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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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Module 7
Measurement Functions

In This Module

e SMU Pulsed Sweep Measurement

e 1/V-t Sampling Measurement

* Negative Hold Time for High Speed Sampling
e Auto Analysis

* SMU Filter

* SMU Series Resistor

e Standby Function

* Bias Hold Function

There are too many measurement functions to conveniently cover in one module. Ultra low current
measurement and capacitance measurement are covered in separate modules.

This module covers the key features listed above.
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Module 7

Measurement Functions

SMU Pulsed Sweep Measurement

« Use PULSE mode for precise force/measure timing
« Pulse down to 500 us width
« Use current ranges from 1 nAto 1 A (HPSMU)
« Use voltage ranges from 2 V to 200 V (HPSMU)
« Use PULSE mode for repeatable 1 A measurements
« Eliminate heating during IV sweeps
« Avoid device damage

« Only one pulsed source is available
« Only one measurement channel is available

« Set the expected maximum measurement value to Compliance
« Measurement integration time cannot be changed

SMUs can be pulsed for precise force/measure timing, or to reduce heating of the device when
forcing high currents.

The measurement unit performs measurement by using the compliance range. It is the minimum
range which covers the Compliance value. The Compliance value should be the expected maximum

measurement value or greater.
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Module 7
Measurement Functions

SMU Pulse Mode
VAR1 Sweep

output voltage
or current

stop 4— .
pulse width

start — |—|
base 4—

pulse period

J hold time

N

time

When you select VPULSE or IPULSE on the Channel Setup screen, the SMU Pulse area will appear

on the Measurement Setup screen.

Pulse period may be adjusted from 5 msto 5 s in 100 us steps. Pulse period is measured from the
base value to peak value transition, between two consecutive pulses.

Pulse width may be adjusted from 0.5 ms to 2 s in 100 us steps. Pulse width is measured between the
transition from base value to peak value and the transition from peak value to base value.



Module 7
Measurement Functions

SMU Pulse Mode
Pulse On Primary Source

VAR1 | | H |_|
Primary

VAR2 |
Secondary

One SMU can pulse while another follows. Either VAR1 or VAR2 may be pulsed, but not both.

The settings above could be used to pulse a drain while stepping the gate.
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Module 7
Measurement Functions

Hints on Pulsing the HPSMU

« Use the HPSMU or GNDU as the current return path
« Use Kelvin connections (must use on GNDU)
« Use 16493L GNDU cable for the GNDU connection

w

= HPSMU 10A
HRSMU
or
MPSMU E
g GNDU 42A

The 1 A SMU (HPSMU) cannot use another MPSMU or HRSMU as the current return. It must be
used with the other HPSMU or the GNDU that can sink enough current. The GNDU is the unit that
you can use without defining in the Channel Setup.

The GNDU can sink up to 4.2 A, and it is designed for the Kelvin connection. The force and sense
lines must be shorted near the DUT.

For the connection of the GNDU, do not use the normal triaxial cable. The GNDU is rated for up to
4.2 A, while the maximum current rating of the triaxial cable is 1 A.
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Module 7
Measurement Functions

SMU Pulse Mode
Limitations

« Minimum pulse width is 500 us

« Only one pulsed source is available

« Only one measurement channel is available

« Measurement range is always compliance range

« Integration time cannot be changed

1-1



Module 7
Measurement Functions

Class Exercise
SMU Pulse Mode

« You will observe a MOS FET family of curves
« You will edit VAR1 from V mode to VPULSE mode
« You will learn how to properly define a "pulsed" algorithm

To Get Started:

« Use the next several pages as you guide
« Get the IDVD setup
« Follow the instructions on the following pages

You will setup a basic MOS family of curves without VPULSE. Then change VAR1 to VPULSE.
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Module 7
Measurement Functions

SMU Triax Connection
Force Lines to Fixture 1,2,3,4 Ports

CMU

SMU4 - 16442A/B Fixture

SMU3 o=

SMU2 -t =@, ®) ° ®
9,0

SMUL 0.0 | o

GNDU

B1500A Rear View

This is the SMU cable setup that will be used in the remainder of the class exercises.

Connect the cables between the B1500A and test fixture as follows.

SMU1 : SMU1
SMU2 : SMU2
SMU3 : SMU3
SMU4 : SMU4

7-9



Module 7
Measurement Functions

Jumper Leads — MOS transistor

 |n@oooooooooon
1 1

4

Sub

1: Substrate
2: Source

3: Gate

4: Drain

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.
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Module 7
Measurement Functions

VPULSE
Data Display Window
‘2% Agilent .
() MARKER{ 3.0000000000E+000 W  5.4598000000E-003 A ------ }
40 m
5.00m
Jdiv
0
i vd (V) 500 m /div 5

Make a measurement to verify the setup is correct. You should see the above family of curves. The
algorithm is defaulted to standard staircase sweep on VARL1 (no pulsed SMU).
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Module 7
Measurement Functions

VPULSE
Channel Setup

Enter new name before save

Q!llvsweep Setup Name: [IDVD-Pulse
Channel Setup iMeasurement Setup] Function Setupi Auto Anzlysis Setupi Display Setupi
Channel Definition

Unit: V Name: I Name: Mode: Function:

~ [smuz:mp wlfvsub | |Isub =V rllconsT |
~ [smuz:Hp rljvs = mE|coMMon v|consT v
¢ |SMU3:HR ~llva =g =V wlfvarz |

e —
¢ |sMU4:HR =vd =1 fg||VPULSE <) VAR |

Drain pulse

Switch VAR1 from V mode to VPULSE mode. A new panel will pop up on the Measurement Setup.

Before saving this new setup, enter new name into the Setup Name field, then click the Save button.
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Module 7
Measurement Functions

VPULSE
Measurement Setup

Range and
ADC/Integ
are disabled

VAR1 VAR2

|
u::: J\zZU4-HR i ZMHR = This box pops up \_
phectlon: [5rgk [ only if VPULSE
Linear/Log: [(TVEAR = or IPULSE is set e
start: [0V v 5 on Channel Setup. ki
Stop: |5V &|fsv H
Step: ]SIJ my E} 1V E] |SHH Pulse |
& Unit: [SMU4HR B
Period: |10 ms B
Width: [1ms 8]
Base: [0V B

EJ * Sweep |CONTINUE AT ANY - | status

Hold: 10 s / Ej Delay: |
/

Constants

unit: I V Name: I Name:

Mode: Source: Compliance:

|SMUL:HP / B][vsub [ Tsub

Maximum measurement value

|V alov B][100 ma 8|

Default pulse conditions for the Measurement Setup are shown here. The base is 0, and the pulse
duty cycle is 10 %. These settings are OK for this class exercise. Click the Single button to start a

pulsed sweep measurement.

Range and ADC/Integ buttons are disabled for pulsed measurement. The measurement range is
always the compliance range. And the integration time cannot be changed.

For example, if you change the Compliance value to 30 mA, the data beyond 30 mA cannot be

measured.
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Module 7

Measurement Functions

I/V-t Sampling Measurement

Voltage or current

Starts sampling Time=Hold time +a  Time=Hold time + Interval + b
J )
f Channel 1 output J‘ \_

Interval

Source -

-

Time=0 (origin)
= Measurement

Voltage or current l Hold Time

Measurement time

Bias hold time
)

Source r_. : __\_
Base - 4,—/ Channel 2 output

Time

a, b : time from measurement start to integration start

B1500A supports the sampling measurement which performs the operation shown above.

With the SEQUENTIAL output sequence, the source channels start to force the Source value
sequentially. Then the last source channel forces the Base value, and forces the Source value after
the Bias hold time. After the Hold time, the measurement channels start measurement sequentially,
and repeat this in the specified interval if the measurement channel is ready to measure. After the
last sampling measurement, the source channels stop output sequentially.

The order of source output is defined in the Channel Setup. Top of the channels on the setup screen
starts output first. And the following channels start output sequentially. After the measurement, the
source channels stop output sequentially in the opposite order.

With the SIMULTANEOQUS output sequence, the source channels start to force the Base value
simultaneously. And the channels force the Source value after the Base hold time. After the Hold
time, the measurement channels start measurement sequentially, and repeat this in the specified
interval if the measurement channel is ready to measure. After the last sampling measurement, the
source channels stop output simultaneously.

For the measurement channels which use the high resolution A/D converter, the order of
measurement is defined in the SMU Range Setup. Top of the channels on the setup screen starts
measurement first. And the following channels start measurement sequentially. For the
measurement channels which use the high speed ADC, the channels start measurement
simultaneously.
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Module 7
Measurement Functions

I/V-t Sampling Measurement

« LINEAR
. Sampling interval:  >=2 ms
0.1 ms to 1.99 ms (limited)
« Number of samples: 1 to 100001

« LOG
« Sampling interval: >=2ms
« Number of samples: 1 + number of data for 11 decades
. Remaining data:
10/25/50/100/250/500 data are plotted into one decade
of the log scale in the same distance

There are two sampling mode. The linear sampling repeats the sampling in the specified interval

until the number of measurement data reaches the specified number of samples. High speed
sampling is available if the following conditions are satisfied. The high speed sampling allows

you to set the sampling interval 0.1 ms to 1.99 ms in 0.01 ms step.

1. Sampling mode is LINEAR
2. High speed ADC is used for all measurement channels
3. Interval >=0.08 ms + 0.02 x (number of measurement channels) ms

The log sampling repeats the sampling in the specified interval and gathers the measurement data

which can be plotted on the log scale in the same distance. The sampling will be stopped when

the number of measurement data reaches the specified number of samples.
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Module 7
Measurement Functions

Class Exercise
Sampling Measurement

You will:

« Monitor the charging voltage of an RC circuit

« Learn LOG10 data interval

« Learn how to properly define a sampling algorithm

To Get Started:

« Use the instrument setup as same as the SMU pulse exercise
« Connect the RC components as shown in the next page

« Get and run the RC-sampling-log setup

« Change the range or ADC and perform append measurement
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Module 7
Measurement Functions

Jumper Leads — Sampling Exercise

SN
"O fn®)
s©

28: SMUL

0.5M
25: SMU2

To.l uF

22: SMU4

goQooooooooonn

o5m O0000000OD|%

1 14

The 0.5 M ohm and 0.1 uF values were chosen because these values are readily available, and they
give a RC time constant suitable for observing 2 ms time steps.
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Module 7
Measurement Functions

Sampling Exercise — LOG10, 2 ms interval
RC Measurement

i Apgilent
MARKER({ 1.0130000000E-002 5 3.4150000000E-001V ——— 3

)
2 X data
———— A e,
~——~—— 10data
———— 10 data
> 10 data (-
Y data
200m
[div
X+Y=20
4]
1m T Time (s) decade /div I 1k
I I
2ms 5decades oqp g

The RC-sampling-log setup is for the LOG10 sampling with 2 ms interval and 51 samples.

LOG10 sampling obtains 10 data in one decade. And the data will be plotted on the log scale in the
same distance. However this rule cannot be kept at the beginning of sampling because of long
interval.

In this example, there are 10 data in each decade from 100 ms to 10 s, and 20 data in the remaining
decades. The first data will be near zero second. See the List Display.
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Measurement Functions

Sampling Exercise — LOG10, 2 ms interval

List Display Properties... |
Index | Time | V2| »
10 100.13 ms 16674 V] )
20 126.13 ms 1.7674 V
21 158.14 ms 1.8764 V
22 200.13 ms 1.9385
3 35213 ms 1.9727 V
24 316.13 ms 1.9886 V ¢ 10 data/decade
25 400.13 ms 1.9950 v
% 502.13 ms 1.9983 V
27 632.13 ms 1.0989 v
28 796.13 ms 1m0y )
L] 100213 5 10006V ] )
ED] T26215 5 7V
31 1.58813 5 1.9999 v
EF] 2.00013 5 2y
EE] 2.518135 2.0004 V
34 317013 5 2.0001 V ¢ 10 data/decade
EH] 320013 5 2.0004 V
36 5.02413 5 2.0001 v
7 6324135 2.0003 V 1
962135 goga v/ 3
EE] 10.02413 s 20002V ] )
0 1262013 5 20003 V
] 15.88613 5 2.0002 v
42 20.00013 5 2.0002 V
43 25.17813 5 2.0003 V
44 31.60813 5 somv 10 data/decade
45 3000613 5 2.0003 V
46 50.23813 5 2.0002 V L
47 £3.24613 5 2y
48 70.62213 5 o0y )
40 100.23813 5 2.0002 V] [ae]
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Measurement Functions

Sampling Exercise
Channel Setup

_@_'! 1/V-t Sampling Setup Name: !RC-samphng-Iug
i_?h_?ﬂ!?f!_%%t__l{_p_ I Measurement Setup | Function Setup! Auto Analysis Setupi Display Setupl

Channel Definition

add | [oeee| [ |
Unit: V Name: I Name: Mode:
o~ [sMuLHp x]jvt =l =V |
¢ [smuz:Hp =|[va =R [T |
 [smusHR Ei[E =3 m[conmon x|

Time Stamp Nam:@ Index Name: Q

Variable for time data
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Measurement Functions

Sampling Exercise

SMU Range Setup .
Measurement Setup s |
T
Unit: MName: Mode: Range: Range Change Rule: Rate:
« [shuLHe i ﬁ[umna |[1na BV FULLRANGE =l ]|
o [sMuz:Hp V2 R B |
© [5HUS:HR ][ =|umer =f[ine ~ FIXED I’ange TH
PR e = mCmvinuﬂlnhgmﬁonTimSathp

‘@j:l[\l Sampling Setup) T |

Channel Setup ! ; Function Setup l A

Sai P. = Unit: Name: ADC:

[t e | | ECOTET Eﬂn =[wR ADC =

Linear/Log: [LOG10 | [sHUzAP HfE s woc E|
SIU4HR [1}ic] .
mervat s 5] ' “¥ = High speed ADC
No of Samples: |51 B
Total Sampling Time: |158.866 s Ei T
Output Sequence: |STMULTANEOUS vi Moda: Factor: Al Zara:
Hold Time: 75 F High Resolution ADC: [2UT0 #[6 8|[ofF =
High Speed ADC: [AUT0 =]f1 ]
Base Hold Time: |0 s B

T

Unit: V Name: I Name: Mode: IBase: Source: Compliance:

|EXE EllE = ET EI}D v Bl2v Bloms B

|smuz:He B||v2 |7 IR gl}u A #loa a3v ]

Use the FIXED range and the high speed A/D converter to get 2 ms interval.

Change the range to AUTO. Or change the ADC to the high resolution ADC. And perform append

measurement. You may not get 2 ms interval at the beginning of sampling.
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Negative Hold Time
Available for Interval <2 ms

-90 ms =< Hold Time =< -0.1 ms, 0.1 ms step

¥4 Agilent
E ) MARKER{ 0s G.0000000000E-003 W -—-—-- }

10

V1

Bias starts at0s

1.00
fdiv

-5m Time (s) 2.00 m fdiv 15 m

For the sampling measurement, the available hold time value is 0 to 655.35 s, in 10 ms step.

However, the negative hold time -90 ms to -0.1 ms, in 0.1 ms step is also available for the high speed
sampling which the Interval is less than 2 ms.

This measurement result example is obtained by the setup shown in the following pages.
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Measurement Functions

Jumper Leads — Negative Hold Time

: 2 >
© © 00Q0000000000
e e C
1 5 05M 0000000000
© 6 ; o

GBS
"O fn®)
s©

28: SMU1

% 0.5M

25: SMU2
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Measurement Functions

Negative Hold Time
Channel and Measurement Setup

_(_i)_l} 1/V-t Sampling Setup Name: [R-szmpl-neghold
Channel Setup | Mgasurement Setup | Function Setup | Auto Analysis Setup | Display Satu |

[channel Definition

Unit: V Name: T Name:

o~ [smorae = =i 5']1 vl Cu rrent source

o [smuzHe =2 = m[comon -+

g\ 1/V-t Sampling Setup Name: [R-sampl-neg-hold

Channel Setup  Measurement Setup ‘Funcbﬁn setup | Auto Analysis Setup | Display setup |

Sampling Parameter |
linear/Log: [(EAR =]
Interval < 2 ms
Noof Samples: [101 &)
Total Sampling Time: ’m
Output sequence: [SHULTANEOUS |

Range

ADC /.

Integ

Ad-
vanced

wwmwe: 58| Negative Hold Time
Base Hold Time: |0 ¢ ]
Constants
Unit: V Name: I Name: Mode: Base: Source: Cﬂmpliantz:

[sMuHe H]fvr =i =i Hjos B|Pous

H20v

g
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Measurement Functions

Auto Analysis

GM max
Hands-off marker

and line fitting

Early Voltage

Isub max

Vth

Auto analysis automates the task of doing scalar calculation on swept data. Computed parameters
such as Vth or GMmax can be displayed in the Parameters area on the Data Display window. The
built-in user functions allow data to be plotted and analyzed according to any arbitrary formula. The
B1500A has built-in functions such as axis intercepts, logs, regression lines, area integration,
max/min, and many more. The ability to automatically extract important parameters such as
threshold voltage without the need to manually manipulate screen cursors or markers is important in
process development.
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Measurement Functions

Auto Analysis
Vth Example

X-Y Graph Plot Properties... | Parameters |
3 Agilent
: . T i oy
0 MARKER{ 1.3500000000E-+000 V  2.8087007673E-002  8.0311895965E-002 ) VTH 100028 v
200 m
Intercapt: Intercept: BETA  |5.45000E-003
-0.0803341 -0.0321336
Gradient: Gradient:
8.031190E-002 3.212476E- 0L
=
&
&
o
&
20.0m
Jdiv ——
0 Intercept: 1.00028 V.
0 vg (V) 500 m /div 5
List Display Properties... | |
Index_| va | SQRT_Id | PEAK ]
26 1.25V  20.1330573932... 77.3305169467... =
27 1.3V 24.0848500099... 79.5385027933...
28 1.35V 28.0870076725... B0.3118959548... [we]

Here we see a full-featured example of auto analysis. GMmax and Vth are automatically calculated
each time a measurement is made. Even if you alter the analysis, say by moving the line, you can

restore the original analysis by clicking the Apply button on the Auto Analysis Setup screen.

IMPORTANT!

Please note that formulas for auto analysis are not hard coded into the B1500A. You define the
formulas, and so you can customize the method of performing the analysis.
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Measurement Functions

Vth Measurement
A Tedious Process Now Automated

« Plot square root of the drain current (SQRT Id)

« Plot rate of change of SQRT Id (PEAK)
« Find Peak Value of the PEAK plot

« Drop down to the SQRT Id plot

« Draw a tangent line on the SQRT Id plot

« Read the X-intercept of the tangent line as VVth22

In the previous example of graphically determining Vth, the above steps were automated. There are
other definitions of VVth which are less complex, but now you don't have to worry about complexity.
The B1500A can perform the process without you having to interact with the screen.

Not only automation removes human error, but also it allows computer controlled analysis to proceed
without interruption.
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Measurement Functions

Class Exercise
Auto Analysis

You will;

« Make a MOS threshold voltage (Vth) measurement

« Observe how parameters for the analysis are defined

« Observe how the user functions and analysis functions are
used in the analysis

To Get Started:

« Use the standard MOS device and pin connections
« Get the GMMAX setup

« Make a measurement and turn the knob

« Click the Apply button to restore the analysis

In this exercise you will observe how auto analysis works. You will understand each setup screen
required to implement an auto analysis process.
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Measurement Functions

Vth Measurement
Damaged MOS FET Device?

Good BAD
Continuous Curve Broken-Lumpy Curve
No Static Damage Severe Static Damage

The class exercise uses a packaged MOS FET device which is very susceptible to static damage. If
the device has been handled or moved in and out of the socket a few times, you may see a BAD
response as indicated above. Replace the device with a new one.

At the wafer level, you can have the same problems. Putting a charged probe with cables attached
down on a gate junction can weaken or destroy the device. Also, the B1500A offset cancel (zero
cancel) sends signals down to the probes. These voltages can damage a sensitive gate junction.
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Measurement Functions

Vth Measurement

Channel and Measurement Setup

No of Step: [101 I
Compliance: |100 mA I

Pwr Comp: |OFF il
Fiming |
Hold: [1 ¢ E| Dpelay: [0s Bl = Sweep [CONTHIE AT ANY 7] status
Constants |
Unit: V Name: I Name: Mode: Source: Compliance:
[sMuLHe B [vsub ElED =V Hlfov B[100 ma Il
|sMu4:HR E[vd =i =V Bl2v B|[100 ma ]l

VAR - - ‘ \dd | Delete |
Unit: |SHU3:HR ji Unit: V Name: I Name: Mode: Function:
Name: [Vg = | ¢ [sMisHe =|Jvsub = [Tsub R xlfeonst  +]
Datechore [l :]v r [smuz:HP =llvs =l m[conmon w|fconsT =l
Linear/Log: |LINEAR -
At m ¢ [sMuz:HR ~lve = R vart |
Stop: [5 v B | -~ [soenr =vd = v =|fconsT -l
Step: |50 mV Ei

Nothing new here. This slide is included for completeness. You will notice that these variables are

heavily used on the Function Setup screen.
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Vth Measurement
Function Setup

User Function
Add feze | | |
Name: Unit: Definition:
¢ [sQrT_1d | =|[sarc(1d) 8|
r fpeak =l =|[ef(sQRT_Id,va) 8|
Analysis Function
Add g | | i |
Name: Unit: Definition:
o o =y ~|laLx &
o [ETA | ~l[euic-2 |

Here are definitions for the Y 1-axis plot (SQRT_ID) and the Y2-axis plot (PEAK).

@L1X means the X-axis intercept of LINE 1.

@L1G"2 means the squared gradient value of LINE 1. In this case, it is just calculating line 1 slope.
It is squared to account for the fact that the Y1-axis is a square root.

Click Help > Agilent EasyEXPERT Help to open the online help. And visit the Read Out Functions
page for all of these functions.
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Vth Measurement
Display Setup Page

X-Y Graph
Add ] elete ‘ I T ]
Name: Scale: Min: Max:
F x| | [inear =] Jov H [sv |
© ¥1:  [sQRT_ =] [unear =l Jo 8| o2 |
©oyz [PEAK =] [unear ENE EIRET] &
List Display Parameters

add_| e )

r [ve =
o [sorT_id -
o [peak -

VTH and BETA are values which will be displayed at the Parameters area on the Data Display

window.

These variables are defined in the Function Setup screen.
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Auto Analysis

Analysis Setup Page

Line 1
¥ Enable Type Axis
(  Normal ¢ Gradient & Tangent ¢ Regression | ( IYl 'i
—First Point
& X-Y Coordinate & Data Condition
Condition: [PEAK = = [max(PEAK) & [ after | ER |
—Second Point
& X-Y Coordinate ¢ Data Condition
X: | 5 ¥: | 5
Line 2

[~ Enable (TVPE

Axis
= Normal " Gradient (" Tangent { Regression | ( I "l|

" Data Condition

First Point
{ & X-Y Coordinate

L | 5 - l 5
Second Point
& %-Y Coordinate " Data Condition
( % | v | =
Marker
¥ Enable
Condition: |PEAK = = [max(PEAK) = [ After | ER =

This screen is the heart of auto analysis. You define custom procedures for graphical analysis with

fill-in-the-blank ease.

(End of This Class Exercise)

1-33



Module 7
Measurement Functions

SMU Filter

Filter OFF

o. iForce
: |vn pacy— ] ALVV‘O

: Filter ON Series R F O

: ilter eries Resistor :

SMU (IMohm) i Sense
H ’ (V or 1 mode) :

Time
) Filter setting P

The filter is mounted on each SMU. It assures clean source output with no spikes or overshooting.
However, using a filter may increase the SMU settling time. If measurement speed is top priority, set
the SMU Filter OFF.
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SMU Filter

@] 1/V Sweep Setup Name: [IV-res
Channel Satupl Measurement Setup IFunctlun Setup | Auto Analysis Setup I Display Setup]
[vARL |
Advanced Setup Earige
Channel Settings ]
ADC /
unit: VName:  IName:  Series R: SMU Filter: iy
|EE B [ [ HonE jlon _v'

[smuziap B2 e 5| HoHE =fon E |

SMU Filter: ON (add filter)
or OFF (no filter)

Ad-
vanced

'Wait Time Control

Factor:
ik
Output Wait: |1 _i_l

Measurement Wait: |1 B

[TINUE AT ANY ~ | status

| After Measurement Settings

Bias Hold after Measurement: | OFF =

T |
Output Value after Measurement: | START =)

Compliance:

To change the SMU filter setup, open the Advanced Setup window by clicking the Advanced button
on the Measurement Setup screen. And specify ON or OFF by using the SMU Filter pull down

menu.

In the power on state, the Classic Test sets the SMU Filter to ON.
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SMU Series Resistor

Use short cable to minimize
! the guard capacitance

Series Resistor !
(1 M ohm) \Force /

o {0

Sense line is internally disconnected
during the series resistor is connected

Sense

SMU

The series resistor (approx. 1 Mohm) is mounted on each SMU. The series resistor may be used for
the device protection, negative resistance measurement, and so on. It depends on the characteristics
of test device and measurement environment.

Note that the series resistor may not effective for device protection. For example, the breakdown
measurement may damage the device even if the series resistor is used.

If you use a series resistor, the voltage you set is applied to the near side of the series resistor. Thus,
the voltage will be divided by the series resistor and the device under test. Then, the measurement
data is not compensated.

Restrictions:

The series resistor cannot be used for the measurements that use the HRSMU connected to the ASU
or the measurements that use 1 A range of the HPSMU.
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Measurement Functions

Class Exercise
SMU Series Resistor

You will:

« Measure 0.5 M ohm without Series Resistor
« Measure the same device with Series Resistor
« Learn how the Series Resistor works

To Get Started:

« Use the instrument setup as same as the SMU pulse exercise
« Connect 0.5 M ohm as shown in the next page

« Get and run the 1V-res setup

« Set the Series Resistor and perform Append measurement
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Jumper Leads — SMU Series Resistor

1 S >
© © 00Q0000000000

1 2 2 losmOO00ODOODOD| %
© © T v

28: SMU1

%O.SM

25: SMU2
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SMU Series Resistor

1.5 M ohm (with Series Resistor)

\

X-¥ Graph Plot

Properties... |

Parameters

)

Interezpri
555,568 oV
Gradiant

51534L.5

‘o7 Agilent  CURSOR( O A 4.0000000000E005 V — )

Inerczgn

200 n fdiv 3u

R1 515.342 kehm

0.5 M ohm (device only)

The measurement result without the SMU series resistor shows about 0.5 M ohm |-V characteristics.
By setting the SMU series resistor, the measurement result shows about 1.5 M ohm characteristics.

The 1V-res setup uses the analysis function and auto analysis function to draw the regression line and
get the slope of the line. For the definition, see the Function Setup screen and the Auto Analysis

Setup screen.
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SMU Series Resistor

_@_‘"IN Sweep Setup Name: [GHIMAX
VARL
Advanced Setup Range
Channel Settings |
ADC [
unit: VName:  IName:  Seres R: SMU Filter: Integ
|EXEE Bjv n_:;‘:”n h_u' 1MOHM 4 on =] AL
[smuzisp &2 =iz ] ot & Bl = wvanced

Series R: IMOHM (add 1 M ohm)
or NONE (thru)

Wait Time Control
Factor:
Output Wait: |1 Ej
Measurement Wait: |1 H! TINUE AT ANY ~| status
| After Measurement Settings e
CH Compliance:
Bias Hold after Measurement: | OFF _:i &[100 ma B
—_—
Output value after Measurement: | START =) B||100 ma B

To change the SMU series resistor setup, open the Advanced Setup window by clicking the
Advanced button on the Measurement Setup screen. And specify NONE or IMOHM by using the
Series R pull down menu.

In the power on state, the Classic Test sets the Series R to NONE.
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SMU Series Resistor
Function Setup and Auto Analysis Setup

Channal Setup] Measurement Setup | Function Setup | Auto Analysis Setup] Display Setup]

User Function
Channel Setup ] Measurement Setup1 Function Setup| Auto Analysis Setup | Display Setup ]
Name Ap
™ Interpolation Mode
Line 1
To:| ¥ Enable Type [
1 " Normal ¢ Gradient (" Tangent ¥ Regression Y1 b
First Point - -
' X-Y Coordinate @ Data Condiion  tO Clraw regression line
Condition: |11 w| =0 = [ After | ERl =
Second Point : - : :
" X-Y Coordinate ¢ Data Condition
Analysis Function] -, gitiqn. iU Ej = 13U H r AﬂerJ g :] 5
Ao | 3| | |
Name: Unit: Definition:
| [rt = [ohm ~|jetis &

to get slope of the line

The analysis function and the auto analysis function are used to calculate the resistance value.

This auto analysis setup will draw the regression line for the X-Y1 curve. And the analysis function

@L1G is used to pass the slope of the line to the R1 variable.
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SMU Series Resistor
Compensation

1.5 M ohm (with Series Resistor)

X-¥ Graph Plot

Parameters

43 Agilent
]
5

CURSOR{ 0A 3V

Intercen|

Gradient:
1513020

V1

i i Intercept: B.79304 nA

0 1 (A

RL 151302 Mohm
Realc  [513.018 kohm

200 n /div 3u

Calculated value

If you use the SMU series resistor, you will need to compensate the measurement data to eliminate

the effects of the series resistor (1 M ohm).

This is a compensation example by using the following user function.

Vcalc = V1 - 11 * 1000000

The Rcalc value is obtained by using the analysis function and the auto analysis function as same as

the 1V-res setup.

This compensation example is shown in the Rcalc setup.
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Standby Function
Ve
SMU1 Idle state force V Idle state
i i
i i
i i
Vz-- 1 1
1 1
SMU2 Standbyon | foreeVo I
i : : :
: ; ; :
V3o i i :
i I force V 1 i
1 1 Standby OFF
SMU3 _!. : : andby .!_
Idle state | Standby state | | Standby state { ldle state
: Measurement state d

Standby function sets any SMUs (except HRSMU with ASU) to specific output values and
compliances before starting or after stopping measurement. Standby function is useful for power
supplies of complicated device (eg. Smart TEG), defect analysis, and so on.

This slide shows the standby and measurement operation in the following setup. This example
assumes that the channel setup is defined in the Standby Channel Definition as follows in the order,
and the output value in the standby state is the same as the output value in the measurement state.

*SMUL1: Voltage source, non-standby channel
*SMU2: Voltage Source, standby channel
*SMU3: Voltage Source, standby channel
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To Use Standby Function

¢ [y 0% e
é ML -~ [Device Parameters
v CM05 :
§ Ok Contsl Polarity: i Lg: [100 ]| W [16.0 um
5 it Terp: | IdMax: (100 W
= | memary
g MixedSignal [
= wrary .| ame
E s
& ) 5ot standly channal cutput to:
5 =T (1) Standby ON
o v
[Standiyy Channel Gefinition
| -
1-vl3] Standby:  Unit: Mode: Source: l:nm’lanﬂl:l
prmed | © (-8 BT =] =R W10 e !I
) e | © o [smzin =l = wWious o _] ‘
g pulse e r [mom =V v ] (T s
= Vgstard | - r [smasm =V =V ] (TTREN| «
. vgstol| | ~ _[smussr ~|[v ~[av @hoies 6 ‘
vy
pulse{3] g=tel I GUMMEL
s L
- TD-Fulse =

Tmg Idvd Vth |
Trvg Ldvd Vth
Trng Idvd Vih
Trng Idvd Vth
Trmg Idvd Vth
Trng Vth

4/16/2007 2:51:
4/16/2007 2:50:
4/16/2007 2
4/16/2007 2:44;
4/16/2007 2:43:

Fiszenorr Bl amEmetoF [N A Reces o

Click the Standby Channel Definition button to open the Standby Channel Definition window.
Define Standby channels (Unit, Mode, Source, and Compliance).
Click the Standby ON button to set standby channel outputs. The Standby indicator will change from

OFF to ON.
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Bias Hold After Measurement

End of Single measurement
or
Start of next measurement

Bias Hold ON ’

I Source or Base value for Sampling

CONST | e |

VAR1/VAR1’/CMU I | [ ||_I | I :_ Stop or Start value
VAR2 ‘_I_, Stop value

Bias Hold OFF
CONST

VAR1/VAR1’/CMU ’_I | I l,_l |_|_IJ- ov

VAR?2 I oV

oV

Bias hold function keeps bias output after a measurement is made. For instance, the user may need
to keep one or more SMUs on between measurements to bias up a VVcc pin of an IC. Without this
function, a user is forced to connect an external power supply. Now there is no need for extra
supplies.

When this function is ON, the source channels apply the following value.

Constant source: Base value or Source value (1/V-t sampling)

Constant source: Source value (1/V Sweep or C-V Sweep)

VAR1/VAR1’ source: Start value or Stop value (I/V Sweep)

VAR?2 source: Stop value (I/V Sweep)

CMU: Start value or Stop value (C-
V Sweep)
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Class Exercise
Bias Hold Function

You will:

« Perform Repeat Measurement

« Measure the LED I-V characteristics

« Monitor LED during Repeat Measurement

To Get Started:

« Use the connection as same as the SMU pulse exercise
« Add an LED and jumper leads per following pages
« Get the LED setup
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Jumper Leads — Bias Hold Exercise
GNDL
FO
n®)
s©
O
6
O
11 12 ’
7 18 13 14
O O
23 15 24
@
00000000000000| 38
%nnnnnnnnnnnnu ® [1\\
T o Shorter Lead

Connect test leads as shown. And add the LED between terminals 13 and 14 of the 28-pin dual in
line socket.
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Bias Hold Exercise

Channel and Measurement Setup

IV Sweep Setup Name: [LED

o

Measuramant Setun | Function Setup | Auto Analysis Setup | Disnlay Satus |

L Advanced Setup

|Channel Definitien Channel Seit

Unit: S M U 17I:JJ nct!07n7 to VAB 1_] FI.IK:;i-lln: Unit: VName: IName: Series R SMU Fillter:
 [mume = =0 ES T B I EE EE EE =l
= : : Q_/ B "W = Hfoe = El
o [smwzme v = Ell =lfrons
Channs| Satup | HEasusment st05 d Functon Satup | Avto Anaiyss Setup | Displsy Secup |
VARt
Unit: |SMULHP ] &5
Name: [Vi = _
Direction: [117% - _ fmsieTE Cosool
Linear/ Log 2 ’:‘“l""j
= |5 Output Wait: |1 ]
X Vh = 0 to 25 V Measurement Wait: |1 g
- er— i

No of Step: [L01 ] - =

o [ ] Bias Hold after Measure - [on -

Pwr Comp: [0FF [ Output Value after Measuremdh 5100~
i : e - Bias Hold to ON

Hold: 25 = Delay: [0 H T
B S T Output Value to STOP
unit: v Name: TRame: Mode: Souree: Compliance:
[SMuzP A E Hv Hlov Bl 8

7.

Set the SMUL1 Function to VARL. The VAR1 output 0 to 2.5 V is enough to light the LED.

measurements.

48

Set the Bias Hold after Measurement field to ON to enable the bias hold function. And set the
Output Value after Measurement field to STOP. This setup keeps 2.5 V output between sweep
measurements. So the LED can light between the
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Bias Hold Exercise
Repeat Measurement Setup Repeat button

L

‘Repeat Measurement Setup
Repeat Procedures
—Start Procedure: — -
[ = Browse...
Arguments: | =
~Tteration Procedure:
! _— i L Repeats three times
~Final Procedure: Y
| B Browse.,
Arguments: =
¥ Automatically fill in Device ID
Erpint Sop Condion /" w || Click Run to start
:.,C: :;pr:fl::c:ng @) o measurement
¥ Procedure return condition ’Tl

Click Repeat button to open this window which is used to set and run the repeat measurement.

This example performs the LED I-V sweep measurement three times and then finishes the repeat
measurement.
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Bias Hold Exercise

S Agilent LED lights on

® —_
100 m
10.0m

fdiv
0
E vh (V)
LED lights off

500 m /div

During the measurement, leave the fixture lid open. And monitor the LED. This measurement does
not force dangerous voltage.

At the start of measurement, LED lights off. Beyond the threshold voltage, the LED lights on. After
the measurement, the LED keeps lighting until start of the next sweep measurement. And this cycle
is repeated until the end of the repeat measurement. After the repeat measurement, the LED lights

off.
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Module 8
Capacitance Measurement

In This Module

* CMU Fundamentals

» Classic Test Environment

+ CMU Calibration

» SCUU for IV/CV Switching

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

B1500A Multi Frequency CMU

* Occupies 1 slot of B1500A
* Four terminal pair configuration
* Spot & Sweep measurements
* Faster measurement time
» 1 kHz to 5 MHz frequency range
* +/-25V DC bias
(+/-100V with SCUU)
* Cable length auto detection (1.5 or 3 m)
* Higher accuracy below 100pF

The multi frequency CMU (capacitance measurement unit) adds the CV measurement capability to
the B1500A. You can now perform both IV and CV measurements by using the B1500A one box
without an external capacitance meter.

Key features of the CMU are listed above.
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CMU Block Diagram
Four-Terminal Pair Configuration

' Quter shield or Guard

Y Leur R Virtual ground
1—,@\/%@ ()

Generally, any mutual inductance, interference of the measurement signals, and unwanted residual
factors in the connection method incidental to ordinary termination methods will have significant
effects on the measurements, especially at a high frequency. The CMU employs the four-terminal
pair (4TP) measurement configuration which permits easy, stable, and accurate measurements and
avoids the measurement limitations inherent to such factors.

The above figure shows the four-terminal pair measurement principle. The measurement terminals
consist of the following four coaxial connectors.

-Hcur: High current

-Hpot: High potential

-Lpot: Low potential

-Lcur: Low current
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C-V Sweep Source

Single Sweep  Double Sweep

Linear Sweep

Up to +/- 25 V, using only CMU
Up to +/- 100 V, using SCUU (Agilent N1301A-100)

CMU supports the linear single sweep and the linear double sweep. The CMU can sweep up to a
value and then back down (double sweep). This feature is useful when the device must be tested
without abruptly removing the forcing condition.

The CMU can force up to 25 V DC bias. The DC bias can be expanded up to 100 V by using the
SCUU (SMU CMU unify unit) that is used to switch the IV measurement and the CV measurement
automatically. For the SCUU, see the following pages in this module.
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Class Exercise
C-V Sweep Measurement

« You will make the MOS FET Cgs-Vg measurement
« You will learn how to properly define a C-V sweep algorithm

To Get Started:

« Use the next several pages as you guide
« Get the CV-1MHz setup
« Follow the instructions on the following pages

8-6
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Cable Connections

'

CMU L]

SMU4 o= * @®.® ° 16442A/B Fixture

SMU3 T +©.® - N

SMU2 T > @@ - /,/—@, .
IR =

SMU1 BONCK p

GNDU

.
B1500A Rear View

The following cables are required to perform this class exercise.
CMU cable (Agilent N1300A-001/002), 1 ea.
Triax cable (Agilent 16494A-001/002), 2 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.

SMUL1 : SMU1
SMU2 : SMU2

Hcur : PGUL1 (red)
Hpot : PGU2 (orange)
Lcur : VSU1 (black)
Lpot : VSU2 (gray)
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Jumper Leads — MOS transistor

11

17

3O

28 20 21 15

00000000000000
" (Pnoonoonnonnn
1 1

N

4

Sub

1: Substrate
2: Source

3: Gate

4: Drain

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.

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

the following terminals.

SMU1
SMU2
PGU1

VSU1
VSuU2

: terminal 2
: terminal 4

:terminal 1
PGU2:
: terminal 3
: terminal 3

terminal 1
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Capacitance Measurement
Measurement Example

Cgs
#i Agilent
"
23p

i00f
fdiv

Conductance

5 Vg (V) 1.00 fdiv 5

This is the measurement example of the MOS FET Cgs-Vg characteristics.

To make the measurement, set SMU1 and SMU2 to COMMON. And set the CMU as shown in the

next page.
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Capacitance Measurement
Measurement Setup

Selects measurement parameters

_@"C:\l Sweep Setup Name: [CV-111Hz
Channel Setup :W‘.éggiﬂﬂfﬁgﬁ“ﬁ Setuui BAnctian Setup} Auto Analysis Setup] Display Setuﬂ
C-V Signal Source ‘
Range
V Name: [Vg ZE Frequency  pgq | etz | | Fomr
Model: [C-G - Kt
i e [rmne B va‘:‘;d
C Name: |C Q
G Name: |G F Name: |Freg E]
o | Frequency =]
. Start: |5V B 1 1
DC bias: # | and Oscillation level
" Stop: |5V B
S5Vto+5V Step: [100 mv | e
Noofstep: [(01 ] |_Mode: e | Factor: |2 8|
EE | Integration time
Hold: [0 B Delay: [0s Bl + sweep [CONTINE AT ANY ~| status
Constants |
Unit: V Name: I Name: Mode: Source: Compliance:
There is no item to display in this area.

1. Select the Cp-G mode, and enter the C Name and G Name.

2. Set the Start, Stop, and Step to specify the DC bias sweep condition.
3. Set the Frequency List to specify the measurement frequency.

4. Set the AC Level to specify the AC signal level (oscillation level).

5. Set the Integration Time as you like.

(End of This Class Exercise)
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CMU Calibration

Type Effectiveness Measurement
terminals
Phase Corrects phase error caused | Open terminals

Compensation
Perform before
measurement

by extending measurement
cables.

Open Correction

Perform before
measurement

Corrects for stray admittance.
Effective for high impedance
measurement.

Open terminals

Short Correction
Recommended

Corrects for residual
impedance. Effective for low
impedance measurement.

Connect terminals
together

Load Correction
Recommended

Corrects any error by using
the working standard.

Connect standard

If you have the load standard, perform the load correction.

8-11

CMU 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.

At least perform the phase compensation and the open correction. They only need to open the
measurement terminals.

Performing the short correction and the load correction is recommended.

If it is easy to make the short condition in your test environment, perform the short correction.

The standard must have the reference value. And the reference value must be defined in the
Advanced Options for CMU Calibration window. This window is opened by clicking the Advanced
Options... button. See the next page.
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Capacitance Measurement

CMU Calibration

Calibration
. 3

Opens dialog box to start
correction/compensation.

/ | Advanced Options for CMU Calibration
[Frequency

Standard Valus

| Eatibeation
SHU Calbertion | SMU Zara Cancel | UL ColBren |
MLl Calibration J
7 Open Correction Measure. \
r Short Corract] fon Messiire._.

7 Load Correction Measure... |

¥ Use factory speditied frequencies (Default)

 specify list of calibration frequencies

I Phase Compensation Meamurs.

Open Reference
Model: [C2 6

capacitance: [ F

Conductance: [0 &

L]

=/

|m|

Short Reference
Model: [F: |

1 MHz 'ﬂ
 Spadify frequencies by range
start: [L 5 B stop: ]| B
Steps: | B| scale: | =

Resistance: [0 ohr L]

Load Reference

wodet: [ ]

0R 8|

|tntegration Time

[50ohm |

| © AutoMode PLC Mode Factor:[:6 @]

oK Cancel

Open the Calibration window and click the CMU Calibration tab to perform the CMU calibration.

At first, open the measurement terminals for CMUH and CMUL, and perform the Phase
Compensation by clicking the Measure... button.

After the phase compensation, perform the Open Correction by clicking the Measure... button.

If you can make the short condition, short the measurement terminals, and perform the Short
Correction.

If you have the load standard, connect it, and perform the Load Correction.

Note:

If you use the calibration standard, define the reference data before starting the calibration. It must
be defined in the Reference Standard Value on the Advanced Options for CMU Calibration window.
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SCUU - for IV/CV Switching

SCUU Output: Forcel/CMUH

B1500A with SCUU Force2/CMUL

CV,

Heur/Hpot Triaxial Cable

CV,

CcMU

Manipulator/Positioner |Force

Lcur/Lpot

N: SMU number, Integer.

Switches CV/IV

You have a very hard time switching between CV and IV measurements (you may actually devote
separate probe stations to CV and 1V just to avoid having to change cables). In addition, great care
has to be taken when cabling to a capacitance meter to insure that all of the capacitance
measurements are properly compensated.

The SCUU removes all of these worries and makes connection simple and easy. In addition, the
B1500A software automatically takes care of the multiplexing based upon the type of algorithm
selected from the front panel.
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SCUU Connection Example — Direct Docking

CMUH or SMUS5 Force

CMUL or SMU4 Force
CMU
SMU5 ° 16442A/B Fixture
SMU4

SMU3 -T@ - ®.@ -

5

SMU2 T3e o @p @ — °
o [-©.0|[e0
SMU1L NORCK “o~0.0- ®

GNDU

— I
B1500A Rear View

Before connecting the SCUU, turn the B1500A off. And restart the B1500A after connection is
completed. The B1500A cannot recognize the SCUU without restart after connection.

Use normal triaxial cables or Kelvin triaxial cables to connect between the SCUU and the test fixture.
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SCUU Connection Example — SCUU Cable

SMU CMU Unify Unit
(SCuu)

Forcel or CMUH

To install the SCUU near the manipulators/positioners, use the N1301A-102 SCUU cable.

To realize accurate capacitance measurement, use the N1301A-200/201/202 GSWU & cable. See

the next section.
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GSWU

CMU cable or

CcMU SCUU cable

Hc

Hp

Lp

Lc

@@@@

— for Accurate Capacitance Measurement

Extension cable

4)m—w~9~.¢
() e O
—@wv\—w»—o—
%)md

Manipulator
or Positioner

“ J

4TP configuration

~ ~
Shielded 2T 3T configuration
configuration

Return path

This slide shows the typical cable connections for the capacitance measurement. Note the following

tips to perform the measurement accurately.

-Extend the four terminal pair configuration as close as possible to the device side
-Make the return path at the end of the extension cables (coaxial cables)

The return path is effective for:

-reducing the residual inductance of the measurement cable
-stabilizing the residual inductance when measurement cable distance is changed (moved)

The residual inductance will be roughly 1/10 to 1/30 compared with no return path.

To make the return path, use the GSWU (Guard Switch Unit) which was developed to make the
setup easily. The GSWU is the accessory available only for the B1500A equipped with the CMU

and the SCUU.

Note:

For the accurate measurement, it is recommended to make the return path at the point as close as

possible to the device side.
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GSWU Connection Example

SCUU Output: Forcel/CMUH

B1500A with SCUU Force2/CMUL

CV,

Heur/Hpot Triaxial Cable

CV,

CcMU

Manipulator/Positioner |Force

Lcur/Lpot

N: SMU number, Integer.

Switches CV/IV

Clip wire
N L
. Switches CV/IV cv,
GSWU | A witches ' l/‘ CV: thru
¥ GSWU Control Cable wve | GSWU
Simple direct connection between SMU/CMU and 1V: open

manipulator/positioner

1. Place the GSWU at the appropriate location near the manipulators/positioners.
2. Connect the GSWU control cable between the GSWU and the SCUU.

3. Connect a clip wire between the GSWU and the outer conductor of the manipulator/positioner
connected to Forcel/CMUH.

4. Connect a clip wire the GSWU and the outer conductor of the manipulator/positioner connected to
Force2/CMUL.

When the SMU paths (1V) are available for the manipulators/positioners, the GSWU opens between
the outer conductors. However, when the CMU paths (CV) are available, the GSWU connects them
together to make the return path of measurement current.

By using the EasyEXPERT software, cable length between the CMU and the SCUU is automatically
detected, and the GSWU switch control is automatically performed. Also, capacitance error
compensation is also automatically performed if the compensation data are available.

Note:

When the SMU paths are available for the manipulators/positioners, the connection between the
outer conductors must be broken because they are connected to the SMU guard terminals separately
and the guard terminals must be disconnected from anything at the end of the extension.
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ASU - for 1V/CV Switching

CMUH or Force

- = To CMU Hpot/Hcur
| == To HRSMU 1

Sense ASU 1

7 CMUL or CMU return path

—» To CMU Lpot/Lcur

ASU2 ~
S I == To HRSMU 2

The ASU (Atto Sense and Switch Unit) is available for the B1500A installed with the HRSMU.
Using the ASU permits use of the 1 pA range. Also the ASU can switch the measurement resources,
HRSMU or an instrument connected to the AUX input connectors.

The ASU has input connectors, one triaxial and two coaxial. The triaxial connector must be
connected to the HRSMU Force terminal, and the coaxial connectors must be connected to the other
resource such as CMU. Also the ASU has the control connector to be connected to the HRSMU by
using the ASU cable.

The ASU has output connectors, two triaxial, that must be connected to the DUT interface such as
manipulators or probe card. When the measurement resource is the HRSMU, they are the
Force/Sense connectors for the Kelvin connection. And when the resource is not the HRSMU, the
CMU/AUX is connected to the Force, and the Sense is not used.

If you connect the CMU, two ASUs are required. Then the ASU’s CMU-pot/CMU-cur connectors
must be connected to the Hpot/Hcur of the CMU. And the other one must be connected to the
Lpot/Lcur in like manner.

To realize accurate impedance measurements using the four-terminal pair measurement method,
connect the CMU return terminals of ASUs together.

Note:
For the accurate measurement, it is recommended to make the return path at the point as close as
possible to the device side.
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ASU to CMU/HRSMU Connection Example

ASU1
Hcur k@ Hpot
/ o @
CMU SMU3 Force
[/ -e.@:
SMU4 cffe - @@ -
SMU3 -the + ©.@ -
SMU?2 ° JONOK
Lcur Lpot
SMU1 ®.® ° SMU?2 Force 9 @
GNDU @
ASU2

B1500A Rear View

To connect the ASUs, use the following cables.

CMU cable (Agilent N1300A-001/002), 1 ea.

Triax cable (a part of Agilent B5288A-001/002), 2 ea.
D-sub cable (a part of Agilent B5288A-001/002), 2 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 two ASUs as shown.

The triax cable and the D-sub cable are connected between ASU and HRSMU.

Before starting the ASU connection, turn the B1500A off. And restart the B1500A after the
connection is completed. The B1500A cannot recognize the ASUs without restart after the
connection.
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ASU Switch Control

.

Configuration

Configuration

Han Frame | Mn:iu)esl ASO lSrrt{h\’fU Matrs | Event Log |

[asu st

[ l Slot \ Module Type -\Name

. ASU Serial Number | ASU [/O Path |
|
i 6 BIS17A/ES288A SMUSHR/AS  * s/n mismatch
| _
ASU I/é Path: SMU (to use HRSMU)
,Y_Vhor AUX (to use CMU) BT —

Close

To control the ASU switch connection, open the Configuration window and display the ASU tab
screen. Then highlight the B1517A/B5288A row and set the ASU 1/0 Path, SMU or AUX by using

the ASU 1/0O Path pull down menu.

Set SMU when you use the HRSMU.

Set AUX when you use the CMU or the other resource connected to the ASU’s AUX In.

If the ASU Serial Number field shows its serial number, the HRSMU-ASU combination is correct.

If the ASU Serial Number field shows *s/n mismatch, the combination is wrong.

The B1500A can work with this wrong combination however it cannot satisfy its specifications. The

specifications are guaranteed for the correct combination of HRSMU and ASU.

8-20



Modifying Application Test Definitions




Module 9
Modifying Application Test Definitions

In This Module

* To Open Application Test Definition

e To Modify Test Definition

e To Use Debug Tools

* To Use Built-in Functions

* To Add Data Display

e 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)
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Modification Overview

Open an application test definition to be modified
Open test definition editor

Save the definition as your test definition

Modify the definition as you like

Resave and close the definition

© o bk~ w0 DN BRE

Export your test definition as your backup

This module explains the modification example using the VVth Const Id test definition. After the
modification, the new definition can perform the Vth Const Id measurement, display the 1d-Vg curve,
and additionally display the gm-Vg curve.
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To Open an Application Test Definition

Example: Select Vth Const Id as template

2

Data Display Help

¥ E .]gmmm Setup Mame: [0 Co0r 32
W~ [Owvice Parsmerses
b Lty
Drect Cantil Polarity: [ ]
Depcrate
=1 Eoercine Tomg: 250200 M)
! M
§ sivedtigral v
_jﬂz- - | [Test Parameters
[ S -
E vgla] I
= Drain: (G438 ] -
23] tetngTime: [iETT ] vefmr 3 | &
i 1On-0e Vg gl W
: : ] Vih gmMen
3]
vy Gate: [SHUTIER < Subw: (DI <] —] o]
putset3] vomart: [0 W] |3 veubs: [T 8] o
. vgsop: 200y W) 5 «
iz vastop: [553] B oo
* TF Z:
]
[Vth Const 14 s
- g
= pin &3
| Date | Count | Device 1D Remarks |
12/13/2006 6:50:07 P 1
10/14/2006 3:38:45PM 2
11/14/2006 2:18:02 PM 1
13/13/2006 6:20:05 P 1
121117006 4004 DM 1 N - . ‘4
L &l

Click a test definition in Library list area, and click Select button to open the test definition.
For example, open Vth Const Id.
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To Open Test Definition Editor

Click Library>Open Definition of This Test...

Fls  Data Display  Help

7 [Gotagory | @] ih Const 1 Setug Name: [17: Cooe
— T

g S Potarity: [lic 5 wfwm §

3 :n'.‘r',::: Temg: [F50ceg W] wa: [[00ms W

Memory
svedignal

= Jlcancel

" LDefine New Test
Open Definition of This Test. ..
wvgla] elete Definition of THIS Test

Import Test Definition...

| ek Test

Export Test Definition... __| Orain: [ %
. IntegTime: [iE0on = I ‘i .
o waewt: [1 T2 (ol 8]

’
oo Gate: R = s T =] = B
pub ) voStart: [500 - §] Veobs: 07 4] -
B | e «
i grstan visis Emrr I ! Teng k¥
s Source: [nan = i
' k £
vin Const 18 % e
- | g =
[ T
A| | Flag | Setup Name | Date | Count | Device 1D | Remarks I
Tmg Vth 12{13/2006 6:50:07 P 1
Zerg-check 11/14/2006 3:38:45PM 2
Zero-check 11/14/2006 2:18:02 PM 1
Zero-check 11/13/2006 6:20:05 PM 1
Tmn Samniinn 12001 /WA 4110-03 DM )

-]

Click Library and select Open Definition of This Test... to open the test definition editor.

The following pages show the modification example to display the gm-\/g curve given by the Vth
Const Id test result.
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-)

To Save Definition As Your Definition

Save the definition as your definition (ex: Trng vth)

Hie} Help
Save_Ctrl+S Tese oursie |
'[Close
Category: [Exeicee }
Tiest Name: 170 Vo7 - | =

new test name Tweswme tome..| oo |
[Buvice Paramabers Definition

L]
Mame: Detault: TR
r ey e e [BHs foeg
~fa o=
[ Hii =
|
r [fere w006 =
e cr— L |
Background: [C7Bragram Fles AglentB1500 ExnEFERTIG Browse...| G |
Hame: Types Detault: Description:
e e _ox | el |
r foetre mllimec  =lfos | =T =0 ¥
o T | T " [] | Ik
~ [iBeve w[lmec  =l[10e06 Walla) (=8 T | PP PP r

unkeg mlfsemg  wlfisa

O R | Te——

L [T | o 1
P Ehn EE Er

Test Definition editor

Create a new Category (ex. Exercise), and change the Test Name (ex. Trng Vth).

After changing the test name, save the test definition. Saving the definition will change the window
title to the new test name. Window title will be changed from Vth Const Id to Trng Vth in this

example.

In this example, the Trng Vth definition belongs to the Exercise category only.
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To Modify Test Definition

Change default values and add parameters (ex: Pcomp_d)

| @ Ting Veh M1
Fle Help

| This area sets the
properties of the
specified parameter.
*Min
*Max
*Digits
*Resolution
*Unit
*Typical Values
*Symbols

Test Definition editor

On the Test Specification tab screen, you can add new parameters or change parameter settings.

This example changes the default value of the Module parameters for the MOS FET class exercise
typical setup and adds the Pcomp_d test parameter (drain terminal power compliance).

The Module parameter default values are changed as follows. See the actual settings on the test
definition editor.

Drain: SMU4

Gate: SMU3

Source: SMU2

Subs: SMU1

The Pcomp_d parameter is defined as follows.

Name=Pcomp_d, Type=Numeric, Default=1 mW, Description=Power compliance for drain terminal,
Align=check, X=550, Y=120, Width=80, Ext=uncheck

Properties: Min=1 mW, Max=20 mW, Digits=4, Resolution=1 mW, Unit=W

For Align, X, Y, and Width values, consult the settings of the other parameters for the same terminal
(ex. Drain). For example, Pcomp_d must be located between Vd and Subs entry fields (see
application test screen on the main window). So X and Width should be the same as the settings of
Vd, and Y should be between 90 and 180 (see the actual settings of VVd and Subs on the test
definition editor).

Typical Values... button opens a dialog box used to define the typical values used for the selections
of the parameter value in the Application Test mode. For example, set 2 mW to 20 mW in 2 mW
step for Pcomp_d.

Symbols... button opens a dialog box used to map a numeric value to a string. For example,
Value=1 and Symbol=ON are set, typing ON enters 1, and typing 1 enters ON. The value must
satisfy the Min, Max, Digits, and Resolution settings. The value and the symbol must be one by one.
The definition is effective only for the parameter.

9-7



Module 9
Modifying Application Test Definitions

To Modify Test Definition

Change or set test parameters (ex: Pcomp_d)

[T =od
Fie Help
e oo (T
¢
P n O® M O & A
BLOCK F LOOF FOR ASSIGN COMMENT END ERROR
% @ 1V Sweep Setup Name: [\2h Cost 12 =
Y Nk Delete || Chsal Setio Massceamant Satun | Function Sutua | Acts Ansives Bt | Daplay Satia |
— Seechion ﬁ
F |
& [ | -
o o Wame: [igiee = a0/
Diection: [Frae 2] Inieg
= s
Unear/Logs L3028 = e

ELSE IF IntegTime="L
IntegMode = *PLC™
AdeFacror = 16

EXD IF

ss Ty Supep ses
Vth Const Id

[ ]

* Sweep [C0NTIE AT ANiY

J
END B_;g!". W Masma: 1 Masma: Moda: Souarce: Compliance:
W[fsoee mi[Boorce v Wferroarey  W[iamax i]a
- ]fvéan =i[lian =V WfvdPoaey W[k 5
. | of |EWEssE Wit B Cil Wl[vsberoaey Wibosire W] iw
Test Definition editor

On the Test Contents tab screen, you can change the test execution flow (program flow),
measurement conditions, display setup, and so on.

To add the Pcomp_d parameter to the measurement setup, click the Vth Const Id line in the program

list. And in the I/VV Sweep setup editor, display the Measurement Setup tab screen. And enter
Pcomp_d to the Pwr Comp entry field.
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To Modify Test Definition

Change display setup and define external variables
(@ 0.0

Fle Help

EhoeBOe A

External variables must
/| be defined before making
the matching table.

External variable
= Test setup internal variable

| 2

Test Definition editor

On the Display Setup tab screen, you can change the graph scale Min/Max values or add/delete the
list parameters.

This example makes the matching table between the External variables and the Measurement data.
The measurement data can be referred outside the test setup via the external variable.

Where, the measurement data means the variables used in the test setup. And the external variables
means the parameters defined in the Test Specification, the Local Variable Definition, or the Test
Output’s Analysis Parameter Definition.

This example sets the matching table as follows.
Vth_constld external variable: Vth internal variable
GM_data external variable: gm internal variable
VG_data external variable: VVgate internal variable
ID_data external variable: Idrain internal variable

External variables must be defined before making the matching table. In this example, the variables
are defined in the Analysis Parameter Definition. See the next page.
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To Modify Test Definition

Define Test Output and Analysis Parameters

[@Tmgvin =
GaE
‘y, |

Y Graph

Test Definition editor

This example defines the Test Output and the Analysis Parameters.

1. Display the Test Output screen.

2. Check the Define own Output Parameters.

3. Click the Define Analysis Parameters button.

4. Define the analysis parameters (ex. GM_data, VG_data, ID_data, and Vth_constID).
5. Define the X-Y Graph, List Display, and Parameters.

Note

External variables must be defined before making the matching table shown in the previous page. In
this example, the following parameters can be the external variables.

Parameters defined in the Test Specification

Variables defined in the Local Variable Definition

Variables defined in the Analysis Parameter Definition (this example)

Note

If this test definition is used in the other test definition, the analysis parameters can be referred
outside this test definition. This means that the analysis parameters can be the Measurement data in
the External Variable Setup as shown in the previous page.
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To Modify Test Definition

Add local variable (ex: Yes for Message box)

= & ® n O ® M S A

BLOCK NI ERROR . FRMALLY F LOOF. FoR ASSIGN  COMMENT BN ERROR

Variabiles relinition statrment

Add numen: | add vector | add sereg | add Medube

Varable Vanatle Vanable Vanatle

String Vartable ]

me: oo m Values 1 W] Deseription [Varan for AL e -
Munseric Variable |
Name: (e - Valoe: [0 B Descripthon: [ser rea0orse -

Variable Yes is used in
the message box.

Test Definition editor

Click Local Variables Definition line to display the local variable list. And define variables.

This example defines Yes variable as follows. This variable is used in a message box. See the next
page.
Name=Yes, Value=0, Description=User response
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Module 9
Modifying Application Test Definitions

To Modify Test Definition

Define Message box

A 8% This message box

_f'=5°«'w-'- | asks you clicking the
B oUoE ¢ OK button to display
RIS MO e cad the gm curve.

Program Companens | Apphcaton Taxt | Arakyss | Cases T Macelanecus | My Faverte Setup

un 2 Sap3y the orm eumve, cick DI -

This setup displays the message
“To display the gm curve, click OK.”
focat vertasies getim of| ON the message box.

BLOCK

3
2
5

| Bresic

This setup makes the OK button on
the message box.

Integkcds =

dcPantae = [Eer Resgomms
jeue v Sweap e L o
Rl o =)= =)« The value of the local
e L vuion2 | 4 < variable Yes is set to 1
J = , from 0 by clicking the
| L OK button.

Test Definition editor

Click the Message line in the program list. And define the message box.

This example defines the message box that opens after the Vth Const 1d measurement and displays a
message and the OK button.

1. Enter the message.

2. Enter the button name.

3. Select the variable used to keep the status of the button.
4. Repeat 2 and 3 for all buttons you want to add.
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Modifying Application Test Definitions

To Modify Test Definition

Example: Displaying Message box

2

Data
Flha
Ale Wi Cursor Lne Window Help
= tol T Lo [ 5 18
§ BERFERQQL@-BERE s E-FA-BH >
= | Setup Namo:
I Vi Const W x
OV Graps Propectivs. | |
§ T Agllest  CRSOR LIMAOOOE-O00 ¥ LOGGODISONE-O04 A LMENITBSLEEL A | Wy Favorite Scligre | ————
E 0] 3 vih ey et -
Wm I
-
i € <} B
" Te diaplay the gm curve, chek O i
2 H
‘i gtes
1.66m
=9
Ly 4]
L |
E30m Voate (V) 200 m b J
o e
oes | _vgita| wiowea | Veean | Vaun | Moo | all
1 =0 o v ov 208 53005 </
2 450 (1] oV S pa 468755 (| yrmg
€] » Cameles
Harme | Dete [ count [Device 1D Remarks [
B Trng Vth 12/13/2006 6:50:07 PM 1
£ Zero-check 11/14/2006 3:38:45PM 2
| Zero-check. 11/14/2006 2:18:02 PM 1
Zero-check 11/13/2006 6:20:05 PM 1
Trmn Samnlinn 13011/ a-11G-da DN 1 - a i
o & x

In this modification example, the message box opens after the Vth Const Id measurement is
completed. This message box asks you clicking the OK button to display the gm curve.
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Module 9

Modifying Application Test Definitions

Class Exercise

Perform the following modification example.
1. Open Id-Vd test definition.

2. Modify it as follows.
If Yes is clicked after 1d-Vd test, move marker and
tangent line to Vdrain=1 point.
If Yes is clicked, perform Vth gmMax test.

Use the debug tools.

Perform the test.

o a &~ w

Export the new definition, and import it.

Save the definition as a new one (ex. Trng IdVvd Vth).

1. Add the Yes variable to the Local Variable Definition.

2. Insert the following lines between the lines 1d-Vd and END BLOCK.
Message
IF Yes=1
Auto Analysis
END IF
Message
IF Yes=1
Vth gmMax
END IF

3. Define the first message box.

Message: Do you perform auto analysis?
Buttonl Label: Yes, Selected: Yes
Button 2 Label: No, Selected: (blank)

4. Define the second message box.

Message: Do you perform Vth gmMax test?
Buttonl Label: Yes, Selected: Yes

Button 2 Label: No, Selected: (blank)

5. Define the IF statements.
Condition Expression: Yes=1

6. Define the Auto Analysis.
Line 1: Enable, Tangent, Axis: Y1, Data Condition: Vdrain=1
Marker: Enable, Condition: Vdrain=1

7. Change the Vth gmMax test parameters as follows.
Drain: Drain

Gate: Gate

Source: Source

Subs: Subs
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Modifying Application Test Definitions

To Use Debug Tools

l

H®

Add Meduy
Vanals

o

=
£
]
n

ReturnPort = SMUL1

Break point ReturnCh = OUT1

> -
il ]

Variable Inspector

This slide shows an example of using the Variable Inspector for debugging. Confirm whether the
correct values are passed to the variables properly.

Set the break point, and click the Run button. After the program is paused, click the Inspect button.
The Variable Inspector is displayed. You can check the values by using the variable display fields.
The field can be displayed by using the Add XXXX Variable button. XXXX will be Numeric,
Vector, String, or Module.
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Module 9
Modifying Application Test Definitions

To Use Debug Tools

M) %)

oo BLock *Run
*Abort
*Stop
*Break
*Inspect

Mo Parameter Settings

The Debug tab menu provides the following buttons:

*Run button starts the debug (executes the test flow). During execution, the label changes to Pause.
Clicking Pause button pauses the execution, and changes the label to Run that is used to continue the
debug (execution).

*Abort button aborts the debug (execution).

«Step button executes the highlighted line of the test flow. Clicking the button repeatedly continues
the execution by a line.

Break button sets/releases the break point. For the break point, this button releases the break point
from the highlighted line. Program execution will break at the break point automatically.

eInspect button is available when the debug (execution) is paused or breaked. This button opens the
Variable Inspector used to monitor value of device parameters, test parameters, analysis parameters,
local variables, or system variables.
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Module 9

Modifying Application Test Definitions

To Use Debug Tools

Debug: Inspect button

|@Trng v vy oE
Fle Help
et Spechaaton  Test Contents | Tam Outpit

= -

| Vartabie inspretor =5
Il & | adawumenc| addvector | Addswang | Add Module
Variable arable ariable ariasle

[ amaric variabin ]

Varisble: (16 <l valse: |1 [}
o

Break point @

~|

Paused point

The Variable Inspector is displayed by clicking the Inspect button after the program is paused, and is
used to monitor or change the value of the device parameters, test parameters, analysis parameters,
local variables, or system variables. For the vector variables, only data monitor is available. The
Variable Inspector provides the following buttons to add the variable monitor area.

» Add Numeric Variable
» Add Vector Variable

* Add String Variable

» Add Module Variable

The following functions are available for the menu displayed by clicking the banner of the variable
monitor area.

*Up: This button shifts the variable monitor area upward.
*Down: This button shifts the variable monitor area downward.
*Remove: This button deletes the variable monitor area.
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Module 9
Modifying Application Test Definitions

To Resave and Close Your Test Definition
Close the definition editor, and overwrite your test definition
[Fle] Help
Save_Ctri+S sz Oursie |
Close
oo P B ] P R =
' mm@miﬂ GO e T, S L O
(Devics Paramwters Dafiaition — T -
Mamme: Detault: | Miin: |1 W
o - 2 wafi W
G Ho oot B ol -
r [T !ju\lm _'1 et Typical Vaoes... | Symbols... |
Background: [CFrogram Fler Agint 1500 Ean EXFERT x_‘mﬁ‘iﬁmﬁnnm-mm.._
Towt xR 0435
e s dosigoiy
N - == AT
r [penTre wilemec =03 [ § §&
- [iee w[lmec  =l[10e06 Walla) & 150 o Wi mr
[pransank 0 slfseng  =[ieA e 1/ i
f T T pf® Wm W Br
Test Definition editor

After you create your test definition, save the definition and close the Test Definition editor.

Click File > Close. Confirm Test Definition Save dialog box is opened. Click Yes to save your test
definition and continue the close operation. The Confirm Test Definition Overwrite dialog box is

opened. Click OK to overwrite your test definition.
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Module 9

Modifying Application Test Definitions

Click Library>Export Test Definition or Import Test Definition
_Fils Data Display Help [ Test Detinition mpert §52 =}
- [mg v= = = -
2 o »_m;J_m;.v:-.- ki s :FT d r@om
g P Potariy: i ] wfiwm W -eé" i
3l s o B e
ary =l cancel e
g i EE;:}%EZ;.;:?&'rmsTest... W;;;)_,,
Timg v E—
. J B
wovn: [wTTE e v <)
Test Definiion Export i =
o [k e |
vostart: [S00-0 8] |3 e P
Vgstop: 1007 W) w_aé"
wgstop: [900 - @ Cocumerts
A] | g
% i
=
atup Name | Date [d oo
Trg Vth 12/13/2006 6:50:07 PM 1 j‘l
Zero-check 11/14/2006 3:38:45 PM 2 =0
Zera-check 11/14/2006 2:18:02 PM 1
Zuro-chick 1noe s00s e 1| g
T e 1S Ty
ERT EanLiFERT Tem Dafroo- Hes = Cecd |}

The test definition can be exported as the EasyEXPERT test definition file format or XML file
format. And the file can be imported to the EasyEXPERT later.
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Modifying Application Test Definitions

Absolute value:

Averaging:

Data conversion:
Difference:

Differentiation, integration:
Exponent, logarithm:
Maximum, minimum:
Reading data :

Square root:

Trigonometric function:

To Use Built-in Functions

abs(A)

avg(A), mavg(A,B)

string(A), value(A)

delta(A)

diff(A,B), integ(A,B)

exp(A), Igt(A), log(A)

max(A), min(A)

getNumericData(A), getVectorData(A)
sqrt(A)

acos(A), asin(A) , atan(A), atan2(A,B),
cos(A), sin(A), tan(A)

The EasyEXPERT software provides the built-in functions to calculate the display data and

parameter or to get the test result data. The built-in functions can be used in the user function and

analysis function of the test setup, and in the test execution flow of the test contents.

The following functions are also available.

at(A,B), at(A,B,C), ceil(A), cond(A,B,C,D), dim1Size(A), dim2Size(A), floor(A), index(A,B),
isValid(A), setDeviceld(A), storeAt(A,B,C,D), substring(A,B,C), swmToModule(A)

For details of the functions, see User’s Guide or online help.
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Modifying Application Test Definitions

To Use Built-in Functions

User function setup example

6 Trog Vi Auko A S )

e
Tes Spectcanon Tast Contents | Test Outsu |

d)c 4
Do | IV OV Sweep
samping

Program Companent | Appiciton Tes | ] Camsc Tex JHstelnem
& e | T/V Sweep Satup Name: 123 -
Selgcnom | N e ‘ el Setun | Maisramet setus [ Functon Setia Josoy sans |
E - Function
E Capy. cut Pasts Add
i — ! — ‘Nama: Uitz Dofinition:
;;;! varisbles Defini 8 Ll I | =l Ll
.“_'.es:\;c - B *fraigmi u
gm = diff(1d,Vg)
VG=getVectorData(Vg) gmMax = max(gm)
ID=getVectorData(ld)
GM-=getVectorData(gm)

— H Add
VTH=getNumericData(Vth) -agis § e s LI
GM_MAX=getVectorData(gmMax) ggp 15 ¥ " P~ o e 0l

EL‘;-!‘;L{;IZ‘!.
| LI:

This is an user function setup example. This example uses the diff function to calculate gm values
and the max function to get the maximum gm value.

Also, the getVectorData and getNumericData functions are used in the test execution flow to get the
test result data.
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Modifying Application Test Definitions

To Use Read Out Functions

Marker index value: @Ml

X coordinate value: @MX, @CX

Y coordinate value: @MY, @MYn, @CY, @CYn
Regression line parameter:  @L1CO, @L2CO

Line slope: @L1G, @L1Gn, @L2G. @L2Gn
Line X intercept: @L1X, @L2X

Line Y intercept: @L1Y, @L1Yn, @L2Y, @L2Yn
Intersection of lines: @lX, @lyY, @lYn

n: integer. 1 to 8.

The EasyEXPERT software provides the read out functions to read the marker position, cursor
position, line slope, line intercept, and so on. The read out functions can be used in the analysis
function of the test setup.
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To Use Read Out Functions

Analysis function setup example

AL A

T Spechcamon Tast Contents | Test ousut |

’I‘h

FREEE |

TV Semep vt C-V Sweep
e

B st | et | v

| Dobug|

Frogam Compenant | Appicaten Tax: | Anwyss|

[ T

Tex JHscenesus

T/V Sweep

Setip Name: 1200

vl Setun | Marsrermat seews (Puncten Setia Jowouy sanis |

-

]

Copy cut Pasts

Local Variables Defini s
BLOCKE
Message
AUED ARALYSLHE
Hossage
IF Yessl

VG = getVestorDa

GM_MAX = getiVeot
bisplay, Veh and
Ruto Analysis
END IF
END IF
END BLOCE

Lo W]

Nama: Uit

c pn H[s

=lfefeve

Ll

- B

*fraigmi

Ll

Mame: Uit

5 e

Vth=@L1X

This is an analysis function setup example. This example uses the @L1X function to get the X

intercept value of the line 1.
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Modifying Application Test Definitions

To Add Data Display

Analysis: Display Data Setup

@ rmg iV Auto Ana G )

Fie o

| Tes Soectenon Tast Contents | Tew outout |

Measurement,
data display, and
data save [ 2

Data display I (

The test setup performs measurement, displays the test result, and stores the test result data to the test
record.

In addition to the default test result display, you can make additional data display by using the
Display Data Setup statement. The statement provides the user interface as same as the Display
Setup of the Classic Test or the Test Output of the test definition. The above example displays the
ID-VG/GM-VG curves, GM_MAX and VTH values, and tangent line by using the extra Data
Display and Auto Analysis function. See next slide.

Note:
This additional display data cannot be saved to the data record. However only the last display data
can be saved if the Test Output has not been set.
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Modifying Application Test Definitions

To Add Data Display

Additional data display example

'@ Display, Vth and Tangent Line - Agilent EasyEXPERT

Lo
File Edit View Marker Cursor Line Window Help
. T Y = == = =3 T
- | - - Ig -
DaQXd - EREEMEe - P -
Setup Name:  [Display, Vth and Tangent Line
X-¥ Graph Plot | |
34 Agilent
5 MARKER( ) o GM_MAX [isaq
im m
L F297.55475547af
Gradient:
+ 5454000 u
D GM
100U
Jdiv ——
i 0
-500m VG () 200 m /div 2
List Display |
Index_| A D | [~
10 -50.00 m 135.640 U 520,62 U =
1 0 162420 u 540.8 U
12 50.00 m 189.720 U 5454 U ol

This is a test result example displayed on the Data Display window.
The auto analysis setup for this example is shown in the next page.
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To Use Auto Analysis Function

Analysis: Auto Analysis

(@ = |
| efea m:cm:«ulrn-_m;::..!f ]
e Linel = @
‘ ghig-oarny
Y Llne 2 | g grent | Appicaton Ylﬁl A'hmlﬁu Taxt| Mscelnesus | B
% Hlock Insert Detet S
2 siecon | e . El
L4 Marker g ¥ Pas Fits R tormal © Gradent & Tagent T Regressin - |
= H %% Coornate % Data Conditien
B T T o P T
P GM=GM_MAX st
% ™| v =
P Cradest ¢ Tan |
© Data Candtis
= I =
=5 % =
]
= = CHl =

The Auto Analysis statement is used to apply the automatic analysis function to the last test result
before this statement. When the test finishes, the function automatically draws lines, a marker, or
both on the X-Y Graph of the Data Display window. This statement provides the same GUI as the
Auto Analysis setup in the Classic Test.

You can set up two lines and one marker for the automatic analysis function by using the setup
editor.

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.

This example draws the tangent line for the Y1 data at the maximum GM point.
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To Control Test Result Data Outputs

Analysis: Data Display Control

2 [« o | Clas Test | Mscalaneous |

Data Display: OFF/ON

Miscellaneous: Data Store Control

Proga i sic Test Macetangous |

Data Store: OFF/ON

By the default setting, the results of the tests defined in your test definition are displayed on the Data
Display window and are stored to the data record.

You can control the data display of the tests by using the Data Display Control statement. Insert the
statement, and remove the check from the Enable Data Display box to disable the data display.

You can also control the data storage of the tests by using the Data Store Control statement. Insert
the statement, and remove the check from the Enable Creating Test Result Record box to disable the
data storage.

The functions cannot control the following data output. They are always enabled.
-Data output by the Test Output of the test definition
-Data output by the last test setup if the Test Output has not been set
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To Use Test Setup Internal Variables

- =56
, 5 From Display Setup screen
L of Classic Test setup

Internal variable

é v [T Local variable

*Device parameter

s - «Test parameter
3l % g eAnalysis parameter

: L . External Variable Setup
From Application Test setup

You may want to read the parameters/variables used in Classic Test setup or Application Test setup
defined in the Test Contents. Then use the External Variables Setup window used to make a
mapping table between the test setup internal variables/parameters and the external variables (local
variables, device parameters, test parameters, or analysis parameters).

To open the External Variable Setup window from a classic test setup:
Specify the classic test.

«Click the Display Setup tab.

«Click the Assign to external variables... button.

To open the External Variable Setup window from an application test setup:
*Specify the application test.
*Click the Assign to external variables... button.

Note: Application test internal parameter/variable to be connected to an external variable must be the
analysis parameter in its test definition. For the analysis parameter, see “To Define Test Output” in
Module 10.
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Modifying Application Test Definitions

To Use Test Setup Internal Variables
Setup example [ Assign to external variables... |

L

External Variable Setup
Variable assignments
wil| | Dol [
External variable: Measurement data:

e v = [veh |

o v =1l [vg g

o fom Ei Jarm El

o [em_max = Jammax Bl

r~ |o | | -

This example makes the mapping table between the test setup internal parameters and the analysis
parameters.

*Define VTH, GM_MAX, VG, ID, and GM as the analysis parameters.
*Set these analysis parameters to the display parameters.

*Open the External Variable Setup dialog box.

*Assign VTH to the internal parameter Vth.

*Assign VG to the internal parameter \Vg.

*Assign GM to the internal parameter gm.

*Assign GM_MAX to the internal parameter gmMax.

*Assign ID to the internal parameter Id.

For the example definition, open the Trng idvd idvg2 definition stored in the \data folder on the
Manual CD-ROM. The Manual CD-ROM stores the example test setup and definition data used in
this manual.
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Result example

To Use Test Setup Internal Variables

@ Trng idvd idve? - Agilent EasyEXPERT BEX|
File Edit View Marker Cursor Line Window Help
e Eea—=IE 3 Y. Emc =o= gOR WA | = = =
BEREEEERQAX@ EiE omE-FA-EEIC s
SetupName:  |Trng idvd idvg2 X
X-Y Graph Plot Properties... | | [Parameters |
1% Agilent
(a) (s) VTH 1.02606
im 15m
GM_MAX 112100 mS
2 2
100y
Jdiv
a 0
-500m VG (V) 200 m/div 2
<l | [l
Tt Drepiay Properties... | |
Index | v | ] G | [
1 -500 mV 460 A -296.000000000... B
2 -490 mv 2.5 pA -147.5 pS
3 480 my 249pA  17.508 vl

This is a result example of the test output setup shown in the previous pages.
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To Use Test Setup Internal Variables
Using built-in functions

Display parameters of

Local Variables Definition the last Data Display window

BLOCK
IdVg «— Test setup
VG = getVectorData(*“Vvg”)
ID = getVectorData(“1d”)
GM = getVectorData(““gm™)
GM_MAX = getVectorData(*“gmMax”)
VTH = getNumericData(“Vth”) /4 14, gm, gmMax, and Vth
|dVd«— Test setup must be the display

parameters of 1dVg.
END BLOCK

This example shows another way to read the value of the internal variables (Vg, Id, gm, gmMax, and
Vth). In this example, you do not use the mapping table but use the getVectorData and
getNumericData built-in functions. The functions can be used to read the value of parameters
displayed on the last data display.

To read the value:

*Define VG, ID, GM, GM_MAX, and VTH as the analysis parameters.
«Set these analysis parameters to the display parameters.

eInsert the ASSIGN statements to add the formula shown above.

Note: Application test internal parameter/variable to be connected to an external variable must be the
analysis parameter in its test definition. For the analysis parameter, see “To Define Test Output” in
Module 10.
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To Use Test Setup Internal Variables
Using built-in functions, setup example

@ Trg i lavey oe
Fle Help |

This example sets the following test flow:
Local Variables Definition ! Defiles Yes variable
BLOCK
Message ! Do you perform Id-Vg measurement?
IF Yes=1
Idvg ! Classic test setup for 1d-Vg measurement
VG=getVectorData(“Vg”)
ID=getVectorData(“Id")
GM=getVectorData(“gm”)
GM_MAX=getVectorData(“gmMax’)
VTH=getNumericData(“Vth”)
END IF
Message ! Do you perform Id-Vd measurement?
IF Yes=1
Idvd ! Classic test setup for 1d-Vd measurement
END IF
Message ! Click OK to display VTH and GM_MAX values and end the test
END BLOCK

For the example definition, open the Trng idvd idvg3 definition stored in the \data folder on the
Manual CD-ROM. The Manual CD-ROM stores the example test setup and definition data used in
this manual.
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To Use Test Setup Internal Variables
Using built-in functions, result example

o
© Trog i0vd 1dvg? - Agilent EasyEXPERT | [ <
i i Marker Cursor Line Window Help

Dacfd-BEREsE-H-FEl s

Setup Name: |ng idvd idvg3 b4
X-Y Graph Plot Properties... |Parameters ]
T% Agilent

(A) ) VTH 1.02693 V

im 1.5m
| | | GM_MAX 112600 mS

= 2
100u

Jdiv

0 0

500 m V6 (V) 200 m/div 2
3| I | (2
List Display Properties...
Index | vG | o G| ~
1 500 mV 300 fA -292.000000000... o
2 490 mv -2.53 pA 128,505
3 480 mv 218 pA  -2.99999900090... vl

This is a result example of the test output setup shown in the previous pages.
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Class Exercise
To use Auto Analysis twice

You will:

« Make two kinds of MOS threshold voltage (Vth) measurements

« Observe how the user functions and analysis functions are used in the
analysis

« Observe how auto analysis works twice

To Get Started:
« Use the standard MOS device and pin connections
« Get the Vth gmMax setup
« Open test definition editor
« Modify the definition for Vth measurement by using the constant
current method.

In this exercise you will observe how auto analysis works. You will understand each setup screen
required to implement an auto analysis process.
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To Modify Test Definition
Opening Vth gmMax test definition

File Data Display Help

E Category @ Wth gmMax Setup Name: [vth gmMax El
BT + |Device Parameters |
| CMOS
= | Disrrete Polarity: [Nch & Lg: |100 rm B Wg: |10.0um H
2 Exercise
T || GenericTest Temp: |25.0dag ] IdMax: [10.0ma ]
»ﬂ Justin
U
= Memory ~
3 Library ~ Cancel Extended Setup =
ki Define Mew Test
H i Open Definition of This Test..
& Il Delets Definition of This Test 5
Simple Import Test Definition.. Drain: [SMU4GHR =
Export Test Definition, ¢
el Tnteglime: [VEDIOM ¥ vd: (100 B uf
i Const Id

Gate: |SMUZHR/ = Subs: SMUGMP ~ =

N
im

vgStart: |[S00my B vsubs: [0V B
£

=5 vgStop: [200v B

== =

- . =
Vih-Lg vgStep: |50 mY ] :E

Source: [SMUZIHR/:

vt

—

[ 11
Wih-thig

1. Select the CMOS category.

2. Open the Vth gmMax test definition.

3. Click the Library button.

4. Select the Open Definition of This Test... menu.

The test definition editor is opened with the Vth gmMax test definition.

9-35



Module 9
Modifying Application Test Definitions

Setting properties of numeric variable
1 DED
Tost Soncification ] Test Contents | Test ouput |
|Test Information
1 ‘ Catagary: FIES S g i A Gwmﬁ‘fﬁ'-?éﬂﬁl’.m.m:-c.u A=
Test Name: [VEh gt and 1 -
Ieon: [CAProgram FletkAgien TR SOORE e PER VG Fowss,.. | Chx [nlg'.;trm-vmmmuﬁ- SOGMRENEC. LAAR
[Device Parameters Dufinition [Propertis
I = | 3
Iﬂnmn: __n-ladt: _.Dw(r_rhr{nn: - 2
[ T w100 ] fGate Lergth -
- v w[10.0um |fGate width -
e [reme wEE 0 dey | Termperature - :
r wfiioma W[ cueron complance - v Typical Vakes,. | Symbok...
(et Paramatrs Dot .
Background: [P0 am Fesv e A LS00V e RFERTIC Browse.. | Clew T el |
Mame: Type: Datauit: Description: Al ¥ v wdth: Rt
[ i Ty Cieeteee R e T A VT
 folmt mtamee = [[LOOmA ] ffste curent complance w7 | ] L
- [k wme =Jaom ) T 2 rE A B E a1
© oTme— miwmer =05 5]k ime = FlEEF R 3R
o e T Trow i P EF I Ee
¢ Praciaring wmilserg  =|[ina B g G e e e
2 ‘ ® foovih  wlemec  ]Lo00uR 8] P current to decids the Vi w Fho Wi W W |

1. Save the test setup as a new one. For example, save it as Vth gmMax and Id of the Exercise
category.

Click Add button to display the entry fields for the parameter.
2. Select the Id@Vth variable and the type of Numeric.
3. Set properties of the Id@Vth variable.
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To Modify Test Definition

Analysis function setup

Vih®em, #1d

Lk beb
Test Speoicaton  Test Contents Jrest cutout |

4 4 a0 4

IV Sweep Ml I List ML CV Sweep
Charrsl

IL.. Sweep  Samping

H v
.

(]

PG Swithig  Direct

Conrl  Mari

- Cormal

Program Component | Aokcation Test | Andyss classc Test [Mecolineous | My Favarte Satuo |

s @1V Sweep tugs Names [T -
_—n Dokt || Chnred Sut | Messorment sorup | Furetion Sei ardyss S | Dekay Setp |
| | —
¥ | Fuanction |
& ] o] | i i
oot o Name: Uit tion:
« Jom - (lckar, Vpate) |
Local Variables Defini &
BLOCK
I***** Integration T
IF IntegTime="SHORT*
IntegMode = "HANUA
AdcFactor = §
ELSE IF IntegTime="M
IntegMode = "PLCT
AdcPactor = 1
ELEE IF IntegTime="L | |Analysis Function |
IntegMods = *PLC”
AdcFactor = 16 G| | | | DUV .|
END IF Nz uriit Definition:
Lrnedn TV Susep K ¢ e HE g ) [l
VER_gmma = At
END BLOCK e [on C(d =l O}
r [Fm = = fvon (v Poketylz) |
ot v |fore u l

1. Display the Test Contents screen.

2. Highlight the Vth_gmmax line.

3. Click the function Setup tab.

4. Add the Analysis function. Set the following parameters.
<Name> <unit> <Definition>
vth@ld VvV @MX

This is an analysis function setup example. This example uses the @MX function to get the X

coordinate value.
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Auto Analysis Setup
Auto Analysis Setup

rsﬁ] Classic Test ] Miscellaneaus ] My Faworite Setup

g I/V Sweep =
Charnel Setup I Measurement Setup ‘ Function Setupd | A0to Andlysis Setupf| Display Setup
W Interpolation Mode
Line 1 |
¥ Ensble | TV s
2 - € Mormal  Gradient & Tangent (" Regrassion 71 2
Fint
€ %Y Coordinate & Data Condition
Check this box. Candition: [am = = [omhax [ after | =R =
Second Paint
& % Coordinate " Data Condition
x| ER =
Line 2
iz
I~ Encble Type
I Fix ¢ Mormal  Gradient " Tangent ¢ Regression
First Paint
%Y Coordinate & Data Condition
Condition: | E = | E [ after ‘ ﬂ 8 ‘ ﬁ
Gradient
Gradient: &)
Marker
I Enable
Condition: ER B [ afer EN =

1. Click the Auto Analysis Setup tab to display the Auto Analysis setup screen.

2. Check the box to fix the Line 1. If the box is not checked, the line will be moved when the 2nd
Auto Analysis is done.

The 15t Auto Analysis is set in this slide.
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Display Setup
@ 1/\ Sweep Setup Name: |\/th7gm' El
Channel Setup] Measurement Setup | Function Setup ] Auto Analysis Setup | Display Setup I
Assigh to external variables... ‘
X-¥ Graph
wi | | | |
Name: Sharing: Scale: Min: Max:
W X |\.’gate j | J |Lmear j ‘Vgstart*Dnlarityy |\/g5tnp*Dn\arity E
¥l |I|:Ira|n j |(Nume) j |L\near j ‘DA E |IdMax*PUIanty E
vz |gm j |(Nume) ﬂ |L\near j ‘DS ﬂ |1Ei E
& ¥3: |Idrain j |(Nnme) j |Lng j ‘1E715*Pn\aﬂty ﬂ |IdMax*PnIaritv E
List Display Parameters
add | \ 2 | Add || Delate | |  w |
c [voate 5 = o vth =l
« fvsource -] o |
© icrain Ea 3 [G [vthigtd j]
. |\/subs j
hd

1. Click the Display Setup tab.
2. Click Add button to display the entry fields for the parameter.
3. Select Vth@Id to display.
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Auto Analysis Setup
The 2" Auto Analysis Setup

Vih gmMax and Id 1

L|Ie [T

Itml C«M.Tmml

JHL

izplay Data nara Display 2
Control

Program Componint | Agpkcation Tis

Bk

Copy cut

* hormal @ Gradent  © Tangent  © Regression ¥

Local Variables Defini =
BLOCK

| wwwn Integraction T
IF IntegTime="EHORT"
InteqMode = "MANUA

AdcFacter = B
ELSE IF IntagTime="M
"pLC*

IntegHode
AdcPactor =

1

EL3E IF IntegTime="L
IntegMode = "PLC"

AdcFactor
END IF

15

L4e%ss T Gwasp 40

Vih_gmmex
Auto Analysis

END BLOCK

™ Crobie Type o
B @ hormal © Gradient ¢ Tangent " Regression v

Condnae 7 DaaCon

¥ [robie
Cordition: [Idran  w = [oeth*Polarity = e | Rl =

6

Idrain=ld@Vth*Polarity

o gk w NP

Display the Test Contents screen.

Click the Analysis Setup tab.

Highlight the Auto Analysis icon.

Hit Insert button.

Check the box of Interpolation Mode.
Check the box of Enable. Then enter Idrain=Id@Vth*Polarity to find the constant current Vth.

The 2" Auto Analysis is set in this slide.
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Modifying Application Test Definitions

To Use Auto Analysis Twice
Result example

¥th emMax and/1d [(1) ; 2008/10/02 16-20-46] - Asilent EasyEXPERT
Fils Edit View Marker Cursor Line Text Pointer Window Help

EEx

= | m = = N S ! B~ olcho =  Fi. =
BEEEER-Qaf @ DEEHRM® & F El®
Setup Name: |Vth gmMax and Id [(1) ; 2008/10/02 16:20:46] »
X-¥ Graph Plot Properties... ‘ ‘ Parameters |
2 Agilent
B MARKER( B S000000000E-001 Y 7.3868700000E-007 & 1.8957130000E-005 S ) vth W
nm
& i Interceptt Intercept: gmMax  [;o3.150 U5
E -676,306 UA EIE
= Gradient: Gradient: =
S Em 5 SE00E-004 7 93 1500E-002 El vth@ld ESQ.BDD my
m u
fm
sm
4m
= am
g m
im
0 ol 640
Som -200m 0 200m 600 m 1 12 14 16 18 3
wgate (w) 200m fdv < | =
List Display Properties... | |
Index ‘ Vgate | eource rain | Wsubs ‘ Idrain | gm |
g -500.0 my oV 100.00 Y av 10.053 pA -62.44000000 pS
2 -450.0 my oV 100.00 rny av 6.921 pA -46.68000000 pS ~
. "

| >

This is a result example of using two times Auto Analysis shown in the previous pages.
Vth, gmMax and Vth@Id are automatically calculated.
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Class Exercise

To Use Vector Data.
1. Open the Cgg-Vg test definition.

2. Modify it for the multiple frequency test using a
vector variable.

Use the debug tools.
Save the definition as a new one (ex. Trng Cgg-VQ).

Perform the test.

o o &~ w

Export the new definition, and import it.

See the following pages which show an example to use a vector data. The Cgg-Vg test definition is
used as the reference of this example. The FREQ variable in this test definition will be changed from
the numeric type to the vector type.
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To Modify Test Definition
Opening Cgg-Vg test definition

'l g|CQg’V9 Setup Name: |CQQ-\/9 §
;erevice Parameters |

J Polarity: INch E Lg: IIUU nm ﬂ Wq: |10.0 um ﬂ

Kl | Category

? ] GenericTest Temp: [25.0 deg ji
= |1 Memnory
= | Mixedsignal =]
3 ﬂ Library ~  Cancel Extended Setun
gg’ z -
Linear b
- | - ot
S| Ejp  ooecommromers ) 3
CyarFreq Impork Test Definition...
Log Export Test Definition... 2
Ll o T — Subs =
= FREQ: [1L.00MH: ®
Cog-vg b
Freq . OscLevel: [S0my B -
Ly -
2 e
Cog-vg Gate: |[CMULMF - «
VYgsStart: [2.00v B
ﬂ vgsstop: 00V W ?
2 o
kv pulse vgsStep: [l0mv &
ldf\h:{ LI

1. Select the CMOS category.

2. Open the Cgg-Vq test definition.

3. Click the Library button.

4. Select the Open Definition of This Test... menu.

The test definition editor is opened with the Cgg-Vg test definition.
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To Modify Test Definition
Setting properties of vector variable
Trivg Cau-Va =01
1 =
Test carterts | Test Outout |
o5t ._f. 0 |
1 atogery: FmEhd d ERESERE :ohum\fa?\;\'m'm lfﬂ.ﬂhl ] :1!
Test panmo: [Trr Coo-v = (am) o
v R TGRTETEroTe ot o MCERET4 = R ICOR L. ORI IO, i
[Dowicn Rarametors Defeltion [roperties |
sy i
- P T — v
r | Dim1Min: |1 ] = W“:rﬁ
:[Gﬁ::: DimiMax;: |3 Fl = unit; 2 3
' Dim2Min: [1 ] 3 - k.. |
[N hiovias [ ] - |
Background: [Program A 4 i add | pentn G b
| - T R o
r [ostat Spuree S|lemv P mrt vatage W Fpm d@pe W@ E8r
r foston mlfumen:  =JR00V "W s s vovage W Flo NEw W 6
(ol TR | TP Wb s v = rplo @ sk Er
[l ST | TR T W] Prerement g e =W Flo Wi wpEo 6
Zq. = fren T [Ty = w|—_j|m—3|'—_;.—
Pl T | rp— =Ih= [l = I | |1 .|

1. Save the test setup as a new one. For example, save it as Trng Cgg-Vg of the Exercise category.

2. Select the FREQ variable and change the type from Numeric to Vector.

3. Click the Dimension...

4. Set the dimension of the FREQ variable.
The example in this slide sets the one dimension and three elements vector variable.
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To Modify Test Definition

Setting vector data

=]
Rescrigtion: | <lngugeCnbion bng="1" *
Coavi: Cogghitt (4.01,11) EL
! am)
s MOGFETOYY = FERCOG1EMT L. COo-VoMTE R0 H 90

—= e P
T T ——— "
W;“ File Edit

1

1.000 MHz
2.000 MHz

mm‘»-‘

Nama: Algn: %2 ¥ Width:  Fxt:
e 2 Ok | Cancel | [resusred Pl GF0 W sir
N = rfE g gF @
r [oste wifamec FJRoov "W s s votage u rFln W0 §E E§rC
[ T TP T T Wb e vt = plo dfw sk &
o Prevel wuarec) = me W] Perement s vl = Flw 5= S SC
LI | “Wpesireent Fearey = Flo d@ &k @
o T T g | W e = I | |1 .|

1. Click the Grid button of the FREQ variable. The Define vector data dialog box appears.
2. Define the vector values for the FREQ variable.

The example in this slide sets the value 1 MHz, 2 MHz, and 3 MHz to the FREQ three elements
vector variable.
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To Modify Test Definition

Using the at( ) function to read vector data

=lolx]
1 'rmmllam|
IF Looe FOR HSEIGN COMMENT 2D EHROR
Component Tost | anabyss | Clasac Test | Mecslanecus | My Faverte Sotus |
& D]c-v sweep Setup Name: (0343 =
Dk it Duete || Channed et [Function Satup | Auta anskis Satp | Dipley Satun |
E =3 e Bouree 1|
Fange
a8 v Name: [F5ks = | rrenuency gy | ; |
Copy g e Mnated; [Co-G - M-
€ e tiin
Local Variables Defini al — FNoma: [reg
BLOCK '
1 virection: [Frge - Actoval: oo [
iwewse ADC/Intag "v* Start: -
1F IntégTime = "MEDI o e
IntegMode = "PLC" Stop: [abestop Polaty B
AdcFaster = 1 ; [restenPotany W]
ELSE IF IntegTime Step: SELLD = 3]
IntegMode = "PLCT mnlalm:ﬁ [] Factor:
AdcFactor = 16 [Fina
ELEE IF IntegTime = J
IntegMods = "AUTO" wol ke 8] peloy: PRrme 8]+ g [ormiie AT =] statue
AdcFactor = 6
END IF et ]
: Unit: W P 1 Mane: Made: Source: Complance:
VoubsStart = -VgsEta
VeubsStep = -VgeStop
VaubsStep = -VgsStep There & na item o deplay n this area,
i _
‘.

1. Display the Test Contents screen.
2. Highlight the Cgg-Vg line.
3. Click the Measurement Setup tab and set the Frequency List using the at( ) functions.
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