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Caution

A Do not exceed the operating input power, voltage, and current
level and signal type appropriate for the instrument being used, refer to
your instrument's Function Reference.

A . Electrostatic discharge(ESD) can damage the highly sensitive

microcircuits in your instrument. ESD damage is most likely to occur as
the test fixtures are being connected or disconnected. Protect them from
ESD damage by wearing a grounding strap that provides a high
resistance path to ground. Alternatively, ground yourself to discharge any
static charge built-up by touching the outer shell of any grounded
instrument chassis before touching the test port connectors.



Safety Summary

When you notice any of the unusual conditions listed below, immediately
terminate operation and disconnect the power cable.

Contact your local Keysight Technologies sales representative or
authorized service company for repair of the instrument. If you continue
to operate without repairing the instrument, there is a potential fire or
shock hazard for the operator.

- Instrument operates abnormally.

- Instrument emits abnormal noise, smell, smoke or a spark-like
light during operation.

- Instrument generates high temperature or electrical shock
during operation.

- Power cable, plug, or receptacle on instrument is damaged.

- Foreign substance or liquid has fallen into the instrument.



Herstellerbescheinigung

GERAUSCHEMISSION

LpA <70 dB

am Arbeitsplatz
normaler Betrieb
nach DIN 45635 T. 19

Manufacturer’s Declaration
ACOUSTIC NOISE EMISSION

LpA < 70 dB
operator position
normal operation
per ISO 7779



Regulatory compliance information

This product complies with the essential requirements of the following applicable European Directives, and

carries the CE marking accordingly:

The Low Voltage Directive 73/23/EEC, amended by 93/68/EEC
The EMC Directive 89/336/EEC, amended by 93/68/EEC

To obtain Declaration of Conformity, please contact your local Keysight Technologies sales office, agent

or distributor.



Safety notice supplement

* This equipment complies with EN/IEC61010-1:2001.

* This equipment is MEASUREMENT CATEGORY I (CAT I). Do not use for CAT II, III, or IV.
* Do not connect the measuring terminals to mains.

= This equipment is POLLUTION DEGREE 2, INDOOR USE product.

= This equipment is tested with stand-alone condition or with the combination with the accessories supplied

by Keysight Technologies against the requirement of the standards described in the Declaration
of Conformity. If it is used as a system component, compliance of related regulations and safety

requirements are to be confirmed by the builder of the system.






NOTICE: This document contains references to Agilent
Technologies. Agilent’s former Test and Measurement
business has become Keysight Technologies. For more
information, go to www.keysight.com.
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Notices

FIRMWARE REVISIONS/SERIAL NUMBERS
This manual applies directly to instruments that have the firmware revision A.01.01. For
additional information about firmware revisions and serial numbers, see Appendix A.

Theinformation contained in this document is subject to change without notice.

This document contains proprietary information that is protected by copyright.All rights
arereserved. No part of this document may be photocopied, reproduced, or trandated to
another language without the prior written consent of Keysight Technologies.

Microsoft ,MS-DOS ,Windows ,Visual C++ ,Visua Basic ,VBA and Excel are
registered

UNIX isaregistered trademark in U.S. and other countries, licensed
exclusively through X/Open Company Limited.

Portions Copyright 1996, Microsoft Corporation. All rights reserved.
© Copyright 2008, 2014 Keysight Technologies

Manual Printing History

The manual’s printing date and part number indicate its current edition. The printing date
changes when anew edition is printed (minor corrections and updates that are incorporated
at reprint do not cause the date to change). The manual part number changes when
extensive technical changes are incorporated.

December 2008  First Edition (part number: E4981-90000)
August 2014 Second Edition (part number: E4981-90000)




NOTE

NOTE

WARNING

Safety Summary

The following general safety precautions must be observed during all phases of operation,
service, and repair of thisinstrument. Failure to comply with these precautions or with
specific WARNINGS elsewhere in this manual may impair the protection provided by the
equipment. Such noncompliance would also violate safety standards of design,
manufacture, and intended use of the instrument. Keysight Technol ogies assumes no
liability for the customer’s failure to comply with these precautions.

The E4981A complieswith INSTALLATION CATEGORY Il aswell as POLLUTION
DEGREE 2 in IEC61010-1. The E4981A isan INDOOR USE product.

The LEDsin the E4981A are Class 1 in accordance with |EC60825-1,
CLASS 1 LED PRODUCT

* Ground the Instrument

To avoid electric shock, the instrument chassis and cabinet must be grounded with the
supplied 3-pole power cable’s grounding prong.

e DO NOT Operate in an Explosive Atmosphere

Do not operate the instrument in the presence of inflammable gasses or fumes.
Operation of any electrical instrument in such an environment clearly constitutes a
safety hazard.

e Keep Away from Live Circuits

Operators must not remove instrument covers. Component replacement and internal
adjustments must be made by qualified maintenance personnel only. Do not replace
components with the power cable connected. Under certain conditions, dangerous
voltage levels may remain even after the power cable has been disconnected. To avoid
injuries, always disconnect the power and discharge circuits before touching them.

e DO NOT Service or Adjust the Instrument Alone

Do not attempt internal service or adjustment unless another person, capable of
rendering first aid and resuscitation, is present.

e DO NOT Substitute Parts or Modify the Instrument

To avoid the danger of introducing additional hazards, do not install substitute parts or
perform unauthorized modifications to the instrument. Return the instrument to a
Keysight Technologies Sales and Service Office for service and repair to ensure that
safety features are maintained in operational condition.

« Dangerous Procedure Warnings

Warnings in this manual, such as the example below, precede potentially dangerous
procedures. Instructions contained in the warnings must be followed.

Dangerous voltage levels, capable of causing death, are present in thisinstrument.
Use extreme caution when handling, testing, and adjusting thisinstrument.
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Safety Symbols

General definitions of safety symbols used on the instrument or in manuals are listed
below.

Instruction Manual symbol: the product is marked with this symbol when it is necessary for
the user to refer to the instrument manual.

Alternating current.

Direct current.

On (Supply).

Off (Supply).

In-position of push-button switch.

Out-position of push-button switch.

A chassisterminal; a connection to the instrument’s chassis, which includes all exposed
metal structure.

Stand-by.

Thiswarning sign denotes a hazard. It calls attention to a procedure, practice, or
condition that, if not correctly performed or adhered to, could result in injury or
death to personnel.

This Caution sign denotes a hazard. It calls attention to a procedure, practice, or condition
that, if not correctly performed or adhered to, could result in damage to or destruction of
part or al of the instrument.

This Note sign denotes important information. It calls attention to a procedure, practice, or
condition that is essential for the user to understand.




IMPORTANT

Certification

Keysight Technologies certifies that this product met its published specifications at the
time of shipment from the factory. Keysight Technologies further certifiesthat its
calibration measurements are traceable to the United States National Institute of Standards
and Technology, to the extent allowed by the Institution’s calibration facility or by the
calibration facilities of other International Standards Organization members.

Warranty

This Keysight Technologies instrument product is warranted against defects in material
and workmanship for a period corresponding to the individual warranty periods of its
component products. Instruments are warranted for a period of one year. During the
warranty period, Keysight Technologieswill, at its option, either repair or replace products
that prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated
by Keysight Technologies. The buyer shall prepay shipping charges to Keysight
Technologies, and Keysight Technologies shall pay shipping charges to return the product
to the Buyer. However, the Buyer shall pay al shipping charges, duties, and taxes for
products returned to Keysight Technol ogies from ancther country.

Keysight Technologies warrants that its software and firmware designated by Keysight
Technologies for use with an instrument will execute its programming instruction when
properly installed on that instrument. Keysight Technol ogies does not warrant that the
operation of the instrument, or software, or firmware, will be uninterrupted or error free.

Limitation of Warranty

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

No other warranty is expressed or implied. Keysight Technologies specifically disclaims
the implied warranties of merchantability and fitness for a particular purpose.




Exclusive Remedies

The remedies provided herein are the Buyer’s sole and exclusive remedies. Keysight
Technologies shall not be liable for any direct, indirect, special, incidental, or
consequential damages, whether based on contract, tort, or any other legal theory.

Assistance

Product maintenance agreements and other customer assistance agreements are available
for Keysight Technologies products.

For any assistance, contact your nearest Keysight Technologies Sales and Service Office.
Addresses are provided at the back of this manual.

Typeface Conventions

Bold Boldface typeis used when aterm is defined. For
example: icons are symbols.

Italic Italic typeis used for emphasis and for titles of
manuals and other publications.

[Key] Indicates the hardkey whose key label is Key.

[Key] - ITEM Indicates a series of key operationsin which you

press the [Key] key, select the item called ITEM
(softkey or field name) on the displayed menu
using the cursor, and then press the softkey.




E4981A Documentation M ap

The following manuals are available for the E4981A.

Operation Manual (Keysight P/N: E4981-90000)

Most of the basic information necessary for using the E4981A is provided in the
Operation Manual. It describes installation, preparation, measurement operation
including calibration, performances (specifications), and error messages. For SCPI
programming, see the Programming Manual.

Programming Manual (Keysight P/N: E4981-90001)

The Programming Manual shows how to write and use the VBA program to control the
E4981A.
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Unpacking and Preparation

This chapter describes how to set up and start the Keysight E4981A Capacitance Meter.
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Unpacking and Preparation

Contents of this
Chapter

o Checking the Shipment on page 19
After you receive the E4981A, check all theitems in the packing container.
o Environmental Requirements on page 20

Describes the system requirements needed to install the E4981A and how to
secure space for heat radiation.

o How to Remove the Handle on page 23
Shows how to attach and remove the handle.
0 Preparations before Use on page 25

Shows how to check the power supply as well as check and connect the power
cable. This section also describes how to deal with ablown fuse.

o Starting the E4981A on page 27

Describes how to turn on/off the power switch and cut off the power supply.
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Unpacking and Preparation
Checking the Shipment

I
WARNING
Sep 1.
NOTE
Sep 2.
Sep 3.
Sep 4.

Checking the Shipment

After you receive the E4981A, carry out checks during unpacking according to the
following procedure.

If the exter nal face of the Capacitance meter (such asthe cover, front/rear panel, LCD
screen, power switch, and port connector s) appear sto have been damaged during
transport, do not turn on the power switch. Otherwise, you may get an electrical
shock.

Check that the packing box or shock-absorbing material used to package the Capacitance
meter has not been damaged.

If the packing box or shock-absorbing material has been damaged, leave the packing box
and shock-absorbing material asis until other inspection items are checked as follows:

Check the packaged items supplied with the Capacitance meter for any damage or defects.

By referring to the packing list, check that all packaged items supplied with the
Capacitance meter have been provided as per the specified options.

After checking, if one of the following applies, contact your nearest Keysight Technologies
sales and service office.

1. The packing box or shock-absorbing material used to package the Capacitance meter
has been damaged or the shock-absorbing material displays traces of where extreme
pressure has been applied.

2. A packaged item supplied with the Capacitance meter has mechanical damage or
defects.

3. A packaged item supplied with the Capacitance meter is missing.
4. A fault has been detected in the subsequent operation check of the Capacitance meter.

If an abnormality is detected in Step 1, contact the company that transported the
Capacitance meter as well as your nearest Keysight Technologies sales and service office.
For inspection by the transport company, save the packing box, shock-absorbing material,
and packaged items as you received them.

Chapter 1 19
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Unpacking and Preparation
Environmental Requirements

Environmental Requirements

Set up the E4981A where the following environmental requirements are satisfied.

Operating Environments

Ensure that the operating environment meets the following requirements.

Table 1-1
Temperature 0-Cto45C
Temperature range at calibration 23.C £ 5.C (<1-C deviation from the temperature when
performing calibration)
Humidity (< 40-C, no 15% to 85% RH
condensation)
Altitude 0to 2,000 m (0 to 6,561 feet)
Vibration Max. 0.5 G, 5 Hz to 500 Hz
CAUTION The environmental requirements listed above are NOT for the specifications and

measurement accuracy of the E4981A, but for its operating environment.
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Figure1-1

Unpacking and Preparation
Environmental Requirements

Ventilation Requirements

To ensure that the safety requirements, the specifications, and the measurement accuracy of
the Capacitance meter are met, you must maintain the environmental temperature to within
the specified range by providing an appropriate cooling clearance around the Capacitance
meter or, for the rack-mounted type, by forcefully air-cooling inside the rack housing. For
more information on environmental temperatures that satisfy the specifications and
measurement accuracy of the Capacitance meter, see Chapter 10, “ Specifications and
Supplemental Information,” on page 177.

The Capacitance meter conforms to the requirements of the safety standard.When the
environmental temperature around the Capacitance meter is kept within the temperature
range of the operating environment specifications (“ Operating Environments’ on page 20).

The Capacitance meter still conforms to the requirements of the safety standard it is
installed with the following cooling clearance:

Requirements

Back 180 mm

Sides 60 mm (both right and eft)

Ventilation space at installation

=180 mm

His

e4981aue0023
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Figure1-2

Unpacking and Preparation
Environmental Requirements

Protection Against Electrostatic Dischar ge (ESD)

Figure 1-2 shows the setup for a static-safe work station to protect the electronic

components from damage by electrostatic discharge (ESD).

Example of a static-free work station

Building
Ground

1 MegOhm
Resistor =

&
Y z Table r\@
J

€5070agen07

Ensuring Adequate Free Space around the Capacitance meter for
| mmediate Disconnection of the Power Cablein Case of Emergency

As described in “ Disconnecting from the Supply Source” on page 28, the plug attached to
the power cable serves as the disconnecting device (device that cuts off the power supply)
for the E4981A. When installing the E4981A, ensure that there is sufficient free space
around the unit to permit quick disconnection of the plug (from the AC outlet or the

E4981A unit) in case of emergency.

22
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Unpacking and Preparation
How to Remove the Handle

How to Removethe Handle

A handle kit is attached to the E4981A Option 600. When using the E4981A with the
rack-mount kit, remove the handle according to the following steps.
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Figure1-3 How to removethe handle

e4981aue0021

Sep 1. Lift the handle perpendicular to the unit while pulling it in the direction of 1.

Sep 2. While pulling the handle in the direction of 1, lift towards 2.

NOTE Install the handle with 3 facing toward the front. Installing the handl e the other way around
may damage it.
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Unpacking and Preparation
Caution when Using the Handle

Caution when Using the Handle

Follow the instructions below when using the E4981A’s handle, otherwise you may get
your fingers caught in the handle or the E4981A may fall and be damaged

*  Whenthe handleisset up as shown in Figure 1-4, do not put any additional weight onto
the E4981A or lift it suddenly.

* Do not touch the handle while the DUT is attached.

Figure1-4 The handlein the set-up position

e4981aue0022
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Unpacking and Preparation
Preparations before Use

Preparations before Use

Verifying the Power Supply
Confirm that the power supplied to the E4981A meets the following requirements:
Table 1-2

Requirements

Voltage 90 to 264 Vac

Frequency 47t0 63 Hz

Maximum power consumption | 150 VA

A Setting up the Fuse

Please use the following fuse type.

UL/CSA type, Slo-Blo, 5020-mm miniature fuse, 3 A, 250 V (Keysight part number
2110-1017)

When you need a fuse, contact your nearest Keysight Technologies sales and service
office. To verify and replace the fuse, remove the power cable and pull out the fuse holder.

Figure 1-5 Fuse Holder and Power Cable Receptacle

service frained personnel.

Power Cable Inlet

Fuse holder

e4981aue0020
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Sep 1.
WARNING

Step 2.
WARNING
NOTE

Unpacking and Preparation
Preparations before Use

Verifying and Connecting the Power Cable

The three-wire power cable attached to the E4981A has one wire serving as a ground.
Using this power cable allows the E4981A to be grounded, thereby protecting you against
electrical shock from the power outlet.

Confirm that the power cableis not damaged.

Never use a power cable showing any sign of damage. Faulty cables can cause electric
shock.

Use the supplied cable to connect the power cable receptacle on the real panel of the
E4981A to athree-wire power outlet with the grounding prong firmly held in the ground
slot.

Usethe supplied three-wire power cablewith a grounding wireto securely ground the
E4981A.

A 3p-2p conversion adapter is not supplied with the Capacitance meter. When you need a
3p-2p conversion adapter, contact your nearest Keysight Technologies sales and service
office listed in the back of this manual.

Power cord list, 16000-99101 shows the power cable options.
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Table 1-3

Sep 1.

Sep 2.

Sep 3.

Sep 1.

Unpacking and Preparation
Starting the E4981A

Sarting the E4981A

This section describes how to turn on/off the E4981A power and how to cut off the power
supply in an emergency.

Turning the Power ON and OFF

Turning the Power ON

The ON and OFF status of the power switch (' iis confirmed by the color of the ()
switch.

Color of thelight Satus of the power

Orange Power off

Yellow-green Power on

Light off Power off (The power supply is cut off)

Confirm that the power switch light () inthe lower-left part of the front panel islitin
orange. If the light is off, the power supply may also be off.

Press the power switch. When the light of the power switch turns yellow-green, the power
isturned ON and the E4981A starts the self-test.

The self-test takes approx. 30 seconds.
Confirm that the self-test indicates normal operation.

Normal operation is confirmed by the self-test if no error message appears.

Turning the Power OFF
Follow the method below to turn the power OFF.

Press the power switch O inthe lower-left part of the front panel.

NOTE

Do not turn the power OFF while saving into or recalling from the internal memory of the
E4981A or the USB memory. Doing so may clear the contents from the memory.

Chapter 1 27
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NOTE

Unpacking and Preparation
Starting the E4981A

Disconnecting from the Supply Source

The plug attached to the power cable (on the power outlet side or device side of the cable)
serves as the disconnecting device (device that cuts off the power supply) of the E4981A.
When the power supply must be cut off to avoid such danger as electric shock, pull out the
power cable’s plug (on the power outlet side or device side of the cable).

To allow this operation to be performed smoothly, be sure to follow the guidelinesin
“Ensuring Adeguate Free Space around the Capacitance meter for Immediate
Disconnection of the Power Cable in Case of Emergency” on page 22.

When turning the power OFF under normal circumstances, always follow the methods
described in “Turning the Power OFF” on page 27.

28 Chapter 1



MBINIBAQ 2

Overview

This chapter provides the basic procedures for operating the E4981A and describes names
and functions of the front panel, rear panel, and screen display.

29



Overview
Product Introduction

Product Introduction

The Keysight E4981A is a capacitance meter for ceramic capacitor production tests. The
E4981A isused for evaluating ceramic capacitance at frequencies 120Hz , 1kHz to IMHz
and test signal levels (0.1 mV to 1 V).

The E4981A offers C-D measurement with abasic accuracy of £0.07% (C), £0.0005 (D) at

all frequencies with seven-digit resolution (the dissipation factor resolution is 1-210°) in
every range.

With its built-in comparator, the E4981A can output comparison/decision results for
sorting components into a maximum of ten bins. Furthermore, by using the handler
interface and scanner interface, the E4981A can be easily combined with a component
handler, a scanner, and a system controller to fully automate component testing, sorting,
and quality-control data processing.

The GPIB/LAN/USB interfaces are standard on the E4981A and enable automatic testing.
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Figure2-1

Overview
Front Panel: Names and Functions of Parts

Front Panel: Names and Functions of Parts

This section describes the names and functions of the parts on the E4981A’s front panel.
For more details on the functions displayed on the LCD screen, see “ Screen Area: Names
and Functions of Parts’ on page 37.

Front panel

5.Cursor Key
6.Entry Key 10.Front USB Port

7.Preset Key 2.LCD Display
8.Trigger Key 3.Soft Key

.Synchronous Clock

4 Menu Key 11.Ground Terminal

9.UNKNOWN Terminal

1.Power Switch

e45981aue0036

1. Power switch

Used for choosing between power-on and -off states of the E4981A. When turned on, the
switch lights up in yellow-green and all operating voltages are applied to the instrument.
When turned off, the switch lights up in orange and no operating voltages are applied to the
instrument.

2.LCD

The Liquid Crystal Display (LCD) displays measurement results, test conditions, etc.

NOTE

Occasionally there are missing pixels or constantly lit pixels, but thisis not amalfunction
and does not affect the performance of your product.

3. Softkeys

Five softkeys are used to select measurement conditions and parameter functions. Each
softkey has a softkey label along itsleft side.

Chapter 2 31
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NOTE

Overview
Front Panel: Names and Functions of Parts

4. Menu keys

Menu selection keys are used to access the corresponding sel ection of instrument controls.
Table 2-1

[Display Format] key Displays measurement results and selections.

[Meas Setup] key Sets measurement conditions, a correction function,
contact check function, and limit values for BIN sorting.

[Recall A] key Recalls the setting information on internal memory 0.

[Recdl B] key Recalls the setting information on internal memory 1.

[Save/Recall] key Saves and recalls the setting information. Saves
measurement results and screen images.

[System] key Sets the system. Setsthe GPIB/LAN/USB interface.
Performs a self-test.

[Local/Lock] key Locks and unlocks hard keys and softkeys on the front
panel.

5. Cursor keys

Keys used to move the field select cursor from field to field on a displayed page. When the
cursor is moved to a certain field, that field changes to an inverse video image of the
original field. The cursor can only be moved from field to field.

For the skip key, refer to the “How to Use Skip Keys’ on page 40.

6. Entry keys

Keys used to enter numeric datainto the E4981A. The entry keys comprise the digits 0 to
9, aperiod (.), and a plugminus (+/-) sign. Entered values are displayed on the input line
(second line from the bottom of the LCD screen), and pressing the softkey terminates
numeric input. The plus/minus key deletes the last character of the input value.

7. Preset key

A key used to return the Capacitance meter to the initial setup state. There are three
methods for initialization. For details, refer to “Initializing the Instrument” on page 45.

8. Trigger key

A key used to manually trigger the E4981A when it is set to the manual trigger mode.

9. UNKNOWN terminals

These arethe UNKNOWN terminals used to connect afour-terminal pair test fixture or test
leads for measuring the device under test (DUT).

When using afour-terminal pair test fixture or test leads with a stopper, remove the stopper
or the bumper of the E4981A.
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CAUTION

NOTE

NOTE

Overview
Front Panel: Names and Functions of Parts

Do not apply DC voltage or current to the UNKNOWN terminals. Applying DC voltage or
current may lead to device failure. Connect the measurement sample (DUT) to the test port
(or the test fixture, cables, etc. connected to the test port) after the Capacitance meter has
been completely discharged.

The maximum load the UNKNOWN terminals can withstand is 10 kgf (nominal).
The test ports comply with Installation Category | of IEC 61010-1.

10. Front USB port

This port is used to save datain a USB memory.
Connector types: Universal Serial Bus (USB) Jack, Type A (four contact points), Female.
Compliance Standards: USB 1.1
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Do not connect any device other than a USB memory to the USB port. We do not support
connections to the USB port of printers, devices with a built-in HDD, or USB hubs. To
print a screen, refer to “ Saving a Screenshot into USB Memory” on page 100.

Do not unplug the USB memory while the USB indicator is on.

USB memory type

Use USB memory that is USB mass-storage-class compliant and formatted with FAT16 or
FAT32. For pointsto notice, refer to “USB Memory Notes’ on page 89.

Interface: USB 1.1

11. Ground terminal
Connected to the chassis of the E4981A.

12. Synchronous Clock

Theinternal clock signal is outputted.
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Overview
Rear Panel: Names and Functions of Parts

Rear Panel: Names and Functions of Parts

This section describes the names and functions of the parts on the E4981A’s rear panel.

Rear panel

1.Handler 8.Scanner 9.GPIB
Interface Interface Interface 7.Fan

3.LAN Port 5.Serial Number Plate
2.USB(USB TMC) 4 External Trigger 6.Power Cable
Interface Port Input Connector Receptacle

e4081aue0037

1. Handler Interface

Thisinterface isfor data exchange with an automatic machine (handler) used on a
production line.

Connector type: 36-pin Centronics

2. USB (USBTMC) Interface Port

Through this port, you can control the E4981A viaexterna controllers.

Connector Types: Universal Serial Bus (USB) jack, type mini-B (five contact points),
Female Compliance Standards: USBTMC-USB488 and USB2.0

The USB port of the E4981A provides (screw holes) to secure the USB cable with a

custom make bracket. The figure describes the dimension required for the custom bracket.
The distance between the surfaces of the rear panel and USB connector is 2mm. The length

of the screw should be less than 10mm.
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NOTE

Overview
Rear Panel: Names and Functions of Parts

Example of fixing USB connector

USB Connector A

- =

RearFane! The length of screw should be lessthan 10mm.

ed4981aue0DI6

3. LAN Port

The port to connect the E4981A to aLAN (Loca Area Network). Connecting this
instrument to a LAN enables you to control thisinstrument by using SICL-LAN or telnet,
or from an external PC viaaWeb server.

Thisiscompliant with LXI standard (LAN eXtensions for Instrumentation): version 1.2
ClassC.

Connector type: 8-pin RJ-45 connector

Compliance Standard: 10Base-T/100Base-TX Ethernet (automatic data rate selection)

4. External Trigger Input Connector

The BNC connector to input the positive/negative TTL pulse to trigger the E4981A with
externa trigger signals.(The trigger mode must be set to EXTernal.)

5. Serial Number Plate

The seal showing the product’s serial number.

6. Power Cable Receptacle (to LINE)

The receptacle (outlet) to which the power cable is connected.

To connect the device to a power source (outlet), use the supplied three-prong power cable
with aground conductor.

The plug attached to the power cable (on the power outlet side or device side of the cable)
serves asthe E4981A’ s disconnecting device (device that cuts off the power supply). When
the power supply must be cut off to avoid such danger as electric shock, pull out the power
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Overview
Rear Panel: Names and Functions of Parts

cable plug (on the power outlet side or device side of the cabl€). For the procedure for

turning off the power in normal use, see the descriptionin “1. Power switch” on page 31.

For more on the power supply, see “Verifying the Power Supply” on page 25.

7. Fan

The cooling fan for controlling the temperature inside the E4981A. Thisfan extracts heated
air from inside the Capacitance meter.

8. Scanner Interface

The interface to connect a scanner to perform up to 256 sets of multi-channel corrections
and measurements.

Connector type: 14-pin Amphenol

9. GPIB Interface Connector

General Purpose Interface Bus (GPIB). The connection of an external controller and other
devices through this connector allows you to configure an automatic measurement system.
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Screen Area: Names and Functions of Parts

Screen Area; Names and Functions of Parts

This section describes the names and functions of parts on the E4981A’s LCD screen.

Figure 2-3 Screen display
1. Display Page Area 2. Comment Line Area
CIEAS DISPLAT HEAS 3. Softkey
FUNC  Cp-  RAMBE  AUTD EiCs Area
FREN 1 kHz LEWEL 1Y BIN )
MEAS TIME & Mo. o)
4. Measurement é
] —_ BIN =
Data/Condition Area Cp 171.1202 |]F COUNT =
i] 0.2 [ )
Wron 29,4615 WY IMON - 137,541 pé
CH  SINGLE DISPLAY
CORR  @m,OPEN ELAMK
/' - 7. Status
5. Input Line =] softlcegs. to select Display Area
Area
6. System Message Area
e4981 auedii 7

1. Display Page Area
Shows adisplay page name of the current display page.

2. Comment Line Area

You can input up to 30 charactersin ASCII format by using the front panel or the
DISPlay:LINE command of the SCPI command. The first 22 characters are displayed in
this area.

Comment line is displayed on MEAS DISPLAY, BIN No. DISPLAY, BIN COUNT
DISPLAY and MEAS SETUP display page.

For the input method in the comment line, refer to “ Inputting Comment ling” on page 61.

3. Softkey Area

Displays softkey labels corresponding to the field.

A » displayed to the right of a softkey indicates that pressing that softkey will display the
softkey label onelevel lower.

Pressing the Return key when the lower level softkey label is displayed will display the
softkey label onelevel higher. In this case, a « isdisplayed on the label to the left of the
Return key.
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Figure2-4

Overview
Screen Area: Names and Functions of Parts

Softkey Area

——

e4981aue0018

4. M easurement Data/Conditions Area

Displays measurement conditions and measurement results.

5. Input Line Area

Displays numeric values entered with the entry key.

6. System M essage Area

Displays a system message, warning, and an error message.

7. Satus Display Area

When the front panel key islocked, “LOCK” isdisplayed in this area. When sending SCPI
commands from an external controller, “RMT"” is displayed and the front panel keys are
locked. When E4981A accesses the USB memory, “USB” isdisplayed in this area.
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Basic Operation

Basic Operation
The E4981A s basic operations are described bel ow:

1. Display the desired page using both the MENU keys and softkeys.

2. Movethe cursor to the desired field using the cursor keys. When the cursor ismoved to
acertain field, the field changes to an inverse video image of the original. The cursor
can be moved from field to field (right and left or up and down).

3. The softkey labels corresponding to the field indicated by the cursor are displayed
automatically. Press the desired softkey.

Use the entry keys to input numeric data. When one of the entry keys s pressed, the
softkeys will change to the available unit softkeys. Pressing these unit softkeys
terminates numeric input.

The unit changes according to the field selected.
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How to Use Cursor Keys

Move the cursor to the desired field using the cursor keys as shown in Figure 2-5.

Figure 2-5 Cursor keysand a field operation example
(Ecrs )
E e
""""""""" — ® AUTO
FUNC iCpoRd ™= RANGE hITO
FREQ Tkiz @ vl 1w HOLD
MEAS TINE 8

Cp -30.43195 pF |ice-
Rp -212.6291 kQ |oe:-

YHON 26,3827 v IMON 124.181 ph
CH  SINGLE
CORR  Bm,0PEN

Enter value or select

(OO CHC)

h.

e4981aue0019
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Figure 2-6

Overview
Basic Operation

How to Use Skip Keys

The following describes how to use a skip key.

On adisplay page, three lines are collected together as one. By using a skip key, you can

select the desired field quickly as the selected field moves from areato area.

Skip key and a field operation example

<MEAS SETUP>
FUNC Cp-D

TRIG T
TRIG DLY @ s )
ALC OFF

@

LOW C REJ
DEY &  OFF
B OFF

FREQ 1 kHz LEV! LX)
MEAS TINME 6___ W 1

USER COMMENT
RANGE _AUTD

SYNC SRC OFF

SRC OLY 8 s

FREQ SHFT @ %

REF CLK  INT

REF # aF
B 2

OFF

INCR +

DECR -

‘Enter value or select

[olololele)

press twice skip key

€4981auj0003
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Getting Started

This chapter describes the basic operations of the Keysight E4981A. “Key Operation
Basics” explains how to use the basic key operations. “Learning Basic M easurement
Procedure” describes how to take basic measurements of capacitors (capacitance) with the
E4981A.
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Sep L.
Sep 2.
Sep 3.

NOTE

Getting Started
Key Operation Basics

Key Operation Basics
Three types of operations can take place when you press afront panel key of the E4981A:

* A single key press completes the operation.
* A menu (for item selection) appears on the screen.
« A value entry screen appears.

The basic operation for each case is described below:

A single key press completesthe operation

Single-key operation turns ON/OFF the function or changes the setup. Specifically, each
key press turns the setup ON/OFF. Two examples are given below:

» Pressing [Recall A] key recalls configuration states from register O.
» Pressing [Local/Lock] key locks and unlocks hard keys and softkeys on the front panel.

A menu (for item selection) appear s on the screen

In this case, pressing akey changes the display of softkey areafor selecting items. Use the
cursor keys or menu keys to change the selection. When the desired item is selected, press
the softkey to confirm the selection. An exampleis given below.

Press the [Meas Setup] key.
Use the cursor keysto select TRIG field.

Press the MAN softkey to set the trigger type to manual.

A value entry screen appears

In this case, pressing a key changes the screen display from the measurement screen to the
value entry screen. Use the following keys to enter avalue:

*  Entry ([0], [1], [2], [3], [4], [5], [6], [7], [8], [9], [] (decimal point), and [+/-]
(plus/minus)) keys

o Softkeys

How to use each key is described below.
Entry keys
Keys used to enter avalue. The [+/- <-] key deletes the last character of the input value.

Softkeys
Use this key to terminate the input.
You can enter values by using only the entry keys and the softkeys. However, depending on

the instrument setup state when you try to enter avalue, some of these keys may be
unavailable.
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Sep 1.
Sep 2.

Figure 3-1

Sep 3.

Getting Started
Key Operation Basics

Example of operation used to enter avalue

To learn how to enter avalue, follow the steps below to change the measurement range
setup the measurement range of 220 pF (when the measurement frequency is 1 kHz) in the
following two ways:

* entry using the numeric keys and softkey, and

e entry using only the softkeys.

Each procedure is described below.

Pressthe [Meas Setup] key.

Use the cursor keysto select the RANGE field, as shown in Figure 3-1.

M easurement setup screen

<HEAS SETUP> USER COMMENT
AUTO

FUMC Cp-D RANGE B

FREQ 1 kHz LEVEL 1Y

MEAS TINE 2 G 1 HLD

TRIG INT SYNC SRC OFF

TRIG DLY @ s SRC DLY 18 ms INCR +

ALC o FREQ SHFT @ %

LOW C REJ OFF REF CLK  EXT

DEV A 4BS REF 4  12.8915 pF | DECR =

B ahBS B -178.521 m

Enter walue or select
e4981auj0015

Enter 220 pF.
Entry using the numeric entry keys and softkeys:

When dataiis entered with the numeric entry keys, the softkeys change
to units labels (pF, nF, uF, mF, F).

Pressthe[2] key, [2] key, and [0] key. Then, press the pF softkey.
Entry using only the softkeys:

Softkey Description

INCR+ Increments the measurement range in the
HOLD mode.

DECR- Decrements the measurement range in the
HOLD mode.
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CAUTION

Figure 3-2

Getting Started

Learning Basic Measurement Procedure

L ear ning Basic M easurement Procedure

This section describes the procedure used to measure a capacitor with the test fixture. This
description isintended to help you learn the basic measurement procedure of the E4981A.

Connecting test fixture

To avoid failure, do not apply DC voltage or current to the UNKNOWN terminal. Special
care must be taken for capacitors because they may be charged. Fully discharge DUTs
before connecting them to the UNKNOWN terminal (or the test fixture).

It isdifficult to connect the DUT (capacitor) directly to the E4981A. Therefore, atest
fixtureis generally used to connect the DUT to the E4981A. Use the test fixture that is
suitable for the shape of the DUT. Figure 3-2 shows an example of making a connection by
using the 16034G, which is suitable for measuring chip capacitors.

Connecting test fixture (16034G)

UNKNOWN terminal

ggg9d

Test fixture

Turn the lever clockwise.

Step 2

4288a0e024
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Getting Started
Learning Basic Measurement Procedure

Setting up basic measurement conditions

This section describes how to set up basic measurement conditions for capacitor
measurement. For an actual measurement (for example, measurement that provides better
accuracy or measurement based on measurement time), you need to set up measurement
conditions that are appropriate to the task, not necessarily those described here.
Initializing the Instrument

This section describes how to return the settings of the E4981A to their preset values.
Sep 1. Press|[Preset] key.
Sep 2. Use the softkeys to select one of the following four default states:
Table 3-1 Four default states of E4981A and how it isinitialized

Default state How theinstrument isinitialized

CLEAR SETTING When you initialize the instrument into this state, all basic
parameters configurable through the front panel and SCPI
commands are cleared. (You get the same result by issuing the
:SY ST:PRES command).

CLEAR SET&CORR  When you initialize the instrument into this state, calibration

data listed in the initial setting list are all cleared. “1(You can
get the same result by issuing the *RST command).

FACTORY When you initialize the instrument into this state, it revertsto
DEFAULT factory default settings with all user-configurable data cleared.
LAN RESET When you initialize the instrument into this state, the LAN

setting is returned to the factory default state.

* 1.1t takes afew seconds for the initialization to complete.
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For more information on each default state and affected settings, see Appendix C, “Initial
Settings,” on page 233.
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Figure 3-3

Sep 1.
Sep 2.
Sep 3.
Sep 4.

Getting Started
Learning Basic Measurement Procedure

Setting up measurement parameters

Set up the primary parameter and secondary parameter you want to measure. The E4981A
allows you to select the parameters from the following combinations.

Primary parameter Secondary parameter
Cp D,Q,GRp
Cs D, Q,Rs

Each parameter is described below.

Cp:
Cs

D:

G:

Rp:
Rs:

Capacitance value when considering equivalent parallel resistance
Capacitance value when considering equivalent series resistance
Dissipation factor

Quality factor (inverse of D)

Equivalent parallel conductance

Equivalent parallel resistance

Equivalent series resistance

The procedure to set up the measurement parametersis described below.

Press the [ Display format] key.

Pressthe MEAS DISPLAY softkey.

Use the cursor key to select the FUNC field (as shown in Figure 3-3).

Pressthe Cp or Cs softkey to select the primary parameter.

Pri

mary parameter selection menu screen
<HEAS DISPLAY>
Cp= ees B
FLUNC Cp-D) RANGE AUTO
FREQ 1 kHz LEVEL 1y .
HEAS TINE 6 s b
Cp -216.6557 pF
D -0.126469
YION 24,4889 ¥ INON 33.682 ph b
CH  SIMGLE
CORR  Bm,OFF
Usa softleys to select
e4981auj0004
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Getting Started
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Sep 5. Pressthe softkey to select the secondary parameter (as shown in Figure 3-4).

Figure 3-4 Secondary parameter selection menu screen
<IEAS DISPLAYY
Cp-D
FUNC = RAMGE  AUTO
FREQ 1 kHz LEVEL 1Y ~
MEAS TIME 6 tra

Cp -190.7311 pF [oe
D  0.243971 B

VHon - 39,3853 v INon 42,5837 ph
CH  SINGLE
CORR - Bm,OFF

Use softlieys to selact

24981auj000s
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Getting Started
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Setting up measurement signal frequency

Set up the frequency of the signal applied to the DUT (capacitor) during measurement.
Sep 1. Press[Display Format] key.
Sep 2. Pressthe MEAS DISPLAY softkey.
Sep 3. Usethe cursor key to select FREQ field.

Sep 4. Use the softkeys or entry keys to enter the frequency. When datais entered with the
numeric entry keys, the softkeys change to unit labels (Hz, kHz, MHZz) for Option 001 and
(Hz, kHz) for Option 002.

Figure 3-5 M easurement signal frequency selection menu screen
<IEAS DISPLATY
128 Hz
FURC Cp-D RANGE ~ AUTO
FREQ LEVEL 1V 0 e
MEAS TINE &
Cp -115.8457 pF |1
VHON  51.7649 IHON 48.5627 ph
CH  SINGLE
CORR  Bm, OFF
Enter walue or select |
e4381auj0006
NOTE In Option 002, IMHz frequency is not available.
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Figure 3-6

Sep 1.
Sep 2.
Sep 3.
Sep 4.

Getting Started
Learning Basic Measurement Procedure

Setting up measurement signal level

Set up the voltage level of the signal applied to the DUT (capacitor) during measurement.
Press[Display Format] key.

Pressthe MEAS DISPLAY softkey.

Use the cursor key to select the LEVEL field.

Use the softkeys or entry keysto enter the test signal level. When datais entered with the
entry keys, the softkeys change to units labels (mV, V).

Softkey Description

INCR++ Increments the oscillator voltage level in steps of 100 mV, 500 mV, 1 V.

INCR+ Increases the oscillator voltage level with aresolution of 10 mV.

DECR- Decreases the oscillator voltage level with aresolution of 10 mV.

DECR-- Decrements the oscillator voltage level in steps of 1V, 500 mV, 100
mV.

M easurement signal level setup screen

<MEAS DISPLAY>
INCR ++
FUNC Cp-D RANGE AUTO
FREQ 1 kHz LEVEL (I
MEAS TIME 6 THCR
w
Cp 24.85659 pF [oen- 0
[— —
D -5.522412 e — 2
Vnon - 43,589 WY InoN  38.1361 ph ()]
CH  SINGLE )
CORR  Bm,0FF 5
L Q
Enter walue or INCR/DECR ‘
e4981auj0007
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Setting up cable length

Select the length of the measurement cable from 0 m, 1 m, or 2 m, depending on the test set
lead you use.

Om

1m

2m

When you do not use the test lead (in other words, when you connect

the test fixture directly to the UNKNOWN terminal).
When you use the Keysight 16048A/B test lead.
When you use the Keysight 16048D test lead.

The procedure used to set up the length of the measurement cable is described bel ow.

Sep 1. Press[Meas Setup] key.

Sep 2. Pressthe CORRECTION softkey.

Sep 3. Usethe cursor keysto select the CABLE field.

Sep 4. Use the following softkeys:

Softkey Description
Om Sets the cable length to O meter.
1m Setsthe cable length to 1 meter.
2m Sets the cable length to 2 meter.
Figure 3-7 Cablelength selection menu screen
<CORRECTION> .
m
OPEN OFF CABLE
SHORT ~ OFF MULTI  OFF |
LOAD OFF LOAD REF  SINGLE Tm
OFFSET  OFF LOAD RNG  AUTO
CH B
Zm
OPEN GB 4 B85S B @s —
SHORT R-X 4 B0 E 80
LOAD Cp-D & 188 rF B A
REF 4 188 nF E 8
OFFSET b oBF B @
Use softlieys to selact
e4981auj000g
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Executing measurement to compensateerrors

You can compensate for errors in the measurement caused by disturbances such as stray
admittance and residual impedance of the test fixture and cable.

Corrections should be performed before actually connecting the DUT to the test fixture.

M easuring data for OPEN correction

The OPEN correction is provided to remove stray admittance paralel to the DUT. The
procedure to measure the data for OPEN correction is described bel ow.

Sep 1. Pressthe [Meas Setup] key.
Sep 2. Pressthe CORRECTION softkey. The CORRECTION display page as shown in Figure 3-8
appears.
Figure 3-8 Correction screen
e MEAS
OPEN OFF CABLE Am SETUP
SHORT OFF MULTI OFF
LOAD OFF LOAD REF  SINGLE E?EEE':
OFFSET  OFF LOAD RNG  AUTO
CH a LINIT
TABLE
OPEN G-B & B S B B85
SHORT R-# & B Q B B0 CONT
LOAD  Cp-D A 188 nF B B CHECK
REF & 188 nF B B
OFFSET A BF B B
Use softlteys to select
e4891auj0009
Sep 3. Usethe cursor keysto select the OPEN field.
Sep 4. Connect the UNKNOWN terminal and the test fixture with no DUT connected.
Sep 5. Pressthe MEAS OPEN softkey. The data for the OPEN correction is then measured.
e During the measurement, an “OPEN measurement in progress’ message is shown on
the display.
* When the measurement has finished, the “OPEN measurement in progress’ message
disappears.
¢ During the measurement, the ABORT softkey is shown. Use this key when you want to
abort open correction.
NOTE The datafor OPEN correction is stored as data for all the measurement frequencies.
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Figure 3-9

Getting Started
Learning Basic Measurement Procedure

Sep 6. When measurement of the data for OPEN correction is successfully completed, the OPEN

NOTE

NOTE

Sep 1.
Sep 2.

correction turns to ON (as shown in Figure 3-9).

Screen upon completion of measuring data for OPEN correction

<CORRECTION
o

OFEN il CABLE A m
SHORT OFF MULTI 0FF
LOAD OFF LOAD REF  SIMGLE OFF
OFFSET  OFF LOAD RNG  AUTO
CH ]
OFEN GB & 711.419n5 B 273.827 nS b
SHORT R-¥ & 80 E B0
LOAD Cp-D A 188 nf B A
REF & 188 nF E @

HEAS
OFFSET A BF B B OPEM

e4981aujo010

Description of Softkeys

To enable/disable or otherwise control the behavior of open correction, use the following
softkeys:

Softkey Description
ON Enables open correction.
OFF Disables open correction.

MEAS OPEN Starts open correction.

If open admittance [YO| (:A/G2 + Bz) is greater than 20 uS (an unsuitable level for the data
used in OPEN correction), the warning message “ Out of limit” appears on the System
message area on the screen.

Even if thiswarning message appears, the datafor OPEN correction is still used. However,
you should recheck the connection between the test fixture and the UNKNOWN terminal
and confirm that the OPEN correction procedure was done correctly.

If ameasurement failure occurs while measuring the data for correction, the error message
“OPEN Measurement incomplete” occurs.

If this error occurs, the data for correction before the measurement remains without
change.

Checking data for OPEN correction

You can check the measured open admittance value (data for the OPEN correction). The
procedure is given below.

Pressthe [Meas Setup] key.

Press the CORRECTION softkey.
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Sep 3. Usethe cursor keysto select the OPEN G-B field.

Figure 3-10 OPEN Correction Data
<CORRECTION -
OPEN o CABLE @
SHORT ~ OFF MULTI  OFF
LOAD OFF LOAD REF  SINGLE Cp-G
OFFSET  OFF LOAD RHG  AUTO
CH 8
OPEN 4 711.49 nS B 273.827 nS
SHORT R-% & 80 E a0
LOAD Cp-D A 188 nF E A
REF 4 188 nF E A
OFFSET 4 BF E A
Use softlkeys to select
e4981auj0011
Sep 4. Usethefollowing softkeys:

Softkey Description

G-B Displays the measured G-B value on the screen.

Cp-G Displays the measured Cp-G value on the screen.

Chapter 3
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Sep 1.
Sep 2

Sep 3.
Sep 4.

Sep 5.

NOTE

Figure 3-11

Sep 6.

Getting Started
Learning Basic Measurement Procedure

Measuring data for SHORT correction

The SHORT correction removes residual impedancein serieswith the DUT. The procedure
to measure the data for SHORT correction is described bel ow.

Pressthe [Meas Setup] key.

Pressthe CORRECTION softkey. The CORRECTION display page as shown in Figure 3-8
appears.

Use the cursor keys to select the SHORT field.

Connect the UNKNOWN terminal and the test fixture and short-circuit the high and low
test terminals

Pressthe MEAS SHORT softkey. The data for the SHORT correction is then measured.

e During the measurement, a“ SHORT measurement in progress’ message is shown on
the display.

*  When the measurement has finished, the “ SHORT measurement in progress’ message
disappears.

» During the measurement, the ABORT softkey is shown. Use this key when you want to
abort short correction.

The datafor SHORT correction is stored as data for all the measurement frequencies.

When measurement of the datafor SHORT correction is successfully completed, the
SHORT correction turnsto ON (as shown in Figure 3-11).

Screen upon completion of measuring data for SHORT correction

<CORRECTION> ”
OFEN o CABLE B m
SHORT i MULTI 0FF
LOAD OFF LOAD REF  SINGLE OFF
OFFSET  OFF LOAD RHG  AUTD
CH ]
OPEN G-B & 711.419n% B 273.827 nS o
SHORT R-¥ & -745.85 kQ B 271.382 k0
LOAD CpD & BF B A
REF 4 BF B 8

HEAS
OFFSET 4 BF B @ SHIRT
e4981auj0012
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NOTE

NOTE
Sep 1.
Sep 2.
Sep 3.

Figure 3-12

Description of Softkeys

Getting Started

Learning Basic Measurement Procedure

To enable/disable or otherwise control the behavior of short correction, use the following

softkeys:

Softkey
ON
OFF

MEAS SHORT

Description

Enables short correction.

Disables short correction.

Starts short correction.

If SHORT impedance |Z9| (= VR + XZ) isgreater than 20 Q (an unsuitable level for the data
used in SHORT correction), the warning message “ Out of limit” appears on the System

message area on

the screen.

Even if this warning message appears, the data for SHORT correction is still used.
However, you should recheck the connection between the test fixture and the UNKNOWN
terminal and confirm that the SHORT correction procedure was done correctly.

If ameasurement failure occurs while measuring the data for correction, an error message
appears on the screen.

If an error occurs, the data for correction before the measurement remains without change.

Checking data for SHORT correction

You can check the measured SHORT impedance value (the data for SHORT correction).

The procedure is given below.

Press the [Meas Setup] key.

Pressthe CORRECTION softkey.

Use the cursor keysto select SHORT R-X field (as shown in Figure 3-12).

SHORT Correction Data

<CORRECTION>

OPEN uj]
SHORT on
LOAD OFF
OFFSET OFF
CH 8

OPEN G-B
SHORT
LOAD Cp-D
REF

F I F F

OFFSET )

CABLE B m
MULTI OFF
LOAD REF SINGLE
LOAD RHG  AUTO

1,419 nS B 273.827 nS
-745.85 k0 B 271.382 kD

BF BE @
BF E @
BF E @

R-¥

Ls-Rs

Use softlkeys to
«4981aujo013

select
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Sep 4. Usethefollowing softkeys:

Softkey Description
R-X Displays the measured R-X value on the screen.
Ls-Rs Displays the measured Ls-Rs value on the screen.
NOTE For information on measuring data for Load correction, refer to “ Obtaining (measuring)

datafor LOAD correction” on page 112.

For checking data for Load correction, refer to “ Checking displaying/setting up data for
LOAD correction” on page 120.

56 Chapter 3



Getting Started
Learning Basic Measurement Procedure

Connecting the DUT (capacitor)

Mount a capacitor on the test fixture. The measurement result for the parameter selected in
“Setting up measurement parameters’ on page 46 is displayed. Figure 3-13 shows an
example when the primary parameter is Cp and the secondary parameter is D.

Figure 3-13 M easurement result display screen (when primary parameter is Cp and secondary
parameter is D)

HEAS
FUNC  CpD RANGE  AUTO 2 Gl
FREQ 1 kHe  LEVEL 1V BN
HEAS TINE 6 Ho.
Cp 2.238487 pF |
D 0.031831
VRN 1.68181 Y THON 14,8975 né
CH  SINGLE DISPLAY
CORR B m,OFF BLANK
Uze softlkeys to select ‘

e4981auj0014
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Setting up Measurement Conditions and
Display

This chapter describes how to initialize the instrument, set up the measurement conditions
and display. It also describes how to save/recall the instrument setup state, including the
measurement conditions.
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Setting up Measurement Conditions and Display

Selecting Measurement Parameters

Selecting M easurement Parameters

You can select one of the measurement parameter combinations shown in Table 4-1.

Table4-1 M easurement parameters
Primary parameter Secondary parameter
Cp D,Q,GRp
Cs D, Q,Rs
Each parameter is described below.
Cp: Capacitance value measured using the parallel equivalent circuit model
Cs: Capacitance value measured using the series equivalent circuit model
D: Dissipation factor
Q: Quality factor (inverse of D)
G: Equivalent parallel conductance measured using the parallel equivalent circuit model
Rp: Equivalent paralld resistance measured using the parallel equivalent circuit model
Rs. Equivalent series resistance measured using the series equivalent circuit model
Figure4-1 Relationship between equivalent circuit model and measurement parameters

Parallel equivalent Series equivalent
— circuit model circuit model  —

I Cs Rs

— — _” AN—

S D=2nfCsR
271Cp Rp TrLsRs

1

Q= 27 Cs Rs

1 1

— =2xfCpR Q= — =
b) PRP b
1

G =

Rp

f: Measurement signal frequency ( 120Hz/1 kHz / 1 MHz)

e4981aue0049

For information on the selection criteria for the equivaent circuit model, refer to
“Selection criteria of parallel/series equivalent circuit models’ on page 253.

Setup procedure

For details on setup procedure, refer to “ Setting up measurement parameters’ on page 46.
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Setting up Measurement Conditions and Display
Inputting Comment line

NOTE

Sep 1.
Sep 2.
Sep 3.

NOTE

Sep 4.

NOTE

Sep 5.
Sep 6.
Sep 7.

I nputting Comment line

You can enter acomment in the comment line by using the softkeysto enter letters and the
entry keysto enter numbers from O through 9, +, -, and period (.). Your entered comment is
saved in the internal memory or external USB memory aong with the control settings of
the E4981A. When you load the control settings, your saved comment is loaded as well.

The comment can be up to 30 charactersin length. However, only the first 22 characters
aredisplayed in the area.

Until you enter acomment into the comment line, the default text “USER COMMENT”
appears in the comment line.

You can aso usethe :DISPlay:LINE command to enter ASCII charactersinto the comment
line.
To enter a comment into the comment line:

Press [Meas Setup].
Press MEAS SETUP softkey.
Using the cursor keys, select the USER COMMENT field.

If there is already a comment, select that comment (field).

To input aletter, use the following softkeys to cycle through letters in a phabetical order
and then select your desired |etter:
Softkey Description
NEXT Displays the next letter to the letter currently displayed in the ADD
CHAR softkey.
PREV Displays the previous letter to the Ietter currently displayed in the

ADD CHAR softkey.

To input a number, use the entry keys.

Pressthe ADD CHAR softkey.Your selected single character appearsin the input line area.
Repeat Step 4 and Step 5 to input subsequent characters.
Pressthe ENTER softkey to enter your text in the USER COMMENT field.
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NOTE

Setting up Measurement Conditions and Display
Setting Up Measurement Signals (frequency and level)

Setting Up M easurement Signals (frequency and level)

Setting up frequency

You can set the frequency of the measurement signal applied to the DUT as either 120 Hz,
1kHz or 1 MHz.

In Option 002, IMHz frequency is not available.

Setup procedure

For details on setup procedure, refer to “ Setting up measurement signal frequency” on
page 48.

Setting up level

You can set up the level of the measurement signal applied to the DUT within arange of
0.1V to 1.0V in steps of 10mV.

Setup procedure
For details on setup procedure, refer to “ Setting up measurement signal level” on page 49.
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NOTE
Sep 1.
Sep 2.
Sep 3.
NOTE

Setting up Measurement Conditions and Display
Setting Up Measurement Signals (frequency and level)

Setting up Signal level compensation (SL C) function

Functional Description

If the impedance of DUT is small, then the output resistance of the signal source, the
resistance of the measurement cable can cause the voltage applied to the DUT to decrease
below the specified voltage of the signal source. The signal level compensation feature
adjusts the voltage across the DUT to the same level asthe signal voltage level setting.
Using this feature, you can maintain a constant level (voltage) of measurement signals
applied to the DUT.

SLCisavailable on:

e 120 Hz: 220 uF, 470 uF, 1 mF range

e 1kHz: 22 uF, 47 uF, 100 puF range

For all other range/frequency SLC is hot executed even if LVL COMP is ON.

To set up the signal level compensation feature:
Press [Meas Setup].
Use the cursor keysto select the LVL COMP field.

Use the following softkeys:

Softkey Description

ON Turns ON the signal level compensation feature.

OFF Turns OFF the signal level compensation feature.

Level error of the signal level compensation function

Even if you use the signal level compensation function, signal level drop occurs at larger
capacitance with larger D (refer to “ Signal Level Compensation (SLC) function” on

page 202).

In E4981A, the AC level monitor is always ON.

The status in which capacity further increases and the output current of the signal source
approaches the limit (approximately 1 Arms) is judged as overload. In this case, OVLD
appears on the display.

Executing signal level check

When level error becomes over 10%. If the applied signal level for DUT is dropped more
than 10% from the setting level the following error occurs:

«  When both SLC and contact check are ON, generates contact check error.
e When SLCisON and contact check is OFF, generates OVLD (overload) error.

For more information on contact check, refer to “ Setting up Contact Check” on page 77.
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Table 4-2

Table 4-3

Setting up Measurement Conditions and Display
Selecting Measurement Range

Selecting M easurement Range

Setting measurement range to be automatically selected (auto ranging)

Two modes can be used to select the measurement range as shown in Table 4-2. To enable
automatic selection, select the auto range mode.

M easurement range mode

Mode Function overview Advantage Disadvantage
The instrument You do not need to The measurement time
automatically selectsa select themeasurement | islonger due to the

Auto range proper measurement range | range. ranging time.
(auto selection) | depending on the value of
the DUT and performs
measurement.
Measurement is performed | No ranging timeis You need to select a
Hold : . )
. with afixed measurement | required. proper range
(fixed) range .
(manual selection) range regardless of the depending on thevaue
value of the DUT. of the DUT.

Selecting your desired measurement range (hold range)

The selectable measurement ranges are shown in Table 4-3. As this table shows, selectable
measurement ranges differ depending on the measurement signal frequency. Therefore, if a
newly selected measurement frequency conflicts with the current measurement range
setting, the setting is automatically changed to cover the allowable range.

Selectable measurement ranges

For 120 Hz measurement | For 1kHz measurement signal For 1 MHz measurement
signal frequency: frequency: signal frequency:
1pF 22 pF 4.7 pF
10 pF 22 pF 47 pF
100 pF 220 pF 470 pF 100 pF 220pF  470pF
1nF 2.2nF 4.7 nF 1nF
10 nF 22 nF 47 nF 10 nF 22 nF 47 nF
100nF  220nF 470nF | 100 nF 220 nF 470 nF
1uF 22uF  47uF 1uF 22uF 4.7 uF
10 uF 22uF  47uF 10 uF 22 uF 47 uF
100uF 220uF 470uF | 100 uF
1mF

The procedure to set up the measurement range mode is described bel ow.
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Setting up Measurement Conditions and Display
Selecting Measurement Range

Setup procedure
Sep 1. Press[Meas Setup].
Sep 2. Usethe cursor key to select the RANGE field.

Sep 3. Usethe numeric keys or following softkeys:

Softkey Description

AUTO Sets the measurement range mode to AUTO.

HOLD Sets the measurement range mode to HOLD.

INCR+ Increments the measurement range in the HOLD mode.
DECR- Decrements the measurement range in the HOLD mode.
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Setting up Measurement Conditions and Display
Selecting Measurement Time

Selecting M easurement Time

NOTE Measurement time of 1, 2, 4, 6 and 8 are available in E4981A.

For details on the actual measurement time, refer to “ Measurement time” on page 199.

Setup procedure

Sep 1. Press[Meas Setup].
Sep 2. Usethe cursor keysto select MEAS TIME field.

Sep 3. Usethe numeric keys or following softkeys:

Softkey Description

INCR+ Increments the measurement time.

DECR- Decrements the measurement time.
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Setting up Measurement Conditions and Display
Selecting Cable Length

Selecting Cable Length

Set up the length of the measurement cable to compensate errors due to the extension of the
measurement cable. The E4981A lets you select the length from O m, 1 m, or 2 m,
depending on the measurement cable you use.

Om When you do not use the test lead (in other words, when you connect
the test fixture directly to the UNKNOWN terminal).

im When you use the Keysight 16048A/B Keysight test lead.

2m When you use the Keysight 16048D test lead.

Setup procedure

For details on setup procedure, refer to “ Setting up cable length” on page 50.

NOTE Cable length information is saved in internal FLASH memory when power is OFF with
backup function enabled.
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Setting up Measurement Conditions and Display
Setting Up Averaging Count

Setting Up Averaging Count

Functional Description

The averaging feature of the E4981A allows you to obtain moving average values of
successive measurement results.

You can specify the averaging factor within the range of 1 to 256 in steps of 1.

Setup procedure

Sep 1. Press[Meas Setup].

Sep 2. Usethe cursor keysto select AVG field

Sep 3. Usethe numeric keys or following softkeys:

Softkey Description
ON Turns ON the averaging feature.
OFF Turns OFF the averaging feature.
INCR+ Increments the averaging factor in steps of 1.
DECR- Decrements the averaging factor in steps of 1.
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Setting up Measurement Conditions and Display
Setting Up Trigger Delay Time

Setting Up Trigger Delay Time

You can set up await time (trigger delay time) between when atrigger is detected and
when the measurement is started. You can set up the trigger delay time within the range of
0sto1sinstepsof 100 us.

Setup procedure

Sep 1. Press[Meas Setup].

Sep 2. Usethe cursor keysto select the TRIG DLY field.

Sep 3. Usethe numeric keys or following softkeys:

Softkey Description
INCR++ Increments the trigger delay time in steps of 1 msec.
INCR+ Increments the trigger delay time in steps of 0.1 msec.
DECR- Decrements the trigger delay time in steps of 0.1 msec.
DECR-- Decrements the trigger delay time in steps of 1 msec.

NOTE When source delay is available, trigger delay executes after source delay time.

Chapter 4
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Sep L.
Sep 2.
Sep 3.

Sep 4.
Sep 5.

NOTE

Setting up Measurement Conditions and Display

Outputting the Measurement Signal only during the Measurement to Protect
the Contact Pin (Synchronous source function)

Outputting the Measurement Signal only during the
M easurement to Protect the Contact Pin (Synchronous
sour ce function)

You can use this function to prevent large current from flowing through the contact pin at
the moment of contact with DUT to avoid damaging the contact pin. This function, after a
trigger, outputs the measurement signal so that it is applied only during measurement
(synchronous source function).

Setup procedure

Press [Meas Setup].

Use the cursor keys to select the SYNC SRC field.

Use the following softkeys:

Softkey Description

ON Turns ON the synchronous source function.

OFF Turns OFF the synchronous source function.

Use the cursor keysto select the SRC DLY field.

Use the following softkeys:

Softkey Description

INCR++ Increments the source delay in steps of 1 ms.
INCR+ Increments the source delay in steps of 0.1 ms.
DECR- Decrements the source delay in steps of 0.1 ms.

DECR-- Decrements the source delay in steps of 1 ms.

The specified source delay time (to delay the start of signal output) is valid only when the
synchronous source function is ON.

When the source delay time and trigger delay time are both specified, the source delay time
precedes the trigger execution.

Figure 4-2 shows the measurement signal output timing.
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Outputting the Measurement Signal only during the Measurement to Protect
the Contact Pin (Synchronous source function)

Figure4-2 M easurement Signal Output Timing

Synchronous Source Function = ON

Trigger Signal t
Source Delay Time
Measurement Signal

(Index) Halted Trigger Delay Time

Measurement Status Halted Analog Meas. B‘Eﬂ,ﬁi‘uﬁng

Synchronous Source Function = OFF

Trigger Signal T

. utput "
Measurement Slgna? P Output continues
(Index)
Halted Trigger Delay Time
Measurement Status Digital
Halted Analog Meas. |Computing
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Setting up frequency shift

When two or more E4981A units are intergrated into a single system, you can shift the 1
MHz measurement frequency by +1%, -1%, 0%, -2%, or +2% to avoid interference
between the measurement signals.

Setup procedure

Sep 1. Press[Meas Setup].

Sep 2. Usethe cursor keysto select the FREQ SHFT field.

Sep 3. Use the following softkeys:

Softkey Description

+1% Shifts the 1 MHz measurement frequency by +1%.
-1% Shifts the 1 MHz measurement frequency by -1%.
0% Shifts the 1 MHz measurement frequency by 0%.

-2% Shifts the 1 MHz measurement frequency by -2%.
+2% Shifts the 1 MHz measurement frequency by +2%.

NOTE For Option 002, the frequency shift function is not available.
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Sep 2.
Sep 3.

Setting up Measurement Conditions and Display
Setting Up Display

NOTE

Setting Up Display

Turning ON/OFF display

You can turn ON/OFF the display with the [Display Format] key.

If you turn OFF the display, DISPLAY NORMAL is aways displayed in the display areafor
the above items, and you cannot read the measurement result. However, the measurement
time is shortened because no additional time is required for updating the display.

Setup procedure

Press [Display Format].

Press DISPLAY BLANK softkey.

If you turn OFF the display, DISPLAY NORMAL isawaysdisplayed in the display area. To
return to normal display pressthe DISPLAY NORMAL softkey.

Using fixed point display for measurement result

The following two display modes can be used to display the measurement result of the
measurement parameter.

Description

Floating point display | The value displayed at each digit is not fixed and changes depending on the
(default setup) measured value.

Fixed point display The value displayed at each digit is fixed to the value defined by the user.

The fixed point display is always used to display the deviation percentage (refer to
“Displaying measurement result in deviation from reference value (deviation measurement
mode)”) aswell asto display D and Q.
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Sep 3.

Setting up Measurement Conditions and Display
Setting Up Display

Setup procedure
Selecting floating/fixed point display

Press [Display Format].

Use the cursor keysto select the field in which a measurement result of primary parameter
or secondary parameter is displayed.

Use the following softkeys:

Softkey Description

D.P. AUTO Automatically setsthe decimal point

D.P. FIX Fixes the decimal point position

D.P. POS Increments the position of decimal point
INCR+

D.P. POS Decrements the position of decimal point
DECL-

Displaying measurement result in deviation from reference value
(deviation measurement mode)

Functional Description

The deviation measurement feature allows you to display deviation valuesinstead of actual
measurements. A deviation is expressed as the difference between the actual measurement
and the stored reference value. The deviation measurement feature is useful when you
observe how a particular value of adevice/component changes under varying conditions of
temperature, frequency, bias, and other influences.

You can apply the deviation measurement feature to the primary or secondary parameter or
both. The deviation measurement feature supports the following two modes:

* AABS (absolute value) deviation measurement

Identifies and displays the difference between the actual measurement of the DUT and
the stored reference value. Thisvaueis calculated based on the following formula:

AABS =X-Y

X actual measurement of the DUT

Y stored reference value
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* A% (percentage) deviation measurement

Identifies the difference between the actual measurement of the DUT and the stored
reference value and displays it as a percentage of the reference value. This percentage
deviation valueis calcul ated based on the following formula:

A% = (X-Y)/Y100 (%)

X actual measurement of the DUT

Y stored reference value

To set up the deviation measurement feature:
Sep 1. Press[Meas Setup].
Sep 2. Usethe cursor keysto select the REF A field.

Sep 3. Enter the reference value using the softkeys or entry keys. If you use the entry keysto enter
the value, the softkey |abels change to unit labels (p, n, u, m, x1, k).

Softkey Description

MEASURE If you want to use a particular device/component as the reference,
connect the DUT and press this key. Then the instrument measures the
DUT once and automatically fillsthe REF A and REF B fields with the
measured values, which now serve as the reference values.

Sep 4. Usethe cursor keysto select the DEV A field.

Sep 5. Use the softkey to select the deviation mode for the primary parameter:

Softkey Description

ABS Displays the deviation as the difference from the reference value.
% Displays the deviation as a percentage of the reference value.
OFF Turns OFF deviation measurement.

Sep 6. Using the cursor keys, select the DEV B field.
Sep 7. Select the deviation mode for the primary parameter using the softkeys described in Step 5.
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Difference between deviation measurement mode and offset correction

The offset correction function is similar to the deviation measurement mode with respect to
the behavior when a predefined value is subtracted from the measured value. On the other
hand, the two functions differ as explained below.

Purpose Effect on comparator

Used when calculating the deviation | Not affected.

Deviation of the measured value from any given | The absolute value of the
measurement mode | value (for example, nominal value). | measurement result is always used
for sorting judgment.

Used to bring the measured value Affected.
close to any given value (for example, | Vaues compensated by this

Offset correction | to compensate variations of the function are used for sorting
measured value among instrumentsfor | judgment.
the same DUT).

If the deviation measurement mode and the offset correction are both ON, the offset
correction is executed first and then, using the result as the measurement result, the value
calculated is displayed. (Refer to Figure 5-1, “Data processing flow,” on page 103.)
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NOTE

Table 4-4

Sep 1.
Sep 2.
Sep 3.
Sep 4.

Sep 5.

Sep 6.

Sep 7.

Setting up Contact Check

The E4981A contact check function can be used to check for contact failure between the
E4981A connector and the DUT.

When contact failure is detected, N.C. will appear on the display and afixed value
(9.9E37) isaways read out via GPIB/LAN/USB as the measurement value, and the
/LOWC_OR_NC signal of the handler interface goes L ow.

The contact check function is available only at 120 Hz and 1 kHz measurement frequency.
This function does not works when range is set as AUTO.

Setup procedure

Press [Meas Setup].
Press CONT CHECK softkey.
Use the cursor keysto select the CONT CHK1 field.

Use the following softkeys:

Softkey Description

ON Turns ON the contact check function to detect loose connection
OFF Turns OFF the contact check function
Usethe cursor keysto select CC1 TH1 field. TH1 isaparameter proportional to the contact
resistance of Hp or Hc.

Use the recommended setting value 0.1 (default value) for CC1 TH1.
Recommended setting value for TH1 and TH2

Range TH1 TH2 &

ow

Se

120 Hz 1 kHz S— =

=.Q

10nF 100 pF- 1 nF 0.08 S¢c

n ©

22nF-100nF | 22nF-10nF 0.08 8=

Qo

220nF-1pF | 22nF-100nF 01t 0.08 o

S D

S 3

22uF-10uF | 220nF-1pF 0.1 2o
22 uF - 100 uF 22uF-10puF 0.151

220uF-1mF | 22uF- 100 uF NA

*1. Default value.

Usethe cursor keysto select CC1 TH2 field. TH2 isaparameter proportional to the contact
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resistance of Lp or Lc.

Use the softkeys or entry keysto enter the TH2 value according to table Table 4-4. When
datais entered with the entry keys, the softkeys change to units labels (m, x1).

Softkey Description

INCR++ Increments the threshold value as 0, 10m, 20m, 50m, 100m, 200m,
500m, 1.

INCR+ Increments the threshold value in steps of 10.

DECR- Decrements the threshold value in steps of 10.

DECR-- Decrements the threshold value 1, 500m, 200m, 100m, 50m, 20m,
10m, 0.
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Setting Up Condition To Make A Beep

The condition to make a beep sound differs depending on the beep mode, as shown in

Table 4-5.
Table 4-5 Condition to make a beep
Mode Condition to make a beep
Off Never makes a beep.

When the sorting judgment result of the

Fail When wrong key operation is performed. comparator isOUT_OF BIN,

AUX_BIN, No contact or OVLD.
When an error, alarm, or other message —

is outputted. When the sorting judgment result of the
comparator isfrom BIN1 to BINO.

Pass

Setup procedure

Sep 1. Press[Meas Setup].
Sep 2. PressLIMIT TABLE softkey.

Sep 3. Usethe cursor keysto select the BEEP field.
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Sep 1.
Sep 2.
Sep 3.
Sep 4.

Setting up Measurement Conditions and Display
Turning On/Off the Beep Feature

Turning On/Off the Beep Feature

Functional Description

The E4981A has a beep feature that generates beeps when one or more of the following
conditions occur:

* Anerror message or warning message has appeared.
» Theinstrument has completed open/short correction.

» Theinstrument has completed open/short/load correction at user-specified frequency
points.

* TheDUT hasfailed the limit test or has been sorted as OUT_OF BIN, AUX_BIN,
OVLD or No contact by the comparator. “*

» TheDUT has passed the limit test or has been sorted into one of bins 1 through 9 by the
comparator. ‘1

* You have turned on/off the key lock.
Regardless of whether the beep feature is on or off, beeps are generated whenever:

* E4981A startsup.
* You change the beep tone through the front panel.

The beep feature does not support volume control.

To set up the beep feature:

Press [System].

Press SYSTEM CONFIG softkey.

Use the cursor keys to select the BEEPER ENABLED field.

Turn on or off the beep feature by pressing the appropriate softkey:
Softkey Description
ON Turns ON the beep feature.
OFF Turns OFF the beep feature.

*1.You can usethe BEEPfield on the LIMIT TABLE SETUP page or the :CALC:COMP:BEEP
command to turn on/off the beep feature for the comparator.
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Changing the Beep Tone

Functional Description

The E4981A alows you to change the beep tone to one of five levels.

To change the beep tone:
Sep 1. Press[System].
Sep 2. Press SYSTEM CONFIG softkey.
Sep 3. Usethe cursor keysto select the BEEPER TONE field.

Sep 4. Change the beep tone by pressing the appropriate softkey:

Softkey Description

TONE 1 Selectstone 1.
TONE 2 Selects tone 2.
TONE 3 Selectstone 3.
TONE 4 Selectstone 4.
TONE 5 Selectstone 5.

>
¢
o
S =
Q5
=Q
o

C
-]
» o
o Z
3 @
[SRg)
o2
m‘ﬁ
5 @
2 3
<3
=

Chapter 4 81



Setting up Measurement Conditions and Display
Configuring the Time Zone

Configuring the Time Zone

Functional Description

The E4981A allows you to set atime zone.” Configuring the System Date” on page 83
changes whenever the time zone is changed.

Set the time difference from Greenwich Mean Time, GMT.
To configure thetime zone:

Sep 1. Press[System].

Sep 2. Press SYSTEM CONFIG softkey.

Sep 3. Usethe cursor keysto select the TIME ZONE field.

Sep 4. Usethe following softkey:

Softkey Description

HOUR INCR++ Increases the time up to +15 in steps of 1.

MINUTE INCR+  When thetimeisplus (+), increments the time from 0 to 45 in steps

of 15.
When the time is minus (-), increments the time from -45to 0 in
steps of 15.

MINUTE DECR-  When thetimeis plus (+), decrementsthe timefrom 45to O in steps
of 15.
When the time is minus (-), decrements thetime from 0to -45in
steps of 15.

HOUR DECR-- Decreases thetime up to -12 in steps of 1.

NOTE When the E4981A is returned to the factory default settings, the time zone setting is also

initialized.
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Configuring the System Date

Functional Description

The E4981A features a built-in clock.

NOTE

Configure the system date after “ Configuring the Time Zone” on page 82.

To configure the system date:

Sep 1. Press[System].

Sep 2. Press SYSTEM CONFIG softkey.

Sep 3. Usethe cursor keysto select the DATE/TIME field.

Sep 4. Usethe following softkey:

Softkey

DATE

TIME

Description

Selects the date field so that you can change the year, month, and
day.

Selects the time field so that you can change the hour, minute, and
seconds digit.

Sep 5. If you have selected the date field, use the following keys to edit the year, month, and day.
If you have selected the time field, proceed to Step 7.

Softkey
YEAR
MONTH

DAY

Sep 6. Enter the year/month/day using the softkeys or entry keys. If you use the entry keysto
enter the value, the softkey labels change to unit labels (x1).

Softkey

YEAR INCR+
YEAR DECR-
MONTH INCR+
MONTH DECR-
DAY INCR+

DAY DECR-

Description
Allows you to change the year digit.
Allows you to change the month digit.

Allows you to change the day digit.

Description

Increments the year in steps of 1.
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Decrements the year in steps of 1.
Increments the month in steps of 1.
Decrements the month in steps of 1.
Increments the day in steps of 1.

Decrements the day in steps of 1.
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NOTE When you enter the year through the entry keys, use afour-digit value.

Sep 7. If you have selected the time field, use the following keys to edit the hour, minute, and

second digits.
Softkey Description
HOUR Allows you to change the hour digit.
MINUTE Allows you to change the minute digit.
SECOND Allows you to change the second digit.

Sep 8. Enter the hour/minute/second using the softkeys or entry keys. If you use the entry keysto
enter the value, the softkey labels change to unit labels (x1).

Softkey Description
HOUR INCR+ Increments the hour in steps of 1.
HOUR DECR- Decrements the hour in steps of 1.
MINUTE INCR+ Increments the minute in steps of 1.
MINUTE DECR- Decrements the minute in steps of 1.
SECOND INCR+ Increments the second in steps of 1.
SECOND DECR- Decrements the second in steps of 1.
NOTE When you enter the hour with the entry keys, use a value within the range of O(mid-night)
through 23 (11:00 pm).
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Configuring the GPIB Address

Functional Description

Before you can control the E4981A by issuing SCPI commands from an external controller
connected viaits GPIB connector, you have to configure the GPIB address of your
E4981A. For information on the concept and implementation of automatic configuration
by use of GPIB, refer to Programming Manual.

To configure the GPIB address:
Sep 1. Press[System].
Step 2. Press SYSTEM CONFIG softkey.
Sep 3. Usethe cursor keysto select the GPIB ADDR field.

Sep 4. Enter avalue with the entry keysin the range of 0 through 30.
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Sep L.
Sep 2.
Sep 3.

Sep L.
Sep 2

Setting up Measurement Conditions and Display
Configuring the LAN IP address

Configuringthe LAN IP address

Functional Description

To enable the E4981A to communicate over alocal area network (LAN), you haveto
configure its IP address and connect a LAN cable. The | P address can be either
automatically obtained or manually configured.

When the |IP addressis set to AUTO, AUTO-IP addressis set. When the | P address is set to
MANUAL, the address manually configured is set.

For information on the concept and implementation of automatic configuration by use of a
LAN, refer to Programming Manual.

Softkey Description
AUTO Automatically obtains the | P address.
MANUAL Manually configures the | P address.

| P address configuration methods

Method Description

AUTO-IP You can automatically obtain an available | P address.

MANUAL You can manually configure the IP address as well as subnet mask and
gateway settings. "1

*1.Consult your network administrator for relevant settings of your network.

Once you have automatically obtained an | P address, you can check the following monitor
areasin the SYSTEM CONFIG page to see the address, subnet mask, and gateway:

* CURRENT IPADDR
* CURRENT SUBNET MASK
* CURRENT GATEWAY

To automatically obtain the | P address:
Press [System].
Press SYSTEM CONFIG softkey.

When you want to obtain the | P address automatically, select the IP CONFIG field using the
cursor keys and then press the AUTO softkey.

To manually configurethe | P address:
Press [System].

Press SYSTEM CONFIG softkey.
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Sep 3.
Sep 4.
Sep 5.

Sep 6.
Sep 7.
Sep 8.
Sep 9.
Sep 10.
Step 11
Sep 12.
Sep 13.

Sep 1.
Sep 2.
Sep 3.

Setting up Measurement Conditions and Display
Configuring the LAN IP address

Use the cursor keys to select the IP CONFIG field and then press the MANUAL softkey.
Use the cursor keysto select the MANUAL IP ADDR field.

Enter the IP address using the entry keys.

Example: 192.168.1.101

Pressthe ENTER softkey.

Use the cursor keysto select the MANUAL SUBNET MASK field.
Enter the subnet mask using the entry keys.

Pressthe ENTER softkey.

Use the cursor keysto select the MANUAL GATEWAY field.
Enter the gateway using the entry keys.

Pressthe ENTER softkey.

Pressthe RESTART NETWORK softkey.

Checking the LAN connection status

You can check the CURRENT LAN STATUS monitor areato seethe LAN connection status
of the E4981A. The status is expressed as one of the following:

L AN connection status

Satus Description

NORMAL LAN connection is OK.

FAILED Disconnected from the LAN or LAN connection has failed.
IDENTIFY LAN connection is being initialized.

To reconnect to the network:
Press[System].
Press SYSTEM CONFIG softkey.

Pressthe RESTART NETWORK softkey onthe IP CONFIG field, MANUAL IP ADDR field,
MANUAL SUBNET MASK field, or MANUAL GATEWAY field.
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NOTE

Table 4-8

Setting up Measurement Conditions and Display
Saving/Recalling Instrument Setup State (save/recall function)

Saving/Recalling I nstrument Setup Sate (save/recall

function)

You can save/recall up to 20 instrument setup states into/from the built-in FLASH memory
(0 through 9) and external USB memory (10 through 19).

The ninth instrument setting corresponds to Auto Recall. Auto recall is not executed when
power is ON, by pressing the [Preset] key.

Overview of Save/Recall Functionality

Configurations and measurement results can be saved into, and recalled from, the
E4981A’sinternal memory or external USB memory through the save/recall functionality.

Save M ethods and Their Uses

Table 4-8 shows avail able save methods and their uses:
Save M ethods and Their Uses

NOTE

Save method Recallable | Use
Type File format

(extension)
Configuration Save | ----------- Yes To save E4981A’'s configuration
(internal memory) states into the internal memory.
ConfigurationSave | (.sta) Yes To save E4981A’s configuration
(USB memory) states into USB memory.
Data Save (USB CsV format No To save measurement results
memory) (.csv) into USB memory.
Screen Save (USB | GIF format No To save E4981A’s screenshot
memory) (.gif) into USB memory.

For information on configuration states that can be saved, see Table C-1, “Initial settings,
settings that can be saved/recalled, settings that can be backed up,” on page 235.

Folder/File Sructure on USB Memory

When you save information into USB memory, a predetermined structure scheme is used
to organize folders and files on the memory, as shown in Figure 4-3.

Folder Max. number of | Description
files
data 999 Contains measurement results as .csv files.
image 999 Contains screenshots as .gif files.
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Folder Max. number of | Description
files
state 10 Contains instrument configuration states.
system’? 1 Thissingle file, whose name is aways
“system,” contains the system information.

NOTE

Figure4-3

*1.Thisfolder can be operated from the SY STEM page.

These folders are automatically created in the memory.

Folder/File Structure on USB Memory

\e4981a

— \data

— E498x001. csv
— E498x002. csv

L E498x999. csv

— \image

— E498x001. gi f
— E498x002. gi f

L E498x999. gi f

— \state

— 10. sta
— 11.sta

— 19. sta

e4980auj1148

USB Memory Notes

Attention should be given to the following points when using a USB memory device with
the E4981A
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e UseaUSB memory whose interfaceisUSB 1.1.

* UseaUSB memory that is USB mass storage class compliant and formatted with
FAT16 or FAT32.

*  Usethe USB memory solely for the E4981A. Otherwise, other data previously saved in
the USB memory could be erased.

e If you cannot save into or recall from the USB memory, use another USB memory
device.
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» Keysight Technologies shall not be responsible for nor assume any liability for data
lossin your USB memory device after using it with the E4981A.

Saving/Recalling Instrument Configuration States

Overview of Instrument Configurations

Pressing the [ Save/Recall] opens the CATALOG page. You can save/recall instrument
configuration states in either of two ways:

» Saveintotheinternal memory
* Saveinto USB memory

You can save up to 10 registers into the internal memory and into a single USB memory
device. Also, register numbers have extensions as shown in Table 4-9:

Table 4-9 Extensionsfor register numbers
Classification | Register number Extension
(No. field)
Internal 0 Recalled when the [Recall A] key is pressed.
memory X
1 Recalled when the [Recall B] key is pressed.
2 through 8 -
9 Auto recall
USB memory | 10 through 19 -

In this page, you can configure each of the following controls with the cursor placed in the
corresponding field (denoted in parentheses).

* Medium mode (MEDIA field)
» Register number (No. field)
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Sep 1.
Sep 2.
Sep 3.

Setting up Measurement Conditions and Display
Saving/Recalling Instrument Setup State (save/recall function)

CATALOG page

<CATALOG> W

INT DATA
SAYE

go. g COMMENT DISPLAY

1 1

2 ]

3 ]

4 ]

3 a

6 a

7 8

8 ]

9 [a] @

‘Use softlkeys to select

ed981auj0013

Medium Mode

Functional Description

You have to specify the medium type of the destination or source before saving or recalling
instrument configurations.

To select the medium mode:

Press [Save/Recall].

Use the cursor keysto select the MEDIA field.

Select the medium mode by pressing the appropriate softkey:
Softkey Description
INT Uses the internal memory as the destination or source. Once you o g
have selected this mode, the register numbers (in the No. field) S
change to 0 through 9. %é‘
=3
EXT Uses USB memory as the destination or source. Once you have 7 s
selected this mode, the register numbers (in the No. field) changeto o %
10 through 19. oo
Oc
23
Choosing a Register Number 2o

Functional Description

You have to choose one of the register numbers (in the No. field) before saving or recalling
instrument configurations.

Available choices include 0 through 9 when the medium mode is INT (internal memory),
or 10 through 19 when the medium mode is EXT (USB memory).
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To choose aregister number and save/recall the configurations:
Sep 1. Press[Save/Recdl].
Sep 2. Usethe cursor keysto select the No. field of your desired register number.

Sep 3. Select your desired action by pressing the appropriate softkey:

Softkey Description

RECALL Recalls the configurations previously saved in the register that
corresponds to your specified register number.

SAVE Saves the configurations into the register that corresponds to your
specified register number.

DELETE Deletes the configurations previously saved in the register that
corresponds to your specified register number.

Memory Status | nformation

Functional Description

Each register number is associated with one of the following memory status values:

Satusvalue Description

-1 The register contains non-E4981A configuration information. “1

0 The register contains no configurations.

1 The register does contain configurations.

2 The register contains any configuration that was saved under a
different firmware version or from another E4981A with a different
option(s) equipped. “2

*1. Thisvalueis not applicable when the medium mode is INT (interna memory).
*2.An “Incompatible state file” warning message is displayed. Status information may fail
to be correctly recalled.

NOTE The ninth instrument setting corresponds to Auto Recall. Auto recall is not executed when
power is ON, by pressing the [Preset] key.
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Figure 4-5
Sep 1.
Sep 2.
Sep 3.
Sep 4.
Sep 5.
NOTE

Sep 1.
Sep 2.

Setting up Measurement Conditions and Display
Saving/Recalling Instrument Setup State (save/recall function)

Comment I nformation

Functional Description

You can view comments entered into the comment line (USER COMMENT field) on the
M easurement Conditions screen. For information on how to enter a comment, see
“Inputting Comment line” on page 61.

Saving/Recalling I nstrument Configuration Statesinto/from the
Internal Memory

Figure 4-5 shows the fields available on this page along with the softkeys corresponding to
them.

CATAL OG page (when saving instrument configurationsinto the internal memory)

SHYE
INT DATA
SAVE
go. g COMMENT DISPLAY
1 1
2 B
3 B
4 B
G ]
f a
7 ]
8 8
9 [4] 8
‘Use softlkeys to select
ed981auj0013

To save configuration statesinto theinternal memory:

Press[Save/Recdll].

Use the cursor keysto select the MEDIA field.

Press INT softkey.

Use the cursor keysto select the No. field (0 through 9) for your desired register.

Press SAVE softkey to save configuration states into the internal memory.

If you have selected the No. field for aregister that already contains configuration states,
new configuration states overwrite the existing ones.

Torecall configuration states from the internal memory:

Press [Save/Recall].

Use the cursor keysto select the MEDIA field.
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Figure 4-6

Sep 3.
Sep 4.
Sep 5.

Setting up Measurement Conditions and Display
Saving/Recalling Instrument Setup State (save/recall function)

Press INT softkey.
Use the cursor keys to select the No. field (0 through 9) for your desired register.

PressRECALL softkey to recall configurations from the internal memory.

Using aHard Key to Recall Satesfrom the Internal Memory

You can a'so recall configuration states from a particular register in the internal memory by
pressing one of the following hard keys:

Hard key Description
Recall A Recalls configuration states from register O (#0 in the No. field).
Recall B Recalls configuration states from register 1 (#1 in the No. field).

Saving/Recalling I nstrument Configuration States into/from USB
Memory

Figure 4-6 shows the fields available on this page along with the softkeys corresponding to
them.

CATAL OG page (when saving instrument configurationsinto USB memory)

SHVE
EXT DATH

Mo, 5 CORMEMT SAVE
18| 1 Lp-Rdc Meas . DISPLAY
11 o B [ —
12 1! Device Ext—#
13 1: Device Ext-B
14 8
15| ‘8
16| @
17| B
12| 8
19 A
U=ze Sottleys to select

[ ]: Fild

. Monitor

€4980auel1141
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Sep 1.
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Sep 3.
Sep 4.
Sep 5.

NOTE

Sep 1.
Sep 2.

Setting up Measurement Conditions and Display
Saving/Recalling Instrument Setup State (save/recall function)

Functional Description

When you save configuration states into USB memory, they are saved as predefined filesin
predefined locations. You cannot manually define the file names or locations.

Each state fileis assigned afile namein the format of “register number.sta’.

To save configuration statesinto USB memory:

Press [Save/Recall].

Use the cursor keysto select the MEDIA field.

Press EXT softkey.

Use the cursor keysto select the No. field (10 through 19) for your desired register.
Press SAVE softkey to save configuration states into the USB memory.

If you have selected the No. field for aregister that already contains configuration states,
the new configuration states overwrite the existing ones.

Torecall configuration states from USB memory:

Press [Save/Recall].

Use the cursor keysto select the MEDIA field.

Press EXT softkey.

Use the cursor keysto select the No. field (10 through 19) for your desired register.
Press RECALL softkey to recall configurations from the USB memory.

State files are automatically assigned file names 10.sta through 19.sta, and you cannot
change the file names.

If you attempt to recall configuration states under any of the following conditions, an
“Incompatible state file” warning message is displayed.

¢ Theconfiguration states were saved under a different firmware version.

* The configuration states were saved from another E4981A with a different option(s)
equipped.

Using the Auto Recall Feature
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Functional Description

You can have the E4981A, at start-up, automatically recall the configuration states
previously saved in register number 9 on Internal memory.

To usetheauto recall feature:
Press[Save/Recdll].
Use the cursor keys to select the No. 9 [A] field.
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NOTE

NOTE

Setting up Measurement Conditions and Display
Saving/Recalling Instrument Setup State (save/recall function)

Pressthe RECALL softkey, to configure the instrument using the instrument configuration
information previously saved in register 9 on the Internal memory.

Transferring auto recall setting to another E4981A

Using external USB memory

Perform auto recall.

Connect external USB memory.

Press [Save/Recall].

Use the cursor keys to select MEDIA to EXT.

Use the cursor keys to select memory location from 10 to 19.

Press SAVE softkey to save the datain the USB memory.

Connect the USB memory to another E4981A, recall the saved state.

After recalling the state, save it to internal memory No. 9[A].

Using *LRN? command

Perform auto recall.

Retrieve the intrument configuration using * LRN? command via GPIB/LAN/USB.
Send the instrument configurations (retrieved in Step 2) to another E4981A.

Save the data to internal memory No. 9[A].

Saving M easurement Resultsinto USB Memory

You can save measurement results obtained by the E4981A into USB memory as .CSV
files. You can later load your saved filesinto an application program running on a PC.

Data buffer 3 is used to perform save data operation through front panel and web server.
Also, it is not possible to load data through web server.

Before saving measurement results into USB memory, you need to compl ete some tasks
preparatory to initiating measurement so that the data buffer memory contains the
necessary data. For more information, see “ To save measurement results into USB
memory:” on page 98.

You cannot load measurement results from USB memory into the E4981A.
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Table 4-10

Setting up Measurement Conditions and Display
Saving/Recalling Instrument Setup State (save/recall function)

M easurement Result Format

Measurement results are output in the format shown in Table 4-10.

The Data A and Data B fields of ameasurement result file differ depending on whether the
“effective digits’ setting ison or off (controlled by the :FORMat: ASCii:LONG command).

M easurement Result For mat

M easurement Comparator Result Format

Screen

one point OFF <Data A>,<Data B>,<Status>

one point ON <Data A>,<Data B>,<Status>,<BIN No.>

Data A Outputs the measurement data for the primary parameter.

The Data A field uses the following two different fixed-length ASCII formats:

When the “effective digits” SN.NNNNNESNN

setting is off: (S:+/-, N:0to 5, E: exponent character)
(:FORMat:ASCii:LONG

OFF)

When the “effective digits’ SN.NNNNNNNNNESNN

setting is on: (S:+/-,N:0to 9, E: exponent character)
(:FORMat:ASCii:LONG
ON)

Data B Outputs the measurement data for the secondary parameter.

The Data B field uses the following two different fixed-length ASCII formats:

When the “effective digits’ SN.NNNNNESNN
setting is off:

:FORM:ASC:LONG OFF

(S:+/-, N:0O to 5, E: exponent character)

When the “effective digits” SN.NNNNNNNNNESNN

setting is on: (S:+/-,N:0to 9, E: exponent character)
:FORM:ASC:LONG ON

Satus Represents the measurement result status by using one of the following status
values:

0 M easurement successfully completed.
+1 Overload.
+2 Low C or No contact.

The Status field uses the following two-character fixed-length ASCII format:
SN (S:+/-,N:0to 2)
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Example 4-1

Sep 1.
Sep 2
Sep 3.
Sep 4.

Setting up Measurement Conditions and Display
Saving/Recalling Instrument Setup State (save/recall function)

If thevalueis 1, the measurement data is 9.9E37; if the valueis 0 or 2, the actual
measurement datais output.

The data buffer memory contains a measurement result with no data (as represented by the
status value of -1), but it is excluded when the datais saved into USB memory.

Bin No. (IN/OUT) Represents the bin sorting results as well as IN/OUT evaluation
results, as shown below:

0 OUT_OF BINS
+1to+9 BIN 1 through BIN 9
+10 AUX_BIN

+11 BIN_NA

The <BIN No.> data output format is either 2- or 3-character fixed-length ASCII format:
SN or SNN (S+/-,N:0to9)

Example of measurement result output

Example of saved measurement result data
+1.059517689E-24,+1.954963777E+00,+0,+0
+9.706803904E-25,+2.095857894E-01,+0,+0
+2.172725184E-24,+2.072965495E-01,+0,+0
+3.660460872E-25,+7.172688291E+00,+0,+0
+1.135428381E-24,+6.490636201E-01,+0,+0
+1.384790632E-24,+2.193020669E+00,+0,+0
+3.829879310E-26,+2.788435221E+01,+0,+0

To save measurement resultsinto USB memory:
Plug a USB memory stick into the front USB port.
Press [Save/Recall].

Press SAVE DATA softkey.

Press START LOG softkey and then press the following softkeys to enter the measurement
results into the data buffer memory.

Softkey Description

START LOG Starts logging the measurement results into the data buffer memory.

SAVE & STOP  Copiesthe data from the data buffer memory into the USB memory.
Then stops saving the measurement results into the data buffer
memory and clears the data buffer memory.
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Setting up Measurement Conditions and Display
Saving/Recalling Instrument Setup State (save/recall function)

NOTE The above mentioned steps stores the data in buffer 3, enabling to save the datato USB
memory.

Sep 5. Start measurement. The data buffer memory isfilled with up to 1000 sets of measurement
results.

Sep 6. Press SAVE & STOP softkey to save results into the USB memory.

Sep 7. When the data has been saved into the USB memory, a“ Storing data completed. :
E498xX X X.csv" message appears in the system message area.

Figure4-7 Saving measurement resultsinto USB memory

Measurement

oo [START LOG]

Logging start

Data Buffer

S.s Cl
Memory Gl

-eomoneeeooeooooooo2I33s [SAVE & STOP]

Data output
USB Memory

€4980aue1150

NOTE Measurement result files are automatically assigned file names E498x001.csv through
E498x999.csv, and you cannot change the file names.
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Setting up Measurement Conditions and Display
Saving/Recalling Instrument Setup State (save/recall function)

Saving a Screenshot into USB Memory

You can save a screenshot of the E4981A’s display into USB memory asa.GIF file. You
can later load your saved file into an application program running on a PC.

To save a screenshot into USB memory
Sep 1. Display the screen you want to save.
Sep 2. Plug aUSB memory device into the front USB port.
Sep 3. Press[Save/Recdl].
Sep 4. Press SAVE DISPLAY softkey.

Sep 5. When the data has been saved into the USB memory device, a“ Storing image completed. :
E498xX X X.gif” message appearsin the system message area.

NOTE Screenshot files are automatically assigned file names E498x001.gif through
E498x999.gif, and you cannot change the file names.
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Preparation for Accurate M easurement
(Executing Correction)

This chapter gives an overview and the operational procedures of the different types of
correction function available in the E4981A.
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Preparation for Accurate Measurement (Executing Correction)
Overview of Correction Function

Overview of Correction Function

The E4981A provides several types of corrections such as OPEN, SHORT, LOAD,
OFFSET & Cable correction. This section explains various types of corrections available

in the E4981A.

OPEN/SHORT/LOAD/OFFSET Correction

The E4981A provides four types of correction functions: OPEN correction, SHORT
correction, LOAD correction, and OFFSET correction. The following table gives a brief
description of each correction function:

Type of correction

Description

OPEN correction

Corrects errors caused by parallel stray admittance of the test fixture. This
correction is based on the results of admittance measurement in the OPEN
state which is performed in advance.

OPEN correction can be performed at any frequency (120Hz/1
kHz/1MHz) and the correction dataremains valid for all measurement
frequencies.

SHORT correction

Corrects errors caused by series residual impedance of the test fixture.
This correction is based on the results of impedance measurement in the
SHORT state which is performed in advance.

SHORT correction can be performed at any frequency (120Hz/1
kHz/1MHz) and the correction dataremains valid for all measurement
frequencies.

LOAD correction

Corrects complex errors related to amplitude/phase errors, the scanner,
and other factors caused by the cable and test fixture. This correctionis
based on the results of impedance measurement of the standard having a
known value which is performed in advance.

LOAD correction is frequency dependent and the correction data remains
valid only for the measurement frequency at which the LOAD correction

isapplied. If the frequency is changed, the LOAD correction needs to be

performed again.

OFFSET correction

NOTE

Corrects errors between the actual measured value and the ideal value that
the user desires. Thisis done by subtracting any value that the user enters
from the measured result (for example, difference between aknown
standard value and its measured value, or instrument-by-instrument
differences in the measured values of the same DUT).

In Option 002, thereis no correction for IMHz frequency.
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Preparation for Accurate Measurement (Executing Correction)
Overview of Correction Function

As shown in the data processing flow of Figure 5-1, the OPEN/SHORT/LOAD correction
isfirst performed for the measured impedance result (complex number), and the result is
converted to the primary/secondary parameters. Then, for the primary/secondary parameter
values (real number), the OFFSET correction is performed.

Figure5-1 Data processing flow
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Preparation for Accurate Measurement (Executing Correction)
Overview of Correction Function

Cable Correction

Cable correction avoids measurement error due to the differences of each cable when you
useacablelengthof 1mor2min1MHz.

In Option 002, 1 MHz frequency is not available.

Measurement error due to an individual cable is proportional to the square of the test
frequency. Accordingly, the difference of each test cables may not be ignored at high
frequencies, such as 1 MHz. When the E4981A is shipped from the factory, it contains
typical correction data for both 1m and 2m cables. Cable correction can compensate the
error for your own cable.

The following equipment are required for cable correction:
Open Termination 42090A Open termination (do not use BNC adapter as an alternative)
L oad Standard 16383A 100 pF (capacitor) or 42037A 1 kQ (resistor)

Cable correction is not required in the following conditions:

» For 120 Hz and 1 kHz measurement frequency.

*  When Open, Short and Load correction is executed at 1 MHz measurement frequency.
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Preparation for Accurate Measurement (Executing Correction)
Turning ON/OFF Correction Functions

Sep 1.
Sep 2.
Sep 3.
Sep 4.

NOTE

NOTE

NOTE

Turning ON/OFF Correction Functions

You can turn ON/OFF each correction function separately.

Turning on OPEN correction

Use one of the following two ways to set the OPEN correction to ON.

Measuring data for OPEN correction

Execute measurement of the data for the OPEN correction. When the measurement
finishes successfully, the OPEN correction is automatically set to ON. For information on
the measurement procedure for the data used in the OPEN correction, refer to “Measuring
datafor OPEN correction” on page 51.

Setting up ON/OFF directly

Use the following procedure to set the OPEN correction to ON/OFF.
Press [Meas Setup].

Press CORRECTION softkey.

Use the cursor keysto select the OPEN field.

Press the ON softkey to turn ON the OPEN correction function.

If you change the setup of the cable length or frequency shift (1 MHz) with the OPEN
correction ON, the warning message “Need corr meas’ appears and the OPEN correctionis
automatically set to OFF. Along with OPEN correction, SHORT and LOAD correctionis
set to OFF aswell.

If you set the OPEN correction to ON by using the above procedure when the setup of the
cable length or frequency shift differs from that during measurement of the data for OPEN
correction, the warning message “Need open meas’ appears. Even if thiswarning message
appears, the OPEN correction is set to ON. However, you must again measure the data for
OPEN correction to ensure accurate measurement.

When the measurement result becomes overload, “Measurement failed” error is displayed
and OPEN correction data is not updated.

Turning on SHORT correction

Use one of the following two ways to set the SHORT correction to ON.

Measuring data for SHORT correction

Execute measurement of the data for the SHORT correction. When the measurement
finishes successfully, the SHORT correction is automatically set to ON. For information
about the measurement procedure for the data used in the SHORT correction, refer to
“Measuring datafor SHORT correction” on page 54.
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Sep 2.
Sep 3.
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NOTE

Preparation for Accurate Measurement (Executing Correction)
Turning ON/OFF Correction Functions

Setting up ON/OFF directly

Use the following procedure to set the SHORT correction to ON/OFF.
Press[Meas Setup].

Press CORRECTION softkey.

Use the cursor keys to select the SHORT field.

Press the ON softkey to turn ON the SHORT correction function.

If you change the setup of the cable length or frequency shift (1 MHZz) with the SHORT
correction ON, the warning message “Need corr meas’ appears and the SHORT correction
isautomatically set to OFF. Along with SHORT correction, OPEN and LOAD correctionis
set to OFF aswell.

If you set the SHORT correction to ON using the above procedure when the setup of the
cable length or frequency shift differs from that during measurement of the data for
SHORT correction, the warning message “Need short meas’ appears. Even if thiswarning
message appears, the SHORT correction is set to ON. However, you must again measure
the datafor SHORT correction to ensure accurate measurement.

When the measurement result becomes overload, “Measurement failed” error is displayed
and SHORT correction datais not updated.

Turning ON LOAD correction

Use one of the following two ways to set the LOAD correction to ON.

Measuring LOAD correction data

Execute measurement of the data for the LOAD correction. When the measurement
finishes successfully, the LOAD correction is automatically set to ON. For information
about the measurement procedure for the data used in the LOAD correction, refer to
“Obtaining (measuring) data for LOAD correction” on page 112.

Setting up ON/OFF directly

Use the following procedure to set the LOAD correction to ON/OFF.

Press [Meas Setup].

Press CORRECTION softkey.

Use the cursor keys to select the LOAD field.

Press the ON softkey to turn ON the LOAD correction function.

If you change the setup of the cable length or frequency shift (1 MHZz) with the LOAD
correction ON, the warning message “Need corr meas’ appears and the LOAD correction

isautomatically set to OFF. Along with LOAD correction, OPEN and SHORT correctionis
set to OFF as well.
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Preparation for Accurate Measurement (Executing Correction)
Turning ON/OFF Correction Functions

NOTE If you set up the LOAD correction to ON using the above procedure when the setup of the
cable length or frequency shift differs from that during measurement of the datafor LOAD
correction, the warning message “Need load meas’ appears. Even if this warning message
appears, the LOAD correction is set to ON. However, you must again measure the data for
the LOAD correction to ensure accurate measurement.

NOTE When the measurement result becomes overload, “Measurement failed” error is displayed
and LOAD correction datais not updated.

Turning ON OFFSET correction

Use the following procedure to set the OFFSET correction to ON/OFF.
Sep 1. Press[Meas Setup].
Sep 2. Press CORRECTION softkey.
Sep 3. Usethe cursor keysto select the OFFSET field.

Sep 4. Pressthe ON softkey to turn ON the OFFSET correction function.

NOTE If you change the setup of the measurement parameter with the OFFSET correction ON,
the OFFSET correction is automatically set to OFF.

NOTE You cannot separately set the ON and OFF states as the primary parameter and secondary
parameter. However, if you set the correction valueto 0, the state is effectively the same as
OFF even if the OFFSET correction is ON. Therefore, you can set up separate ON/OFF
states by setting the correction value of either parameter to 0.
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Figure5-2

Preparation for Accurate Measurement (Executing Correction)

Obtaining correction Data

Obtaining correction Data

Obtaining (measuring) data for OPEN correction

Data structure

The 120 Hz, 1 kHz and 1 MHz data used in the OPEN correction is divided into the data
for normal operation and the data of each channel (256 channels) for multi-correction, as
shown in Figure 5-2.

Structure of data for OPEN correction

Multi correction: OFF

Multi correction: ON

120 Hz corection data

120 Hz correction data

120 Hz cable length

120 Hz cable length

1 kHz correction data

1 kHz correction data

1 kHz cable length

1 kHz cable length

1 MHz correction data

1 MHz correction data

1 MHz cable length

1 MHz cable length

1 MHz frequency shift

1 MHz frequency shift

&

\

120 Hz correction data

120 Hz cable length

1 kHz correction data

1 kHz cable length

1 MHz correction data

1 MHz cable length

1 MHz frequencty shift

For channel 0

For channel 255

e4981aue0040

M easured data

For Open correction, 120 Hz, 1 kHz and 1MHz are measured and each data frequency is
saved. Therefore, even if the measurement frequency is changed there is no need to reset
the correction. The result is set up as the datafor normal operation when the
multi-correction function is OFF and as the data for multi-correction when the function is
ON (for the channel that has been selected at execution).
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Obtaining correction Data

The table below summarizes how datais set up, depending on the setup at execution.

M ulti- Setup of
. measur ement Data
correction .
signal frequency

120 Hz correction data and 120 Hz cable length for normal

120 Hz .
operation

OFF 1 KHz 1 kHz_correctl on dataand 1 kHz cable length for normal

operation
1 MHz correction data, 1 MHz cable length, and 1 MHz

1MHz . .
frequency shift for normal operation

120 Hz 120 Hz correction data and 120 Hz cable length for the
channel selected at the time of multi-correction measurement

1 KHz 1 kHz correction data and 1 kHz cable length for the channel

o selected at the time of multi-correction measurement
N

1 MHz correction data, 1 MHz cable length and 1 MHz

1MHz frequency shift for the channel selected at the time of
multi-correction measurement

M easur ement conditions during data measurement

The data for the OPEN correction is measured under the following conditions:

* Measurement range mode: auto range mode

¢ Measurement time mode: 8

For other settings, such as averaging and trigger delay, the measurement conditions set up
at execution are used for measurement.

M easurement procedure

For more information on the measurement procedure for the data used in the OPEN
correction, refer to “Measuring data for OPEN correction” on page 51.
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Figure5-3

Preparation for Accurate Measurement (Executing Correction)

Obtaining correction Data

Obtaining (measuring) data for SHORT correction

Data structure

The 120 Hz, 1 kHz and 1 MHz data used in the SHORT correction is divided into the data
for normal operation and the data of each channel (256 channels) for multi-correction, as

shown in Figure 5-3.

Structure of data for SHORT correction

Multi correction: OFF

Multi correction: ON

120 Hz corection data

120 Hz correction data

120 Hz cable length

120 Hz cable length

1 kHz correction data

1 kHz correction data

1 kHz cable length

1 kHz cable length

1 MHz correction data

1 MHz correction data

1 MHz cable length

1 MHz cable length

1 MHz frequency shift

1 MHz frequency shift

[{

———————

\

120 Hz correction data

120 Hz cable length

1 kHz correction data

1 kHz cable length

1 MHz correction data

1 MHz cable length

1 MHz frequencty shift

For channel 0

For channel 255

e4981aue0040

Measured data

For SHORT correction, 120 Hz, 1 kHz and 1M Hz are measured and each data frequency is
saved. Therefore, even if the measurement frequency is changed there is no need to reset
the correction. Theresult is set up as the data for normal operation when the
multi-correction function is OFF and as the data for multi-correction when the function is
ON (for the channel that has been selected at execution).
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Preparation for Accurate Measurement (Executing Correction)
Obtaining correction Data

The table below summarizes how datais set up, depending on the setup at execution.

Multi Setup of
. measur ement Data
correction .
signal frequency
120 Hz correction data and 120 Hz cable length for normal
120 Hz .
operation
1 KHz 1 kHz correction dataand 1 kHz cable length for normal
OFF operation
1 MHz correction data, 1 MHz cable length, and 1 MHz
1MHz . .
frequency shift for normal operation
120 Hz 120 Hz correction data and 120 Hz cable length for the
channel selected at the time of multi-correction measurement
1 KHz 1 kHz correction dataand 1 kHz cable length for the channel
ON selected at the time of multi-correction measurement
1 MHz correction data, 1 MHz cable length and 1 MHz
1MHz frequency shift for the channel selected at the time of
multi-correction measurement

M easur ement conditions during data measurement

The data for the SHORT correction is measured under the following measurement
conditions:

* Measurement range mode: auto range mode

* Measurement time mode: 8

*  Output impedance of measurement signal source: 20 Q

For other settings, such as averaging and trigger delay, the measurement conditions set up
at execution are used for measurement.

M easurement procedure

For more information about the measurement procedure for the data used in the SHORT
correction, refer to “Measuring data for SHORT correction” on page 54.
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Table5-1

Sep L.

Sep 2.

Sep 3.

Sep 4.

Preparation for Accurate Measurement (Executing Correction)
Obtaining correction Data

Obtaining (measuring) data for LOAD correction

Preparing the standard for LOAD correction

To measure the data for the LOAD correction, you must first prepare a device as the
standard used for this measurement. You can use any device that has a stable known value
asthe standard. Also, the type of standard and the type of DUT can be different. For
example, even if you measure a capacitor, you can use aresistor as the standard.

When using an existing standard:

Any device that has an accurate value (guaranteed as the specification) can be used as the
standard.

When using a general pur pose Capacitance component as the standard:

If you cannot prepare an existing standard, value a general purpose device (capacitor,
resistor, and so on) by using a Capacitance meter and use it as the standard. Notes on
selecting adevice to use as the standard are given below.

* When you measure DUTs with afixed impedance value, use a device with an
impedance close to the fixed value. On the other hand, when you measure DUTSs of
severa different values, use adevice whose impedance can be valued accurately within
arange of approximately 100 to 1 kQ.

» Useastable devicethat isnot sensitive to factors of the measuring environment such as
temperature and magnetic field.

You must value the standard as accurately as possible. The valuing procedure is described
bel ow.

Connect the direct coupled test fixture to a Capacitance meter and execute OPEN/SHORT
correction.

Set the measurement frequency of the Capacitance meter to the frequency (120 Hz/1 kHz/1
MHZz) actually used when measuring the data for the LOAD correction.

Set up the Capacitance meter under measurement conditions that allow high-accuracy
valuing (measurement) (for example, setting up the measurement time to 8 or increasing
the averaging count).

Connect a device you use as the standard to the direct coupled test fixture and perform the
measurement. Use the obtained measured value as the standard for the LOAD correction.
Defining standard for LOAD correction (setting up L OAD reference value)

Before measuring the data for the LOAD correction, you must define the value of the
standard used in LOAD correction. You can define the standard for the LOAD correction
by using one the following parameter combinations.

Definition parameter s of the standard for LOAD correction

Primary parameter Secondary par ameter
Cp D,Q GRp
Cs D, Q, Rs
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Defining parameter swhen using a resistance standard
When using aresistance standard (a standard that has been valued in the R-X format) asthe
standard for LOAD correction, you must convert it to the Cs-Rs format because the
E4981A does not allow you to enter avalue directly in the R-X format as the definition
value. The conversion expression is given below.
Conversion expression for a standard valued in the R-X format

Rs = R
__1

2nfX

where f denotes the measurement frequency.

Cs =

Definition procedure
The procedure to define the standard value for the LOAD correction is described below.

Press [Meas Setup] key.

Press CORRECTION softkey.

Use the cursor keysto select the LOAD Cp-D field.

Press the appropriate softkey (Cp-.../Cs-...) to select the primary parameter.
Press the appropriate softkey to select the secondary parameter.

Use the cursor keysto select REF A/B field.

Use the entry keys to enter the reference value for load.
Measuring data for LOAD correction

Data structure

The 120 Hz, 1 kHz and 1 MHz data used in the LOAD correction is divided into the data
for normal operation and the data of each channel (256 channels) for multi-correction, as
shown in Figure 5-4. Each set of data consists of the correction data, cable length, standard
definition value, and frequency shift (only for 1 MHz).
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Preparation for Accurate Measurement (Executing Correction)

Obtaining correction Data

Figure5-4

Structure of data for LOAD correction

Multi correction: OFF

Multi correction: ON

120 Hz correction data

120 Hz correction data

120 Hz cable length

120 Hz cable length

120 Hz standard definition value

120 Hz standard definition value

1 kHz correction data

1 kHz correction data

1 kHz cable length

1 kHz cable length

1 kHz standard definition value

1 kHz standard definition value

1 MHz correction data

1 MHz correction data

1 MHz cable length

1 MHz cable length

1 MHz standard definition value

1 MHz standard definition value

1 MHz frequency shift

1 MHz frequency shift

[{

_———————

A\

120 Hz correction data

120 Hz cable length

120 Hz standard definition value

1 kHz correction data

1 kHz cable length

1 kHz standard definition value

1 MHz correction data

1 MHz cable length

1 MHz standard definition value

1 MHz frequency shift

120 Hz standard definition value

1 kHz standard definiton value

1 MHz standard defition value

For channel 0

For channel 255

For all channels

e4981aue0041

M easured data

The datafor the LOAD correction can only be measured at the measurement frequency set
by the user (120 Hz, 1 kHz or 1 MHZz) at the time of execution. The result is set up asthe
data for normal operation when the multi-correction function is OFF and as the data for
multi-correction when the function is ON (for the channel that has been selected at
execution).
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The table below summarizes how datais set up, depending on the setup at execution.

Multi Setup of
. measurement Data
correction .
signal frequency
120 Hz correction data and 120 Hz cable length for normal
120 Hz .
operation
1 kHz 1 kHz correction dataand 1 kHz cable length for normal
OFF operation
1 MHz correction data, 1 MHz cable length, and 1 MHz
1 MHz . .
frequency shift for normal operation
120 Hz 120 Hz correction data and 120 Hz cable length for the
channel selected at the time of multi-correction measurement
1 KHz 1 kHz correction data and 1 kHz cable length for the channel
ON selected at the time of multi-correction measurement
1 MHz correction data, 1 MHz cable length and 1 MHz
1MHz frequency shift for the channel selected at the time of
multi-correction measurement

M easurement conditions during data measurement

The data for the LOAD correction is measured under the following measurement
conditions.

« Measurement range mode: auto range mode or fixed range mode
e Measurement time mode: 8

For other settings, such as averaging and trigger delay, the measurement conditions set up
at execution are used for measurement.

Auto Range during the measurement of Load Standard can be also be set to ON/OFF by
LOAD RNG under CORRECTION softkey.

M easur ement procedure

Connect the standard for the LOAD correction to the test fixture.

Press [Meas Setup].

Press CORRECTION softkey to display the correction page.

Use the cursor keysto select the LOAD field.

Pressthe MEAS LOAD softkey. The data for the LOAD correction is then measured.

e During the measurement, an “LOAD measurement in progress’ message is shown on
the display.

¢ When the measurement has finished, the “LOAD measurement in progress’ message
disappears.

« During the measurement, the ABORT softkey is shown. Use this key when you want to
abort load correction.

When measurement of the datafor LOAD correction is successfully completed, the LOAD
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NOTE
Sep 7.
Sep 8.
NOTE

Preparation for Accurate Measurement (Executing Correction)
Obtaining correction Data

correction turns to ON.

If the difference between the measured value and definition value of the standard for the
LOAD correction exceeds 10% (not suitable for the datafor LOAD correction), the
warning message “ Out of limit” appears.

Even if thiswarning message appears, datafor the LOAD correctionisstill used. However,
it is recommended to confirm that the connection between the test fixture and the
UNKNOWN terminal as well as the measurement procedure are correct.

If ameasurement failure occurs while measuring the data for correction, the error message
“Correction Meas Aborted” appears.

If this error occurs, the data used for correction before the measurement remains without
change.

Use the cursor keysto select LOAD RNG field.

Use the following softkeys:

Softkey Function
AUTO Turns ON the auto-ranging function when load correction is executed.
FIX Turns OFF the auto-ranging function.

When the load range is set at FIX, the selected measurement range is used at the LOAD
measurement.

Description of Softkeys

To enable/disable or otherwise control the behavior of load correction, use the following
softkeys:

Softkey Description
ON Enables load correction.
OFF Disables |oad correction.

MEAS LOAD Starts load correction.
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Selecting Single/M ultiple Correction M ode

Functional Description

E4981A can store up to 256 sets of OPEN/SHORT/LOAD correction data. In addition, it
can store one set of the standard’s reference value data at a specified frequency point. In
multiple correction mode, you can switch among up to 256 data setsto carry out correction.

The correction features default to single correction mode.

In multiple correction mode, the channel number for which correction datais selected.

To set up single/multiple correction mode:
Press [Meas Setup].

Press CORRECTION softkey.

Use the cursor keys to select the MULTI field.

Use the following softkeys:

Softkey Description
ON Turns ON the multiple correction mode.
OFF Turns OFF the multiple correction mode.

For more information on measurement parameters, see “ Setting up measurement
parameters’ on page 46.

Use the cursor keysto select the CH field.

Use the numeric entry keysto enter the number of channels or use the following softkeys

Softkey Description

INCR++ Increments the channel number in steps of 10.
INCR+ Increments the channel number in steps of 1.
DECR- Decrements the channel number in steps of 1.
DECR-- Decrements the channel number in steps of 10.

Use the cursor keysto select the LOAD REF field.

Use the following softkeys:

Softkey Description

SINGLE Definesasingle LOAD correction standard value commonly applied to
all channels.

MULTI Definesa LOAD correction standard value for each channel.
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Table 5-2

Sep 1.
Sep 2.
Sep 3.
Sep 4.

Sep 5.
Step 6.

Preparation for Accurate Measurement (Executing Correction)
Obtaining correction Data

Setting up Data for OFFSET correction

You can define a certain value and set it up as the data for OFFSET correction.

When the OFFSET correction is ON, taking the measured value before correction as Meas
and the data for the OFFSET correction as Offset , the measured value is corrected as
Meas— Offset . Therefore, to correct the measurement result to your desired value, set up
the difference between the desired value and the measurement result as the data for the
OFFSET correction. For example, to correct the current measured value of the primary
parameter of 1.012 nF to the measured value of 1.000 nF, set up the data for the OFFSET
correction for the primary parameter to 12 pF.

The datafor the OFFSET correction consists of 120 Hz, 1 kHz and 1 MHz datafor both the
primary and secondary parameters, as shown in Table 5-2.

Structure of datafor OFFSET correction

For primary parameter For secondary parameter
120 Hz correction data 120 Hz correction data

1 kHz correction data 1 kHz correction data

1 MHz correction data 1 MHz correction data

Setup procedure
Press[Meas Setup].
Press CORRECTION softkey.

Use the cursor keysto select OFFSET field.

Use the following softkeys:
Softkey Function
ON Turns ON the OFFSET correction function
OFF Turns OFF the OFFSET correction function

Use the cursor keys to select the OFFSET A/B field

Use the numeric entry keysto enter the correction value for primary and secondary
parameter.

The entered values are set up as the data for the OFFSET correction for the measurement
frequency at the time of data entry.
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Checking displaying/Setting up correction Data

Checking displaying/setting up data for OPEN correction

Displaying data/Selecting parameter format for OPEN correction

For information on the procedure to display the datafor OPEN correction, refer to
“Checking datafor OPEN correction” on page 52.

Setting up data for OPEN correction
You can setup the data for OPEN correction by the following procedure.
Sep 1. Press[Meas Setup] key.
Sep 2. Press CORRECTION softkey.
Sep 3. Usethe cursor keysto select the OPEN G-B field.
Sep 4. Select G-B or Cp-G which you required.
Sep 5. Usetheright cursor keysto select A field.
Sep 6. Input your desired value for the primary parameter for OPEN.
Sep 7. Usetheright cursor keysto select B field.
Sep 8. Input your desired value for the secondary parameter for OPEN.

Checking displaying/setting up data for SHORT correction

Displaying data/Selecting parameter format for SHORT correction (6 digits)

For information on the procedure to display the data for SHORT correction, refer to
“Checking datafor SHORT correction” on page 55.

Setting up data for SHORT correction
You can setup the datafor SHORT correction by the following procedure.
Sep 1. Press[Meas Setup] key.
Sep 2. Press CORRECTION softkey.
Sep 3. Usethe cursor keysto select the SHORT R-X field.
Sep 4. Select R-X or Ls-Rs which you required.
Sep 5. Usetheright cursor keysto select A field.
Sep 6. Input your desired value for the primary parameter for SHORT.
Sep 7. Usetheright cursor keysto select B field.
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Checking displaying/setting up data for LOAD correction

Displaying data/Selecting parameter format for LOAD correction

The parameter format of LOAD correction data depends on the parameter format of the
standard value for the LOAD correction and cannot be selected independently.

Refer to “Defining standard for LOAD correction (setting up LOAD reference value)” on
page 112.

Setting up data for LOAD correction

You can setup the datafor LOAD correction by the following procedure.
Press [Meas Setup] key.

Press CORRECTION softkey.

Use the cursor keys to select the LOAD Cp-D field.

Select Cp- ... or Cs- ... which you required.

Use the right cursor keysto select A field.

Input your desired value for the primary parameter for LOAD.

Use theright cursor keysto select B field.

Input your desired value for the secondary parameter for LOAD.
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Table5-3

Preparation for Accurate Measurement (Executing Correction)
Avoiding Mistakes Related to Work in Obtaining correction Data

Avoiding Mistakes Related to Work in Obtaining correction
Data

To avoid simple work-related mistakes in measuring the data for OPEN/SHORT/LOAD
correction (for example, setting up the OPEN state and SHORT state inversealy), itis
important to confirm that the measured data is correct.

Using war ning messages

If the measured datais out of the valid range shown in Table 5-3 when measuring the data
for OPEN/SHORT/LOAD correction, the warning message “ Out of limit” appears, which
alows you to detect an error of the measured data.

The valid ranges are fixed and cannot be changed. Even after the warning message is
displayed, the correction datais used asis.

Valid ranges of correction data

Type of correction Valid range
OPEN correction [Y|<20uS

SHORT correction [Z] <20 Q
LOAD correction |Zref| 2 0.9 < |Z] < |Zref| =~ 1.1

In Table 5-3, Y isthe measured admittance value, Z is the measured impedance value, and
Zref isthe definition value of the standard for the LOAD correction.
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Sep 3.
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Sep 7.
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Sep 11.

Preparation for Accurate Measurement (Executing Correction)
Obtaining cable correction data

Obtaining cable correction data
The procedure to obtain cable correction is described below.
Press[System].

Press CABLE CORR softkey.

In Option 002, CABLE CORR softkey is not available on the SY STEM INFO page.

Use the cursor keys to select from cable length of 1m or 2m.

Connect a 100pF capacitor (16383A) or 1kQ resistor (42037A) to the UNKNOWN
terminals.

Pressthe MEAS REF softkey. The data for the reference correction is then measured.

» During the measurement, the “ REF measurement in progress’ message is shown on the
display.

*  When the measurement has finished, the “REF measurement in progress’ message
disappears.

* During the measurement, the ABORT softkey is shown. Use this key when you want to
abort reference correction.

Remove the standard capacitor/resistor from UNKNOWN terminals. Connect the cable
length of 1m or 2m.

Connect the OPEN termination 42090A at the end of cable.
Pressthe MEAS OPEN softkey. The data for the OPEN correction is then measured.

»  During the measurement, an “OPEN measurement in progress’ message is shown on
the display.

»  When the measurement has finished, the “OPEN measurement in progress’ message
disappears.

» During the measurement, the ABORT softkey is shown. Use this key when you want to
abort open correction.

Remove the OPEN termination and connect LOAD standard 16383A (100pF) or 42037A
(1kQ) to the end terminal of the cable.

Pressthe MEAS LOAD softkey. The data for the LOAD correction is then measured.

»  During the measurement, the “LOAD measurement in progress’ message is shown on
the display.

*  When the measurement has finished, the “L OAD measurement in progress’ message
disappears.

e During the measurement, the ABORT softkey is shown. Use this key when you want to
abort load correction.

Pressthe SAVE softkey, when the measurement of reference, open and load is successfully
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completed to turn ON the correction function.

When measurement is executed, the correction function including OFFSET correction
turns OFF automatically.

If cable correction is ON, when the measurement is being executed it turns OFF
automatically.

Description of softkeys

To enable/disable the cable correction function use the following softkeys:

Softkey Function

MEAS REF M easures the cable correction reference value.
MEAS OPEN M easures the cable correction open value.
MEAS LOAD Measures the cable correction load value.
SAVE Saves the cable correction data.

CLEAR Clears the cable correction data.

When overload occurs during the measurement and measurement is aborted an error
occurs.

Measurement results are valid even if warning message is displayed in the following
condition:

« Reference/Load measurement: when auto range is not executed in 100pF or 220pF
range.

*  Open measurement: when measurement valueisnot in |Y| < 20uS range.

Chapter 5 123

—~
m
x
o
o
c
=
=

(=]
0O
=]
=
=
(1%
Q
=
o
=]

~

JuswainNsSea\ alelnddy

1o} uonesedald ‘g




Preparation for Accurate Measurement (Executing Correction)
Obtaining cable correction data

124 Chapter5



o
m
x
®
0
c
=
>
Q
<
®
D
0
c
5
®
3
®
S
~

Executing M easurement

This chapter describes how to generate atrigger to start measurement. It also provides
helpful information for measurement.
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Sarting (triggering) M easurement

The method used to start (trigger) measurement varies depending on the setup of the trigger
mode, as shown in Table 6-1 below:

Table 6-1 Trigger mode

Trigger mode Method to generateatrigger

Internal trigger (INT) Theinternal trigger is used to generate atrigger.

Pressing the [Trigger] key on the front panel generates a

Manual trigger (MAN) trigoer

Inputting an external trigger signal through the Ext Trig
External trigger (EXT) | terminal, handler interface, or scanner interface generates a
trigger.

BUS trigger (BUS) The E4981A performs one cycle of measurement each time
it receives atrigger command sent via GPIB/LAN/USB.

NOTE E4981A ignores any trigger that isinput during the measurement cycle. Be sureto trigger
the instrument when it is not in a measurement cycle.

Setting the trigger mode

Sep 1. Press[Meas Setup].
Sep 2. Usethe cursor keysto select the TRIG field.
Sep 3. Select the desired trigger mode by pressing the appropriate softkey

Softkey Function

INT Puts the instrument into internal trigger (INT) mode.

MAN Puts the instrument into manual trigger (MAN) mode.

EXT Puts the instrument into external trigger (EXT) mode.

BUS Puts the instrument into bus trigger (GPIB/USB/LAN) mode.

126 Chapter6



Sep 1.
Sep 2.
Sep 3.

Sep 1.
Sep 2.
Sep 3.

Sep 4.

Sep 1.
Sep 2.
Sep 3.

NOTE

Executing Measurement
Starting (triggering) Measurement

Perform successive measurements automatically

Select the internal trigger mode according to the procedure in “ Setting the trigger mode”.
In this mode, measurements are automatically repeated, triggered by the internal trigger
signal.
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Specifying measurement timing

Generating atrigger manually

Select manual trigger mode according to the procedure in “ Setting the trigger mode”.
Press [Display Format] key.

Press[Trigger] key to make a single measurement.

Generating atrigger with an external signal

Select external trigger mode according to the procedure in “ Setting the trigger mode”.
Press [Display Format] key.

Input atrigger signal (TTL pulse signal) from the Ext Trig terminal on the rear panel or
input EXT_TRIG through the handler/scanner interface to perform a single measurement.

Thetrigger signal input from the Ext Trig terminal on the rear panel must meet the
following requirements (input voltage and pulse width).

*\—,7 <— High level input voltage: 2 - 5V
<— Low level input voltage: 0 - 0.5V

<>

Trigger pulse width: longer than 100 usec

e4981aue0045

To repeat measurement, repeat Step 3.

Selecting polarity for BNC external trigger
Press [System] key.
Use the cursor keysto select EXT TRIG POL field.

Use the following softkeys:

Softkey Description
POS Specifies positive edge trigger
NEG Specifies negative edge trigger

Setting the trigger polarity for BNC external trigger on the rear panel does not affects the
trigger signal on handler/scanner interface.
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Notes on inputting atrigger signal

A trigger signal is not recognized until measurement with the previousinput trigger is
finished (the /EOM signal turnsto LOW).

o If atrigger isinput twice (double trigger), only the first oneisvalid.
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Tipsfor More Accurate M easurement

You can use the following techniques to increase measurement accuracy.
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Setting measurement timeto 8

Set the measurement time to 8, which provides better measurement accuracy.

For the setup procedure, refer to “ Selecting Measurement Time” on page 66.

Selecting an appropriate measurement range

When making a measurement in the fixed range mode, select the measurement range so
that measurement is performed within the recommended range (refer to Table 10-2 on
page 181, Table 10-3 on page 182 and Table 10-4 on page 182).

For the setup procedure, refer to “ Selecting Measurement Range” on page 64.

Using the correction functions

The OPEN correction eliminates the error due to the parallel stray admittance of the
measurement cable and test fixture.

The SHORT correction eliminates the error due to the series residual impedance of the
measurement cable and test fixture.

The LOAD correction eliminates the complex error due to the amplitude/phase error of the
measurement cable and test fixture, scanner, and so on.

For details, refer to Chapter 5, “Preparation for Accurate Measurement (Executing
Correction).”
M aking stable measurement

In a high-noise measurement environment, you can obtain more reliable measurement
results by performing averaging.

For the setup procedure, refer to “ Setting Up Averaging Count” on page 68.

Making measurements using a four-terminal pair

You can use four-terminal pair measurement to eliminate measurement errors.

For details, refer to “ Principle of four-terminal pair measurement” on page 254.
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Using Frequency Shift

When two or more E4981As are intergrated into a single system, you can shift the 1 MHz
measurement frequency (by +1%, -1%, 0%, -2%, or +2%) to avoid interference between
the measurement signals. You can specify the amount of shift the signal frequency actually
appliesto the DUT relative to 1 MHz as a percentage of 1 MHz. If the specified valueis
out of allowable setup range, the maximum value or minimum value is set.

For setup procedure, refer to “ Setting up frequency shift” on page 72.
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Tipsfor Increasing M easurement Speed (throughput)

You can use the following methods to increase the measurement speed.
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Setting measurement timeto 1

Set the measurement time to 1, which provides a shorter measurement time.

For the setup procedure, refer to “ Selecting Measurement Time” on page 66.

Setting measurement range mode to the fixed range

If you set the measurement range mode to the auto range, the measurement timeis
lengthened because aranging timeis required. Therefore, specify the fixed range for
quicker measurements.

For the setup procedure, refer to “ Selecting Measurement Range” on page 64.

Turning OFF display

Turning OFF display can shorten the measurement computation time (EOM). The display
timeis shown in “Measurement time” on page 199.

For the procedure to turn ON/OFF the measurement result display, refer to “ Turning
ON/OFF display” on page 73.

Decreasing aver aging count
If you use the averaging function, set the averaging count to as small avalue as possible.

For the setup procedure, refer to “ Setting Up Averaging Count” on page 68.

Setting thetrigger delay timeto O

If you do not need to use the trigger delay function, confirm that the trigger delay timeis
set to 0.

For the setup procedure, refer to “ Setting Up Trigger Delay Time” on page 69.

Reducing the waiting time for analog measurement

E4981A hasthe capability to reduce the waiting time for anal og measurement. The waiting
timeisincluded in the analog measurement time. Thisis a system default measurement
delay time.

When waiting time is reduced, the measurement accuracy is not applied. To set the waiting
time, use [:SENSe]:DETector:DEL ay[ 1-3] command. Refer to E4981A Programming
Manual.

Turning off the Status Register Update

When the status register is not used, the measurement computation time can be reduced to
0.7ms (the measurement computation time is 1ms when status register is ON).
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To turn OFF the register, use : STATus. OPERation: UPDate command. Refer to the E4981A
Programming Manual.
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Sorting Based on Measured Results
(Comparator Function)

This chapter describes how to use the function that performs sorting based on the measured
results (comparator function).
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Overview of Comparator Function

Overview of Comparator Function

The E4981A’s comparator function lets you set up to 9 limit ranges for the primary
parameter (BIN1 to BIN9) and 1 limit range for the secondary parameter and sort DUTs
into up to 11 categories: BIN1 to BIN9, OUT_OF BINS or AUX_BIN. If you need only
simple pass/fail judgment and do not need BIN sorting, use the comparator function while
setting up only 1 limit range for the primary parameter (BIN1) (and, if necessary, 1 limit
range for the secondary parameter) to judge whether the measured result of the DUT falls
into the specified limit range.

You can specify the upper and lower limit values for the primary parameter with not only
absolute values but aso relative values (deviation) from the reference value (nominal
value).

The sorting judgment result of the comparator function is displayed on the screen and also
output from the handler interface. In addition, you can read out the sorting judgment result
from an external controller by using the SCPI command together with the measured value.

You can use the BIN count function to count the number of DUTSs sorted into each BIN,
display the counts on the screen, and read them out with the SCPI command.
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Turning ON/OFF Comparator Function

The ON/OFF state of the comparator function a so controls the ON/OFF state of the output
of the handler interface signal.

Setup procedure

Sep 1. Press[Meas Setup].

Sep 2. PressLIMIT TABLE softkey. @ ~
. =)
Sep 3. Usethe cursor keysto select COMP field. 2809
O n =
Sep 4. Usethefollowing softkeys: =4 % @
Sow
. i
Softkey Function soa
2<o0
ON Turns ON the comparator function. S -
OFF Turns OFF the comparator function.
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Setting Up Sorting Judgment Conditions

Setting Up Sorting Judgment Conditions

Clearing (resetting) limit ranges

Clearing the limit ranges returns the settings of the following items to the factory-default
preset values (refer to Table C-1 on page 235).

*  ON/OFF, lower limit value, and upper limit value of al limit ranges (BIN1 to BIN9 and
secondary parameter limit range)

» Limit range designation method

* Reference value for the tolerance mode
Execution procedure

Press [Meas Setup].

Press LIMIT TABLE softkey.

Use the cursor keysto select BIN field.

Press CLEAR TABLE softkey, to clear the limit ranges.

<LINIT TABLE SETUP> CLEAR

FUNC  Cp-D HOM 1 nF BEEF  FAIL TAELE

JMODE 4% L) CanP oo
Low [ %1 HIGH [ % ]

0 -1

0 -2

0 =3

1 1
2 2
3 3
4 ] B
] ] B
6 OFF & B
7 OFF & B
2 2] B
q A B
h A 1

gnd 0N BE m [ -1

lUse zoftlkeys to select
e4981aujo017
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Selecting a limit range designation method

Two methods can be used to designate the limit ranges for the primary parameter (BIN1 to
BIN9). Oneisto designate the limit boundary value using an absolute value (absolute
mode) and the other isto designate it using a relative value (deviation) from the reference
value (hominal value) (tolerance mode). The tolerance mode is further divided into a
method to designate the deviation using an absolute value (absolute tolerance mode) and a
method to designate the deviation using the percentage of the reference value (percent
tolerance mode).

NOTE Only the absolute mode can be used to designate the secondary parameter limit range. s
O N
o=z wn
Mode E S
5ta
Off Absolute mode 32w
SR
AABS Absol ute tolerance mode LU
Tolerance mode 32
A% Percent tolerance mode 5 =5
>

Setup procedurefor thelimit range designation method and reference value
Sep 1. Press[Meas Setup].
Sep 2. PressLIMIT TABLE softkey.
Sep 3. Usethe cursor keysto select MODE field.
Sep 4. Usethe following softkeys:

Softkey Function

OFF Switches the comparator into absolute mode.

AABS Switches the comparator into tolerance mode based on absolute value.

A% Switches the comparator into tolerance mode based on deviation
percentages.

Sep 5. Usethe cursor keysto select NOM field, to set the reference value for absolute tolerance
mode or percent tolerance mode.

Sep 6. Enter the nominal value using the softkeys or entry keys. If you use the entry keysto enter
the value, the softkey |abels change to unit labels (p, n, u, m, x1).

Softkey Function

INCR++ Increments the nominal value in steps of your selected number (1, 2, 5,
10, 20, 50, 100, 200, 500)

INCR+ Increments the nominal value in steps of 1.

DECR- Decrements the nominal value in steps of 1.

DECR-- Decrements the nominal value in steps of your selected number (1, 2, 5,

10, 20, 50, 100, 200, 500)
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Relationship between the limit range designation method and the setup value

Table 7-1 and Table 7-2 compare the setup values between the limit designation methods
when setting up the limit ranges shown in Figure 7-1 and Figure 7-2, respectively.

Figure 7-1 Example of limit range settings (case 1)
098nF  0.99nF  1nF  1.01nF  1.02nF
-2%§ 1% ‘ ;
(-0.02nF)  (-0.01nF) :
BIN1 4 o @ : Inclusive
BIN2 (+0.01nF) 0 : Exclusive
: +2%
BIN3 : (+0.02nF)
o—»
4288a0e082
Table 7-1 Lower and upper limit values of limit rangesfor Figure 7-1 (comparison of
modes)
Tolerance mode (reference value: 1 nF)
Absolute mode
Absolute Percent
L ower Upper L ower Upper L ower Upper
limit value | limit value | limit value | limit value | limit value | limit value
BIN1 0.98 nF 0.99 nF -0.02 nF -0.01 nF -2% -1%
BIN2 0.99 nF 1.01nF -0.01 nF 0.01nF -1% 1%
BIN3 1.01nF 1.02nF 0.01nF 0.02 nF 1% 2%
Figure7-2 Example of limit range settings (case 2)
097nF 0.98nF  099nF  1nF  1.01nF  1.02nF  1.03nF
| . e | |
(-0.01nF) (+0i01nF)
BIN1 : 3 ® : Inclusive
-2% +2% . i
(0lo2nF) (+0.02nF) 0 : Exclusive
BIN2 ‘ : 3
-3% +3%
-0:03nF; +0.03nF
BN3 e il
4288ape004
Table 7-2 Lower and upper limit values of limit rangesfor Figure 7-2 (comparison of
modes)
Tolerance mode (reference value: 1 nF)
Absolute mode
Absolute Per cent
L ower Upper L ower Upper L ower Upper
limit value | limit value | limit value | limit value | limit value | limit value
BIN1 0.99 nF 1.01nF -0.01nF 0.01nF -1% 1%
BIN2 0.98 nF 1.02nF -0.02 nF 0.02 nF -2% 2%
BIN3 0.97 nF 1.03 nF -0.03nF 0.03nF -3% 3%
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Setting up limit ranges

Notes on setup

0 If you set up the upper limit value to avalue equal to or less than the lower limit value,
the limit range is not used. This operation is equivalent to setting the limit range to
OFF.

o If BINsoverlap, the resulting measurement is sorted into the BIN of the smallest
number (refer to Figure 7-5, “ Sorting judgment flow,” on page 146). Therefore, you
need to set up the limit ranges starting from the narrowest to the widest as shown in
Figure 7-2.

IR
o0 For the tolerance mode, the reference value is not required to be within the limit range % % @
(between the lower limit value and upper limit value). SR g»
- _ o S
0 Gaps between the limit ranges are allowed. Therefore, you can set up the limit ranges 8 g‘;
as shown in Figure 7-3. 108
S DD
gg2
Figure 7-3 Example of gap between limit ranges 5 =5
>
097nF 0.98nF  099nF  1nF  1.01nF  1.02nF  1.03nF
‘ ‘ 0% ‘ +2% ‘
(OhF) (+0.02nF)
BIN1 3 : ® : Inclusive
-3% 2% . i
(-0.03nF)  (-0i02nF) O Exclusive
BIN2 : : ; i s
-1% : i +3%
(-0.01nF) | (+0i03nF)
BIN3 r
4288a0e076
Table7-3 Lower and upper limit values of limit rangesfor Figure 7-3
Tolerance mode (reference value: 1nF)
Absolute mode
Absolute Percent
L ower Upper L ower Upper L ower Upper
limit value | limit value | limit value | limitvalue | limit value | limit value
BIN1 1nF 1.02 nF OnF 0.02 nF 0% 2%
BIN2 0.97 nF 0.98 nF -0.03nF -0.02 nF -3% -2%
BIN3 0.99 nF 1.03nF -0.01 nF 0.03 nF -1% 3%
WARNING When the low limit valueis greater than the upper limit, a war ning message

“Improper high/low limits’ isdisplayed.
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Procedureto set up BIN1 to BIN9 (ON/OFF and lower and upper limit values)
Sep 1. Press[Meas Setup].
Sep 2. PressLIMIT TABLE softkey.
Sep 3. Usethe cursor keysto select the BIN 1 field.
Sep 4. Use the following softkeys:

Softkey Function
ON Turns ON the bin function.
OFF Turns OFF the bin function.

Sep 5. Repeat Step 3 to Step 4 using the cursor keys until you have turned ON the bin 9.
Sep 6. Usethe cursor keysto select the BIN 1 LOW field.

Sep 7. Enter thelimit value using the entry keys. When you enter the value, the softkey labels
change to unit labels (p, n, u, m, x1).

* You can clear your selected lower limit value by pressing the CLEAR softkey.
* You can enter the lower limit value using the HIGHx(-1) softkey.

* You can clear al the limit values and sets the status to OFF for your selected bin by
pressing the CLEAR LINE softkey.

Sep 8. Usethe cursor keysto select the BIN 1 HIGH field.

Sep 9. Enter the limit value using the entry keys. When you enter the value, the softkey labels
change to unit labels (p, n, u, m, x1).

* You can clear your selected upper limit value by pressing the CLEAR softkey.
* You can enter the upper limit value using the LOWx(-1) softkey.

* You can clear all the limit values and sets the status to OFF for your selected bin by
pressing the CLEAR LINE softkey.

Sep 10. Repeat Step 6 to Step 9 using the cursor keys until you have entered the lower and upper
limit values for bin 9.
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Procedureto set up secondary parameter limit range (ON/OFF and lower and upper
limit values)

Sep 1. Press[Meas Setup].
Sep 2. PressLIMIT TABLE softkey.
Sep 3. Usethe cursor keysto select the BIN 2nd (secondary parameter) field.

Sep 4. Usethefollowing softkeys:

Softkey Function
ON Turns ON the bin function of secondary parameter.
OFF Turns OFF the bin function of secondary parameter.

Sep 5. Usethe cursor keysto select the 2nd LOW field.

1nsay painsesy
uo paseg bunlos

Sep 6. Enter the limit value using the entry keys. When you enter the value, the softkey labels
change to unit l1abels (p, n, u, m, x1).
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* You can clear your selected lower limit value by pressing the CLEAR softkey.
* You can enter the lower limit value using the HIGHx(-1) softkey.

e You can clear al the limit values and sets the status to OFF for your selected bin by
pressing the CLEAR LINE softkey.

Sep 7. Usethe cursor keysto select the 2nd HIGH field.

Sep 8. Enter the limit value using the entry keys. When you enter the value, the softkey labels
change to unit labels (p, n, u, m, x1).

* You can clear your selected upper limit value by pressing the CLEAR softkey.
* You can enter the upper limit value using the LOWx(-1) softkey.

e You can clear al the limit values and sets the status to OFF for your selected bin by
pressing the CLEAR LINE softkey.
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Setting up AUX function

If the secondary parameter limit range is ON, the sorting result varies when it exceeds the
secondary parameter limit range, depending on the ON/OFF state of the AUX function

(Table 7-4).
Table7-4 Sorting result when measured secondary parameter value exceedslimit range
Primary parameter sorting result AUX BIN function Sorting result
OFF OUT_OF BINS
One of BIN1to BIN9
ON AUX_BIN
Not sorted to any BINs No relation OUT_OF BINS

Setup procedure
Sep 1. Press[Meas Setup].
Sep 2. PressLIMIT TABLE softkey.
Sep 3. Usethe cursor keysto select AUX field.
Sep 4. Usethefollowing softkeys:

Softkey Function
ON Turns ON the auxiliary function.
OFF Turns OFF the auxiliary function.
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|
Reg ecting Excessively Low Measured Results (Low C reject
function)
The E4981A has afunction to detect extremely low measured primary parameter values
(Cp or Cs) that are equal to or less than the preset boundary value as Low C (abnormal
measurement status). Thisis called the Low C reject function.
NOTE When the comparator function is ON, normal sorting judgment will be performed even if
Low C isdetected. However, the sorting judgment result displayed on the screen is LOWC S ~
and, on the handler interface, the/LOWC_OR_NC signal becomes active (low level) in S =
addition to the sorting judgment signal. % 29
225
Lze
NOTE Handler output shares the line for No Contact & Low C Reject and becomes active when _IQ‘_I % g
primary parameter islower than the border value. sea
O C
5§53
3

Turning ON/OFF Low C reect function

Setup procedure
Sep 1. Press[Meas Setup].
Sep 2. Usethe cursor key to select LOW C REJ field.

Sep 3. Usethefollowing softkeys:

Softkey Function
ON Turns ON the Low C Reject function.
OFF Turns OFF the Low C Reject function.

Setting up limit (boundary value) of Low C reject function

Set up thelimit of the Low C reject function (boundary value of the range to detect Low C)
as a percentage of the measurement range (full scal€). The applicable measurement range
varies depending on the setting of the measurement range mode:

« For the auto range mode

The minimum measurement range is applicabl e regardless of whether the measurement
isactually performed. Specifically, it is one of the following measurement ranges:

When measurement frequency is 120 Hz: 10E-9 F (10 nF) range
When measurement frequency is 1 kHz: 100E-12 F (100 pF) range
When measurement frequency is 1 MHz: 1E-12 F (1 pF) range

« For the fixed range mode

The measurement range currently selected is applicable, that is, it isthe range in which
the measurement is actually performed.
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For example, if you make ameasurement with the 1 uF range fixed and set the limit to 1%,
Low C is detected when the measured primary parameter value (Cs or Cp) isequal to or
lessthan 10 nF.

Setup procedure
Sep 1. Press[Meas Setup].
Sep 2. Usethe cursor key to select LOW C REJ field.

Sep 3. Usethe entry keys or softkeysto enter the limit value. When you enter the value with the
entry keys, the softkey unit label changesto (%).

Softkey Function
INCR+ Increments the Low C Reject valuein steps of 0.001%.
DECR- Decrements the Low C Reject value in steps of 0.001%.
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Figure7-4

Sorting Based on Measured Results (Comparator Function)
Reading out Sorting Judgment Result

Reading out Sorting Judgment Result

The sorting judgment is obtained through the comparator function according to the flow
shown in Figure 7-5.

Figure 7-4 shows the rel ationship between the screen display and the sorting result.

Relationship between display output and compar ator sorting result

Upper Line Display Lower Line Display

out PHI

BIN1~9 No display

OouUT o~

ouT
(AUX) 2

(AU

SREJ | PH SREJ

BIN1~9 No display

Primary Parameter
Primary Parameter

ouT PLO

Secondary Parameter Secondary Parameter

Parts enclosed with () appear when AUX BIN is ON.
Parts hatched with 777 appear when there is a gap between each BIN's limit ranges.

42680419

NOTE

If an overload is detected, the sorting judgment cannot be performed and therefore ---- is
displayed in the upper row. If Low C reject is detected, normal sorting judgment is
performed but LOWC is displayed in the upper row instead of the sorting judgment result
(OUT, AUX, or BIN1 to BIN9).

NOTE

The sorting judgment result can be read out through the SCPI command.
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Figure7-5

Sorting Based on Measured Results (Comparator Function)

Reading out Sorting Judgment Result

Sorting judgment flow

Sorting start

Sort primar
parameter for

OUT or OFF

ort primary
parameter for
IN2

OUT or OFF Sort secondar

Sort primary
parameter for

OUT or OFF

AUX BIN

ON

IN or OFF

IN or OFF

IN or OFF

{ Sorting done
Upper row: BIN1
Lower row: none

\_GPBout: 1/

{ Sortingdone

Upper row: OUT
Lower row: SREJ

\_GPIBout. 0/

{ Sortingdone

Upper row: AUX
Lower row: SREJ

\_GPIBout. 10 /

Sorting done )
Upper row: BIN2
Lower row: none
\.GPlBout 2 J

Sorting done )
Upper row: OUT
Lower row: SREJ
\_GPBout. 0 /

Sorting done
Upper row: AUX
Lower row: SREJ

\_GPIBout. 10/

( Sorting done \
Upper row: BIN9
Lower row: none

\ GPBout: 9/

( Sorting done \

Upper row: OUT
Lower row: SREJ

\ GPIBout. 0/

Sorting done )
Upper row: AUX

BIN1 - BIN9
all OFF

leasured primary
parameter is smaller thga
in.lower limj

Lower row: SREJ

\ GPIBout. 10 /

Sorting done
Upper row: OUT
Lower row: PLO
GPIB out: 0

Sorting done
Upper row: OUT
Lower row: PHI

GPIB out: 0

4288a0e075
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Reading out Sort Count of Each BIN (BIN count function)

You can count the number of DUTSs sorted into each BIN by turning ON the BIN count
function. The maximum value of the count is 999999. If this value is exceeded, the count
will not increase but remain at 999999 (it does not return to 0).

When the MULTI correction function is ON, channel-by-channel count is performed
separately from the usual count (total of al channels). You can read out the result by using
the SCPI command.

D N
NOTE You canread al the BIN count valueswith the :CAL Culatel: COMParator: COUNt:DATA? g Z
command. For more information, refer to Programming Manual. % 3 =]
225
Lze
NOTE The overload count value can be read only through the SCPI command and cannot be $-| % g
displayed on the screen. saoa
S <o
o ~™>
=

Setup procedure

The BIN count valueis displayed in the BIN COUNT DISPLAY page.
The setup procedureis given below.

Sep 1. Press[Display Format].
Sep 2. PressBIN COUNT softkey.

Sep 3. Usethefollowing softkeys:

Softkey Function
COUNT ON Turns ON the count function.
COUNT OFF Turns OFF the count function.

RESET COUNT  Resetsthe count function.

NOTE Clearing the BIN count values initializes all of the count valuesto 0.

NOTE The BIN count value for each channel when the MULT!I correction function is ON can be
checked only through SCPI command and cannot be displayed on the screen.

NOTE The overload count value of each channel when the MULT] correction functionis ON, can
be read with the : CAL Culatel: COM Parator: COUNT:MULTi:OVLD? command. For more
information, refer to Programming Manual.
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Making a Beep based on Sorting Judgment Result

You can set the conditions for making a beep sound, based on the sorting judgment result,
to one of the following.

» Makes abeep when the sorting judgment result is OUT_OF_BINS, AUX_BIN or
OVLD and LOWC_OR_NC.

» Makes a beep when the sorting judgment result is BIN1 to BINO.
You can also disable the beep sound.

For the procedure on how to set up the beep output, refer to “ Setting Up Condition To
Make A Beep” on page 79.
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Using Handler Interface

You can output the measurement end signal, the sorting result of the comparator function,
and other data from the Keysight E4981A, aswell asinput an external trigger signal or a
key lock signal to the E4981A, through the handler interface. This chapter also gives
information required to configure an auto-sorting system that combines the E4981A and a
handler in using the handler interface and the comparator function.
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Output of Comparator Sorting Result

When the comparator function is ON, the comparator sorting result is output through the

handler interface. Figure 8-1 and Table 8-1 show the relationship between the comparator
sorting result and the output signals of the handler interface (/BIN1 - /BIN9, /AUX_BIN,

/OUT_OF BINS, /PHI, /PLO, and /SREJ).

NOTE

When the comparator function is OFF, no signals are output, except for /INDEX, /EOM,
and /ALARM. /INDEX and /EOM stay LOW. /ALARM, aswhen the comparator isON, is
output when an error occurs.

EXT_TRIG, regardless of the ON/OFF state of the comparator function, is active when the
trigger mode is set to the external trigger (EXT). When /KEY _LOCK is LOW, regardless
of the ON/OFF state of the comparator function, the key lock state remains unchanged.

Figure8-1

Output of comparator sorting result to the handler interface

Output from /BIN1-9, /OUT_OF_BINS, /AUX_BIN  QOutput from /PHI, /PLO, /SREJ

/OUT_OF_BINS /PHI

-] - o No signal

g- /BIN1~9 = is output

g _ _ 5

< |/ouT_oF BINS “ &|/OUT_OF_BINS 3

o |rAUX BIN) L) } (IAUX_BIN) -

o O

° = No signal

[ ~ o

3 /BIN1~9 3 is output

§ 3

. /OUT_OF_BINS 8 /PLO
Secondary Parameter Secondary Parameter

Signals encircled with () are outputted when the AUX BIN function is ON.

Signals shaded with [/ are outputted if there is a gap between limit ranges of BINs
for primary parameters.

42680707E
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Table 8-1 Relationship between comparator sorting result and output signals of the
handler interface
Judgment result GPIB output
Handler interface
Measurement signalsthat become M BIN
status ) g ; casu M easured .
Primary parameter Secondary parameter active rement sorting
value
status result
BIN1 /BIN1 1
BIN2 /BIN2 2
BIN3 /BIN3 3
BIN4 /BIN4 4
BIN5 IN /BIN5 5
BIN6 /BING 6
IN
BIN7 /BIN7 7
BINS /BINS Measured 8
No error 0
value
BIN9 /BIN9 9
AUX BIN: | /OUT_OF BINS 0
oo
Oneof BINLto OFF ISREJ :
BING ouT C
AUX BIN: | /AUX_BIN 10 g
ON /SREJ Q@
5
Lessthan the JOUT OF BINS >
minimum - - (=X
| limit /PLO o
ouT ower limi N/A 0 —
=)
Other than /OUT_OF BINS o
above /PHI ;‘—;
o
Overload Cannot be sorted. JOVLD 1 9.9E37 11 @
LowC JLOWC OR NC™! 2 Measured
_OR_| 0-10
value
No Contact Cannot be sorted /LOWC_OR_NC 2 9.9E37 11

*1./LOWC becomes active together with the signal that corresponds to the result of normal sorting judgment (judg-
ment result when no error occurs).
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Figure8-2

Table 8-2

Using Handler Interface
Input/Output Signal Pin Assignment

I nput/Output Signal Pin Assignment

Figure 8-2 shows the input/output signal pin assignment of the handler interface connector.
Table 8-2 gives a description of the input/output signals.

A dlash (/) symbol preceding signal names means that they are negative logic (active low).

Pin assignment of the handler interface connector

/

>

¢AOQ LX3/
1417 1X13

+
o
<

Pt Ve V=

9
a9

1no/

o

;ZZZZZZZZZ

DO WN =

Y mZ >
o o o<
o
o >
o gmx‘
= =
Z 0~ X=

ON Y0 OMOT1

(paniasal)

OldLl 404" AQY3IY

€4981aue0015

Description of the handler interface input/output signals

Pin ! .
number Signal name Input/output Description
1 /BIN1 Sorting judgment signals. A BIN signal of the sorting
2 /BINZ result (one of pin numbers 1 - 11) becomes LOW. These
signals do not become LOW if measurement is not
3 /BIN3 possible (overload).
4 /BIN4
5 /BINS
6 /BING Output
7 /BIN7
8 /BIN8
9 /BIN9
10 /OUT_OF_BINS
11 IAUX_BIN
External trigger signal. Thisis active when the trigger
mode is set to the external trigger (Ext). Thetrigger is
12,13 EXT_TRIG Input generated at the rising edge of a pulse. When this trigger
pin is not used, the pin should be connected with GND
(LO).
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Using Handler Interface
Input/Output Signal Pin Assignment

Description of the handler interface input/output signals

Pin
number

Signal name

Input/output

Description

14,15

EXT_DCV2

Input

External dc voltage. This supplies the voltage to the input
signals (EXT_TRIG and /KEY _LOCK) and the operation
output signals (/ALARM, /INDEX, /EOM, and
/READY_FOR_TRIG). The input voltage range is
between +5V and +24V.

16, 17, 18

+5V

19

/PHI

20

/PLO

21

/SREJ

22

/READY_FOR_TRIG

23

/LOWC_OR_NC

24

/OVLD

Output

Internal dc voltage.

Primary-parameter-upper-limit-exceeded signal. When the
upper limit of BIN1 - BIN9 is exceeded, this becomes
LOW.

Primary-parameter-lower-limit-not-reached signal. When
the lower limit of BIN1 - BIN9 is not reached, this
becomes LOW.

Secondary-parameter-out-of-limit signal. If the secondary
parameter is out of the limit, this becomes L OW.

Trigger-acceptable signal. When a
trigger-signal-acceptabl e state is established, this becomes
LOW. When the handler receives this signal, an external
trigger signal can be input.

L ow-C-reject-detection signal occurs at 120Hz, 1kHz and
1MHz and No_Contact is available at 120Hz and 1kHz.
For Low-C-Reject, if the measured Cp or Csresultisequal
to or less than the preset boundary value (percentage of the
measurement range), Pin 23 value becomes LOW. For
No-Contact detection, if the measurement value becomes
very lessi.e 9.99E37, Pin 23 becomes LOW.

Measurement-impossible signal. If measurement is
impossible in the anal og measurement part (overload), this
becomes LOW.

25

/KEY_LOCK

Input

Key-lock signal. If you set this signal to LOW, the front
panel keys of the E4981A are disabled.

26

(reserved)

Not used in the current release. Do not connect anything.

27,28

EXT_DCV1

External dc voltage for judgemental system isnot used in
E4981A as PullUp resistors are not mounted inside the
E4981A.

29

/ALARM

30

/INDEX

31

/EOM

Output

Error-occurrence signal. If aproblem (an error in the self
test result, power supply interruption, malfunction of a
specific circuit, etc.) occurs, this becomes LOW. For
power supply interruption, this stays LOW only while the
power is down.

Analog measurement end signal. When an analog
measurement finishes, this becomes LOW. When the
handler receives this signal, you can connect the next
DUT. You cannot obtain the measurement data until the
/EOM signal isreceived.

Measurement cycle end signal. When a series of
measurement processes finishes and the measured data
sorting judgment result becomes available, this becomes
LOW.

32,33

COomM2

Common pinsfor the external dc voltage EXT_DCV2 (pin
numbers 14 and 15).

34, 35, 36

ComM1

Common pinsfor the external dc voltage EXT_DCV1 (pin
numbers 27 and 28).
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Using Handler Interface
Timing Chart

Timing Chart

Figure 8-3 shows the timing chart. The section where /Datais unpredictable in the figure
indicates that the E4981A is processing data after analog measurement and the output
signalsareinvalid. For details on measurement time, refer to Table on page 155.

Figure8-3 Timing chart for handler interface
N 13 : : :
E T1 E T2 H i T4 E T5 i
EXT_TRIG v : \_/—

]

/INDEX : : '

JEOM / \

/READY FOR / E \

_TRIG : : :
Unpredictable

{/
/Data Previous sorting result X X Sorting result
/Data :/BIN1 ~ /BIN9,/OUT_OF_BINS,
/OVLD, /LOWC_OR_NC
e4981aue0039
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Timing Chart
Table 8-3 Valuesof T1-T5
MEASTIME Minimum | Typical
value value
T1 Trigger pulse width NA lus —
T2 |Trigger responsetime of /READY_FOR_TRIG NA — 40 us
/INDEX and /EOM
T3+ T4 T3 Analog measurement 1(120 Hz) — 10.0 ms
time 1(1 kHz) — 20ms
Measurement time 1(1 MH2) — 1.3ms
T4 Measurement N/A — | 10ms
computation time
T5 |Trigger wait time N/A Ous —
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Table 8-4

Table 8-5

Using Handler Interface
Electrical Characteristics

Electrical Characteristics

Output signals

The output signals are avail able as open collector outputs with photo coupler isolated. You
can obtain each voltage output by connecting a pull-up resistor (refer to Table 8-4) to the

exterior of the E4981A.

Guidefor pull-up resistor values

Typical resistance

Pull-up voltage [V] Resistance value [Q]

l?/if;ge Keysight part number
5 17k (5V/3mA) 1.78k 0757-0278
9 3.0k (9V/3mA) 3.16k 0757-0279
12 40k (12V /3 mA) 422k 0698-3154
15 50k (15V/3mA) 511k 0757-0438
24 80k (24V/3mA) 8.25k 0757-0441

The output signals are divided into two groups. judgment output signals and operation
output signals. You can specify a different pull-up voltage for each of them. Table 8-5
shows the electrical characteristics of the output signals. Figure 8-4 and Figure 8-5 show
the circuit diagrams of the judgment output signals and operation output signals,

respectively.
Electrical characteristics of the handler interface output signals
Output voltage [V] Maximum
Output signal current
LOW HIGH [mA]
Judgment output signals: 15V 1o
/BIN1 - /BIN9, /AUX_BIN, /OUT_OF_BINS, /PHI, 0-05 Y 6
/PLO, /SREJ, /OVLD, /[LOWC_OR_NC
Operation output signals: 0-05 +5V to 6
/INDEX, /EOM, /IREADY_FOR_TRIG, /ALARM ’ +24V
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Figure 8-4 Circuit diagram of judgment output signals of the handler interface
Handler Power
interface Supply
connector
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‘ Pull-up resisters %
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Figure 8-5 Circuit diagram of operation output signals of the handler interface

Handler ~_ Power
interface Supply
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Input signal

Each input signal is supplied to the cathode of the photo coupler LED. The anode of the
LED is connected to the drive source voltage. Table 8-6 showsthe electrical characteristics
of theinput signals. Figure 8-6 shows the circuit diagram of the input signals. The amount
of current flowing through the LED depends on the setups of the drive source voltage and
the input signal resistor.

Table 8-6 Electrical characteristics of the handler interface input signals
Input current (LOW) [mA] (typical)
Input voltage [V]
Input signal Drive source voltage: DCV2
Low HIGH 5V 12V 15V 24V
EXT_TRIG 2.7 36 4.4 6.3
0-1 DCV2
/KEY_LOCK 2.8 7.0 9.0 145
Figure 8-6 Circuit diagram of the handler interfaceinput signals
Handler
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connector c
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Q
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Table 8-7 Selection of handler input trigger voltage
:SYSTem:HANDIer: TRIGger:VOLTage <para>
5V < para< 9V 9V < para< 15V 15V < para<24v
S1 ON OFF OFF
S2 OFF ON OFF
S3 OFF OFF ON

When the drive source voltage is between 5V - 9V, the switch S1is ON (closed) and
current flows through the input signal resistor of 1kQ.

When the source voltage is between 9V - 15V, the switch S2 is ON (closed) and current
flows through the input signal resistor of 2.27kQ.

When the drive source voltage is between 15V - 24V, the switch S3is ON (closed) and
current flows through the input signal resistor of 3.68kQ.

NOTE If the source voltage exceeds the avail able range, the analog circuit in the hardware might
be damaged.
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Control/Check the Handler Interfacefor Maintenance

To control/check the Handler interface, the Keysight E4981A provides several test
commands related to various operations of handler interface. This section explains the
various test commands available in E4981A to check/trouble the handler interface.

Sarting Handler Interface Test

Handler interface can be set into test mode by using the : TEST:HANDIer:MODE
command. When this command value is set to ON, the handler interface pin signal value
can be controlled/read by : TEST:HAND:xxxx commands.

Using Handler Interface Test Commands

After setting the :TEST:HANDIer:MODE command vaue to ON, the following
commands can be used to control/read the handler interface pin signal value:

e TEST:HANDIer:BIN setsthe Handler Bin No.

e TEST:HANDIler:COMP sets the Handler Comparator Function value.

e TEST:HANDIer:KEY Lock? getsthe Handler/Key Lock signal level as HIGH/LOW.
e TEST:HANDIer:STATus:ALARmM sets the Handler Alarm signal to HIGH/L OW.

e TEST:HANDIer:STATus:EOM setsthe Handler End of Measurement (EOM) statusto
HIGH/LOW.

e TEST:HANDIer:STATusINDex sets the Handler Index value to HIGH/L OW.

e TEST:HANDIer:STATus:NC setsthe Handler No Contact/Low C Reject signal to
HIGH/LOW.

e TEST:HANDIer:STATus.OVLD setsthe Handler Overload signal statusto
HIGH/LOW.

e TEST:HANDIer:STATus:RDY Trig sets the Handler Ready for Trigger signal to
HIGH/LOW.

e TEST:HANDIer:TRIGger? gets the Handler Trigger signal status as HIGH/L OW.
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NOTE

For more information about Handler Test commands, refer to the Keysight E4981A
Programming Manual.

Ending Handler Interface Test

When the Handler interface test is finished, close the E4981A Handler interface test mode
by setting : TEST:HANDIer:MODE command value to OFF so that handler interface pin
signal is generated according to the actual measurement result.
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Using Scanner Interface

You can select correction data for each channel (up to 256sets, multi-correction function)
or input/output a timing control signal for measurement and scanner operation through the
scanner interface. This chapter givesinformation required to configure a scanning system
using the scanner interface and multi-correction function.
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Using Multi-correction Function

The E4981A provides afunction that lets you select a data set from up to 256 correction
data sets measured and stored in advance and use it (multi-correction function). This
function performs OPEN/SHORT/LOAD correction for each channel of the scanner to
cancel variations in measured values caused by a different measurement path for each
channel. Consequently, the function can provide highly reliable measurement.

This section describes how to use the multi-correction function.

Turning ON/OFF multi-correction function

When you turn ON the multi-correction function, the correction data for each channel,
which has been measured in advance according to the procedure described in “ Measuring
multi-correction data’, is used to perform error correction.

NOTE The ON/OFF state of the multi-correction function is dependent on the ON/OFF state of
the scanner interface. When the multi-correction function is OFF, the channel number
inputs (/CHO - /CH7 and /CH_VALID) from the scanner interface are ignored and /INDEX
and /EOM stay L OW. Regardless of the ON/OFF state of the multi-correction function,
/[EXT_TRIG isvalid when the trigger mode is set to the external trigger (EXT).

The procedure to turn ON/OFF the multi-correction function is given below.
Sep 1. Press[Meas Setup].
Sep 2. Press CORRECTION softkey.
Sep 3. Usethe cursor keysto select the MULTI field.
Sep 4. Usethefollowing softkeys:

Softkey Function
ON Turns ON the multi-correction function.
OFF Turns OFF the multi-correction function.
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Sep 3.
Sep 4.

NOTE

Using Scanner Interface
Using Multi-correction Function

Selecting a channel

Making a selection using the front panel

The procedure to select a channel using the front panel keysis given below.
Press [Meas Setup].

Press CORRECTION softkey.

Use the cursor keysto select the CH field.

Use the softkeys or numeric entry keys to enter the channel number. When datais entered
using the numeric keys, the softkeys change to units labels (x1).

Softkey Function

INCR++ Increments the channel number in steps of 10.

INCR+ Increments the channel number in steps of 1.

DECR- Decrements the channel number in steps of 1.

DECR-- Decrements the channel number in steps of 10.

Making a selection using the scanner interface

To select a channel through the scanner interface, use the /CHO - /CH7 and /CH_VALID
signals. For information on these signals, refer to “Input/Output Signal Pin Assignment” on
page 168.

A channel number is expressed in binary notation by the HIGH level (0)/LOW level (1) of
the/CHO - /CH7 signals. The /CH7 signal is the most significant bit and the/CHO signal is
the least significant bit. For example, if the/CH7 signal is LOW and the /CHO - /CH6
signals are HIGH, the expressed number is 128; if the /CHO - /CH1 signals are LOW and
the CH2 - /CH7 signals are HIGH, the expressed number is 3.

The/CH_VALID signa enables/disables the setting of the signals from /CHO to /CH7. If
the/CH_VALID signal is LOW, atrigger will set the channels of the E4981A to the
channel numbers specified by the signals from /CHO to /CH7.

The procedure to set the channel is given below.
Set the/CH_VALID signal to HIGH.
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Set up achannel number using the /CHO - /CH7 signals.

Set the /CH_VALID signal to LOW.

Generate atrigger.

Differencein execution timing depending on the channel selection method

When the front panel or SCPI command is used to select a channel, the selection is
executed immediately. On the other hand, when the/CHO to /CH7 and /CH_VALID signals
of the scanner interface are used, the channel selection is not executed immediately after
setting the signals but when atrigger is generated.
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NOTE

Figure 9-1

Using Scanner Interface
Using Multi-correction Function

For information on the setup timing of the /CHO - /CH7 and /CH_VALID signals, refer to
Figure 9-3 on page 170.

M easuring multi-correction data

Figure 9-1 shows the basic flow of measuring the OPEN/SHORT/LOAD correction data
for the multi-correction.

You cannot initialize the correction data for the multi-correction function. Even if you
trigger areset or turn OFF the power, the values are maintained.

Flow of measuring correction data for the multi-correction

MULTI compensation ON

Select definition of standard for LOAD compensation

Common definition Channel-by-channel
for all channels definition

Define standard value

for LOAD compensation Channel selection

Define standard value

Channel selection for LOAD compensation

Measured data for Measured data for
OPEN/LOAD/SHORT OPEN/LOAD/SHORT
compensation compensation
Repeat as many channels Repeat as many channels
as required as required

4288a0e068

Selecting definition method of the LOAD correction standard

You can select how to define the LOAD correction standard value (LOAD correction
reference value): either defining a value for each channel or defining acommon value for
all channels. If you select the channel-by-channel definition, the value is set up asthe
reference value for the channel selected when you enter the reference value. If you select
defining a common value for al channels, the valueis stored as the value for al channels
regardless of the channel selected when setting up the value. Refer to “ Structure of datafor
LOAD correction” on page 114.
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Using Scanner Interface
Using Multi-correction Function

The procedure to select the definition method of the LOAD correction standard value
(LOAD correction reference value) is given below.

Press [Meas Setup].
Press CORRECTION softkey.
Use the cursor keys to select the LOAD REF field.

Use the following softkeys:

Softkey Function
SINGLE Defines asingle LOAD correction standard value commonly applied to all channels.

MULTI Defines a LOAD correction standard value for each channel.

M easuring OPEN/SHORT/LOAD correction data

The procedure to measure OPEN/SHORT/LOAD correction data for multi-correction is
the same as that for the usual correction data, except that you need to select a proper
channel before the measurement. For more information, refer to “ Obtaining correction
Data’ on page 108.

When you measure the OPEN/SHORT/LOAD correction data with the multi-correction
function ON, the measured value is stored as the correction data for the channel selected at
the time of measurement. For information on the structure of the correction data, refer to
“Structure of datafor OPEN correction” on page 108, “ Structure of datafor SHORT
correction” on page 110, and “ Structure of datafor LOAD correction” on page 114.

Checking OPEN/SHORT/L OAD correction data

The procedure to check OPEN/SHORT/LOAD correction data for multi-correction is the
same as that for the usual correction data, except that you need to select a proper channel
before the measurement. For more information, refer to “ Checking displaying/Setting up
correction Data” on page 119.
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Using Scanner Interface
Input/Output Signal Pin Assignment

I nput/Output Signal Pin Assignment

Figure 9-2 shows the pin assignment of the input/output signals of the scanner interface
connector. Table 9-1 gives a description of the input/output signals.

NOTE A dlash (/) symbol preceding signal names means that they are negative logic (active low).
Figure 9-2 Pin assignment of the scanner interface connector

@\ /@

NOWWOO
Wo3/
o1l 1X3

€4981aue0016
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Table9-1 Description of input/output signals of the scanner interface
Pin number Signal name | Input/output Description

1 /CHO Channel number selection signal (8-hit binary input).
Selects the correction data for each channel of the

2 ICH2 scanner. The most significant bit is/CH7 (pin number

Input 11). The least significant bit is/CHO (pin number 1).

3 /CH4

4 /CH6
Channel number identification signal. If the/CH_VALID
signal isLOW, atrigger will set the channels of the

5 /CH_VALID Input E4981A to the channel numbers specified by the signals
from /CHO to /CH7.
Analog measurement end signal. When an analog
measurement finishes, this becomes LOW. When this

6 /INDEX Output signal isreceived, you can change the channel of the
scanner. You cannot obtain the measured data until the
/EOM signal is received.
External power input. Supplies the voltage to the output
signals (/INDEX and /EOM) and input signals

! EXT_DCV (EXT_TRIG, /CHO - /CH7, and /CH_VALID). Theinput
voltage range is between +5V and +15V.

8 /CH1 Input Channel number selection signal (8-bit binary input).
Selects the correction data for each channel of the

9 ICH3 scanner. The most significant bit is/CH7 (pin number
11). The least significant bit is/CHO (pin number 1).

10 /CH5

11 /CH7
External trigger signal. Thisis available when the trigger
mode is set to the external trigger (Ext). Thetrigger is

12 EXT_TRIG Input generated at the rising edge of a pulse. When this trigger
pinisnot used, the pin should be connected with GND
(LO).
Measurement cycle end signal. When a series of

13 /EOM Output measurement processes finishes and the measured data
becomes available, this becomes LOW.

14 COMMON Common pin for the external dc voltage EXT_DCV (pin
number 7).

Chapter 9
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Using Scanner Interface
Timing Chart

Timing Chart

Figure 9-3 showsthe timing chart. The time periods of T1-T5 in the figure are described in
the following table.

Minimum value Typical value
T1 Trigger pulse width lus -
T2 Trigger response time of - 60 us
/INDEX and /EOM
T3 Channel number input - Ous
hold time
T4 Channel number input - Ous
setup time
T5 Trigger wait time - Ous
Figure 9-3 Timing chart of the scanner interface
T4
DILRiTe SR
EXT_TRIG \ { \ [
/INDEX 1’_'_\—/_
/EOM : .{ : \ /
/ChO - /Ch7 : Ch(n) : : X Ch(n+1)

JCH_VALID _\—/—\—

E4981A Channel Setting Ch(n-1) chin) [cnenen

Ch(n) : Channel Number at Nth measurement
Ch(n+1) : Channel Number at (N+1)th measurement
Ch(n+1) : Channel Number at (N-1)th measurement

e4981aue0014
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Table 9-2

Table 9-3

Using Scanner Interface
Electrical Characteristics

Electrical Characteristics

Output signal

The output signals (/INDEX and /EOM) are available as open collector outputs with photo
coupler isolated. You can obtain each voltage output by connecting apull-up resistor (refer
to Table 9-2) to the exterior of the E4981A.

Guidefor pull-up resistor values

Typical resistance

Pull-up voltage[V] Resistance value [Q] Resistance o
value [Q] eysight part number
5 1.7k (5V/3mA) 1.78 k 0757-0278
9 3.0k (9V/I3mA) 3.16 k 0757-0279
12 40k (12V/3mA) 4.22 k 0698-3154
15 5.0k (15V/3mA) 511k 0757-0438

Table 9-3 shows the electrical characteristics of the output signals. Figure 9-4 shows the
circuit diagram of the output signals.

Electrical characteristics of the scanner interface output signals

Output voltage [V] Maximum
Output signal current
LOW HIGH [mA]
/INDEX, /EOM 0-05 EXT Dcv*! 6
*1.EXT_DCV: +5V - +15V
171
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Figure9-4

Table9-4

Using Scanner Interface
Electrical Characteristics

Circuit diagram of the scanner interface output signals

Interface Board (E4981-66537)
Scanner
interface
connector
'
<| INDEX
G4) |
{| [EOM
@Z@ |
</ COMMON
N\
e4981aue0045
Input signal

Each input signal is connected to the cathode side of the photo coupler LED. The anode
side of the LED is connected to the drive source voltage.

Table 9-4 shows the electrical characteristics of theinput signals. Figure 9-5 and Figure 9-6
show the circuit diagram of the input signals. The amount of current flowing through the
LED depends on the setups of the drive source voltage, and the external trigger
(EXT_TRIG) signal resistance setup switch (S1, S2).

Electrical characteristics of the scanner interface input signals

Input current (LOW) [mA] (typical)
Input voltage [V]
Input signal Pull-up source voltage: EXT_DCV
LOW HIGH 5V 9V 15V
//(éHHO\-//AiTS 4.8 133 17.0
— 0-1 EXT_DCV
EXT_TRIG 3.7 4.7 6.0

The current can be calculated by the following fomula:
| = (DCV-Vf-Low)/R

Low =0V

EXT_TRIG Vf = 1.3V (typical)

\CHO -\CH7\CH_VALID Vf = 1.1V (typical)
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Figure 9-5 Circuit diagram of scanner interfaceinput signals (channel control signals)
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Figure 9-6

Table 9-5

Using Scanner Interface
Electrical Characteristics

Circuit diagram of scanner interfaceinput signals (external trigger signal)

EXT_DCV

EXT_TRIG

Scanner
interface
connector

()

|

2.27kQ [1kQ

e4981a0e0003

Selection of scanner input trigger voltage

:SYSTem:SCANner:TRIGger:VOLTage <para>

5V <para< 9V

9V < para< 15V

S1

ON

OFF

S2

OFF

ON

When the source voltage is between 5V - 9V, switch S1is ON (closed) and current flows
through the input signal resistance of 1kQ.

When the source voltage is between 9V - 15V, switch S2 is ON (closed) and current flows
through the input signal resistance of 2.27 kQ.

NOTE

If the parameter set is out of range, an error is generated.
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Power source

You can use only the external power source (EXT_DCV). Set its power output within the
following voltage range.

Voltagerange[V]

EXT_DCV +5-+15
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Using Scanner Interface
Control/Check the Scanner Interface for Maintenance

Control/Check the Scanner Interfacefor Maintenance

To control/check the Scanner interface, the Keysight E4981A provides severa test
commands related to various operations of scanner interface. This section explains the
various test commands available in E4981A to check/trouble the scanner interface.

Sarting Scanner Interface Test

Scanner interface can be set into test mode by using the : TEST:SCANner:MODE
command. When this command value is set to ON, the scanner interface pin signal value
can be controlled/read by : TEST:SCAN:xxxx commands.

Using Scanner Interface Test Commands

After setting the : TEST:SCANner:MODE command value to ON, the following
commands can be used to control/read the scanner interface pin signal value:

e :TEST:SCANner:CH sets the Scanner Channel No.

» TEST:SCANner:EOM sets the Scanner End of Measurement (EOM) status to
HIGH/LOW.

e TEST:SCANner:INDex sets the Scanner Index value to HIGH/LOW.
e TEST:SCANner:VALid? gets the Scanner/CH_VALID signal status as HIGH/L OW.
» TEST:SCANner:TRIGger? gets the Scanner Trigger signal status as HIGH/L OW.

For more information about Scanner Test commands, refer to the Keysight E4981A
Programming Manual.

Ending Scanner Interface Test

When the Scanner interface test is finished, close the E4981A Scanner interface test mode
by setting : TEST:SCANner:MODE command value to OFF so that scanner interface pin
signal is generated according to the actual measurement result.
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Specifications and Supplemental
| nfor mation

This chapter gives the specifications and supplemental information of the Keysight
E4981A 120 Hz/1 kHz/1 MHz capacitance meter.
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Specifications and Supplemental Information
Definitions

Definitions

All specifications apply to the conditions of a 0-C to 45-C temperature range, unless
otherwise stated, and 30 minutes after the instrument has been turned on.

Specification (spec.): Warranted performance. Specificationsinclude guard bands to
account for the expected statistical performance distribution,
measurement uncertainties, and changes in performance due to
environmental conditions.

Supplemental information is intended to provide information that is helpful for using the
instrument but that is not guaranteed by the product warranty.

Typical (typ.): Describes performance that will be met by a minimum of 80% of
al products. It is not guaranteed by the product warranty.

Nominal (nom.): A general descriptive term that does not imply alevel of
performance.

Option Dependencies

The available frequency is defined as follows:

E4981A-001: 120 Hz/1kHz/ 1 MHz / 1 MHZz+1% / 1 MHZ+2%
E4981A-002: 120 Hz/ 1 kHz

The information about “Frequency 1 MHz / 1 MHz+1% / 1 MHZz£2%" in specifications,
supplemental and general information isinvalid for E4981A-002.
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Basic Specifications

Basic Specifications

M easurement parameters

+ Cp-D, Cp-Q, Cp-Rp, Cp-G
e CsD,CsQ,CsRs

where

Cp: Capacitance value measured using the parallel equivalent circuit
model

Cs Capacitance value measured using the series equivalent circuit model

D: Dissipation factor

Q: Quiality factor (inverse of D)

G: Equivalent parallel conductance measured using the parallel
equivalent circuit model

Rp: Equivalent parallel resistance measured using the parallel equivalent
circuit model

Rs: Equivalent series resistance measured using the series equivalent
circuit model

M easurement signals

120 Hz

1kHz

1MHz

Allowable frequencies 0.98 MHz (1 MHz -2%)
Frequency 0.99 MHz (1 MHz -1%)
1.01 MHz (1 MHz +1%)
1.02 MHz (1 MHz +2%)

Accuracy +0.02%

Range 01VvV-1Vv

Level Resolution 0.01Vv

Accuracy + 5%

Output mode Continuous, Synchronous

Source delay time! | Range Otols

Resolution 0.1 ms

*1.Source delay time is effective when output mode is set to Synchronous mode.
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M easurement cable lengths

Om1m,2m

M easurement time selection

5 speeds Measurement time mode: N=1, 2, 4, 6, 8

For information on the measurement time in each mode, refer to “ Measurement time” on

page 199.

M easurement range selection

Auto, Hold

M easurement range

M easurement 10nF 22 nF 47 nF 100 nF 220 nF 470 nF

fggﬁ Zfreq“ency: 1uF  22pF  4AT7WF 10uF 22 F 47 uF
100uF  220uF  470pF 1mF

M easurement 100pF  220pF  470pF 1nF 22nF  47nF

i‘i’lﬂ frequency: 10nF 22 nF 47nF  100nF  220nF  470nF

1uF  22uF  47yF 10uF 2 uF 47 uF

100 uF

M easurement 1pF 2.2 pF 4.7 pF 10 pF 22 pF 47 pF

signal frequency: 100pF  220pF  470pF 1nF

1 MHz

For information on measurable range in each measurement mode, refer to “ Available
measurement ranges’ on page 181.

Averaging
Range 1-256 measurements
Resolution 1

Trigger mode

Internal trigger (Int), Manual trigger (Man), External trigger (Ext), GPIB/USB/LAN

trigger (Bus)

Trigger delay time

Range

0-1s

Resolution

0.1ms
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Table 10-1

Table 10-2

Specifications and Supplemental Information
Basic Specifications

M easurement display ranges

Table 10-1 shows the range of the measured value that can be displayed on the screen.

Allowable measured value display range

Parameter M easurement display range
Cs, Cp +1.000000 aF - 999.9999 EF
D +0.000001 - 9.999999
Q +0.01- 99999.99
Rs, Rp +1.000000 aQ2- 999.9999 EQ
G +1.000000 aS- 999.9999 ES
A% +0.0001 %- 999.9999 %

Available measurement ranges

Table 10-2, Table 10-3 and Table 10-4 show recommended measurement ranges

(recommended for accurate measurement) and significant measurement ranges (ranges that

do not cause overload) for each measurement value under the condition D (dissipation

factor) < 0.5.
M easur able capacitance ranges when measurement frequency is 120 Hz
M easurement value Recommended measurement range Significant measurement range
10 nF 0 nF-15nF 0 F-15nF
22 nF 15nF-33nF 0F-33nF
47 nF 33 nF—68 nF 0 F-68 nF
100 nF 68 nF—150 nF 0 F-150 nF
220 nF 150 nF-330 nF 0 F-330nF
470 nF 330 nF—680 nF 0 680 nF
1uF 680 nF—1.5F O0F-15uF
22uF 15uF33uF 0F-3.3uF
4.7 uF 3.3uF6.8 uF 0F6.8uF
10 uF 6.8 uF-15 uF 0 F-15uF
22 uF 15 uF-33 uF 0 F-33uF
47 uF 33 uF-68 uF 0 68 uF
100 uF 68 uF-150 uF 0 F-150 uF
220 uF 150 uF-330 puF 0F-330uF
470 uF 330 LF—680 pF 0 F—680 LF
1mF 680 uF—2 mF 0F-2mF
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Table 10-3

Table 10-4

Specifications and Supplemental Information

Basic Specifications

M easur able capacitance ranges when measurement frequency is1 kHz

M easurement value Recommended measurement range Significant measurement range
100 pF 0 F-150 pF 0 F-150 pF
220 pF 150 pF—330 pF 0 F-330 pF
470 pF 330 pF—680 pF 0 F—680 pF

1nF 680 pF1.5 nF OF15nF
2.2nF 1.5nF3.3nF 0F-3.3nF
4.7 nF 3.3nF6.8nF 0F-6.8nF
10 nF 6.8 nF—15 nF OF15nF
22 nF 15 nF-33 nF 0F-33nF
47 nF 33 nF68 nF 0 68 nF
100 nF 68 nF—150 nF 0 F-150 nF
220 nF 150 nF-330 nF 0 F-330nF
470 nF 330 nF—680 nF 0 F-680 nF

1pF 680 NF—1.5 pF OF-15uF
22uF 15uF33uF O0F-33yF
4.7 uF 3.3uF6.8uF 0F6.8 uF
10uF 6.8 IF-15 uF 0F-15uF
22 uF 15 pF-33 uF 0F-33uF
47 uF 33 uF-68 uF 0 68 uF
100 uF 68 uF—200 puF 0 F—200 uF

M easur able capacitance ranges when measurement frequency is1 MHz, 1
MHz+ 1%, 1 MHz+ 2%

Measurement value Recommended measurement range Significant measurement range

1pF 0F15pF 0F-15pF
2.2pF 1.5 pF-3.3 pF 0F-3.3pF
4.7 pF 3.3 pF—6.8 pF 0F-6.8pF
10 pF 6.8 pF—15 pF 0 F-15pF
22 pF 15 pF-33 pF 0F-33pF
47 pF 33 pF-68 pF 0 F-68 pF
100 pF 68 pF—150 pF 0 F-150 pF
220 pF 150 pF-330 pF 0 F-330 pF
470 pF 330 pF—680 pF 0 F—680 pF

1nF 680 pF1.5 nF OF15nF
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Table 10-5

Table 10-6

Specifications and Supplemental Information
Basic Specifications

M easurement accur acy
The measurement accuracy is defined when all of the following conditions are met.

Warm-up time: 30 minutes or longer

Ambient temperature: 18-C-28-C

Execution of OPEN correction

Execution of Cable correction for 1 MHz measurement
Measurement cable length: 0 m, 1 m, or 2 m (16048A/B/D)"1
D (dissipation factor) < 0.5

Accuracy of Cp, Cs, D, G, Rs, Q and Rp
Table 10-8 to Table 10-13 show the measurement accuracy of Cp, Cs, and D when D <0.1.

OO OO0 O0Oo

Table 10-6 shows the formula of the measurement accuracy of G, Rs, Q and Rp when D <
0.1

When 0.1 < D < 0.5, multiply the accuracy obtained from Table 10-8 to Table 10-6 by the
coefficient in Table 10-5.

Disspiation factor coefficient

Par ameter Coefficient
Cp, Cs, G, Rs 2 1+D?
D 1+D

Formula of the measurement accuracy of G, Rs, Q and Rp

Parameter Formula
G; (G Accuracy) Ge = (Ce/100) oo 2 0o T oo f 00 Cx
Rse (Rs Accuracy) Rse = (Ce/100) / (2 oo Tt oo f o0 CX)
Qe (Q Accuracy)
Qe = XQxDe
1FQxxDe
Rpe (Rp Accuracy)

Rpe = iRpxzx Ge
1¥Rpxx Ge

Ce: Cpor CsAccuracy [%]

*1.The outer conductor resistance of cable requires the following conditions:
16048A/B: 62 mQ or below
16048D: 90 mQ or below

*2 If you select a secondary measurement parameter other than D, calculate D.
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Table 10-7

Specifications and Supplemental Information
Basic Specifications

f : Measurement frequency [Hz]

C, : Measurement value of Cp or Cs[F]
Qy : Measurement value of Q

Rpy : Measurement value of Rp [Q]

De: D accuracy [%0]

Accuracy when ambient temperature exceeds the range of 18-C to 28-C (Typical)

When the ambient temperature exceeds the range of 18-C to 28-C, multiply the accuracy

obtained above by the coefficient shown in the table below.
Tempature coefficient

Coefficient
0-C < ambient temperature< 8C 3
8-C < ambient temperature < 18:C 2
18-C < ambient temperature < 28.C 1
28-C < ambient temperature < 38-C 2
38.C < ambient temperature < 45.C 3

When an aternating current magnetic field is applied to the instrument. Multiply the

accuracy obtained in Table 10-8 through Table 10-6.
1+ B oo (2+0.5 o0 K).
B : Magnetic flux density [Gauss]
Vs: Measurement signa level [V]

Cr : Measurement range [F]

Cx : Measured value of capacitance (Cp or Cs)

In tables Table 10-8 to Table 10-13, K is defined as follows:

Cx< Cr: K = (U/Vs) = (Cr/Cx)
Cx>Cr: K =1/Vs

where

Cx is measured value of capacitance (Cp or Cs)
Cr is ameasurement range and
Vsisameasurement signal level [V].
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Table 10-8

Specifications and Supplemental Information
Basic Specifications

M easurement accuracy of Cp, Cs(measurement frequency:120 Hz)

Cp, Cs[%]

MEAS
TIME

(N)

10 nF

22nF

47 nF

100 nF

220 nF

470 nF

1uF

22uF

47uF

10 uF

22 uF

47F

100 uF

0.055 + 0.030 = K

0.055 + 0.022 = K

0.055 + 0.018 -« K

0.055 + 0.016 = K

0.055 + 0.015 K

220 uF

470 uF

1mF

0.4 +0.060 K

04+0.044 - K

0.4+0.036 = K

0.4+0.032 =K

0.4+0.030 = K

Table 10-9

M easurement accuracy of D (measurement frequency:120 Hz)

D

MEAS
TIME

(N)

10 nF

22nF

47 nF

100 nF

220 nF

470 nF

1uF

22uF

47uF

10 uF

22 uF

47F

100 uF

0.00035 + 0.00030
oo K

0.00035 + 0.00022
oo K

0.00035 + 0.00018
oo K

0.00035 + 0.00016
oo K

0.00035 + 0.00015
oo K

220 uF

470 uF

1mF

0.004 + 0.00060 o=
K

0.004 + 0.00044 -
K

0.004 + 0.00036 -
K

0.004 + 0.00032 e
K

0.004 + 0.00030 -
K
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Table 10-10

Specifications and Supplemental Information
Basic Specifications

M easurement accuracy of Cp, Cs(measurement frequency:1kHz)

Cp, Cs[%]

MEAS
TIME

(N)

100 pF

0.055 + 0.070 = K

0.055 + 0.047 = K

0.055 + 0.036 = K

0.055 + 0.033 = K

0.055 + 0.030 = K

220 pF

0.055+0.045 K

0.055+ 0.032 = K

0.055 + 0.025 = K

0.055 + 0.022 = K

0.055 + 0.020 = K

470 pF

1nF

2.2nF

4.7 nF

10 nF

22nF

47 nF

100 nF

220 nF

470 nF

1uF

22uF

47 F

10 uF

0.055 + 0.030 == K

0.055 + 0.022 o K

0.055 + 0.018 e K

0.055 + 0.016 o K

0.055 + 0.015 e K

22 uF

47 uF

100 uF

0.4+ 0.060 ~ K

0.4+ 0.044 - K

0.4+0.036 = K

0.4+0.032 < K

0.4+0.030 = K
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Table 10-11

Specifications and Supplemental Information
Basic Specifications

M easurement accuracy of D (measurement frequency:1 kHz)

D

MEAS
TIME

(N)

100 pF

0.00035 + 0.00070
o K

0.00035 + 0.00047
o K

0.00035 + 0.00036
oo K

0.00035 + 0.00033
o K

0.00035 + 0.00030
oo K

220 pF

0.00035 + 0.00045
o K

0.00035 + 0.00032
oo K

0.00035 + 0.00025
oo K

0.00035 + 0.00022
oo K

0.00035 + 0.00020
oo K

470 pF

1nF

2.2nF

4.7 nF

10nF

22 nF

47 nF

100 nF

220 nF

470 nF

1uF

22uF

47uF

10 uF

0.00035 + 0.00030
oo K

0.00035 + 0.00022
oo K

0.00035 + 0.00018
oo K

0.00035 + 0.00016
oo K

0.00035 + 0.00015
oo K

22 uF

474F

100 uF

0.004 + 0.00060 oo
K

0.004 + 0.00044
K

0.004 + 0.00036 o=
K

0.004 + 0.00032 oo
K

0.004 + 0.00030 o
K

Table 10-12

M easurement accur acy of Cp, Cs(measurement frequency:1MHz, 1MHz£ 1%,

1MHz+ 2%)

Cp, Cs[%]

MEAS
TIME

(N)

1pF

0.055 + 0.070 == K

0.055 + 0.047 = K

0.055 + 0.036 = K

0.055 + 0.033 == K

0.055 + 0.030 = K

2.2 pF

0.055 + 0.045 = K

0.055 + 0.032 = K

0.055 + 0.025 o K

0.055 + 0.022 o K

0.055 + 0.020 o= K

4.7 pF

10 pF

22 pF

47 pF

100 pF

220 pF

470 pF

1nF

0.055 + 0.030 = K

0.055 + 0.022 = K

0.055 + 0.018 = K

0.055 + 0.016 = K

0.055 + 0.015 K
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Specifications and Supplemental Information
Basic Specifications

Table10-13 M easurement accuracy of D (measurement frequency:1 MHz, 1 MHz+/-1%, 1
MHz=/-2%)
D [%]
MEAS
TIME 1 2 4 6 8
(N)
0.00035+ 0.00070 | 0.00035+0.00047 | 0.00035+0.00036 | 0.00035+0.00033 | 0.00035 + 0.00030
1pF
oo P( oo P( oo P( oo P( Ed P(
0.00035+ 0.00045 | 0.00035+0.00032 | 0.00035+0.00025 | 0.00035+0.00022 | 0.00035 + 0.00020
2.2pF
oo K [ K oo K oo K L4 K
4.7 pF 0.00035 + 0.00016
10 pF =K
22 pF
47 pF 0.00035+0.00030 | 0.00035+0.00022 | 0.00035 + 0.00018 0.00035 + 0.00015
100 pF =K =K =K =K
220 pF
470 pF
1nF
Figure 10-1 Accuracy of D when measurement frequency is120 Hz

(measurement range: 10 nF to 100 puF / measurement signal level: 0.5V)
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Specifications and Supplemental Information
Basic Specifications

Figure 10-2 Accuracy of Cp and Cswhen measurement frequency is120 Hz
(measurement range: 10 nF to 100 pF/ measurement signal level: 0.5V)
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Specifications and Supplemental Information
Basic Specifications

Figure 10-3 Accuracy of D when measurement frequency is120 Hz
(measurement range: 220 pF to 1 mF / measurement signal level: 1V)
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Figure10-4

Accuracy of

Specifications and Supplemental Information
Basic Specifications

Cp and Cswhen measurement frequency is120 Hz

(measurement range: 220 puF to 1 mF/ measurement signal level: 1V)

Accuracy of Cp and Cs when measurement frequency is 120 Hz (measurement signal level: 1V)
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Figure 10-5

Specifications and Supplemental Information
Basic Specifications

Accuracy of D when

(measurement range: 100 pF to 10 puF / measurement signal level: 1V)

measurement frequency is1kHz
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Specifications and Supplemental Information
Basic Specifications

Figure 10-6 Accuracy of Cp and Cswhen measurement frequency is1 kHz
(measurement range: 100 pF to 10 uF / measurement signal level: 1V)
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Figure 10-7

Specifications and Supplemental Information

Basic Specifications

Accuracy of D when measurement frequency is1 kHz

(measurement range: 22 pF to 100 pF / measurement signal level: 1V)
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Specifications and Supplemental Information
Basic Specifications

Figure 10-8 Accuracy of Cp and Cswhen measurement frequency is1 kHz
(measurement range: 22 uF to 100 wF / measurement signal level: 1V)
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Figure 10-9

Specifications and Supplemental Information
Basic Specifications

Accuracy of Cp and Cswhen measurement frequency is1 MHz
(measurement signal level: 1V)

0.25

0.2

Accuracy (Cp, Cs) [%]
o
pre

N
0.1 \ _\

0.05

0
1.0E-13 1.0E-12 1.0E-11 1.0E-10 1.0E-9
Measurement Value (Cp, Cs) [F]

1.0E-8

e4981cue0034

196

Chapter 10



Specifications and Supplemental Information
Basic Specifications

Figure 10-10 Accuracy of D when measurement frequency is1 MHz
(measurement signal level: 1V)

0.002
0.0018
0.0016
0.0014
0.0012

0.001 —
0.0008 L

Accuracy (D)

1]
—

71
I
(1

0.0006 | " e TN ININENCINOND,
0.0004
0.0002

ZZ Z
I 1
@)

0
1.0E-13 1.0E-12 1.0E-11 1.0E-10 1.0E-9 1.0E-8
Measurement Value (Cp, Cs) [F]

e4981cue0035

pue suonesyvads ‘0T

2}
C
5=
=2
9)
3
)
S
—*
=B
=1
—h
o
=
3
D
=
o
=}

Chapter 10 197



Specifications and Supplemental Information
Supplemental Information

Supplemental Information
M easurement Signal Source Output Impedance

Table 10-14

Output
Impedance

Frequency : 120 Hz

SLCOFF(>=220uF | 150 (nom.)"t
range)
SLCON (>=220pF | 030 (nom.)'!
range)
22)F-100uFrange | 030 (nom.)"t

10 nF - 1 pF range

20 Q (nom.)"?

Frequency : 1 kHz

SLC OFF (>=22 uF
range)

1.5Q (nom.)"*

SLCON (>=22uF 0.5Q (nom.)"*
range)
220nF-10uFrange | 0.3Q (nom.)'!

100 pF - 100 nF range

20 Q (nom.)"*

Frequency : 1 MHz/ 1 MHz = 1%/ 1 MHz £ 2%

20 Q (nom.)™?

*1.This value is defined without an extension cable.

198

Chapter 10



Specifications and Supplemental Information
Supplemental Information

M easurement time

Figure 10-11 Timing chart and measurement time
N 13 : ' '
E T1 E T2 H E T4 E T5 E
EXT_TRIG v : \_/—

]

/INDEX : 5 :
T
/READY FOR / \
_TRIG 5
e4981aue0013 l l

Table 10-15 shows the values of T1-T5 when the following conditions are met.

Display update: Off
M easurement range mode: Hold
Source delay time: Oms
Trigger delay time: Oms
Averaging factor: 1
Synchrounous Source: On
Signal Level Compensation: Off
Measurement Time Mode (N): 1
Correction: On
Multi-correction: On
LAN: Not connected
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Specifications and Supplemental Information
Supplemental Information

Table 10-15 Valuesof T1-T5
Measurement (Minimum| Typical
timemode (N) | value value
T1 Trigger pulse width N/A lus —
T2 Trigger response time of N/A — 40 us
/READY_FOR_TRIG, /INDEX and /EOM
1 (120 Hz) — 10.0 ms
T3 Ana og.measurement 1(1kH2) — 20ms
T34 T4 |Measurement time
time 1(1 MH2) — 1.3ms
T4 Meastrement N/A — 1.0ms
computation time
T5 Trigger wait time N/A Ous —
Display time
Except for the case of DISPLAY BLANK page, the time required to update the display on
each page (display time) is as follows (Table 10-16). When a screen is changed, drawing
time and switching time are added. The measurement display is updated about every 100
ms.
Table 10-16 Display time
Item Time
MEASDISPLAY page drawing time 10 ms
MEAS DISPLAY page (large) drawing time 10 ms
BIN No. DISPLAY page drawing time 10ms
BIN COUNT DISPLAY page drawing time 10 ms
Measurement display switching time 35ms
M easurement time
Table 10-17 shows the measurement time (T3+T4) for each measurement time mode.
Table 10-17 M easurement time
Frequency M easurement time [ms]
120 Hz (N 83 Ave+2.7) £ 0.5
1kHz (N 1.0 Ave+2.0)+05
1MHz/1MHz+1%/1 (N o0 1.0 o (100/(100 + Fshift)) e Ave + 1.3) £ 0.5
MHz + 2%
Ave: Averaging factor
Fshift : Frequency shift setting
NOTE Measurement timemode (N) =1, 2,4, 6, 8
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Supplemental Information

M easurement data transfer time through GPIB/USB/LAN

Table 10-18 shows the measurement data transfer time under the following conditions. The
measurement transfer time varies with the measurement conditions and computer used.

Host computer: DELL Precision 390, 1.86GHz/WindowsXP

USB GPIB interface card: 82350A
USB GPIB interface: E2078A
Display: ON
M easurement range mode: Hold range mode (Hold)
OPEN/SHORT/LOAD correction: OFF
Measurement signal monitor: OFF
BIN count function: OFF
Table 10-18 Measurement data transfer time (Typical) [mg]
Interface | Data using :FET Ch? command using :READ? command using data buffer memory
transfer | (onepoint measurement) (one point measurement) (1000 measurement points
format (BUF3))
Comparator | Comparator | Comparator | Comparator | Comparator | Comparator
ON OFF ON OFF ON OFF
GPIB ASCII 1 1 3 3 202 186
ASCII 1 1 3 3 247 231
Long
Binary 1 1 3 4 145 111
USB ASCII 1 1 4 4 101 94
ASCII 1 1 4 4 121 114
Long
Binary 1 1 4 4 43 33
LAN ASCII 3 3 5 5 158 146
ASCII 3 3 6 6 193 181
Long
Binary 5 5 7 7 105 79
w
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Specifications and Supplemental Information
Supplemental Information

M easurement assistance functions

Correction function

*  OPEN/SHORT/LOAD correction are available
* The OFFSET correction is available

MULTI correction function

OPEN/SHORT/LOAD correction for 256 channels

 TheLOAD correction’'s standard value can be defined for each channel.
Cable Correction function

e Cablecorrection is available

Deviation measurement function

Deviation from reference value and percentage of deviation from the reference value can
be outputted as the result.

Comparator function

BIN sort The primary parameter can be sorted into 9 BINs, OUT_OF_BINS,
AUX _BIN, and LOWC_OR_NC. The secondary parameter can be
sorted into High, In, and Low.

Limit setup An absolute value, deviation value, and % deviation value can be used
for setup.
Bin count Countable from 0 to 999999.

Low C reject function

Extremely low measured capacitance val ues can be automatically detected as measurement
errors.

Contact Check

The contact check functionsis available on 120 Hz / 1 kHz.

Signal Level Compensation (SLC) function

SL C function compensates the voltage drop by resistance inside the E4981A and the
extension cable under the following frequencies and ranges:

Measurement Cable: 16048A or 16048D

Operating measurement range setting for 1m or 2m cable length is:

»  When the measurement frequency is 120 Hz: 220 uF range, 470 uF range, 1 mF range
»  When the measurement frequency is 1 kHz: 22 uF range, 47 uF range, 100 uF range
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Signal Level Error (120 Hz)
10 T T r ———cny
1 1 D=0 |
s —H—F—+—+HHHH—F—FFHHH—FE - p=0z [
------- p=05 [
I ——r — :
= - =
5, 1 .
=5 L =
h 1 | !
~ - \\ \\- - - 1\ 1 SLC:ON [
== LY 5 b
gt 1 Y 1LY 0
s - N
= LY bl
2 LY
-15 T
LAWY
T 5 T
1SLC:OFF [ A
=20 LY |
A1
i
A
D ‘\
=25 LA
T
1 LI
1 T 1
30 T
1 1] 100 10000
Cdut [uF]
1
Signal Level Error (1 kHZ)
10 T  ——
o=0 [
[/ I S———— - S — - - S — — ' ————— D=02 EE
——mimmm— D=05 1]
g : g
— =t 1 ) s -
= —~— g
> 2 — ‘CQ\_ =
| ot NN PR SLC:ON
LY LY
2_10 e —
s Y N \‘ :
> " \ =
N \ } ]
=15 Y .Y h WY I
T —1 \ b WY T I
1 SLC:0FF A . 1 1
A i A 1
]
-20 Y LY
-35 -
1
. A
LA 1 10 100 1000
Cut [uF)

M easurement signal level monitor function

* Measurement voltage and measurement current can be monitored.
* Level monitor accuracy (typical) : £ (3% + 1 mV)

Data buffer function

Up to 1000 measurement results can be read out in batch.

Save/Recall function

« Upto 10 setup conditions can be written to/read from the built-in non-volatile memory.
e Upto 10 setup conditions can be written to/read from the USB memory.

e Auto recall function can be performed when the setting conditions are written to
Register 9 in the built-in non-volatile memory.
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NOTE

Specifications and Supplemental Information
Supplemental Information

Key lock function
The front panel keys can be locked.

GPIB interface
Complieswith IEEE488.1, 2 and SCPI.

USB host port

Universal serial busjack, type-A (4 contact positions, contact 1 ison your left); female; for
connection to USB memory device only.

The following USB memory can be used.

Complieswith USB 1.1; mass storage class, FAT16/FAT 32 format; maximum consumption
current is below 500 mA.

Recommended USB memory: 1GB USB 2.0 HI-SPEED DATA TRAVELER (Keysight PN
1819-0375).

Use the prepared USB memory device exclusively for the E4981A; otherwise, other
previously saved data may be cleared. If you use a USB memory other than the
recommended device, data may not be saved or recalled normally.

Keysight Technologieswill not be responsible for Dataloss in the USB memory caused by
using the E4981A.

USB interface port

Universal seria busjack, type mini-B (4 contact positions); complies with

* USBTMC-USB488 and USB 2.0; female; for connection to external controller
USBTMC : Abbreviation for USB Test & Measurement Class

LAN interface
10/100BaseT Ethernet, 8 pins; two speed options.

Compliant with LX| standard (LAN eXtensionsfor Instrumentation): Version 1.2, Class C,
Auto MDIX

Handler interface

The input/output signals are negative logic and optically isolated open collector signals.

Output signal Bin1-Bin9, Out of Bins, Aux Bin, P-Hi, P-Lo, S-Reject, INDEX,
EOM, Ready_for_Trigger, Alarm, OVLD, LOW C Reject or No
Contact

Input signal Keylock, Ext-Trigger

Scanner interface
The input/output signals are negative logic and optically isolated open collector signals.
Output signal INDEX, EOM
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Specifications and Supplemental Information
Supplemental Information

Input signal Ch0-Ch7, Ch valid, Ext-Trigger

M easurement circuit protection

The maximum discharge withstand voltage, where the internal circuit remains protected if
acharged capacitor is connected to the UNKNOWN terminal, isillustrated below.

NOTE Discharge capacitors before connecting them to the UNKNOWN terminal or atest fixture.
Table 10-19 Maximum dischar ge withstand voltage (typical)
Maximum dischar ge withstand voltage Range of capacitance value C of DUT
1000 V C<2uF
J2/Cv C 2uF
Figure 10-12 Maximum dischar ge withstand voltage (typical)
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Specifications and Supplemental Information

General Specifications

General Specifications

Power source

Voltage 90 VAC to 264 VAC
Freguency 47 Hzto 63 Hz
Power consumption Max. 150 VA

Oper ating environment

Temperature 0Cto45C

Humidity (< 40°C, no condensation) | 15% to 85% RH

Altitude 0mto 2000 m
Storage environment

Temperature -20.Cto 70.C

Humidity (< 65°C, no condensation) | 0% to 90% RH

Altitude 0Omto4572m
Weight

4.3 kg (nominal)

Display

LCD, 320 « 240 (pixels), RGB color

Outer dimensions

370 (width) e 105 (height) « 405 (depth) mm (hominal)
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Specifications and Supplemental Information
General Specifications

Figure 10-13 Dimensions (front view, with handle and bumper, in millimeters, nominal)
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Figure 10-14 Dimensions (front view, without handle and bumper, in millimeter s, nominal)
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Figure 10-15

Figure 10-16

Specifications and Supplemental Information
General Specifications

Dimensions (rear view, with handle and bumper, in millimeters, nominal)
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Dimensions (Rear view, without handle and bumper, in millimeters, nominal)
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Figure 10-17

Figure 10-18

Specifications and Supplemental Information
General Specifications

Dimensions (side view, with handle and bumper, in millimeters, nominal)
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e4981aue0009

Dimensions (side view, without handle and bumper, in millimeters, nominal)
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Specifications and Supplemental Information

General Specifications

EMC

c E ISM 1-A

European Council Directive 89/336/EEC
IEC 61326-1:1997+A1
CISPR 11:1990/ EN 55011:1991 Group 1, Class A
IEC 61000-4-2:1995 / EN 61000-4-2:1995
4kv CD/4kV AD
IEC 61000-4-3:1995 / EN 61000-4-3:1996
3V/m, 80-1000 MHz, 80% AM
IEC 61000-4-4:1995 / EN 61000-4-4:1995
1kV power/0.5kV Signa
IEC 61000-4-5:1995 / EN 61000-4-5:1995
0.5kV Normal / 1 kv Common
IEC 61000-4-6:1996 / EN 61000-4-6:1996
3V, 0.15-80 MHz, 80% AM
IEC 61000-4-11:1994 / EN 61000-4-11:1994
100% 1cycle
Note: When tested at 3 VV/m according to IEC
61000-4-3:1995/EN 61000-4-3:1996, measurement accuracy is
double the accuracy of the basic specification when the test
frequency is 1 kHz and the instrument measurement range is
100 pF.

AS/NZS 2064.1/2 Group 1, Class A

Safety

c E ISM 1-A

@® LR95111C

European Council Directive 73/23/EEC

IEC 61010-1:1990+A1+A2/EN 61010-1:1993+A2
INSTALLATION CATEGORY II, POLLUTION DEGREE 2
INDOOR USE

IEC60825-1:1994 CLASS 1 LED PRODUCT

CAN/CSA C22.2 No. 1010.1-92

L XI
www.|xistandard.org
l %ﬂﬁl L X1 isthe LAN-based successor to GPIB, providing faster,
. more efficient connectivity. Keysight is afounding member of
the LXI consortium.
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Specifications and Supplemental Information
Sample Calculation of Measurement Accuracy

Sample Calculation of Measurement Accuracy

This section describes an example of calculating the measurement accuracy for each
measurement parameter, assuming the following measurement conditions:

Measurement signal frequency 1kHz
Measurement signal level 05V
Measurement range 10 nF
Measurement time mode N=1
Ambient temperature 28°C

When measurement parameter is Cp-D (or Cs-D)

Thefollowing isan example of calculating the accuracy of Cp (or Cs) and D, assuming that
measured result of Cp (or Cs) is 8.00000 nF and measured result of D is 0.01000.

From Table 10-10, the equation to calculate the accuracy of Cp (or Cs) is 0.055+0.030cK
and the equation to calculate the accuracy of D is 0.00035+0.00030--K. The measurement
signal level is0.5, the measurement range is 10 nF, and the measured result of Cp (or Cs) is
8.00000 nF. Therefore, K=(1/0.5)=(10/8.00000) =2.5. Substitute this result into the
eguation. As aresult, the accuracy of Cp (or Cs) is 0.055+0.030-02.5=0.13% and the
accuracy of D is0.00035+0.00030--2.5=0.0011.

Therefore, the true Cp (or Cs) value exists within 8.000004(8.00000--0.13/100)=
8.00000+0.0104 nF, that is, 7.9896 nF to 8.0104 nF, and the true D value exists within
0.01000+0.0011, that is, 0.0089 to 0.0111.

When measurement parameter isCp-Q (or Cs-Q)

Thefollowing is an example of calculating the accuracy of Cp (or Cs) and Q, assuming that
measured result of Cp (or Cs) is 8.00000 nF and measured result of Q is20.0.

The accuracy of Cp (or Cs) isthe same as that in the example of Cp-D.

From Table 10-11, the equation to cal culate the accuracy of D is 0.00035+0.00030<K .
Substitute K=2.5 (same as Cp-D) into this equation. The accuracy of D is
0.00035+0.00030-22.5=0.0011. Then, substitute the obtained D accuracy into the equation

specified in Table 10-6. The accuracy of Q is+(20.0)%<0.0011/( 1 ¥ 20.0 -<0.0011)
=+0.44/(170.022), that is, -0.43 to 0.45.

Therefore, the true Q value exists within the range of 19.57 to 20.45.
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Specifications and Supplemental Information
Sample Calculation of Measurement Accuracy

When measurement parameter is Cp-G

The following is an example of calculating the accuracy of Cp and G, assuming that
measured result of Cp is8.00000 nF and measured result of G is 1.00000 uS.

The accuracy of Cp isthe same as that in the example of Cp-D.

From Table 10-6, the equation to calculate the accuracy of G is (3.5+2.000K)eoCX.
Substitute K=2.5 (same as Cp-D) and 8.00000 nF of the measured Cp result into this
equation. The accuracy of G is (3.5+2.0002.5)«8.00000=68 nS(0.068 uS).

Therefore, the true G value exists within 1.00000+0.068 uS, that is, 0.932 uSto 1.068 uS.

When measurement parameter is Cp-Rp

The following is an example of calculating the accuracy of Cp and Rp, assuming that
measured result of Cp is8.00000 nF and measured result of Rp is 2.00000 M.

The accuracy of Cp is the same asthat in the example of Cp-D.

From Table 10-6, the equation to calculate the accuracy of G is (3.5+2.000K)ooCX.
Substitute K=2.5 (same as Cp-D) and 8.00000 nF of the measured Cp result into this
equation. The accuracy of G is (3.5+2.0002.5)8.00000=68 nS. Then, substitute the
obtained G accuracy into the equation specified in Table 10-6. The accuracy of Rpis
+(20010%)200680010°%( 1 F 2 x 10° 20680010°%) =+0.272-010%(1 3 0.136), that is, -0.23944
MQ to 0.31481 MQ.

Therefore, the true Rp value exists within 1.76056 MQ to 2.31481 MQ.

When measurement parameter is Cs-Rs

The following is an example of calculating the accuracy of Cp and Rs, assuming that
measured result of Csis 8.00000 nF and measured result of Rs is4.00000 kQ.

Becauise the Cs accuracy is D=2comeoFregeeCsroRp=200710010%0080010 %00400103=0.2>0.1,
multiply 0.13% (the result obtained for Cs-D) by 1+D?. Theresult is
0.1300(1+0.2%)=0.1352%.

From Table 10-6, the equation to calcul ate the accuracy of Rsis (90+50-K)/Cx. Substitute

K=2.5 (same as Cs-D) and 8.00000 nF of the measured Cs result into this equation. The
accuracy of G is (90+502.5)/8.00000=26.875 Q. Because D>0.1, multiply the result by

1+D? asin the case of Cs. Thefinal result is 27.95 Q.
Therefore, the true Cs value exists within

8.00000(8.00000--0.1352/100)=8.00000+0.01082 nF, that is, 7.98918 nF to 8.01082 nF,
and the true Rs value exists within 4.00000+0.02795 kQ, that is, 3.97205 to 4.02795 kQ.
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11 Precautionsfor Use and Daily Checks

This chapter describes precautions to take when using the E4981A and explains how to
perform regular maintenance on the device.
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Precautions for Use and Daily Checks
Precautions for Use

Precautionsfor Use

This section describes the precautions to take in using the E4981A.

Avoiding improper input from the front panel (key lock function)

When you do not need to operate the keys on the front panel, you can disable entry from
the front panel keys (key lock function) to avoid improper input caused by touching the
front panel keys accidentally.

The ON/OFF state of the key lock function isindicated by whether LOCK isdisplayed in
the status display area. When LOCK isdisplayed, asindicated by 1 in Figure 11-1, the
function is ON.

Figure11-1 ON/OFF display of the key lock function (when ON)
<IEAS SETUP> USER COMMENT (HEAs
FUNC  Cp-D RANGE 1 nF 25007
FREQ 1 MHz LEVEL 108 my CORREC
MEAS TINME 8 AYG 25 TION
TRIG INT SYNC SRC OFF
TRIG DLY 3.1 ms  SRC DLY 6.1 ms %AEEE
ALC on FREQ SHFT @ %

LOW C REJ OFF REF CLK INT CONT
DEV A OFF REF & 18 nF CHECK
B OFF B ]
Use softlkeys to select

e4981auj0001

Setup procedure
Sep 1. Pressthe[Local/Lock] key on the front panel.

Sep 2. Confirm that LOCK isdisplayed in the status display areain the lower-right corner of the
LCD display.

NOTE During the cable correction, correction or reference measurement all the key operations are
invalid except the ABORT softkey and [Local/Lock].
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Sep 1.
Sep 2.
Sep 3.
Sep 4.

Sep 5.
Sep 6.

Figure 11-2

<SELF TEST>
TEST Ho.

1 SYSTEN

2 USER DATA

3 BATTERY
4 KEY
5 DISPLAY

Precautions for Use and Daily Checks
Daily Checks (Executing the self-test)

Daily Checks (Executing the self-test)

This section describes the daily checks required for the E4981A.
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Self-test at power on

The E4981A provides afunction that executes a self-test automatically at power-on. When
the self-test detects any malfunction at power-on, an error message “ Power on test failed”
is displayed in the system message area. If this happens, refer to “ Check Items When
Trouble Occurs’ on page 220.

Executing the self-test from the front panel

The self-test of the E4981A can be executed from the front panel. The steps are given
below.

Self-test procedure

Press [System] key.

Pressthe SELF TEST softkey.

Use the cursor key to select the right of “TEST No.” (1 in Figure 11-2)

Select the number corresponding to the test that you want to perform by using the INCR+
and DECR- softkeys.

Pressthe EXECUTE softkey (2 in Figure 11-2)

Pressthe TEST START softkey (2 in Figure 11-2) to execute the selected test item.

Self-test screen and procedure

,
(B

DECR -

6 HANDLER IMTERFACE /

¢ SCANNER IMTERFACE ———
TEST

e4981auj0002

4
Enter test number or select |

The following test items can be checked by using the self-test.
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Precautions for Use and Daily Checks
Daily Checks (Executing the self-test)

Self-test items
1SYSTEM

2 USER DATA

3 BATTERY

4 KEY

5 DISPLAY

6 HANDLER INTERFACE

7 SCANNER INTERFACE

Checksthe system, A1/A2/A3 boards, and system
correction data.

Checks the settings of GPIB and LAN, instrument
setup information, correction data, and scanner’s
correction data

Checks the internal batteries.

Checks the front panel keys. (Visual confirmation
only; no pass/fail result shown on screen.)

Checks the LED/LCD on the front panel. (Visual
confirmation only; no pass/fail result shown on
screen.)

Checksthe handler interface. (Visual confirmation
only; no pass/fail result shown on screen.)

Checks the scanner interface. (Visual
confirmation only; no pass/fail result shown on
screen.)

For more information, on self test of Handler and Scanner Interface refer to E4981A

Service Guide.
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Precautions for Use and Daily Checks
Cleaning this Instrument

WARNING

Cleaning this I nstrument

This section explains how to clean the instrument.

To protect your self from electrical shock, be sureto unplug the power cable from the
outlet before cleaning the instrument.

Never clean the internal components of the instrument.

Unknown Terminals

Unknown terminals on the front panel of the E4981A arefitted with BNC Type connectors
(m).Stains or other damage to these connectors would significantly affect the measurement
accuracy. Please give attention to the following precautions.

* Always keep the connectors free from stains or dust.
» Do not touch the contact surface on the connectors.
» Do not plug damaged or scratched connectors into the test ports.

* Usecompressed air to clean connectors. Do not use abrasives under any circumstance.

Cleaning Parts Other than Unknown Terminals

To remove stains on parts other than the unknown terminals, wipe them gently with a soft
cloth that is dry or one that is wetted with a small amount of water and wrung tightly.
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Precautions for Use and Daily Checks

Cautions Applicable to Requesting Repair, Replacement, Regular
Calibration, etc.

Cautions Applicable to Requesting Repair, Replacement,
Regular Calibration, etc.

Caution when Sending the Unit

If it is necessary to send the unit to a Service Center of Keysight Technologies, please
follow the instructions below.

Equipment to be Sent

When requesting repair or regular calibration of the unit at our Service Center, send only
the E4981A main unit without any installed option. Unless specifically instructed, it is not
necessary to send accessories.

Packing

Use the original package and shock absorbers, or equivalent antistatic packing materials,
when sending the unit.

Shipping Address

For the address of the nearest Keysight Technologies Service Center, direct inquiriesto the
Customer Contact shown at the end of this manual.

Recommended Calibration Period

The recommended interval between calibrations of thisinstrument is one year. Keysight
recommends that you request our Service Center to perform regular calibration every year.
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Troubleshooting

This chapter listsitemsto check if you encounter a problem while using the Keysight
E4981A. All of theseitems should be carefully investigated before you determine that your
E4981A instrument is faulty.
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Troubleshooting
Check Items When Trouble Occurs

Check Items When Trouble Occurs

Theinstrument does not start up (nothing is displayed).

0 Check if the power cable is disconnected.
0 Check if the fuse is blown.

If normal operation does not resume after taking the above measures, thereis the
possibility of afailure. Unplug the power cable immediately and contact Keysight
Technologies's Customer Contact, listed at the end of this guide, or the company from
which you bought the device.

The system starts up, but the normal measurement screen does not
appear (Service Mode)

The Service Mode is a state that occurs when the power-on test fails. Here, the characters
on the display turn yellow and al of the front panel keys are unavailable.

o0 Confirm that the power-on test or a self test has failed.

When the power-on test at start-up fails, the error message “ Power on test failed” is
displayed in the system message area.

For details on the Service Mode, refer to the Service Guide.

When the normal measurement screen does not appear, there is the possibility of afailure.
Contact Keysight Technologies's Customer Contact, listed at the end of this guide, or the
company from which you bought the device.

An overload message (OVLD) isdisplayed (when nothing is connected
to the UNKNOWN terminal).

Thisisnormal operation. An overload is often detected by the E4981A when nothing is
connected to the UNKNOWN terminal.

Beeping persists when turning ON the comparator function.

0 Check if thelimit rangeis set up properly.

When the beep is set up to sound when the comparator function is ON (initial setup),
the beep sounds on every completion of measurement if the limit range is set up
improperly.
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Troubleshooting
Check Items When Trouble Occurs

Thefront panel keysare unavailable.

0 Check if the keys are locked.

When the keys are locked, LOCK is displayed in the status display areain the
lower-right corner of the screen.

Pressthe [Local/Lock] key to unlock the keys.

If the keys have been locked through the handler interface, you cannot unlock them by
using the front panel keys. Set the /KEY _LOCK signal of the handler interface to HIGH.

0 Check if the instrument isin the remote mode.

If the E4981A isin the remote mode, RMT is displayed in the status display areain the
lower-right corner of the screen.

Pressthe [Local/Lock] key to clear the remote mode.

The measured valueis abnormal.

0 The measurement of correction data may have failed.

Measure the correction data again. For how to measure the correction data, refer to
“Obtaining correction Data” on page 108.

0 Whenthe MULTI correctionis ON, check that the channel and the definition method of
the LOAD standard value are selected correctly.

Saving to USB memory fails

Some USB memory does not work with the E4981A. For more information on USB

memory, refer to “USB interface port” on page 204.

An error message or warning message is displayed.

For information on error messages and warning messages, refer to Appendix D.
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Troubleshooting
Check Iltems When Trouble Occurs During Remote Control

Check I1tems When Trouble Occurs During Remote Control

Theinstrument does not respond to the external controller or
malfunctions.

0 Check that the GPIB address for a GPIB connection or the IP address for aLAN
connection is set up correctly on the SYSTEM CONFIG screen of the E4981A.

0 Check that the GPIB cable, USB cable, and LAN cable are not disconnected.

0 Check whether another instrument connected by the GPIB or LAN cable has the same
GPIB address or IP address.

0 Check that the GPIB cable connection is not looped.

You cannot read out the measured value.

0 Check that the data transfer format is set up correctly.

An error message is displayed.

0 Check that the program is correct.
For details on error messages, refer to Appendix D.

222 Chapter 12



Manual Changes

This appendix contains the information required to adapt this manual to earlier versions or
configurations of the Keysight E4981A than that indicated by the current printing date of
this manual. The information in this manual applies directly to the E4981A model that has
the serial number prefix listed on the title page of this manual.
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Manual Changes
Manual Changes

Manual Changes

If your E4981A has firmware or serial number shown in Table A-1 and Table A-2, seethe
corresponding manual changes.

Table A-1 Manual Changes by Serial Number
Serial Prefix or Number Make Manual Changes
Table A-2 Manual Changes by Firmware Version
Version Make Manual Changes

The ten-character serial number is stamped on the serial number plate (Figure A-1) on the

rear panel.
NOTE You can check the firmware version by pressing the [ System] key.
FigureA-1 Serial Number Plate (Example)

Agilent Technologies

Made In Malaysia

E4981A
MY 12345678

€4981auj1003
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| nformation for Replacing 4268A, 4288A
with E4981A
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This appendix provides a functional comparison between the Keysight 4268A and 4288A
with Keysight E4981A. See Keysight 4268A, 4288A Operation Manual for more detailed
information on the 4268A, 42838A.
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Information for Replacing 4268A, 4288A with E4981A
Functional comparison between 4268A, 4288A and E4981A

Functional comparison between 4268A, 4283A and E4981A

Table B-1 compares the functions of the 4268A, 4288A and E4981A.

Table B-1 Functional comparison between 4268A, 4288A and E4981A
Function E4981A 4268A 4288A
M easurement Reset Can be executed using |Can be executed using |Can be executed
condition the front panel or SCPI |the front panel or using the front panel

command.

GPIB command.

or GPIB command.

Measurement parameter setup

Selectable from Cp-D,
Cp-Q, Cp-GCp-Rp,
Cs-D, Cs-Q, or Cs-Rs.

Selectable from Cp-D,
Cp-Q, Cp-GCp-Rp,
Cs-D, Cs-Q, or Cs-Rs.

Selectable from
Cp-Dv Cp-Q! Cp'G\
Cp-Rp, Cs-D, Cs-Q,
or Cs-Rs.

M easurement Frequency Selectablefrom 120 Hz, |Selectable from 120  [Selectable from 1
signal setup 1kHz or 1 MHz. Hz or 1 kHz. kHz or 1 MHz.
1 MHz frequency shift Can be changed to +2%, [N/A Can be changed to
-2%, +1%, -1%, or 0% . +2%, +1%, or -1% .
OSC Level Can be set up within the |Can be set up within  |Can be set up within
rangeof 0.1to1Vin |therangeof 0.1to 1V (therangeof 0.1t0 1
steps of 0.01 V. in steps of 0.01 V. Vinstepsof 0.1V.
Level monitor function AC Level monitoris  |Voltage value and \oltage value and
aways ON. current valuecan be  |current value can be
monitored. monitored.
Signal level compensation  |Availableat 120Hz or 1 |ALC isavailable N/A
(SLC) kHz.
Output mode Continuous, Continuous, N/A
Synchronous. Synchronous.
Measurement range mode Selectablefrom the auto |Selectable fromthe  [Selectable from the

range or hold range.

auto range or hold
range.

auto range or hold
range.

Measurement time |Mode Selectable from Short, |Selectable from Short, |Selectablefrom Short

(integration time) Medium, or Long Medium, or Long. or Long.
(Using SCPI command
only).

Time Selectablefrom 1, 2, 4, |N/A N/A

6, or 8.

Averaging count Can be set up freely Canbesetupfreely |Canbeset up freely
within therange of 1 to |withintherange of 1 to |within the range of 1
256. 256. to 256.

Cable length setup Selectable fromOm, 1 |Selectable from O m, 1 {Selectable from O m,
m, or 2m. m, or 2m. 1m,or2m.

Source delay setup Can be set within0- 1 |Can be set within0- 1 [N/A
secin stepsof 100 us.  |secin stepsof 1 pus.

Trigger delay setup Can be set within0- 1 |Can be set within 0 - 1 |Can be set within O -

sec in steps of 100 us.

secin stepsof 1 ms.

1secinstepsof 1 ms.

Analog convergence waiting time setup

Can be setup within the
range of 0to 1 sin steps
of 100 us.

N/A

N/A
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Information for Replacing 4268A, 4288A with E4981A

Functional comparison between 4268A, 4288A and E4981A

Table B-1 Functional comparison between 4268A, 4288A and E4981A
Function E4981A 4268A 4288A
Correction OPEN correction ON/OFF OPEN correction, Entire correction OPEN correction,
SHORT correction, and |ON/OFF. SHORT correction,
SHORT correction ON/OFF LOAD correction can  |Engire correction and LOAD correction
be turned ON/OFF ON/OFF. can be turned
arately. ON/OFF separately.
LOAD correction ON/OFF P y LOAD correction can P ¥
be turned ON/OFF
separately.
OPEN correction data parameter format Selectable from G-B, or [N/A Selectable from G-B,
Cp-G or Cp-G
SHORT correction data parameter format Selectable from R-X, or |N/A Selectable from R-X,
LsRs. or Ls-Rs.
Definition parameter of the value for LOAD Selectable from Cp-D, |[Selectable from Cp-D, |Selectable from
standard correction Cp-Q, Cp-G Cp-Rp,  |Cp-Q, Cp-G, Cp-Rp, |Cp-D, Cp-Q, Cp-G
CsD, CsQ, or CsRs. |Cs-D, Cs-Q, or Cs-Rs. |Cp-Rp, Cs-D, Cs-Q,
or Cs-Rs.
Measurement Range on Load correction Auto Range canbeset |N/A Auto Range can be
ON/OFF when LOAD set ON/OFF when
measurement is done. LOAD measurement
isdone
Correctiondata  [Measurement Measures the Measures the Measures the
OPEN/SHORT/LOAD |OPEN/SHORT/LOAD |OPEN/SHORT/LOA
correction and turnson |correction and turnson |D correction and
the correction function. |the correction function |turns on the
correction function
Setup and read out Can setup and readout  |GPIB command is GPIB command is
the correction databy |available for readout |available for readout
both SCPI command  |and setup. and setup.
and front panel.
Offset correction Can be turned ON/OFF |N/A Can be turned
for both the primary and ON/OFF for both the
secondary parameters primary and
simultaneously. secondary parameters
simultaneously.
Scanner (multi ON/OFF Can be turned ON/OFF. (Can be turned Can be turned
correction) ON/OFF. ON/OFF.
Channel setup 256 channels are 64 channels are 64 channels are
available. available (option). available.
LOAD standard correction method setup A singlereferencevalue |A single reference A single reference
isshared by all of the |valueisshared by all |valueisshared by all
channels, or adifferent |of the channels, ora |of the channels, or a
reference valueisused |different reference different reference
for each channel. valueisused for each |valueisused for each
channel. channel.
Cable Correction |Correct the error of individual test cable Available N/A N/A
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Information for Replacing 4268A, 4288A with E4981A
Functional comparison between 4268A, 4288A and E4981A

TableB-1 Functional comparison between 4268A, 4288A and E4981A
Function E4981A 4268A 4288A
Trigger Trigger mode Selectable from the Selectable fromthe  |Selectable from the
internal trigger (INT), [internal trigger (INT), [(internal trigger (INT),
external trigger (EXT), |external trigger (EXT), |external trigger

GPIB/LAN/USB trigger
(BUS), or manual

GPIB trigger (BUS), or
manual trigger (MAN).

(EXT), GPIB trigger
(BUS), or manual

state and range of every
limit range.

trigger (MAN). trigger (MAN).

External Trigger Slope Selectable from N/A N/A
POSitive or NEGative
slope for BNC
connector.

Measurement Data|Data transfer Binary/ASCI| Selectable from ASCII  |Selectable from ASCII |Selectable from
format setup format or binary (64-bit) [format or binary ASCI| format or
format. (64-bit) format. binary (64-bit)
format.
Binary data byte order Selectable from N/A N/A
NORmal or SWAPped
transfer order.
ASCII long format Can turn ON/OFF the  |N/A N/A
long format.

Data readout M easurement result Measurement status, Measurement status,  |Measurement status,
measured measured measured
primary/secondary primary/secondary primary/secondary
parameter value, parameter value, parameter value,
comparator sorting comparator sorting comparator sorting
result, BIN count value, |result, BIN count result, BIN count
or measurement signal  [value, or measurement |value, or
level monitor value. signal level monitor  |measurement signal

value. level monitor value.

Data buffer setup Datafor 1000 Data for 2000 Data for 1000
measurements can be  |measurements can be |measurements can be
outputted in batch. outputted in batch. outputted in batch.

Comparator ON/OFF Can turn ON/OFF the  |Can turn ON/OFF the |Canturn ON/OFF the
comparator function.  [comparator function. |comparator function.

Limit range reset Clears the ON/OFF N/A Clears the ON/OFF

state and range of
every limit range.

Primary parameter |ON/OFF Can turn ON/OFF BIN1 |Can turn ON/OFF Can turn ON/OFF
limit range setup to BIN9 of the BIN1to BIN9 of the [BIN1to BIN9 of the
comparator function.  [comparator function. |comparator function.
Range setup Can setlow and high  |Can set low and high |Can set low and high
limit ranges of BIN1 to |limit rangesof BIN1to [limit ranges of BIN1
BINO. BINO. to BINO.
Limit range designation Selectable from Selectable from Selectable from
method (mode selection) DEV/ABS/PCNT DEV/ABS/PCNT DEV/ABS/PCNT
Reference (nominal) value  [Specifiesthe reference |Specifies the reference |Specifies the
value when specifying |value when specifying |reference value when
the primary parameter |the primary parameter |specifying the
limit range for the limit range for the primary parameter
comparator function.  [comparator function.  {limit range for the
comparator function.
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Information for Replacing 4268A, 4288A with E4981A
Functional comparison between 4268A, 4288A and E4981A

Table B-1 Functional comparison between 4268A, 4288A and E4981A
Function E4981A 4268A 4288A
Comparator Secondary ON/OFF Can turn ON/OFF Can turn ON/OFF Can turn ON/OFF
parameter limit sorting judgement for  |sorting judgement for |sorting judgement for
range setup measurement result of  |measurement result of |measurement result
secondary parameter  |secondary parameter  |of secondary
when using the when using the parameter when
comparator function.  |comparator function. |using the comparator
function.
Range setup Cansetlow and high  [Can set low and high |Can set low and high
limit ranges of BIN1to {limit rangesof BINZ1to |limit ranges of BIN1
BINO. BINO. to BIN9.
AUX BIN function ON/OFF Can turn ON/OFF the  |Can turn ON/OFF the |Canturn ON/OFFthe
AUX BIN sortingof ~ |[AUX BIN sorting of |AUX BIN sorting of
comparator function.  [comparator function.  |comparator function.
Low C reject function The detection limit N/A The detection limit
value can be freely set value can be freely
within therange of 1 to set within the range
10%. of 1to 10%.
BIN count function|ON/OFF Can turn ON/OFF the  |Can turn ON/OFF the |Can turn ON/OFFthe
BIN counter function. |BIN counter function. [BIN counter function.
Resets count values Clearsthe count value |Clearsthe count value |Clears the count
of each BIN to 0. of each BIN to 0. value of each BIN to
0.
Readout of count values Readsthevalue of BIN1 |Reads the value of Reads the value of
to BIN9, AUX_BIN, |[BIN1to BINY, BIN1 to BINY,
and OUT_OF _BINS. |AUX_BIN, and AUX_BIN, and
OUT_OF BINS. OUT_OF BINS.
Readout of count valueof  |Reads out each overload |N/A Reads out each
overload count value. overload count value.
Readout of count valuesfor |Reads out the count Reads out the count
each channel value of BIN1 to BIN9, value of BIN1to
OUT_OF_BINS, and BINOY,
AUX_BIN of selected OUT_OF BINS, and
channel. AUX_BIN of
selected channel.
Readout of count value of Reads out the overload Reads out the
overload for each channel count value of the overload count value
selected channel. of the selected
channel.
M easurement Current/Voltage  [Monitor value readout Always ON Can be turned Can be turned
signal monitor monitor ON/OFF. ON/OFF.
Save/Recall Save/Recall 10 setups can be stored |10 setups can be stored |10 setups can be
in Flash memory and 10 [in EEPROM. stored in EEPROM.
setups can be stored in
external USB memory.
Delete Deletes the states from  [N/A N/A
the memory.
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Information for Replacing 4268A, 4288A with E4981A
Functional comparison between 4268A, 4288A and E4981A

TableB-1 Functional comparison between 4268A, 4288A and E4981A
Function E4981A 4268A 4288A
Display ON/OFF Can enable/disable the |Can enable/disable the |Can enable/disable
display of the display of the the display of the
measurement result. measurement result.  |measurement result.
Number of Digits setup N/A Selectablefrom 4, 5, or |Selectable from 4, 5,
6 digits. or 6 digits.

Fixed point display setup Selectable from fixed  |N/A Selectable from fixed
point display or floating point display or
point display. floating point display.

Deviation Display mode For the measured For the measured For the measured

measurement mode primary/ secondary primary/ secondary  |primary/ secondary

setup parameter value: parameter value: parameter value:
Selectable from Selectable from Selectable from
Deviation measurement (Deviation Deviation
mode OFF (the measurement mode  [measurement mode
measured valueis OFF (the measured OFF (the measured
displayed asit is) or valueisdisplayed asit |valueis displayed as
Deviation measurement |is) or Deviation itis) or Deviation
mode ON (displayed in |measurement mode  [measurement mode
adeviation relativeto  |ON (displayedina ON (displayedina
any referencevalue).  |deviation relativeto  |deviation relative to
any referencevalue). |any reference value).
Reference value Sets the reference value |Sets the reference Sets the reference
for primary/secondary  |value for value for
parameter. primary/secondary primary/secondary
parameter. parameter.

Setup of displayed page Only 1 display Only 1 display format |Only 1 display format

format/area. but 2 distinct display |but 2 distinct display
areas: the main display |areas: the main
areaon the left shows |display area on the
measured valuesand  |left shows measured
instrument settings,  [valuesandinstrument
which are indicated by |settings, which are
the _ symbol; the indicated by the _
display areaon the symbol; the display
right canbeusedto  |areaontheright can
show avariety of other |be used to show a
measurement settings. |variety of other
measurement
settings.

Reset of displayed error/message Clearserrors/caution  |N/A N/A
messages from the
display.

Input the comment lines Can enter arbitrary N/A N/A
comment containing
upto 30 ASCII
characters.

Output the displayed image to controller/external |Outputs the screen N/A N/A

USB memory image display in gif
format.

Contact Check ON/OFF Available Available N/A
Key lock ON/OFF Available Available Available
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Table B-1 Functional comparison between 4268A, 4288A and E4981A

Function E4981A 4268A 4288A
Beeper ON/OFF Can turn ON/OFF the  [Can turn ON/OFF the |Canturn ON/OFFthe
beep output. beep output. beep output.
Beep mode setup Selectable frombeep  |[N/A N/A
tonelto 5.
Beep Produces beep sound.  [N/A N/A
Comparator Beep condition Setsthe condition for  [Setsthe condition for [Setsthe condition for
producing beep sound. |producing beep sound. |producing beep
sound.
External GPIB Address Setsthe GPIB address. |N/A N/A
Connector LAN setup Fixed |P address, gateway, | Sets the static |P N/A N/A
subnet mask address, gateway
address and subnet
mask address.
AUTO IP Selectable from N/A N/A
AUTO/MANUAL IP
configuration setup
method.
LAN address, gateway, subnet mask status Returns the value of N/A N/A
current |P address,
gateway address and
subnet mask address.
MAC Address Returnsthe MAC N/A N/A
address.
Reconnect after reset to factory state Presets the network N/A N/A
settings and restarts the
network.
Reconnection Restartsthe network.  |N/A N/A
Socket Control Port number Returnsthe SOCKET  |N/A N/A
control port number.
Internal Clock Date, time, time zone Setsthedate, timeinthe |N/A

internal clock and
configures the time
zone.
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Initial Settings

This appendix providesinitial settings, settings that can be saved/recalled, and settings that
can be backed up.
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Initial Settings
Initial Settings, Settings that can be Saved/Recalled, Settings that can be
Backed Up

Initial Settings, Settingsthat can be Saved/Recalled, Settings
that can be Backed Up

The columns of Table C-1 show the following items.
» Initial settings (factory settings)
e Settings reset from the front panel or the GPIB by the :SYStem:PRESet command
e Settings reset from the GPIB by the *RST command
e Settings that can be saved/recalled
Table C-1 uses the following symbols.
I: Settings that can be saved/recalled
x: Settings that cannot be saved/recalled
» Settings that can be backed up
Table C-1 uses the following symbols.
I: Settings that can be backed up in the Flash memory
x: Settings that cannot be backed up

The symbol “ #” in Table C-1 indicates that the value is the same as that indicated to the
left.
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Initial Settings
Initial Settings, Settings that can be Saved/Recalled, Settings that can be

Backed Up
TableC-1 Initial settings, settingsthat can be saved/recalled, settingsthat can be backed up
Initial setti Rest Save/
- niti ings WV
Setting items (factory settinggs) Front panel key | o Recall | Backup
(:SYST:PRES)
Primary parameter CpP . . | oo
Measurement parameter
Secondary parameter D . . | oo
Frequency 1kHz 3 . | oo
1 MHz frequency shift 0% No effect . oo
Meastrement signal ;ev:aJ level compensation — : . I -
(S% 9 P OFF . N | o
Output mode CONT . . | oo
Auto ON . . | oo
Measurement range
Range setup 100 nF . . | oo
Measurement time mode N 6 . . | oo
) ON/OFF ON . . | )
Averaging
Number of counts 1 . . | oo
Cable length 0 No effect 0 oo
Analog convergence waiting time setup 1.67m . . oo oo
Im * . oo oo
270 1 . . ) oo
Trigger Triggering No effect oo oo
Mode INTernal . . | oo
Trigger delay time 0 . . | oo
Reset No effect oo oo
Trigger Initi aTIes No effect o0 oo
system antmyous OFF
activation ON * oo
ON/OFF
BNC External trigger slope POSitive No effect . oo |
OPEN ON/OFF OFF No effect OFF oo |
correction Parameter type GB No effect GB oo I
SHORT ON/OFF OFF No effect OFF oo |
correction Parameter type RX No effect RX oo I
ON/OFF OFF No effect OFF oo |
LOAD Measurement range ON No effect ON ) |
correction LOAD Definition value 100 nF No effect 100 nF o0 |
standard
definition Parameter type CPD No effect CPD ) |
) OPEN - No effect . o0 oo
g;gectl " I'Coap - No effect N w w
Cable Om standard - No effect * oo oo
correction Correction coefficient clear - No effect . oo oo
Correction coefficient calculation and save - No effect . ) oo
ON/OFF on correction function - No effect . oo |
Offset ON/OFF OFF No effect OFF o [ O
correction Data Setup 0 No effect 0 oo I =1
ON/OFF OFF No effect OFF oo | 5
Multi Channel setup 0 . . ) a
correction | "COAD Standerd definition method ot o et o - 2
(Single/Multi) a
[
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Initial Settings

Initial Settings, Settings that can be Saved/Recalled, Settings that can be

Backed Up
TableC-1 Initial settings, settings that can be saved/recalled, settingsthat can be backed up
Reset
R Initial settings Save/
Satting items (factory settings) | Frontpanelkey | oo | Recall | BACKUP
(:SYST:PRES)
Datatransfer | Binary/ASCII ASCii . . | oo
format Binary Data Byte order NORmal . . [ oo
ASCII Long format OFF * . | oo
Feeding target parameter - . 3 oo oo
Control (feed/not f NEVer . . oo oo
Data buffer ( e
. BUF1|BUF2 200 * * ) oo
Buffer size
BUF3 1000 . . oo oo
ON/OFF OFF . 3 oo
Limit range reset No effect . oo oo
Limitrange | Primary parameter ON . . I o
ON/OFF Secondary parameter ON . . I oo
Primary limit range setup 0 . . | oo
Secondary limit range setup 0 . . | oo
Limit range Prir_nary_Limitrange
Settin designation method (mode ABS . . | oo
9 ;
selection)
Primary Reference (nominal) 0 . . | -
value
Comparator | AUX BIN ON/OFF OFF . . | oo
. ON/OFF OFF . . | oo
Low C reject —
Limit value 0% . . | oo
ON/OFF OFF . . | oo
Reset Count value No effect 3 oo oo
Readout of Count value 0 * . oo oo
Readout of Count value at
BIN count overload . ¢ ¢ < <
Readout of Count value for
0 * . oo oo
each channel
Readout of Count valueon ) R . - -
overload per channel
ON/OFF ON . . oo
Current Monitor value
monitor - oo oo
Measurement Signal readout No effect ¢
Monitor"? ON/OFF ON * . oo
Voltage Monitor value
monitor - oo oo
readout No effect .
ON/OFF ON | oo
. . ON/OFF OFF | oo
Fixed point 1 1 e of the highest digit
displ oo
splay (Msd) 1nF . . |
Primary ON/OFF OFF * * | )
sl Deviation parameter Mode DEV . . I o
Display measurement | Secondary ON/OFF OFF . . | oo
mode parameter Mode DEV . . I oo
Reference value 0 . . | oo
Page number of instrument setup display area MEAS . . | oo
Input the comment line “ . . | oo
Output the displayed image to controller - No effect . oo oo
Contact Check ON/OFF OFF . 3 | oo
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Initial Settings
Initial Settings, Settings that can be Saved/Recalled, Settings that can be

Backed Up
TableC-1 Initial settings, settings that can be saved/recalled, settingsthat can be backed up
Reset
R Initial settings Save/
Setting items (factory settings) | Frontpanekey | oo | Recall | BACKUP
(:SYST:PRES)
Key lock ON/OFF OFF . * oo oo
ON/OFF ON . * oo
Beeper Mode 3 No effect . oo
Comparator Beeper condition FAIL . . oo
Clear No effect . oo oo
Status Byte register value )
readout No effect .
Service request enabl e register ) No effect . - -
vaue
Reg|_sxer - No effect . oo oo
Standard reading
Status Renort Function event status | OPC ON No effect . oo oo
> register Valid register
- No effect . oo oo
setup
Clear No effect . oo oo
) Register
Operation reading 0 No effect . oo =
event status
register OP? ON- 0 No effect . oo oo
Valid register 0 No effect R oo o0
setup
GPIB Address 17 No effect oo |
LAN setup Fixed IP “196.168.1.101" No effect oo |
Fixed u " |
Gateway 0.0.0.0 No effect .
Fixed SUbnet | . o5 255, 255.0" No effect . o |
mask
Auto IP AUTO No effect . oo |
External Controller LAN status Address - No effect . oo o0
Gateway - No effect . oo )
Subnet Mask - No effect . oo o0
MAC Address - No effect . oo o0
Reconnect after reset to
factory state No effect ¢ ~ ~
Reconnection No effect . oo oo
Socket port number 0 No effect . oo )
Internal Clock Date - No effect . oo oo
Time - No effect . oo oo
Time zone 0 No effect . oo
*1.1n E4981A the signal monitor is aways ON.
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Initial Settings

Initial Settings, Settings that can be Saved/Recalled, Settings that can be
Backed Up
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Error Messages

The Keysight E4981A provides error messages to indicate its operating status. This
appendix describes the error messages of the E4981A in alphabetical order.
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NOTE

21

1103

-168

41

1200

1201

Error Messages
Error messages (alphabetical order)

Error messages (alphabetical order)

Error messages are displayed in the lower row of the E4981A’s display. You can read them
out by using the SCPI command. This section provides a description of each error message
and its remedy.

Errors with a negative error number are basically general errors defined by |EEE488.2 for
GPIB instruments. On the other hand, errors with a positive error number are defined
specifically for the E4981A.

1-100

1 MHz opt. not installed

This error occurs when cable correction commands are sent to E4981A with Option 002,
via GPIB/LAN/USB. Thiserror is not generated with front panel operation.

A

Al EEPROM write error
An error is generated while writing datato A1 EEPROM.

Contact Keysight Technology’s Sales and Service Office or the company from which you
purchased the device.

B

Block data not allowed

A block data element has been received where the E4981A does not accept any block data
element.

C

Correction Measurement Aborted

This error occurs when the correction data measurement is aborted.
CPU bd FLASH ROM write error

An error is generated while writing datato FLASH.

Contact Keysight Technology’s Sales and Service Office or the company from which you
purchased the device.

CPU bd EEPROM write error
An error is generated while writing data to EEPROM.

Contact Keysight Technology’s Sales and Service Office or the company from which you
purchased the device.
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-100

-140

-148

-104

-222

-230

-123

-170

-178

-200

Error Messages
Error messages (alphabetical order)

Command error

A comprehensive syntax error has occurred for which the E4981A cannot detect further
details of the error. This error code simply indicates the occurrence of acommand error
that is defined in IEEE488.2,11.5.1.1.4.
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Character data error

An error not included in the error numbers between -141 and -149 has occurred during the
syntax analysis of a character data element.

Character data not allowed

Character data not allowed for this operation.

D

Data type error

The parser has recognized impossible data elements. For example, numeric value or string
datais expected, but block datais sent.

Data out of range

A data element (that does not violate the standard) has been received out of the range
defined for the E4981A.

Data corrupt or stale

Thedataisinvalid or a newly initiated read operation has not been completed since the
latest access.

E

Exponent too large
The absolute value of the exponent has exceeded 32,000. (Refer to IEEE488.2,7.7.2.4.1.)
Expression error

An error not included in the error numbers between -171 and -179 has occurred during the
syntax analysis of equation data.

Expression data not allowed

An equation data element has been received where the E4981A does not accept any
eguation data element.

Execution error

A comprehensive execution error has occurred for which the E4981A cannot detect further
details. Thiserror code simply indicates the occurrence of an execution error that is defined

in [EEE488.2,11.5.1.1.5.
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1070

-105

-114

-101

-103

-121

-131

-141

-151

Error Messages
Error messages (alphabetical order)

F

Fan failed
Cooling fan hardware failure is detected.

Contact Keysight Technology’s Sales and Service Office or the company from which you
purchased the device.

G

GET not allowed

A group execution trigger (GET) has been received in a program message. (Refer to
|IEEE488.2,7.7.)

H

Header suffix out of range

The header suffix is out of range.

Invalid character

Invalid characters have been found in the program message string. For example, in a
correct program message “ : CALC1:FORM CP”, an ampersand (&) isinserted by mistake
to give " : CALC1 : FORM&CP".

Invalid separator

The parser (syntax analysis program) expects a separator, but a character other than a
separator has been sent. For example, although the correct way isto use*;” to separate two
sent program messages such as“ : CALC1:FORM CP; *OPC?", the semicolon (;) needed to
separate the program messages ismissing to give “ : CALC1:FORM CP *OPC?".

Invalid character in number

Aninvalid character for the data type of the syntax analysis target has been received. For
example, alphabetical characters exist in adecimal value or “9” existsin octal data.

Invalid suffix

The suffix does not meet the syntax defined in IEEE488.2,7.7.3.2 or isinappropriate for
the E4981A.

Invalid character data

A character data element has been recieved where the E4981A does not accepts any
character data element.

Invalid string data

Character string data are expected, but the string data received areinvalid for some reason.
(Refer to IEEE488.2,7.7.5.2.) For example, the END message is received before the end
guotation mark character appears.
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-161

-171

-213

-224

46

43

-109

-250

83

-120

-128

Error Messages
Error messages (alphabetical order)

Invalid block data

Block data are expected, but the block data received areinvalid for some reason. (Refer to
|IEEE488.2,7.7.6.2.) For example, the END message is received before the length of the
block datais reached.
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Invalid expression

The equation data element isinvalid. (Refer to IEEE488.2,7.7.7.2.) For example,
parentheses are not paired or a character violates the standard.

Init ignored

Another measurement has been being executed and the measurement start request
(:INITiate[:IMMediate] command ) has been ignored.

Illegal parameter value

The parameter recieved is not correct. For example, though a correct program message was
“:CALC1:FORM CP,” awrong program message, “ : CALC1:FORM RP,” was received.

L

LOAD measurement incomplete

This error occurs when the cable correction LOAD measurement is incomplete.

M

Measurement failed
A measurement failure has occurred during measuring the correction data.
Missing parameter

The number of parametersisless than required by the command. For example, although
the : CREJ : LIM command requires one parameter such as“ : CREJ: LIM 3", no parameter
isadded to give“ : CREJ: LIM".

Mass storage error

An error occurred while accessing the external mass storage device.

N

No data to load

Thereis no setup data for the selected number or no external mass storage deviceis
connected.

Numeric data error
Numeric dataisimproper.
Numeric data not allowed

A numeric value data element (that does not violate the standard) has been received where
the E4981A does not accept any numeric value data element.
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47

-321

1080

-108

-112

-350

-400

-410

-420

-430

Error Messages
Error messages (alphabetical order)

O

OPEN measurement incomplete
This error occurs when the cable correction OPEN measurement is incomplete.
Out of memory

The E4981A has insufficient memory to perform the requested operation.

P

Power failed
Power unit hardware failure is detected.

Contact Keysight Technology’s Sales and Service Office or the company from which you
purchased the device.

Parameter not allowed

The number of parametersis larger than required by the command. For example, although
the :CREJ : LIM command requires one parameter such as“ : CREJ:LIM 3", two
parameters are added to give “ : CREJ: LIM 0,3".

Program mnemonic too long

The length of the header exceeds 12 characters. (Refer to IEEE488.2,7.6.1.4.1.)

Q

Queue overflow

The queue contains a certain code other than the code that caused this error. This indicates
that an error has occurred due to insufficient space in the queue but has not been recorded.

Query error

A comprehensive Query error has occurred for which the E4981A cannot detect further
details. This code simply indicates the occurrence of a Query error that is defined in
IEEE488.2,11.5.1.1.7 and 6.3.

Query INTERRPUTED

This indicates the status that causes an “INTERRUPTED” Query error. (Refer to
IEEE488.1,6.3.2.3.) This error occurs, for example, when data byte (DAB) or GET is
received after Query but before the response has been completely sent.

Query UNTERMINATED

Thisindicates the status that causes an “UNTERMINATED” Query error. (Refer to
|IEEE488.2,6.3.2.) Thiserror occurs, for example, when the E4981A is specified as atalker
and an incomplete program message is received.

Query DEADLOCKED

Thisindicates the status that causes a“ DEADLOCKED” Query error. (Refer to
IEEE488.2,6.3.1.7.) This error occurs, for example, when both input and output buffers
become full and the E4981A cannot continue processing.
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82

-102

-134

-138

-150

-158

-124

Error Messages
Error messages (alphabetical order)

Query UNTERMINATED after indefinite response

In a certain program message, a Query that requests an ambiguous response has not yet
been completely executed when a different Query is received. (Refer to
|IEEE488.2,6.5.7.5.7.)
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R

Reference Measurement Aborted
This error occurs when REF data measurement is aborted.
REF measurement incomplete

This error occurs when the cable correction REF measurement is incomplete.

S

Store failed

This error occurs when external mass storage device fails or internal FLASH ROM
hardware fails.

Contact Keysight Technology’s Sales and Service Office or the company from which you
purchased the device.

Syntax error

There isacommand or data type that cannot be recognized. For example, in the program
message “ : SYST: PRES”, acolon () isinserted by mistaketo give “ : SYST: : PRES".

Suffix too long

The length of suffix islong.

Suffix not allowed

A suffix is added to a numeric value element that does not permit a suffix.
String data error

An error not included in the error numbers between -151 and -159 has occurred during the
syntax analysis of a string data element.

String data not allowed

A string data element has been received where the E4981A does not accept any string data
element. For example, a parameter must be enclosed with double quotation marks (“...”)

but they are missing.

T

Too many digits

The number of digits of the mantissa of the decimal value data element exceeds 255 except
for preceding Os. (Refer to IEEE488.27.7.2.4.1.)
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-211

-214

-223

-113

Error Messages
Error messages (alphabetical order)

Trigger ignored

A trigger command or trigger signal has been received and recognized by the E4981A, but
it isignored due to the timing relationship with the E4981A. For example, this happens
when the E4981A’s trigger system isnot in the Waiting for Trigger state.

Trigger deadlock

Indicates that the :READ? command was ighored because the trigger source setting was
MAN or BUS.

Too much data

The received block, equation, or string type program data complies with the standard, but
the amount of data exceeds the limit that the E4981A can handle due to memory or
device-specific conditions related to memory.

U

Undefined header

A header not defined for the E4981A has been received. For example, “ *xyz”, which is
not defined for the E4981A, is received.

246 Appendix D



Error Messages
Warning Messages (WARNING)

War ning M essages (WARNING)

Warning messages are displayed to warn users. They are displayed in the lower row of the
display of the E4981A. You cannot read them out using the GPIB command.

WARNING: Need corr meas

When the OPEN correction, SHORT correction or LOAD correction is ON, thisis
displayed when you change the setup of the cablelength or measurement frequency shift (1
MHZ2). In this case, the OPEN correction, SHORT correction and LOAD correction are
automatically turned OFF.

WARNING: Need load meas

Thisis displayed when you turn ON the LOAD correction from the front panel although
the setups of the cable length and measurement frequency shift (1 MHZz) differ from those
when measuring/setting up the LOAD correction data. In this case, the LOAD correctionis
turned ON, but you need to measure the LOAD correction data again for accurate
measurement.

WARNING: Need open meas

Thisisdisplayed when you turn ON the OPEN correction from the front panel although the
setups of the cable length and measurement frequency shift (1 MHz) differ from those
when measuring/setting up the OPEN correction data. In this case, the OPEN correction is
turned ON, but you need to measure the OPEN correction data again for accurate
measurement.

WARNING: Need short meas
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Thisis displayed when you turn ON the SHORT correction from the front panel although
the setups of the cable length and measurement frequency shift (1 MHz) differ from those
when measuring/setting up the SHORT correction data. In this case, the SHORT correction
isturned ON, but you need to measure the SHORT correction data again for accurate
measurement.

WARNING: Out of limit

Thisisdisplayed if the correction datais out of the valid range when measuring the
correction data. The valid range for each type of correction isasfollows.

Type of correction Valid range

OPEN correction [Y]|<20uS

SHORT correction [Z] <20 Q

LOAD correction [Zref| 0 0.9 < [Z]| < |Zref| = 1.1

Inthe abovetable, Y isthe measured admittance value, Z is the measured impedance
value, and Zref isthe LOAD correction standard definition value.

WARNING: Improper high/low limits

The upper limit value is less than the lower limit value. Set the lower limit value to less
than the upper limit value.
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Error Messages
Warning Messages (WARNING)

WARNING: Incompatible state file

The setting file recalled from external mass storage device has been saved using an
E4981A with adifferent firmware version or different options. There may be some
parameters set up incorrectly. Check the setting.

This message may appear due to option mismatch, firmware mismatch, check-sum error or
state format mismatch.
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Technical | nformation

This chapter providestechnical information on the operating principles of the E4981A and
the basic principles of capacitance measurement.
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FigureE-1

FigureE-2

Technical Information
Measurement Principle

Measurement Principle

This section explains the underlying principle of how the E4981A is used to measure the
impedance of aDUT.

Circuit Model of | mpedance M easurement

o

Figure E-1 illustrates the circuit model of impedance measurement using the E4981A. Vs
is the measurement power supply voltage, and Rsis the output resistance of the E4981A.
When voltage applied to aDUT isV and current flowing through the DUT is |, impedance
Z isexpressed by the equation Z = V/I.

Z consists of area part and an imaginary part. Figure E-2 shows the vector diagram of
impedance.

Vector Diagram of Impedance

Complex Axis R I
B AYA o I

+j

Z R, X

. Z=R+jX=|Z1L8

R=1Z] cosp
1Z|

X =1|Z] sing

g 1zl =R+ X

o, X
= tan ()
b R

Real Axis

LC00e3012

Symbols used in Figure E-2 have the following meanings:

R Resistance

X Reactance

1Z] Absolute value of impedance
0 Phase of impedance

Another way to express impedance Z is the use of admittance Y. The relationship between
admittance Y and impedance ZisY = 1/Z.
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Figure E-3

FigureE-4

FigureE-5

Technical Information

Measurement Principle

Relationship between Impedance and Admittance

v = 1 1 _ R } X
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For aparallel connection, using admittance Y is more convenient.
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Vector Diagram of Admittance o
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Symbolsin Figure E-4 have the following meanings:

G Conductance
B Susceptance
Y] Absolute value of admittance

LC00e3014

The E4981A measures the vector value of aDUT’simpedance Z and indicates the result as
the circuit constants of the equivalent circuit shown in Figure E-5.

Relationship between M easurement Parameters

where, w=2 7 f
(f: Measurement frequency)

1
Y L L

Rs Cs G(=R17)
—AN— — Z=Rs+ jX=172|£L o Mf}p_
| —
R =7L Cp
y wGs
Z=Rs- i 1 jwCp AR
. wGs
' z

Y=G+ B
B = wlp
Y=G- jwCp

where, w=2r f
(f: Measurement frequency)

4288a0e132
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Basic Principles of Capacitance M easurement

This section explains the useful basics when measuring capacitance with the E4981A.

Typical characteristics of capacitance DUT

As shown in Table E-1, the impedance characteristics of capacitance components change
depending on the actual operating conditions. Therefore, to measure impedance accurately,
it is necessary to take measurements under the actual operating conditions in which the
component is used.

Table E-1 Typical Characteristics of Capacitance DUT

DUT Example of Characteristics M easurement function

Small C Cp-D, Cp-Q, Cp-G Cp-Rp
|Z | 1 L A | (TN

LargeC CsD, CsQ, Cs-Rs

AN HTITAAN)
|z|
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Selection criteria of parallel/series equivalent circuit models

There are two equivalent circuit models used for capacitance measurement: parallel mode
and seriesmode, as shown in Table E-2. You must select one of these before measurement,
depending on the magnitude of reactance and the effect of the equivalent parallel resistance
(Rp) and equivalent series resistance (Rs) on it.

TableE-2 Parallel/Series Equivalent Circuit Models and M easurement Functions of the
E4981A

Circuit model M easurement function of E4981A Definition of D, Q, G
m
Parallel equivalent Cp-D, Cp-Q, Cp-G, Cp-Rp D = 1/(|2nfCp|Rp) -
circuit model Q=1/D = [2rnfCp|Rp %
G=1Rp =3
8
Series equivalent CsD, CsQ, CsRs D = |2nfCgRs -
circuit model Q= 1/D = 1/(]2rfCsRs) =
3
0 When capacitanceis small: %.
=]

When capacitanceis small, reactanceislarge. Therefore, the effect of Rp isgreater than
that of Rs. When Rsis small, its effect can be neglected compared to capacitive
reactance. In this case, use the parallel equivalent circuit model shown in Figure E-6

@.

0 When capacitanceis large:

When capacitanceislarge, reactanceis small. Therefore, the effect of Rsis greater than
that of Rp. In this case, use the series equivalent circuit model shown in Figure E-6 (b).

Figure E-6 Selection of Capacitance M easurement Circuit M odel
(a) (b)
Small C 1 <=
Ao Large C —
(Highimpedance) -1 Rp (Losv impedance) J— R P
'J Significant [ Not significant

? Rs Rs
Not significant Significant

C0e7008
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Figure E-7
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Principle of four-terminal pair measurement

Generally, in connection methods using common terminal structures, mutual inductance,
interference between measurement signals, and unnecessary residual elements (especially
at higher frequencies) significantly affect measurements.

The E4981A adopts afour-terminal pair structure to reduce the limitations on
measurements due to these factors and to facilitate stable and accurate measurements.

Figure E-7 illustrates the principle of four-terminal pair measurement. The UNKNOWN
terminals are four coaxial connector terminals.

*  Hgyg: Current high terminal
*  Hpot: Voltage high terminal
* LpoT: Voltage low terminal

* Lcyg: Current low terminal

Principle of Four-terminal Pair M easurement

Output Ix.. Virtual Ground

Resister

Oscillator

v Auto Balance Bridge

4288a0e137

The four-terminal pair measurement method has advantages in both low- and
high-impedance measurements. The outer shield conductors serve as the return path of the
measurement signal current (not grounded). Current of the same amplitude flows through
the core conductor and the surrounding shield conductor in opposite directions, and
therefore no external magnetic field occurs around either conductor. In other words, the
magnetic field caused by the inner conductor and that caused by the outer conductor cancel
each other completely. The measurement signal current does not cause any induction field
and, therefore, the test leads do not increase the error due to their self-inductance or the
mutual inductance between different leads.
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Figure E-8
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Precautionsfor four-terminal pair measurement

This section describes general precautions and techniques for using the four-terminal
structure efficiently.
M easurement contacts

To ensure high accuracy when using the four-terminal pair measurement, the measurement
contacts must meet the following requirements.

« Makethesignal path between the capacitance meter and the DUT (indicated by 1 in
Figure E-8) as short as possible.

« For afour-terminal pair measurement circuit configuration, the outer shields of the
Hcur, HpeoT: Lcur, @nd Lpot terminals must all be connected at the nearest possible

point to the DUT. (Refer to 2 in Figure E-8.)

M easurement Contacts
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FigureE-9

Figure E-10

Technical Information
Basic Principles of Capacitance Measurement

Contact resistance

Dueto contact resistance between the DUT contacts and the DUT itself, a measurement
error occurs when measuring large capacitance values, especially for measurement of D
(dissipation factor).

For measurement of large capacitance values, the four-terminal pair measurement method
has an advantage over the two-terminal method in that measurement errors are smaller.
Select afour-terminal measurement test fixture that can secure the DUT to stabilize the
connection and minimize contact resi stance.

Configuration of Contacts

Lar  Leor  Heor  Hewr | or Leor  Heor  Hoeur

Sbsabsdbadb

N / N\ /

A A4 / N/

1] [ I
[V

DuT DUT

(A) 2 Terminal Pair Measurement Method (B) 4 Terminal Pair Measurement Method

Extending thetest leads

If you cannot make measurement contact with the four-terminal pair structure, use the
connection method shown in Figure E-10.

M easurement Contacts When Test L eads Are Extended

Shielded 2 Terminal Connection

HCU RE::”:

H PGTE::H

Connector Plate

|_ POTE:”:

LCUREZ‘;H

BNC Terminal

4288a0e135
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Guarding when measuring small capacitance

When measuring small capacitance values, for example those of small-capacitance chip
capacitors, use aguard plate to minimize measurement errors caused by stray capacitance.
Figure E-11 shows an example of using a guard plate with the measurement contacts of a
four-terminal pair structure.

FigureE-11 Example of Connecting Guard Plateto DUT

Leur Leor Heot Heur

Ground

i

Capacitance Meter

ATP Test Lead Shielded Contact of
«— Test Lead
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o
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Contact here

va = Guard Plate
DUT (Not grounded)

4288a0e136

Shield

By using ashield, the effect of electrical noise picked up by the test leads can be
significantly decreased. Therefore, prepare a shield plate and connect it to the outer shield
conductor of the four-terminal pair test leads, as shown in Figure E-12.

Figure E-12 Guard Shield

Lcur Lpot HpoT Hcur

A
\
[
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Guard Shield

LC00e7013

Appendix E 257



Technical Information
Basic Principles of Capacitance Measurement

258 Appendix E



I ndex

Symbols
AMode key, 74

Numerics

4 terminal pair measurement
Precautions, 255
Principle, 254
4268,4288 vs E4981A GPIB Command, 226

A

Absolute mode, 137
Absolute tolerance mode, 137
Accuracy, 183
Accurate measurement, 129
Arrow key, 42
Attention of USB Memory, 89
Auto range mode, 64
Auto Recdll, 95
Auto/Hold key, 65
AUX BIN, 142
Available measurement range, 181
Average key, 68
Averaging

How to set up, 68

Range, 180

B

Basic operations, 44
Beep, 79, 80
Beep Tone, 81
BIN count
On/Off, 147
Bk Sp key, 42
BNC external trigger, 127

C

Cable Correction

How to obtain, 122

Overview, 104
Cable length

How to set up, 50
Calibration

Recommended Period, 218
Capacitance characteristics, 252
Checking the Shipment, 19
Cleaning, 217
Clear

Limit range, 136

Remote mode, 221
Comment Line, 37

Clear, 136
Designation method, 137
Primary parameter(BIN1-9), 140
Secondary parameter, 141
On/Off, 135
Overview, 134
Sorting
Read out
Sorting result, 145
Sorting result
Handler output, 150
Comprtr key
Aux, 142
Count, 147
Limit
Clr, 136
AMode, 137
Pri, 140
Sec, 141
On/Off, 135
Configuration Save, 88
Contact check, 77
TH1, 77
TH2, 77
Correction
How to turn on/off correction, 105
Overview, 102
Correction Data
How to check, 119
How to obtain, 108
Correction Mode, 117
Cp, 60, 251
Cs, 60, 251

D

D, 60, 251
Data processing flow, 103
Data Save, 88
Delay key, 69
Delay time
How to set up, 69
Range, 180
AMode key, 74
Deviation measurement mode, 74
DHCP, 86
Disp Mode key
FixMsd, 74
On/Off, 73
Display
Deviation measurement mode, 74
Fixed point display, 73

Comment line, 61 Dio n{OfL;g 200
Comparator play ’
BIN count
On/Off, 147 E
Limit range EMC, 210
Eng key, 42
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Enter key, 42
Equivalent circuit model, 253
Error messages
Error messages, 240
Warning messages, 247
External trigger, 126
Pulse width
Ext Trig terminal, 127
Handler interface, 199

F

Fail(Beep mode), 79
Firmware version, 224
Fixed point display, 73
Fixed range mode, 64
FixMsd, 74
Fixture
Connection example, 44
Floating point display, 73
Freguency
Measurement signal
How to set up, 48
Specification, 179
Frequency Shift, 130
Frequency shift, 72
Front Panel, 31
Front panel key
Basic operation, 42
Fuse, 25

G

G, 60, 251
GPIB Address, 85
Guard Terminal, 33

H

Handler Interface
Controlling Handler Interface, 161
Handler interface
Electrical characteristics
Input signal, 159
Output signal, 156
Output, 150
Pin assignment, 152
Timing chart, 154
Hold range mode, 64

Improper high/low limits, 247

Incompatible state file, 248

Information for Replacing 4268A, 4288A with E4981A, 225
Initiaizing, 45

Internal Memory, 88

Internal trigger, 126

IP Address, 86

Item selection method, 42

K

Key Lock, 214

Key lock
Unlock(tips), 221

Key operation, 42

L

LAN, 35, 86
LCD Display, 37
Lcl key, 221
Level
How to set up, 49
Specification, 179
Limit range
Clear, 136
Designation method, 137
Primary parameter(BIN1-9), 140
Secondary parameter, 141
LOAD Correction
Data
How to measure, 115
Measurement condition, 115
Structure, 113
How to turn on/off load correction, 106
LOAD correction
Data
How to check, 120
Definition procedure, 113
Load correction, 120
LVL COMP, 63

M

Manual change, 224
Manual trigger, 126
Max/On key, 42
Maximum discharge withstand voltage (SPC), 205
Meas Time key, 66
Measurement

Accurate measuremen, 129

Improving measurement speed (throughput), 131

Start, 126
Measurement accuracy, 183
Measurement circuit protection, 205
Measurement display range, 181
Measurement parameter

How to set up, 46

Selection of circuit model, 253
M easurement range

How to set up, 64

Specification, 180
M easurement range mode, 64
Measurement signal

Freguency

How to set up, 48
Specification, 179
Level
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How to set up, 49
Specification, 179
Measurement time
How to set up, 66
Specification, 199
Medium, 91
Medium Mode, 91
Menu screen, 42
Min Off key, 42
Multi correction
Channel
How to select, 165
How to measure correction data, 166
On/Off, 164
Multi Correction Mode, 117

N

Need corr meas, 247
Need load meas, 247
Need open meas, 247
Need short meas, 247
Nominal, 178
Numeric key, 42

o]

Offset Correction
How to turn on/off offset correction, 107
Offset correction
How to set up data, 118
Offset key
OfsEnt, 118
OPEN Correction
Data
Measurement condition, 109
Structure, 108
How to turn on/off open correction, 105
OPEN correction
Data
How to check, 52
How to measure, 51
Operating environment, 206
Operating Environments, 20
Operation manual, 7
Qut of limit, 121, 247
Outer dimensions, 206
OVLD
When nothing is connected, 220

P
Page
CATALOG, 90
Parallel equivalent circuit model, 253
Parameter
M easurement parameter
How to set up, 46
Selection of circuit model, 253

Pass(Beep mode), 79
Percent tolerance mode, 137
Power Cable, 26
Power source
Frequency, 206
Power consumption, 206
scanner interface, 175
Voltage, 206
Power Supply, 25
Power Switch
Turning the Power ON and OFF, 27
Prefix, 224
Preset, 32
Primary parameter
How to set up, 46
Product Overview, 30
Pulse width(external trigger)
Ext Trig terminal, 127
Handler interface, 199

Q
Q, 60, 251

R

Range

How to set up, 64
Range mode, 64
Rear Panel, 34
Recall, 88

Auto Recall, 95

Settings that can be recalled, 234
Recommended Calibration Period, 218
Recommended measurement range, 181
Register Number, 91
Regular Calibration, 218
Remote mode, 221
Replacement, 218
Reguesting Repair, 218
Reset

E4981A

Initial settings, 234

Limit range, 136
Rp, 60, 251
Rs, 60, 251

S

Safety, 210
Save, 88
Measurement Result, 96
Screenshot, 100
Settings that can be saved, 234
Save/Recall, 88
Instrument Configuration State, 90
Scanner Interface
Controlling Scanner Interface, 176
Timing chart, 170

Index
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Scanner interface
Electrical characteristics
Input signal, 172
Output signal, 171
Power source, 175
Multi correction, 164
Pin assignment, 168
Screenshot
Save to USB memory, 100
Secondary parameter
How to set up, 46
Self Test, 215
Serial Number
Plate, 35
Seria number, 224
Plate, 224
Series equivalent circuit model, 253
Service Mode, 220
SHORT Correction
Data
Measurement condition, 111
Structure, 110
How to turn on/off short correction, 105
SHORT correction
Data
How to check, 55
How to measure, 54
Signal level compensation, 63
Significant measurement range, 181
Single Correction Mode, 117
Skip Key, 40
Sorting result
Handler output, 150
Specifications
Basic specifications, 179
General specifications, 206
Storage environment, 206
Supplemental Information, 198
Synchronous Clock, 33
System Date, 83

T

Test fixture
Connection example, 44
Throughput, 131
Time
Measurement time
How to set up, 66
Specification, 199
Trigger delay time
How to set up, 69
Range, 180
Time Zone, 82
Timing chart
Handler interface, 154
Tips
Accurate measurement, 129

Improving measurement speed (throughput), 131

Tolerance mode, 137
Trigger
External, 35
Trigger delay time
How to set up, 69
Range, 180
Trigger mode, 126
Trigger pulse width
Ext Trig terminal, 127
Handler interface, 199
Troubleshooting, 219
Typicd, 178

u

Unlock front panel keys, 221
USB Memory, 88

\%
Value entry method, 42

w

Warm-up time, 183

Warning messages(WARNING), 247
Warranty Period, 5

Weight, 206
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