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CAUTION

In This Manual

This document is the self-paced training manual to help you to understand what is Agilent
B1500A, what functions the B1500A has, how to use the B1500A, and what applications
the B1500A contributes to.

The test setup data described in this manual are only examples. If these example data
damage your devices, Agilent is NOT LIABLE for the damage.
* Module 1. Introduction

This module explains the product concept and the key features of the B1500A/
EasyEXPERT. You will learn about what is the B1500A.

e Module 2. Getting Started

This module explains the basic operations of the B1500A. You will learn about how to
launch B1500A/EasyEXPERT and how to perform application test and quick test.

e Module 3. Data Display and Management

This module explains the data display and analysis capabilities of the EasyEXPERT
software. You will learn how to use analysistools, how to change display setup, and
how to print/export test result data.

* Module 4. Classic Test Environment

This module explains the classic test mode of the EasyEXPERT. You will learn how to
create the classic test setup in the course exercises.

* Module5. Basic Measurement

This module explains the basic I-V sweep measurement function and the cabling and
fixturing issues. You will learn how to measure |-V curvesin the course exercises.

* Module 6. Low Current Measurement

This module explains the low current measurement technique. You will learn how to
measure the low current in the course exercises.

* Module 7. Measurement Functions

This modul e explains the measurement functions available with the B1500A. You will
learn how to use various measurement functions in the course exercises.

e Maodule 8. Capacitance M easurement

This module explains the capacitance measurement function. You will learn how to
measure the capacitance in a course exercise.

e Module 9. Modifying Application Test Definitions

This modul e explains amodification example of an application test definition. You will
learn how to modify the definition in a course exercise.

e Module 10. Creating Your Test Definitions

This module explains about the application test definition. You will learn how to create
your application test definition in a course exercise.



e Module 11. Advanced Definitions and Operations

This modul e explains how to control external GPIB devices, how to call an execution
file, how to perform arepeat measurement, and how to use the prober control script.

e Module 12. Miscellaneous Operations

This module explains what is the status indicator, what is the automatic data export
function and the automatic data record function, how to perform selftest and
calibration, how to perform SMU zero offset cancel, and such.

e Module 13. SPGU Control and Applications

This modul e explains the SPGU Control classic test. You will learn how to create the
classic test setup and the applications using SPGU in the course exercises.

EasyEXPERT is atrademark of Agilent Technologies. All other trademarks are the
property of their respective owners.



Class Exercises

Class exercises use the test setup listed below. The test setup data are only examples and
included in the Demo.xpg file stored in the Manual CD-ROM.

Module Exercise Device Test setup/definition/data Page
Module 1 No exercise
Module 2 |d-Vd measurement MOSFET | CMOS: I1d-vd 2-19, 27
Id-Vg, gm-V g measurement MOSFET | CMOS: Vth gmMax 2-19, 27
B2200/E5250 switch control - - 2-32
Module 3 Id-Vg, gm-V g measurement MOSFET | GMMAX.xtr 3-28
Using Preview window - - 3-31
Module 4 |d-Vd measurement MOSFET | Trngld-Vd 4-25
Multi Channel I/V Sweep Bipolar Tr | Trng Mullti 4-37
M easurement LED
I/V List Sweep Measurement MOSFET | Trng List 4-51
[/V-t sampling measurement 0.1puF Trng Sampling 4-64
C-V sweep measurement MOSFET | Trng CV 4-76
B2200/E5250 switch control - Trng Switch 4-81
Direct Control (C-f measurement) 0.1puF Trng C-f 4-88
Module 5 |d-Vd measurement MOSFET | IDVD, Id-Vd 5-7
SMU series connection 511 kohm | IRVR 5-24
SMU parallel connection 1 ohm Parallel 5-28
Re measurement, kelvin connection | Bipolar Tr | REKELV 5-38
Module 6 Leak current measurement - Zero-check 6-9
Ultralow current measurement - Zero-check-ASU 6-19
|d-V g measurement MOSFET | IDVG 6-20
Gummel plot Bipolar Tr | GUMMEL 6-25
Module 7 SMU pulse mode MOSFET | IDVD-Pulse 7-8
RC measurement 0.1 uFand | RC-sampling-log 7-16
511 kohm
Negative hold time 511 kohm | R-sampl-neg-hold 7-22
Auto analysis MOSFET GMMAX 7-28
Bias hold function LED LED 7-35
SMU series resistor 511 kohm | 1V-res 7-43




Module Exercise Device Test setup/definition/data Page
Module 8 C-V sweep measurement MOSFET | CV-1MHz 8-6
Module 9 Modifying application test MOSFET | Trngldvd Vth.xtd 9-14

definition Trng idvd idvg2.xtd 9-29
Trng idvd idvg3.xtd 9-32
Using auto analysystwice MOSFET | VthgmMax and Id 9-34
Using vector data MOSFET | Trng Cgg-Vg 9-42
Module 10 | Creating application test definition MOSFET | Trngidvd idvg.xtd 10-17
Module11 | no exercise
Module 12 | no exercise
Module 13 | Charge pumping MOSFET | Charge Pumping 4T 0.1V 13-20
step
Flash memory MOSFET | Demo-S-NorFlash 13-29
Endurance
ALWG output 511 kohm | ALWG monitor 13-36
NOTE Demo.xpg file
Demo.xpg fileisrequired to create the Demo preset group which contains the test setup
data used by the class exercises. And it is stored in the \data folder on the Agilent B1500A
Manual CD-ROM, Edition 4 or later.
The Demo preset group should be created before starting the class exercise. To create the
preset group, launch EasyEXPERT and import the file by using the Preset Group Import
dialog box opened by clicking My Favorite Setup > Preset Group > Import Preset Group.
The test setup data are only examples for the class exercises.
NOTE xtd files
The\data folder on the Manual CD-ROM stores some .xtd files. They are the application
test definitions used by some class exercises. To use the definition file, import the file by
using the Test Definition Import dialog box opened by clicking Library > Import Test
Definition. The test definition data are only examples for the class exercises.
NOTE Xtr files

The\data folder on the Manual CD-ROM stores some .xtr files. They are the sample test
results created by executing the test setup which has the same name as the result data. To
display these sample test results, import the files by using the Test Result Import dialog
box opened by clicking Results > Transport Data > Import.



Test Setup for Class Exercises

The Demo preset group containsthe following test setup. The setup data are only examples
for the class exercises. The following table lists the test setup name in a phabetical order.

Test Setup Name

Description

ALWG monitor 511 kohm sampling measurement with SPGU ALWG output
Charge Pumping 4T | MOSFET Icp-Vbase measurement

0.1V step

CV-1MHz MOSFET Cgs-Vg measurement

Demo-S-NorFlash
Endurance

MOSFET Endurance test

Fowler-Nordheim

Fowler-Nordheim (FN) plot

GMMAX MOSFET sgrt_Id-Vg, PEAK-V g measurement

GUMMEL Bipolar transistor gummel plot

IDVD MOSFET Id-Vd measurement

IDVD-Pulse MOSFET pulsed 1d-Vd measurement

Id-vd MOSFET Id-Vd measurement, Application Test

IDVG MOSFET Id-Vg measurement

IRVR 511 kohm |-V measurement

IV-res 511 kohm |-V measurement with SMU series resistor

LED LED |-V measurement

Parallel 1 ohm I-V measurement, voltage force and current measurement
PG monitor 511 kohm sampling measurement with SPGU VPUL SE output
RC-sampling-log RC sampling measurement, log sampling

REKELV Bipolar transistor Re measurement

R-sampl-neg-hold

511 kohm sampling measurement with negative hold time

Subthreshold MOSFET subthreshold measurement

Trng C-f Direct Control (C-f measurement)

Trng Cgg-Vg Cgg-V g modification example for multi-frequency
Trng CV MOSFET C-V measurement

Trng Id-Vd

MOSFET |d-Vd measurement




Test Setup Name

Description

Trng List MOSFET Vth-gmmax measurement using I/V List Sweep
Trng Multi Multi Channel I/V Sweep (Bipolar transistor and LED)
Trng Sampling 0.1 uF sampling measurement

Trng Switch B2200/E5250 switch setup, Input 1-3-5-7 to Output 1-3-5-7

Vth gmMax and Id

Vth gmMax modification example to use auto analysis twice

Zero-check

SMU open measurement

Zero-check-ASU

SMU open measurement with ASU




Required Devicesfor Class Exercises

To perform the class exercises, you need the device set (Agilent part number 04156-87001)
which contains the following devices.

Description Quantity
N-channel MOSFET 2ea
NPN Bipolar Transistor lea
Red Miniature LED lea
0.1 uF Capacitor 50 V lea
1.0 Q Resistor 1/8 W lea
1.1 kQ Resistor /8 W lea
511 kQ Resistor 1/8 W lea

-

N-ch MOSFET NPN bipolar Transistor

Brown Brown

LED
Black Brown
Black Black
Silver Brown

1 ohm Resistor 1.1 kohm Resistor

Green

Brown
Brown
Orange

— S—

511 kohm Resistor 0.1 uF Capacitor



Required Accessoriesfor Class Exercises

To perform the class exercises, you need the following accessories. Prepare the accessories
shown below.

Designation Description M odel No. Qty.
1 Test Fixture 16442A/8 @ lea

28 pin socket module lea

Connection wire 6ea

2 Triaxial Cable 16494A 4 ea

3 Interlock Cable 16493J lea

4 Kelvin Triaxial Cable, for Module 5 16493K lea

5 CMU Cable, for Module 8 N1300A lea

6 Atto Sense/Switch Unit, for Module 6 E5288A lea
ASU control cable, triax cable, for Module 6 16493M lea

a. The 16058A Test Fixture for the 4145A/B may be substituted for the
16442A/B Test Fixture. If you use the 16058A, you also need the 16435A
Interlock Adapter.

28 pin DIP Socket Module (1ea.)

oco0o0o0o00
ocooo
0000
ocooo
cooo
000000

T F——1.

Connection Wire (6ea.)

E5288A ASU (lea.)
16442A/B Test Fixture (1lea.)

@)  ao——w ===}

Triaxial Cable (4ea.) Control Cable (lea.)
INTLK Cable (1ea.) Triaxial Cable (lea.)

<4 D=
N
@ |:| = |:|
L— A D

Kelvin Triaxial Cable (lea.)

i
@ E CMU Cable (1ea.)
[ N

L ]




To perform the flash memory class exercise in Module 13 and if you use the ASU, you
need the following accessories.

Description Model No. Qty.

ASU (Atto Sense/Switch Unit) with control cable E5288A Total
3sets

Triaxial Cable 16494A or Total
equivalent Tea.

BNC-SMA Cable 16493P 3ea
SMA-SMA Cable, for synchronization of SPGU 16493Q 2ea

To perform the flash memory class exercise in Module 13 and if you use the selector, you
need the following accessories.

Description Model No. Qty.
SMU/PG selector with control cable 2 16440A 2 sets
Selector adapter with control cable 16445A 1 set
Triaxial Cable 16494A or Total
equivalent Tea.
BNC-SMA Cable 16493P 3ea
SMA-SMA Cable, for synchronization of SPGU 16493Q 2ea

a. One selector can be replaced with one ASU.



Module 1. Introduction

* New Features

 EasyEXPERT

* To Perform Easy Application Test
* User Interface

* Modular Mainframe
 SCUU/GSWU

e ASU

* SMUJ/Pulse Generator Selector

» B2200/E5250 Switch Control

* Desktop EasyEXPERT

Module 2. Getting Started

e To Turn on/off B1500A

* To Launch EasyEXPERT

» To Specify/Create Workspace

* To Perform Application Test

» To Save/Recall Your Test Setup

» To Export/Import Your Preset Group
* To Export/Import Test Record

e To Perform Quick Test

* To Control Switching Matrix

* To Manage Data Display Window

Contents-1
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Module 3. Data Display and Management

» Data Display window

* Graph Analysis Tools

» Data Status

» To Change Graph/List/Display Setup
* To See Print Preview

* To Print Display Data

* To Copy Graph Plot/List Data

» To Save Analysis Result

e To Use Preview Window

Module 4. Classic Test Environment

» Classic Test Execution Mode

* 1/V Sweep Measurement

e Multi Channel I/V Sweep Measurement
* I/V List Sweep Measurement

e I/V-t Sampling Measurement

* C-V Sweep Measurement

» Switching Matrix Control

* Direct Control

Contents-2
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Module 5. Basic Measurement

* SMU Fundamentals

* Classic Test Environment

* SMUs Connected in Series or Parallel
e Cabling and Fixture Issues

* Kelvin and Driven Guard

* Probes and Prober Connections

* Triax and Coax Adapters

» Safety Interlock Issues

Module 6. Low Current Measurement

* Low-Current Measurement Challenges

» Calibration and Zero Cancel

» Effect of Cable Movement

» ASU for Ultra Low-Current Measurement
* Low-Current Subthreshold

» Trade-Off Speed Vs Accuracy

* Low-Current Gummel Plot

* Low-Current Gate Oxide Leakage

Contents-3
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Module 7. Measurement Functions

* SMU Pulsed Sweep Measurement

* I/V-t Sampling Measurement

* Negative Hold Time for High Speed Sampling
e Auto Analysis

* SMU Filter

* SMU Series Resistor

» Standby Function

e Bias Hold Function

Module 8. Capacitance Measurement

* CMU Fundamentals

» Classic Test Environment

* CMU Calibration

* SCUU for IV/ICV Switching

* GSWU for Accurate Capacitance Measurement
* ASU for IV/CV Switching

Contents-4
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Module 9. Modifying Application Test Definitions

* To Open Application Test Definition

* To Modify Test Definition

* To Use Debug Tools

* To Use Built-in Functions

* To Add Data Display

* To Use Auto Analysis

e To Use Test Setup Internal Variables

* To Use Auto Analysis twice (as Class Exercise)

* To Use Vector Data (as Class Exercise)

Module 10. Creating Your Test Definitions

* What is Test Definition

* What is Test Contents

* To Open Test Definition Editor
» To Define Test Specification

* To Define Test Contents

* Available Elements

» Available Variables

» To Define Test Output

Contents-b
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Module 11. Advanced Definitions and Operations

» To Control External GPIB Devices
» To Call Execution Files

* To Perform Repeat Measurements
* Prober Control Script

Module 12. Miscellaneous Operations

* Function Status Indicator

* Run Option

* Automatic Data Export and Data Record
» Calibration

* Configuration

e XSLT Samples

* To Enable System Controller

» To Start Desktop EasyEXPERT

* To Use 415x Setup File Converter

Contents-6
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Module 13. SPGU Control and Applications

* High Voltage SPGU
SPGU Control

e Pulse Generator Mode

* Charge Pumping
* Flash Memory Test
* ALWG Mode

Contents-7
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Classic Test Environment




Module 4
Classic Test Environment

In This Module

» Classic Test Execution Mode

e 1/V Sweep Measurement

e Multi Channel 1/V Sweep Measurement
e 1/V List Sweep Measurement

* I/V-t Sampling Measurement

* C-V Sweep Measurement

e Switching Matrix Control

* Direct Control

Note:

4-2



Module 4

Classic Test Environment

Classic Test Execution Mode
3 3 =
?ﬂ“ﬁ“ * 1/V Sweep
D g o2  Multi Channel 1/V Sweep
g m * 1/V List Sweep ,>ﬁ ;]
Ii . * 1/V-t Sampling ; .“f‘
a « C-V Sweep Ry
m"“ « SPGU Control o =
G * Switching Matrix Control qa |
;u |+ Direct Control 3 W
L) - o .
B Toainss s
| =
B e _ 4

To use the classic test mode, click the Classic Test tab. And select the execution mode. The
following modes are available.

*1/\V/ Sweep: For X-Y characteristics measurement of | or V.

*Multi Channel I/V Sweep: For simultaneous multi channel (up to 10) sweep measurement of | or V.

*I/V List Sweep: For multi channel (up to 10) I/V sweep measurement using list data.
*I/\V-t Sampling: For time-Y characteristics measurement of | or V.

*C-V Sweep: For DC bias-impedance characteristics measurement.

*SPGU Control: For voltage pulse output. See Module 13.

*Switching Matrix Control: For B2200/E5250 switching matrix control.

*Direct Control: For various measurements (e.g. C-f measurement, Quasi-Static C-V measurement)
using Agilent FLEX commands.



Module 4
Classic Test Environment

I/V Sweep Measurement T

_mEEE|
il =l el ainl
» To Define Source/Measurement Channels : g
_ I/V Sweep
* To Read Time Stamp Data and Data Index
» To Set Source Outputs (VAR1, VAR2, VARY’, Pulse, CONST)

» To Set Timing Parameters L

» To Set Sweep Abort Function
* Range, ADC, Advanced, SPGU| " |
* To Set User Functions

» To Set Analysis Functions

» To Set Auto Analysis Function
» To Set Display Parameters (X-Y Graph, Data List, Parameter)

This section explains how to perform 1/V sweep measurement. You will perform the above tasks to
execute the I/V sweep measurement.

4-4



Module 4
Classic Test Environment

To Define Source/Measurement Channels
Channel Setup Setup Name

@|1/V Sweep Setup Name: [Tmg Id-vd )

- Channel Setup. | Measurement Setup | Function Setup | Auto Analysis Setup | Display Setup |
Channel Definition

addsmu | addsecu|  peeie | Uz |
Unit: ¥ Name: I Name: Mode: Function:
[l [ ] = [vPuLsE xfvar1 =l
[l O =fve efig EG =fvarz =l SMU4
el |SMU2:HP j|\.fs ElH §|\f jl[ONST =l
e |SMU1:HP _vJ|\:suh e §|\f j|\fAR1‘ = SM U3
o— | —©O
SMU Channel Definition SMU1
-V name/l name
-1/VIIPULSE/VPULSE/COMMON SMU2

-VAR1/VAR2/VAR1’/CONST
SPGU Channel Definition

-V name
-VPULSE/ALWG
Miscellaneous Variables
Time Stamp Name:  [Tme = Index Name:  [index |

Click the I/ Sweep icon and open the setup editor. Then click the Channel Setup tab to display the
channel definition screen.

1. Enter the Setup Name for the test setup to be defined on the setup editor.

2. List SMUs used for source output or measurement, and set the following parameters.
*Unit; SMU name or number. The GNDU (ground unit) can be set instead of a SMU.
*V Name: Variable name for the voltage measurement or source data

| Name: Variable name for the current measurement or source data

*Mode: Source output mode, V (voltage), I (current), VPULSE (voltage pulse), IPULSE (current
pulse), or COMMON (ground)

Function: Source output function, VAR1 (primary sweep), VAR2 (secondary sweep), VARL’
(synchronous sweep), CONST (constant)

V Name and | Name are used to specify the parameters displayed on the Data Display window. The
display parameters are selected on the Display Setup tab screen. For the GNDU, 0 V is returned to
the V variable and no data is returned to the | variable.

To use the SPGU channels, click the Add SPGU button. The SPGU channel setup row will appear.
Then set the following parameters.

*Unit: SPGU name or number
*V Name: Variable name for the voltage data. No data is returned to the variable.

*Mode: SPGU output mode. VPULSE (voltage pulse) or ALWG (arbitrary linear waveform voltage)
for all SPGU.



Module 4
Classic Test Environment

To Read Time Stamp Data and Index

Channel Setup

@|1/V Sweep Setup Name: [Tmg Id-vd

- Channel Setup. | Measurement Setup | Function Setup | Auto Analysis Setup | Display Setup |
Channel Definition

Variable name for time stamp data

Variable name for data index

addsmu | addseau|  peeie | Uz |
Unit: ¥ Name: I Name: Mode: Function:
[l [ ] = [vPuLsE xfvar1 =l
[l O =fve efig EG =fvarz =l
el |SMU2:HP j|\.fs ElH §|\f jl[ONST =l
e |SMU1:HP j|\.rsuh e §|\f j|\fAR1‘ =

Miscellaneous Yariables \ \

Time Stamp Name: Bl Index Name: ‘ E

You can read measurement data by using the Data Display window. Parameters displayed on the
window are selected on the Display Setup tab screen. If you enter the variable name in the VV Name,
I Name, Time Stamp Name, and/or Index Name entry fields, you can choose the variables as the

display parameters.
Note:

The time stamp is the time the measurement is started for each measurement point.

The index is the index number for each measurement data.

4-6



Module 4
Classic Test Environment

To Set P y Sweep S
0 Set Frimary swee ource " o
Measurement Setup
g'l V Sweep Setup Name: [Trng Ichvd
m[mlmmtim Setup | Auto Analysis Setup | Display Setup |
VAl [var2 |[var1® |
/ Unit: [SMUHR ‘SMUE:HR | unit: AOTHE E] et VAR1
Name: [iid E | Name: lm ADC [ StOp
Direction: lm Offset: lh‘ i 1 Step
Linear/Log: lm Ratio: m v;s:;d Start
Start: [0V Hjfiv Bl| compliance: [looma 6]
stop: 5V &2V E||  Pwr comp: [oFF ] Eflgg
step: [i0mv 8500 mv ] [5MU Pulse el |
No of Step: 5T 1 B El| unit: [FMOTFR H]
Compliance: [10 m& Bffrma | Period: [10ms  H]
\Pwr comp: [OFF o | width: [Tms 8|
Timing | Base: lm
Hold: [ B Delay: 7% Bl =gweep [ConTHEAT ANy =] status
Constants |
Unit: Y Name: I Name: Mode: Source: Compliance:
SMUZHP Elvs =E G Elov B[Foma E

The Measurement Setup tab screen is used to set the source output value and timing parameters.
At the VARL area, you set the primary sweep source output.
*Unit: SMU name or number

*Name: Variable name of source output

«Direction: Single (start to stop) or Double (start to stop to start)
eLinear/Log: Linear sweep or Log sweep

«Start: Source output start value

«Stop: Source output stop value

«Step: Source output incremental step value

*No of Step: Number of sweep steps

*Compliance: SMU compliance value

*Pwr Comp: SMU power compliance value

4.7



Module 4
Classic Test Environment

To Set Secondary Sweep Source

Measurement Setup

g'l V Sweep Setup Name: [Trng Ichvd
Cha I Measurement Setup IFum:tiDn Setup | Auto Analysiz Setup | Display Setup |
A [¥ar2 [[varT |
Rarige
unit; [SMU%HR 0B Ef Unit: [ERUTHR H J VAR1
Name: [iid =lvg = Name: [Vstb H | oo/
A n Intey
Direction: [Single = Offset: [0 v ] &
Linear/Log: |LINEAR ~ Ratio: [0 E] Ad-
= vanced
start: [0V &1y Bl| compliance: [100ma ]
SPGl
Stop: [2v affzv ] Pwr Comp: [OFF H] || pulse
step: [i0mv | [500 mv | [5MU Pulse \ﬂ
No of Step: [51 B|[= & Unit: [SMU4HR ] VAR?
Compliance: [10 & 3"1 ma 8] Period: [10ms ]
Pwr Comp: [CFF i“OFF &l width: [1 ms [
Timing | Base: [0V ] _'—l—L

Hold: [0s 8] Delay: i3 Bl ecweep [CONTHUEAT ANY =] status

Constants |
Unit: Y Name: I Name: Mode: Source: Compliance:
SMUZHP Elvs =E G Elov B[Foma E

At the VAR?2 area, you set the secondary sweep source output.
*Unit: SMU name or number

*Name: Variable name of source output

«Start: Source output start value

«Stop: Source output stop value

«Step: Source output incremental step value

*No of Step: Number of sweep steps

*Compliance: SMU compliance value

*Pwr Comp: SMU power compliance value

4.8



Module 4
Classic Test Environment

To Set Synchronous Sweep Source

Measurement Setup

g'l V Sweep Setup Name: [Trng Ichvd

Cha | Measurement Setup IFum:tiDn Setup | Auto Analysiz Setup | Display Setup |
VAl VAR2 |[var1®

Unit: |5MU4:HR 10| EE = f Unit:
Name: |\Id g ] 5 Name: lm
Direction: lm Offset: lh‘
Linear/Log: lm Ratio: m

Rarige

VAR1

Hold: [0s 8] Delay: i3 Bl ecweep [CONTHUEAT ANY =] status

Constants |

Unit: Y Name: I Name: Mode: Source: Compliance:
SMUZHP Elvs =E G Elov B[Foma E

|
TV Sweep

ADC /.
Iritey
Ad-
wvanced

Start: [0V H][rv Bl| compliance: [looma ]
Stop: |3 W E 2 ¥ E \ Pwr Comp: Ezlgg
step: [i0mv 8] [5o0mv ] [5MU Pulse el |
No of Step: 5T 1l B El| unit: [FMOTFR H] VAR’
Compliance: [10 m& Bffrma | Period: [10ms  H]
Pwr Comp: [OFF 6] e El width: [[me B] ﬂ
Timing | Base: lm

At the VARL’ area, you set the synchronous sweep source output.
*Unit: SMU name or number

*Name: Variable name of source output

*Offset: B value of the above formula.

*Ratio: A value of the above formula.

eCompliance: SMU compliance value

*Pwr Comp: SMU power compliance value

The VARY’ output is expressed by the following formula.
VAR1’ output = A X (VARL output) + B

4.9



Module 4
Classic Test Environment

To Set Pulse Output

Measurement Setup

g'l V Sweep Setup Name: [Trng Ichvd
Chat | MeasLrement Setup IFum:tiDn Setup | Auta Analysis Setup | Display Setup |
VAl VAR2 |[var1® |
Rarige
Unit: [SMUHR ] [sMUzHR | unit: [EMUTHP Fl J
Name: [iid E| E| Name: [Wsub H | oo/

A n Intey
Direction: [Single - Dffset: |0V [] = T .
rigger
Linear/Log: |LINEAR - Ratio: [0 El Ad- 99
vanced
]i

start: [0V B El| compliance: [100ma . .
stop: 5V 1| EX El|  pwr comp: [oF = [ 5 Width Width
step: [i0mv 8] [5o0mv ] [5MU Pulse I - =
No of Step: [51 B = Unit: [EHUZHR 5
Compliance: [10 m& Bffrma | Period: [10ms  H] Base
Pwr Comp: [OFF B[jore | width: [Tms 8| e
Timing | A\ Base: lm \ )
Hold: [ # Delay: [0¢ B gweep [ONTRUE AT &y =] status \ Period
Constants | Hold time
Unit: Y Name: I Name: Mode: Source: Compliance:
s Bl =k EllR Bl s Bl Delay time cannot be set.

At the SMU Pulse area, you set the SMU pulse timing parameter and the pulse base value.
*Unit: SMU name or number

*Period: Pulse period

*Width: Pulse width

*Base: Pulse base value

Only a SMU can be set to the pulse source.
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To Set Constant Output

Measurement Setup

g'l V Sweep Setup Name: [Trng Ichvd
Chal [mlmmtinn Setup | Auto Analysis Setup | Display Setup |
VAl VAR2 |[var1® |
Unit: [SMUHR ] [sMUzHR | unit: AOTHE E] et
Name: fvd ElE | Name: fisb = oo/
Direction: lm Offset: lh‘ i
Linear/Log: lm Ratio: m Ad-
start: [ov Hiv El| compliance: [ioma | e
stop: [V &2V = Pwr Comp: [OFF W Eﬁf;ﬁ
step: [i0mv 8] [5o0 mv ] [5MU Pulse |
No of Step: 5T 1l B El| unit: [FMOTFR H]
Compliance: [10 m& Bffrma | Period: [10ms  H]
Pwr Comp: [OFF B[jore | width: [Tms 8|
Timing | Base: lm
Hold: [0s 8] Delay: i3 ]| * Sweep [(ONTINUE AT ANY =] status
Constants |
Git: Y Name: I Name: Mode: Source: Compliance:
SMUZHP Elvs =E G Elov B[Foma E
\

|
TV Sweep

At the Constants area, you set the SMU constant output.
*Unit: SMU name or number
*VV Name: Variable name for the voltage measurement or source data
I Name: Variable name for the current measurement or source data

*Mode: Source output mode, V (voltage), I (current), VPULSE (voltage pulse), IPULSE (current

pulse), or COMMON (ground)
*Source: SMU output value
«Compliance: SMU compliance value

4-1
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To Set Timing Parameters

Measurement Setup

g'l V Sweep Setup Name: [Trng Ichvd
Cha I Measurement Setup IFum:tiDn Setup | Auto Analysiz Setup | Display Setup |
VAl VAR2 |[var1® |
Rarige
Unit: [SMUHR ] [sMUzHR | unit: [EMUTHP Fl J
Name: [iid E| E| Name: [Wsub H | oo/
- x Iritey
Direction: [Single - Dffset: |0V []
Linear/Log: |LINEAR - Ratio: [0 El Ad-
vanced
Start: [0V H][rv E|| Ccompliance: [100 ma [l
SPGEL
stop: 5V &2V E]|  Pwr comp: [oFF W] | Pule
step: [i0mv 8] [5o0 mv ] [5MU Pulse |
No of Step: 5T H[: | Unit: [EM0EHR ]
Compliance: [10 & 3]'1 ma 8] Period: [10ms ]
Pwr Comp: [CFF ﬂlOFF | width: [1 ms ]
Timing Base: [0V ]

Hold: [0s 8 Delay: [1% B | »sweep [coNTRUE AT e =]status
Constants |
Unit: Y Name: I Name: Mode: Source: Compliance:
SMUZHP Elvs =E G Elov B[Foma E

Trigger

Measurement time

—>
+——>
e
4—><_>\/
\ Delay time
Hold time

At the Timing area, you set the source output and measurement timing.

*Hold: Source output hold time. Time after the measurement trigger until starting delay time.
*Delay: Measurement start delay time. Time after the hold time until starting measurement.

When a SMU forces pulse, the delay time is ignored. Source output and measurement timing will be

controlled by the pulse width and pulse period.
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Measurement Setup

To Set Sweep Abort Function

g'l V Sweep Setup Name: [Trng Ichvd
Cha I Measurement Setup IFum:tiDn Setup | Auto Analysiz Setup | Display Setup |
VAl VAR2 |[var1® |
Rarige
Unit: [SMUHR ] [sMUzHR | unit: [EMUTHP Fl J
Name: [iid E| E| Name: [Wsub H | oo/
A n Intey
Direction: [Single - Dffset: |0V [] =
Linear/Log: |LINEAR - Ratio: [0 El Ad-
vanced
Start: [0V H][rv E|| Ccompliance: [100 ma [l
SPGEL
stop: 5V &2V E]|  Pwr comp: [oFF W] | Pule
step: [i0mv 8] [5o0 mv ] [5MU Pulse |

No of Step: 5T H[: | Unit: [EM0EHR ]

Compliance: [10 & 3]'1 ma 8] Period: [10ms ]

Pwr Comp: [CFF ﬂlOFF | width: [1 ms ]
Timing | Base: [0V ]

Hold: [ 8 Delay: [ Bl | = cweep [cONTUEAT ANV =] status ]
Constants |
Unit: Y Name: I Name: Mode: Source: Compliance:
SMUZHP Elvs =E G Elov B[Foma E

"~ CONTINUE AT ANY

STOP AT ANY
ABNORMAL
-Range overflow
-SMU compliance
-SMU oscillation

This field sets the sweep abort function.

When this field is CONTINUE AT ANY, the sweep measurement is not aborted.
When this field is STOP AT ANY ABNORMAL, the sweep measurement will be aborted when one

of the following conditions is detected.
*Measurement range overflow

*SMU compliance
*SMU oscillation
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To Set Ranging Mode

Measurement Setup

-| Range Not available when a SMU pulse is used.

ADC /

Intog
e Measurement Range |
vanced U I o
SEEE Unit: Name: Mode: Range: Range Change Rule: Rate:
Setup o [sMuLHP B|fi2 | LMITED  w|fina  ~[|BY FULL RANGE B3 | G|
o JemuzHRias  Efi2 Emmer w|ine <[y FULL RanGE (=] =
o [emuzHrias B[ HlmTen  wfina <[y FULL RaNGE i | &
o [EMU4HR |4 E|LMITED  wffina || FULL RANGE |z ][t 8|

The Range button opens the SMU Range Setup dialog box. The dialog box is used to set the
measurement ranging mode. This button is not available when a pulse source is used.

*Unit: SMU name or number

*Name: Variable name for the measurement data

*Mode: Ranging mode, AUTO, LIMITED, or FIXED

*Range: Range value

*Range Change Rule: BY FULL RANGE, GO UP AHEAD, or UP AND DOWN AHEAD
Rate: Value used for range changing. See the following formula.

For the AUTO or LIMITED, SMU automatically selects the minimum range that covers the
measurement value, and performs the measurement by using the range. For the limited auto ranging,
the instrument does not use the range lower than the specified range value. For example, if you
select the 100 nA limited auto ranging, the instrument never uses the 10 nA range and below.

BY FULL RANGE performs normal auto ranging operation.

For the GO UP AHEAD and UP AND DOWN AHEAD rules, specify the Rate value, 11 to 100,
which fixes the boundary of the ranging. The ranging occurs when the measurement data goes across
the boundary values shown below.

go up boundary = present measurement range X Rate / 100
go down boundary = present measurement range X Rate / 1000
The go down boundary is available only for the UP AND DOWN AHEAD rule.
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To Set ADC/Integration Time
Measurement Setup
Range Not available when a SMU pulse is used.
[ e
- it DCunvrtr Homn! e
Ad-
wanced Unit: Name: ADC:
SPGU [mume B[ s =]
SPSEE palzrrms |2 | s =
- | STEH ] [ =R ADC =l
[EruaHR B[ R ADC =l
Integration Time
Mode: Factor: Auto Zero:
High Resolution ADC: IAUTO jlﬁ EIOFF j
High Speed ADC: [UTo [t H

The ADC/Integ button opens the A/D Converter & Integration Time Setup dialog box. The dialog
box is used to select the ADC for each SMU and set the integration time for each ADC (high
resolution or high speed). This button is not available when a pulse source is used.

AJD Converter:

*Unit: SMU name or number

*Name: Variable name of the measurement data

*ADC: ADC type, HR ADC (high resolution) or HS ADC (high speed)
Integration Time:

*Mode: AUTO, MANUAL, or PLC. Rule to decide the integration time. For details, see online help
or User’s Guide.

Factor: Coefficient for the reference value of the integration time.
*Auto Zero: Auto Zero function ON or OFF. For HR ADC.
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Advanced Setup

Measurement Setup

Unit: Yhame: IName: Serles R: S FAlker:
Range e o[ = H[nonE EED =]

| T == ] [HONE B =]
A0C EamRRs dE = = [HoNE = B
i T = = | 3

B
wanced
SPGU
Fulse
Setup [Wit Tima contral |
Factor:
Dutput Wait: |1 |

Measurement Wait: |1 L]

Allier Miasurvsment St ling: ]

Bias Hold after Measurement: | 0FF ¥
Output Yalue after Measurement: | START s

ttor Relays ( THTA0A SMIL P Selector)
CH 1: iI'FF&.UT -I CH3: |PGUOPEN =

The Advanced button opens the Advanced Setup dialog box. The dialog box is used to set the SMU
filter and SMU series resistor settings, the wait time, the after measurement settings, and the 16440A
selector semiconductor relay setting.

Channel Settings:

*Unit: SMU name or number

*VV Name: Variable name for the voltage measurement or source data
| Name: Variable name for the current measurement or source data
Series R: SMU series resistor NONE or 1IMOHM (1000000 ohm)
*SMU Filter: SMU filter ON or OFF

Wait Time Control:

Factor: Coefficient for the reference value of the wait time. For details, see online help or User’s
Guide.

After Measurement Settings:
*Bias Hold after Measurement: Bias hold function ON or OFF.

*Output Value after Measurement: Source output value after measurement. START (sweep start
value), STOP (sweep stop value), SOURCE (sampling output source value), or BASE (sampling
output base value)

Note: Pulse channel output after measurement is always Base value.
Semiconductor Relays (16440A SMU/PG Selector):

*CH1: Default or PGU OPEN

*CH3: Default or PGU OPEN

The fields define the selector channel’s switch condition during the measurement. Default is the
setting defined on the SMU/PG Selector screen of the Configuration window.
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SPGU Pulse Setup

Measurement Setup

Ghabial Settings Operation

z | Pulse
Loadz | SCE
Range Perod: (1w | | # FREE RN © PULSE COUNT ]
" DURATION T §
ADC [/ Pulsn Bottings ]
Integ SPGL setup view order:

Ad’ Lnat: P_"_‘“'-_F Pt
vanced Ean

Wiama:

SPGU £
Fulse
Setup

This button is
available when
a SPGU channel
is defined in
Channel Setup.

If a SPGU channel is defined and set to the VPULSE mode on the Channel Setup screen, the SPGU
Pulse Setup button is effective. This button opens the SPGU Pulse Setup window which is used to
define the voltage pulse output by the specified SPGU channels. Maximum 10 SPGU channels can
be used. For details, see Module 13.
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SPGU ALWG Setup

Measurement Setup

Range
ADC

Integ

[operaton ] Pulse

ad- Load 2 citch
vanced = FREE RUN " SEQUENCE COUNT |1 EI

SPGU " DURATION 1 us E
ALWG

Setp ALWG Setting |

ALWG Source: Ia iI

This button is

available when dose

a SPGU channel /

is defined in

Channel Setup. This button opens the Define ALWG

Waveform window used to define the
arbitrary linear waveform.

If a SPGU channel is defined and set to the ALWG mode on the Channel Setup screen, the SPGU
ALWG Setup button is effective. This button opens the SPGU ALWG Setup window which is used
to define the arbitrary linear waveform voltage output by the specified SPGU channels. Maximum
10 SPGU channels can be used. For details, see Module 13.
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To Set User Functions

TV Sweep
Function Setu p ®[1/vsweep . Setup Name: [Trmg 1d-vd _
Channel Setup | MeasLrement Seftup Auto Analysis Setup | Display Setup | Apply
Ay
User Function
/ Add I Delete | (]} | anﬁ\
Name: Unit: Definition:
[ D e =][abstd) |

Data calculation
-Measurement data/source data
-Built-in function, etc.

N\ _

Analysis Function

Add Delete 18] | D |

Name: Unit: Definition:

© [pope =l rljpLic JEl|

Click the Function Setup tab to display the User Function/Analysis Function setup screen. The user
functions can be displayed on the X-Y Graph Plot, List Display, and Parameters area of the Data
Display window. Up to 20 functions can be set.

Name: Function name
Unit: Unit of the function

Definition; Definition of the function. The following identifiers can be used.
-Variables for the measurement/output data used in this test

-Functions defined in the above lines

-Local variables passed from the application test that calls this test as a component
-Built-in functions and global variables

For details, see online help or User’s Guide.

Note:

The Apply button performs calculation of the definition in this screen. If this button is clicked when
the Data Display window associated with this test has been opened, the display is also updated. The
associated Data Display window will be the Data Display window that displays the last measurement
data or that is recalled at last.
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To Set Analysis Functions

TV Sweep
Function Setu p ®[1/vsweep . Setup Name: [Trmg 1d-vd _
Channel Setup | MeasLrement Seftup Auto Analysis Setup | Display Setup | Apply
Ay
User Function
Add I Delete | (]} | D |
Name: Unit: Definition:
[ D e =][abstd) |

Analysis Function

[ Add Delete Uz | Dowm\

Name: Unit: Definition:
© [pope =l rljpLic JEl|

Data calculation
-Measurement data/source data
-Read out function

\ -Built-in function, etc. /

The analysis functions can be displayed on the Parameters area of the Data Display window. Up to
20 functions can be set.

Name: Function name
Unit: Unit of the function

Definition; Definition of the function. The following identifiers can be used.
-Variables for the measurement/output data used in this test

-Functions defined in the above lines

-Local variables passed from the application test that calls this test as a component
-Built-in functions and global variables

-Read out functions

For details, see online help or User’s Guide.

Note:

The Apply button performs calculation of the definition in this screen. If this button is clicked when
the Data Display window associated with this test has been opened, the display is also updated. The
associated Data Display window will be the Data Display window that displays the last measurement
data or that is recalled at last.
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To Set Auto Analysis Function

TV Sweep

Auto AnaIySiS | @|1/V Sweep Setup Na'ng 1d-vd ]
Channel Setup | Measurernent Setup | Function Setupl Display Setup | Apply

_
|nterp0|at|0n Iv Interpolation Mode

Line 1

¥ Enable Type Auls
('— o € Normal € Gradient @ Tangent  © Regression vl '\
First Point -
Li 1 t © %Y Coordinate @ Data Condition
n
e 1 setup Candition: |Vﬂ 5 = !1 H [] Aﬂyrl H :| 5
Second Paint
@ x-y Coordinate € Data Condition
k X | 5 e | 5)
Line 2
—
[ Enable Type BHIS
(r Fix @ Normal € Gradient € Tangent ¢ Regression 7L '\
First Foint
& %Y Coordinate € Data Condition
Line 2 setup x| = v =
Second Paint
& %-¥ Coordinate € Data Condition
L N 3
Marker
¥ Enable
Marker Setup Condition: [wd ENE = [ oafer | ER El

Click the Auto Analysis Setup tab to display the auto analysis setup screen. The auto analysis
capability allows you to display/move the marker/line on the data graph automatically after
measurement. The above example displays marker at VVd=1 V point and draw a tangent line for this
point.

Interpolation Mode: Check this box to enable the interpolation mode. You can position marker
between measurement points.

Line 1, Line 2: This area sets the line 1 or line 2 automatically displayed and moved to the specified
position after the measurement. Check Enable box to enable the line.

For Type, select a line type, Normal, Gradient, Tangent, or Regression.
For Axis, select the axis effective for the line.

In First Point and Second Point, specify the cursor points used to draw line.
In Gradient, specify the slope of the Gradient line.

Marker: This area sets the marker automatically displayed and moved to the specified position after
the measurement. Check Enable box to enable the marker.

For Condition, enter a variable name and a condition expression to specify where you want the
marker to display.

For After, check this box to enable the additional condition. And enter a second variable and
condition expression. This sets up a search start condition for finding specified point.

For example, you can specify the following expressions to search for a measurement point that
satisfies the first condition after the second condition is satisfied.

Condition: [DGM] = [MAX(DGM)*0.01] [x] After [DGM] = [MAX(DGM)]

Note:

The Apply button performs calculation of the definition in this screen. If this button is clicked when
the Data Display window associated with this test has been opened, the display is also updated. The
associated Data Display window will be the Data Display window that displays the last measurement
data or that is recalled at last.
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To Set X-Y Graph Display

TV Sweep

D iSpIay Setup g|1/\f Sweep Setup Name: Ing Id-vd '
Channel Setup | Measurement. Setup | Function Setup | AuUto Analysis Setupl Display Setup I
X-¥ Graph
/ Add I Delete | {/a) | D | \
Name: Sharing:  Scale: Min: Max:

F % |vd =] [Merel =] furnear =] [ov E v il
Lol |Id j |(Nnne) j |Lmear j |UA EI |1El s E
o v2: [aesiD =] [roney =] [near =] foa 8] [oma IE]|

Specify X axis and Y axis

N /

List Display Parameters
Add | De\etel g | DEwn | Add | Delete | {1} | Do |
 |index - = ©  |Sope -
L g -
© fvd -
o jid -
|

Click the Display Setup tab to display the display setup screen. The X-Y Graph area is used to set
the X axis and Y axis of the X-Y Graph Plot area in the Data Display window.

*Name: Name of variable to plot on the X axis
Scale: Linear or Log

*Min: Minimum value of the specified axis
*Max: Maximum value of the specified axis
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To Set Data List Display aill

TV Sweep
D iSpIay Setu p g|1/\f Sweep Setup Name: Ing Id-wd ' |

Channel Setup | Measurement. Setup | Function Setup | AuUto Analysis Setupl Display Setup I

X-¥ Graph
Add I Delete | {/a) | D |
Name: Sharing:  Scale: Min: Max:
F % |vd =] [Merel =] furnear =] [ov E v il
Lol |Id j |(Nnne) j |Lmear j |UA EI |1El s E

o v2: [aesiD =] [roney =] [near =] foa 8] [oma IE]|

Select variables to list

va

List Display / Parameters

( Add | Eelete | g | DEwn I\ Add | Delete | {1} | Do |
e | B P |
L g -
O T —

\ o jid - 5 j

The List Display area selects the variables to be listed in the List Display area of the Data Display
window. Up to 20 variables can be set.
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H '=]
EEER
To Set Parameters Display f
TV Sweep
DISplay Setup @|1/v Sweep Setup Name: [Trng Io-vd '
Channel Setup | Measurement. Setup | Function Setup | AuUto Analysis Setupl Display Setup I
X-¥ Graph
Add I Deletel {/a) | D |
Name: Sharing:  Scale: Min: Max:
F % |vd =] [Merel =] furnear =] [ov E v il
Lol |Id j |(Nnne) j |Lmear j |UA EI |1El s E
o v2: [aesiD =] [roney =] [near =] foa 8] [oma IE]|
Select parameters to display
List Display Parameters \
Add | De\etel g | DEwn | [ Add | Deletel {1} | Do |
 |index - = ©  |Sope -
L g -
© fvd -
o jid -
s N

The Parameters area selects the variables to be listed in the Parameters area of the Data Display
window. Up to 20 parameters can be set.
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To Save Test Setup

N My Favorite Setup button

N Preset Group name.
| Use this field to

] A select preset group.
3 o b ey
) ' ) o) 5 -r'-gig
E Trng Id-vd

Far
¥
Trng
= camiinn El

The test setups you create MUST be saved to the internal hard disk drive as “My Favorite Setup”.
To save the setup, click the Save button.

To recall the setup, click the Recall button.

You can organize the setups by using Preset Group. In the above example, the Demo group is
selected and listed in the “My Favorite Setup”.

To create a new preset group, click the My Favorite Setup button to display the function menu, and
select Add New Preset Group.

To select the available preset group, use the field below the My Favorite Setup button.
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To Export/Import Your Preset Group

e Run Option
Count: |0 HI

Device ID:

My Favorite Setup button

o |

Cancel

Preset Group Export

Rename This Preset Group
Rename

Freset Group Export LiL|
Duplicate This Preset Grouy S [ owe e 7] @ T
Duplicate 5 & [ | o i
Delete This Preset Group [ o
Delete T s _2)
Delete All Tmport Preset Group ]
; @
-
QOrganize Preset Group ...
=)
Wy e
Do \J
&« o Rl P
] Jjﬂ wmpee |
S A=
g || Trng 1d-vd
o
=

You can export/import your preset group.

To export the present preset group, click the My Favorite Setup button, select Export, and specify the
folder and the name of the preset group to export.

To import the preset group, click the My Favorite Setup button, select Import, and specify the preset
group to import.
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Class Exercise

Define test setup and perform test.

1.

. Export preset group, and import it.

Click I/V Sweep icon and open setup editor.

2. Define test setup as shown in the previous pages.
3. Saveitas Trng Id-Vd.

4,
5

Connect device, and perform test.
SMU4

SMU3
o [—o
SMU1

SMuU2

Note:
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Measurement Result Example

il

TV Sweep
'€ Trng 1d-Vd - Agilent EasyEXPERT L—JDE
File Edit View Marker Cursor Line Window Help
> ! S - sl © o = o =
e k@ BEHEHSE-F- 7]
Ting Id-Vd |ng 1V (7] 4112006 5265 | Trmg 16-Vd [(6] : 41112006 5:26:1 . | Trng ld-Vid [(5] ; 41112006 5:24:1 . |
Setup Name: |ng 1d-vd = ¥
X-Y Graph Plot Properties... | | |Parameters
X% Agilent : e
(8 Mo e o a2 Slope  [3.77778 ua
10m m
o ez
78w TR
Gradiant: Gradient:
2, 777783E-006 L77TTE3E006 -
= a
1.00m
fdiv
0
200 m fdiv 3
List Display Properties... | ]
Index | Indexl Vgl le Idl T\mel f“}
4/15 15 v 840 mv 40.5 uA 142.54 ms
4/16 16 1v 900 mv 39.5 A 152.54 ms =
4/17 17 1v 960 mv 40.5 uA 162.54 ms v

This is a test result example displayed on the Data Display window.
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Multi Channel I/V Sweep

To Define Channel Setup Screen

To Set VARL Sweep S Multi
* 10o€ wee ources i
P Channel IV
« To Set Constant Output
0 o€ onstan utpu Sl'sr-."EEI':l

Other Measurement Setup Parameters

To Set User Functions

To Set Data Display

This section explains how to perform the Multi Channel I/V sweep measurement. You will perform
the above tasks to execute the Multi Channel I/V sweep measurement.
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Multi Channel I/V Sweep

Voltage or current

Stop value Start measurement

/

o

Start value |

Hold time
Voltage or current

Stop value | Delay time

o

Start value

Voltage or current

Stop value |

P17

Start value |

i
Multi

Channel IV
Swieep

=: Measurement

L'J Primary sweep source

Delay time

Second sweep source

Tenth sweep source

Time

Multi Channel 1/V Sweep measurement is similar to I/V Sweep measurement.

Changes from 1/V Sweep are listed below.

*All SMU can be set to the VAR1 sweep source (up to 10 channels)
*Both voltage mode and current mode are available for the VAR1 sweep output

*VAR1’ sweep output is not available
*SMU pulse output is not available

The output channels start to output in the order in which they are listed on the Channel Setup screen.
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- :I—Lii
To Define Channel Setup Screen e
Multi
Channel IV
Swesp
Channel Setup Setup Name
@] Multi Channel T/V Sweep Setup Name: |[Trng Muiti ]
- Channel Setup |Measurerment Setup | Function Setup | Auto Analysis Setup i Display Setup |
annel Definition
addsmu | [addspal| [pe=| [ Ua | [mown |
Unit: ¥ Name: 1Name: Mode: Function:
e |SMU1:HP j|vh =[h §|\f jI\IARl =l
e |SMU2:HR _vJI\/e e §|\f L"\IARI =l
~ |SMU3:HR j|vh = 5|v leONST |
[l I =i Ei ~lfcamsT =l

SMU Channel Definition
-V name/l name
-1/VICOMMON
-VAR1/VAR2/CONST

SPGU Channel Definition
-V name
-VPULSE/ALWG / Variable name flor reading data index

Miscellaneous Variables /

Variable name for reading time stamp data

Click the Multi Channel 1/V Sweep icon and open the setup editor. Then click the Channel Setup tab
to display the channel definition screen.

1. Enter the Setup Name for the test setup to be defined on the setup editor.

2. List SMUs used for source output or measurement, and set the following parameters.
*Unit; SMU name or number. The GNDU (ground unit) can be set instead of a SMU.
*V Name: Variable name for the voltage measurement or source data

| Name: Variable name for the current measurement or source data

*Mode: Source output mode, V (voltage), | (current), or COMMON (ground)

Function: Source output function, VAR1 (primary sweep), VAR2 (secondary sweep), CONST
(constant). Up to 10 sources can be set to VAR1.

V Name and | Name are used to specify the parameters displayed on the Data Display window. The
display parameters are selected on the Display Setup tab screen. For the GNDU, 0 V is returned to
the V variable and no data is returned to the | variable.

To use the SPGU channels, click the Add SPGU button. The SPGU channel setup row will appear.
Then set the following parameters.

*Unit: SPGU name or number
*VV Name: Variable name for the voltage data. No data is returned to the variable.

*Mode: SPGU output mode. VPULSE (voltage pulse) or ALWG (arbitrary linear waveform voltage)
for all SPGU.

You can read measurement data by using the Data Display window. Parameters displayed on the
window are selected on the Display Setup tab screen. If you enter the variable name in the V Name,
I Name, Time Stamp Name, and/or Index Name entry fields, you can choose the variables as the
display parameters.

Note: The time stamp is the time the measurement is started for each measurement point. The index
is the index number for each measurement data.

4-31



Module 4
Classic Test Environment

To Set VAR1 Sweep Sources

Measurement Setup

@|Multi Channel I,V Sweep Setup Name: [Trng MU
Chann Measurement Setup | Function Setup | Auto Analysis Setup | Display Setup |
YAR1
Direction: [Single =l Lnear/Log:[mEsR x| o of Step: 101 B B
Unit: Name: Start: Stop: Compliance: Pwr Comp: ADC /
EwoTHe  @|[vh =0 H|[z5v E|ioma  @][oFF G| -

IEMU2:HR ] [ve Hpv &|[ssomy  E[ame  &|forF | A
vanced
e
Pllse
Setlp

Timing |

Hold: |05 8| Delay: 0+ & * sweep [CONTINUE AT ANY ~| status

SMU1

ﬂ Start

SMU2

Stop
ﬂ Start

Constants

Unit: ¥ Name: 1 Name: Mode: Source: Compliance:
[EMUzZHR E[fve =ib ElD Eljpv (E][1o00 ma |
[Erausr E]fc | ED Al B[00 ma |

Multi
Channel IV
Swieep

Stop

The Measurement Setup tab screen is used to set the source output value and timing parameters.

At the VARL area, you set VAR1 sweep sources.

Follows are common parameters for all VAR1 sweep sources.
«Direction: Single (start to stop) or Double (start to stop to start)
eLinear/Log: Linear sweep or Log sweep

*No of Step: Number of sweep steps

Following parameters can be set for each VAR1 sweep sources.
*Unit: SMU name or number

*Name: Variable name of source output

«Start: Source output start value

«Stop: Source output stop value

*Compliance: SMU compliance value

*Pwr Comp: SMU power compliance value

4-32



Module 4
Classic Test Environment

Measurement Setup
@|Multi Channel I,V Sweep Setup Name: [Trng MU
Chann I|"’|EEiSLleH‘ﬂE”1t Setup IFUFIEUDH Setup | Auto Analysis Setup | Display Setup |
VARL
Direction: [Sindle =l Lnear/Log:mEsR x| o of Step: 101 B B
Unit: Name: Start: Stop: Compliance: Pwr Comp: ADC /
EwoTHe  @|[vh =0 H|[z5v E|ioma  @][oFF G| -
[Eruzir B [ve Hpv &|[ssomy  E[ame  &|forF | A
vanced
e
Pllse
Setlp
Timing |
Hold: |05 8| Delay: 0+ & * sweep [CONTINUE AT ANY ~| status
Constants |
(Unit: ¥ Name: 1 Name: Mode: Source: Compliance:
[EMUzZHR E[vb =ib ElD Eljpv (E][1o00 ma |
[Erausr E]fc | ED Al B[00 ma |
\

Multi

Channel IV

Swieep

At the Constants area, you set the SMU constant output.

*Unit: SMU name or number

*VV Name: Variable name for the voltage measurement or source data
I Name: Variable name for the current measurement or source data

*Mode: Source output mode, V (voltage), | (current), or COMMON (ground)
*Source: SMU output value

*Compliance: SMU compliance value
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Measurement Setup
@|Multi Channel I,V Sweep

Other Measurement Setup Parameters

Setup Name: |Trng MLt

Chann Measurement Setup | Function Setup | Auto Analysis Setup | Display Setup |
YAR1 [
Direction: [Sindle =l Lnear/Log:mEsR x| o of Step: 101 B B
Unit: Name: Start: Stop: Compliance: Pwr Comp: ADC /
EwoTHe  @|[vh =0 H|[z5v E|ioma  @][oFF G| -
[Eruzir B [ve Hpv &|[ssomy  E[ame  &|forF | A
vanced
SFEEU
Pules
Setlp
Timing
Hold: |0 5 8| Delay: 0: & [* Sweep [CONTIMUE AT ANY - status]
Constants |
Unit: ¥ Name: 1 Name: Mode: Source: Compliance:
[EMUzZHR E[vb =ib ElD Eljpv (E][1o00 ma |
[Erausr E]fc | ED Al B[00 ma |

Multi
Channel IV
Swieep

For the functions of Timing, Sweep status, Range, ADC/Integ, Advanced, SPGU Pulse Setup, and
SPGU ALWG Setup, see the following pages respectively in the I/V Sweep section of this module.

*To Set Timing Parameters
*To Set Sweep Abort Function
*To Set Ranging Mode

*To Set ADC/Integration Time
*Advanced Setup

*SPGU Pulse Setup

*SPGU ALWG Setup
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To Set User Functions

Function Setup

@ |Mu|ti Channel 1/V Sweep ‘ Setup Name: [Trng Multi
Chanrel Setup | Measurement Setup | Function Setup | auto Analysis Setup | Display Setup

Aply

User Function

-Built-in function, etc.

N

( Add I Delete | (5]} | Duwn\h
MName: Unit: Definition:
c [vba EG =] fwb-va B
Data calculation
-Measurement data/source data

Analysis Function

Name: Unit: Definition:

Add

belete

D |

To add a function parameter, press the [Add] button in this area,

Multi
Channel IV
Swieep

Click the Function Setup tab to display the User Function/Analysis Function setup screen. The user
functions can be displayed on the X-Y Graph Plot, List Display, and Parameters area of the Data

Display window. Up to 20 functions can be set.
Name: Function name
Unit: Unit of the function

Definition; Definition of the function. The following identifiers can be used.
-Variables for the measurement/output data used in this test

-Functions defined in the above lines

-Local variables passed from the application test that calls this test as a component

-Built-in functions and global variables
For details, see online help or User’s Guide.
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To Set Data Display i

Multi

Channel IV
- Swieep
Display Setup '
@”Multi Channel I/\V Sweep Setup Name: [Tmag Mt i
Channel Setup | Measurernent Setup | Function Setup | Auto Anabysis Setupl Display Setup I
=%-¥ Graph
/ Add | Delete | Up | Eawhi | \
Name: Sharing: Scale: Min: Max:
o ox: [vbe = [mered = [unear  F] ov 8| 1v 8|
O e =] [ioney =] Jiog =l [ ] [1nma 8]
el 8 T =] [inone) =] Jrog = Jofe 8] [100ms |

Specify X axis and Y axes

K Select variables to list j

List Display / Parameters
( Add | De\etel (if]c] | /D\:lwm |\ Add | Deletel Upy BEwer) |

vbe o
Ic =

ia} - To add a parameter, press the [Add]

button in this area.
vh -
2/

i e i e e

Click the Display Setup tab to display the display setup screen.

The X-Y Graph area is used to set the X axis and Y axes of the X-Y Graph Plot area in the Data
Display window.

*Name: Name of variable to plot on the X axis
«Scale: Linear or Log

*Min: Minimum value of the specified axis
*Max: Maximum value of the specified axis

The List Display area selects the variables to be listed in the List Display area of the Data Display
window. Up to 20 variables can be set.

For example, following variables are set for the Class Exercise.
Vbe, Ic, Ib, Vh, Ih
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Class Exercise ““a

Channel IV

al
Swieep

Define test setup and perform test.

1. Click Multi Channel 1/V Sweep icon and open setup
editor.

2. Define test setup as shown in the previous pages.
3. Save it as Trng Multi.

4. Connect devices (NPN Bipolar Transistor and Red
Miniature LED) as shown in next several pages, and
perform test.

5. Export preset group, and import it.

Note:
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Cal
RS
Multi

SMU Triax Connection Channel 1

Sweep

Force Lines to Fixture 1,2,3,4 Ports

Force side Sense side
N V4
| c©@.@ - |
CMU ® /
SMU4 o= * ®.®@ 16442A/B Fixture

GNDU

SMU3 o«t7e o

SMU2 T © i =®), ® - ®
0.8

SMU1 o - ©.® -

B [ ]
B1500A Rear View

For the non-Kelvin connections, connect only the Force lines, leaving the Sense lines open.

Connect corresponding numbers. On the 16442A/B fixture use the numbers labeled 1 - 6, not 1 - 3.

Your B1500A may not match the SMU configuration shown in this figure. Note that SMUL1 is the
module top of the GNDU (ground unit). The SMU number become large from bottom to top as
shown.

This is the SMU cable setup that will be used in the remainder of the class exercises.
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U]
Cmg
ot
i}

Multi

Jumper Leads - MOS transistor Channel 1V

Sweep

20 20 2 23, C

goooooooooo 26 B

] EBC 17: Emitter
28 16: Base

PDDDDDDDDDDDM Shorter Lead 15 cojlector

14

For all class exercises, you need the 28-pin dual in line socket which comes standard with the 4145
fixture (16058A) or the newer fixture (16442A/B). Either fixture works fine.

With the 16442A/B fixture, note that there are two SMU numbering schemes....3 SMUs with force
and sense, or six SMUs with force only. For this class example we will use the six (6) SMU scheme.

Connect jumper leads as follows.

Terminal 13 :
Terminal 14 :
Terminal 15 :
Terminal 16 :
Terminal 17 :

SMU1 F terminal
GNDU F terminal
SMU4 F terminal
SMU3 F terminal
SMU2 F terminal

Locate the bipolar transistor in the corner of the 28-pin dual in line socket as shown, with the flat side
of the device facing toward you. Unlike the MOS device, the bipolar transistor is not static sensitive.
You may touch the leads without using a ground strap.

Locate the LED between terminals 13 and 14 of the 28-pin dual in line socket.
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Measurement Result Example

€ Multi Channel I/V Sweep - Agilent FasyEXPERT L__jﬁ E
File Edit View Marker Cursor Line Window Help
> | =1 % Bl -3 1° T T =
BB S l-MEEREeem-FA-EEls
SetupName:  |Multi Channel IV Sweep X
X-Y Graph Plot Properties... ‘
3 Agilent
) (A}
100 m 100
decade
Jdiv
L3
0 Vbe (W) 100 m /div
List Display Properties... | ‘
Index_| vbe | Ic| b vh] I ]
99 833 mv 21.813 mA 170.76 uA 245V 77.742 mA
100 841.5 mv 23.446 mA 188.8 uA 2475V B0.717 mA
101 850 mv 25.087 mA 207.68 uA 2.5V 83.8 mA t‘j

|
Multi

Channel IV
Swieep

This is a test result example displayed on the Data Display window.

At the start of measurement, LED lights off. Beyond the threshold voltage, the LED lights on.
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I/V List Sweep e
= T
| ||

e

* To Define Channel Setup Screen I/ List

 To Set VAR1 Sweep Sources Swieep

* To Set Constant Output

Other Measurement Setup Parameters

To Set User/Analysis Functions

» Auto Analysis Setup

To Set Data Display

This section explains how to perform 1/V List sweep measurement. You will perform the above
tasks to execute the I/V List sweep measurement.

I/V List Sweep measurement is similar to 1/\VV Sweep measurement.
Changes from the I/V Sweep are listed below.

*VAR1/VAR2 step output values are set by using a vector data. Vector data from a spreadsheet
software, either tab separated or comma separated can be copied to the Define vector data dialog
box via the Windows clipboard.

*All SMU installed in the B1500A can be set to VARL.
*VARL’ is not supported.
For more information, see online help or User’s Guide.
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Channel Setup

- (D] 1/V List Sweep

Setup Name: Ing List

To Define Channel Setup Screen

Setup Name

Channel Setup | Measurement Setup | Function Setup | Auta Analysis Setup | Display Setup |

Channel Definition

add suU |

agdspal| [Deete| 0n | oo |

Unit: V Name: I Name: Mode: Function: \
el |SMU1:HP j|\.rsuhs = [lsubs §|\f jl[ONST =l
e |5MU2:HR _in\IsDurEE ‘& [tsource §|\f j|c0N5T =
o [uzHe =lfvaate = [loate = = ]fver1 |
 [sMuaHR =] [werain e [icrain = =lronsT |
J

SMU Channel Definition
-V name/l name

-VAR1/VAR2/CONST

SPGU Channel Definition
-V name
-VPULSE/ALWG

-V/1/VPULSE/IPULSE/COMMON

Variable name for reading time s

Variable name for reading dat

Miscellaneous Variables /

IV List
Svieep

amp data

index

Click the I/V List Sweep icon and open the setup editor. Then click the Channel Setup tab to display

the channel definition screen.
1. Enter the Setup Name for the test setup to be

defined on the setup editor.

2. List SMUs used for source output or measurement, and set the following parameters.
*Unit; SMU name or number. The GNDU (ground unit) can be set instead of a SMU.
*V Name: Variable name for the voltage measurement or source data
| Name: Variable name for the current measurement or source data
*Mode: Source output mode, V (voltage), I (current), VPULSE (voltage pulse), IPULSE (current

pulse), or COMMON (ground)

Function: Source output function, VAR1 (primary sweep), VAR2 (secondary sweep), or CONST

(constant). Note: Up to 10 sources can be set to

VARL.

V Name and | Name are used to specify the parameters displayed on the Data Display window. The
display parameters are selected on the Display Setup tab screen. For the GNDU, 0 V is returned to
the V variable and no data is returned to the | variable.

To use the SPGU channels, click the Add SPGU button. The SPGU channel setup row will appear.

Then set the following parameters.
*Unit: SPGU name or number

*V Name: Variable name for the voltage data. No data is returned to the variable.
*Mode: SPGU output mode. VPULSE (voltage pulse) or ALWG (arbitrary linear waveform voltage)

for all SPGU.

You can read measurement data by using the Data Display window. Parameters displayed on the
window are selected on the Display Setup tab screen. If you enter the variable name in the V Name,
I Name, Time Stamp Name, and/or Index Name entry fields, you can choose the variables as the

display parameters.

Note: The time stamp is the time the measurement is started for each measurement point. The index

is the index number for each measurement data.
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To Set VAR1 Sweep Sources

Measurement Setup

{9]| jst Sweep Setup Name: [Trmg List
Cha IMeasurement Setup IFunctinn Setun | Auto Analysis Setup | Display Setup
VARL \
Unit: Sources: Compliance:  Pwr Comp: RERES
[EXEE I I B[ome E|[orF H e
Integ
Define vectordata -
File  Edit v
1
= el
1l-500 my
A Pl
Grid button 20v e
3/500 My |
41y
5105 v
611V
7115y
Timing I > v i
Hold: |05 B 1 by ~|stats
Ok Cancel LS
Constants
Unit: ¥ Name: 1 Name: Mode: Source: Compliance:
[Emue B|fvas ‘ol suibs [ Elov B|[100 ma Ell
[emz:HR 8fvsaurce = flsource =y Efpv 8|[1moma El|
[Emua:R “E|fvdran ‘el idrain v B[00 mv B][100 ma |

/W List
Svieep

The Measurement Setup tab screen is used to set the source output value and timing parameters.

At the VARLI area, you set VAR sweep sources.
*Unit: SMU name or number

Source: Click the grid button to open the Define vector data dialog box. Enter the vector data of
VARL. For example, -500 m, 0, 500 m, 1, 1,05,1.1, 1.15, 1.2, 1.25, 1.3, 1.35, 1.4, 1.45, 1.5, 1.55, 1.6,
1.65,1.7,1.75,1.8, 1.85, 1.9, 1.95, 2, 2.5, and 3 V are set for the Vth-gmMax. Step voltages near the

gmMax are set to 50 mV and others are set to 500 mV.
eCompliance: SMU compliance value
*Pwr Comp: SMU power compliance value
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To Set Constant Output

Measurement Setup

@ ‘ ist Swee] Setup Name: [Trng List
Char Measurement Setup § Function Setup | Auta Analysis Setup | Display Setup

VARL |

e
/W List
Svieep

Range

Unit: Sources: Compliance:  Pwr Comp:

ISMU3:HR || m. B|[100 ma B||oFF B

| 1 | il o
Integ
Ad-
vanced
SREEU
Pujse
Sefup

Timing ‘

Hold: |05 B Delay: [m].. JI Sweep [CONTINUE AT ANY | status

Constants ‘

Init: ¥ Name: 1Name: Mode: Source: Compliance:
|EEE B [vaubs = [lsubs e[ Elov B|[100 ma Ell
[erz:HR 8fvsaurce = flsource =y Efpv 8|[1moma El|
[Emua:R “E|fvdran ‘el idrain v B[00 mv B][100 ma |
AL

At the Constants area, you set the SMU constant output.

*Unit: SMU name or number

*VV Name: Variable name for the voltage measurement or source data
I Name: Variable name for the current measurement or source data

*Mode: Source output mode, V (voltage), I (current), VPULSE (voltage pulse), IPULSE (current
pulse), or COMMON (ground)

*Source: SMU output value. For example, Vdrain is set to 100 mV for the Vth-gmMax.
«Compliance: SMU compliance value
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Other Measurement Setup Parameters =

/W List
Svieep

Measurement Setup

@ ‘ ist Swee] Setup Name: [Trng List
Char Measurement Setup § Function Setup | Auta Analysis Setup | Display Setup

VARL | ( )
Unit: Sources: Compliance:  Pwr Comp: RERES
{EVEE I | B[ome E|[orF H e
Integ
Ad-
vanced
el
Pujse
Sefup
Timing
Hold: |05 ] Delay: [M].. W] [' Sweep [CONTINUE AT &MY = status]
Constants ‘
Unit: ¥ Name: 1 Name: Mode: Source: Compliance:
[Emue B|fvas = [lsubs e[ Elov B|[100 ma Ell
[emz:HR 8fvsaurce = flsource =y Efpv 8|[1moma El|
[Emua:R “E|fvdran ‘el idrain v B[00 mv B][100 ma |

For the functions of Timing, Sweep status, Range, ADC/Integ, Advanced, SPGU Pulse Setup, and
SPGU ALWG Setup, see the following pages respectively in the I/V Sweep section of this module.

*To Set Timing Parameters
*To Set Sweep Abort Function
*To Set Ranging Mode

*To Set ADC/Integration Time
*Advanced Setup

*SPGU Pulse Setup

*SPGU ALWG Setup
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To Set User/Analysis Functions d
/W List
Svieep
Function Setup
@|1/v List Sweep Setup Name: [Trna List
Channel Eetupl Measurerment Setup Auto Analysis Setup | Display Setup
Apply.
User Function
Add | Delete | U | Diwr |
Name: Unit: Definition:
[r Jam = =]ifiicran, vgate) | ]

Data calculation
-Measurement data/source data
-Built-in function, etc.

Analysis Function

Add Celete Up. | DEwr |
Name: Unit: Definition:
o foma E=ls lfnaigms [El
c o = el Ell
o futh £ = ]fon-tidraing2) ]|

Click the Function Setup tab to display the User Function/Analysis Function setup screen. The
user/analysis functions can be displayed on the X-Y Graph Plot, List Display, and Parameters area of
the Data Display window. Up to 20 functions can be set.

Name: Function name
Unit: Unit of the function

Definition; Definition of the function. The following identifiers can be used.
-Variables for the measurement/output data used in this test

-Functions defined in the above lines

-Local variables passed from the application test that calls this test as a component
-Built-in functions and global variables

For details, see online help or User’s Guide.

For example, following user/analysis functions are set for the Vth-gmMax.
<Name> <Unit> <Definition>

Gm S diff(ldrain,Vgate)

gmMax S max(gm)

Von Vv @L1X

Vth \ Von-(Vdrain/2)

For built-in functions, see online help or User’s Guide.
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Auto Analysis Setup

Auto Analysis Setup
Setup Nal [Tmg List

@|[I/V List Sweep
Channel Setup | Measurement Setup | Function Setup | Auto Analysis Setup § Display Setup |
Epply.

™ Interpolation Mode

/W List
Svieep

Line 1

ﬂV Enable Type Axis \
I~ Fix © pormal  © Gradient & Tangent ¢ Regression Y1 b
First Point -
€ ¥-¥ Coordinate & Data Condition
Condition: [am | = [omMax | [ after | R =
Second Paint 3
@& ¥-¥ Coordinate € Data Condition
\ X | H =i | g)
Line 2
I~ Enable e i
I Eix @ Mormal € Gradient € Tangent € Regression vl =

First Point
@ %-¥ Coordinate € Data Condition

x| = vio | =
Second Paint
& 3-¥ Coordinate # Data Condition
| E i E
Marker
I~ Enable
Candition: E e | == =

Click the Auto Analysis Setup tab to display the Auto Analysis setup screen. This screen is used to
set the automatic analysis function. When a measurement finishes, the function automatically draws
lines, a marker, or both on the X-Y Graph of the Data Display window.

You can set up two lines and one marker for the automatic analysis function.
In the Line 1 and Line 2 areas, you can set up the lines to be drawn.

In the Marker area, you can set up the marker.

For details, see online help or User’s Guide.

For example, the Line 1 is set for the Vth-gmMax.
Type: Tangent

Axis: Y1

First Point: Data Condition

Condition: gm = gmMax
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To Set Data Display =

IV List
Sweep
Display Setup
@|[1/v List Sweep Setup Name: [T List i
Channel Setup | Measurement Setup | Function Setup | Auto Analysis Setupl Display Setup I
X-¥ Graph
Add | Deletel U | D |
Name: Sharing:  Scale: Min: Max:
% [veate =] [foer 7] [frer =] [soomv W] BV H
Oy lIdrain j |(None) j |Lmear j |—1 mé, £| |10 mA ﬂ
O Yo Igm j I(Nune) j ILmear j IUS EI IlU ms E
AN

Specify X axis and Y axes

Select variables to list

List Display /I Parameters
Add | Delete | y{ | Down | Add | Delete | U | Do |
Z

© |voate - = o jgmMax -

o |vsource - © th -

© |vdrain = i

Select parameters to list
i |vsubs -

Click the Display Setup tab to display the display setup screen.

The X-Y Graph area is used to set the X axis and Y axes of the X-Y Graph Plot area in the Data Display
window.

«Name: Name of variable to plot on the X axis

«Scale: Linear or Log

*Min: Minimum value of the specified axis

Max: Maximum value of the specified axis

For example, following axes are set for the Vth-gmMax.
<Name> <Sharing> <Scale> <Min> <Max>

X Vgate Linear -500 mV 3V

Y1 Idrain  (None) Linear -1mA 10mA

Y2 gm (None) Linear O0S 10 mS

The List Display area selects the variables to be listed in the List Display area of the Data Display window. Up
to 20 variables can be set.

For example, following variables are set for the Vth-gmMax.
Vgate, Vsource, Vdrain, VVsubs, Idrain, gm

The Parameters area selects the variables to be listed in the Parameters area of the Data Display window. Up to
20 parameters can be set.

For example, following parameters are set for the VVth-gmMax.
gmMax, Vth
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Class Exercise

Define test setup and perform test.

1.

Click I/V List Sweep icon and open setup editor.

2. Define test setup as shown in the previous pages.
3.
4

. Connect an N-ch MOSFET as shown in next several

Save it as Trng List.

pages, and perform test.

Export preset group, and import it.

Note:
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SMU Triax Connection

Force Lines to Fixture 1,2,3,4 Ports

Force side Sense side
N V4
| c©@.@ - |
CMU ® /
SMU4 o= * ®.®@ 16442A/B Fixture

GNDU

SMU3 o«t7e o

SMU2 T © i =®), ® - ®
0.8

SMU1 o - ©.® -

B [ ]
B1500A Rear View

For the non-Kelvin connections, connect only the Force lines, leaving the Sense lines open.

Connect corresponding numbers. On the 16442A/B fixture use the numbers labeled 1 - 6, not 1 - 3.

Your B1500A may not match the SMU configuration shown in this figure. Note that SMUL1 is the
module top of the GNDU (ground unit). The SMU number become large from bottom to top as
shown.

This is the SMU cable setup that will be used in the remainder of the class exercises.
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Jumper Leads - MOS transistor

@) @)

3 5

@) @)

9 7

Ta Q Q@

i

o O @)

Cl% g0 21 2 B 15(2)4
5 |0000000O0OO0OOO|

16088-60002

I Dual in line package
27 2
Pnnnnnnnnnnnna (28 pin)

[ec}

For all class exercises, you need the 28-pin dual in line socket which comes standard with the 4145
fixture (16058A) or the newer fixture (16442A/B). Either fixture works fine.

With the 16442A/B fixture, note that there are two SMU numbering schemes....3 SMUs with force
and sense, or six SMUs with force only. For this class example we will use the six (6) SMU scheme.
On older fixtures, this scheme is shown in light blue lettering. In newer fixtures, this scheme is
shown in white reverse background lettering.

4-51



Module 4
Classic Test Environment

Device Orientation and Insertion

23 15

LA10000000

Sub|

Jgpuooopooeood

Insert the transistor last, 1: Substrate 1
AFTER connecting the 2: Source

cables and leads. Remove 3: Gate

the shorting wire after 4: Drain

insertion in the socket.

The MOS FET leads must be re-arranged into a straight line as shown.

IMPORTANT:

The MOS FET is highly sensitive to electrostatic damage. Touching the bare leads can definitely
destroy the device. The device comes with a special shorting wire attached. Bend the leads the way
you want, insert the device in the socket, and then remove the shorting wire. The wire has a tab. Just
grab the tab and pull straight out. The wire will spiral out as you pull.

Once the shorting wire is removed, you must use a wrist strap when handling the device.

4-52



Module 4
Classic Test Environment

Measurement Result Example

IV List
Swieep
€ Trog List [(1) ; 4/23/2007 9:12:45 AM] - Agilent EasyEXPERT M= x|
File Edit View Marker Cursor Line Text Pointer Window Help
o [ m 13ug 3 Y ] 5 o B e
EHED QAR R DRHEEE -Gy
Setup Name:  [Trng List [(1) ; 4/23/2007 9:12:45 AM] b
[X-¥ Graph Piot Properties... Parameters |
% Agilent
MARKER{ 1 v i 5) gmMax W
12m .Im
2 um Vth 1.00451 V
2 1im -
= ooy =
800u i
T00u
00u
s00u
= 400u
g 30u
= W
100u
-150p
-S0m [ s0m 1 15 2 25 E
Vgate (V) 500m fdiv <] [T 1(2)
List Display Properties...
Index | Vgitel Vsuur(el Vdmml Vsuhsl ]dmml gm[“
8 1.zo00 v oV 100.00 mV oV 155.620 uA 1.048740000 ms =
2 1.2500 v ov 100.00 mV oV 209.960 uA 1.074000000 mS M
<. I Ii2]

This is a test result example displayed on the Data Display window.
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I/V-t Sampling Measurement

'.-"'.H.."‘-.'
¥
. . h Ay
» To Define Channels and Variables
-
» To Set Sampling Parameters L t
Sampling

» To Set Stop Condition
» To Set SMU Outputs (CONST)
» Range/ADC/Advanced/SPGU  premmme

o Agilent
()

e To Set User Functions/ -
Analysis Functions |

» To Set Data Display _ kﬂ

This section explains how to perform 1/V-t sampling measurement. You will perform the above tasks
to execute the I/V-t sampling measurement.
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To Define Channels and Variables J
Channel Setup Setup Name o
@ |L/v-t Sampling Setup Name: [[Tmg Samping )

- Channel Setup | Measurement Setup | Function Setup | Auto Analysis Setup i Display Setup |
Channel Definition

Addsmu | [AddspaU| [pelete| | Up | [ ooen |
[ Unit: ¥ Name: 1 Name: Mode:

el |SMU1:HD j|v1 = §|\/ =l ]

SMU Channel Definition
-V name/l name

SMU1
-1/V/ICOMMON T
-CONST

SPGU Channel Definition
-V name

-VPULSE/ALWG GNDU

Variable name for time stamp data
Variable name for data index

Miscellaneous Variables \ \
X Al

Time Stamp Name: \: Index Name: E

Click the I/V-t Sampling icon and open the setup editor. Then click the Channel Setup tab to display
the channel definition screen.

1. Enter the Setup Name for the test setup to be defined on the setup editor.

2. List SMUs used for source output or measurement, and set the following parameters.
*Unit: SMU name or number

*V Name: Variable name for the voltage measurement or source data

| Name: Variable name for the current measurement or source data

*Mode: Source output mode, V (voltage), | (current), or COMMON (ground)

*Time Stamp Name: Variable name for the time stamp data

*Index Name: Variable name for the data index

V Name and | Name are used to specify the parameters displayed on the Data Display window. The
display parameters are selected on the Display Setup tab screen. For the GNDU, 0 V is returned to
the V variable and no data is returned to the | variable.

To use the SPGU channels, click the Add SPGU button. The SPGU channel setup row will appear.
Then set the following parameters.

*Unit: SPGU name or number
*VV Name: Variable name for the voltage data. No data is returned to the variable.

*Mode: SPGU output mode. VPULSE (voltage pulse) or ALWG (arbitrary linear waveform voltage)
for all SPGU.

You can read measurement data by using the Data Display window. Parameters displayed on the
window are selected on the Display Setup tab screen. If you enter the variable name in the V Name,
I Name, Time Stamp Name, and/or Index Name entry fields, you can choose the variables as the
display parameters.

Note: The time stamp is the time the measurement is started for each measurement point. The index
is the index number for each measurement data.
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Measurement Setup

@1/v-t Sampli!

To Set Sampling Parameters

L“-f't
Sampling

Setup Name: |ng Sampling

Channel Setunl Measurement Setup IFur‘vctinn Setun | Auto Analysis Satup | Display Setup |

Sampling Parameter

Stop Condition

Range

Trigger

Measurement time
\ N

«—> > >
—

/
Hold time Sampling interval

S
Linear/Log: |LINEAR A Enable/Disable: [EMABLE i
ADC
Interval: [30 ms z] ) Enable Delay: |0s B Integ
No of Samples: |101 ] Name: |11 = Ad-
vanced
Total Sampling Time: |3 5 B Threshold: |0 A B
SPRGU
Output Sequence: [SEQUENTIAL o Event: [val < Th - Plilse
Senin
Hold Time: |100 ms 8 No. of Events: |1 B
Base Hold Time: |0 = ]
Constants |
Unit: ¥ Name: 1 Name: Mode: Base: Source: Compliance:
SMULHP B[ =i = Efov H5v B[[ome 8

Click the Measurement Setup tab to display the setup screen for the sampling timing parameters and
the SMU source output parameters. At the Sampling Parameter area, you set the following sampling

timing parameters.
Linear/Log:

Sampling mode. LINEAR for linear sampling. LOG10, LOG25, LOG50, LOG100, LOG250, or
LOG500 for logarithmic sampling. For the logarithmic sampling, the number after LOG indicates
the number of measurement data in a decade. For example, LOG10 mode is used to get 10

data/decade.

For the log sampling, the B1500A holds only the data that can be plotted on the log scale in the same
distance as close as possible. Only the held data is counted in the number of measurement result data.

For the linear sampling with Interval < 2 ms, if the total measurement time runs over the specified
time Interval X No of Samples, the sampling measurement will be stopped even if the number of
measurement result data is less than the specified No of Samples.

Interval:

Interval of the sampling, in seconds. 0.002 to 65.535 s, 0.001 s resolution.

Interval < 0.002 s in 0.00001 s resolution is also available for the linear sampling. It must satisfy the
following formula. For details, see online help or User’s Guide.

Interval > 0.0001 + 0.00002 X (number of measurement channels-1)
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To Set Sampling Parameters @

Measurement Setup !

Q"I,/V-t Sampl Setup Name: [Trng Samping

Channel Setunl Measurement Setup IFur‘vctinn Setun | Auto Analysis Satup | Display Setup |

Sampling Parameter Stop Condition
Range
Linear/Log: |LINEAR A Enable/Disable: [EMAELE =
ADC
Interval: [30 ms z] Enable Delay: |0s B Integ
( No of Samples: |101 ] \ Name: |11 = Ad-
vanced
Total Sampling Time: |3 5 B Threshold: |0 A B
SpGl
Output Sequence: [SEQUENTIAL o Event: [val < Th - Filse
Senin
Hold Time: |100 ms 8 No. of Events: |1 B
\ Base Hold Time: |0 s ] )
Constants |
Unit: ¥ Name: 1 Name: Mode: Base: Source: Compliance:
SMULHP B[ =i = Efov H5v B[[ome 8

Trigger

Measurement time
\ N

«—> > >
—

/
Hold time NSampling interval

No of Samples:
Number of samples. Integer. 1 to the following value.

For linear: 100001 / (number of measurement channels)
For logarithmic: 1 + (number of data for 11 decades)

Total Sampling Time:
This field just displays the total sampling time that is the time from the measurement start time for
the first point to the end of sampling measurement. It does not include the hold time.

Total Sampling Time = Interval X No of Samples

Output Sequence:
Source output sequence. SIMULTANEOUS or SEQUENTIAL.

Hold Time:

Time since the Source value output until the first sampling point, in seconds. 0 to 655.35 s, resolution
0.01s.

The following values are also available for Interval < 0.002 s. |[Hold Time| will be the time since the
sampling start until the Source value output.

-0.09 to -0.0001 s, resolution 0.0001 s.

Base Hold Time:

Hold time of the Base value output until the Source value output, in seconds. 0 to 655.35 s, resolution
0.01s.
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To Set Stop Condition

Measurement Setup
@1/v-t Sampli!

b

354

L‘.V't
Sampling

Setup Name: |ng Sampling

Channel Setunl Measurement Setup IFur‘vctinn Setun | Auto Analysis Satup | Display Setup |

Trigger

Measurement time
\ N

«—> > >
—

/
Hold time Sampling interval

Sampling Parameter Stop Condition ‘
Range
Linear/Log: |LINEAR A cnahle /Disable: [EMAELE =
ADC
Interval: [30 ms z] Enable Delay: |0s B Integ
No of Samples: |101 ] Name: |11 = Ad-
vanced
Total Sampling Time: |3 5 B Threshold: |0 A B
SPRGU
Output Sequence: [SEQUENTIAL o Event: [val < Th - Filse
Senin
Hold Time: |100 ms 8 \ No. of Events: |1 B
Base Hold Time: |0 = ]
Constants |
Unit: ¥ Name: 1 Name: Mode: Base: Source: Compliance:
SMULHP B[ =i = Efov H5v B[[ome 8

The stop condition is defined by using the Stop Condition fields on the Measurement Setup screen.

This function stops the measurement as shown below.

1. Compares the value of parameter set to the Name field and the value defined in the Threshold

field.
2. Counts how many times the selected Event occurs.

3. When the count reaches the value defined in the No. of Events field, sampling is stopped

immediately.
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To Set SMU Outputs (CONST) D

Measurement Setup

@ |If\."-t Sampli!l Setup Name: [Trng Samping
Channel Setunl Measurement Setup IFur‘vctinn Setun | Auto Analysis Satup | Display Setup |
Sampling Parameter Stop Condition
Range
Linear/Log: |LINEAR b Enable/Disable: [EMAELE i
ADC
Interval: [30 ms z] Enable Delay: |0s B Integ
No of Samples: |101 ] Name: |11 = Ad-
vanced
Total Sampling Time: |3 5 B Threshold: |0 A B
SPRGU
Output Sequence: [SEQUENTIAL o Event: [val < Th - Filse
Setin
Hold Time: |100 ms 8 No. of Events: |1 B
Base Hold Time: |0 = 2]
Constants |
Unit: ¥ Name: 1 Name: Mode: Base: Source: Compliance:
SMULHP B[ =i = Efov H5v B[[ome 8

SMU constant output setup

At the Constants area, you set the SMU constant output.

*Unit: SMU name or number

*VV Name: Variable name for the voltage measurement or source data

| Name: Variable name for the current measurement or source data

*Mode: Source output mode, V (voltage), | (current), or COMMON (ground)
*Base and Source: SMU output value

*Compliance: SMU compliance value

Base value is available for all output channels for the SIMULTANEOUS mode and the last source
channel for the SEQUENTIAL mode.
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Range/ADC/Advanced/SPGU Setup &

L“-f't
Sampling

Measurement Setup

@ |If\."-t Sampli!l Setup Name: [Trng Samping
Channel Setunl Measurement Setup IFur‘vctinn Setun | Auto Analysis Satup | Display Setup |
Sampling Parameter Stop Condition
Range
Linear/Log: |LINEAR b Enable/Disable: [EMAELE i
ADC
Interval: [30 ms z] Enable Delay: |0s B Integ
No of Samples: |101 ] Name: |11 = Ad-
vanced
Total Sampling Time: |3 5 B Threshold: |0 A B
SPRGU
Output Sequence: [SEQUENTIAL o Event: [val < Th - Filse
Senin
Hold Time: |100 ms 8 No. of Events: |1 B
Base Hold Time: |0 = 2]
Constants |
Unit: ¥ Name: 1 Name: Mode: Base: Source: Compliance:
SMULHP B[ =i = Efov H5v B[[ome 8

For the Range, ADC/Integ, Advanced, SPGU Pulse Setup, and SPGU ALWG Setup buttons, see the
following pages respectively in the I/V Sweep section of this module.

*To Set Ranging Mode

*To Set ADC/Integration Time
eAdvanced Setup

*SPGU Pulse Setup

*SPGU ALWG Setup

Note:

If the range changing occurs during measurement, the SMU may not complete measurement within
the sampling interval. So use FIXED range if the sampling interval is top priority and the
resolution/sensitivity is second priority.
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Function Setup

To Set User Functions/Analysis Functions

g|1f\f—t Sampling

' Setup Name: |ng Sampling

Channel Setup | Measurernent Setup | Function Setup | auto Analysis Setup | Display Setup

2pply.

User Function

Add | De\etel U | D |

Definition:

Name: Unit:
 [pela mfer

jlde\ta(ﬂme) E

Data calculation
-Measurement data/source data
-Built-in function, etc.

Analysis Function

Add [elete Up. | DEwr |

Definition:

Name: Unit:
o IAverage HIA

jlavg(ll)

3

Data calculation

-Measurement data/source data
-Read out function

-Built-in function, etc.

e

354

L‘.‘-f't
Sampling

Click the Function Setup tab to display the User Function/Analysis Function setup screen.

The user functions can be displayed on the X-Y Graph Plot, List Display, and Parameters area of the Data
Display window. Up to 20 functions can be set.

*Name: Function name
«Unit: Unit of the function

«Definition: Definition of the function. The following identifiers can be used.

*Variables for the measurement/output data used in this test

eFunctions defined in the above lines

eLocal variables passed from the application test that calls this test as a component

«Built-in functions and global variables

For details, see online help or User’s Guide.

The analysis functions can be displayed on the Parameters area of the Data Display window. Up to 20 functions

can be set.
*Name: Function name
«Unit: Unit of the function

«Definition: Definition of the function. The following identifiers can be used.
*Variables for the measurement/output data used in this test

eFunctions defined in the above lines

«Local variables passed from the application test that calls this test as a component

«Built-in functions and global variables
*Read out functions

For details, see online help or User’s Guide.
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To Set Data Display

Display Setup
g|1f\f—t Sampling

Setup Name: |ng Samuh'

Channel Setup | Measuremnent Setup | Function Setup | Auto Analysis Setupl Display Setup I

X-¥ Graph
Add | De\etel Up | Dowr |
Name: Sharing:  Scale: Min: Max:
F X |Time =] |(N0me) = |L\near =l |Ds | |3s |
(el 's 0 IIl j I(Nuﬂe) j IL\near j IEIA E |12 na E
Specify X axis and Y axis
List Display [Parameters
Add | Beete | Up | D | Add | Delate | (i} | Down |
Lo Time - [ e \bwerage - ]
fall T - i
Select parameters to display
© |Delta -
Select variables to list

b

354

L‘.V't
Sampling

Click the Display Setup tab to display the display setup screen. The X-Y Graph area is used to set
the X axis and Y axis of the X-Y Graph Plot area in the Data Display window.

*Name: Name of variable to plot on the X axis
Scale: Linear or Log

*Min: Minimum value of the specified axis
*Max: Maximum value of the specified axis

The List Display area selects the variables to be listed in the List Display area of the Data Display

window. Up to 20 variables can be set.

The Parameters area selects the variables to be listed in the Parameters area of the Data Display

window. Up to 20 parameters can be set.
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Class Exercise
Define test setup and perform test.

1. Click I/V-t Sampling icon and open setup editor.

2. Define test setup as shown in the previous pages.

3. Save it as Trng Sampling.

4. Connect device (capacitance), and perform test.
5

. Export preset group, and import it. SMUL

1
=

GNDU

Note:
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Measurement Result Example

Fie Edi Vew Moker Cusor Lre Window Hep

BEELQQ @ BaaRE» B B2

Setup Mama:  [Trng Sampling [(23) ; &/17/2005 4:08:53 P

XV Graph Piot | [P

T Agiinat

(8} Average E.IHQSIW 1666

tan

n

100
.fd':v \‘\

\x\“‘m
o
=L =
I !
L] Time (s) 200 m fdiv 3
Index_ | T 1| Duta | I
1 Haks W Hal A Ml sec =4
2 HaM s WV HaN A Mahl sec
3 HaM s W Nah A HaHl sec
4 Hal s W HaN A Hall se<
3 Hah s W OHan A Haki sec
& 100.40 me 1145370 nA M gac
7 1277 ms 6.23160 nA 8.8 mrec
8 1576 mm 5.21850 nA 30 e
9 1877 s £.09950 nA 20 reec
10 2175 ms 3.57960 nA 30 msec Ll

Sampling

This is a test result example displayed on the Data Display window.
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C-V Sweep Measurement

» To Define Channels and Variables
* To Set Sweep Source
» To Set Signal Source

» To Set Measurement Timing and Abort Function

F

C-V Sweep

X-Y Graph Plot

» To Set SMU Outputs (CONST)
« Range/Advanced 2

e To Set User Functions/ :
Analysis Functions

» To Set Data Display

» To Perform Compensation
and Correction s

3% Agilent

MARKER[ 0V 1,1723200000e-012 F

vg vy

1/8315100000=-006 5 )

100 /div s

This section explains how to perform C-V sweep measurement. You will perform the above tasks to

execute the C-V sweep measurement.
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- - ]
To Define Channels and Variables K.
-V Sweep
Channel Setup Setup Name
(D] -V Sweep Setup Name: [Trng OV ]
- Channel Setup | Measurement Setup | Function Setup | Auto Analysis Setup | Display Setup |
Channel Definition
Add | Delste | U | Do |
Unit: ¥ Name: 1 Name: Mode:
el |SMU1:HP j|\.fs §| §|[0MMON =l
e |5MU2:HP _vJ|\m El §|COMMON |
-~ |CMU1‘MF]SC jl\lg 5| 5| 7]
SMU1
Channel Definition
-CMU/SMU CMH
-V name/l name o= |—=°
-I/VICOMMON CML
SMU2
Variable name for time stamp data
Variable name for data index
Miscellaneous Variables \
Time Stamp Name: ‘: Index Name:

Click the C-V Sweep icon and open the setup editor. Then click the Channel Setup tab to display the
channel definition screen.

*Enter the Setup Name for the test setup to be defined on the setup editor.
eList units used for source output or measurement, and set the following parameters.

*Unit: MFCMU/SMU name or number

*V Name: Variable name for the voltage measurement or source data

| Name: Variable name for the current measurement or source data

*Mode: Source output mode, V (voltage), | (current), or COMMON (ground)
*Time Stamp Name: Variable name for the time stamp data

*Index Name: Variable name for the data index

You can read measurement data by using the Data Display window. Parameters displayed on the
window are selected on the Display Setup tab screen. If you enter the variable name in the VV Name,
I Name, Time Stamp Name, and/or Index Name entry fields, you can choose the variables as the
display parameters.

Note: The time stamp is the time the measurement is started for each measurement point. The index
is the index number for each measurement data.
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To Set Sweep Source

Measurement Setup

Measurement Setup | Function Setup | Auta Analysis Setup | Display Setup |

Setup Name: |Trng v

[ Signal Source |
Range
(v Name: [vg 5 Frequency s | I | o | o |
Model: [Cp-G Hiks
odel: |Cp- - I_ 7
: o B 2 vailied
C Name: |C E
G Name: |G E F Name: m
Direction: Im AC Level: [30my B
Start: |5V B
Stop: |5 B
Integration Time |
Step: |100 mv B
of Step: m Made: [PLC =] Factor: |2 H
Timing ‘
b IE RIS iy - Bl | wgweep [CONTIE AT ANV =] status

Constants

Unit: ¥ Name:

I Name: Mode: Source: Compliance:

There is no item to display in this area.

CV sweep

ol

C-V Swieep

Stop
Step

Start

The Measurement Setup tab screen is used to set the source output and timing parameters.

At the C-V area, you set the DC
*V/ Name: Variable name of the

bias output of the MFCMU.
MFCMU output

*Model: MFCMU measurement mode. Primary and secondary measurement parameters. Select one

from the following four models.

*Cp-G: Parallel capacitance (F) and Conductance (S)
*Cp-D: Parallel capacitance (F) and Dissipation factor
*Cs-Rs: Series capacitance (F) and Series resistance (ohm)
«Z-Th: Impedance (ohm) and Phase (degree)

*C/Z Name: Variable name of the primary measurement parameter, C or Z

*G/D/R/Th Name: Variable name of the secondary measurement parameter, G, D, R, or Th
Direction: Sweep direction, single (start to stop) or double (start to stop to start)

«Start: Source output start value
*Stop: Source output stop value
«Step: Source output incrementa

| step value

*No of Step: Number of sweep steps
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To Set Signal Source

Measurement Setup

OlcaLsweey Setup Name: [Tmg OV i
! Yoo

Measurement Setup | Function Setup | Auta Analysis Setup | Display Setup |

C-¥

Signal Source |

G Name: m F Name: |Freq g
Direction: Im AC Level: lm
Start: lh
Stop: lh K jl

Range
¥ Name: (8 = (F"EE_U?"W Add | Deletel Up | Downl\
ist:
Model: [(p-G - -
£ o [rmre g e
C Name: |C E

vanced

4

= |m

Integration Time
100 m'

Step: B
No of Step: [101 =1 | mode: JpLc =] Factor: [z H
Timing ‘
i RIS iy - Bl | wgweep [CONTIE AT ANV =] status
Constants
Unit: ¥ Name: I Name: Mode: Source: Compliance:

There is no item to display in this area.

.

C-V Swieep

At the Signal Source area, you set the MFCMU output frequency and oscillator level.

*Frequency List: MFCMU output frequency
*F Name: Variable name of MFCMU output frequency

*AC Level: MFCMU oscillator level, 10 mV to 250 mV, 1 mV resolution
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To Set Meas. Timing and Abort Function ﬂ-ﬂrﬂ

Measurement Setup Sweep abort function
Weeg Setup Name: [Tmg CV ! | CONTINUE AT ANY
Chan Measurement Setup | Function Setup | Auto Analysis Setup | Display Setup |
C-V Signal Source | STOP AT ANY
y—————— rarge | ABNORMAL
a;“el: 4 Frequency [Tl | [Beete| TR [Be| | -Range overflow
Houes | G H . o & L[ -MFCMU error
GRS = -SMU compliance
& Name: [G = RIRLILE | el = -SMU oscillation
Direction: |Single - AC Level: [30my ]
Start: |5V B ; R
stop fv 5] Integration time (AUTO or PLC) Trigger
Integration Time
Step: [100 my B
No of Step: [T0T g | Mode: Le =] Factor: p ]| Measurement time

Timing
Hold: [05 E| | Delay: 05 E| | xsweep [oNTmE AT ANY 7] status ] >
—>
Constants / ‘
Unit: ¥ Name: I Name: Mode: Source: Compliance:

There is no item to display in this area. .
Delay time

Hold time

Timing parameters

At the Integration Time area, you set the integration time of the impedance measurement by the MFCMU.
*Mode: AUTO or PLC. Rule to decide the integration time. For details, see online help or User’s Guide.
«Factor: Coefficient for the reference value of the integration time.

At the Timing area, you set the source output and measurement timing.
«Hold: Source output hold time. Time after the measurement trigger until starting delay time.
«Delay: Measurement start delay time. Time after the hold time until starting measurement.

The Sweep [ ] status field sets the sweep abort function.

When this field is CONTINUE AT ANY, the sweep measurement is not aborted.

When this field is STOP AT ANY ABNORMAL, the sweep measurement will be aborted when one of the
following conditions is detected.

*Measurement range overflow
*MFCMU error

*SMU compliance

*SMU oscillation
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To Set SMU Outputs (CONST)

Measurement Setup

@ Cisweey Setup Name: [Tmg oV i
Chan Measurement Setup | Function Setup | Auta Analysis Setup | Display Setup |

C-V Signal Source |
p Range
¥.Name: g E] Frefl_utE"W Add | Delste | Up | Do |
ist:
Model: |Cp-G - -
o [rmre g o
C Name: |C E
G Name: m F Name: |Freq g
Direction: |Single - AC Level: (30 my B
Start: |5V B
Stop: |5V B
Integration Time |
Step: [100 my B
Noiof st [0 =1 | mode: [fLC =] Factor: [z H
Timing
Hold: [0s E| Delay: [os Bl s Gweep [CONTINE AT ANV ~|status
Constants ‘
Unit: ¥ Name: I Name: Mode: Source: Compliance:
There is no item to display in this area.
SMU output setup

.

C-V Swieep

At the Constants area, you set the SMU constant output.

*Unit: SMU name or number

*VV Name: Variable name for the voltage measurement or source data

| Name: Variable name for the current measurement or source data

*Mode: Source output mode, V (voltage), | (current), or COMMON (ground)
*Source: SMU output value

*Compliance: SMU compliance value
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Range/Advanced —— 4

it C-V Swieep
FE“MH [aumo S |
Measurement Setup

@ | _\f Swee Setup Name: [Tmg
Chan Measurement Setup | Function Setup | Auto Analysis Setup | Display Setup | ‘

Signal Source |

C-¥
Range
(V Name: [EH E\ Frel?ilslte:nw Add | Delete | Up | Diowm |
Model: |Cp-G - . m V;ﬁéd
C Name: ,ﬁ
G Name: m Biae: m 1
Direction: Im -
Start: lﬁ
stop: m Unie: AC Level Monitor Name: DC Blas Monltor Name:
it lm Integrat [ETE = | = [ =
of Step: m Made:
Timing ATTor Misurraent Selling ]
Hold: m Delay: lr Bias Hold after Measurement: ,Ek"—ﬂ
Constants Dutput Yalue after Measurement: ’m
Unit: ¥ Name: I Name
Brmiconductor Ridoys { 16440A GV PG Sevetor)
There no | ¢y y; [CeranT 3] cHa: [Fol oo =]

The Range button opens the CMU Range Setup dialog box. The dialog box is used to set the
measurement ranging operation.

*Unit: CMU name or number

*Mode: Ranging mode, AUTO or FIXED

*Range: Measurement range. This field is effective when Mode=FIXED.
Available values are 50 chm, 100 ohm to 300 kohm (=<200 kHz), 100 ohm to 30 kohm (=<2 MHz),

and 100 ohm to 3 kohm (=<5 MHz) in 1, 3 step

The Advanced button opens the Advanced Setup dialog box used to set the following functions.

AC Level/DC Bias Monitor Settings:
Defines the variables for the AC level data and the DC bias data monitored by the MFCMU while

the capacitance measurement is performed.

After Measurement Settings:

*Bias Hold after Measurement: Bias hold function ON or OFF.

*Output Value after Measurement: Source output value after measurement. START (sweep start
value) or STOP (sweep stop value)

Semiconductor Relays (16440A SMU/PG Selector):

*CH1: Default or PGU OPEN

*CH3: Default or PGU OPEN

The fields define the selector channel’s switch condition during the measurement. Default is the
setting defined on the SMU/PG Selector screen of the Configuration window.
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Function Setup

@[c-v Sweep

To Set User Functions/Analysis Functions ﬂ-ﬂrﬂ

' Setup Name: |Trng v

Channel Setup | Measurement Setup | Function Setup § auto Analysis Setup | Display Setup

Al

User Function

Add | De\etel e} | B |
Name: Unit: Definition:
[r‘ IDE\la glse[ jlde\ta('rime) H
Data calculation
-Measurement data/source data
-Built-in function, etc.
Analysis Function
Add | Delete Uy | Downl
Name: Unit: Definition:
[ o [pverage wlfF =lfavaic) E

Data calculation

-Measurement data/source data
-Read out function

-Built-in function, etc.

Click the Function Setup tab to display the User Function/Analysis Function setup screen.

The user functions can be displayed on the X-Y Graph Plot, List Display, and Parameters area of the
Data Display window. Up to 20 functions can be set.

*Name: Function name
*Unit: Unit of the function

Definition: Definition of the function. The following identifiers can be used.

*Variables for the measurement/output data used in this test
Functions defined in the above lines

eLocal variables passed from the application test that calls this test as a component

*Built-in functions and

global variables

For details, see online help or User’s Guide.

The analysis functions can be displayed on the Parameters area of the Data Display window. Up to

20 functions can be set.
*Name: Function name
*Unit: Unit of the function

Definition: Definition of the function. The following identifiers can be used.

*Variables for the measurement/output data used in this test

eFunctions defined in the above lines

eLocal variables passed from the application test that calls this test as a component

*Built-in functions and
*Read out functions

global variables

For details, see online help or User’s Guide.
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Display Setup

To Set Data Display

@|C-v Sweep

Setup Name: |ng ) '

Channel Setup | Measurement Setup | Function Setup | Auto Analysis Setuul Display Setup I

X-¥ Graph

Add | Deletel (e | Dy |

Name: Sharing:

Scale: Min: Max:

F x|

j I(N\Jne) j ILmear

o = r—

o

j I(Nnne) j ILinear

=l |snn F ] |2 bF |

Cove s

j |(Nnne) j |Linear j |DS

O

Specify X axis and Y axis

List Display

Parameters

Add | Dgletel U |

Add | Deletel Up, | BaEwn |

Che TR Ty
&l
j

(Tnclesc -

Ci—)

Select parameters to display

Select variables to list

.

C-V Swieep

Click the Display Setup tab to display the display setup screen. The X-Y Graph area is used to set

the X axis and Y axis of the X-Y Graph Plot area in the Data Display window.

*Name: Name of variable to plot on the X axis

Scale: Linear or Log

*Min: Minimum value of the specified axis
*Max: Maximum value of the specified axis

The List Display area selects the variables to be listed in the List Display area of the Data Display
window. Up to 20 variables can be set.

The Parameters area selects the variables to be listed in the Parameters area of the Data Display

window. Up to 20 parameters can be

set.
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To Perform Compensation and Correctionc_ﬂp

WY Calibration button T
== ‘
% Use factory specified frequendies (Defaslt)
~ Spacity list of calibration fraquencles |
' - 5
s :
¥ Open Correction ey | Apaciy Ireqoencies by Tesgn “
. : | Auite Moda PLE Made Factor: [16 ]| |
i | :-h':"‘_ - 3 | Cancel
P Plase Comperaaton Advanced Options...

Calibration

The MFCMU is equipped with the error correction function used to realize accurate impedance
measurements. The correction function minimizes the effects of the error elements in the extension
cables and the DUT interface such as manipulator and probe card.

*Phase compensation: Corrects phase error caused by extending measurement cables.

*Open correction: Corrects for stray admittance. Effective for high impedance measurements.
«Short correction: Corrects for residual impedance. Effective for low impedance measurements.
eLoad correction: Corrects any error by using the working standard (load standard).

Click the Calibration button to open the Calibration window. And click the CMU calibration tab on
the window to perform the compensation and correction data measurement.

*To measure the phase compensation data, open the measurement terminals at the end of the device
side and click the Measure... button.

*To measure the open correction data, open the measurement terminals at the end of the device side
and click the Measure... button.

*To measure the short correction data, connect the measurement terminals together at the end of the
device side and click the Measure... button.

*To measure the load correction data, connect the load standard that has the reference value or
calibration value. Then, click the Measure... button.

For details of the error correction (CMU calibration) and the Advanced Options, see online help or
User’s Guide. The Advanced Options window is used for the compensation/correction data
measurement setup.
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Class Exercise e

C-V Swieep

Define test setup and perform test.
1. Click C-V Sweep icon and open setup editor.

2. Define test setup as shown in previous pages. And
save itas Trng CV.

3. Open measurement terminals, and perform phase
compensation and open correction.

4. Connect device, and perform test. CMHSMU1
5. Export preset group, and import it. s [I_cf/n_
SMU2

Note:
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Measurement Result Example

Trng CV [{20) : /17/2005 12:43:32 PM] - Agilent EasyEXPERT P E =
Fie Edl Vew Merker Cursor Lre Wincow Help
] | = | - & | §7 i TG - L
HEEhaQ @ CIRHNPMe G- -FA-2E
Setup Name:  [Trng OV [(20] ; B/17/2005 12:43:32 PM)
X-¥ Graph Plot | [Parameters
-* A MARKER] 0V LITZ3200000-012 F  L8%15500000e-006 § |
m Average || 314069801009
ip
€
w001
fdiv
wot —
3 Vo (V) 100 fiw
[Gmipiay )
ingex | vl c &l Index| T | Deka | I~
432 800 my 1.50343 pF 274072 uS 43 49622 & 118.2 masc
44 700 i 142850 pF 57 + SO8M4 s 11815 rmec
45 800 miv 136454 pF 43 5.1985 ¢ 1181 rrser
6 -500 MV 131455 pF 46 531655  118.15msac =
47 400 miv 127575 oF 47 543405 1165 msac i
48 300 mV 124525 0F 40 555295 118.1 mssc
49 200 v 1.21885 pF 48 547105 11815 meec
50 100 7V LI9657 pF 50 578925 118.35 msec
51 ov 117232 oF 189151 5 51 59077 ¢ 1183 reac i
2 100 miv 1.13482 oF 1.80326 1§ 52 60258 5 1181 rrsee el

A

C-V Swieep

This is a test result example displayed on the Data Display window.
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Switching Matrix Control s,

Switching

 To Define Switch Setup Ml

This section explains how to define the switch setup for B2200/E5250 Switching Matrix.

Note: Standard revision of EasyEXPERT cannot support the E5250. The E5250 control is optional
function of B1540A-002/B1541A-002.

Note: EasyEXPERT supports the E5250A installed with the E5252A matrix card.
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To Define Switch Setup b
witching
Setup Name Matrix ...
_@|Switching Matrix Control Setup Name: [Trng Switch ]
Connection
Add I Delete I Lp i o
Operation: Input: Outputs: Rule:
9] |Open All il dl EI ﬂl QI L] ;]
€ |[switch setup =lfEwm e 1 || ] Ell] 8 |[esm =l
€ |[switchsetup  rflswmmz -z E| | | QIBBM |
C |[switch setup =lfwm s ~][s | IEl|| | EIBEM =l
€ |[switchsetup  =flswmmr 7 E| | | Affeam -]
N~ g
-Open All -BBM
-Switch Setup -MBBR
-Close Range To specify Output Channel
-Open Output
-Open Range To specify Input Port
-Open Input

This setup screen is used to create the relay control setup (switch setup) for Agilent
B2200A/B2201A/E5250A Switching Matrix.

To send the switch setup to B2200/E5250, click the Single button. Before doing this, you have to
establish the GPIB connection to B2200/E5250 by using the Switching Matrix tab screen of the
Configuration window and B1500A is set to system controller. See Module 12.

This screen provides the following GUI.

Add: Adds a setup row for relay connection.

Delete: Deletes the setup row. To select the setup row, use the left radio button.

Up: Moves the selected setup row upward.

Down: Moves the selected setup row downward. The setup row provides the following entry fields.

Operation: Relay control operation. Open All, Switch Setup, Close Range, Open Output, Open
Range, or Open Input. See the next page.

Input: B2200/E5250 input port number or label. Available for the Switch Setup, Close Range, and
Open Input operations.

Outputs: B2200/E5250 output channel number or label. Four entry fields are available for the
Switch Setup and Open Output operations to specify the output channels. Two entry fields are
available for the Close Range and Open Range operations to specify the range of output channels.

Rule: Relay connection rule. BBM or MBBR.
*BBM: Breaks the previous connection and then makes the new connection for the specified outputs.

*MBBR: Makes the new connection and then breaks the previous connection for the specified
outputs.
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Operation and number of Outputs

witching
Matris ...

Operation Description Number of
Outputs
Open All | Opens all relays. 0
Switch Setup| Makes the connection from the specified input port to 4
the specified output channels. Up to four output
channels can be specified at once.
Close Range | Makes the connection from the specified input port to 2
the specified output channels. They are between two
channels given by the Outputs fields.
Open Output| Opens the relays connected to the specified output 4
channels. Up to four output channels can be specified
at once.
Open Range | Opens the relays connected to the specified output 2
channels. They are between two channels given by
the Outputs fields.
Open Input |Opens the relays connected to the specified input port. 0

Note:
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Class Exercise

w
g5 ey
g F -8
xS .

4

Define switch setup and send it to B2200/E5250.

1. Click Switching Matrix Control icon and open setup
editor.

2. Define switch setup as you want. And save it as Trng
Switch.

3. 1f B2200/E5250 is available, establish the GPIB
connection between B1500 (must be set to system
controller) and B2200/E5250, and apply your switch
setup.

Note:
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Direct Control m

To Define Channels and Variables Direct
To Set Measurement Conditions Control

Advanced Setup
To Set User Functions

To Set Data Display

This section explains how to use Direct Control to perform various measurements (e.g. C-f
measurement, Quasi-Static C-V measurement) using Agilent FLEX commands.
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To Define Channels and Variables
Control
Channel Setup Setup Name
i)| Direct Control Setup Name: [Tmg C-f |
- Channel Setup | Measurement Setup | Function Setup | Auto Analysis Setup | Display Setup |
Channel Definition
sadsmo| | add oo addseou| e | U |
Unit: ¥ Name: I Name:
folll TN = [veias = =
o fausee = =i =

CMU Channel Definition: V Name
SMU Channel Definition: V Name and | Name
SPGU Channel Definition: No variable

Additional Data Yariables

Additional Data Variables ddd | [eze
Unit: Type: Name:
[ol T e Rty e | j
e |CMU1:MF jICMU (Y} _leE =
[ol =][@0 OC Bias Manitar Data ] Detan = ) .
Miscellaneous Yariables
Time Stamp Name: : Index Name: :E

Variable name for time stamp data Variable name for index data

Click the Direct Control icon and open the setup editor. Then click the Channel Setup tab to display
the channel definition screen.

1. Enter the Setup Name for the test setup to be defined on the setup editor.

2. List channels used for source output or measurement, and set the following parameters.
*Unit: Name or number of the channel

*V Name: Variable name for the voltage measurement or source data. For SMU and CMU.
|l Name: Variable name for the current measurement or source data. For SMU only.

V Name and | Name are used to specify the parameters displayed on the Data Display window. The
display parameters are selected on the Display Setup tab screen.

You can read measurement data by using the Data Display window. Parameters displayed on the
window are selected on the Display Setup tab screen. If you enter the variable name in the V Name,
I Name, Additional Variable Name, Time Stamp Name, and/or Index Name entry fields, you can
choose the variables as the display parameters.

Note: The time stamp is the time the measurement is started for each measurement point. The index
is the index number for each measurement data.

For example, the Trng C-f test setup has defined the following additional variables to monitor.

<Unit> <Type> <Name>
CMUL:MF CMU Re(Y) G
CMUL:MF CMU Im(Y) B

CMU1:MF CMU DC Bias Monitor Data DcMon
CMU1:MF CMU AC Level Monitor Data AcMon
CMUL:MF CMU Frequency Freq
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To Set Measurement Conditions

Measurement Setup

@|Dicect Control Setup Name: [Tmg of
Chanl I Measurement Setup IFunct\Dn Setup | Auto Analysis Setup | Display Setup

Ad-
vanced

Command Setup |

add Dete | lp | oo |
Command: Arguments: Ignore:
e 1 T ==t = x
o a2 lIE3 = =
3w | ERs
4 [wTC .o ENls
5 [wmrc = ElE
c e [wrC femuLi, 4, 103 505,50 ERE
e 7 facT =z =
g |y =lfomutiir, a0s-3 ERs
c g o =] femuE 1 ENls
c w [ =]t ElE
s

11 [TeR =l = -
12 = = E

Command Setup

Direct
Contral

The Measurement Setup tab screen is used to set Agilent FLEX commands for measurement.

For example, following FLEX commands are set for the C-f Sweep Measurement.

© 00 N O O ~h W DN P

e el =
w N B O

<Command> <Arguments>
FMT 13,1

TSC 1

MM 22,CMUL:MF
WTFC 0,0

WMFC 1

WFC CMUL1:MF,4,1e3,5e6,50
ACT 0,2

ACV CMU1:MF,30e-3
DCV CMUL:MF,1

RC CMU1:MF,0
TSR

XE

ReadDataBuffer

See B1500A Programming Guide for more details about FLEX commands.
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Measurement Setup

Advanced Setup q

Advanced Setup

Advanced Setup i

Options

Primary Setup: |CFF T

Channel Settings

Unit: YName: IName: Series R:

SMU Filter:

| &Vt i ol [NONE

o

H

After Measurement Setting

Bias Hold after Measurement: | OFF L2

Semiconductor Relays ( 16440A SWU/PG Selector)

cH1: [DEFALLT =] cH3: [Peucren |

Close

£

Direct
Contral

The Advanced button opens the Advanced Setup dialog box. The dialog box is used to set the option
setting, the SMU filter and SMU series resistor settings, the after measurement settings, and the
16440A selector semiconductor relay setting.

Options:
*Primary Setup: ON or OFF.

If Primary Setup=ON, the primary setup is applied to the instrument when the Direct Control test is
started. For the primary setup condition, see the online help or User’s Guide.

Channel Settings:
*Unit: SMU name or number

*V Name: Variable name for the voltage measurement or source data

| Name: Variable name for the current measurement or source data
*Series R: SMU series resistor NONE or 1IMOHM (1000000 ohm)
*SMU Filter: SMU filter ON or OFF

After Measurement Settings:

*Bias Hold after Measurement: Bias hold function ON or OFF.
Semiconductor Relays (16440A SMU/PG Selector):

*CH1: Default or PGU OPEN
*CH3: Default or PGU OPEN

The fields define the selector channel’s switch condition during the measurement. Default is the
setting defined on the SMU/PG Selector screen of the Configuration window.
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To Set User Functions L
Function Setup
@|Direct Control . Setup Name: [Tmg = i

Channel Setup | Measurement Setup | Function Setup | auto Analysis Setup | Display Setup
Apply.

User Function

Add | De\etel U | B |
Name: Unit: Definition:
o | =115 |
o |Im‘r’ = L”compenImY(Freq,GJE) il
O |RE!Y §|5 jl[nmpenReV(Freq,GJE) il
e |c 5]; j|1mw(2*p1*;req) IO
Analysis Function
Add Delete Upy Do

Name: Unit: Definition:

To add & function parameter, press the [Add] button in this area.

Click the Function Setup tab to display the User Function/Analysis Function setup screen. The user
functions can be displayed on the X-Y Graph Plot, List Display, and Parameters area of the Data
Display window. Up to 20 functions can be set.

Name: Function name
Unit: Unit of the function

Definition; Definition of the function. The following identifiers can be used.
-Variables for the measurement/output data used in this test

-Functions defined in the above lines

-Local variables passed from the application test that calls this test as a component
-Built-in functions and global variables

For details, see online help or User’s Guide.
For example, following user functions are set for C-f Sweep Measurement.
<Name> <Unit> <Definition>

Pl 3.1415

ImY S compenlmY (Freq,G,B)

ReY S compenReY (Freq,G,B)

C F ImY/(2*P1*Freq)
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To Set Data Display
Contral
Display Setup '
g|Direct Control Setup Name: [Tng C-f i
Channel Setup | Measurerent Setup | Function Setup | Auto Analysis Setupl Display Setup I
X-¥Y Graph
bod | [odee] U | B |
Name: Sharing:  Scale: Min: Max:
F % [Frea =] [mere) =] [Loa =l [ ] [ ]|
o v =] [rone) 7] [rear 7] [250rF W] [Eoonr H

Specify X axis and Y axes.

List Display Parameters

Add | De\etel U | Do | Add Delete Uy Dyt

c e 5] )=
Lo
¢

C - To add a parameter, press the [Add]

button in this area.

— ) )5

Select variables to list

Click the Display Setup tab to display the display setup screen. The X-Y Graph area is used to set
the X axis and Y axes of the X-Y Graph Plot area in the Data Display window.

*Name: Name of variable to plot on the axis

Scale: Linear or Log

*Min: Minimum value of the specified axis

*Max: Maximum value of the specified axis

For example, following axes are set for the C-f Sweep Measurement.
<Name> <Scale> <Min> <Max>

X  Freq Linear 1kHz 5MHz

YL C Linear -250 nF 500 nF

The List Display area selects the variables to be listed in the List Display area of the Data Display
window. Up to 20 variables can be set.

For example, following variables are set for the C-f Sweep Measurement.
Time, Freq, C, G, B
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Class Exercise .

Define test setup and perform test.

1. Click Direct Control icon and open setup editor.
2. Define test setup as shown in the previous pages.
3. Saveitas Trng C-f.
4

. Connect a device (capacitance) as shown in next
several pages, and perform test.

5. Export preset group, and import it.

Note:

4-87



Module 4
Classic Test Environment

Cable Connections

Control

-

cMu L —

*@.@
SMU4 sTF °* @.@® ° 16442A/B Fixture
SMU3 -T2 - @, @ °
SMU2 o * @.@ T0.0-

- B ENONOK

SMU1 JONOK NOROK ®®
GNDU

B1500A Rear View

The following cables are required to perform this class exercise.
CMU cable (Agilent N1300A-001/002), 1 ea.

One side of the CMU cable forms the attachment used to join and fix it to the CMU. And the other
side provides four BNC connectors used to connect the fixture as shown.

Connect the cables between the B1500A and the test fixture as follows.
Hcur : PGUL1 (red)

Hpot : PGU2 (orange)

Lcur : VSU1 (black)

Lpot : VSU2 (gray)
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Jumper Leads — Capacitance

SR

Direct
Control

FO
s©

0.1uF

goyooooooooon

@)
2 3 4 5
O O O O
8 9 10 11
Q9 QY
O O O
820 21 22 2315
gooooooooooooo

14

5020000

N
[ec}

For all class exercises, you need the 28-pin dual in line socket which comes standard with the 4145
fixture (16058A) or the newer fixture (16442A/B). Either fixture works fine.

This class exercise requires four jumper leads to connect the DUT. Connect the jumper leads

between the following terminals.

PGUL:
PGU2:
VSUL:
VSU2:

terminal 4
terminal 4
terminal 1
terminal 1
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Measurement Result Example b

Direct
Contral

@ Trog C£[(1) s 5/10/2007 6:42:51 PM] - Agilent EasyEXPERT RE x|
File Edit View Marker Cursor Line Text Pointer Window Help

=

Els

HEb-aafid- BeERY e mE -5

SetupName: [Trng C-f [(1) ; 5/10/2007 6:42:51 PM] b4
X-Y Graph Plot Properties... | |
% Agilent

. Sn

£z

=

R

2

250n
100n
0
z
© -0n
-250n
1k 2k 3k 5k 0k 20k 50k 10k 20k 500k 1M n M oM
Freq {Hz) decade [div
List Display Properties...
Index Time Frea | cf 6 B I
1 336.08 ms 1.000000 kHz 103.7412656 nF 7.66515 uS 651.807 uS Ii.l
2 617.26 ms 1.189842 kHz 103.5854829 nF 9.22423 uS 774.382 us [‘L]

This is a test result example displayed on the Data Display window.
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