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Certification

Agilent Technologies, Inc. certifies that this product met its published specifications at the time of shipment from the factory. Agilent
Technologies further certifies that its calibration measurements are traceable to the United States National Institute of Standards and
Technology (formerly National Bureau of Standards), to the extent allowed by that organization's calibration facility, and to the
calibration facilities of other International Standards Organization members.

AGILENT TECHNOLOGIES WARRANTY STATEMENT
PRODUCT: E1412A DURATION OF WARRANTY: 1year

1. Agilent warrants Agilent hardware, accessories and supplies against defectsin materials and workmanship for the period specified
above. If Aglent receives notice of such defects during the warranty period, Agilent will, at its option, either repair or replace products
which prove to be defective. Replacement products may be either new or like-new.

2. Agilent warrants that Agilent software will not fail to execute its programming instructions, for the period specified above, due to
defects in material and workmanship when properly installed and used. If Agilent receives notice of such defects during the warranty
period, Agilent will replace software media which does not execute its programming instructions due to such defects.

3. Agilent doesnot warrant that the operation of Agilent productswill beinterrupted or error free. If Agilentisunable, within areasonable
time, to repair or replace any product to acondition as warranted, customer will be entitled to arefund of the purchase price upon prompt
return of the product.

4. Agilent products may contain remanufactured parts equivalent to new in performance or may have been subject to incidental use.

5. Thewarranty period begins on the date of delivery or on the date of installation if installed by Agilent. If customer schedules or delays
Agilent ingtallation more than 30 days after delivery, warranty begins on the 31st day from delivery.

6. Warranty doesnot apply to defectsresulting from (a) improper or inadequate maintenance or calibration, (b) software, interfacing, parts
or supplies not supplied by Agilent Technologies, (c) unauthorized modification or misuse, (d) operation outside of the published
environmental specifications for the product, or (€) improper site preparation or maintenance.

7. TOTHE EXTENT ALLOWED BY LOCAL LAW, THE ABOVE WARRANTIES ARE EXCLUSIVE AND NO OTHER
WARRANTY OR CONDITION, WHETHER WRITTEN OR ORAL, IS EXPRESSED OR IMPLIED AND AGILENT
SPECIFICALLY DISCLAIMSANY IMPLIED WARRANTY OR CONDITIONS OF MERCHANTABILITY, SATISFACTORY
QUALITY, AND FITNESS FOR A PARTICULAR PURPOSE.

8. Agilent will beliable for damageto tangible property per incident up to the greater of $300,000 or the actual amount paid for the product
that is the subject of the claim, and for damages for bodily injury or death, to the extent that all such damages are determined by a court
of competent jurisdiction to have been directly caused by a defective Agilent product.

9. TOTHE EXTENT ALLOWED BY LOCAL LAW, THE REMEDIESIN THISWARRANTY STATEMENT ARE CUSTOMER’S
SOLE AND EXLUSIVE REMEDIES. EXCEPT ASINDICATED ABOVE, INNOEVENT WILL AGILENT ORITSSUPPLIERSBE
LIABLE FORLOSS OF DATA OR FOR DIRECT, SPECIAL, INCIDENTAL, CONSEQUENTIAL (INCLUDING LOST PROFIT OR
DATA), OR OTHER DAMAGE, WHETHER BASED IN CONTRACT, TORT, OR OTHERWISE.

FOR CONSUMER TRANSACTIONSIN AUSTRALIA AND NEW ZEALAND: THEWARRANTY TERMSCONTAINED IN THIS
STATEMENT, EXCEPT TOTHE EXTENT LAWFULLY PERMITTED, DO NOT EXCLUDE, RESTRICT OR MODIFY AND ARE
IN ADDITION TO THE MANDATORY STATUTORY RIGHTSAPPLICABLE TO THE SALE OF THIS PRODUCT TO YOU.

U.S. Government Restricted Rights

The Software and Documentation have been developed entirely at private expense. They are delivered and licensed as "commercial
computer software” as defined in DFARS 252.227- 7013 (Oct 1988), DFARS 252.211-7015 (May 1991) or DFARS 252.227-7014 (Jun
1995), as a"commercial item" as defined in FAR 2.101(a), or as "Restricted computer software" as defined in FAR 52.227-19 (Jun
1987)(or any equivalent agency regulation or contract clause), whichever is applicable. Y ou have only those rights provided for such
Software and Documentation by the applicable FAR or DFARS clause or the Agilent standard software agreement for the product
involved.

IEC Measurement Category Il Overvoltage Protection
Thisis ameasurement Category |l product designed for measurements at voltages up to 300V from earth, including measurements of
voltages at typical mains socket outlets. The product should not be used to make voltage measurements on afixed electrical ingallation
including building wiring, circuit breakers, or service panels.
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Documentation History

All Editions and Updates of this manual and their creation date are listed below. Thefirst Edition of the manud is Edition 1. The Edition
number increments by 1 whenever the manual is revised. Updates, which are issued between Editions, contain replacement pages to
correct or add additional information to the current Edition of the manual. Whenever anew Edition is created, it will contain all of the
Update information for the previous Edition. Each new Edition or Update also includes arevised copy of this documentation history page.

Edition1 ....... ... ... August 1995  Edition5........... ... ... February 1998
Edition2 ....... ... ... January 1996  Edition5Rev2.................. February 2006
Edition3 ....... ... June 1996
Edition4 ....... ... ... October 1997

Trademarks

Microsoft® isa U.S. registered trademark of Microsoft Corporation
Windows NT® is aU.S. registered trademark of Microsoft Corporation
Windows® and MS Windows® are U.S. registered trademarks of Microsoft Corporation

Safety Symbols
Instruction manua symbol affixed to

product. Indicates that the user must refer to /\/ Alternating current (AC)
the manual for specific WARNING or

CAUTION information to avoid personal

injury or damage to the product. - - Direct current (DC).
& Indicates hazardous voltages.
Indicates the field wiring terminal that must

1 be connected to earth ground before
p— operating the equipment—protects agai nst

Calls attention to a procedure, practice, or
eectrical shock in case of fault.

condition that could cause bodily injury or
death.

WARNING

Calls attention to a procedure, practice, or

Frameor chassis ground termina —typically CAUTION i ;
,—Jﬁ or —I— connects to the equipment's metal frame. ggﬂ%%%%ﬁtgjrwaﬂgﬁ%ysscggzea?:ﬂ ageto

WARNINGS

The following genera safety precautions must be observed during all phases of operation, service, and repair of this product. Failure to
comply with these precautions or with specific warnings el sewhere in this manual violates saf ety standards of design, manufacture, and
intended use of the product. Agilent Technologies, Inc. assumes no liability for the customer's failure to comply with these requirements.

Ground the equipment: For Safety Class 1 equipment (equipment having a protective earth terminal), an uninterruptible safety earth
ground must be provided from the mains power source to the product input wiring terminals or supplied power cable.

DO NOT operate the product in an explosive atmosphere or in the presence of flammable gases or fumes.

For continued protection against fire, replace the line fuse(s) only with fuse(s) of the same voltage and current rating and type. DO NOT
use repaired fuses or short-circuited fuse holders.

K eep away from live cir cuits: Operating personnel must not remove equipment covers or shields. Procedures involving the removal of
covers or shields are for use by service-trained personnel only. Under certain conditions, dangerous voltages may exist even with the
equipment switched off. To avoid dangerouselectrical shock, DO NOT perform proceduresinvolving cover or shield removal unlessyou
are qualified to do so.

DO NOT operate damaged equipment: Whenever it is possible that the safety protection features built into this product have been
impaired, either through physical damage, excessive moisture, or any other reason, REM OV E POWER and do not use the product until
safe operation can be verified by service-trained personnel. If necessary, return the product to an Agilent Technologies Sales and Service
Office for service and repair to ensure that safety features are maintained.

DO NOT serviceor adjust alone: Do not attempt internal service or adjustment unless another person, capable of rendering first aid and
resuscitation, is present.

DO NOT substitute partsor modify equipment: Because of the danger of introducing additional hazards, do not install substitute parts
or perform any unauthorized modification to the product. Return the product to an Agilent Technologies Sales and Service Office for
service and repair to ensure that safety features are maintained.
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e Aai : DECLARATION OF CONFORMITY
e Agilent Technologies | ...aing o 1SONEC Guide 22 and CENICENELEC EN 45014

q

Manufacturer’s Name: Agilent Technologies, Incorporated
Manufacturer’s Address: 815 — 14" St. SW

Loveland, CO 80537

USA

Declares under sole responsibility that the product as originally delivered

Product Name: VXI Multimeter Module
Model Number: E1412A
Product Options: This declaration covers all options of the above product(s)
complies with the essential requirements of the following applicable European Directives, and
carries the CE marking accordingly:
Low Voltage Directive (73/23/EEC, amended by 93/68/EEC)
EMC Directive (89/336/EEC, amended by 93/68/EEC)
and conforms with the following product standards:
EMC Standard Limit
IEC 61326-1:1997+A1:1998 / EN 61326-1:1997+A1:1998
CISPR 11:1990 / EN 55011:1991 Group 1 Class A
IEC 61000-4-2:1995+A1:1998 / EN 61000-4-2:1995 4kV CD, 8 kV AD
IEC 61000-4-3:1995 / EN 61000-4-3:1995 3 V/m, 80-1000 MHz
IEC 61000-4-4:1995 / EN 61000-4-4:1995 0.5 kV signal lines, 1 kV power lines
IEC 61000-4-5:1995 / EN 61000-4-5:1995 0.5 kV line-line, 1 kV line-ground
IEC 61000-4-6:1996 / EN 61000-4-6:1996 3V, 0.15-80 MHz 1 cycle, 100%
IEC 61000-4-11:1994 / EN 61000-4-11:1994 1 cycle, 100%

Canada: ICES-001:1998
Australia/New Zealand: AS/NZS 2064.1

The product was tested in a typical configuration with Agilent Technologies test systems.
Safety IEC 61010-1:2001 / EN 61010-1:2001

Canada: CSA C22.2 No. 61010-1:2004

UL 61010-1: 2004

Supplementary Information:

This DoC applies to above-listed products placed on the EU market after:

4 January 2006

Date Ray Corson

Product Regulations Manager

For further information, please contact your local Agilent Technologies sales office, agent or distributor,
or Agilent Technologies Deutschland GmbH, Herrenberger Strale 130, D 71034 Boblingen, Germany.
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Chapter 1
Agilent E1412A Multimeter
Module Setup

Using This Chapter

This chapter provides one page of general module information followed by
the tasks you must perform to set up your module and verify your
installation was successful. Chapter contents are:

® Setting the Module Address Switch

® |nterrupt Priority

® Setting and Checking the Line Frequency Reference
® |nput Terminals and Front Panel Indicators

® Multimeter Functional Connections

® |nitial Operation

General Information * The E1412A (VXI C-size) Multimeter is aV X | bus message-based
, slave device.

R

® Programming the multimeter can either be through acommand module
S using an GPIB interface or an embedded controller. You use the
530 Standard Commands for Programmable Instruments (SCPI; see
20, . Chapter 3) with the Standard I nstrument Control Language (SICL) or
VISA (Virtual Instrument Software Architecture).

N
/

RO * Maximum voltage is 300 Vs 0r 300 V 4.
7 [ ] i i
() Maximum current is 3A AC,,gor DC.

M

E

5

e
\

® Resolution is from 4Y2-digits for fast measurements to 6%2-digits for
more accuracy. Resolution is set by specifying the integration timein
number of power line cycles (NPLCs) or corresponding aperture time.
Table 1-1 shows the correlation between NPL Cs and resolution.

Table 1-1. Resolution of Power Line Cycles

© o

300\

<
H
z
N
S
g
3

Power Line Cycles Resolution
i 0.02 0.0001 x Full-Scale
ZEVRMS/DC ME
=) 0.2 0.00001 x Full-Scale
“& | 1 0.000003 x Full-Scale
3novwms/bciix 10 0000001 X FU”-Scale
N 100 0.0000003 x Full-Scale
E1412A

ol
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Setting the Module Address Switch

Thelogical address switch factory setting is 24. Valid addresses are from
1to 254 for static configuration (the address you set on the switch) and
address 255 for dynamic configuration. The E1412A supports dynamic
configuration of the address. This meansthe addressis set programmatically
by the resource manager when it encounters amodul e with address 255 that
supports dynamic configuration.

If you ingtall more than one multimeter, each module must have a different
logical address. If you use a V X1bus command module, the logical address
must beamultiple of eight (e.g., 32, 40, 48, etc.) Each instrument must have
a unique secondary address which is the logical address divided by eight.

Note When using an E1405A/B or E1406A as the V XIbus resource manager
with SCPI commands, the multimeter's address switch value must be a
multiple of 8.

Logical Address
Switch Location

Logical Address = 24

CLOSED=1

1 1
oPEN=0 [0 0

8 [«
4 O
2 [~
1 oM Je

128 NI
64 [oH ]
32 (oK
16 (~[X

E1312A

Figure 1-1. Setting the Logical Address
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Interrupt Priority

The E1412A Multimeter isaV Xlbus interrupter. However, there is no
interrupt priority level setting to be made on the module. Interrupt priority
level, setup, and activation are configured on the resource manager whichis
the interface to the V X Ibus and contains any instrument drivers required to
communicate with aV X1 module. Y our resource manager could bea VXl
command modul e, embedded PC controller, the PC-based V X Link I nterface
(ISA-to-V X1), the Series 700 workstation V X 1-M X businterface or another
V XI controller. To configure the interrupt priority on the E1405B and
E1406A Command M odules, you would use the DIAGnostic:INTerrupt
command subsystem. Refer to your resource manager's documentation for
information on setting the system's interrupt priority.

Setting the Line Frequency Reference

Checking the Line
Frequency
Reference

Y ou must set the line frequency referenceto the line frequency of the power
source to your mainframe for maximum normal mode rejection (NMR).
NMR isthe multimeter'sability to reject power line frequency noiseinaDC
voltage or ohms measurement. Y ou should set the multimeter'sline
frequency reference to the exact power line frequency (50, 60 or 400Hz).
Failure to set the line frequency reference to that of your source will cause
reading errors.

Y ou use the CALibration:LFRequency command to set the line frequency
reference. The default setting at power-on is 60Hz. If you use 50Hz or
400Hz you need to set the line frequency reference for maximum NMR.
Specifying 400Hz actually setsthe line frequency reference to 50Hz since
B50Hz is a sub harmonic of 400Hz. Executing a CALibration:LFRequency?
will return +50 after executing CAL:LFR 400 to set the line frequency
reference to 400Hz.

Theline frequency reference setting is also useful when the device being
measured operates at a different frequency than the multimeter. For
example, if themultimeter hasapower linefrequency reference of 60Hz and
the device being measured has a power line frequency of 50Hz, maximum
NMR is achieved by setting the multimeter's reference frequency to 50Hz
by executing:

CAL.LFR 50
The CALibration:LFRequency? command returns the present setting of the

power line frequency reference. The command returns +50 or +60. For a
setting of 400Hz, +50 isreturned since 50Hz is a sub harmonic of 400Hz.

Chapter 1
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Front Panel Indicator

"Failed" turns on momentarily during the multimeter's power-on
self-test. If the multimeter successfully establishes internal
communication, the indicator turns off. If the multimeter fails
to establish internal communication, the indicator remains on.

"Access" turns on only when the resource manager is
communicating with the multimeter.

"Errors" turns on only when an error is present in the multimeter's
error queue. The error can result from improperly executing a
command or the multimeter being unable to pass self-test or
calibration. Use the SYST:ERR? command repeatedly to read
and clear the error queue (or use *CLS to clear the error queue
without reading the errors). A response of +0, "No error" indicates
the error queue is empty. See AppendixB," E1312A and
E1412A Multimeter Error Messages," for a list of all errors.

"Sample" turns on while the multimeter is sampling the input
for a measurement. The "Sample" indicator typically will blink.

Input Terminals

The multimeter's front panel contains terminals for connecting
input signals, receiving external trigger signals, and accessing
the voltmeter complete pulse.

NOTE: The outer shells of the "Trig" and "VM Complete"
BNC connectors are connected to chassis as is the knurled
knob above the HI terminal.

NOTE:

The E1412A front panel layout is shown in this figure;
E1312A front panel indicators and input terminal layout

is dimensionally the same as this figure.

Figure 1-2. Multimeter Measurement Terminals
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Use Banana Plugs

to connect field wiring
to the input terminals
of the Multimeter.

250 RMS/DC Max
e L

Analog
Bus Cable
Triple \
Banana Plug
Connect MUX "H”
w [to the 7I" terminal
for current
=®I@\\ ] measurements
o 1 H ] Analog bus
L | to MUX
G such as
bual b [ E1476A, or
meuao Bl E1460A (C—size)
9 L | or E1345-66201 or
C:[[ G ) E1346-66201 (B—size)

Multimeter Functional Connections

il

!

WARNING - Shock Hazard. Do not use STREE
unshrouded (bare) banana plugs as shown for
voltages over 30 Vrms or 60 VDC. For higher
voltages, use probe assemblies rated for the
appropriate voltage and equipped with shrouded
banana plugs.

04— CHANNEL
RELAY MODULE

E1460A

Figure 1-3. Switch Module Analog Bus Connections

RELAY MUX

T

6 1/2-DiGIT
MUCTIMETER

Connect shield to
chassis ground 4
to reduce noise

To prevent ground
loops, Do Not connect

Dual shield at source

Banana Plug

Twisted, shielded pair

Figure 1-4. Frequency or Period Measurement Connections
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61/2.D

jiYenaey

Foiga _pccess
@)

[Errors Sampie

250 RMs /D Max

lcusten +
Fuse

i

HT

Dual
Banana Plug

Connect shield to
chassis ground
to reduce noise

To prevent ground
loops, Do Not connect
shield at source

s
P

Twisted, shielded pair

Figure 1-5. Voltage Measurement Connections

B

61/2-DICIT
WULTMETER
FnigOAcceEs
. Signal Voltage
S Measured Reading = olonal vordge
Reference Voltage

Bana

250 RMs/DC

[Current,
Fuse

F3,15
2500

Q4 _Sense

O

to reduce noise

Connect shield to
/choss'\s ground

<{ Dual

na Plug

To prevent ground
loops, Do Not connect
shield at source

\

@j¥

Dual

Banana Plug

-l

T T
\LTW'S‘(ed, shielded pair

To prevent ground
loops, Do Not connect
shield at source

|

@J¥

Figure 1-6. Voltage Ratio (Vdc) Measurement Connections
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6 1/2-DCIT
wulTMETER

Foilsd _Access
(e]e)

oG
Erors  Somple

250 RMS/DC Max
T

[Current =
Fuse,

F3aH

eV

Null the Test Cable Resistance

Method A:

Manually characterize the cable resistance

then input the following commands.

CONF:RES 100
CALC:FUNC NULL

CALC:NULL:OFFS <cable resistance>

CALC:STAT ON

Dual

Banana Plug Current Flow

(+ to —)

Short test cable
end DuT

at

Method B: Twisted, shielded pair

Short the test cable end under program control
then automatically store the cable resistance

offset with the following commands.

CONF:RES 100
CALC:FUNC NULL
CALC:STAT ON

READ? (stores the null offset value)

Enter reading (will be 0 because the null

offset is subtracted from itself)

61/2_DCI
wulTIMETES

[e}e)
Errors Sa

230 RMS/C

lcurren,
Fuse

300!
2o/

B

T
®

Faled _Access
Q0o

mple

Max
=+

Measure the Unknown Resistance

Subsequent measurements will automatically
subtract the cable resistance (null offset)
from the measured value.

Connect shield to
chassis ground A
to reduce noise

To prevent ground
D loops, Do Not connect
val shield at source
Current Flow

(+ to 7) NE

Banana Plug

1 Cﬂ:

Unknown Resistance

PR

Twisted, shielded pair

Figure 1-7. 2-Wire Ohms Measurement Connections

L

6 1/2-DGIT

VULTMETER

N

&

—

250 RMs/C
Carrent,
Fuse

5

<

F3 11
2500

S

FE

I
I=
o
>

!

%

g
8

%

Q10
g E 4

Dual
Banana P

lug

Connect shield to
chassis ground /#
to reduce noise

shield at source

To prevent ground
[\oops, Do Not connect

NC

Dual
Banana P

lug

Unknown Resistance

i

Figure 1-8. 4-Wire Ohms Measurement Connections

Chapter 1

Agilent E1412A Multimeter Module Setup

21



Connect shield to
chassis ground A
to reduce noise

To prevent ground
loops, Do Not connect
shield at source

e
i } LJ @
!

Twisted, shielded pair

Dual
Banana Plug

G‘Vrm
Jp sims

Current Fuse
Check for blown current fuse if
you are unable to make current
measurements. Replace fuse with:
P/N 2110-0957 3.15A, 250V
(Cooper Industries, Inc. PIN GDA-3.15) ==

Figure 1-9. Current Measurement Connections

Initial Operation

To program the Multimeter using SCPI, you must select the interface
address and SCPI commands to be used. General information about using
SCPI commands is presented at the beginning of Chapter 3. See the 75000
Series C Installation and Getting Sarted Guide for interface addressing.

Note Thisdiscussion appliesonly to SCPI (Standard Commands for
Programmabl e Instruments) programming. The program is written using
VISA (Virtual Instrument Software Architecture) function calls. VISA
allows you to execute on V XIplug& play system frameworks that have the
VISA 1/0O layer installed (visa.h include file).

Programming the Example: Perform a Self-Test of the Multimeter and Read the
Multimeter Result.

Programming the multimeter using Standard Commands for Programmable
Instruments (SCPI) requires that you select the controller language (e.g., C,
C++, Basic, etc.), interface address and SCPI commands to be used. Seethe
75000 Series C Installation and Getting Sarted Guide (or equivalent) for
interfacing, addressing and controller information.

Thefollowing C program verifies communication between the controller,
mainframe and multimeter. It resetsthe module (*RST), queriesthe identity
of the module (*IDN?) and initiates a self-test of the multimeter.
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[ #include <stdio.h>

#include <visa.h>

/*** FUNCTION PROTOTYPE ***/
void err_handler (ViSession vi, ViStatus x);

void main(void)

{
char buf[512] = {0};

#if defined(_ BORLANDC_) && !defined(_WIN32_)
_InitEasyWin();
#endif

ViStatus err;
ViSession defaultRM;
ViSession dmm;

[* Open resource manager and multimeter sessions. */
viOpenDefaultRM (&defaultRM);
viOpen(defaultRM, "GPIB-VXI0::9::24", VI_NULL, VI_NULL, &dmm);

/* Set the timeout value to 10 seconds. */
viSetAttribute (dmm, VI_ATTR_TMO_VALUE, 10000);

/* Reset the module. */
err = viPrintf (dmm, "*RST/n");
if (err<VI_SUCCESS) err_handler (dmm, err);

/* Query the module identification. */
err = viPrintf(dmm, "*IDN?/n");
if (err<VI_SUCCESS) err_handler (dmm, err);
err = viScanf(dmm, "%t", buf);
if (err<VI_SUCCESS) err_handler (dmm, err);
printf ("Module ID = %s/n/n", buf);

[* Perform a module self-test. */
err = viPrintf (dmm, "™*TST?/n");
if(err<VI_SUCCESS) err_handler (dmm, err);
err = viScanf (dmm, "%t", buf);
if (err<VI_SUCCESS) err_handler (dmm, err);
printf ("Self-test response = %s/n/n", buf);

[* Check for system errors. */
err = viPrintf (dmm, "SYST:ERR?/n");
if (err<VI_SUCCESS) err_handler (dmm, err);
err = viScanf (dmm, "%t", buf);
if (err<VI_SUCCESS) err_handler (dmm, err);
printf ("System error response = %s/n/n", buf);

} ¥ end of main */

[*** Error handling function ***/

void err_handler (ViSession dmm, ViStatus err)

{
char buf[1024] = {0};

viStatusDesc (dmm, err, buf);
printf ("ERROR = %s/n", buf);
return;

k }

)

Chapter 1
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Chapter 2
Agilent E1412A Multimeter Application
Information

Using This Chapter

This chapter provides multimeter application information in five parts.

® Measurement Tutorial.

® Measurement Configuration.

® Math Operations.

® Triggering the M ultimeter.

® E1412A Multimeter Application Examples.

Measurement Tutorial

The E1412A is capable of making highly accurate measurements. In order
to achieve the greatest accuracy, you must take the necessary steps to
eliminate potential measurement errors. This section describes common
errorsfound in measurements and gives suggestions to help you avoid these
errors.

DC Voltage Measurements

Thermal EMF  Thermoelectric voltages are the most common source of error in low-level
Errors dc vol tage measurements. T_hermpel_ec_tri c voltages are generated when you

make circuit connections using dissimilar metals at different temperatures.
Each metal-to-metal junction forms a thermocouple, which generates a
voltage proportional to the junction temperature. Y ou should take the
necessary precautions to minimize thermocouple voltages and temperature
variati