Printed Version of
Help File
Supports A.07.0x

Keysight E4991B
Impedance Analyzer

KEYSIGHT

EEEEEEEEEEEE



TABLE OF CONTENTS

Home 18
Using this Help 19
Precautions 24
Safety 25
Notices 27
Installing Software 29
Protecting the E4991B 30
Before Contacting us 34
Quick Start
Overview 35
Front Panel 36
Rear Panel 47
Screen Area 51
Channel Window 53
Data Entry Bar 60
Instrument Status Bar 62
Menu Bar 65
Softkey Menu Bar 66
Softkey Shortcuts 70
Measurement Example for Impedance 73
Preparation for Measurement 74
Setting Measurement Conditions 76
Calibration 82
Connecting Test Fixture 87
Setting Electrical Length 89
Fixture Compensation 90
Connecting DUT to Test Fixture 93
Measuring DUT and Analyzing Measurement Results 94
Changing Sweep Conditions 97
Measuring Other DUTs 98
Measurement Example for Dielectric Measurement 99
Preparation for Measurement 101
Selecting Measurement Mode 103
Setting Measurement Conditions 104



Connecting 16453A 106

Entering Thickness of Load Standard 108
Calibration 109
Entering Thickness of MUT 113
Connecting MUT 114
Measuring MUT and Analyzing Measurement Results 116
Changing Sweep Conditions 117
Measuring Other MUTs 118
Measurement Example for Magnetic Measurement 119
Preparation for Measurement 121
Selecting Measurement Mode 123
Setting Measurement Conditions 124
Calibration 126
Connecting 16454A 131
Fixture Compensation 133
Entering MUT Dimensions 134
Mounting MUT 135
Measuring MUT and Analyzing Measurement Results 136
Changing Sweep Conditions 137
Measuring Other MUTs 138
Measurement 139
Setting Measurement Conditions 140
Initializing Parameters 141
Setting Material Measurement Parameter (Option 002 Only) 142
Setting Channels and Traces 144
Selecting Sweep Parameter 151
Setting Source 161
Setting Trigger 164
Calibration 172
Outline of Calibration and Compensation Functions 173
Calibration and Compensation Using 7-mm Test Port as a Calibration Reference Plane 177
Calibration using DUT Connecting Terminal as a Calibration Reference Plane 179
Calibration of Open/Short/Load/Low-loss Capacitor 181
Port Extension Compensation 184
Electrical Length Compensation 185
Fixture Compensation 187
Selecting Calibration/Compensation Data Points 190
Setting Up the Display of Measurement Results 192



Selecting the Measurement Parameters
Selecting the Graph Axis Format
Scaling Trace
Trace-based Comparison and Calculation
Monitoring Source Signal Level
Setting for Phase
Setting Windows Display
Analysis and Processing of Result
Analyzing Data on the Trace using the Marker
Searching for Positions that Match Specified Criteria
Analyze Trace Bandwidth
Reading the Marker Position Time or Relaxation Time
Analyzing the Equivalent Circuit and Simulate the Frequency Characteristics
Calculating the Mean Value, Standard Deviation, and p-p of the Trace
Calculating Several Traces (Equation Editor)
Making Pass/Fail Evaluation (Limit Test)
Outputting Data
Saving and Recalling Instrument State
Saving/Recalling Instrument State for Each Channel into/from Memory
Saving Trace Data to a File
Saving the Screen Image to a File
Printing Displayed Screen
Probe Station Connection Kit (Option 010)
Option 010 Overview
Mounting Test Head and Connecting Cables - Using Recommended Probe Station

Mounting Test Head and Connecting Cables - Using Probe Station Other Than Recommended
Models

OPEN/SHORT/LOAD Calibration
Temperature Characteristic Test Kit (Option 007)
Overview
Installation
Calibration/Compensation
Temperature Compensation
Setting Control Functions
Setting the GPIB
Remote Control Using HTTP (Web Browser)
Turning on/off the Date/Time Display
Turning off the LCD Screen Backlight

193
197
198
201
204
206
207
215
216
226
236
240
241
245
248
255
266
267
272
274
279
280
282
283
285

289

291
294
295
296
303
305
319
320
322
327
328



Calibration of the Touch Screen
Exit/Restart E4991B Measurement Application
Checking the Product Information
Backing Up License Key File
Locking the Front Keys, Keyboard, and/or Mouse (Touch Screen)
Setting the Beeper (Built-in Speaker)
Setting the preset function
Activating Software Option
Using Windows
Windows Consideration
Change Date/Time Settings
User Account and Password
On-Screen Keyboard
Configuring Network
Windows Firewall
Enabling/Disabling USB Storage
Connecting External Accessories
Product Information
Options
Documentations
Specifications
Customer Contacts
ErrorMessage
WarningMessages
ErrorMessages
Troubleshooting
Measurement Accessories
Maintenance
Cautions Applicable to Requesting Repair, Replacement, Regular Calibration, etc.
Cleaning this Instrument
Replacement of Parts with Limited Service Life
System Recovery
Updating Firmware
Service Functions
Removing Log Data
Programming
Remote Control

Overview

329
330
331
332
333
334
336
338
339
340
342
344
347
349
352
354
358
359
360
362
363
364
365
366
368
386
390
391
392
394
396
398
399
401
402
403

404



Types of Remote Control System
GPIB Remote Control System
LAN Remote Control System
USB Remote Control System
Sending SCPI command messages
Setting Measurement Condition
Setting up the Measurement
Preparing for Accurate Measurement
User Calibration
Fixture Compensation
Starting a Measurement (Trigger) and Detecting the Completion of a Measurement
Trigger System
Starting a Measurement Cycle
Waiting for the End of Measurement
Detecting Occurrence of an Error
Reading Writing Measurement Data
Data Transfer Format
Internal Data Processing
Reading/Writing Data
Processing Measurement Results
Searching Peak
Setting the Limit Test Functions
Saving/Recalling a Measurement Result/Measurement Setup
Saving Data Into a File
Capturing Screen Into PC
Transferring Files
Communication with External Equipment (Using I/O Ports)
24 Bit Handler 10 Port Overview
I/0O Signal Pin Layout and Description
Inputting/Outputting Data
Preset States at Power ON
Timing Chart
Electrical Characteristics
Status Reporting System
General Status Register Model
Status Register Structure
Status Register
Status Register for Limit Test (Channel)

405
406
409
417
420
423
424
427
428
431
434
435
439
440
444
447
448
453
456
461
462
467
475
476
479
481
484
485
487
491
494
495
499
501
502
507
508
512



Status Register for Limit Test (Trace) 514

Using Macro 516
Overview 517
Reading Data 519
Using Echo Window 521
Using User Menu 523
Using Form 525

Command Reference 528

Notational Conventions 529

Command Finder 532

ABORT
:ABOR 533

CALCULATE
:CALC:AVER 534
:CALC:AVER:CLE 536
:CALC:AVER:COUN 537
:CALC:DATA:FDAT 539
:CALC:DATA:FMEM 541
:CALC:DATA:RDAT 543
:CALC:DATA:RMEM 545
:CALC:DATA:XAX 547
:CALC:EPAR 548
:CALC:EPAR:CIRC 549
:CALC:EPAR:CIRC:{A|B|C|DI|E|F|G}:C1 551
:CALC:EPAR:CIRC:{A|B|C|DI|E|F|G}:L1 553
:CALC:EPAR:CIRC:{A|B|C|D|E|F|G}:R1 555
:CALC:EPAR:CIRC:E:CO 557
:CALC:EPAR:CIRC:{F|G}:R0O 559
:CALC:EPAR:DISP 561
:CALC:EPAR:PCO 563
:CALC:EPAR:S4 565
:CALC:EPAR:SIM 567
:CALC:EPAR:SIM:AUTO 569
:CALC:EQU:STAT 571
:CALC:EQU:TEXT 573
:CALC:EQU:VAL 575
:CALC:FORM:EPH 576

:CALC:FORM:TWOD 578



:CALC:FUNC:DATA
:CALC:FUNC:DOM
:CALC:FUNC:DOM:COUP
:CALC:FUNC:DOM:STAR
:CALC:FUNC:DOM:STOP
:CALC:FUNC:EXEC
:CALC:FUNC:PEXC
:CALC:FUNC:POIN
:CALC:FUNC:PPOL
:CALC:FUNC:TARG
:CALC:FUNC:TTR
:CALC:FUNC:TYPE
:CALC:LIM

:CALC:LIM:DATA
:CALC:LIM:DISP
:CALC:LIM:DISP:CLIP
:CALC:LIM:FAIL
:CALC:LIM:OFFS:AMPL
:CALC:LIM:OFFS:MARK
:CALC:LIM:OFFS:STIM
:CALC:LIM:REP
:CALC:LIM:REP:ALL
:CALC:LIM:REP:MARK
:CALC:LIM:REP:POIN
:CALC:MARK
:CALC:MARK:ACT
:CALC:MARK:AOFF
:CALC:MARK:BWID
:CALC:MARK:BWID:DATA
:CALC:MARK:BWID:FIX:VAL
:CALC:MARK:BWID:TYPE
:CALC:MARK:COUP
:CALC:MARK:DISC
:CALC:MARK:FUNC:DOM
:CALC:MARK:FUNC:DOM:COUP
:CALC:MARK:FUNC:DOM:STAR
:CALC:MARK:FUNC:DOM:STOP
:CALC:MARK:FUNC:EXEC

580
584
586
588
590
592
593
595
596
598
600
602
605
607
609
611
613
614
616
617
619
620
622
624
625
627
628
629
631
633
635
637
639
641
643
645
647
649



:CALC:MARK:FUNC:MULT:PEXC 651

:CALC:MARK:FUNC:MULT:PPOL 653
:CALC:MARK:FUNC:MULT:TARG 655
:CALC:MARK:FUNC:MULT:TRAC 657
:CALC:MARK:FUNC:MULT:TTR 659
:CALC:MARK:FUNC:MULT:TYPE 661
:CALC:MARK:FUNC:PEXC 663
:CALC:MARK:FUNC:PPOL 665
:CALC:MARK:FUNC:TARG 667
:CALC:MARK:FUNC:TRAC 669
:CALC:MARK:FUNC:TTR 671
:CALC:MARK:FUNC:TYPE 673
:CALC:MARK:FORM 675
:CALC:MARK:MATH:STAT 677
:CALC:MARK:MATH:STAT:DATA 679
:CALC:MARK:REF 681
:CALC:MARK:SET 683
:CALC:MARK:X 685
:CALC:MARK:X:POS 687
:CALC:MARK:XUN 689
:CALC:MARK:Y 691
:CALC:MARK:ZAP 692
:CALC:MAT:DIEL:THIC 694
:CALC:MATH:FUNC 696
:CALC:MATH:MEM 698
:CALC:MATH:OFFS 699
:CALC:MAT:MAGN:HEIG 701
:CALC:MAT:MAGN:IDI 703
:CALC:MAT:MAGN:ODI 705
:CALC:MST 707
:CALC:MST:DATA 709
:CALC:PAR:COUN 711
:CALC:PAR:DEF 713
:CALC:PAR:SEL 716
:CALC:UNIT:ANGL 717
CONTROL
:CONT:HAND:A 719

:CONT:HAND:B 720



:CONT:HAND:C 722

:CONT:HAND:C:MODE 724
:CONT:HAND:D 726
:CONT:HAND:D:MODE 728
:CONT:HAND:E 730
:CONT:HAND:F 732
:CONT:HAND:IND:STAT 734
:CONT:HAND:OUTP 736
:CONT:HAND:RTR:STAT 738
DISPLAY
:DISP:ANN:FREQ 740
:DISP:CCL 742
:DISP:CLOC 743
:DISP:COL:BACK 745
:DISP:COL:GRAT 747
:DISP:COL:LIM 749
:DISP:COL:RES 751
:DISP:COL:TRAC:DATA 752
:DISP:COL:TRAC:MEM 754
:DISP:ECHO 756
:DISP:ECHO:CLE 758
:DISP:ENAB 759
:DISP:FSIG 761
:DISP:IMAG 763
:DISP:MAX 765
:DISP:SKEY 767
:DISP:SPL 769
:DISP:TABL 771
:DISP:TABL:POS 773
:DISP:TABL:TYPE 775
:DISP:UPD 777
:DISP:WIND:ACT 778
:DISP:WIND:ANN:MARK:ALIG 779
:DISP:WIND:ANN:MARK:SING 781
:DISP:WIND:LAB 783
:DISP:WIND:MAX 785
:DISP:WIND:SPL 787
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10



:DISP:WIND:TITL:DATA
:DISP:WIND:TRAC:ACC
:DISP:WIND:TRAC:ANN:MARK:POS:X
:DISP:WIND:TRAC:ANN:MARK:POS:Y
:DISP:WIND:TRAC:ANN:YAX:MODE
:DISP:WIND:TRAC:MEM
:DISP:WIND:TRAC:STAT
:DISP:WIND:TRAC:X:RLEV
:DISP:WIND:TRAC:Y:AUTO
:DISP:WIND:TRAC:Y:BOTT
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:DISP:WIND:TRAC:Y:RLEV
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:DISP:WIND:TRAC:Y:TRAC:MODE
:DISP:WIND:X:SPAC
:DISP:WIND:Y:DIV
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:FORM:BORD
:FORM:DATA
:FORM:REAL:ASC:LENG

HCOPY
:HCOP
:HCOP:ABOR
:HCOP:IMAG
:HCOP:SDUM:DATA
:HCOP:SDUM:DATA:FORM

IEEE
*CLS
*ESE
*ESR
*IDN
*LRN
*OPC
*OPT
*RST
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*SRE 855

*STB 857
*TRG 858
*TST 859
*WAI 860
INIT
INIT 861
INIT:CONT 862
LXI
:LXI:IDEN 864
MMEMORY
‘MMEM:CAT 866
:MMEM:COPY 868
:MMEM:DEL 870
:MMEM:LOAD 872
:MMEM:LOAD:CHAN 874
:MMEM:LOAD:CHAN:COEF 876
:MMEM:LOAD:LIM 878
:MMEM:LOAD:SEGM 880
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‘MMEM:STOR:CHAN 885
:MMEM:STOR:CHAN:CLE 887
‘MMEM:STOR:CHAN:COEF 888
‘MMEM:STOR:EPAR 890
:MMEM:STOR:FDAT 892
:MMEM:STOR:IMAG 894
:MMEM:STOR:LIM 896
‘MMEM:STOR:SALL 898
‘MMEM:STOR:SEGM 900
‘MMEM:STOR:SNP:DATA 902
:MMEM:STOR:SNP:FORM 904
‘MMEM:STOR:STYP 906
‘MMEM:TRAN 908
SENSE
:SENS:AVER 910
:SENS:AVER:COUN 912

:SENS:CORR:CKIT:LOAD:C 914
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:SENS:CORR:CKIT:LOAD:L
:SENS:CORR:CKIT:LOAD:MOD
:SENS:CORR:CKIT:LOAD:OFFS
:SENS:CORR:CKIT:LOAD:PRE
:SENS:CORR:CKIT:LOAD:PLF
:SENS:CORR:CKIT:LOAD:R
:SENS:CORR:CKIT:LOAD:TABL
:SENS:CORR:CKIT:LOAD:THIC
:SENS:CORR:CKIT:OPEN:C
:SENS:CORR:CKIT:OPEN:G
:SENS:CORR:CKIT:OPEN:MOD
:SENS:CORR:CKIT:OPEN:OFFS
:SENS:CORR:CKIT:OPEN:TABL
:SENS:CORR:CKIT:SHOR:L
:SENS:CORR:CKIT:SHOR:MOD
:SENS:CORR:CKIT:SHOR:OFFS
:SENS:CORR:CKIT:SHOR:R
:SENS:CORR:CKIT:SHOR:TABL
:SENS:CORR:CLE
:SENS:CORR:COLL:ACQ:LOAD
:SENS:CORR:COLL:ACQ:LLC
:SENS:CORR:COLL:ACQ:OPEN
:SENS:CORR:COLL:ACQ:SHOR
:SENS:CORR:COLL:CLE
:SENS:CORR:COLL:FPO
:SENS:CORR:COLL:SAVE
:SENS:CORR:EDEL:LENG
:SENS:CORR:EDEL:STAT
:SENS:CORR:EDEL:TIME
:SENS:CORR:LOAD
:SENS:CORR:OPEN
:SENS:CORR:SHOR
:SENS:CORR:STAT
:SENS:CORR:TCOM:CALC:TEMP
:SENS:CORR: TCOM:COLL:TEMP
:SENS:CORR:TCOM:LOAD
:SENS:CORR:TCOM:STOR
:SENS:CORR:ZME:FREQ
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:SENS:CORR:ZME:LLC 986

:SENS:CORR:ZME:LOAD 988

:SENS:CORR:ZME:OPEN 990

:SENS:CORR:ZME:OPEN:FREQ 992

:SENS:CORR:ZME:OPEN:POIN 994

:SENS:CORR:ZME:POIN 995

:SENS:CORR:ZME:SHOR 997

:SENS:CORR:ZME:SHOR:FREQ 999

:SENS:CORR:ZME:SHOR:POIN 1000
:SENS:DC:MEAS:CLE 1001
:SENS:DC:MEAS:DATA:DCI 1002
:SENS:DC:MEAS:DATA:DCV 1003
:SENS:DC:MEAS:ENAB 1004
:SENS:FIXT:.LENG 1006
:SENS:FIXT:SEL 1008
:SENS:FREQ 1010
:SENS:FREQ:CENT 1012
:SENS:FREQ:DATA 1014
:SENS:FREQ:SPAN 1016
:SENS:FREQ:STAR 1018
:SENS:FREQ:STOP 1020
:SENS:MODE 1022
:SENS:ROSC:SOUR 1024
:SENS:SEGM:DATA 1025
:SENS:SEGM:SWE:POIN 1029
:SENS:SWE:DEL 1030
:SENS:SWE:DIR 1032
:SENS:SWE:PDEL 1034
:SENS:SWE:POIN 1036
:SENS:SWE:TIME 1038
:SENS:SWE:TYPE 1040

SERVICE

:SERV:ACH:ACT 1042
:SERV:ACH:COUN 1044
:SERV:CHAN:ATR:ACT 1045
:SERV:CHAN:ATR:COUN 1047
:SERV:CHAN:CAL:LOAD 1048

:SERV:CHAN:CAL:OPEN 1049
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:SERV:CHAN:CAL:SHORT 1050

:SERV:CHAN:DISP:ANN:XAX:MODE:BIAS 1051
:SERV:CHAN:DISP:ANN:XAX:MODE:FREQ 1053
:SERV:CHAN:DISP:ANN:XAX:MODE:POW 1055
:SERV:CHAN:SEGM:DATA 1057
:SERV:CHAN:SWE:ALC:AC:STAT 1058
:SERV:CHAN:SWE:POIN 1060
:SERV:CHAN:TRAC:AMRK:ACT 1061
:SERV:CHAN:TRAC:LIM:DATA 1063
:SERV:CHAN:TRAC:MEMV 1065
:SERV:LOGG:CLE 1067
:SERV:SREV 1068
:SERV:SWE:FREQ:EXP 1070
:SERV:SWE:FREQ:MAX 1071
:SERV:SWE:FREQ:MIN 1073
:SERV:SWE:POIN 1075
:SERV:SYST:STOR:REV 1076
SOURCE
:SOUR:BIAS:CURR:AMPL 1078
:SOUR:BIAS:CURR:CENT 1080
:SOUR:BIAS:CURR:LIM 1082
:SOUR:BIAS:CURR:SPAN 1084
:SOUR:BIAS:CURR:STAR 1086
:SOUR:BIAS:CURR:STOP 1088
:SOUR:BIAS:HOLD 1090
:SOUR:BIAS:MODE 1092
:SOUR:BIAS:STAT 1094
:SOUR:BIAS:VOLT 1096
:SOUR:BIAS:VOLT:CENT 1098
:SOUR:BIAS:VOLT:LIM 1100
:SOUR:BIAS:VOLT:SPAN 1102
:SOUR:BIAS:VOLT:STAR 1104
:SOUR:BIAS:VOLT:STOP 1106
:SOUR:CURR 1108
:SOUR:CURR:CENT 1110
:SOUR:CURR:SPAN 1112
:SOUR:CURR:STAR 1114

:SOUR:CURR:STOP 1116
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:SOUR:MODE
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:SYST:BACK
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Using this Help

This help provides the user and programming documentation in an searchable electronic format for the
Keysight E4991B Impedance Analyzer. This section describes the usage of this help system.

« Opening E4991B Help

« Context Sensitive Help

« Closing E4991B Help

« Viewing E4991B Help on PC

o Switching between E4991B Help and Measurement View

o Navigating E4991B Help

o Conventions used in E4991B Help

E4991B Online Help
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TECHNOLOGIES Help

Iwelcome

+ Using this Help (Read me first)
« Precautions

« Quick Start
« Measurement ‘\

Product Information
Using Windows
Programming

the selected softkey.

KEYSIGHT Keysight E4991B Impedance Analyzer

Setting Control Functions Quick Access

The E4991B help provides an easy access to the information related to the use of Keysight !
E4991B Impedance Analyzer. Pressing Help key on the front panel displays the topic related to

E49918 Firmware Revision

A.01.0x

Help Edition No.

1.00

Help Revision Date

2014-07-10

© Copyright 2014 Keysight Technologies

Opening E4991B Help

e4991b005

This help system is provided in Microsoft Compressed HTML Help format (.chm). This help can be

also be viewed on a normal PC.

To open E4991B help, use either of the following methods:

e By pressing the Help key located in the ENTRY Block.

« By pressing the F1 key on a keyboard attached with the E4991B.

o By double-clicking E4991B_Help.chm (located in C:\Program Files

(x86)\Agilent\E4991\Help ).
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Context Sensitive Help

Context sensitive help is a great feature of the E4991B help. It allows you to get information about the
selected softkey by pressing the Help key in the E4991B or by pressing F1 in a keyboard attached to
the E4991B or by clicking the help button in a dialog box. It provides information relevant to the task
that needs to be accomplished and reduces the time to search relevant information required to complete
a task.

Closing E4991B Help

To close the E4991B help, click E| located on the top right of the E4991B help viewer.

Viewing E4991B Help on your PC

The E4991B help can be opened and viewed on a normal PC. The help file (E4991B_Help.chm ) is
located in the E4991B Impedance Analyzer storage at C:\Program Files
(x86)\Agilent\E4991\Help . Copy it to the local storage drive on your PC, then double-click it to
view.

A web help is also available at http://www.keysight.com/find/e4991b .
Do not locate E4991B_Help.chm in a network drive because the topics
is not displayed.
Switching between E4991B Help and Measurement View
The Foc Key, located in the Entry Block, can be used to switch between the E4991B Measurement
View and Help View.
Navigating E4991B Help

The E4991B help system provides several ways to navigate through the information related to the use
of E4991B Impedance Analyzer. These sections describe the navigation system of the E4991B help
which consists of:

« Navigation bar
e Quick Access

e Toolbar

Navigation bar
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Navigation bar comprises of tabs related to Contents , Index , Search and Glossary . The
Contents tab contains the main navigational structure of the E4991B help. The Glossary tab
contains explanation of the terms significant to the E4991B Impedance Analyzer. The Index tab is an
additional tool that can be used to navigate different topics according to their alphabetical listing. The
Search tab can be used to search any term/phrase used in the E4991B online Help.

Toolbar

The toolbar can be used to navigate through the help. The Home option can be used to return to the
home page of the E4991B help which contains Quick Access to chapters in the help. The Back and
Forward options can be used to toggle between visited topics. The Print option can be used to print

the selected, or all

Quick Access

Quick access, located on the Home Page of the E4991B help, is a convenient and quick way to access

the topics of the E4991B help.

the contents of the E4991B help.

Conventions used in E4991B Help

Naming Conventions Used in this Help

Convention | Description Example
File File names and path associated with them as C:\Documents and
Name/Path | displayed as Bold in Arial with 12 pt size. Settings\test.txt
example2.xls
Hard keys Hard Keys (Keys located on the Front panel of Trace Max
E4991B) are displayed in Blue color , Bold in
Verdana with 12 pt size. Foc
Marker
Softkeys Also known as menu keys, are the names of menu | Auto Scale All
that appear in the Firmware (Software) of E4991B
and are displayed as Bold in Arial with 12 pt size. Allocate Channels
BLOCK E4991B Front Panel is divided into 7 blocks. These | RESPONSE Block
Names blocks are displayed in ALL CAPS, Green Color
, Bold in Arial with 12 pt size, followed by the ENTRY Block
word Block'. STIMULUS Block
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Note This Note sign denotes important information. It his i

calls attention to a condition that is essential for the This is a
Note.
user to understand.

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

Warning This warning sign denotes a hazard. It calls his |
attention to a procedure, practice, or condition that, This IS a

Warning.

if not correctly performed or adhered to, could
result in injury or death to personnel.
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Precautions

Safety

Notices

Installing Software

Protecting the E4991B

Before Contacting us

24



Safety

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.
Keysight Technologies assumes no liability for the customer's failure to comply with these precautions.

e The E4991B complies with INSTALLATION CATEGORY II as well as
POLLUTION DEGREE 2 in IEC61010-1. The E4991B is an INDOOR USE
product.

e« The LEDs in the E4991B are Class 1 in accordance with IEC60825-1, CLASS 1
LED PRODUCT

e Ground the Instrument

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

« 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 even after the power cable
has been disconnected. To avoid injuries, always disconnect the power and
discharge circuits before touching them.

e« DO NOT Service or Adjust the Instrument Alone

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

o DO NOT Substitute Parts or Modify the Instrument
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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 Keysight 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.

Safety Symbols

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

Alternating current.

S
— Direct current.
I On (Supply).
O Off (Supply).
,.J7 A chassis terminal; a connection to the instrument's chassis, which includes all
exposed metal structure.

Stand-by.

&
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Notices

The information contained in this document is subject to change without notice.

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

Microsoft®,MS-DOS®,Windows®, Visual C++®,Visual Basic®,VBA® and Excel® are registered
trademarks of Microsoft Corporation.

Java® is registered trademark of Sun Microsystems Corporation.

© Copyright 2014 Keysight Technologies. All rights reserved.

Certification

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

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, Keysight
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. Keysight 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 Keysight 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.

Exclusive Remedies

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

Assistance

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

For any assistance, contact your nearest Keysight Technologies Sales and Service Office.

Sample Program

The customer shall have the personal, non-transferable rights to use, copy, or modify SAMPLE
PROGRAMS in this manual for the customer's internal operations. The customer shall use the
SAMPLE PROGRAMS solely and exclusively for their own purposes and shall not license, lease,
market, or distribute the SAMPLE PROGRAMS or modification of any part thereof.

Keysight Technologies shall not be liable for the quality, performance, or behavior of the SAMPLE
PROGRAMS. Keysight Technologies especially disclaims any responsibility for the operation of the
SAMPLE PROGRAMS to be uninterrupted or error-free. The SAMPLE PROGRAMS are provided AS
IS.

KEYSIGHT TECHNOLOGIES DISCLAIMS ANY IMPLIED WARRANTY OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

Keysight Technologies shall not be liable for any infringement of any patent, trademark, copyright, or
other proprietary right by the SAMPLE PROGRAMS or their use. Keysight Technologies does not
warrant that the SAMPLE PROGRAMS are free from infringements of such rights of third parties.
However, Keysight Technologies will not knowingly infringe or deliver software that infringes the
patent, trademark, copyright, or other proprietary right of a third party.

Useful sample program library are available at http://www.keysight.com/find/e4991b
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Installing Software

Updating Pre-Installed Software

Do not update pre-installed software in except when Keysight recommends to do so.

Installing User Application Software

Users can install commercial application software for Windows on the E4991B at their own risk. Some
application software may affect the measurement performance, especially measurement speed.
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Protecting the E4991B

To protect your E4991B, follow the instructions below:

Read the warning labels and specifications

Do not exceed the values provided in the specifications guide or as indicated by the yellow warning
labels on the front panel of the E4991B. Refer to the specifications for the conditions required to
meet the listed specifications. There will be information regarding E4991B settings, and calibration
requirements.

DO NOT press keys on the front panel, rotate RPG knob, or
connect USB device during boot up

During boot up of window or of the Impedance Analyzer application program, do NOT press keys on
the front panel, rotate RPG knob, or connect USB device. Doing so MAY lead to a front panel lockup
state. To clear this state, shutdown and restart the E4991B.

Do NOT Plug off Power Cable during Shutdown Process
Do Not Plug off Power cable until completing the shutdown process.

If you directly interrupt the power supply to the power cable receptacle when the power supply is on, or
while turning off the Line Switch (Always ON), the shutdown process will not work. This could
damage the SSD of the E4991B.

Do NOT Modify or Reconfigure the Operating System
The Microsoft Windows operating system has been modified and optimized by Keysight to improve
the performance of the E4991B.

« Do NOT install standard version of the Windows operating system on the

E4991B.

« Do NOT change advanced performance settings or group policies.

« Do NOT add or delete any storage drive partitions on the E4991B.

o Do NOT delete the Keysight user account.

« Do NOT modify any of the Keysight software reqistry entries.

30



« Do NOT change the settings of Standards and Formats in Regional Options
and Languages from default setting (English).

« DO NOT change the display property.

Install Antivirus Protection

The E4991B does NOT have antivirus protection when shipped. Use of an antivirus program is
strongly recommended if you connect the E4991B to the LAN (Internet).

In addition, the use of a firewall could help to protect the E4991B from viruses. However, some
firewalls could limit DCOM connectivity of the E4991B.

Install Windows Critical Updates

The E4991B is always shipped with the latest service packs and critical updates that were available at
the time when firmware is updated. Keysight recommends you to maintain the latest available
protection for your E4991B by automatically accepting and installing the latest critical security patches
from the Microsoft Windows Update website: http://windowsupdate.microsoft.com

Precaution for Use of Storage

Do NOT modify or delete any Files and Folders in the drives other than D drive. Doing so will result in
malfunctioning of the device. It is required to execute the System recovery if thereis any trouble with
the above operations.

Precaution for input connector and cable

« Do not apply excessive DC voltage or current to the test port. Applying
excessive DC voltage or current may lead to device failure. In particular, the
capacitor might remain charged. Connect the measurement sample (DUT) to
the test port (or the test fixture, cables, etc. connected to the test port) after
the analyzer has been completely discharged. The damage level is described
in the data sheet.

o Do NOT bend, bump or flex any device under test (DUT) connected to the
input of the E4991B (such as filters, couplers etc). This will reduce the
amount of strain placed on the input connector and the mounting hardware.
Make sure externally connected items are properly supported (not freely
suspended) from the input.

« Do NOT bend cables repeatedly, as this may damage the cables instantly.
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Limit the number of connections and disconnections to reduce wear and tear.
Inspect connectors prior to use; look for dirt, nicks, and other signs of
damage or wear. A bad connector can ruin a good connector instantly. Clean
dirty connectors to prevent poor electrical connections and damage to the
connector. For more information on cable and connector care, refer to
http://www.keysight.com/find/cable_care

Precautions for Electrostatic Discharge (ESD)

ESD can damage or destroy electronic components. Whenever possible, conduct testing at a static-safe
workstation. Keep static-generating materials at least one meter away from all components. Before
connecting any coaxial cable to an analyzer, momentarily short the center and outer conductors of the
cable together.

Maintain working environment condition
Control your environment. Maintain temperature & humidity with a satisfactory range within the

instruments specification and prevent large fluctuations.

Precautions for transportation

o Do NOT lift the instrument with your hands at the front panel. If the
instrument slips, damage may occur to the keypad, knob, or input
connectors. Lift the Instrument by the handles when transporting.

o Do NOT use styrene pellets as packaging materials as these may cause
damage to E4991B by generating static electricity.

Check for Proper Ventilation

Periodically check and clean the cooling vents of the E4991B. Inadequate airflow can result in
excessive operating temperatures which can lead to instrument failures. When installing the product in
a cabinet, the convection in and out of the instrument must not be restricted.

See the installation guide for details.

Precautions for Proper Grounding

e Proper grounding prevents building-up of static charge which may be harmful
to the E4991B.
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« Do NOT defeat the earth-grounding protection by using an extension cable,
power cable, or autotransformer without a protective ground conductor.
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Before Contacting us

If you encounter the following problems during startup or operation of the E4991B, in which initial
registration of the Windows Operating System has been properly performed, execute system
recovery and update the Firmware revision.

The system starts up, but the normal measurement screen
does not appear

e The system automatically shuts down immediately after the startup, or the
startup process stops.

« The measurement screen appears, but "Power on test fail" or "Calibration
data lost" is displayed in the instrument message/warning area against a red
background in the lower-left part of the screen. The system enters the
service mode. (The instrument status bar in the lower-right displays SVC in
red).

Unstable Operation

« The system hangs while the instrument is controlled from an external PCs.
e The blue screen appears and the system hangs.
e The response is much slower than usual.

When execution of system recovery does not result in normal operation, it indicates that failure
may have occurred. Contact Keysight customer contacts.

For other problems, refer to Troubleshooting.
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Overview

Front Panel

Rear Panel

Screen Area

Softkey Shortcuts
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Front Panel: Names and Functions of Parts

Hardkeys
LCD Screen &
L

o = =
o et
Test Head Interf:
Standby Switch USB Ports ‘est Head Interface
Ground Terminal a0t

Ground Terminal

Ground terminal is provided with the E4991B and is connected to the chassis of the E4991B. You can
connect a banana-type plug to this terminal for grounding.
Hardkeys

ACTIVE CH/TRACE Block

A group of keys for selecting active channels and traces. For more on the concepts of channels and
traces, see Setting Channels and Traces .
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Hardkey Description
Name

Channel Selects the next channel as the active channel. (Each time the
Next key is pressed, the active channel steps up from the current
channel to the channel with one number larger than the current
channel number). A channel must be active before you can
define such parameters as the sweep range. To change the
settings of a channel, use this key to first make the channel
active.

Channel Selects the previous channel as the active channel. (Each time
Prev the key is pressed,the active channel steps down from the
current channel to the channel with one number smaller than
the current channel number).

Trace Next Selects the next trace as the active trace. (Each time the key is
pressed, the active trace steps up from the current trace to the
trace with one number larger than the current trace number). A
trace must be active before you can define measurement
parameters and other settings. To change the settings of a trace,
use this key to first make the trace active.

Trace Prev Selects the previous trace as the active trace. (Each time the key
is pressed, active trace steps down from the current trace to the
trace with one number smaller than the current trace number).

ENTRY Block

A group of keys used for entering numeric data is provided on the front panel of the E4991B.
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Hardkey Description

Name

0,1,2,3, Type numeric characters or a decimal point at the position of

...... , 9, . the cursor in the data entry area.

Keys (numeric

keys)

+/- +/- alternately changes the sign (+, -) of a numeric value in the
data entry area.

G/n, M/u, Adds a prefix to the numeric data typed by using the numeric

k/m, x1 key and +/- key. One of the two prefixes written on the surface
of the key is automatically selected depending on the parameter
to be entered. x1 is entered without a prefix.

Softkey Turns off the data entry bar if it is displayed. If

On/Off , the dialog box is displayed, it cancels the entry

Entry Off and closes the dialog box. If the data entry bar
and dialog box are not displayed, it turns the
softkey menu display on/off.

Bk Sp Backspace key.

Foc Changes the selection (focus) among the objects to be
manipulated by the NAVIGATION Block keys and ENTRY
Block keys. The objects to be manipulated by the
NAVIGATION Block keys and ENTRY Block keys include
softkey menus, data entry areas, tables (e.g., segment tables,
limit tables, and marker tables), and dialog boxes. When two or
more of these objects are displayed on the screen and need
selecting, use this key to change the selection (focus) among the
objects to be manipulated. When a softkey menu is selected, the
menu name area at the top of the menu is displayed in blue.
When a data entry area is selected, the data entry bar is
displayed in blue. When a table is selected, the frame of the
table window is displayed in light gray. While a dialog box is
displayed, the focus is fixed on the dialog box and cannot be
changed.

Help Displays help for E4991B.

INSTR STATE Block
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A group of keys related to the macro function, store and call function, control management function,
and presetting of the E4991B (returning it to the preset state).

Hardkey Name Description

Instr Setup Displays the short-cut keys to make quick setup.

Macro Setup Displays the Macro Setup Menu in Softkey Menu Bar.
Macro Menu Displays macro list to be executed which is registered in

the macro setup.

Save/Recall Displays the Save/Recall Menu in Softkey Menu Bar .
Manipulating the Save/Recall Menu enables you to store
the setup conditions to or read from the storage devices,
calibration data, and trace data of the analyzer.

Capture/System | First, temporarily saves the data for the image displayed on
the LCD screen the moment this key is pressed to the
internal memory (clipboard). Immediately after that,
displays the System Menu in Softkey Menu Bar.
Manipulating the System Menu enables you to define the
setup for the limit test and then execute it, or to define the
setup for the control and management of the analyzer.
Using the Dump Screen Image option enables you to
store the image data in the clipboard to a file on the storage
devices. Also, using the Print option in the System menu
enables you to print the image data in the clipboard to a
printer.

Preset One message will prompt on the screen display and click
OK in the message to return the analyzer to the initial setup
state, called as factory state.

MKR/ANALYSIS Block

A group of keys used for analyzing the measurement results by using the markers and etc.
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Hardkey Description

Name

Marker Displays the Marker Menu in Softkey Menu Bar. Manipulating
the Marker Menu enables you to turn the markers on/off and
move them by entering stimulus values. You can place up to 10
markers on each trace.

Marker Displays the Marker Search Menu in Softkey Menu Bar.

Search Manipulating the Marker Search Menu enables you to move a

marker to a specific point (maximum, minimum, peak, and a
point with a target value) on a trace. You can also find the
bandwidth parameters (up to six) and display them.

Marker Fctn

Displays the Marker Function Menu in Softkey Menu Bar.
Manipulating the Marker Function Menu enables you to not
only specify the marker sweep range and the coupling of
markers on a channel but also to display statistics data on
traces.

Analysis

Displays the Analysis Menu in Softkey Menu Bar .
Manipulating the Analysis Menu enables you to use the
analytical function of the Equivalent Circuit and each limit test.

NAVIGATION Block (No Label on Front Panel)

The keys and Rotary knob in the NAVIGATION Block are used to navigate between softkey menus,
tables (limit table, segment table, etc.), or selected (highlighted) areas in a dialog box as well as to
change a numeric value in the data entry area by stepping up or down. When selecting one of two or
more objects (softkey menus, data entry areas, etc.) to manipulate with the NAVIGATION Block keys
displayed on the screen, first press the Foc (Focus) key in the ENTRY Block to select the object to be
manipulated (placing focus on the object) and then manipulate the NAVIGATION Block keys (knob)

to move among selected (highlighted) objects or change numeric values.

The following descriptions show how the NAVIGATION Block keys work both when the focus is on a
softkey menu and when the focus is on the data entry area. For more on tables and dialog boxes

manipulation, refer to the manipulation procedure for each of these functions.

« When the focus is on a softkey menu (softkey menu is selected)

When the focus is placed on a softkey menu (the menu title area in the uppermost part is

displayed in blue), the NAVIGATION Block keys work as described below.
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Hardkey Name Description

J Rotary Knob Moves the softkey selection (highlighted display) up or
(turned clockwise | down.
or
counterclockwise)

Y aP Moves the softkey selection (highlighted display) up or
Up/Down Arrow down.
keys

..j, Right Arrow Displays the softkey menu one layer above.
key

"j Left Arrow Displays the softkey menu one layer below.
keys
Enter or J Executes the function of the selected softkey.

Rotary Knob
(pressed)

A fter pressing the data entry softkey, the focus automatically moves to the data entry area.
« When the focus is on the data entry area (data entry area is selected)

When the focus is placed on the data entry area (the data entry bar is displayed in blue), the
NAVIGATION Block keys work as described below.

Hardkey Name Description

J Rotary Knob | Increases or decreases the numeric value in the data entry

(turned clockwise | area in small steps.

or
counterclockwise)
A AL Increases or decreases the numeric value in the data entry
Up/Down Arrow area in large steps.
keys

“j"')’ Right/Left Moves the cursor (|) in the data entry area laterally back and
) forth. Use it together with the ENTRY Block keys to change

Arrow keys )
y data one character at a time.
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Enter or J Finishes the entry in the data entry area and moves the focus
Rotary Knob to the softkey menu.

(pressed)

RESPONSE Block

A group of keys used mainly for setting up response measurements on the E4991B.

Hardkey Description

Name

Channel Changes between normal and maximum display of the active
Max channel window. In normal display, all of the defined channel

windows (both active and non-active) are displayed in split
views on the screen. In maximum display, only the active
channel window is displayed over the entire area, with non-
active windows not displayed. To maximize the active channel,
double-click the channel window frame. Measurements are also
carried out on the non-active channels that are not displayed.

Trace Max Changes between normal and maximum display of the active
trace window. In normal display, all of the defined trace
windows (both active and non-active) are displayed in split
views on the screen. In maximum display, only the active trace
is displayed over the entire channel window, with non-active
traces not displayed. To maximize the trace, double-click
anywhere in the channel window. Measurements are also
carried out on the non-active traces that are not displayed.

Meas Displays the Measurement Menu in Softkey Menu Bar .
Manipulating the Measurement Menu enables you to specify
the measurement parameters (types of S-parameters) for each
trace.

Format Displays the Format Menu in Softkey Menu Bar. Manipulating
the Format Menu enables you to specify the data format (data
transformation and graph formats) for each trace.

Scale Displays the Scale Menu in Softkey Menu Bar . Manipulating
the Scale Menu enables you to specify the scale for displaying a
trace (magnitude per division, value of the reference line, etc.)
for each trace. You can also specify the electrical delay and
phase offset for each trace.
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Display

Displays the Display Menu in Softkey Menu Bar .
Manipulating the Display Menu enables you to specify the
number of channels and the channel window array, the number
and arrangement of traces, the setup for data math, etc.

Avg Displays the Average Menu in Softkey Menu Bar .
Manipulating the Average Menu enables you to define the
averaging, smoothing, and IF bandwidth.

Cal Displays the Calibration Menu in Softkey Menu Bar .

Manipulating the Calibration Menu enables you to turn the
calibration and error correction on/off and change definitions
for calibration kits.

STIMULUS Block

A group of keys for defining the stimulus values (signal sources and triggers).

Hardkey
Name

Description

Start

Displays the data entry bar for specifying the start value of the
sweep range in the upper part of the screen. (It also displays the
Stimulus Menu for specifying the sweep range in Softkey Menu
Bar .)

Stop

Displays the data entry bar for specifying the stop value of the
sweep range in the upper part of the screen. (It also displays the
Stimulus Menu in the same way as Start .)

Center

Displays the data entry bar for specifying the center value of the
sweep range in the upper part of the screen. (It also displays the
Stimulus Menu in the same way as Start .)

Span

Displays the data entry bar for specifying the span value of the
sweep range in the upper part of the screen. (It also displays the
Stimulus Menu in the same way as Start .)

Sweep
Setup

Displays the Sweep Setup Menu in Softkey Menu Bar.
Manipulating the Sweep Setup Menu enables you to specify the
signal source power level, sweep time, number of points, sweep
type, etc.
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Trigger Displays the Trigger Menu in Softkey Menu Bar . Manipulating
the Trigger Menu enables you to specify the trigger mode and
trigger source. You can specify the trigger mode for each
channel.

LCD Screen

The E4991B is equipped with a 10.4-inch TFT color, touch-sensitive LCD screen for displaying traces,
scales, settings, softkeys and other measurement related information. The touch screen LCD allows you
to manipulate softkeys by touching the LCD screen directly with a finger. For more on the LCD screen,
see Screen Area: Names and Functions of Parts .

Do not press the surface of the LCD screen with a sharp object
(e.g., nail, pen, or screwdriver). Pressing the surface with a
sharp-pointed object will damage the LCD screen surface or cause
the screen to fail.

Valid pixels are 99.998 % and more. Below 0.002% of fixed
points of black, blue, green or red are not regarded as failure.

Standby Switch

This switch can turn on/off the E4991B. The color on the button shows the status as shown below:

Indicator Color Description

Normal power on status.

Standby status.

Red [llegal power on status .

To turn off the power of the E4991B, be sure to follow the steps described below:

1. First, press this standby switch or send a shutdown command from the
external controller to activate the shutdown process (the processing of
software and hardware necessary to turn off the power supply). This will put
the E4991B into the standby state.

2. Next, if necessary, turn off power supply to the Power Cable Receptacle (to
LINE) on the rear panel.
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Under normal use, never directly interrupt the power supply to
the power cable receptacle on the rear panel when the power
supply is on. Always keep the Line Switch (Always ON) at (|).
Never turn it off (O).

If you directly interrupt the power supply to the power cable receptacle when the
power supply is on, or turn off the Line Switch (Always ON), the shutdown
process will not work. This could damage the software and hardware of the
E4991B and lead to device failure.

Turning on the power supply after a faulty shutdown may cause the system to
start up in a condition called "safe mode." If this occurs, first shut down the
system to set it to the standby state and then turn on the power supply again to
start up the system in normal mode.

Test Head Interface

This is the interface used to connect the test head. It contains three ports: RFOUT and PORTs 1 and 2,
each of which is an N-type female connector.

You must not apply either alternate or direct current to the test head
interface. Doing this could cause operational failure.

Test Head

The test head’s DUT port is classified as IEC61010-1 Installation Category 1.
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You must not apply either alternate or direct current to the DUT port.
Doing this could cause operational failure. Pay particular attention to
whether the capacitor has been charged. Fully discharge the device
under test before connecting it to the test head DUT port (or test
fixture).

Whenever you connect a DUT to or disconnect it from the DUT port for
measurement, you must first turn off the DC bias. If this step is not
taken, the DC bias may destroy the DUT.

USB Ports

Two USB (Universal Serial Bus) Ports are provided that can be used for connecting to USB keyboard,
USB mouse, USB memory or a printer. Connecting a compatible printer to this port enables screen
information on the E4991B to be printed . See for more detail.
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Rear Panel: Names and Functions of Parts

External Monitor Qutput Port

Solid State Drive USB Interface Port Ethernet Port Line Switch

e

Sen'aluumuerplate—p i

24 bit 10 Port External Trigger

GRIE Port o

%-»E;e

@

A
B

L—.-I{ Certificate of Authenticity Label L—.J[

Reference Signal Ports

24 Bit (Handler) I/0 Port

The terminal to which an automatic machine (handler) used on a production line is connected. See

Connector type: 36-pin Ribbon (Centronics) connector

Certificate of Authenticity Label

The label shows the license information of the Windows Operating System

Ethernet Port

A terminal for connecting the E4991B to a LAN (Local Area Network). Connecting this instrument to a
LAN enables you to access the hard disk drive of this instrument from an external PC or to control this
instrument by using SICL-LAN or telnet.

Specification Value
Connector type 8-pin RJ-45 connector
Base Standard 10Base-T/100Base-TX/1000Base-T

47



External Monitor Output Port (VIDEO)

A terminal to which an external color monitor (display device) can be connected. By connecting a color
monitor to this terminal, the same information shown on the LCD screen of the main body can be
displayed on an external color monitor.

Connector type: 15-pin VGA connector, female

External Trigger (EXT TRIG)

Input

A connector to which external trigger signals are input. This connector detects the downward transition
from the HIGH state in TTL signals as the trigger signal. To use this connector to generate a trigger,
you must set the trigger source to the "external" side. The connector type is BNC, female.

GPIB Port

The connection of an external controller through General Purpose Interface Bus (GPIB) connector
allows you to configure an automatic measurement system.

This GPIB port is used only for controlling the E4991B from an external controller. Use USB/GPIB
interface to control other devices from the E4991B. You cannot control other devices from the E4991B
through this GPIB port.

Solid State Drive (SSD)

Built in solid state drive.

Reference Signal Ports (10MHz)

The specification for the signals is specified in the data sheet.

Input (REF IN)

The reference signal input connector is used for phase-locking the measurement signal from the
E4991B to the external frequency reference signal. Inputting reference signal to this connector
improves the accuracy and frequency stability of the measurement signal from the E4991B. When the
frequency reference signal is input to this connector, the measurement signal from the E4991B is
automatically phase-locked to the reference signal. When an input signal is not present, the frequency
reference signal inside the E4991B is automatically used. The ExtRefon the instrument status bar is
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displayed in blue when the system is phase-locked to the external reference signal and in gray when not
phase-locked.

When using Option 1E5 (high stability time base), connect this connector to the REF OVEN by using
the BNC(m)-BNC(m) cable included with the option.

Output (REF OUT)

A connector for outputting the internal frequency reference signal from the E4991B. By connecting this
output connector to the external reference signal input connector of another device, the device can be
phase-locked to the internal reference signal of the E4991B and used under this condition.

High Stability Frequency Reference Output (REF OVEN, OPT 1E5)

When Option 1ES5 (high stability time base) is installed, the reference signal is output from this
connector. Connect this connector to the REF IN by using the BNC(m)-BNC(m) adapter included with
the option.

Line Switch (Always ON)

Always keep this switch on (]).

Do not use this switch to turn off (O) the mains. Doing so may cause
the analyzer to fail. For more information, see the description of the
Standby Switch .

Power Cable Receptacle (to LINE)

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

To connect the device to a power source (outlet), use the supplied
three-prong power cable with a ground conductor. The plug attached
to the power cable (on the power outlet side or device side of the
cable) serves as the disconnecting device (device that cuts off power
supply) of the E4991B. When the power supply must be cut off to
avoid such danger as electric shock, pull out the power cable plug (on
the power outlet side or device side of the cable). For the procedure
for turning off the main in normal use, see the description in Standby
Switch .

For more on the power supply, see the Installation Guide .
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Serial Number Plate

The label showing the product number, serial number and the installed option number. The accessary
and system rack options are not listed on this label. (CFGxxx or ATOxxx in the first line is Keysight

Use Only.)

USB Interface Port (USBTMC)

Through this port, you can control the E4991B from external controllers. For more information on the

measurement system using the USB port, see the USB Remote Control System .

Specification

Value

Connector type

Universal serial bus (USB), type B (4 contact positions),
Female (jack)

Compliance
Standards

USBTMC-USB488 and USB2.0

USB Ports

Four USB (Universal Serial Bus) ports are provided that can be used for connecting to USB keyboard,
USB mouse, USB memory or a printer. Connecting a compatible printer to this port enables screen

information on the E4991B to be printed . See Using USB for more detail.
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Screen Area: Names and Functions of Parts

Menu Bar Data Entry Bar Softkey Menu Bar

E4991E ]
1 Active ChiTrsee  J Response 3 Stirnulus 4 Mie/Anshysis 5 instr State

10 °/div
\if@§ 0z 10.00 '/ Ref 100.

Auto Scake All

Divisions
10

Scale/Div
10 =fdiv

Reference Position
5 Div

Reference ¥ Value
100 =

Reference
Tracking

Rieturn

Stop 3 GHE |1
Meas | Arbitrary 0 m 2014-05-21 16:10

Q5C 100 mV

« M0 e
ed4331b005

2172014

Channel Window
Instrument Status Bar

Click on the name or area for details of the topic.

Channel Window

Data Entry Bar

Instrument Status Bar

Menu Bar

Softkey Menu Bar
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Channel Window

Window for displaying the traces. Because a channel corresponds to a window, it is called a channel
window. When the outer frame of a channel window is displayed in light gray, it shows that the
channel is an active channel (the channel for which setup is being performed). In the following figure,
Channel 1 (the upper window) is the active channel.

Channel 1 Window and Channel 2 Window describes different measurement parameters available in
the channel measurement window. The measurement parameters described in the Channel 1 and 2
Window correspond to the same channel measurement window and are displayed in separate windows
for ease of read.

Graticule/Scale Labels

Trace No. Marker Statistics Parameters Reference Line Marker:
Channel Title Bar Bandwidth Parameter
Measurement Parameter Trace No.
I Scale Marker Value Makers DC Monitor
Devic

05C% 100 MV W€ 10 mV stop 120 MH | [RITIRE] =

CW 10 kH: DCBOV Stop 100 mv™ | [16/16

OSC LevelIDC Bias/CW Freq. “"&ﬁﬂl"g
Calibration/Compensation
[Port Extension
Status

Equiv. Circuit Model Trace Status Area

Simulation Result

Marker Indicators

Channel No. Sweep Range Channel Meaurement Status

Averaging Status
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Displays the averaging factor and averaging count when averagingis turned on.

n/m (displayed in blue) Averaging: ON

(m: averaging factor; n: averaging count)

(not displayed) Averaging: OFF

Bandwidth Parameter

It shows the bandwidth data for a trace when the bandwidth function is turned on.

Calibration/Compensation/Port Extension Status

Calibration Status

User Low Loss|Indicator
Correction  |Capacitor|Fixed Point User Point
On Used COR+ Cor+ (Not interpolated)
C+? (Interpolated)
Not COR Cor (Not interpolated)
Used
C? (Interpolated)
Off Not None
Used

Temperature Compensation Status (Option 007)

TCOMP or TComp is displayed when Temperature Compensation is turned on.

« TCOMP : Fixed point
e TComp : User point

When the measurement points are not the same as the compensation points in "user points", ? is
displayed after TComp , like TComp? OS .
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Compensation Status

Status Indicator display
Fixed .
Open | Short e User point
Off Off None None

On Off COMP O Comp O
Off On COMP S Comp S

COMP Comp
oS (oF]

On On

When the measurement points are not the same as the compensation points in "user point", ? is
displayed after Comp , like Comp? OS .

Port Extension Status

PEXT or PExt is displayed when Port Extension is turned on and Length or Time is not zero.

« PEXT : Fixed point
o PExt : User point

Channel Number

Indicates the channel number. To make a channel active, use Channel Next or Channel Prev .
Clicking inside a channel window will also make the channel active.

Channel Measurement Status

Displays the update status of traces on the channel.

! Measurement in progress. When the sweep time exceeds 1.5
seconds, ? is displayed at the point on the trace.

# Invalid traces. The measurement conditions have changed, but the
traces on the channel currently displayed have not been updated to
match the new conditions.

(No The measurement has not been executed.
display)
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Channel Title Bar

You can assign a title to each channel and have the title displayed on the bar.

DC Monitor

DC Monitor values are displayed when the DC monitor function is turned on.

Equivalent Circuit Model/Simulation Result

Equivalent Circuit Model/Simulation Result are displayed for the equivalent circuit .

Graticule/Scale Labels

Y-axis divisions in the rectangular display format. When traces in the rectangular display format are
overlaid, the Y-axis divisions for the active trace are displayed. The value of the reference line (the
division line between # and ) is entered numerically by opening the data entry bar using the keys:
Scale > Reference Value . You can change values of the reference line at one-division intervals by

placing the mouse pointer in the area of the graticule label (the pointer changes from T to ¢ ),
moving the pointer vertically with the left mouse button pressed, and then releasing the button at the
desired location.

Marker Indicators

Indicates the positions of markers on the stimulus axis.

Active marker indicator

A

Non-active marker indicator

You can also move a marker to the desired position by placing the mouse pointer on the marker

indicator or position of the marker itself (the pointer changes from 3 to **), moving the indicator
vertically with the left mouse button pressed, and then releasing the button at the desired location.

Marker Numbers

Displayed marker number is listed. For the active marker (the one for which setup and analysis are
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being performed), > is displayed at the left of the marker number. For the reference marker, s
displayed instead of the marker number.

Marker Values

The marker stimulus and response values for each marker is displayed here. Two (or three) response
values are displayed for data in Smith chart or polar display format.

Markers

The markers used for reading values on a trace. Up to 10 markers can be displayed for each trace.

n Active marker (the one for which setup and analysis are being
/ performed).

Non-active marker.

L
n

Here, "n" denotes a marker number. For the reference marker, however, nothing is displayed at the
location of n. Clicking the marker or one of the Marker Indicators makes the marker active.

Marker Statistic Parameters

It shows the statistics data for a trace (span, mean, standard deviation, and peak-to-peak) when the
statistic function is turned on.

Measurement Parameter

Measurement parameters are displayed.

OSC Level/DC Bias/CW Frequency

Indicates the OSC level, DC Bias and CW frequency in the following conditions.

Indicator type Sweep type

OSC level Frequency (Liner/Log) and DC Biasl
DC Bias (when DC bias is ON) Frequency (Liner/Log) and OSC level
CW frequency OSC level and DC Bias
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Reference Line Indicators

The indicators that indicate the position of the reference line for the Y-axis scale in the rectangular
display format. One indicator is to the right and the other is to the left of the scale (» and «). To enter a
numeric value for the position of the reference line, open the data entry bar using the keys: Scale >
Reference Position . You can also move the position of the reference line by placing the mouse

pointer on either of the two reference line indicators (the pointer changes from [*_.,‘ to : .), moving the
indicator vertically with the left mouse button kept pressed, and then releasing the button at the desired
location (i.e., a drag-and-drop operation).

Scale

The scale for each trace is displayed here.

« When Linear scale is selected at Y-Axis
The scale/Div and Reference values are displayed.
This example shows that "50.00°" corresponds to 50° per division. "Ref
0.000°" shows that the value of the reference line is 0°.

« When Log scale is selected at Y-Axis
The top and bottom values of Y-Axis are displayed.
Sweep Range

Indicates the sweep range by using the start/stop or center/span.

Trace Number

The names of the traces, such as Trl, on the channel are displayed here. The symbol ® at the right of
the trace name indicates the active trace (the trace for which setup is being performed).
To make a trace active, use Trace Next or Trace Prev . Clicking the line where the trace name is

. E ] :
placed (the mouse pointer changes from Li to EI ) also makes a trace active.

In the rectangular display format, the trace number is displayed in the same color as the trace at the
right end of each trace.

Trace Status Area

The setup for each trace is displayed here.
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Trace status display

Classification Contents Meaning
inside [ |

Memory traces Nothing Data trace: ON, Memory trace: OFF
M Data trace: OFF, Memory trace: ON
D&M Data trace: ON, Memory trace: ON
off Data trace: OFF, Memory trace:

OFF

Performing data math D+M Execution of Data+Mem math
(D+M&M)

When a memory trace is ON, |D-M (D- |Execution of Data-Mem math

see the contents inside () M&M)
D*M Execution of Data*Mem math
(D*M&M)
D/M Execution of Data/Mem math
(D/M&M)

Equation Editor Equ Equation Editor: ON
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Data Entry Bar

Used to enter numeric data into the E4991B. Press a hardkey or softkey to enter data, and the data entry
bar will appear at the top of the screen. To assign a title to a channel window, an entry bar that allows
you to enter letters and symbols by using the front panel keys or mouse is displayed.

Data entry bar

Parameter Name Step Buttons (Small)

Refrence Lne posion EET .

Data Entry Area

Step Buttons (Large) Close Button

To manipulate the data entry bar by using the front panel keys, the

data entry bar must be selected as the object to manipulate (with the

focus placed on it). When the focus is placed on the data entry bar,

the entire bar is displayed in blue. Pressing or clicking Foc Key in the

ENTRY Block enables you to move the focus to the desired object.
Close Button

Closes the data entry area (turns off the display). Use mouse to manipulate this button.

Data Entry Area

When the data entry bar is displayed for the first time, the current settings are displayed on it. You can
change numeric values by typing from the keyboard or in the ENTRY block on the front panel.

You can hide the frequency information in order to ensure its confidentiality or for other reasons. For
detailed information, see Hiding Softkey's Frequency Information.

Parameter Name

Displays the name of the parameter for which data will be entered.

Step Button (Small)
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Increases or decreases the numeric value in the data entry area in small steps. Use the mouse to
manipulate this button.

Step Button (Large)

Increases or decreases the numeric value in the data entry area in large steps. Use the mouse to
manipulate this button.
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Instrument Status Bar

The instrument status bar displays the status of the entire instrument.

External Reference Signal
DC Bias ON/OFF Indicator

Measurement Status i
Instrument Message/Warning Date iTIITIB

}

Undefined header DCON | Update Off Meas | 16191A 14 mm | ExtRef Sve 2014-01-01 12:00

Service Mode Indicator

Display Update Off Indicator

249910029 Fixture Selection

Instrument Message/Warning

Displays instrument messages and warnings . Instrument messages are displayed in gray and warnings
in red.

DC Bias ON/OFF Indicator

Value Description
DC ON (displayed in red) DC Bias is turns ON.
DC OFF (displayed in dark) DC Bias is turns OFF.

Display Update Off Indicator

When information update display on the LCD screen is turned off, this indicator is displayed in red.

Fixture Selection

When fixture selection is made, its shown here. Default selection is 16193A 14.0mm.

Measurement Status

Displays the measurement status of the E4991B.
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Value Description

Setup Setup for measurement in progress

Hold Measurement on hold (idling)

Man The trigger source is set to "Manual" and waiting for trigger.
Ext The trigger source is set to "External" and waiting for trigger.
Bus The trigger source is set to "Bus" and waiting for trigger.
Meas A measurement is in progress.

External Reference Signal

When the frequency reference signal is input to the Reference Signal Input (REF IN) on the rear panel
and the measurement signal of the E4991B is phase-locked to the reference signal, ExtRef is displayed
in blue.

Value Description

ExtRef (displayed in Measurement signal is not phase-locked to the external
red) reference signal.

ExtRef (displayed in Measurement signal is phase-locked to the external

blue) reference signal.
ExtRef(displayed in Internal reference signal is used as frequency reference
gray) signal.

Service Mode Indicator

Indicates the service mode status. The service mode indicator is displayed when E4991B enters the
following state.

Value Description

SVC (displayed in An abnormal condition has been detected inside the

red) E4991B. The unit may be damaged. Notify the Customer
Contact listed at the end of this manual or the distributor
from whom the unit was purchased.
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Date and Time

Displays the date and time generated by the internal clock. The display format is as follows:
YYYY-MM-DD HH:MM

Where:

YYYY : Year (AD)

MM : Month

DD : Day

HH : MM: Time (0:00 to 23:59)

You can turn the date and time display on/off by: System > Misc Setup
> Clock Setup > Show Clock .
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Menu Bar

By using the mouse and keyboard to manipulate the menu bar, you can perform interface operations
that are equivalent to those of the keys in the ACTIVE CH/TRACE Block, RESPONSE Block,
STIMULUS Block, MKR/ANALYSIS Block, and INSTR STATE Block on the front panel of the
E4991B. The menus on the menu bar correspond to the key blocks, and their submenus to the hardkeys
inside the key blocks.
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Softkey Menu Bar

A group of keys on the screen called by the softkeys and menu bars. You can manipulate these keys by
using the NAVIGATION Block keys on the front panel, the mouse, or the keyboard. You can perform
manipulations by directly touching the screen with your finger instead of using a mouse.

Softkey Menu Bar
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Allocate

Sofkey Menu Title Display

Channels

Scroll Arrow

(Small) — "

Allocate

Channels

Selection Mark ozl I:I

Highlighted /

Sofkey

Scroll Box ——

—— Softkeys

%
|

Sofkey Status Display -|

Scroll Bar ——&

Scroll Arrow
(Large)

e4990a056

To manipulate a menu bar, it has to be selected as the object to
manipulate (with the focus placed on it). When the focus is placed on
a menu bar, the menu title area at the top is displayed in blue.
Pressing or clicking on Foc key in the ENTRY Block enables you to
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move the focus to the desired object.

Highlighted Softkey

Pressing J and Enter key on the front panel or pressing Enter key on the keyboard causes the
highlighted (selected) softkey to be executed. You can change which softkey in the menu is highlighted

by turning ..) or pressing Ry key on the front panel or by pressing LI 4 key on the keyboard.
-

Pressing the .J key on the front panel or the ~ key on the keyboard brings up the upper level softkey

-

menu, and pressing the' 7 key on the front panel or the = key on the keyboard brings up the lower

level softkey menu.

Scroll Arrow (Large)

When the softkeys in a menu overflow the screen, use this key to enable you to scroll the menu page by

page. Both upward and downward scroll arrows are available. Use the mouse to manipulate these

buttons.

Scroll Arrow (Small)

Using this button, you can scroll the menu one softkey at a time. Both upward and downward scroll

arrows are available. Use the mouse to manipulate these buttons.

Scroll Bar

When the softkeys in a menu overflow the screen, clicking on the blank part of the scroll bar enables

you to scroll the softkey menu up or down.

Scroll Box

You can scroll the softkey menu up or down by using the mouse to select and drag the scroll box
(pressing the button on the object to be moved and then releasing the button at the desired location).
The length and position of the scroll box indicate the length and position of the currently displayed part
of the softkey menu relative to the entire menu.

Selection Mark

Shows which softkey function is currently selected.
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Softkeys

These are the actual keys you would use to perform setup. A & displayed to the right of a softkey
indicates that pressing that softkey displays the lower layer of softkeys.

Softkey Menu Title

The title of the softkey menu is displayed here. Double-clicking on this part of the menu bar displays
the top layer of softkeys.

Softkey Status Display
Displays a softkey's setup status.

You can hide the frequency information in order to ensure its confidentiality or for other reasons. See
Hiding Softkey's Frequency Information.
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Softkey Shortcuts

The Instr Setup key provides quick access to the main softkeys required to setup and perform basic
measurement, instead of accessing through different hardkeys.

Figure below shows the Instrument Setup softkeys and the alternate hardkeys that can be used to access
the mentioned softkeys.
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Instrument Setup

Accessory Cal Compen
164534

lerl-tan3e)
-

Measurement

Sweep Setup
Start
Stop

Sweep Setup

Cal Compen

Trigger

Format

. LnFreq
Coime
. 3cHz
om0
 Linear

=
=
=
e
—
——
—
——

e4991b072

For example, Accessory softkey can be accessed by pressing Cal (Cal Compen) > Accessory,
instead of Instr Setup > Accessory.

Instr Setup > Trace 3&4 allows you to select either OSC Monitor or DC
Monitor for both traces in parallel.
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Measurement Example for Impedance

This section explains the basic operations for taking impedance measurements with the Keysight
E4991B.

e STEP 1: Preparation for Measurement

e STEP 2: Setting Measurement Conditions

o STEP 3: Calibration

e STEP 4: Connecting Test Fixture

o« STEP 5: Setting Electrical Length

e« STEP 6: Fixture Compensation

e STEP 7: Connecting DUT to Test Fixture

e STEP 8: Measuring DUT and Analyzing Measurement Results
e« STEP 9: Changing Sweep Conditions

e STEP 10: Measuring Other DUTs
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Preparation for Measurement

Selection of DUT and Test Fixture

The test fixtures are used to provide measurements that have high stability and repeatability. Keysight
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 E4991B:

e« 16191A
e 16192A
« 16193A
e« 16194A
« 16196A/B/C/D
e 16197A

This chapter describes measurement examples using a chip inductor of 1608 mm/0603 inches in size as
the DUT and the 16197A as the test fixture.

Required Equipment
The measurement example here requires the following equipment.

E4991B Impedance Analyzer

e« E4991B (main unit)
Test head

16195B calibration kit
Mouse

Keyboard

Keysight 16197A single-sided electrode SMD test fixture

e 16197A test fixture
e Short device set
o A pair of tweezers

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

Connect the test head to the E4991B. Be sure not to remove the four feet on the bottom of the E4991B
when connecting the test head.

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

Press the power switch to turn ON the power to the E4991B. The E4991B performs a power-on self-
test. When the self-test is completed, the splash screen followed by the measurement screen appears on
the LCD.
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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. Oscillator level (current) characteristics of Ls-Q
3. DC bias (current) characteristics of Ls-Q

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 below:

1. Presetting the E4991B

AV

2.Settingmeasurement parameters and display formats

A4

3. Setting measurement points, sweep parameters, and sweep type

O

4. Setting source mode, oscillator level, or CW

U

5. Setting sweep range
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Frequency Characteristics of |Z|-Ls-Q

Change the measurement conditions from the initial state of the E4991B:

Setup example for this measurement:

Parameter setting Setup example Initial state
Measurement Trace 1 V4 V4
parameters Trace 2 Ls 0z

Trace 3 Q Q

Display Trace 1 Log Linear
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 Voltage
Oscillator level 1 mA 100 mV (2 mA)
Sweep range (frequency) 1 GHz to 3 GHz 1 MHz to 3 GHz

Presetting and Setting Measurement Parameters and Display Formats

Preset the E4991B.

Press Display > Num of Traces > 3 .
Press Meas > Trace 1 > |Z] .

Press Format > Y-Axis > Log .

i kN E

Linear .

Similarly, set Trace 2 > Ls with Y-Axis > Linear and Trace 3 > Q with Y-Axis >

Setting Measurement Points, Sweep Parameter and Sweep Type

1. Press Sweep Setup > Points > 201 .
2. Press Sweep Setup > Sweep Type > Log Freq .
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Setting the Source Mode and Oscillator Level

1. Press Sweep Setup > Osc Level > Osc Unit > Current .

2. Press Sweep Setup > Osc Level > Current Level > 1 > k/im .

Setting the Sweep Range (Frequency)

1. Press Start > Start > 1
2. Press Stop > Stop > 3

> G/n .
> G/n .

Oscillator Level (Current) Characteristics of Ls-Q

Change the measurement conditions from the initial state of the E4991B:

Setup example for this measurement:

Parameter setting Setup Initial state
example
Measurement Trace Ls IZ]
parameters 1
Trace Q 0z
2
Display formats Trace 1 Linear Linear
Trace 2 Linear Linear
Measurement points 201 points 201 points
Sweep parameter Oscillator Frequency
level
Sweep type Linear Linear
Source mode Current Voltage
CW frequency 100 MHz 1 MHz
Sweep range (AC current) 100 pA to 80 pA to 10.02 mA
10 mA

Presetting and Setting Measurement Parameters and Display Formats
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Preset the E4991B.

Press Display > Num of Traces > 2 .
Press Meas > Trace1 > Ls .

Press Format > Y-Axis > Lin .

kW=

Similarly, set Trace 2 > Q with Y-Axis > Linear .

Setting Measurement Points, Sweep Parameter and Sweep Type

1. Press Sweep Setup > Points > 201 .
2. Press Sweep Setup > Sweep Type > Osc level > Osc Unit > Current .

Setting the Source Mode and CW Frequency

1. Press Sweep Setup > Osc Level .
2. Press Sweep Setup > CW Freq > 100 > M/u .

Setting the Sweep Range (Oscillator Level)
1. Press Start > Start > 100 > M/p .
2. Press Stop > Stop > 10 > k/m .

DC Bias (Current) Characteristics of Ls-Q (Option 001)

When Option 001 is installed in the E4991B, DC bias can be applied to the DUT. First, change the
measurement conditions from the initial state of the E4991B.

When measuring DC bias characteristics, you must set DC bias to ON
after connecting the DUT to the test fixture.

Setup example for this measurement:
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Presetting and Setting Measurement Parameters and Display Formats

vi kb hdE

Parameter setting

Setup example

Initial state

Measurement | Trace 1 Ls IZ]
parameters Trace 2 0 0z
Display Trace 1 Linear Linear
formats Trace 2 Linear Linear
Measurement points 201 points 201 points
Sweep parameter DC bias (current) Frequency
Sweep type Linear Linear
Source mode Current Voltage
Oscillator level 1 mA 100 mV (2 mA)
CW frequency 100 MHz 1 MHz
Sweep range (DC current) 100 pA to 50 mA 0Ato0A

Preset the E4991B.
Press Display > Num of Traces > 2 .
Press Meas > Trace1 > Ls .

Press Format > Y-Axis > Lin .

Similarly, set Trace 2 > Q with Y-Axis > Linear .

Setting Measurement Points, Sweep Parameter and Sweep Type

1. Press Sweep Setup > Points > 201 .
2. Press Sweep Setup > DC Bias > DC Bias State > ON .
3. Press Sweep Setup > DC Bias > DC Bias Mode > Current .

Setting the Source Mode, Oscillator Level and CW Frequency

1. Press Sweep Setup > Osc Level > Osc Unit > Current .

2. Press Sweep Setup > Osc Level > Current Level > 1 > k/im .
3. Press Sweep Setup > CW Freq > 100 > M/u .
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Setting the Sweep Range (DC Bias)

1. Press Start > Start > 100 > M/p .
2. Press Stop > Stop > 50 > k/m .
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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 E4991B 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. See Selecting Calibration/Compensation Data Points . The fixed frequency
point is used in this procedure.

The basic procedure for the calibration is illustrated below:

Preparing for calibration

X

Performing OPEN calibration

\

Performing SHORT calibration

\

Performing LOAD calibration

N

Performing low-loss capacitor calibration

x

\falidating calibration data

Vi'hen the low-loss capacitor
calibration is skipped.

ed991b013
Preparing for Calibration

Prepare for calibration by following these steps.

1. Press Cal > Cal Compen > Cal/Compen Point > Fixed freq .

2. Turn the 7-mm connector nut of the test head clockwise until the connector
sleeve is fully extended, as shown below.
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e4991b014
Measuring OPEN Calibration Data

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

1. Turn the 0 S (OPEN) standard clockwise with the provided torque wrench to
connect it securely to the 7-mm terminal, as shown below.

2. Press Cal > Calibration > Execute Cal > Open .

3. A check mark, v appears on the left side of Open softkey upon completion of
the OPEN calibration data measurement.

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

£4991b015

Measuring SHORT Calibration Data

Use the 0 Q (SHORT) standard to perform SHORT calibration by following these steps:

1. Turn the 0 Q (SHORT) standard clockwise with the provided torque wrench to
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connect it securely to the 7-mm terminal, as shown below.
2. Press Cal > Calibration > Execute Cal > Short .

3. A check mark, v appears on the left side of Short softkey upon completion of
the SHORT calibration data measurement.

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

£4991b016

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

1. Turn the outside connector nut of the 50 Q (LOAD) standard
counterclockwise to fully retract the inside connector sleeve, as shown below.

ed4¥M b7

2. Turn the 50 Q (LOAD) standard clockwise with the provided torque wrench to
connect it securely to the 7-mm terminal, as shown below.
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e4991b018

3. Press Cal > Calibration > Execute Cal > Load .

4. A check mark, v appears on the left side of Load softkey upon completion of
the LOAD calibration data measurement.

5. 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.

1. Turn the LOW-LOSS CAPACITOR clockwise with the provided torque wrench
to connect it securely to the 7-mm terminal, as shown below.

2. Press Cal > Calibration > Execute Cal > Low Loss C (Optional) .

3. A check mark, v appears on the left side of Low Loss C (Optional) softkey
upon completion of the LOW-LOSS CAPACITOR calibration data
measurement.

4. Turn the LOW-LOSS CAPACITOR counterclockwise to remove it.
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ed991b019

Saving Calibration Data

After completing all calibration data measurement, the calibration coefficients are calculated from the
measured calibration data. The coefficients are automatically saved to the internal memory.

1. Confirm that all of the calibration data measurement is completed and then
press Done .

If you want to abandon the measured calibration data, press Cal
> Calibration > Execute Cal > Cancel before pressing Done .
Turning the power OFF also resets the calibration data.

2. Verify that the display of the status bar on the bottom of the screen changes
to COR .

When the measurement points for calibration/compensation are
user-defined frequency points, Cor appears instead of want COR .
If LOW-LOSS CAPACITOR calibration is performed, + is added like
COR+ .
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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.

1. Turn the 7-mm connector nut of the test head counterclockwise until the
connector sleeve is fully retracted, as shown below.

ed991b020

2. 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 (shown below as 2).

3. Turn the 7-mm connector nut of the test head counterclockwise to connect it
securely (shown below as 3). Use both hands to turn the connector nut
because the space between the test head and the test fixture is narrow.
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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 E4991B, electrical length values are individually registered for standard Keysight 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.

1. If you are using a registered fixture, then press Cal > Cal/Compen >
Accessory > select the registered fixture. In this example, select 16197A.

2. If you are using other non-registered fixture, press Cal > Cal/Compen >
Accessory > Arbitrary. Then, enter the length of the fixture by pressing Cal >
Cal/Compen > Accessory Length > enter the length of the fixture, e.g. 1mm
(Press 1 > kim).

3. After setting the electrical length, confirm that Arbitrary 1.0mm is shown in the
status bar on the bottom of the screen.
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Fixture Compensation

The E4991B 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.

Measuring OPEN Compensation Data (16197A)

Perform OPEN compensation to correct stray admittance due to the test fixture.

1. Set the DUT connection terminal of the test fixture to the OPEN state by
following the procedure described in figure below. When using other test
fixtures, follow the procedure described in the Operation Manual of the test
fixtures.

Pressure rod

Pressure adjusting nut

The name of each part is shown above. 1. Push the latch button ((Z)) while pressing the lever ((1)).

e4991b022

2. Release the lever (1)), and the pressure rod is fixed .
as it is raised.

2. Press Cal > Fixture Compen > Open(0SO0F0s) .

3. OPEN compensation data measurement appears as ON - Cal > Fixture
Compen > Open > ON .

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

1. Connect a short device to the test fixture. Follow the procedure illustrated in
the below figure 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.

DUT sizes | |
402(inch) 1008(mm) | (1)

0B03(inch)160B(mm) | (21 |
0B05(inchy2012(mm) | 3

1206(inch)/3216(mm)
1210(inch)/3225(mm)

The position for each DUT size is shown above. 1. Loosen the two knobs (7)) and adjust the position of the
sliding bleck until the pressure rod is located at the
center of the device guide frame where the short device
will be placed ((2)). Then tighten the two knobs again ( (3 ).

N~

N

Shart device

2. Place a short device at the appropriate positicn 3. Release the latch button (1)) while pressing the lever {i2)).
on the electrode. Then release the lever slowly ((3)).

4. Turn the pressure adjusting nut { (7)) to stabilize the contact.
Turning in the direction indicated by the amow increases
the pressure.

e4991b023

2. Press Cal > Fixture Compen > Short (0 & 0HOs) .

3. SHORT compensation data measurement appears as ON - Cal > Fixture
Compen > Short > ON .

Validating Fixture Compensation Data

Upon completion of all fixture compensation data, you should use the E4991B to calculate the fixture
compensation coefficient from the measured fixture compensation data. The coefficient is
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automatically saved to the internal memory.

1. Confirm that all compensation data measurement is completed.

2. Verify that the display of the status bar on the bottom of the screen changes
to COMP OS .

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 Meas > Trace1 > |Z] .
Press Scale > Autoscale .
Press Marker > Marker 1 .

Turn the rotary knob to check that trace values of measurement parameter
|Z| are lower than 50 m? for all stimulus values. 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.

DR W N R

When changing the location of the pressure rod after performing
fixture compensation, you must again obtain the fixture compensation
data.
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Connecting DUT to Test Fixture

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

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

2. Remove the short device.

3. Place the DUT in the same way as you placed the short device, as shown
below.

DUT sizes |
402 (inch)1005(mm

0805(inchy2012(mm) | (31 |
1206(inch)/3216(mm)

DB03(inch)160Bmm) | (2
3

! 3
1210(inch)/3225(mm)

The position for each DUT size is shown above. 1, Loosen the two knobs { (7)) and adjust the position of the
sliding block until the pressure rod is located at the
center of the device guide frame where the short device
will be placed ((2)). Then tighten the two knobs again (3 ).

N =~

e

Short device

.2. Place a short device at the appropriate position

3. Release the latch button (7)) while pressing the lever ((2)).
on the electrode.

Then release the lever slowly (3.

4. Turn the pressure adjusting nut { (7)) to stabilize the contact.
Turming in the direction indicated by the amow increases
the pressure.

e4991b023

4. Release the latch button while pressing the lever and then release the lever
slowly.
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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.

Applying DC Bias (Option 001)

When selecting DC Bias (Current) Characteristics of Ls-Q (Option 001) in Setting
Measurement Conditions, follow these steps to apply DC bias. For settings of the DC bias source
level and DC bias limit, refer to Setting Measurement Conditions.

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

1. Press Sweep Setup > DC Bias > ON.
2. Set the trigger to start the measurement.

o Perform single measurement. Press Trigger > Single.
o Repeat the measurement. Press Trigger > Continuous.

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 the steps at Auto-scaling the
Trace to execute auto scale.

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. To change the scale to a desired value, adjust it by
following these steps.

Scaling parameters for the adjustment vary according to the display
format. For details about scaling parameters, refer to Setting Windows
Display.
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1. Press Scale > Scale/Div > adjust the scale by inputting the appropriate value
in each scaling parameter box.

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.

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.

« Sweep averaging - Sweep averaging smooths the trace by repeating the
sweep until the averaging count is reached.

Point averaging and sweep averaging can be performed at the same
time.

To perform averaging, follow the steps in Averaging Between Sweeps (Sweep-to-Sweep
Averaging), Making Sweep Averaging Measurement with Single Triggerand
Averaging for Each Measurement Point (Point Averaging).

Using Marker Function

The marker function allows you to read trace values and stimulus values at any point on the active
trace. 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

Please refer to Reading Marker Values on Trace.

Detecting Maximum Values

Please refer to Searching for Maximum and Minimum Values.

Displaying Marker List

Please refer to Reading Marker Values on Trace.
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Clearing Markers

Please refer to Turning off the marker.

Executing Equivalent Circuit Analysis

The E4991B 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.

Please refer to Calculating Several Traces (Equation Editor).

Enlarging Trace

Please refer to Setting Marker Zoom and Zooming Aperture.

Displaying Traces on Individual Windows

Please refer to Setting Windows Display.

Displaying Smith Chart

Please refer to When Measuring Complex Parameters.
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Changing Sweep Conditions

When the calibration/compensation points mode is user frequency, start measurement with STEP 3.
Calibration after changing the measurement conditions. When the calibration/compensation points
mode is fixed frequency, start measurement with STEP 8. Measuring DUT and Analyzing
Measurement Results.

97



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 Connecting DUT to Test Fixture. If you use the same test fixture to
measure a DUT of a different type and size, start measurement with Fixture Compensation. When
using a different test fixture, start measurement with Connecting Test Fixture.

When measuring a DUT in the initial state after turning the power ON, start measurement with
Setting Measurement Conditions.
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Measurement Example for Dielectric

Measurement

This section explains the basic operations for taking dielectric measurements with the Keysight
E4991B.

e STEP 1: Preparation for Measurement

e« STEP 2: Selecting Measurement Mode

e STEP 3: Setting Measurement Conditions

e STEP 4: Connecting 16453A

o STEP 5: Entering Thickness of Load Standard
o STEP 6: Calibration

e STEP 7: Entering Thickness of MUT

e« STEP 8: Connecting MUT

e« STEP 9: Measuring MUT and Analyzing Measurement Results
e« STEP 10: Changing Sweep Conditions

o« STEP 11: Measuring Other MUTs

When the E4991B 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 pyr '- ur " - tand

Flow for Magnetic Measurement

The basic procedure for magnetic measurement is given in the flow chart.
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Preparation for Measurement

Selection of MUT and Test Fixture

With the E4991B, the 16453 A test fixture can be used to measure magnetic materials. The applicable
dielectric materials are solid with a smooth surface, such as ceramic, PTFE, and resin, as shown below.

d
< >| ]
_ _ d
R < >
. ; —
_ _ v Loy t
e4991b042
Features of 16453A test fixture
Frequency Maximum DC bias Dielectric material size
range voltage
I Mtol + 100 mA b=7?3.1 mm
GHz
c="720.0 mm
h=8.5 mm

Required Equipment

The following equipment is required to perform magnetic measurement.
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Connecting Test Head

Connect the test head to the E4991B. Be sure not to remove the four feet on the bottom of the E4991B
when connecting the test head.

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

Press the power switch to turn ON the power to the E4991B. The E4991B performs a power-on self-
test. When the self-test is completed, the measurement screen appears on the LCD.
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Selecting Measurement Mode

You must set the E4991B measurement mode from the initial state to the dielectric measurement mode.

1. Press Preset to set the initial state.
2. Press Meas > Measurement Mode > Permittivity.

When you set the E4991B measurement mode to Dielectric Material,
the 16453A is automatically set as the texture fixture to be used.
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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 E4991B as shown in
the below table.

Parameter setting Setup Initial state
example
Measurement Trace gr' er'
parameters 1
Trace er" er"
2
Trace tand tand
3
Display formats Trace 1 Linear Linear
Trace 2 Linear Linear
Trace 3 Linear Linear
Sweep parameter Frequency Frequency
Sweep type Log Linear
Source mode Voltage Voltage
Oscillator level 100 mV 100 mV
Sweep range (frequency) 1 MHz to 1 1 MHz to 3 GHz
GHz

Presetting and Setting Measurement Parameters and Display Formats

1. Press Display > Num of Traces > 3 .

2. Press Meas > Trace1 > € '.

3. Press Format > Y-Axis > Linear .
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4. Similarly, set Trace 2 > ¢ ¢ " with Y-Axis > Linear and Trace 3 > tand with Y-
Axis > Linear .

Setting Measurement Points, Sweep Parameter and Sweep Type
1. Press Sweep Setup > Sweep Type > Log Freq .
Setting the Source Mode and Oscillator Level

1. Press Sweep Setup > Osc Level > Osc Unit > Voltage .
2. Press Sweep Setup > Osc Level > Voltage Level > 100 > k/m .

Setting the Sweep Range (Frequency)

1. Press Start > Start > 1 > M/ .
2. Press Stop > Stop >1 > G/n .
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Connecting 16453A

Connect the 16453 A 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.

1. Turn the 7-mm connector nut of the test head counterclockwise until the
connector sleeve is fully retracted, as shown below.

amisl A0

e4991b020

Tighten the two small screws of the fixture holder to secure the fixture
holder to the test fixture body (shown below as 2).

Connect the 7-mm connector of the test fixture to the 7-mm terminal of the
test head (shown below as 3).

Tighten the two large screws of the fixture holder to secure the test fixture
to the test head (shown below as 4).
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Entering Thickness of Load Standard

Enter the thickness of the PTFE load standard supplied with the 16453 A 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.

1. Press Cal > Calibration > Define Value > Load Thickness, enter the height
value, e.g. 0.75 > k/m.

The load standard supplied with the 16453A test fixture is made of
PTFE with a relative permittivity of 2.1. Therefore, when the E4991B is
in the initial state, the value in the €r Real box in the Cal Kit toolbar is
set to 2.1000 and the value in the €r Loss box is set to 0.0000. If you
use a user-defined load standard, change these values accordingly.
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Calibration

Calibration is performed by using the MUT connection plane of the 16453 A test fixture as the
calibration reference plane. 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.

Error model of 16453A test fixture

e

j fw Contact surface
! o MUT
H = _-|T|-|I

¢ Calibration reference . o
surface [ - Calibration

Error due to residuals

Error due to electric length
(Phase shift)

«— Test Fixture 16453A —>»

4991 b045

Differences in calibration and fixture compensation between impedance
and dielectric measurement

Correction Impedance Dielectric measurement
measurement

Calibration reference 7-mm terminal MUT connection plane

surface (usual)

Electrical length setting | Required Not required

Fixture compensation Required Not required
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Perform calibration by following these steps:

1. Press the Cal > Accessory > 16453A.

2. Press the Cal > Compen Point > Fixed freq |User freq to select the
measurement points used for user calibration or those for fixture
compensation.

3. Set the MUT connection plane of the test fixture to the SHORT state.

__—~Knob

."__,.l_

_,“

Latch

F'TEEEII.-I.FE
button

adjusting nut

=
T

1. Release the lalch button so that the upper electrode
makes contact with the lower electrode of the
164534 text fixture,

e4991b046

Press Cal > Calibration > Execute Cal > Short .

A check mark, v appears on the left side of Short softkey upon completion
of the SHORT calibration data measurement.

6. Set the MUT connection plane of the test fixture to the OPEN state.
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CEI0D | 1841

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

—
_TTmT__

cEa2
3. When the knob is released, it remains in the up position.

e4991b047

Press Cal > Calibration > Execute Cal > Open .
A check mark, v appears on the left side of Open softkey upon completion
of the OPEN calibration data measurement.

Connect the load standard supplied with the 16453A test fixture to the test
fixture by inserting it between the electrodes of the test fixture.
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10.
11.

12.

' |
(I
R | CEIM0T 7
1. Use tweezers fo carefully place the load standard 2, Caution: make sure that the load standard only comes
on the lover eleotrode. into contact with the electrodes of the 164534 test fidure.

| e

[ I |
] (I L : .-. (I :.

EEI04 CEIN4ME |
3. Pull up the knob to release the latch button. 4, By holding back the knob, allow the top electrode fo

slowly loveer onlo the load. Then push down on the

knob to stabilize the contact. Turn the pressure adjusting
nui so that the pressure is maximized without deforming
the load material.

e4991b045

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.

Press Cal > Calibration > Execute Cal > Load .

A check mark, v appears on the left side of Load softkey upon completion of
the LOAD calibration data.

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

1. Press Meas > Material Dimension > Thickness > enter the height value, e.g.
0.75 > k/m.
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Connecting MUT

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

| —— ’ Fy ‘
|
(NI e
: . J : | ‘ ‘
LRIy | CHI017
1. Use tweezers to carefully place the load standard 2. Caution; make sure that the load standard only comes
on the lower electrode. inte conlact with the electrodes of the 164534 tes! fixture.

1 4

| — [—
T T [Ty

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

e4991b045

When connecting a load standard or a MUT to the test fixture, make
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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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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 desired functions while referencing to
Measuring DUT and Analyzing Measurement Results.
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Changing Sweep Conditions

When the measurement points for calibration are user-defined frequency points, start measurement
with Calibration after changing the measurement conditions. When the measurement points for
calibration are fixed frequency points, start measurement with Measuring MUT and Analyzing
Measurement Results after changing the measurement conditions.

When you change other sweep conditions, start measurement with
Measuring MUT and Analyzing Measurement Results.
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Measuring Other MUTs

If you measure another MUT of the same thickness as the one in the previous measurement, start
measurement with Connecting MUT. If you measure a MUT of a different thickness, start

measurement with Entering Thickness of MUT.
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Measurement Example for Magnetic

Measurement

This section explains the basic operations for taking dielectric measurements with the Keysight
E4991B.

STEP 1: Preparation for Measurement
STEP 2: Selecting Measurement Mode
STEP 3: Setting Measurement Conditions
STEP 4: Calibration

STEP 5: Connecting 16454A

STEP 6: Fixture Compensation

STEP 7: Entering MUT Dimensions

STEP 8: Mounting MUT

STEP 9: Measuring MUT and Analyzing Measurement Results
STEP 10: Changing Sweep Conditions
STEP 11: Measuring Other MUTs

When the E4991B 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 er '- &r " - tand

Flow for Magnetic Measurement

The basic procedure for dielectric measurement is given in the flow chart.
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Preparation for Measurement

Selection of MUT and Test Fixture

With the E4991B, the 16454 A test fixture can be used to measure magnetic materials. The applicable
dielectric materials are toroidal cores with a donut shape, such as ferrite magnets. Applicable magnetic
materials are shown below.

[+
- a

=

e4991b032

Calibration Necessary Place and Method of Execution
Reference Calibration/Compensation
Plane
I Mto 1 + 50 mA b="? 3.1 mm
GHz
c="7 20.0 mm
h=28.5 mm

Required Equipment

The following equipment is required to perform magnetic measurement.
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Connecting Test Head

Connect the test head to the E4991B. Be sure not to remove the four feet on the bottom of the E4991B
when connecting the test head.

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

Press the power switch to turn ON the power to the E4991B. The E4991B performs a power-on self-
test. When the self-test is completed, the measurement screen appears on the LCD.
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Selecting Measurement Mode

You must set the E4991B measurement mode from the initial state to the magnetic measurement mode.

1. Press Preset to set the initial state.
2. Press Meas > Measurement Mode > Permeability.

123



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 pr ' - ur " - tand

First you should change the measurement conditions from the initial state of the E4991B as shown in
the below table.

Parameter setting Setup Initial state
example
Measurement Trace ur' ur'
parameters 1
Trace (TP (TP
2
Trace tand tand
3
Display formats Trace 1 Linear Linear
Trace 2 Linear Linear
Trace 3 Linear Linear
Sweep parameter Frequency Frequency
Sweep type Log Linear
Source mode Current Voltage
Oscillator level 2 mA 100 mV (2 mA)
Sweep range (frequency) 1 MHz to 1 1 MHz to 3 GHz
GHz

Presetting and Setting Measurement Parameters and Display Formats

1. Press Display > Num of Traces > 3 .
2. Press Meas > Trace1 > pu "'.
3. Press Format > Y-Axis > Linear .
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4. Similarly, set Trace 2 > p r " with Y-Axis > Linear and Trace 3 > tand with Y-
Axis > Linear .

Setting Measurement Points, Sweep Parameter and Sweep Type
1. Press Sweep Setup > Sweep Type > Log Freq .
Setting the Source Mode and Oscillator Level

1. Press Sweep Setup > Osc Level > Osc Unit > Current .
2. Press Sweep Setup > Osc Level > Current Level > 2 > kim .

Setting the Sweep Range (Frequency)

1. Press Start > Start > 1 > M/ .
2. Press Stop > Stop >1 > G/n .
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Calibration

Calibration is performed by using the 7-mm terminal of the test head as the calibration reference plane.
Unlike impedance measurement, fixture compensation after calibration requires only SHORT
compensation

The error model of 1645A test fixture is shown below:
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i
i
'
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;
g s N
H A
-1 -1
T Errordueto . Fixture
| residuals v compensation
L} [SHORT eompensation anly)
o
g
0
=
L Error due to
5 electric length " Not needed
= (Phase shift)
i Calibration
reference - Calibration
surface

4991 b034

The differences in calibration and fixture compensation between impedance and magnetic
measurement are as below:
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Correction

Impedance
measurement

Magnetic
measurement

Calibration reference

7-mm terminal

7-mm terminal (usual)

surface
Electric length Required Not required
compensation
Fixture compensation OPEN/SHORT SHORT compensation
compensation only

Preparing for Calibration

Prepare for calibration by following these steps.

1. Press the Cal > Compen Point > Fixed freq |User freq to select the
measurement points used for user calibration or those for fixture
compensation.

For details on the measurement points of the calibration data, refer to
List of Fixed Calibration Compensation Frequency Points .

Measuring OPEN Calibration Data

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

1. Turn the 0 S (OPEN) standard clockwise with the provided torque wrench to
connect it securely to the 7-mm terminal, as shown below.

2. Press Cal > Calibration > Execute Cal > Open .

3. A check mark, v appears on the left side of Open softkey upon completion of
the OPEN calibration data measurement.

4. Turn the 0 S (OPEN) standard counterclockwise to remove it.
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Measuring SHORT Calibration Data

Use the 0 Q (SHORT) standard to perform SHORT calibration by following these steps:

1. Turn the 0 Q (SHORT) standard clockwise with the provided torque wrench to
connect it securely to the 7-mm terminal, as shown below.

2. Press Cal > Calibration > Execute Cal > Short .

3. A check mark, v appears on the left side of Short softkey upon completion of
the SHORT calibration data measurement.

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

e4991b016
Measuring LOAD Calibration Data

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

1. Turn the outside connector nut of the 50 Q (LOAD) standard
counterclockwise to fully retract the inside connector sleeve, as shown below.
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491 b7

2. Turn the 50 Q (LOAD) standard clockwise with the provided torque wrench to
connect it securely to the 7-mm terminal, as shown below.

24991b015

3. Press Cal > Calibration > Execute Cal > Load .

4. A check mark, v appears on the left side of Load softkey upon completion of
the LOAD calibration data measurement.

5. 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.
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1. Turn the LOW-LOSS CAPACITOR clockwise with the provided torque wrench
to connect it securely to the 7-mm terminal, as shown below.

2. Press Cal > Calibration > Execute Cal > Low Loss C (Optional) .

3. A check mark, v appears on the left side of Low Loss C (Optional) softkey

upon completion of the LOW-LOSS CAPACITOR calibration data
measurement.

4. Turn the LOW-LOSS CAPACITOR counterclockwise to remove it.

4991 b019

Saving Calibration Data

After completing all calibration data measurement, the calibration coefficients are calculated from the
measured calibration data. The coefficients are automatically saved to the internal memory.

1. Confirm that all of the calibration data measurement is completed and then
press Done .

If you want to abandon the measured calibration data, press Cal
> Calibration > Execute Cal > Cancel before pressing Done .
Turning the power OFF also resets the calibration data.

2. Verify that the display of the status bar on the bottom of the screen changes
to COR .

When the measurement points for calibration/compensation are

user-defined frequency points, Cor appears instead of COR . If
LOW-LOSS CAPACITOR calibration is performed, + is added like
COR+ .
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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. This selection determines whether the 16454A

(Small) or 16454 A (Large) test fixture is the appropriate test fixture, as shown below.

Test fixture 16454A (Small) 16454A (Large)
MUT holder A B C D
MUT inner diameter =7 3.1 =7 3.1 =7 6.0 =750
(mm): b mm mm mm mm
MUT outer diameter =? 8.0 =? 6.0 =7 20.0 =7 20.0
(mm): c mm mm mm mm
MUT height (mm): h =3.0mm [=3.0mm [=85mm |=85mm
I C #97 #8.7
i - - - -
' 277 | 867
e 5_7.-]l I.m.?.l
$82 62 i | i-_d:: I:L'_'Jl:
| A 1
I | I i
1 | =0 P T
m_i - [**}-“—”% TS I S '
A B ! Cc D
n | n
|
16454A (Small) 164544 (Large)

e4991b035

Connect the selected 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.

1. Turn the 7-mm connector nut of the test head counterclockwise until the
connector sleeve is fully retracted, as shown below.
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| ed4991b020
2. Tighten the two small screws of the fixture holder to secure the fixture
holder to the test fixture body (shown below as 2).
3. Tighten the two large screws of the test holder to secure the test fixture to
the test head (shown below as 3).
4, Connect the 7-mm connector of the test fixture to the 7-mm terminal of the
test head (shown below as 4).
@
@/% [}
—
Lo,
T
e4991b036

5.  Press the Cal > Accessory > 16454 (S) |16454(L) .
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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.

1. Press Cal > Fixture Compen > Short (0 & 0 H) .
SHORT compensation data measurement appears as ON - Cal > Fixture
Compen > Short > ON .

3. Verify that the display of the status bar on the bottom of the screen changes
to COMP S .
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1. Remaove the cap by turning it cuuniel'éluckwise. 2. Inserl an emplty MUT holder into the fest ﬁxiure baody.

les105011 Ty -
3. Replace the cap by turning it clockwise.

ed4991b037
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Entering MUT Dimensions

You must enter the MUT dimensions before you can perform measurement. Use a micrometer or
calipers to measure the outer (shown as ¢ in the below figure) and inner (shown as b in the below
figure) diameters and height (shown as h in the below figure).

[+
- a

=

e4991b032

The 16454 A test fixture imposes restrictions on the outer and inner diameters and height of the MUT,
as shown in below table.

Frequency Maximum DC bias Dielectric material size
range current
I Mtol + 100 mA b=7? 3.1 mm
GHz
c="7 20.0 mm
h=8.5 mm

1. Press Meas > Material Dimension > Height > enter the height value, e.g. 8.5 >

k/im .

2. Press Meas > Material Dimension > Inner Diameter > enter the inner diameter
value, e.g. 3.1 > k/im .

3. Press Meas > Material Dimension > Outer Diameter > enter the height, e.g. 20

> kim .

The selection of a smaller test fixture imposes restrictions on the MUT
dimensions that can be entered.
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Mounting MUT

Mount a MUT (magnetic material) in the 16454A test fixture as shown below.

LR |
1. Remove the cap by turning it counterclockwise.

[pagscny ]

3. Replace the cap by turning it clockvise.

CE1asen al

2. Insert the MUT holder vith a MUT placed in it into the
test fodure body.

ed4991b039
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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 desired functions while referring to
Measuring DUT and Analyzing Measurement Results.
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Changing Sweep Conditions

When the measurement points for calibration/fixture compensation are user-defined frequency points,
start measurement with Calibration after changing the sweep conditions. When the measurement
points for calibration/fixture compensation are fixed frequency points, start measurement with
Measuring MUT and Analyzing Measurement Results after changing the sweep conditions.

When you change other sweep conditions, start measurement with
Measuring MUT and Analyzing Measurement Results.
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Measuring Other MUTs

If you measure another MUT of the same size as the one used in the previous measurement, start
measurement with Mounting MUT. If you use the same test fixture to measure a MUT of a different
size, start with Entering MUT Dimensions. When using a different test fixture, start with
Connecting 16454A.
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Measurement

Setting Measurement Conditions

Calibration

Setting Up the Display of Measurement Results

Analysis and Processing of Result

Outputting Data
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Setting Measurement Conditions

This chapter explains how to set up the measurement conditions for the Keysight E4991B Impedance
Analyzer, including the measurement signal and sweep.

o Initializing Parameters

o Setting Material Measurement Parameter (Option 002 Only)
o Setting Channels and Traces

o Selecting Sweep Parameter

e Setting Source

o Setting Trigger
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Initializing Parameters

The E4991B has three different initial settings as shown below.

Initial Setting

Restore method

Preset state

Press Preset on the front panel, one message will prompt
as below and then click OK .

"Factory preset (default) DOES NOT change
"Measurement Mode" and "Accessory" type from the
current setting.

User preset DOES change "Measurement Mode" and
"Accessory" type to what you saved as the "UserPres" file
previously.

Check the menu under [Cal ] key whether proper type is
selected for your new measurements.

You can change Factory/User preset type selection, and
choose to show or not to show this dialog under [System |
> {Misc Setup } > {Preset Setup } menu."

or

Execute the :SYST:PRES command.

*RST state Execute the *RST command.
Factory default E4991B
setting

The user can set items to be preset freely. For more information, see

Other topics about Setting Measurement Conditions
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Setting Material Measurement Parameter

(Option 002 Only)

When you take a material measurement (permittivity or permeability measurement) with the E4991B
and “Option 002 material measurement,” the following setups must first be completed.

Select the type of the material measurement

1. Press Meas to display the measurement setup menu.

2. Press Measurement Mode > Impedance | Permittivity | Permeability .

Softkey Label Function

Impedance Impedance measurement (measurement of general
impedance parameters except for permittivity and
permeability)

Permittivity Permittivity measurement

Permeability Permeability measurement

Enter material dimensions

1. Press Meas to display the measurement setup menu.

2. Press Material Dimension > Thickness | Height | Inner Diameter | Outer Diameter
. The Material Dimension softkey is enabled only if you select Permittivity or
Permeability .

3. Enter the dimension value.
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Softkey Label Function

Thickness Thickness of dielectric material
Height Height of magnetic material

Inner Inner diameter of magnetic material
Diameter

Outer Outer diameter of magnetic material

Diameter
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Setting Channels and Traces

Overview of Channel and Trace

Setting Channel Display (Layout of Channels)

Changing Active Channel

Setting Trace Display

Changing Active Trace

Other topics about Setting Measurement Conditions

Overview of Channel and Trace

The E4991B allows you to setup multiple channels to perform measurement under different stimulus
conditions.

As multiple traces (measurement parameters) can be displayed for each channel, no feature is provided
to link the stimulus conditions between channels, and each channel is always independent of the others.
In other words, you need to set the measurement conditions and execute calibration for each channel
you use for measurement.

When you set items whose setting target is channels/traces (refer to Parameter setting for each setup
item ), the target is the selected (active) channel/trace. You can specify only the displayed
channels/traces as active channels/traces. Therefore, set the display of channels/traces before setting the
measurement conditions.

Setting Parameter for each Setup Item (Analyzer, Channel, Trace)

The following table lists the setting parameters and indicates the setup item (analyzer, channel, or trace)
that each parameter controls along with the applicable setup key(s).

Parameter Controlled Setup Items |Setup Key(s)

Analyzer (Channel |Trace

Stimulus Settings

Sweep range X Start, Stop, Center,
Span
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OSC Level, CW
frequency

Sweep Setup > 0OSC
level

Sweep time/Sweep delay
time

Sweep Setup >
Sweep Time, Sweep
Delay

Number of points

Sweep Setup >
Points

Segment sweep

Sweep Setup >
Sweep Type, Edit

Segment Table,
Segment Display

DC Bias Sweep Setup >DC
Bias

Trigger Settings

Trigger mode Trigger > Hold/Single/

Continuous

Hold All
Channels/Continuous
Disp Channels

Trigger source, Trigger
Event, Trigger Scope

Trigger > Trigger
Source, Trigger
Event, Trigger Scope

Trigger Trigger >
Restart/Trigger

Ext Trigger Input, Trigger > Ext Trig

Trigger Delay Input, Trigger Delay

Response Settings

Measurement parameter Meas
Data format Format
Scale Scale
Memory trace and data Display >

math

Display/Data-> Mem/
Data Math
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Equation Editor Display > Equation
Editor/Equation
(ON/OFF)

Window title Display > Edit Title

Label/ Title Label
(ON/OFF)

Graticule label in
rectangular form

Display > Graticule
Label (ON/OFF)

Color inversion

Display > Invert Color

Frequency display Display > Frequency
(ON/OFF)

Display update Display > Update
(ON/OFF)

Averaging Avg> Averaging
Restart/ Avg
Factor/Averaging
(ON/OFF)

Averaging Trigger Avg> Avg Trigger

(ON/OFF)

Calibration/Fixture Cal

Compensation

Marker Marker, Marker
Search, Maker Fctn

Marker Table Marker Fctn > Marker
Table

Analysis

Equivalent Circuit

Analysis > Equivalent
Circuit

Limit Test

Analysis > Limit Test

Saving and recalling data

Save/Recall

Macro

Macro Setup, Macro
Run, Macro Break

System
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Printing/Saving display X System
Screen/Beeper/GPIB
settings/Network
Settings/Date &
Time/Key
Lock/Backlight/Firmware
Revision/Service menu

Preset X Preset

Number of Channels/Traces

The number of channels and the number of traces are 4. The maximum number of points is 1601.

Setting Channel Display (Layout of Channels)

The measurement result for each channel is displayed in its dedicated window (channel window). You
cannot have a single window to display the measurement results from more than one channel. This
means that the setting of the window layout determines the number of channels displayed on screen.

The execution of measurement for each channel does not depend on
how the channel is displayed (channels that are not displayed can be
measured). For information on executing measurement for each
channel (trigger mode and trigger source).

The procedure for setting the window layout is as follows:

1. Press Display > Allocate Channels .

2. Press the desired softkey to select the window layout.

Changing Active Channel

The active channel is the one whose settings can currently be changed. The window frame of the active
channel is displayed brighter than the window frames of the other channels. To change the settings
specific to a certain channel, you must first activate the channel.

To change the active channel, use the following hardkeys:
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Hardkey Function

Channel Change the active channel to the next channel with the larger
Next channel number.

Channel Change the active channel to the previous channel with the smaller
Prev channel number.

Setting Trace Display

Setting the number of traces

Depending on the measurement parameters of the traces displayed for each channel, the sweep
necessary for each channel is executed.

You specify the trace display by setting the number of traces (upper limit of displayed trace numbers).
For example, if you set the number of traces to 3, traces 1 through 3 are displayed.

The procedure for setting the number of traces is as follows:
1. Press Channel Next (or Channel Prev ) to select the channel for which you
want to set the number of traces.
2. Press Display > Number of Traces .
3. Press the desired softkey to set the number of traces.
Setting trace layout (graph layout)

Traces are laid out and displayed in the order of the trace number from graph 1 according to the graph
layout in the channel window.

You can select the graph layout from the windows layout.

If the number of traces is less than the number of graphs, nothing is displayed in the remaining area. If
the number of traces you set exceeds the number of graphs, excess traces are superimposed from the

first graph. For example, if you select ‘ = g as the graph layout and set the number of
traces to 4, graph 1 (Grl in Graph layout ) display traces 1 and 2, respectively, by superimposing, and
graph 2 (Gr2 in Graph layout ) and graph 3 (Gr3 in Graph layout ) displays trace 2 and trace 4 as shown
in the figure below.
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The procedure for setting the graph layout is as follows:
1. Press Channel Next (or Channel Prev ) to select the channel for which you
want to set the graph layout.
2. Press Display > Allocate Traces .
3. Press the desired softkey to select the graph layout shown below.

Graph Layout
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Changing Active Trace

The active trace is the one whose settings can currently be changed. The trace name on the screen (for
example, Tr2) of the current active trace is highlighted and indicated with » to the left. To change the
settings specific to a certain trace, you must first activate the trace.

To select the active trace, use the following hardkeys:

Hardkey |Function

Trace Change the active trace to the next trace with the larger trace number.
Next

Trace Change the active trace to the previous trace with the smaller trace
Prev number.
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Selecting Sweep Parameter

Selecting Sweep Type

Setting Sweep Range

Using Time as Sweep Parameter (Zero Span Sweep)
Setting Number of Points (NOP)

Selecting Sweep Direction

Setting Time Delay for Measurement

Averaging Between Sweeps (Sweep-to-Sweep Averaging)
Making Sweep Averaging Measurement with Single Trigger

Averaging for Each Measurement Point (Point Averaging)

Other topics about Setting Measurement Conditions

Selecting Sweep Type

To select the sweep type:

1.
2.

Press Sweep Setup > Sweep Type .
Press the desired softkey to select the sweep type: Lin Freq | Log Freq |
Segment | OSC Level | DC Bias | Log DC Bias .

When selecting the OSC Level ,oscillator level as a sweep
parameter, follow the steps shown in Selecting Unit for Oscillator
Level (Voltage or Current) ” to select sweeping by voltage or
current level.

When selecting the DC bias as a sweep parameter, proceed to the setting shown
in Setting and Applying DC Bias.

See Using Time as Sweep Parameter (Zero Span Sweep) for the measurement
with time as a sweep parameter (zero span measurement).

The sweep parameter is set for all traces. It is not necessary to select an active

151



trace or to verify the current selection before setting the parameter.

Setting Sweep Range
Sweep range can be set by specifying either start and stop values or center and span values.
The measurement range can be set to trace A and trace B in common.

It is not necessary to select an active trace or to verify the current
selection before setting the range.

Start/Stop/Center/Span, Marker Fctn > Marker-> Start/Stop/Center

Sweep range setting Sweep range setting

according to start/stop values according to center/span values
@ QL .
=1 = : :
‘@ © :
> > ;
= = 5
CD @ :
= £ .
p g :
: : \
7] o .
W m :
] e :
= = :

: Stimulus value - - Stimulus value
Start Stop Center
e5071c443

Setting the Sweep Range with the Start and Stop Values

1. Press Start , then input the start value.

2. Press Stop , then input the stop value.

The sweep start value cannot be greater than the sweep stop
value. Sweep with decreasing frequency can be possible by
setting a sweep range with increasing frequency and then
specifying a downward sweep direction. Refer to Selecting Sweep
Direction to specify the sweep direction.

Setting the Sweep Range with the Center and Span Values

1. Press Center , then input the center value.

2. Press Span , then input the span value.
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Setting Sweep Range Using the Marker

1. Press Marker Fctn , then input the center value.

2. Click the softkey that corresponds to each value.

Softkey Function

Marker -> Sets the lowest value to the stimulus value of the active marker
Start on the currently active trace.

Marker -> Sets the highest value to the stimulus value of the active marker
Stop on the currently active trace.

Marker -> Sets the center value to the stimulus value of the active marker
Center on the currently active trace.

If the reference marker is on and the stimulus value of the active
marker is expressed by a value relative to the reference marker, the
absolute stimulus value will be used to set the new sweep range.
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Setting Marker Zoom and Zooming Aperture
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Softkey

Function

Marker Zoom

Substitutes the sweep parameter value at the main marker on
the current active trace (A or B) into the sweep center value
and simultaneously changes the current sweep span value to
the sweep span value specified with the Zooming Aperture

. In other words, the sweep range is changed so that the marker
position is the new sweep center value and the sweep span is
magnified by the amount specified with the Zooming
Aperture .

Zooming
Aperture

Sets the zooming aperture (ratio of the new sweep span value
to the current sweep span value) used when the Marker
Zoom is executed as a percentage.

The current active marker position is set as the new sweep
center value, and the new sweep span value is set depending
on the specified zooming aperture. As a result, the trace will
be magnified (zoomed in) by focusing on the main marker
position.

For the ratio of the new sweep span value to the current sweep span
value (%), you can set a value between 0.01% and 100% in steps of
0.01%. The default value of power-on and preset state is 10%.

Using Time as Sweep Parameter (Zero Span Sweep)

Setting the sweep span to zero allows you to perform a measurement with time as a sweep parameter.
This kind of sweep is also called zero span sweep. The following procedure allows you to time sweep

and the measurement parameter is displayed versus time.

1. Press Span > 0 > x1 to set the span value to 0 (zero span).

2. Press Center , then input the desired value (frequency, power, or DC bias).

3. Press Sweep Setup > Sweep Time , then input the duration of the sweep which

is displayed on X-axis.

4. Press Marker to display the marker 1. The time at the marker shows as the

marker position value at the upper left corner on the screen.

Setting Number of Points (NOP)
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1. Press Sweep Setup to display the Sweep Setup menu.

2. Press Points and input the desired number of points.

The number of sweep points can be set to any integer from 2 to
1601. When list is selected as a sweep type (list sweep), use a list
sweep table to set the number of points. Setting the number of
points is commonly applied to traces 1 and 2.

Selecting Sweep Direction

1. Press Sweep Setup to display the Sweep Setup menu.
2. Press Directions and select either Up or Down sweep direction.
The sweep direction enables you to select the direction of the
sweep. By default, the direction is Up . Down direction refers to
sweep of opposite direction (from right to left).
Setting Time Delay for Measurement

Time delay can be set for the period before sweep or actual measurement starts after the measurement
signal is applied to the DUT. This function is useful, for example, when a certain period is required
before the characteristics of the DUT become stable after the signal is applied. Another application of
this function is to observe changes in the impedance of the DUT in the time domain for a long span.

Setting with Time Delay at Measurement Point

The time delay for each measurement points can be set by either or both of following two methods. The
time delay is defined as follows. The sweep time in softkey is not the total sweep time.

Point Wait Time = Point Delay + (Sweep Time/Number of points)

Setting with Point Delay

1. Press Sweep Setup > Point Delay and input the desired time delay at a point.

Setting with Sweep Time

1. Press Sweep Setup > Sweep Time and input the desired time.
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Timing Chart for Sweep
When the trigger mode is set at "On Sweep"'
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When the trigger mode is set at ""On Point".

= | Measurement
n : Number of points

NS \/

Swe'ep start | Point Wait Time | | Sweep end
| ] |
| ] | :
| i | |
| | .1 ] 2 1 3 | n
I S e S =
W f)

A} 1 -

. ' 'Single Sweep {fof each stimulus port)
| o =
Sweep Delay*,\/ .-~
Trigg‘fer Delay

e4890a105

Setting with Sweep Time Delay

Time delay can be set at the point before sweep starts.

1. Press Sweep Setup to display the Sweep Setup menu.

2. Press Sweep Delay and input the desired sweep time delay.
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Averaging Between Sweeps (Sweep-to-Sweep Averaging)

Sweep-to-sweep averaging computes each data point (vector value) based on an exponential average of
consecutive sweeps weighted by a user-specified averaging factor. The sweep-to-sweep uses the
algorithm shown below:

S 1
Sweep-To-Sweep Averaging Algorithm A, = 4+ [1 — —J x A, 4

where:
A, = Sweep-to-sweep averaging result (vector value) at the measurement point when

the sweep count 1s “n.”
§,, = Current measurement value (vector value) at the measurement point when the

sweep count 1s “n.”
F = Sweep-to-sweep averaging factor (entered with the AVERAGING FACTOR key)

Perform the averaging factor setup as follows:

1. Press Avg to display the Averaging menu.

2. Press Avg Factor and input the desired averaging factor value.

The sweep-to-sweep averaging can be set to any natural number
from 1 to 999. Setting the sweep-to-sweep averaging to 1 is
equivalent to turning the averaging OFF (Averaging > OFF ).

3. Press Averaging and toggle between the ON |OFF selection to turn ON/OFF
the sweep-to-sweep averaging factor.

When the sweep-to-sweep averaging is turned ON, the value of
sweep-to-sweep averaging that has been performed for the trace
is shown on the instrument status bar. The sweep-to-sweep
averaging starts once its turned ON (Averaging > ON ) or after
pressing the Averaging Restart key. When the averaging starts, “0”
is displayed for the averaging count because the number of traces
(sweep data) to be swept is always set to 0 at the initial state.
Then the count increases by 1 as each sweeping ends. After the
count reaches the number specified by the Avg Factor key, it stays
constant while sweeping continues.

Making Sweep Averaging Measurement with Single Trigger

The averaging trigger function is used to execute the sweep the number of times specified by the
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averaging factor with a single trigger when the sweep averaging function isON .

Averaging Trigger ([Function

Performs the sweep the number of times specified by the
averaging factor with a single trigger.

ON

OFF Performs the sweep once with a single trigger.

The averaging factor is cleared before the start of measurement.

When the point trigger function is ON, its setting has priority, and
you need to generate triggers based on "(number of
measurement points) x (averaging factor)". When the sweep
averaging function is OFF, sweep is performed only once even if
the averaging trigger function is set to ON.

Setting Averaging Trigger Function

When the sweep averaging function is ON , follow these steps to set the averaging trigger function.

1. Press Avg to display the Averaging menu.

2. Press Avg Trigger and select ON to activate the averaging trigger.

Executing Averaging Measurement

1. Press Trigger .

2. Press Single . The averaging factor is cleared before the start of
measurement, the sweep is executed the number of times specified by the
averaging factor, and then the instrument waits for the next trigger.

Averaging for Each Measurement Point (Point Averaging)

Point averaging averages each data point by a user-specified averaging factor. The Keysight E4991B
repeatedly measures the same point until the averaging factor is reached. It then divides the vector
summation of the measurement value by the averaging factor and starts measuring the next point. The
sweep time increases in proportion to the averaging factor.

The algorithm used for point averaging is shown below:

159



Point Averaging Algorithm

M =

|

-
> s,
n=1
where:

M = Poimnt averaging result (vector value) at the measurement point
5, = Current measurement value (vector value)

F =Pount averaging factor (entered with POINT AVG FACTOR key)

Perform the averaging factor setup as follows:

1. Press Avg to display the Averaging menu.
2. Press Point Avg Factor and input the desired point averaging factor value.

The value of point averaging can be set to any natural number
from 1 to 999. Setting the point averaging to 1 is equivalent to
turning the averaging OFF.

3. Press Point Avg and toggle between the ON |OFF selection to turn ON/OFF the
point averaging factor.
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Setting Source

o Setting Fixed Frequency at OSC/DC Bias Sweep

« Selecting Unit for Oscillator Level (Voltage, Current or Power)
« Setting Oscillator Level

« Setting and Applying DC Bias

Other topics about Setting Measurement Conditions

Setting Fixed Frequency at OSC/DC Bias Sweep

Follow the steps below to specify a fixed frequency for the signal source when the sweep parameter is
any item other than frequency (i.e., oscillator level or DC bias).

1. Press Sweep Setup.

2. Press CW Freq and input the desired fixed frequency value.

Selecting Unit for Oscillator Level (Voltage, Current or
Power)

1. Press Sweep Setup > OSC Level to display the oscillator level settings menu.

2. Press OSC Unit and select your desired oscillator level from the Voltage |
Current | Power option.

a. The unit specified for oscillator level through the steps above will be
applied to the unit for oscillator level sweep (voltage level sweep, current
level sweep or power level sweep) and the unit for the fixed oscillator
level when sweeping parameters other than oscillator level. The setting
for the unit will not affect the setting for the signal source level
monitoring function, since the function displays both voltage and current
levels.

b. Settings of the unit for oscillator level are commonly applied to every
traces in a channel. Hence, you do not need to select and verify an active
trace before setting.
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Setting Oscillator Level

1. Press Sweep Setup > OSC Level to display the oscillator level settings menu.

2. The Voltage Level , Current Level or Power Level is enabled depending on your
oscillator selection. For example, if you have selected OSC Unit > Voltage,
then Voltage Level is enabled. then, press the Voltage Level and input the
desired voltage level value.

Setting and Applying DC Bias
Follow the steps below to apply DC bias to DUT, regardless of whether you plan to sweep by DC bias.

Selecting DC bias mode
1. Press Sweep Setup > DC Bias > DC Bias Mode to display the DC bias mode
selection options.

2. Select one of the DC bias mode, either Voltage or Current.

Setting fixed DC bias level
When the sweep parameter is not DC bias, select the DC bias mode and then follow the steps
below to set DC bias level.

1. Press Sweep Setup > DC Bias to display the DC bias selection options.

2. The Voltage Level or Current Level is enabled depending on your DC bias
mode selection. For example, if you have selected DC Bias > DC Bias Mode >
Voltage, then Voltage Level is enabled. then, press the Voltage Level and input
the desired voltage level value.

Setting limits for DC voltage

Follow the steps below to set limit values for the voltage or current in order to protect the DUT being
measured.

1. Press Sweep Setup.

2. Press DC Bias > Limit Voltage | Limit Current and input the limit value.

Turning DC bias ON or OFF
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1. Press Sweep Setup.

2. Press DC Bias > DC Bias State and toggle between the ON|OFF selection to
turn ON/OFF the DC bias state.

Turning DC bias ON displays DC ON at the instrument bar in the
lower right area of the screen.
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Setting Trigger

Overview

Selecting a Method to Start Measurement (Trigger Source)

Selecting Sweep Trigger/Measurement Point Trigger

Setting the External Trigger
Controlling Trigger

Sweeping Multiple Sweep Ranges with Different Conditions in a Single Action
(Segment Sweep)

Other topics about Setting Measurement Conditions

Overview

The E4991B has one trigger source. When this trigger source detects a trigger signal that has occurred,
a sweep or point measurement is performed for channels.

The execution of measurement for each channel does not depend on whether the channel is displayed.
Channels that have been activated can be measured even if they are not displayed.

For each channel, a sweep is performed only for the stimulus ports required to update the parameters of
the displayed trace.

Selecting a Method to Start Measurement (Trigger Source)

The trigger source generates a cue signal that initiates a measurement process. Four types of trigger
sources are available:

1. Press Trigger > Trigger Source , then select the desired trigger source.
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Trigger Function

Sources

Internal Uses a consecutive signal generated by the firmware as a

(Internal ) trigger source. Triggers are sent immediately following the
completion of each measurement.

External Uses the external trigger input terminal (BNC) or

(External ) (Pin No. 18) as a trigger source.

Manual (Manual | A trigger is generated by pressing Trigger > Trigger .

) Press Trigger > Restart to regenerate trigger.

Bus (Bus ) A trigger is generated through GPIB/LAN/USB.

Selecting Sweep Trigger/Measurement Point Trigger

The point trigger provides a point measurement at every trigger, and it can be used to change the trigger
event to point trigger mode.

1. Press Trigger > Trigger Event , then select the desired trigger event.

Softkey Label Function
On Point Measures at each measurement point.
On Sweep Measures all measurement points.

When the trigger source is the internal trigger, the point trigger
does not work

See Setting with Time Delay at Measurement Point for time chart.

Setting the External Trigger

Selecting Polarity

1. When External is selected as a trigger source, click Ext Trig Input to select
trigger polarity.

165



Softkey Label Function

Negative Edge Detect external trigger with negative edge.

Positive Edge Detect external trigger with positive edge.

The setting for trigger polarity is NOT valid for the external
trigger from the 24 Bit I/O (Hander).

Setting with Trigger Delay

Set the external trigger delay time at each point. The trigger delay works when the trigger sourceis set
to external.

1. Press Trigger > Trig Delay .
2. Enter an external trigger delay time.

See the timing chart for sweep .

Trigger Delay Time and Point Trigger Interval

External trigger pulses which are supplied until the next measurement becomes ready after the start of a
one-point measurement, are ignored, and the next trigger is generated by a pulse supplied after the
completion of the one-point measurement.

The time until the next trigger can be accepted after the start of a one-point measurement depends on
the IFBW and other settings of the analyzer. For example, in the case of a frequency's zero-span
measurement, the time until the next measurement is ready after the start of a one-point measurement is
obtained by dividing the time required for a single sweep in On Sweep mode, instead of On Point
mode, by the number of measurement points. If you use the point trigger function with external trigger
pulses that are wider than this time, point trigger measurement is performed at each pulse input.

The figure below shows the timing chart of an external trigger when the point trigger function is on.

Timing chart of external trigger (trigger source = external)
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The table below describes signals and time as shown in the above figure.

Signal, time Description

External Trig External trigger signal to be supplied.

Sampling Time while the E4991B is actually performing
measurement.

Index Index signal of the handler I/O port. When the point trigger

function is ON, it goes to the High level only before starting
the measurement of the first sweep point and returns to the
Low level after completing the measurement of all the
measurement points.

Point Trigger Time until the E4991B is ready to accept a trigger for the
Period next measurement point. The value depends on the
measurement conditions and the settings of the E4991B.

td1 Time set as the external trigger delay time.

td2 Time for sweep delay .

Controlling Trigger

Setting Trigger Mode (Single/Continuous)

You can set the trigger mode for each channel independently. This allows you to control the operation
of each channel after a trigger signal is detected by setting the channel's status with the trigger mode.
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1. Press Channel Next (or Channel Prev ) to select the channel for which the
trigger mode will be set.

2. Press Trigger , then select the desired trigger mode.

Softkey Function

Hold Sets active channel trigger mode to hold.

Single Sets active channel trigger mode to single sweep.
Continuous Sets active channel trigger mode to continuous sweep.
Hold All Sets all channel trigger modes to hold.

Channels

Continuous Disp Sets trigger modes of all displayed channels (Display >
Channels Allocate Channels ) to continuous sweep.

3. Repeat the procedure until each channel is set to its trigger mode.

Making Trigger to Active Channel Only (Trigger Scope)

The trigger scope specifies the scope of the triggering, whether it is for all channels or for the active
channel.

For example, when Trigger > Continuous is selected for all the channels and the trigger scope is set
to active channel, a measurement channel is automatically changed by changing an active channel.

1. Press Trigger > Trigger Scope , then select the desired trigger scope.

Softkey Label Function
All Channel Sets active channel trigger mode to hold.
Active Channel Triggers Active channel alone.

Sweep with unlimited times (continuous sweep)

Press Trigger > Continuous to select continuous sweep.

When continuous sweep is selected, sweeping can be repeated
unlimited times after it is triggered. Press the Hold key to stop the
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sweeping. No further sweeping can be triggered after it is stopped.
Stopping sweep

Press Trigger > Hold to stop the sweep.

Pressing the Hold key immediately stops sweeping, regardless of
which sweeping state (single, specified times, or continuous) is
selected. No further sweeping can be triggered after it is stopped.

Sweeping Multiple Sweep Ranges with Different Conditions in
a Single Action (Segment Sweep)

Concept of Segment Sweep

To perform a segment sweep, you must define two or more frequency ranges, called segments, and then
specify the number of points, OSC level, Bias Level, measurement time, sweep delay time, and sweep
time for each segment. All segments are swept sequentially as if swept in one sweep operation.

By skipping the frequency range, which does not need to be
measured, you can sweep and measure only the portions you need.

You can define the optimum measurement conditions for each of the
segments you designate. For example, you can specify as many points
as possible in a segment requiring high trace resolution and as few
points as possible in a segment not requiring high resolution. This
shortens the measurement time, enabling you to optimize the overall
measurement throughput by not having to perform the entire
operation under the same measurement conditions of a particular
frequency range.

Preparing Segment Sweep Table

Set the segment sweep with the segment sweep table.

1. Press Sweep Setup display the sweep setup menu.

2. Press Edit Segment Table . The segment table appears in the lower section of
the screen.

3. Select the softkey below to change the frequency range setting mode for
each segment.

169



Softkey Function

Label

Freq Mode Switches the frequency range setting mode
(Start/Stop or Center/Span )

List OSC Toggles ON/OFF the OSC level setting for each

Level segment; the column for OSC Mode and OSC

Level only appears in the segment table when
this is turned ON

List Bias Toggles ON/OFF the bias setting for each
segment; the column for Bias Mode and Bias
Level only appears in the segment table when
this is turned ON

List Average Toggles ON/OFF the averaging value setting for
each segment; the column for Point Avg only
appears in the segment table when this is

turned ON
List Segment Toggles ON/OFF the segment sweep time
Time setting for each segment; the column for

Segment Time setting only appears in the
segment table when this is ON

List Segment Toggles ON/OFF the sweep delay time setting
Delay for each segment; the column for Segment Delay
setting only appears in the segment table when
this is ON

Selecting the Segment Sweep as the Sweep Type
To execute a segment sweep by using the segment table you have created, you must specify the sweep
type for that sweep operation by following the steps below.
1. Press Sweep Setup display the sweep setup menu.
2. Press Sweep Type > Segment .
Setting the Horizontal Axis of the Graph (Frequency/Order Base Display)

Define the method of displaying traces when the segment sweep is executed by following the steps
described below.
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1. Press Sweep Setup display the sweep setup menu.

2. Press Segment Display > Freq Base |Order Base .
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Calibration

This chapter describes calibration methods for the E4991B Impedance Analyzer.

e Outline of Calibration and Compensation Functions

o Calibration and Compensation Using 7-mm Test Port as a Calibration
Reference Plane

o Calibration Using DUT Connecting Terminal as a Calibration Reference Plane
o Calibration of Open/Short/Load/Low-loss Capacitor

e Port Extension Compensation

« Electrical Length Compensation

o Fixture Compensation

« Selecting Calibration/Compensation Data Points
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Outline of Calibration and Compensation

Functions

o Types of Calibration and Compensation
« Calibration Reference Plane and Calibration Standard

Other topics about Calibration

Types of Calibration and Compensation

The E4991B has five calibration/compensation functions as shown below:

open/short/load

are measured by
connecting three
standards (open,
short, and load) one-
by-one to the
desired reference
plane (connector).
This reference plane
is called the
calibration reference
plane.

Calibration/compensation | Execution Method Effect
functions
Calibration of All calibration data The error factors within

the area from the
instrument body to the
calibration reference
plane are removed. If
calibration is performed
for the connector of the
DUT, it is not necessary
to execute any further
calibration/compensation.

Calibration of low-loss
capacitor

The calibration data
are measured by
connecting the low-
loss capacitor to the
calibration reference
plane after
completing the
open/short/load
calibration. This can
only be executed
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(low-loss coefficient)
above the frequency band
near 1 GHz, which is
difficult to decrease by
only using
open/short/load
calibration.




when the 7-mm
connector is used as
the calibration
reference plane.

Port extension
. *
compensation 1

When the port is
extended from the
calibration reference
plane by a coaxial
cable, enter the
delay time (sec.) of
the extension as a
numerical value and
regard the
corresponding
extended portion as
a distributed
parameter circuit
without loss.

This compensates
additional error caused by
phase shift in the area of
the port extended by the
coaxial cable.

Fixture electrical length
compensation

Electrical length is
entered as a
numerical value.
Since the electrical
length of an
exclusive-use test
fixture is registered
in the E4991B, the
necessary electrical
length can be set by
simply selecting the
model number of
the test fixture used.

This compensates
additional errors caused
by phase shift at the test
fixture.

Compensation of
open/short

All compensation
data are measured
after bringing the
tested device’s
connecting terminal
to the open and/or
short state.

This removes any
additional measurement
error caused by residual
impedance in the test
fixture.

*1. Port extension compensation is not available when a Keysight text fixture is selected to use.
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Calibration Reference Plane and Calibration Standard

Before choosing which method of calibration and compensation to use, you must first decide where to
set the calibration reference plane. The most common calibration reference plane is the 7-mm terminal
plane in front of the test head. In this case, you may use open, short, load, and low-loss capacitor
standards included in the calibration kit supplied with the E4991B. You may also use the terminal
plane as a calibration reference plane for connecting the tested device. However, you need to use a
calibration standard (working standard) that has a similar shape to the device under test.

Test fixture

DUT (MUT)

Surface in contact with the DUT (B)

7-mm terminal plane (&)

-l /
| — -
Test head

E4991B main body 7-mm connector
Calibration Necessary Place and Method of Execution
Reference Calibration/Compensation
Plane
7-mm 1. Calibration for Connect the coaxial terminal
terminal >{or open/short/load calibration kit to the coaxial
test head” | terminal of the test head
(A) (calibration reference plane).

2. Calibration of low-loss
capacitor (This calibration
is only used for such cases
as high-Q measurement
when high accuracy or
consideration of low-loss
factor is required at a
frequency above approx. 1
GHz.)

Connect the low-loss capacitor
to the galibration reference
plane. 2
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3. Compensation for a
fixture’s electrical length

Enter this electrical length into
the Keysight E4991B as data
covering the area from the
calibration reference plane to the
tested gevice connecting

plane.

4. Compensation of
open/short

Bring the tested device’s
connecting terminal into the
open and short states.

Terminal for

Calibration of

Connect the working standard” 4

connecting open/short/load to the tested device’s connecting
to the DUT terminal to make a calibration
(B) reference plane.

*1. In extending the coaxial cable from the 7-mm terminal of test head to the test fixture, it is
possible to compensate the port extension for the extended portion. For more on the port

extension, see Port Extension Compensation .

*2. Since the low-loss capacitor is the 7-mm type, this calibration can only be executed when
the calibration reference plane is a 7-mm terminal.

*3. When using an exclusive-use test fixture with a registered electrical length, you only need

to select the model number of the fixture.

*4 This is a reference device that has a similar shape to the device under test.
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Calibration and Compensation Using 7-mm Test

Port as a Calibration Reference Plane

In order to use the 7-mm test port as a calibration reference plane, the steps given in the procedure
below need to be carried out in the order listed.

Device under test (DUT)

[ Open/short compensation ]

Open/shortlcad/low-loss
capacitor calibration

H\I_I

, . A\
De\”ce CGI"II’IECtII"ig plane ecmcaen
Test fixture $ !
Calibration reference plane |y leompenseton ] Y
\ T 7-mm test port

Test head

ed4991b027
Step 1. Definition of calibration/compensation

The definitions of the calibration kit and compensation kit to be used should be changed as needed. For
more on this procedure, see Defining Standard Values for User Calibration .

Step 2. Open/short/load/low-loss capacitor calibration

Measure calibration data of open/short/load with the 7-mm terminal of the test head. To measure a
device with high Q (low-loss factor) at a frequency higher than approximately 1 GHz, calibration of
low-loss capacitor needs to be done. For more on this procedure, see Calibration of
Open/Short/Load/Low-loss Capacitor .

Step 3. Connection of test fixture

Connect the test fixture in front of the 7-mm terminal. For more on the connecting method, see the
fixture’s operation manual.

Step 4. Fixture’s electrical length compensation

The electrical length is set according to the kind of fixture used. For more on this procedure, see
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Electrical Length Compensation .
Step 5. Open/short compensation

Measure the compensation data of open/short according to the test fixture used. For more on this
procedure, see Fixture Compensation .

Other topics about Calibration
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Calibration using DUT Connecting Terminal as a

Calibration Reference Plane

To use the DUT connecting terminal as a calibration plane, you only need to execute calibration for
open/short/load.

ouT
: l Openfshortfload calibration
DUT cannecting plane = i A
Calibration reference plane Test fixture
\ | 7-mm test port

Test head

e4¥31b025

Measure the calibration data according to the following procedure:
Step 1. Definition of calibration kit

The definition of the calibration kit used should be changed as needed. For more on this procedure, see
Defining Standard Values for User Calibration .

Step 2. Connection of test fixture

Connect a test fixture in front of the 7-mm terminal. For more on the connecting method, see the
fixture’s operation manual.

Step 3. Open/short/load calibration

Measure the calibration data of open/short/load at the DUT connection terminal (used as a calibration
reference plane). For more on this procedure, see Calibration of Open/Short/Load/Low-loss Capacitor .
(Note that low-loss capacitor calibration is not performed.)
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Other topics about Calibration
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Calibration of Open/Short/Load/Low-Loss

Capacitor

e Calibration Procedure
e Turning User Calibration On/Off

o Defining Standard Values for User Calibration
Other topics about Calibration

The calibration data of open/short/load/low-loss capacitor is measured according to the following
procedure.

Calibration Procedure

Perform calibration as follows:

Calibration consists of three calibration data acquisition procedures:
OPEN, SHORT, and LOAD, and you must obtain all three types of
calibration data when performing the calibration. LOW LOSS C is an
optional calibration. It is not possible to turn ON or OFF each type of
calibration data independently during your measurement.

1. Press Cal to display the Calibration Menu.

2. Select calibration (compensation) data acquisition points in accordance with
Selecting Calibration/Compensation Data Points.

3. Press Calibration to display the Calibration Menu.

4. If required, set user-defined standard values in accordance with Defining
Standard Values for User Calibration.

5. Press Execute Cal to display the Calibration Execution Menu.

6. Connect the OPEN standard to the port (plane) where you want to perform
the calibration.

7. Press Open to start OPEN calibration data measurement. When OPEN
calibration data measurement is completed, the softkey label changes to
Openv.

8. Remove the OPEN standard from the port. Then, connect the SHORT
standard to the port.
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10.

11.

12.

13.

14,

Press Short to start SHORT calibration data measurement. When the SHORT
calibration data measurement is completed, the softkey label changes to
Short v.

Remove the SHORT standard from the port. Then, connect the LOAD
standard to the port.

Press Load to start LOAD calibration data measurement. When LOAD
calibration data measurement is completed, the softkey label changes to
Load v.

Remove the LOAD standard from the port. Then, connect the LOW LOSS C
standard to the port. This is an optional calibration measurement.

Press Low Loss C (Optional) to start LOW LOSS C calibration data
measurement. When LOW LOSS C calibration data measurement is
completed, the softkey label changes to Low Loss C (Optional) v.

Press Done to start calculating the calibration coefficient from the measured
OPEN, SHORT, LOAD and LOW LOSS C standard data. The coefficient is
automatically saved to the internal memory.

During the calibration data measurement, the message Sweeping...
is displayed in the instrument state area at the bottom-left of the
screen.

Press Cancel to cancel the user calibration process. If the user
calibration process is canceled, the previously obtained data can be
used as the available user calibration coefficient.

Turning User Calibration On/Off

The user calibration function is automatically turned on after completing user calibration data
measurement. However, you can turn this function on or off as required.

1.
2.

Press Cal > Calibration to display the User Calibration Menu.

Press Correction > ON|OFF to make the user calibration available (ON) or not
available (OFF) for measurement.

Defining Standard Values for User Calibration

You can define standard values of OPEN, SHORT, and LOAD for user calibration. Figure below
shows the circuit models of the user calibration kit for the Keysight E4991B. In addition, the offset
electrical delay from the calibration plane to the circuit model can be defined foe each calibration's
standard.
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e4990a020

Each calibration’s standard value can be confirmed and changed as follows:

1. Press the Cal > Calibration > Define Value to display the Calibration Data
Definition Menu.

2. Select one of the calibration data definition keys, Open Conduct (G), Open Cap
(C), Open Offset Delay,Short Resist (R), Short Induct (L), Short Offset Delay, Load
Resist (R), Load Induct (L), Load Cap (C) or Load Offset Delay, to confirm or set
the calibration data definition.

3. Enter the desired value to specify the calibration data definition.
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Port Extension Compensation

Port extension compensation is done to compensate the phase shift when the port is extended by a cable
connected from the calibration reference plane (generally 7-mm terminal of test head). This function
regards the transmission line as a distributed parameter circuit without loss. Usually, port extension
compensation is available only when Arbitrary is selected for fixture type.

Perform the port extension compensation as follows:
1. Press Cal > Port Extension and input the desired port extension value.

You can set the port extension value in either electrical length or delay
time. When the port extension value is set by one of these keys, the
value is converted to the other unit and displayed on the bottom line
of the setting parameter area in small letters. You can also see the
converted value in the setting parameter area by pressing the other
key.

2. Press Extension > toggle between ON|OFF to turn ON/OFF the port extension
compensation.

Other topics about Calibration

184



Electrical Length Compensation

The electrical lengths of the test fixtures shown below have been registered in the E4991B in advance.
To use these fixtures, you may set the needed electrical length by simply selecting the model number of
the fixture to be used. If you use fixtures that are not registered, however, you must enter the electrical
length as a numerical value.

Model Number Electrical Length
16191A 14 mm
16192A 11 mm
16193A 14 mm
16194A 50 mm
16196A 26.2 mm
16196B 26.9 mm
16196C 27.1 mm
16196D 27.3 mm
16197A 14 mm
16453A 0 mm
16454 A (Fixture size: S) 0 mm
16454 A (Fixture size: L) 0 mm

The 16453A is automatically selected when the permittivity
measurement (Permittivity) is selected as material type (Material
Type). The 16454A (fixture size: S) or 16454A (fixture size: L) can be
selected when the permeability measurement (Permeability) is
selected as material type (Material Type). For selecting the material
type, refer to Setting Material Measurement Parameter (Option 002
Only).

Procedure

1. Press Cal > Accessory > select the fixture model number. To select a test
fixture that is not registered, select Arbitrary.

2. If Arbitrary is selected, press Cal > Accessory Length > enter the fixture
length.
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Fixture Compensation

e Fixture Compensation Procedure
e Turning the Fixture Compensation On or Off

o Defining the Standard Values for Fixture Compensation

Other topics about Calibration

Fixture Compensation Procedure

Perform the fixture compensation as follows:

Fixture compensation consists of two compensation data acquisition
processes: OPEN and SHORT, but you do not need to obtain all the
compensation data when you perform fixture compensation. Each type
of compensation data can be turned on or off independently for
measurement. For normal measurement, it is recommended that you
perform fixture OPEN compensation and fixture SHORT compensation.

1. Ensure that the calibration is turned on in accordance to Calibration of
Open/Short/Load/Low-loss Capacitor.

2. Press the Cal key to display the Calibration Menu.
3. Press Fixture Compen to display the Fixture Compensation Menu.

4. If required, set user-defined standard values in accordance with Defining the
Standard Values for Fixture Compensation.

5. When you complete the changes, press Return to return to the Fixture
Compensation Menu.

6. Put the test fixture's device contacts in the OPEN state.

Refer to the operation manual furnished with each test fixture for
more information on the OPEN state of the test fixture. Generally, the
OPEN state can be made by connecting no device to the device
contacts. If the distance between the HIGH electrode and the LOW
electrode can be adjusted for a test fixture, keep the same distance as
when the test device is inserted between the electrodes.

7. Press Open to start OPEN compensation data measurement. When OPEN
compensation data measurement is completed, OPEN compensation is
automatically turned ON.

187



8. Put the test fixture's device contacts in the SHORT state.

Refer to the operation manual furnished with each test fixture for
more information on the SHORT state of the test fixture. Generally,
the SHORT state can be made by connecting a high conductivity metal
(shorting bar) to the device contacts or by shorting the HIGH
electrode and LOW electrode directly.

9. Press Short to start SHORT compensation data measurement. When SHORT
compensation data measurement is completed, SHORT compensation is
automatically turned ON.

Turning the Fixture Compensation On or Off

The fixture compensation function is automatically turned On after completing each compensation data
measurement. However, you can turn the function ON or OFF as required.

1. Press Cal > Fixture Compen to bring up the Fixture Compensation Menu.
2. Toggle between ON|OFF at OPEN and SHORT to make each fixture

compensation valid (ON) or invalid (OFF) for the measurement.
Defining the Standard Values for Fixture Compensation

You can define standard values of OPEN and SHORT for fixture compensation. Figure below shows
the circuit models of the fixture compensation kit used for the Keysight E4991B. In addition, the offset
electrical delay from the compensation plane to the circuit model can be defined for each
compensation's standard.

OPEN SHORT
e4991b025

Each calibration’s standard value can be confirmed and changed as follows:

1. Press the Cal > Fixture Compen > Define Value to display the Compensation
Data Definition Menu.
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. Select one of the calibration data definition keys, Open Conduct (G), Open Cap
(C), Open Offset Delay,Short Resist (R) , Short Induct (L) or Short Offset Delay, to
confirm or set the compensation data definition.

. Enter the desired value to specify the compensation data definition.
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Selecting Calibration/Compensation Frequency

Points

You can choose the type of frequency points to use in obtaining user calibration data and fixture
compensation data as follows:

1. Press the Cal > Compen Point > Fixed freq |User freq to select the
measurement points used for user calibration or those for fixture
compensation.

Softkey

Calibration/Compensation Points

Fixed freq

Obtain calibration/compensation data at fixed frequency points
covering the entire frequency range of the E4991B. In device
measurement, user calibration or fixture compensation is applied
to each measurement point by using interpolation. Even if the
measurement points are changed by altering the sweep setups,
you don't need to retake the calibration/compensation data.

User freq

Obtain calibration/compensation data at the same frequency
points as used in actual device measurement, which are
determined by the sweep setups. Each set of
calibration/compensation data is applied to each measurement at
the same point.

If measurement points are changed by altering the sweep setups,
calibration/compensation data become invalid and
calibration/compensation data acquisition is again required.

The calibration/compensation data point selection set by the Compen
Point key is common for user calibration and fixture compensation.
You cannot set the selection for either one of them independently.
When the selection of calibration/compensation data points is changed
after completing user calibration or fixture compensation, the obtained
user calibration or fixture compensation data become invalid.
Therefore, do not change the selection of the calibration/compensation
data points after completing user calibration or fixture compensation.
Calibration data is obtained with three different oscillator levels
regardless of this frequency points setting so that the oscillator level
can be changed freely.
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List of Fixed Calibration/Compensation Frequency Points

When the fixed frequency points for user calibration and fixture compensation are selected (Compen
Point > Fixed freq ), calibration/compensation is performed at the following conditions. Total 248

points are measured.

e Frequency points: 1 MHz, 2 MHz, 3 MHz, 4 MHz, 6 MHz, 8 MHz, 12 MHz, 20
MHz, 30 MHz, 40 MHz, and (50 MHz to 3 GHz, 12.5 MHz step) (248 points)

o Oscillator level points: -3 dBm, -13 dBm and -23 dBm (3 points)
« DC bias points: 0V

Other topics about Calibration
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Setting Up the Display of Measurement Results

This chapter describes how to configure the Keysight E4991B Impedance Analyzer to display the
measurement results in the way that best suits your needs.

o Selecting the Measurement Parameters
o Selecting the Graph Axis Format

» Scaling Trace

e Trace-based Comparison and Calculation
« Monitoring Source Signal Level

o Setting for Phase

o Setting Windows Display
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Selecting the Measurement Parameters

« Selecting Parameters for both traces 1 and 2

o Selecting Parameter Independently

Other topics about Setting Up the Display of Measurement Results

Selecting Parameters for both traces 1 and 2

1. Press the Meas > Trace1&2 .
2. Select the measurement parameter for the traces 1 and 2.

To select:
Trace A Trace B Press:
Absolute impedance value Impedance phase |Z| - 0z
Equivalent series resistance  [Equivalent series reactance R-X
Equivalent series inductance | Equivalent series resistance Ls-Rs
Equivalent series inductance | Q value (Quality factor) Ls-Q
Equivalent series capacitance| Equivalent series resistance Cs-Rs
Equivalent series capacitance| Q value (Quality factor) Cs-Q
Equivalent series capacitance| Dissipation factor Cs-D
Absolute admittance Admittance phase Y| - Oy
Equivalent parallel Equivalent parallel susceptance G-B
conductance
Equivalent parallel Equivalent parallel
inductance conductance Lp-G
Equivalent parallel Q value (Quality factor) Lp-Q
inductance
Equiv‘alent parallel Equivalent parallel Cp-G
capacitance conductance
Equiv‘alent parallel Q value (Quality factor) Cp-Q
capacitance
Equiv‘alent parallel Dissipation factor Cp-D
capacitance
Absolute impedance value Equivalent series inductance |Z| - Ls
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Absolute impedance value Equivalent series capacitance |Z| - Cs
Absolute impedance value Equivalent parallel inductance | |Z|- Lp
Absolute impedance value Equivalent parallel capacitance | |Z|- Cp
Absolute impedance value Equivalent series resistance |Z] - Rs
Absolute impedance value Q value (Quality factor) 1Z| - Q
Absolute impedance value Dissipation factor |Z| - D
Complex impedance value Complex admittance value Z-Y
Absolute reflection Phase of reflection parameter r|-or
parameter
Real part of reflection Imaginary part of reflection
coefficient (complex coefficient (complex number) 'x -I'y
number)
Complex impedance value Complex reflection coefficient | Z - T
Complex admittance value Complex reflection coefficient | Y -T
Absolute value of complex | Dielectric loss tangent |er| - tan O (&)
permittivity (Option 002 only)
Real part of complex Imaginary part of complex er' - er"
permittivity permittivity (Option 002 only)
Absolute value of complex | Magnetic loss tangent |ur| - tan O ()
permeability

(Option 002 only)
Real part of complex Imaginary part of complex pr' - ur'" (Option
permeability permeability 002 only)

The E4991B preserves the graph axis formats, scale settings, data and
memory trace contents, and trace definitions for each parameter (for
example, Ls) unless it is turned Off or reset to its preset state. This
feature makes it easy to examine the DUT from various perspectives
by switching among a number of measurement parameters. For
detailed information on configuring the settings that control how the
E4991B displays measurement results, refer to the following sections:

Selecting the Graph Axis Format
Auto-scaling the Trace

Manual Scale Setting (for measurements other than COMPLEX Z-
Y)

Manually Scaling Setting for Complex Parameter Measurement
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. Trace-based Comparison and Calculation
You can set each measurement parameter without specifying the active trace or checking
its current state.
Selecting Parameter Independently

You can select the measurement parameter for each trace independently.

1. Press Meas > Trace 1, Trace 2 , Trace 3 or Trace 4 . When you set the trace 3
or 4, increase the number of trace .

2. Select the desired measurement parameter for the trace.

Vdc and Idc can be selected when the sweep type is set at either DC
Bias or Log DC Bias.

To select:
Press:
Trace #
Absolute impedance value |Z|
Absolute admittance [Y]
Equivalent series resistance R
Equivalent series reactance X
Equivalent parallel conductance G
Equivalent parallel susceptance B
Equivalent series inductance Ls
Equivalent parallel inductance Lp
Equivalent series capacitance Cs
Equivalent parallel capacitance Cp
Equivalent series resistance Rs
Equivalent parallel resistance Rp
Q value (Quality factor) Q
Dissipation factor D
Impedance phase 0z
Admittance phase Oy
OSC level (Voltage) Vac
OSC level (Current) lac
DC Bias (Voltage) Vdc
DC Bias (Current) Idc
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Complex impedance value Z
Complex admittance value Y
Absolute reflection parameter "
Phase of reflection parameter or

Real part of reflection coefficient (complex number) I x
Imaginary part of reflection coefficient (complex number) My
Complex reflection coefficient r
Absolute value of complex permittivity |er]

Real part of complex permittivity er'
Imaginary part of complex permittivity er"
Dielectric loss tangent tan O (g)
Complex permittivity er
Absolute value of complex permeability |ur
Real part of complex permeability ur'
Imaginary part of complex permeability pr"
Magnetic loss tangent tan O (W)

Complex permeability

ur
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Selecting the Graph Axis Format

o« When Measuring Scalar Measurement Parameters
e When Measuring Complex Parameters

Other topics about Setting Up the Display of Measurement Results

When Measuring Scalar Measurement Parameters

When the E4991B is configured to measure scalar parameters, it displays measurement results in
graphs whose horizontal and vertical axes indicate the stimulus values and measurement parameter
values, respectively. Use the following procedure to select the vertical axis format for scalar
measurement parameters:

1. Activate the trace for which you want to set the axis format.
2. Press the Format key to display the Format menu.

3. Select the desired vertical axis format by pressing the appropriate key,
Linear|Log.

The horizontal axis format is automatically determined based on the
selected sweep type.

When Measuring Complex Parameters

When the E4991B is configured to measure complex parameters, use the following procedure to select
the graph axis formats:

1. Activate the trace for which you want to set the axis format.
2. Press Format > Complex Format.

3. Select the desired graph axis format by pressing the appropriate key,
Complex|Polar|Smith|Admittance. Smith and Admittance are only available for
the parameter of I.
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Scaling Trace

Auto-scaling the Trace

Manual Scale Setting for Scalar Parameter Measurement
Manually Scaling Setting for Complex Parameter Measurement
Scaling Trace with Reference Tracking

Other topics about Setting Up the Display of Measurement Results

Auto-scaling the Trace
Auto-scaling for active trace

1. Activate the trace you want to auto-scale.

2. Press Scale > Auto Scale to auto-scale the specific active trace. This adjusts
the scale of the trace so that you can easily examine the overall
characteristics while making all of the data visible within the graph.

Auto-scaling for all traces

1. Activate the trace you want to auto-scale.
2. Press Scale > Auto Scale All to auto-scale the all the traces.

Manual Scale Setting for Scalar Parameter Measurements

This section describes how to manually scale the active trace for scalar parameter measurement. Note
that these procedures do not apply when the Keysight E4991B is configured to measure a complex
parameter.

Scaling the Trace Based on the Reference Line and Resolution per
Division
When the vertical axis is linear, you can scale the trace by first specifying where to position the

reference line and what value to assign to it and then setting the scale for each division.

1. Activate the trace you want to manually scale.

2. Press Scale > Reference Position, and input the desired value that represents
where the reference line should be positioned in relation to the bottom of the
graph. This value ranges from 0 (bottom) and 10 (top). In the preset state,
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the reference line position defaults to 5, which means that it is displayed at
the center of the graph.

The reference line is a horizontal dotted line displayed in the same
color as the corresponding trace.

3. Press Scale > Reference Y Value, the input the desired value that indicates the
reference value, that is, the value of the measurement parameter that
corresponds to the reference line position.

4. Alternatively, when you have the main marker displayed on the trace, press
Marker Fctn > Marker -> Reference to use the value at the marker position as
the reference value. Thus, you can change the trace scale by placing the
reference line at the position indicated by the main marker.

5. Press the Scale > Scale/Div, and input the desired value that indicates the
scale per division.

Scaling the Trace Based on the Top and Bottom Values

When the vertical axis is set to logarithmic, you can scale the trace by specifying the highest (top) and
lowest (bottom) values displayed within the graph.

1. Activate the trace you want to manually scale.

2. Press Scale > Log-Y Top and input the desired value indicating the top value
to be displayed on the graph.

3. Press Scale > Log-Y Bottom and input the desired value indicating the bottom
value to be displayed on the graph.

Manually Scaling Setting for Complex Parameter
Measurement

Scaling the Active Trace for a Complex Plane

When your graph is a complex plane, you can manually scale the active trace by specifying the
reference values for the vertical and horizontal axes as well as the scale per division.

1. Activate the trace you want to manually scale.

2. Press Scale > Reference X Value, and input the desired value that indicates
the reference value for the horizontal (X) axis. This value is a real value. The
reference line for the horizontal axis in a complex plane is stationary in the
center of the axis.

3. Press Scale > Reference Y Value, and input the desired value that indicates
the reference value for the vertical (Y) axis. This value is a complex value.
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The reference line for the vertical axis in a complex plane is stationary in the
center of the axis.

Press the Scale > Scale/Div, and input the desired value that indicates the

scale per division. For a complex plane, both the vertical and horizontal axes
use the same scale per division.

Scaling the Active Trace for a Polar Chart

When your graph is a polar chart, you can scale the active trace by specifying the full scale value, that
is, the distance from the origin to the outermost circle.

1.

Activate the trace you want to manually scale.

2. Press Scale > Divisions, and input the desired value that indicates the full

3.

scale value. Divisions defines the number of divisions on the Y-axis. An even
number from 4 to 30 can be used.

Alternatively, when you have the main marker displayed on the trace, press
Marker Fctn > Marker -> Reference to use the value at the marker position
(i.e., the distance from the origin) as the full scale value. Thus, you can

change the trace scale by placing the full scale circle at the position indicated
by the main marker.

Smith Chart and admittance chart do not allow scaling.

Scaling Trace with Reference Tracking

1.
. Press Scale > Reference Tracking.
. Press Tracking > OFF|Track Peak|Track Freq to select between turning OFF

Activate the trace you want to perform reference tracking.

the reference tracking option, track by peak reference or track by frequency.
Press Track Frequency, and input the desired frequency value.
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Trace-based Comparison and Calculation

« Identifying Differences between Data and Memory Traces through
Comparison or Calculation

e Subtracting an Offset Value
Other topics about Setting Up the Display of Measurement Results

Traces 1 and 2 each provide two different trace types: data and memory. The data trace keeps track of
the DUT's characteristics as it is being tested, while the memory trace captures the measurement data at
a specific point in time and displays that data. With the data trace, you can perform a simple calculation
on the measurement data and display the results. For example, you can display the differential between
the measured data and the memory trace data or the result of subtracting your specified offset value
from the measured data. Table below lists the trace types and their functions:

Trace Types Function
Trace | Data trace Displays measurement data/calculations (updated
1 (yellow!) during measurement cycle)
Memory trace Stores and displays previously measured data
(green! ) (captures data when Display > Data -> Memory is
selected)
Trace | Data trace (blue! )| Displays measurement data/calculations (updated
2 during measurement cycle)
Memory trace Stores and displays previously measured data
(brown! ) (captures data when Display > Data -> Memory is
selected)

1 Factory default settings.

These features add flexibility to your testing task; for example, on the same screen you can compare the
data and memory traces with each other or simultaneously display the results of a calculation as shown
by the data and memory traces.

Identifying Differences between Data and Memory Traces
through Comparison or Calculation

1. Activate the trace for which you want to perform calculation or comparison
between the two trace types.

2. Press the Display key to display the Display menu.
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3. Press Display > Data .
4. Start testing the DUT so that the data trace displays the results.

5. At this time, you may want to hold (stop) the sweep cycle for the data trace
by pressing Trigger > Hold . Doing so ensures that you can create an exact
snapshot of the measurement data when you later store the data into the
memory trace.

6. Press Data -> Memory to store the measurement data into the memory trace.

When you press Data -> Memory , the memory trace captures the
measurement data exactly as it is displayed on screen. The memory
trace always stores measurement data, even when the data trace is
displaying the results of a calculation. Note that while the subtraction
of the offset value is being executed, the resulting subtraction is
stored in the memory trace. The Data -> Memory key affects both
Traces 1 and 2. This means that the measurement data for the non-
active trace is also stored into the memory trace.

7. The Keysight E4991B provides a humber of options that allow you to control
how each trace is displayed. Select one of the following display options by
pressing the appropriate key:

Softkey Function
Data Displays only data trace on the screen
Mem Displays only memory trace stored by Data -> Mem operation on
the screen
Data & Displays data trace and memory trace on the screen. You can now
Mem easily compare the data trace and memory trace on the screen.
Off Trace is not displayed

7. Start testing the DUT to obtain the measurement data for comparison or
calculation with the reference measurement data you stored into the memory
trace (if the sweep cycle is in the hold state, you can restart the
measurement by pressing Trigger ).

Subtracting an Offset Value

You can specify an offset value to be subtracted from the measurement data, and the result of this
operation is displayed by the data trace.

1. Press Display > Data -> Mem to store the measured data in memory.
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2. Press Data Math Offset and input the desired offset value (the offset value
defaults to zero in the preset state).

3. Press Data Math .
4. Select the data math operation to perform.

Softkey Function
OFF Turns off data math functions (Do not perform data math)
Data / Divides measured data by memory trace and stores result in data
Mem trace
Data * Multiplies data trace by memory trace and stores result in data trace
Mem
Data - Subtracts memory trace from data trace and stores result in data trace
Mem
Data + Adds data trace and memory trace and stores result in data trace
Mem

5. Press Display .
6. Select the type of data on display ON the screen.
7. Send the trigger to make measurements.

203



Monitoring Source Signal Level

e Monitoring the Test Signal Level (AC)
e Monitoring the DC Bias Level

Other topics about Setting Up the Display of Measurement Results

Monitoring the Test Signal Level (AC)

The signal level actually applied to a DUT differs from the setting applied to the signal source due to
the source impedance and bias current. The E4991B provides a feature that allows you to monitor both
the voltage and amperage values of the test signal level actually applied to the DUT, whether you
measure the signal source level by voltage or current. This feature is called “test signal level monitor".

1. Press the Meas key to display the Measurement menu.

2. Press OSC Monitor Trace > Vac - lac to turn ON the OSC monitoring trace for
test signal level (AC).

Vac and Iac can be assigned for traces 1 to 4 independently by
pressing Meas > Trace 1, Trace 2, Trace 3 or Trace 4.

3. Press OSC Monitor Trace > Close to turn OFF the monitoring feature.

Monitoring the DC Bias Level

In most cases, the DC bias level actually applied to a DUT differs from the setting applied to the DC
bias source because some electrical loss occurs between each test terminal and the DUT. The E4991B
provides a feature that allows you to monitor either the voltage or amperage value of the DC bias
actually applied to the DUT. This feature is called the “DC bias level monitor.”

Monitoring the Test Signal at Sweep Start

You can monitor the DC bias level (either voltage or amperage) at the beginning sweep through the DC
Voltage/Current Bias Monitor field, which is located in the right-upper part of the screen LCD and
labeled DCV, DCI. This field is updated at cach sweep.

1. Press Meas key to display the Measurement menu.

2. Press DC Monitor Setup > DC Monitor > ON, to turn ON the DC monitoring
feature.
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Monitoring the DC Bias Level with Trace

You can monitor the actual DC bias level (either voltage or amperage) at the each point when DC bias
sweep is selected.

1. Press Sweep Setup > Sweep Type > DC Bias or Log DC Bias to setup type to
DC Bias sweep setting.

2. Press Meas > DC Monitor Setup > DC Monitor Trace > Vdc -Idc to turn ON the
DC monitoring trace feature. The traces 3 and 4 are displayed and assigned
to Vdc and Idc respectively.

Vdc and Idc can be assigned for traces 1 and 2 by pressing Meas
> Trace 1, Trace 2.

3. Press DC Monitor Setup > DC Monitor Trace > Close to turn OFF the DC
monitoring trace feature.
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Setting for Phase

« Selecting the Phase Unit
o Displaying Phase Values without Wrapping at £180 degree

Other topics about Setting Up the Display of Measurement Results

Selecting the Phase Unit

When you are performing phase-based measurement, you can specify whether to use degrees or radian
as the phase unit applied to the scaling and marker features.

1. Activate the trace for which you want to set the phase unit.

To set the phase unit, your parameter must be either |Z|-6/|Y|-0 or
complex parameter. In the latter case, polar format must be selected.
You should activate Trace 2 in the former case, and the trace whose

axis format is polar in the latter case.

2. Press the Format key to display the Format menu.
3. Press Phase Unit > Deg|Rad to select your desired phase unit.

Displaying Phase Values without Wrapping at £180 degree

The E4991B provides a feature that allows you to display phase values without wrapping them at
+180° or -180°. This feature, called “expanded phase,” is useful when measured phase values are in a
continuous increase or decrease and some of them exceed +180° or -180°. To set up the expanded

phase feature, follow these steps:
1. Activate the trace for which you want to use the expanded phase feature.

To expand the phase, your parameter must be angular parameter.

2. Press the Format key to display the Format menu.
3. Press Expand Phase > ON|OFF to turn On or Off the expanded phase feature.
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Setting Windows Display

Maximizing the specified window trace display
Turning off the display of graticule labels
Hiding frequency information

Updating data on real time

Labeling a window

Setting display colors

Setting display magnification

Resizing the screen

Superimposing Multiple Traces

Other topics about Setting Up the Display of Measurement Results

Maximizing the specified window/trace display

When using multiple channels, it is possible to maximize a specific channel window on the screen.
When multiple traces are displayed in a channel window, it is also possible to maximize a specific trace
displayed within that channel window.

The Window/Trace Display data can be preset to factory settings using
the Preset option.

Maximizing a window

2.
3.

. Press Channel Next (or Channel Prev ) to select the channel of which window

will be maximized.
Press Channel Max to maximize the channel window.

Press Channel Max one more time to reduce the window to its previous size.

Maximizing a trace display

1.

Press Channel Next (or Channel Prev ) to select the channel to which the

207



trace belongs.

2. Press Trace Next (or Trace Prev ) to select the trace of which display will be
maximized.

3. Press Trace Max to maximize the trace display.

4. Press Trace Max one more time to reduce the display to its previous size.

Turning off the display of graticule labels

When using a rectangular display format, the graph area can be expanded to the left by turning OFF the
display of graticule labels.

Turning OFF graticule label display

1. Press Channel Next (or Channel Prev ) to select the channel of which graticule
label display will be turned ON or OFF.

2. Press Display .
3. Click Graticule Label to turn graticule label display ON or OFF.

Hiding frequency information

You can hide the frequency information from the screen in order to ensure its confidentiality or for
other reasons.

Hiding Frequency Information on the Screen

Follow the steps below to hide frequency information on the measurement screen.

1. Press Display key.
2. Click Frequency to turn OFF the frequency display.

Turning OFF the frequency display using Display > Frequency key does
not erase the frequency display within the Stimulus softkey, which is
turned on by pressing Start , Stop , Center , and Span . The display of
the softkey bar itself can be switched ON or OFF by pressing Softkey
On/Off .

Hiding Softkey's Frequency Information
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You can delete the frequency information from the measurement screen, which changes the frequency
information displayed in the Stimulus softkey and the data entry area for Hz unit to asterisks (***).
1. Press System key.

2. Click Service Menu , then click Security Level and select any of the following
options for the frequency display.

Sofkey | Function

None Displays the frequency information.

Low Hides the frequency information with a series of asterisks.
Save/Recall > Save Trace Data and Save SNP are inactive.

This can be turned OFF by the Security Level menu.

High Hides the frequency information with a series of asterisks.
Save/Recall > Save Trace Data and Save SNP are inactive.

This cannot be turned OFF by the Security Level menu.

Resetting to OFF is only possible by executing Preset or Recall.

Updating data on real time

You can choose to display the data on the screen on real time.

1. Press Display > Update > ON to turn ON the feature to display the data on
the screen on real time.

2. Press Display > Update > OFF to disable this features.

Labeling a window

It is possible to assign a unique name to a channel and display it on the screen. This feature is useful in
saving and/or printing measurement results for future reference.

Labeling a window

1. Press Channel Next (or Channel Prev ) to select the channel to be labeled.
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2. Press Display > Edit Title Label , and the title label input dialog box appears.
sz Device #1

albficfidfiefflalh|ifilki{!|ImjnjofpflaglrTr
sftjuffviwl{x{vfigz|1j2)3fja4|56)j/7|8)19(0

=l LT/ | es ] shit | enter |

3. Using the keys in the dialog box, type a label and click Enter .

4. Click Title Label to turn ON the title display. The title appears within a frame
at the top of the channel window.

1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 5 Instr State

100.0 m/ Ref 500.

e4991b009

Setting display colors

Selecting display mode

You can select the display mode of the LCD display from two modes: normal display (background:
black) or inverted display (background: white). In normal display, the colors of items are preset so that
you can recognize them easily on the display of the instrument. On the other hand, in inverted display,
they are preset to colors obtained by inverting the default settings to the normal display so that you can
use data easily when storing it into a graphic file.

The selection procedure is as follows:

1. Press Display .

2. Click Invert Color to select the display color. OFF indicates the normal display;
ON the inverted display.

Setting display color for each item

You can set the display color to the normal display or inverted display separately for each of the
following items:

« Data/memory trace
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« Labels and lines of graphs
« File display of the limit test and limit lines
« Background

Set the color of each item by specifying the amounts of red (R), green (G), and blue (B) contained in
the color. You can specify each level of R, G, and B in 6 steps (0 to 5). Therefore, total of 216 colors
are available by combining them. The table below shows the R, G, and B values for the main colors as
areference.

R| G| B R| G| B R| G| B
White 515 5| Gray 2 | 2| 2 | Black 0|0
Light 5 3 3 | Red 5 0 | 0 | Dark 2 010
Red Red
Light 515 | 3| Yellow 515 | 0| Dark 21210
Yellow Yellow
Light 3 15| 3 | Green 0| 5| 0 | Dark 0210
Green Green
Light 31515 Cyan 0| 5| 5 | Dark 0| 2|2
Cyan Cyan
Light 3 3 5 | Blue 0 0 | 5 | Dark 0 01| 2
Blue Blue
Light 5|3 |5 | Magenta | 5 |0 5 [Dark 2 10| 2
Magenta Magenta

The setting procedure is as follows:

1. Press System > Misc Setup > Display Setup > Color Setup .
2. Click Normal (for normal display) or Invert (for inverted display).

3. Click the softkey corresponding to the item of which you want to set the
display color.
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Softkey Function

Data Trace 1 Specifies the data trace of traces 1 to 4.

to 4

Mem Trace 1 Specifies the memory trace of traces 1 to 4.

to 4

Graticule Specifies the graticule label and the outer lines of graphs.
Main

Graticule Sub | Specifies the grid of graphs.

Limit Fail Specifies the fail display in the limit test result.

Limit Line Specifies the limit line.

Background Specifies the background.

4. Click Red (or, Green , or Blue ).
5. Select the amount of the selected color from O to 5.
Resetting the display colors to the factory state
You can reset the display colors in normal display and inverted display to the preset factory state.

The selection procedure is as follows:

1. Press System > Misc Setup > Display Setup > Color Setup .
2. Click Normal (for normal display) or Invert (for inverted display).

3. Click Reset Color > OK .

Setting display magnification
You can reset the display magnification to Small, Normal or Large.

The selection procedure is as follows:

1. Press System > Misc Setup > Display Setup > Magnification .

2. Click Normal , Small or Large .
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Resizing the screen
You can resize the E4991B screen by minimizing, maximizing or restoring it to its original size.

The resizing procedure is as follows:

1. Click Resize at the top right corner of the screen.

(l Resize J
I Restore

|| = Minimize

o Maximize

x Close

Scale I‘

ed990al65

2. A drop-down menu prompts and the available options are:

Softkey Function

Restore Restores the screen to its default size.

Minimize Minimizes the screen.

Maximize | Displays the screen in full page size.

3. Click Restore , Minimize or Maximize .

4. When the screen is resized according to an option, the related softkey is
disabled. For example, when the screen is displayed in full page size,
Maximize is disabled.

Another option to minimize the E4991B screen is by using the Menu Bar and the procedure is as
follows:

1. Press Display > Minimize E4991B .

You can also hide and restore the title bar of the E4991B screen and the procedure is as follows:
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1. Press Display > E4991B Title bar .
2. Click ON to restore the title bar.
3. Click OFF to hide the title bar.

£4991B Impedance Ana With Title bar
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 5 Instr State

Device #1
P |pr|_100.0 m/ Ref 500.0 m

e4991 0010

1 AcM_a’Trace 2 Response 3 Stimulus 4 Mkr/Analysis 5 Instr State

Device #1 Without Title bar
Pl lpr| 100.0 m/ Ref 500.0 m

Trd tan &(p) 100.0 m/ rRef 500.0 m
ed4991b011

Superimposing Multiple Traces

This function allows you to draw a new trace without erasing existing traces. Even if this function is
on, the traces are erased when the window size, scale, softkey display on/off, entry window on/off are

changed.

1. Press System > Service Menu > Accumulate to toggle on/off.
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Analysis and Processing of Result

« Analyzing Data on the Trace using the Marker

e Searching for Positions that Match Specified Criteria

o Analyze Trace Bandwidth

« Reading the Marker Position Time or Relaxation Time

e Analyzing the Equivalent Circuit and Simulate the Frequency Characteristics
o Calculating the Mean Value, Standard Deviation, and p-p of the Trace

o Calculating Several Traces (Equation Editor)

o Making Pass/Fail Evaluation (Limit Test)
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Analyzing Data on the Trace Using the Marker

« About Marker Functions
« Reading Marker Values on Trace
« Reading Relative Value from Reference Point on Trace

o Reading Actual Measurement Point/Value Interpolated between Measurement
Points

« Setting up Markers for Each Trace/Setting up Markers for Coupled Operation
between Traces

« Listing Marker Values in All Displayed Channels

« Specifying Display Position of Marker Values

e Aligning Marker Value Display

« Displaying All Marker Values for Displayed Traces

Other topics about Analysis and Processing of Result

About Marker Functions

The marker can be used in the following ways:
« Reading a measured value as numerical data (as an absolute value or a
relative value from the reference point)
« Moving the marker to a specific point on the trace (marker search)
e Analyzing trace data to determine a specific parameter

« Using the value of the marker to change the stimulus (sweep range) and
scale (value of the reference line)

For the procedure used to change the sweep range and scale by using the marker, refer to
and Converting From a Reference Point to a Relative Value .

The E4991B is capable of displaying up to 10 markers including the reference marker on each trace.
Each marker has a stimulus value and a response value whose data format varies according to
measurement settings.
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Reading Marker Values on Trace
You can read the value of a marker displayed on the trace.

For scalar measurement parameters, the marker response value is always in the same data format as that
of the Y-axis.

For complex measurement parameters, the format of the marker response values can be selected from
several types.

Press Marker Ftcn > Complex Format > Real Imag | LinMag Phase | LogMag Phase | R+jX |
G+jB | SWR Phase .

Softkey for selecting Marker response values
data format First Second Third
Real Imag Real part Imaginary part -
LinMag Phase Magnitude Phase -
LogMag Phase Logarithm of Phase -
magnitude
R+ jX Resistance Reactance Inductance or
capacitance
G+jB Conductance Susceptance Inductance or
capacitance
SWR Phase Standing wave Phase of reflection -
ratio coefficient

To activate the Marker Ftcn > Complex Format softkey, please ensure that a complex
measurement parameter is selected for the trace. This selection also activates Format > Complex
Format softkey. Note that Smith and Admittance softkeys are activated only when[ is selected.

To set up phase unit, refer to Selecting the Phase Unit .

When the span is set at 0, the stimulus value of marker show the measurement point number. When
Marker Fctn > Discrete is OFF, the interpolated stimulus value is displayed between points.

Activating the marker on the Trace
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1. Press Channel Next (or Channel Prev ) and Trace Next (or Trace Prev ) to
activate the channel on which a marker is used.

2. Press Marker key. At this point, marker 1 is turned on and becomes active
(you can operate the marker). When using marker 1, you can omit the next
step.

3. Select a and turn it ON. The softkey used to turn on a marker is also
used to activate that marker.

Moving the marker

1. Change the marker stimulus value . This operation enables you to move the
marker to a point on the selected trace.

2. Read the marker stimulus value and marker response value displayed in the
upper-left part of the trace screen.

Turning off the marker

1. Press Marker key.
2. Click Clear Marker Menu and then click one of the options .

In the preset configuration, the marker settings on traces in a channel
are coupled (Marker Couple is turned ON). For marker coupling, refer
to Setting up markers for each trace/Setting up markers for coupled
operations between traces .

Reading Relative Value from Reference Point on Trace

You can convert the marker reading into a relative value from the reference point.
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Reference Marker Mode: OFF Reference Marker Mode: ON

Marker 1 values: AS, AY
\t. 1

Response value

Marker 1 values: S1, Y1
a1

S L ASs
Stimulus value —_—
Stimulus value

e5071e310

Converting From a Reference Point to a Relative Value

1
2
3.
4

. Activate the reference marker .

. Move the reference marker at the point to be used as the reference.

Click Ref Marker Mode to turn on the reference mode.

. With the reference mode turned ON, the stimulus values and response values

are indicated in relative values referred to by the position of the reference
marker.

Activate your desired marker, then move it to your desired position.

Pressing Marker > Marker -> Ref Marker enables you to place the
reference market at the position of the currently active marker. The
reference mode then turns ON automatically.

Reading Actual Measurement Point/Value Interpolated
between Measurement Points

The point on the trace on which a marker can be placed differs depending on how the discrete marker
mode is set up.
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Value Description

Turning on discrete A marker moves only between actual measurement
mode points. When a specific marker's stimulus value is
specified as a numerical value, the marker is placed at
the measurement point closest to the specified value. A
marker placed between interpolated points with the
discrete mode OFF automatically moves to the nearest
measurement point when the discrete mode is turned

(Discrete ON)

ON.
Turning off discrete The marker can move from one actual measurement
mode point to another. Because it is interpolated, it can also
] move in the space between measurement points.
(Discrete OFF )
Marker Point
Marker discrete mode Trace
(can only move to measurement points)
Measurement
point
1
r —
r"“‘-"—’ -—-—————-—— k
Adt T [ [
l’//l T T T
ey T T T
Marker continuous mode

(can also move to a position between
measurement points through interpolation)

e5071c3 M

Turning Discrete Mode On or Off

1. Press Channel Next (or Channel Prev ) and Trace Next (or Trace Prev ) to
activate the trace on which the discrete mode is set up.
2. Press Marker Fctn .

3. Click Discrete to turn the discrete mode ON or OFF.
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Setting up Markers for Each Trace/Setting up Markers for
Coupled Operation between Traces

Makers can be set up and moved either in coupled operation for all traces in a channel or independently
for each trace.

L] eh]
é Coupling ON TE Coupling OFF
5 f 5 1
L] [72]
(1] i [32]
[} : @ . .
= ! . ) = Setting up/moving
« ., Setting up/moving markers Isclated
; markers coupled for each trace
: in the channel :
1 3 : -
1
Stimulus value Stimulus value
e5071c388
Value Description

Marker Couple is Markers are set up and moved in coupled operation on all
ON the traces in a channel.

(Coupling ON )

Marker Couple is Markers are set up and moved independently for each trace.
OFF

(Coupling OFF
)

Turning Marker Coupling On or Off

1. Press Channel Next (or Channel Prev ) to activate the channel on which the
marker couple is set.

2. Press Marker Fctn .

3. Click Couple to turn the marker coupling ON or OFF.

Listing Marker Values in All Displayed Channels
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You can list all of the marker values in all of the displayed channels on the screen.

Turning ON the Marker Table Display

1. Press Marker Fctn .
2. Click Marker Table to turn ON the marker table display.

The marker table appears in the lower part of the screen.

2 Response fysis 3 Instr State

2014-01-23 18:37

e4990a066

Specifying Display Position of Marker Values

This section describes how to specify the marker value display position for each active trace.
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E4590A Impedance
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mie/Snalysis 5 bnsir State

%

2014-01-23 18:38

e4990a067

Value Description

Marker Info X Specifies the horizontal display position by the width of the
Pos display area as a percentage.

Marker Info Y Specifies the vertical display position by the height of the
Pos display area as a percentage.

Operational procedure

1. Press Channel Next (or Channel Prev ) to activate the channel for which you

want to set the marker coupling.

2. Press Marker Fctn > Annotation Options .

3. Click Marker Info X Pos to set the horizontal display position.

4. Click Marker Info Y Pos to set the vertical display position.

Aligning Marker Value Display

This section describes how to align maker value displays.
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hysis 5 bnatr State

Annatation
Options

e4990a063

Value Description

On (Align Displays marker values to align to the display position of trace 1.
ON)

Off (Align Displays marker values in the display position defined for each
OFF) trace.

1. Press Marker Fctn > Annotation Options .

2. Click Align to toggle ON /OFF .

Displaying All Marker Values for Displayed Traces

This section describes how to display all marker values for the displayed traces.
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OFF

Active Only 4{

ON

E4990A Impedance Anal

Resize

1 Active Chy e IResponse 3 Stimulus 4 MiefAnslysis 5 Instr State

"T[ace 1 data does not display

Annatation
Options

| Marker info X Pos
5%

IMarker Info Y Pos
1%

Align
OFF

=8

e4990a069

Value Description
Display all Displays all marker values for displayed traces.
(Active Only OFF)

Display active markers

(Active Only ON)

Displays markers for the active trace only.

1. Press Marker Fctn > Annotation Options .

2. Click Active Only to toggle ON /OFF .

225




Searching for Positions that Match Specified

Criteria

o Overview

« Setting Search Range

« Automatically Executing a Search (Search Tracking)
e Searching for Maximum and Minimum Values

o Searching for the Peak

o Searching for Multiple Peaks

« Searching for the Target Value (Target search)

« Searching for the Multiple Target Values (Multi-target Search)

Other topics about Analysis and Processing of Result

Overview

You can search for a position that matches your specified criteria by using the Marker Search feature.
Marker Search allows you to search for a position that matches any of the following criteria.

Maximum value

Minimum value

Peak

o Maximum peak (for a positive peak), minimum peak (for a negative
peak)

o Peak on the left-hand side nearest to marker position
o Peak on the right-hand side nearest to marker position

Multi Peak

Target (a point that has a target measurement value)
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» Target nearest to the marker position
» Target on the left-hand side nearest to marker position
» Target on the right-hand side nearest to marker position

o Multi Target

Setting Search Range

The Marker Search feature allows you to set part of the sweep range as the search target (Partial Search
feature) as well as the entire search range. For the Partial Search feature, you can select whether to
couple traces in the channel.

Procedure to Turn ON/OFF Trace Coupling within Search Range
1. Press Channel Next (or Channel Prev ) and Trace Next (or Trace Prev ) to
activate the trace for which you want to set the search range.
2. Press Marker Search > Search Range .

3. Click Couple to toggle ON /OFF trace coupling within the search range.

Procedure to Set Search Range

1. Press Channel Next (or Channel Prev ) and Trace Next (or Trace Prev ) to
activate the trace for which you want to set the search range.

Press Marker Search > Search Range .
Click Search Range to turn ON the Partial Search feature.

Click Start , then enter the start value (lower limit) of the search range.

vi & W

Click Stop , then enter the stop value (upper limit) of the search range.

Automatically Executing a Search (Search Tracking)

Search tracking is a function that sets a search to be repeated every time a sweep is done even if the
execution key for the search (maximum, minimum, peak, and target) is not pressed. This function
facilitates observation of measurement results such as the maximum value of traces (e.g., the insertion
loss of a band pass filter).

Performing Search Tracking
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1. Press Channel Next (or Channel Prev ) and Trace Next (or Trace Prev ) to
activate the trace on which you want to set up the search tracking.

2. Press Marker Search key.

3. Click Tracking and turn the search tracking function ON /OFF .

Searching for Maximum and Minimum Values

You can search for the maximum or minimum measured value on the trace and move a marker to that
point.

o Maximum
=
)
>
=
L
3
@
©
=
Minimum
Stimulus value
e5071c386
Search for maximum Move active marker to point on the trace where
(Max) measured value is the greatest.
Search for minimum Move active marker to point on the trace where
(Min ) measured value is the lowest.
Procedure

1. Activate the marker you are using to search for the maximum and minimum
values.

2. Press Marker Search key.

3. Click the to move the marker to the maximum or
minimum measured value.

Searching for the Peak
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The peak search function enables you to move the marker to the peak on the trace.

Definition of the peak

A peak is a measurement point of which the value is greater or smaller than the adjoining measurement
points on its right and left sides. Peaks are classified into the following two types depending on the
differences in magnitude from the measurement points on either side of it.

Positive peak | A peak of which the measured value is greater than the

(Positive ) measurement points on either side of it (peak polarity: positive).
Negative A peak of which the measured value is smaller than the

peak measurement points on either side of it (peak polarity: negative).
(Negative )

Both positive | A peak of which the measured value is greater or smaller than
and negative | the measurement points on either side of it (peak polarity:
peak (Both ) | positive and negative).

About Peak Excursion Value

The peak excursion value is smaller among the differences in the measured values from the adjoining
peaks of the opposite polarity.

Q
=
g
5 e Positive polarity peak
e @ Negative polarity peak
= P
@ E1s Peak deviation
L]
=
Stimulus value
e5071¢390

Executing a Peak Search

The following three methods are available for executing the peak search:
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Peak search Moves the marker to the maximum peak when peak polarity is

(Search Positive or Both. Moves the marker to the minimum peak
Peak ) when peak polarity is Negative .

Left search Executes the search from current marker position to the smaller
(Search stimulus values and moves the marker to first peak encountered.
Left)

Right search Execute the search from current marker position to the larger
(Search stimulus values and moves the marker to first peak encountered.
Right)

» Peak that matches
the definition of a peak

. g

E S

B 8 Rt

=3 3 E

@ 7] Search

3 o Left

= = ~—

Stimulus value Stimulus value
e5071c452
Procedure

1. Activate the marker you are using for the peak search.

2. Press Marker Search key.

3. Click Peak > Peak Excursion .

4. Enter the lower limit for the peak excursion value. This sets the peak search
to be executed based on the definitions of the newly set lower limit for the
peak excursion value and the currently set peak polarity.

5. Click Peak Polarity .

6. Select a peak polarity. This sets the peak search to be executed based on the

definitions of the currently set lower limit for the peak excursion value and
the newly set peak polarity.
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7. Click the to move the marker to the peak.

When the data format is in Smith chart or polar format, execute the
search for the main response value of the two marker response
values.

Searching for Multiple Peaks

The multi-peak search function enables you to display markers on multiple peaks on traces.

Definition of the Peaks

A peak is a measurement point whose value is greater or smaller than the adjoining measurement
points on its right and left sides. Peaks are classified into the following types depending on the
difference in magnitude from the measurement points on either side of it.

Positive peak | A peak of which the measurement value is greater than the
(Positive ) measurement points on either side of it (peak polarity: positive).
Negative A peak of which measurement value is smaller than the

peak measurement points on either side of it (peak polarity: negative).
(Negative )

About the Multi-peak Search Function (Search Multi Peak)

The multi-peak search is a function that searches for peaks that match with pre-defined lower limit for
the peak excursion value and peak polarity (positive or negative) and then displays the markers on the
peaks being searched. Depending on number of detected peaks, markers 1 through 9 are displayed from
the start frequency.

The peak excursion is the smaller of the differences in measurement values from the adjoining peaks of

the opposite polarity.

When the multi-peak search is executed, search and tracking settings
for markers 1 through 9 are ignored and the settings for the multi-
peak search are used. Note that the reference marker is not affected.
Positive Peak/Negative Peak and Peak Excursion
Multi-peak Search (when peak polarity is positive)

Executing a Multi-peak Search
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1. Activate the marker you are using for the multi-peak search.

2. Press Marker Search > Multi Peak > Peak Excursion

3. Enter the lower limit for the peak excursion value.
This causes the multi-peak search to be executed based on the definitions of the newly set lower
limit for the peak excursion value and currently set peak polarity.

4. Press Peak Polarity .

5. Select a peak polarity from positive , negative or both .

This causes the multi-peak search to be executed based on the definitions of the currently set
lower limit for the peak excursion value and newly set peak polarity.

6. Press Search Multipeak to move the marker to the peak.

When the data format is Smith chart or polar format, execute the
search for the main response value of the two marker response
values.

Searching for the Target Value (Target search)

The target search is a function that searches for a target that matches the pre-defined target value and
transition type(s) (positive, negative, or both positive and negative) and then moves the marker to that
target.

Target and Transition Types

A target is a point that has a specific measured value on the trace. Targets can be divided into the two
groups shown below depending on their transition type.

Transition type: Positive When the value of the target is larger than the

(Positive ) measured value that immediately precedes it (on
the left side).

Transition type: Negative When the value of the target is smaller than the

(Negative ) measured value that immediately precedes it (on
the left side).
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Measured value

Target value

® Positive target transition type
o Negative target transition type

eb071c3B89

Stimulus value

Executing a Target Search

The following three methods are available for executing the target search:

Target search (Search
Peak )

The marker moves to the peak with maximum
response value if the peak polarity is Positive or Both
or to the peak with minimum response value if the
peak polarity is Negative .

Target

Search left (Search Executes the search from the current marker position

Left) to the smaller stimulus values and moves the marker to
first encountered target.

Search right (Search Executes the search from the current marker position

Right) to the larger stimulus values and moves the marker to
first encountered target.

L] [4h]

= =

g il .

< Target search 5 Left search/Right search

5 5

0 [72)

m [43]

[¥] [+8]

= =

Stimulus value Stimulus value

&5071c387
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Procedure

Activate the marker you are using for the target search.
Press Marker Search key.

Click Target > Target Value .

A W N -

Enter the target value in the entry area that appears. This causes the target
search to be executed based on the definitions of the newly set target value
and the currently set transition type.

hd

Click Target Transition .

6. Select a transition type . This sets the target search to be executed based on
the definitions of the currently set target value and the newly set transition

type.
7. Press the corresponding softkey to move the marker to the target.

When the data format is in Smith chart or polar format, execute the
search for the main response value of the two marker response
values.

Searching for the Multiple Target Values (Multi Target
Search)

The multi-target search function enables you to display a marker on each point having the target
measurement value.

Target and Transition Types

A target is a point that has a specific measurement value on the trace. Targets can be divided into two
groups shown below depending on their transition type.

Positive When the value of the target is larger than the measurement value
that immediately proceeds it (on the left side).

Negative | When the value of the target is smaller than the measurement value
that immediately proceeds it (on the left side).

Target and Transition Types

About the multi-target search function (Search Multi Target)
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The multi-target search is a function that searches for targets that match to pre-defined target value and
transition type(s) (positive, negative, or both of positive and negative) and displays markers on the
targets being searched.

Depending on the number of detected targets, markers 1 through 9 are displayed from the start
frequency.

When the multi-target search is executed, search and tracking settings
for markers 1 through 9 are ignored and the settings for the multi-
target search are used. Note that the reference marker is not affected.

Multi-target Search (when transition type is set to ""both positive and negative")

Procedure

|

. Activate the marker you are using for target search.

2. Press Marker Search > Multi Target > Target Value .

3. Enter a target value in the entry box that appears.
This causes the target search to be executed based on the target value newly set and the
transition type defined at this point.

4. Press Target Transition .

5. Selects a transition type from positive , negative or both .

This causes the target search to be executed based on the target value set at this point and the

transition type newly set.

6. Press Search Multi Target to move the marker to the target.

When the data format is in Smith chart or polar format, execute the
search for the main response value of the two marker response
values.
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Analyze Trace Bandwidth

o Definitions of Parameters in the Trace Bandwidth Analysis
o Define the Cutoff Point in Trace Bandwidth Analysis
o Implement Trace Bandwidth Analysis

Other topics about Analysis and Processing of Result

The E4991B can automatically derive the parameters called bandwidth, center value, Q value, peak A
L, and A R from the measurement trace.

At the instant when the trace bandwidth analysis function is turned On and at the completion of each
subsequent sweep, cutoff points are searched for on the sweep parameter value axis, starting from the
main marker position at that time and advancing in both directions. When two cutoff points are
detected, six parameters (bandwidth (width), center value (center), Q, peak (peak), A L, and A R) are
derived from the data at those points and displayed in the Marker Statistics/Trace Bandwidth Analysis
Result field on the right of the screen.

The peak (peak), one of the six parameters displayed on the screen as
trace bandwidth analysis results, is the first position of the main
marker itself. Therefore, before executing the trace bandwidth
analysis, use the peak search function and so on to move the main
marker to the peak on the trace as necessary. The cutoff points are
searched for according to the definition specified by the user. The
definitions of the six parameters displayed on the screen as the final
results also vary depending on the delta marker mode selected at the
time.

Definitions of Parameters in the Trace Bandwidth Analysis

Table below shows the definition of each parameter in the trace bandwidth analysis.
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Parameter Definition

Cutoff point Two points having the predefined measurement parameter value
that are searched for and detected from the main marker position
to both ends on the trace. You define the measurement parameter
value of the cutoff points by selecting, assuming that the
measurement parameter value of the main marker position is
MKRVAL, MKRVAL | , MERVAL ora

2

user entered value (fixed value). At the detected cutoff points, the
sub-markers numbered 2 and 3 will be placed.

MERVAL x .2

|
)

Bandwidth: Indicates the interval of sweep parameter values at two cutoff
points. This definition does not depend on the marker mode.

Center: Indicates a midpoint between the sweep parameter values at two
cutoff points. It serves as a relative value with reference to the
fixed marker only when the fixed marker is present.

Q Indicates value Q obtained from two cutoff points (Center/Width).

Peak: Indicates the measurement parameter value at the position of the
main marker (marker 0). However, it indicates a relative value
with reference to the fixed marker only when the fixed marker is
present. When the main marker is moved to the peak by using the
peak search function, that peak is displayed at this position.

AL Indicates the length of the sweep parameter from the sweep center
value to the cutoff point on the left. However, it indicates the
length of the sweep parameter from the sweep parameter value of
the fixed A marker to the cutoff point on the left only when the
fixed A marker is present.

AR Indicates the length of the sweep parameter from the sweep center
value to the cutoff point on the right. However, it indicates the
length of the sweep parameter from the sweep parameter value of
the fixed A marker to the cutoff point on the right only when the
fixed A marker is present.

Define the Cutoff Point in Trace Bandwidth Analysis

When trace bandwidth analysis is performed, the Keysight E4991B searches for the cutoff points on
both sides with respect to the sweep parameter shaft starting from the main marker position. The cutoff
point used for this search is defined by the following steps:
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5.

Activate the trace for which you want to analyze trace bandwidth.
Press the Marker Search key to display the Marker Search menu.
Press Widths Def to display the trace bandwidth analysis definition menu.

Select the definition of the cutoff point in trace bandwidth analysis from the
following:

Parameter Definition of cutoff point!
MkrVal/sqrt(2)] MEKRVAL
2
MkrVal*sqrt(2) =
MEKRVAL % /2
MkrVal/2 MKRVAL
2
MkrVal*2 MKRVAL X 2

MkrVal-Fixed | MKRVAL - fixed value
MkrVal+Fixed | MKRVAL + fixed value
Fixed Value Fixed value specified by numerical value

| MKRVAL : Indicates the measurement parameter value (measurement) at the position of the
main marker (marker 0).

Fixed value: Indicates the absolute value of the measurement parameter if there is no Marker; it
is a relative value with reference to the tracking A marker tracking ( A marker that moves with the

main marker) is present and a relative value with reference to the fixed A marker if the fixed
marker is present.

Press the BW Fixed Value , and input the desired bandwidth value.

Implement Trace Bandwidth Analysis

The following describes the steps to implement trace bandwidth analysis:

1.
2.

Activate the trace used to implement trace bandwidth analysis.

Display the main marker and move it to the desired position on the trace to
analyze trace bandwidth. To move the main marker to the peak of the trace,
see Search the maximum/minimum peak .

Press the Marker Search key to display the Marker Search menu.

Press Bandwidth > ON |OFF to turn On or Off the trace bandwidth analysis
function.
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Once the trace bandwidth analysis function is turned On, the
bandwidth (width ), center value (center ), Q (Q ), peak (peak ),
A L(A L), and A R(A R) are displayed in the Marker Statistics/Trace
Bandwidth Analysis Result area on the top-left of the screen.

If the trace bandwidth analysis function is turned On, the straight
line showing the cutoff line is displayed parallel to the sweep
parameter axis.

Cutoff point re-search does not cause the main marker to move, so it does not affect the peak value. If
the two cutoff points cannot be found by trace bandwidth analysis, the message Target Value Not
Found will appear at the bottom left side of the bar of the screen. If a partial search range is specified
by following Searching for Positions that Match Specified Criteria , trace bandwidth analysis will be
executed within that range. Even if the trace bandwidth analysis function is turned Off, the marker used
for analysis will not disappear from the screen.
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Reading the marker position time or relaxation
time

You can use the following procedure to select how the sweep parameter value is displayed in the
Marker Sweep Parameter Value field: time relative to the sweep start or relaxation time. This function
allows you to read the sweep parameter value in a unit of time at each point on the trace in the zero
span sweep.

1. Press the Marker Function key to display the Marker Function menu.
2. Press X Unit > Off |Time [1/2Trf .
3. Select the display method of the marker sweep parameter value.

Parameter] Definition

Off Value of the parameter selected as the sweep parameter (frequency,
oscillator level, or DC bias level)

Time Time between the sweep start and the completion of the measurement
at the marker position

1/21rf Relaxation time = 1/2xn f (f:measurement frequency)

You can select 1/2= f as the method to display the marker sweep
parameter value (marker X-axis) only when the frequency is selected
as the sweep parameter. When you use the A marker, the relative
value from the A marker position is displayed in the Marker Sweep
Parameter Value area, regardless of the selection of the marker sweep
parameter value (marker X-axis) display.
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Analyzing the Equivalent Circuit and Simulate

the Frequency Characteristics

o Calculate the Equivalent Circuit Parameter based on the Measurement Result

o Simulate the Frequency Characteristics based on the Equivalent Circuit
Parameter

Other topics about Analysis and Processing of Result

Calculate the Equivalent Circuit Parameter based on the
Measurement Result

Calculate the equivalent circuit parameter based on the measurement result trace according to the
followings steps:

1. Measure the sample using the frequency as the sweep parameter.

2. Press Analysis > Equivalent Circuit > Select Circuit.

3. Select the equivalent circuit with key A, B, C, D, E, F, and G.

Equivalent Circuit Model Typical Frequency DUT Example
Characteristics
A —= ~ ¥ Inductor with high core
; ; 7 loss
Rl = %
B i ' ! | *1 Inductor
s i Resistor
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C ' | High-value resistor
C1 oy M,
L1l
Rl B
D ; : | Capacitor
L1 C1 R1
E [ . *2 Resonator
e .., -
L1 C1 Rl &
F —= | Inductor with ESR
e - r - _
Rl e '
G A S | Capacitor
Cl .
Rl Pl

*1. Measurement parameter: |Z| - 0, Sweep type: log, Vertical axis: |Z| is log and 0 is linear.
*2. Measurement parameter: |Z| - 6, Sweep type: linear (or log), Vertical axis: |Z| is log and 0 is
linear.
4. Click Calculate to execute calculation the equivalent circuit parameter.
The calculated equivalent circuit parameters are displayed in each box ofR1, C1, L1, CO and

RO.

Simulate the Frequency Characteristics based on the
Equivalent Circuit Parameter
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Simulate the

frequency characteristics according to the following steps:

Start from Step 6 when you want to simulate the frequency
characteristics on the basis of the equivalent circuit parameter
calculated according to the procedure of "Calculate the equivalent
circuit parameter based on the measurement result".

Measure the sample using the frequency as the sweep parameter.
Press Analysis > Equivalent Circuit > Select Circuit.
Select the equivalent circuit with key A, B, C, D, E, F, and G.

Click R1, C1, L1, C0 and RO to select the equivalent circuit parameter where

the numerical value is to be entered.

Key Operation |Description

Resistance of R1 of selected equivalent circuit.

Capacitance of C1 of selected equivalent circuit.

Inductance of L1 of selected equivalent circuit.

Capacitance of CO when the equivalent E is selected.

1,

2.

3.

4,
R1
C1
L1
Co
RO

Resistance of RO when the equivalent F and G is selected.

The current set value of the equivalent circuit parameter is displayed in the set parameter value
field of R1, C1, L1, CO and RO.

You can change numeric values by typing from the keyboard, keys or rotary knob of the
ENTRY block on the front panel in one of the following ways to specify the parameter value.

Enter the desired value with the numeric keys (0 to 9, +/- and .) and
then press one of the unit keys (G/n, M/u4, k/m or x1).

Turn '~/ on the front panel until the desired value is set.

Press 4 ¥ key on the front panel to set the desired value.

5. Repeat step 1 to 4 to set all required equivalent circuit parameters.

6. Click Simulate (ON).
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The selected equivalent circuit model frequency characterization is
simulated based on the equivalent circuit parameter entered or
calculated by the Calculate button. The simulated results are stored
into the memory trace and displayed on screen.

7. Click Display (ON) to display the equivalent circuit model in schematic and the

value of each equivalent parameter on the bottom-left of the channel
window.

8. Click Export to TXT File to save the equivalent circuit parameters in text file at
user-defined location.
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Calculating the Mean Value, Standard Deviation,

and p-p of the Trace

e Overview
« Displaying Statistical Data

Other topics about Analysis and Processing of Result

Overview

You can easily determine the statistics data for a trace (span, mean, standard deviation, and peak-to-
peak). The definitions for the statistics data elements are shown below. It is calculated within the range
of markers 1 and 2. The markers 1 and 2 are activated automatically.

w: Markers

Measured value

12 00 i v

n: Number of measurement points

eS061b062
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Statistics data Definition

element
Span Span between markers 1 and 2.
Mean (mean) n
Sy
i T
i=1
H

(n: number of points between markers 1 and 2; xi: measured
value at the i-th measurement point between markers 1 and
2))

Standard deviation

n
. 2
(s. dev) > (x, — mean)
i=l

n—1

(n: number of points between markers 1 and 2; xi: measured
value at the i-th measurement point between markers 1 and 2;
mean: Mean)

Peak-to-peak (p - p) |Max - Min

(Max: greatest measured value between markers 1 and 2.;
Min: smallest measured value between markers 1 and 2.)

The search range does not affect this result.
Displaying Statistical Data

1. Press Channel Next (or Channel Prev ) and Trace Next (or Trace Prev ) to
activate the trace of which the statistical data is required.
2. Press Marker Fctn > Statistics to turn ON the display of statistics data.

3. The markers 1 and 2 are activated automatically. Move markers 1 and 2 to
the position of the measurement.
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Calculating Several Traces (Equation Editor)

Overview

Using Equation Editor

Equation Editor Examples

Equation History

Functions and Constants

Operators used in Equation Editor

Other topics about Analysis and Processing of Result

Overview

Equation Editor allows you to enter an algebraic equation of standard mathematical operators and
functions, referencing data that is available in the E4991B. Once a valid equation is entered and
enabled, the display of the active trace is replaced with the results of the equation, and updated in real-
time as new data is acquired. For equations that can be expressed with Equation Editor's supported
functions, operators, and data, there is no need for off-line processing in a separate program.

For example, on entering the equation "Z=ACV/ACI" in the E4991B Equation Editor (2¢ in the Figure
below), the resulting trace is computed as each ACV data divided by ACI, that resulting trace is as
same as absolute Z. For a 201 point sweep setup, the computation is repeated 201 times, once for each
point.

Using Equation Editor

The step-by-step procedure of using Equation Editor is described below:
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Equation Editor Dialog box

1. Select a trace in which you want to enter the equation and activate the trace.
Activating a trace is required as Equation Editor works on
traces.

2. Follow the steps below to enter an equation:

a. Press Display .

b. Click Equation Editor (1 in the figure above). The Equation Editor dialog
box appears.

C. Enter an equation in the equation field (4 in the figure above).

Referring to traces in a different channel is NOT available with
Equation Editor on the E4991B.

The equation can be entered with the software keyboard
enabled by selecting Keyboard... (3 and 3a in the figure above).

3. Follow the steps below to apply the defined equation. When a valid equation
is entered, the Equation Enabled check box becomes available for checking.
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a. Check Equation Enabled check box (2a in the figure above).

b. Click Apply . The equation becomes visible and annotation of [Equ] (2b
in the figure above) is displayed in the trace title area.

C. Click Close to hide the dialog box.

The equation can also be applied by selecting Display > Equation
[ON] (2 in the figure above).

If error correction is not turned ON, then the raw, uncorrected
data is used in the equation trace.

As for E4991B, an equation is always valid.

The data trace of measured channel is always measured in E4991B. The equation might be
invalid when referring to a memory trace and the memory trace isn't displayed.

Equation Editor Examples

The following examples may help you in getting started with Equation Editor. Input the equation
example in the equation field (4 in Equation Editor dialog box ).

Description Parameter | Equation Example

Add 50 ? offset on Trace 1 Z Offset=data(1)+50

See the internal data processing for equation editor data processing position.

Equation History

Equation Editor has the capability to save and recall all previously defined equations. All equations can
be viewed in the Equation History dialog box.

To view the equations in the list, follow this procedure:

1. Open Equation Editor by Display > Equation Editor.

2. Enter an equation and click Apply in the Equation Editor Dialog box to save
the defined equation in the directory of the E4991B. To view a list of saved
equations, click the ... button (5 in Equation Editor Dialog box ) to open the
Equation History dialog box.
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Equation History M

abe(T) +acos(T)
abe(T)
Z=ACV AT

Edit Hstary CK I Cancel

e4990a073

To store an equation in the History List, the equation must be applied
first. This can be done by clicking on the Apply button.

3. To edit the equations in the list, click Edit History . The text file of history list
is opened with Notepad.

File Edit Format View Healp

abs Ezhams (z)
abs(Z)

Z=ACV/ACT

e4990a074

The History List is stored as a text file D:\Instrument\Equation\history.txt
and can save a maximum of 50 lines (equations) with a maximum of
254 characters per line (equation).
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Functions and Constants

The following table describes the different functions and constant available in the E4991B Equation
Editor. In the following table:

o Function(scalar x) means that the function requires a scalar value. If a
complex value is entered, it is automatically converted to a scalar value;
complex(x,y) -> scalar(x)

e Function(complex x) means that the function requires a complex value. If a
scalar value is entered, it is automatically converted to a complex value;

scalar(x) -> complex(x, 0)

« a ,b are arguments that are used in the function.

Basic Math Functions

Function

Description

abs(complex a )

returns the sqrt(a.re? +a.im? )

acos(scalar a )

returns the arc cosine of a in radians

asin(scalar @)

returns the arc sine of a in radians

atan(scalar @)

returns the arc tangent of a in radians

atan2(complex a )

returns the phase of a = (re, im) in radians

atan2(scalar a , scalar

b)

returns the phase of (a, b) in radians

conj(complex a)

returns the conjugate of a

cos(complex @)

takes a in radians and returns the cosine

cpx(scalar a , scalar

b)

returns a complex value (a+ib) from two scalar values

exp(complex a )

returns the exponential of a

im(complex a )

returns the imaginary part of a as the scalar part of the
result (zeroes the imaginary part)

In(complex a )

returns the natural logarithm of a

log10(complex a )

returns the base 10 logarithm of a

mag(complex a )

returns sqrt(a.re? +a.im? )
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phase(complex a ) returns atan? (a) in degrees

pow(complex a returns a to the power b

,complex b))

re(complex Q) returns the scalar part of a (zeroes the imaginary part)
sin(complex a ) takes a in radians and returns the sine

sqrt(complex @ ) returns the square root of a, with phase angle in the

half-open interval (-1/2, /2)

tan(complex a ) takes a in radians and returns the tangent
Constants

e 2.71828182845904523536

PI 3.14159265358979323846

Mutual transformation is automatically made for scalar and complex.
scalar(x) -> complex(x,0)

complex(x,y) -> scalar(x)

Operators used in Equation Editor

Operator Description
+ Addition
- Subtraction
* Multiplication
/ Division
A Power
( Open parenthesis
) Close parenthesis
, Comma - separator for arguments
= Equal (optional)
E Exponent (as in 23.45E6)
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Priority of operators is:

N

X
/

+, -
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Making Pass/Fail Evaluation (Limit Test)

e Overview

o Concept of Limit Test

« Displaying Judgment Result of Limit Test
o Defining Limit Line

« Changing the Limit Line Display Mode

« Using Relative Limit Line

o Adding Offset to Limit Line

« Initializing the Limit Table

Other topics about Analysis and Processing of Result

Overview

The limit test feature allows you to set the limit line for each trace and then perform the pass/fail
judgment for the measurement result.

Concept of Limit Test

The limit test is a function to perform pass/fail judgment based on the limit line you set with the limit
table.

In the limit test, if the upper limit or lower limit indicated by the limit line is not exceeded, the
judgment result is pass; if it is exceeds, the judgment result is fail for all measurement points on the
trace. Measurement points in a stimulus range with no limit line are judged as pass.

The targets of the pass/fail judgment are measurement points only.
Parts interpolated between the measurement points are not judged.

You define the limit line by specifying the stimulus value (Begin Stimulus) and response value (Begin
Response) of the begin point, the stimulus value (End Stimulus) and response value (End Response) of
the end point, and the type (lower limit/upper limit). For more information, refer to Defining the limit
line .

When the limit test is ON, measurement points that fail are displayed in red on the screen and the
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trace's pass/fail judgment result based on the results of individual measurement points (fail if one or
more measurement points on the trace fail) is also displayed. You can check the pass/fail judgment
result for the channel (fail if one or more traces fail in any of the limit test within the channel) on the
screen as well. For more information, refer to Displaying judgment result of limit test .

In addition to viewing the screen, you can check the judgment result of the limit test with the following
methods.
o Beep that occurs when the judgment result fails.

« Using the status register.

Displaying Judgment Result of Limit Test

Judgment result of measurement points and trace

Measurement points that fail are displayed in red on the screen. The judgment result of the trace is
indicated by Pass or Fail displayed in the upper right section of the graph.

Trx : Fail {or Pass)

Upper Limit Trace Number Trace Result

s Failed Measurement Point
{Display in Red)

Measurement Value

Lower Limit

Upper Limit

Upper Limit

Stimulus Value
e507 1c446

Judgment result of channels

If a channel has a judgment result of fail, the message below appears on the screen (it will be judged as
fail if one or more unsatisfactory trace exist in any of the limit test within the channel.)
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Failed Channel Number

Follow these steps to turn ON/OFF the display of the channel fail message.

1. Press Analysis > Limit Test .

2. Click Fail Sign . Each press toggles between ON/OFF.

Defining Limit Line

To use the limit test, you must first define the limit line. You can define a limit table for each trace, and
you can define up to 100 limit lines (segments) in a limit table.

Defining a segment
The following steps describe how to define a segment.
1. Press Channel Next (or Channel Prev ) and Trace Next (or Trace Prev ) to select
the trace on which the limit test function is used.
2. Press Analysis > Limit Test .

3. Click Edit Limit Line to display the limit table.

Type of Limit Line

c " End Point of Beginning End Point of
egmen Stimulus Response Response
Number Beginning Point of Stimulus p P
h Type] Begin stimulus | end stimulus | Begin Response | End Response

1 | MAX  3,000000000000 kHz 20. 00000000000 kHz 100 o 15 a

2 | MAX  500.0000000000 kHz 8. 000000000000 MHZ 450 mO 450 mO

3 | MIN 500, 0000000000 kHz 8. 000000000000 MHZ 23 mQ 25 mQ

4 | MIN  20.00000000000 MHz 100. 0000000000 MHZ 500 mQ 2.5 0

5 | OFF 20, 00000000000 MHz 100. 0000000000 MHZ 500 mo 2.5 0

6 |

e4990a075

4. Using the limit table, create/edit a segment. Initially, no segments are
entered in the limit table. At the same time, the Edit Limit Line menu used to
create/edit the limit table is displayed.

5. Click Add to add a segment to the limit table and then specify the segment
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parameter values shown below.

Segment Description
Parameter
Type Select the type of segment from the following:

OFF  Segment not used for the limit test.
MIN Segment at which the minimum is specified.

MAX  Segment at which the maximum is specified.

Begin Stimulus Specify starting point for stimulus value on the limit line.

End Stimulus Specify ending point for stimulus value on the limit line.

Begin Response | Specify starting point for response value on the limit line.

End Response Specify ending point for response value on the limit line.

The range in which stimulus values can be specified is from -500 G to
+500 G. When a value outside the range is entered, a suitable value
within the range is specified. Once the stimulus value is specified,
changing the sweep range of the E4991B does not affect the stimulus
value.

The range in which response values can be specified is from -500 M to
+500 M. When a value outside this range is entered, a suitable value
within the range is specified. After the response value is specified,
changing formats results in changing the units but not the value.
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FPEE |Z| Top 495.0 0 / Bottom 10.50 md

Limit Line defined by Segment 1
[ (Upper Limit)

Limit Line defined by Segment 2
(Upper Limit)

t

Limit Line
defined by
Limit Line defined by Segment 3 Segment 4

(Lower Limit) — (Lower Limit)

1 Start 1 kHz 0SC 500 mvV Stop 120 MHz !

Type| Begin stimulus |  End stimulus | Begin response [ End Rresponse
1| MAX | 3,000000000000 kkz = 20.00000000000 kHz 100 15 a <—— Segment 1
2 | MAX  500.0000000000 kHz = 8.000000000000 MHZ 450 ma 450 mn e
3| MIN | 500.0000000000 kHz = 8.000000000000 MHz 25 ma 25 mn Segment 2
4 | MIN | 20.00000000000 MHZ = 100.0000000000 MHZ 500 ma .50 \
5| OFF  20.00000000000 MHZ = 100.0000000000 MHZ 500 ma 2.5 0 \ Segment 3
6 I
Segment 4
e4990a076

You can define a limit line that is able to freely overlap the stimulus
range of another limit line.

Defining one limit line that has the same type as a second limit line whose stimulus
range overlaps with tge first one results in two oe more limit values at the same
measurement point. in this case, the limit value to be used in the limit test is defined as
follows:

. When two or more limit values of which the type is set to
maximum (MAX) exist, the smallest one is used as the maximum.
. When two or more limit values of which the type is set to
minimum (MIN) exist, the largest one is used as the minimum.
Even if the span of the sweep range on the E4991B is set to 0, enter
the two parameters of Begin Stimulus and End Stimulus.

When two or more response values are returned as a result of using
the complex or polar format, the first response value of the marker
provides the object of the limit test.

Saving/Calling the Limit Table

You can save the limit table to a file that you can then freely bring up on the screen later and use. You
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can import a file saved in CSV format (extension: *.csv) into spreadsheet software on a PC for later use
(a numerical value is saved as strings that includes its unit).

1 Start 1 kHz

Edit Limit Line

& ey B~

Nare . Date medified

Agilent 11/28/2013 1009 ..
State

Web

LIMITOL.CSW

TRACEDL.CSV

Stop 120 Mz |

Type |
Max

Begin st

MAX
MIN
MIN
OFF

500, 00000

20, 000000

3. 0000000
S00. 00000
20. 000000041

2014-01-24 10:39
e4990a077

Display the limit table.

In the Edit Limit Line menu, press Export to CSV File to open the Save As
dialog box. In this step, CSV (extension: *.csv) is selected as the file type.

Specify the folder in which to save the file and enter the file name. Press
Save to save the limit table displayed on the screen to the file.

Conversely, to recall a saved limit table, press Import from CSV File in the Edit
Limit Line menu to display the Open dialog box. In this step, CSV (extension:
*.csv) is selected as the file type.

After specifying the folder containing the file, select the file. Press Open to
display the limit table on the screen.

The limit table can be called from any trace of any channel, regardless
of the channel or trace.

Limit Table Saved in CSV Format

The limit table is saved in the following format.

On the first line, the channel number of the active channel that is valid when

260



the saved file is the output.

« On the second ling, the trace number of the active trace that is valid when
the saved file is the output.

« The third line provides the header showing the items for the segments to be
output on the fourth and later lines.

« Data on segments are output on the fourth and later lines.
"# Channel 1"

"# Trace 1"
Type, Begin Stimulus, End Stimulus, Begin Response, End Response
MAX, 3.000000000000 kHz, 20.00000000000 kHz, 100 ohm, 15 ohm

MAX, 500.0000000000 kHz, 8.000000000000 MHz, 450 mohm, 450 mohm
MIN, 500.0000000000 kHz, 8.000000000000 MHz, 25 mohm, 25 mohm
MIN, 20.00000000000 MHz, 100.0000000000 MHz, 500 mohm, 2.50hm
OFF, 20.00000000000 MHz, 100.0000000000 MHz, 500 mohm, 2.50hm

Turning the limit test ON/OFF
You can set the limit test ON/OFF for each trace individually.
1. Press Channel Next (or Channel Prev ) and Trace Next (or Trace Prev ) to select
the trace on which the limit test function is used.
2. Press Analysis > Limit Test to display the Limit Test menu.
3. Press Limit Test to set the limit test ON/OFF.
4. Press Limit Line to set the limit line display ON/OFF.

Changing the Limit Line Display Mode
You can specify the limit line display mode hide limit values that are not used for evaluation.

Changing the display mode:

1. Press Channel Next (or Channel Prev ) and Trace Next (or Trace Prev ) to
activate the channel of which you want to use the limit test function.

2. Press Analysis > Limit Test .

261



3. Turn off Limit Line .
4. Press Clip Lines to toggle ON/OFF.

Limit line display mode

< OFF > <ON=>

e3061b05T

Using Relative Limit Line

If the shape is more important than the amplitude, you can make the limit lines relative to the peak
point of the trace using the reference tracking function.

In this function, the point to be tracked is set as the Y-axis reference value by offsetting measurement
values after the sweep. Because measurement values are offset, marker values and limit test evaluation
results change accordingly.

1. Press Channel Next (or Channel Prev ) and Trace Next (or Trace Prev ) to select
the channel/trace.

2. Press Scale > Reference Tracking .

3. When you want to specify a measurement value at a frequency as the Y-axis
reference value for tracking, press Track Frequency , then enter the
frequency.

4. Press Tracking to select a tracking method as below.
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Softkey Function

Track Sets the peak value after the sweep as the reference value.

Peak

Track Sets a measurement value at a specified frequency as the reference
Freq value.

5. PTrk (Track Peak) or FTrk (Frequency) is displayed at the trace status area .

This function is available even when the limit test function is off.

Adding Offset to Limit Line

By adding a certain offset to the limit value, you can adjust the limit line so that it conforms to the
device output.

1. Press Channel Next (or Channel Prev) and Trace Next (or Trace Prev ) to select
the channel/trace on which the limit test function is used.
2. Press Analysis > Limit Test to display the softkeys for the limit test.

3. Click Limit Line Offsets to display the limit line offset function menu as below.

Softkey Function

Stimulus Offset Adds a certain offset to the stimulus value of the entire
segment in the limit table. (Stimulus offset)

Amplitude Offset | Adds a certain offset to the response value of the entire
segment in the limit table. (Amplitude offset)

Marker -> Adds the amplitude offset by the same amount as the
Amplitude Offset | retrieved value of the active marker. You can confirm the
current value set for the amplitude offset by pressing
Amplitude Offset . (Marker amplitude offset)

Stimulus offset
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Measurement Value

Stimulus Value

Stimulus Offset

e5071c447

Amplitude offset

Measurement Value

Stimulus Value

Amplitude Offset

e5071c448

Initializing the Limit Table

The following operations initialize the limit table.
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At power-on
When presetting
When calling a limit table with zero segments

When Clear Limit Table > OK is pressed in the Edit Limit Line menu
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Outputting Data

Saving and Recalling Instrument State

Saving/Recalling Instrument State for Each Channel into/from Memory

Saving Trace Data to a File

Saving the Screen Image to a File

Printing Displayed Screen
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Saving and Recalling Instrument State

Overview

Saving Data

Recalling Data

Priority of Recalling Configuration File at Startup

Other topics about Data Output

Overview

You can save the instrument state of the E4991B into a file on mass storage and then recall it later to

reproduce that state. You can select the stored data from the following four types.

Type Stored data and usage

State only Saves the setting of the E4991B and reproduces the state when
(State Only) it is saved by recalling it later into the E4991B.

State and Saves the setting of the E4991B and calibration data

calibration data  |(calibration coefficient array) to reproduce the state when it was
(State & Cal) saved by recalling it later into the E4991B. At this time, you can

perform error correction of measured values by using the
recalled calibration data.

State and trace
(State & Trace)

Saves the setting of the E4991B and traces (error-corrected data
array and error-corrected memory array) to reproduce the state
when it was saved by recalling it later into the E4991B. At this
time, the traces are also recalled and displayed on the screen.

State, calibration
data, and traces
(All)

Saves the setting of the E4991B, calibration data, and traces to
reproduce the state when it was saved by recalling it later into
the E4991B. At this time, the calibration data and traces are also
recalled.

In addition, the user-preset function is provided to allow the user to freely set up an instrument state

recalled when the preset function is executed.
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Saving Data

Selecting Content to be Saved

This setting takes effect both, when saving the entire instrument state
into a file and when saving the instrument state for each channel into
memory.

1. Press Save/Recall > Save Type .

2. Click the softkey corresponding to the content of the instrument state you
want to save.

Selecting Save Target Channel/Trace

1. Press Save/Recall key.

2. Click Channel/Trace and select the save target from all channels/traces (All )
or displayed channel/traces only (Disp Only ).

If you specify the displayed channel/traces only as the save target, you can reduce the file size.
However, for channels/traces that are not displayed, you cannot recall and reproduce the instrument
state separately held for each channel/trace at a later time.

Saving Instrument State

Follow the procedure below to save internal data from the E4991B.

1. Press Save/Recall > Save State .

2. Click the softkey corresponding to the destination you want to save.
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Softkey Description

State01 Saves the setting of the E4991B and reproduces the state when it is

to saved by recalling it later into the E4991B.

State08

Autorec Save the instrument state as the auto recall setting. The E4991B is
automatically configured with this state at the startup.
This key saves the state into the "D:Autorec.sta ".
When Autorec.sta file i found on the D: drive ar startup, the
E4991B is automatically configured using the saved settings. To
disable the auto recall function, delete the Autorec.sta files.

UserPres | Save the instrument state as user preset . The user can preset the
analyzer at user saved status.

File Save the instrument state as your desired file name. You can enter

Dialog... a file name using the Input from the front panel buttons on the
dialog box when storing a file.

If D:\Autorec.sta is found on the system at startup, the E4991B is
automatically configured using the saved settings. When the external
floppy disk drive is connected as A: drive, then if A:\Autorec.sta is
found at startup, the E4991B is also automatically configured using
the saved settings. If both files are found, A:\Autorec.sta is recalled. To

disable the auto recall function, delete the Autorec.sta files.

An asterisk (*) in the upper right of the softkey indicates that the
corresponding file of the softkey already exists. If you save into the

existing file, the existing file is copied as backup.sta and then
overwritten.

Recalling Data

Recalling the Saved State

Follow the procedure below to recall internal data from the E4991B.

If you recall a file that includes traces (its content was set to State
&Trace or All when it was saved), the trigger source is automatically

set to Manual.
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1. Press Save/Recall > Recall State .

When you want to recall StateO1l.sta - State08.sta, Autorec.sta

1. Press State01 - State08 or Autorec .

When you want to recall other files

1. Press File Dialog... to open the Open dialog box.
2. Select the folder and the file using the external keyboard and mouse.

3. Click Open .

The warning messages may appear when recall fails:

Pressing Save/Recall > Explorer executes Windows Explorer. This helps
you to browse the files in the SSD of the E4991B.

Recall Procedure using " Recall by File Name"

You can use the recall feature with the Recall by File Name softkey for files you have named freely
and save in the D:\State folder. This function lets you recall a file you have named freely and save by
simple softkey operation, eliminating annoying operation using the Open dialog box.

Although there is no limit to the number of files saved in a folder, only
up to 50 files are displayed on the softkeys. If more than 50 files are
saved in a folder, they are sorted in the order of numbers 0 to 9 and
alphabetic characters A to Z and the first 50 files are displayed as
softkeys.

Although there is no limit to the number of characters of a file name,
only up to 16 characters are displayed on the softkey. If a file name
exceeds 16 characters, the first 12 characters are displayed on the
softkey and the remaining characters are omitted and replaced with

Different files may be displayed on softkeys with the same name or a
saved file is not displayed on any softkey because of the above
limitations.

1. Press Save/Recall > Recall by File Name .
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2. Files that have been named and saved in the D:\State folder are displayed on
softkeys. Press the key for the file you want to recall.
Priority of Recalling Configuration File at Startup

If several instrument configuration files exist at the startup of the E4991B, only one file is recalled and
set at a time in the following order of priority.

If these files do not exist, the normal preset (factory preset) is executed.

Priority |Recalled file

1 Configuration file for the auto-recall function in the A drive (If
external floppy disk drive is connected.)

2 Configuration file for the auto-recall function in the D drive.

3 Configuration file for the user-preset function in the D drive. Executed
when the preset operation mode is User and the file
(D:\UserPreset.sta ) exists.
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Saving/Recalling Instrument State for Each

Channel into/from Memory

« Overview
e Saving Instrument State for Each Channel
e Recalling Instrument State for Each Channel

o Deleting Saved Instrument State (Clearing all Registers)

Other topics about Data Output

Overview

The E4991B allows you to save/recall the instrument state for each channel independently. This
function allows you to save the instrument state of the active channel independently into one of the four
registers (A to D, volatile memory) and to recall the instrument state from the register to restore it as
the state of the currently active channel. As in the case of saving the entire state of the instrument into a
file, you can select items to be saved from four kinds.

Since you can recall the instrument state for each channel that was saved with this function from a
different channel that the one used to save it, this function is very useful for copying an instrument state
between channels.

Unlike when saving the entire instrument state, the instrument state
for each channel is saved into volatile memory instead of a file, so if
you turn off the power, the state is lost.

Saving Instrument State for Each Channel
1. Press Channel Next (or Channel Prev) to activate a channel of which the state
you want to save.

2. Press Save/Recall > Save Channel.

3. Click one of State & Cal A to D, Cal Only A to D to save the (instrument state
and) calibration data of the active channel to the specified register.

For registers having saved data, the * symbol is displayed to the right
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of their softkey label. If you specify one of these, its content is
overwritten.

Recalling Instrument State for Each Channel

1. Press Channel Next (or Channel Prev) to activate a channel of which the state
you want to recall and restore.

2. Press Save/Recall > Recall Channel.

3. Click the softkey of the register in which the state you want to restore is
saved. This instrument state is recalled to the active channel.

Deleting Saved Instrument State (Clearing all Registers)

1. Press Save/Recall > Save Channel.

2. Click Clear States. The contents of all the registers are deleted.
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Saving Trace Data to a File

e Saving Data in CSV Format

« Saving Data in Touchstone Format

Other topics about Data Output

Saving Data in CSV Format

The E4991B allows the user to save data for the active trace on the active channel to a CSV file (file
extension *.csv) and to load the data into PC application software for further processing.

Trace data are saved in the format shown below.

Example of saved trace data

'# Channel 1"

Trace 1"

requency, Formatted Data EOhmi Formatted Dat

1. 800%)22(1)9800&005 +1 5690E+000, +0 00080000000E+000

The first line shows the number of the active channel at the time the data is saved.
The second line shows the number of the active trace at the time the data is saved.

The third line is a header line indicating the contents of each item of trace data written on the fourth
line onward.

The fourth line onward shows the trace data. The amount of data is determined by the number of points
(frequency) assigned to the trace.

Saving Trace Data

Follow the procedure below to save trace data from the E4991B.

1. Press Channel Next (or Channel Prev) and Trace Next (or Trace prev) to select
the trace to be saved.

2. Press Save/Recall > Save Trace Data to open the Save As dialog box.
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3. Select the destination folder and input a file name.
4. Click Save to save the file.

5. This function is inactive when the security level is set at low/high.

Saving Data in Touchstone Format

You can also save trace data of a E4991B active channel of S-parameter to a Touchstone format file.

Touchstone file data format

You can use data in a touchstone-format file for equivalent circuit analysis and so on using a circuit
simulator such as Advanced Design System (ADS). For more information on ADS, refer to the ADS's
users manual.

File Structure

In the case of the E4991B, the data array is saved as S parameters of the 1-port model in a touchstone-
format file. You can read out the contents of a file with your text editor because they are text data.

You can save data in "log magnitude - angle", "linear magnitude - angle", or "real number - imaginary
number."

You can use data saved in Touchstone format for a circuit simulator such as Keysight Advanced
Design System (ADS) on your PC (personal computer) or workstation. For more information on the
ADS, refer to the operation manual that comes with the system.

Data structure in Touchstone file

Data structure of the Touchstone file consists of a header part and a data part. The contents of the file is
text data, which is ready to be read with a general text editor.

The header part consists of the returned value of *IDN?, file created date, calibration state, list of all S
parameters of a specified port, and format information.

The header parts of s1p are shown below.

Header of slp

IKeysight Technologies,E4991B,<ID>,<FW Revision>
%Da e_<Date>

IData:
IFreq S11
#HzS FMT R 50

The option line starting with "#" is placed at the beginning of the file. The structure of the option line is

275



as follows:

Parameter Description

Hz Indicates the frequency unit. For the E4991B, it is fixed to Hz.

S Specifies the type of parameters in data lines. For the E4991B, "S" is specified
that indicates the S parameter.

FMT Specifies the format. This can be changed by the selection.

RI = Real number - imaginary number
MA = Linear magnitude - angle
DB = Log magnitude - angle

R 50 Specifies the characteristic impedance. For the E4991B specified is "R 50",
meaning 50 .

The following figures show the data structures of files saved in Touchstone format.
1-port Touchstone file

Restrictions when saving data in Touchstone format

Freq (1) Tabl Saa. pri (1)(Tabl Saa. sec (1) [ £
Data—| Freq (2)Tab Saa. pri (2)[Tab Saa. sec (2) | £

Freq (N)[Tab Saa. pri (N)[Tabl Saa. sec (N) | £

a . Selected test port number
Freg(n) : Fregquency at measurement point n [Hz]
Saa. pri(n) : Real part{RD), linear magnitude(MA) or dB(DB) of measured parameter Saa al measurement point n
Saa. sec(n) . Imaginary part(R1) or phase(MA,DB) of measurad parameter Saa at measurement point n
M . Number of measurement points
[Tabl: Tab
£ |: Line break

es071c346

2-port Touchstone file
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Frec ¢ 1)(Takl Saa. pri (1)(Tal Saa, sec {1)(Tak Ska. pri (1) [TabiSka, sec (1)[Tab Sab. ph (1)TabSab, sec (1)[Takb Skk. pei (1) Tabl Sbb. sec (1) [ £
Frec 42)(Takl Saa. pri (2)(Tabl Saa, sec (2)(Takl Ska. pri (2)[TabiSka, sec (2)(TaklSab. ph (2)[TabjSab, sec (2)[Takl Sk, pri (2) Tabl Sbb, sec (2) [ #

Frac (M) [Tabl Saa. pri (M) [Tabl3aa. sac (M) Tabl Sba. pri (M) [TablSka. sec (M) Tab/Sab. pri (M)[Tak Sab sec (W) Tab Sbb, pri (M) [Tabl Sko. sec (M) | £

Data

a- b : Selected test port number (comesponding in ascending order, beginning with 1toa )
Fregin) : Frequency at measurement point n [Hz]

Sxy. prin) : Real part(RI), linear magnitude(MA) or dB(DB) of measured parameter Sxy at measurement point n
Sxy. secin) . Imaginary part{Rl) or phase(MA DB) of measured parameter Sxy al maasurement point n
M B

: Mumber of measurement points

Tabl: Tab
£ | Line break
eh071c347

Saving procedure

Follow the steps below to save trace data in Touchstone format.

1.

Press Channel Next (or Channel Prev) and Trace Next (or Trace prev) to select
the trace to be saved.

Press Save/Recall > Save SNP.

Click the softkey that corresponds to the data format you want to save.

Softkey Function

LogMag/Angle Select "log magnitude - angle" data format

LinMag/Angle Select "linear magnitude - angle" data format

Real/lmaginary Select "real - imaginary number" data format

Click Save S1P | Save S2P Series | Save S2P Shunt.

Save As dialog box opens. For its operations, use an external keyboard and
mouse.

Specify the folder to which the file should be saved, enter a file name, and
then press Save to save the file.

When saving data in a sweep process, the data during sweep is saved into a
Touchstone file. That is, the previous sweep data is saved as data that has
not been swept; or, if sweep was not performed previously, zero data might
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be saved. Therefore, you should set the active channel to the HOLD state
when saving data into a Touchstone file.

9. This function is inactive when the security level is set at low/high.
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Saving the Screen Image to a File

e Overview

« Saving Screen Image as File

Other topics about Data Output

Overview

Along with printing, the E4991B allows the user to save screen images as bitmap (.bmp) or portable
network graphics (.png) files. Saved files can be loaded into PC application software for further
processing.

Saving Screen Image as File
Follow the procedure below to save a screen image to a file.
1. Display the screen to be saved as a file. If you want to save the screen with a

white background, set the display mode to inverted display before saving the
screen. For details about display mode, see Setting Display Colors.

2. Press System key. The screen image at the time System key is pressed is the
image that will be saved.

3. Press Dump Screen Image to open the Save As dialog box.

4. Select the file type from "Portable Network Graphics (*.png)" or "24-Bit
Bitmap (*.bmp)".

5. Select the destination folder and type a file name.

6. Press Save to save the screen image of E4991B to a file.
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Printing Displayed Screen

e Overview
o Printed/Saved Images

e Print Procedure

Other topics about Data Output

Overview

By connecting a printer to the USB port of the E4991B, you can print the displayed screen of the
E4991B.

Printed/Saved Images

The display image saved in the volatile memory (clipboard) is printed/saved. If no image is saved in the
clipboard, the image displayed at the time of print execution is printed/saved.

Saving image to clipboard

The System key also has a screen capture feature. When you press System key, the image displayed
on the screen immediately before pressing is saved in the clipboard.

The image in the clipboard is cleared when you execute print/save.

Print Procedure

Preparation before printing

Follow these steps to prepare for printing:

1. Turn ON the printer and connect it to E4991B.
2. Turn ON the E4991B.

3. Press System key.
4,

Press Printer Setup. The Printers window opens. The icons of the printers that
have been connected are displayed in the window. When you connect a print
for the first time, it is automatically registered and its icon is added in the
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window.

5. The printer with the check mark (&) on its icon is selected as the default
printer for printing. If you want to change it, select (highlight) the icon of
your preferred printer in the Printers window and then click Set as Default
Printer in the File menu.

6. Right click the printer that selected for printing and then click Printing
Preferences in the menu. The Printing Preferences dialog box for the selected
printer appears. Set items necessary before printing such as Page Size and
then click the OK button.

7. Click Close in the File menu.

Executing print

Follow these steps to print the screen information:

1. Display the screen you want to print.
2. Press System key to save the currently displayed screen onto the clipboard.

3. As necessary, press Invert Image to toggle between [OFF] for printing in
colors close to the actually displayed screen and [ON] for printing in inverse
colors.

4. Click Print to start printing.

If you start printing when the printer is not ready (for example, it is
not turned ON) by mistake, the Printers Folder dialog box may appear.
In this case, click Cancel to close the Printers Folder dialog box,
prepare your printer, and then start printing again.

When you abort the printing, click cancel in the Printers Folder dialog
box.
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Probe Station Connection Kit (010)

This section explains the E4991B Option 010 Probe Station Connection Kit, which is used to connect
the instrument to a probe station made by a third-party manufacturer.

Option 010 Overview

Mounting Test Head and Connecting Cables - Using Recommended Probe
Station

Mounting Test Head and Connecting Cables - Using Probe Station Other Than
Recommended Models

OPEN/SHORT/LOAD Calibration
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Option 010 Overview

The E4991B Option 010 Probe Station Connection Kit permits connection of the E4991B to any
manufacturer’s probe station. Keysight Technologies recommends that you use the Cascade Microtech
Summit 9000, 11000, and 12000 series probe stations. This connection kit consists of a test head and
an extension cable. Mount the test head on the probe station with the parts provided by Cascade
Microtech before performing measurement.

Use a probe station to measure the impedance of DUTs such as semiconductor devices, components on
a substrate, print patterns, and IC packages.

a& o @
Test Head* ) E4991B —
35-mmto 7-mm ! ]
Adapter*
E Foee
S — — -
il pre ||
DuT s — b R Extension Cable*
I:I ", Muunting Plate
- . Semi-rigid Cable
— " Probe Head
e Stage Supplied with Keysight E49918 Option 010

Probe Station Connection Kit
e4991b050

You must not apply either alternate or direct current to the DUT port.
Doing this could cause operational failure. Pay particular attention to
whether the capacitor is charged. Fully discharge the device under test
before connecting it to the test head DUT port or test fixture.

Whenever you connect a DUT to or disconnect it from the DUT port for
measurement, you must first turn off the DC bias or set the sweep to
the hold state (in sweep hold state, DC bias is not applied to the DUT).
If this step is not taken, the DC bias may destroy the DUT.
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Recommended Probe Stations

The following probe stations are recommended for use with the Option 010 Probe Station Connection
Kit.

o Cascade Microtech Summit 9000 series
o Cascade Microtech Summit 11000 series
« Cascade Microtech Summit 12000 series

Recommended Probe Stations

The following probe heads are recommended for use with the Option 010 Probe Station Connection
Kit.

Cascade Microtech ACP series

« ACP40-GS series
e ACP40-SG series
¢ ACP40-GSG series

Cascade Microtech HPC series

¢ HPC40-GSG series

Except for the oscillator level, the E4991B standard specifications and
supplemental information are applied while using the Option 010
Probe Station Connection Kit.
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Mounting Test Head and Connecting Cables -

Using Recommended Probe Station

To mount the test head, you need the mounting plate and the semi-rigid cable provided by Cascade
Microtech in addition to Option 010. The mounting plate is used to connect the test head to the probe
arm. The semi-rigid cable is used to connect the test head to the probe head. Their are two types of
semi-rigid cables: one for the Summit 9000 series and another for the Summit 11000/12000 series.
Select the appropriate type for your probe station. To order these parts, please inquire to Cascade
Microtech.

1. Fix the test head to the mounting plate supplied by Cascade Microtech.
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2. Connect the 3.5-mm to 7-mm adapter to the test head’s 7-mm connector.

285



3.

4,
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nillj
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2

 3.5-mmto 7-mm Adapter

ed4991b053

Mount the mounting plate with the test head to the probe arm. For more on
how to mount the plate, refer to Cascade Microtech’s manual.

Connect the test head’s 3.5-mm connector to the probe head with the semi-
rigid cable supplied by Cascade Microtech. For more on how to make this
connection, refer to Cascade Microtech’s manual.

Connect each N(m) to SMA(f) adapter to the corresponding port on the
E4991B test head interface (RF OUT, PORT1, PORT2).
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6. Connect each of the extension cable’s SMA(m) connectors to the
corresponding port on the E4991B test head interface (RF OUT, PORT1,
PORT2). Use a wrench to tighten the connector nut of the SMA(m) connector.
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Mounting Test Head and Connecting Cables -

Using Probe Stations Other Than Recommended

Models

If you use a probe station other than the Cascade Microtech Summit 9000, 11000, or 12000 series, you
should prepare a mounting plate that fixes the test head and a cable that connects the test head and
probe head. Refer to the test head dimensions (figure below) and customize a mounting plate that
connects easily with your probe station. The cable that connects the test head to the probe head should
have a 50 Q characteristic impedance and be as short as possible.

Test Head Dimensions
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Example of Mounting Plate Cable
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Mounting Plate
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OPEN/SHORT/LOAD Calibration

Selecting Fixture Type

Definition of Calibration Kit

Calibration Compensation Measurement Point Mode

Calibration of Open Short Load

Other topics about Probe Station Connection Kit (Option 001)

The OPEN/SHORT/LOAD calibration needs to be performed at the tip of Cascade Microtech’s probe
head by using the Cascade ISS (Impedance Standard Substrate) to remove residual impedance from the
extension cable and probe head.

Set the calibration reference plane to the tip of the probe. Electrical length compensation and fixture
compensation (Open compensation and Short compensation) are not executed.

Follow the steps below to select fixture type, define calibration kit, select calibration/compensation
measurement point mode, and perform OPEN/SHORT/LOAD calibration of the E4991B.
Selecting Fixture Type

Set the fixture type to none to turn off the electrical length compensation in the E4991B.

1. Press Cal > Accessory > Arbitrary.

Definition of Calibration Kit

The ACP probe head has its own residual parameters such as capacitance (C-Open) at OPEN
calibration, inductance (L-Short) at SHORT calibration, and inductance (L-Term) at LOAD calibration.
These parameters are defined at each probe pitch and printed inside the probe head’s case cover
provided by Cascade Microtech. Set the appropriate values in the Cal Kit Menu of the E4991B,
depending on the probe head you are using and its pitch.

1. Press Cal > Calibration > Define Value > enter the definition of the calibration
kit.

Calibration/Compensation Measurement Point Mode

The E4991B has two modes (Fixed or User-defined) for defining the measurement points
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when the calibration and compensation data are measured. Performing calibration in User-defined
mode is recommended when using a probe station.

Calibration of Open/Short/Load

The calibration data of Open/Short/Load is measured according to the following procedure while using
the Cascade ISS (Impedance Standard Substrate). For more information on how to use ISS, refer to the
Cascade Microtech’s manual.

Step 1: Selection of measurement point for calibration/compensation
1. Press Cal > Cal/Compen > User freq.

Step 2: Measurement of open calibration data

1. Set the probe tip to the open position in the ISS.
2. Press Cal > Calibration > Execute Cal > Open.

When the measurement of each type of calibration data is finished, a
check mark (v) will appear to the left side of the corresponding
calibration execution button. This mark indicates that the calibration
data is stored.

Step 3: Measurement of short calibration data
1. Set the probe tip to the short position in the ISS.
2. Press Cal > Calibration > Execute Cal > Short.
Step 4: Measurement of load calibration data
1. Set the probe tip to the load position in the ISS.
2. Press Cal > Calibration > Execute Cal > Load.

Step 5: Finishing calibration data measurement and conformation of
calibration state

1. When finished, press Cal > Calibration > Execute Cal > Done.

The calibration data can be reset by pressing Cal > Calibration >
Execute Cal > Cancel. Turning the power OFF also resets the
calibration data.

2. Verify that the display of the status bar on the bottom of the screen changes
to COR.
If you change the probe head or the measurement pitch, you should
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again perform calibration.
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Temperature Characteristic Test Kit (Option

007)

This appendix provides information necessary for measuring temperature characteristic using the
thermal characteristic test kit (option 007).

Overview

Installation

Calibration/Compensation

Temperature Compensation
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Overview

The E4991B Option 007 temperature characteristic test kit extends the measurement terminal to .
measure the temperature characteristic of the DUT, and is used along with a temperature chamber L
This kit makes it possible to perform measurement within the range of -55°C to 150°C by extending
the test head as close as possible to the temperature chamber, securing it with a stand, and using the
heat-resistant measurement cable to connect the 7-mm terminal of the test head and the fixture stand
placed in the temperature chamber, as shown in the figure below.

The temperature compensation feature using the built-in VBA macro feature is provided to perform
temperature compensation for measurement results, decreasing errors due to temperature changes to
acquire more accurate temperate characteristics.

*1 To be prepared by the user. The ESPEC SU-262 is recommended,
but any other temperature chambers are possibly used.

= _ Exten;s.ion cable *
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| Test head
|
| i ﬁ ~—— Test head
| | ' ., stand”*
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|
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Meaé, cable* |

f 1 1
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Test fixture stand *

*. Accessories comes with Option 007
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Installation

« Cautions for Protecting Cable

e Connection Procedure

Other topics about Temperature Characteristic test Kit (Option 007)

To measure temperature characteristics using the temperature characteristic test kit, connect the devices
as shown in the below figure.

Wait for at least 1 hour at the highest and lowest temperatures before
starting measurement In order to obtain stable measurement results,
before starting measurement, keep the temperature inside the
temperature chamber at the highest temperature of the actual
measurement for at least 1 hour and then at the lowest temperature
for at least 1 hour. This should be done each time you change the
installation.

Temperature characteristic measurement system
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Cautions for Protecting Cable

Use the heat-resistant measurement cable, keeping it straight where possible. If unavoidable, bent it
gradually within 30° or less relative to the horizontal as shown in the left figure below.

e4991 061

Connect the extension cable after all the other settings are completed. After connected, the cable should
be carefully handled. In particular, when you connect/disconnect the adapter and the N connector with
the cable connected to the adapter or when you forcefully move the connected extension cable, the
connector part is stressed and may be damaged.

Connection Procedure

Step 1 : Mount the test head to the stand

1. Remove the test head from the E4991B.

First, remove the Type N connector connected to RF OUT. Then, turn
both the Type N connectors connected to PORT1 and PORT2 at the
same time to remove them.

2. Secure the test head you removed to the test head holder.

ed4991b062
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3. Mount the test head holder to the stand. At this time, do not secure

completely for later fine positioning.
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4591 b063

Step 2 : Install the measurement cable in the temperature chamber

1.

Insert the measurement cable into the hole in the temperature chamber so
that the Type L, 7-mm connector side faces the inside of the temperature
chamber. Attach heat insulating materials to the cable as necessary.

Adjust the position of the test fixture stand so that the length of the part of
the measurement cable that is exposed to air outside the temperature
chamber (refer to figure below) is 15 cm or longer, and install the

measurement cable to the stand.
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Step 3 : Connect the measurement cable to the test head

1. Adjust the position of the stand so that the 7-mm connector of the
measurement cable and the 7-mm connector of the test head (DUT port) are

located at the same height. In this step, fine adjust the position of the test
head holder temporarily mounted and secure it tightly.

24991 b5
2. Connect the measurement cable and the test head.

Step 4 : Connect the extension cable between the E4991B and the test head
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1. Connect the N (male) - 3.5 mm (female) adapters to RF Out, Port 1, and Port
2 on the E4991B and then connect the cables to the corresponding ports
whose names are written on the extension cable.

To avoid damage to the connectors of the extension cable, be sure to
connect the adapters to the E4991B first, and then connect the
extension cable to the adapters.
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2. Connect the N (female) - 3.5 mm (female) adapters to RF Out, Port 1, and
Port 2 on the test head and then connect the cables to the corresponding
ports whose names are written on the extension cable.

To avoid damage to the connectors of the extension cable, be sure to
connect the adapters to the test head first, and then connect the
extension cable to the adapters.
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3. To decrease stress on the connector part due to the move of the extension
cable, stick the attached mount cable tie (1400-0584) to an appropriate

position, and use tie wraps or strings to tie the extension cable to the seat for
securing.

When routing the extension cable downward, be sure to secure it at
an upper part of the stand. When you need to route the extension
cable downward (for example, when placing the E4991B by the test
head stand), the weight of the cable itself may stress the connector
part. To decrease this overload, secure the extension cable at an
upper part of the stand as shown in figure below.
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Test head stand

_ Extension cable

Tie wrap mounting sheet

Tie wrap or string
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Calibration/Compensation

The measurement set with the temperature characteristic test kit connected requires the same
calibration/compensation procedures as with usual connection in which the test head is connected
directly to the E4991B, except for the calibration reference surface. Perform calibration at room
temperature.

Whi