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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.

* Module4. 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 a repeat 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.

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 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 0.1uF Trng Sampilng 4-64
C-V sweep measurement MOSFET | Trng CV 4-76
B2200 switch control - Trng Switch 4-81
Direct Control (C-f measurement) 0.1uF 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 0.1pFand | 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 0.5Mohm | IV-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 9-32
Trng idvd idvg3.xtd 9-35
Using vector data MOSFET | Trng Cgg-Vg 9-37
Module 10 | Creating application test definition MOSFET | Trngidvd idvg.xtd 10-17
Module11 | no exercise
Module 12 | no exercise
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

CV-1MHz

MOSFET Cgs-Vg measurement

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-V g measurement

IRVR 511 kohm |-V measurement

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

Parallel 1 ohm I-V measurement, voltage force and current measurement
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 Modifying application test definition using vector data
Trng CV MOSFET C-V measurement

Trng Id-Vd MOSFET Id-Vd measurement

Trng List MOSFET Vth-gmmax measurement using I/V List Sweep
Trng Multi Multi Channel 1/V Sweep (Bipolar transistor and LED)
Trng Sampling 0.1 puF sampling measurement

Trng Switch B2200 switch setup, Input 1-3-5-7 to Output 1-3-5-7
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 /8 W lea
1.1 kQ Resistor /8 W lea
511 kQ Resistor /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

o——

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 Model No. Qty.
1 Test Fixture 16442A/B & lea

28 pin socket module lea

Connection wire 6ea

2 Triaxial Cable 16494A dea

3 Interlock Cable 16493J lea

4 Kelvin Triaxia 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.)

ocooo0o0o0
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Connection Wire (6ea.)

E5288A ASU (lea.)
16442A/B Test Fixture (1ea.)
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Triaxial Cable (4ea.) Control Cable (1ea.)
INTLK Cable (1ea.) Triaxial Cable (1ea.)
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Kelvin Triaxial Cable (1ea.)

i
@ E CMU Cable (1ea.)
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Module 1. Introduction

* New Features

*  EasyEXPERT

* To Perform Easy Application Test
* User Interface

*  Modular Mainframe

« SCUU/GSWU

« ASU

*  B2200 Switch Control

*  Desktop EasyEXPERT

‘% Agilent Technologies

Module 2. Getting Started

*  To Turn on/off B1IS00A

* 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

* To Perform Quick Test

* To Control B2200 Switching Matrix

* To Manage Data Display Window

‘% Agilent Technologies
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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

‘% Agilent Technologies

Module 4. Classic Test Environment

* Classic Test Execution Mode

* I/V Sweep Measurement

*  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

‘% Agilent Technologies
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Module 5. Basic Measurement

*  SMU Fundamentals

*  Classic Test Environment

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

* Kelvin and Driven Guard

*  Probes and Prober Connections

* Triax and Coax Adapters

* Safety Interlock Issues

‘% Agilent Technologies

Module 6. Low Current Measurement

*  Low-Current Measurement Challenges

* Calibration and Zero Cancel

* Effect of Cable Movement

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

*  Trade-Off Speed Vs Accuracy

¢ Low-Current Gummel Plot

*  Low-Current Gate Oxide Leakage

‘% Agilent Technologies
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Module 7. Measurement Functions

*  SMU Pulsed Sweep Measurement

* I/V-t Sampling Measurement

* Negative Hold Time for High Speed Sampling
*  Auto Analysis

* Bias Hold Function

*  SMU Filter

* SMU Series Resistor

* Standby Function

‘% Agilent Technologies

Module 8. Capacitance Measurement

*  CMU Fundamentals

* Classic Test Environment

* CMU Calibration

*  SCUU for IV/CV Switching

*  GSWU for Accurate Capacitance Measurement

* ASU for IV/CV Switching

‘% Agilent Technologies
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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

* To Define Test Output

* To Use Test Setup Internal Variables

* To Use Vector Data to Modify Test Definition

‘% Agilent Technologies

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

‘% Agilent Technologies
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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

‘i Agilent Technologies

Module 12. Miscellaneous Operations

* Function Status Indicator

* Automatic Data Export and Data Record
* Data Record ON/OFF

* Calibration

* Configuration

*  XSLT Samples

* To Enable System Controller

* To Start Desktop EasyEXPERT

* To Use 415x Setup File Converter

‘i Agilent Technologies
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In This Module

* New Features

 EasyEXPERT

* To Perform Easy Application Test
¢  User Interface

*  Modular Mainframe

+  SCUU/GSWU

« ASU

*  B2200 Switch Control

*  Desktop EasyEXPERT

"’i'-f- Agilent Technologies

Note:
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Module 1
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Agilent BISO00A Semiconductor Device Analyzer

10 Slots variable SCUU/GSWU

Revolutiona
EasyEXPERr% module for IYICY
environment configuration combination

Comprehensive
application
library

B2200 switch
control

415x setup file
converter

Touch-screen
w/optional USB
keyboard &
mouse

Semi-auto prober
control

Agilent Technologies

The B1500A has many exciting new features and capabilities.
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New Features

+ EasyEXPERT software

» Application test environment (> 150 algorithms)

» Classic test environment — 415x like setup

* Quick test environment — multiple test execution

» Semi-auto prober control and B2200 switch control
* Modular mainframe

* MFCMU for C-V sweep, C-f sweep

List Sweep, I/V-t Sampling
+ SMU CMU Unify Unit (SCUU)/Guard Switch Unit (GSWU)
« switching effortlessly between IV and CV measurement
+ Atto Sense/Switch Unit (ASU)
* 100 aA level low current measurement
» Touch-screen, knob, and softkeys

 optional USB keyboard, mouse, and stylus pen

-f-:::-f; Agilent Technologies

* HPSMU, HRSMU, MPSMU for I/V Sweep, Multi Channel I/V Sweep, I/V

The EasyEXPERT software

*Task-oriented, “top-down” approach to device characterization
*Multiple test execution

*Automatic measurement, auto-analysis functions
*Test sequencing without programming
Application Library (>150 algorithms)
*Categorized and organized

*Easy-to-use

415x control by Desktop EasyEXPERT software.
Versatile Modular Mainframe

*Flexible & Expandable (10 slots)

*Multiple SMU types

*Atto-sense and Switch Unit (ASU)
*Multi-Frequency CMU

*SMU CMU Unify Unit for IV/CV Probing

*4.2 Amp Ground Unit

Convenient User Interface

*Touch screen operation (with optional stylus pen)
*Contextual softkeys & knob control

*Optional USB keyboard & mouse

Module 1
Introduction



EasyEXPERT

|
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Agilent Technologies

Technology
classifications

Category
Device type

Device parameters

Lilbrary

V/I on terminals

Measurement
resources

Instead of setting up the instrument hardware, the EasyEXPERT software focuses on the real task at
hand for the engineer ---device characterization. All that you need to do is to connect the instrument

to the device terminals as shown in the EasyEXPERT test parameters area.
The EasyEXPERT software also provides the classic test mode that allows the 4155/4156 like

measurement setup operation.
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Module 1
Introduction



To Perform Easy Application Test

Data Display Help
(D] vih gmMax Setup Mame: [357

| [Device Parameters

5 Polarity: [ o
e Tomg: 50007 W] wiMa: [To0 e W

iy

m:w-tm g
i
g

—

|eousek: Tems | s Teut|

| Dete [coun| s o 1 P f
idvgam 3/30/2006 12:54:50 PM 2 =

List of test record

Agilent Technologies

Step 1: Click Application Test tab.

Step 2: Select one or more technology categories, and select a desired test from the list of tests
associated with the selected technology categories.

Step 3: Change the setup parameters (Device parameters and Test parameters) if you want.
Step 4: Connect DUT, and click the Start button. The B1500A starts the selected test.

Step 5: Analyze the measurement result data displayed on the Data Display window automatically
opened after the test.

The measurement result record is automatically stored in the internal hard disk drive when the Auto
Recode mode is ON.

1-6
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User Interface

* Touch panel

 Stylus pen (option)
* Rotary knob
* Softkeys
USB keyboard (option)
USB mouse (option)

Agilent Technologies
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Modular Mainframe

10 module slots

B1520A CMU

B1511A MPSMU

—
¢ B1517A HRSMU
e
R

B1510A HPSMU

E5288A ASU

N1301A-100 SCUU
' N1301A-200 GSWU

Agilent Technologies

The following modules and accessories are available for the BIS00A:

*B1520A CMU: 1 kHz to 5 MHz CV capability (1 slot)

*B1511A MPSMU: 100 mA/100 V force capability, 10 fA/0.5 mV measurement resolution (1 slot)
*B1517A HRSMU: 100 mA/100 V force capability, 1 fA/0.5 mV measurement resolution (1 slot)
*B1510A HPSMU: 1 A/200 V force capability, 10 fA/2 mV measurement resolution (2 slots)
*N1301A-100/102: SMU CMU unify unit (SCUU) & cable assembly

*N1301A-200/201/202: Guard switch unit (GSWU) & cable assembly

*ES5288A ASU: 0.1 fA/0.5 mV measurement resolution with support for IV/CV switching

The ASU (Atto sense/switch unit) can be used with the HRSMU calibrated with it.

The SCUU can be used with the CMU (slot N), SMU (slot N-1), and SMU (slot N-2).

The GSWU can be used with the SCUU.

Module 1
Introduction
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SMU CMU Unify Unit
(SCUU)

Forcel or CMUH

Sensel

Simple direct connection
between SMU/CMU and
manipulators (positioners)

Agilent Technologies

You have a very hard time switching between CV and IV measurements (you may actually devote
separate probe stations to CV and IV 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 B15S00A software automatically takes care of the
multiplexing based upon the type of algorithm selected from the front panel.

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.
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GSWU

Agilent Technologies

The GSWU must be connected to the outer conductors of the manipulators/positioners connected to
the Forcel/CMUH and Force2/CMUL connectors of the SCUU. And the GSWU control cable must
be connected between the GSWU and the SCUU.

When the SMU paths are available for the manipulators/positioners, the GSWU opens between the
outer conductors. However, when the MFCMU paths are available, the GSWU shorts them together
to make the return path of measurement current. This will reduce the signal path impedance. And this
is effective for the accurate capacitance measurement.

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.

The GSWU is effective for

sreducing the residual inductance of the measurement cable

sstabilizing the residual inductance when measurement cable distance is changed (moved)
It’s roughly 1/10 to 1/30 when used with two 80 cm cable.

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 opened at the end of the extension.

1-10
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ASU

* 100 aA level sensing
* Channel switching
* C measurements

* PG for charge pumping

CMUH or Force

. 15 * == To CMU Hpot/Hcur
I = To HRSMU 1

CMU return path

AT -1 ==> To CMU Lpot/Lcur
| == To HRSMU 2

--}:::{; Agilent Technologies

The high-resolution SMU (HRSMU) has an innate 1 fA & 0.5 mV measurement resolution. The
optional ASU extends the HRSMU measurement resolution to 0.1 fA.

The ASU has another feature, built-in switching capability. It can switch between the SMU and an
auxiliary input (AUX input, two BNC).

If the CMU is connected to the AUX inputs, the ASU can switch between the low current and CV
measurements. Then connect a wire between the CMU return terminals of ASUs to make the return
path of measurement current. This is effective for accurate capacitance measurement. However, you
need to perform capacitance compensation by yourself.

1-1
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B2200 Switch Control

* Allows use of a probe card to facilitate probing of standardized device
modules (usually 24-pin configuration)

* Enables easy multiplexing between the triaxial outputs of SMUs and
the coaxial outputs of other (BNC-based) instruments and modules

Device Analyzer Switching Matrix
= Triaxial
(SMU)

Triaxial

12 - 48
B ER ==s

L
1 6
| Coaxial Wafer Prober

\(CMU other) ] \ . }

GPIB cable GPIB cable

{-:E:-f; Agilent Technologies

Agilent B2200A/B2201A switching matrix can be controlled by B1500A/EasyEXPERT via GPIB.
EasyEXPERT provides the Switching Matrix Operation Panel for interactive control of B2200
independent from the test execution mode of B1500. And switch setup can be saved to a classic test
setup data. In the classic test, the switch setup is sent to B2200 when a measurement start button is
clicked.

B1500A/EasyEXPERT also provides the semi-auto prober control script. The semi-auto prober can
be controlled without programming. The prober control script supports the die move operation by
using the following first three procedures in the repeat measurement setup and adds the subsite move
operation by using the Subsite procedure in the quick test setup.

Prober control script:
+Start procedure
eIteration procedure
*Final procedure

*Subsite procedure

1-12
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Desktop EasyEXPERT Software

Clean Room
Desktop EasyEXPERT
Data server

Agilent B1500A
. - o

To control B1500A
via GPIB _—

-

P mr—— +
Y
To export test recw TEEE——.
To import/export test setup Desktop EasyEXPERT
via LAN HUB Data server
Print server

MNote: The BI15S00A cannot be controlled via LAN.

"_:‘:i:‘:f' Agilent Technologies

=
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=
S
=
o
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3
g
g

Line Printer

The Desktop EasyEXPERT software provides the following additional advantages to the BI5S00A,

allowing you to minimize the amount of offline tasks performed on BI500A and increase the

working ratio for measurements.

*Allows B1500A to be controlled from an external computer via GPIB while online.
*Allows test setup to be created on an external computer while offline.

*Allows data analysis to be performed on an external computer while offline.
*Allows 415X to be controlled from an external computer via GPIB while online.
To start Desktop EasyEXPERT, see Module 12.
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Getting Started




Module 2
Getting Started

In This Module

e To Turn on/off B1500A

e To Launch EasyEXPERT

e To Specify/Create Workspace

e To Perform Application Test

» To Save/Recall Your Test Setup

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

e To Perform Quick Test

» To Control B2200 Switching Matrix

» To Manage Data Display Window

"’i'-f- Agilent Technologies

This section explains the above tasks. You will understand how to launch B1500A/EasyEXPERT,
how to perform application test and quick test, and how to create your test setups and preset groups.
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Module 2
Getting Started

To Turn on/off B1500A

RANLL) Juten

Agilent Technologies

The Standby button works to turn on the B1500A when it is turned off. When the B1500A is turned
on, the Standby button works to terminate the EasyEXPERT software, Windows, and turn off the
B1500A.

After the B1500A is turned on, log on Windows.
The default user is Agilent B1500 User with no password.
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To Launch EasyEXPERT

= Start EasyEXPERT icon

'::‘:fi:j Agilent Technologies

After logging on, click Start EasyEXPERT button to launch the EasyEXPERT software.

If you do not see the Start EasyEXPERT button, double click the Start EasyEXPERT icon to open
the Start EasyEXPERT window.

This window has the File menu and the Option menu. The File menu is used to close this window.

The Option menu provides the following functions.
Backup EasyEXPERT Database: Used to make backup of the EasyEXPERT database.
Restore EasyEXPERT Database: Used to restore the EasyEXPERT database.

Note:
Desktop EasyEXPERT provides the following additional functions in the Option menu.

Execution Mode: Used to change the software execution mode.
Move EasyEXPERT Database: Used to move the EasyEXPERT database.

2-
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To Specify Workspace

HIL
[ |
L8
a
[ |

Case 1

ot Agilent Technologies

After launching the EasyEXPERT, you will see one of the above screens.
Case 1: If this is the first time to launch the EasyEXPERT

The LCD displays the EasyEXPERT main screen.

Case 2: If the B1500A has one workspace only

Select Yes, and click OK if you use the existing workspace.

The EasyEXPERT main screen is displayed.

Select No, and click Next if you want to create a hew workspace.

See next slide.

Case 3: If the B1500A has some workspaces (more than one)

Select workspace you want to use, and click Continue.

The EasyEXPERT main screen is displayed.

If you create workspace, check the Create a new Workspace radio button, and click Continue.

To create a public workspace, check the Allow other users to access this workspace box. The public
workspace can be used by all users.

To create a private workspace, delete the check from the Allow other users to access this workspace
box.

Workspace is the space created in the Agilent B1500A’s internal hard disk drive, and is used to store
the test setup, measurement result data, and so on. The workspace can be created and allocated for
each user.
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To Create Workspace

i

Agilent ExsyEXPERT software manages sotups and data in
endlosures known as "Workspaces.” Since you want to
start a new sesslon, you should create a new Workspace
with 3 distinctive rama. Plaasa spacity & nama far tha naw

Check this box for
Public workspace

1: New workspace name to create
2: New workspace name to rename

X Agilent Technologies

Enter the workspace name and click OK to create/rename the workspace.
If you want to create a public workspace, check the Allow other users to access this workspace box.
The public workspace can be used by all users.

If you want to create a private workspace, delete the check from the Allow other users to access this
workspace box.
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Online Help is available for the B1500A and EasyEXPERT. Select Help > Agilent EasyEXPERT
Help menu to display the online help window. The online help provides the following information.

eIntroduction describes overview, front view, rear view, and measurement units of the Agilent
B1500A.

*Using EasyEXPERT provides the reference information of the Agilent EasyEXPERT software.
Function Details explains the measurement functions of the B1500A with EasyEXPERT.

*Built-in Programming Tool provides the reference information of the built-in function, read out
functions, and script programming statements.

«If You Have a Problem describes the problem solving information, the B1500A system maintenance
information, and the error messages.
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Agilent Technologies

To know about the application test, click the (i) icon. This icon displays the message box that
explains the application test definition. This function will help you to know what is and how to use

the application test.
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Typical Value Selection

You do not need to hit the keyboard.

Fls Data Display Help

-| @ 1d-vg
[Device Parameters
Polarity: [l [l O W |1 |
Temg: 50009 W ] . . .
- ; Right clicking
[Fet Paramaters [ this field
| displays the
menu.
T-vgla] st B womv o
Cut E\'.l n-.l\.:
. o | ooy ]
. - 00my  TRE™
500 mV N
«l Ty The values are
3 1.20V 108 m .
| et defined as
- v ||ww| typical values
250V -
> = Sy in the Test
| Flag [ Setup Name Date [ Count_| Device 1D Remarks | ”g\ P
i sy 1™ Definition.
i |_seov |

S witrsorr  [flinbon OF [ Reird O

':}!:!-:j Agilent Technologies

When you set a test condition of application test, you do not need to use keyboard. You can select
the value from the typical values as shown below.

*Click the entry field of a setup parameter by using the touch screen or the mouse. This displays the
typical values for the specified parameter on the softkeys.

*Select one of the softkeys.

Also you can use the following manner.

*Point the entry field of a setup parameter by using the mouse.

*Right click the mouse to display the popup menu.

«Click the Select menu to display the typical values for the specified parameter.
*Select one from the typical values.

Note:

The typical values are defined in the test definition. And you can change the values by using the
Define typical values window opened by clicking the Typical Values button on the Test Specification
screen of the Test Definition window. For the Test Definition window, see Module 9.
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Screen Keyboard

. Numeric KeyPad ﬁ
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ot Agilent Technologies

When you need to enter numeric characters in an entry field, you will see the icon at the right side of
the entry field. This icon opens the Numeric KeyPad. You can use this screen keypad instead of the
USB keyboard.

When you need to enter alphabetic characters in an entry field, you will see the icon at the right side
of the entry field. This icon opens the On Screen Keyboard. You can use this screen keyboard
instead of the USB keyboard.
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To Perform Application Test

1

A
e
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sy oV 100 my ov 14352 A L1751 M5 v

Test Record List area [

Agilent Technologies

Step 1: Click Application Test tab.

Step 2: Select one or more technology categories, and select a desired test from the list of tests
associated with the selected technology categories.

Step 3: Change the setup parameters (Device parameters and Test parameters) if you want.

Step 4: Connect DUT, and click the Single button. The B1500A starts the selected test.
After the test, the test result data is displayed on the Data Display window. And the Test Result
Editor is also displayed on the lower left area of the B1500 screen. See the next page.

Step 5: Analyze the measurement result data.

The measurement result record is automatically stored in the internal hard disk drive.
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Test Result Editor
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? Questionable
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OK

ik Agilent Technologies

The Test Result Editor provides the following GUI to set a flag and remarks to the test result record.
Set the flag and remarks to the test record.

Save button and Delete button

Divides test records into groups, Save and Delete.

Test records in Save-group are always listed in the lower area of the EasyEXPERT main screen.
Test records in Delete-group can be listed when Results > Filter > Show Deleted Data is checked.
*Flags buttons

The following buttons are available. You can set one of the following flags.

eImportant ! Button

Sets the important flag (!) to the test result record.

*Valid # button

Sets the valid flag (#) to the test result record.

*Questionable ? Button

Sets the questionable flag (?) to the test result record.

*Remarks field

You can enter characters into this field. The characters will be recorded as the Remarks value of the
test result record.

*OK button

Applies the setup on the Test Result Editor, and closes this dialog box.
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Test Record List Area

Results > Filter > Show Deleted Data

Flag [Setup Name
Flag [ Setup Name ﬂ # Vth gmMax
[# [Vth gmMax A # Vth gmMax
ID-VD1 S [? |Vth gmMax
ID-VD1 S |? Vth gmMax
\. ! Vth gmMax A ID-VD1
[* ID-VD1 | A ID-VD1
S ID-VD1
o ID-VD1
Expand Application Test Results 1 |[vth gmMax
! Vth gmMax
F}ag Setup Name * ID-VD1
| # \ Vth gmMax

|::_ # | vthgmMax] Show All Append Data

ID-VD1
ID-VD1

! Vth gmMax

| ! Vth gmMaxi
* ID-VD1

Agilent Technologies

The test result records are listed in the test record list area. The area also lists the following data.
*Append measurement data marked with ...

*Deleted data marked with * if Results > Filter > Show Deleted Data is checked

«Test name defined in the application test definition if Results > Filter > Expand Application Test
Results is checked

If Results > Filter > Show All Append Data is checked, all append data will be listed and the symbol
will be changed to A for the data obtained by the Append measurement or S for the data obtained by
the Single measurement.
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Single/Append/Repeat measurement

«—— Single
“~— Repeat
count:[tT B

Device ID:
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%5 Agilent Technologies

The EasyEXPERT provides three execution modes, Single, Append, and Repeat.
Single button triggers a single measurement.

Append button triggers an append measurement. The measurement results will be appended to the
Data Display window that shows the previous measurement results. The Data Display window can
have maximum 10 layers for displaying measurement results.

Repeat button opens the Repeat Measurement Setup dialog box used to set the repeat measurement
condition. To perform the repeat measurement, see Module 11.

To abort measurement, click Stop button that appears instead of the Single button.

2-14

Module 2
Getting Started



To Save/Recall Your Test Setup

File  Data Display Help

My Favorite Setup button

Preset Group name.
Use this field to select
preset group.

| | Flag | Setup Name | Date | Count | Device D | Remarks =
Vith gmMax 4/3/2006 7:07:37 PM 1
Wth_gmmax 4732006 7:07:35 PM 1
Id-vd 4/3/2006 7:01:40PM 1
Id-vd 432006 7:01:38 PM 1
Trg idvd idvg3 3312006 9:21:00 PM 1
Idvd 3/31/2006 9:20:55PM 1 -

Tt or [ katorion | A imedtn

Agilent Technologies

The test setups you create or modify MUST be saved in a preset group (My Favorite Setup).
To save the setup, click the Save button.

To recall the setup, click the Recall button.

You can organize the setups by using the My Favorite Setup button.

To select the available preset group, use the field below the My Favorite Setup button. In the above
example, the Demo group is selected and listed in the My Favorite Setup list.

To rename, duplicate, or delete the setups, and to add, rename, duplicate, delete, import, or export the
preset group, use the function of the My Favorite Setup button menu or the Organize Preset Group
dialog box shown in the next page.
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To organize preset group for test setup

[ My Favorite Setup] button

File Data Display Help

| Brganirs Provet Groug
Preset Geoup List

=] 4
Demo tmpadt_| Add New Preset Group
g | Rename This Preset Group
Preset Group: Preset Group:
[T Setup Narme | Setup Mame

| Count | Device 1D
1

/2006 5:30:03 PM
/2006 3:56:54 PM
| | Spiwaoe [Mastmior [ asieoi

Agilent Technologies

This dialog box is opened by selecting the Organize Preset Group function of the My Favorite Setup
button menu, and is used to organize the preset group.

Preset Group List

Lists the preset groups saved in the workspace. The Add, Rename, Duplicate, Delete, Import, and
Export buttons are available to organize the preset groups.

«Copy

Sets the operation of the >> button and the << button. They work as Copy when this check box is
checked, and as Move when this check box is blank.

o>>

Copies or moves the preset setup selected in the left Preset Group box to the right Preset Group box.
<<

Copies or moves the preset setup selected in the right Preset Group box to the left Preset Group box.
Close

Closes the Organize Preset Group dialog box.

*Preset Group

Lists the preset setups saved in the preset group. The Select All, Unselect All, Rename, Duplicate,
and Delete buttons are available to select or organize the setups saved in the preset group.
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You can export/import your preset group.

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

To import the preset group, click the My Favorite Setup button, select Import, and specify the preset
group to import.
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To Export/Import Test Record
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1. Select data record to export, and right click.
2. Select Transport Data > Export As XxXxX.

To export multiple data, select Transport Data > Folder Export.

Agilent Technologies

To export the test result record, specify the data records and select the Transport Data > Export As
XXXX menu.

You can save the data records as an EasyEXPERT file, a CSV file, a XML spreadsheet file, or a
XML file created by using the specified XML style sheet.

You can import the data record exported as the EasyEXPERT file or the XML spreadsheet file.

To import the file, select the Transport Data > Import... Then the Test Result Import dialog box is
opened. On the dialog box, select the file to import.

You can read by using a text editor or a spreadsheet software as shown above. This example reads a
test record exported to a CSV file.

Note:

To export multiple test records, select Transport Data > Folder Export..., and specify the destination
folder and file names automatically set. Then the multiple test records can be exported to the
specified folder.
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Class Exercise

Perform Application Test.
. Connect device (MOSFET). See the following pages.
. Open 1d-Vd test definition in the CMOS library.
. Change the setup (SMU, output value, etc.)

. Click =3 button to start a single measurement.

1
2
3
4. Create your preset group, and save your setup.
5
6

. Perform this exercise for the Vth gmMax test
definition.

-'%. Agilent Technologies

Note:
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SMU Triax Connection

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

(o}

Force si
°©.,@ |

e Sense side
/

Y

CMU ©@©0®0 /

16442A/B Fixture

At

@o °
9.0 [e0e
® ®
GNDU

B1500A Rear View Agilent Technologies

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

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

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

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

2315
gooooooooooooo 16088-60002
DI][II][II]I]I]I]I]DDDDD > Dual in line package
1 = (28 pin)

ot Agilent Technologies

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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Device Orientation and Insertion

23 15
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Sub|
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Insert the transistor last, 1: Substrate 1
AFTER connecting the 2: Source

cables and leads. Remove 3: Gate

the shorting wire after 4: Drain

insertion in the socket.

ot Agilent Technologies

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

IMPORTANT:

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

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

File  Data Display Help
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Test result data (record) is automatically saved after measurement.

Agilent Technologies

1. Check the CMOS check box.

2. Select 1d-Vvd (or Vth gmMax) and click the Select button.
3. Change the SMU setting as follows.

Substrate: SMU1

Source: SMU2

Gate: SMU3

Drain: SMU4

4. Create your preset group (ex. Exercise).
5. Save the changed setup to your preset group.

After this class exercise, the 1d-Vd setup and the Vth gmMax setup will be saved in your preset

group.
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Result Example
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m Agilent Technologies

This is the 1d-Vd measurement result example of the following source setup.
Gate voltage: 0.5V to 2V, 0.5V step

Drain voltage: 0 VV to 2 V, 0.05 V step

Source voltage: 0 V

Substrate voltage: 0 V
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File  Data Display Help

To Perform Quick Test

i .
[ Preset Groug: (o

% | | Setup Name

< = |Eidva

E (M vth gmMax

]

L=

¥

g

25

1dvd

Vih
gmMax

Softkeys
for single
measurement

(@ st .
[Pl Bt Vien Marker Cuor Une Window Hein

]

[EREE BAQLA- BORRHSE-F-BR

s

[t Display_

nees | geca | o]

* 1% v 00
<l

Agilent Technologies

Step 1: Click Quick Test tab.
Step 2: Select the Preset Group.

Step 3: Mark (check) the test setups to be executed while the Quick Test is executed.

Step 4: Connect DUT, and click the Single button. The B1500A starts the selected tests from top to

bottom in the list.

After the test, the test result data is displayed on the Data Display window. And the Test Result
Editor is also displayed on the lower left area of the B1500 screen.

Step 5: Analyze the measurement result data.

The measurement result record is automatically stored in the internal hard disk drive.

The softkeys placed right side of the LCD are used to trigger a single measurement of the associated

test.
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To organize preset group for test setup

My Favorite Setup banner
File _Data Display Help

Cancel

Duplicate This Preset Group

Import Preset Group ..
Export This Preset Group ...

; :f i
[ : y
Preset Geoup List |
Deme —= mgant_|

i
H
i
5
2

31/2006 3
Selectaa |

Agilent Technologies

This dialog box is opened by selecting the Organize Preset Group function of the My Favorite Setup
banner menu, and is used to organize the test preset group.

Preset Group List

Lists the preset groups saved in the workspace. The Add, Rename, Duplicate, Delete, Import, and
Export buttons are available to organize the preset groups.

«Copy

Sets the operation of the >> button and the << button. They work as Copy when this check box is
checked, and as Move when this check box is blank.

o>>

Copies or moves the preset setup selected in the left Preset Group box to the right Preset Group box.
<<

Copies or moves the preset setup selected in the right Preset Group box to the left Preset Group box.
Close

Closes the Organize Preset Group dialog box.

*Preset Group

Lists the preset setups saved in the preset group. The Select All, Unselect All, Rename, Duplicate,
and Delete buttons are available to select or organize the setups saved in the preset group.
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Class Exercise

Perform Quick Test.

1.
2.
3.

Use the device connection of the previous exercise.
Open your preset group.

Edit your preset group as you want (changing the test
execution order etc.).

Save your preset group.
Perform Quick Test.

i Agilent Technologies

Note:
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Result Example
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Note:
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To Control B2200 Switching Matrix
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Agilent Technologies

Step 1: Click Switching Matrix button to open the Switching Matrix Operation Panel.
Step 2: Enter the switch setup name.

Step 3: Define the switch setup by using the matrix on the operation panel window. Label can be set
to input ports and output channels.

Step 4: Click the Apply Switch Setup button to send the switch setup to the B2200 switching matrix.
Note:

Before clicking this button, connect the B2200 to the B1500 via GPIB, and set the configuration. To
set the configuration, see Module 12.

The switch setups you create or modify MUST be saved in a preset group.
To save the setup, click the Save button.

To recall the setup, click the Recall button.

You can organize the setups by using the Preset List button.

To select the available preset group, use the field below the Preset List button. In the above example,
the DemoSW group is selected and listed in the Preset List list.

To rename, duplicate, or delete the setups, and to add, rename, duplicate, or delete the preset group,

use the function of the Preset List button menu or the Organize Preset Group dialog box shown in the
next page.

Read Switch Setup: Read switch setup from B2200 via GP-IB and show it on the operation panel
window.
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To organize preset group for switch setup
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— | S|

oo | - Expart bo Current My Favorfte Group | Open A8 |

2 : s-usqu-i

s e |

et ol el | L 1L =
s i ‘T

i

Duplicate This Preset Group

5 Delete All

Agilent Technologies

This dialog box is opened by selecting the Organize Preset Group function of the Preset List button
menu, and is used to organize the switch preset group.

Preset Group List

Lists the preset groups saved in the workspace. The Add, Rename, Duplicate, and Delete buttons are
available to organize the preset groups.

«Copy

Sets the operation of the >> button and the << button. They work as Copy when this check box is
checked, and as Move when this check box is blank.

o>>

Copies or moves the preset setup selected in the left Preset Group box to the right Preset Group box.
<<

Copies or moves the preset setup selected in the right Preset Group box to the left Preset Group box.
Close

Closes the Organize Preset Group dialog box.

*Preset Group

Lists the preset setups saved in the preset group. The Select All, Unselect All, Rename, Duplicate,
and Delete buttons are available to select or organize the setups saved in the preset group.
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To add switch setup to test preset group
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Switch setups can be saved in the preset group for test setups.
Click the Export to Current My Favorite Group button. The switch setup will be converted to a
classic test setup and saved in the My Favorite Setup group opened in the main screen.

To select the available preset group, use the Preset Group field. In the above example, the Demo
group is selected and listed in the quick test setup list.

To duplicate, import, or export the preset group, use the function of the My Favorite Setup banner
menu or the Organize Preset Group dialog box shown in the next page.
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Class Exercise

Add switch setup to test preset group.

1.

Create a switch setup.

2. Create your switch preset group, and save your setup.
3.
4

. Save your test preset group.

Add the switch setup to your test preset group.

-'%. Agilent Technologies

Note:
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To Manage Data Display Window
Data Display > Default Data Display Properties...

| Data Disgtay Propertios Ed
[Effective Area |[Graph Trace Color |
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i
¥i ¥ [ ] |
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|Graph Color | l ;
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Background: Y6 ) I | =]
b | iR I £l
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une/cursor: [
Log Scale |
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Text Size ]

X/V Aodds Tide:  [Medam = H] points
Scale: |m l—i points

ot Agilent Technologies

The Data Display Properties window is used to set the default setting of the Data Display window.
This window is opened by selecting the Data Display > Default Data Display Properties... menu of
the main screen.

The Effective Area is used to select the area effective when the Data Display window is opened, and
provides the following check box.

*X-Y Graph: Check this box to enable the X-Y Graph area.
*Grid ON: Check this box to display the grid in the X-Y Graph.
eList Display: Check this box to enable the List Display area.
sParameters: Check this box to enable the Parameters area.

The Graph Color area is used to set the color map for the Data Display window. You can change the
color of the background, text, graph grid, and line. The color palette is opened by clicking the
pattern of the item.

The Graph Trace Color area is used to set visibility, color, and thickness of the data traces Y1 to Y8
plotted on the graph.

The Log Scale area is used to set the maximum number of decades to show the minor ticks for the
log axis. If the number of graph decades is less than or equal to the entered value, the minor ticks are
displayed. If it is greater than the entered value, the minor ticks are not displayed.

The Text Size area is used to set the font size for the graph. The available settings are Largest, Large,
Medium, Small, Smallest, and Fixed. For settings other than Fixed, the appropriate size is
automatically selected. For Fixed, a font size entry field is provided, and the specified font size is
always applied.

*X/Y Axis Title: Font size for the axis title
*Scale: Font size for the X and Y coordinate values
*Legend: Font size for the graph legend
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To Manage Data Display Window
Data Display > Manage Data Display...

| & Data Display Manager E‘ﬂ
[Data Display Window Order | [Data Display Windows Configuration |
¥ Keep Setup

Do not change the present Data Display
windawe coefiquration.

d celtata the Data Digplay
such that they fill up the sntsre

up Down |

Solect All | rvgze | Close | © Stacking
Resize and collate the Data Display
v o that they overlap slighthy with

[Minimized Data Displays |

windows 5
an offsee.

 Owerlaying

Resize, overlap and make transparent the
data display windows so that multipls
graphes can be viewed and superimposed
o one another,

" Apply same scale to all graph

Solect All | Bestore | Close |

o | Cancel | Aoy |

ot Agilent Technologies

The Data Display Manager is used to control the appearances of the Data Display windows. This
window is opened by selecting the Data Display > Manage Data Display... menu of the main screen.
The Data Display Window Order area lists the Setup Name of the Data Display windows opened.
The list items from top to bottom correspond to the windows from front to back in the screen image.
The Minimized Data Displays area lists the Setup Name of the Data Display windows minimized.
The Data Display Window Configuration area provides the following radio buttons and a check box
to change the appearances of the Data Display windows. All functions are available for the opened
windows. See following slides for the display examples.

*Keep Setup: Keeps the present configuration of the Data Display windows.
*Tiling: Resize and collate the data display windows such that they fill up the entire screen.
«Stacking: Resize and collate the data display windows so that they overlap slightly with an offset.

*Overlaying: Resize, overlap, and make transparent the data display windows so that multiple graphs
can be viewed and superimposed on one another.

The following check box must be checked to apply the same graph scale to all graphs.
*Apply same scale to all graph
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Getting Started
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This is a display example of Tiling.
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Stacking
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This is a display example of Stacking.
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Overlaying
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This is a display example of Overlaying.
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To tile/stack/overlay windows

Stacking

Overlaying
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“Ba A EanEEs s

L

Agilent Technologies

When some Data Display windows are opened, the following Windows menu functions are useful.

Tiling
Tiles all Data Display windows on the screen.

Stacking
Stacks all Data Display windows on the screen.

Overlaying

Overlays all Data Display windows on the screen. Then the position, window size, and visibility of

the most front window are applied to all windows on the screen.
The background of the X-Y Graph area is cleared except for the most back window.
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Module 3
Data Display and Management

In This Module

» Data Display window

e Graph Analysis Tools

* Data Status

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

e To Print Display Data

e To Copy Graph Plot/List Data

* To Save Analysis Result

e To Use Preview Window

"’i'-f- Agilent Technologies

This section describes the above topics. You will understand how to use analysis tools, how to
change display setup, and how to print/export test result data.
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Data Display window
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The Data Display window is opened after measurement automatically, or by clicking the Data

Display button. And the window is used to display measurement data and

analyze the data.

The Show X-Y Graph icon displays/hides the X-Y Graph Plot area. This is the same as the View >

X-Y Graph menu.

The Show List Display icon displays/hides the List Display area. This is the same as the View > List

Display menu.

The Show Parameters icon displays/hides the Parameters area. This is the same as the View >

Parameters menu.
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Graph Analysis Tools
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The Data Display window provides marker, cursors, and lines for analyzing test result data. Marker
is used to read measurement data and draw a tangent line. Cursors are used to read the cursor

position and draw a normal line, gradient line, or regression line. The cursor/marker position data is
displayed top of the graph plot area.

Clicking Y axis can select the Y axis effective for the analysis tools. On the graph, left axis is always
Y1 axis. And the right axis is selectable from Y2 to Y8 axes.
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Graph Analysis Tools
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Text and pointer are the tools to decorate the X-Y Graph.
The text is used to leave notes on the graph. The notes will be measurement conditions, device
information, operator name, and so on. Up to 20 texts can be added to a graph.

The pointer is used to indicate the remarkable measurement point and show the X and Y coordinates
like the marker. The new pointer can be displayed on the marker point at first and can be moved on
the measurement data curve by using the rotary knob or the mouse wheel. Up to 30 pointers can be

added to a graph.
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Graph Analysis Tools

Show Graph Legend

Slhow Line Information
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When a line is displayed, the line information can be displayed in the graph plot area.

The Show Line Information icon displays/hides the line information. This is the same as the View >
Line Information ON/OFF menu.

The Show Graph Legend icon displays/hides the graph legend. This is the same as the View > Graph

Legend ON/OFF menu.
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Graph Analysis Tools
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If the append measurement is performed, the data display layer is added to the Data Display window.
In this example, the Data Display window has three layers.

Use the icons shown above to organize the data display layers.

Switch Display Mode icon switches the mode, overwrite or append.
In the overwrite mode, the data is displayed in a new Data Display window.
In the append mode, the data is displayed on a new display layer in the present Data Display window.

The Data Display window can hold up to 10 display layers. And the earliest layer over 10 will be
automatically deleted. The Hold this layer icon is available when the window holds at least two
layers. If this icon shows the standing pin, the layer will be held. If this icon shows the laid pin, the
layer can be deleted. Double clicking the tab gives the same result as this icon.
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Graph Analysis Tools

Graph control
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Graph control:

Auto Scale icon will change the graph scale automatically to fit the trace in the graph. The right
arrow button opens the menu for enabling or disabling the run time auto scaling. This function is set
independently for the X and Y axes. If this function is enabled, the graph scale will be changed
automatically to fit the trace in the graph during the measurement.

Zoom In icon zooms the data graph in. This enlarges the trace in the graph. Then the center of
zooming will be the cursor position.

Zoom Out icon zooms the data graph out. This reduces the trace in the graph.
Graph Setup icon opens the Graph Setup dialog box used to change the graph axis setup.

Choose Active Y axis icon selects the Y axis that is effective for the analysis tools (marker control
and auto scaling).

If multiple layers are opened on the Data Display window, the scale change is applied to the layers.
This means that the X-Y graph scale will be shared by all display layers. The auto scaling is
performed as follows.

1. Graph scale is optimized for the data on the selected layer (top layer).

2. The graph scale is applied to the graph in the all layers.

Note that auto scaling is performed independently for the left and right Y axes.

There is also a function for resetting the graph scale. Click View > Cancel Scaling > This Display or
All Displays.

This Display will reset the selected layer only. All Displays will reset all display layers.
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Graph Analysis Tools

Marker control

| & vin_gmmax - Agilent EasyEXPIRT

File Edit View Marker Curgor Line Text Fointer Window

LA H-QQ K- - A -

| Satup Name:  |Vth_gmma

|[=-¥ wraph Plot Proverties... | |
|5 Agilens |
[ [ MARKER] 1.2

75l u
T u
630 u
600 u
550 u
500 u
450 u
A u
3Hu

Intercept
L.14707 ma

Gradient

1.084540C-003

S0.0u idv

[drain (&)

150 u
100 u
Shu
S4p

Intergept

1L I.IB.'Ur‘}J

S0km -2Wm 0 iMm

Vagate (V)

Idrain

e0m

Agilent Technologies

Marker control:

Marker ON/OFF icon enables or disables the marker.

Interpolation ON/OFF icon enables or disables the interpolation function of measurement data. You
can read the interpolation data between two actual measurement points.

Marker Skip icon moves the marker to the next measurement curve that is added by the VAR2

variable.

Marker Maximum icon moves the marker to the maximum measurement point.

Marker Minimum icon moves the marker to the minimum measurement point.

Marker Search icon opens the Direct Marker/Cursor dialog box used to specify the coordinate values

to move the marker.
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Graph Analysis Tools

Line control
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Line control:

Line 1 State icon enables or disables line 1 and its function: normal, gradient, tangent, or regression.
Line 2 State icon enables or disables line 2 and its function: normal, gradient, tangent, or regression.
Cursor to Marker icon moves the cursor to the marker position.

Adjust Gradient icon is available when a gradient line is active. Clicking this icon enables the rotary
knob and the mouse wheel to increase/decrease the gradient of the line. Clicking this icon again,
clicking the rotary knob, or clicking the mouse wheel disables this function.
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To Enable Marker and Line

Line > Line 1 ON/OFF
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To enable maker, click the Marker ON/OFF icon, or select the Marker > Marker ON/OFF menu.

To enable the Line 1, click Line 1 icon and select one of the line mode. Or select the Line > Line 1
ON/OFF menu and select one of the line mode.

To enable the Line 2, click Line 2 icon and select one of the line mode. Or select the Line > Line 2
ON/OFF menu and select one of the line mode.

If you enable the Normal line, two cursors are available. The cursors specify the points that the line
passes through.

If you enable the Gradient line, a cursor is available. The cursor specifies the point that the line
passes through.

If you enable the Regression line, two cursors are available. The cursor specify the measured data
used to draw the regression line.
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To Draw Normal Line

Line N > Normal
/Cursor To Marker
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Enable the Normal line by clicking the Line 1 (or Line 2) icon and Normal.
Move cursors to draw the line. The line passes through the cursor points.

To move the cursor, you can use the Cursor To Marker icon. The cursor will move to the marker
point.
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To Draw Gradient Line

Line N > Gradient

Cursor To Marker
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]
T 1 cursor line
: gradient

Enable the Gradient line by clicking the Line 1 (or Line 2) icon and Gradient.

Move the cursor to specify the point that the line passes through. And click the Adjust Gradient icon.

Use the rotary knob or the mouse scroll button to adjust the gradient of the line.

To move the cursor, you can use the Cursor To Marker icon. The cursor will move to the marker

point.

3-13



Module 3
Data Display and Management

To Set Gradient VValue
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Agilent Technologies

This is another way to draw the gradient line.

Set the line 1 or 2 ON and select the gradient line mode. Then click Line > Gradient... to open the

Gradient Value dialog box.

On the dialog box, enter the desired gradient value, and click OK to draw the gradient line.
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To Draw Tangent Line

Line N > Tangent
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Enable the Tangent line by clicking the Line 1 (or Line 2) icon and Tangent.

Move marker to draw the line. The tangent line will pass through the marker point.
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Line

To Draw Regression Line

N > Regression
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i Agilent Technologies

Enable the Regression line by clicking the Line 1 (or Line 2) icon and Regression.

Move cursors to specify the region of the measurement data used for the regression calculation.

To move the cursor, you can use the Cursor To Marker icon. The cursor will move to the marker

point.

3-16



Module 3
Data Display and Management

To Use Text

Text > New
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ot Agilent Technologies

To add a text, click Text > New. A text editor appears. Then enter the text you desire.

The following functions are available for the selected text(s) via the Text menu, the Text icons, or the
right-click menu.

Clicking on a text will select the text. To select the multiple texts, click the text while holding down
the Shift key on the keyboard.

Edit Mode: Edits the selected text.

Size: Sets the font size of the selected text(s). The available setting values are Largest, Large,
Medium, Small, Smallest, and Fixed Point (6, 7, 8, 9, 10, 11, 12, 14, 16, 18, or 20). For settings other
than Fixed Point, an appropriate size will automatically be applied. For Fixed Point, the specified
font size will always be applied.

Font: Sets the font of the selected text(s).
Text Color: Sets the text color of the selected text(s). Click Customize to open the color palette.

Background Color: Sets the background color of the selected text(s). Click Customize to open the
color palette.

Hide Frame/Show Frame: Hides or shows the frame for the selected text(s).
Delete: Deletes the selected text(s).
Dragging a text moves this text.
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To Use Pointer

Pointer > New
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To add a pointer, set Marker ON, click Pointer > New. A pointer and description (pointer ID and X-
Y coordinate values) appear. Then move the pointer you desire by using the rotary knob or the
mouse wheel.

The following functions are available for the selected pointer(s) or description(s) via the Pointer
menu, the Pointer icons, or the right-click menu.

Clicking on a pointer will select the pointer. To select the multiple pointers, click the pointer while
holding down the Shift key on the keyboard.

Clicking on a description will select the description of a pointer. To select the multiple descriptions,
click the description while holding down the Shift key on the keyboard.

Shape: Sets the shape of the selected pointer(s).
Hide Description/Show Description: Hides or shows the description of the selected pointer(s).
Delete: Deletes the selected pointer(s).

The rotary knob or the mouse wheel can be used to move the selected pointer in the VAR1 direction.
The pointer can not be moved in the VAR2 direction.

Dragging a description of pointer moves this description of pointer.
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If measurement unit detects any status while measurement, the status code is recorded with the
measurement data. In this example, a SMU detected the compliance condition in the drain channel,

so the status code C is put just before the Idrain value.

SMU status code:

* C: Compliance

* T: Other channel compliance
* X: Oscillation

* V: Overflow

MFCMU status code:

* U: Unbalance

* D: I/V amp saturation
* V: Overflow
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To Change Graph Properties
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ot Agilent Technologies

The Graph Properties dialog box is used to set the following setting of the selected Data Display
window. This dialog box is opened by clicking the Properties... button in the X-Y Graph Plot area or
by selecting the Edit > Graph Properties... menu of the Data Display window.

The Grid ON check box in the Effective Area is used to display the grid in the X-Y Graph.

The Graph Color area is used to set the color map for the Data Display window. You can change the
color of the background, text, graph grid, and line/cursor. The color palette is opened by clicking the
pattern of the item.

The Graph Trace Color area is used to set visibility, color, and thickness of the data traces Y1 to Y8
plotted on the graph.

The Log Scale area is used to set the maximum number of decades to show the minor ticks for the
log axis. If the number of graph decades is less than or equal to the entered value, the minor ticks are
displayed. If it is greater than the entered value, the minor ticks are not displayed.

The Text Size area is used to set the font size for the graph. The available settings are Largest, Large,
Medium, Small, Smallest, and Fixed. For settings other than Fixed, the appropriate size is
automatically selected. For Fixed, a font size entry field is provided, and the specified font size is
always applied.

*X/Y Axis Title: Font size for the axis title
*Scale: Font size for the X and Y coordinate values
*Legend: Font size for the graph legend
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To Change List Display Properties
Edit > List Display Properties...

Data Status

Physical Unit
List Display Properties l

Display

¥ Data Status 7 Physical Unit Example: -1.2345

Number Format -

+ Engineering Format (with Unit Prefix) —% EX&mp|e: '12345 mA
 seienific Hotaton — Example: -1.23456789012345E-003 A

0K Cancel Apply |

ot Agilent Technologies

This dialog box is used to set the data display format in the List Display area. This dialog box is
opened by clicking the Properties... button in the List Display area or by selecting Edit > List Display
Properties... menu of the Data Display window.

Display:

Check the following check box to add the data status or the physical unit to data. Unchecking the box
removes it.

eData Status: Adds or removes the status code before data.
Physical Unit: Adds or removes the physical unit after data.

Number Format:

Selects the data display format from the following formats.
« Engineering Format (with Unit Prefix):

Data display with arithmetic point, Sl prefix, and unit.
Example: -1.2345 mA

» Scientific Notation:
Data display with arithmetic point, exponential part (E, +/- sign, and three-digit number), and unit.
Example: -1.23456789012345E-003 A
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To Change Display Setup
View > Display Setup...
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ot Agilent Technologies

This dialog box is used to change the graph scale and data to be displayed in the Data Display
window.

The X-Y Graph area sets the X and Y1 to Y8 axes of the X-Y Graph Plot area.
Name: Specifies the parameter for the axis

Sharing: Specifies the group for sharing the Y axis scale. Select from Group 1, Group 2, Group 3,
Group 4, or None (no grouping). The Scale, Min, and Max values are shared by the Y axes in the
same group. The scale set by Run Time Auto Scale, Auto Scale, Zoom in, and/or Zoom out are also
shared. If another layer on the Data Display window contains an X-Y trace which has the same name
for both its grouped Y parameter and its X parameter, the scaling will also be shared by this X-Y
trace.

*Scale: Scale of the axis, Linear or Log
*Min: Minimum value of the axis
*Max: Maximum value of the axis

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

The Parameters area selects the variables to be listed in the Parameters area. Up to 20 parameters
can be set.
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To See Print Preview [Eeess -
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Agilent Technologies

The Data Display window provides the File > Print Preview... function to show the print preview.
This is an example of the print preview.

*Select the File > Print Preview menu to open the Print Preview dialog box.
+Set the Print Range, Data to print, and Scaling.
«Click Preview button. The Print preview window is displayed.
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To Print Display Data
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The Data Display window provides the display image output capability to a printer or a file.

Before printing, connect a printer to the B1500A via the parallel interface or the LAN, and set up it
by using the Add Printer Wizard of Windows. After that, do following.

*Select the File > Print menu to open the Print dialog box.
«Set the Print Range, Data to print, and Scaling.

*Click Next button.

*Select the printer, and set the Properties.

*Click OK button.

You can export the display image to a file as shown below.

*Select the File > Save Image As... menu to open the Save Image As... dialog box.
*Select the format (file type) from Save As Type menu.

Enter the file name.

*Click Save button.

The file can be imported by the graphics software that supports the exported file type. The
EasyEXPERT supports the following types.

*bmp: Bitmap image
semf: Enhanced metafile
ogif: GIF image

*png: PNG image
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To Copy Graph Plot
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You can copy graph image to the clipboard, and paste it to a word processing software. In the above

example, the graph image is pasted to the WordPad.

This is an example of the copy and paste operation.

*Select the Edit > Copy Graph menu on the Data Display window.
*Select the Edit > Paste menu on the WordPad.
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To Copy List Data
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You can copy the data list to the clipboard, and paste it to a word processing software. In the above

example, the data list is pasted to the Notepad.

This is an example of the copy and paste operation.

*Select the Edit > Copy List menu on the Data Display window.
«Select the Edit > Paste menu on the Notepad.

You can save the data as a text file, and read it by using a spreadsheet software. Data elements are

separated by a tab.
Note:

As same as the Copy List function, the Copy Parameter function is used to copy the data in the

Parameter area.
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[Select File > Update Test Result ]::Saves graph information to data record.
Select File > Save Image As... Saves graph image as a file.
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To leave the graph modification information such as scaling, marker, cursor, and line on the graph,

select the File > Update Test Result menu.

You can see the all information when you open the graph again. Note that the modification

information will be destroyed if you did not do it.

To save the graph image as a file, select the File > Save Image As... menu.
You can save the image as a bmp, emf, gif, or png file.
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Class Exercise

Use the analysis tools.
1.

Use your test setup (for example, GMMAX in the
Demo preset group) and perform measurement .

Enable marker and draw line. Try it for all line
types.

Copy/paste/save data list, and open it by using a
spreadsheet software (optional, if you can).

Save analysis condition. Re-open the test record.

Export your test record. And import it.

i Agilent Technologies

Note:
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To Use Preview Window
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The Data Display window provides the File > Print... function to print the graph image. However,
you may want to set the graph title and change the line style. Then use the Preview window. The
Preview window is used to see and print the graph image you modified.

Select the View > Open Preview Window to open the Preview window and the Preview Settings
dialog box. And use the Preview Settings dialog box to set the title of graph, X axis, and Y axis, and
change the line style. To change the color and thickness, use the Color and Thickness dialog box
opened by clicking the Color and Thickness... button.

Clicking OK button in the Preview Settings dialog box applies the modification to the Preview
window and closes the dialog box.

Note:
The graph image in the Preview window cannot be saved.
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To Use Preview Window
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This example is result of the changes shown in the previous page.
Line style was changed as shown above. The titles are set as follows.
Graph title: ID-VG Characteristics

X axis title: Gate Voltage

Y1 axis title: Drain Current

Y2 axis title: Transconductance

Y3 axis title: Drain Current

Also color of linel was changed to red, and thickness of trace was changed.
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To change the setup again, open the Preview Settings dialog box by selecting the View > Preview
Settings... menu.
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Class Exercise

Use the Preview window.
1. Use your test record used in the previous exercise.

2. Change the graph image as you want.
- Add graph title and change axis title.
- Change line style
- Change color and thickness

3. Print the graph image if a printer is available.

i Agilent Technologies

Note:
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Module 4
Classic Test Environment

In This Module

» Classic Test Execution Mode

e 1/V Sweep Measurement

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

* I/V-t Sampling Measurement

* C-V Sweep Measurement

e Switching Matrix Control

* Direct Control

"’i'-f- Agilent Technologies

Note:
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Classic Test Execution Mode

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

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

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

*I/\V-t Sampling: For time-Y characteristics measurement of | or V.

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

*Switching Matrix Control: For B2200 switching matrix control.

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

» To Define Source/Measurement Channels : y
I_II 1'-'r SU-.'EEI:'

* To Read Time Stamp Data and Data Index
» To Set Source Outputs (VAR1, VAR2, VARY’, Pulse, CONST)

 To Set Timing Parameters — [Foowes

WORKER] OV L50000000008-008 A L5000000000N-008 A

e To Set Sweep Abort Function ™" sz
- Range, ADC/Integ, Advanced | -
» To Set User Functions

« To Set Analysis Functions - o i SEIE T

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

-'-'&'{- Agilent Technologies

This section explains how to perform 1/V sweep measurement. You will perform the above tasks to
execute the I/V sweep measurement.
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P g
To Define Source/Measurement Channels
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Click the I/V Sweep icon and open the setup editor. Then click the Channel Definition tab to display
the channel definition screen.

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

*Unit: SMU name or number
*V Name: Variable name for the voltage measurement or source data
| Name: Variable name for the current measurement or source data

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

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

V Name and | Name are used to specify the parameters displayed on the Data Display window. The
display parameters are selected on the Display Setup tab screen.
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To Read Time Stamp Data and Index i
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Agilent Technologies

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

*The time stamp is the time the measurement is started for each measurement point.
*The index is the index number for each measurement data.
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Agilent Technologies

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

*Name: Variable name of source output

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

«Start: Source output start value

«Stop: Source output stop value

«Step: Source output incremental step value

*No of Step: Number of sweep steps

*Compliance: SMU compliance value

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

*Name: Variable name of source output

«Start: Source output start value

«Stop: Source output stop value

«Step: Source output incremental step value

«No of Step: Number of sweep steps

«Compliance: SMU compliance value

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

*Name: Variable name of source output

*Offset: B value of the above formula.

*Ratio: A value of the above formula.

«Compliance: SMU compliance value

Pwr Comp: SMU power compliance value

The VARL’ output is expressed by the following formula.
VARLY’ output = A X (VAR1 output) + B
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At the SMU Pulse area, you set the SMU pulse timing parameter and the pulse base value.

eUnit: SMU name or number
*Period: Pulse period
*Width: Pulse width

*Base: Pulse base value

Only a SMU can be set to the pulse source.
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At the Constants area, you set the SMU constant output.

*Unit: SMU name or number

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

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

«Source: SMU output value
«Compliance: SMU compliance value
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TV Sweep

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

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

When a SMU forces pulse, the delay time is ignored. Source output and measurement timing will be
controlled by the pulse width and pulse period.
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This field sets the sweep abort function.
When this field is CONTINUE AT ANY, the sweep measurement is not aborted.

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

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

*Unit: SMU name or number

*Name: Variable name for the measurement data

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

*Range: Range value

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

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

BY FULL RANGE performs normal auto ranging operation.

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

go up boundary = present measurement range X Rate / 100
go down boundary = present measurement range X Rate / 1000
The go down boundary is available only for the UP AND DOWN AHEAD rule.
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a pulse source is used

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

A/D Converter:

*Unit: SMU name or number

*Name: Variable

name of the measurement data

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

Integration Time

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

or User’s Guide.

Factor: Coefficient for the reference value of the integration time.
*Auto Zero: Auto Zero function ON or OFF. For HR ADC.
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The Advanced button opens the Advanced Setup dialog box. The dialog box is used to set the SMU
filter and SMU series resistor settings, and set the wait time.

Channel Settings:

*Unit: SMU name or number

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

Wait Time Control:

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

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

*Output Value after Measurement: Source output value after measurement. START (sweep start

value), STOP (sweep stop value), SOURCE (sampling output source value), or BASE (sampling
output base value)

Note: Pulse channel output after measurement is always Base value.
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Click the Function Setup tab to display the User Function/Analysis Function setup screen. The user
functions can be displayed on the X-Y Graph Plot, List Display, and Parameters area of the Data
Display window. Up to 20 functions can be set.

Name: Function name
Unit: Unit of the function

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

-Functions defined in the above lines

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

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

Note:

The Apply button performs calculation of the definition in this screen. If this button is clicked when
the Data Display window associated with this test has been opened, the display is also updated. The
associated Data Display window will be the Data Display window that displays the last measurement
data or that is recalled at last.
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The analysis functions can be displayed on the Parameters area of the Data Display window. Up to

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Note:

The Apply button performs calculation of the definition in this screen. If this button is clicked when
the Data Display window associated with this test has been opened, the display is also updated. The

associated Data Display window will be the Data Display window that displays the last measurement
data or that is recalled at last.
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Click the Display Setup tab to display the display setup screen. The X-Y Graph area is used to set

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

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

«Min: Minimum value of the specified axis
«Max: Maximum value of the specified axis
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The List Display area selects the variables to be listed in the List Display area of the Data Display

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

window. Up to 20 parameters can be set.

4-22



Module 4
Classic Test Environment

To Save Test Setup i

TV Sweep

=%

File Data Display  Help A,
i} ‘ @] 1V Sweep Setup Name: [Trng 1500 1/
g I Crannel Satez | Mamwrement Sewp | Funcoen Setu | Auto Anwiess Seov Doy Secus | o

| 1 Seep R Graph vt

| Samplin
} ) a4 pling
x J Name: Scale: Mim; max
5 e Fox [ = [ = RV W v | JJJ"‘l
= rove 1 =] Junea =] far H] rome [
Bl ‘ﬁu ! E = = = 2 C-V Sweep
E_ 3 © vz [wsD =] Jurear =] fpa DR EED i

T
'1: ol
&

g

T
<
<
T
Q
<
o
s
=.
@
w
D
~—+
o
©
o
ey
=
—+
o
]

« .
B ) Preset Group name.
h. Use this field to
F | select preset group.

Trng 1d-vd

47112006 5:27:34 PM

8
IV Sweep 4/11/2006 S:12:31 PH 4
LV Sweep 4112006 4:56:00PM 2
IV Sweep A/11/2006 4:55:06 P 1
1/v-t Sampling 4/11/2006 1:52:02 PH 2

VEth gmbae 4/7/2006 12:40:05PM 3 -
TS o [ A Bt OF ] s Aicard O

Agilent Technologies

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

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

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

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

TV Sweep

File  Data Display Help A

B @[ 1V Sweep Setup Name: [0 1500 £y
g: o Cranne! Setua | Meamewmest Seuo | Funcian Sewa | Auce Arvins Seve Doy Seas | e
| S— [V Graph
| Samplin
}' ﬂ a4 pling
B = Name: Seale: Mim; max
§ Songieg Fox @ He =P DT Ir,lrl
EE rove @ £ | T T CTEn £ S
| ey Sw =] [ 99 New Presst Group -V S
2 ¥ L e = e Rename This Preset Group
=| % Duplicate This Preset Group
Phrcroli Delete This Preset Group .
s G . My Favorite Setup button

g Hame Ry Remarks e
Trng 1d-vd

IV Sweep ]

1)V Sweep ¥ Sevs

IV Suveep 3

IfV-t Sampling _!i'

Wth gmiMasx s -
. BBt OF ] A Avard G0
i e :

Sempee  [EmEPERT Fame G = [

Agilent Technologies

You can export/import your preset group.

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

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

Define test setup and perform test.

1.

. Export preset group, and import it.

Click I/V Sweep icon and open setup editor.

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

4,
5

Connect device, and perform test.
SMU4

SMU3
o [—o
SMU1

SMuU2

-'-'5:{- Agilent Technologies

Note:
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Measurement Result Example

il

TV Sweep

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

:_- Agilent Technologies

This is a test result example displayed on the Data Display window.
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To Set VVarl Sweep Sources
To Set Constant Output

To Set Ranging Mode

To Set ADC/Integration Time

Advanced Setup
To Set User Functions

To Set Data Display

Multi Channel I/V Sweep

To Define Source/Measurement Channels

ot Agilent Technologies

i
’-ﬁ'
Multi

Channel IV
Swieep

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

Voltage or current

Stop value Start measurement
0 - —\
Start value |
Hold time

Voltage or current

Stop value | Delay time

0 -
Start value |

S\

Voltage or current

Stop value

0 -
Start value |

N

Lwi
~'EE.il
Multi
Channel IV
Swieep
=: Measurement

n

Delay time

Primary sweep source

Second sweep source

Tenth sweep source

Time

Agilent Technologies

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

Changes from 1/V Sweep are listed below.

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

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

The output channels start to output in the order in which they are listed on the Channel Setup screen.
If multiple measurement channel are used, the channels perform the measurements in order.
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To Define Source/Measurement Channels ﬁ
Channel Setup Setup Name Channel 1

Swieep

File _Data Display _Help

E ‘ Channel 1)V Sweep Setup Mame: o= Chanoe LY Sweep
é e Haatursmeas Setus | Funcbon Setup | Auts Anabss Setup | Dol Setup |
v Sweep o
5 pition
L ﬂ se | | |
- Unit: W Naime: 1 Mame: Mode: Function:
Muki = e = [ I m = (e =
¥ s - [P = =i = ==
- TJ [z =|fve Ci -y =vaR
i s
5 V4 r [FEeR =l wi = Sl =]
= | Samgling
= [BiR =|[ve i fic CIl =|[eamsT
N Swasp
e Channel Definition
Y
it -SMU
Swilching
iy -V name/l name
L -I/V/COMMON
Direct ‘
okt -VAR1/VAR2/CONST 3 Demon
! GLIMMEL
=
Mscellaneous Variables
Tiwe Stamp Name: | = tndex Name: | = VD-Fulse i
= -
| Flag | Setup Name | Date | Count | Device ID | Remarks [lo]
Multi Channel IV Sweep 2/8/2007 2:07:15 AM 1 Exariie
GUMMEL 2/8/2007 8:43:112 AM 1
Multi Channel IV Sweep 2/7/2007 5:46:20 PM 13
Multl Channal /v Sweep 2713007 5:40:27 PM 12 HORE
Multi Channel [V Sweep 2/7/2007 5:37:48 PM 11 114
Multi Channel [V Sweep 2{T(3007 5:37:20 PM 19

Misazemon  [Elisnbeoto®  [H aadewd o

Agilent Technologies

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

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

*Unit: SMU name or number

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

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

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

*Function: Source output function, VARL (primary sweep), VAR2 (secondary sweep), CONST
(constant)

Note: Up to 10 sources can be set to VARL.

V Name and | Name are used to specify the parameters displayed on the Data Display window. The
display parameters are selected on the Display Setup tab screen.
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To Set VAR1 Sweep Sources

&

Multl Channal [/V Sweep
Multi Channel IfV Sweep
Muiti Channel 17V Sweep

2FFI007 5:40:37 P
2{7{2007 5:37:48 PM
2{7[2007 5:37:20 PM

Witesin [Elasbouton (5 asdedon

Agilent Technologies

Multi
Measurement Setu ey
weep
File _Data Display _Help
] T @] Multi Chan Sweep Setup Name: [M05 Channe 1Y Sweeen
é : chaneet Setup [ Hesrement Setd | uncnea Satun | Auti Analves Setuo | Droly Setun |
3 P
B ﬂ Direction: |50ge =] i/ Log: |L e =] o of Step: [101
g Unit: Nama: Start: C Compliance:  Pwr C
e e U L | SMU1 Sto
B T T T T o | = p
E
2 ﬂ
z Start
SMU2
Tiaming ] Stop
Hald: |2+ B pelay: [0 B s Gweep [fONTIE AT AT =] status o
|on-nns ] |4l
unit: ¥ Name: 1 Name: Mode: Source: = .‘
— e = Cll WV Weme W E S Start
[Esm Wve =lic =V wpv W0 me W ‘
BVD-Pulse
L =
Setup Name | Date | Count | Device 1D | Remarks [lo]
Multi Channel 11V Sweep 2/8/2007 0:07:15 AM 1
GUMMEL 2(8/2007 8:43:12 AM 1
Multi Channel IfV Sweep 27/ 2007 5:46:20 PM 13

The Measurement Setup tab screen is used to set the source output value and timing parameters.
At the VARLI area, you set VAR sweep sources.

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

eLinear/Log: Linear sweep or Log sweep
*No of Step: Number of sweep steps

Following parameters can be set for each VAR1 sweep sources.

*Unit: SMU name or number

*Name: Variable name of source output
«Start: Source output start value

«Stop: Source output stop value
*Compliance: SMU compliance value
*Pwr Comp: SMU power compliance value
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p Multi
Channel IV
Measurement Setup il
File _Data Display _Help
E ‘ @] Multi Chani Setup Mame: [N Chanoe TV Swenen
g~ Chaseal Satun | Euncrion Satun | Auss Ansivis Senuo | oty Seeuo |
¥ d [VARL
B ‘ Direction: [3rgie =] vinear/Log: [LIER :‘. Mo of Step: 101 ]
B
= . upit: Hama: start: Stop: nce:  Pwr Comp:
i e ETE | wpv sy W[oora  W][oer W
B fl} EIT==(m v W[Eamy W|pooma  W][oeF |
g &
{1
5_ Samgiing d &l
o] CVeIMHz
CV Swaep s ‘
e GMMAX
bt
St .
[ I - 4
[ | Hald: [3 5 W] ookay: 15 B - oweep [ A st o
Direct I ] |4
SR unit: ¥ Mame: 1 Nanse: Mode: Source: = -‘
[SIUTHR (i =E [V wpv W[[iooma | 3 GUNMEL
SHAR e =lic =V Hpv W0 me |
| BD-Fulse
e
=] [Flag | Setup Name | Date [ Count_[ Device 10 | Remrks [ie
Multi Channel 17V Sweep 2/8/2007 2:07:15 AM 1
GUMMEL 2/8/2007 8:43:112 AM 1
Multi Channel IfV Sweep 2/7/2007 5:46:20 PM 13
Multi Channal [V Sweep 213007 5 25} 12
Multi Channel IjV Sweep 2/7{2007 5 PM 11
Multi Channel 1)V Sweep 2{T(3007 5:37:20 PM 19 -
) T A ) Hpaitenon  [Elisbpeton (3] asaewdon
- Agilent Technologies

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

*Unit: SMU name or number

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

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

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

«Compliance: SMU compliance value
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Measurement Setup

To Set Ranging Mode

Setup Name: [MUT Chanoel IV Sveeen

E —d ©| Multi Channée./Sweep
5 Chaonel Sotup [Messurement Seted | Funcion Setun | Auto Analvss Senp | Disaley Setup |
] e [vaRL
g Direction: |3rge = tnear/log:[LIEAR = o of Step: 101
¢ ol
= o it Start: : © Pwr Comp:
S o 2 [ore W] o W[ooma W |
i) SHUZRE ][Ve i Wiooma  m][oFF |
£ | Ml Range Setup
o [MEasurement Kange
-
Mame:  Mode:  Range:  Range Change Rule:

mLMTED  ={[1na

“oue |

Z| | Flag | Setup Name

| Data

| Count | Device ID

| Remarks [

Multi Channel IV Sweep

Results
=z
£
=
o

2/8{2007 3:07:15 AM 1
2/B/2007 8:43:12 AM 1
27(2007 5:46:30 PM 12

27(3007 5:40:27 PM 13

007 5:37:48 PM 1

2/7/2007 5:37:20PM 10

CETESTE

[Facneperror [ s Record o6

e
_.h‘i

Multi

Channel IV

Swieep

i~ Agilent Technologies

The Range button opens the SMU Range Setup dialog box. The dialog box is used to set the
measurement ranging mode.

*Unit: SMU name or number

*Name: Variable name for the measurement data

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

*Range: Range value

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

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

BY FULL RANGE performs normal auto ranging operation.

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

go up boundary = present measurement range X Rate / 100
go down boundary = present measurement range X Rate / 1000
The go down boundary is available only for the UP AND DOWN AHEAD rule.
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To Set ADC/Integration Time

Measurement Setup

E ‘ @] Multi Channer " Swee Setup Mame: [Mo5 Chanoe 1) Swnep
= Channet Sorup (Haisremees et Funcrion Secun | Auto Anaiss St | Disoley Sesup |
R | 1V sweep TRRT
2
B Direction: |5rge =] Winear) Log: [LIEAR =] Mo of Step: |101 ]
4
E A unit: Wama: start: Stop: © Pwr Comp:
5 Channiel L. e W[ CI s W W DI
Bl i SHUZHE ] [Ve fov H|[ssomv B[00 mA | [ofF []
% o] ] ! L1}
= e | &t Converter & Integration Time Setup
3| Somekng [%7D Comvartar |
A - —
R e Wm [HR A0 =
e [ i [ WA 200 =
+ |E= W [ HR ADC =
Sitching e AN
Matr . [BHM R, [fic | R ADT =l
m Hatd: [0 1
orest e
Caméral Uit [1ntegration Time
[ Maida: Factar: Auts Zaro:
PR High Resalution ADC: 3070 |15 Hor  F
High Speed ADC: | AUTO | [] |
d | Flag Setup Name l:lm"

Multi Channel I/ beeeg
GUMMEL

Multi Channel TV Sweep
Multi Channel I/ Sweep
Multi Channel I/V Sweep
Multi Channel I/V Sweep

3B/2007 8:43:12 AM 1

2/7/2007 5:46:30 PM 13
2/7(2007 5:40:27 PM 12
2/7/2007 5:37:48PM 11
3(7/2007 5:37:20PM 10

M{ouzenon  [Elambmerrors [ s need o

Agilent Technologies

&

Multi
Channel IV
Swieep

The ADC/Integ button opens the A/D Converter & Integration Time Setup dialog box. The dialog
box is used to select the ADC for each SMU and set the integration time for each ADC (high

resolution or high speed). This button is not available when a pulse source is used.

A/D Converter:
*Unit: SMU name or number
*Name: Variable name of the measurement data

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

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

or User’s Guide.
Factor: Coefficient for the reference value of the integration time.
*Auto Zero: Auto Zero function ON or OFF. For HR ADC.
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unit: VNama:  IMama:  Sarias R: SMU Filba:
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| EXEET 1| =s =l[nione xlfoni
| e =i m[ianE EED

Advanced Setup .
Measurement Setu cramel v
HE R =t " :
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Maasuremant Wait: |1 L]
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GUl
= Mul
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Agilent Technologies

The Advanced button opens the Advanced Setup dialog box. The dialog box is used to set the SMU
filter and SMU series resistor settings, and set the wait time.

Channel Settings:

*Unit: SMU name or number

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

Wait Time Control:

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

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

*Output Value after Measurement: Source output value after measurement. START (sweep start
value), STOP (sweep stop value).
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Multi
H Channel IV
Function Setup ' Sweep
PSR Dty S i S T
il o @| Multi Channel 1/V Sweep Setup Mame: [MUS Channel 1V Swaep
g 1‘5 Channel Setup | Hewmrement | Aus Analvss Seoep | Doty Setup |
§ | v sween
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E L T |
5 " Nama: Unit: Dofinition:
E [r [vee  mv =|[veve .
3 Data calculation o A
L CV-IMHz
-Measurement data/source data :
_ -Built-in function, etc. F
= : GHMAX
o Daaa | [owen] [un] [oosn] B8 [
Nama: Uit Definition: B
[
Dirgct «|
Control To add a function parameter, press the [Add] button in this area. = -‘
} GUNMEL
INVD-Pulse -
| | Flag | Setup Name | Date | Count_| Device ID | Remarks i
Multi Channel 17V Sweep 2/8/2007 9:07:15 AM 1
GUMMEL 2/8/2007 8:43:12AM 1
Multi Channel 1V Sweep 273007 5:46:20 PM 13
Multi Channel [}V Sweep 2(7/2007 5:40:27 PM 12
Multi Channel T/ Sweep 2/7/2007 5:3748PM 11
Multi Channel L[V Swesp 2/7/2007 5:37:20PM 10 -
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-1 Agilent Technologies

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

Name: Function name

Unit: Unit of the function

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

-Functions defined in the above lines

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

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

File Datn Display _ Heln

1V Sweep
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g | Setup Name | Count | Device ID | Remarks i
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|
Multi

Channel IV
Swieep

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

Display window.

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

*Max: Maximum value of the specified axis

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

window. Up to 20

variables can be set.

For example, following variables are set for the Class Exercise.

Vbe, Ic, Ib, Vh, Ih
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Class Exercise ““a

Channel IV

al
Swieep

Define test setup and perform test.

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

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

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

5. Export preset group, and import it.

-'-‘::{- Agilent Technologies

Note:
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SMU Triax Connection Channel 1

Sweep

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

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

GNDU

SMU3 o«t7e o

SMU2 T © i =®), ® - ®
0.8

SMU1 o - ©.® -

B [ ]
B1500A Rear View

i'i. Agilent Technologies

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

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

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

This is the SMU cable setup that will be used in the remainder of the class exercises.
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] EBC 17: Emitter
28 16: Base

PDDDDDDDDDDDM Shorter Lead 15 cojlector
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i'i. Agilent Technologies

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

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

Connect jumper leads as follows.

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

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

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

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

€ Multi Channel I/V Sweep - Agilent FasyEXPERT
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X-Y Graph Plot Properties... ‘
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) (A
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decade
Jdiv
1f
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List Display Properties... | |
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Agilent Technologies

|
Multi

Channel IV
Swieep

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

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

“rmmmn
'V List
Swieep

» To Define Source/Measurement Channels
» To Set Varl Sweep Sources

* To Set Constant Output

» To Set Ranging Mode

» To Set ADC/Integration Time

» Advanced Setup

» To Set User/Analysis Functions

» Auto Analysis Setup

» To Set Data Display

ot Agilent Technologies

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

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

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

*All SMU installed in the B1500A can be set to VARL.
*VARL’ is not supported.
For more information, see online help or User’s Guide.
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Click the I/V List Sweep icon and open the setup editor. Then click the Channel Setup tab to display
the channel definition screen.

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

*Unit: SMU name or number
*V Name: Variable name for the voltage measurement or source data
| Name: Variable name for the current measurement or source data

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

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

Note: Up to 10 sources can be set to VARL.

V Name and | Name are used to specify the parameters displayed on the Data Display window. The
display parameters are selected on the Display Setup tab screen.
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The Measurement Setup tab screen is used to set the source output value and timing parameters.
At the VARLI area, you set VAR sweep sources.
*Unit: SMU name or number

«Source: Click the grid button to open the Define vector data dialog box. Enter the vector data of
VARL. For example, -500 m, 0, 500 m, 1, 1,05,1.1, 1.15, 1.2, 1.25, 1.3, 1.35, 1.4, 1.45, 1.5, 1.55, 1.6,
1.65,1.7,1.75,1.8, 1.85, 1.9, 1.95, 2, 2.5, and 3 V are set for the Vth-gmMax. Step voltages near the
gmMax are set to 50 mV and others are set to 500 mV.

«Compliance: SMU compliance value
Pwr Comp: SMU power compliance value
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At the Constants area, you set the SMU constant output.

*Unit: SMU name or number

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

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

pulse), or COMMON (ground)
*Source: SMU output value. For example, Vdrain is set to 100 mV for the Vth-gmMax.
«Compliance: SMU compliance value
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The Range button opens the SMU Range Setup dialog box. The dialog box is used to set the
measurement ranging mode.

*Unit: SMU name or number

*Name: Variable name for the measurement data

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

*Range: Range value

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

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

BY FULL RANGE performs normal auto ranging operation.

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

go up boundary = present measurement range X Rate / 100
go down boundary = present measurement range X Rate / 1000
The go down boundary is available only for the UP AND DOWN AHEAD rule.
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The ADC/Integ button opens the A/D Converter & Integration Time Setup dialog box. The dialog
box is used to select the ADC for each SMU and set the integration time for each ADC (high
resolution or high speed). This button is not available when a pulse source is used.

AJD Converter:

*Unit: SMU name or number

*Name: Variable name of the measurement data

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

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

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

4-46



Module 4

Classic Test Environment

Measurement Setu WV List
Sweeep
'"g__—.‘”" ~ @1V st & * Setup Name: [Tro L - e
g Chacre! Sotup [Hessremts Seted | Funcion Setun | Aute Analvss Senp | Doy Setup
5| Wowew T
g unit: Sources: Compliance: Pwr Comp:
B [EErT | O Wfwema mlor O
5 Advanced Setup
? Chamne| Settings
'::.( Unit: VName: M Series R SMU Filter:
= [EET W mwbs s =ljon Bl
he i1 [EHUEAR W[Veoue  milurce mi[HOIE =fon el
Samphing I O s Hfon =
A T T | L 3
C=V Sweep
i3
sy (ST OB
Matrix ... _r.n_m.
m output walt: || |
i Measurenwent Wait: |} L}
|After Measurement Settings
= | Flag | seti s Hold after Measurement: (077 |
> Tm| Outpul Value afler Measurement: [5T0° ]
W
2 W
l Vith
W |
L i : . -
[Eowemyor owzescF  [ElaumEBmenoF [ s mecors of
~ii- Agilent Technologies

The Advanced button opens the Advanced Setup dialog box. The dialog box is used to set the SMU
filter and SMU series resistor settings, and set the wait time.

Channel Settings:

*Unit: SMU name or number

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

Wait Time Control:

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

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

*Output Value after Measurement: Source output value after measurement. START (sweep start
value), STOP (sweep stop value).
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Click the Function Setup tab to display the User Function/Analysis Function setup screen. The
user/analysis functions can be displayed on the X-Y Graph Plot, List Display, and Parameters area of
the Data Display window. Up to 20 functions can be set.

Name: Function name
Unit: Unit of the function

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

-Functions defined in the above lines

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

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

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

Gm S diff(ldrain,Vgate)
gmMax S max(gm)

Von \Y @L1X

Vth \% Von-(Vdrain/2)

For built-in functions, see online help or User’s Guide.
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Click the Auto Analysis Setup tab to display the Auto Analysis setup screen. This screen is used to
set the automatic analysis function. When a measurement finishes, the function automatically draws
lines, a marker, or both on the X-Y Graph of the Data Display window.

You can set up two lines and one marker for the automatic analysis function.

In the Line 1 and Line 2 areas, you can set up the lines to be drawn.
In the Marker area, you can set up the marker.
For details, see online help or User’s Guide.

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

Type: Tangent
Axis: Y1

First Point: Data Condition
Condition: gm = gmMax
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Click the Display Setup tab to display the display setup screen.
The X-Y Graph area is used to set the X axis and Y axes of the X-Y Graph Plot area in the Data Display

window.

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

«Scale: Linear or Log

*Min: Minimum value of the specified axis

Max: Maximum value of the specified axis

For example, following axes are set for the Vth-gmMax.

<Name> <Sharing> <Scale> <Min> <Max>
X Voate Linear -500mV 3V
Y1 Idrain  (None) Linear -1mA 10mA
Y2 gm (None) Linear 0S 10 mS

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

to 20 variables can be set.

For example, following variables are set for the Vth-gmMax.

Vgate, Vsource, Vdrain, VVsubs, Idrain, gm

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

20 parameters can be set.

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

gmMax, Vth
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Define test setup and perform test.
1.
2. Define test setup as shown in the previous pages.
3.
4

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

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

Save it as Trng List.

pages, and perform test.

Export preset group, and import it.

-'-‘::{- Agilent Technologies

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

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

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

shown.

This is the SMU cable setup that will be used in the remainder of the class exercises.
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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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insertion in the socket.
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The MOS FET leads must be re-arranged into a straight line as shown.

IMPORTANT:

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

Once the shorting wire is removed, you must use a wrist strap when handling the device.
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This is a test result example displayed on the Data Display window.
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This section explains how to perform 1/V-t sampling measurement. You will perform the above tasks

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

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

*Unit: SMU name or number

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

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

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

*Index Name: Variable name for the data index

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

*The time stamp is the time the measurement is started for each measurement point.
*The index is the index number for each measurement data.
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Click the Measurement Setup tab to display the setup screen for the sampling timing parameters and
the SMU source output parameters. At the Sampling Parameter area, you set the following sampling
timing parameters.

Linear/Log:

Sampling mode. LINEAR for linear sampling. LOG10, LOG25, LOG50, LOG100, LOG250, or
LOG500 for logarithmic sampling. For the logarithmic sampling, the number after LOG indicates

the number of measurement data in a decade. For example, LOG10 mode is used to get 10
data/decade.

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

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

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

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

Interval > 0.0001 + 0.00002 X (number of measurement channels-1)
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No of Samples:
Number of samples. Integer. 1 to the following value.

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

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

Total Sampling Time = Interval X No of Samples

Output Sequence:
Source output sequence. SIMULTANEOUS or SEQUENTIAL.

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

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

-0.09 to -0.0001 s, resolution 0.0001 s.

Base Hold Time:
Hold time of the Base value output until the Source value output, in seconds. 0 to 655.35 s, resolution
0.01s.
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Measurement Setup

File Data Display Help

To Set SMU Outputs (CONST)
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Tmg Sampling 4112006 6:24:03 PM
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Agilent Technologies

V-t
Sampling

&

C-V Swveep

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

*Unit: SMU name or number

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

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

*Base and Source: SMU output value
eCompliance: SMU compliance value

Base value is available for all output channels for the SIMULTANEOUS mode and the last source

channel for the SEQUENTIAL mode.
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The Range button opens the SMU Range Setup dialog box.

The ADC/Integ button opens the A/D Converter & Integration Time Setup dialog box.

The Advanced button opens the Advanced Setup dialog box.

For the dialog boxes, see the following pages respectively in the I/V Sweep section of this module.
To Set Ranging Mode

To Set ADC/Integration Time

Advanced Setup

Note:

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

C-V Swveep

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

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

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

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

eFunctions defined in the above lines

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

«Built-in functions and global variables
For details, see online help or User’s Guide.

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

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

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

eFunctions defined in the above lines

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

«Built-in functions and global variables
*Read out functions
For details, see online help or User’s Guide.
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To Set Data Display
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C-V Swveep

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

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

*Scale: Linear or Log

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

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

The Parameters area selects the variables to be listed in the Parameters area of the Data Display
window. Up to 20 parameters can be set.
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Class Exercise
Define test setup and perform test.

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

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

3. Save it as Trng Sampling.

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

. Export preset group, and import it. SMUL

1
=

GNDU

-'-'5:{- Agilent Technologies

Note:
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vt
Sampling

This is a test result example displayed on the Data Display window.
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* To Set Sweep Source
» To Set Signal Source

» Range/Advanced

e To Set User Functions/
Analysis Functions

» To Set Data Display

» To Perform Compensation
and Correction

» To Set SMU Outputs (CONST)

C-V Sweep Measurement

* To Define Channels and Variables

» To Set Measurement Timing and Abort Function

i

C-V Sweep

X-Y Graph Plot

3]
Zp

3% Agilent

MARKER[ 0V 1,1723200000e-012 F

1/83151000002-006 5 )

5 Vg v}

100 /div 5

ot Agilent Technologies

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

execute the C-V sweep measurement.
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To Define Channels and Variables <

C-V Sweep

Channel Setup

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

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

*Unit: MFCMU/SMU name or number

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

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

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

*Index Name: Variable name for the data index

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

display parameters.
*The time stamp is the time the measurement is started for each measurement point.
*The index is the index number for each measurement data.
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To Set Sweep Source il

Measurement Setup

@J C-V Sweep Setup Name: |Trg CV

Channel Setup [ Measurament Sefup | Function Setua | Auto Analysis Setup | Disolay Setup |

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

There is no item to display in this area.

ot Agilent Technologies

C-V Sweep

c-v Signal Source
T =3 Range
V Name: Wg a Frequency  agg I ete I | |
Model:||Cp-G = i
i [T 1Rz B o g
C Name: IC Vi
G Name: JG F Name: |Freg g
Direction:|[Single - AC Level: |30 my ] CcVv sweep
start:|[5 v E Stop
Stop: |5 v B j—rl_l\l Step
onTi
step:{[100 mv B = = ‘ Start
No of Step: @1 B Mode: ‘PLC j Factor: 12 ;iij
Timing |
Hold: [0 5 8| Delay: [0s Bl = gweep [conTE AT ANY ~ | status
Constants

The Measurement Setup tab screen is used to set the source output and timing parameters.
At the C-V area, you set the DC bias output of the MFCMU.
*VV Name: Variable name of the MFCMU output

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

from the following four models.
*Cp-G: Parallel capacitance (F) and Conductance (S)
*Cp-D: Parallel capacitance (F) and Dissipation factor
*Cs-Rs: Series capacitance (F) and Series resistance (ohm)
«Z-Th: Impedance (ohm) and Phase (degree)
*C/Z Name: Variable name of the primary measurement parameter, C or Z

*G/D/R/Th Name: Variable name of the secondary measurement parameter, G, D, R, or Th

Direction: Sweep direction, single (start to stop) or double (start to stop to start)
«Start: Source output start value

*Stop: Source output stop value

«Step: Source output incremental step value

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

Measurement Setup

@|c-v SWEED Setup Name: |Trg CV
channel 5etup| Measurament Setup IFunction Setup | Auto Analysis Satup | Display Setup |
c-v Signal Source
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':}!:!-:j Agilent Technologies

o

C-V Sweep

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

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

*AC Level: MFCMU oscillator level, 10 mV to 250 mV, 1 mV resolution
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To Set Meas. Timing and Abort Function
Measurement Setup Integration time (AUTO or PLC) Sweep abort function
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i~ Agilent Technologies

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

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

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

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

following conditions is detected.
*Measurement range overflow
*MFCMU error

*SMU compliance

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

*Unit: SMU name or number

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

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

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

*Compliance: SMU compliance value
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Range/Advanced st
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The Range button opens the CMU Range Setup dialog box. The dialog box is used to set the
measurement ranging operation.

*Unit: CMU name or number
*Mode: Ranging mode, AUTO or FIXED

*Range: Measurement range. This field is effective when Mode=FIXED.
Available values are 50 chm, 100 ohm to 300 kohm (=<200 kHz), 100 ohm to 30 kohm (=<2 MHz),
and 100 ohm to 3 kohm (=<5 MHz) in 1, 3 step

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

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

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

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

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

Data Display window. Up to 20 functions can be set.

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

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

*Functions defined in the above lines

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

*Built-in functions and global variables

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

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

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

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

eFunctions defined in the above lines

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

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

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

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

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

*Scale: Linear or Log
*Min: Minimum value of the specified axis

*Max: Maximum value of the specified axis

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

window. Up to 20 variables can be set.

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

window. Up to 20 parameters can be set.
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To Perform Compensation and Correctionc_ﬂp
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ot Agilent Technologies

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

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

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

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

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

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

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

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

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

C-V Sweep

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

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

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

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

-'-‘::{- Agilent Technologies

Note:
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Measurement Result Example
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50 100 7V 119657 pF 1,84813 U 50 578925 118.35 msec
51 ov 117232 oF 189151 5 51 59077 ¢ 1183 reac i
2 100 miv 1.13482 oF 1.80326 15 52 60258 5 1181 rrsec el

Agilent Technologies

A

C-V Sweep

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

v
RS

Switching
Matrix ...

 To Define Switch Setup

Agilent Technologies

This section explains how to define the switch setup for B2200 Switching Matrix.
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Classic Test Environment

- - e, e
vy
To Define Switch Setup
Switching
S t N Matrix ...
File Data Display  Help 4 Up S
) .d (@] Switching Matrix Control satup Nama: [comoe 1=
5| Cannection
3 _add | odew| _w | oo ] |
2 il Inpust: Culputs: Haube:
# ~ [osenal 3| =i | T | ]| & =]
i E | T T |11 HE d@F e
we =5 mk: &l &l §ew ] Bl ey -
3 R R | ) v =
EEF EE & E T EE ] @
(ol | CETeery T S R — ) § B
-Open All ~— -BBM e
-Switch Setup ’\ MBeR | o
-Close Range \ - B
-Open Output To specify Output Channel |g
-Open Range ] -";d
-l - -
Open Input To specify Input Port
|:.,- -
B o ien
| | Flag | Setup Name | Date | Count | Device ID) | Remarks i
. Trng Samgling 4/11/2006 6:30:50PM 11
Tmg [d-vd A4/11/2006 5:27:34PM 8
— With gmMaz 472006 12:49:05 P 3
! Wth gmMax 006 12:45:39PM 1
Trog idhvel idvg3 3/31/2006 9:21:00 PM 1 -
(18] Trmg idvd Idvg2 3/31/2006 91956 PM 1 v
o ZermorF (L] aus Beert OFF (3] Aute Rleesed 08
~ii- Agilent Technologies

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

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

This screen provides the following GUI.

Add: Adds a setup row for relay connection.

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

Up: Moves the selected setup row upward.

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

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

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

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

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

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

Switching
Matris ...

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

ot Agilent Technologies

Note:
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Class Exercise

Define switch setup and send it to B2200.

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

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

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

-'-‘::{- Agilent Technologies

Note:
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Direct Control L

Direct
Contral

To define measurement channel.

» To set Measurement Data Variables and Miscellaneous Variables.
To set Agilent FLEX commands.
To set User Functions.

To set Data Display.

ot Agilent Technologies

This section explains how to use Direct Control to perform various measurements (e.g. C-f
measurement, Quasi-Static C-V measurement) using Agilent FLEX commands. You will perform
the above tasks to use Direct Control (C-f measurement for example).
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To Define measurement Channel
Channel Setup

File Dot Display _ Help

Setup Name

E 4 @ DX Control Setup Mame: [Trg &
g e [channst Setus)| Mosmurement Sotun | Funcion Setup | Auto Analvss Seto | Bisclay Setua |
I Sween T e
ada s | | ]
g, ‘ unidt: W Namn: T Nanw:
5 G - [owrE =fvees | C|
E um Channel Definition
3| e -CMU »
£ B
< -V name : s
samging “ @
d [Paditional Data variables Trog e
C Sweep add [
- unit: Type: Name:
_{":-' ¢ [owrar =lfon ey B[ = [ Trng Mull
S r [oumE =i B = m
1 r [ownE *|[0%0 DC Bas Mareze Dot =] [Detien RS ! reng
. Bieect Wizcollansois Varabie: |
: dextires [ H
T o] Tmgust
p | | Count_| Devies ID | Remarks
Tmg C-f 5/10/2007 6:42:51 PM 1
GMMAX 11/29/2006 12:47:34... 1
Vith gmMax 4/24/2007 8:34:51 AM 2
Wth gmMax 4/24/2007 £:34:35 AM 1
Trng C-f 4/23/2007 5:50:02PM 7
Trmg Cvf_ 4,:'?3,!?00? §:49:31 PM [

Ctanchy OFF W SMUZers OFF ||| A Expert OFF | ] Acta Recerd O

—Ei

- Agilent Technologies

£

Direct
Contral

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

the channel definition screen.
*Enter the Setup Name for the test setup to be defined on the setup editor.
*Add CMU used for measurement.
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File _Data Display _Help

| quach Tust| e Test mogicanen Teit

.......

Channel Setup
-‘ - T::::m— Sotun | Funcion Setun | Aute Anavss Sevu | Bisolay Sem |

|
By (DR S| SO S

Setup Mame: |Trg 0

unit: Namn: T Nama:

r [owrE j|‘:na; i -

Types and Names for Measurement
Data Variables

[Additional Data variables
N\ o
Unit: Type: Name:
- [euznr o R =lfe =
(S GITTE e v} =l -
[ =[O0 OC By Mareze Dats =] [Detien -

Trade Hame: -

To Set Measurement Data and Miscellaneous Variables

Wth gmMax

Variable name for time stamp data

/ [Date | Count_[Device 1D

| Remarks

5/10/2007 6:42:51 PM 1
11/29/2006 12:47:24... 1
4/24/2007 8:34:51 AM Z

Wth gmMax 4/24/2007 £:34:35 AM 1
Tmg Cf 4/23(2007 5:50:02 PM 7
Trng C 4/23(2007 5:4%:31PM &

[l owmyor [owzescrr [Llamemnor (X aerecmon

Agilent Technologies

Direct
Contral

You can read measurement data by using the Data Display window. Parameters displayed on the
window are selected on the Display Setup tab screen. If you enter the variable name in entry fields,
you can choose the variables as the display parameters.

For example, following Measurement Data Variables are set for the C-f Sweep Measurement.

<Unit> <Type> <Name>
CMUL:MF CMU Re(Y) G
CMUL:MF CMU Im(Y) B
CMUL1L:MF CMU DC Bias Monitor Data  DcMon
CMUL1:MF CMU AC Level Monitor Data AcMon
CMUL:MF CMU Frequency Freq
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To Set Agilent FLEX commands
Control
Measurement Setu
File Do Display  Help
£ ‘— @) Direct Cont Setup Mame: [Trg CF
Bl sien Chanmel Sutup eisvremiet Setvs | Funcrion Sutus | Auto Anaivss Sew | Doy Sewo | —
B Command Setup - ;
E et . L
5 o~ | | I P
-] ;. 5t 3
£ r (. T | [ - ) e o
B Saes = _ o 2|
3 o KRS = =T o
o B =]z - Nae
sty e |4 =Ifw = i [0
d e | s e =l Chs Teng €4
v Sweep | ¢ e S|JETFA, 193, 56 50 or
<y o N 2 - I ﬂ
* :, ) — i = Trng Mult
Swtehing 0 & [acv x| jomun 3083 CR £
Mirte . s B Sl - ﬁ
Eﬂ s FE <|fpnrs a3 ! I
e - = Chs I3
: , ’ =
~ =l = el D] tegus -
N g oun e | Remarks [
Tmg C-F 5/10/2007 6:42:51 P 1
GMMAY 11/29/2006 12:47:34... 1
Vith gmMax 4/24/2007 8:34:51 AM 2
Wth gmMax 4/24/2007 £:34:35 AM 1
Trng C-f 4/23/2007 5:50:02PM 7
Teng Cf AT SRR LG -
- B e Cad I;g’wmcﬂ! BT aumemen o (o] aces Recers o
-1 Agilent Technologies

The Measurement Setup tab screen is used to set Agilent FLEX commands for measurement.
For example, following FLEX commands are set for the C-f Sweep Measurement.

<Command> <Arguments>
1 FMT 13,1
2 TSC 1
3 MM 22,CMU1:MF
4 WTFC 0,0
5 WMFC 1
6 WFC CMU1:MF,4,1e3,5e6,50
7 ACT 0,2
8 ACV CMU1:MF,30e-3
9 DCV CMUL:MF,1
10 RC CMU1:MF,0
11 TSR
12 XE
13 ReadDataBuffer

See B1500A Programming Guide for more details about FLEX commands.
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i L
[0 Set User Functions
Function Setup .
oot Wl L — - =
E ‘ @ Direct Control Setup Name: | Trg 0F
5 Channel Satup | Messrement Setun | it Analvss Seno | Dsolay Seup
§ | 1V Sweep
g [User Function
£ Lo | |G| ||
5 Hama: Unlt;
- [P L] ]
E a2 o ;
= f Ci ]
2 r v =E Ol - I
- .
[c = O] Matrix
E Preset
[ Analysls Function Teng 4
A | | N s [ a
- Nama: Uit Dafinition:
¥ :‘ Teng Mul
Switching |
Ptk i To add a function parameter, press the [&dd] buttan in this area. ﬁl,
[ g Trng
Drect Cog-vg
Comaral ;_5‘_
o] Tmg st -
&| | Flag | Setup Name | Date | Count | Device ID | Remarks [ind
B Tmg C-f 5/10/2007 6:42:51 PM 1
GMMAK 11/29/2006 12:47:24... 1
2 Wth gmMax 4/24/2007 8:34:51 AM 2
l Vth gmMax 4/24/2007 8:34:35 AM 1
Trng C-f 4/23/2007 5:50:02PM 7
|| Trng C-f 4/23/2007 5:49:31PM 6 =
[l cwrenyorr owzencr [Elambmenor  [X acmrecoraon

i Agilent Technologies

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

Name: Function name
Unit: Unit of the function

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

-Functions defined in the above lines

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

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

Pl 3.1415

ImY S compenlmY (Freq,G,B)

ReY S compenReY (Freq,G,B)

Cc F ImY/(2*P1*Freq)
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To Set Data Display
Display Setup -

A T gL P
£ T @)| Direct Control Setup Mame: [Trg CF
5 Chanret Satup | Mesmuremens Sone | Funcrion Sntup | Auto Anakss Seac ]
§ | v sween B
2 s | | ] |
] ( Nama: Sharing:  Scabe: Min: Max:
5 " F % [Fea =] | =] o0 B 0] [Fwe |
T e [0 =] [ovel =] [rew x] [zS0oF  §) [Sooes ]|
E: \
3 . : kel o
= Specify X axis and Y axes. Matrte
e Preset
sarping [
- | Select variables to list Ting 1
C=V Sweep
= [T Bl Parametors = &
:':_ - 1 . L add | « Trng Mul
sotes - -
i e T a— il -
Cogvg
Diect ol To aid a parametes, press the [add] ot
Contral button in thes area. -
cF = S
| Count | Device ID | Remarks i

Tmg C-f 5/10/2007 6:42:51 PM

GMMAX 11/29/2006 12:47:24... 1
Wth gmMax 4/24/2007 8:34:51 AM 2
Ath grmMa 4/24/2007 8:34:35 AM 1
Tmg C-f 4/23(2007 5:50:02PM 7
Trng C 4/23/2007 5:49:31PM 6 -

[l cwrenyorr owzencr [Elambmenor (X acmrecraon

Agilent Technologies

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

*Name: Name of variable to plot on the axis

*Scale: Linear or Log

*Min: Minimum value of the specified axis

*Max: Maximum value of the specified axis

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

X Freq Linear 1kHz 5MHz

YL C Linear -250 nF 500 nF

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

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

Define test setup and perform test.

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

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

5. Export preset group, and import it.

-'-‘::{- Agilent Technologies

Note:
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Cable Connections

Direct
Control

-

cMu L —

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

- B ENONOK

SMU1 JONOK NOROK ®®
GNDU

B1500A Rear View

i'i. Agilent Technologies

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

One side of the CMU cable forms the attachment used to join and fix it to the CMU. And the other

side provides four BNC connectors used to connect the fixture as shown.

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

Hpot : PGU2 (orange)

Lcur : VSU1 (black)

Lpot : VSU2 (gray)
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Jumper Leads — Capacitance

0.1uF

O O

2 3 4 5 6

O O O O O
8 9 10 11 12

Q99809
16 17 18

O O O O
s 20 21 22 23 15 8
goooooooooooonOy =

goyooooooooon

N
[ec}

14

‘' Agilent Technologies

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

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

between the following terminals.

PGUL:
PGU2:
VSUL:
VSU2:

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

Direct
Contral

€ Trng C-F[(1) ; 5/10/2007 6:42:51 PM] - Agilent EasyEXPERT RE x|
File Edit View Marker Cursor Line Text Pointer Window Help
; B | T - O [ - | i i = B =
HEB-QaQf@-MoHRE e M-FA- 202
SetupName: [Trng C-f [(1) ; 5/10/2007 6:42:51 PM] x
X-Y Graph Plot Properties... | |
% Agilent
= 500n
=]
<
R
2
250n
100n
]
™
© -00n
-250n
1k 2k 3k 5k 0k 20k 50k 10k 20k 500k 1M n M oM
Freq {Hz) decade [div
List Display Properties...
Index Time | Preg | cf 6 B I
1 336.08 ms 1.000000 kHz 103.7412656 nF 7.66515 uS 651.807 uS =
2 617.26 ms 1.189842 kHz 103.5854829 nF 9.22423 uS 774.382 us [‘L]

Agilent Technologies

This is a test example displayed on the Data Display window.
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. Agilent Technologies
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Module 5
Basic Measurement

In This Module

« SMU Fundamentals
« Classic Test Environment

« SMUs Connected in Series or Parallel
« Cabling and Fixture Issues

« Kelvin and Driven Guard

« Probes and Prober Connections

« Triax and Coax Adapters

« Safety Interlock Issues

"-‘;'-f- Agilent Technologies

Note:

5-2



Module 5
Basic Measurement

SMU Block Diagram

Three Modes

L KA\ V Source Mode
1] \/
Common Mode Output Switch
Q FORCE
I Source Mode
COMMON @

i'i. Agilent Technologies

The source monitor unit (SMU) can function in three modes:
- Voltage source while monitoring current
- Current source while monitoring voltage
- Source common with no monitor

The SMUs on the B1500A can output V or I in constant, linear sweep, logarithmic sweep or pulsed
modes.

Constant V or | mode could be used for “spot” measurements or biases.

Swept output is used to trace a curve. A second SMU can be swept subordinately to measure a
“family of curves.”

Pulsed mode is used during swept measurements to reduce the effects of thermal stress on the device
under test (DUT).
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Basic Sweep Measurement

VARL1

Single Sweep  Double Sweep

Linear Sweep J_II jrl_LLL
5 oah

Log Sweep

il Agilent Technologies

The SMUs can now 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.

Log sweeps are required any time the measurement results span many decades, such as a MOS
subthreshold curve.

The variable used to set the SMU to a basic sweep is VARL. It may be called the primary sweep.
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Sweep Measurement Modes

Combining VAR1, VAR1’, VAR2

_l_'_'—l_l_'_'—l_l_'_,—l VARL
Subordinate (primary sweep)

sweep  —T 1 A
(secondary sweep)
_,_l_'—l VARL1 (primary sweep)
Synchronous

sweep
VAR1’ (synchronous sweep)

il Agilent Technologies

A subordinate sweep variable (VAR2) may be combined with the basic sweep variable (VARL).
This corresponds to the step knob and sweep knob of a curve tracer. This produces a family of
curves. VAR2 may be called the secondary sweep.

Another useful combination is a synchronous sweep. Here VARL1 and VAR’ are in-step. VAR’
defaults to a gain of 1, which means it exactly tracks VAR1. You can also vary the initial offset
between VAR1 and VAR1’. These features are useful for bipolar gummel plots, op-amp differential
input tests, etc.
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Why Four SMUs?

« Four terminal MOS device
« Only one configuration required
« Speed up testing

% Drain

Gate |

O |

% Source Substrate
VAR1

Common% Constantg 7"1 VAR2
\Y
SMU3 SMU2 SMU1 SMuU4

il Agilent Technologies

The basic semiconductor device is the 4-terminal MOS transistor. By assigning an SMU to each
terminal, you have complete flexibility to make any measurement without having to change the

device hookup. No relays are required to switch any connection; this is all done by changing the
mode of the SMU from the front panel.
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Class Exercise

MQOS Id vs Vd Basic Measurement

« You will connect the SMU cables and jumper leads
« You will then "properly™ insert the MOS transistor
« You will learn how to load a setup data

« Observe Classic Test setup screen

button to make a new measurement
« Observe Application Test setup screen

To Get Started:

« Use the next several pages as you guide

« Verify that four triax cables are connected as shown

« Connect four jumper leads to the 28 pin socket as shown

« Insert the MOS transistor using the "anti-static” procedure

il Agilent Technologies

The purpose of this class exercise is to familiarize yourself with how to connect a MOS FET device,
and make a basic IDVD family of curves measurement. You will observe the Application Test setup
screen and the Classic Test setup screen (interrelationship between the Channel Setup, Measurement

Setup, Display Setup screen).

The next several pages show how to connect the 4-terminal MOS FET used in this course. The
device for this exercise includes a separate substrate pin. This corresponds to the back gate

connection. We can observe all characteristics of the device as if we were probing it at the wafer

level.
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SMU Triax Connection

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

Force side Sense side
N va
| |
CMU /
o o ° ° 16442A/B leture
SMU4 - ‘
SMU3 s« +®,@
SMU2 oo ° 0° @o °
[T —0.®
SMU1 HONOK ®®
GNDU

B1500A Rear View Agilent Technologies

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

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

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

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

If you use the Sense lines ...

| @ eV 1) L 11727006 1:09:15 P - Aglent EasyEXPENT

EEEE el -WE

v 1] ¢ 1027300 30933 ]

CMU

SMU4 oo @ © < i

SMU3 o g/
SMU2 oo ° @, °

SMU1 K

GNDU

-pA-3

[ Gragh Pict

O Agilest

B1500A Rear View

Curves clamped at 10 mA level

il Agilent Technologies

The effect is magnified when the SMU measurement ranging is set to AUTO.

5-9

This picture shows the triax cables connected to the right set of connectors which is wrong.
The 4 triax cables must be connected to the left set of connectors (FORCE).

This curve was produced using your training class MOS device and the IDVD setup.

No error was seen until the ranging was changed from FIXED 100 mA to AUTO. Then it was
evident that the cables were hooked up improperly.

You will likely see this type of erroneous response with clamping at 10 mA (no trace above 10 mA
even though compliance is set much higher). Also you may see the response with notches at 10 mA
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Jumper Leads — MOS transistor

Sub

1: Substrate
2: Source
 [noooooooooon| 3. Gate

1 1

4 4: Drain

-'-'5'-:- Agilent Technologies

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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To Import Demo Data -
> [
BT
1. Prepare the Agilent B1500A o
Manual CD-ROM Edition 4 or ‘@
later IS
2. Insert the CD-ROM into the » hl
B1500A built-in CD-ROM drive 3
3. Click My Favorite Setup button
4. Click Preset Group > Import Preset
Group ... B
5. Import ¥data¥Demo.xpg on the s
Manual CD-ROM
i = v
<425 Agilent Technologies

The Agilent B1500A Manual CD-ROM stores demo data used for performing this class exercise.
Insert the CD-ROM and import the demo data to the EasyEXPERT database. The demo.xpg file
contains the test setup data used in this class exercise.

5-11



Module 5
Basic Measurement

To Get Setup Data

To Get Classic Test Setup:

1. Highlight IDVD in My Favorite Setup
2. Click Recall button

To Get Application Test Setup:

1. Highlight 1d-Vd in My Favorite Setup [ il
2. Click Recall button «

= g
3 AR
o Farallel
(3

--"-'5:-:- Agilent Technologies

You can get the test setup data as shown.

IDVD is a sample setup data for Classic Test.

Id-Vd is a sample setup data for Application Test.
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Classic Test — Channel Setup

Channel Definition

| [os| [ w5 | Loom]

Unit: V Name: I Name: Mode: Function:
o [sMuL:HP =||vsub | |Isub =V rflconst  +|
¢ |smuz:He xl|vs = m|covmon wfjconsT  +
© [SMU3:HR ~llva =l |V x||varz |
 |smud:HR x||vd =1 =V x||var a|

il Agilent Technologies

After you get the IDVD setup data, you will see the Classic Test setup screen as shown.

The Channel Setup screen allows the user to assign a meaningful name to the force/meas functions of
each SMU. These names may be used in the Function Setup screen to define algebraic expressions.

The Mode column is used to determine whether a particular SMU is to be used to 1) force current
and measure voltage (I mode), or 2) force voltage and measure current (V mode). The entry
COMMON implies the node is used as "ground."

The Function column defines which SMUs are to be used as swept sources or constant sources.
VARL is the primary swept source. VAR2 is known as the subordinate swept source, meaning
VARL1 will sweep through its range, then VAR2 will step and VARL will sweep again. CONST is
self- explanatory.

5-13



Module 5
Basic Measurement

Classic Test — Measurement Setup
VARL VAR2 |
Unit: [SMU4:HR B[ [sMU3:HR E| o
Name: [Vd = Vg = ADC /
= = : Integ
Direction: ]Slngle v1
Linear/Log: [LINEAR -] Ad—d
vance
Start: [0V H|[2v El ]
Stop: |5V H|[sv I
Step: |50 mV I v o Do not abort on
No of Step: [101 B[+ B| compliance,
Compliance: [100 ma 8|10 ma B| oscillation. etc.
Pwr Comp: |OFF H|[oFF |
Timing | \

Hold: [0 s B| pelay: [os B . SWee(]cor-JTINUE AT ANY S status
Constants eee———— |
Unit: V Name: I Name: Mode: Source: Compliance:
SMUL:HP B|[vsub = [lsub =V Efov B|[100 ma B

il Agilent Technologies

The Measurement Setup screen is shown here. The variables VAR1 and VAR2 define the sweep
parameters. In a case where two sweep parameters are defined, the second parameter (VAR2) is
called the subordinate (secondary) sweep parameter. This means that the primary parameter will be
swept once for each discrete value of the subordinate parameter.

The “Constants” area is used to define non-swept voltage/current sources. This area is used to define
ground references (forcing zero volts) as well as constant biases.
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Classic Test — Display Setup
X-¥ Graph
Add ‘ Delete | | W |
Name: Sharing:  Scale: Min: Max:
Foox: |vd = | Junear =] fov B [5v Ell
¢ v [@ x| |tnone) =] |umear  +| [0 A B [40ma |
List Display Parameters
add | \ J add | | et | |
o |vd -
¢ jd bt
il Agilent Technologies

The Display Setup screen allows you to set the X-Y graph axes. The display setup is divorced from

the measurement setup to allow the user to tailor the view to a particular region of interest.

This screen also allows you to set data variable names to be displayed in the List Display and
Parameters areas on the Data Display window which is opened when the measurement is started.
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To Start Measurement

1. Click Single button

This opens the Data Display window
and starts measurement.

The Data Display window shows
measurement result data graph/list.

Dema

VD

¥

Save

Id-vd

—

IRVR

&
&

Farallel

Recall 4

Agilent Technologies

Device ID:

My Favorite Setup-

-
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Data Display Window — Graph

Analysis tools
/

€ 1DVD - Agilent EasyEXPERT

4 G

S—
iit View Marker Cursor Line Window Help

File E

EEERES -

=EN

x"“'*""‘y Properties... | ‘ Parameters ‘
2% Agile
yMARKER( 3.0000000000E+000 ¥ 6,5228000000E-003 & ----- Graph Plot Idrain W
m
7
Auto Scale Parameters
5.00m
Jdiv
0
0 vd (V) 500 m fdiv 5
Hstheploy Properties... | ‘
Index_| Vg vd Id [ I8l
1 2V oV 542.16 n._A . .
Y gm Eman List Display

Agilent Technologies

This window displays measurement result graph, list, and parameter values.

Markers are used to traverse the actual measurement data. Markers cannot be placed anywhere on
the screen except on an actual measurement trace. They are denoted with a small circle. One moves

the markers with the front panel rotary pulse generator (RPG) knob, mouse, or touch screen.

Cursor may be used anywhere on the screen and are denoted by a small cross. The cursor is moved

using mouse, touch screen, or an arrow key.

The line function may be selected to draw one of four types of lines: line between cursors, gradient

line, tangent line, regression line.

One of the most used interactive functions on this window is the autoscale feature which is applied

by clicking the icon of yardsticks.
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Data Display Window - List

Analysis tools

| € 1DVD - Agilent FasyEXPERT ’

Fie Edit View Marker Cursor Line Window Help

BQaQXid GEHRE® % -5

=)
e

up Name: A

X-Y Graph Plot Properties... ] ‘ Parameters ‘
¥ Agilent s s v 1 svcmeans —;

2

smn, -~

; S raph Plot | Parameters

. wwm f

List Display \ Properties... | ‘
Index | vg | vd [ RN (=]
158 3v 2.8V 15.494 mA
159 3V 2.85V 15.55 mA
160 3V 2.9V 15.604 mA
161 3V 2.95 V 15.636 mA Y
162 A XY 15704 mA Marker p05|t|0n
163 3v 3.05 v 15.748 mA
164 3v LV 15.7%4 mA
165 3v 315V 15.83 mA
166 3V 32V 15.866 mA
167 3V 325V 15.504 mA
168 3V 33V 15.938 mA
168 3v 335V 15.97 mA
170 3v 34V 16 mA
171 3v 345V 16.024 mA - .
172 3V 35V 16.054 mA List D|Sp|ay
173 3V 355V 16.078 mA
174 3V 36V 16.1 mA s

il Agilent Technologies

The List Display corresponds exactly with the Graph Plot. Even the highlighted line of data
corresponds to the marker position on the Graph Plot.

Up to twenty columns of data can be set on the List Display. Note that the Graph Plot can only plot
nine columns (X, Y1 to Y8).

The list data can be copied to a spreadsheet software easily. Click Edit > Copy List. This copies all
of the list data into the clipboard.

On the Notepad, paste it and save it as a text file. The file can be opened as a tab separated value
data by using a spreadsheet software. See the next page.

The details of the analysis tools function are discussed in Module3.
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To Copy List Data

@ 1DVD - Agilent EasyEXPERT

File 'Edit View Marker

Cursor Line Window Help

Agilent Technologies

Copy ctrl+C % Y. ol © §. 2] . - 25§ [=r
I QX @ EEHGRI G FA- 2] =
Copy List " - & Index
P— 1 [ 5 | © DS
| 1 [index Ivg ] Id
Graph Properties... £ 12v 0V 54316 nA
List Display Properti .. —) =l 22y SO my | 393.20 uA
T | | 4 32V 100 mv 1807 uA
3 T v mpp— 5 412V 150 mv 1 14867 mA
o idvd. bt - N‘lEPad L:JLQJ“ —— ] sz 200 mv | 1.508 mA
File Edit Formatflview Help I i 62V B0 mv | 18512 mA
5 ? o " 8 12V 300mY 2185 mA
}“de" V§ " V% " 1“5143 16 a4 H 8lz2v 350 mV | 24990 ma
2 2 B0 m¥ 393.28 ub = i ‘ﬁ 35 :cﬁ m: 3?95:5 ma
il | 50wy 30879 m
Indd| 4 Paste to Notepad wh id [ 12 nizv 500 mV | 33688 mA
¥ 1 543.16 nA 12/2V 850 mv 36266 ma
2 ||e 2y 260 w¥  1.8512 nh 93.28 uA 132y 800 mV 38744 mA
3 ; g ¥ ggg rn$ g iggsmﬁA 780.7 UA 142V 650 mv 4104 mA
3 W n 14082 mA 152y 100 mV | 43234 mA
2 5 b T e ——— ﬂié 2y 10 mY | 45244 mA
11 ER Bl w3568 nd
4
C oy e e Open by a spreadsheet software
o |13 2y BOD wY¥ 3.5744 nh FrE 18,2 ¥ SO0 MV | 50452 mA
10 114 ER BED w4104 ma il 2002V 550 mV | 5.1936 mA
i [|l1s 2y 700 w¥ 4.3234 nh R 212V 1V 53290 ma
12 |18 2y TED w¥ 4.524d nh (i 222y 106 Y 54566 mA
17 E Bl WY 47128 nd g 23 2V 11% 55700 ma
13 .8744 mA
1 |18 2y 650 m¥ 4.8888 nf 4104 WA 242w 115 Y 6742 mA
19 2y 900 WY 5.04E2 nh : oy 1o [ET88S ma
i Eli ER K0 w5193 nd 8231 2 A ]ﬂ
16 |l TV LV 5.3293 A 5244 mA L 141 1 L
7 ||22 2y 1.05 % 5.4566 nh -7122 mA )
23 ER 1.1 % E.E70 nd
24 2y 1.15 % 5.6742 nh
25 2y 1.2 % B.TEEE nh [v
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Application Test

Device Parameters

Polarity: |lch B Lg: 100 nm =] Wg: [10.0 um E]
Temp: |25.0 deg B IdMax: 40 mA izl

Test Parameters Extended Setup hd

Primary Sweep

Drain: m

vdstart: oV |
vdstop: [5.00v 8]

VdStep: [S0mv H|

Secondary Sweep
Gate: |SMU3:HR ~
VgStart: {2.00 v 2 :|
b

VgStop: |5.00V izl
VgStep: Jl.l]l] v izl

Subs: SMUL:HP -
i
& Vsubs: |0V B

] Source: |SMUZ:HP ~

il Agilent Technologies

Recall 1d-Vd application test setup data.

After you get the 1d-Vd setup data, you will see the Application Test setup screen as shown.

Test Parameters area shows the device connection information and allows the user to set the SMU
outputs.

Device Parameters area allows the user to set device parameters. In the 1d-Vd setup, the device
parameters are polarity, gate length, gate width, temperature, and maximum drain current.

Extended Setup button opens the Extended Setup dialog box shown in the next page.
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Application Test — Extended Setup

Clicking the Extended Setup button opens ...

[Extended Setup
Extended Test Parameters

Vs [0V [E] IgLimit: |10.0 ma B IsubsLimit: [100 mA B
IntegTime: |[SHORT hd HoldTime: |05 2] DelayTime: |0 s 2]

Close

il Agilent Technologies

The Extended Setup dialog box allows the user to set the additional test setup parameters. In the Id-
Vd setup, the additional parameters are source voltage, maximum gate current, maximum substrate
current, integration time, hold time, and delay time.
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SMUs May Be Connected

In Series or Parallel

« To Double the Output Voltage
« from 100 V to 200 V for HRSMU and MPSMU
« from 200 V to 400 V for HPSMU
« To Double the Output Current
« from 100 mA to 200 mA for HRSMU and MPSMU
« from1 Ato 2 A for HPSMU
« Use the VAR1’ mode to synchronize two SMUs

"-‘;'-f- Agilent Technologies

You can double the voltage or current output by combining SMUs.
The VAR1’ mode allows a second SMU to be swept in tandem with the first.
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200 Volt Sweep (400 Volt with 2 HPSMUs)

Two SMUs in Series

Base current = 0

or leave open Collector
V1 V2
Emitter
Const.
VARI' VARI1 —;f VAR1L VARI'
SMU1 SMU2 SMU3 SMU1 SMU2
1=0 V=0 to -100 V=0 to 100 V=0 to 100 V=0 to -100

200 V BVceo 200 V Resistor Sweep

il Agilent Technologies

Higher voltages are necessary to observe breakdown conditions, such as BVceo. In the case of
BV ceo the base must be open (no SMU) or the SMU must be set as a current source with 1=0.

One SMU must sweep in a positive direction while the other sweeps in a negative direction. The
result is a floating measurement with double the differential voltage. A resistor is used in the next

few slides to demonstrate a 200 V sweep.

Note: Using two HPSMUs, it is possible to sweep a total of 400 Volts.
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Channel and User Function Pages

Two SMUSs in Series

@|/1/V Sweep Setup Name: |IRVR
Channel Setup §Measurement Setup ] Function Setup] Auto Analysis Setup ] Display Setup]

|Channel Definition

Add | I : I = ]
T R R - -
~ [sMu4nR =z = = N T -

@ I/V Sweep Setup Name: [IRVR
Channel Setup ] Measurement SetuDAutU Analysis Setup i Display Setup ]
Apply
User Function
add | [oelete| | Up | [oowa|
Name: Unit: Definition:
~ r |y > [[Viv2 \ 1|
c R Hp iz Voltage across resistor
VR =V1-V2

il Agilent Technologies

The voltage across the resistor (VR) is the difference between V1 and V2. A simple user function

can be used to plot VR.
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Two SMUs in Series

Measurement and Display Pages

VARL1' Ratio = -1
Vi

@ I/V Sweep

VARL

unit: [SHUSHR B]
Name: m
Direction: 15”@9—'2]
Linear/Log: [TEAR =]
Start: IM—E]

stor: 1227 | 1/v Sweep

Setup Name: iIR\-‘R
Channel Setupl Measurement Setup IFunct\Un Setup l Auto Analysis Setup i Display Setup 1

|VAR1'

Compliance: ]1 mA E

Setup Name: |RVR

Step: ]1 v Channel Setup] Measurement Setup] Function Setuu} Auto Analysis Setupl Display Setup I

No of Step: |101 X-Y Graph

I Compliance: |1 mA

s | [ovc| w5 | Lowi|

Scale: Min: Max:

Pwr Comp: |OFF Name:
F x|
v [R

x| [near =] Jov 8| [200 \ 8

x| |unear x| foa 8] [400ua 8|

il Agilent Technologies

The VAR1’ mode is used to synchronously sweep two SMUs. Setting Ratio = -1 forces one SMU to

sweep in the opposite direction of the other.
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Graphics Page 0to 200V

Two SMUs in Series

WARNING

| @ 1avn - Agilent EasyExpERT

GO

|| Fie Edt View Marker Cursor Lne Window Help

T Agileat

()
400 u

50.0u
fdiv

511K
Resistor

Agilent Technologies

mER DRAXE BEERESE P @E ]z
i Satup Name:  [RVR x
[ Graph Piot Properties...

Use the interlock
cable and observe

safety precautions.

0 VR (V) 20.0 fdiv 200

The result is a clean 200 V sweep.
Remember that there is a serious shocking hazard.

The interlock cable is necessary for any voltage sweep greater than 42 V.
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200 mA Output

Two SMUs in Parallel

V1 V2
Lohm | ndunit USE Ground Unit
(GNDU)or  OF the chassis
SMU1 SMU2 Shorting bar

V=0t00.2 V=0t00.2 ::t:
‘ »

Circuit Common {/

il Agilent Technologies

Two SMUSs can be operated in parallel.
The trick is to not use any SMU as COMMON.

HRSMU and MPSMU can only sink 100 mA.

Use GNDU (ground unit) or the chassis to sink the 200 mA of current. Chassis noise level will not
affect the measurement. There is a shorting bar in the back of the instrument which connects SMU
common to the chassis. The shorting bar must be connected as shown above. Use the connector on
the shorting bar to make an easy chassis connection to your circuit. The chassis connection is also
provided if you use a packaged part test fixture, such as the 16058A or 16442A/B.

Note

The only time you would ever want to remove the shorting bar, is the case of floating the instrument

circuit common when using other instruments. An example might be a connection to a RF Network

Analyzer. You may want to remove chassis ground loops by connecting the circuit common directly
to the NWA chassis.

Note
Never use the chassis ground for low current measurements. It is noisy. Use the GNDU or an SMU
set to 0 volts or COMMON mode.

Note

If the GNDU is used, connect the 16493L GNDU cable between the GNDU and the test fixture. Do
not connect the 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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Channel and User Function Pages

Two SMUs in Parallel
Setup Name: iF‘araHe\

@| 1/V Sweep
Channel Setup JMeasurement Setup ] Function Setup ] Auto Analysis Setup ] Display Setup ]

|Cha£mei Definition

add | [Delee | o] ool
Unit: V Name: I Name: Mode: Function:
¢ [sMuz:HR =l =1 = vara Rl
¢ [sMusHR =2 =2 = v’\-‘;«m‘ vl

@|1/v Sweep Setup Name: [Parslel
Channel Setup ] Mezsurement SetupAutU Analysis Setup i Display Setup ]
Apply
User Function
Add | [oEe]| [
Name: Unit: Definition:
¢ Jlotal A > [Ji1+12 -~ I |
Current in resistor

Itotal = 11+12

"l:':::':f Agilent Technologies

A user function totals the current in both SMUs.
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Measurement and Display Pages

Two SMUs in Parallel VAR1' Ratio=1

_@J'I[V Sﬁeep 1 Setup Name: !Pala\le\
Channel Setupl Measurement Setup I Function Setup i Auto Analysis Setup i Display Setup ] /
VARL ‘ [vAR1' / |
Unit: |SMU3HR B
Name: [\E—E
Direction: 'Smgle—ﬁ
Linear/Log: F_T@E"_fﬂ
Start: [0V g Compliance: m

St 206 7V @ FI[VSWEED Se;.lp Name: IPa\.;II-EI
Step: |2 mV Channel Setun] Measurement Setup | Function Setupi Auto Analysis Setule‘
No of Step: ]lDl X-¥ Graph
I Compliance: IIDD mAI add ] Delete ] Up ] Dt ]
Pwr Comp: [OFF Name: Scale: Min: Max:
Fox: 7| [uinear = Jov 8| 200mv ]l
(AN 4 iItD':aI .'_1 ]Llnear _vj jU A _EJ iZUU mA _E;]

Ly

Agilent Technologies

The VAR1” mode with Ratio = 1 forces two SMUs to sweep the same voltage.
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Graphics Page 0 to 200 mA

Two SMUs in Parallel

[ Parattet - agient EasyexpenT ®E <)

Fie Edt View Maker Cusor Lne Window Help

DaQR @ EaERHe - -y

| Satup Name:  [Parallel [{3) : 11/6/2006 &:27:18 PM] X
Lkt Properties [l
Tf Agilent

()
wom

ftosal

200m
fdiv

1 ohm
Resistor

0 vl (V) 200 m fdiv 200 m

“iif~ Agilent Technologies

The result is a clean sweep to 200 mV. It shows the current measurement data near 200 mA.
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Cabling and Fixturing Issues

« Guard connection

« Kelvin connection

« Prober interface

« Triaxial Probes

« RF Fixturing interface

« Feedthru and triax to coax adapters
« 16442A/B fixture interlock

« 16058A fixture compatibility

il Agilent Technologies

The B1500A is a precision instrument. However, the ability to make precise and reliable

measurements may be compromised by your fixturing to the device. The following section provides

some theory and hints for making sense out of cabling and fixturing issues.
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Guard Connection for Non-Kelvin Connection

Simplified Diagram

Buffer
Rs
10K Guard Force
SMU >+—=xq ) » DUT
V

il Agilent Technologies

The guard connection is needed for measurement < 1 nA. Below 1 nA a regular coax cable's
capacitance dominates over the DUT (device under test) capacitance. What you see is cable
charging current. | = C(dv/dt) where dv/dt is the rate of change of SMU voltage from one step to the
next of a coax cable with no guard. C is the total capacitance of the cable.

The above diagram shows how the cable capacitance is eliminated with a triaxial cable. The guard is
driven at the same voltage as the force center conductor. No current can flow between guard and
force when they are held at the same potential. Guard and force are isolated by a buffer amplifier.
They can never be shorted together.
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Triaxial Cable for Non-Kelvin connection

16494A-001 16494A-002
(2.5 m) (3.0m)
Shield Capacitance 900 pF 1800 pF
Guard Capacitance 130 pF 240 pF
Force Resistance 160m ohm 320m ohm

il Agilent Technologies

Shown above are typical capacitance and series resistance of the force line. If cables are too long,
high capacitance may cause the SMU to oscillate. Keep the force-guard cable capacitance less than
600 pF. Similarly, the guard-shield capacitance must be less than 5000 pF.

Note the rather high force resistance. Kelvin connections must be used to eliminate this cable error.
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Why Use Guarded (Triax) Cables?

‘ Shield (Ground) Shield (Ground)
Guard

Force Force
MOSFET Subthreshold MOSFET Subthreshold
mA mA
uA uA
Id nA Id nA
pA pA
fA fA
Triax Cables Vg Coax Cables

Eliminate cable low current errors.

il Agilent Technologies

The triax cable is a special low dielectric loss, high impedance cable. This cable may be used down
to fA levels when properly used with a guarded probe. The guard voltage tracks the force voltage
exactly, so that no voltage drop can exist between guard and force. This eliminates the capacitive
loading that would otherwise limit low current measurements.

If low impedance coax cables are used with outer layer at ground potential, two limitations will be
immediately apparent. The cable leakage will limit the low current measurement floor. In addition,
when the voltage is swept, the sudden change will cause additional cable charging. This distorts the
low current portion of a MOS subthreshold curve as shown.

RULES:
Unguarded coax cable is OK for measurements above 1 nA.
Triax cable or coax with outer layer at guard potential should be used for measurements below 1 nA.
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Guard Connection for Kelvin connection

Simplified Diagram

Buffer
) Guard , Sense
J 7
Rs
i |
SMU . O ) Force e DUT
V

il Agilent Technologies

With the Kelvin connection, sensing is done at the DUT, eliminating the fraction of an ohm of cable
resistance. The internal sensing resistor Rs is the only feedback path without the Kelvin connection.

Note that the B1500A operates just fine without the sense cable. This is important to know because
in general you do not need the sensing Kelvin connection. Most MOS measurements are high
impedance and the residual cable loss is insignificant.
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Kelvin Triaxial Cable

Ground

Guard

Force

Sense

il Agilent Technologies

The triaxial cables are good for low current measurements. However, two cables are necessary for
low resistance Kelvin measurements.

Agilent Technologies designed a special Kelvin triaxial cable for the precision semiconductor

parameter analyzers. This cable is optimized for both low current and low resistance measurement.

Both force and sense lines are held rigidly in the same Teflon cable. Friction is reduced and the
cable is less sensitive to noise caused by moving the cable.

Kelvin triaxial cable assemblies are available with two connector options:

16494B B1500/4156 compatible on one end; 4142 compatible on the other end
16493K B1500/4156 compatible on both ends (standard option)
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Why Kelvin Measurements?
\& monitor
|B 20 /I ya
Re=735ma || Slope=1Re / ,4\
Rcable = 214 m@ R , / \\
= 7 \\
Ib (mA) [1/ Slope = U(Re+Reable) |
/ (Non-Kelvin) I
/
/
N[
0.1 ,/ ~
0 Ve (mV) 50
il Agilent Technologies

In the example above, the device is connected with a SMU on the base sweeping current, a voltmeter
on the collector, and the emitter is grounded with a Kelvin SMU. The base SMU does not have to be
Kelvin since we are only forcing current and do not care about measuring the cable loss in the base.
Also, the collector SMU is being used only as a high impedance voltmeter, so there is no cable loss
in this lead.

The emitter on the other hand, must be connected to a Kelvin SMU. Because of this, we can
compensate for the 0.214 ohm path through the cable and fixture. From the graph we can see the
emitter resistance is 0.735 ohm when compensated using the Kelvin connection. Non-Kelvin
resistance is 0.949 ohm, due to the extra 0.214 ohm cable and fixture resistance error.
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Class Exercise

Bipolar Re Using A Kelvin SMU

« You will connect a Kelvin triax cable to the B1500A

« You will then connect jumper leads and the bipolar device

« You will get the REKELYV setup

« You will observe Re using Kelvin and Non-Kelvin connections.
Why is the Non-Kelvin error so large?

To Get Started:

« Use the next several pages as you guide

. Verify that all triax cables are connected properly

« Connect four jumper leads to the 28 pin socket as shown
« Insert the bipolar transistor (not static sensitive)

il Agilent Technologies

The purpose of this class exercise is to familiarize yourself with making a Kelvin measurement. Low
resistance measurements such as Re, Rc (bipolar) or Rs, Rd (MOS) are excellent examples because
the resistances are of the same approximate magnitude as cable resistances. Kelvin techniques must
be used, or your error can be as much as 100 %.

The next several pages lead you through the steps of connecting a Kelvin cable, making the correct
Force/Sense jumper lead connections, orienting the device properly in the socket, and getting the
REKELYV algorithm. The measurement will be Re (emitter resistance) of a bipolar transistor. You
will be able to remove the Sense jumper lead on the Emitter terminal of the device to see the gross
measurement degradation when the connection is non-Kelvin (no sense connection near the device).
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Cable Connections

CMU ©@0e®e

SMU4 -2 ° @.@ °

SMU3 «7- [

SMU2 =0 * Gri@etm

Triax to SMUs 1 and 2
Kelvin Triax to SMU 3

16442A/B Fixture

SMU1 ° ® -
GNDU

B1500A Rear View

’@o °
~o— I

il Agilent Technologies

This class example requires a Kelvin triaxial cable. If the Kelvin cable is not available, substitute
two standard triax cables.

SMUs 1,2,3 can all be connected with Kelvin triaxial cables, but only SMU3 requires the Kelvin

connection.

Note

If you use the 16058A fixture instead of the 16442A/B, connect the triaxial cables as shown below.

SMUL1 Force ---> 16058A SMU1
SMU2 Force ---> 16058A SMU?2
SMU3 Force ---> 16058A SMU3
SMU3 Sense ---> 16058A SMU4
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Class Example - Jumper Leads

% 17 E

O O O C
22 23, 2 B,

goooooooooo (22
O I eec| O 17: Emitter

7 \oooooooooocoooo)®® 16: Base
1 1

15: Collector

4

il Agilent Technologies

Connect jumper leads as shown. Where, the SMU4 F terminal is connected to the B1500A’s SMU3
Sense connector. So the couple of the SMU3 F and SMU4 F terminals makes a Kelvin terminal.

Locate the bipolar transistor in the corner of the socket as shown, with the flat side of the device

facing toward you.
Unlike the MOS device, the bipolar transistor is not static sensitive. You may touch the leads

without using a ground strap.
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To Get Setup Data

To Get REKELYV Test Setup:

1. Highlight REKELV in My Favorite
Setup
2. Click Recall button

of
| &
5| =eee
2 Parallel
(4
| ==
i
[
REKELV|

"l:':::':f Agilent Technologies
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Single Kelvin Measurement

| button to start measurement

X-Y Graph Plot Properties... ] ‘ Parameters |
3 Agilemt  CURSOR( 7.0000000000E-003 V 2,0000000000E-003 A ----- )

(M) Re [735.142 mohm

20m | f/

Intercapts Intercept:
-6.11007

Gradient:

2.00m
Jdiv

100 u Intercapt: 5.96206 mV

0 e (V) 5.00 m fdiv 50m

il Agilent Technologies

Click the Single button to make a new measurement. You should see a response similar to this, will
the analysis line correctly overlaying the curve.
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Non-Kelvin Measurement

Click button to start append measurement

X-Y Graph Plot Properties... |

Parameters |

¥i- Agilent
(8)
20m

Ib

2.00m
Jdiv

100u

CURSOR{ 7.4400000000E-003 V 2.0000000000E003 A — )
Re 048,933 mohm

174

Intero=pt;

Gradient:
1053815

Intercept; 5.33385 mV/

Ve (V) 5.00 m fdiv 50m

, Agilent Technologies

Remove the jumper lead connected between the terminal 17 and the SMU4 F terminal. And click the
Append button to add another measurement to the graph.

Now you see the very large difference between Kelvin and non-Kelvin measurements when the

resistance is low. You can see that Re jumps from about 0.735 ohm in this example, to about 0.949
ohm. The extra resistance is due to cable loss and fixture loss. This resistance is compensated out

when you use the Kelvin connection.
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Prober Kelvin Cable Connection

i To Guarded Chuck

"l:':::':f Agilent Technologies

Photo of SMU cable connection to a Cascade Microtech Summit probe station.
The Kelvin triaxial cables mate directly to the probe station.
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Connector Plate

Non-Kelvin Connection

Shielding Box
. - COMMON ——GUARD Line .
Kelvin Triaxial Cable — GUARD —— FORCE,SENSE Line
16493K / FORCE
Probe Cable (Coaxial) Prober
s lI* : ¢ =
M v
U e e
: ==
DUT
Connector Plate ; Insulator
16495H-002
or
16495J3-002

Jumper to eliminate cable
resistance in force line

il Agilent Technologies

This is a "hybrid" Kelvin connection. Cable resistance from SMU is eliminated by shorting FORCE

and SENSE lines inside the prober. A short line to the probe makes the non-Kelvin connection,
simplifying hookup.
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Simplifying the Prober Connection

« Use single triax for basic MOS FET measurements
« One triax on each Force line

« Leave the Sense lines open...no cable connected

« Use triax bulkhead feedthru adapters on the prober
« Use a probe holder with a triaxial connector

« Use a probe holder than accommodates replaceable
probe tips (inexpensive repair)

il Agilent Technologies

The next section sheds light on the confusing topic of connection to the device under test. Without
proper considerations, noise, capacitance, sense resistance, or inductance will result in unacceptable
measurement error.
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Triaxial Probes

Guarded to within 2mm of tip

Single Triax Kelvin Triax

il Agilent Technologies

These probes are guarded within 2mm of the probe tip, ideal for low current applications. The
Kelvin triax probe is the ideal mate for the Kelvin triax cable. A third variation of these probes is a

Kelvin triax probe with only one probe. The Kelvin connection is made inside the probe holder.
This compromise eliminates most cable loss while making a single point contact.
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Simplifying RF Connections

« Triax is not necessary...bias currents are > 1 nA.
Use triax to coax adapters with floating guard.

i Bias Network i
RF in>— [ Bias Network LS RF out
Bias Bias Sensing Bias Bias Sensing
) <
\V,
\V/ \Y l

C:T C:T C:T C:T
)¢ OO
F " smu1i_ S F7smu2_S

il Agilent Technologies

Above 1 nA guarding is of little use. Cable capacitance has a negligible effect on the bias port. Use
the floating guard triax(m) to BNC(f) adapter at the B1500A rear panel. Then use standard coax
BNC cables. Use sense to minimize series resistance error. 100 mV errors can occur in bias voltages
if remote sensing is not used.

Some recent bias tees from Agilent Technologies are specially designed to mate easily to triax SMU
ports.
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Interlock Connection

« For measurements above 42 Volts
« For program control using program memory

View from B1500A rear panel

Agilent Technologies

To prevent shock hazard, the B1500A will not operate above 42 V, unless you connect the interlock
circuit.

The interlock connection is required when the voltage exceeds 42 V or when the program memory is
used in a control program.

The 16442A/B test fixture has the interlock circuit internally which makes this short by closing a lid
activated switch.

You must make the circuit to your prober to comply with US OSHA safety standards. The switch on
the prober should be mounted into the access door of the shield box.

If you want to connect to the BNC type interlock connector on the 16088B, your fixture or prober,
use the 16435A Interlock Cable Adapter. The 16435A provides a BNC cable and a small adapter
box which is used to join the BNC cable and the interlock cable furnished with the B1500A.

If you want to wire your own cable or fixture, these Agilent part numbers may be used:

1252-1419 Female 6-pin plug connector
1252-1418 Male 6-pin cable connector
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16442A/B Fixture

16493J-001 1.5 m cable
164933-002 3.0 m cable

Agilent Technologies

The 16493J interlock cable is designed to be connected directly between the B1500A’s interlock
connector and the 16442A/B. If the fixture lid is closed, internal switch is closed, and then the
B1500A can perform measurement up to 100 volts; 200 V with the HPSMU.
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16058A Fixture Compatibility

Use the 16058A with the B1500A
4 non-Kelvin SMU inputs
3 general purpose coaxial inputs

Add the 16493A Adapter Cable
Interlock connection
4 additional coaxial inputs

Add the 16435A Adapter

il Agilent Technologies

The 16058A has 4 non-Kelvin SMU inputs and 3 coaxial inputs for the other instrument connection.

By adding the 16493A Adapter Cable, you get access to 5 more coaxial connections. The adapter
was designed to bring out the fixture interlock connection and 4 additional connections, such as the
4142/4155/4156°s VSU/VMU.

The 16493A cable converts the 16058A fixture interlock connection to a single coaxial connector.
This mates directly with the 16435A Interlock Cable Adapter mentioned on the previous page.

Note

You will notice that the socket modules for Agilent Technologies entire DC parametric product line
are interchangeable. So socket modules that came with the 4142, 4145, 4155, or 4156 will work with
the 16058A, 16088A/B, and 16442A/B fixtures.
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Module 6
Low Current Measurement

In This Module

« 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

o Low-Current Gummel Plot

« Low-Current Gate Oxide Leakage

il Agilent Technologies

This module is primarily written for the B1500A installed with the HRSMU (high resolution SMU)
and covers sub pA measurement techniques. Course exercises are included which fully explore
speed vs. accuracy issues to the fA level.
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Low Current Measurement
What is possible?

« Measurements below 10 fA at the wafer level
« Repeatability within a few fA

« Speeds less than 1 minute for subthreshold sweep

il Agilent Technologies

Making wafer level measurements to fA levels is easy and routine using proper measurement
procedures on a low noise probe station. This module explains how.
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Low Current Measurement
Challenges

« NOISE FROM PROBER
« Faraday enclosure required
« Eliminate all electrical interference

« STRAY CAPACITANCE
« Full guarding, including the probe
« Guarded chuck to measure substrate current

« MEASUREMENT SETUP
« Hold time, integration, auto ranging

« CALIBRATION & ZERO CANCEL

il Agilent Technologies

Measurement below 1pA is not possible without special attention to the prober and cabling. The
wafer must be in total darkness and in an electrically isolated metal box. Motors must be turned off
or completely shielded.

Stray capacitance kills any hope of making good low current measurements. High cable capacitance
which is unguarded can produce pA level currents during voltage steps. The probes themselves must
be guarded.

The B1500A defaults at bootup to setup conditions which are not optimized for ultra low current.
This is desirable because there is a large trade-off between speed and ultra-low current accuracy.
The typical use is moderate current levels where settings can be optimize for speed, not accuracy.

There are some features such as zero cancel, which can eliminate the last 10 or 20 fA of error from
your measurement. Before zeroing, you should check that SMU CALIBRATION has been
performed. SMU Calibration removes most error and makes the final zero cancel easier.
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Clean Probing Environment
What is Required?

Low loss triaxial connection (no matrix card)

Guard to tip of probe (no bare needle or probe cards)
No air flowing near probe tip (including dry nitrogen)
No hot chuck

Chuck isolated from ground (10713 ohms)

Chuck guarded for substrate measurements

Shielded probe station

No vibration; cables stationary

AN N N NN N Y N N

Microscope light, motors, etc. off

il Agilent Technologies

This check list covers most sources of noise or stray capacitance. In a "clean" probing environment
the B1500A can be used with short integration time and no delay time between steps.
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Debugging A Noisy Probe System
Where to Start?

« Sweep 0 to 1 volt with no cables attached to SMU
« Check that there is a +/- 3 fA base line

« Add prober cables but no prober
« Wait several minutes
« Still +/- 3 fA base line?

« Add shielded prober but no probes
« Add probes

il Agilent Technologies

This is a systematic strategy for focusing in on the sources of noise and error. You can be very
surprised. Some prober cable is not low loss. You may see popping noise due to relaxing of Teflon
fiber in the cables, high current level due to poor dielectric loss, etc. You may find improper triax
adapters, high levels of stray capacitance, etc., as you add prober and probe connections.
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Low Current
Calibration & Zero Cancel

« WAIT 30 MINUTES AFTER TURN ON
« Instrument must stabilize

« CAL & ZERO WITH PROBES UP
« Prevent device damage

« ZERO EVERY 30 MINUTES
« To get repeatable fA level measurements

il Agilent Technologies

The SMU can be thought of as a sophisticated OP AMP. With any OP AMP there is an associated
input offset error. This error is small and varies with ambient temperature shifts and other factors. It
can be reduced to a negligible amount with a zero cancel function.

Zeroing is performed with the probes up. If there is a very large error to correct, you may get a
warning message. This usually means that SMU CALIBRATION has not been recently performed.
SMU calibration eliminates gross. ZEROing only has an effect on the 1 nA range or less.

Use the Calibration window to perform the SMU calibration and zero cancel. See the next page.

NOTE:

The B1500A provides the auto calibration function which automatically starts calibration for all
modules every 30 minutes if the output switches of all modules are off for 30 minutes. You can
enable or disable this function on the Calibration window. If auto-calibration is enabled, move
probes up (open measurement terminals) after measurement to prevent device damage and to
perform calibration correctly.
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Low Current

il Agilent Technologies

Calibration & Zero Cancel 100y Calibration
§'c.uumm
[T
SMU Calibration
[Tname  [rull Range|Status [Notes |
B auDu+ADC P =
B sMuUL:HP Unselect Al
i B SMU2:HP = —
| Cabibration o
SHU Caleation || SMU Zara Cancel JEMU Calbration i
U Zero |
[ Name Full Range [ina I 100pA 10pa 1pA s
O sMULHP "l Range
O sMuz:HP
B SMU3:HR -12 A qfa -22.36FA
SMU4:HR 41A 153 1A 12.86 1A ™ Enable Auto Calibration
Closs
I Full Range Tntagrasian Tima: 7]
Sedect Al Uncelect &8 Maasum,...

Click Calibration button to open the Calibration window.

SMU calibration is performed on the SMU Calibration tab screen. Specify the modules for
calibration by checking the left check box and click Start Calibration button to start calibration. If
ASU (atto sense/switch unit) is connected and 1 pA range is used for measurement, check Full Range

Calibration check box before clicking Start Calibration button.

SMU zero cancel is performed on the SMU Zero Cancel tab screen. Specify the modules for zero by
checking the left check box and click Measure... button to start SMU zero. If ASU is connected and
1 pA range is used for measurement, check Full Range check box before clicking Measure... button.

To enable the auto calibration function, check the Enable Auto Calibration check box on the SMU

Calibration tab screen.

6-8



Module 6
Low Current Measurement

Class Exercise
Measurements Near Zero fA

You will be able to answer the following questions:

« What does a sweep into an open SMU port look like?
o What is the time per meas using PLC integration?

« Adda 1.5 mcable during a sweep...how long to settle?
« Move and bend the cable...how much current flows?

To Get Started:

o Use the next several pages as your guide

« Remove any cable attached to SMU4

« Measure SMUA4 noise level using the setup shown

il Agilent Technologies

The following pages lead you step-by-step through the "ZERO CHECK" class exercise. This is the

logical place to start if you are debugging a "noisy" test environment.

You will create an algorithm to look at the low level measurement capability of a SMU. On the next

page you will see the expected curve when looking into an open at the rear panel.

6-9



Module 6

Low Current Measurement

{} Agilent
A
100 f

14

ZERO CHECK - No cable
Using Default SMU Setup

CURSOR{ 5.1000DD00DO0E-D01 Y 3.170000DDD0E-015 A —— )
MARKER( 2.4000000000E-001 ¥ -1.8400000000E-015 A - b]

Cursor at the maximum point 3.17 fA

~

20.0f
Jdiv

-100f

0

S U A U N SO S S [

N\

Marker at the minimum point -1.84 fA

v4 (V) 100 m fdiv 1

+/- 3 fA variation typical, using 16 PLC integration time

il Agilent Technologies

With slight modification of the default SMU settings of Classic Test I/V Sweep, you can check the
conditions of your measurement system. This is a typical plot when no cable is attached to the SMU
port. You would typically expect no more than a few fAs of deviation from zero using 16 PLC

integration time.
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ZERO CHECK
Channel Setup

Sweep Setup Name: [Zero-check

Qj /v

UD] Measurement Setup | Function Setup ] Auto Analysis Setup ] Display Setup 1
Definition

add_| | |

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

 [sMUz:HR e = =V x|consT  +]

 [sMU4HR =4 = @\r =|[vARt -D
Change Mode to V and
Function to VAR1

Delete SMU1 and SMU?2

il Agilent Technologies

Click the Classic Test tab, I/V Sweep, and Select to display the Channel Setup screen.

On this display, delete the rows of SMU1 and SMU2.
Change the Mode of SMU4 to V.

Change the Function of SMU4 to VARL.

This setup will be used for checking the zero measurement on SMU4.
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ZERO CHECK
Measurement Setup

_@J I}'V Sweep Setup Name: |Zzro-check

VARL \

Range -
Unit: [SMU4:HR =l
Name: V4 g ADC [
Intes
Direction: |Single - el
Linear/Log: |LINEAR - Ad-
vanced
Start: [0V B
Stop: |1V )
Step: |10 mV B
No of Step: |101 B

mj iance:m .
o w2 Do not change this screen

Timing ‘

Hold: [0 s B| Detay: s Bl + sweep [cONTINE AT ANIY ~| status

Constants |

uUnit: ¥ Name: I Name: Mode: Source: Compliance:

SMU3:HR [va =B =V Alfov &[100 mA 8|

il Agilent Technologies

This default sweep setup is enough for the Zero Check measurement.
The sweep steps are small (10 mV) and that is ideal for checking current at fA levels.
Also the sweep starts at 0, so no big discontinuities on the first step of the sweep.

There is no need to change anything on the Measurement Setup screen. But the ranging mode and
the integration time settings must be changed. See the next page.

Click Range button to change the ranging mode.
Click ADCl/Integ button to change the integration time setting.
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ZERO CHECK

Range and Integration Time

'SMI) Range Setup

Meacurement Range

Uitz

Range Change Rule: Rale:

 [SMUEHR

Mame: Maode: Range:
| Z =I[B FULL BAnGE =l |

[ShisiHR
470 Converter & Integration Time Setup  FHRIER

AT t
Uitz e ] ADC:
[shazr 0|5 | 1R ADC
[smussn Elfw [ R a0C

1|8y FuLL RANGE =l 0|

Change SMU Range to
AUTO or LIMITED 10 pA

o
Wigh Speed ADC: (2070 <1 |

Change Integration Time to

116 PLC

"l:':::':f Agilent Technologies

You must change the range setting from the default of LIMITED 1 nA to LIMITED 10 pA or to
AUTO. Otherwise you will have 100 fA resolution instead of the best 1 fA resolution possible.

Also change the High Resolution ADC Mode to PLC and Factor to 16. You will see +/- 3 fA

variation measurement result as shown in the previous slide.
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ZERO CHECK
Display Setup

(_DJ I,V Sweep Setup Name: |Zero-check

Name: Scale:

o] [ooe] L5 Lo

Min: Max:

_v_] |Lmear

Bl 5[V q

I T
- I (J [roo 8] [100 ')
Yi: > inear x| |- fa fa

Linear, with zero set to mid scale

List Display

Parameters

add | | elete | |

Add

2] -

4 -

il Agilent Technologies

The best check is done with a LINEAR scale which brackets either side of ZERO by 100 fA or less.

A log scale is particularly unacceptable, Log plots of zero are not possible, and all readings of a log

plot must be either all positive or all negative.
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ZERO CHECK

(CY]
15p

14

2% Agilent CURSCR{ 6,8000000000E-001 V
; MARKER{ 2.100000000CE-001V  1.2500000000E-015 A ------ }

|

Effect of connecting a triaxial cable

-1,8200000000E-015 & ----- )

Approx. 50 sec |

200 f

<+/-3fA \

0

> +/- 3 fA

va (V) 100 m /div

il Agilent Technologies

<+/-3fA

If you change anything in your fixturing or cabling, wait at least 1 minute before making a

measurement at low currents.

Here we see the effect of connecting a cable to the open SMU port of the B1500A. The discontinuity

lasted for 50 seconds of a 2 minute sweep from 0 to 1 volt in 10 mV steps.
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ZERO CHECK
Effect of cable movement

2% Agilent
(CY]
23p

14

Bending Cable

200f \
Jdiv J W
-650 f

0 va (V) 100 m /div 1

Bumping cable

il Agilent Technologies

As you can see, your fixturing must be free from vibration. Bending cables during a test is another
NO NO. The above measurements were made on a single triax cable for classic parameter analyzers.
The Kelvin triax cable is less sensitive to movement (triboelectric effects). However, either cable
works fine to fA level if the cables are reasonably still...i.e. not swinging, coiled up and moved, etc.

(End Of This Class Exercise)

6-16



Module 6
Low Current Measurement

ZERO CHECK

Appendix: Using ASU B

—

For Ultra Low Current Measurement

From HRSMU )
Sense (optional)

SEEEEEEEEEEENEN,

Triax cable

Force

Force
D-sub

Control cable
(control signal and Sense signal)

Agilent Technologies

For ultra low current measurement, use ASU (atto sense/switch unit).
The HRSMU has an innate 1 fA measurement resolution. And the ASU extends it to 0.1 fA.

Note that the ASU must be connected to the HRSMU before turning on the B1500A.
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ZERO CHECK
Appendix: Using ASU

. s

Configuration

| Cantiguration

| 1aan Frama | w:m.:lqh'.vﬂmnq Matree | Evant Lag |

ASU List

| Slot |M0dg:_|_e Type |N§me

6 BIS17A/ES288A SMUSHR/AS

* s/n mismatch MU

ASL T Path: |

--}:;:{; Agilent Technologies

6-18

You can check whether the ASU connection is correct or wrong. Open the Configuration window
and look at the ASU tab screen.

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.
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ZERO CHECK
Appendix: Using ASU

5% Agilent CURSOR{ 9.1000000000E-001V 1.9100000000E-015 & ------ }
: MARKER{ 0V -3.5400000000E-016 A ----- 3

CY]
10f

14

2.00f
fdiv

-10f

g V4 (V) 100 m fdiv

il Agilent Technologies

This slide shows the open measurement results with ASU and without ASU.

The ASU provides the 1 pA measurement range and the stable measurement results as shown.

The 1 pA range is disabled with the default setting. To enable the 1 pA range, set the ranging mode

to LIMITED 1 pA (1 pA limited auto ranging) or FIXED 1 pA (1 pA fixed range).
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Class Exercise
Low Current Subthreshold

You will:
« Check low level accuracy with fixture lid open/closed
« Observe trade off between resolution and speed

« Change resolution from LIMITED 1 nA to LIMITED 10 pA
« Observe trade off between averaging and speed
« Change integration from AUTO to PLC to MANUAL

To Get Started:

o Use the next pages to setup the MOS FET correctly
o Getthe IDVG setup in the Demo preset group

-'-'5'{- Agilent Technologies

The following pages show a typical plot of the subthreshold curves for this class exercise, device
connections, and setup changes with comments.
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Jumper Leads — MOS transistor

Sub

28 20 156
0000000000000 % 1: Substrate
2: Source
 |n@uooooooooon| 3- Gate
1 14 4: Drain

il Agilent Technologies

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.

Connect the cables between the B1500A and test fixture as follows.
SMU1 : SMU1
SMU2 : SMU2
SMU3 : SMU3
SMU4 : SMU4

Connect jumper leads as follows.
Terminal 1 : SMU1 F terminal
Terminal 2 : SMU2 F terminal
Terminal 3 : SMU3 F terminal
Terminal 4 : SMU4 F terminal
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X-Y Graph Plot

Class Exercise
SD214DE MOS Subthreshold

5i Agilent

-840 mV

Properties... | |
n)
0 m
=2
decade
fdiv
1f
1 vg (W) 500 m /div 3
List Display Properties... | ‘
Index | va| ] Vsub | o]
1 1V 265.39 fA ov i
2 -920 mv 223.68 14
3

ov

26647 fA ov

[»

il Agilent Technologies

With lid closed, you should see this typical response using the IDVG setup data. If the subthreshold

region is much higher, at the pA or nA level, the MOS device may be statically damaged. Replace
the device using the handling procedure detailed on the previous page.
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Class Exercise

Trade Off Speed vs Accuracy

EE R [
EITET T TR

SMI Range Setup
Maasuramant Range |
M) | |
Unil: M Mude: Range:  Range Change Rule: Rale:
- - (ol ET | [Tty m{|UMITED  w|[tns  =|[BY FULL RANGE =l |
NUTRIASR THIRSRAIAPTN WY . [y e s[TED % =]V FULL RANG = ]
D Converter lem=sme s o i
~ [SMUHR g ={[LMITED G i | |
it Mame: Al ~ [ER g =[mTEn 10h = [BFLL RANGE =]l |

Change LIMITED range
from 10 pA to 100 nA.

o
Wigh Speed ADC: (2070 <1 |

Change Factor from 16 to 1.
Change Mode from PLC to AUTO

| to NORMAL.

"l:':f:':f Agilent Technologies

You can trade off speed vs accuracy by varying the LIMITED range setting or the integration time

setting.

The 100 nA range will speed up the test but you will lose low-end resolution. Try setting LIMITED
to 10 pA range or 100 pA range. Accuracy increases but speed slows considerably.

For the integration time, small factor value will speed up but accuracy decreases.
Also measurement speed will be changed by the Mode setting. Set the mode which provides

applicable measurement results.
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Gummel Plot
What is measured?

« Ve is swept while Vb and Vc are held at 0 VV
« Ib and Ic are plotted on log scale

j Collector
Base

2%

Emitter
Constant &= VAR1 Constant _L

¥

SMU3 SMU2 SMU4

il Agilent Technologies

The "Gummel Plot" is an excellent low current measurement to make on a bipolar transistor. It plots
log base current and log collector current against the same bias voltage. A good bipolar device has
constant gain over a wide bias range (both curves are linear and parallel). Low level base and
collector currents can be measured to the fA level on small signal devices.

Above, we see the simplest channel definition for making a Gummel plot. The emitter is swept from
ground to a negative value on a NPN device. Another method would be to hold Ve at 0 V while
synchronously sweeping Vb and Vc in a positive direction. In the later case, Vb could be the
primary sweep VAR1, and V¢ could be the synchronous sweep VAR1'.
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Class Exercise
Low Current Gummel Plot

« You will notice that sub 10 fA measurements are possible

To Get Started:

« Set the jumper leads for the bipolar transistor
« Insert the device and perform a zero cancel offset
o Get the GUMMEL setup in the Demo preset group

il Agilent Technologies

The following pages will lead you through the setup and measurement procedure for a low current
Gummel measurement. Single triaxial cable connections to the force lines of SMUs 2, 3, and 4 are
fine for this test. Kelvin triaxial cables are not necessary.
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Jumper Leads - Bipolar examples

17 1

O O O c
g0 21 2 23 . (2)4 B
goooooooooo %
1 esc| O 17: Emitter
oooooooooooooo) ® 16: Base
1 T4 15: Collector

il Agilent Technologies

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

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

Connect the cables between the B1500A and test fixture as follows.
SMU1 : SMU1
SMU2 : SMU2
SMU3 : SMU3
SMU4 : SMU4

Connect jumper leads as follows.
Terminal 15 : SMU4 F terminal
Terminal 16 : SMUS3 F terminal
Terminal 17 : SMU2 F terminal

Locate the bipolar transistor in the corner of the socket as shown, with the flat side of the device
facing toward you.

Unlike the MOS device, the bipolar transistor is not static sensitive. You may touch the leads
without using a ground strap.
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Gummel Plot
Measurement Setup

VARL |

Unit: |[SMU2:HP E!
Name: |Ve Q
Direction: |Single v!

Linear/Log: |LINEAR

Stop: |-850 mV Ei

No of Step: |86
Compliance: {100 mA E!
Pwr Comp: |OFF E!

Range

ADC /
Integ

Ad-
vanced

Small step size.
Negative sweep values.

[Timing |

Hold: [0 s E| Dpelay: [0s B = gweep [CONTILE AT ATIY +| status
Constants |
Unit: V Name: I Name: Mode: Source: Compliance:
|sMU3:HR B|[vo = =V Hov 8|[100 ma 8|
[smu4:HR B|[ve [ic Efov &|[100 ma |

=V

<% Agilent Technologies

Ve is swept below ground level to keep positive bias on the NPN device.
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Gummel Plot
Range and Integration Time

'S Range Setup -
Maasurement Kange ]

Unit: Mame: Maode: Range:  Range Change n..n-.:_n.-.lh.-.-_l
—  [SMUZHY e | LIMITED |[ tn. || BV FULL RANGE =l |
| ATD Converter & Integration Time Setup | ~ [wiman  &]fw X
DConvanar ~ [EaniER Hfie LIMITED _“lli FULL RANGE ]

Unit:  Mame .' A

[shzzie _J|1 =R

(IR 13 [ R

(IR e R

[ ]

[itegration Time

Auto Fero:

- MaX|mum resolution

High Resolution ADE | PLL

High Speed ADC: [ A0

=]fe

oss 16 PLC

Agilent Technologies

Medium integration smoothes the plot at the ultra low levels. Make sure the range is set to AUTO or
LIMITED to lowest current range:

HRSMU: 10 pA
MPSMU: 1 nA
HPSMU: 1 nA
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Low Current Measurement

LOW CURRENT MEASUREMENT
Gummel Plot

X-Y Graph Plot Properties... | |
T% Agilent
(8)
100 m
= &
decade
fdiv
1f |
(1] Vbe (V) 100 m /div :
List Display Properties... | |
Index | vbe | Ic| | &l
5 40 mV 1.14 fA 3.6 fA e
6 50 mv 18.63 fA 8.18 fa
7 60 mV 25.2 fA 4.53 fA ivl

"l:':::':f Agilent Technologies

This curve shows a normal gummel characteristic of the bipolar transistor. The collector current is
linear when plotted on log scale from 10 mA down to fA levels.

Keep the fixture lid closed and do not bump any part of the setup during the measurement.

(End of This Class Exercise)
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Low Current Measurement

Gummel Plot With
Base-Collector Self Oscillation

MARKER(  660.00000000m 21.091nA 1.3911uA )
(A) (A)

100 m 100 m
1c ) 18
A T 3
ancats LaN
1~ Fix by isolating
— 7 base-collector leads

. ~I . . .

NVAL /AN ad Fix by using ferrite
wooel L bead on base lead

1
200.m Vo () 100.n /div 1.00

il Agilent Technologies

This is a common occurrence when high frequency bipolar transistors are tested with jumper lead
connections. When RF couples in the air to the base lead, there can be enough DC rectification to
increase the base current bias. This causes positive feedback. At some point along the curve, there
will be enough feedback to abruptly turn on the transistor (steep increase in base and collector
current).

Separating the leads can help marginally. Threading one or two ferrite beads onto the base jumper
lead usually solves the problem. Use ferrite beads with any type of 4145, 4155, 4156 jumper lead.
Using the beads on a jumper lead involves prying open one end of the plastic connector. The
connector is temporarily unsoldered from the lead to slip on several beads.

For severe oscillation, the RF transistor must be tested in an RF fixtured designed to maintain RF
isolation between input (base) and output (collector) ports.
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Low Current Measurement

ULTRA LOW CURRENT
Subthreshold Curve

X-Y Graph Plot Properties... j | Parameters
7% Agilent
@ MARKER{ -1.000000000E-001 Y  5.3000000D00E-0I5 A -~ Idrain E37A
100u
=
decade
Jdiv
if
-500 m Vg (V) 200 m fdiv 2
List Display Properties... | |
Index | va| ]| &l
5 -100 mV 53fA =
6 oV 13.96 fA
7 100 mV 62.56 fA lvl

il Agilent Technologies

This curve shows the high quality measurement that you would typically expect with the B1500A
and a well guarded probe station. The MARKER is sitting at 5.3 fA near the subthreshold region.

To get best ultra low current accuracy, zero the SMU offset error just prior to

taking the

measurement by using the Calibration window. See beginning of this module, before page 10 in this

module. Do the ZEROing procedure with the probes up.
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Low Current Measurement

ULTRA LOW CURRENT
Measurement Setup

VARL

Unit: |[SMU3:HR B
Name: m
Direction: m
Linear/Log: lm
sarc [So0mv H]
Stop:
a
No of Step: |26 B
Compliance: |1 mA B
Pwr Comp: ,EIE—:H:]

Timing / |

Small STEP: 100 mV

Large HOLD TIME: 3 sec

Range

ADC /
Integ

Ad-
vanced

<H°'d= 35 ) ji Delay: |05 Bl - sweep [CONTIEAT AY =] status
Constants

Unit: V Name: I Name: Mode: Source:

Compliance:

[sMu:HR | [vsub 5 [sub =V Eov B[[100 ma B|
[sruz:np H|[vs ElB =V E|ov E[[100 ma B
[srua:HR |[vd w1 e &1 mv B[ ma B

il Agilent Technologies

To prevent charging current due to residual cable or probe capacitance, you should limit the STEP
size to 100 mV. The B1500A has a built-in delay time on the low current ranges, and you do not

need to add extra time.

If the STEP is large, like the -500 mV for the first point in this sweep, simply add an initial hold time.
3 to 5 seconds should work fine. This has the effect of holding off measurement for a specified

amount of time, at the beginning point only.
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Low Current Measurement

ULTRA LOW CURRENT
Effect of Cable Charging Current

MARKER ( -450mV 2fA )
(A)
100.m

-~
N1

Lf
-1 \Vg K2 500 m /div 4.00

Not part of the subthreshold characteristic

il Agilent Technologies

You can see an initial high current that drops off after a few measurements. This is the effect when
delay time is set to zero. Any residual capacitance due to un-guarded probes is the cause. This effect
is minimal in this case due to the use of fully guarded probes to within 2 mm of the probe tip. With
unguarded probes this initial charging current can be orders of magnitude larger, and dominate the
low end portion of the subthreshold curve.

The solution is to improve the guarding as much as practical. Then get the last bit of charging out of
the curve by using a delay time of at least 3 seconds in the Measurement Setup. This gives the cable
time to discharge prior to making the first measurement.
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Low Current Measurement

ULTRA LOW CURRENT
Range and Integration Time

'SMI) Range Setup
[Measurement Kange J
JECE| | |
Unit: Mamw:  Mudig Range Change Rule: — Rates
AU Converter & Integratian 1ime Setup [ L JIBYRILRARGE <l H]
[A7D Convert ~ [EaR ain S[UMITED =]tk <][BY FULL RANGE = ]
it T - [mzmr HE =[immE =] =B FuLL RAnGE =l ]
|5MU.¥:IIR ﬂ|'°.' - i :;a( ~ [eae Sl m[(WTED =|[teh ] [BY FULL AANGE =] 5
TR 1] [ HR DC . ..
TP S | e T Lowest resolution: Auto or Limited 10 pA
(ETITET) | | R ADC

ose
Tntegration Time 1

ke = Auto Fero:
High Resolution u» =l ) ) R
e Set long integration time

"l:':f:':f Agilent Technologies

In this example we are measuring Id very accurately. The B1500A autoranges every decade of
current down to 1 nA as a factory default. Change thisto AUTO or LIMITED 10 pA to get two
more ranges of low end resolution (1 fA resolution). The factory default of LIMITED 1 nA gives
100 fA resolution and is adequate for most measurements. Since the B1500A can trade off speed for
resolution, you get better speed performance by limiting current ranging.

If your prober environment is not ultra low noise, you can remove some random noise by setting long
integration time.
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Low Current Measurement

Gate Oxide

« Leakage to fA levels

« Chuck must be guarded

Low Current Leakage

« Electrical connection to wafer backside

Gate

[

-

AN

Oxide

Wafer backside

5

Substrate

il Agilent Technologies

Gate oxide leakage tests are complicated by the fact that there is an electrical connection to the back
of the wafer. The chuck must be insulated and guarded to get meaningful low current results. The
huge capacitance of the chuck surface would cause charging currents which would swamp out the
low level currents you are trying to measure through the oxide.
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Low Current Gate Oxide Measurement
Fowler-Nordheim (FN) Plot

MARKER | -22 750 Vv -27 580mA
(A)
-100.m
| Y
Ig
decade
/div
710f-\_~¢\/\/\a
-5.00 vg (V) 2.00 /div -25 0

il Agilent Technologies

The Fowler-Nordheim (FN) plot is a log plot of oxide leakage in accumulation mode breakdown.
The plot shows a characteristic "arc" leading up to the rupture current.

This plot is a measurement result example of a MOS capacitor on a wafer. You cannot get this kind
of plot by measuring the class exercise MOS FET.

The MARKER is set to -27.590 mA. This is the point at which rupture of the gate oxide occurred.
The B1500A has the sweep abort function which automatically aborts sweep measurement when any
abnormal occurs.
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Low Current Measurement

Measurement Page

FOWLER-NORDHEIM PLOT

Unit: m
Name: m
Direction: |Single -
T

-5 W

VAR

1

Linear/Log:
Start:

Stop: |-25 V &

Step: |-250 mV

]

No of Step:

Compliance: |50 mA

Pwr Comp: |OFF

%

Range

ADC /
Integ

Ad-
vanced

Negative sweep.
Accumulation mode.

Wait for 5 V initial step

Timing / |

< Hold: |3 s Bl Delay: [0s Ll CSweep [STOP AT ANY ABIORIZ »| status >
Constants |
Unit: V Name: I Name: Mode: Source: Compliance:
|EED 8| [Vsub = [Isub El Blov &|[100 ma E]l

il Agilent Technologies

A 3 second delay at the beginning of the measurement will be required. The SMU must initially step
from 0 to -5 V, a very large step. Fully guarded probes to within 2 mm of probe tip and fully guarded
chuck eliminated the need for delays at every measurement point. The only wait will be the initial 3

second hold time.
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Low Current Gate Oxide Meas.
Using Guarded Chuck

P o —
Gate Oxide Capacitor—|—

Chuck

Chuck Guard % 10713 ohms

% 10713 ohms

Shielding Box (Ground)

il Agilent Technologies

This is a simplified block diagram of the prober requirements for a guarded chuck connection. When
implemented properly, very fast low level sweeps are possible due to the elimination of stray
capacitance at the probes (wafer top side) as well as in the chuck (wafer bottom side).
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Module 7
Measurement Functions

In This Module

« SMU Pulsed Sweep Measurement

« I/V-t Sampling Measurement

« Negative Hold Time for High Speed Sampling
« Auto Analysis

« Bias Hold Function

« SMU Filter

« SMU Series Resistor

« Standby Function

il Agilent Technologies

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

il Agilent Technologies

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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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

il Agilent Technologies

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.
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Measurement Functions

SMU Pulse Mode
Pulse On Primary Source

VAR1 | | H |_|
Primary

VAR2 |
Secondary

"l:':::':f Agilent Technologies

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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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

ﬁ HPSMU 1.0 A
HRSMU
or
MPSMU E
g GNDU 42A

il Agilent Technologies

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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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

"-‘;'-f- Agilent Technologies
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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

-'-'5'{- Agilent Technologies

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

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

CMU

SMU4 - 16442A/B Fixture

SMU3 o=

SMU2 -t i =@, ®) ° ®
9,0

SMUL 0.0 | o

GNDU

B1500A Rear View

il Agilent Technologies

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
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Measurement Functions

Jumper Leads — MOS transistor

Sub

1: Substrate
2: Source
 [noooooooooon| 3. Gate

1 1

4 4: Drain

-'-'5'-:- Agilent Technologies

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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Measurement Functions

VPULSE
Data Display Window

¥4 Agilent
y MARKER( 3.00000D0000E+000 V  5,469800D000E-003 A ------ )
(A
40m
=
5.00 m
Jdiv
0
0 vd (V)

500 m /div

il Agilent Technologies

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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VPULSE
Channel Setup

Enter new name before save

@_JI JV Sweep Setup Name: [IDVD-Pulse
Channel Setup 1Measurement Setup1 Function Setup] Auto Analysis Setup1 Display Setup]
Channel Definition

Unit: V Name: I Name: Mode: Function:
o~ [smuz:mp w|fvsub B |Isub =V rflconst  +|
~ [smuz:Hp rljvs =l m=|coMMoN v|consT v
¢ |SMU3:HR ~llva =g =V x||varz Ba|

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

Drain pulse

il Agilent Technologies

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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VPULSE
Measurement Setup

Range and
ADC/Integ
are disabled

VAR1 VAR2

|
u::: J\zZU4-HR i ZMHR = This box pops up \—
pivection: [frgk ] only if VPULSE
Linear/Log: [(TVEAR = or IPULSE is set e
start: [o v v 5 on Channel Setup. ki
Stop: |5V &|fsv H)
Step: ]SIJ my E} 1V E] |SHH Pulse |
& Unit: [SMUGHR 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|

1. Agilent Technologies

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.

7-13



Module 7

Measurement Functions

I/V-t Sampling Measurement

Voltage or current

Starts sampling Time=Hold time +a  Time=Hold time + Interval + b
g )
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

il Agilent Technologies

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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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

il Agilent Technologies

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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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

-'-'5'{- Agilent Technologies
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Jumper Leads — Sampling Exercise

GNBE
O n®)
s©

28: SMUL

0.5M
25: SMU2

To.l uF

22: SMU4

goQooooooooonn

o5m O0000000OD|%

1

H 14
<425 Agilent Technologies

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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Sampling Exercise — LOG10, 2 ms interval
RC Measurement
5 :\:;IE“ MARKER( 1.0130000000E-002 5 3.4150000000E-001V -—— ;)
Z X data
~——— 10 data
——— 10 data
> 10 data -
Y data
200m
[div
X+Y =20
1]
1m T Time (s) decade /div I 1k
2 Ims 5 decades 260 S
il Agilent Technologies

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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Sampling Exercise — LOG10, 2 ms interval

List Display Properties... | ‘
Index | Time | V2| »
10 100,13 ms Tee7av] )
20 126,13 ms T.7674 V
2 158.14 ms 18764 v
2 200.13 ms 1.0385V
3 252.13 ms 1.9727 V
2 316.13 ms ey (10 data/decade
5 400,13 ms 1.9959 V
% 502.13 ms 10083 vV
27 632.13 ms 1.5989 V
28 796.13 ms 10032V )
20 L0023 s T.0006 V] )
£ T.36203¢ 7V
31 1.58813 5 1.0099 v
32 2.00013 5 2V
33 2.51813 5 2.0004 V
34 317013 s soatv [ 10 data/decade
35 3.90013 5 2.0004 V
36 5.02413 s 2.0001 v
7 6.32413 5 2.0003 V |
962135 goga v/ 3
30 10.02413 5 20002 V] )
Ex] 12.62013 30003 V
a1 15.88613 5 2.0002 V
42 20.00013 5 2.0002 V
43 2517813 5 2.0003 V
44 31.60813 5 somv 10 data/decade
45 39.50613 5 2.0003 V
46 5023813 5 2.0002 v A
47 63.24613 5 2V
48 7962213 ¢ 20003V )
Iy T00.23813 5 20002 V] v

- Agilent Technologies
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Sampling Exercise
Channel Setup

_@_'I 1/V-t Sampling Setup Name: |RC-samplng-log
{Channel Sa7iip | Measuremant Setup | Function Setup | Auto Analysis Setup | Disolay Setup |

Channel Definition

add | [oeete| [ |
Unit: V Name: I Name: Mode:
o~ [sMuLHp =]jvt =l S |
¢ [smuz:Hp =|[v2 =R [T |
 [smusHR Eei[E =3 m[conmon x|

Time Stamp Nam:@ Index Name: a

Variable for time data

Agilent Technologies
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Sampling Exercise

Agilent Technologies

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

@:IIV Sampling Setup) T |

Channel Setup ! ; Function Setup l A

Sai P. = Unit: Name: ADC:

[ o | | ECOTET Eﬂn =[wR ADC =

Linear/Log: [LOG10 | [sHUzAP HfE s woc E|
SIU4HR [1}ic] .
mervat P 5] ' “¥ = High speed ADC
No of Samples: |51 B
Total Sampling Time: |158.866 5 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: |03 B

S

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

|EXE EllE = E Eliu v Bzv Bloms B

|smuz:He B|[v2 |7 IR gliu A #loa aj3v ]

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

¥ Agilent
)
10

MARKER{ 0= 5.0000000000E-003V ----- }

V1

Bias starts at0s

\

i.00
fdiv

Time (s) 2.00 m /div 15 m

il Agilent Technologies

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 h
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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Jumper Leads — Negative Hold Time

1 2 20
© © 00Q0000000000

1 2 2 losm OO00OOCODODO|
© © T

i 14
<425 Agilent Technologies

SENDE
O n®)
s©

28: SMUL

% 0.5M

25: SMU2
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Negative Hold Time
Channel and Measurement Setup

_@Jl 1/V-t Sampling Setup Name: [Rsampl-neg-hold
Channel Setup | Mgasurement Setup | Function Setup | Auto Analysis Setup | Display Satu |

|UIal|l|dM|llhn

Unit: V Name: I Name: Im I
o [autse = it - ] = | Current source
o [smuzHe =2 = m(comon x|
gl 1/V-t Sampling Setup Name: [R-szmpl-neghold
Channel Setup  Measurement Setup ‘Funcbﬁn setup | Auto Analysis Setup | Display setup |
Sampling Parameter |
Range
Linear/Log: |LINEAR. -
ADC /[
Interval: [200 us 8 | nte rval < 2 ms Integ
No of Samples: |L0L ] pra
vanced
Total Sampling Time: [20 ms [l

Output Sequence: |STHULTANEOUS =

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

[sMuHe v E|m =i Hjos H2oua H2ov Ell

- Agilent Technologies
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Auto Analysis

GM max
Hands-off marker

and line fitting

Early Voltage

Isub max

Vth

il Agilent Technologies

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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Auto Analysis
Vth Example

X-Y Graph Plot Properties... ] | Parameters |
3 Agilent
g ’ X ki ik —
0 MARKER{ 1.3500000000E-+000 V  2.8087007673E-002  8.0311895965E-002 ) VTH 100028 v
200m
Intercapt: Intercept: BETA  |5.45000E-003
-0.0803341 -0.0321336
Gradient: Gradient:
8.031190E-002 3.212476E- 00
= =
2 )
=
o
3
20.0m
Jdiv \_\
0 Intercept: 1.00028 V.
0 Vg (V) 500 m {div 5
List Display Properties... | |
Index_| va | SQRT_Id | PEAK []
% 125V 20.1330573932...  77.3300160467... =
27 1.3V 24.0848500099... 79.5395027933...
28 1.35V  2B.0870076725... B0.3118959648... [l

Agilent Technologies

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

il Agilent Technologies

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

-'-‘;'-f- Agilent Technologies

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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Vth Measurement
Damaged MOS FET Device?

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

il Agilent Technologies

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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Vth Measurement
Channel and Measurement Setup

E— | o e |
Unit: [SHHERR ji Unit: V Name: I Name: Mode: Function:
Name: [Vg = | ¢ [sMsHe =|Jvsub = [Tsub E R xlfeonst  +]
Direcharc ||st:o :Iv r [smuz:HP =ljvs =l = [CoMMON =|fconsT =l
Linear/Log: |LINEAR -i
SEur m ¢ [sMuz:HR ~lve = R vart |
stop: [5 v B | ~ [soenr =vd = v =|fconsT -l
Step: |50 mV Ei
No of Step: |101 il
Compliance: |100 mA EI
Pwr Comp: |OFF il
Fiming |
Hold: [1 ¢ E| Dpelay: [0s Bl = Sweep [CONTHUE AT ANY =] status
Constants |
Unit: V Name: I Name: Mode: Source: Compliance:
[sMuL:He B [vsub =[lzub =V Hlfov B[00 ma Il
|SMu4:HR E[vd =i =V Bl2v B|[100 ma 8

Agilent Technologies

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:
¢ [sarT_d e | [sar<(1d) E|
o fPeak | =|[ef(sQRT _Id,va) 8|
Analysis Function
Add g | | i |
Name: Unit: Definition:
o o =y ~||aLx &
o [FETA | ~l[euc-2 |

il Agilent Technologies

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
o | oute] | up | Loow]
Name: Scale: Min: Max:
v ox [ = e = v HEY 5
© ¥1:  [sQRT_I 7] [unear =l Jo 8| o2 8
vz [PEAK =] [unear =l o EIRET] &
List Display Parameters
add | e [ oo add | | oefete] p | oo |
o fve - o v -
¢ [soem =] o e 5]
(ol Y |

il Agilent Technologies

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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Measurement Functions

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 Type Axis —
= Normal ¢ Gradient (" Tangent { Regression I "l
First Point
& %-Y Coordinate " Data Condition
X: | 5 iy | 5
Second Point
& %-Y Coordinate " Data Condition
X: | g s | E
Marker
¥ Enable
Condition: |PEAK = = [max(PEAK) = [ After | ER =

<% Agilent Technologies

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)
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Bias Hold ON
CONST

VAR?2

Bias Hold After Measurement

End of Single measurement
or
Start of next measurement

VAR1/VAR1’/CMU I | [ ||_I | I :_ Stop or Start value

I Source or Base value for Sampling

‘_I_, Stop value

Bias Hold OFF
CONST

VAR1/VAR1’/CMU rI | I l!'l |_rrr ov
VAR?2 I oV

oV

il Agilent Technologies

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:
Constant source:
VAR1/VAR1’ source:
VAR?2 source:

CMU:
V Sweep)

Base value or Source value (1/V-t sampling)
Source value (1/V Sweep or C-V Sweep)
Start value or Stop value (I/V Sweep)
Stop value (I/V Sweep)
Start value or Stop value (C-
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Measurement Functions

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

-'-'5'{- Agilent Technologies
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Jumper Leads — Bias Hold Exercise
GNDE
O n®)
s©
@)
6
O
11 12 ’
7 18 13 14
o O
23 15 24
@
D000000000000D| 28
I
D000000000DD @) * [ |
T : T Shorter Lead
<425 Agilent Technologies

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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g ep Setup Name: [LED
leasurament Satun | Function Setus | Auto Analysis Setup | Disply Satun | ety
[Channel Definition o
Unit: SM Ul EU nCti,Q,n, to VAR 1_] s Unit: VName:  IName:  Series R: SMU Filter:
o [smme =l =[n el <W [muzaiee I E = NONE =|jon =
+ e =IF = = - B "W = Hfoe = El
Channs| Satup | HEasusment 5st05 4 Functon Satup | Avto Anaiyss Setup | Displsy Secup |
VARt
unit: [EHULHF | ]
Mame: [ = _
Direction: |5k - | & | Walt Time Control
Linear/ Log: e =] Factor:
start: [0V B > Output Wait: [1 B
- — AT
c:::i:::; H Rias Hold after Measirs ton #)
Pwr comp: [0FF ] Output Value after Measuremdh [510°  ~
et g - Bias Hold to ON
Hold: [05 5| Delay: [0s B B o AT A ]
o - eplom el = Output Value to STOP
unit: v Name: TName: Mode: Souree: Ccompliance:
[suzzp A =l =V Eov H][100 A |
<% Agilent Technologies

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

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 measurements.
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Bias Hold Exercise
Repeat Measurement Setup Repeat button

L

‘Repeat Measurement Setup

Repeat Procedures
—Start Procedure: — 3
| 5 Browse...
Arguments:! E
—Iteration Procedure:
Browse... .
! Arguments: i Repeats three times
—Final Procedure: y
| B Browse.,
Arguments:l 5

v Automatically fill in Device ID

Repeat Stop Condition

Click Run to start

|

¥ Procedure return condition

~Stop repeating by: ~—
¥ Counter reaching |Q_/Ei> Abort

measurement

Cancel |

Agilent Technologies

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
k=
10.0 m
Jdiv
0
& Vh (V) 500 m /div
LED lights off

il Agilent Technologies

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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SMU Filter

i |[vhbAac)—
Time

Filter OFF

=

Filter ON

o=

Filter setting

_______

o .

mo EFO rce

O

Series Resistor

SMU

(1 M ohm) Sense

(V or I mode)

o

il Agilent Technologies

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

Q{'IN Sweep Setup Name: [TV-res
Channel Satupl IMeasurement Setup IFunctlun Setup | Auto Analysis Setup I Display Setup]
[vARL |
Advanced Setup Range
Channel Settings |
ADC /
unit: VName:  IName:  Series R: SMU Filter: Integ
|EE B [ [ HonE jlon _v' Ad-
[smuziap B2 e 5| HoHE =fon E | vanced

SMU Filter: ON (add filter)

or OFF (no filter)
'Wait Time Control
Output Wait: ;a‘m" _iJ
Measurement Wait: ﬁ W] status

1]

| After Measurement Settings

Bias Hold after Measurement: | OFF =

T |
Output Value after Measurement: | START =)

Compliance:

, Agilent Technologies

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

il Agilent Technologies

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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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

-'-'5'{- Agilent Technologies
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Jumper Leads — SMU Series Resistor

1 2 20
© © 00Q0000000000

1 2 2 losm OO00OOCODODO|
© © T

i 14
<425 Agilent Technologies

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 4.0000000000E-005 V — |

Intercegn

200 n fdiv

R1 515.342 kehm

0.5 M ohm (device only)

il Agilent Technologies

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: [GHMAX
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 T
CH Compliance:
Bias Hold after Measurement: | OFF _:i &[100 ma ]
—_—
Output value after Measurement: | START =) B||100 ma B

il Agilent Technologies

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 Setupl 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 - -
XY Coordinate Data Condion  tQ dFaw regression line
Condition: |11 w =0 = [ After | ERl =
Second Point : - — -
" X-Y Coordinate ¢ Data Condition
Analysis Function] -, gitiqn. iU E] = 13U H I AﬂerJ ‘Ei :] 5
Ao | 3| | |
Name: Unit: Definition:
| [rt = [ohm ~|jetie &

to get slope of the line

Agilent Technologies

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

23 Agilent
)
5

CURSOR[ 0 A 3V V)

V1

500 m
fdiv

i Intercept: B.79304 nA

0 11 {a) 200 n /div

RI\A [1.51302 Mohm
513.018 kohm

Recalc

Calculated value

il Agilent Technologies

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
Vi
SMU1 Idle state force V Idle state
' '
i i
i i
Vz-- 1 1
1 1
SMU2 Standbyon | foreeVo I
: i i "
: ; ; :
V31 i i :
i 1 force V 1 i
SMU3 —) ] | Standby OFF |}
| i i H
Idle state | Standby state i | Standby state { ldle state
: Measurement state d
! Agilent Technologies

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

B E @] 1d-vg Setup Name: [1717
é ML -~ [Device Parameters
v M5 - 5
§ Ok Contsl i Lg: [100 ]| W [16.0 um
Discrte n
g Funrise TdMax: |10.0 m4 Cl
= | memary
g MopdSignal [
= wrary .| ame
é . ] st standy channt sutput to: | (1) Standby ON d
2| mw b
[Standiyy Channel Gefinition CV-IMHz
. IntagTin ; ‘
1-vl3] Standby:  Unit: Mode: Source: l:nm’lanﬂl:l e
prmed | © (-8 BT = =~ W10 e !I
) e | © o [smzin =l = wWious o _] ‘
g pulse e r [mom =V v ] (T s
3 v |~ - [swese =V =V ] (TTREN| «
. vostofl | ¢ — [smusee =Iv =iV @fioves ) ‘
vy
pulse(3] geted I GUMMEL
i L
TD-Fulse
- =] -
Cose [
Trg Idvd Vth L - J
Trvg Ldvd Vth 4/16/2007 2:51:05PM 4
Trng Idvd Vih 4/16/2007 2:50:08 PM 3
Trng Idvd Vth 4/16/2007 2:4%:18 PM 2
Trmg Idvd Vth 4/16/2007 2:44:11 PM 1
Trng Vth 4/16/2007 2:43:10PM 1 -

-------- :g’wmcﬁ- BT emer0F (5] 2oes Recers o0
~4.5 Agilent Technologies

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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Module 8
Capacitance Measurement

In This Module

« CMU Fundamentals
« Classic Test Environment

« CMU Calibration

« SCUU for IV/CV Switching

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

"-‘;'-f- Agilent Technologies

Note:
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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

"l:':::':f Agilent Technologies

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 Lcur R Virtual ground
1—,@\/%@ o

i Agilent Technologies

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)

il Agilent Technologies

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

-'-'5'{- Agilent Technologies
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Cable Connections

'

16442A/B Fixture

)

’/@o °
e [0.0@-
°©.@-

CMU [ "
SMU4 o * @®.@® -
SMU3 =0 - @.@® °
SMU2 T > @@ - /]
SMU1 ' Q.®- ,/
GNDU

B1500A Rear View

il Agilent Technologies

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

n R

O

A

O O

520 2 23156
gooooooooooooon) =

N

" (n@Poooooooooon| ®
1 1

4

-'-'5'-:- Agilent Technologies

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
F
23p

i00f
fdiv

Conductance

-5 Vg (V) 1.00 fdiv 5

-"-'5'-:- Agilent Technologies

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

QJ"C:\I Sweep Setup Name: [CV-111Hz
Channel Setup :W‘.éggiﬂﬂfﬁgﬁ“ﬁ Setuui BAnction Setup} Auto Analysis Setup] Display Setuﬂ
C-V Signal Source ‘
Range
V Name: [Vg ZE Frequency  pgq | = | Fowr
Model: [C-G - Kt
i e [rmme B o .
C Name: |C Q yenee
G Name: m F Name: |Frag E
orwn [ | Frequency [ims 1]
. Start: |5V B 1 1
DC bias: | and Oscillation level
" Stop: |5V B
S5Vto+5V Step: [100 mv | e
Noof step: [(01 ] |_Mode: [pLc | 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.

il Agilent Technologies

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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Capacitance Measurement

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

il Agilent Technologies

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.



Module 8

Capacitance Measurement

CMU Calibration

Calibration

. 2

(Eaieation

SHU Calbratin | SMU Zer Cancel [ CHU Calbranion |

CMU Calibration

7 Open Correction

I Shart Corract] fen

7 Load Correction

Opens dialog box to start
correction/compensation.

| Advanced Options for CMU Calibration

[Frequency

Standard Valus

¥ Use factory speditied frequencies (Default)

 specify list of calibration frequencies

Phase Compensathon

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

il Agilent Technologies

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.

8-12



Module 8
Capacitance Measurement

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

{-:E:-f; Agilent Technologies

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

B1500A Rear View _
1. Agilent Technologies

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

e

Force2 or CMUL

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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Capacitance Measurement

GSWU
— for Accurate Capacitance Measurement

CMU cable or

Extension cable
CMU SCUU cable Manipulator

or Positioner

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

e QT

" QT =

Lp Q-_—/\() —YN_A\\—

N Q‘ O —_— ‘J 77777777777777777777777 Return path
4TP con;iguration Shie?d,ed 2T ) 3T co;;igurati;n

configuration

-}:E:{; Agilent Technologies

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 (Ground 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
S ; cv
GSWU ’ : Switches CV/IV _ l/‘ cV: thru
¥ ba GSWU Control Cable ve |GSWU
Simple direct connection between SMU/CMU and 1V: open

manipulator/positioner e
-i.i Agilent Technologies

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

il Agilent Technologies

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.

8-18



Module 8
Capacitance Measurement

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

il Agilent Technologies

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

il Agilent Technologies

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.
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Module 9
Modifying Application Test Definitions

In This Module

o To Open Application Test Definition

e To Modify Test Definition

e To Use Debug Tools

e To Use Built-in Functions

e To Add Data Display

e To Use Auto Analysis

» To Define Test Output

e To Use Test Setup Internal Variables

e To Use Vector Data to Modify Test Definition

‘' Agilent Technologies
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Modifying Application Test Definitions

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

‘' Agilent Technologies

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
_Fla_Data Display _Help
S @ o G
i %% Setup Name: [/ G20 §
g " Deect cool Potaritys i ] i W
_5 --mstnml: i
i B -l -
E wvgla] o !
8 Dradn: (MR -
e i oot wier 3 K
it L rdeve: [1072 (Vo) o P
u.‘ Gate: [FHOTIR = |: ] Sobs: [B010E =] | — "-:o
sube] vosmart: [ W] |3 vk V] e
. vgstop: [1007 8] e
Vih gembax Vgsiep: o 5] l Blogee
* o 9
T Const 1 =
= Bl.= &
tup | Date | Count_| Device 1D Remarks I
= 12/13/2006 6:50:07 PM 1
11/14/2006 3:38:45PM 2
11/14/2006 2:18:02 PM 1
11/13/2006 6:20:05 PM 1
1201/ WA 40038 DM 1 ~ - _-: .1
~i.i- Agilent Technologies

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

i [catagory -] @) Vih Const 1d Setup Mame: [V C20r 12
[ ~ [Device Parameters
v MOs - r
g Drect Caotil Podaritys [1i L g fioorm W]
[ - ——
? Bacios Tomg: 250200 M) bz (0.0 ma []
= | Memory
MinedSignal v
= JCancel
) = |Define New Test
Open Definition of This Test...
3 wvela] lete Definition of This Test
= Import Test Definition... X — | il
i Export Test Definition... Drale: (0438 3]
. ImtagTime: [IE0L0 = ve:[Zo0v W ]i .
M it wovin: [ o 8] Pt
3]
vy Cate: [THULHR = Sube: [TMULHS =) — =y
putse ) vostark: [F00 - 8] |3 ok [0 8] o
vgstog: [100v W «
Vih gmlax VgStep: rm 3 Ehopiy
* Soarce: [BUsim = z:
- ]
Vi Const 14 6 bt
! bkl =

12111/300A 3-00-aa DM

1= s
30 | Setup Name | Date | Count | Device 1B | Remarks
Trmg Vth 12/13/2006 6:50:07 PM 1
Zerg-check 11/14/2006 3:38:45PM 2
Zero-check 11/14/2006 2:18:02 PM 1
Zere-check 11/13/2006 6:20:05 PM 1
Trmn Samnlinn 1 )

‘

.

Agilent Technologies

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)

[T
Hlg] Help
Save_Ctrl+S| T gutsce | Multi Select
Close
coegoey: [Bece  [Jre—nesiptig
Tast Nama: | 'm0 VT =)

new test name Tweeome tome..| de|

[Buvice Paramabers Definition
_ad |

Mame: Detault:

r ey - ficn walun) o Peh (s for
P =
- [ )
ae]
r [fem i e
S a— ] T
Background: |(\#ragram Fler\ Aglant'| 1500 EanEXFER TG M &-‘
Hame: Types Detault: Description:
r [Fwotre Wlsoee s oK cancal
r foetrs mlemec  =lfos | =T =0 ¥
r et wlee =08 " [] | [iE
~ [iBeve w[lmec  =l[10e06 Walla) (=8 T | PP PP r
T e e o e 1
# [Poorn it mlleece  =lflamw =l me Ejfee B

Test Definition editor

Agilent Technologies

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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Modifying Application Test Definitions

To Modify Test Definition

Change default values and add parameters (ex: Pcomp_d)

| @ Tmgvih '.::'.Qﬁﬁ.
Hle Help

This area sets the
properties of the
specified parameter.

*Min

*Max

*Digits

*Resolution

*Unit

*Typical Values

*Symbols

-

--}:E:{; Agilent Technologies

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.
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Change or set test parameters (ex: Pcomp_d)
Hle Help
roe sostition (FEETTe
e h O ® M O & A
BLOCK F LOOF FOR ASSIGN  COMMENT END ERROR
Peogam comporer Fopkoco Ve o] com Tax | Macsiooa| Wy ot S|
% @ 1V Sweep Setup Name: [ =1 Cooet 12 =
] e Dolete || Chaneal Sutin Masscoamant 544n | Function Sutua | Acto Anshves Setua | Daoiay Satuo |
2 [enns |
& uni: [5G W] R
Ceoy cat Name: [l = ADC |
Direction: [5rge - Ining
Local Variables Defini = Unearftog: B =] u,“
4% Integration T Start: [VeStat*Poaty W -
gTine="SHORT" Stop: |
N e Stap: [l u
Compliance: [loime 8]
e mtagtods o *picn por comps (e W)
AdcPactor = 16
s H] Ostars foT 8] - swaep fETIE T AT ] statim
Vth Const Id |
EXD B_;g!". W Masma: 1 Masma: Mode: Souarce: 3
W[fsoee mi[Boorce v Wferroarey  W[iamax i]a
- ]fvéan =i[lian =V WfvdPoaey W[k 5
. | B Wl C) iV ilvsbeFoney Wllbire W] v
Test Definition editor i
~i.t Agilent Technologies

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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Modifying Application Test Definitions

To Modify Test Definition

Change display setup and define external variables

[@rmg Vi M) % |
| Al Help

| r.:snmwmmh :
e h O ® M O & A

BLOCK F LDOF FoR ASSN COMMBNT WD ERFDR

— External variables must
P setpeme [moer 4| be defined before making

¥ e "“”“"""’?‘“l” b ""':“"";'::J'MI | the matching table.
|2 5 : -

N Y R T |

External variable: Measurement data;
Tom =)

lgm

s W

| Pl )

| T

K1 o K3 oy £ K1

|
=)
= |

(- [0 cu

External variable

| i Test setup internal variable
A ; o = |

Test Definition editor

Agilent Technologies

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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Modifying Application Test Definitions

To Modify Test Definition

Define Test Output and Analysis Parameters

| @ g Vi - =1 |
e Fie Help
‘.gsw_m S |

pereye—— |
v — — —

Test Definition editor

Agilent Technologies

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)

H o wm n O ® M & A

BLOCK OO ERROR . FRMALLY F LOOF FoR ASSIGN  COMMENT  EMD ERROR

Add mumenc | add vector | add Sereg | add Medube
Variable Variable vanable | vanable

* Integration T

agTine="SHORT"

Variable Yes is used in
the message box.

ELSE IF IntegTime="L
IntegMode = “PLC™
AdcPacter = 16

D IF

jeesss IV Gweep =+

[ osnage

| o

Test Definition editor

Agilent Technologies

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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To Modify Test Definition

Define Message box

mn WBE This message box

Tos sactianan (Tom Gt asks you clicking the
E O @ =3 OK button to display
TRID W e o the gm curve.

This setup displays the message
“To display the gm curve, click OK.”
Teear vacianies setime o] ON the message box.

BLOCK

Integration T
gTine="SHORT"
Mode = "MANUA
AdcFactor = 0

Ir

This setup makes the OK button on
the message box.

Labl: Sebec bt

(03 = ~J«— The value of the local

T )t variable Yes is set to 1

’_E 4 from 0 by clicking the
OK button.

Agilent Technologies

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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To Modify Test Definition

Example: Displaying Message box

vih  [awny 2 .
Exercat -
g E -
) ia-ve
" T diaply W g curvn, clck O
S o
“th gmMe
1.66m
.
o7
o 3 Ly
sam voate 9 A0 mise 2 J
[T - - Trng id-vd
Index | _vgate | aoue | Vean Vnt Mo | all g
1 00 my o v ov 208 ETETr <
2 450 iy oV v oV 58 pa 4687 05w Tmg
€] » Cameles |25
Name | Date | Count_| Device 1D Remarks I
. Trng Vth 12/13/2006 6:50:07 PM 1
£ Zero-check 11/14/2006 3:38:45 PN 2
i Zero-check 11/14/2006 2:18:02 PM 1
Zero-check 11/13/2006 6:20:05 PM 1
Trmn Samnlinn 13011/ 411648 DN 1 i - - ]
= =

Agilent Technologies

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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Class Exercise

Modify test definition.
1. Open Id-Vd test definition.

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

Use the debug tools.

Perform the test.

o a &~ w

Export the new definition, and import it.

. Agilent Technologies

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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To Use Debug Tools
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"_:‘:i:‘:f' Agilent Technologies

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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To Use Debug Tools

M) %)

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

Mo Parameter Settings

{-:E:-f; Agilent Technologies

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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To Use Debug Tools
Debug: Inspect button

[@Tmgivaiove =)

Fle Help

(B & & A

_; L By Fe |

i L e = | @ Variabio napector . . =5 - |

X I_\::::““‘-\:mn ariale Vanable l
Break point @ - = :2' i = )
Paused point

-{-:f:{; Agilent Technologies

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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To Resave and Close Your Test Definition

Close the definition editor, and overwrite your test definition
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Test Definition editor

Agilent Technologies

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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To Export/Import Test Definition

Click Library>Export Test Definition or Import Test Definition
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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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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)

{-:E:-f; Agilent Technologies

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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User function setup example

To Use Built-in Functions

L
Tes: Soectieaon Test Contents | Tese outaut |
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oL
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Lecal Variables Defini =
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VG=getVectorData(Vg) o e

T/V Sweep
o a0 s s [T oo Towe s

Solup Nama: 122 -

Nama: Uit

Lo W]

=<

IR Ll

Hessage
ID=getVectorData(ld)

,__L?Pi..lm

GM=getVectorData(gm)

[t w5

st Ll
gm = diff(1d,Vg)
gmMax = max(gm)

VTH=getNumericData(Vth) e e

Dlaplay, VeR and
GM_MAX=getVectorData(gmMax) ggp 15 ¥ "
£ BLOCK

s fose| v o]

Ll

Agilent Technologies

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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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.

--}:E:{; Agilent Technologies

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
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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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To Add Data Display

Analysis: Display Data Setup

Measurement,
data display, and iy
data save | 3

Data display I {

Agilent Technologies

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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To Add Data Display

Additional data display example

'@ Display, Vth and Tangent Line - Agilent EasyEXPERT i
File Edit View Marker Cursor Line Window Help

Bl - DRHRES - P -EE

Setup Name:  [Display, Vth and Tangent Line

]

X-¥ Graph Plot | |Parameters. |
£E Agilent
0 MARKER( 1 ) i o any l—545.4 .
im im
Inte t 1 0
152450 . VTH  [207.854785478¢
Gradient:
5454000 u
D

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

Agilent Technologies

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
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Agilent Technologies

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

Prograrm Co i ous |

siic Test Mscalane

Data Store: OFF/ON

-{-:E:{; Agilent Technologies

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 Define Test Output

1. Define analysis parameters.

2. Set display parameters.
[@Tmatdatant ' BE> |
Hle Help
| Tz spechiannn | Tam comans | )
------ J— Opens Anglysis Parameter

Definitionjwindow
(see next page).

Agilent Technologies

The test output setup is optional. If you have the following requirements, define the analysis
parameters and set the display parameters.

-To send the test result data to the subsequent tests in an application test

-To make the program branching depends on the test result

-To make the calculation using the test data in the Test Contents

-To display/record the test result of this application test

At first, define the analysis parameters:
*Check the Define own Output Parameters box.

«Click the Define Analysis Parameters... button. The Analysis Parameter Definition window is
opened.

Declare the analysis parameters. See next slide.
*Click the Close button.
«Set the display parameters. See below.

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

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

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

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

The Parameters area selects the variables to be listed on the Parameters area of the Data Display
window. Up to 20 parameters can be set.
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To Define Test Output
Analysis Parameters

| Define Analysis Parameters...

| natysis Parameter Detinition

Vector Parameters
up
Mame: Unit:
e [ v e |
c o = =|jora -
o am B +|[Trnscondss -
& [om_max B =|[Mmemum Transcondurtance -
Scalar Parambers
Dtag| [oime] ZG5 | o
M Uit Description
& v v x|[Theashald Voiage =
ot

--}:::{; Agilent Technologies

Define the analysis parameters as shown below:

At the Vector Parameters area or the Scalar Parameters area:

Click the Add button.

Enter the Name, Unit, and Description of the parameter.

For the sweep output/measurement data, use the vector parameter.

For the spot output/measurement data, use the scalar parameter.

For the data given by the max( ) and min(') built-in function, use the vector parameter.

In this example, VG, ID, and GM are the vector parameter and VTH is the scalar parameter.
GM_MAX is the vector parameter because the max( ) built-in function is used to calculate this value.
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Display Parameters

To Define Test Output

(€ Trgidlant
| Ale Help
i Tast Spechicanon | Tast Contents Tt Outsut
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= %

Agilent Technologies

This example sets:

X-Y Graph: ID-VG plot for Y1-X graph and GM-VG plot for Y2-X graph

List Display: VG, ID, and GM
Parameters: GM_MAX and VTH

All parameters must be defined in the Analysis Parameter Definition window shown in the previous

slide.
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To Use Test Setup Internal Variables

IO =T
From Classic Test setup,
Display Setup screen

Internal variable

eLocal variable
*Device parameter
*Test parameter
eAnalysis parameter

Ciane

: e External Variable Setup
From Application Test setup

--}:E:{; Agilent Technologies

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

4

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 | | -

--}:E:{; Agilent Technologies

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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To Use Test Setup Internal Variables
Result example

@ Trng idvd 6ve? - Agilent Easy EXPERT BEX
File Edit View Marker Cursor Line Window Help

il S = — - o =
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5% Agilent
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tm . . el o

& 2

100y
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a 0
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i<l m | [l
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Index | v | ] G | [
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2 490 mv 2.5 0A 147.5 05

3 480 my 249pA  17.5p5 =

Agilent Technologies

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 Vih

|dVd«— Test setup must be the display
parameters of 1dVg.
END BLOCK

--}:E:{; Agilent Technologies

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.
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To Use Test Setup Internal Variables
Using built-in functions, setup example

@ Trg i lavey oe
Fle Help |

--}:;:{; Agilent Technologies

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.

9-35



Module 9

Modifying Application Test Definitions

To Use Test Setup Internal Variables
Using built-in functions, result example

PR
€ Trng idvd idvg3 - Agilent EasyEXPERT | L._jEE
File Edit View Marker Cursor Line Window Help

BEEEEbaald-BeEREeEm-B-5dls

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

(A) ) VTH 1.02693 V

im 1.5m
GM_MAX  |1.12600 mS
e 2
100u

Jdiv

0 ]

500 m V6 (V) 200 m/dv 2
3| I | (2
List Display Properties...
Index_| VG| | aM | ~
1 -500 mv 3007A -292.000000000... o
2 490 mv -2.53 pA -128.5 p5
3 480 mv 218 pA  -2.99999900090... vl
~+. Agilent Technologies

This is a result example of the test output setup shown in the previous pages.
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Class Exercise

Modify test definition using vector data.
1. Open the Cgg-Vg test definition.

2. Modify it for the multiple frequency test using a
vector data. See next several pages.

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.

-}:::-f; Agilent Technologies

9-37



Module 9
Modifying Application Test Definitions

To open test definition of Cgg-Vg Application
Test

File Dot Display _Help

i [Cotogory -] @) Cou-Va Setup Name: [(3719
ur |l ice Parameters
g s Polarity: fic: 0] P Wy [10.0um
[ Duces Temp: 50600 W
g Memary
3 MedSignal »
] - Cxtenaed
E .
=
n of Ths Tes...
3 TR Ye
ot Test Definition....
Expert Test Definition._. L]
FREG: [£.00 1H: W
Osclovel: [T & el -
Gate: |[TMULME) - ]
vgsStart: 200y B
VgsStop: [200V W
Vgsstep: [158 w0 W)
L
| Date | Count | Deviee 1D | Remarks [
2/21/2007 9:19:02 AM 1
2/21/2007 9:13:51 AM 2
2/21/2007 9:12:32 AM 1
2/21/2007 9:09:28 AM 2
2/21/2007 9:07:26 AM 1
Untitled 2/20/2007 6:33:46PM 1 -
eSS SRt e o =

Agilent Technologies

Select the Cgg-Vq Application Test in the CMOS Category.
Click the Library button > Open Definition of This Test....

9-38



Modifying Application Test Definitions

To set properties of vector data
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t Informatios
;l_mu: Dascriptian: | (6.7 Gah]
Calagory| i 3w Gae vokage Voatenal (LINEAR)
= 1 axis: Gate capaciange (paale! apaczance] Coval (LINEAR)
Test Name: [C00-70 = ¥3 ams- Conductanca Gual (LIIEAR)

Teon: [CPTogam Fid g B1S0 Ean EPRRTIG Browse..| Clear [t Dapr]

Hame: Default: Description] g A "“W

r [y =i W o wecrd ——— max: [l e
imnain: [1 [] N
r w100 m T | - 1]
v w100 um W][Game wa Dismzmin: || L]} -
r [Fem ==t d Temoewre]|  Dbmamac 1 il 1)
Parameters Definition Close I 1 . |

Rackground: [C:Pragrm FasApint 31500 [oan PRRTIG Brewse.. | Cear

Dewnn| Thar| [odew] w] Cowe|

st |$':“: 5}7::2:; ﬂ|?r‘:i::r: ﬂ|m:-.=-m 1ev nnev_‘“mu:&mls‘.yw‘:r]';ﬂ 1||:iu y!?:”ug Fn: Al

r [Fosas sllumec =207 W [BC bas war vokaae = )i w0 EE §r

~ [asster  mlltumec =]t v H][OC bies stom vokage w (e E7e & =r

r ot slltumee =00 WPT0e: mes vomge = F[w EpFw ®E 6

r [oeten mlnomes =0 “W][Faarramant sgnat wvs w Ffion Whs w0 W

w fiEq wema Jel®.  ][eeasoement frecuency = Flm w5 =E &
= S AR -
— - = i B B

' - Agilent Technologies

Select the Type of FREQ parameter to Vector.
Select the Unit of Properties to Hz.
Click the Dimension... button and set Dim1Max (3 for this example).
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To set vector data using Define vector data
window
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Click the Grid button to open the Define vector data window. Enter a vector data (1 MHz, 2 MHz,
3MHz) for this example.
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To read vector data using the at() function in
the classic test

Trng Cag-Ve
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- Agilent Technologies

Click the Test Contents tab.
Select the Cgg-Vg line.
Click the Measurement Setup tab and set the Frequency List using the at() functions.
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Module 10
Creating Your Test Definitions

In This Module

* What is Test Definition

* What is Test Contents

e To Open Test Definition Editor
» To Define Test Specification

» To Define Test Contents

» Available Elements

* Available Variables

"’i'-f- Agilent Technologies

This section explains how to create your test definition. You will perform the above tasks to create
the definition.
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Creating Your Test Definitions

What is Test Definition

Test Specification

*Test name *Variables
*Test description *Analysis parameters
*Variables *Test result display
*Device parameters X-Y g_raph
*Test parameters Data list
Entry fields *Parameter display

eLocal variables
Test execution flow
*Test setup
*Classic test
Test Contents eApplication test
*My Favorite setup

ot Agilent Technologies

Test definition consists of test specification, test contents, and test output setup. The test
specification contains test name, description, device parameters, and test parameters. The parameters
will be the variables used to pass the test conditions to the test execution flow or test setup defined in
the test contents. Especially for the test parameters, you can specify the position of entry field for
each parameter. You can see the entry fields when the main screen displays this application test
setup. The test contents are the core of the test definition. You will define the local variables, test
execution flow, and test setup. You can define the test setup by selecting application tests, classic
tests, or my favorite setup, and entering the test conditions.

The test output setup is optional. If you have the following requirements, declare the analysis
parameters and define the display parameters on the Test Output tab screen. See “To Define Test
Output” in Module 9.

-To send the test data to the subsequent tests

-To make the program branching depends on the test data

-To display/record the calculation result using the test data

-To display/record the test data of this application test

You can use the device parameters, test parameters, and analysis parameters in the test execution
flow (program flow) of the test contents without declaration of local variables.
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What is Test Contents
Test Specification
Variables

*Device parameters
*Test parameters

Local variables

Program Component

Test Output

Variables
*Analysis parameters

Application Test

ot Agilent Technologies

Miscellaneous

Test contents are the test execution flow (program flow), and is the core of the test definition. In the

test contents, the following elements can be defined.
eLocal variables

*Program components

*Application tests

+Classic tests

*My Favorite setup

*Analysis components

*Miscellaneous components

*Device parameters defined in the test specification
*Test parameters defined in the test specification
*Analysis parameters defined in the test output

The program is executed from top to bottom in the test execution program list.
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Fls  Data Display  Help

To Open Test Definition Editor

[ -
v MO5
Distrite

|Qudr|\=l|umtn||lwltmlml

MiedSignal
ManaTech
Ralabisy [

(RS  Concel

B
vy |
. Import Test Definition...

Bamony T choose test categories from the left acea.

Define New Test...
object from the left area. |

Fecall
HE

| Date [ Count_| Device 1D | Remarks ]

3302006 4:21:11PM 1
3/30/2006 12:54:50 PM 2

Fnisor [[intonior [Easmedion

Agilent Technologies

To start test definition, open the test definition editor.

Select the Application Test tab, click the Library button, and select the Define New Test... function.
The test definition editor will be opened. See next slide.
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To Define Test Specification

oe
m| Rescription: .’;-‘.‘.:";';‘.'."'.‘,‘:;" - = -_'
= Set test imformation
Spms.| e |

[reovre

add

Set properties
of parameter

To add a device parameter, press the [Add] buston i this area.

Define device parameters

E‘ME
Backgroussd: ) ) ad | | D |
Mame: Type: Daofault: Drescription: Aligne X L width:  £an

To add o tust parameter, peass the [Add] button in this sea.

':}!:!-:j Agilent Technologies

The test definition editor provides three tabs, Test Specification, Test Contents, and Test Output. At
first define the test specification. Click the Test Specification tab.

In the Test Information area:
«Click the right button in the Category field to specify the category the new test definition belongs.
Enter the Test Name.

«Select the Icon that will be displayed on the list area below the Library button of the main screen. It
is the image file used to select the test definition. See previous slide.

Enter the Description of the test.
In the Device Parameters Definition area:
«Click Add button to display the entry fields for the parameter.

Set the Name, Default value, and Description for the parameter. When you add a parameter, you
will see the entry fields at the Properties area. The area shows you the properties (minimum value,
maximum value, number of effective digits, resolution, and unit) for the device parameter or the test
parameter specified by the radio button put on the left of the parameter name.

For the Typical Values... button and the Symbols... button, see online help or User’s Guide.
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To Define Test Specification

e

aa_|
Hanme: Default: Drescrigthon:
Set properties
To add 3 device parameter, press the [Add] button in this area. Of pal"amete r
Tast Paramaters Detisdtian
nackgroun| .| x| w4 | | |
Mame: Type: Default: Description: g IM!:__.-Y.' o -“-Hm_l_xl:-

To add o tust parameter, peass the [Add] button in this sea.

Define test parameters

':}!:!-:j Agilent Technologies

In the Test Parameters Definition area:
«Select the Background that will be displayed on the application test setup area of the main screen.
Usually it is the image that shows the device connections.

Set the Name, data type, Default value, and Description for the parameter. When you add a
parameter, you will see the entry fields at the Properties area. The area shows you the properties
(minimum value, maximum value, number of effective digits, resolution, and unit) for the device
parameter or the test parameter specified by the radio button put on the left of the parameter name.

«Set the X, Y, and Width values to specify the position of entry field displayed on the application test
setup area.

*Check the Align box to set the X origin of entry field to the left edge of the entry field. Uncheck
this box to set it to the left edge of the parameter name placed left next to the entry field.

*Check the Ext box. The entry field will be put on the Extended Test Parameters dialog box that is
displayed by clicking the Extended Setup button on the application test setup area of the main screen.
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Setup example

Test Specification
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4.5 Agilent Technologies

This example sets:
Category: Exercise (This category may be created by the class exercise in Module 9)
Test Name: Trng idvd idvg
Icon: MOSFET.bmp
Device parameters:
Hold and Delay
Background: Vth_Const_1d.PNG
Test parameters:
Drain, Gate, Source, Subs, Idcomp, lgcomp
Idvd_V1start, Idvd_V1istep, IdvVd_V1stop, IdVd_V2start, IdVd_V2step, IdvVd_V2nop
Idvg_V1start, IdVg_V1stop, IdVg_V1istep, IdVg_Vdrain
Vsource, Vsubs
Entry field properties: 80 (width) x 30 (distance in vertical direction)
Press the Layout... button to open the Define Layout dialog box.
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To Define Layout of Test Parameter Entry
Fields

Define Layout
File Edit WView Align Distribute Centralize Tab Order

Idvd )

Idvd_V2nop:
- [omin: s -]
| g .

Idvg_Vistart |S00mv B Idvg_vdrain: [100 mv  &|

Idvg_Vistep: |10 mY B

Idvg Vistop: [2.000 v | ::: s e b e ¥ e Primary Entry Field

oK Cancel

ot Agilent Technologies

The Define Layout dialog box is used to define the layout of the test parameter entry fields displayed

on the application test setup screen.
The following methods are available for selecting the entry fields.

*Click on the entry field. Multiple entry fields can be selected by clicking on the entry field while
holding down the Ctrl key on the keyboard.

*Drag the mouse to draw a rectangle around multiple entry fields.
«Select Select All from the EDIT menu to select all entry fields.

The selected entry fields are outlined by the blue rectangles. The primary entry field, which is the
base for layout operations, is surrounded by a highlighted blue rectangle. Only one primary entry
field can be selected. To change the primary entry field, click on a selected entry field. The entry
field is always that was most recently clicked will be the primary entry field.

The following methods are available for releasing (unselecting) the selected entry fields.

«Click the selected entry field while holding down the Shift key on the keyboard.

*Click outside of the selected entry fields to release all selected entry fields.

The following methods are available for defining the layout of the selected entry fields.

*Drag & drop with the mouse to move the selected entry field(s).

*Change the X/Y values in the property window to move the selected entry field(s).

*Press the arrow keys on the keyboard to move the selected entry field(s).

*Use the functions in the Align menu to align the selected entry field(s) to the primary entry field.

*Use the functions in the Distribute menu to evenly distribute the selected entry fields horizontally or

vertically.

*Use the functions in the Centralize menu to move the horizontal or vertical center of all selected
entry fields to the horizontal or vertical center of the entry field area.

For more information, see online help or User’s Guide.
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Result example

Parameter entry fields

File  Data Display  Help
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Tmg Vth 12/13/2006 & 1
Zero-chedk 11f14/2006 3: 2
Zero-chedk 117142006 2:18:02 PM 1
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- TR

; Agilent Technologies
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To Define Test Contents
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"f‘ij Agilent Technologies

Define the test contents as shown below:
Click the Test Contents tab.

*Click the Local Variable Definition line to highlight the line. The right open space displays the
Local Variables Definition statement setup editor.

Define the local variables used in this test execution flow (program flow).
*Click the line that an element has to be inserted.

«Click an element of Program Component, Application Test, Analysis, Classic Test, or Miscellaneous
tab menu.

«Click the Insert button of the Edit tab menu. The element will be inserted between the highlighted
line and the next line.

*Repeat this to create the test execution flow.

10-11



Module 10
Creating Your Test Definitions

Available elements

FaEn OB MJIeA

aoasesN

4d @ 50 4% o
Fom S

Presat Group: . B

1

ot Agilent Technologies

Program Component

Application Test

Analysis

Classic Test

Miscellaneous

My Favorite

Available elements are shown above. The Program Component provides the typical program
statements such as IF, LOOP, FOR, and so on. They are used to control the test execution flow. The
Application Test, Classic Test, and My Favorite are used to define the test setup/test condition. The
Analysis provides the elements used to control auto analysis function and data display. And the
Miscellaneous provides other useful elements. For details of elements, see online help or user’s

guide.
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Avalilable variables

IAssign to external variables... l

Test Contents 1
eL_ocal variables —_—

Test Specification
*Device parameters
*Test parameters

Ooie

Test Output

. You can connect the
*Analysis parameters

variables in test setup with
L ocal variables

Do not set the same name *Device parameters
for variables and *Test parameters
parameters. The name *Analysis parameters

must be unique. _,
4% Agilent Technologies

In the test execution flow (program flow), you can use the following variables.
*Variables defined by the Local Variables Definition component

*Device parameters defined in the Test Specification

Test parameters defined in the Test Specification

*Analysis parameters defined in the Test Output

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 dialog box or built-in functions.
They can connect the test setup internal variables/parameters to the external variables listed above.
For the example variable connections, see “To Use Test Setup Internal Variables” in Module 9.

Note
Application test internal parameter/variable to be connected to an external variable must be the
analysis parameter in its test definition.
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Defining local variables

Local Variables Definition

N~ 5]
[Fle Help

Tast Soacheate

L=
BLOC

variabls

¢ Assign Uineas Values FROM [0 5 w | 5

Assign Linear Valves FROM | & sTER

Strinng Variable |

Mame: [T50 - Valoe: [ = Description: | -

Modue Variable |

Mame: 3500 ) Descrigtion: | -

ot Agilent Technologies

Add Numeric Variable button displays the Numeric Variable area that provides the following fields.

*Name: Numeric variable name

*Value: Initial value of the variable

Description: Additional information for the variable

Add Vector Variable button displays the Vector Variable area that provides the following fields.
*Name: Vector variable name. Two dimensional array.

*Count: Number of elements, or array size

*Description: Additional information for the variable

This area also provides the following radio button used to specify how to set the initial value of the
array data automatically.

* Assign Linear Values FROM [value of first element] TO [value of last element]

If Count>1, this sets first value + (N-1) x (last value-first value)/(Count-1) to the N-th element. If
Count=1, this sets first value(=last value) to the element.

* Assign Linear Values FROM [value of first element] STEP [step value]

This sets first value + (N-1) x step to the N-th element.

Add String Variable button displays the String Variable area that provides the following fields.
*Name: String variable name

*Value: Initial value of the variable

*Description: Additional information for the variable

Add Module Variable button displays the Module Variable area that provides the following fields.
*Name: Module variable name

«Description: Additional information for the variable
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Editing test contents

File Help

Tog: Contar
E:

Tast Soachearon e O

EEE D BN

(0] ERFOR

X,

*Block Selection
eInsert
*Delete
«Copy
Cut
*Paste

Mo Parameter Settings.

ot Agilent Technologies

The Edit tab provides the following buttons:

*Block Selection/Line Selection toggle button selects the edit target selection mode. In the line
selection mode, clicking line just selects the line. In the block selection mode, clicking line selects
the block the line belongs.

eInsert button inserts the specified element between the highlighted line and the next line.
Delete button deletes the highlighted line.

«Copy button copies the highlighted line to the clipboard.

Cut button moves the highlighted line to the clipboard.

ePaste button inserts the line in the clipboard between the highlighted line and the next line.
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Debug menu

[ @ raied ' e
Fle Help

Tt Spechic

*Run

*Abort _—
Stop
*Break
*Inspect

ot Agilent Technologies

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 broken. 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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Class Exercise

Create test definition and perform test.
1. Open test definition editor.

2. Define Test Specification (see previous page)
3. Define Test Contents shown below.

4,
5
6

Save the definition as Trng idvd idvg.

. Use debug tools to check the definition. SMU4

. Connect device, and perform test. SMOBT -
SMU1

SMU2

-'-‘::{- Agilent Technologies

Test Contents:

Local Variables Definition

BLOCK
IDVD

Message
IF Yes=0

END
END IF

GMMAX
END BLOCK
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Test Definition Example
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Agilent Technologies

Use IDVD and GMMAX in the Demo preset group (My Favorite Setup) for the test setup.

Use the variables defined in the Test Specification to set the Unit on the Channel Setup, the source
values on the Measurement Setup, the Min and Max values on the Display Setup, and so on.

For the example definition, open the Trng idvd idvg 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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Measurement Result Example

File Edit Wiew Mu‘lmr Cmso( Line 'Mndnw Help
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This is a test result example displayed on the Data Display window.
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Module 11
Advanced Definitions and Operations

In This Module

e To Control External GPIB Devices
e To Call Execution Files
e To Perform Repeat Measurements

* Prober Control Script

"’i'-f- Agilent Technologies
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To Control External GPIB Devices

Miscellaneous: GPIB 1/0

Write String  to send a string command to GPIB device
Write Value  to send a command to GPIB device
Read String  to read a string value from GPIB device
Read Value  to read a numeric value data from GPIB device
Read List to read a vector data from GPIB device
Read STB to read status byte of GPIB device
GP-1B Control Group Execution Trigger

Device Clear

Go To Local

Local LockOut

-f-:::-f; Agilent Technologies

You can control external GPIB devices from the EasyEXPERT by using the GPIB 1/O statement.

The GPIB 1/O statement provides the write/read functions shown above. Select a write function and
enter the necessary parameters to send a command to the GPIB device. Select a read function and
enter the necessary parameters to read response from the GPIB device. For details, see online help or
User’s Guide.

The followings are the GPIB Control functions.

*Group Execution Trigger: Sends a trigger to the specified GPIB device.
Device Clear: Sends a device clear to the specified GPIB device.

*Go To Local: Returns the specified GPIB device to the local state.
Local LockOut: Locks the specified GPIB device.

Note:
Before starting, enable System Controller. See Module 12. Also establish the GPIB connection with
the external GPIB devices.
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To Control External GPIB Devices

Agilent B2200 control example

To send command

Programming image:

*RST

:ROUT:FUNC ACON

(enters “SMUL1” to StringPort)
:ROUT:SYMB:PORT {0},"{1}"
:ROUT:SYMB:PORT? {0}
(reads string data)

*OPC?

(reads operation complete flag)
(enters “OUT1" to StringCh)
[:ROUT:SYMB:CHAN {0},{2},"{1}
:ROUT:SYMB:CHAN? {0},{2}
(reads string data)

*OPC?

(reads operation complete flag)

Fle

(@ Tmibiang

Help

e

Read List © Forad 5TH

GoToLecal Local LockDst

Value 1 — {0}
Value 2 — {1}
Value 3 — {2}
Value 4 — {3}

Terminator: [FE00 5]

Valuo 72 [T [l

valsn 4 | L

--}:E:{; Agilent Technologies

This slide shows an example setup of the GPIB 1/O statement. This is a component of the test
contents used to control the Agilent B2200 switching matrix.

This example uses the Write Value function to send the following command to the B2200.
:ROUT:SYMB:CHAN {0},{2},”{1}"
where, {0} is CardNo, {1} is StringCh, and {2} is ChanNo.

The followings are the reference of the setup editor.

*Address: GPIB address of the device
*Terminator: EOI, LF, CR/LF, LF+EOI, CR/LF+EOI, or NONE (no terminator)
eFormat: Command (header and parameters) sent to the device

*Value 1: Value for {0}
*Value 2: Value for {1}
*Value 3: Value for {2}
*Value 4: Value for {3}

{0}. {1}, {2}, and {3} are variable available in the Format field only.

Note:

Use double quotes to enter a string to a local variable by using the Assign statement.
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To Control External GPIB Devices

Agilent B2200 control example

To read data [z oow
Fle Hel 1
! r.:smr:-_m Test Contents | Tese Outse | |
Bl @ =
GFE 0| Messge m\n ngr::-go
o | o mmoamt ] Apmcscen Tee o] G Ve acemmacut
Programming image: |'s Function
 Write String  Write Value
*RST g —a |.-‘ Read Strng | ~ Read Value ~ Fead Lt ~ Read STR
:ROUT:FUNC ACON I u.mc:::""‘“‘" 1~ Device Ciear G TaLecal ™ Local LockDut
(enters “SMU1" to StringPort) e i Togi - =l
:ROUT:SYMB:PORT {0},"{1}" S
:ROUT:SYMB:PORT? {0} rneirat 1 e L
(reads string data) t i
*OPC? 5 Length To Read: [10 W Length Actually Read:  [bogt =]
(reads operation complete flag) man Termisator;  [FED 7] Termiaatod: £
(enters “OUT1" to StringCh)
:ROUT:SYMB:CHAN {0},{2},"{1}"
:ROUT:SYMB:CHAN? {0},{2}
((reads string data) ]
*OPC? /|
(reads operation complete flag) |« I P 6
“iif~ Agilent Technologies

This example uses the Read String function to read the response from the B2200. This example
reads the :ROUT:SYMB:CHAN? query command response. The result (ReturnCh value) must be

OUT1.
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To Call Execution Files

Miscellaneous: Command Execution

=e =)

*|

=1 Specifies vector variable or
string sent to the exe file. 2 )
i
= E=— N

Result: Al 5] Value:  [Fetiaie

Specifies variables used to receive execution
results or output data. This area is deleted
\by Read Type: None.

v

--}:E:{; Agilent Technologies

You can call the execution file (EXE file) from the EasyEXPERT. Use the Command Execution
statement and define the setup editor as shown in this example.

*Command Filename: Execution file name (command name)

*Argument: Command parameter or argument

*Write Type: String or List (vector data)

*Read Type: String, Value (numeric data), List (vector data), or None (no read data)
If you specify Write String, enter the string sent to the command.

If you specify Write List, enter the name of vector variable sent to the command, and specify the
format of data element sent to the command. See next slide.

In the Read String/Value/List area, specify the variables used to receive execution result and output
data. There is no entry field for Read Type: None.

*Result: Numeric variable name. Used to store the execution result.

*Value: Numeric variable name for Read Value, or vector variable name for Read List. Used to
store the returned data.

«String: String variable name. Used to store the returned data.
sLength Actually Read: Numeric variable name. Used to store the byte length of the returned data.

The above example calls the sleep.exe file used to insert the wait time for program execution. The
WAIT value must be defined in msec. After the normal command execution, the sleep.exe returns 1
for Value and 0 for Result. The sleep.exe file is stored in the following folder.

C:¥Program Files¥Agilent¥B1500A¥EasyEXPERT¥Utilities
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To set Format field

ULAIL-F1}

o List data index. Or index of element. Integer.

* [LA] Character length of the specified data element.
Positive integer for right-aligned, or negative
integer for left-aligned. Optional.

e [:F] Format identifier. C,D,E, F, G, N, P, R, or X.
Lower case is available. Optional.

Example:

{0,5:E} First element, 5 characters, exponential notation.
{1:G} Second element, general.

{2,10} Third element, 10 characters, general.

. Agilent Technologies

The Format field is used to specify the data format of List (vector variable). The strings shown in the
above example can be defined in the Format field.

In the strings, the list data index is mandatory. The character length and format identifier are
omissible. Then the length is not limited, and the format G is set.

C or c: Circulation

D or d: Decimal numeral

E or e: Exponential notation

F or f: Fixed point

G or g: General

N or n: Numeric

P or p: Percent

R or r: Round trip

X or x: Hexadecimal numeral

For the format, see online help or manual of the Agilent T&M Programmers ToolKkit.
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Exercise 12
Try to improve your test definition as you want.

» To Use Built-in Functions
» To Use Read Out Functions
» To Control External GPIB Devices

» To Call Execution Files

{-:::-f; Agilent Technologies
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To Perform Repeat Measurements

- . Start (Run)
Repeat Measurement Setup Count=0

Repeat Procedures
B | | Start Procedure | |
—Start Procedure:

|C:¥Program Files¥Agilent¥B1500¥EasyEXPERT & | Browse...
Arguments: =

Iteration Procedure:

|C:¥Program Files¥Agilent¥B1500¥EasyEXPERT &  Browse...
Arguments: _-;J

Final Procedure:
[c:¥Program Files¥Agilent¥B1500¥EasyEXPERT B  Browse...
Arguments: | =

¥ Automatically fill in Device ID
Repeat Stop Condition |
Run

Stop repeating by: Yes
[17 Counter reaching to: 5 B ] | Abort I |

[17 Procedure return condition ] ] No Te—m—ov-

| | Final Procedure | |
T

If Abort is clicked |

status limit End

{-:::-f; Agilent Technologies

Repeat measurement is performed as shown in this flowchart. The status is a response returned by
the start/iteration procedure. The Count is the accumulated number of test executions. They are the
stop condition of the repeat measurement.

The repeat measurement stop function is enabled by the following check boxes.
*Counter reaching to
*Procedure return condition

If the first box is checked and the limit value is specified, the repeat measurement will be stopped if
Count >= limit. To perform the repeat measurement, set the limit value more than the number of
devices under test or remove check from this box.

If the second box is checked, the repeat measurement will be stopped if status is not 0.

When the second box is checked, the device 1D automatic setup function is available and is
enabled/disabled by using the following check box. The function enters the device_id value to the
Device ID of the test result record. The device_id is a response returned by the start/iteration/subsite
procedure.

«Automatically fill in Device ID

The Repeat Measurement Setup dialog box provides the following action buttons.
*Run: Starts repeat measurement.

*Abort: Stops repeat measurement immediately.

*Cancel: Closes the Repeat Measurement Setup dialog box.

Start/Iteration/Final Procedure:
Enter the full path name of the procedure. For example, enter as follows.
C:¥Program Files¥Agilent¥B1500¥EasyEXPERT¥UTtilities¥ProberControl¥suss¥Start_suss.exe

Arguments:
Enter the options of the procedure. See the following pages describing about procedures. For
example, enter —a GPIBO::5::INSTR —I C:¥temp¥prb.log.

If you use the sub die move operation (subsite procedure), the flowchart must be changed. See page
11-18.
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Subsite move Test Setup

File  Data Display  Help

| quicke Test: | sz Test | Appiaton Test

mgm - Specify ProberType. = B i
Or specify driver for your prober in d "
E CustomProber. 2
Treg gm St
= g SM-open
g Il
Subsite -
mine w ] HOUT-1-7
| | Flag | Setup Name | Date | Count | Device 1D | Remarks
0 IN-OUT-1-7 3/7/2006 6:43:40 PM 1
Tdvgvd 3712006 4:49:37 PM 2
— SWM-open 3/7/2006 4:45:40 PM 1
! 1d-vd 72006 4:45:45 PM 1
idvgvd 37/2006 4:45:33PM 1
(18] SWM-1tod 712006 4:45:26 PM 1 -

MU Zem 0FF [T e B 0N | Pute Racend O

--}:::{; Agilent Technologies

If you do not use the sub die (subsite) move operation, skip this page.

Click Application Test tab and open the Subsite move test setup in the Utility category. On the
Subsite move setup screen, specify ProberType (Cascade, Suss, or Vector) or driver for your prober
in CustomerProber, and save it as a setup in your preset group (My Favorite Setup). Then you can
use the setup for your quick test. See next page.

The Subsite move setup moves wafer chuck to the next subsite, reads device ID from the prober, and
sets it to the Device ID of the test result record.

For more details of the test setup, open the Test Definition window.

In the Subsite move test definition, an execution file callProbeDvr.exe is used. This file is used to
send Subsite_xxxx.exe to the prober specified by the prober_info.ini file and receive the response;
status and device_id. The callProberDvr.exe has the following input/output parameters.

Input: Full path of Subsite_xxxx.exe
Output: status; 0 (no error) or 1 (error)
Output: device_id

Note:

The callProberDvr.exe refers to the prober_info.ini file for the GPIB address and log file name. Do
not set the Arguments of Subsite_xxxx.exe.
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File  Data Display  Help
[y Favorite - |
g Preset Groups |17 =] I‘—
§ [ 1oelup Nome {281
= T SWM-1ta7 o Guick Task Lisk
E (4l idvg - st Lin
% |@ [Subsite move |
§ (8 tfem -
P SWM-open ;
"_5 1 IN-OUT-1-7 Repeat Measurement Setup
g Repeat Procedures
= ~Start Procedure: —
[C:¥Program Files¥Agilent¥B1500¥EasyEXP e [ Browse... |
Arguments: | = L
—Iteration Pr
Subsie
[C:¥Program Files¥Agilent¥B1500¥EasyEXP &  Browse... move
Argumentr.:i ﬁ
~Final Procedure: 1
[C:¥Program Files¥Agilent¥B1500¥EasyEXP e  Browse...
Arguments:l 5 I:nll::u
VA ically fill in Device ID
| Flag | Setup Mame o = ‘ = o,
IN-GUT-17 Epcat Sty o | i
SWM-open Stop rep g by:
ld-vd ¥ Counter reaching to: 5 B AUOTL
e i
SWM-1to? ¥ Procedure return condition I |
ancel =T
4.5 Agilent Technologies

If you do not use the sub die (subsite) move operation, skip this page.

To perform the test with the sub die move operation, do as follows.

Add the Subsite move test setup to your preset group (My Favorite setup).
Set your preset group and test setups in the Quick Test tab screen.

Open the Repeat Measurement Setup dialog box.

Specify the procedures and the repeat measurement condition.

Start repeat measurement.

A A

The Subsite move setup must be entered after measurements for a sub die.
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Prober Control Script
* Prober information file  Use prober control script in EasyEXPERT
prober_info.ini  Repeat Measurement Setup window

Start Procedure
Start_xxxx.exe

Iteration Procedure
Iterator_xxxx.exe

Final Procedure
Final_xxxx.exe

Subsite Procedure

Subsite_xxxx.exe

XXXX: ® cascade

® SUSS

* vector "
4.2~ Agilent Technologies

Prober control script is sample program used for semi-automatic prober control. The Agilent
EasyEXPERT can call the script by using the Repeat Measurement Setup window.

See page 11-9 to call the script and perform repeat measurement.
See page 11-14 for the prober information file.

See page 11-13 for the start procedure.

See page 11-15 for the iteration procedure.

See page 11-16 for the final procedure.

See page 11-17 for the subsite procedure.

To use the prober control script, specify the start/iteration/final procedure in the Repeat Measurement
Setup dialog box (see page 11-9). And use the Subsite move test setup in your quick test to control
sub die move. The Subsite move setup uses the subsite procedure for moving wafer chuck to the
next subsite. See page 11-10 and 11-11.
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Start_xxxx.exe
» Arguments: -a GPIB_address

-1 log_file_name | Displays Device ID Entry dialog box |
. - I
Example- | Updates prober_info.ini file |
—-a GPIBO0::5::INSTR - C:¥temp¥prb.|og| |

I
* Response: XML format data

Displays Start Conﬁrmation dialog box

[ Moves to the first position |

<Response>
<Break>status</Break>
<Target>device_id</Target>

</Response> Gets X-Y coordinate

status: 0 (noerror)or 1 . Drober errors Yes
device _id: prefix:coordinate
Example: | Chuclk up
<Response> | Returns response |
<Break>0</Break>
<Target>wafla:3 1</Target>
</Response>

. Agilent Technologies

To specify the start procedure in the Repeat Measurement Setup dialog box, enter the full path name
of Start_xxxx.exe into the Start Procedure field.

After the repeat measurement is started, this procedure displays the Device ID Entry dialog box and
waits for your input. On the dialog box, enter a string used for the prefix of device_id. After that,
you will see the Start Confirmation dialog box that is used to confirm your wafer setup status. Load
wafer and perform wafer alignment, then click OK on the dialog box. The procedure moves wafer
chuck to the first probing position, checks the prober status, gets the X-Y coordinate of the probing
position, and sets the wafer chuck to the UP position. At last, the procedure returns the response.

The status is 0 or 1. It is used for the EasyEXPERT repeat measurement stop function. When the
Procedure return condition box is checked in the Repeat Measurement Setup dialog box, the repeat
measurement will be stopped if status is not 0.

The device_id is a string for the Device ID of the test result record. When the Automatically fill in
Device ID box is checked in the Repeat Measurement Setup dialog box, the device_id will be entered
to the Device ID of the test result record.

If you use the subsite procedure, the flowchart must be changed. See page 11-18.

Note:
To ignore the Arguments, set the GPIB address and log file name in the prober_info.ini.
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Prober_info.ini

[Prober]
Address=GPIB::5:INSTR —— GPIB address of prober
LogMode=True

LogName=C:¥temp¥prb.logl — Full path name of log file

[Target]
UselD=True » device_id = prefix:coordinate
Subsitelnfo=False |

WaferInfo=False <Response> 1
ID ‘ <Break>0</Break>

i <Target/Target>

</Response>

ou enter in the Device ID Entry dialog box.
ID is automatically recorded in the prober_info.ini file.
The Device ID Entry dialog box is opened by Start_xxxx.exe.

-}:;:-f; Agilent Technologies

The prober information file is necessary to execute the prober control script. Before starting tests,
open this file, edit it as you want, and overwrite it. The name must be prober_info.ini.

The prober_info.ini file stores the information shown below.
*Address: GPIB address of prober

eLogMode: Log file creation mode; True or False

eLogName: Log file name (full path)

*UselD: Device ID creation mode; True or False

Subsitelnfo: Set always False. This is just a place holder.
*WaferInfo: Set always False. This is just a place holder.

*ID: Ignore this variable. This is just a pass parameter.

If the procedures specify the —a option, the Address value is not used.
If the procedures specify the —I option, the LogName value is not used.
To create a log file, set LogMode=True.

To use the prefix:coordinate format for the device_id value, set UselD=True. If UselD=False, the
device_id value will be coordinate, not prefix:coordinate. The prefix will be the value entered in the
Device ID Entry dialog box that is opened by Start_xxxx.exe. This function is available when the
Automatically fill in Device ID check box is checked.
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Iterator xxxx.exe
- -Start
e Arguments: -a GPIB_address _

T Chuck d
-l log_file_name | dck comm |

—a GPIB0::5::INSTR I C:¥temp¥prb.log
No

* Response: XML format data [ Moves to the next position |

<Response> Prober error?
<Break>status</Break>
<Target>device_id</Target>

Gets X-Y coordinate

Example:

</Response> .
status: 0 (no error) or 1 © Prober errors Yes
device _id: prefix:coordinate
| Chuck up

Example: |
<Response> | Returns response |

<Break>0</Break>

<Target>wafla:4 1</Target>|
</Response>

. Agilent Technologies

To specify the iteration procedure in the Repeat Measurement Setup dialog box, enter the full path
name of Iterator_xxxx.exe into the Iteration Procedure field.

The procedure is called after the measurement is completed for a die. This procedure sets wafer
chuck to the DOWN position, moves it to the next probing position, checks the prober status, gets the

X-Y coordinate of the probing position, and sets the wafer chuck to the UP position. At last, the
procedure returns the response.

The status is 0 or 1. It is used for the EasyEXPERT repeat measurement stop function. When the
Procedure return condition box is checked in the Repeat Measurement Setup dialog box, the repeat
measurement will be stopped if status is not 0.

The device_id is a string for the Device ID of the test result record. When the Automatically fill in
Device ID box is checked in the Repeat Measurement Setup dialog box, the device_id will be entered
to the Device ID of the test result record.

If you use the subsite procedure, the flowchart must be changed. See page 11-18.
Note:
To ignore the Arguments, set the GPIB address and log file name in the prober_info.ini.
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Final _xxxx.exe
e Arguments: -a GPIB_address

-1 log_file_name
Example:
—a GPIBO0::5::INSTR - C:¥temp¥prb.log
L4 Response none rRepeat Measurement Setup

Repeat Procedures
Start Procedure:

JC:¥Program FiIes¥AgiIenl¥BlSOO¥EasyEXPE Browse...
Argument-;:] ﬂ
( Start )
Tteration Procedure:

|C:¥Program FiIes¥AgiIem¥BlSOO¥EasyEXPEJ Browse...

| Chuck down | i =
Final Procedure:
\C:¥Program FiIes¥AgiIenl¥BlSOO¥EasyEXP;n_nj Browse...
Arguments:‘ Ej
End

¥ Automatically fill in Device ID

Repeat Stop Condition |
Stop repeating by: L‘
Sto p Cond iti on ¥ Counter reaching to: IS—E

¥ Procedure return condition
Cancel
N

{-:::-f; Agilent Technologies

To specify the final procedure on the Repeat Measurement Setup dialog box, enter the full path name
of Final_xxxx.exe into the Final Procedure field.

The procedure is called after one of the stop condition is detected. This procedure sets wafer chuck
to the DOWN position.

Note:
To ignore the Arguments, set the GPIB address and log file name in the prober_info.ini.

11-16



Module 11
Advanced Definitions and Operations

Subsite_xxxx.exe
— —-St t
e Arguments: -a GPIB_address -

- log_file_name | Chuck down |

Example:
—a GPIBO0::5::INSTR —I C:¥temp¥prb.log

No
* Response: XML format data [Moves to the next subsit |

<Response> — - Yes
<Break>status</Break> rober error:

<Target>device_id</Target> No_
</Response> | Gets X-Y coordinate |
status: 0 (noerror)or 1l
device _id: prefix:coordinate
Example: | Chu?k - |

|

<Response> | Returns response |

<Break>0</Break>

<Target>wafla:3 1</Target> End
</Response>

. Agilent Technologies

To realize sub die move operation, you need to define Subsite_xxxx.exe in your test definition and
create your application test setup. However, you do not need to take care of this procedure by using
the Subsite move test setup included in the application library. The Subsite move setup moves wafer
chuck to the next subsite, reads device ID from the prober, and sets it to the Device ID of the test
result record.

Open the Subsite move test setup and save it as a setup in your preset group (My Favorite Setup).
Then you can use the setup for your quick test.

Note:

To use the Subsite move setup, set the GPIB address and log file name in the prober_info.ini. And
ignore the Arguments for Subsite_xxxx.exe.

Note:

If you use a Suss prober, the number of Subsite move setups used in your quick test (die test) is
important. It must be N-1; N is the number of subsites defined in the prober.

The status is 0 or 1. It is used for the EasyEXPERT repeat measurement stop function. When the
Procedure return condition box is checked in the Repeat Measurement Setup dialog box, the repeat
measurement will be stopped if status is not 0.

The device_id is a string for the Device ID of the test result record.
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To Change Execution Flow

[ TestExecution |

| |Subsite Plrocedure| |

]
[ [Move to the 1% subsite |
[

{-:::-f; Agilent Technologies

If you use the subsite procedure, change the flowchart as follows.
On the page 11-9, replace the box A with the block A shown above.
On the page 11-13 and 11-15, insert the box B shown above to the position B of the flowchart.
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Miscellaneous Operations

In This Module

* Function Status Indicators

e Automatic Data Export and Data Record
» Data Record ON/OFF

» Calibration

» Configuration

* XSLT Filters

e To Enable System Controller

» To Start Desktop EasyEXPERT

» To Use 415x Setup File Converter

ik Agilent Technologies

This module describes the above topics. You will understand what is the status indicator, what is the
automatic data export function and the automatic data record function, what is the Data Record
ON/OFF, how to perform selftest and calibration, how to perform SMU zero offset cancel, and so on.
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Function Status Indicators

A

] Count | Device ID ] Remarks i
4PM 7 :
57 AM
PM
PM
AM
AM 1

[ |th] standby oFF ][g_n__ SMU Zero OFF ";_, Auto Export OFF ][“;_: Auto Record ON ]

l Automatic data record ON m OFF

|l Auto Record OFF

Automatic data export OFF = ON

5! Ao Expor
|5 Auto Export o

SMU zero offset cancel OFF = ON

[P0} SMU Zero ON

Standby function OFF = ON

] Standby ON

IDVD-Pulse

N o= MW

(8]

ot Agilent Technologies

Status indicators let you know the status OFF or ON of the following functions. The indicators are
placed at the bottom of the main screen.

Standby function OFF/ON: Shows the status of the Standby function OFF or ON.

SMU Zero OFF/ON: Shows the status of the SMU zero offset cancel function OFF or ON.
Auto EXPORT OFF/ON: Shows the status of the automatic data export function OFF or ON.
Auto Record ON/OFF: Shows the status of the automatic data record ON or OFF.

The functions can be set to ON or OFF as shown in the following pages.

For the Standby function, see Module 7.
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Automatic Data Export and Data Record

File Data Display Help

TET

5 {Car - i
2 | omos | Tost Results Data Auto Export
B |- ot const ~
2 1 owcrte T Choose test categories from the left area. 2 §nable autamatic daka expert o the specified sturage dsvice
3 | Exercise
'% Memory Deststion for Export
il Maxedsignil e Foldar Path :
%&T_" [epecuments and SeriE1500uan My O ] Bpese... |
3 L =1 . Fils Nama
B T Choose an application test object from the left wea. = Dafault Pormat  Cxsitoat Korat
r 0., ‘Setup barme' ['Davce I07123) : §_12_2006 &_24_08 PH]
£
Ting idvd File Type
b F Tast Rusult | EasyEXPERT format )
bl
Cancel I~ Compressed Test Apsult | EasyEXPERT format )
Select All L=
Unsalect All ™ XML Spread Sheet
Display Data T Using X5LT
Recall AML Siyle Sheet Fie Path
Filter . | =
MIEspOiDatall|  lmport... Extunsion of Dutges Fike ¢ B
Edit *|  Export As Test Result...
Propertiss... agcr: iu EE::aul-.-:ucd Test Result... TCount oodl Daa Storage
el AR port As CSV... e e "
ble data the |
;:E ::‘\"j :' Export As XML Spread Sheet.., “ ; e S
T""El Ideg  Export Using X5LT... ?q 1
Tmg I6Vd'  Folder Export... |3 o cancel
Trng Vith - ) | Erw]
Zero-check(| Auto Export Setting ... | -
Zenor] (5l ameBoornF [ Aum e

Sl Auto Export o1 [ Auto Record oFF
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The automatic data export function and the automatic data record function can be enabled or disabled

by using the Test Results Data Auto Export dialog box. This dialog box is displayed by selecting the
Results > Transport Data > Auto Export Setting... menu.

The automatic data export function is used to export the test result data to the storage device you
specify. You can specify the destination (storage device), exported file name, and file type. To set

the automatic data export function to ON, check the Enable automatic data export to the specified
storage device check box.

The automatic data record function is used to save the test result data to the internal HDD

automatically. This function can be disabled (set to OFF) if the automatic data export function is
enabled (set to ON). To set the automatic data record function to OFF, uncheck the Enable automatic
data record to the internal storage device check box.

For more information, see online help or User’s Guide.
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Data Record ON/OFF

| € v - Agilent EasyEXPERT
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Data Record ON/OFF toggle button changes the status of the automatic data record function and the
automatic data export function. It will also display the present data record status (Data Record ON or

Data Record OFF).

The Data Record ON is the default measurement mode of the B1500A.

If the status is changed to Data Record OFF, both automatic data record function and automatic data
export function are set to OFF. If a measurement is performed in this state, a button will appear to the
right side of this toggle button. Clicking the button will save the last measurement data as a test result
record. Data Record OFF is high speed measurement mode without automatic data record and

automatic data export and is useful for probe contact check, defect analysis, and so on.

If the status is changed to Data Record ON, both automatic data record function and automatic data
export function are returned to their previous state which is the state before the data record status was

changed from Data Record ON to Data Record OFF.
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Calibration

SMU Calibration

Calibration
SMU Calibration ]smu Zero Cancel | CMU Calibration |

SMU Calibration

U]

| Name | Full Raﬂgei Status ] Notes ]
GNDU+ADC e PASS
SMU1:HP ---- PASS Unselect All
SMU2:HR i PASS
SMU3:HR ---- PASS
SMU4:HR e PASS Start Calibration
SMU5:HR - PASS

I™ Full Range
Calibration

I Enable Auto Calibration

Close

ot Agilent Technologies

The Calibration window is opened by clicking the Calibration button. The SMU calibration screen of
this window is used to perform the calibration of SMUs. The list area of this screen lists Name, Full
Range, and Status.

Name: Name of module. To select, check the left check box.

Full Range: For the high resolution SMU (HRSMU) connected to the atto sense/switch unit (ASU).
Full range calibration on or off.

Status: Calibration status. Pass or fail.
Notes: Error information when calibration failed.

To perform the self-calibration, specify the modules, open the measurement terminals of the
corresponding modules, and click the Start Calibration button.

Full Range Calibration:
For the HRSMU connected to the ASU. Enables or disables the full range calibration. If this box has
been unchecked, the B1500 does not use the 1 pA range.

Enable Auto Calibration:

Enables or disables the auto-calibration capability. If this box has been checked (function ON), and
the B1500 automatically starts calibration for all modules every 30 minutes if the output switches of
all modules are off for 30 minutes.

NOTE:

To perform calibration correctly, open the measurement terminals. If auto-calibration is enabled, do
not forget to open the measurement terminals or disconnect the device under test from the terminals
after measurement.
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SMU Zero Cancel MO0 Calibration
. 5

Calibration

S Galtration | SMU Zero Cancel | i catbration |

SMU Zero Cancel

Name | Full Range | 1nA 100pA | 10pA | 1pA
O SMUL:HP

O SMU2:HR

O SMU3:HR

O SMU4:HR

1| | (@ smus:nr (a1fa  359fA 1628fA |

I~ Full Range Integration Time:

select Al Unselect All 2

Measure... ‘
3 Close

'

|P0] SMU Zero ON

ot Agilent Technologies

The SMU Zero Cancel screen is used to perform the SMU zero offset current measurement and set
the SMU zero offset cancel function.

This function subtracts the offset current from the current measurement raw data, and returns the
result as the measurement data. This function is used to compensate the error factor (offset current)
caused by the measurement path such as the measurement cables, manipulators, or probe card.

To enable this function, perform the following procedure.
1.Check the left box of the Name column to specify the module to enable this function.

2.Click the Measure... button to perform the zero offset current measurement and wait until the
measurement is completed. The measurement data will be displayed in the appropriate cell.

3.Click the Close button to enable the zero offset cancel function.
To disable the function, uncheck the left box of the Name column, and click the Close button.

Note:

The offset cancel is not available for measurement over 100 nA range. For 10 nA range
measurement, the offset cancel is performed by using the 1 nA range offset value. For measurement
by a range less than 10 nA, the offset value measured by each range is used.

For more information, see online help or User’s Guide.
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CMU Calibration Calibration
e |0y

¥ Phase Compensation Measure n A

¥ Open Correction Measure.

I Shart Correc i Measure...

vvvvv d Options for CMU Calibration

[Frequency | [Reference standard value |

& Use factory specified frequencies (Default) Open Reference
 Specify list of calibration frequencies Model: | Co-G =d
1MHz T ol Capaci i Ll
Conductance: [0 5 0]
Short Reference
Model: | Ls-Rs. -
0H []
 specify frequencies by range Resistance: [0 ohm []
start: | 8] stop:| ]| Load Reference
steps: | | scale: | = Model: [ LsRs -
0H []
[integration Time | : Foom  H
‘ © Auto Mode @ PLC Mode Factor: [16 O

13 Cancel

Agilent Technologies

The CMU Calibration screen is used to perform the measurement data correction of the multi
frequency capacitance measurement unit (MFCMU). For the easy way, perform the phase
compensation and the open correction at least. The check boxes left of the Open/Short/Load
Correction and the Phase Compensation are effective after the corresponding measurement is
performed.

Measure...: Opens a dialog box used to perform correction/compensation data measurement. To
perform the measurement, follow the dialog box.

Advanced Options...: Opens the “Advanced Options for CMU Calibration” dialog box used to set
the frequencies for the correction data measurement and the reference values of the working
standard. See the next page.

To perform the open correction and the phase compensation, open the measurement terminals.
To perform the short correction, connect the measurement terminals together.

To perform the load correction, connect your load standard between the high terminal and the low
terminal.

NOTE:

For a more accurate measurement, perform Open/Short/Load correction at the measurement
frequency before starting the capacitance measurement.

If the measurement frequency is not included in the list of default frequencies below, click the
Advanced Options... button and set the measurement frequency on the Frequency area of the
Advanced Options for CMU Calibration window.

Default frequencies:

1k, 2k,5k, 10Kk, 20 k, 50 k, 100 k, 200 k, 500 k, 1 M, 1.2 M, 1.5M,2 M, 25 M, 2.7 M, 3 M, 3.2
M,35M,3.7M,4M,42M,45M, 5 MHz
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Advanced Options for CMU Calibration

Advanced Options for CMU Calibration

Frequency ‘ |Reference Standard Value |
# Use factory specified frequencies (Default) Open Reference
¢ Specify list of calibration frequencies Model: | Co-G hd
1 MHz I—AIH Capacitance: |0 F =]
Conductance: |0 5 B
Short Reference
[ete f t Model: | Ls-Rs A
Inductance: [0 H B
" Specify frequencies by range Resistance: |0 ohm B
P I EJ Sl | E] Load Reference
Steps: ] EJ Scale; | J Model: | L5-Rs =
Inductance: |0 H Z]

|]ntegration Time

Resistance: |50 ohm B

‘ " Auto Mode  * PLC Mode Factor: |16 )

oK | Cancel |

ot Agilent Technologies

This dialog box is opened by clicking the Advanced Options... button, and is used to set the
information required to measure the open/short/load correction data and the phase compensation
data. This dialog box provides the following action button.

OK: Applies the setup changes and closes this dialog box.

Cancel: Cancel the setup changes and closes this dialog box.

Frequency: You can select the measurement frequency setup mode from the following modes.
Measurement frequency setup modes:

Default (Use factory specified frequencies): Usually, select this mode. 23 points are automatically
set. Theyare 1k, 2k, 5k, 10k, 20k, 50k, 100 k, 200k, 500k, 1 M, 1.2 M, 1.5M,2 M, 25 M, 2.7
M,3M,3.2M,35M,3.7M,4M,4.2M,4.5M, and 5 MHz.

Specifies by list: Select this mode when you want to set the frequencies independently. The
frequency must be 1 kHz to 5 MHz. The number of frequencies must be 1 to 101. Click Add to open
a dialog box, and enter the value. For the unnecessary value, highlight the value and click Delete.

Specifies by range: Select this mode when you want to set the frequencies sequentially and
automatically. Specify the start frequency, the stop frequency, the number of steps, and the scale
LINEAR/LOG. The start frequency must be less than the Stop value and at least 1 kHz. The stop
frequency must be more than the Start value and no more than 5 MHz. The number of steps must be
2 to 1001.

NOTE:

If the device measurement frequency is not equal to the correction data measurement frequency,
calculation will be performed automatically to get the correction data for the device measurement
frequency, and the calculated correction data will be used for the data correction of the measurement
data.

12-9



Module 12
Miscellaneous Operations

Advanced Options for CMU Calibration

Advanced Options for CMU Calibration

Frequency

‘ |I§eference Standard Value

# Use factory specified frequencies (Default)

Open Reference

¢ Specify list of calibration frequencies Model: | (-G ¥
1 MHz j_——E.! Capacitance: ;I]F—E]
Conductance: ;US—‘E]
Short Reference
Model: | Ls-Rs -
Inductance: m
" Specify frequencies by range Resistance: [0 ohm B
Sl ’ Ej Shoge i E] Load Reference
Steps: | B| scale: | =l Model: | Ls-Rs -
Inductance: iﬁ—ﬁ——;ﬁ]
|1nIEgrah'on T ‘ Resistance: m
|t* AutoMode & PLC Mode Factor: ml

oK I Cancel ‘

':}!:!-:j Agilent Technologies

Integration Time area defines the integration time used for measuring phase compensation data or
open/short/load correction data. The number of averaging samples (Mode=AUTO) or the averaging

time (Mode=PLC) is set.

Mode: A/D converter operation mode, AUTO or PLC.
Factor: Factor for the initial value. For details, see online help or user’s guide.
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Advanced Options for CMU Calibration

Advanced Options for CMU Calibration

Frequency

Reference Standard Value

# Use factory specified frequencies (Default)

¢ Specify list of calibration frequencies

1 MHz j—EJ

" Specify frequencies by range

Start: ’ Ej Stop: i i E]
Steps: ] ;ij Scale; i ;]
|]nIEgrah'on Time

Factor: 116 izl

‘ " Auto Mode  * PLC Mode

Open Reference

Model: | C0-G -
Capacitance: ;UF—E
Conductance: ;US—‘E]
Short Reference
Model: | Ls-Rs =
Inductance: *IJ H B

Resistance: iU ohm B

Load Reference

Model: | Ls-Rs -
Inductance: ]D H B

Resistance: ]SU ohm B

oK I Cancel ‘

':}!:!-:j Agilent Technologies

Reference Standard Values area provides the following entry fields used to set the reference values
of the open/short/load standard. If you use the standard, enter the reference values to the entry fields.

OPEN Reference: Capacitance and Conductance. If you do not use the reference, enter 0 in the both

fields.

SHORT Reference: Inductance and Resistance. If you do not use the reference, enter 0 in the both

fields.

LOAD Reference: Inductance and Resistance

12-11



Module 12

Miscellaneous Operations

Main Frame Configuration

Configuration

Main meel Modu\es] Switching Matrix | Event Log

‘Sysham Information |
Model Identification: [B15004 Line Frequency: |30Hz ']
EasyEXPERT Rev.: |A.02.00.2006.0411 Firmware Rev.: |£.02.00.2006.0412

Main Frame Diagnosis |

| Item Status
Trigger I/O
Digital 1/O
Touch Panel Switch Unselect Al
LCD =

High Voltage LED

Measurement LED

Start Diagnosis
Front Key

EEEEEEE

L il

Close

ot Agilent Technologies

The Configuration window is opened by clicking the Configuration button, and is used to display the
system information and event log, as well as to perform diagnostics and self-test.

The Main Frame screen is used to display the system information and perform diagnostics.
Model Identification: Displays the instrument ID. B1500A.

Line Frequency: Sets the power line frequency, 50 Hz or 60 Hz.

EasyEXPERT Rev.: Displays the revision number of the EasyEXPERT.

Firmware Rev.: Displays the revision number of the B1500 firmware.

Main Frame Diagnosis: This area lists Item and Status.

Item: Name of diagnostics item. To select, check the left check box.

Status: Diagnostics status. Pass or fail.

To perform diagnostics, specify the items to perform and click the Start Diagnosis button. A dialog
box is opened. Follow the dialog box to perform the diagnostics. Some items need your judgement,
pass or fail. Also you will need to connect an adapter, press keys, check LEDs, and so on.
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Modules

Configuration
: g

Configuration
Main Frame | Modules | switching Matrec | Event Log |
Slot Configuration |
| Slot \ Module Type \ Name \ Status \ SCUU \ Notes |
11 B1500A GNDU+ADC PASS
1 Bi510A SMU1:HP PASS
3 B1510A SMU2:HP PASS Lnsleal
5 Bi517A SMU3:HR PASS
6 B1517A SMU4:HR PASS
7 B1520A CMU1:MF PASS Start
Self Test
Accessory Configuration
Status LED:
Close

X Agilent Technologies

The Modules screen is used to perform self-test of modules.
Slot: Slot number where the module is installed. To select, check the left check box.

Module Type: Module model humber

Name: Module name

Status: Self-test status, Passed, Failed, Recovered, or ---- (self-test has not been performed)
SCUU: Specifies if the module is connected to the SCUU.
Notes: Error information when the module self-test failed.

To perform self-test, specify the modules, open the measurement terminals of the corresponding
modules, and click the Start Self Test button.
Recover Module button is for the service use only. This button makes the failed modules respond
again. This button does not solve the problem that causes the Failed status.

Status LED: Enables (ON) or disables (OFF) the status indicator (LED) of the ASU (Atto Sense and
Switch Unit) and the SCUU (SMU CMU Unify Unit).
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: s

Switching Matrix

Configuration

Main Frame} Mudulei Switching Matrix 'E\'ent Log

[General Information |

Switching Matrix Type: |Ho Swiching Matrix —
GPIB Address: m pall Self Test
B2200A Input Port Configuration |Extended Configuration ~ ||
SWMINIL: [SHULHP | [ Kelvin swane: [ -
swanz: | <] swminio: | 7|
SWM IN3: [SHUZHR | [ Kelvin swMini: [ <]
swaina: | =] swainiz: | -]
SWMINS: [SHU3:HR | [ Kelvin SWM INL3: [(MULNMF/SC <] @ oMU
swmmne: | =] swminia: [ o]
SWM IN7: [SMUSHR =] | Kelvin
swMins:| ~|

Close

ot Agilent Technologies

The Switching Matrix screen is used to establish the GPIB connection with Agilent B2200A/B2201A
switching matrix and define the B2200A/B2201A input port connections.

Switching Matrix Type: Displays the type of the switching matrix. B2200A Femto Leakage Switch
Mainframe, B2201A 14ch Low Leakage Switch Mainframe, or No Switching Matrix.

GPIB Address: Specifies the GPIB address of the B2200A/B2201A. 1 to 30.
Poll: Confirms if the B2200A/B2201A with the specified GPIB Address is connected to the B1500A.
Start Self Test: This button starts the B2200A/B2201A selftest.

SWM IN: SWM IN1 to SWM IN14 mean the B2200A/B2201A input ports 1 to 14 respectively.
Enter the label used to specify the input port to the right entry field. The port name and the
connected module name can be the label. : (colon) cannot be used.

If the Kelvin check box is checked, the coupled even number port is grayed out.
If the CMU check box is checked, the SWM IN14 is grayed out.
Kelvin: Check this box if this port is used for the Kelvin connection.

CMU: To perform capacitance measurement, check this check box and set SWM IN13 to
CMU1:MF. And connect MFCMU to B2200A/B2201A Input 13 and 14. To perform capacitance
compensation, see User’s Guide.

Extended Configuration: This button opens the Extended Configuration dialog box.
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Configuration
: g

Extended Configuration

Configuration

Main Frame | Modu\esl Switching Matrix IE\fent Log |

General Information |

Switching Matrix Type: |E22DI]A Fento Leakage Switch MainFrame
Start
Self Test
Extended Configuration

Save As Hardware Profile i

To save current configuration as Hardware Profile, s
click this button. ave

CMU Compensation |

|| Extended € ation ~ |

i

" No Compensation

=
4

I~ cMu
 Select

DUT I/F: [16485F/G -] cable: 154248001 -]

.

" User Compensation Data File

I -

Close
Close

ot Agilent Technologies

This dialog box is opened by clicking the Extended Configuration button in the Configuration
window Switching Matrix screen.

Save as Hardware Profile is used to save the hardware profile that is the B2200A/B2201A hardware
configuration and the measurement module connection. Click the Save button to save the present
hardware profile. The hardware profile can be made for each workspace individually.

CMU Compensation is used to select the compensation mode of the capacitance measurement using
the B2200A/B2201A. Click one of the radio buttons, No Compensation, Select, and User
Compensation. For the capacitance compensation, see User’s Guide.

* No Compensation:

Select this radio button if you do not need the capacitance compensation. The raw data without
compensation is displayed and saved.

* Select:

Select this radio button to perform the capacitance compensation for the path from the

B2200A/B2201A input ports to Agilent 16495F/G connector plate or Agilent B2220A probe card
interface. The data after compensation is displayed and saved.

DUT I/F field is used to specify the model number of the path you use. The selections are the
16495F/G and B2220A.

Cable field is used to specify the model number of the cable from the B2200A/B2201A output to the
DUT I/F. The selections are the 16494A/B/C-001/002/005. This mode cannot perform the
capacitance compensation for the cables to positioner/manipulator or the probe card.

» User Compensation Data File:

Select this radio button to perform the capacitance compensation for the path from the

B2200A/B2201A input ports to the end of positioner/manipulator or probe card. See User’s Guide.
The data after compensation is displayed and saved.
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@

Configuration

Event Log

Configuration
Main Frame | Modules | Switching Matrbe{ Event Log |
Event Log |

Date/Time [ Message [ [Process [ user Hast
4/12/2006 3:00:35 PM  Configuration query completed. 110001 StaDaemon B1500user B1500A-0...
4/12/2006 3:00:29 PM  Service started successfully. 102001 StaDaemon B1500user B1500A-0...
4/12/2006 2:25:56 PM  Service stopped successfully. 102002  AppSetup B1500user B1500A-0...
4/12/2006 2:00:41 PM  Service started successfully. 102001 AppSetup B1500user B1300A-0...
4/12/2006 2:00:38 PM  Service stopped successfully. 102002 Stalpd B1500user B1500A-0...
4/12/2006 2:00:37 PM Service started successfully. 102001 Stalpd B1500user B1500A-0...
4/12/2006 1:52:48 PM  Service stopped successfully. 102002 StaDaemon B1500user B1500A-0...
4/12/2006 12:44:00 ... Configuration query completed. 110001 StaDaemen B1300user B1500A-0...
4/12/2006 12:43:51 ... Service started successfully. 102001 StaDaemon B1500user B1500A-0...
4/12/2006 12:40:29 ... Service stopped successfully. 102002  AppSetup B1500user B1500A-0...
4/12/2006 12:14:57 ... Service started successfully. 102001 AppSetup B1500user B1500A-0...
4/12/2006 12:14:53 ... Service stopped successfully. 102002 StaUpd B1500user B1500A-0...
4/12/2006 12:14:52 ... Service started successfully. 102001 Stalpd B1500user B1500A-0...
4/11/2006 6:50:48 PM  Service stopped successfully. 102002 StaDaemon B1500user B1500A-0...
4/11/2006 6:50:47 PM  GPIB timeout occurred.Int... 103008 StaDaemon B1500user B1500A-0...
4/11/2006 4:51:15 PM StaDaemon  B1500user B1500A-0...
4/11/2006 4:48:55 PM StaDaemon  B1500user B1500A-0... [w

|

Close

Agilent Technologies

The Event Log screen displays the event log.
Date/Time: Displays date and time of the event.
Message: Event message

ID: Process ID of the event

Process: Process name

User: User name. Windows login name.

Host: Host name of the B1500

The Refresh button refreshes the event log.
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ASU Configuration
2 B

Configuration
Main Frame | Modu\esl AsU ISwtching Matric | Event Log |
ASU List |
| Slot \ Module Type \ Name \ ASU Serfal Number \ ASU I/O Path \
6  B1517A/E5288A SMUS:HR/AS * s/n mismatch 5MU
* NOTE: The specifications are satisfied and =
guaranteed for the exclusive combination of the ASU ASU 1/0 Path: j
and the HRSMU. So confirm the serial number of the
ASU and connect it to the dedicated HRSMU properly.
Close

ot Agilent Technologies

The ASU screen is available if the B1500A installs the HRSMU connected to the ASU (Atto
Sense/Switch Unit), and shows the ASU information.

Slot: Slot number
Module Type: Type of module
Name: Module name or SMU name

ASU Serial Number: Serial number of the ASU connected to the HRSMU. This cell does not show
the serial number if no ASU is connected or unpaired ASU is connected.

ASU 1/0 Path: ASU input to output connection, SMU or AUX

If the ASU 1/O Path field is set to SMU, the ASU makes the path from the ASU Force input to the
ASU output.

If the ASU 1/O Path field is set to AUX, the ASU performs automatic switching in every test. The
ASU makes the path from the AUX In input to the ASU output for the test without the HRSMU and
makes the path from the ASU Force input to the ASU output for the test with the HRSMU.
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XSLT Filters

File _Data Display _Melp

: [Cotgory = | (@ Trmg ldvd Idvg
T ~ [Device Parameters

OS5

Gimes contst Hold: [3 ¢ L]
Discrete

e [ERET 3 ~@cme

[ Setect XL Style Shoot Fite E

| Awiicason Test

| Export in My Format

My Format:
[EProgram Fied\AglestiE1 SO0 EasyEXPERT\ U iins S8 T\meas_index_mata-con: ml _frowse._ )

8:35:03 A
f 6:44:34
f 4:34:20 3
az0:00) Wi

7 3:00:41 | Mot e i ] [ ]

Swmatpe [ Eee =zl e |

Click this button

Highlight this line

X Agilent Technologies

The XSLT (XSL-Transformation, eXtensible Stylesheet Language Transformation) filter files are
used to export test records. The fifteen filter files listed below are stored in the
C:¥Program Files¥Agilent¥B1500¥EasyEXPERT¥ULtilities¥XSLT folder.

Filter files that contain csv in the file name export test record in the format that uses a comma (,) as
data separator.

Filter files that contain tab-sv in the file name export test record in the format that uses a tab as data
separator.

Filter files that contain xmlss in the file name export test record in the XML Spread Sheet format.
Three filter files for exporting the measurement data only

meas-csv.xsl, meas-tab-sv.xsl, meas-xmilss.xsl

Three filter files for exporting the measurement data with the index

meas-index-csv.xsl, meas-index-tab-sv.xsl, meas-index-xmilss.xsl

Three filter files for exporting the measurement data with the meta data

meas-meta-csv.xsl, meas-meta-tab-sv.xsl, meas-meta-xmlss.xsl

The meta data contains the test name, the setup name, the record time of the test results, the device
ID, the counter number, the flag of the test results, and the remarks on the test results.

Three filter files for exporting the measurement data with the index and the meta data
meas-index-meta-csv.xsl, meas-index-meta-tab-sv.xsl, meas-index-meta-xmlss.xsl
Three filter files for exporting all data including the test setup

csv.xsl, tab-sv.xsl, xmlss.xs

For more information, see online help or User’s Guide.
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Agilent Technologies

To control external GPIB devices, the B1500A must be set to system controller. Exit the EasyEXPERT, and
close the Start EasyEXPERT window. After that, launch the Agilent Connection Expert by clicking Start, All
Programs, Agilent 10 Library Suite, and Agilent connection Expert.

On the Agilent Connection Expert, change the GPIB configuration of the B1500A.
«Select GPIBO.

«Click Change Properties... button.

«Change GPIB address to 21 that is the typical address number for the system controller.
*Check System controller box.

«Click OK button.

*Reboot the B1500A.
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To Start Desktop EasyEXPERT

GPIE Communication
Conine ————
File  Oplion WVISE interface 10: ¥
GPIB address: |0 ¥
Start EasyEXPERT
' Offline

Cancel |

Database Backup Creation Wizard
Database Restoration Wizard

~ Move To
EasyEXPERT Database Path:

P B1500A _ O] %]

EasyEXPERT Database »

Backup EasyE=PERT Database
Restore EasyE=PERT Database
Move EasyEXPERT Database

Important: [EE Browse...
To set the same configuration as the B1500A,

copy the following file from B1500A to your PC. _concd |
The location must be the same. 4

¥Documents and Settings¥All Users¥Application Data¥Agilent Technologies, Inc¥EasyEXPERT¥UnitConfigB1500A.xml

3. Agilent Technologies

To open the Start EasyEXPERT window, click Start > Programs > Start EasyEXPERT menu. The
Option menu provides the functions used to open the following dialog box.

Gpib Configuration:
Select Online if the B1500A is connected to your computer and you want to control the B1500A via
GPIB. Or else select Offline.

Database Backup Creation Wizard:

Use this function to create the EasyEXPERT database backup (xdb file).

Database Restoration Wizard:

Use this function to restore the EasyEXPERT database backup. The wizard can restore the xdb file
or the backup which is a copy of the folder that contains the EasyEXPERT database.

EasyEXPERT Database:
Specify the EasyEXPERT Database path if you want to move the database to the other folder.

After that, click the Start EasyEXPERT button to launch Desktop EasyEXPERT.

Note:
Desktop EasyEXPERT supports most B1500A/EasyEXPERT functions. However, some functions
are not supported on an external computers due to differences in hardware and so on.

Note:
For the installation procedure, see the readme file stored in the Desktop EasyEXPERT CD-ROM.

Note:

To use the same module configuration as the B1500A, copy the UnitConfigB1500A.xml file to your
PC which the Desktop EasyEXPERT runs. The file is stored in the B1500A hard disk drive. The
location is shown in the slide. The file must be copied to the same location in your PC.

12-20



Module 12
Miscellaneous Operations

415x Setup File Converter

4155/4156 setup file B1500A setup file
(file extension: MES) (file extension: XTS)

[ SetupFiIeConverter.exe]

Execution example:
C. ¥Mydat a>Set upFi | eConverter. exe setupl. nes

C: ¥Mydat a>Set upFi | eConverter. exe *. nes

Agilent Technologies

To control the B1500A, you can reuse the 4155/4156 setup file (.MES file) by converting the .MES
file to the EasyEXPERT setup file (.XTS file). The file conversion can be done by the

SetupFileConverter.exe file. To execute the file conversion, see Module 12.
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To Use Setup File Converter

Bde00000

(] iogotr [0 mamoft computer

ot Agilent Technologies

To convert the 4155/4156 setup file (.MES file) to the EasyEXPERT setup file (.XTS file), use
SetupFileConverter.exe, and perform the following procedure. The SetupFileConverter.exe file is
stored in the following folder.

C:¥Program Files¥Agilent¥B1500A¥EasyEXPERT¥Utilities
1.Create your working folder (for example, C:¥415xdata).
2.Copy your .MES files to this folder.

3.Copy SetupFileConverter.exe file to this folder.

4.Launch the DOS Prompt window.

5.Go to your working folder (for example, C:¥> cd 415xdata).
6.Execute SetupFileConverter.exe as shown below.

Example:
C:¥415xdata> SetupFileConverter.exe *.MES

All .MES files in your working folder will be converted to the EasyEXPERT setup file format. And
the .XTS files will be created in this folder.

If you do not specify the parameter, help message will be displayed by executing the file. For more
information, see the setup converter readme file, online help, or User’s Guide.
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