1 “MEAS1:FER? DEF,DEF-

Verify: The counter measures a period equal to 50.000 000 ns
2250 E-15s.

7. Record the measurement on the Performance Test Record Card,
line 7.
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External Arm Range,

Sensitivity, and

Minimum Start-to-Stop

Time Tests

Performance Testa

8. Without reinitializing OR changing input connections, measure the
period on Input 2.

Description of Command SCPI Command String

Measure Period: Input 2 “MEAS2 :PER? DET,DEF"
Yerify: The counter measures 50.000 000 ns +250 E-15 =

9. Record the measurement on the Performance Test Record Cand,
line 8.

10. Without reinitializing, configure the E1420B to have Input 2 trigger
on the negative slope of the input signal.

Description of Command SCPi Command String

Trigger on negative slope:  Input 2 “SENS2 :EVEN:SLOP NEG®

11. Measure the Time 1 -» 2 interval, using the 100 Gate Average mode.

Description of Command SCPI Command String
Set 100 Gate Average “SENS :AVER ON"
Measure Time Interval “MEAS1:TINT? DEF,DEF-

Verify: The counter measures a time interval of 250 ns +2.% ns,

12, Record the measurement on the Performance Test Record Card, line
g,

13. Without reinitializing, measure the ratio of Input 1 to Input 2.

Description of Command SCPl Command String
Set 100 Gate Average OFF “SENS:AVER OFF"
Measure Ratio of IN I/IN 2 “MEAS ; FREQ:RAT? DEF,DEF”

Verify: The counter measures the ratio as 1.000 000 0 +0.000 000 1.

14. Hecord the measurement on the Performance Test Record Card,
line 10.

Description: The external arm input is characterized.

Specifications Tested: Referring tc the reference numbers of
Table -3, this test verifies:

08 - Range

09 - Minimum Start to Stop Time
10 - Sensitivity

11 - Dynamic Range {lower Jimit}



Equipment Used:
HF 33258 Sypthesizser/Function Generator
HP B663A Synthesized Signal Generator
HP 8161A Programmable Pulse Generator
Input Condition A;

Input I: 106G mV rms & 100 MHz & Zin=50 ohm @ dc coupling
Arm Inpul: 500 mV pp @ 10 Hz & puise width = 50 ms

Procedure A:

1. Use the HP 8663A to penerate a 100 mV rms (280 mVp-p signal) at
a frequency of 190 MHz and no de offset.

2 Confipure the HP 3325B Lo penerate a 590 mVp-p SQUARE wave at
a frequency of 10 Hz with ne de offset.

3. Connect the 8663A output signal to Input 1 on the E1420B.

4. {Connect the 33258 output signal to the Arm Input oo the E14208.
5. Reset the counter by sending the *+RST* command.

6. Program the E14208 to use the 10 MHz external signal of

preliminary procedure Step 4 as its timebase by issuing the
folivwing SCPI command:

Description of Cormmand SCPl Command 5tring
Route external timebase “SENS :ROSCISOUR EXT*
to E14208

7. Configure the E1420B to be armed externally, with an Arm Ioput
trigper level of 0 V. Then set the arm to START on the positive slope
of the external source, and STOP on the internal gate time.

Oescription of Command SCPI Command String

Externaily armed, trigger level = 0¥ “ARM:STAR: SOUR EXT;LEV 0"
Arm start on externzl pesitive slope “ARM: STAR:SLOP FPOS™
Arm stop on internal gate tima “ARM:S5TOF : SOUR IMM~

B. The E14208 is autgmatically placed in its “Wait-for-Arm” state
teontinucus mode). The counter should now operate on a 100 ms
gate time {default internal), triggered by the rising edges of the 10
Hz input arm signal.

9. Measure the frequency on Input 1.

Description of Command SCP| Command String

Measure Frequensy on Input 1 “MEAS]:FREQ? DEF,DEF”

Verify: The counter measures a frequency of 100.000 000 MHz
=3 H=.
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10. Record the measurement on the Performance Test Record Card,
line 11,

Input Condition B:

Input 1: 100 vV rens @ 100 MHz & Zin=50 ohm @ dc coupling
Arm Input: 5.0 Vpp @ 20 MHz @ pulse width = 20 ns

Procedure B:

1. Use the HP 8663A to generate 2 100 mVrms (280 mVp-p) signal at a
frequency of 100 MHz and no dc offset.

2. Setthe HF 81614 Channel & Output to the following:

High Level = +2.5 V
Low Level =25V

Period = 50 ns (<20 MHz)

Pulse Width = 20 ns

Leading Edge (Rise Time) = 1.3 ns
Trailing Edge (Fall Time) = 1.2 ns

3. Connert the 86634 output signal to Input 1 on the E1420B.
4. Connect the 8161A cutput signal to the Arm Input on the E14208.
5. Reset the E142GE by sending the ~*RST~ command.

6. Program the E1420B to use the 10 MHz external signal of
preliminary procedure Step 4 as its timebase by issuing the

fallowing SCP1 command:
Description of Command SCPl Command String
Route external timebase “SENS :RDSC:SC0UR EXT*
to E14208

7. Configure the counter to be armed externally, once again using a
trigger level of 0 volts. Then set the arm to START on the firsi
positive slope of the external source, and S8TOP on the second
positive slope of the external source.

Description of Command SCPI Command String

Externally armed, trigger level = 0V “ARM: STAR: SOUR EXT:LEV 0~
“ARM: ETOP - S0UR EXT;LEV O-

Arm start on external positive slope “ARM: STAR:SLOP FOS™

Arm stop on external positive slope “ARM:STOP:SLOF FOS"

8. Onece again, the E1420B is in its continuous “Wait-for-Arm" state.
Now the counter's aperture time will essentially be the period of the
input arm signai.
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9. Measure the frequency on Input 1.

Description of Command SCPI Command String

Measure Freguency on Input 1 ~“MEAS1:FREQ? DEF,DEF"
Verify: The counter measures a frequency of 106 MHz 5 MHs.

10. Record the measurement on the Performance Test Record Card,
line 12.

Auto Measurement  Description: The frequency range, signal sensitivity, and
Sensitivity, Range, and  measurement accuracy of all critically specified aute measurements is

Accuracy Tests  'osted:

Specifications Tested: Referring to the reference numbers of
Table -3, this test verifles:

18 - Auto Trigger de range
19 - Auta Trigger ac range
20 - Auto Trigger Sensitivity

Accuracy of suto measurement:

21 - riseffall time and,
22 - pulse width

Equipment Used:

HP B161A Proprammable Pulse Generator
HP 8663A Synthesized Signal Generator

Input Condition A:

750 mVp-p & 1 kHz @ pulse width = 0.5 ms @ rise time/fall time =
13 ns

Procedure A:
1. Setthe HP B161A Channel A Output to the following:
High Level = + 0.78V
Low Level = 0.0V
Period = 1.0 ms (=1 kHz)
Pulse Width = 0.5 ms
Leading Edge {Rise Time} = 15 ns
Trailing Edge (Fall Time) = 15 ns
%. Connect this signal to Input 1 on the E14208.

3. Eeset the counter by sending the ~ *RsT~ command.
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Perlormance Tests

4. Program the E1420B to use the 10 MHz external signal of
preliminary procedure Step 4 as its timebase by issuing the
fallowing SCPI command:

Description of Command SCPI Command String
Route external timehase “SENS :ROSC:SOUR EXT*
o E1420B

5. Measure the rise time of the input signal by issuing the following
SCPI command:

Description of Command SCPl Command String

Measure Rise Time Input 1 "HMEAS:RTIM? DEF,DEF"
Verify: The counter measures u rise time of 15 ns +9.5 ns.

6. Record the measurement on the Performance Test Record Card, line
13

7. Change the input coupling from dc to ac.

Description of Cammand SCPI Command String

Use ac coupling  Input ] “INPLl:COUF AC™

8. Measure the fall time of the input signal using the following

comimand:
Desgcription of Command SCPI Command String
Measure Fall Time Input 1 “MEAS:FTIM? DEF,DEF"

Verify: The counter measures a fall time of 15 ns =9.5 ns.

8. Record the measerement on the Performance Test Record Card,
fine t4.

Input Condition B:
70 mV rms & 10¢ MHz @ pulse width = 5 ns
Procedure B:

1. DUse the HP 8663A to generate a 70 mV rms (200 mVp-p)signal at a
frequency of 100 MHz.

2. Connect this signal to Input 1 on the E1420B.

3. Reset the counter by sending the **RST* command.



(Option 030} Input 3:
Sensitivity, Range, and
Accuracy Tests

4. Program the E1420B to use the 10 MHz external signal of

preliminary procedure Step 4 as its timebase by issuing the following
SCPI command:

Description of Command SCPI Command String
Rueute external timebase “SENSROSC:S0UH EXT"
to E1420B

5. Measure the positive pulse width of the input signal, using the 100
(iate Average mode.

Description of Command SCPI Command String
Het 100 Gate Average "SENSAVER ON°
Measure positive pulse width “MEAS:PWID? DEF,DEF”
Input 1

Verify: The counter measures a pulse width of 5.0 ns £2.6 ns.

6 Record the measuremenl on the Performance Test Record Card, line
15

Description: The input frequency range and sensitivity of the E14208
Option 030 Input 3 is tested, along with the dynamic range and accuraey
af the Input 3 frequency measurement.

Specifications Tested: Refer to Table -1, HP E1420B Specifications,
tor the Input 3 critical specifications.

Equipment Used:

HP 866834 Synthesized Signal Generator
HP 84514 Optian 010 10 dB Coaxial Fixed Attenuator

Procedure:

1. Set the HP 8553A to generate a sinuscidal signal at 90 MHz with an
amplitude of +0.5 dBm. This amplitude will provide 75 mV rms to
Input 3 when using the 10 dB attenuator.

2. Connect this signal to Ipput 3 of the E1420B through the 10 dB
attenuator, as shown in Figure C-2. The 10 dB attenuator is used
here for impedance matching.

3. Reset the counter by sending the “RST” command.
4, Program the E1420B to use the 10 MHz external signal of
preliminary procedure Step 4 as its timebase by issuing the following

cormsnand:

Description of Command SCPI Command Siring

Route external timebase to B1420B “*SENS.ROSC:S0UR EXT”
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5. Measure the frequency on Input 3 by issuing the SCP1 command:

Description of Command SCPI Command String

Measure Frequency:  [nput 3 "MEASITTREQ? 8E7.DEF”
Verily: the HP E1420B measures 1 frequeney of 90.000 000 MHz +2 Hz.
6. Recurd the measurement on the Performance Test Record Card, line 16.

7. Change the 8663A frequency 0 2.5 GHe (keep the amplitude the
same, at +0.5 dBm),

8. Measure the frequency on lnput 3:

Description of Command SCPI Command String

Measure Frequency:  Input 3 “MEAS3.FREQ? 2 5E3,DEF*

Verify: The HP E1420B measures a frequency of 2.500 000 00 GHz
+20 Hz.

4. Hecgrd the measurement on the Performanes Test Record Card, line 17,

10. Change the 8663A frequency back to 90 MHz with an amplitude of
-13 dBm. This amplitude will provide 14.6 mV rms to Ingut 3 when
using the 10 dB attenuator, and verifies the maximum input
SENsitivity.

11. Measure the frequency on Input 3:

Descriptien of Command SCP1 Command String

Measure Frequeney:  Ioput 3 "MEASI.FREQ? SEY DEF”

Verify: The HP E1420B measures a frequency of 30.000 000 MHz
+2 Hz.

12, Record the measurement on the Performance Test Becord Card, line
15,

13. Change the 8663A frequency to 1.5 GHz with an amplitude of
-10 dBm. This amplitude will provide 22.36 mV rms to Input 3 when
using the 10 ¢B attenuator, and verifies the maximum input
sensitivity at the mid-range frequency values.

14. Measure the frequency on Input 3:



15. Record the measurement on the Performance Test Card, line 19,

16. Change the 8663A frequency to 2.5 GHz with un amplitude of
-2 dBm. This amplitude will provide the 55.17 mV rms to lnput 3
when using the 10 4B attenuator, and verifies maximum sensitivity.

17. Measure the frequency oo Input 3

Descrigtion of Command S5CPI Command String

Measure Frequency:  Input 3 “MEASZ-FREQ? 2.5E9.DEF”

Verify: The HP E1420B measures a frequency of 2.500 000 0600 GHz
+30 Hz.

18. Hecord the measurement on the Performance Test Record Card, line
20.

i kI
HP EMO0S HF E420B [
[ 11‘..‘] i
Dok om——hee | 5 .
L ——
& ; HF B&E3A SEE 2T
:l’" T TMELT ; - - -
d <y i ;
; 2
5] R [t ) 3 )
WaE T I Nib: T BHCF
HPF B431A
T I e

TEH T

Figure C2. Option 030 Test Setup
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Appendix

Handling Problems

APPENDIX GUIDE  This appendix provides information for handling prablems with
programming, system interface errors, and hardware. Checking for
errars during program development is presented first followed by a
checklist for system and hardware integrity. The appenadix is organized

as follows:
Appendix Summary + Software Versus Hardware Problems . . . . . . . .pg. D-2
» Monitoring Program Errors . . . . . . ., pg D-2
s Verifying Bystem Integrity . . . . .. ... . . . pg D5

Handling Problems D-1



D-2

SOFTWARE VERSUS
HARDWARE
PROBLEMS

MONITORING
PROGRAM ERRCRS

Handling Problems

You can usually distinguish software from system/hardware errors
during normal operation by observing for the following indications:

¢ ERROR Indicator is lit when a software error has occurred. If
this indicator is (N, go to the next section of this appendix.

= FAILED Indicator is lit when a bus error has ocourred or
Self-test subroutine has failed. If this indicator is ON, go to the
third section of thiz appendix, verify the system integrity, then
run the counter's self-test a8 described in the last section of this
appendix.

If the system has a problem other than the £14208 counter, correct the
system fault then re-verify all system checklist items.

If the system checks OK but the counter’s sell-test fails, do the following:

1. WVerify that the counter's input signals are active at the BNC
connecLor tips.

2. Ensure that the SCPI program commands for counter measursment
are really triggering coonter measurements as a resalt of the
signals artiving at the (vont-panel BNC connectors.

3. Remove power from the counter by turning OFF power to the
VXIbus mainframe.

4. Disconnect all front-panel counter input signals.

5. Hemove the counter from the mainframe and reseat 1t into the
backplane connectors.

6. Hestore power to the mainframe and attempt system verification.

T. I the system checks 0K but counter self-test still fails refer service
to qualified personnel.

The example program below shows you how to check for errors as you
program the counter. The program monitors the counter's Standard
Ewvent Status Register for an error condition. If no error secur, the
counter operates as programmed. If errors do oceur, the counter
interrupts the cotnputer and the error codes and messages are read
from the counter’s error queve. Refer to the *HP E1405A Command
Module User’s Manual” or *Beginner's Guide To TMSL" for more
ipformation on using the status registers.



Use the following steps and SCP] program messages to set up the
counter for program error checking:

1. Configure the counter and insirument controller to send/receive
error interrupts:

PROGRAM: COMMENTS:

10 ASSIGN @E14208 TO 70006 —  Assipns @R 14208 to address 70906,

20 OUTPUT @E1420B,"CLS" — Clear all status registers and the error
queue.

30 QUTPUT @E 1 420B,"*SAE 32~ — Unmask the Event Status bit (bits} in the
counter’s Status Byte Register.

40 OUTPUT @E1420B;"ESE 60" — Unmask the counter's error conditions in the

counter’s Standard Event Status Register
{unmask bits 2, 3, 4, and 5)

50 QUTPUT @E 14208, ESR?" — Read and clear Standard Event Status
Register,

50 ENTER @E14208:Esr — Enter result.

70 ON INTR 7 CALL Errmsg — Call subprogram if error occurs.

B0 ENABLE INTR 7.2 — Enable instrument contreller to respond to

service request interrupt.

2. At this point, send commands for your specific applicaticn. In this
example, you'll make 2 measurement using the MEASure command:

PROGRAM: COMMENTS!

20 QUTPUT @E1420B;"MEAS:FREQ?" — Configure the counter and make a freguency
measurement; send reading to output buffer.

d. Monitor the “Message Available™ bit (bit 4} and “Standard Event
Status Register” summary bit {(bit 5) in the Status Byte Register:

PROGRAM: COMMENTS,;
100 REPEAT

110 Spoll_val = SPOLLI@E14208)

120 UNTIL BINAND{Spoll_val.48)

130 IF BIT{Spall_wal.5) THEN CALL Errmsg — Reading a Serial Poll (SPOLL) can
occasionally ¢lear the interrupt before the
controller can respond.

Handling Problems D-3



4, Enter results from the MEASure command:

PROGRAM: COMMENTS:
140 ENTER @E 14208, Reading — Enter measurement result if no errors occur.
150 PRINT Reading — Display results on instrument contraller.
160 END
The following subprogram is executed if an error occurs while the
counter is eonfigured or during the measurement:
PROGRAM: COMMENTS:

500 SUB Errmsg
505 ASSIGN @E14208 TO 70906
510 DIM Message$[256)

520 CLEAR @E1420B
5308 - SPOLLEE1420B)

— Assigns @E1420B to address T0506.

— Dimension controller string array to store
ETTOT MEessHges.

— Clear the counter to regain control.

— Execute a serial poll to clear the Service

Request bit in the Status Byte Register.

540 REPEAT — Read all error messages in the counter's
error queus.
550 QUTRUT @E1420B;"SYST.ERR?" — Read error quaus.
560 ENTER @E14208;Code Message$ — Enter ertor code and message.
570 PRINT Code, Message$ — Print results.
SBO UNTIL Code =0
SO0 OUTPUT @E14208: "*CLS" — Clear all bits in the counter’s Standard
Event Status Register.
500 STOP
810 SUBEND

How the Error  As counter errors are detected, they are placed in its error gueue. The

Queue Works  error queue is first-in, first-out. This means that if several error
messages are in the queue, each SYSTERR? query returns the oldest
ervor messapge, deleting it from the queue.

If the error queue {ills to 30 entries, the last error in the queue is
replaced with ERRGR -350, “Too many errors™. Ne additional errors are
accepted by the queue until space becomes available using SYST-ERR?,
or the quene is cleared using the *CLS command. When SYST:ERR? is
sent while the error queue is empty, the covunter responds with +0, *No
error” is displayed (if no other errors are in the error queue}.

For Overflow conditions {(for examgple, 9.90006060 E+37), the Device
Dependent Errer bit is set in the Standard Event Status Register. The
monitor progratm presented here handles the overflow condition by
interrupting the instrurnent controller to execute the error subprogram.
However, an overflow doesn,! generate an error message and +0, “No
error” is displayed (if no other errors are in the ervor queue),
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VERIFYING SYSTEM
INTEGRITY

System Checklist

Running Self-Test

Verify the counter with the following procedure;

1. Power-up the Controller if this is separate from the VXiIhus
mainframe.

2. Power-up the ¥VXIbus mainframe and verify Slot 0 functionality.
{The Slot 0 module must be correctly set-up, functional, and pass its
own seli-test.)

3. Observe that the “Failed” LED on the HP E14208 is lit, then
extinguishes afier a few seconds indicating suceessful completion of
Self test. The counter is now in the power-on state and is ready for
use.

If the counter’s self-test fails repeatedly, refer service to qualified

personnel.

If the counter Tails to successfully complete Self-test, doublecheck the
fallowing iterns:

System controller present and operational (passes own self-test),
Slot 0 module present and operational (passes own self-test),

VXIbus C sized cardeage present and operational (cooling and
power supplies OK),

HP-1B connection between contreller and VXIbus cardcage
present and operational,

A 10-MHz reference signal should be applied to the Int/Ext
Reference BMC input of the E1420B. See Appendix C, Power-up
Self Test, for more information.

Syntactically correct Common/SCPI command messages sent to
E1420B via BASIC over the HP-1B and VXIbus interface,

Correct use of the particular instrument control language to
transfer commands from the controlier to the E1420B counter.
{Refer to pg. 3-2/4 of the E1420B Operating and Programming
manual for more information.)

Yau ¢an run the counter's self-test by sending the TEEE 483 .2 Self-test
quetry Commaon command *T3T?. The results of the test are placed in
the output quene indicating whether the counter completed setf-test
without any errors.

When self-test passes the counter's configuration is set to the default
values of the power-on/reset state,

If the counter’s self-test fails repeatedly, refer service to qualified
personnel,

Handling Problems D-5
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Appendix

Using Option 040 — High Throughput/Shared RAM

INTRODUCTION

Appendix Summary

This appendix provides information for using Option 040, High
Throughput/Shared BAM. The option is briefly explained {ollowed by an
example program {HF BASIC) for Frequency measurements. Specific
information for the memory subsystem commands is contained in the
MEMeory Subsystem command reference in chapter 5. The topies
covered are:

« HP E1420B Shared RAM Description .. .. . . . .pg. E-2
# VXIbus Shared BEAM Mode] Address Space . . . . . pe. K-
# Shared RAM Programmming . . . . . . . . . . . . . .pg E-4
#» Example Programs . . .. .. .. . ... .. ... . pgEbB

Using Option 04k — High Throughput/Shared RAM  E-1



HP E14208B SHARED

E-2

RAM DESCRIPTION

Thezc paragraphs briefly describe how Option 040 works with the
counter and any available YXIbus Shared RAM. The discussion
mentions the SCPI commands that are used to configure the RAM and
control its access. These commands are described in greater detail in
chapter 5 as the MEMory Subsystem.

Attempting to access this capability when Option 040 is not installed
will generate error -241, “Hardware Missing”.

Figure E-1 illustrates the VXibus shared RAM model for the HP
E1420B. The ¥XIbus shared RAM is the portion of memory labeled
VHE A24. During normal vperation MEMory VME.STATE is sct OFF.
The counter acquires measurements thal are stored locally in the VME
AlS address space.

When shared RAM is enabled {(MEMory:VME:STATe 0N}, a copy af
cach measurement result, except for AC, DC, Maximum and Minimum
{amplitude} measurement results, is stored in two places: the VME A24
space (every new measurement result incrementing to a new address)
and in the counter's local memory as well. This VME AZ4 memory area

is 12 megabytes wide and is aceessible to all VME! VX1bus
instruments.

Because shared RAM is nut specifically supported by the VME/NVXIbus
standards, each application program that uses it must also contain
correct memory configuration statements and optimal parameters.
Those will ensure that proper memery management oceurs with no
inztances of memory contention.

When these conditions are met and memory management has been
optimized, the HP E1420B8 operates identically as when shared RAM is
absent. Measurements can still be FETCh-ed with shared RAM enabled
and o current value will be retained. There 15 one exception: the
behavior of "OPC in CONTinuous mode.

During CONTinuous mode, the OPeration Complete flag is set when
the allocated shared RAM runs out (determined by MEM.VME:SIZE}.
The total number of measuremants captured in shared RAM is equal to
the set size (MEMory VME:SIZE<value> divided by 8. During
CONTinuous mode, the E1420B will loop back to the starting address
location in shared RAM when the entire available memoery space
(#HCO00000} has been aliccated to the E1420B and is completely filled
with measure-ment data.

Maximum throughput fur a given gate time can be obtained at the
expense of some accuracy by calibrating the counter only once before
the block measurement begins. You can de this by configuring the
counter for the frequency or time interval measurements with “MIN™ as
a restlution parameter; for example,

"CONF.FREQ DEF,MIN"

Selecting any other resolution will cavse the counter to behave
ngrmally — calibrating the interpolators before every measurement in
the block. Throughput reduces from 140 meassec (1 msec gate time} to
110 measssec (1 msee gate time) for frequency measdrements,

Using Option 040 — High Throughput/Shared RAM



RAM
FOQOD0H
SRAM
EQDOO0H
YME AZ4
2000006H
OTHER
{VME a18, VACK, CREGS, Internal,
External, and Misc.}
1E0CDOH
RO
00D00H

Figure E-f VX{ibus Shared Memory Model Address Space

NOTE

The programs included at the end of this section are provided “as
is". These programs are intended for example only on the use of
Share Memory. Support of these programs is limilad {see
WARRANTY, paragraph 3, on the inside front cover). Some library
fifes neaded to actually run the “C" program example may not he
shaown here, and are not avarlablse.

NOTE

Results are not resolvad to significant digits; the user showld apply
the LSD formufas.

Only valid measuramaent rasults are stored. For example, MaN
{2 81E+37} is not slored.

Using Optien 040 — High Throughput/Shared RAM
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SHARED MEMORY
PROGRAMMING

Shared Memory
Set-up Procedure

PREPARATION

INITIATE MEASUREMENTS

RETRIEVE DATA

The procedure and programs listed hore will make frequency
high-throughput burst measurements that ulilize shared memory. The
programs are in HP BASIC and "C", requiring the same hardwire and
software deseribed in previous chaplers. The Shared memoaory Set-up
procedure preparas your hardware for the example program and can
also be used to set up your counter lor programs that you create,

1. Setall I/} paths and data variables
2. Heset the counter "*RET”

3. Obtain the current shared memory address and available size:

“MEMAVME-ADDR™
enter variable

“MEM VMESIZE
enter varable

4. Enable extornal VME memory:

"MEM:VMESTAT ON"

1. Check that ¥Measurements does not excecd available memery size
divided by 8 to aveid memory contention,

2. Configure the counter to make 2 measurement:
"CONF.FREQ DEF,DEF”

3. Initiate continuous measursments
“INITLCONT ON”

4. Check for an Operation Complete indication:

“OpPCT

1. If desired, the data can be read from shared memery to the
cantroller, or can reside in shared memaory to be secessed by other
instruments on the bus.

2. For command descriptions and sample program examples, reler to
the User's Manuul for the Command Moduile being used, for
example, the HP E14058.
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NOTE

The HP 14058 command funclionality is required for the example
programs showrr, The HP 1405A command module wilf not support

sharad RAM.

HP BASIC EXAMPLE PROGRAM

in

20

ao

40

14

&0

70

a0

20

100
Iin
120
130
140
150
160
1&5
170
175
1EQ
1e0
195
200
205
219
220
230
235
240
250
260
265
270
275
280
2B%
290
oo
310
115
2%
azs
30
ais
40
150
360
aro
k-1
£}l
a00
419
420
425
430
440
445
450
4610
474
480

! Frogram Example

AL 10/3/791 HP BAGIC 5.13

Enakling Shared RiM for Cption 040

The purpoese of this example program is to demenstrate the
E14208's use of the shared memory of an E140%B slot-0 controlley.

100 Frequency measuremsnts acre taken continuously and stored
in the AZ4 Shared memory space of the E140%B. The size of memory allecation

1
1
1 is specified to be 800 bytes.
! the *OPC? guery will return a '1-°,
1

When all measurements have been stored,
indicating operation complete status.

! although this example was created using an external contreller,
! the real advantages of shared memory are maximized when used in

! conjunction with an embedded controller,

ASS5TGH BE1405h TO 70900;EQL CHRS{10) END

ASSIGN 8Speed TO T0900;FORMAT OFF
ASSIGH BEl420b TO 70906:ECL CHRS({10; END

QUTPEUT EE1405b;“*RST"
OUTPUT EE1420bL; " +RET"
OQUTPUT RE1420Dh; “MEM :VME : ADDRT ™

ENTER EE1420b;Addr

PRINT ~The first available Shared vME h24 Hemcry Address Location is

OUTFUT EE1420b; "MEM:VME:SIZE HOO-
CUTFUT EE1420b; "MEM:VME :5TAT ON*

QUTRUT €E1420b; "CONF:FREQ DEF,MIM"

starttime=TIMEDATE
CUTPUT PEI420b;*INIT: COHT ON“

CGUTPUT BE1420b; "+OPCT"

ENTER PEl4Z0Db;Complete

Stoptime=TIMERATE
Delratestoptime-Starttime

PRINT “Time mlasped = - ,peltat

PRINT “0OpC COMPLETE STATUS = ~ Complets
PRINT -~

PRINT “Measurements Ifrom Shared RAM: -

Start_read:

DIM Hdig5[l],Counts[9),Pata(l:100)
CUTPUT BFE1405h; “DIAG:UPL? " ;Addr, BOO

ENTER dspeed USIHG “#.X

ENTER ESpeed;Dpata(*)
PRINT Data(*}
CUTFUT RE14d20h;
END

"INIT:CONT OFF"

zsuch aa the HP V/i60.

Cpen a path BEl405B between the

computer and the Command Module,
specifying the Line Feed (L¥}; and EQI

as the EOQL seguence

Cpen a data transfer path

Cpen a path BEL420F between the

computer and the sounter

Reset the command modyle to its defaplt
atate

Renset the coupter to its default state.
Default actting is MEM:VME:ADDR #H200000
Query counter to return the first
available shared memocy address

Return mepory address

" hddr

fets the shared menmory sige to 200
bytes, or 100 measurements

Enable use of external YME memcry from
the starting address
Set up the counter tor
neasurement with “MIN®
se)ects a minimumn gate

a frequency
resolution
time

Initiate the <¢ounter to make coptinuoua
neasurement s

Query the counter for an Operaticn
Complete indication

A *1'" is returned if the measuremsnts
Are completed

Timestamp Lhe measurgment throughpot

Read back data from the El405B

Request the data + header (rom the
shared RAM

KK Bdigi;Counts[1; VAL{(Hdig$) ]

Extract the data header from the
measurement block

Tr@nster meapurements to Data arcray
Frint =sach measurement Irom Shared RAM
Turn off continucus measurements
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“C" EXAMPLE PROGRAM

#include “shared mem.h-

]

f* constant definitiona and other */
f* include fjles. ~/

AR R R R E LR RN LR LR R Ll R R A g Y

* ant open_wxi|

L R R S R

* be used with the YVIXEN drivers.

*""""-ﬁ.-"1‘**’l‘i’ii’i’iii’ii’i’i’iiiJ-I-I:**-l--.-*t[[ttitt.l‘titi‘ii’tﬁ*.-*ﬁ[[*i

-

Lot opel_wxi{lad)
int lad;

{

E-6

int g _id;
int ret;
vxi _ctl_status viai_control;

g_td = open{*fdev/vxi/fprimary”,0 ROWR};

if

b

fg_td == -1

perror|“ocpen: fdev/vxifprimary falled'n"):

CXiti=5];

vxi_control.type = VII_TIKMEQUT;
vXi control.arg(D) = Q;

ret = inctl{g_fd,vxlﬁCONTHOL,ivxi_contrcl;;

if
{

}

fret == =1}

perror( "iectl: open_wxi: atn');
exXiti=11;

YXi eontrol.type = WEI_RBET:
vxi_control.arg[@] = 7;

ret = iectlig fd,VXI CONTROL,&vXi controli:

it
i

¥

[Eelt == -]]

perror|“iectl: open_wxi: bh\n“};
EXib(-1};

VXi _control.type = VXI_END;
vxi_control.arg(0] = 1;

ret = ioctlig_ ¥d,VXI_CONTROL,&vXi_scontrol};

if
{

}

¥Xi control.type = VAI_SELECT SERVANT;

{ret == —17

perror{ ioctl: open _wxi: chn"y;
Bxit({=-1];

vXl control.arg[o)] = lad:

ret * joctl(g_fd,VXI_CONTROL,4vxi control);

if
{

1

{ret == _1)

peErTor(“ioctl: open_vwxi: din");
exit(=1];

vri_control.type ~ VXI_MAP SHARED;

vii contrel.arg[Q] =
¥xi control.arg{l] = 9;

0x200000;

f>

A

i=
F

ie
f-

L

Pk
Pl
i
LY

i

i
A
i
|I'l*

fu

L
FE]
fu

Uising Option 040 — High Throughput/Shared RAM

This routine requires a logical address (integery as an input.
It returns the lile descripior of the device at legical address
lad.

The HMaster vxi deviee js first opened lor reading and writing
and a sServant is subseguently selected at logical address lad.
The wxi structures that are represented here are roquired to

open vxi backplane interface =/

repogrt error *4

set an 1nfinite Eimecut for +/f
VXI tranusaction */

report error *f

et the access bys errcr */
timer to 1.} gees +/

report error oF

S5et the END bit ip the last */f
Byte available word serial +#f
command sent to the gervant +/
using the write{) command +/

IEPOIL Brror +*f

Specify that all future *f

read{} and write{; system */
ralls should talk to the »/
servant specified by lad =/

TEpoIt error */

map address I00000h ta thes s
current users memory space %/
Ho offset »/



}
e

wxi control.arg[?] = 1;

ret = joctlfg_fd.V¥XI_CONTROL,kvxi_control};
if [ret &= -1]
{

perror [“isetl: open wxi: fin"j;
BELL (=1};

printf {*Actual content

return g_fd;

s

f=

L

tize Lo be mapped = B4k =/

I8port error #/f

report the starting addresa*/s

f* for shared memory +~/

fu

mencry mapped = 4dip®, vai control.arqg[o]);

return file deacriptor +f

*‘."*‘i*if*.*i*-*i*i*i*i**-f.*ii-ﬁﬁi*i**.*fi.it[.f.titit-it*.tt*

”

LI I I B B

L

main(arqge,

main(]
This is the majin routine that geta invoked.
and takes two input arguments;

It calls open_wxi
logical addresa and number of

iterations. Once the device driver ia auecessfully opened it
procesds to make <iterations> nunber of regular frequency
measurements and 100 shared memory measurements. The number of
shared memory measurements cap be modified by changing the size

parameter in the copmand mem:vme:size <size» in shared mem.h
LA R AN AN EEE EEREFENEREE EEFER R R L R g g A A A U ppuap

argwvi

int argc;
char ** argw;

{

thar i1nput _stc[l1000)(190);
¢har in_inputll];

int pum_meas,nom_Mmeas stote;

int g fd; J/* E1420 file discriptor */
int lad; /* logical address =f
LNt reti;

Uxi ctl status vxi_control;
double *p;

p =0x200000;

il (arge = 7]

L
ie

FA

set a pointer to the starting +f
address in shared memory =/

Check Ior input arguments */

printf("ts: uaage‘n%s <logical address> <iterations=in-,argv(D], arqv(0]):

exitily];:
i

lad = atoifargw{lly;

g _fd = apen_wxi{lad);

if (g fd == -1}
exitily;
if [ argec = 3 )

i

i
i

i

i*
£

printf("enter number of measvrements desired

ret = gets({ input_str J;
Lf { ret m WULL )
{

}
H
elae

{

perior{ "He measurements regquested'hn™);

ret = strepy{input _str, argv[2);;:

>

if*

convert argument )} to integer +f

open the vxi device at logical =/
address lad =/

exit if error =/

Check 1f lesa thap 2 input arguments +/
Print message «f

{ 100 maximom)in"j:

get the input string +«/

report error +/

If not record the third arqueoent »/
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}
num_meaa = atai| input_str {* Convert it to integer »f
num_measn atore = MUM_Meas;

write(g fd,RST,.strlen{RST]}; f* send a ‘*rat' to the card +*f
write{qg I1d,CLS,strlen{cLs]): /* send a **cla’ to the card »/
write(q Id, ROSC,atrlen{ROSC)); /* ronfigure gaciliater for TCXD =/
- f* 'ropac:sour int’ =/
write(g_fd,0UTP,atclen{QUTP} | ; f+ configqure card to =mgurce the /7

/* ogcillator gut. ‘outp:rose on' *+/

Write{g fd, CONF,strlen{CONF)]; /% canfigure card for a frequency +/
{* measurement. ‘conf:freq def,def +/
write[qg fd,APER,strlent{AFER)]; f* get aperture to min gate time s/
f* ‘freg:aper min */
write (q_fd,RBORT,strlen{ABORT}; f* ‘abort’ any previous MEASUrement +/
write:q_Id,OH_IHIT,strlen{DNﬂINIT]|; f* Set CONTCinuous meazsurements on +/F

f* init:cont on *f

#* configure the shared memory size for 100 readings +/
write(q 1d,vME MEM_SIZE,strlen(VME MEM_SIZE]}: /* ‘mem:vme:size BO0' =+

{# Set shared memory on: ‘mem:vme:state ont +/f
writetgvfd,UHE_MEH_ETATE_DN.strlen[VHE_MEM_SThTE_ﬂNr;;

num_meas = num_meas store;

while {num_meas-— =0} f* Clear out memory +/f
{

#p = D_Q;

[

write{qg Id,CONF,strlen{CGtF]};
Wwrite{g fd,APER,atrlen{APER});
write(g_fId,ABORT,strlen(ABOHT));

write(g _fd,ON_INIT,strlen{ON INIT));

write(y_£d,0PC_Q,strlen(OPC Q)}; f* gend a *opc? to the card +/
readiq_fd.in_input,1); f* read returned value +/
prantf{~ta'n", in_input}; f* A1l 100 readings are done #/
write{g fd,0FF_INIT,strlen{afFF_INIT)}; F* Turn init:cont off +/

}
Include File listing:

#incluge *“fusr/includes/sys/vxi.h™ #define RETURM *4wn~

#include <time.h> #define ROSC “rosc:sour int”
#include <math.h> flefipe QUIP “oulp:rosc on”
#include <stdio, h> #define CONF “~conf:freqg def,def+
#include <atring.h> #define APER “Ifreq:aper min"
#include <srdlik.h» #define ON_INIT ~init:cont on~
#include <ays/times.h> #define OFF_INIT *init:cont off"
#include <ays/types.h> #define FETCH_Q “fetchy~
#include <aysfstat.h= #define OPC_Q “*opcir”

#ineclude <fontl.h> #define IDN O =«+idn?-

#include <sya/param.h=
#define ARM EXT “arm:sour ext”

#define ABORT ~abort® #define ARM IMM ~arm:scur imm-

#define CL5 “+cls* #define VME_MEM STATE_ON -memn:vme:atate on-
#define RST “srst- ¥definme VME MEM SIZE D “mem:vame:size?”
#define TERM_STR “end" #define -MEM_STIE” “mem:vme:size &OO"
#define QUESTION "7~ #define VXISEND “fesr/vxi/bin/vxisend *
#define QUOTE ~hy~* #define VXIRCV */fusr/vxi/binfvxirov -

#define SPACE ~ *

E-8 Using Option 040 — High Throughput/Shared RAM
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New Capahilities
Intraduction

Introduction

This appendix provides the information vequired te use the following
new capabilities:

+  Phase Maasurement
‘= Arquisition Timeout
+  Input Impedance Default Controi

» Option Identification Query
New SCPI Commands Overview

The following new Standard Commaunds for Programmable
Instruments (3CPD commands have been added to the firmware,

Phase Measurement Commands

The following phase measurement commands have been added:
CONFigure[1][: VOLTage|:PHASe [<expected value=[.<resolution=]]
MEASure[1][WOLTage) PHASe? [«expected value=[ <resolulion:]]
‘READ[1][:PHASE]?
[BENSe[1]J:FUNClion "[WOLTage: ]PHASe"

Acquisition Timeout Commands

The following acquisition timeout commands have been added:
[:SENSe] ATIMeout[.CHECY] OFFIONISTARL
[SENSe] ATIMeouwY:CHECK]?
[:SENSe] ATiMeout: TIME <duration:>
[:SENSe] ATIMeout?

Input Impedance Default Control Commands

The fullowing input impedance defauit control commands have been
added:

DIAGHostics:RSTate: INPut| 112 IMPadance
<vahle={MINimumlMAXimum DEFault

DIAGnostics:RSTate: INPUl[T121IMPedance? IMINimumIMAXimumIDEFaull]

F-2



New Capabilities

Introduction

Option Identification Query Common Command
The following standard common command has been added:
"OPT?
Firmware Version
Firmware version 3401 must be installed to access these capabilitics.
Determining Firmware Version

Use the "[DN? query as shown in the following example to detormine
the irmware version installed in your instrument:

OUTPUT & E1420b; “"IDN?"
ENTER € E1420b; Responses

The query response is as follows:
HEWLETT-PACKARD, E14208, 0, 3401
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Phase Measuremaent

Phase Measurement

The HP E14208 derives the relative phase between the Channel 1
and Channel 2 signals from the fullowing two consecutive
measurements:

I. The Time Interval 1-+2 Measurement.
2. The Period 2 Measurement.

Figure F-1 shows the defimtion and liming relationship betwecn
these measurements.

Phase Measurement Definition

M i

[ | L= ..T < 360
Channal 1 Smgna. i ﬂl [_h
Channel 2 Signal
(Referanca Signal) _J_I
- T -

Measurement Timing

= = Time lmarvae 1w 7 measuremeni

Channal ¥ Sigral _I_—I r-—| 1_L.__

o 55 reconliguraiion delay
Rananel 1q Nl
[Relerence Sgnal) 1 |_| I I

- I

Pennd 2 measuremen

Figure F-1. Phase Measurement Definilion and Timing

The relative phase { phase difference) between two signals of identical
frequency is defined by the following equation:

Time inferval 1
Fhase ( degrees | = i re.a L = J60-
Feripd 2
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Fhase Measurement

SCPI Commands
Syntax

The following phase measurement commands have been added:
:CONFigure|1][:VOLTagePHASe [<expected value=[,<resolulion=))
MEASure[1][WVOLTagelPHASEe? [<expecied values] <resclution=]]
-READ[1][:PHASE]?

[[SENSe[1]]:FUNCtion "[VOLTage: ]FHAS:"

The syntax for the phase measuremeni commands is shown above.
While the <expected value» and <resolution> parameters are
accepted, they are ignored. Furthermore, the uptional numeric sufiix
of 1 impliss a Phase 1 reiative 10 2 measurement.

Command Descriptions

The {CONFigure, :MEASure?, and [:3SENSe|:FUNCtion commands
reconfigure several instrument settings to optimize the measurement
uf Phase 1 relative to 2. The :CONFigure and :‘MEASure? commands
invoke identical settings to set a generic configuration for this
measurement. For those applications thal require finer control of the
instrument configuration, the (SENSel:FUNCtion command presets
fewer settings. This allows you to set the instrument Lo a specific
configuration using other |\ SENSe| commands.

Table F-1 lists the instrument settings that are initialized whenever
phase measurement is selected. Bold lype indicates mandatory
settings. Attempting to change these settings generates the -221,
Settings conflict error message. The other settings can be changed to
customize the measurement for a specific application.
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Tabfe F-1. Initialized Instrument Settings for a Phase 1 Relative to 2

Measurement
Instrument :CONFigure or :MEASure? BENSe:FUNCtion
Paramecier
Timelnterval Period 2 Time Interval Period £
i 12 1-2

Inpul Ruuting Scparate Separate Separate Ecparate

Channe! 1 Channel 2 BA Current NA

Trigrer Slope Triggar Slope Setting

Channel 1 Off NA Off Na

Prescaler

Channel 1 Off MNA Oft WA

Auto Ranging

Channel 1 v Ond Repetitive | XA Current WA

Aute Triggenng Selling

Channel 1 0% uf"'\r’pp NA Current NA

Auto Trigger Level Setfing

Channel 2 On/ Repetitive | On/ Repetitive | Current Current

Auto Triggering Setting Setling

Channel 2 M of Vg 2% of Vg Current Current

Auto Trigpger Level Setting Setting

Start Arm Source [mmediate Immediate Current Immediate
Setting

Stop Arm Source Immediate Immediate Immediate Linmediate

Measurcment orf Ofrf CHT Off

Averaging

Aperture N NA (1-period NA N& (1-period

arquizition aequisition}

MNA = Mot Applicable b thiz measremeani
Shading = Internal salechon, nat user-accessibla.

Bold = WMandalory selings.
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Query Response

The measurement results are formatted as IEEE 488.2 <NR3>
values, without 2 response header. Each value is truncated to the
number of significant digits implied by the “LLSD Displayed” formula.
The value derived from this expression is always rounded down Lo

the next lower decade, thereby yielding at most one extra digit of
resolution,

Phase Measurement Programming Example

The following program shows several ways to perform a phase
measurement.,

i ! L R R R R R e B 'E R EEEEE Lt d b At hrdbanamr 'R
Kt DoPragiar EMampon: Phdie MoasugIerenr

il !

it THLS PBIOATAr CONTIEL 0N Sovdlal WAYS TO pUT acih a FRaso;- | op.-l. 2
"a ! CTIGD WIT D El¢ 00 Taiversal Counle:r .

L3t !

Th !

THrer piagion Ssepnentn o rliudtrate bypocal aplatlications of 1l
VorMEBALGrel PERBaT, cCOXFIqQuro PHASR, angd c5ENSe: TURTLion  PHASe!
Cooonmgedn, Cumment s prerediteg cock Segment serorazize bhe
!orelative mesirn Ol eack approach.

POED Y premurei Fnal o slgnala oot proepor Frodgogiey and amplnude
Doerne CUOEernend T fiue cwaiher oo Inmln 1 anmd Laput % ebariracl

PoThiis pragrem wan wriblen i i RASIC Lot an P SiepLes S000G
D oonmuuter,

1

1

M Resnain b2 Doileclare suring e kels] moan. reugil

LA wilh Ll HEB EIAGRE
b vastemiacd for wther

LALTENL =

Heleon coctn s PNP-IE interiac: at Jelecl Jode
250 omd_ acdr -9 VOWED Corsrand BMedule at address 9
2ad H1430_addr 4 ! ELGRLE At sevendary address S25H
2740 AGSIGEN AR L TR (Selac! ooded 00050 - 00md acds 100 S KIAZ0 Adde
G P Tebine Lhe I°0 path wia FElLATsm
EEN !
124 [ YO wnivialime Lhes rougnter
132 LCILERD wmEliiun Pl eat LRe ouTat butfer
140 QLT HE LA =aRT - PDosedlect the defacil roptigurar iane
344 SUTFIT SELAZ 20 *ULE" PUloar avernb TeYinleis, Brror Jooue
131 !
L o Mrazmure Fhase Dorclatiwe no 2
-3 ¢
G o MEANLEE D PRATLCT Luerny
Tme r .- .
ERN YOThe DMERSuCe: FHANEY query wiovides he Simplest Tbhowgl leass
00 flamuibelet wrans ot performing & medascremant . The cooRber -
413 Topruurdinmizd Boon geRnric pHdSe mEasoreronl ronfiguratian, an
3% ToAaiubsiion or lmtteatad, angd e resalt is quecied inoa saiaglio
414 'oupRcalion.
A4z
A%t OLUTEDT BE1a2700: 7 MEAS: PLLASS . - Tonliguare-, i re and gQueery e
LA AN Towenull of O phae- roasutement
4L FRTOR AR I4MGns Res bl *oAwei the resals
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Phase Measurement Programming Example (Continued)
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Phase Measurement

Specifications

The following is 4 summary of the key performance specifications for
the Fhage 1 relative to 2 measuremeant;

Range:
d< o 360°
Least Significant Digit:

J12 15 )2 %3607 )2 + Prase 2 | x Frequency

NOTE 1. Value is rounded to the next lower integer for purposes of
truncating the measurement result.

2. 100-acquisition averaging adds another digit of resolution.

RMS Resolution:

2

+ [1i2 ns) 412« Trigger Eror® )) x(r +[ ¥ Frequency ¥ 360

FPhase J
'

!
|
360" ) |

Systematic Unceriainty:

{ +Trigger Lavel Timing Emor 3 2 ns Dilterentiaf Channel Error | » Frequency « 360

Maximum Frequency:
103 MHz

Definitions of Uncertainty Terms

Trigger Error

External source and input amplifier noise may advanee or delay the
trigger puints that define the beginning and end of a measurement. The
resulting timing uncertainty is a function of the slew rate and the

amplitude of spuricus noise spikes (relative to the input hysteresis
band).




New Capabilities
Phase Measurement

The (rms) trigger error associated with a single trigger paint is:

— —
J'TEinpur ’oe {Esr'gnaf}

fnpul Signal Stew Rate af Trigger Point

Trgger Eror =

where,
Einpet = RS noise of the input amplifier (300 uV, nominal)
Esignat = RMS noise of the sigoul over a 100 MHz bandwidth

Trigger Level Timing Error

Trigrer level timung error results from a deviation of the actuat
trigger level from the specified {indicated) level. The magnitude of
the measurement timing error depends on several factors, primarily:
resoiution and accuracy of the trigger level circuit, fidelity of the input
amplifier, slew rate of the input signal at the trigger point, and width
of the input hysteresis band as shown in the following fipure.

Actual Trigger Pont -

.~ Slope
L Upprer Hysteresis Lot
05 » Hysleres:s Band
I Trigger Level Seting
0.5 « Hysteresis Band
Y . Lowar Hysteress Ll
Amphtude Actual Tngger Pent :
b ~. Slops
= Tirma - - B =X

Ingger Level Twning Errors

The following eguations define the general interpretation of its
component error terms for a2 measurement. These equations should
be summed together to obtain the overall Trigger Level Timing Error.

Input Hysteresis:
(.5 x Hysleresis Band {t 5w Hysleresis Band

_Jn_pi:rag?ﬁf Stew Rate at Start Trigger Point Input Signal Slew Rale al Slop Tngge'r Point

Trigger Level Setting:

T Input Signal Slew Rale al Start Triqoer Faint input Signal Slew Rate at Stop Trgger Paint
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Phase Measurement

Differential Channel Error

The 2-nanosecond error term stated in the Sysiematic Uncertainty

equation avcounts for the channel-to-channel mismateh and internal
NOLEE.

Performance Test

The Phase 1 relalive to 2 measurement is mathematically derived
fram the parameters verified by other performance tests. IMthe
instrument passes its operational verification und present
performance tests, this measurement is functioning to specifications.
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Acquisition Ttmeout

Acquisition Timeout

The ucqguisition timeout capability aborls an acguisition whenever its
duration exceeds & user-specified limil. This capability prevents an
indefinite hang-up that ¢could accwr if the inpul signals are missing or
if the instrument is not properly confipured.

SCPI Commands
Syntax

The following acguisition timeout commands have been added:
[:SENSel ATIMaoul[:CHEGK) OFFIONISTARI
[SENSe] ATIMeoul[:CHECK)?
[:SEMSe] ATIMeoul: TIME <duration=
[[SEMSe]:ATIMeowm?

Command Descriptions

The SENSel:ATIMecui|:CHECK] OFF | ON | 53TARt command
enables or disables the timegut capabilily. ON cnables the start-to-
stap mode. STARL enshles Lhe start-only mode. The power-up defanlt
is OFF. The timeout mode is unaffected by *RST.

The [[SENSel:ATIMeout:CHECk]? command queries the timeoul
mode.

The |:SENSel: ATIMeout: TIME <duration> command sels the timeout

duration in seconds, The puwer-up default is 5 seconds. The timeout
duration s unaifected by *RST.

The :5ENSe] ATIMeout? command queries the limeout duration.

These settings apply globaliy to all measurement funclions for which
timeout is supported. Measurement-specific setlings are not
supported.

Timeout can be enabled for all funclions except voltage measuremenis
(which complete even when no signals are applied). Selecting a
voltage measurement disables the timeout mode; it musl be reenabiled
il required for anvther measurement function. Issuing these
commands will abert 20 acguisilion in progress,

Timeout mode and duration settings are retained as part of the
instrument slate saved by the ten setup registers,
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Status Reporting

Error #2100, Acquisition timed oul is reported if the required arm
and trigger events were not detected within the number of seconds
specified. This condition, in turn, sets the Device-specific Error hit
(bit 31 of the Standard Event Status Register. A service request
(SR is generated if bit 3 of the Standard Event Status Enable
Register and bit 5 of the Service Request Enable Register are also sel.

Query Response

The Not a Number valoe of 9.91E+37 is relurned as the formatted
response to a measurement guery. This unique value is used in this
vuntext to indicate that no measurement data is available.

Error -230, Data corrupt or stale is reported with this Tesponse.

Behavior

Timeouls apply to the automatic frequency ranging acguisition and to
the actual measurement acquisition. Auto triggering, measurement
configuration, and result processing operations (which can never be
suspended indefinitely} are not timed {see Figure F-2),

The acquisition timer is initialized prior tv each timed process. In the
case where 100-gate averaging is enabled, each of the 100 acquisitions
is individually timed. Consequently, it is not necessary to adjust the
specified duration when alternating between single and averaged
MmeasuUTenents.

When the STARL option is selected, the measurement aborts if the
start arm and start trigger events have not been detected within the
number of seconds specified. This duration is measured from the

point at which an acquisition is enabled (that is, when the start arm
event ¢an be recognized).

When the ON option is selected, the mensurement aborts if an
acquisition has not completed within the number of seconds specified
{again, measured from the point at which the acquisition is enabled).
This mode times the compiete acquisition cyeie, and canr b used to
ensure that a valid measurement result can be fetched [see

Figure F.2), If the stop arm is inhibited by the gate time or the TI
delay, the time remaining (the specified time less the clapsed time to
the start event) is compared with the gate time or T1 delay. The
acquisition aborts immediately if the remaining time is less than or
equal to the gate time or TI delay. Conseguently, the timeout
function is never deferred by the gale time or TI delay setting.
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Acquisition Timeout

Issuing the :ABORt command or reconfiguring the instrmment halts
the acquisition timer. Error conditions reselting from these aclions

take precedence over a coincident timeout condition.

ACGUISIBaT
I whated
e g IMITate IMMed alel

—f— a—

AveErdasng ol

Loiningger | Autnbronsarcy Hangeg | Snas

© farg Paascamnee Alpaditie 1 ess beasurement Aoquasdane 3100

Hipsu :
Hoooessng

leizes] prodass

St A

Criatissl Hran A Slog Arm

Crigrna #am Signwl ]

Sian Trage- flop begger

Craly Crwen -

I
ATIMmy! CHEGR SIARL ' Sman e Frazked m Gain Opnneg

¢ - .- . .
Al Iealh CHECK 0N Sar A Logbied o Galo Cosed J

Figure F-2. Acquisition Timeout Timing Example

Acquisition Timeout Programming Example

The tollowing program shows how to use the acquisition timeout

capability.

1L bdddmwsdaandd bndssrsasrrsasrssrssrrsar MEswws g LA BE RN BE R BRI B B I RN
AN

m Prootar. Searpic: hogaisilocn Tloecut

ERY] .

Lo Pothis pragran @, luSLIales A simple appilication of thie acquincrion
] ! okimeoub caparilaicy nf oo R ORL4UIR Unsversdl Jounber.

W !

il 'UThe E1ai0d iz countigured to measuro o averanr $reguoncy of Lhe
4l ' nighati ocoected o tine Inpukt o ochaanel . In choan exarple, cach
124 Voacghisibion (with ne et of LN Lo expecied Lo complete

114 'ownt z pronin . Drhereizse, thoae o countaer owill oabore tho
Ly Yomta diaboeey anrl repord the Liresus condiricn oo 1 e
HLIE CcompLter wiaoa serviooe regiosb oasd tne C+2100 Rrguisition timed
lar [ATHURE R B - ER R P 1+ [ T
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Acquisition Timeout Programming Example (Continued}

I '
fEu Mim Hoesgiet ol Voimnn laras ntT
NiM Err mEas 1557 | lare SLI

o) Lo el otweas ., aaeRclr
Tament_unan el VoZnibialdize

a1 L hold error msg.

1
EImooal stalas flayg

Penermine tac arer Pere address of tho EIA203 waich an TP E14u9E
Vommiand Mol e, TNese STAaTEMCNTL funl b custoemieed Far ocrhos

HCT AL T ST

Serjrl_Lam

racl ackdy
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Acquisition Timeout Programming Example (Continued)

Hai DoMte: IFLn ndemenndcy D mepaieh T Phne 1 imesot rossagle siopoe
L ! sbbwr cleu i A f L LI U e MLy Ve Peeen doToc il

R ! Sloge rhese —tror corddinloos ard rurely encourlernd,

gL ! lvwees . Boey are dgrovad iy oty sgnroytinge.,

Hih RETEAT

LY WUTELT WA Iy sV EF BN " ey Tl [uext eITor 1n Lh= Guetle
Ak FETRE fblqsiurError code, ST msos | Hean Lhe erreor code

'oand mearRnage
IF Brrov_wode 21075 THEXN Toved_cner = Tudloate 1t imed oun
STIL Frrens anngee-d R ST T B TR F W S [ o L T

Functional Limitations

The following functional limitativns apply to the acquisition timeout
capability:

1. This capability provides a course assessment of the acguisition

time and should not be used in critical timing applications.

2. Information on the specific condition that caused the tirneout (for
example, a missing start arm event) or 1ts source (for example,
Channel 1}1s not reported,

Typical Performance Characteristics

The follewing is 2 summary of the typical characteristics for
acquisition timeout:

Selectable Range and Resolution:
100 ms to 1500 seconds in 100 ms increments
Accuracy:
100 s + (0.5% x Timgoul Durakion)

Because the timeout acguisition performance can be influenced by
several external factors, the timeout accuracy is a typical
characteristic and not a warranted specification.
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Input Impedance Default Control

This command defines the default impedance setting invoked by the
*RST cvmmand and at power-up. The parameter of this command
evaluales to one of two settings, 50 (2 or 1ML [or the specified input
channel

SCPI Commands
Synitax

The following input impedance detault control commands have been
added:

DIAGnostics: RS Tate: INPUl{112].IMPedance <valug=IMINimumIMAXimum
IDEFault

DiAGnostics RSTate INPut[112]:iMPedance? [MINimemIMAXimumIDEFault)

The syntax for these commands is shown above. It is analogous Lo the
structure of the :INPut. IMPedance command, which selects the input
impedance for Chapnels 1 and 2,

The format of this command permits independent specification of the
input impedance for Channels 1 and 2. 1f the optional channe)
parameter is omitted, Channel 1 is assumed.

The impedance parameter is interpreted as follows:

«  cvalue>

A numeric parameter that evaluates to a value between 40 and 60
{inclusive) sets the default impedance to 50 2. Conversely, a
numeric parameter that evaluates to a value between 300,000 and
1,100,000 (inclusive) sets the default impedance to 1 M. If any

other parameter valee is entered, an error message is generated
and the current setting is not changed.

«  <rdiscretex

The MINimum and DEFault parameters specify the low impedance
getting (50 L), The MAXimum parameter specifies the high
impedance setting (1 MO

Semantics

The *HST default impedance settings are retained in non-volatile
memory. These settings are restored at pewer-up. If a setting cannol
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be restored, it 1s set to 50 2. Channel 1 and 2 input impedances are
also initialized to the respective defzull impedances at power-up.

The *HET default impedance settings are not altered by save/reeall
operations.

Input Impedance Default Control Programming Example

The fullowing sequence of commands programs the default impedanee
settings tor Channels 1 and 2 to 1 Mg

DIAZIRETINPL: IMP MAX  !5Sets *AST input impedance of
'charnel I to §| tobm.

DIAGIRST: IHPZ : 2MP MAX Phoets *RET inprat Lbnpedance of
'channal 2 ca 1 Mobm,

*RET 'Select defaultr inzktrument
'stale: configures 1 Mohm ilnpalt
impodanco

Comments

Some instrument functions may momentarily alter the current
impedance selting to perform requested operations. For example, the
Bise Time and Fall Time measurements program the Channel 2
impeadance setting to match the Channel 1 setting. {The previcus
setting 1 restored when another measurement lunction is selected.}
In addition, the ealibration process configures the input impedanc: to
50 €1 for both channels. This behavior should be considered when it is
necessary to maintain the impedance setting in order to avoid
mismatching or potential damage to the input circuits.
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Option Identification Query

I'he Option !dentification Query (*OPT?) queries the instrument to
identify uny reportable cptions that are installed. In the HP E1420B,
the only repurlable option is Option 040 (Shared Memory).

Common Command
Syntax

The following common command has been added:
"OPT?

GQuery Hesponse

The query response is a sequence of ASCII-encuded bytes indicating
<shared memaory option>

terminated with a newline and EOL
— The <shared memory option= is 040,

— A missing option is identified by an ASCI1 0 {zero).

Comments

This query should be the last query in a terminated program message.
If it is not, an error -440, Query UNTERMINATED after indefinite
response is generated.

Option 010 (TCXO Time Basel, and Option 030 (Input 3) are not
detectable with this query.







Index

-~

A Block diagramm . .. .. ... ... ... 121413
Circuits . . . . e . T B §
Abbresaated commands . . . L L o w2 Simplified dmnpuu:m ) R - )
ABRCHEL . . .. . .. R B T | BN conpectors . . . . . L . X .. . A 22
fc power . . 16, 2-8, D2 Boclean parameters . e . -
Arcess LED L . e Pus arhitration
Address Fartory default . . e 1k
Condlict : R R Factory setting . 627
Counter module 2-%3 Jumper lecation . . .. .. .. .. LB
Factory default . . . . - L& Jumper location/selection e 2.7
Factory seting .\ . . 2.5 Jumper seltings i . X
HP-IB zelect oode 1. 9 1-11 Jumipers, g:ra.ntjrequen tevel .. .. N R
Interface select code . A . Pricrity level . . ... .. 1-5, 1.6
Logical . _ 146, 1.8, 3111
Primary e 191[12533
Pnmary, GPIB - C
Fange . L . 25 i .
Secondary . . . . 18,111, 2.5, 3.3 e e e R
Secendary, GPIS I : ey Non-HP . L - Y
up procedure S - Calibration oycle T &%
gla:t ﬂhmodule S %: Cahb,atmﬁﬁ. N B T
Swich looation . . .. o e Cha ““"ﬁﬂ"‘;‘:f”“““" C e e
Addrescing acheme . . . . . .. . e 1-& Cormamand
Aperture time | e 411 .32 Instiument Prograp: message . . . . . R X
Aperturs time selection . . . .. R Heyword . . R .
Appendix I . . . B . 1-8 ]__Enm dpcnmtatm e B
ﬂRM . . - - 15 51? lmuag'esyntaxcheck . D_ﬁ,
:LEVel . . e R Language syntax, controller . . . . . .. . - .39
LEVel? o . ceo. B8 Separator . . . .. . . R -
:8EQuence? or STOP . . . . : .17 FTummary . .. . . ... .. .. ... .55
SLOPe .. i Syatax . .. ... ... ......52
SLOPeT . ... . Bb1% T ] S B
SO R o T 8 |} Word-serial protocal . . . . . . o o .33
SOURee? B e st . lsa
Arm input connecter e . 2.z Common commands
ARM StartStop . . . . e . 2-2 *CLS (Clear Statast . . ..o 511, T4
ARM subsystemn . S 428 *DMC (Define Macro} . . . . . . . - S b
Arpung *EMC (Enable Macre) . . . . . . - 8 -
External : S 4-30 *EMC? (Enable Macro Query) . Ce 12
Front-panel BNC Ce 430 *ESE (Standard Event Status Ensble) | .51
Hold state . . 4 *ESE? (Standarg Event Status Enable Guery) . . . . 513
TILTrglines ... . . ... . .. .. &3 *ESR? (Event Status Register Query} . . .. . . .. - 513
TILTrgbus . .. - o o 4-30 *GMC? (Get Macro Contents Query) . - . . . . . . . . 513
Attenuation . . . . . 1 2 1—4 2.3 4.3, 4-17, 4-18, 422 545 “IDN? {ldantification q,umj ) o o ... 513
Auto frequency measurement test . . .. . -C-6 *LMC? (Learn Macre Qraeryd . . . . . e . 514
Aubn measurernent sensitivity, range, and amuncym <31 *OPC (Dperation Completer . . . . . . . . . o ey
Auxiliary messurement capabilities . . . . . 1.3 *OPC? {Operation Complete Qﬂﬁ’-!}"] __________ 514
100 measurement gate averaging . . . . . . . -1-3 *PMC (Purge Macroe) . .. . . .. ... . ... 514
External arming . : s 18 *RCL (Recalll . . .. .......... . . 514
External srmung shopeflevel ... .. ... . .13 *RST (Reset) . . o 2.3, 32.429 514
External titnebase inpat . . . . . .. .. PP B SSAV (Bavel . . . .. .. ... o 515
External timebase outpat . . .. . ... 1-3 *SRE (Service Request Bnabley . . . . ... . . .. 515
*SRE? (Service Request Epable Query) .. . .. . - =15
a *STH? (Status Byte Query) . . . . . T sas
*TRG {Trigger! . . . . . ... .. .. ... .. .. .3I5
Backplane connectar =T . ... ... ... R .o . .18, D5
[nspection . . P *TET7? (Sel-Test Query! . - - . .. . .. _ .. . ... - 13
Beseating . e ) ] WAL CWaie) . .. L Lo . 515
YXdbus, Fl o R Pr ) Commen input channels . . . . Y B
Y¥Thos, P2 ... L. . Condiguration
Bus grantirequest jumpers . . B

Index 1



Default parameteres

Default parameters
Hardware setup
Measurement details

Setting bus/prant request level

CONFigure 14 - 1.5

N
De L.
:FREQuency .
FREQuency; RATIo
FTIMe-FALL TIME
MaXimuom
MINimum
SWADth
‘PERIod
PWIDth
‘RTIMe/ RIZE.TIME
TINTerval
TOTalze
CONFigure?
Connectors
Front-pane]
Controls and indicators
Cooling requirements
Coupter
Address
Arming details
ATTUNg system
Bus arbitration selection
Command language
Contrel data
Errer quene
Front.panel connectars
Internal arming
LED indizators
Main inputs . .
Messurement configuration details
Meszage-based bus arbitration
Mezzage-baged device
Gutput queue

Programiuing . . .

Remaving e
SCPl commands
Selected] SCFI tommands
Switchafjumpers C
Timebase adjustment .
Coupling
Ac or de
External arm input . .
Fuced 50 OHM. channel 3

Damage
Front end hardware
Front-e¢nd hardwars
Leve] . ..
WXIns oon.necmr prec.autmn
Damaged shipments
Data transfer errors
DlAaGrostica
A3Zembly
BLOCK
CALibrate
UFait
Discrete parameters
Dynamic range

b Index

14
B-3
2.4
4-2
&b -2

4.2, 4.2, 433, 5-21

3-21.56-22

- 321, 5-B3

4

5-23
315

3-3

B E)
2R 423
2-6

3.z

-3

&2
4-29

X
4

1.2
... 1.8
1.2, 32
-7

33

B L
.32

.22
.22

E
Embedded instrument controjler ) .3-2
Engineering notation L 1-10, 1-12
Error condition . D2
Error indicators e 2.3
Errer LED 23, D32
Error queue . D& D4
Event registers CEIL
Event triggering e ) 4.4
Exzample command strmgs . . R
External arm input test C 14

External arm range, sensitivity, a.m:l TR smrt Lo-51L0

time sty .28
External arming . S . 4-30
BNCA X Thus ".I."'l'LTn,g Ime-s . 1-3
Fropt-patel BNC input . . ) 22
Input irequency range . e .23
[oput level selection L . B2
External timebase
Input specifications . . o . A
F
Failed LED . . 1-8, 2.3, D2 D3
Fault isokation C o ) D.2
FETCh . ) a2
FETCh? . 14, 340
Frequency measurersent . . 19
Frequency measurement program e:ample .o lan
Frequency resclution/espected value 24
Front panel
Conteclors . .. e . .24
Front panel connector
Input 1 J1-5, 13
[npuat 2 . . . . 1-8, 1.11
Front panel mdmwrsa.ndaﬁjustments . .. L. 23
Front-panel connector
Impatl . . .. .. .. oo ... D2
eput2 .. . . .. .......... D=
Full performance testing LC-18
Functional block
Counter (MRC) o ) 13,4418
Edermalarming . .. .. . ... ... .. ... ....148
Imput land 2 ... . ... ... .. 418
Inputs 1and ¢ .. . .. . .. T R |
Measnrement contrel e .13, 4-18
ViJbus interfacs . . . . . I )
Functional bestrecord . . . . . . L G
Functionaltests . . . . ... ... .. _ .CiC4
Auto frequency Intasurernent test R o)
External act input test . | T o I
Inpul signal conditioning test . . . . . . . . . A
Crption 910 TCXD tirmebase test C-15
Ciption 030, input 3 tast S o | 3
Ratic measurement test . . . . . . I &
Time interval Lest . e ... G112
Functional tests:Required eqmpment P et
G
Gate LED .5
Gate tima C ... 432
FNq-uerLcy.n'pe'nDd. ....... +-11
Gate time determination T =
GPMB interfacecard . .. 32
GPIB-FC Interface card ., O .



H
Hardware mnstallation .28
Hardware problems . .D-2
HP BaSIC . 3 2 3-3. 3-5 C4
OUTPUT HE-IB udd:m ..... . 3-3
HF BASIC stawement
ASSIGHN L33
ERTER i B
QUTRUT .. 3-3
HP VXIbus factory set addresses 2.8
HE-1B Address L Bh
HF.IB connection
Verification 0-5
Hysieresis band . 423
|
1dle state . 428
IEEE 488.2 Comman Commands 52 5.8 311
Impedance
1 MOHM or 50 OHM .22
External arm input . . 2.2
Fixed 50 OHM, charnel 3 22
lmplied charnel Y
Implied commands i
Indicators
Mormmal eperation . .23
Indicators, front- panel 2.2
Initialization state 1 B, 34
INITiate 14, 3.2, 542
CON Tinuous S43
AMMeadiate ... .. b42
INPut . . . e 545
:ATTenuat:I.i:m . 545
ATTenpuation” 343
COUFling . 545
COUPLng”? 246
IMPedance h4&
IMPedance? h-46
RO Te 546
-ROUITe? 54T
Input 1—4 3
Arming, external 24
Attenuation 1-2, 14,22, 4.3, 4 17, 4-18, 4-22, 545
Channel 3, option 930 2.2
Channels 1 and 2 2.2
Chanevils frequency . .. 2B
Maxirmum veltage . 1.9, 22
Commeon channel 27 m-d.lmtbr .
Commen chapnels 1 & 2 e .22
Coupling . . . . . . . . .. . 423
External arm levels L. 22
Hysteresis bamd 422 4-24
Impedance .. 426
LELD indicatora -3, 4-24
Maximusns voltage . 35
Measurement channels .. . . ... 1-2
Selectable coupling . . .. . . . .. 2.2
Selectable I'mp-ed.u.nue .28
Sansitivity . . . 4-20
Signal conditioning . .12
Siponal connectors . . . .22
Trigger level . . . . .. 424
Input 1, separatefeommon Ce e £.27
Input 152 measurement sensjtmty. range, a.ml
acguracy tests . . . ... . . . ... Cc-23

Input signal
conditioning . e
Conditioning details . . . .

tnggermg .
1bput signal copditioning Lest
[napection
Module connectors . e
Shippang matemials
Instailarion
Configuration
Configuration add.reﬁlr@‘dﬂaﬂs
Detailed procedure
Hardware .
Lnspeciion
Mounting screws
Quick procedurt
Ihstiament
Address delinition
Address range .
Address switch Iocauon
Calibration cycle . . .
Circuit eontrel .. . . . ..

Configuration L L ..

Controller . ..

Controller power- up

Contreller verification

Data inlerface priority

External controllers

Featuresffunctions .
Full performance testing - .
General test setup .

Module mounting

Overflow condition . . L .

Primary/secondary address

Problemn checklist . . . . . .

Shields
Specilications tested
Test spacifications
Teating considerations
Warm-up

Instrument coptroller
SO0 reries 200,300
Digplay results .
Frequency display results
GFIB-PC Interface card, . . . . . .
HP 9000 geres 200300 . . . . .
HPEBASIC . ... .. . ....

PO/AT compatible . . .. . .. .. .. .

GuekBASICR) . .. . ...
QuickBASIC(E) acowss . . . . . . .

1.6- 1.7, 29

-14a 3—2. 5

':191113,2
Language interface file, GFIE . . . . . . ..

e
2

...... 3-2

B 4

GuickBASIC(R) CALL statements . . . - . . . .. .

Time jnterval display resalts . . . . . . . . -

INT/EXT REFERENCE
Connector .
Internal arming

LinMing commands . . .
Lngmnﬁdd:ﬁs':m:fmmmn

Index 3



Macro definsticenlabel B-t1 - 5-14
Mainfrarme
HP 7HHIQ Serivs C 28
Making basic measurcmants
frequency/itime interval 1-&
Making meacurements
Frequency LX)
Pulae widih 3-12
Ratio .34
Rise/iall time L8
SCPI consideratiops 1-3
Tume tnterval 3-10- 2-11
Totalize I-16
Voltage 3-20
Malking mesurements
Perod 3.5
MAX 3
Maximum input power e Y-
Maximum input voltage o 1.4, 2.2
MEASur C1ed - 149 3.2, 442, 433, 547, D3
(ACY . 321, 5-22
e 121, 323
‘FREQuency:RATO? 25
‘FREQuency” . 523
‘FTiMe?FALL: TIME" 526
MaXimum? auT
MINnmom? 328
HWIDCh? 3-8
‘PERicd™ h-30
PWIInh? 331
RTIMe%:RISE TIME? a-34
TINTerval? 534
TOTalize? | 5-34
Comumand details L

Measurement

4

Arming indicator
Arming, external .
Auxilizry capabilities
Capabilities

Channsl iput lunetions
Caonfiguration details
Data

Event data

Fearures

Frequency

Frequency range
Functions

Gating indicator
Feperal procedure .
Input channels . .
Interpreting Imequency resul
Making frequency . . .
Making time interval
Periced

Pulse width

Ratio

Resolution .
Resolution details
Results, frequency
Risesfall tume .
Signal wput channals
Ftart/stop, arming
Synchronizarion

Task tutorials . . . .

TCXO warm-up period . . .

Index

e - il
oo BS L Cd FD B BD La GO o

._.._.
Ll
X

Time data

Tame nterval

Timebacs synchronization

Totalire

Triggering indicator

Woltage .
Measurement detajls

Fregitenmy/peciod

Pulae width

Ratio . .

Raseffall 1itme

Time interval

Time mterval delay

Totalize
Meazuremient example

Froquency

Period .

Pulse width

Ratio

RiseMall time

Tyme interval

Totalize
Measuremenl program

Frequency

Timue ipterval

Measurement program example

Frequency

Pered

Pulse width

Ravic

HizefMall tiome

Time mterval

Totahze
Maasurement results
Measurement tune

Fregquency

Pericd

Pulse width

Rizeffat! tione .

Time interval
Measurements

Frequencyftime inlersa] . .

MEMery suksystem .
VME:ADDirmess
VME AT Dress?
VAMESIZE .
YMESIZE®
VME:STATe .
VME.3TATe .

Microsoft™ QuickBASICT
Instrument control

WIN

Module shields

MNumeric parametars

Cption
16 TCXD Timebase .
010 TCXO tiumebase test
020 Channel 3, 2 GHz
030, input 3 tese .
033 Service manuals
%10 Extra user manuals
W32 Calibration support

1.2,

(14,

1.3
310
.23
316
V23
2-20

411

412

413
4-13
4-14
4-13

. 4-16

3-&
1.8

. a-12
. 3-14

. %10

3-18
3-11
16

B
1.1j

. .1-10, 37

39
313

R
. 318

1-10,

1-12
317
1-12
3-14

3-7

.C-15

.. 113
N iy
. 113

1-13

113



Crpticnal parameters o3
Chptions 1-13
OUTPut LN
ROSCillater ST, A'Te 5-53
:ROBCillator:STATe? . 5-53
TTLTrg 553
‘TTLTrg STA'TE"" 3-53
Crutput format §4.34
Output GQueve 11
Crrerall description 1-2
Crrerflaw indicatiom 3-B
P
Packing materials 16
Parurneter types B )
Peformatice tests LY
Performance text pecord .C-3
Periormance tests C-18
Alternate test equipment C-g2
Auto measurement ehagitivity, ra.nge a.nd
acturasy besks -3l
Exlarnal arm range, sen.sﬂ.:wty. am:l mindrmii
sbart-to-stop time tests C-28
Input 1/2: measurement :E.EnElT.!I.\-".I.t-_'r. range, and
accuracy tests N o
Recommended test equ.lpmnl c-2
Software implemented . L4
Speciftcations C.20 - C-2L
Uncertainties analysis method c.21
Performance tests: Required equupment c-z
Perfomatue tesis
General test setup . C-18
Period r\e-sulut.lun.n'e:pﬂ:‘bed value a1
Power-on state 1.8
APERture time . 432
Power-on status R 2 |
Prescaling . . 524, 53]
Froblems and solutions 14
Program ermors
Monitoring .D-2
Frogramming the ummt-er 32
Programming, shared memory . .E1
Pulse width resalution/expected Value 5.249
Q
Quary parameters . o 54
Questionable data register . . 571
R
Ratic
Freguenty 112 3-26
Ratia measurernent tast .. LT
Ratio resolutionfexpicted valne )
REaAD? ) 14, 554
Reciprocal nm:.ntmg wch.mque 1-3
Recommended Lest equipment C.2
Reset stalus . 34
Resolution
100 gate average mode . . . L. L .. oa-28
Gate tune . 4-33, 5-24, 526, 531
Meazwrement time .37, 319
Pulze width, dafault 313
Ratio e . 313
Time intarval 3-11
Resolution selegtion . . . . . .. 4-33
Root command >Z- 53

S
2P
Cirtuit control . .1-3
Command farmat . A
Cormmand use details . 52
Commands . 5 5.548 516
Commands/oplions . .13
Common commands . 13
Configuration details . . .. ... ... .. .42
Measurement capability .G
Program message, hmebasa 22
Response messages J1-3
SCP] command string
Micrescft(R) QuickBASICR) .33
Program error checong . . .. . . - D-3
SCF] Standardized commands for pmgramma.b]&
gt ruments 31
SCPI subsystem defaults
CONFigure A4
MEASure . e
SCFITMSL ) 32
SCFLErcr che-:kmg .2
Beli-test L . ... 513, Ca
Errors . . .. L. 18,23
Expculing . L .. .. 1B D5
Faxied LED . L. L 1-8, D-2
Eubroutines . 5-37
System werification . . .. ... ... D-b
Verilied hardware -6
SENSe | . NE 32.-1-2 555
AVERage 5.56, -85
AVERage: CDUHt" ..... . 536
EVENt:HYS Teresis 559
EVENtHYSTeresis? . 558
EVENLLEVel 556 - 557
EVENLLEVe]? o9
EVENL I.EVELABSOIME’&UTD .. . el
JEVENLLEVe: ABSclute: AUTTO? . . . .. .. . 558
EVENuLEValL.RELative . . . . . ... . ... . 558
EVENtLEVelRELativa? =08
‘EVENL.SLOPe o-5a
EVENtSLOFe? . . . . 538
FREGQueney APERturs . . .. . . .. .. . 560
FREQuency- AFERture? . . . . .. . ... ... 5-50
FREQuency: RANGe e =61
FRESuen=rRANGe:AUTO . . . .. . Bl
:FREQueney-RANGe:UFFer . .. ... . .. .. 561
FUNCticn P 561
FUNCtien® ... . L. L. .-
PERioLAPERture .. .. .. ... .. .. . o4
PERiod APERtu? . ... . . ..... . Befd
AT APERLure . 564
RATi APERiure? ... . b5
ROsCillator 30U Ree 2.2 2.3 564
ROSCillater-30UR? .. . . .. ... ... 5-E3
TINTervalDELay . . . . . . ... .. 565
TiNTervaltDELay . . . . .. . ... ... . 585
TINTervalDELay-TIME . . . . . . . - .. .. ... 565
TINTervalDELaw-TIMEY . ... ... ... L
‘T Talize: FATE e e L
TOTalire: GATE. ?QLanly ....... et
TOTalize: GATE POLarity? . . . ... ... . 567
TOTalizs-GATE - STATe -
MOTalize.GATE:STATE* .. . . .. .. .. .. . . 5bb
Bervice yequest enable registar 5-14 - 315
Service/support 113

Index



Shared memory tsev alto Memory subsystem) . E-l
Signal conditioning

Coupling . . . 1-2
Input . . . . 1.2
Input :mpedanoe . B o2
Input gwitching . . . -2
Pulse width . 312
Trigger level . . . . . . T 1-2
Trigger slope . . . 1-2
Signal conditioning d;etaﬂs
Frequincy/period . . D1 1
Pulse width . 412
Teatalize 417
Sigral conditioning example
AcDeMintiay o 3-20
Ratin . 314
Raisefall Lime . . d.1&
Toralize . I1E
Signal conditioning, example
Fregquency . . . 3B
Perod . . 3-8
Time interval . 3-10
Signal Generator . 18, 1-11
1 kHz source 1-3
1 MHz sowrte . . 1.8
3 kHz source . . 111
Signal operating range . i-18
Simplified block diagram 1415
Slot 0 medule
Addrezs range . . 2.3
Power-cn . 1-8
Self-rest . . .. 1-&
Gtatuc registers . . . L Dei
Verifying functionality . B i
Spfiware problems . . ) P o 54
Standard evenr status enable register . 3-13 - 5-14
Stapdard event status register . . a.13
Errur checking o o . D2
Orverflow condition . . . D4
Summary bit . . CDn3
Standardized Comumands Icl:r Frogrammable Instmments
SCPL . -2 3-2
STATua . 5-13, 315, 5-68
OPERation . . . 3-T0
:OPERation. CONDition? . -0
:APERation: ENARIle . 3-70
QI PERation: ENAB]a? 570
(@ LUVEStionable . L . 3-71
‘HUEStonable-CGM Dition? . . 571
R UESHonable: ENABLe 572
QUEStionable: ENABle? . B B .
Status data structures . . . e -
STATus subsystem . . oo 2-6
Syntax
Controller lamgu.a,ge . . . . . 32
SYSETem L e 73
‘ERRar? e . 573
‘VER=ion? . R . - L
System configuration . . . 16, BT
System problems | . e . R i 1.4
System verification . . . . . L. D3
checldist e .o e 0.5
T
TCXD adjustment e < .
TOXQ timebase . . . .. L .23
Test and measurement systems langu.age TMsSL) . .. .. 32

& Index

Test equipment Alternate
Tezt zetup

Performance tests
Time interval measurement

Time interval measurement pmgram Er.a.rnp]e

Time interval resolution
Time interval tost
Timehase
External input
Frequency adjustment .
Ioput terminaticn
loputfoutpat
Intfext reference
Warm-up
Trigeer level
Automatic
Selection
Trigger point
Trigger slope .
Proublishooting

u

Uneertainties analysic method
Using

CONFipure

FETCh®

INITyate

MEASure

READ?

SENSe

Varifring operation
VIdEbus Specification
Voltage measurement
Yalbus

Bus arbitration setting

Connector alignment

Conneciaors .

Error indicater

HF-1E moduales .

Logical address. HP spsterm defaults

Mainframe

Specification

Waord-seriail protocol
VXTbus interface

Access indicator
VXTbus Specifteation

Cooling requiremants

Wait -for-arm state
Warm-up . . .

LG22

cC.18
1-I1
1.12

L C2
2.2

2-2
2-2

-3

4 24

424

4.29 - 433
1-324

4-26

.1-8



DECLARATION GF CONFORMITY
according bo ISTNEC Guede 22 angt EN 45014

Manufacturer's Nama; Hewlett-Packard Campany

Manufacturer's Address: Santa Clara Division
5301 Stevens Creek Boulevard
Santa Clara, California 39052-8059

U5 A
declares, that lhe product
Product Name: Univarsal Counter, VX
Modal Numbrar: HP E14208
Product Options: This daclaration covers all options of the product.

conforms ta the following Product Specifications:
Safety: 1EC 1010-1; 1830 + A1/ EN 61010-1; 19583

EMC: CISPR 11: 1990/ EN 55011 1991 Group 1, Class A
IEC 801-2: 1991/ EN 50082-1; 1892 4 kV CD, 8kV AD
IEC 801-3; 1984/ EN 50082-1:1992 3 V/m, 1kHz B0O% AM, 27-1000MHz
|EC 801-4; 1998 7 EN 50082-1: 1892 1 k¥ Powaer Lines, 0.5 kY Signal Lines

Suppiementary information:

The product models listed above comply with the requirements of the Low
Yoltage Dirsctive TH2YEEC and the EMC Directive BSr336/EEC.

Santa Clara, California, November 11, 1995 ﬁz“-“ 5“’“{"\

Bruce Eulay, Quality Engindeering Managar

Europaan Contael Your keal Hewlait-Packard Sales and Sarvica Offce or Hawkatl- Packard GmokH,
Cept Standarda Europs, Harrenberger Srake 130, D-T10534 Bdbkrgen (FAX: «~45-7021-143143)







New Capabilities
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Introduction

Introduction

This appendix provides the information regquired to use Lhe following
new capabilities:

» Phase Measurement
‘s Acquisition Timeout
» Input Impedance Defawlt Contral

«  Option ldentification Query
New SCPI Commands Overview

The following new Standard Commands for Programmable
Instruments (SCPL) commands have been added to the firmware,

Phase Measurement Commands

The fullowing phase measerement commands have been added:
CONFigure[1]LVOLTage PHASe |<expected values[ <resolution=])
MEASure[1][:VOLTage]:PHASe? [<expected values[, <resolulions]]
‘READ[1][:PHASE)?
[SENSe[1]]:FUNDion "[WVOLTage: JPHASe"

Acquisition Timeout Commands

The: following acguisition fimeout commands have been added:
LEEMSe]ATIMaout:CHECK] OFFIONIST AR
[[SENSe]ATIMeout[:CHECK]?
[[SEMSe]ATIMeout: TIME <duralione
[SENSe]:ATIMeout?

Input Impedance Default Control Commands

The following input impedance default control commands have been
added:

DiAGrnostcs: ASTatedNPut[112):MPedance
=valuesMMimumiMAXimumIDEFault

‘BlAGnostics: RSTate INPul[112]:1MPedance? [MINimumiMAXimumtDEFaull]
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intraduction

Option Identification Query Common Comnmmand
The ollowing standard common command has been added;
OPT?
Firmware Version
Firmware version 3401 must be installed to aceess these capabilities.
Determining Firmware Version

Use the *IDNY query as shuwn in the following example to determine
the firmware version installed in your instrument:

QUTPUT @E1420h; "IDN?"
ENTER @E1420b; Responsed

The guery response 15 as follows:
HEWLETT-PACKARL, E14208, 0, 3401
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Fhasze Measurement

Phase Measurement

The HP? E1420B derives the relative phase between the Channel 1
and Changel 2 signals from Lhe following two consecutlive
measuremeoents;

1. The Time Interval 1- 22 Measurement.
9 The Period 2 Measurement.

Figure F-1 shows the definition and timing relationship between
these measurements,

Fhase Measuremenr Definition

kil

P -

Channegl 7 Sigral _I__1 1—|
arence oy —J | J

- T =

& Gl

- =

Measurement Timing

w = Tim&lnlersal bt = 2 measurament

Chaongl 1 Sigril _r—i H |—_—l

. recontiguraticn delay
Thannel 2 Srgnal
[Reterence S?QHEIJ] i i

- -

Pangd 2 measurgmeni

Figure F-1. Phase Measurement Delinition and Timing

The relative phase (phase difference) between two signals of identical
frequency is defined by the lollowing equation:

Fhase {degrees | = Time I"::;;ZI;_}E » 380
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Phase Measurement

SCPI Commands

Syntax

The following phase measurement commands have been added:
:CONFigure[1]l. VO Tage].PHASe [<expected value=[.<resolution=]]
MEASUure[1][:MOLTage:PHASe? [=expected values{,<resolution=]]
'READ[1].PHASE)?
[:SENSe[1]]:FUNCtion "{VOL Tage:PHASe"

The syntax for the phase measurement commands 1s shown above.
While the zexpected value> and <resplutions parameters are
accepted, they are ipnored. Furthermore, the optional numeric seifix
of 1 implies a Phase 1 relative 1o ¥ measurement.

Command Descriptions

The :CONFigure, . MEASure?, and [[SENSe]:FUNCtion commands
reconfigure several instrument settings to optimize the measurement
of Phase 1 relative to 2. The :CONFigure and .-MEASure? commands
invoke identical settings to set a generic configuration for this
measurement. For those applications that require finer contrel of the
instrument configuration, the [SENSe]:FUNCtion command presets
fewer settings. This allows you to set the instrument to a specific
configuration using other [:SENSe| commands.

Table F-1 lists the instrument settings that are initialized whenever a
phase measurement is selected. Bold type indicates mandatory
szettings. Attempting to change these settings penerates the -221,
Settings conflict error message. The other settings can be changed to
customize the measurement for a specific application.
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Phase Measurement

Table F-1. initialized Instrument Settings for a Phase 1 Relative o 2

Measurement
Instrument {LONFigure or :-MEASure? SENSe:FUNCtion
Parameter
TimeInterval Period 2 Time Interval Period 2
12 . 12

Input Routing Separate Sweparate Separate Separate

Channel 1 Channel 2 MNA Current NA

Trigger Slope Trigger Slupe Setting

Channel 1 Off M OFf NA

FPrescaler

Channel 1 Off N Off NA

Auto Ranging

Channel 1 Onf Repetitive | NA Current NaA

Auto Triggering Setting

Channel 1 B of VF’P NA Current NA

Auato Trigger Leval Setting

Channel 2 Ond Repetitive | Ow/ Repetilive | Current Current

Auto Trigeering Setting Setting

Channel 2 S0% of ¥, KO of Vi, Current Current

Auto Trigger Level Selting Setting

Start Arm Soeurce Immediate Immediate Current Immediate
Setting

Stop Arm Source Immediate Immediate Immediate Immediate

Measurement O Off Ooff Off

Averaging

Aperture MNA NA(1-period NA NA (1-period

{ aegquisition) acquisitien)

MNA = Mot Applicable (o 1his measurement.

Shading = internal seleclion, not user-accessible

Bold = Wandalory setlings.
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Query REesponse

The measurement results are formatted as IEEE 488.2 <NR3»
values, without a response header. Each value is truncated to the
number of significant digits implied by the “L5SD Displayed” formula.
The value derived from this expression is always rounded down to
the next lower decade, thereby yielding at most one extra digit of
resolution.

Phase Measurement Programming Example

The following program shows several ways to perform a phase
measurement.

15 PR T I N T
9 Voproeprar Esdmpron s Pliandg Moafoersimont

Ep !

a VoThLL prodgran rentrarrs several ways Lo perforn a Plase Dorel. 4
210 CoarandrErenn wWith The EJZIR Univorsal Counler .

i "

Threr progEem Segnells LDluSLrate Lypical apRlicat1oes af 1

CMERSur«: PHASe®, CONTLaure: PHARSG, ahg @ HFRSG: 70 PRIANS
Vocpgmanidy . Cormmenns preceding 8adn segmens. semrarizo ble
Vorelar:ye merits of each apgroachk.

oot L pIesuems Lhat sigrals b poopdsr Crenuoency and oampe:isude
Poalre connectedl 0o Lhe sounoer s Inpet Doamd Input fochannels,

' UThis progrom wis wrhibten 1 HY BAREIC Ler an 7 Ser s 200
caomguter .

S<h R R R e AL TR R PR R TR
L H

145 OLE pessivsle | ' eclave ATring T held mean. resuals
2yl !

a1a Uonptermains the inbortacre adidress of Ll ZI4E02 witl Uho 1P mL0%
2 Poromindred Modele; Lhoac snalements mash e ocegtnomized for nother
23C LRt Ly OnmeEnt £

241 Soeipor_cole=7 VHP IR 1nteriace at Select Code T
Th0 ol _adds -9 POMVED Commpnd Wodule at address Y

2R0 Eidzl addr 4 UELS20E ot serondary addiess o 5208
274 AGEIGH YELAZCL TO (Selecl _oole* 28000 (Cod_addr 1061 +E1620 _alir

2849 ' eiine bhie D00 pach wia BELADGL

A '

100 DoMeset amd Lnabaa Duae ThHe o0nnToes

310 CLERR ATLAZGL T Clear ing ocubpub baficr

30 RITPT BELA2IED: U TRETC VoA lect the dilauly cuptioural ion
EREY) OUTEDNT LA - ULE" !oClear ewenh YegulETEYA, Error Duaoue
141 !

ERTH CoMEamuLa Pliany 3 regalawd Ta 8

LIk

70 Vo MERFura PHEERY Dunry

3 E. I .....................

390 UoThe HEASUTE: PHASC? Query provides e simplest g Lhowgh Jeasc
acd U Flexiblel means ol prolosaiag a weasgrenent,  The councer is
4113 ' oprograrmed Lo ogoner s phase measvrement confipuration, an

Az0 ToabCouass Lacn v inieyawed, and the result is queried in a zangle
431c L Opsrdlaun.

aq !

Gal UTPIT ORELAXNE MEAL G RIRGY D Conbigure, arguirce and raery ! he
[3-1] Voornmalt wf oA phans oeasuarcront

A LYNTREER BELIaA0n; denilhy 'obward the result




New Capabilities

Fhase Measurement

Phase Measurementi Frogramming Example (Continued)
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Phase Measurament

Specifications

The following 18 a summary of the Key performance specifications for
the Phase 1 relative to 2 measurement:

Range:
0° o 3607
Least Significant Digit:

‘J,ff ns }2 ® rfﬂﬁﬂ”}‘? + Phase‘g } » Frequency

NOTE 1. Value is rounded to the next lower integer for purposes of
truncating the measurement result.

2. 100-acquisition averaging adds another digit of resolution.

RMS Hesolution:

| 2_
£ f(2 0s)F +(2 x Trigger Emor? nxlui‘”’“"‘s“} ]xFreauencf « 360"

Systematic Unceriainty:

{2 Trgger Level Timing Eror * 2 o= Differential Channel Ervor ) < Fraquency = 360°

Maximum Frequency:
100 MHz

Definitions of Uncertainty Terms
Trigger Error

External source and input amplifier noise may advance or delay the
trigger points that define the beginning and end of a measurement. The
resulting timing uncertainty is a function of the slew rate and the
amplitude of spurious noise spikes {(relative to the input hysteresis
bandl
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The (rms} trigger error associated with a single trigger point is:

z2 b
J'TE input 1+ Es.@na! J

Trigger Errar — _ : _
Input Signat Stew Aate af Trigger Poinl

where,
Eingyr = RMS noise of the input amplifier (300 uV, nominal)

Eggna = RMS noise of the signul over a 100 MHz bandwidth
Trigger Level Timing Error

Trigger level timing error results from a deviation of the actual
trigger lavel from the specified (indicated) level. The magnitude of
the measurement timing error depends on several factors, primurily.
resolution and accuracy uf the trigger level circuit, fidelity of the input
amplifier, slew rate of the input signal at the tripger point, and width
of the input hysteresis band as shown in the following Ngure.

Acial Trigger Pown
S Slope

n Upper Hysteresis Limit
3.5 - Hysteresis Band

! Trigger Laval Sathng
0.5 « Hysteresis Band

» Lower Hyslerasis Limil

Arnrlltul:la Actual Trigger Point :

v Slopa

= Timse - - - -

Trigoer bavel Timing Erars

The following equations define the general interpretation of its
component error terms for a measurement. These equations should
be summed together to obtain the overall Trigger Level Timing Error.

Input Hysteresis;
.5 « Hysleresis Band 1.5 = Hysleresis Band

inpul é!g_né_f. Stew Rate al Start Trigger Point input Signal Slew Rale al Slop Trigger Point

Trigger Level Setling:
, J6 mV + (1% w Start Tngger tevel Setbng ) 30 mV + {1% x Stgp Trigger Leve! Selling |
Input Signal Slew Rate at Stant Trigger Poid  — Input Signat Siew Rate at Stop Trigger Point
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Differential Channel Error

The 2-nanosecond error term stated in Lhe Systematic Unecertainty
equation accounts for the channel-to-channel mismatch and mnternal
noise,

Performance Test

The Phase 1 relative Lo 2 measurement 15 mathematically derived
from the parameters verilied by other performance tests, Ifthe
instrument passes its operational verification and present
performance tests, this measurement 1s functioning Lo specifications.
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Acquisition Timeout

The acquisition timeout capability aborts an acquisition whenever its
duration excecds o user-specifled limat. This capability prevents an
indefinite hang-up that could occur if the mpul signals are missing or
if the instrument is not properly configured.

SCPI Commands
Syntax

The following acquisition timeout commands have been added:
[[SENSel ATiMaoul[.CHECK] CFFIONISTARI
[[SENSe]: ATIMecul[: CHECK]?
[:SEMSe] ATIMeoul: TIME <duration=
[SEMSe:ATIMeout?

Command Descriptions

The :SENSelATIMeout[:CHECk| OFF | ON | 5TARt command
enables or disables the timeoui capability. ON enables the start-to-
stap mode. STARt enubles the starl-only mode. The power-up default
is OFF. The timeout made is unaffected by *R3T.

The :SENSel: ATIMeout[:CHECk|? command queries the timeout
made.

The ([SENSe:ATIMeont: TIME <duration> command sets the timeout

duration in seconds, The power-up default is 5 seconds. The timeoul
duration is unaffected by #*RST.

The SENSe]:ATIMaout? command queries the timeout duration.

These settings apply globally te all measurement functions for which
timeout 1s supported. Measvrement-specific settings are not
supported.

Timevut can be enabled for all functicns except voliage measurements
{which complete even when no signals are applied). Selecting a
voltage measuremenl disables the timeout mode; it must be reensbled
if required for another measurement function. lssuing these
cornmands will abort an acquisition in progress.

Timeout mode and duration setiings are retained as part of the
instrument state saved by the ten setup registers.
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Acquisition Timeouw!

Status Reporting

Error +2100, Acquisition timed out is reported if the required arm
apd trigger events were not detected within the number of seconds
specified. This eondition, in turn, sets the Device-specific Error bit
(it 3 of the Standard Event Status Hegiater, A service requesl
{SRQ}is generated if bit 3 of the Standard Event Status Enable
Register and hit 5 of the Service Request Enable Register are also set.

Query Responsce

The Mot a Nember value of 9.91E+37T is returned as the formatted
response to 8 measurement query. This unique value is used in this
context to indicate that no measurement data 1s available.

Error -230, Data corrupt or stale 1s reported with this response.

Behavior

Timeouts apply to the automatic frequency ranging acquisition and to
the actual measurement acquisition. Auto triggering, measurement
configuration, and result processing operations (which can never be
suspended indefinitely) are not timed {see Figure F-2,

The acguisition timer is initiahized prior to each Limed process. In the
case where 100-gate averaging is enabled, each of the 100 acguisitions
is individually timed. Consequently, it is not necessary to adjust the
specified duration when aiternating between single and averaged
meassurements,

When the STARL option is selected, the measurement aborts if the
start arm and starl trigger events have not been detected withan the
number of seconds specified. This duration 15 measured from the

point at which an acquisition is enabled {that is, when the start arm
event can be recognized).

When the ON option is selected, the measurement abaoris if an
acquisition has not completed within the number of seconds specified
(again, measured from the point at which the acguisition is enabled).
This mode times the complete acquisition cycle, and can be used {o
ensure that a valid measurement result can be fetched (see

Figure F-2), If the stop arm is inhibited by the gate time or the T
delay, the tine remaining (the specified time Jess the elapsed time to
the start event) is compared with the gaie time or TI delay. The
acquisition aburis immediately il the remaining Lime is less than or
equal tu the gate time or Tl delay. Consequently, the timeout
function is never deferred by the gate time or T1 delay setting.
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Acguisition Timeout

[ssuing the :ABORt command or reconfiguring the instrument halts
the acquisilion timer. Error conditions resulting from these actions

take precedence over a coincident timecut condition.

ACQWRIoN
Imtiplger
e, ARGl MRS SEE

=

artragng eraaied
-~ -

Aalo Tog ger i A Fippncy I';-HH;IK; . i P&\;?‘s; ‘_M-ua;-:-rw_-vh;;;m_- {:!;;;.u;:mua:mr alDn E“;‘;Z;ngj;
] process

ptE T TR

Enabens S, e Elup Arm
Fx1g*n.s Amm Sigaal |

S Tiupge Erog Trghel
Cranad 1 Sunal 1 [_1 I—| |_|
- . 3 Dper _— e m

AN ocal CHECK STAR, |mﬂiﬂal_uﬁalﬁ- Chigam -
ATibycul CHEC Dl | Slad A Erabied o Gate C oeed

Figure F-2. Acguisition Timeaut Timing Example

Acquisition Timeout Programming Example

The following program shows how to use the acquisition Limeout

capability.

1c T T T T
il

A UoPpawyram DRAFR DG SCaqnlAa T ian Timour

A0 1

v PorhiiAs program illosLrabtes g sirple applioweticn of Lhe acuizliicn
L Vonrmreant capability of hhe AP ElailiE dniversal Counter.

N 4

EC = The EV42UEB iIn vonfiguered to aeasars Che average [rogoeoney of oo
) Vonpgnal conneried o rhe Trpur L ochanne!l . Tty Lhis eXAmMpln, #ach

a0 Varomisition fwitnin b omet oot 10D i expected Lo complotbc

L0 Vowithin b0 moilisecornds . iRzwise, Lo counfer o willo oaborn v

L2 ' omeasurement smmedidlely and ropory the tiroous condicion oo ThRe

131 U opgimpblur e ld oo Sortied redqaesrt oand che -+2100, oquisition bimed
152 Yoonng DT o r st metncagre.

158 .

L&D Dolhas prograr wes owolfen in HP BASTS for oan HP Horsos SLOU

L HEE R R

LA
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Acquisition Timeout Programming Example (Continued}

'l .
¥ UiM Rewssil:, 01, Doleclare ATring T Rolel rnas. o resallh
= LM BErr _mstrh ik, ! peslare streing Ta Reld orrar mag.

I TR R L codunditializo timeoul stabtus Plan

R A T S

Determing oo Jnlerloce addross of [pe TIAZET with an HE OFL400n
Command Muds i TReARS SCATEmRnNTY MLET b cusbtomized for o her

! lrohnmente

] B leny _aads:T VHE L2 interbace ot Select Sode
Urd aiddrs % Vol Cppaned Modinte al addyaen: 0

BT KLU R Ay ' Ela 233 at sechndatry acidress Seod
ARAIGE BRWAENER T ffolacn rofatldGRU « 1Cmd adde 1030021420 addr
Loozaane i I49) fiath wie ELlGLLA

P R R R L
S O et = T
Lal) r
a

1
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Acquisition Timeout

Acquisition Timeout Programming Example (Continued)
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Funetional Limitations

The following functional imitations apply to the acquisition timeout
capability;

1. This capability provides a coarse assessment of the acguisition
time and should not be used in critical timing applications.

2. Infurmation on the specific condition that caused the timeout {(for
example, 2 missing start arm event) or iis source (for example,
Channel 1}is not reported,

Typical Performance Characteristics

The following is a2 summary of the typical characteristics for
acquisition timeout:

Selectable Range and Resolution:
100 m$ to 1500 seconds in 100 ms incremenls
Accuracy;
100 (s £ {0.5% & Timeout Duration)

Berause the timeout acquisition perivrmance can be influenced by
several external factors, the timeout accuracy 15 a typical
characteristic and not a warranted specification.
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L4

Input Impedance Default Control

This command defines the default impedance setting invoked by the
*RET command and at power-up. The parameter of this command
evaluates to one of two settings, 50 2 or 1M for the specified input
channel.

SCPI Commands
Syntax

The tollowing input impedance default control commands have been
added;

DIAGRostics ASTate INPUI{112] IMPedance <valig=IMIMNirmumMaAXimum
IDEFault

MAGnoshcs:RET are INPUt1I2]:MPedance? [MINimumiMaXmum|DEF aull]

The syntax for these commands is shown above. 1L 18 analogous to the
gtrueture of the INPuei:iMPedunce command, which selects the input
impedance for Channels 1 and 2.

The format of this command permits independent specification of the
input impedance for Channels 1 and 2. If the optional channel
parameter is omitted, Channel 1 is assumed.

The impedance parameter is interpreted as follows:
» <value>

A numeric parameter that evaluates o a value between 40 and 60
{inclusive) sets the defanlt impedance to 50 L2, Conversely, a
numeric parameter that evaluates to a value between 900,000 and
1,100,000 (inclusive) sets the default impedance to 1 M. [Fany
other parameter vajue is entered, an error message is generated
and the current setting 18 not changed.

s odiscrete-

The MINimum and DEFaull parameters specify the low impedance
setting {50 £2). The MAXimum parameter specifies the high
impedance setting (1 MQ).

Semantics

The *RST default impedunce sewtings are retained in non-volatile
memory. These settings are restoved at power-up. If a setting cannot
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be restored, it is sel to 50 2. Channe! 1 and 2 inpul impedances are
also initialized to Lhe respective default impedances at power-up.

The *RET defaull impedance settings are not altersd by savefrecall
aperations.

Input Impedance Default Control Programming Example

The followiny segquence of commands proprams the default impedance
settings for Channels 1 and 2 to 1 MO

(DIAGIRST:INPL  IKRP KAX  !Sels *25T1T inpul lmpedence of
'channael 1 te U Mohm.

CDIAG:RST NP IMP Max  'Sevs YHST inpat lmpedance of
'Cchannel 2 bto 1 Moo,

*RET 'Helect detault lnstrament
'state; contigures | Monm inpat
limpodance

Comments

Some instrument functions may momentarily alter the current
impedance setting to perform requested vperations. For example, the
Rise Time and Fall Time measuremenls program the Channel 2
impedance setting to match the Channel 1 setting. (The previous
setting is restored when another measurement function is selected.)
I addition, the calibration process configures the input impedance to
50 €1 for both channels, This behavior should be considered when 1t i3
necessary to maintain the impedance setting in order to avoid
mismatching or potential damage to the inpul circuits,
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Option Identification Query

The Option Identification Guery {(*OT*T?) queries the instrument to

identify any repurtable oplions thatl are installed. In the HP E1420B,
the anly reportable oplion 1 Option 040 {Shared Memory).

Common Command

Syntax

The following commaon command has been addad:
*OPT?

Query Response

The query response is a seguence of ASCll-encoded bytes indicating
<shared memory uptivn:>

terminated with a newline and EOL
— The <shared memoery option= is 040,

- A missing option is identified by an ASCI1 0 (zero).

Comments

This guery should be the lasl query in a terminated program message.
If it is not, an error -440, Query UNTERMINATED after indefinite
response is generated.

Option 010 {TCXO Time Base), and Option 030 (Input 3) are nol
detectable with this query.
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