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NOTE

NOTE

WARNING

Safety Summary

The following general safety precautions must be observed during all phases of operation,
service, and repair of this instrument. 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. Agilent Technologies assumes no liability
for the customer’s failure to comply with these precautions.

The E4991A complies with INSTALLATION CATEGORY Il as well as POLLUTION
DEGREE 2 in IEC61010-1. The E4991A is an INDOOR USE product.

The LEDs in the E4991A are Class 1 in accordance with IEC60825-1, CLASS 1 LED
PRODUCT.

¢ Ground the Instrument

To avoid electric shock, the instrument chassis and cabinet must be grounded with the
supplied 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.

* Keep Away from Live Circuits

Operators must not remove instrument covers. Component replacement and internal
adjustments must be made by qualified maintenance personnel. Do not replace
components with the power cable connected. Under certain conditions, dangerous
voltage levels may remain in the instrument even after the power cable is disconnected.
To avoid injuries, always disconnect the power and fully 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 an
Agilent Technologies Sales and Service Office for service and repair to ensure that
safety features are maintained in operational condition.

« Dangerous Procedure Warnings

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

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

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

Instruction Manual symbol: parts of the product are 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 chassis terminal; a connection to the instrument’s chassis, which includes all exposed
metal structure.

Stand-by.

This warning 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 all 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.

Documentation Warranty

The material contained in this document is provided "as is," and is subject to being
changed, without notice, in future editions. Further, to the maximum extent permitted by
applicable law, Agilent disclaims all warranties, either express or implied with regard to
this manual and any information contained herein, including but not limited to the implied
warranties of merchantability and fitness for a particular purpose. Agilent shall not be
liable for errors or for incidental or consequential damages in connection with the
furnishing, use, or performance of this document or any information contained herein.
Should Agilent and the user have a separate written agreement with warranty terms
covering the material in this document that conflict with these terms, the warranty terms in
the separate agreement will control.




Typeface Conventions
sample (bold)

sample (Italic)

[sample]

sample

SAMPLE

sl-s2-s3-s4

Boldface type is used for emphasis.

Italic type is used for emphasized phrases and
titles of manuals in English.

Indicates the key on the front panel labeled
“sample”. It also may refer to the label on the
button.

Indicates a menu, button, or box labeled
“sample” that can be clicked to carry out a setting
or chosen option.

Menu includes menu bars, pull-down menus, and
shortcut menus.

Button includes buttons in dialog boxes and setup
toolbars.

Box includes spin boxes, drop-down list boxes,
text boxes, and list boxes.

Indicates a block or toolbar labeled “SAMPLE.”
Block indicates the key group on the front panel.
Toolbar indicates the setup toolbar (the group of
buttons and boxes on the setup screen displayed in
the right row).

Indicates a series of operations using a menu or
key labeled “s1,” “s2” and a button or box in the
setup toolbar labeled “s3,” “s4.”




NOTE

E4991A Documentation Map

The following manuals are available for the Agilent E4991A.

Operational Manual (Part Number E4991-900x0, attached to Option ABA)

This manual describes most of the basic information needed to use the E4991A. It
provides a function overview, detailed operation procedure for each function (from
preparation for measurement to analysis of measurement results), measurement
examples, specifications, and supplemental information. For programming guidance on
performing automatic measurement with the E4991A, please see the Programming
Manual.

Installation and Quick Start Guide (Part Number E4991-900x1, attached to Option
ABA)

This manual describes installation of the instrument after it is delivered and the basic
procedures for applications and analysis. Refer to this manual when you use the
E4991A for the first time.

Programming Manual (Part Number E4991-900x2, attached to Option ABA)

This manual describes programming information for performing automatic
measurement with the E4991A. It includes an outline of remote control, procedures for
detecting measurement start (trigger) and end (sweep end), application programming
examples, a command reference, and related information.

The number position shown by “x” in the part numbers above indicates the edition number.
This convention is applied to each manual, CD-ROM (for manuals), and sample programs
disk issued. Here, “0” indicates the initial edition, and each time a revision is made this
number is incremented by 1. The latest edition allows the customer to specify Option ABJ
(Japanese) or Option ABA (English) of the product.
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Introduction

This Chapter explains how to use this manual efficiently and describes the features of the
Agilent E4991A. Refer to this chapter first when you use the E4991A for the first time.
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Contents of This

Chapter

Figure 1-1

Introduction
How to Use This Manual

1 How to Use This Manual page 12

The chapter configuration of this manual (Installation and Quick Start Guide)

and its use are explained.

1 Features of the Agilent E4991A page 14

The major features and functions of the E4991A are described.

How to Use This Manual

This Quick Start Guide has been prepared to quickly familiarize users with the E4991A
and to overview its basic functions and measurements. Figure 1-1 shows the organization

of the manual.

Organization of manual

Chapter 1
Introduction

Chapter 2
Installation Guide

Impedance measurement

Chapter 3 Chapter 4

Basic Operations for Basic Operations for
RF Device Dielectric
Measurement Measurement

You are here.

Material measurement

If the analyzer is already
set up, skip Chapter 2.

Chapter 5
Basic Operations for
Magnetic
Measurement

A. Manual Change

e4991aqe035
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Introduction
How to Use This Manual

[ Chapter 1, “Introduction”

=
=1
—
=
o
o
c
(@]
=
o
>

This Chapter explains how to use this manual efficiently and describes the
features of the Agilent E4991A. Refer to this chapter first when you use the
E4991A for the first time.

4 Chapter 2, “Installation Guide”

This chapter describes how to install and set up the Agilent E4991A after it is
delivered and explains daily maintenance procedures.

1 Chapter 3, “Basic Operations for RF Devices Measurement”

This chapter explains the basic operations for taking impedance measurements
with the Agilent E4991A. New users can quickly become familiar with these
operations by performing procedures using chip-inductor measurements as
examples.

[ Chapter 4, “Basic Operations for Dielectric Measurement”

This chapter explains the basic operations for taking dielectric measurements
with the Agilent E4991A. To perform this type of measurement, the Option 002
(Material Measurement) software must be installed.

[ Chapter 5, “Basic Operations for Magnetic Measurement”

This chapter explains the basic operations for taking magnetic measurements
with the Agilent E4991A. To perform this type of measurement, the Option 002
(Material Measurement) software must be installed.

4 Appendix A, “Manual Changes,”

This appendix contains the information required to adapt this manual to versions
or configurations of the E4991A manufactured earlier than the current printing
date of this manual.

NOTE For the concept and basic method of material measurement, refer to Appendix C “Theory
of Material Measurement” in the E4991A Operation Manual.

Chapter 1 13



Introduction
Features of the Agilent E4991A

Features of the Agilent E4991A

As the replacement model of the Agilent 4291B, the E4991A (RF Impedance/Material
Analyzer) is the most appropriate evaluation tool for taking impedance, dielectric and
magnetic measurements of RF devices.

The E4991A is equipped with the following features to more efficiently develop and
evaluate RF devices and to improve quality control.

1.

Achieves high measurement accuracy in the high-frequency range (1 MHz to 3 GHz)
needed to evaluate components for wireless equipment and EMI prevention.

Covers a wide impedance measurement range (0.2 Q2 to 3 k) with a single test head.
Dramatically improves repeatability with the improved test head.

Enables users to transfer and analyze measurement data efficiently with a
windows-style GUI (Graphical User Interface), better PC connectivity through a
LAN-based remote user interface, and the VBA programming environment.

Evaluates components with dc bias up to £50 mA/+40 V if Option 001 (dc bias
function) is installed.

Allows users to analyze measurement data with its marker function and equivalent
circuit analysis function.

Enables users to measure surface mount devices (SMDs) of different sizes by using
various types of test fixtures (sold separately) for high-frequency use.

Offers a material measurement solution by supporting material measurement software
(Option 002) and material measurement fixtures (16453A and 16454A) that were also
used with the Agilent 4291B.

14
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Installation Guide

This chapter describes how to install and set up the Agilent E4991A after it is delivered and
explains daily maintenance procedures.

15



Installation Guide

Contents of this
chapter
1 Incoming Inspection page 17
Inspection of the shipping container’s contents after delivery of the analyzer.
d How to Install Front Handles/Rack Mounting Flanges page 22

Installation of the front handle used for carrying the E4991A and the flange used
for mounting the E4991A in a rack.

1 Environmental Requirements page 25
Environment requirements that must be met before using the E4991A.
4 Connection to Rear Panel page 27
Connecting the mouse, keyboard, and BNC cable to the rear panel.
d Connecting the Test Head page 28
Connecting the test head to the E4991A.
d Power Supply and Blown Fuses page 29

Verification and connection of the power cable; turning the power on/off; how to
handle blown fuses.

1 Test Fixtures Available for E4991A page 36
Test fixtures available for the E4991A.
[ Instructions for Cleaning page 37

Cleaning the exterior of the E4991A.

16 Chapter 2



Installation Guide
Incoming Inspection

Incoming Inspection

To avoid dangerous electrical shock, do not turn the power on if any part of the
instrument’s exterior (top cover, bottom cover, side covers, front panel, rear panel,
LCD display, connectors or line switch) appears to have been damaged during
shipment.

Inspect the equipment by following these steps while unpacking the contents of the
shipping container.

Flow for incoming inspection

Not damaged
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Transport company ‘

Agilent ‘

A

L

No

Damaged
Not damaged

No

( END )

E4991aqe002

Confirm that the shipping container or cushioning material is not damaged.
Confirm that all of the contents of the shipment are included in the package.
Confirm that there exists no mechanical or electrical defect.

Confirm that the E4991A operates normally both mechanically and electrically.

For a list of the package’s contents, refer to Table 2-1. Figure 2-2 shows the contents of the
standard package that comes with the E4991A.

WARNING

Figure 2-1
Step 1.
Step 2.
Step 3.
Step 4.

NOTE

If any of the contents of the package is missing or found to have mechanical damage or
defects, or if any failure is found during verification of equipment operation, inform the
nearest Agilent Technologies office. If the box is damaged or the cushioning materials
show signs of unusual stress, inform the transport company in addition to the Agilent
Technologies office. Keep the box, cushioning materials, and contents of the package as
you found them; these materials will need to be examined in their delivered condition
during the incoming inspection.

Chapter 2 17



Table 2-1

Installation Guide
Incoming Inspection

Contents of E4991A package

Agilent product/

Name of item part No. Quantity
Standard Accessories
@  Main unit of E4991A E4991A 1
[ Test Head E4991-60011 1
O CD-ROM (for installing E4991A VBA software) E4991-1610x 1
O 7-mm Calibration Kit™ 16195-60021 1
@ Torque Wrench 8710-1766 1
O CD-ROM (for manuals) ™ E4991-905xx 1
O Power Cable™ - 1
O GPIB Adapter™ E2078-62101 1
[ E4991A Recovery Disk E4991-16100 1
Options
@ Keyboard (Option 810) - 1
[ Mouse (Option 820) - 1
[ High-Stability Frequency Reference (Option 1D5)
* BNC cable 8120-1838 1
O Manuals (Option ABA)"®
« Operation Manual E4991-900x0 1
* Quick Start Guide E4991-900x1 1
* Programming Manual E4991-900x2 1
» Sample Programs Disk (3.5 inch floppy disk) E4991-180x0 1
(4 Probe Station Connection Kit (Option 010)
* Option 010 Test Head (with an extension cable) - 1
* N(m) to SMA(f) Adapters 1250-2879 3
* 3.5-mm to 7-mm Adapter 1250-1747 1
* Screws 0515-1551 4
* Washers 3050-0891 4
(4 Temperature Characteristic Test Kit (Option 007)
* Measurement Cable - 1
* Test Fixture Stand E4991-60005 1
« Test Head Stand Kit™’ E4991-60006 1
* 7-mm OPEN Standard E4991-60032 1
e 7-mm SHORT Standard E4991-60031 1
« Extension Cable 04287-61651 1
* N(m) to SMA(f) Adapters 1250-2879 3
« N(f) to SMA(f) Adapters 1250-3157 3
* Pad (for the test fixture stand) 04291-09001 1
» Mount Cable Tie (for fixing the extension cable) 1400-0584 1
» Sample Program Disk (for VBA program, 3.5 inch floppy E£4991-18001 1

disk)

18
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Installation Guide
Incoming Inspection

Table 2-1 Contents of E4991A package
. Agilent product/ -
Name of item part No. Quantity
Handle Kit (Option 1CN) 5063-9229 1
Rack Mount Kit (Option 1CM) 5063-9216 1
Rack Mount / Handle Kit (Option 1CP) 5063-9223 1

*1.Used when installing VBA on an external PC. "x" in the part number indicates firmware
revision, with “0” for revision 1.00 and then increments of one for each subsequent revi-
sion. The latest revision is supplied with the product.

*2.Includes a 0 S (OPEN), 0 Q (SHORT), and 50 Q2 (LOAD) standard and a low-loss
capacitor. Carrying case is not shown in Figure 2-2.

*3.Contains the contents of the Operation Manual, Quick Start Guide, Programming Man-
ual, and Sample Programs. "x" in the part numbers of CD-ROM indicates revision num-
bers, with “0” for the initial edition and then increments of one for each subsequent
edition. The latest editions are supplied with the product.

*4.This accessory is not shown in Figure 2-2. For the part number, refer to Figure 2-12 on
page 30.

*5.Use this adapter when a GPIB cable is connected to the rear panel GPIB connector.

*6. "X" in the part numbers of manuals, and Sample Programs disk indicates edition or
revision numbers, with “0” for the initial edition and then increments of one for each
subsequent edition. The latest editions are supplied with the product.

*7.Includes a stand, a holder kit (two items), and four screws.
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Figure 2-2 Standard contents of package

- Test head
Main unit
Torque
wrench
o Low-loss
50 ) capacitor
05 ’
=i
CD-ROM CD-ROM System GPIB % T
i i for manuals recover dapt
(for mstaling ( ) TSN Bdapter ) dilent 161958 7mm calibration kit
software)

e4991age9001
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Installation Guide
Incoming Inspection

Figure 2-3 Option 810 content

Keyboard
e4991aqe528
Figure 2-4 Option 820 content
usB USB/Min-DIN
Connector\ — Conversion
Adapter
Mouse
e4991a9e8002
Figure 2-5 Option ABA contents
O | O | Guacsen || Pwsnmng
Sample
programs
disk
e4991aqe531
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Figure 2-6

Figure 2-7

Option 010 contents

Installation Guide
Incoming Inspection

Option 010 Test Head

TTTT

N(m) to SMA(f) Adapters Screws
©©0oo
3.5-mm to 7-mm Adapter Washers
e4991aqe525
Option 007 contents
=}
ﬂ]
Stand b Measurement Cable
Holder ‘g ‘g ‘g ‘g
Screws Test Fixture Stand
qD‘,l-------l,l“l
Test Head Stand Kit
N(m) to SMA(f) Adapters
Pad
; ees E.,,
0
Q@ m E N(f) to SMA() Adapters Sample Program Disk
7-mm OPEN/SHORT Standard Mount Cable Tie

e4991aqe532
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Table 2-2

Table 2-3

Installation Guide

How to Install Front Handles/Rack Mounting Flanges

How to Install Front Handles/Rack Mounting Flanges

The E4991A can be made more convenient for use with two key options (Table 2-2):
handles mounted on each side of the front for easy transport and flanges to attach the
instrument to a rack as part of a multi-component measurement system.

Agilent E4991A handles/rack mounting options

Option Name Agilent Part Number
1CN Handle Kit 5063-9229
1CM Rack-mount Kit 5063-9216
1CP Rack-mount and Handle Kit 5063-9223

Contents of each option
Option Contents Quantity

Front Handles 2

1CN Screws 6
Trim Strips 2
Rack-mounting flanges (locking side plate) 2

1CM
Screws 6
Rack-mounting flanges (locking side plate) 2

1CP Front Handles 2
Screws 8

22
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Figure 2-8 Installing front handle/rack-mount kits
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How to Install the Handle Kit (Option 1CN)
The handle kit is used for transport and relocation of the E4991A. While referring to Figure
2-8, install the handle kit by following these steps.
Step 1. Remove the adhesive-backed trim strip (1) from each side of the outer frame of the
E4991A front panel.
Step 2. Use the provided screws to mount the front handles (2) on each side of the E4991A front
panel frame.
Step 3. Attach the provided modified trim strip (3) to each front handle in order to cover the front
panel locking screws.
WARNING If the installed front handle becomes damaged, replace it with a new one immediately.

A damaged handle can break while moving or lifting the instrument and cause
personal injury or damage to the instrument.
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Step 2.

Step 3.

Step 4.

Step 1.

Step 2.

Step 3.

Step 4.

Installation Guide
How to Install Front Handles/Rack Mounting Flanges

How to Install the Rack-mount Kit (Option 1CM)

The rack-mount kit includes two flanges (locking side plates) for mounting the E4991A on
a rack (482.6 mm/19 inches) conforming to the EIA Standard. While referring to Figure
2-8, install the rack-mount kit by following these steps.

Remove the adhesive-backed trim strip (1) from each side of the outer frame of the
E4991A front panel.

Use the provided screws to mount a rack-mounting flange (4) on each side of the E4991A
front panel frame.

Remove the four bottom feet of the E4991A (lift the bar marked TAB on the inner side of
the foot and slide the foot toward the bar).

Mount the E4991A on the rack.

How to Install the Rack-mount and Handle Kit (Option 1CP)

The rack-mount and handle kit includes both the rack-mounting flanges (locking side
plates) and front handles. While referring to Figure 2-8, install the rack-mount kit by
following these steps.

Remove the adhesive-backed trim strip (1) from each side of the outer frame of the
E4991A front panel.

Use the provided screws to mount a front handle (2) and rack-mounting flange (4) on each
side of the E4991A front panel frame.

Remove the four bottom feet of the E4991A (lift the bar marked TAB on the inner side of
the foot and slide the foot toward the bar).

Mount the E4991A on the rack.
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Environmental Requirements

Ensure that the following environmental requirements are met before using the E4991A.

Operation Environment

Use the E4991A under the following environmental conditions.

Temperature 5°C to 40°C N
>
Relative humidity 20% to 80% &
(wet bulb temperature < 29°C, | (Built-in floppy disk drive operating condition) o
under non-condensation) =)
15% to 90% >
(Built-in floppy disk drive non-operating condition) g
o
Altitude 0 to 2,000 m (O to 6,561 feet) ®
Vibration 0.5 G maximum, 5 Hz to 500 Hz
Warm-up Time more than 30 minutes
NOTE The E4991A must be protected from temperature extremes that might cause condensation

within the instrument.
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Figure 2-9

Installation Guide
Environmental Requirements

Ventilation Space

To ensure the specifications and measurement accuracy of the product, you must keep
ambient temperature around the product within the specified range by providing
appropriate cooling clearance around the product or, for the rackmount type, by forcefully
air-cooling inside the rack housing. For information on ambient temperature to satisfy the
specifications and measurement accuracy of the product, refer to Specifications and
“Supplemental Performance Characteristics” in Operation Manual.

When the ambient temperature around the product is kept within the temperature range of
the operating environment specification (refer to“Operation Environment” on page 25), the
product conforms to the requirements of the safety standard. Furthermore, under that
temperature environment, it has been confirmed that the product still conforms to the

requirements of the safety standard when it is enclosed with cooling clearance as follows:

Back >180 mm

Sides > 60 mm (both right and left)

Ventilation space at installation site

L S

2 180mm

U7

60mm| > 60mm|

v

NN

=

4287a0j004

Ensuring Adequate Free Space around Analyzer for Immediate
Disconnection of Power Cable in Case of Emergency

As described in “Disconnection from Supply Source” on page 32, the power supply is
disconnected by removing the power cable’s connector plug from either the AC outlet or
the E4991A unit. When installing the E4991A, ensure that there is sufficient free space
around the unit to permit quick disconnection of the plug (from AC outlet or E4991A unit)

in case of emergency.
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Connection to Rear Panel

Figure 2-10 Connection to rear panel
Agilent E4991A Rear Panel
USB/Min—-DIN 0 °
UsB Conversion 5 z
Connector Adapter o N
&2 :
\ ‘ o @ =3
&5 & [F (%))
T - e i E_)"
” EE) g o
o | [ =
=
@
®
BNC cable c
o
D
g
i
W/ﬂ%
I (!
N R8s
&h
I I
Mouse
Keyboard
E4991aqe8003

Connecting Mouse and Keyboard

Before turning the power ON, connect the supplied mouse and keyboard as shown in
Figure 2-10. The mouse allows efficient setting and operation by moving the cursor on the
LCD display of the E4991A. The keyboard allows efficient entry of numerals and character
strings.

Connecting BNC Cable (Option 1D5 Only)

When Option 1D5 (High-Stability Frequency Reference) is installed, connect the BNC
cable between output terminal REF OVEN and input terminal EXT REF on the rear panel
of the E4991A in accordance with Figure 2-10. The BNC cable is supplied with Option
1D5. Installation of Option 1D5 increases the instrument’s frequency accuracy and
stability.
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Figure 2-11

Step 1.

Step 2.
Step 3.

Installation Guide

Connecting the Test Head

Connecting the Test Head

When performing calibration with the 7-mm Calibration Kit or measuring DUTs with the
test fixture and 7-mm terminal, you must first connect the test head to the E4991A. The
procedure for making this connection is described below.

When connecting the test head:

» Do not remove the four feet on the bottom of the E4991A; doing this would make the
connection more difficult.

» Turn the N-type connectors in the order given in the instructions below when
tightening them. The N-type connector for the RF OUT terminal is mounted with a
special design for flexible movement to provide easier connection or removal of the

test head.

Connecting test head to E4991A

B &85 e
f EsT J
@® @
Y 4Ty
® @ @
AF Cnt Pt | i 2
N-type connectors — Test head
@ DUT port
o (7-mm Terminals)
/
©)] ©
©
e spent SITTR © eyt

e4991aqe036

Attach the N-type connectors (test head side) to their corresponding terminals (RF OUT,
PORT 1 and PORT 2), which serve as the test head interface of the E4991A.

Turn the N-type connectors for PORT 1 and PORT 2 at the same time to tighten them.

Finally, turn the N-type connector for RF OUT to tighten it.
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Power Supply and Blown Fuses

When removing the test head, loosen and disconnect the N-type connector connected to the
RF OUT terminal first.

The N-type connector for the RF OUT terminal is mounted with a special design for
flexible movement to provide easier connection or removal of the test head.

Power Supply and Blown Fuses

Check the Power Supply
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Confirm that the power supplied to the E4991A meets the following requirements:

Requirements

Voltage 90 to 132 VAC or 198 to 264 VAC ™1

Frequency 47 to 63 Hz

Maximum power consumption | 350 VA

*1. Switched automatically by the E4991A in conformity to the voltage used.

Verification and Connection of Power Cable

The three-wire power cable attached to the E4991A has one wire serving as a ground.
Using this power cable allows the E4991A to be grounded, thereby protecting you against
electrical shock from the power outlet.

Confirm that the power cable is not damaged.

NEVER use a power cable showing any sign of damage. Faulty cables can cause
electrical shock.

Use the supplied cable to connect between the power terminal (Figure 2-10 on page 27) on

the rear panel of the E4991A and a three-wire power outlet with the grounding prong
firmly connected in the ground slot.

Use the supplied power cable with grounding wire to securely ground the E4991A.

Figure 2-12 shows the power cable options.
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Figure 2-12 Power cable options
OPTION 900 United Kingdom | OPTION 901 Australia/New Zealand
Plug: BS 1363/A, 250V, 10A Plug: AS 3112, 250V, 10A
Cable: 8120-1351, 8120-8705 Cable: 8120-1369
OPTION 902 Continental Europe | OPTION 903 U.S./Canada
Plug: CEE 7 Standard Sheet VII, 250V, 10A Plug: NEMA 5-15P, 125V, 10A
Cable: 8120-1689 Cable: 8120-1378

OPTION 904 U.S./Canada OPTION 906 Switzerland

Plug: NEMA 6-15P, 250V, 6A
Cable: 8120-0698

Plug: SEV Type 12, 250V, 10A
Cable: 8120-2104

Plug: CEI 23-16, 250V, 10A
Cable: 8120-6978

OPTION 912 Denmark OPTION 917 _India/Republic of S. Africa
Plug: SR 107-2-D, 250V, 10A Plug: IEC 83-B1, 250V, 10A
Cable: 8120-2956 Cable: 8120-4211
OPTION 918 Japan OPTION 920 Argentina
Plug: JIS C 8303, 125V, 12A Plug: Argentine Resolution 63, Annex IV, 250V, 10A
Cable: 8120-4753 Cable: 8120-6870
OPTION 921 Chile OPTION 922 China

Plug: GB 1002, 250V, 10A
Cable: 8120-8376

plug body configurations (straight, 90° etc.).

NOTE: Each option number includes a 'family’ of cords and connectors of various materials and

power_e
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Blown Fuses

If the fuse appears to have blown during operation, this equipment may be subject to
failure and must be repaired. Contact the Agilent Technologies sales office or the company
from which you purchased the equipment.

The E4991A uses the following fuse type: UL/CSA Type, Slo-Blo, 8 A/250 Vac

Do NOT replace the fuse yourself; doing this may expose you to dangerous electrical
shock.

Turning the Power ON and OFF

Perform the following steps to turn the power ON or OFF.

Turning the Power ON

N
=1
(%))
@
o)
Q
=
o
=
®
=
o
D

If the standby switch ((')) in the lower-left part of the front panel is in the depressed

( L) position, press it to put it in the popped up position (D_).

Press the standby switch to put it in the depressed position ( L1 ).
This operation turns ON the power, and the E4991A starts the self-test.
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

Use either of the following methods to turn the power OFF.

» Press the standby switch ((')) in the lower-left part of the front panel (now in the
pressed down ( L1 ) position) to put it in the popped up (D_) position.

¢ Send the shutdown command from an external controller.

These operations will start the E4991A shutdown process (required software and hardware
processes for turning the power off), and the power will turn OFF after a few seconds.

Under normal circumstances, always press the standby switch ((')), or send the shutdown
command from an external controller, to execute the E4991A shutdown process. Never cut
off the power supply directly by disconnecting the power cable plug from the rear
panel of the unit.

If the power supply is cut off directly by disconnecting the power cable plug from the
instrument or the AC outlet, the shutdown process is not carried out and there is a risk of
damage to the E4991A’s software or hardware.
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Disconnection from Supply Source

The power supply of the E4991A is cut off by disconnecting the plug of the power cable
(on either AC outlet side or E4991A side). When it is necessary to disconnect the power
supply in order to avoid shock hazards, etc., pull out the power cable plug from either the
AC outlet side or the E4991A side.

NOTE To allow this operation to be performed smoothly, be sure to follow the guidelines in
“Ensuring Adequate Free Space around Analyzer for Immediate Disconnection of Power
Cable in Case of Emergency” on page 26.

When turning the power OFF under normal circumstances, always follow the methods
described in “Turning the Power OFF” on page 31.
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NOTE
NOTE
Step 1.
Step 2.
Figure 2-13

Initial Registration of E4991A

When you start up the E4991A for the first time or after executing system recovery, you
need to perform the initial registration of the Windows 2000 operating system of the
E4991A.

You cannot use the front panel keys during the initial registration of the E4991A therefore
connect the mouse and the keyboard before turning on the power.

If you perform the following procedure incorrectly, a message asking you whether to return
to the previous registration screen and perform the registration appears. In this case, follow
the instruction to return to the previous registration screen.

Turns on the E4991A.

The Windows 2000 Professional Setup wizard appears. Click the Next > button (Figure
2-13).

Windows 2000 Professional Setup wizard

Welcome to the Windows 2000
Setup Wizard

<Back | Mext > !

#5070bgjo01
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Initial Registration of E4991A

Step 3. In the Windows 2000 Professional Setup dialog box, select the | accept this agreement

box and click the Next >button (Figure 2-14). Then, the Windows 2000 operating system is
restarted automatically.

Figure 2-14 Windows 2000 Professional Setup dialog box

‘Windows 2000 Professional Setup

License Agreement :

Da you accept the lerms of the License Agreement for Windows 20007 i

e,

&  Please read the following License Agreement. Press the PAGE DOWN
key to see the rest of the agreement. To continue with Setup, you must
accept the agreement.

R A L T L S T T S

Microsoft Windows 2000 Professional Licensed Copes:
T L e rynep g

END-USER LICENSE AGREEMENT

L T T e

IMPORTANT-READ CAREFULLY: This End-User License Agreement

@ | accept this agreement

| don't accept this agreement

< Back _i Next> |
&5070bqj004 ; E

Step 4. The Network Identification wizard appears. Click the Next > button (Figure 2-15).

Figure 2-15 Network Identification wizard

Welcome to the Network
Identification Wizard

This wizard helps you connect your computer to a
netwark

To continue, chck Next.

<Back | mea> | Cancel |

#5070bgj00z2
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Step 5. In the Network Identification Wizard dialog box (1/2), select the Windows always
assumes the following user has logged on to this computer box and check that
agt_instr is in the User Name box. If not, type in agt_instr. Finally, click the Next> button
(Figure 2-16).

Figure 2-16 Network Identification Wizard dialog box (1/2)

[ ) i hbent iication Wizar

Users of This Computer i
Who can log on to this computer?

You can require all users to enter 3 user name and password ko log on, or you can
have Wndows assume the same user will 2lways log on o this computer.

Which option 40 you prefar?

User must enter a user name and password to use this computer.

indows always assumes the following user has logged on to this computer,
agt_instr

N
5
[%)]
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g
Q
=
o
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®
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o
(9]

24091248004

Step 6. In the Network Identification Wizard dialog box (2/2), click the Finish button to finish the
initial registration of the E4991A (Figure 2-17). Then, the measurement display of
theE4991A appears.

Figure 2-17 Network Identification Wizard dialog box (2/2)

Completing the Network
Identification Wizard

You have succesfully complated the Network Tdentitication
Wizard,

To close this wizard, chick Finsh

#5070bgj005
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Test Fixtures Available for E4991A

Test fixtures are used to provide high stability and repeatability in measurements. The test
fixtures that can be used with the E4991A are listed in the following table. Select the
appropriate test fixture depending on the type and size of the DUT. For detailed
specifications of the test fixtures, refer to accessory catalogs or the operation manual of
each test fixture.

Figure 2-18 Type and sizes of DUTs

Parallel electrode SMD Side electrode SMD Dielectric material Magnetic material

C

~— b
ki
h
A4
Electrode Electrode
* A indicates the direction of contact of the test fixture's electrode.
E4991aqe005
Table 2-4 Test fixtures for parallel electrode SMD
Size of DUT (SMD) (mm)
Test fixture Frequency range
Length (L) Width (W) Height (H)
16196A 1.6 0.8 05t00.8
16196B 1 MHz to 3 GHz 1.0 0.5 0.35t0 0.5
16196C 0.6 0.3 0.3
16192A 1 MHz to 2 GHz 1.0t0 20.0 0.5t05.0 0.5t05.0
Table 2-5 Test fixtures for bottom electrode SMD
Size of DUT (SMD) (mm)
Test fixture Frequency range
Length (L) Width (W) Height (H)
1.0 0.5
1.6 0.8
16197A™! 1 MHz to 3 GHz 0.4t03.0
2.0 1.2
3.2 16to25
16193A 1 MHz to 2 GHz 0.5t03.2 <3.0 <3.0
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Table 2-5 Test fixtures for bottom electrode SMD

Size of DUT (SMD) (mm)

Test fixture Frequency range
Length (L) Width (W) Height (H)

16191A 1 MHz to 2 GHz 2.0t0 120 0.5t05.0 0.5t05.0

*1.When Option 001 is selected, SMD size of 0603 (mm) / 0201 (inch) is covered.

Table 2-6 Test fixtures for dielectric materials N
=1
Size of DUT (dielectric materials) (mm) ﬁ
Test fixture Frequency range Y
Width / Diameter (d) Thickness (t) =
®
16453A 1MtolGHz > $15.0 0.3t03.0 %_'
(9]
Table 2-7 Test fixtures for magnetic materials

Size of DUT (magnetic materials) (mm)

Test fixture Frequency range Inner Outer Height (h)
diameter (b) | diameter (c) g
16454A 1Mto 1 GHz > ¢3.1 < ¢20.0 <85
NOTE In addition to the above test fixtures, you can also use your own custom-made fixtures.

Instructions for Cleaning

To clean the exterior of the E4991A, gently wipe the surfaces with a clean dry cloth or a
clean cloth that has been soaked in water and wrung tightly. Do not attempt to clean the
internal parts of the E4991A.

WARNING To prevent electrical shock, disconnect the E4991A's power cable from the AC outlet
before cleaning.
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Basic Operations for RF Devices
Measurement

This chapter explains the basic operations for taking impedance measurements with the
Agilent E4991A. New users can quickly become familiar with these operations by
performing procedures using chip-inductor measurements as examples.
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Contents of this
chapter
d Impedance Measurement Overview page 41
Measurement examples and a basic flow for impedance measurement.
(1 STEP 1. Preparation for Measurement page 43
How to prepare for measurement.
[ STEP 2. Setting Measurement Conditions page 45
How to set sweeping conditions and measurement parameters.
d STEP 3. Calibration page 60

How to perform OPEN / SHORT / LOAD (/ LOW-LOSS CAPACITOR)
calibrations.

[ STEP 4. Connecting Test Fixture page 70

How to connect the test fixture (16197A) to the 7-mm terminal of the test head.
[ STEP 5. Setting Electrical Length page 71

How to set the electrical length for the test fixture.
d STEP 6. Fixture Compensation page 73

How to perform OPEN/SHORT compensation. OPEN/SHORT compensation
for the 16197A is explained as an example.

d STEP 7. Connecting DUT to Test Fixture page 81
How to connect a DUT to the test fixture (16197A).
1 STEP 8. Measuring DUT and Analyzing Measurement Results page 82

How to achieve the optimum setting of the vertical axis scale and analyze the
measurement results.

d STEP 9. Changing Sweep Conditions page 103
How to change the sweep conditions.
d STEP 10. Measuring Other DUTs page 103

How to measure other DUTS.
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|
Impedance Measurement Overview
The following four measurement examples can help you learn how to use the E4991A.
« Frequency characteristics of impedance, inductance and Q
« Frequency characteristics of impedance, resistance and reactance
e Oscillator level (current) characteristics of inductance and Q
» Dc bias (current) characteristics of inductance and Q
Flow for Impedance Measurement
The basic procedure for impedance measurement is shown in the flow chart in Figure 3-1.
Figure 3-1 Basic flow for impedance measurement
( START )
‘ STEP 1. Preparation for measurement ‘
‘STEP 2. Setting measurement conditions ‘ w
Uw
D o
<. Q.
‘ STEP 3. Calibration ‘ 8 o
69
<0
Q2
‘ STEP 4. Connecting test fixture ‘ 8 (=4
€ S
| e
3 g
Different ‘ STEP 5. Setting electrical length ‘ "39 =
Same =X
) T
Test fixture to be used?
DifferentT ‘ STEP 6. Fixture compensation ‘

_ Same
Sizes and types of DUTS?
User Freq & Pwr

‘ STEP 7. Connecting DUT to test fixture ‘

: Calibration and fixture
Fixed, Full Range compensation data
obtaining point?

STEP 8. Measuring DUT and analyzing
measurement results

After changing

STEP 9. Changing sweep
conditions?

Yes

E4991aqe008
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Name of Each Area on LCD Screen

The name of each area on the LCD screen is given in Figure 3-2 and Table 3-1.

Figure 3-2 LCD Screen
Trace 1 - E4991A AF Impedance/M atenal Analyzer - [E4991A1]
Trace Meaz/Format Scale  Display  Marker  Stimulus Trigger Uty Sawe/Recall  System @
® 1.5005 GHz 45 Marker:

Seleck Marker:

| I Marker 1 'l

Shimulus:  Hz ::i

Selecked Marker:
[on]

Delta Marker
Menu
Marker To
Menu
Al off
More
STLE! : FF oF E I
(B —Feady [Bias OFF [Urd [CompOFF [ [Awg 1 Fef |
e4991aqj017
Table 3-1 Name of each area on LCD Screen

Number Name Number Name

1 Title bar 2 Menu bar

3 Status bar 4 Setup toolbar

5 Stimulus value 6 Trace value

7 Trace 1 8 Marker

9 Scale reference line value 10 Trace 1 axis

11 Trace 2 axis 12*1 Source settings condition

13 Sweep start value 14 Sweep averaging counter

15 Sweep stop value

*1. Indicates CW: Source frequency, OSC: Oscillator level, and
BIAS: dc bias level [dc bias limit value]
NOTE For each feature, refer to Chapter 2, “Function overview” in the E4991A Operation

Manual.
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S

TEP 1. Preparation for Measurement

Selection of DUT and Test Fixture

The test fixtures are used to provide measurements that have high stability and

re

peatability. Agilent Technologies provides test fixtures for different sizes and types of

SMDs (surface mounted devices) such as chip inductors and chip capacitors. The
following test fixtures can be used with the E4991A.

a

O oOdo

16191A
16192A
16193A
16196A/B/C
16197A

Select the appropriate test fixture depending on the type and size of the DUT by referring

to

T

mm/0603 inches in size as the DUT and the 16197A as the test fixture.

Required Equipment

The measurement examples in this chapter require the following equipment.

“Test Fixtures Available for E4991A” on page 36.

his chapter describes measurement examples using a chip inductor of 1608
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Agilent E4991A RF Impedance/Material Analyzer

d E4991A (main unit)
Test head
Agilent 16195B calibration kit

Mouse

O 0o

Keyboard

Agilent 16197A single-sided electrode SMD test fixture
d 16197A test fixture
[ Short device set

1 A pair of tweezers

Measurement DUT: Chip inductor [1608 mm/0603 inches]

C
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Figure 3-3
NOTE
NOTE
Step 1.
Step 2.
NOTE

Basic Operations for RF Devices Measurement
STEP 1. Preparation for Measurement

Required equipment

Test head

Torque
wrench

Low-loss
08 502 capacitor

pgfs

Agilent 16195B 7-mm calibration kit

P —

Mouse Tweezers

§]

Short device set

[
[= =7

Agilent 16197A test fixture DUT (chip inductors)

e4991aqe038

Connecting Mouse, Keyboard and Test Head

Connect the mouse, keyboard and test head to the E4991A as shown in “Connection to
Rear Panel” on page 27 and “Connecting the Test Head” on page 28. Be sure not to remove
the four feet on the bottom of the E4991A when connecting the test head.

Be sure to connect the mouse and keyboard before turning the power ON.

Do not connect the test fixtures to the test head at this point because calibration is
performed on the DUT port (7-mm terminal) of the test head later.

Turning the Power ON

Perform the following steps to turn the power ON. The E4991A starts the self-test
automatically when the power is turned ON.

If the standby switch (")) in the lower-left part of the front panel is in the depressed
( 2L ) position, press the switch to put it in the popped up position (D_).

Press the standby switch to put it in the pressed down position ( L1 ).

Special caution is required when turning the power ON or OFF. Refer to “Turning the
Power ON and OFF” on page 31.
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NOTE

Figure 3-4

STEP 2. Setting Measurement Conditions

Before starting the measurement, you must set measurement parameters and sweep
conditions depending on your measurement requirements. This section describes the setup
procedure for the following four measurements.

(1) Frequency characteristics of |Z|-Ls-Q

(2) Frequency characteristics of |Z|-R-X

(3) Oscillator level (current) characteristics of Ls-Q
(4) Dc bias (current) characteristics of Ls-Q

The procedure for measurement example (1) is carried out by using the mouse and
keyboard as well as front panel keys. The procedures for measurement examples (2), (3)
and (4) are carried out by using the mouse and keyboard only.

When measuring a capacitor, the OSC level (voltage) and dc bias (voltage) characteristics
are used.

Flow for Setting Measurement Conditions

The basic procedure for setting the measurement conditions is illustrated in Figure 3-4. - w
v}
D
Basic flow for setting measurement conditions % 2
69
S0
S8
29
1. Presetting the E4991A 3 o
33
Y 22
2. Setting measurement parameters and display formats
Y

3. Setting measurement points, sweep parameter,
and sweep type
U

4. Setting source mode, oscillator level, or CW frequency

O

5. Setting sweep range

E4991age011
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(1) Frequency Characteristics of |Z|-Ls-Q

You first have to change the measurement conditions from the initial state of the E4991A
as shown in Table 3-2.

Table 3-2 Setup example for this measurement
Parameter setting Setup example Initial state
Trace 1 |Z| |Z|
%Z?Z%ggf:t Trace 2 Ls 0z
Trace 3 Q Q
Trace 1 Log Linear
Display formats Trace 2 Linear Linear
Trace 3 Linear Linear
Measurement points 201 points 201 points
Sweep parameter Frequency Frequency
Sweep type Log Linear
Source mode Current \oltage
Oscillator level 1 mA 100 mV (2 mA)
Sweep range (frequency) 1 MHz to 3 GHz 1 MHz to 3 GHz

Procedure for Using Mouse and Keyboard
Set up the E4991A by following the procedure given below.
Presetting the E4991A

Step 1. Click Preset on the System menu to set the initial state (Figure 3-5).

Figure 3-5 Presetting E4991A

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]

Trace Meas/Format Scale Display Marker Stimulus  Trigger Utiity  Save/Recall | System

—

*1: |7] [m]

GFIB Setup...

ETF Server Setup...
Remate Setup.

About E43314,

Diiagnostic
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Figure 3-6

Figure 3-7

Table 3-3

Figure 3-8

Step 1.

Step 2.

Step 3.

Step 4.

Basic Operations for RF Devices Measurement
STEP 2. Setting Measurement Conditions

Setting the Measurement Parameters and Display Formats

Click Display... on the Display menu (Figure 3-6).

Step 1

Trace 1 - E4991A RF Impedance/M aterial Analyzer - [inttest.lcr]
Trace Meas/Format Scale | Display Marker Stimulus  Trigger Utilty Sawve/Recall System

LCopy ta Clipboard  »

Select 3 Scalar in the Num Of Traces box (Figure 3-7).

Step 2

Trace 1 - E4991A RF Impedance/Material Analyzer - [inttest.lcr]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

Display:
[
Mum OF Traces:

2 Scalar '!
=

[F|1 Scalar
2 Scalar

{1 Complex

2 Complex

1 5¢clr, 1 Crplx
1 5¢clr, 2 Crplx
=2 5clr, 1 Cmpl
2 5clr, 2 Crplx
3 5clr, 1 Cmplx
3 Sclr, 2 Crplx

Num Of Traces box and Types of traces

Num Of Traces box Type of trace
x Scalar™} Scalar trace
x Complex”t Complex trace

*1.[x] represents the number of displayed traces.

Click Meas/Format... on the Meas/Format menu (Figure 3-8).

Step 3

Trace 3 - E4991A RF Impedance/M aterial Analyzer - [inttest.lcr]
Irace!Meas.-"Format Scale Display Marker Stimuus  Trigger Uity Save/Recall  System

Display: E

Specify Trace 1 as the active trace by either of the following methods. When it is made
active, “*” appears immediately before Trace 1.

e Click Scalar 1 on the Trace menu (Figure 3-9).
« Move mouse pointer to 1: |Z| [Q)] or 2: 6z [rad] (white framed area) on the display

screen, where the cursor changes to a finger icon ( @) (Figure 3-10). Then Click 1: |Z]
[€].

Chapter 3 47

w
O m@
D
<. 9
o0
59
=B
2 2
c S
=]
[O
3—0-.
o2
=Ry
o




Basic Operations for RF Devices Measurement
STEP 2. Setting Measurement Conditions

Figure 3-9 Step 4 (using Trace menu)

i-Trace Meas/Format  Scale Display  Marker Stimulus  Trigger Uty  Save/Recall  System

alar 1 - 1 Meas/Format: Bl
Scalar 2
Scalar 3

M=
Meas Parameter:

Figure 3-10 Step 4 (using the mouse)

Trace 3 - E4991A RF Impedance/M aterial Analyzer - [inttest.lcr]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

Meas{Format: [El

M=
Meas Parameter:

Step 5. The Meas Parameter box is set to |Z| in the initial state.

Step 6. Select Log Y-Axis in the Format box (Figure 3-11).

Figure 3-11 Step 6

Trace 1 - E4991A RF Impedance/Material Analyzer - [inttest.lcr]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

Meas/Format:

M=
Meas Parameter:

Farmat:

!Lin f-Axis ';

Step 7. Specify Trace 2 as the active trace (* mark) as shown in Figure 3-9 and Figure 3-10.

Step 8. Select Ls in the Meas Parameter box (Figure 3-12).

Figure 3-12 Step 8

Trace 2 - E4991A RF Impedance/Material Analyzer - [inttest.lcr]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

Meas{Format: [

Meas Parameter:

Bz

-
-

Step 9. The Format box is set to Lin Y-Axis in the initial state.

Step 10. Specify Trace 3 as the active trace (* mark) as shown in Figure 3-9 and Figure 3-10.
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Figure 3-13

Figure 3-14

Figure 3-15

Step 11.
Step 12.

Step 1.

Step 2.

Step 3.

Step 4.

Step 1.

Basic Operations for RF Devices Measurement
STEP 2. Setting Measurement Conditions

The Meas Parameter box is set to Q in the initial state.

The Format box is set to Lin Y-Axis in the initial state.

Setting the Measurement Points, Sweep Parameter, and Sweep Type

Click Sweep Setup... on the Stimulus menu (Figure 3-13).

Step 1

Trace 3 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meaz/Format Scale Display Ma[kerIStimu_Ius Trigger Uty  Save/Recall System

Start/Stop.. Meas/Format: Bl

Source.. Meas Parameter:

Cal/Camp.. . =
| - = - - Q i

The Number Of Points box is set to 201 in the initial state (Figure 3-14).

Steps 2, 3,4

Trace 2 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

Sweep Setup:

=
i Number OF Points:

201

Point Average:

Sweep Time:
[ Auta ]

| Sweep Parameter:
!Frequency _'i
Sweep Type!

Linear

Linear

The Sweep Parameter box is set to Frequency in the initial state (Figure 3-14).

Select Log in the Sweep Type box (Figure 3-14)

Setting the Source Mode and Oscillator Level

Click Source... on the Stimulus menu (Figure 3-15).

Step 1

Trace 3 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meaz/Format Scale Display Ma[kerIStimu_Ius Trigger Uty  Save/Recall System

Start/Stop... Sweep Setup:
Sweep Setup...

Number OF Paints:

Lal/Comp... |201 ::'_"
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Step 3. Select Osc Level box and type [1] [m] [Enter] with the keyboard (Figure 3-17).

Step 2.
Figure 3-16
Figure 3-17
NOTE

Step 1.
Figure 3-18

Step 2.
Figure 3-19

Step 3.

Basic Operations for RF Devices Measurement
STEP 2. Setting Measurement Conditions

Select Current in the Osc Unit box (Figure 3-16).

Step 2
Trace 2 - E4991A RF Impedance/Material Analyzer - [E4991A1]

Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

Source:

Osc Level: ¥
[iooom =

Qs Unit:

Voltage ¥ i

—|Power

Step 3

Trace 3 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

Source:

!Current ¥ i

When entering the unit of current with the keyboard, type [m] for mA.

Setting the Sweep Range (Frequency)

Click Start/Stop... on the Stimulus menu (Figure 3-18).

Step 1

Trace 2 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meaz/Format Scale Display Ma[kerIStimu_Ius Trigger Uty  Save/Recall System

P

Source:
etup...

Sweep 5
Source...

Osc Level: A

Qal.-"[lom = " | ::j

The Start box is set to 1 M Hz in the initial state (Figure 3-19).

Steps 2, 3

Trace 2 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker  Stimulus  Trigger  Utility  Save/Recall System

StarkfStop:

The Stop box is set to 3 G Hz in the initial state (Figure 3-19).
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Step 1.

Step 1.

Step 2.

Step 3.
Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Step 9.
Step 10.

Step 11.
Step 12.

Step 1.
Step 2.

Basic Operations for RF Devices Measurement
STEP 2. Setting Measurement Conditions

Procedure for Using Front Panel Keys
Set up the E4991A as shown in the following procedure.
Presetting the E4991A

Press the [Preset] key in the SYSTEM block to return to the initial state.

Setting the Measurement Parameters and Display Formats

Press the [Display] key in the MEASUREMENT block.

Press the @ or @ key to move the cursor to the Num Of Traces box, and then press
the @ key to open the list. Next, press the @ or @ key to move the cursor to 3

Scalar and press the key (Figure 3-7).

Press the [Meas/Format] key in the SYSTEM block.

Press the [Trace] key in the MEASUREMENT block to specify Trace 1 as the active
trace. When the trace is made active, “*” appears before Trace 1.

The Meas Parameter box is set to |Z| in the initial state.

Press the <& or (¥ key in the ENTRY/NAVIGATION block to move the cursor to
the Format box and then press the key to open the list. Next, press the @ or @
key to move the cursor to Log Y-Axis and press the key (Figure 3-11).

Press the [Trace] key in the MEASUREMENT block to specify Trace 2 as the active
trace.

Press the @ or @ key to move the cursor to the Meas Parameter box and then press
the key to open the list. Next, press the @ or @ key to move the cursor to Ls
and press the key (Figure 3-12).

The Format box is set to Lin Y-Axis in the initial state.

Press the [Trace] key in the MEASUREMENT block to specify Trace 3 as the active
trace.

The Meas Parameter box is set to Q in the initial state.

The Format box is set to Lin Y-Axis in the initial state.

Setting the Measurement Points, Sweep Parameter and Sweep Type

Press the [Sweep] key in the STIMULUS block.

The number Of Points box is set to 201 in the initial state (Figure 3-14).
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Step 3.

Step 4.

Step 1.

Step 2.

Step 3.

Step 1.
Step 2.
Step 3.

Basic Operations for RF Devices Measurement
STEP 2. Setting Measurement Conditions

The Sweep Parameter box is set to Frequency in the initial state (Figure 3-14).

Press the @ or @ key to move the cursor to the Sweep Type box and then press the
key to open the list. Next, press the @ or @ key to move the cursor to Log and

press the key (Figure 3-14).

Setting the Source Mode and Oscillator Level

Press the [Source] key in the STIMULUS block.

Press the @ or @ key to move the cursor to the Osc Unit box and then press the
key to open the list. Next, press the @ or @ key to move the cursor to Current

and press the key (Figure 3-16).

Press the @ or @ key to move the cursor to the Osc Level box and then press the
: keys in this order (Figure 3-17).

Setting the Sweep Range (Frequency)
Press the [Start/Stop] key in the STIMULUS block.
The Start box is set to 1 M Hz in the initial state (Figure 3-19).

The Stop box is set to 3 G Hz in the initial state (Figure 3-19).
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Step 1.
Step 2.
Step 3.
Step 4.
Step 5.
Step 6.
Step 7.
Step 8.

(2) Frequency Characteristics of |Z|-R-X

You should first change the measurement conditions from the initial state of the E4991A as

shown in Table 3-4.

Basic Operations for RF Devices Measurement
STEP 2. Setting Measurement Conditions

Table 3-4 Setup example for this measurement
Parameter setting Setup example Initial state
Trace 1 |Z| |Z|
%Z?Zl:;zgf:t Trace 2 R 0z
Trace 3 X Q
Trace 1 Log Linear
Display formats Trace 2 Log Linear
Trace 3 Linear Linear
Measurement points 201 points 201 points
Sweep parameter Frequency Frequency
Sweep type Linear Linear
Source mode Current \Voltage
Oscillator level 1mA 100 mV (2 mA)
Sweep range (frequency) 1.5 GHz to 2.5 GHz 1 MHz to 3 GHz

Presetting the E4991A

Preset the E4991A to the initial state by referring to the procedure described in “Presetting

the E4991A” on page 46.

Setting the Measurement Parameters and Display Formats

Click Display... on the Display menu (Figure 3-6).

Select 3 Scalar in the Num Of Traces box (Figure 3-7).

Click Meas/Format... on the Meas/Format menu (Figure 3-8).

Specify Trace 1 as the active trace (* mark) as shown in Figure 3-9 and Figure 3-10.

Meas Parameter box is set to |Z| in the initial state.

Select Log Y-Axis in the Format box (Figure 3-11).

Specify Trace 2 as the active trace (* mark) has shown in Figure 3-9 and Figure 3-10.

Select R in the Meas Parameter box as shown in Figure 3-12.
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Basic Operations for RF Devices Measurement
STEP 2. Setting Measurement Conditions

Step 9. Select Log Y-Axis in the Format box (Figure 3-11).
Step 10. Specify Trace 3 as the active trace (* mark) as shown in Figure 3-9 and Figure 3-10.
Step 11. Select X in the Meas Parameter box as shown in Figure 3-12.

Step 12. Format box is set to Lin Y-Axis in the initial state.

Setting the Measurement Points, Sweep Parameter, and Sweep Type
Step 1. Click Sweep Setup... on the Stimulus menu (Figure 3-13).
Step 2. Number Of Points box is set to 201 in the initial state (Figure 3-14).
Step 3. Sweep Parameter box is set to Frequency in the initial state (Figure 3-14).

Step 4. Sweep Type box is set to Linear in the initial state.

Setting the Source Mode and Oscillator Level

Perform this setup in the same way as “Setting the Source Mode and Oscillator Level” on
page 49.

Setting the Sweep Range (Frequency)
Step 1. Click Start/Stop... on the Stimulus menu (Figure 3-18).
Step 2. Select Start box, and type [1] [.] [5] [G] [Enter] on the keyboard (Figure 3-20).
Step 3. Select Stop box, and type [2] [.] [5] [G] [Enter] on the keyboard (Figure 3-20).

Figure 3-20 Steps 2, 3

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

StarkfStop:

[
Stark:  Hz -;—'
1.5G

NOTE When entering the frequency unit with the keyboard, type [M] for MHz and [G] for GHz.
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Step 1.
Step 2.
Step 3.

Step 4.
Step 5.
Step 6.

Step 7.

Basic Operations for RF Devices Measurement
STEP 2. Setting Measurement Conditions

(3) Oscillator Level (Current) Characteristics of Ls-Q

You should first change the measurement conditions from the initial state of the E4991A as
shown in Table 3-5.

Table 3-5 Setup example for this measurement
Parameter Setting Setup example Initial state
Measurement Trace 1 Ls 4
parameters Trace 2 Q 0z
Trace 1 Linear Linear
Display formats
Trace 2 Linear Linear
Measurement points 201 points 201 points
Sweep parameter Oscillator level Frequency
Sweep type Linear Linear
Source mode Current \oltage
CW frequency 100 MHz 1 MHz
Sweep range (frequency) 100 pA to 10 mA 4 mAto8mA

Presetting the E4991A

Preset the E4991A to the initial state by referring to the procedure described in “Presetting
the E4991A” on page 46.

Setting the Measurement Parameters and Display Formats

Click Meas/Format... on the Meas/Format menu (Figure 3-8).

Specify Trace 1 as the active trace (* mark) as shown in Figure 3-9 and Figure 3-10.
Select Ls in the Meas Parameter box (Figure 3-12).

Format box is set to Lin Y-Axis in the initial state.

Specify Trace 2 as the active trace (* mark) as shown in Figure 3-9 and Figure 3-10.

Select Q in the Meas Parameter box as shown in Figure 3-12.

Format box is set to Lin Y-Axis in the initial state.
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Basic Operations for RF Devices Measurement
STEP 2. Setting Measurement Conditions

Setting the Measurement Points, Sweep Parameter and Sweep Type
Step 1. Click Sweep Setup... on the Stimulus menu (Figure 3-13).

Step 2. Number Of Points box is set to 201 in the initial state.

Step 3. Select Power in the Sweep Parameter box (Figure 3-21).

Figure 3-21
Sweep Parameter:
; !Frequency 'i i
| Sweep Direction:
NOTE Setting sweep parameter to Power automatically sets sweep type to Linear.
Setting the Source Mode and CW Frequency
Step 1. Click Source... on the Stimulus menu (Figure 3-15).
Step 2. Select Current in the Osc Unit box (Figure 3-16).
Step 3. Select CW Freq box and type [1] [0] [0] [M] [Enter] on the keyboard (Figure 3-22).
Figure 3-22 Step 3

Trace 2 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

Source:

|| oscLevel: &

Qs Unit:

!Current ¥ i

W Freq: Hz j'
[io0 ]
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Basic Operations for RF Devices Measurement
STEP 2. Setting Measurement Conditions

Setting the Sweep Range (Oscillator Level)

Step 1. Click Start/Stop... on the Stimulus menu (Figure 3-18).
Step 2. Select Start box and type [[1] [0] [0] [u] [Enter] on the keyboard (Figure 3-23).
Step 3. Select Stop box and type [1] [0] [m] [Enter] on the keyboard (Figure 3-23).

Figure 3-23 Steps 2, 3

Trace 2 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

StarkfStop:

A -
| Center: & -j-]

NOTE When entering the current unit with the keyboard, type [u] for A and [m] for mA.
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NOTE

Table 3-6

Basic Operations for RF Devices Measurement
STEP 2. Setting Measurement Conditions

(4) Dc Bias (Current) Characteristics of Ls-Q (Option 001)

When Option 001 is installed in the E4991A, dc bias can be applied to the DUT. First
change the measurement conditions from the initial state of the E4991A as shown in Table
3-6.

When measuring dc bias characteristics, you must set dc bias to ON after connecting
the DUT to the test fixture. For the setting procedure, refer to “Applying dc Bias
(Option 001)” on page 82.

Setup example for this measurement

Parameter setting Setup example Initial state
Measurement Trace 1 Ls z
parameters Trace 2 Q 0z
Trace 1 Linear Linear
Display formats
Trace 2 Linear Linear
Measurement points 201 points 201 points
Sweep parameter dc bias (current) Frequency
Sweep type Linear Linear
Source mode Current \oltage
Oscillator level 1 mA 100 mV (2 mA)
CW frequency 100 MHz 1 MHz

Sweep range (frequency)

100 pA to 50 mA

100 pA to 100 pA

Presetting the E4991A

Preset the E4991A to the initial state by referring to the procedure described in “Presetting
the E4991A” on page 46.

Setting the Measurement Parameters and Display Formats

Perform setup in the same way as “Setting the Measurement Parameters and Display
Formats” on page 55.
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Figure 3-24

Step 1.
Step 2.
Step 3.

NOTE

Figure 3-25

Step 1.

Step 2.
Step 3.

Step 4.

Step 1.
Step 2.
Step 3.

Basic Operations for RF Devices Measurement
STEP 2. Setting Measurement Conditions
Setting the Measurement Points, Sweep Parameter and Sweep Type

Click Sweep Setup... on the Stimulus menu (Figure 3-13).
Number Of Points box is set to 201 in the initial state.

Select Bias Current in the Sweep Parameter box (Figure 3-24).

Step 3

Sweep Parameter:
- o Frequency 'i

“|Frequency

| Sweep Direction:

Setting sweep parameter to Bias Current (Voltage) automatically sets sweep type to
Linear.

Setting the Source Mode, Oscillator Level and CW Frequency
Click Source... on the Stimulus menu (Figure 3-15).

Select Current in the Osc Unit box (Figure 3-16).

Select Osc Level box and type [1] [m] [Enter] on the keyboard (Figure 3-17).

Select CW Freq box and type [1] [0] [0] [M] [Enter] on the keyboard (Figure 3-22).

Setting the Sweep Range (dc Bias)
Click Start/Stop... on the Stimulus menu (Figure 3-18).
Start box is setto 1 0 0 u A in the initial state (Figure 3-25).

Select Stop box and type [5] [0] [m] [Enter] on the keyboard (Figure 3-25).

Steps 2, 3

Trace 2 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

StarkfStop:

| Center: A
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Table 3-7

Basic Operations for RF Devices Measurement
STEP 3. Calibration

STEP 3. Calibration

After turning the power ON, be sure to connect the 0 S (OPEN), 0 Q (SHORT), 50 Q
(LOAD), and low-loss capacitor (optional) to the calibration reference plane and perform
calibration. The calibration reference plane of the E4991A is usually the 7-mm terminal of
the test head. This step is done to ensure that the calibration reference plane meets the
specified measurement accuracy.

Calibration and fixture compensation data are measured at either fixed frequency points
(initial setting) and user-defined points. When selecting fixed frequency point calibration,
the types of power points at which data are measured include fixed power points and
user-defined power points (Table 3-7). In this section, calibration is performed at fixed
frequency/fixed power points.

Types of measurement points for calibration/fixture compensation data

Measurement points for

Calibration/fixture compensation data

Accuracy of

Time required

power points

calibration/fixture compensation data when sweep conditions are changed measurement to rggi\;ure
Fixed Fixed power points Valid Good Long
freqL_Jency User-defined power Valid (except when the OSC level setting
points ; ) Good T
points is changed)
User-defined frequency/user-defined invalid Better Short

NOTE

Figure 3-26

When performing oscillator level sweep and dc bias sweep, calibration and fixture
compensation at the fixed frequency/user-defined power points cannot be selected.

The basic procedure for the calibration is illustrated in Figure 3-26.

Basic flow for calibration

| Preparing for calibration |

Y

| Performing OPEN calibration |

v

| Performing SHORT calibration |

7

Performing LOAD calibration |

7

| Performing low-loss capacitor calibration |

| Validating calibration data |

When the low-loss capacitor
calibration is skipped.

E4991age012
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Figure 3-27

Figure 3-28

Figure 3-29

Table 3-8

Step 1.

Step 2.

Step 3.

Basic Operations for RF Devices Measurement
STEP 3. Calibration

Procedure for Using Mouse and Keyboard

Preparing for Calibration
Prepare for calibration by following these steps.

Click Cal/Comp... on the Stimulus menu (Figure 3-27)

Step 1

Trace 2 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meaz/Format Scale Display Ma[kerIStimu_Ius Trigger Uty  Save/Recall System

Start/Stop...
Sweep Setup...

Source:

Osc Level: A

Click the Cal Menu button (Figure 3-28).

Step 2

Trace 2 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

CalfComp:

i} [};;_T]

Cal Menu
[ Uncal

Comp Menu
T OFF 1

Select Fixed Freq&Pwr in the Cal Type box (Figure 3-29).

Step 3

Cal
Reset
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Cal Type:

IFixed FreqaPwr 'i
d F

Skvy OFF z
|Biaz OFF |Uncal  |Comp OFF | l&wg 1 [EwtRef

Cal Type box settings and measurement points for calibration/fixture
compensation data

Cal Type box Measurement points for calibration/fixture
compensation data (Table 3-7)

User Freq&Pwr User-defined frequency/user-defined power points
Fixed Freq&Pwr Fixed frequency/fixed power points
FixedFreq,UserPwr Fixed frequency/user-defined power points
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Basic Operations for RF Devices Measurement
STEP 3. Calibration

Step 4. As shown in Figure 3-30, turn the 7-mm connector nut of the test head clockwise until the
7-mm connector sleeve is fully extended.

Figure 3-30 Extending 7-mm connector sleeve

Sleeve

] i

E4991aqe013

Measuring OPEN Calibration Data
Use the 0 S (OPEN) standard to perform OPEN calibration by following these steps.

Step 1. Asshown in Figure 3-31, turn the 0 S (OPEN) standard clockwise with the provided torque
wrench to connect it securely to the 7-mm terminal.

Figure 3-31 Connecting 0 S (OPEN) standard

Step 2. Click the Meas Open button (Figure 3-32).

Figure 3-32 Step 2

Trace 2 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meaz/Format Scale Display  Marker Stimujus  Trigger Uty Save/Recall  Spstem

Meas
Short

Step 3. A\ mark appears on the left side of the Meas Open button upon completion of the OPEN
calibration data measurement.
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Step 4.
NOTE

Step 1.
Figure 3-33

Step 2.
Figure 3-34

Step 3.

Step 4.

Basic Operations for RF Devices Measurement
STEP 3. Calibration

Turn the 0 S (OPEN) standard counterclockwise to remove it.

Clicking the Abort Cal Meas button during measurement of OPEN, SHORT, LOAD, and
LOW-LOSS CAPACITOR (optional) calibration data stops the measurement.

Measuring SHORT Calibration Data
Use the 0 Q (SHORT) standard to perform SHORT calibration by following these steps.

As shown in Figure 3-33, turn the 0 Q (SHORT) standard clockwise with the provided
torque wrench to connect it securely to the 7-mm terminal.

Connecting 0 Q (SHORT) standard

P

I

00

Click the Meas Short button (Figure 3-34).

Step 2
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A\ mark appears on the left side of the Meas Short button upon completion of the
SHORT calibration data measurement.

Turn the 0 Q (SHORT) standard counterclockwise to remove it.
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Basic Operations for RF Devices Measurement
STEP 3. Calibration

Measuring LOAD Calibration Data
Use the 50 Q (LOAD) standard to perform LOAD calibration by following these steps.

Step 1. As shown in Figure 3-35, turn the outside connector nut of the 50 Q (LOAD) standard
counterclockwise to fully retract the inside connector sleeve.

Figure 3-35 Retracting connector sleeve of 50 Q (LOAD) standard

E4991aqe014

Step 2. As shown in Figure 3-36, turn the 50 Q (LOAD) standard clockwise with the provided
torque wrench to connect it securely to the 7-mm terminal.

Figure 3-36 Connecting 50 O (LOAD) standard

£4997aqj013

Step 3. Click the Meas Load button (Figure 3-37).

Figure 3-37 Step 3

Low Loss C
{optional)

Step 4. A\ mark appears on the left side of the Meas Load button upon completion of the LOAD
calibration data measurement.

Step 5. Turn the 50 Q (LOAD) standard counterclockwise to remove it.
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Figure 3-38

Figure 3-39

Step 1.

Step 2.

Step 3.

Step 4.

Basic Operations for RF Devices Measurement
STEP 3. Calibration

Measuring LON-LOSS CAPACITOR Calibration Data

The LOW-LOSS CAPACITOR calibration should be performed for high Q (or low D:
dissipation factor) measurements at high frequencies. The LOW-LOSS CAPACITOR
calibration allows high accuracy for phase measurements. This calibration can be skipped
if you do not need it for your purposes.

As shown in Figure 3-38, turn the LOW-LOSS CAPACITOR clockwise with the provided
torque wrench to connect it securely to the 7-mm terminal.

Connecting LOW-LOSS CAPACITOR

€4991aqj014
Click the Meas Low Loss C button (Figure 3-39).

Step 2

A~ mark appears on the left side of the Meas Low Loss C button upon completion of the
LOW-LOSS CAPACITOR calibration data measurement.

Turn the LOW-LOSS CAPACITOR counterclockwise to remove it.
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Step 1.
Figure 3-40
NOTE

Step 2.
Figure 3-41
NOTE

Basic Operations for RF Devices Measurement
STEP 3. Calibration

Validating Calibration Data

After completing all calibration data measurement, you should use the E4991A to calculate
the calibration coefficient from the measured calibration data. The coefficient is
automatically saved to the internal memory.

Confirm that all of the calibration data measurement is completed and then click the Done
button (Figure 3-40).

Step 1

Meas
Low Loss C
i

Cal
Reset

|
—

[

Cal Type:

lFixed FreqiPwr ¥ l

Clicking the Cal Reset button (Figure 3-40) resets the calibration data. Turning the power
OFF also resets the calibration data.

Verify that the display below the Cal Menu button changes to [Fix] and the display of the
status bar on the bottom of the screen changes to “Cal Fix” (Figure 3-41).

Display of status bar when completing calibration

Trace 3 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

CalfComp:

Cal Menu
[Fix]

Comp Menu
[ OFF ]

Cal kit Menu

Comp Kit Menu

Fixture Type:
INone 'I
Fixture Length: {m})
[ =
Port Extension: {Sec)

Recover
CaliComp State

|Bias OFF [CalFix  |Comp OFF | ltwg 1 [ExtRef | [ |

Clicking the Recover Cal/Comp State button recovers the calibration data that became
invalid. For details, refer to Chapter 4, “Calibration and Compensation” in the E4991A
Operation Manual.
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Step 1.

Step 2.

Step 3.

Step 4.

Step 1.

Step 2.

Step 3.

Step 4.

NOTE

Basic Operations for RF Devices Measurement
STEP 3. Calibration

Procedure for Using Front Panel Keys

Preparing for Calibration

Prepare for calibration by following these steps.

Press the [Cal/Compen] key in the STIMULUS block.

Press the <& or (¥ key in the ENTRY/NAVIGATION block to move the cursor to
the Cal Menu button and then press the key (Figure 3-28).

Press the @ or @ key to move the cursor to the Cal Type box and then press the
key to open the list. Next press the @ or @ key to move the cursor to Fixed
Freg&Pwr and press the key (Figure 3-29).

Turn the 7-mm connector nut of the test head clockwise until the connector sleeve is fully
extended (Figure 3-30).

Measuring OPEN Calibration Data

Use the 0 S (OPEN) standard to perform OPEN calibration by following the procedure
described below.

Turn the 0 S (OPEN) standard clockwise with the provided torque wrench to connect it
securely to the 7-mm terminal (Figure 3-31).

w
O m@
D
<. 9
o0
59
=B
2 2
c S
=]
[O
3—0-.
o2
=Ry
o

Press the @ or @ key to move the cursor to the Meas Open button and then press the

key (Figure 3-32).

A\ mark appears on the left side of the Meas Open button upon completion of the OPEN
calibration data measurement.

Turn the 0 S (OPEN) standard counterclockwise to remove it.

The measurement of OPEN, SHORT, LOAD, or LOW-LOSS CAPACITOR (optional)
calibration data can be stopped by pressing the @ or @ key to move the cursor to

the Abort Cal Meas button and the pressing the key during measurement.
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Step 1.

Step 2.

Step 3.

Step 4.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 1.

Step 2.

Step 3.

Step 4.

Basic Operations for RF Devices Measurement
STEP 3. Calibration

Measuring SHORT Calibration Data

Use the 0 Q (SHORT) standard to perform SHORT calibration by following these steps.
Turn the 0 Q (SHORT) standard clockwise with the provided torque wrench to connect it
securely to the 7-mm terminal (Figure 3-33).

Press the @ or @ key to move the cursor to the Meas Short button and then press
the @) key (Figure 3-34).

A mark appears on the left side of the Meas Short button upon completion of the
SHORT calibration data measurement.

Turn the 0 Q (SHORT) standard counterclockwise to remove it.

Measuring LOAD Calibration Data
Use the 50 Q (LOAD) standard to perform LOAD calibration by following these steps.

Turn the outside connector nut of the 50 2 (LOAD) standard counterclockwise to fully
retract the inside connector sleeve (Figure 3-35).

Turn the 50 Q (LOAD) standard clockwise with the provided torque wrench to connect it
securely to the 7-mm terminal (Figure 3-36).

Press the @ or @ key to move the cursor to the Meas Load button and then press
the @) key (Figure 3-37).

A mark appears on the left side of the Meas Load button upon completion of the LOAD
calibration data measurement.

Turn the 50 Q (LOAD) standard counterclockwise to remove it.

Measuring LOW-LOSS CAPACITOR Calibration data

The LOW-LOSS CAPACITOR calibration should be performed for high Q (or low D:
dissipation factor) measurements at high frequencies. The LOW-LOSS CAPACITOR
calibration allows high accuracy for phase measurements. This calibration can be skipped
if you do not need it for your purposes.

Turn the LOW-LOSS CAPACITOR clockwise with the provided torque wrench to connect
it securely to the 7-mm terminal (Figure 3-38).

Press the @ or @ key to move the cursor to the Meas Low Loss C button and then
press the key (Figure 3-39).

A mark appears on the left side of the Meas Low Loss C button upon completion of the
LOW-LOSS CAPACITOR calibration data measurement.

Turn the LOW-LOSS CAPACITOR counterclockwise to remove it.
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Step 1.

NOTE

Step 2.

NOTE

Basic Operations for RF Devices Measurement
STEP 3. Calibration

Validating Calibration Data

After completing all calibration data measurement, you should use the E4991A to calculate
the calibration coefficient from the measured calibration data. The coefficient is
automatically saved to the internal memory.

Confirm that all of the calibration data measurement is completed and then press the @

or @ key to move the cursor to the Done button and press the key (Figure 3-40).

The calibration data can be reset by pressing the @ or @ key to move the cursor to
the Cal Reset button and then pressing the key (Figure 3-40). Turning the power OFF

also resets the calibration data.

Verify that the display below the Cal Menu button changes to [Fix] and the display of the
status bar on the bottom of the screen changes to “Cal Fix” (Figure 3-41).

The calibration data that became invalid are recovered by pressing the @ or @ key

to move the cursor to the Recover Cal/Comp State button and then pressing the key.

For details, refer to Chapter 4, “Calibration and Compensation” in the E4991A Operation
Manual.
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Figure 3-42

Figure 3-43

Step 1.

Step 2.

Step 3.

Basic Operations for RF Devices Measurement
STEP 4. Connecting Test Fixture

STEP 4. Connecting Test Fixture

Connect the test fixture to the 7-mm terminal of the test head by following these steps. In
this section, the method of connecting the 16197A test fixture is described as an example.
When using other test fixtures, refer to the Operation Manual of the test fixture.

As shown in Figure 3-42, turn the 7-mm connector nut of the test head counterclockwise
until the connector sleeve is fully retracted.

Retracting 7-mm connector sleeve

Sleeve

/

=

~

E4991aqe015

Set the two mount posts of the test head to the two holes of the test fixture and set the
7-mm terminal of the test head to 7-mm connector of the test fixture (Figure 3-43: 2).

Turn the 7-mm connector nut of the test head counterclockwise to connect it securely
(Figure 3-43: 3). Use both hands to turn the connector nut because the space between the
test head and the test fixture is narrow.

Connecting test fixture (16197A)

Mounting post @

E4991aqe016
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Step 1.
Step 2.

Figure 3-44

Figure 3-45

Basic Operations for RF Devices Measurement
STEP 5. Setting Electrical Length

STEP 5. Setting Electrical Length

Phase shift produces measurement error in the test fixture’s transmission line because the
wavelength at RF frequency is very short relative to the transmission line’s physical length.
To remove this measurement error, you must set the electrical length of the test fixture
(electrical length from 7-mm terminal to DUT connection plane).

For the E4991A, electrical length values are individually registered for standard Agilent
test fixtures. By selecting the model number of a test fixture, the electrical length is set
automatically. When connecting test fixtures custom-made by the user, it is necessary to
input the electrical length values.

Procedure for Using Mouse and Keyboard

Click Cal/Comp... on the Stimulus menu (Figure 3-27).
Set the electrical length by either of the following methods.
[ Using a test fixture that is registered

Select the model number of the test fixture in the Fixture Type box (Figure 3-44).

Selecting test fixture

Comp Kit Menu

Fixture Type:

Mone X I

”__None
161914
161924
_[161934
o 161944
161964
161966
—— 161960
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Hz
|Bias OFF [CalFix  [Comp OFF | ltwg 1 [ExtRef | [

[ Using a test fixture that is made by the user

Select User in the Fixture Type box. Then select the Fixture Length box and input the
electrical length with the keyboard. When inputting the electrical length of 14 mm, for example,
type [1] [4] [m] [Enter] (Figure 3-45).

Inputting electrical length

Comp Kit Menu

Fixture Type:

IUser X I

T ———
Fixture Length: {m}

mE
Part Extension: {Sec

=

Lt

i
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Basic Operations for RF Devices Measurement
STEP 5. Setting Electrical Length

Step 3. After setting the electrical length, confirm that “Del 14m” is shown in the status bar on the
bottom of the screen (Figure 3-46).

Figure 3-46 Display of status bar when setting electrical length
START 1 MHz Shvy OFF Zaifeoiinetan
|Bias OFF |CalFix  |Comp OFF [Del14m |Awg 1 [ExtRef | [ [
NOTE “Del xx” indicates Delay xx mm. This is a status display showing that the electrical length
of xx mm is set.
Table 3-9 Electrical lengths of standard test fixtures
Model 16191A 16192A 16193A 16196A 16196B 16196C 16197A
E'Iifgiﬁa' 140mm | 11.0mm | 140mm | 262mm | 269mm | 27.1mm | 14.0mm

Procedure for Using Front Panel Keys

Step 1. Press the [Cal/Compen] key in the STIMULUS block.

Step 2. Set the electrical length by either of the following methods.

[ Using the a fixture that is registered

Press the @ or @ key in the ENTRY/NAVIGATION block to move the cursor to the
Fixture Type box and then press the @ key to open the list. Then press the @ or @

key to move the cursor to model number of test fixture to be used and press the @ key (Figure
3-44).

[ Using a test fixture that is made by the user

Press the @ or @ key to move the cursor to the Fixture Type box and then press
the @ key to open the list. Press the @ or @ key to move the cursor to User

and press the key. Next, press the @ or @ key to move the cursor to the
Fixture Length box and input the electrical length with the numerical keys. When inputting

the electrical length of 14 mm, for example, press the 4], keys in this order
(Figure 3-45).

Step 3. After setting the electrical length, confirm that “Del 14m” is shown in the status bar on the

bottom of the screen (Figure 3-46).
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Figure 3-47

Step 1.

Basic Operations for RF Devices Measurement
STEP 6. Fixture Compensation

STEP 6. Fixture Compensation

The E4991A has a specified measurement accuracy at the 7-mm terminal (calibration
reference plane) of a test head. However, in actual measurement, a measurement circuit
(test fixture) is placed between the DUT connection terminal and the 7-mm terminal, and
the influence of this circuit is included in the measurement result as a part of the DUT.
Therefore, fixture compensation must be performed to remove the parasitic error that exists
between the DUT connection terminal and the 7-mm terminal.

This section describes fixture compensation by using the 16197A as an example. When
using other test fixtures, follow the procedure described in the Operation Manual of the
test fixture.

Procedure for Using Mouse and Keyboard

Measuring OPEN Compensation Data (16197A)
Perform OPEN compensation to correct stray admittance due to the test fixture.

Set the DUT connection terminal of the test fixture to the OPEN state by following the
procedure illustrated in Figure 3-47. When using other test fixtures, follow the procedure
described in the Operation Manual of the test fixture.

OPEN state (16197A)

Pressure adjusting nut

Pressure rod

The name of each part is shown above.

1. Push the latch button ((2)) while pressing the lever (D).

2. Release the lever (D)), and the pressure rod is fixed
as it is raised.

e4991aqe039
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Step 2.

Step 3.
Figure 3-48

Step 4.
Figure 3-49

Step 5.
NOTE

Basic Operations for RF Devices Measurement
STEP 6. Fixture Compensation

Click Cal/Comp... on the Stimulus menu (Figure 3-27).

Click the Comp Menu button (Figure 3-48)

Step 3

Trace 3 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meaz/Format Scale Display  Marker Stimujus  Trigger Uty Save/Recall  Spstem

CalfComp:

Cal Menu
[Fix]

Comp Menu
[ OFF ]

Cal Kit Menu

Click the Meas Open button (Figure 3-49).

Step 4

Trace 3 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meaz/Format Scale Display  Marker Stimujus  Trigger Uty Save/Recall  Spstem

A\ mark appears on the left side of the Meas Open button upon completion of the OPEN

compensation data measurement.

Clicking the Abort Comp Meas button during measurement of OPEN or SHORT

compensation data stops the measurement.
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Basic Operations for RF Devices Measurement
STEP 6. Fixture Compensation

Measuring SHORT Compensation Data (16197A)
Perform SHORT compensation to correct residual impedance due to the test fixture.

Step 1. Connect a short device to the test fixture. Follow the procedure given in Figure 3-50 to set
the DUT connection terminal of the test fixture to the SHORT state. When using other test
fixtures, follow the procedure described in the Operation Manual of the test fixture.

Figure 3-50 SHORT state (16197A)

DUT sizes
0402(inch)/1005(mm)
0603(inch)/1608(mm)
0805(inch)/2012(mm)
1206(inch)/3216(mm)
1210(inch)/3225(mm)

The position for each DUT size is shown above. 1. Loosen the two knobs ( (1)) and adjust the position of the
sliding block until the pressure rod is located at the w
center of the device guide frame where the short device U w
will be placed (®)). Then tighten the two knobs again ((3)). <‘<D £
oo
59
=B
2 2
=
R
3 -
@ S
23
o

/
Short device
2. Place a short device at the appropriate position 3. Release the latch button (()) while pressing the lever ().
on the electrode. Then release the lever slowly ().

4. Turn the pressure adjusting nut ((1)) to stabilize the contact.
Turning in the direction indicated by the arrow increases

the pressure.
e4991aqe040
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Figure 3-51

Figure 3-52

Step 2.

Step 3.

Step 1.

Basic Operations for RF Devices Measurement
STEP 6. Fixture Compensation

Click the Meas Short button (Figure 3-51).

Step 2

Trace 3 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meaz/Format Scale Display  Marker Stimujus  Trigger Uty Save/Recall  Spstem

A\ mark appears on the left side of the Meas Short button upon completion of the
SHORT compensation data measurement.

Validating Fixture Compensation Data

After completing all fixture compensation data measurement, you should use the E4991A
to calculate the fixture compensation coefficient from the measured fixture compensation
data. The coefficient is automatically saved to the internal memory.

Confirm that all of the fixture compensation data measurement is completed and then click
the Done button (Figure 3-52).

Step 1

Trace 3 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meaz/Format Scale Display  Marker Stimujus  Trigger Uty Save/Recall  Spstem

Comp Cpen:
[ OFf ]
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Figure 3-53

Figure 3-54

Step 2.

Step 1.

Step 2.

Basic Operations for RF Devices Measurement
STEP 6. Fixture Compensation

Verify that the display below the Comp Menu button changes to [ON] and the display of
the status bar on the bottom of the screen changes to “Comp ON” (Figure 3-53).

Display of status bar when completing fixture compensation

Trace 3 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meaz/Format Scale Display  Marker Stimujus  Trigger Uty Save/Recall  Spstem

CalfComp:

Cal Menu
[Fix]

Como Menu
[on]

Cal Kit Menu

‘ Comp Kit Menu

Fixture Type:
11619?.\?\ 'i

Fixture Length: {m})

Port Extension: {Sec)
[orooo0 =

|Bias OFF [CalFix  CompOM [Del14m [&wg 1 | [ [

Checking SHORT Compensation Data

After completing the fixture compensation, use the marker function to check that the
SHORT compensation data have been measured correctly.

Specify the trace of the measurement parameter |Z| (in this example it is Trace 1) as the
active trace (* mark) as shown in Figure 3-9 and Figure 3-10. When the parameter |Z| does
not exist in the measurement parameter as in measurement conditions (3) and (4), perform
the check after converting the measurement parameter of Trace 1 to the parameter |Z|. After
the check, return it to the previous measurement parameter.

Click Autoscale on the Scale menu (Figure 3-54).

Step 2

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas.-"Formatlgcale Display Marker Stimulus  Trigger Uity Save/Recall System

CalfComp:
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Step 3.
Figure 3-55

Step 4.
Figure 3-56

Step 5.
NOTE

Basic Operations for RF Devices Measurement
STEP 6. Fixture Compensation

Click Marker... on the Marker menu (Figure 3-55).

Step 3

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meaz/Format Scale Display |

: Stimulus  Trigger  Utility  Save/Recall System

CalfComp:
Functian...

To..
Fetn More...

Il Lo :
1 s L Comp Menu
A1 0f [ [ON]

Move the cursor with the mouse to the Stimulus box (Figure 3-56).

Step 4

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]

Matker:

Select Marker:
Marker 1 'i
Stimulus:  Hz

Selected Marker:
on]

1: Stimulus value
2: Trace value

Turn the rotary knob ( @) in the ENTRY/NAVIGATION block to check that trace

values of measurement parameter |Z| (Figure 3-56: 2) are equal to or less than 50 mQ for
all stimulus values (Figure 3-56: 1). If not, place the short device on both electrodes again,
align the location of the test fixture’s pressure rod, and repeat the fixture compensation.

When changing the location of the pressure rod after performing fixture compensation, you

must again obtain the fixture compensation data
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Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

NOTE

Step 1.

Step 2.

Step 3.

Basic Operations for RF Devices Measurement
STEP 6. Fixture Compensation

Procedure for Using Front Panel Keys

Measuring OPEN Compensation Data (16197A)
Perform OPEN compensation to correct stray admittance due to the test fixture.

Set the DUT connection terminal of the test fixture to the OPEN state by following the
procedure described in Figure 3-47. When using other test fixtures, follow the procedure
described in the Operation Manual of the test fixtures.

Press the [Cal/Compen] key in the STIMULUS block.

Press the <& or (¥ key in the ENTRY/NAVIGATION block to move the cursor to
Comp Menu button and then press the key (Figure 3-48).

Press the @ or @ key to move the cursor to the Meas Open button and press the

key (Figure 3-49).

A mark appears on the left side of the Meas Open button upon completion of the OPEN
compensation data measurement.

The measurement of OPEN and SHORT compensation data can be stopped by pressing the
@ or @ key to move the cursor to the Abort Comp Meas button and then pressing

the @ key during measurement.
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Measuring SHORT Compensation Data (16197A)

Perform SHORT compensation to correct residual impedance due to the test fixture.

Connect a short device to the test fixture. Follow the procedure illustrated in Figure 3-50 to
set the DUT connection terminal of the test fixture to the SHORT state. When using other

test fixtures, follow the procedure described in the Operation Manual of the test fixture.
Press the @ or @ key to move the cursor to the Meas Short button and then press
the @ key (Figure 3-51).

A~ mark appears on the left side of the Meas Short button upon completion of the
SHORT compensation data measurement.

Chapter 3 79



Figure 3-57

Step 1.

Step 2.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

NOTE

Basic Operations for RF Devices Measurement
STEP 6. Fixture Compensation

Validating Fixture Compensation Data

Upon completion of all fixture compensation data, you should use the E4991A to calculate
the fixture compensation coefficient from the measured fixture compensation data. The
coefficient is automatically saved to the internal memory.

Confirm that all compensation data measurement is completed and then press the @ or
@ key to move the cursor to the Done button and press the key (Figure 3-52).
Verify that the display below the Comp Menu button changes to [ON] and the display of
the status bar on the bottom of the screen changes to “Comp ON” (Figure 3-53).
Checking SHORT Compensation Data

After completing the fixture compensation, use the marker function to check that the
SHORT compensation data has been measured correctly.

Press the [Trace] key in the MEASUREMENT block to specify the trace of the
measurement parameter |Z| (in this example it is Trace 1) as the active trace (* marker).
When the parameter |Z| does not exist in the measurement parameter as in measurement
conditions (3) and (4), perform the check after converting the measurement parameter of
Trace 1 to the parameter |Z|. After the check, return it to the previous measurement
parameter.

Press the [Scale] key in the MEASUREMENT block. Then press the <& or (&> key
to move the cursor to the Autoscale button and press the key (Figure 3-57).

Step 2

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

Scale:

Aukoscale Al

Press the [Marker] key in the MEASUREMENT block.

Press the @ or @ key to move the cursor to the Stimulus box and then press the
key (Figure 3-56).

Turn the rotary knob ( @) in the ENTRY/NAVIGATION block to check that trace

values of measurement parameter |Z| (Figure 3-56: 2) are equal to or less than 50 mQ for
all stimulus values (Figure 3-56: 1). If not, place the short device on both electrodes again,
align the location of the test fixture’s pressure rod, and repeat the fixture compensation.

When changing the location of the pressure rod after performing fixture compensation, you
must again obtain the fixture compensation data.
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Step 1.

Step 2.
Step 3.
Step 4.

Basic Operations for RF Devices Measurement
STEP 7. Connecting DUT to Test Fixture

STEP 7. Connecting DUT to Test Fixture

The method of connecting the DUT (1608 (mm) / 0603 (inch) size) to the 16197A is
described as an example.

Push the latch button while pressing the lever to set the DUT connection terminal of the
test fixture to the OPEN state.

Remove the short device.
Place the DUT in the same way as you placed the short device (Figure 3-50).

Release the latch button while pressing the lever and then release the lever slowly.
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WARNING
Step 1.
Step 2.
Figure 3-58
Step 3.
Step 4.

Basic Operations for RF Devices Measurement
STEP 8. Measuring DUT and Analyzing Measurement Results

STEP 8. Measuring DUT and Analyzing Measurement

Results

After performing calibration and compensation, the measurement results are displayed on
the screen when the DUT is connected to the test fixture. If you obtain the correct trace,
you can analyze the measurement results by using the marker and the equivalent circuit

analysis function. This section describes the procedure by using only the mouse and
keyboard.

Applying dc Bias (Option 001)

When selecting “(4) Dc Bias (Current) Characteristics of Ls-Q (Option 001)” on page 58 in
“STEP 2. Setting Measurement Conditions”, follow these steps to apply dc bias. For
settings of the dc bias source level and dc bias limit, refer to Chapter 3, “Setting
Measurement Condition” in the E4991A Operation Manual.

Never touch the DUT or the electrodes of the test fixture while dc bias is applied.

Click Source... on the Stimulus menu (Figure 3-15).

Click the Dc Bias button to change the button’s display to [On] (Figure 3-58). Making dc
bias ON places the measurement in the Hold Mode (mode that does not accept triggers).

Steps 2, 3

Bias Source:

100 MH:
i 100.00 wd b .

Biaz OM | Cal Fix

Confirm that the display of the status bar on the bottom of the screen changes to “Bias ON”
and the trigger system is in the Hold Mode (Figure 3-58).

Set the trigger to start the measurement.
4 Perform the single measurement.

1. Click Single on the Trigger menu.

Trace 2 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimu_lus|Trigger iilty  Save/Recall  System

Trigger

Source:
Trigger Setup...
I

Hold /. st Level: &
Single _1 .9 il.DDDm ::j

LContinuous |
0 0 Qsc Unit:
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Step 1.

Step 2.
Step 3.

NOTE

Figure 3-59

Step 4.

NOTE

Basic Operations for RF Devices Measurement
STEP 8. Measuring DUT and Analyzing Measurement Results

O Repeat the measurement.

1. Click Continuous on the Trigger menu.

Trace 2 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimu_lus|Trigger iilty  Save/Recall  System

Trigger

Source:

Trigger Setup...
I

I Hald El Osc Level: A
Single g il.DDDm ::j

I Osc Unik:

Executing Auto scale

Traces obtained after setting the sweep conditions and measurement parameters may
extend beyond the screen because they are too large or too small along the direction of the
vertical axis. In this case, the auto scale function can be used to set the appropriate scale.
Follow these steps to execute auto scale.

Specify the trace (measurement parameter) for which you want to execute auto scale as the
active trace (Refer to Figure 3-9 and Figure 3-10).

Click Autoscale on the Scale menu to execute auto scale (Figure 3-54).

When it is necessary to execute auto scale for other trace numbers (measurement
parameters), repeat the above Steps 1 and 2.

Clicking Autoscale All on the Scale menu executes auto scale for all traces.

Select Toolbar Off on the System menu (Figure 3-59) and hide the display of the setup
toolbar.

Step 4

Trace 3 - E4991A RF Impedance/Material Analyzer - [E4991A1]

Trace Meas/Format Scale Display Marker Stimulus  Trigger Utiity  Save/Recall | System
Toolbar O E
Sustem...
Preset
Exit

<8

GFIB Setup...
ETF Server Setup...

R

The display of the setup toolbar can also be hidden by pressing the [Cancel/Close] key in
the ENTRY/NAVIGATION block.

The measurement results, as shown in Figure 3-60, Figure 3-61, Figure 3-62 and Figure
3-63, can be obtained by executing auto scale for all traces by using the setup examples
described in “STEP 2. Setting Measurement Conditions” on page 45.
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Basic Operations for RF Devices Measurement
STEP 8. Measuring DUT and Analyzing Measurement Results

Figure 3-60 (1) Frequency Characteristics of |Z|-Ls-Q

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

1.0000 ma
TART 1 MH=

|Bias OFF [CalFix  [CompON [Del14m [Awg 1 [EwFef | [

M Trace 1 axis : |Z]
@ Trace 2 axis : Ls
@ Trace 3 axis : Q

Figure 3-61 (2) Frequency Characteristics of |Z|-R-X

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

—

*%: IEI:[Q]

1.0000
TART 1.5 GHz OFF
|Bias OFF [CalFix  [CompON [Del14m [Awg 1 [EwFef | I
M Trace 1 axis : |Z]

@ Trace 2 axis - R
@ Trace 3 axis : X
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Figure 3-62 (3) Oscillator Level (Current) Characteristics of Ls-Q

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem
100,000 ui 46,5212 nH
—
2: 0 [U]

| Deltdm [&vg 1 [EmRef [
(D Trace 1 axis : Ls
@ Trace 2 axis : Q

Figure 3-63 (4) Dc Bias (Current) Characteristics of Ls-Q (Option 001)

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem
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[BiasON [CalFix  [CompON [DelT4m [Awg 1 [EwFef | [ I
(D Trace 1 axis : Ls
@ Trace 2 axis : Q

Chapter 3 85



NOTE
Step 1.
Figure 3-64
Step 2.
Step 3.
Table 3-10
Figure 3-65

Basic Operations for RF Devices Measurement
STEP 8. Measuring DUT and Analyzing Measurement Results

Adjusting Scale

When a trace is formed flat, executing auto scale makes the scale value of the grid smaller
so that the overall trace can be monitored on the full screen (Figure 3-62 and Figure 3-63).
To change the scale to a desired value, adjust it by following these steps. In this section, the
scale is adjusted by using the setup example of Figure 3-62, “(3) Oscillator Level (Current)
Characteristics of Ls-Q,” on page 85 (when the display format is linear).

Scaling parameters for the adjustment vary according to the display format. For details
about scaling parameters, refer to Chapter 5, “Display Setting” in the E4991A Operation
Manual.

Click Scale... on the Scale menu.

Step 1
Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]

Trace Meas.-"FormatlS ale Display  Marker Stimulus  Trigger Uity  Save/Recall  System

FR1 100.000 uk 46.4074 n [T
 Se—

L)

Autozcale All

Autoscale

Select Marker:
I Marker 1 'I

Click the Scale Entry button and then select the button display of [Scale/Ref] or
[Top/Bottom].

Adjust the scale by inputting the appropriate value in each scaling parameter box.

Scaling parameters of Scale Entry button displays

Scale Entry button’s display Scaling parameter
Scale Entry: Full Scale, Ref Val or Ref Pos box
[ ScalefRef ]
Scale Entry: Top, Bottom or Ref Pos hox
[ Top/Bottam ]

Scaling parameters for linear display format

Linear display format
Top
Full Scale
Ref Posp> < Ref val
Bottom
E4991aqe024
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Figure 3-66 (3) Oscillator Level (Current) Characteristics of Ls-Q (after adjustment)

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

Savg OFF
|Bias OFF [CalFix  [CompON [Del14m [Awg 1 [EwFef | I

Performing Averaging

When the measured trace does not appear smooth on the display, a smooth trace may be
obtained by performing point averaging or sweep averaging. Especially for the high Q (low
D) measurement, you should perform averaging. This section describes the procedure for
averaging by using the setup example of Figure 3-61, “(2) Frequency Characteristics of
|Z]-R-X,” on page 84.
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Averaging
Averaging includes point averaging and sweep averaging.

[ Point averaging

Point averaging smooths the trace by repeating the measurement on each measurement
point until the averaging count is reached (Figure 3-67).

d Sweep averaging

Sweep averaging smooths the trace by repeating the sweep until the averaging count is
reached (Figure 3-67).

NOTE Point averaging and sweep averaging can be performed at the same time.
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Figure 3-67 Point averaging and sweep averaging

® Measurement points
Number of measurement points = 6

Sweep averaging /////l
(Averaging count = 3) . » . -

Point averaging
(Averaging count = 3)
L END

E4991aqe025

Performing Point Averaging
Step 1. Click Sweep Setup... on the Stimulus menu (Figure 3-13).

Step 2. Set the averaging count in the Point Average box (Figure 3-68).

Figure 3-68 Step 2

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]

Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

Sweep Setup:

Number OF Paints:
|201 =

Point Average:
-

|| Sween Time:

NOTE Point averaging is started automatically when the averaging count is set to 2 or larger.

Step 3. Verify that the display of the status bar on the bottom of the screen changes to “Avg x,”
which indicates that the point averaging is performed x times (Figure 3-69).
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Step 1.
Step 2.
Figure 3-69
Step 3.
Step 4.
NOTE
Figure 3-70

Basic Operations for RF Devices Measurement
STEP 8. Measuring DUT and Analyzing Measurement Results

Performing Sweep Averaging
Click Meas/Format... on the Meas/Format menu (Figure 3-8).

Click the Sweep Average button to change the button’s display to [On] (Figure 3-69).

Step 2, 3,4

Sweep Average: I
[on]

[

Swp Avwg Count: I

o (I

Sweep Average
Restart

TOF Hz
mp O [Del14m  Avg 16 [ExtRef

Fieady E_Blas OFF |Cal Fix

Set the averaging count in the Swp Avg Count box (Figure 3-69).

Verify that the display of the status bar on the bottom of the screen changes to “SAvg x,”
which indicates that the sweep averaging is performed x times (Figure 3-69).

If a smooth trace cannot be obtained by performing averaging, perform the measurement
after setting the point averaging count to larger values and then performing
calibration/fixture compensation at the user-defined frequency/user-defined power points
(Figure 3-70).

(2) Frequency Characteristics of |Z|-R-X

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem
1.5 GHz 1.12411 k&
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Step 1.
Step 2.

Step 3.

NOTE

Figure 3-71

Basic Operations for RF Devices Measurement
STEP 8. Measuring DUT and Analyzing Measurement Results

Using Marker Function

The marker function allows you to read trace values and stimulus values at any point on the
active trace (Figure 3-56). The marker search function allows you to detect specific points
such as maximum values, minimum values, peak values and target values. This section
describes how to read trace values, detect maximum values, display a marker list, and clear
the markers.

Reading Trace Values
Click Marker... on the Marker menu (Figure 3-55).

Specify the trace (measurement parameter) to be read as the active (refer to Figure 3-9,
Figure 3-10).

Move the marker by any of the following methods to read trace values and stimulus values
in the upper right area of the screen (Figure 3-56).

» Move the cursor with the mouse to the marker point, where the cursor changes to a

finger icon ( @). Drag and drop to the point to be read (Figure 3-71).

“Drag and drop” means a series of operations including moving the cursor to a desired
point on the screen while pressing and holding the mouse button and then releasing the
button.

* Move the cursor to the Stimulus box, and then turn the rotary knob ( @ ) to move
the maker to the point to be read.
» Asshown in Figure 3-56, select the Stimulus box with the mouse and then enter the

stimulus value of the point to be read with the keyboard. For example, when reading
the trace value of a point with a stimulus value of 1 MHz, type [1] [M] [Enter].

Moving marker point by using mouse

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

MERL ; MHz 10.0015 o [T

1]
:.l s 0 E e Select Marker:
| i Marker 1 'l
0.75 Stimulus: Hz :j!
I|33.28?828269 M
Selected Marker:
[on]

[ Daka

Delta Marker
Menu

Marker To
Menu

All OFF

More

Savy OFF He
Ready |Bias OFF [CalFix  [CompOM [Del14m [Awg 1 |EwRef | [
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Step 4. Read the marker value displayed in the upper right area of the screen.

NOTE

When the Marker button’s display is changed to [Discrete] by clicking it after clicking the
More button, only the values of the measurement points on a trace can be read when using
the marker function. By changing the button’s display to [Continuous], the value of any
point on a trace can be read.

By clicking the Marker Couple button to change its display to [Off], markers of individual
traces can be controlled separately. That is, only the markers of the active trace can be
controlled. By changing the button’s display to [On], the markers of all traces can be
controlled together.

0sc 1.0000 md
START 1 MH= Shvg OFF 3] z .
|Bias OFF [CalFix  [CompOM [DelT4m [&vg 1 [ExtRef

l

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

Marker:
[ Discrete ]
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Figure 3-72

Figure 3-73

Table 3-11

Step 1.

Step 2.

Step 3.

Step 4.
Step 5.
Step 6.

Basic Operations for RF Devices Measurement
STEP 8. Measuring DUT and Analyzing Measurement Results

Detecting Maximum Value

This section describes how to search for the maximum value (self-resonance point) of the
measurement parameter |Z| by using the setup example of “(1) Frequency Characteristics
of |Z|-Ls-Q” on page 46.

Specify the trace (measurement parameter) to be read as the active (refer to Figure 3-9,
Figure 3-10). In this case, make Trace 1 (the measurement parameter |Z|) active.

Click Function... on the Marker menu (Figure 3-72).

Step 2

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]

Trace Meas/Format Scale Qispla}l[Ma[kei. Stimulus  Trigger  Utility  Save/Recall  System

Marker:
N
Select Marker:

i Marker 1 'l

_— ; Stimulus:  Hz :j!

Fetn More...
Limit...

Select Maximum in the Search Type box (Figure 3-73).

Step 3

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

Marker Fckn:

Search |

Search Type:
’Maximum i !

i

Target

__|Positive Peak
Megative Peak

Search Type box settings and search points

Search Type box Search point

Maximum Point where the trace value on the active trace is maximum

Minimum Point where the trace value on the active trace is minimum

Target Point where the trace value on the active trace is set to a target

Positive Peak Point where the trace value on the active trace is a positive
peak

Negative Peak Point where the trace value on the active trace is a negative
peak

Click the Search button (Figure 3-73).
Active marker moves to the maximum value on the active trace (Figure 3-74).

Read the marker value displayed in upper right area of the screen.
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Figure 3-74

Figure 3-75

Step 1.
Step 2.
Step 3.
Step 4.
Step 5.
Step 6.
Step 7.

Basic Operations for RF Devices Measurement
STEP 8. Measuring DUT and Analyzing Measurement Results

Detecting maximum value

The maximum value of |Z]

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1

Trace Meaz/Format Scale Display  Marker Stimuus  Trigger Uty Save/Recall Spstem

Marker Fckn:

Search

Search Typ

iMaximum i ;
= |

ek

Search Track:
[ Off ]

Search Def & Range
Menu

More

Feady |Bias OFF [CalFix  [CompON [Del14m [Awg 1 [EwFef |

Displaying Marker List

Up to eight markers can be displayed in a list. In this section, six markers are displayed in a
list for the measurement parameter Ls while using the setup example of “(1) Frequency
Characteristics of |Z|-Ls-Q” on page 46.

Click Display... on the Display menu (Figure 3-6).

Select 1 Scalar in the Num Of Traces box as shown in Figure 3-7.
Click Meas/Format... on the Meas/Format menu (Figure 3-8).
Select Ls in the Meas Parameter box (Figure 3-12).

Check that the Format box is set to Lin Y-Axis.

Click Autoscale on the Scale menu (Figure 3-54).

Click Fctn More... on the Marker menu (Figure 3-75).

Step 7

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Qispla}l|Ma[ker Stimulus  Trigger  Utility  Save/Recall  System

Marker...
Function...

Meas/Format:

Meas Parameter:
:

Farmat:

!Lin f-Axis ';

All Off
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Basic Operations for RF Devices Measurement
STEP 8. Measuring DUT and Analyzing Measurement Results

Step 8. Click the Marker List button to change the button’s display to [On] (Figure 3-76).

Figure 3-76 Step 8

Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

Statistics:
[ OFf ]

Step 9. Click Marker... on the Marker menu (Figure 3-55).

Step 10. Move the active marker to the point to be read. Then place it on the point of frequency,
which is 1 MHz in this example.

Step 11. Select Marker 2 in the Select Marker box (Figure 3-77).

Figure 3-77 Step 11

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

IMarker:

Select Marker:

Marker 1 ™ i

| Marker R
Marker 1

1_ Marker 3
J Marker 4
3 Marker 5
Marker &
Marker 7
Marker &

Step 12. Move the active marker to the point to be read.

Step 13. In the same way, place Marker 3 through Marker 6 on the points to be read individually
(Figure 3-78).

NOTE The marker point for the active marker is indicated by a large triangle (A).
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Figure 3-78
Step 1.
Step 2.
Step 3.
Figure 3-79
Step 4.
NOTE

Basic Operations for RF Devices Measurement
STEP 8. Measuring DUT and Analyzing Measurement Results

Displaying marker list
Trace 1 - E4991A RF Impedance/M aterial Analyzer
Trace Meaz/Format Scale Display  Marker Stimujus  Trigger Uty Save/Recall  Spstem

IMarker:

Select Marker:
l Marker & 'i

Stimulus:  Hz =

Selected Marker:
[on]

Delta Marker
Menu

EE——

Marker To
Menu
—

All CFf

More
E| OF 3 -
|Bias OFF [CalFix  [CompON [DelT4m [Awg 1  [EwtFef

Clearing Markers

Follow the procedure given below to clear active markers.

Click Marker... on the Marker menu (Figure 3-55).

Select the marker number to be cleared in the Select Marker box. (Figure 3-79).

Click the Selected Marker button to change the button’s display to [Off] (Figure 3-79).

Step 3

Trace 1 - E4991A RF Impedance/M aterial Analyzer
Trace Meaz/Format Scale Display  Marker Stimujus  Trigger Uity _Sage.-"F!ec:aIIi System

IMarker:

Select Marker: I
l Marker 1 'i I
g el

Stimulus:  Hz

Selected Marker:
[ Off ]

Active marker (Marker 1) is cleared.

Click All Off on the Marker menu to clear all markers.
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NOTE

Table 3-12

Figure 3-80

Step 1.

Basic Operations for RF Devices Measurement
STEP 8. Measuring DUT and Analyzing Measurement Results

Executing Equivalent Circuit Analysis

The E4991A is provided with five types of equivalent circuit models that can be used to
calculate approximate values of equivalent circuit parameters from measurement data. The
approximate values of equivalent circuit parameters obtained by calculation can be used to
simulate the frequency characteristics on the display screen.

The equivalent circuit analysis function can be used only when the sweep parameter is
frequency.

Selection of equivalent circuit model

Equivalent circuit model | DUT type

A Inductors with high core
= loss

B .
4 } Inductors and resistors

8 —{ High-value resistors

- Capacitors

E «Em» Resonators

Calculating Approximate Values of Equivalent Circuit Parameters

In this section, a chip inductor is used to calculate the approximate value by using the setup
example of “(1) Frequency Characteristics of |Z|-Ls-Q” on page 46.

Click Equivalent Circuit... on the Utility menu (Figure 3-80).

Step 1

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker  Stimulus Triggerlgtility Save/Recall System
Lltility...

S S— Equivalent Circuit...

*_1: |:| ) [_5_2_]_ ) : I..'E-. [”H] N M aterial Optior...
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Step 2. Click Select Circuit button (Figure 3-81).

Figure 3-81 Step 2

Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

| € | Equivalent Circuit:

Select Circuit

Step 3. Select equivalent circuit model B to analyze the chip inductor (Table 3-12). Then click the
<< hutton to return to the Equivalent Circuit toolbar (Figure 3-82).

Figure 3-82 Step 3

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

Step 4. Click the Calculate Parameters button to display the approximate values. (Figure 3-83).
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Figure 3-83 Displaying approximate values and Simulating frequency characteristics

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

€ | Equivalent Circuit:

a1 . oo A3 Select Circuit
[E]

Rl: ]

| [1.8352755 |

Cl: F

[160.57188 f =

Li: H

;43.130?32 n

Calculate

Simulate
Freq-Char

I Simulate
Freq-Char

q OFF of &ll Traces

|Biaz OFF |Cal Fix
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Simulating Frequency Characteristics

We can simulate the frequency characteristics of Trace 1 (|Z|) by using the approximate
value obtained by the above calculation based on the setup example of “(1) Frequency
Characteristics of |Z|-Ls-Q” on page 46.

Simulation can also be done by inputting a desired value in the parameter box of an
individual equivalent circuit model.

NOTE

Step 1.

Step 2.

Step 3.
NOTE

Step 1.
NOTE

Step 2.
Figure 3-84

Step 3.

Click Equivalent Circuit... on the Utility menu (Figure 3-80).
Specify Trace 1 (JZ]) as the active trace (* mark) as shown in Figure 3-9 and Figure 3-10.
Click the Simulate F-Characteristics button to simulate the frequency characteristics of

Trace 1 (|Z]). The simulated data are traced on the display screen (Figure 3-83).

Clicking the Simulate F-Characteristics to All Traces button in the Equivalent Circuit
toolbar simulates the frequency characteristics of all traces.

Enlarging Trace (Zoom Function, Mouse Operation Only)

The mouse can be used to select a range for enlarged display. This zoom function is
accomplished by the following steps. Here, the zoom function is performed by using the
example shown in Figure 3-61, “(2) Frequency Characteristics of |Z|-R-X,” on page 84.

Select the range to be enlarged by dragging with the mouse (Figure 3-84).

“Drag” means a series of operations including moving the mouse pointer while pressing
and holding the mouse button to select a desired range before releasing the button.

The selected area on the display is enlarged (Figure 3-84).

Zoom screen

1.12454 kQ

+-0.4*10"

RIGHT 1.50

Click the mouse on the screen to clear the zoomed image and return the display to the

previous standard size.
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Figure 3-85

Step 1.
Step 2.

Step 3.

Step 4.

NOTE

Step 1.

Basic Operations for RF Devices Measurement
STEP 8. Measuring DUT and Analyzing Measurement Results

Displaying Traces on Individual Windows

In scalar trace, there is a “split” function to divide a screen into windows for displaying
each trace individually. Since the traces do not overlap, this function can be used to focus
on the data you want to analyze. This section describes how to divide the screen using the
setup example of “(1) Frequency Characteristics of |Z|-Ls-Q” on page 46.

Click Display... on the Display menu (Figure 3-6).

Click the Display Scalar Trace button to change the button’s display to [Split] (Figure
3-85).

The screen divides into three windows, and each scalar trace is displayed in an individual

window (Figure 3-85)

Divided display screen

Trace 3 - E4991A RF Impedance/M aterial Analyzer
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

Display: E

Mum OF Traces:

IS Scalar 'l

Display Scalar Trace: ]
[ Split: ]

Copy
Data -= Memory

Define Trace:

lData i i

Math Offset:
1]

List Walues:
[ Off ]

PrintjClipboard
Menu

More

Ready |Bias OFF [CalFix  |[Comp ON [Del14m |Awg 1 [ExtRef | [
To return to overlay screen and displays all traces in one screen, click the Display Scalar

Trace button to change the button’s display to [Overlay].

Displaying Smith Chart

In addition to scalar trace, you can also display a complex trace (complex plane format,
polar coordinate format, Smith chart, and admittance chart). In this section, a Smith chart is
displayed by using the setup example of “(1) Frequency Characteristics of |Z|-Ls-Q” on
page 46.

The Smith chart and admittance chart are used only for measuring reflection coefficient

().

Click Display... on the Display menu (Figure 3-6).
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Figure 3-86

Figure 3-87

Table 3-13

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Basic Operations for RF Devices Measurement
STEP 8. Measuring DUT and Analyzing Measurement Results

Select 3 Sclr, 1 Cmplx in the Num Of Traces box as shown in Figure 3-7.

The scalar traces of three measurement parameters are displayed at the top of the screen,
and the complex trace of measurement parameter (|Z|) is displayed at the bottom of the
screen.

Specify Trace 4 (the polar display format) as the active trace (* mark) as shown in Figure
3-9 and Figure 3-10.

Click Meas/Format... on the Meas/Format menu (Figure 3-8).

Select the reflection coefficient (T ) in the Meas Parameter box (Figure 3-86).

Step 6

Trace 4 - E4991A RF Impedance/M aterial Analyzer
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

Meas/Format:

Meas Parameter:

Expand Phase:

Step 7. Select Smith in the Format box (Figure 3-87).

Step 7

Meas Parameter:

—

Farmat:

Palar i l

— [Complex
Palar

__{Admittance

Phase Unit:
[ Degree ]

Format box settings and Complex traces

Format box Complex trace
Complex Complex plane format
Polar Polar coordinate format
Smith Smith chart
Admittance Admittance chart

Step 8. The display screen as shown in Figure 3-88 is obtained.
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Figure 3-88 Smith chart screen

Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

Meas Format:

Meas Parameter:
I T - i

Farmat:

EA—

Phase Lnit
[ Degree ]

Sweep Average:
[ OFf ]

Swp g Count:
4

Swieep Average
Restart

Ready |Bias OFF [CalFix  [CompOM [Del14m [&wg 1 |EwRef | [

Displaying Five Windows

A maximum of five windows can be displayed at one time: up to three windows for scalar
trace and up to two windows for complex trace. In this section, five windows are displayed
by using the setup example of “(1) Frequency Characteristics of |Z|-Ls-Q” on page 46.

Step 1. Click Display... on the Display menu (Figure 3-6).
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Step 2. Select 3 Sclr, 2 Cmplx in the Num Of Traces box as shown in Figure 3-7.

Step 3. Click Display Scalar Trace button to change the button’s display to [Split] (Figure 3-85).

Step 4. Five windows including three windows for scalar trace and two windows for complex
trance are displayed (Figure 3-89).
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STEP 8. Measuring DUT and Analyzing Measurement Results

Figure 3-89 Five-window display

Trace Meaz/Format Scale Display  Marker  Stimuus  Trigger ity  Sawe/Fecall System

[T TPEE i N
i B s Display:

Mumn OF Traces:

|3 Sclr, 2 Cmpl 'I

Tiwy OTT

Copy
[ERTEHES ] : Drata -= Memory
[———

Define Trace:

IData i i

LAE OTT
Tiy OTT Stof 3 cac

30 I List Walues:
]

[ Off

Print/Clipboard
Menu

More

|Bias OFF [CalFix  [CompON [Del14m  |Awg 1 |EwRef | |
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NOTE

NOTE

Basic Operations for RF Devices Measurement
STEP 9. Changing Sweep Conditions

STEP 9. Changing Sweep Conditions

When the measurement points for calibration are user-defined frequency/user-defined
power points, start measurement with “STEP 3. Calibration” on page 60 after changing the
measurement conditions. When the measurement points for calibration are fixed
frequency/fixed power points, start measurement with “STEP 8. Measuring DUT and
Analyzing Measurement Results” on page 82.

When the measurement points for calibration are fixed frequency/user-defined power
points, start measurement with “STEP 3. Calibration” on page 60 after changing the
oscillator level. When you change other sweep conditions, start measurement with “STEP
8. Measuring DUT and Analyzing Measurement Results” on page 82.

STEP 10. Measuring Other DUTs

If you measure another DUT of the same type and size as the one used in the previous
measurement, start measurement with “STEP 7. Connecting DUT to Test Fixture” on
page 81. If you use the same test fixture to measure a DUT of a different type and size, start
measurement with “STEP 6. Fixture Compensation” on page 73. When using a different
test fixture, start measurement with “STEP 4. Connecting Test Fixture” on page 70.

When measuring a DUT in the initial state after turning the power ON, start measurement
with “STEP 2. Setting Measurement Conditions” on page 45.
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Basic Operations for RF Devices Measurement
STEP 10. Measuring Other DUTs
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Basic Operations for Dielectric
Measurement

This chapter explains the basic operations for taking dielectric measurements with the
Agilent E4991A. To perform this type of measurement, the Option 002 (Material
Measurement) software must be installed.
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Basic Operations for Dielectric Measurement

Contents of this
chapter
1 Dielectric Measurement Overview page 107
Measurement example and a basic flow for dielectric measurement.
[ STEP 1. Preparation for Measurement page 108
How to prepare for measurement.
[ STEP 2. Selecting Measurement Mode page 110
How to set the E4991A measurement mode to dielectric measurement mode.
d STEP 3. Setting Measurement Conditions page 111
How to set sweep conditions and measurement parameters.
(d STEP 4. Connecting 16453A page 113
How to connect the 16453A test fixture to the 7-mm terminal of the test head.
d STEP 5. Entering Thickness of Load Standard page 114
How to enter the thickness of the provided load standard (made of Teflon).
1 STEP 6. Calibration page 115

How to perform OPEN, SHORT and LOAD calibrations on the MUT
connection terminal of the 16453A test fixture.

(d STEP 7. Entering Thickness of MUT page 120
How to enter the thickness of the MUT (dielectric material).
[ STEP 8. Connecting MUT page 121
How to connect the MUT (dielectric material) to the test fixture.
[ STEP 9. Measuring MUT and Analyzing Measurement Results page 122

How to achieve the optimum setting of the vertical axis scale and analyze the
measurement results.

[ STEP 10. Changing Sweep Conditions page 123
How to change sweep conditions.
d STEP 11. Measuring Other MUTs page 123

How to measure other MUTSs.
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Figure 4-1

Basic Operations for Dielectric Measurement
Dielectric Measurement Overview

Dielectric Measurement Overview

When the E4991A has the option 002 installed, dielectric measurement is possible. This
chapter describes the basic operations done by using the mouse and keyboard to evaluate
the following characteristics:

« Frequency characteristics of & - & -tand

Flow for Dielectric Measurement

The basic procedure for dielectric measurement is given in the flow chart of Figure 4-1.

Basic procedure for dielectric measurement

( START )
l

‘ STEP 1. Preparation for measurement

l

’ STEP 2. Selecting measurement mode ‘

i

’ STEP 3. Setting measurement conditions ‘

i

] STEP 4. Connecting 16453A ‘

l

‘ STEP 5. Entering thickness of LOAD standard ‘

\
v

’ STEP 6. Calibration ‘

Different

MUT thickness?

v

| STEP 7. Entering thickness of MUT |

Same

User Freq & Pwr

STEP 8. Connecting MUT |

© Measurement points
‘ Fixed, Full Range of calibration/ fixture

v compensation data?

STEP 9. Measuring MUT and analyzing
measurement results

l

. = After changing
TEP 10. Changing sweep conditions

No change

Other DUTs STEP 11. Measuring other MUTs?

No other MUTs

( END )

e4991aqe520
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Basic Operations for Dielectric Measurement
STEP 1. Preparation for Measurement

STEP 1. Preparation for Measurement

Selection of MUT and Test Fixture

With the E4991A, the 16453A test fixture can be used to measure dielectric materials
(Table 4-1). The applicable dielectric materials are solid with a smooth surface, such as
ceramic, Teflon, and resin (Figure 4-2).

Figure 4-2 Applicable dielectric materials
: |
<> i
le // d N |
™ < 21
\\J/j K Ny R
material_dielectric
Table 4-1 Features of 16453A test fixture
Frequency range Maximum dc bias voltage Dielectric material size
value
1MtolGHz +40V d>15mm

0.3mMm<t<3mm

Required Equipment

The following equipment is required to perform dielectric measurement.
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Figure 4-3

NOTE

Step 1.

Step 2.

Basic Operations for Dielectric Measurement
STEP 1. Preparation for Measurement

Required equipment

]
PN Y- 1Y

Test head

Mouse Tweezers

Fixture holder

=

g MUT (dielectric material)
Load

Agilent 16453A test fixture

e4991aqe027

Connecting Mouse, Keyboard, and Test Head

Connect the mouse, keyboard and test head to the E4991A by referring to “Connection to
Rear Panel” on page 27 and “Connecting the Test Head” on page 28. Be sure not to remove
the four feet on the bottom of the E4991A when connecting the test head.

Be sure to connect the mouse and keyboard before turning the power ON.

Turning the Power ON

Perform the following steps to turn the power ON. The E4991A starts a self-test
automatically when the power is turned ON.

If the standby switch ((')) in the lower-left part of the front panel is in the position ( 1L )

position, press it to put it in the popped up position (D_).

Press the standby switch to the depressed position ( L1 ).

NOTE

Special caution is required when turning the power ON or OFF. Refer to “Turning the
Power ON and OFF” on page 31.

Chapter 4 109

E
jod)
Q
(28
o
O
=]
®
=
=3
o
>
2
—
o
=

o
©
(9%
Q
—
=.
o
<
[}
QD
[%2])
c
=
@
=
@
>
=




Basic Operations for Dielectric Measurement
STEP 2. Selecting Measurement Mode

STEP 2. Selecting Measurement Mode

You must set the E4991A measurement mode from the initial state to the dielectric
measurement mode.

Step 1. Click Preset on the System menu to set the initial state.
Step 2. Click Utility... on the Utility menu.
Step 3. Click the Material Option Menu button.

Step 4. Select Permittivity in the Material Type box.

NOTE When you set the E4991A measurement mode to Dielectric Material, the 16453A is
automatically set as the texture fixture to be used.
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Step 1.
Step 2.
Step 3.
Step 4.

Step 5.
Step 6.

Step 7.

Basic Operations for Dielectric Measurement
STEP 3. Setting Measurement Conditions

STEP 3. Setting Measurement Conditions

Before starting the measurement, you must set the measurement parameters and sweep
conditions according to your measurement requirements. This section describes the setup
procedure for the following measurement.

« Frequency characteristics of & - & -tand

First you should change the measurement conditions from the initial state of the E4991A as
shown in Table 4-2.

Table 4-2 Setup example for this measurement
Parameter setting Setup example Initial state
Trace 1 g/ g/
Measurement
parameters Trace 2 &' &'
Trace 3 tand tand
Trace 1 linear linear
Display formats Trace 2 linear linear
Trace 3 linear linear
Sweep parameter Frequency Frequency
Sweep type Log Linear
Source mode \oltage \oltage
Oscillator level 100 mvV 100 mV
Sweep range (Frequency) 1 MHz to 1 GHz 1 MHz to 3 GHz

Setting the Measurement Parameters and Display Formats

Click Display... on the Display menu.

Select 3 Scalar in the Num of Traces box.

Click Meas/Format... on the Meas/Format menu.

Specify Trace 1 as the active trace (* mark) and select er” in the Meas Parameter box.

Select Lin Y-Axis in the Format box.

Specify Trace 2 as the active trace (* mark) and select er" in the Meas Parameter box.

Select Lin Y-Axis in the Format box.
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Step 8.

Step 9.

Step 1.
Step 2.

Step 3.
Step 4.

Step 1.

Step 2.
Step 3.

Step 1.
Step 2.

Step 3.

Basic Operations for Dielectric Measurement
STEP 3. Setting Measurement Conditions

Specify Trace 3 as the active trace (* mark) and select tans (¢) from the Meas Parameter
box.

Select Lin Y-Axis in the Format box.

Setting the Measurement Points, Sweep Parameter, and Sweep Type

Click Sweep Setup... on the Stimulus menu.

In the Number Of Points box, enter the desired measurement points. For example, if you
want to enter 301, type [3] [0] [1] [Enter] with the keyboard.

Select Frequency in the Sweep Parameter box.

Select Log in the Sweep Type box.

Setting the Source Mode and Oscillator Level

Click Source... on the Stimulus menu.

Select Voltage in the Osc Unit box.

In the Osc Level box, enter the oscillator level. For example, if you want to enter 100 mV,
type [1] [0] [0] [m] [Enter] with the keyboard.

Setting the Sweep Range (Frequency)

Click Start/Stop... on the Stimulus menu.

In the Start box, enter the start frequency. For example, if you want to enter 1 MHz, type
[1] [M] [Enter] with the keyboard.

In the Stop box, enter the stop frequency. For example, if you want to enter 1 GHz, type [1]
[G] [Enter] with the keyboard.
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STEP 4. Connecting 16453A

STEP 4. Connecting 16453A

Connect the 16453A test fixture to the 7-mm terminal of the test head by following these
steps.

Step 1. As shown in Figure 3-42 on page 70, turn the 7-mm connector nut of the test head
counterclockwise until the connector sleeve is fully retracted.

Step 2. Tighten the two small screws of the fixture holder to secure the fixture holder to the test
fixture body (Figure 4-4, 2).

Step 3. Connect the 7-mm connector of the test fixture to the 7-mm terminal of the test head
(Figure 4-4, 3).

Step 4. Tighten the two large screws of the fixture holder to secure the test fixture to the test head
(Figure 4-4, 4).

Figure 4-4 Connecting the 16453A
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NOTE
Step 1.
Step 2.
Step 3.
NOTE

Basic Operations for Dielectric Measurement
STEP 5. Entering Thickness of Load Standard

STEP 5. Entering Thickness of Load Standard

Enter the thickness of the Teflon load standard supplied with the 16453A test fixture by
following these steps. The thickness is printed on the surface of the case. When you use a
user-defined load standard for measuring dielectric materials, enter its thickness.

The thickness value written on the case is a typical value. If you need to enter a highly
accurate value, measure it with a micrometer or calipers.

Click Cal/Comp... on the Stimulus menu.
Click the Cal Kit Menu button.

In the Thickness box, enter the thickness of the load standard. For example, if the load
standard is 0.75 mm in thickness, type [0] [.] [7] [5] [m] [Enter] with the keyboard.

The load standard supplied with the 16453A test fixture is made of Teflon with a relative
permittivity of 2.1. Therefore, when the E4991A is in the initial state, the value in the er
Real box in the Cal Kit toolbar is set to 2.1000 and the value in the er Loss box is set to
0.0000. If you use a user-defined load standard, change these values accordingly. For more
on the calibration kit, refer to Chapter 4, “Calibration and Compensation” in the E4991A
Operation Manual.
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Figure 4-5

Table 4-3

Step 1.
Step 2.

Step 3.
Step 4.

Basic Operations for Dielectric Measurement
STEP 6. Calibration

STEP 6. Calibration

Calibration is performed by using the MUT connection plane of the 16453A test fixture as
the calibration reference plane (Figure 4-5). By performing calibration on the MUT
connection plane, you can eliminate errors due to the test fixture’s residuals and electric
length. Therefore, unlike impedance measurement, electric length or fixture compensation
is not required (see Table 4-3).

Error model of 16453A test fixture

7 ' Contact surface

y 5 Calibration reference
surface

> Calibration

Error due to residuals

Error due to electric length
(Phase shift)

<€— Test Fixture 16453A —>»|

e4991aqe504

Differences in calibration and fixture compensation between impedance and
dielectric measurement

Perform calibration by following these steps.

Correction Impedance Dielectric measurement
measurement I
Calibration reference surface 7-mm terminal (usual) MUT connection plane %
0,
Electric length setting Required Not required g
©
Fixture compensation Required Not required g
é?
>
(2]
S

Click Cal/Comp... on the Stimulus menu.
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In the Fixture Type box, confirm that the test fixture is set to 16453. Otherwise, set the
measurement mode to dielectric measurement mode.

Click the Cal Menu button.

In the Cal Type box, select the desired type of measurement points for the calibration data.
For details on the measurement points of calibration data, refer to Table 3-7, “Types of
measurement points for calibration/fixture compensation data,” on page 60, and Table 3-8,
“Cal Type box settings and measurement points for calibration/fixture compensation data,”
on page 61.
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Basic Operations for Dielectric Measurement
STEP 6. Calibration

Step 5. Set the MUT connection plane of the test fixture to the SHORT state (Figure 4-6).

Figure 4-6 SHORT state (16453A)

—Knob

Pressure [}—Latch
adjusting nut button

1

1. Release the latch button so that the upper electrode
makes contact with the lower electrode of the
16453A text fixture.

e4991age515

Step 6. Click the Meas Short button to start measuring SHORT calibration data. Upon completion
of the SHORT calibration measurement, a \ mark appears on the left side of the Meas

Short button.

NOTE During calibration data measurement, the message “Wait-Measuring Cal Standard”
appears at the left end of the status bar at the bottom of the screen.
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Basic Operations for Dielectric Measurement
STEP 6. Calibration

Step 7. Set the MUT connection plane of the test fixture to the OPEN state (Figure 4-7).

Figure 4-7 OPEN state (16453A)

&

1

€6104010 ‘ (C6104011 ‘

1. Pull up the knob. 2. Press the latch button while holding up the knob.

(C6104012 ‘
3. When the knob is released, it remains in the up position.

e4991aqe516

Step 8. Click the Meas Open button to start measuring OPEN calibration data. Upon completion
of the OPEN calibration data measurement, a v mark appears on the left side of the Meas

Open button.
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Basic Operations for Dielectric Measurement
STEP 6. Calibration

Step 9. Connect the load standard supplied with the 16453A test fixture to the test fixture by
inserting it between the electrodes of the test fixture (Figure 4-8).

Figure 4-8 Connecting LOAD standard (16453A)

%

——t—

(C6104013 [C6104017

1. Use tweezers to carefully place the load standard 2. Caution: make sure that the load standard only comes
on the lower electrode. into contact with the electrodes of the 16453A test fixture.

| e

1

G =2

T, T |

— 1]

(C6104014 €6104015 ‘

3. Pull up the knob to release the latch button. 4. By holding back the knob, allow the top electrode to
slowly lower onto the load. Then push down on the
knob to stabilize the contact. Turn the pressure adjusting
nut so that the pressure is maximized without deforming
the load material.

e4991aqe517

NOTE When connecting a load standard or a MUT to the test fixture, make sure that it only comes
into contact with the test fixture’s electrodes. Also, be careful not to give the upper
electrode horizontal pressure by moving the load standard or the MUT while it is in
position between the electrodes.
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Basic Operations for Dielectric Measurement
STEP 6. Calibration

Step 10. Click the Meas Load button to start measuring LOAD calibration data. Upon completion
of the LOAD calibration data measurement, a ¥ mark appears on the left side of the Meas

Load button.

Step 11. Click the Done button to instruct the E4991A to calculate the calibration coefficient from
the measured calibration data and save it to the internal memory.

Step 12. Depending on the measurement points of the calibration data specified in the Cal Type
box, the display below the Cal Menu button and on the status bar at the bottom of the
screen will change, as shown in the following table.

Table 4-4 Status display when calibration is completed
Cal Type box Display below the Cal Menu button Status bar on the bottom of the screen
Before After Before After
calibration calibration calibration calibration
User Freq&Pwr [Uncal] — [User] Uncal — Cal User
Fixed Freq&Pwr [Uncal] - [Fix] Uncal — Cal Fix
FixedFreq,UserPwr [Uncal] - [FixR] Uncal - Cal FixR
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NOTE

Step 1.
Step 2.
Step 3.

Basic Operations for Dielectric Measurement
STEP 7. Entering Thickness of MUT

STEP 7. Entering Thickness of MUT

You must enter the thickness of the MUT before you can perform measurement. Use a
micrometer or calipers to measure the thickness.

The 16453A test fixture imposes restrictions on the thickness and diameter of the MUT
(see Table 4-1 on page 108).

Click Utility... on the Utility menu.
Click the Material Option Menu button.

In the Thickness box, enter the thickness of the MUT. For example, if the MUT is 1 mm in
thickness, type [1] [m] [Enter] with the keyboard.
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Basic Operations for Dielectric Measurement
STEP 8. Connecting MUT

NOTE

NOTE

STEP 8. Connecting MUT

As with the load standard (Figure 4-8), connect the MUT to the 16453A test fixture by
inserting it between the test fixture’s upper and lower electrodes.

When connecting a load standard or a MUT to the test fixture, make sure that it only comes
into contact with the test fixture’s electrodes. Also, be careful not to give the upper
electrode horizontal pressure by moving the load standard or the MUT while it is in
position between the electrodes.

If the pressure from the upper and lower electrodes is too weak, this may create a gap
between the MUT and the electrodes and thus cause measurement errors. It is
recommended that the pressure be maximized to the extent that it does not deform the
MUT. For best repeatability when measuring both a load standard and a MUT, connect
them to the test fixture with the same pressure.
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Basic Operations for Dielectric Measurement
STEP 9. Measuring MUT and Analyzing Measurement Results

|
STEP 9. Measuring MUT and Analyzing Measurement
Results
After performing calibration, the measurement results are displayed on the screen when the
MUT is set on the test fixture. Analyze the measurement results using a marker function
while referencing to “STEP 8. Measuring DUT and Analyzing Measurement Results” on
page 82 in Chapter 3, “Basic Operations for RF Devices Measurement.”
You will obtain the following measurement results by executing auto scale for individual
parameters while using the setup example of “STEP 3. Setting Measurement Conditions”
on page 111.

Figure 4-9 Frequency characteristics of &' - & -tand

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]
Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

—

BIAS OFF
STOP 1 GHz

SAvyg OFF
|Biaz OFF |CalFix  |Comp OFF | ltwg 1 [ExtRef |

(M Trace 1 axis : £ ¢
@ Trace 2 axis - £ ¥
@ Trace 3 axis - tand (&)
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Basic Operations for Dielectric Measurement
STEP 10. Changing Sweep Conditions

NOTE

STEP 10. Changing Sweep Conditions

When the measurement points for calibration are user-defined frequency/user-defined
power points, start measurement with “STEP 6. Calibration” on page 115 after changing
the measurement conditions. When the measurement points for calibration are fixed
frequency/fixed power points, start measurement with “STEP 9. Measuring MUT and
Analyzing Measurement Results” on page 122 after changing the measurement conditions.

When the measurement points for calibration are fixed frequency/user-defined power
points, start measurement with “STEP 6. Calibration” on page 115 after changing the
oscillator level. When you change other sweep conditions, start measurement with “STEP
9. Measuring MUT and Analyzing Measurement Results” on page 122.

STEP 11. Measuring Other MUTSs

If you measure another MUT of the same thickness as the one in the previous
measurement, start measurement with “STEP 8. Connecting MUT” on page 121. If you
measure a MUT of a different thickness, start measurement with “STEP 7. Entering

Thickness of MUT” on page 120.
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Basic Operations for Dielectric Measurement
STEP 11. Measuring Other MUTs

124 Chapter 4



Basic Operations for Magnetic
Measurement

This chapter explains the basic operations for taking magnetic measurements with the
Agilent E4991A. To perform this type of measurement, the Option 002 (Material
Measurement) software must be installed.
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Basic Operations for Magnetic Measurement

Organization of
This Chapter

[ Magnetic Measurement Overview page 127
Measurement example and a basic flow for magnetic measurement.
d STEP 1. Preparation for Measurement page 128
How to prepare for measurement.
[ STEP 2. Selecting Measurement Mode page 130
How to set the E4991A measurement mode to magnetic measurement mode.
1 STEP 3. Setting Measurement Conditions page 131
How to set sweep conditions and measurement parameters.
1 STEP 4. Calibration page 133

How to perform OPEN / SHORT / LOAD (/ LOW-LOSS CAPACITOR)
calibrations.

d STEP 5. Connecting 16454A page 135
How to connect the 16454A test fixture to the 7-mm terminal of the test head.
[ STEP 6. Fixture Compensation page 137

How to perform SHORT compensation. Describes how to perform SHORT
compensation for the 16454A test fixture.

d STEP 7. Entering MUT Dimensions page 138
How to enter MUT (magnetic material) sizes.
d STEP 8. Mounting MUT page 139
How to mount a MUT (magnetic material) in the 16454A test fixture.
d STEP 9. Measuring MUT and Analyzing Measurement Results page 140

How to achieve the optimum setting of the vertical axis scale and analyze the
measurement results.

(d STEP 10. Changing Sweep Conditions page 141
How to change sweep conditions.
d STEP 11. Measuring Other MUTSs page 141

How to measure other MUTSs.
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Basic Operations for Magnetic Measurement
Magnetic Measurement Overview

Magnetic Measurement Overview

When the E4991A has option 002 installed, magnetic measurement is possible. This
chapter describes the basic operations done by using the mouse and keyboard to evaluate
the following characteristics:

» Frequency characteristics of p,' - p,” - tand

Flow for Magnetic Measurement

The basic procedure for magnetic measurement is given in the flow chart of Figure 5-1.

Figure 5-1 Basic procedure for magnetic measurement

( START )
i

‘ STEP 1. Preparation for measurement ‘

‘ STEP 2. Selecting measurement mode ‘

l

‘STEP 3. Setting measurement conditions ‘

[
v

‘ STEP 4. Calibration ‘

|
v

‘ STEP 5. Connecting 16454A ‘

Different

‘ STEP 6. Fixture compensation ‘

Test fixture size?

STEP 7. Entering MUT sizes

Different
MUT size?

User Freq & Pwr
‘ STEP 8. Mounting MUT ‘

i Measurement points
Fixed, Full Range of calibration/ fixture

compensation data?

STEP 9. Measuring MUT and analyzing
measurement results

After changing

TEP 10. Changing sweep conditions?

Yes

STEP 11. Measuring other MUTs?

( END )
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Basic Operations for Magnetic Measurement
STEP 1. Preparation for Measurement

STEP 1. Preparation for Measurement

Selection of MUT and Test Fixture

With the E4991A, the 16454A test fixture can be used to measure magnetic materials. The
applicable dielectric materials are toroidal cores with a donut shape, such as ferrite

magnets (Figure 5-2).

Figure 5-2 Applicable magnetic materials

e4991aqj512
Table 5-1 Features of 16454A test fixture
Frequency range Maximum dc bias current Magnetic material size
value
1MtolGHz +50 mA b>¢3.1mm
c<¢$20.0mm
h< 85mm

Required Equipment

The following equipment is required to perform magnetic measurement.
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Figure 5-3
NOTE
NOTE
Step 1.
Step 2.
NOTE

Basic Operations for Magnetic Measurement
STEP 1. Preparation for Measurement

Required equipment

IENN=N =)

Test head

Torque
wrench

[ Low loss
05 50 () capacitor

0L

=]

it

Agilent 16195B 7mm calibration kit

Keyboard
Tweezers
= = ©
Agilent 16454A test fixture @ @ MUT (magnetic material)
MUT holder
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Connecting Mouse, Keyboard, and Test Head

Connect the mouse, keyboard, and test head to the E4991A by referring to “Connection to
Rear Panel” on page 27 and “Connecting the Test Head” on page 28. Be sure not to remove
the four feet on the bottom of the E4991A when connecting the test head.

Be sure to connect the mouse and keyboard before turning the power ON.

Do not connect the test fixtures to the test head at this point because a calibration is
performed on the DUT port (7-mm terminal) of the test head later.

Turning the Power ON

Perform the following steps to turn the power ON. The E4991A starts a self-test
automatically when the power is turned ON.

If the standby switch ((')) in the lower-left part of the front panel is in the depressed

( L) position, press it to put it in the popped up position (D_).

Press the standby switch to the depressed position ( L1 ).

Special caution is required when turning the power ON or OFF. Refer to “Turning the
Power ON and OFF” on page 31.

Chapter 5 129

o
o
Q
28
(¢
@)

©
®
=
Q
=
o
>
2
—
o
=

<
QD
Q
>
1]
=
(9]
<
[0}
Q
(2]
c
=
®
=
®
>
—




Basic Operations for Magnetic Measurement
STEP 2. Selecting Measurement Mode

STEP 2. Selecting Measurement Mode

You must set the E4991A measurement mode from the initial state to the magnetic
measurement mode.

Step 1. Click Preset on the System menu to set the initial state.
Step 2. Click Utility... on the Utility menu.
Step 3. Click the Material Option Menu button.

Step 4. Select Permeability in the Material Type box.
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Step 1.
Step 2.
Step 3.
Step 4.
Step 5.
Step 6.
Step 7.
Step 8.

Basic Operations for Magnetic Measurement
STEP 3. Setting Measurement Conditions

STEP 3. Setting Measurement Conditions

Before starting the measurement, you must set the measurement parameters and sweep
conditions according to your measurement requirements. This section describes the setup
procedure for the following measurement.

» Frequency characteristics of p,' - p,” - tand

First you should change the measurement conditions from the initial state of the E4991A as
shown in Table 5-2.

Table 5-2 Setup example for this measurement
Parameter setting Setup example Initial state
Trace 1 [T B
Measurement
parameters Trace 2 a M
Trace 3 tand tand
Trace 1 linear linear
Display formats Trace 2 linear linear
Trace 3 linear linear
Sweep parameter Frequency Frequency
Sweep type Log Linear
Source mode Current \oltage
Oscillator level 2 mA 100 mV(2 mA)
Sweep range (Frequency) 1 MHz to 1 GHz 1 MHz to 3 GHz

Setting the Measurement Parameters and Display Formats

Click Display... on the Display menu.

Select 3 Scalar in the Num of Traces box.

Click Meas/Format... on the Meas/Format menu.

Specify Trace 1 as the active trace (* mark) and select ur* in the Meas Parameter box.
Select Lin Y-Axis in the Format box.

Specify Trace 2 as the active trace (* mark) and select ur" in the Meas Parameter box.
Select Lin Y-Axis in the Format box.

Specify Trace 3 as the active trace (* mark) and select tans (u) in the Meas Parameter box.
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Step 9.

Step 1.
Step 2.

Step 3.
Step 4.

Step 1.

Step 2.
Step 3.

Step 1.
Step 2.

Step 3.

Basic Operations for Magnetic Measurement
STEP 3. Setting Measurement Conditions

Select Lin Y-Axis in the Format box.

Setting the Measurement Points, Sweep Parameter and Sweep Type

Click Sweep Setup... on the Stimulus menu.

In the Number Of Points box, enter the desired measurement points. For example, if you
want to enter 300, type [3] [0] [0] [Enter] with the keyboard.

Select Frequency in the Sweep Parameter box.

Select Log in the Sweep Type box.

Setting the Source Mode and Oscillator Level

Click Source... on the Stimulus menu.

Select Current in the Osc Unit box.

In the Osc Level box, enter the oscillator level. For example, if you want to enter 2 mA,
type [2] [m] [Enter] with the keyboard.

Setting the Sweep Range (Frequency)

Click Start/Stop... on the Stimulus menu.

In the Start box, enter the start frequency. For example, if you want to enter 1 MHz, type
[1] [M] [Enter] with the keyboard.

In the Stop box, enter the stop frequency. For example, if you want to enter 1 GHz, type [1]
[G] [Enter] with the keyboard.

132 Chapter5



Figure 5-4

Table 5-3

Step 1.

Step 2.
Step 3.

Step 4.

Basic Operations for Magnetic Measurement
STEP 4. Calibration

STEP 4. Calibration

Calibration is performed by using the 7-mm terminal of the test head as the calibration
reference plane (Figure 5-4). Unlike impedance measurement, fixture compensation after
calibration requires only SHORT compensation (see Table 5-3).

Error model of 16454A test fixture

', — %
:  B~wmut
M i
8
T l Error due to :> Fixture
< residuals compensation
g (SHORT compensation only)
©
o T~
3
x
w Error due to
x electric length > Not needed
= (Phase shift)
i Calibration
reference > Calibration
surface

e4991age519
Differences in calibration and fixture compensation between impedance and
magnetic measurement

Correction Impedance measurement  Magnetic measurement

Calibration reference surface | 7-mm terminal (usual) 7-mm terminal

Electric length compensation | Required Not required

Fixture compensation OPEN/SHORT SHORT compensation
compensation only

Click Cal/Comp... on the Stimulus menu.
Click the Cal Menu button.

In the Cal Type box, select the desired type of measurement points for the
calibration/fixture compensation data. For details on the measurement points of the
calibration data, refer to Table 3-7, “Types of measurement points for calibration/fixture
compensation data,” on page 60, and Table 3-8, “Cal Type box settings and measurement
points for calibration/fixture compensation data,” on page 61.

Connect the 0 S (OPEN) standard to the 7-mm terminal of the test head (see Figure 3-31 on
page 62).

Chapter 5 133

<
QD
Q
>
1]
=
(9]
<
[0}
Q
(2]
c
=
®
=
®
>
—

o
o
Q
28
(¢
@)

©
®
=
Q
=
o
>
2
—
o
=




Step 5.

NOTE

Step 6.

Step 7.

Step 8.

Step 9.

Step 10.

NOTE

Step 11.

Step 12.

Basic Operations for Magnetic Measurement
STEP 4. Calibration

Click the Meas Open button to start measuring OPEN calibration data. Upon completion
of the OPEN calibration data measurement, a \ mark appears on the left side of the Meas

Open button.

During calibration data measurement, the message “Wait-Measuring Cal Standard”
appears at the left end of the status bar at the bottom of the screen.

Connect the 0 Q(SHORT) standard to the 7-mm terminal of the test head (see Figure 3-33
on page 63).

Click the Meas Short button to start measuring SHORT calibration data. Upon completion
of the SHORT calibration data measurement, a ¥ mark appears on the left side of the Meas
Short button.

Connect the 50 Q (LOAD) standard to the 7-mm terminal of the test head (see Figure 3-36
on page 64).

Click the Meas Load button to start measuring LOAD calibration data. Upon completion
of the LOAD calibration data measurement, a ¥ mark appears on the left side of the Meas

Load button.

Measure LOW-LOSS CAPACITOR calibration data, if necessary. Connect the
LOW-LOSS CAPACITOR to the 7-mm terminal of the test head (see Figure 3-38 on
page 65). Then click the Meas Low Loss C button to start measuring LOW-LOSS
CAPACITOR calibration data. Upon completion of the LOW-LOSS CAPACITOR
calibration data measurement, a \ mark appears on the left side of the Meas Low Loss C
button.

When you measure a low loss magnetic material, measure LOW-LOSS CAPACITOR
calibration data. This allows high accuracy for high Q measurement at high frequencies.

Click the Done button to instruct the E4991A to calculate the calibration coefficient from
the measured calibration data and save it to the internal memory.

Depending on the measurement points of the calibration/fixture compensation data
specified in the Cal Type box, the display below the Cal Menu button and the status bar at
the bottom of the screen will change, as shown in Table 4-4 on page 1109.
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Basic Operations for Magnetic Measurement
STEP 5. Connecting 16454A

STEP 5. Connecting 16454A

The 16454A test fixture has two sizes: Small and Large. In addition, it has four MUT
holders. Select the size of the MUT holder that best suits your needs (see Table 5-4 and
Figure 5-5). This selection determines whether the 16454A (Small) or 16454A (Large) test
fixture is the appropriate test fixture, as shown in Figure 5-5.

Table 5-4 MUT size for test fixtures
Test fixture 16454A (Small) 16454A (Large)
MUT holder A B C D
MUT inner diameter >¢$3.1mm >¢3.1mm >¢$ 6.0 mm > ¢ 5.0mm
(mm): b
MUT outer diameter <¢8.0mm <$p6.0mm < ¢ 20.0 mm <$20.0 mm
(mm): ¢
MUT height (mm): h <3.0mm <3.0mm <8.5mm <8.5mm
Figure 5-5 MUT holder sizes
| # 82 | | $62
| I |
| | | |
| N |
A B
16454A (Small) 16454A (Large)

e4991aqeb20

Connect the selected test fixture to the 7-mm terminal of the test head by following these
steps.

Step 1. As shown in Figure 3-42 on page 70, turn the 7-mm connector nut of the test head
counterclockwise until the connector sleeve is fully retracted.

Step 2. Tighten the two small screws of the fixture holder to secure the fixture holder to the test
fixture body (Figure 5-6: 2).

Step 3. Tighten the two large screws of the test holder to secure the test fixture to the test head
(Figure 5-6, 3).

Step 4. Connect the 7-mm connector of the test fixture to the 7-mm terminal of the test head
(Figure 5-6, 4).
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Basic Operations for Magnetic Measurement
STEP 5. Connecting 16454A

Figure 5-6 Connecting the 16454A

€4991aqj523

Step 5. Click Cal/Compen... on the Stimulus menu.

Step 6. In the Fixture Type box, select 16454A (S) or 16454A (L).

Table 5-5 Fixture Type box settings and test fixtures
Fixture Type box Test fixture to be used
16454(S) 16454A (Small)
16454(L) 16454A (Large)
NOTE When you select the E4991A Magnetic Material measurement mode, you can use either

the 16454A (Small) or 16454A (Large) test fixture.
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Basic Operations for Magnetic Measurement
STEP 6. Fixture Compensation

STEP 6. Fixture Compensation

With the 16454A test fixture, you perform only SHORT compensation to correct residual
impedance due to the test fixture. OPEN compensation is not performed because errors due
to stray admittance are so small that they can be neglected.

Step 1. Click Cal/Conpen... on the Stimulus menu.

Step 2. Click the Comp Menu button.

Step 3. Set the MUT connection plane of the test fixture to the SHORT state (Figure 5-7).

Figure 5-7 SHORT state (16454A)

[C6105010 IC6105013
1. Remove the cap by turning it counterclockwise. 2. Insert an empty MUT holder into the test fixture body.

[C6105011

3. Replace the cap by turning it clockwise.

e4991aqe513

Step 4. Click the Meas Short button to start measuring SHORT compensation data. Upon
completion of the SHORT compensation data measurement, a ¥ mark appears on the left
side of the Meas Short button.

Step 5. Click the Done button to instruct the E4991A to calculate the fixture compensation
coefficient from the measured fixture compensation data and save it to the internal

memory.
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Step 6.

NOTE
Step 1.
Step 2.
Step 3.
Step 4.
Step 5.
NOTE

Basic Operations for Magnetic Measurement
STEP 7. Entering MUT Dimensions

Verify that the display below the Comp Menu button changes to [ON] and the status bar at
the bottom of the screen changes to “Comp ON”.

STEP 7. Entering MUT Dimensions

You must enter the MUT dimensions before you can perform measurement. Use a
micrometer or calipers to measure the outer (see ¢ of Figure 5-2 on page 128) and inner
(see b of Figure 5-2 on page 128) diameters and height (see h of Figure 5-2 on page 128).

The 16454A test fixture imposes restrictions on the outer and inner diameters and height of
the MUT (see Table 5-1 on page 128).

Click Utility... on the Utility menu.
Click the Material Option Menu button.

In the Height box, enter the height of the MUT (see h in Figure 5-2). For example, if the
MUT is 3 mm in height, type [3] [m] [Enter] with the keyboard.

In the Inner Diameter box, enter the inner diameter of the MUT (see b in Figure 5-2). For
example, if the inner diameter is 4.5 mm, type [4] [.] [5] [m] [Enter] with the keyboard.

In the Outer Diameter box, enter the outer diameter of the MUT (see c in Figure 5-2). For
example, if the outer diameter is 7-mm, type [7] [m] [Enter] with the keyboard.

The selection of a smaller test fixture imposes restrictions on the MUT dimensions that can
be entered.
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Basic Operations for Magnetic Measurement
STEP 8. Mounting MUT

|

STEP 8. Mounting MUT

Mount a MUT (magnetic material) in the 16454A test fixture as shown in Figure 5-8.
Figure 5-8 Mounting MUT (magnetic material)

[C6105010 o [C6105012 &
1. Remove the cap by turning it counterclockwise. 2. Insert the MUT holder with a MUT placed in it into the
test fixture body.

[C6105011

3. Replace the cap by turning it clockwise.

e4991aqe514
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Figure 5-9

Basic Operations for Magnetic Measurement
STEP 9. Measuring MUT and Analyzing Measurement Results

STEP 9. Measuring MUT and Analyzing Measurement
Results

After performing calibration, the measurement results are displayed on the screen when the
MUT is set on the test fixture. Analyze the measurement results by using a marker function
while referring to “STEP 8. Measuring DUT and Analyzing Measurement Results” on
page 82 in Chapter 3, “Basic Operations for RF Devices Measurement.”

You will obtain the following measurement results by executing auto scale for individual
parameters while using the setup example of “STEP 3. Setting Measurement Conditions”
on page 131.

Frequency characteristics of p,-p,” -tand

Trace 1 - E4991A RF Impedance/Material Analyzer - [E4991A1]

Trace Meas/Format Scale Display  Marker Stimujus  Trigger Uty Sawe/Recall  Spstem

16,4590 U

9

|Bias OFF [CalFix  [CompON | [avg 1 [EwRef | I

M Trace 1 axis : pr
@ Trace 2 axis - pr”
@ Trace 3 axis - tan& (n)
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Basic Operations for Magnetic Measurement
STEP 10. Changing Sweep Conditions

NOTE

STEP 10. Changing Sweep Conditions

When the measurement points for calibration/fixture compensation are user-defined
frequency/user-defined power points, start measurement with “STEP 4. Calibration” on
page 133 after changing the sweep conditions. When the measurement points for
calibration/fixture compensation are fixed frequency/fixed power points, start
measurement with “STEP 9. Measuring MUT and Analyzing Measurement Results” on
page 140 after changing the sweep conditions.

When the measurement points for calibration/fixture compensation are fixed
frequency/user-defined power points, start measurement with “STEP 4. Calibration” on
page 133 after changing the oscillator level. When you change other sweep conditions,
start measurement with “STEP 9. Measuring MUT and Analyzing Measurement Results”
on page 140.

STEP 11. Measuring Other MUTs

If you measure another MUT of the same size as the one used in the previous
measurement, start measurement with “STEP 8. Mounting MUT” on page 139. If you use
the same test fixture to measure a MUT of a different size, start with “STEP 7. Entering
MUT Dimensions” on page 138. When using a different test fixture, start with “STEP 5.
Connecting 16454A” on page 135.
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Basic Operations for Magnetic Measurement
STEP 11. Measuring Other MUTs
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Manual Changes

This appendix contains the information required to adapt this manual to versions or
configurations of the E4991A manufactured earlier than the current printing date of this

manual.
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Manual Changes
Manual Changes

Manual Changes

To adapt this manual to your E4991A, refer to Table A-1 and Table A-2.

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.

Figure A-1 Serial Number Plate

Agilent Technologies

Made In Malaysia

E4991A
MY 12345678

e4991a0i6001
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Miscellaneous Changes

Manual Changes
Manual Changes

The option system of the E4991A has changed since May 2003. Apply the following

changes.
New Option Number Old Option Number Remark
800 (Standard Frequency Standard *1
Reference, No DC Bias)
same as the right number 1D5 (High Stability Frequency
Reference)
810 (Mini DIN Keyboard) - *2
- 1A2 (Delete Mini DIN Keyboard)
820 (Mouse) - *3
- 1CS (Without Mouse)
same as the right number 001 (Add DC Bias)
same as the right number 002 (Material Measurement
Firmware)
same as the right number 007 (Temperature Characteristic
test kit)
same as the right number 010 (Probe Station Connection Kit)
same as the right number 1CN (Handle Kit)
same as the right number 1CM (Rack Mount Kit)
same as the right number 1CP (Rack Mount & Handle Kit)
ABA (Add Manual set (English)) - *4
- ABA (Select Manual set (English))
- *4

ABJ (Add Manual set(Japanese))

ABJ (Select Manual set (Japanese))

same as the right number

0BW (Add Service Manual)

0B1 (Delete Manual Sets)

0B1 (Add Manual Sets)

*5

*1.In the previous system, an option for the frequency reference was available only for the
high stability frequency reference. In the new option system, it is available for the high
stability and standard references, requiring the customer to select either of them.

*2.1n the previous option system, the keyboard comes as one of standard accessories. In the
new option system, it will be attached only when you choose option 810.

*3.In the previous option system, the mouse comes as one of standard accessories. In the
new option system, it will be attached only when you choose option 820.

Appendix A
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Manual Changes
Manual Changes

*4.In the previous system, the option number is used to choose the language of the manual
set (standard accessory). In the new option system, it is used to add an manual set
(optional accessory) of the language the customer desires.

*5.No selection of addition/deletion is required for the manual set because it is only avail-
able as an optional accessory in the new option system. When 2 or more sets are
required, specify option ABA,ABJ * (number of required sets).
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REGIONAL SALES AND SUPPORT OFFICES

For more information about Agilent Technologies test and measurement products, applications, services, and
for a current sales office listing, visit our web site: http://www.agilent.com/find/tmdir. You can also contact one
of the following centers and ask for a test and measurement sales representative. 21/01/2004

United States:

Test and Measurement Call Center
(tel) 1 800 452-4844

(fax) 1 888 900-8921
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(fax) 1 888 900-8921
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(tel) 800 810-0189
(fax) 800 820-2816
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(tel) (31 20) 547-2323
(fax) (31 20) 547-2390
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Call Center
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(tel) (82 2) 2004-5004
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Latin America:
(tel) (305) 269-7500
(fax) (305) 269-7599

Taiwan:
(tel) 0800 047 866
(fax) 0800 286 331

Australia/New Zealand:

(tel) (61 3) 9210-55b5 (Australia)
(fax) (61 3) 9210-5899

(tel) (64 4) 939-0636 (New Zealand)
(fax) (64 4) 972-5364

Asia Pacific:

(tel) (65) 6375-8100

(fax) (65) 6836-0252
Email: tm_asia@agilent.com
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