Keysight Technologies B1506A
Power Device Analyzer for Circuit Design

Operation and
Demonstration
KEYSIGHT Guide

EEEEEEEEEEEE




Notices

© Keysight Technologies 2015, 2016

No part of this manual may be reproduced in
any form or by any means (including elec-
tronic storage and retrieval or translation
into a foreign language) without prior agree-
ment and written consent from Keysight
Technologies as governed by United States
and international copyright laws.

Manual Part Number
B1506-90500

Edition

Edition 1, February 2015
Edition 2, August 2016

Published by:

Keysight Technologies International Japan
G.K.

9-1, Takakura-cho, Hachioji-shi, Tokyo
192-0033 Japan

Warranty

The material contained in this docu-
ment is provided “as is,” and is subject
to being changed, without notice, in
future editions. Further, to the maxi-
mum extent permitted by applicable
law, Keysight disclaims all warranties,
either express or implied, with regard
to this manual and any information
contained herein, including but not
limited to the implied warranties of
merchantability and fitness for a par-
ticular purpose. Keysight shall not be
liable for errors or for incidental or
consequential damages in connection
with the furnishing, use, or perfor-
mance of this document or of any infor-
mation contained herein. Should
Keysight and the user have a separate
written agreement with warranty terms
covering the material in this document
that conflict with these terms, the war-
ranty terms in the separate agreement
shall control.

Technology Licenses

The hardware and/or software described in
this document are furnished under a license
and may be used or copied only in accor-
dance with the terms of such license.

Restricted Rights Legend

If software is for use in the performance of a
U.S. Government prime contract or subcon-
tract, Software is delivered and licensed as

“Commercial computer software” as defined

in DFAR 252.227-7014 (June 1995), or as a
“commercial item” as defined in FAR
2.101(a) or as “Restricted computer soft-
ware” as defined in FAR 52.227-19 (June
1987) or any equivalent agency regulation or
contract clause. Use, duplication or disclo-
sure of Software is subject to Keysight Tech-
nologies’ standard commercial license
terms, and non-DOD Departments and
Agencies of the U.S. Government will receive
no greater than Restricted Rights as defined
in FAR 52.227-19(c)(1-2) (June 1987). U.S.
Government users will receive no greater
than Limited Rights as defined in FAR
52.227-14 (June 1987) or DFAR
252.227-7015 (b)(2) (November 1995), as
applicable in any technical data.



WARNING

High Voltage

is used in the operation of this equipment.

LETHAL VOLTAGE on CONTACT

may be present at measurement terminals,
if you fail to take in all safety precautions!

e When the RED indicator lights, lethal voltage (+10 kV dc/pulse) may appear at
measurement terminals.

e Usually use the interlock function

¢ Do not operate the instrument unless another person is around the work space that is
familiar with instrument operation and hazards or administering first aid.

o Potentials less than +500 V may cause death under certain conditions.
Therefore, adequate preventive measures must be taken at all times!

FIRST AID FOR ELECTRIC SHOCK
SPECIAL ATTENTION TO RESCUE IN SAFETY

e Never rush into an accidental situation.
e Take special attention to the following notices to prevent second accident.

v" Do NOT touch the CASUALTY or conductive surface with your hands
unprotected.

v Shut off high voltage at once.
v Disconnect AC mains.

e Ifitis unsure to make safe, the following procedure will helps to protect your lives
during the CASUALTY is rescued.

v/ Stand on a dry insulating material; use a dry wooden or plastic implement to
free the CASUALTY from contact with hazardous electrical source.

v Ground the circuit to de-energize.






Contents

T, GEHING STAMEA .o 7
INEFOAUCTION L.ttt 8
Operational PrOCEAUIE .......oiiiiiiii e 8
PrEPAIATION ... 10
BT506A Hardware Configuration .......cooiiiiiiiiiiee e 10

Easy Test Navigator SOfWAre .......ccoiiiiiiii e 13
CaliDraTION L. e 17

2. Datasheet CharaClerization . ......coiiii e 19
OVEIVIBW .ttt ettt ettt 23
Datasheet characterization MOdE........cociiiiiiiiii e 23
Measurement parameters 0f deVICES........ocviiiiiiiii e 26

BaSIC TUNCTIONS . ..ttt 32
Datasheet characterization GUI ..o 32

BaSIC FUNCLIONS ..o 33

An IGBT MeasuremMent EXaMPLE .........oiiiiiiiii e 37
Devices and TEST fIXTUMES ...ttt 37
MEASUIEMENT STEPS .ttt 40

Step 1 Starting the datasheet characterization mode........c..cccooviiiiiiiiiiccn, 40

Step 2  Creating a new datasheet definition........ccociiviiiiiiiiiii 41

Step 3 Input the device INformation.........oocviiiiiiiiii 42

Step 4 Input the maximum ratingS......c.oooviiiiiiiiiice s 44

Step 5 Creating a setup for the characteristics parameters section...................... 46

Step 6  Creating a setup for characteristics graphs section...........ccccocoeviiiiinnenn. 89

Step7  Updating the entire SETUD ..o 119

Step 8  Run a test of the entire parameters and graphs ........ccccceevieiiiiieiece, 120

Step9  Reviewing and checking the printing image of the measurement result . 130

Step 10 Printing the datasheet ... 133

Step 11 Creating a summary report from multiple test result files...........ccccooee. 136

Useful information for using the datasheet characterization mode ..........ccocoviiiiiiiiiiiiinn. 139
Tips to customize a datasheet SEtUD ..o 139

The UHCU details and measurement tips .....c.ooovviiiiiiiiiiiiie e 158

How to change the connections of Rg measurement.........ccoccooiiviiiiicieieec 164
Capacitance MeasuremMENT TIPS, ...ouiiiiiiiiiiiie ettt 167
Measurement theory and detail explanation of the measurement capability ........c..cccceee. 168
Capacitance measurement teChNIGUES ......oooviiiiiiiieiic e 168

Gate charge measurement DASICS .......ooiiiiiiiiic 171



How to use the Oscilloscope View fuNCHion .........cccooviiiiiiiiiiiccc e 174

[/V MEASUTEIMENT ...ttt 179
OVBIVIBW ..ttt ettt 180
Measurement parameters Of deVICE TYPES......uiiiiiiiiiiiii e 181
Demonstration eXamPLES .........ooiiiiiio e 183
How to open the I/V measurement MOAE ..........ooiiiiiiiii e 184
[V MeasuremMENT EXAMPLES ......iiii e 185
1. IC-VCE IGBT CharacteristiCs .....oviiiiiiiiiiiii s 185
2. 1D-VDS power MOSFET charaCteristics .....oocooviiiiiiiiiei e 192
3. ID-VGS power MOSFET charaCteristiCs .......cccoooviieiiiiiee e 196
4. Vgs(th) power-MOSFET CharacteriStiCS........oovvvoivevieeiec e 198
5. RDS-ID power MOSFET charaCteristiCs ......cooooiiiiiiieiieic e 200
6. VDS-VGS, RDS-VGS power MOSFET characteristiCs........cccooovvvvviiiiiiiiice 202
7. IDSS power MOSFET charaCteristiCs......viiiiiiiiiiiciece e 206
8. 1GSS power MOSFET CharaCteristiCs ......c.ooiiiiiiiiiiecieeeeee e 210
9. I1S-VSS power MOSFET CharacteristiCs.......cooviiiiiiieiiciieeieeeee et 212
10. IGBT module MeasUremMENT ..ot 215
Useful information for using I/V measurement MOde...........ccooiiiiiiiiiiiiiiiccceeee e 219
The differences between the quick mode and the fine mode ..........ccccooivviiiiiiinnn. 219
How to avoid device 0SCIllatioNn ......ooviiiiie 222
Accurate measurement USiNg @ NarroW PULSE .........oeviviiiiiiiiiiieiiceeeeee e 223
CapacitanCe MEASUIEMENT ... ... i e 227
OVBIVIBW .ottt 228
Measurement parameters of each deviCe TyPe .....coovvvviiiiiiiiiiiciee e 231
Measurement frequency CONSIAEration .........c.ccoviiiiiiiiiii i 233
How to open the capacitance measurement MOAE ..........oceiiiiiiiiiiiii e 238
Capacitance measurement Mode EXaMPLES ........ooiviiiiiieeie e 239
1. Ciss, Coss, Crss MOSFET characteristics ......c.oovviiiiiiiiiiiiicccee e 240
2. Rg internal gate resistance characteristics of Power MOSFET ..........ocoooviiiiinnne 243
3. IGBT module measurement example and TiPS......ccoovviiieieeiiieiece e 246
Useful information for using capacitance measurement MOde.........cccoceeviiiiiiiiiiiiicieee 248
Crss measurement of super Junction FET ... 248
Capacitance compensation data MeasuremMent ........occooiiiiiiiciie e 251
Rg measurement with the open or voltage biased drain/collector ...........cc.cccceee. 255
Vgs accuracy improvement by self calibration ............ccooccoii 259
Gate Charge MEASUIEMENT .......iiiii it 261

O B B e 262



Measurement PreParation .........ociiiiiiiiie et 264

How to open the gate charge measurement mode..........cccoocvviiiiiiiiiiiici e, 264
Gate charge measurement adapter........ccooiiiiiiiiii i 264
Gate charge measurement EXaMPLES......c..i i 267
1. Qg Measurement Using Constant Current Load ........ccoccoooviiiiiiiiiicicc e 267
2. Qg measurement using a resistive 0ad ..ot 283
Useful information for using Qg measurement MO ..........cooeiiiiiiiiiiiie e 292
Calibration for gate charge measuremMenT.......coooiiiiiii i 292
Brief idea of the gate charge measurement Setup ... 300






Getting Started

1. Getting Started

INEFOTUCTION ettt 8
Operational ProCEAUNE ........ooiiiie e 8

DEVICE AaTAI. . ittt 8

PrEPDAITATION .ottt 10
BT1506A Hardware Configuration .......c.cocviiiiiiiiiiiie e 10
Mainframe and test MOdULES .........ccoooiiiiiic 10

Cable CONNECTIONS. ...t 10

TEST FIXEUIES e 12

Easy Test Navigator SOfIWAIE .......cc.oiiiiiiii i 13

Easy Test Navigator SOftWare.......cccoceiiiiiiiiii i 13

Starting the Easy Test Navigator software ..........cccccoeeeviiiiiiiiiiecec 14

Quitting from the Easy Test Navigator software..........ccccoevveviiieiiiiicc, 15

How to start each measurement mode and return to the Pallet window....15

Saving and recalling your setup and measurement data..........cccccccoeeenennn. 16

EXItiNg frOM YOU SETUD «..veiiiiiii e 16

CaliDratiON ... e 17



Getting Started

Introduction

This documentation provides step by step operations of the basic
functions of the Easy Test Navigator software of the B1506A Power
Device Analyzer for Circuit Design, so that the B1506A user can start a
basic measurement from the first use of the B1506A.

Operational Procedure

The step by step operational procedure describes to create a setup of
datasheet characterization function of the B1506A under a demo style
which is to set up the B1506A and make measurements using the
following demo devices.

The following test devices are used in the example:

IGBT: FGAT80N33ATD

MOSFET: IXTHTN250

LDMOSFET: IRFP4004

MOSFET: IXTX200NTOL2N (For current load)

Super Junction MOSFET: IPW50R109CE (Reference only)
SiC MOSFET: CMF20120D (Reference only)

IGBT Module: TMB1800U4B (Reference only)

Devices used in the example demonstration.

FGA180N33AID IXTHIN250 IRFR4004
BT HVMGCS HCMCB

Device data:

Following lists the simplified device data used in the measurement
examples.

IGBT: FGAT80N33ATD

VCES: 330V

VCE(sat): Typ. 1.68 V @ Ic=180 A

ID max.: 450A @ 100 ps pulse, VC=16 V
SOA: 7.5 kW @ Tc=25 °C, 100 us pulse
Vth: 2.5~5.5V (typ.=4 V) @ 1c=250 pA
Coss: 305 pF typ. @ Vc=30 V
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MOSFET: IRFP4004Pbf

e VDSS: 40V
e Rds(on): Typ. 1.35mQ  (1.70 mQ max.) @ Vgs=10 V)
e [D max.:350A @ 100 us pulse, VD=10V
1390 A @ Vd=2.5V
e SOA: 3.5 kW @ Tc=25 °C, 100 us pulse
e Vth:2~4V @ Id=250 pA
e (Coss: 2360 pF typ. @ Vd=25V

High Voltage MOSFET: IXTHTN250

VDSS: 2500 V

Rds(on): Max. 40 Q

ID max.: 6 A @ 100 us pulse, 5 kW @ Tc=25 °C
SOA: 3 kW @ Tc=25 degC, 100 ps pulse

Vth: 2~4 V @ 1d=250 pA

Coss: 77 pF typ. @ Vd=25V

MOSFET: IXTX200N10L2

e VDSS: 100V

e [Dmax.: 500 A @ 100 ps pulse, VD=35V
o SOA:17.5 kW @ Tec=25 °C, 100 us pulse
e Rds(on): 11 mQ
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Preparation

This section provides the basic information for preparing the
demonstration.

B1506A Hardware Configuration

Mainframe and test modules

This guide uses the B1506A with following configuration.
Figure 1-1 shows the module configuration of the mainframe of the
B1506A-H51 and H71. It includes the following measurement modules.

e Slot1: MPSMU
e Slot 2: MFCMU|
e Slot3: MCSMU
e Slot4: MCSMU
e Slot 5: MCSMU
e Slot6: MCSMU
e Slot7: HYSMU
Figure 1-1. Module configuration of B1506A H-51 and H71.
SMU6: HVSMU
«| | SMU5:MCSMU
SMU4: MCSMU
| sMu3: McsmU
SMU2: MCSMU
MFCMU
SMU1T: MPSMU

Cable connections

The BT1506A uses the following three kinds of cable sets to make the
connection between the B1506A mainframe and the B1506A-H51 and
H71 test fixture as shown in Figure 1-2.

e Digital I/0 cable

e N1300A CMU cable

e System cables (2x5 SMUs cables, 1x HYSMU cable, 1x GNDU
cable, 1x Interlock cable)

10
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Figure 1-2 Cable connection of B1506A H51 and H71.

B1506A
Test Fixture

Digital /0 Cable System Cable

NT300A CMU Cable

Each cable in the system cable is labeled to indicate the terminal to be

connected. (Refer to Figure 1-2 and Figure 1-3.)

For example, the cable labeled 1F is connected to the force terminal of
the SMUT, and 1S is connected to the sense terminal of the SMU1

respectively.

Figure 1-3 Input port of the test fixture of B1506A-H51 and H71.

SMU4: MCSMU

Interlock p Digital I/0

SMUG: HVSMU MECMU

SMUT: MPSMU

Leurr o

DI -
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Note

Figure 1-4

Figure 1-5

In the case of the B1506A-H21, which is not configured as shown in
Figure 1-2, connect the cables by referring to the installation section of
the B1506A user's guide.

Test fixtures
The following two types of test fixtures are used.

e 3-pin Inline Package Socket Module
e Gate Charge Socket Adapter

Opt.F10 3-pin Inline Package Socket Module.

Opt.F14 Gate Charge Socket Adapter.
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Easy Test Navigator Software

Figure 1-6

Easy Test Navigator software

Easy Test Navigator as shown in Figure 1-6 is resident software of the
B1506A and its startup screen is a launcher to switch to one of the
following measurement modes:

Datasheet Characterization
IV Measurement

Capacitance Measurement
Gate charge measurement

It also switches to the following software.

e Power Loss Calculation software
e Temperature Monitor/Control mode setup.

Easy Test Navigator software.

Easy Test Navigator

initialization in progress

e @ 02 FOimbLEEioWo umm

This quick start guide provides the information of how to use this
software and make measurements.

13
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Figure 1-7
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(a) Select "Easy Test Navigator"

Figure 1-8
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Starting the Easy Test Navigator software

Before starting Easy Test Navigator, confirm the power of the B1506A
test fixture is on.

To start Easy Test Navigator, select “Easy Test Navigator” under the
“Keysight Easy Test Navigator” in the start menu of MS Windows (Figure

1-7 (a)).

Easy Test Navigator start up panel appears (Figure 1-7 (b)), and it moves
to home panel (Figure 1-7 (c)) called Pallet of Easy Test Navigator. At the
startup of Easy Test Navigator, the B1506A is initialized. During the
initialization of the B1506A, the label of “initialization in progress” is
blinking, and the selection bar of each measurement mode is disabled.

Select Easy Test Navigator from Start menu.

Blinking during
the initialization
of the B1506A.

Easy Test Navigator

initialization in progress

' ?S X '
‘ i

B1506A
Power Device Analyzer
for Circuit Design

R ltihalal l -
VWKEVSIGH.T ; :_- » - ’ i

s 8 @[E

PliwbuEEE G umm

(b) Easy Test Navigator (c) Easy Test Navigator home panel

start up panel

During the initialization process, the LEDs on the front panel of the
B1506A test fixture change from orange color to green as shown in Figure
1-8 when the initialization is completed successfully. If the initialization
fails, the LED of power stays in orange.

LED indicator changes to green after the initialization.

Before initialization Initialization success




Figure 1-9
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Quitting from the Easy Test Navigator software

There are two ways to quit Easy Test Navigator.

One is to move the mouse cursor to the top right of the pallet panel and
click the cross mark appeared when the mouse curor is there (Figure 1-9
(@)).

The other way is to right click the Easy Test Navigator icon in the task bar
and select “Close window” from the list as shown in Figure 1-9 (b).

Two ways to quit East Test Navigator.

Place the mouse cursor to
the top right of the pallet
panel and click the cross

mark.

Right click the icon of Easy Test
Navigator in the task bar and select
“Close window”

Wb ERED W

(a) Click the cross mark. (b) Use "Close window" in the task bar.

Note:

The Figure 1-9 (b) approach is effective to quit each measurement mode.

How to start each measurement mode and return to the
Pallet window

How to start each measurement mode:

To launch each measurement mode, place the mouse cursor to the label
of the targeted measurement mode and click it.

How to return to the Pallet window:

To go back to the pallet window from the individual measurement mode,
click the "Go to Pallet" Icon in the top of the window as shown in Figure
1-10 (a).

15
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Figure 1-10 Pallet icon of each measurement mode is used to returns to the Pallet
panel of Easy Test Navigator.

(b) Recall and Save  (a) Returns to the Pallet panel

2
oy
°
A
g
1
©

decade/div.

| & 2| = rlimbsEREn mwvE

Saving and recalling your setup and measurement data

You can save and recall your measurement setups and the measurement
data to the Windows file system in your specified folder and the file name
as shown in Figure 1-10 (b).

Exiting from your setup
You can exit from the setup window by clicking the "Exit" icon in the
menu bar, or from the file menu as shown in Figure 1-11.

Note: All the non-saved data in the existing window or panel is not saved when

you exit from your setup.

Note that, "Go to Pallet" keeps the setup until you exit from the setup
panel or window.

16
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Figure 1-11 Exiting from the Setup panel.

File Edits Vicw File | Edit View Measurement Setu|

T = 0 New Ctrl+N
ﬂ H a@ @&l Open.. Ctrl+0

Measurement Instrument, ™ Save Ctrl+S
Save As...
= Print... Ctrl+P

Change Device ID...
Report...

Recent Setup Files 4
’ ‘.—_--..-~ A
(i Exit N

________

Calibration

There are calibration functions in the capacitance measurement mode
and the gate charge measurement mode. These calibrations improve the
measurement accuracy, but they are not performed in the operational
demo course because they are not necessary for demoing purpose of the
Easy Test Navigator functions.

These calibration procedures are included in the following calibration
section of each of these test modules.

Capacitance calibration:

Refer to "Capacitance Compensation Data Measurement" in Chapter 4.

Gate charge calibration:

Refer to "Calibration for Gate Charge Measurement" in Chapter 5.

17
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Overview

Figure 2-1

Datasheet Characterization

The datasheet characterization function of the B1506A automatically
measures a series of electric parameters described in the device
datasheet. It includes static electric parameters, capacitance parameters,
gate charge (Qg) parameters, and characteristic graphs of these
parameters.

Datasheet characterization mode

The image of this function is shown in Figure 2-1, where the device
datasheet shown in the left as Figure 2-1 (a) can be measured and
printed as shown in Figure 2-1 (b) on the right side.
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A function to create a summary report from the multiple datasheet files is
available in the datasheet characterization mode.

Figure 2-2 shows an example of the summary report imported into a
spreadsheet application (the summary report is created in tab separated
variable format).

Figure 2-2 A summary report imported into the spreadsheet application
BH S FGA180N33-Repart bt - Excel = - 0
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER TEAM OKAWA YASUSHI (K-Japan,exl) -
AL -z Jx | pevicein
A B C D E F G H 1 J K L M N o P Q R s T
1 DevicelD_PartNumk:SamplelD BVCES ICES IGES IGES(-)  VGE(th) VCE(sat) VCE(sat)_VFM Cies Coes Cres Qg Qge Qge File
2 |Device-1 FGA180NZSamplel 371.4 B8.80E-08 5.00E-11 0 3.882 1.040% 1.7031 1.1342 4.07E-09 3.13E-10 1.76E-10 1.75E-07 2.30E-08 7.15E-08 C:\Users\Public\Documeni
3 |Device-1 FGA180NZSample2 363.003 9.50E-08 5.00E-11 5.00E-11 3.894 1.0444 1.7113 1.1309 4.03E-09 3.156-10 1.76E-10 1.70E-07 2.27E-08 6.98E-08 C:\Users\Public\Document
4 Device-1 FGA180NZSample3 367.992 9.80E-08 5.00E-11 0 3.947 1.0385 1.6978 1.1335 4.03E-09 3.19E-10 1.76E-10 1.70E-07 2.28E-08 6.94E-08 C:\Users\Public\Documeni
5 Device-1 FGA180N3ZSampled 372.834 S.00E-08 5.00E-11 0 3.872 1.0428 1.7158 1.1369 4.08E-09 3.11F-10 1.77E-10 1.78E-07 2.32E-08 7.33E-08 C:\Users\Public\Documeni
6 Device-1 FGA180NZSampleS 372.756 9.40E-08 5.00E-11 o 3.835 1.0422 1.7123 1.1342 4.08£-09 3.11E-10 1.77E-10 1.78E-07 2.326-08 7.33E-08 C:\Users\Public\Document
:
g9
10
11
Steps to create a setup of the datasheet characterization mode are
described from the next section headed “Basic ”.
Note: Supported Device types
Initially, Datasheet Characterization mode covers the following five types
of device:
- Power MOS-FET
- IGBT
- BJT
- Diode
- Component
Note: Software relations

The Data sheet Characterization measures the following three parameter
groups as DC, capacitance and gate charge. These parameters are
measured using three measurement modes as the measurement engine
as shown in Figure 2-3.

Because the Datasheet Characterization function uses these
measurement modes, a part of these measurement modes is explained in
this chapter, too.

x
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Figure 2-3 Measurement mode used in the Datasheet Characterization
DC parameters —

Capacitance parameters —

Gate charge parameters
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Measurement parameters of devices

The datasheet characterization mode supports the following parameters
in five types of device type.

MOSFET parameters

MOSFET device type supports the following device parameters and
device characteristics chart.

Table 2-1 Measurable parameters and chart for MOSFET
Parameters Description
BVDSS Drain to Source Breakdown Voltage
IDSS Drain Leakage Current
IGSS(+) Gate Leakage Current (Positive gate bias)
IGSS(-) Gate Leakage Current (Negative gate bias)
VGS(th) Gate Threshold Voltage (VGS = VDS)
VGS(th) Gate Threshold Voltage (Constant VDS)
gfs* Transconductance
RDS(on) Drain to Source On Resistance
VDS(on) Drain to Source On Voltage
VSD Body Diode Forward Voltage
Rg Internal Gate Resistance
Ciss Input Capacitance
Coss Output Capacitance
Crss Reverse Transfer Characteristics
Qg Total Gate Charge
Qgs Gate to Source Charge
Qgd Gate to Drain Charge
Vgs(pl) Gate to Source Plateau Voltage

Gph  Desoipin |

ID-VDS ID-VDS curve with various VGS
ID-VGS ID-VGS curve with constant VDS
Gfs-VGS* Gfs-VGS curve with constant VDS

RDS(on)-1D RDS(on)-ID curve with various VGS
RDS(on)-VGS  RDS(on)-VGS curve with various 1D
VDS-VGS VDS-VGS curve with various ID

IS-VS Forward current characteristics of built-in diode
C-v Capacitance to VDS curve including Ciss, Coss and Crss
Qg-Vgs Gate charge to VGS curve

*B1506A-H20/H21 only
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IGBT parameters

IGBT device type supports the following device parameters and device
characteristics graphs.

Table 2-2 Measurable parameters for IGBT
Parameters Description
BVCES Collector to Emitter Breakdown Voltage
ICES Collector Leakage Current
IGES(+) Gate Leakage Current (Positive Gate Bias)
IGES(-) Gate Leakage Current (Negative Gate Bias)
VGE(th) Gate Threshold Voltage (VGE = VCE)
VGE(th) Gate Threshold Voltage (Constant VCE)
gfs* Transconductance
VF Freewheeling Diode Forward Voltage
Rg Internal Gate Resistance
Cies Input Capacitance
Coes Output Capacitance
Cres Reverse Transfer Characteristics
Qg Total Gate Charge
Qge Gate to Emitter Charge
Qgc Gate to Collector Charge
Vge(pl) Gate to Emitter Plateau Voltage
IC-VCE IC-VCE curve with various VGE
IC-VGE IC-VGE curve with constant VCE
gfs-VGE* Gfs-VGE curve with constant VCE
VCE-VGE VCE(sat) Collector Saturation Voltage
IF-VF Freewheeling Diode Forward Characteristics
VCE-VGE VCE-VGE curve with various IC
C-v Capacitance to VCE curve including Cies, Coes and Cres
0g-Vge Gate charge to VGE curve

*B1506A-H20/H21 only
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BJT parameters

BJT device type supports the following device parameters and device
characteristics graphs.

Table 2-3 Measurable parameters for BJT
Parameters Description
ICEO Collector Cutoff Current
IEBO Emitter Cutoff Current
hft* DC Current Gain
VCE(sat) Collector-Emitter Saturation Voltage
VBE(sat) Base-Emitter Saturation Voltage
VBE(on) Base-Emitter ON Voltage
V(BR)CEO Collector-Emitter Breakdown Voltage
V(BR)EBO Emitter-Base Breakdown Voltage
IC-VCE IC-VCE curve with various I1B
hfe-IC* hft-I curve sith constant VCE
VBE-IC* VBE-IC curve with constant VCE

*B1506A-H20/H21 only

Diode parameters

Diode device type supports the following device parameters and device
characteristics graphs.

Table 2-4 Measurable parameters for diode
VDC DC Blocking Voltage
VF Forward Voltage
R Reverse Current
C Total Capacitance
Graph Description
IF-VF Forward Characteristics
IR-VR Reverse Characteristics
C-v Capacitance to Reverse Voltage Characteristics
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Component parameters

Each device in the Component type supports the following device
parameters and device characteristics graphs.

Table 2-5 Measurable parameters for component

Component type: Inductor

Parameters Description
L Inductance at zero bias current
RDC DC resistance

Component type: Capacitor

'C  Capacitanceatzerobiasvoltage
C (biased) Voltage coefficient capacitance
Leak Leak current
R (insulation) Insulation resistance

Graph Description

C-v Capacitance to Voltage Characteristics

Component type: Shunt Resistor

Parameters Description

R Resistance at specified current

Component type: Resistor

Parameters Description

R Resistance at specified voltage

Component type: Connector

R (contact) Contact resistance

BV Withstanding voltage
Leak Leak current

R (insulation) Insulation resistance
C (insulation) Insulation capacitance

Graph Description
R-1 Contact resistance vs. Conduction Current
C-v Insulation Capacitance vs. Insulation Voltage
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Component type: Cable

Parameters

Description

C

Capacitance

R (insulation)

Insulation resistance

R (conduction)

Conduction resistance

Graph

Description

R-1

Contact resistance vs. Conduction Current

Component type: Relay

Parameters

Description

R (contact)

Contact resistance

R (coil)

Coil resistance

open contacts)

Insulation resistance between open contacts

Insulation resistance between coil and contact

pick-up)

Pick-up/Set voltage

R
R
V
V (drop-out)

(
(
(coil-contact)
(
(

Drop-out/Reset voltage

| (operating)

Operating current

C (open contacts)

Capacitance between open contacts

C (coil-contact)

Capacitance between coil and contact

Graph

Description

R-1

Conduction resistance vs. Conduction Current

Component type: Photo Coupler

Parameters

Description

VF

LED Forward Voltage

IR

LED Reverse Current

CT

LED Total Capacitance

BVCEO

Detector Collector-Emitter Breakdown Voltage

BVECO

Detector Emitter-Collector  Breakdown Voltage

ICEO

Detector Collector Dark Current

Cce

Detector Collector-Emitter Capacitance

V/CE(sat)

Detector Collector-Emitter Saturation Voltage

CS

Input-Output Capacitance

RS

Isolation Resistance

BVS

Isolation Voltage
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Graph Description

IF-VF Forward Current vs. Forward Voltage

IFP-VFP Pulsed Forward Current vs. Pulsed Forward Voltage

IC-VCE Collector Current vs. Collector-Emitter Voltage

IC-IF Collector Current vs. Forward Current

Cce-VCE Collector-Emitter capacitance vs. Collector-Emitter
Voltage

Component type: Solid State Relay

VF LEDForwardVoltage
VR LED Reverse Voltage
IF (on) LED Operate Current
IF (off) LED Turn-off Current
R (on) On Resistance
| (leak) Off-state Leakage Current
C (out) Output Capacitance
C (is0) /0 Capacitance
R (is0) /0 Isolation Resistance

IF-VF Forward current vs. Forward voltage

IL-V Output current vs. Output voltage

I(off)-VL Off-state Leakage current vs. Load Voltage
Clout)-vL Output Capacitance vs. Load Voltage
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Basic functions

Datasheet characterization GUI

Datasheet Characterization mode graphical user-interface (GUI) is shown

in Figure 2-4.
Figure 2-4 Datasheet Characterization GUI.

File| Edit View Measurement Setup [qnfi_qumtion_b_i_e-lp .
GuNSE XOAE, e, (. EET v seox, T 0 E Device

1. ::em::‘: Dere ype: -4 identification
= r data area
— N

2. st e T Guidivins % vesia vt Nete Maximum

veES Coflector to Emitter Voitage
VLS Gate b Emitter Voltage

rating data area

KM Pul

e €

3. e w Tharaferislics Pararecters Y

v
L
J
"I .
v Device
v .
5 characteristics
v parameters
v
¥ area
]
=
4

NI
W

ster €| < { MPSMU )

Device
characteristics
graphs area

or Cumrent

10 m

The GUI consists of the following four parts (Refer to the corresponding
numbers in the figure.);

1. Device identification data area.
The device and operator information is entered in this area.

2. Maximum rating data area.
The maximum ratings of the device are entered in this area.
The test setup uses these parameters as the maximum limit when
setting the test conditions.

3. Device characteristics parameters area.
This area defines the actual device parameters to measure and the
test parameters.

4. Device characteristics graph areas.
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This area defines the characteristics graph to measure, the test
conditions and the output graph scales.

Note: In the breakdown test such as the BVDES or BVCES, the test setup uses
higher voltage compliance in the default setup (typically 3 kV) than the
maximum rating because the actual breakdown voltage is higher than the
maximum rating value.

The device should not be damaged by the specified collector current.

Basic Functions

Datasheet measurement mode has the following test support and editing
capabilities.

v

Protect the test device.

The test setup is automatically limited by the maximum ratings,
and the device is operated in a safe condition inside the device
operation range.

Minimum and Maximum parameter limits are checked
automatically.

The measured parameters are automatically checked if they are
inside the minimum and the maximum limits. If the measurement
data is outside the limit, the measured parameter is shown in red
color in the display.

Modification capability of the measurement condition.

The measurement conditions can be changed in the detail
measurement setup window.

Deselect capability of specified parameters in the measurement.
You will have an option to deselect a parameter from your
Datasheet Characterization test file when you start
measurements. This capability is useful when only limited tests
are necessary to measure.

Duplication capability of existing device characteristic
parameters to measure with a different test condition.

You can duplicate the predefined test and add as another test in
a different test condition.

Importing capability of separately measured data.

If the measurement type is the same, the existing data can be
imported in the current setup including the measured data.
Moving Up/Down a measurement item.

You can change the order the measurement.

Adding new test parameter

You can add a new test parameter based on existing IV, CV and
Qg data.

Modification capability to create new parameter from the existing
parameters.

You can create a new parameter by modifying the existing
parameter
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Note:

Figure 2-5

34

How to add new parameter, refer to section “Tips to customize a
datasheet setup” in the section headed “Useful information for using
the datasheet characterization mode”.

Steps to measure datasheet characteristics of power device

A typical flow to measure the datasheet characteristics is described in
Figure 2-5.

If the setup for specific device is available, it is possible to re-use it and
you can skip the steps to modify the measurement conditions.

During the measurement, it is necessary to manually change the
connection from the IV/CV measurement test module to the Qg
measurement socket adapter.

Typical flow to run Datasheet Characterization mode.

[ Select Device Type ]

Measuring IV
Curves

Measuring CV
Curves

Qgis

included ?

Create New Datasheet

Input Device Information

Choose items to be measure

[ ]
[ ]
[ Input Maximum Ratings ]
[ )

Modify Measurement
Condltlons Change
connection to the
See more Connect the DUT Qg measurement
detail for IV/cv
measurement
[ Run the Measurements ]

Measuring IV
Parameters
Measuring CV

Parameters

Measuring Qg
Parameters

Measuring Qg
Curve

I Finish I
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Details of measurement condition modification

The "Modify Measurement Conditions" step in Figure 2-5 is actually

setting the parameters in each parameter and graph item in 3 and 4
parameter blocks in Figure 2-4.

Each line items and graphics of these items are broken down to the
detailed measurement setup window shown in Figure 2-6.
This detail setup for each parameter is repeated for all the device

parameters in the initial setup phase of the test device as shown in Figure
2-7.

Figure 2-6 Example of the detail measurement setup window for each device
parameter.

BVCES.pda-iv.tet - 'V Measurement

File Edit View Measurement Configuration Help

als XYoo= »

) Setup Device Type: |IGET IC-VCE IC-VGE VGE(th) VCE-VGE VCE(sat) ICES IGES IF-VF
General settings Gate / Base Voltage Bias Drain / Collector Current Staircase Sweep
Trace Mode Quick Source |V Sweep Mode Linearsingle = | E|
Step Time 1] 5 A Details Start 400y A
| Details MPSMU = |V Constant Stop 400y A
Aperture 20m Compliance im A ~ ) Details
Hold Time o0 s Voltage Compliance 100 |V HVSMU = |1 Sweep
~ Number of Step 1
Compliance 3k vV
im| W
k| V

Characteristics | Connections

v ) @ Line () Dot ©) Line & Dot

(o]
MARKER: 365.69 V

[©] [ [=] (A :

Characteristics ~ 399.95 pA

450p A

350p A

30 v 10 Widiv.

v | Automatic Data Save Device ID: | IPW6

A~ | Comment: B pata: X | @
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Figure 2-7

36

Detail measurement setup is repeated for each parameter.

Symbol Parameter
] E‘ BVCES Collector to Emitter Breakdown Volt.=

J E‘ ICES Collector Leakage Current
] E‘ IGES Gate Leakage Current

] E‘ VGE(th)  Gate to Emitter Threshald Voltage (.

] E‘ VCE(sat)_1 Collector to Emitter Saturation Volt. s——
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An IGBT measurement example

Devices and test fixtures

Device used in the example

In this section, discrete IGBT FGAT80N33ATD is used
as the example test device. (See picture on the right). .

This device has the following basic characteristics.

v’ VCES: 330V

v VGES: +/-30V

v' IC: 180 A(DC), 450 A(Pulse) GCE
Output characteristics example FGATSON33ATD

IGBT
200 A [

C

Collector Current
20 Ajdi

0 A

oV 1 Wdiv LY

Collector to Emitter Voltage

Test conditions for each measurement parameters for Datasheet
Characterization function are picked up from the datasheet of the device.

IV and CV test socket module

To measure IV and CV characteristics, B1506A Opt. F10 3 pin Inline
Package Socket Module is used as shown in Figure 2-8.
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Figure 2-8 B1506A Opt. F10 3 pin Inline Package Socket Module, and IGBT setting
on the socket.

Gate charge test socket adapter

To measure the gate charge parameters, B1506A Opt. F14 Gate charge
measurement adapter shown in Figure 2-9 is used.

In this section, the constant current load method is used to measure the
gate charge of the device under test (DUT). The left hand TO socket is
used to attach the current load FET (IXTH200N). The DUT is attached to
the right-hand TO socket.

Note: To measure (g of the DUT attached to the TO socket, the DUT selector
switch has to be set to “Internal Package”. Also, the shorting bar has to
be attached to the collector/drain sense terminals for external DUT
measurement as shown in Figure 2-10.
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Figure 2-9 B1506A Opt. F14 Gate charge measurement adapter.

Confirm the
4 “Internal Package”

Attach a current is selected

load FET

Confirm the
shorting bar is
attached

Figure 2-10 Current load FET (IXTH200N (Left), and the DUT (Right).

Device under test

- ’ (DUT)
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Measurement Steps

Following shows the measurement steps of the Datasheet
Characterization mode.

Step 1 Starting the datasheet characterization mode
Click “Datasheet Characterization”. (Figure 2-11)
The datasheet characterization mode is launched.
Initially, a blank datasheet characterization setup as shown in Figure
2-12 opens.

Figure 2-11 Click “Datasheet Characterization”.

Easy Test Navigator

Osw| 8 @[E ) vmb-mwebwm-

Figure 2-12 A blank datasheet characterization setup panel opens.

File Edit View Measurement Setup Configuration Help
AQNSE Adam - o De.EET rvEeoX, FOE
5l

(o Ieenbhcaton MM MoSHET

o " _
Sample 10: : :

Operator:

Measurement nstrument:

% M Ratings.
 Maximam Ratings
symbat Parameter Test Candttions Value Uit Nete
| Characteristics Parameters.
Symbal Parameter Tect Comditions Min Act Max.  Unit Mate
| Characeeristics Giaphs

v futomatic Tata Save Devien 10: [PHESHOSBCION « Comament ‘h Data: x Iramowmm sampiei Verl 0139 poa-chip
‘o - p E 5
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Step 2 Creating a new datasheet definition
Follow the next steps to open the new datasheet template by referring to
Figure 2-13.
(a) Select a device type from the pull down list.
(b) Click the “New Datasheet” button.
(c) Click the "OK" button of the confirmation window.
(d) IGBT datasheet template opens.
Figure 2-13 Steps for creating a new datasheet definition.
File Edit View Measurement Setup Configuratior File Edit View Measurement Setup Configuratior
ANSE, XIAD ANSE, XdAD
~ | Identification Device Type- | ~ Identification Device Type: £| :‘
Part Number: Part Number: |
Sample ID: - Sample iD: |
Description: Description: I
(a) Select a device type - IGBT. (b) Click the “New Datasheet” button .
x|

Avre you sure you want to discard changes on current datasheet folder?

opmmmmm—
L OK 17 Cancel

(c) Click “OK” button.

File Edit View Setup  Confi i Help

dENESE Xxdas o @i.EaF rvEboXx, FaE
-[3)

(2 antifchtion Devkce Typee 16T
Pt Nurber:

Sarmple I0:
Description:
Operator: E
Measurement Instrumeni:
* Mammum Rabngs
Maxinum Ratings

Symibal Paramaces Test Candilizen Ve
veEs Colector 1o Emitter Voltage Tia-50°C b 150°C

VGES Gase to Imitter Vokage Conitnucus

M Pulted Callactor Current Teal5 ¢

BM Pubed Freewhesling Diccle Current 125 ¢
~ Characteristics Pasemetens

Chermeterixticy
Symabal Parmeneter Test Comdiriam

E“_. BVCES Colector to Emitser Braskdown Vot  VGE=0V, 10=200 wh

|_; KBS Callector Leakage Current VEE=300 V. VSE=0 v

I_I 1GES. Gete Laskags Cument VGE=30V, VCE=0V

E“ | 1GESC) Gt Leakage Cumment (-] VGE=-30V, V=0V

E“ | WGERR)  Geueto Emiter Threshokd VORGE fm 10750 1t

| | VGEIR)  Gate 1o Emitter Theeshold VoREgE [ vi§=10 IC=2%0 ua

|_; VCEGa Colactor b Emitter SabardBion Valt  VGE1S W, 1050 A PulseWicsha200 s

E“ ] w Fresuhadling Diode Foruard Votige  VGE=0V, 1F=50 & PulseWacth=300 1a
E“_, Ry Gate Rasatance VGE=0V. f=100 kHe
01 e Tnout Canscitancs WEE_AL VB SAL 1A Laie

~ futzrmatic Cuta Save Device [0 PWESSISCE04 + Comments |1 ot | 3¢ ]

EER AENER
(d) Template of IGBT Datasheet..
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Step 3 Input the device information
Input the device information to the Identification section of the datasheet
template as shown in Figure 2-14.

Figure 2-14 Example of the Identification section of the demo device.
~ Identification Device Type: |IGBT M _D]
1. Part Number: [ FGa180N33ATD
2. Sample ID: ISampIe 1
Description: | Fairchild: 330 V, 180 A PDP Trench IGBT
3. Operator: I Keysight Application Development
4. Measurement Instrument: IBlSO6A H71 Demo Equipment #1

Using a part number and device description including the
manufacturer information (Figure 2-15 as an example) are
recommended to identify the device in detail in the future use.

Enter the following information:

1. Part number:
Device name from the datasheet.
2. Sample ID:
Describes the information to individualize each sample device.
Operator name:
4. Measurement instrument sections:
These are used to note information to identify measurement
situations. For example, like who has measured it or what
equipment is used to measure the data.

w

These information are recorded in the test result file.

Figure 2-15 Datasheet description example.

Example manufacturer
—— information.

FAIRCHILD SEMICONDUCTOR®

FGA 180N33ATD
330V, 180A PDP Trench IGBT

v Input the device ID in the bottom of the panel. (Figure 2-16)
This device ID is used as a header of the file name to store the
measurement results.
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Figure 2-16 Device ID in the bottom of the panel
File | Edit View A Setup C i Help
ANSE Xdam o Da.Edd rvreoXxX FoR,
~ Mentificaton Device Type: 18T *|ib] -
Part Murmbes:
Soemple 10:
Description:
Operator: -
Measurement Instrument:
* Marimum Razings.
Maximum Ratings
Syrmibal Pargecter Test Condition Valur Unit Nete
VCES. Coliector to Emister Voltage Tje-50"C to 190°C o
VGES Gate ta Emilter Valtage [— v
KM Pulsed Colector Curment Tea25%C A
{0 Pulsed Freewheeling Dinde Current Te=25"C A
= Characteristics Parameters.
Chavacteristics Porgereter.
- Symbal Pargmeter Test Conditians Min. Act. Mo Unit Nate
i_i BVCES Colector ta Emitter Breakdown Vol  VGEa0 V, 05200 uA 300 380 v
{_| {21 Collector Leakage Current VEE=300V, VEE=OV 55n 200, A
[Vl rees Gate Leskage Cument VGES30 V. VCEsOV $p 1u (NA
- o - T« -0p A
Af| ¥ | Automatic Data Save Device ID:  FGALS0M - . s
{ | VGERR)  Gete to Emater Theeshold Voltage L. WCE10V, 102280 ud /,’1 £ 6 ¥
VGE=15 Y, r:w&mbw.duh:?nguf" 109 15 v
vc,(.uur.sai\.vwsgm-’z;ws 175 2 [
vst:uv;t;m‘tﬁ; mTm 1 | ehm
am F
} sampled Verl (0¥ eda-shiim

Tips: How to change the device picture:

Refer to the section “Tips: How to change the picture of the device"
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Step 4 Input the maximum ratings
Input the maximum ratings of the device in the Maximum Ratings section.
The ratings specified in this part are used to limit the applied
voltage/current, and they protect the device during the measurement
Figure 2-17 shows the maximum ratings picked up from the
FGAT80ONS3ATD's datasheet.
Figure 2-17 Absolute Maximum ratings described in the datasheet of the example
demo device.
Absolute Maximum Ratings
= Symbal_ | _ _ _ _ _ _ Description _ _ _ _ _ _ _ — -Ratings _ | _Unit_
VCES Collector to Emitter Voltage 330 Vv !
VGES Gate to Emitter Voltage +30 Vv :
IC_ _ _ _ [ CollectorCurrent _ _ _ @7C=25C _ _ _[__180 _ [ _A _|
ICM (1) Pulsed Collector Current @ TC =25°C 450 A |
T) Operating Junction Temperature -55 to +150 °C
To input the maximum ratings:
Follow the next steps to input the maximum ratings of Figure 2-17 by
referring to the number shown in Figure 2-18.
1. Click the parameter to be modified.
2. Then the parameter input field changes to edit mode.
In the example, Tj Min., Max and VCES max value are changed.
3. Modify the VCES value field based on the datasheet (Figure
2-17).
4. Enter Tj Min., Max.
Note:
Tj parameters are used for reference only, not for actual
measurements.
5. After modifying the value, click the “x” button to exit the edit
mode.
6. Setall the other parameters' maximum ratings in the same way
by referring to the above steps from 1 to b.
Note: For maximum current rating of ICM, sine the B1506A uses pulsed
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measurement mode to measure it, choose the maximum rating defined in
the pulse current mode.

Figure 2-19 shows the maximum ratings section after all the parameters
have been entered for FGAT80N33ATD.
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Figure 2-18 Editing the VCES maximum rating and the other maximum ratings.
1. Click
SR,
A Maximum Ratings !
Maximum Ratings | /'
| symbot | Parameter e —— F ditions-————L———4 Volue- Lunit | Note | ]
VCES Collector to Emitter Voltage 1 [T=s0°cto150°C | " |
6 VGES Gate to Emitter Voltage e et TR ~ |
i IcM 7. Puised Collector Current [Te=257C | A |
M Puised Freewheeling Diode Current  [Tc=25 °C [ A
v Edit
2. Edit mode /
S —_—— 4 LI SR P V.0 L R R - 4/‘----
| symbot | P 1 *  Test Conditions | vawe /| unt|
VCES Collector to Emitter Voltage 1T Min 50 'CX[ | \
B =
| Test Conditions Y i
Tj Min. | -50 'Eﬂ | : v
Max. 150 T i e g e o e e e o

Note:

g| Click “x” to exit the Modify the rating
t value

edit mode

If the maximum current of the freewheeling diode is not described in the
datasheet, typically it is the same as the maximum collector current. Use
the maximum collector current as an IFM.

Figure 2-19 Maximum ratings section for FGAT80N33ATD.

" AT vy >

| symbot | Parameter | Test Conditions | Value | unit |

Tips

Tips

VCES Collector to Emitter Voltage IT,:-SO *Cto 150 °C

VGES Gate to Emitter Voltage I Conitnuous

IcM Pulsed Collector Current [Te=25¢

> r <

IFM Pulsed Freewheeling Diode Current ITc=25 °C

How to change the symbol name or description:

Refer to the section named “Tips: How to change the symbol name
and the description" in the section headed “Useful information for
using the datasheet characterization mode”.

How to add an item to the section of maximum ratings

Refer to the section named “Tips: How to add a new item to the
maximum ratings" in the section headed “Useful information for
using the datasheet characterization mode”.
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Step 5

5.1 BVCES

Creating a setup for the characteristics parameters section
This step demonstrates how to create each measurement setup for the
following device parameter characteristics.

5.1 BVCES

5.2 ICES

5.3 IGES

5.4 VGE(th) (gate-drain connected)
5.5 VGE(th) with constant VCE

5.6 VCE(sat)

5.7 Transconductance (gfs)

5.8 VF of freewheeling diode

5.9 Other IV parameters

5.10 Rg internal gate resistance
5.11 Capacitance (Cies, Coes, Cres)

5.12 Gate charge (Qg, Qge, Qgc)

BVCES is defined as the collector voltage at the specified collector
current when applying VCES to the collector while keeping the device
turned off.

How to set up BVCES test condition parameters

Modify the test conditions based on the conditions described in the
datasheet. For example, here is a description of BVCES in the datasheet.
VBCES is defined as the collector voltage when the collector current is
400 pA with 0 V gate to emitter voltage.

Parameter | Test Conditions | Min. | Typ. | Max. | Unit

I|Off Characteristics

I BVCES | Collector to Emitter Breakdown Voltage | VGE=0v,IC=400pA | 330 | - [ - [ v

To modify the test conditions, (refer to Figure 2-20)

v Click the parameter area to move into the edit mode.
v" Modify the test conditions and ratings the according to the
datasheet.
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Figure 2-20
Click
| symbot | Parameter e ————— Fest-Conditions == == == —~ = Mir= = At = + = Max: = + Yt §
[V BVCES  Codector to Emitter Breakdown Vojta |VGE=0 YV, IC=200 pA 300 360 v
) [ p——" Test Condifions. - w m o m e JMin_)_Act | _Max .| taif
| VeE | 0o V X[ T30 30 vi
bic [ a0u A i
e S !
Modify
Note: Normally, only the minimum value is defined for BVCES in the datasheet.
But, it is possible to add a maximum limit in addition to the minimum
limit if necessary. To add the maximum or minimum limit to the item,
refer to section “Tips: How to add the minimum / maximum limit ".
How to set up the detailed I/V measurement parameters
To create a new measurement setup for a new device parameter, or to
verify the existing individual setup, or to modify the measurement setup
in details, open the corresponding setup window from one of the
following two ways.
Method 1: Open Setup from the pop up menu:
v' Right-click the parameter to be modified excepting the input
parameters. (Refer to Figure 2-21.)
v' Select “Setup” from the pop-up menu.
Figure 2-21 Selecting setup from the pop up menu.
Pop up window
Symbot Darames: N st Conditions. Min. N Max. u,..-/ Note
E| BWCES Collector to Emitter Breakdown Volt..  YGE=0V,1C=200 pA 300 = “V‘ )
E ICES Collector Leakage Current VECE=300 V, VGE=0 V' Check All
E| 1GES Gate Leakage Current VGE=30V, VCE=OV [ uncheck Al
[: IGES(-) Gate Leakage Current {-) VGE=-30V, VCE=0 V -lp a et h 5
; E Add Parameter
[:] VGE(th) Gate to Emitter Threshold Voltage {..  1C=250 pA 2 —
|7| VGE(th) Gate to Emitter Threshold Voltage (.. yCE=10V, IC=250 pA 2 3 Impolrt
l:| VCE(sat)  Collector to Emitter Saturation Volt..  yGE=15V, IC=50 A, PulseWidth=200 us 7; Bliphcate ]_'
[:| VF Freewheeling Diode Forward Voltage  YGE=0', 1F=50 A, PulseWidth=200 ps & Ko Dowiy SeleCt Setup
|:| Rg Gate Resistance VGE=0V, =100 kHz y2 B
[: Cies Input Capacitance VGE=0V, VCE=30 V, f=100 kHz Jb Edit Setup
[:| Coes Output Capacitance VGE=0V, VCE=30 V., f=100 kHz & R ecycle
[: Cres Reverse Transfer Capacitance VGE=0, VCE=30 V. f=100 kHz
211 a0 goaitale haas Vae(on)=15 V, Vgelof)=0V, Vce=200 V, Ic=40 & }_(__F’E'E‘E Del
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Method 2: Open Setup from the ribbon menu of the Datasheet
Characterization mode panel (Figure 2-22).

v Click the parameter to be modified excepting the input parameters.
v Click the setup button in the ribbon menu.

Figure 2-22 Selecting setup from the ribbon menu.
Click to select
Symbol Parameter Test Conditions Min. Act. dx. Unit Note
El BVCES Collector to Emitter Breakdown Volt..  yGE=0V, IC=200 pA 200 360 v

@ Line is selected.
(highlight as blue.)
Configuration Help

.E‘ ;ﬁlﬁnxgﬂ_‘l—i =1‘\|'4"'i§ﬂx

Click to open
the setup

v Corresponding setup is opened. (Figure 2-23)

The following explains the BVCES I/V measurement setup. Refer to the
corresponding numbers shown in the figure.

1. For BVCES measurement, the “ICES” preset of the IV
measurement mode is used (the measurement item cannot be
changed in this mode. To change it, refer to section “Tips: How
to change locked parameter in the setup”).

2. To see the detailed setup, click the down arrow on the left side of
the “Details” label.
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Figure 2-23 BVCES I/V Measurement panel.

BVCES.pda-iv.bxt - 'V Measurement
|FiLe Edit View Measurement Configuration Help

a3 1w %3
QRE xdas, » .
e
) Setup Device Type: |IGET IC-VCE IC-VGE VGE(th) VCE-VGE VCE(sat] ES ;O IGES IF-VF
\,
General settings Gate / Base Voltage Bias Drain /Yoohector Cument Staircase Sweep
Trace Mode B Source o Vv SweepMode [Linearsingle | 4]
NPLC 10 ) Details 2. st 000 A
~) Details [mPsMu =]V Constant
Delay Time 0 s Compliance
Hold Time 100m s Voltage Compliaricel

1
1 1
|| W e— = 1
1 [HvsMU -1 Sweep |
1 i
| Cheracterstics | Connections | ! Pluniber ofSlen 1 H
ot & 5 1 Compliance vl
+) ® Line O Dot O Line & Dot i3] [©] [ ORI Ik i
CER: v 1m| W :
A 19999 A Ty : 1
Complianc 3k Y|
__________ -

10 Vidiv.

~ | Automatic Data Save Device ID: | FGALZON Comment: 1 Data: | X | @

The detail of the BVCES parameter setup is shown in Figure 2-24.

Figure 2-24 Detail of the BVCES I/V Measurement setup.

IGES IF-VF

) Setup Device Type: |IGET

i' Drain / Collector Current Staircase Sweep
! Sweep Mode  |LinearSingle || %21
' | 9 |

General settings

1 (]

i Trace Mode Fine i i Source

i NPLC 7.> 0 {vpaskTTTTTTTTTTTTTTT ! Start 3.> 400 Al
|~ Details i o Sop g Al
! Delay Time 0 s ! LAl Details

i Hold Time 8.> 10m s i [Hvsmu  ~ |1

1 1

i
| (DS

_________________________________ ! Mumber of Step
i Compliance
I

v" To measure BVCES, the HVYSMU forces 400 pA in constant current
mode and measures the collector voltage.

3. The start current is set as 400 pA, which is taken from the Test
Conditions of the VBCES.

4. The gate voltage is set as 0 V, which is taken from the Test
Conditions of the VBCES.

5. The Number of Steps is set as 1 to do a single spot measurement
at the start value.

6. The Voltage compliance used in this measurement is larger than
the maximum rating of the device because BVCES is normally
larger than it, and the device should not be damaged by the
specified collector current.
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7. Itis possible to modify the measurement setup in details here
(example: Hold time, Delay

time and Meas. Time). Delay time
To see the detailed setup, yl |
click the down arrow on ——

the left side of the “Details”
label. Delay time
The NPLC mode of ‘
measurement time is used.
NPLC stands for number of
power line cycle (1 PLC =
20 ms @ 50 Hz region, 16.67 ms @ 60 Hz region) and it is
effective to reduce measurement noise coming from the
commercial power line. Also, to reduce a random noise on
measured data, measurement time should be long enough. In this
setup, 10 PLCs of measurement time is used for precision leakage
current measurement.

8. The hold time should be long enough to wait for the settling of
the voltage and the current.

Hold time Meas. time

Note: To measure BVCES with small IC
accurately, the fine mode is
used in the IV measurement
mode. It uses limited auto
ranging to use an appropriate

Delay time

7

Aperture

measurement range and PLC Step Tclme
mode of measurement t|_me to «2
reduce measurement noise

coming from the commercial Hold time Aperture

power source. The fine mode is

only available when DC bias mode (V or 1) is used. When using pulsed
bias mode (VPulse or IPulse), the quick mode is used. In the quick mode,
measurement timing is defined as step time or pulse with, and aperture.

Verification of the BVCES measurement setup

After the detail I/V measurement setup is finished, it is recommended to
perform the verification of the measurement setup. Follow the next steps
by referring to the number in Figure 2-25

9. Click the measure button and the measurement result is displayed
in the graph area.

10. In this case, measured BVCES is 334.45 V.

11. To save the test setup and the test result to the datasheet level,
save the setup by selecting “File”-->"Save”. The actual value in
the datasheet is updated (Figure 2-26).
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Figure 2-25

9. Click |

Execution of the BVCES I/V measurement.

Datasheet Characterization

BVCES.pda-iv.tet - IV Measurement %
|Fike|Edit View Measurement Configura/ n Help

dHE XFAazE( s

) Setup Device Type: |IGET IC-VCE IC-ViGE VGE(th)

General settings
Trace Mode Fin

Gate / Base Voltage Bias

e Source 0
NPLC 10 v ) Details
~ ) Details
Delay Time 0 s
Hold Time 100 m

Characteristics | Connections

¥) ® Line © Dot O Line & Dot_[65| (@] [+3] (=] (A

MARKER: 365.95V

Characteristics 400 pa
450p A : r

350 A
320 v

10 V/div.

v | Automatic Diata Save Dewice ID: | FGA1S0N Comment:

Figure 2-26 Update on the datasheet result.
Symbol Parameter Test Conditions
J |_| BVCES Collector to Emitter Breakdown Volt..  yGE=0 Vv, IC=400 pa
Note:

Click
File Edit Vyi4v Meas
o 1 '\\\x =
ol

e ICES IGES IF-VE
a o JED -vr

Drain / Collector Current Staircase Sweep

Sweep Made LinearSingle | |"'i |

Start 400 A
Stop o A
# | Details
HVSMU = |I

Number of Step

Compliance 3k v

o

T;‘| Data: | ) | gal

£
 —
Min. | Act.  Max.  Unit
1 1 §
330! 348 ! v
1

If you change any of the optional parameters and to reflect the change,
save the setup by selecting “File”-->"Save”.
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5.2 ICES

ICES is defined as the collector current when applying specified VCES to
the collector while keeping the device turned off.

To set up ICES test conditions and I/V measurement parameters

Modify test conditions based on the conditions described in the
datasheet. For example, here is a description of ICES in the datasheet.
ICES is defined as the maximum collector current as 400 uA when the
collector voltage is VCES with 0 V gate to emitter voltage.

Symbol Parameter | Test Conditions | Min. | Typ. | Max. | Unit

Off Characteristics
1 BVCES _ | .Collector to Emitter Breakdown Voltage | VGE=0V.IC=4Q0pA _ (330 f{_ - _ L _ o | _V_ |
ICES Collector Cut-Off Current VCE = VCES, VGE = 0V - - 400 A

To modify the test conditions (refer to Figure 2-27)

v Click the parameter area to move into the edit mode.
v" Modify the test conditions and ratings according to the datasheet.

Figure 2-27 ICES Test Conditions

-
ICES Collector Leakage Current 1 VCE 330 V
~2 :

v Open the ICES I/V measurement setup panel (Figure 2-28).

Following explains the ICES I/V measurement setup. Refer to the
corresponding numbers shown in the figure.

1. In the background of the ICES measurement, “ICES”
measurement template of the IV measurement mode is used.

2. Fordrain/collector biasing, the HVSMU is operated in Voltage
force mode.

3. HVSMU operates with a single step sweep measurement of 330
V start voltage (only the first step with the start voltage is
measured).

4. Gate voltage bias is taken from the datasheet input.

Note: The start voltage of the drain/collector voltage staircase sweep and the
source voltage of the gate/base voltage bias are inherited from the test
conditions defined in the datasheet mode.

Note: The current compliance is automatically defined as 10 times of the
maximum limit defined in the upper level (datasheet mode). It can be
changed by editing the property of the test parameter (refer to “Tips:
How to change the association of the test conditions with the
measurement setup”).

52



Datasheet Characterization

5. 10 PLCs of measurement time is used as a default value and,
typically, it is long enough.

6. 100 ms of Hold Time is used as a default value. If the compliance
value is very small, it is necessary to make it long enough to
charge up the capacitance of the device before measuring ICES.
Since “Fine” mode uses limited auto ranging, measurement
resolution is not degraded even if large current compliance is
used.

Figure 2-28 ICES 1I/V Measurement panel.

ICES.pda-iv.bet - L'V Measurement
Edit View Measurement 7. |fg;1rat|0n Help

S
Y
-J W ddamy 2 1, mn
S ok N,
= Set P DW'ceTVPe IGET VCE OIC-VGE O VGEth) O VCE-VGE O VCE(saf) ‘,
General settings Drain Y€ sthefor Voltage Staircase Sweep
Trace Mode Fine Sweep Mode |LinearSingIe v|L|
—————————————————— 1 B . ————————1
5. > : NPLC 10 # | Details T Start 3> 330 :\,"
S=STITTTTTTTTTITTEEE | e b o
6. >lEta|s 1 |MPSMU v| Constant top 0| ¥
A : 5
| Delay Time 0 s, Compliance im A ~) Details
I ”'_Of;r:”i________lgo_-i_s_: Voltage Compliance 100 ‘.-'2_: HVSMU Sweep ':
1 Number ofStep 1 :
1 Compliance Am A :

Characteristics | Connections

v) @ Line ) Dot

MARKER: 330 V

Characteristics ~ 79.017 nA
90n A 1

10 Vidiv.

~ | Automatic Data Save Device ID: | FGALE0N Comment: 13 Data: | X {l

Verification of the ICES measurement setup

After the detail I/V measurement setup is finished, it is recommended to
perform the verification of the measurement setup. Follow the next steps
by referring to the number in Figure 2-28

7. Click the measure button, and the measurement result is
displayed in the graph area.

8. To save the test setup and the test result in the datasheet, save
the setup by selecting “File”-->"Save”.

Click

File Edit Vi Meas

mmnd
%

o

Sem -
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5.3 IGES
IGES is defined as the gate leakage current at VGES both in positive and
in negative voltages.
How to set up IGES measurement parameters
Modify test conditions based on the conditions described in the
datasheet. For example, here is a description of ICES in the datasheet.
Symbol Parameter | Test Conditions | Min. | Typ. | Max. | Unit
Off Characteristics
BVCES Collector to Emitter Breakdown Voltage | VGE =0V, IC =400pA 330 - - Y
L =GES- — | Collector Cut-Qff Current _ _ — — — VCE=VOESLNGE=QV L —— [ —— - _400_ L _pA _ |,
1| IGES G-E Leakage Current VGE = VGES, VCE =0V - - +400 nA 1
Note: In the datasheet characterization mode, since only single test condition

can be specified at one measurement item, it is necessary to separate the
IGES measurement into two parts, positive and negative biased
conditions.

To modify the test conditions, (refer to Figure 2-29)

v Click the parameter area to move into the edit mode.
v" Modify the test conditions and ratings according to the datasheet.

1. IGES is used for positive biased measurement and IGES(-) is
used for negative biased measurement.

2. ForIGES, input the same test conditions as in the datasheet
(VGE =30V, VCE =0V and the max. limit = 400 nA).

3. For IGES(-), the signs of all parameters are reversed and the
max. limit is converted to the min. limit.
(VGE =-30V, VCE = 0V and the max. limit = -400 nA)

Figure 2-29 IGES Test Conditions.
| . e e
DE] IGES E Gate Leakage Current > > EGEE"ﬁ--V—--—-! | i . m -
- ] s 0 v L e i i
ol _| IGES(-) i Gate Leakage Current (-) g, EVGE 30V i I x| [200n  -s0p : A
L= - I IO A N S !

v" Open the IGES I/V measurement setup panel. (Figure 2-30)

Following explains the IGES I/V measurement setup. Refer to the
corresponding numbers shown in the figure.

4. In the background of the IGES measurement, “IGES” template of
the IV measurement mode is used.

5. For gate/bias voltage staircase bias, the MPSMU is used in
Voltage force mode with a single step sweep measurement.

6. The single step of 30 V is set as the Start voltage (only the first
step with the start voltage is measured).
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Note:
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The start voltage of the gate/base voltage staircase sweep and the
source voltage of the drain/collector voltage bias are inherited from the
test conditions defined in the datasheet mode (30 V and 0 V).

7.

The current compliance of gate bias is automatically defined as +
1 mA to the maximum limit defined in the upper level (datasheet
mode). Since the current compliance is determined by the
maximum limit defined in the datasheet mode, it is not allowed
to remove it. To change/remove association between the
maximum limit and the current compliance, refer to “Tips: How
to change the association of the test conditions with the
measurement setup”.

Fine mode is used to measure leakage current accurately.

Hold time determines the wait time before measurement after
applying the bias. In this case after waiting 1 s, ICE is measured
with 10 PLCs of measurement time (1 PLC = 1/ Frequency of
commercial power source).

If the input capacitance of the gate of the DUT is large and the current
compliance is small, the default wait time (1 s) is possibly not enough to
charge the gate input capacitance due to the charge current limitation by
the current compliance.

v

If the wait time is not long enough, the measured current exceeds the
maximum limit defined as the test conditions in the datasheet mode,

and it reaches the current compliance value.

In such a case, set a longer Step Time, for example, 2 seconds.
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Figure 2-30 IGES 1/V Measurement panel.

IGES. pda-iv.bxt - 'V Measurement
File Edit View Measurement 9. nfiguration Help
’ S

o g X~ Y
ﬂ u i ij u'-] E‘]‘j (\ b /’ 4;¢-~
-
~ | Setup Device Type: |IGET IC-VCE IC-VGE VGE(th) VCE-VGE VICE{sat) :C{E :-EES) IF-VF
Geparat metimrme == = ——— — ——— 7 Gate / Base Voltage Staircase Sweep — Jrain_fCoIect\oh\blmg’ Bias
>I|:race Mode Fine : Sweep Mode |Linear5|'ng|e = |:_J Source o v
L 0 1 6.1 Ser 30 V) (~) Detils
) Betails 1 Stop o ¥ |HusMU = |V Constant
1 Delay Time 0 s: ~) Details Compliance am A
1 . < R -
o Lo [yl ] v
5.§II Number of Step
1 Compliance
e e e e
| Power Compliance 2| W
/oltage Compliance 100 | V

Characteristics | Connections

v) © Line © Dot © Line & Dot () (@] (] (=] (A <

MARKER: 30V

Characteristics 2218 pA
25p A I |

1 Vidiv.

v | Automatic Data Save Dewice ID: | FGALE0N Comment: ﬁ Data: | X -ﬂ

Verification of the IGES measurement setup

After the detail I/V measurement setup is finished, it is recommended to
perform the verification of the measurement setup. Follow the next steps
by referring to the number in Figure 2-30

9. Click the measure button, and the measurement result is
displayed in the graph area.

v' To save the test setup and the test result in the datasheet, save the
setup by selecting “File”-->"Save”.

Click

File Edit VyA4v Meas

o

~

4l Ty

N - —_—

For IGES(-): IGES(-) I/V measurement setup and verification

Repeat the |/V measurement setup and verification for IGES(-)
parameters by opening the IGES(-) I/V measurement setup panel.
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5.4 VGE(th)

Gate threshold voltage, VGE(th) is defined as the gate voltage when the
specified collector/drain current flows with the specified collector/drain
bias condition.

Typically, in the datasheet of the power devices, the gate to emitter
voltage VGE is defined as being the same as the collector voltage VCE. It
means that the gate and the collector of the DUT are connected
together.

How to set up VGE(th) measurement parameters

Modify test conditions based on the conditions described in the
datasheet. For example, here is a description of VGE(th) in the datasheet.
VGE(th) is defined at IC = 250 pA, VCE = VGE.

Symbol |

Parameter | Test Conditions | Min. | Typ. | Max. | Unit

On Characteristics

VGE(th)

— -

<l

G-E Threshold Voltage 1C =250uA, VCE = VGE 2.5 4 5.5

VCE(sat)

_______________ TC=40AVGE=15V ~ " [T -7 711 | 14 [

<<I

X ) IC =180A, VGE =15V, - 1.68
Collector to Emitter Saturation Voltage

IC =180A, VGE =15V
TC=125°C - 1.89

<

Note:

Figure 2-31

Vth measurement method selection:

In the setup of the datasheet characterization mode, there are two kinds
of VGE(th) setup as shown in Figure 2-31.

v" The upper one is used to measure VGE(th) with condition of VGE =
VCE. So there is no condition of VCE. When using this setup, the gate
and the collector of the DUT are connected physically by the switch
in the B1506A test fixture.

v' The lower setup is used to measure the threshold voltage by applying
constant collector voltage from SMU.

Two types of Vth measurement methods of the B1506A.

|mmm e e e e e — - —
1 v VGE(th) Gate to Emitter Threshold Voltage (... g|1c=250 pA 1
1 |_7_ VGE(th) Gate to Emitter Threshold Voltage (& IVCE:IO vV, 1C=250 pA

VCE in test condition

VCE = Constant

This method is ,C This method is
used in the typically used for
example ¢ low power (ID(on)

< 1 A) device.
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To measure VGE(th) of the DUT used in this section, the upper side
measurement method is used as shown in Figure 2-31.

To modify the test conditions, (Figure 2-32)

v Click the parameter area to move into the edit mode.
v" Modify the test conditions and ratings according to the datasheet.

Figure 2-32 VGE(th) test conditions used in the example.
| symbot | Parameter | Test Conditions | Min. | Act. | Max. | unit| Note ]
]'J j VGE(th) Gate to Emitter Threshold Voltage (... iélfiz_so_i':__________: !__fj___ii__'___si__iv i_l’,f_d_ﬂ_v _______ i
Note: If a typical value is listed in the datasheet, it is useful to input the value in
the “Note” section as a reference.
v Open the ICES I/V measurement setup panel. (Figure 2-33)
v Following explains the VGE(th) I/V measurement setup. Refer to the
corresponding numbers shown in the figure.
1. The “VGE(th)” template of the IV measurement is used for this
measurement.
2. Same MPSMU are used for both gate/base current staircase
sweep and drain/collector current staircase sweep.
3. The current output mode of the MPSU is used and the start value
of the current sweep is inherited from the test conditions in the
datasheet mode.
4. By forcing the specified current, it is possible to measure VGE(th)
with a single spot measurement.
5. The compliance voltage is defined from the maximum voltage
defined in the datasheet mode.
Note: Since the voltage compliance is determined by the maximum limit

defined in the datasheet mode, it is not allowed to remove it. To
change/remove association between the maximum limit and the current
compliance, refer to “Tips: How to change the association of the
test conditions with the measurement setup”.
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Figure 2-33 VGE(th) test setup.

VGE(th).pda-iv.bd - I'V Measurement
File Edit View Measurement g 1fig_uration Help

AlE Xaam (e,

. -
- ~

| setup Device Type: |[GET IC-VCE 1._1\ C) VCE-VGE ICES (GES VF
General settings Gate / Base CurrsitStafriase Sw veep ,];wudlectnr@mﬂhauma.p___
TraceMode | Fine S Efp_‘_*‘_df__JEie_aé'ﬂg_'e_:l (%] {mpswu |_________5-;f_f';____,'
NPLC 10 |5tar~ 3.~ soy A
i e il |
Delay Time 0 s "\_ms_ _________________
Halhime 1 s UMesmy__~|i Sweep K 2.
lNumbe’ of Step 1 :e 4.
| complarce g5 Vi<—5.
[¥| Power Compliance 2 W
Voltage Compliance 100 |V

| Characteristics | Connecticns
| €

v ) @ Line ( Dot
MARKER: 3.9266 V
Characteristi:

100 m W/div.

v | Automatic Diata Save Device ID: | FGATE0N Comment: h Data: | X, il

Verification of the VGE(th) measurement setup

After the detail I/V measurement setup is finished, it is recommended to
perform the verification of the measurement setup. Follow the next steps
by referring to the number in Figure 2-33

6. Click the measure button, and the measurement result is
displayed in the graph area.

v' To save the test setup and the test result in the datasheet, save the
setup by selecting “File”-->"Save”.

Click

File Edit Vyav Meas

- ~4
\

aa

N p—y
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5.5 VGE(th) with constant VCE
Since there is no definition of VGE with constant VCE in the datasheet of
the sample DUT, in this section, the procedure for making a setup of the
parameter is described without referring the datasheet.

How to delete the existing item

If you need to delete the existing item, right-click on it, and select
“Delete” from the pop-up menu (Figure 2-34), or select the item and click
the delete button in the ribbon menu (Figure 2-35).

Figure 2-34 Deleting the VGE(th) test setup by right clicking the test definition.

Fm—m e m e m e — e m e m e m e m e —m e m——mm e\ hmmmmmm e ——————————— \
: r VGE(th) Gate to Emitter Threshold Voltage (... VCE 10 .9 8 N - £ 1
i 2| Ic o Check A I
R e I R
[][ | VGt Colector to Emitter Safuration Volt..  vGE=15 V, IC=50 A, PulseWidth=200 s 109 ! [ uncheck Al H
— S Setu 1
\ \ VF Freewheeling Diade Forward Voltage  yGE=0V, 1F=30 &, PulseWidth=200 ps 175 : ? P 1
] 1
Ry Gate Resistance VGE 0o v = 87m E5 Add Parameter 1
s i 100k Hz 1| £ Import ]
1
- ) ; 1
(] G Input Capacitance VGE=0 V, VCE=30 V. =100 kHz A11n : - | Duplicate 1
— > 1 Move U 1
@ E\ Coes Output Capacitance VGE=0V, VCE=30 V, =100 kHz 20p | * P 1
— ) 1| ¥ Move Down 1
] [ ] e Reverse Transfer Capacitance VGE=0V, VCE=30 V, =100 kHz 182p | 1
i 1| M Properties :
l i] ‘ ‘ Qg Total Gate Charge Vgelon)=15 V, Vge(off}=0 ¥, Vea=200 V, Ic=40 A 182nl| , : 1
b 1| *gs Edit Setup i
E’] ‘ Qge Gate to Emitter Charge Vgelon)=15 V, Vge(off)=0 V, Vce=200 V, Ic=40 & 229n : el 1
== & Recycle
@ \ \ Qgc Gate to Collector Charge Vgefon)=15 V, Vge(otfi=0V, Vee=200 V, Ic=40 A : :
= 1
@ L‘ Vgelpl)  Gate to Emitter Plateau Voltage Vgelon)=15 V, Vge(off=0 V, Vce=200 V, 1c=40 A : 1

Select Delete
Figure 2-35 Deleting the VGE(th) test setup using the setup ribbon menu.
Click to select
D VGE(th) Gate to Emitter Threshold Voltage (.. yCE=10V, 1C=250 pA 55 v
GANSE xdAE o FRLEET 2V SR EX T E

S

Click to delete the
selected item

It is possible to select multiple items by Ctrl+Click or Shift+Click and
delete them all at once.
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How to set up the VGE(th) measurement with constant VCE
measurement

Figure 2-36 shows test conditions of the VGE(th) with constant VCE in

this section.
Figure 2-36 VGE(th) with constant VCE test conditions used in the example.
C| VGEsh)  GatetoEmitter Threshold Vokage (. — VeE 1o v ® 25 38 55 ¥ |

v Open the ICES I/V measurement setup panel. (Figure 2-37)

The following explains the VGE(th) I/V measurement setup. Refer to the
corresponding numbers shown in the figure.

1.

2.

The “IC-VGE” template of the IV measurement is used for this

measurement.

The gate voltage is swept from 1.5V to 6.5 V in constant step

(staircase sweep). The start and stop value of the sweep are

automatically determined from the minimum and the maximum

limit defined in the datasheet level. As a default, the minimum
limit -1 V is used as the start voltage, and the maximum limit +1

V is used as the stop voltage. The associations between them are

defined in the properties of the parameter.

The MPSMU is used to apply constant VCE = 10 V with 250 pA

compliance.

The step number of the gate voltage sweep should be large

enough to make the gate voltage step precise enough to

measure the VGE(th).

v The current compliance should be large enough to charge
the gate capacitance fast enough.

v" The power compliance must be checked to enable the
“STOP AT ANY ABNORMAL” function to stop the sweep
when the collector current reaches to the compliance (250
HA).

The IV measurement automatically reads out the value at the last

point of the sweep.

v" 5 ms step time and 2 ms aperture are used for fast sweep
with 201 steps (wait time =5 ms - 2 ms =3 ms).
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Figure 2-37 VGE(th) with constant VCE test setup used in the example.

VGE(th)ConstantVCE. pda-iv.tet - 'V Measurement
File Edit View Measurement Configuration Help

ﬁl H ﬁ Cxﬁ U'j Iﬁ 1%&""~\

\
# ! Setup Device Type: |IGET lk-\._a‘\ IC-VGE JO VGE(th) O VCE-VGE O VCE(sat) O ICES OIGES OIF-VF
____________________ "
r General settings 1 Gatg.@E_::‘-EJILaQG_Staircase Sweep 1
: Trace Mode Quick : i Sweep Mode |Linear5ing|e v|| i Source mn v :
: Sep.lime 5m s | ) b star 15 ¥~ Details !
5 1 [~ Details : "1 Stop 6.5 :|MP‘SMU > |V Constant 1
1 A S e TR | R "y —y—y— -y : -
1 Aperture 2m 1 ~ Detaile \ 1 Compliance 250p A :
. T N e e I Voaltane Coamnbance 4 3
: Hold Time 0 I :|MCSMU > T : 1 Voltage Compliance w00 | v :
____________________ [ —
: Mumber of Step 201 I e !
1 Compliance im A :
:f*’i= Power Compliance 3 wl 4,
1
I
I 1

Characteristics | Connections

v) @ Line () Dot O Line & Dot

6/ [0) (] [=][Al :

Characteristics 250,65 pA

MARKER: 3.925V

3504 A

-50p A

S00m WV 500 m V/div.
. v | Automatic Data Save Device ID: .:'E'—"'_S.}‘- Comment: h Data: }( ;l
Note: Since the start and stop voltage of the gate voltage sweep are

determined by the minimum and maximum limits defined in the
datasheet mode, it is not allowed to remove them. To change/remove
association between the minimum/maximum limit and the start/stop
voltage, refer to “Tips: How to change the symbol name and the
description” in the section headed “Useful information for using the
datasheet characterization mode”.

Note: Do not remove the check form the power compliance in the gate/base
voltage staircase sweep setting. Without enabling the power compliance,
the sweep is not stopped even if the collector current reaches to the
compliance and the VGE(th) read out from the sweep becomes erroneous
(Figure 2-38).
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Figure 2-38 Erroneous VGE(th) extraction by removing the check of the power
compliance

ViGE(th)ConstantVCE.pda-iv.bxt - I/V Measurement
File Edit View Measurement Configuration Help

aklsE Xodo= »

) Setup Device Type: |IGET IC-VCE IC-ViGE ) VC VCE(sat) IF-VF
General settings Gate / Base Voltage Staircase Sweep —— Drain / Collector Voltage Bias
Trace Mode Quick Swesp Mode LinearSingle v| |', | Source w Vv
Step Time Sm 5 Start 15 V ~) Details
~) Details Stop 65 V| |MPSMU |V
Aperture 2m s ~) Details Compliance 250 A
Hold Time 0 s |W| . Compliance 100 | V
Mumber of Step 201
,r"—(empliance Vi | A
‘ B Pm\r}r Compliance 3| W

Characteristics | Connections

MARKER: 6.4997 V

Characteristics 250 uh
BOp A

Comment: h Data: | ) {l

~ | Automatic Data Save Device ID: | F
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5.6 VCE(sat)
VCE(sat) is defined as a collector to emitter voltage when the specified
collector current is flowing with the specified gate voltage. This
parameter is typically used to estimate a conduction loss of IGBT.

How to set up the VCE(sat) measurement parameters

Typically, VCE(sat) is defined with two different collector current
conditions as shown inFigure 2-39. In this demonstration, the VCE(sat) is
defined at IC=40 A and 180 A.

In this case, duplicate the setting of the existing VCE(sat) and modify the
test conditions by following the datasheet parameters.

Figure 2-39 VCE(sat) defined in two conditions, at IC = 40 A and 180 A.
On Characteristics
VGE(th) G-E Threshold Voltage IC = 250uA, VCE = VGE 25 4 55 V]
| IC = 40A, VGE = 15V - 11 14 v
1| VCE(sat) . . IC=180A, VGE = 15V, - 168 i v
L — _"__ ] Collector to Emitter Saturation Voltage I [TSRCT, V. V7 =R {3V ) P— —— I——— —
TC=125°C - 1.89 - v

VCE(sat) test conditions for IC=40 A
Follow the next steps to set up the first VCE(sat) test (Figure 2-40).

v Input the same test condition as in the datasheet (VGE = 15V and IC
=40 A).

v' Pulse width has to be chosen carefully not to damage the device by
exceeding the safe operating area (SOA) limit of the device (See VCE-
VGE measurement). For the device used in the example, 200 us is
enough).

Note: SOA limit using UHCU:

Refer to section “SOA and current load FET in Qg test" for SOA limitation
using UHCU.

v Input the same maximum limit and typical value as in the datasheet.

Figure 2-40 VCE(sat) test conditions defined at IC=40 A.
T VCE(sat) Collector to Emitter Saturation Volt... i_\76_E ------------ _-5-_;1 ﬂ 104 E_--14 \;- Typ. 1.1 V--
2 R 0 Al S S o S S o o S
1 PulseWidth 200p s 1

v Open the VCE(sat) I/V measurement setup panel. (Figure 2-41)
VCE(sat) I/V setups:

Following explains the VCE(sat) I/V measurement setup. Refer to the
corresponding numbers shown in the figure.
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1. VCE(sat) measurement template, which is based on the VCE-
VGE measurement, is used. This setup outputs the specified
pulsed constant collector current and measures the collector
voltage.

2. The source value of the "Gate/Base Voltage Pulse Bias"
parameter, "Start" value and "Pulse Width" of the
"Drain/Collector Current Pulse Sweep" parameters are inherited
from the test conditions defined in the datasheet mode.

3. The voltage compliance of the drain/collector bias is
automatically determined by the maximum limit defined in the
datasheet mode (+1 V).

4. Inthe VCE-VGE measurement, UHCU is used in current pulse
mode (IPulse) which applies pulse with the specified current
value.

5. The compliance voltage specified in the drain/collector bias
setting is the maximum voltage limit of the voltage source in the
UHCU.

Note: In the UHCU, the output current is determined by the setting voltage of
the internal bias source (Vset), output resistor and resistance of the DUT.
For details of UHCU setting tips, refer to section “The UHCU details
and measurement ".

Figure 2-41 VCE(sat) test measurement setup for current pulse at IC=40 A.

VCE(sat).pda-iv.bet - IV Measurement
File Edit View Measurement Configuration Help

als o= »

1. o===<

~ ) Setup Device Type: |IGET IC-VCE IC-VGE VGE(th) VCE-VGE (’ '-;";'Eisat‘_-\l ICES IGES IF-VF
General settings Gate f Base Violtage Pulse Bias \"‘B'ra'lrf_f Collector Current Pulse Swee| S
[¥] Auto Period LSo_urc? ______ 15 -\'i" Sweep Made LinearSingle = | |}i’|
Pulse Period 50m | S A Detmils., N T T T T ;-St;t -= a0 A
~ ) Details (MceMU = ,|l\uke Mg~ ————— 7 =,
Apem..lre 0y # Base 2 ~) ¥] Yoltage Compli: 24 ¥V
Hold Time o = Compliance 14 a > Mi__vﬁ.__se — -;S'«.-ee;:\
Voltage Compliance) v e e e T 0 A
Pulse Delay NumberofStep _ _ _ _ _ 1
Pulse Width ompliance B —>5 i
[l powertomplance |~ ~ ~ 225k W
L7 |‘."::Eag_e C:m;ian_ce_ 3_; _2: _")’I
W il
pulse Width 200 sl

VCE(sat) pulse parameter setup:
Figure 2-42 shows the pulse setup parameters and the pulse timing.

6. There are following two parameters to set the pulse start timing.
6a: Gate/Base Pulse Delay time.
6b. Drain/Collector Pulse delay time.
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Normally, the gate/base bias is set to start prior to the
drain/collector bias to turn the DUT on before applying the
drain/collector bias.

7. Pulse period setting
Pulse period is the time between the two measurement pulses.
When “Auto Period” is enabled (refer to number 7a.), pulse
period is automatically determined to make duty ratio maximum.
“Auto Period” is typically used if there is no specific requirement
in the timing.

Figure 2-42 VCE(sat) pulse test parameters and the pulse timing.

Gate/Base Pulse Bias

Pulse Period 7.
Pulse Width

’m Delay i 6 i

Drain/Collector pulse
delay to gate

Drain/Collector Pulse Bias

Pulse Width
Pulse Delay —

Os Aperture

VCE(sat).pda-iv.bet - L'V Measurement
File Edit View Measuremen 8.3afigu@tion Help

A xaas( »)

A ) Setup_Device Type: |IGET __ - IC-VCE IC-VGE VGE(th) VCE(sat) ICES IGES IF-VF
1 Ger}e_.'lal settings_ . Gate / Base Voltage Pulse Bias Drain / Collector Current Pulse Sweep
| Auta Pe.rlod 1 Source 15 Sweep Mode m| |,le!|
1 . _Pulipeiod_ e io m_ I° ~ | Details . 40 A
# | Details [McsMU =] VPulse Constant Stop 0o A
Apem..lre S0p S Base 0 ~) ¥] Voltage Complii 24
Hald Time 0 = Compliance 1 A |UHCU7v| IPulse Sweep
Voltage Compliancel 20 W " Base o A
Pulse Delay i 3 Number of Step 1
Ba. PulseWidth 1 s Cornpliance 63 V¥
[Z] Power Compliance 225k| W
[¥] Voltage Compliance__ . _ 24, V
ot~ o)
Pulze Width 200 S
Note: For UHCU, 0.4 % is the maximum duty ratio for 500 A,

and 0.1 % is the maximum duty ratio for 1500 A range.
For HCSMU (B1506A-H21), the maximum duty ratio depends on the
output current range (refer to the datasheet of B1506A).
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Verification of the VCE(sat) at IC=40 A measurement setup

After the detail I/V measurement setup is finished, it is recommended to
perform the verification of the measurement setup before going to set the
second IC test condition. Follow the next steps by referring to the number
in Figure 2-42.

8. Click the measure button, and the measurement result is
displayed in the graph area.

v' To save the test setup and the test result in the datasheet, save the
setup by selecting “File”-->"Save”.

Click

File Edit Vy4&v Meas

-

=0
- ]
’l
—_

S

VCE(sat) test conditions for IC=180 A

After determining the first VCE(sat) test condition, the second VCE(sat)
test condition at IC=180 A is set by duplicating the first setup to re-use
the proven settings defined in the first VCE(Sat) IV measurement setup.

How to duplicate the existing test setup:

There are the following two ways to duplicate the existing test setup.
Duplicate the existing VCE(sat) measurement setup from one of the
following two ways.

Method 1: Duplicate Setup from the pop up menu:

v" Right-click the parameter to be modified excepting the input
parameters. (Refer to Figure 2-43.)
v Select the “Duplicate” from the pop-up menu.
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Figure 2-43

Selecting "Duplicate" from the pop up menu.

Figure 2-44

[] VCE(zat) Collector to Emitter Saturation Voit..  yGE=15 W, 1C=40 A, PulseWidth=200 us 1 T = 11

D VF Freewheeling Diode Forward Voltage  VGE=0V, IF=50 A, PulseWidth=200 ps 1] D e el

L Rg Gate Resistance VGE=0V, f=100 kHz 38 'E!' cern

L\ Cies Input Capacitance VGE=0V, VCE=30 V, f=100 kHz 41 E Add Pararister

[:‘ Coes Output Capacitance VGE=0V, VCE=30 V, f=100 kHz 31 7; Import

[] Cres Reverse Transfer Capacitance VGE=0V, VCE=30 V. f=100 kHz g Duplicate

E‘ Qg Total Gate Charge Vgelon)=15 V, Vge{offj=0 V, Vee=200 V, Ic=40 A 18 ; Move Up

E‘ Qge Gate to Emitter Charge Vgelon)=15 V, Vgeloff)=0 V, Vea=200 V, Ic=40 A 22 & Move Down

D Qg Gate to Collector Charge Vgelon)=15 V, Vgeloffj=0 V, Vea=200 V, Ic=40 A 75| S Properties

| ] Vel Gateto Emitcer Platesu Voltage Vgelon)=15 V., Vge(of=0 V, Vce=200 ¥, e=40 A 6, &+ Edit Setup Select Duplicate
# | Characteristics Graphs & Reop e

E‘ | E| X Delete Del

Method 2: Duplicate Setup from the ribbon menu of the Datasheet
Characterization mode panel.

v" Click the parameter to be modified excepting the input parameters,
and select the measurement setup. . (Refer to Figure 2-44.)
v' Click the "Duplicate" button in the ribbon menu.

Selecting "Duplicate" from the ribbon menu.

Click to select

D WCE(sat) Collector to Emitter Saturation Yolt..  WGE=15 V, IC=40 A, PulseWidth=200 ps 14 Vo Type 11V

=a1 ue o B S - T A . ..r ~.orm rnc m o tes s mnn

GuSE xdam, o Delead ity sreox 0E
e S : GE=suw, veesu v L Dupica TP e

Click the duplicate button to
duplicate the selected item

v The Copy of the setup for VCE(sat) is created as VCE(sat)_1.
Then modify the test conditions of them based on the datasheet
parameters.
In the VCE(sat) example, enter IC=180 A as shown in the next figure.

v
[v —J VCE(sat)  Collector to Emitter Saturation Volt... |VGE=15V, IC=40 A, PulseWidth=200 ps 104 14 V Typllv
VCEGsatl1  Colector to Emitter Saturation Volt..  VGE 15V A w0 1] 2V [rypesp !
11 H
v _j I 180 A}

S o F]
PulseWidth ]— 200p s



Note

Datasheet Characterization

In the datasheet, only the typical value is defined when IC is 180 A.
However, the maximum limit is used to determine the voltage compliance
in the detailed setup. This cannot be removed. So put a large enough
value to pass the criteria as the maximum value and write the typical
value in the Note field as a memo.

Verification of the VCE(sat) at IC=180 A measurement setup

v After the detail I/V measurement setup is finished, it is recommended
to perform the verification of the measurement setup

v' To save the test setup and the test result in the datasheet, save the
setup by selecting “File”-->"Save”.

Click

File Edit VyA4v Meas

-

- )=
: 1
- =

S
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5.6 Transconductance (gfs)

Note

Figure 2-45

2 [

Transconductance T'vDs

The transconductance appears in the list of characteristics parameters
only when using the B1506A-H20/H21 model. Since gfs is defined as
dIC/dVGE with constant VCE at on-state, the HCSMU of B1506A-
H20/H21 has to be used to measure it (B1506A-H50/51/H70/H71 have
the UHCU instead of the HCSMU and it cannot keep constant VCE while
outputting collector current due to voltage drop at its output resistor).

The DUT used in this example is the 25K3475 high voltage MOS-FET
which has following characteristics.

v VDSS: 1500V

v VGSS:+/-20V
v IDPM: 4 A

v Rds(on): 10 Q

gfs of the device is 14. S typical with VDS = 20 V and ID = 1 A (Figure
2-45).

gfs test conditions of 25K3745

The following explains the gfs I/V measurement setup. Refer to the
corresponding numbers shown in Figure 2-46.

1. The “IC-VGE” template of the IV measurement is used for this
measurement.

2. In gfs measurement, gfs is used as the Y axis value instead of ID
(Figure 2-47).

3. The gate voltage is swept from O V to 10 V in constant step
(staircase sweep). It is necessary to define the start and stop
value to make the drain current large enough to measure gfs. It
should be larger than ID to measure gfs.

4. The HCSMU is used to apply drain bias in pulse mode. The
source voltage is inherited from the VDS defined in the datasheet
mode. The compliance current is also inherited from the ID to
measure gfs from the datasheet.

5. To stop the IV sweep when the drain current reaches to 1T A
defined as the current compliance, the power compliance is
enabled.

6. The marker is automatically placed at the last point of the sweep
to read out the gfs value at the specified current.
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Figure 2-46 gfs test setup

gfs.pda-iv.bet - 'V Measurement
File Edit View Measurement Configuration Help

ahE Xda@

~ | Setup Device Type:

E D-VDS| ID-vGS} O VGS(t
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Aperture 50 s e e e e i e e e e T non X
Hold Ti £ # ) Details : Base 0o Vv :
sasls (Mcsmu = veulse Caars : Compliance 1 A :
Base o v : ompliance 40 | V :
Number of Step 201 : Pulse Delay 50p S 1
: 1
Compliance : Pulse Width 2000 s 1
5. lPowerCompliance 30 W | bmmmmmmmmm——————————— ;
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Pulse Delay 0 s
Pulse Width im 5
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Figure 2-47 How to change the axis value
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«ristics | Connections
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5.7 VF of freewheeling diode
VF is defined as forward voltage at the specified forward current of
freewheeling diode which is built inside the IGBT package or built-in
diode of the power MOSFET.

How to set up VF measurement parameters

Modify test conditions based on the conditions described in the
datasheet. For example, here is a description of VFM in the datasheet.
The diode forward voltage is defined at IF=20 A.

Symbol Parameter Test Conditions Min. Typ. Max | Units
P T e e ey PSS PR ey e ey e e e e e e e o e e e e -
= - 1
: Vem Diode Forward Voltage Ig = 20A L ats 12 £ v 1
i TR i o g [ o e e e e

Ho to modify the test conditions, (refer to Figure 2-48)

v Click the parameter area to move into the edit mode.
v" Modify the test conditions and ratings according to the datasheet.

1. Change the name of the symbol according to the datasheet,
from "VF" to "VFM"

2. Input the same test condition as in the datasheet (VGE = 0V and
IF=20A).

3. Pulse width has to be chosen carefully not to damage the device
by exceeding the SOA limit of the device (See VCE-VGE
measurement).

(For the device used in this example, 200 ps is enough).

4. Input the same maximum limit and typical value as in the

datasheet.
Figure 2-48 VFM test conditions.
1. [ VAM | Freeuneeling Diode Forward Voltage § VGE | (=== 2 4> n i 16 v Tmptzv 1
v | 2> 1r [ 2 al S i i '
1

v Open the IF-VF I/V measurement setup panel. (Figure 2-49)

Following explains the IF-VF I/V measurement setup. Refer to the
corresponding numbers shown in the figure.

5. IF-VF template of the IV measurement mode is used to measure
VF.

6. This setup forces single step current pulse in the DUT and
measures the voltage.
Since the polarity of VF is inverse of VCE as shown in the next
figure, the start current for VF measurement is to set in negative
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polarity value of the specified IF.
C

Go—{ IF | VF

E

7. The source value of gate/base voltage pulse bias, start value and
pulse width of drain/collector current pulse sweep are inherited
from the test condition defined as the datasheet setup.

Note: Normally, in the VF measurement, only the IF value is supposed to be
modified.
In some cases, depending on the device characteristics, the pulse width
may have to be madified, too. In this case, the same pulse width as used
in the IC-VCE measurement is basically used.

Figure 2-49 VFM test setup.

VF.pda-iv.bd - 'V Measurement
File | Edit View Measurement Configuration Help

AME AT a=E)

- S
~) Setup Device Type: |IGET IC-VCE OIC-VGE O VGE(th) O VCE-VGE O VCE(sat) O ICES (O IGE IF-VFA
N
General settings Gate / Base Voltage Pulse Bias Drain_a'Cc:lectorCurrer.t'P’uh'eS‘«feeE 6.

[¥] Auto Period :?DEEE____________E_'V__= Sweep Mode |Linear8ingle = | £l |
Pulse Periad 50m | S A De g ————— 3 Hes. 20 A :
i — " o e o -
&) Detals MCSMU  + | VPulse Constant Stop 0 A
Aperture 5 =
:F:H' 5 A Base 7| Voltage Complii vV
old Time 0 : iy
SBrmpnee UHCU = |TPulse Sweep
Voltage Compliance Bace 0 A

Pulse Delay
Pulse Width

Mumber of Step

Compliance 63 V
|| Power Compliance 225k W
[« Voltage Compliance 10 Vv
poseDesy sy 5
7. ——— RN L= 20p 2
Characteristics | .Connec.tions
& :

v) @ Line @ Dot © Line & Dot [N

MARKER: 1.1361V

. Bl Characteristics 20064 A

225

cilloscope View

Comment: 'B Data: | X | tml

v | Automatic Data Save Device ID: | FGA
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Verification of the VFM measurement setup

After the detail I/V measurement setup is finished, it is recommended to
perform the verification of the measurement setup

8. Click the measure button, and the measurement result is
displayed in the graph area.

v' To save the test setup and the test result in the datasheet, save the
setup by selecting “File”-->"Save”.

Click

File Edit VyA4v Meas

-

-
> ’ *
\
- . 1 -
’ ]
- -
—_—
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5.9 Other IV parameters
For information regarding measurements of other IV parameters such as
Rds(on) of power MOSFET, please refer “Chapter 3. I/V Measurement”.

5.10 Internal gate resistance (Rg)
Internal gate resistance (Rg) is not listed in the datasheet of the
FGAT80ON33ATD. In this section, the procedure to make a setup of Rg is
referenced.

If you do need to delete the item, it can be deleted by right-clicking it,
and selecting “Delete” from the pop-up menu (Figure 2-50Figure 2-50),
or by selecting the item and clicking the delete button in the ribbon menu
(Figure 2-51).

Figure 2-50 Deleting the Rg by right clicking the test definition.

Right Click

A PSS TS LIV A FURags  YGE=U Y, [F=3U A, FulseWidth= 20U ps 2
| 7| ‘_| Rg Gate Resistance VGE=0V, §=100 kHz 287 m 1 ohm
JI[ ] o Input Capacitance VIGE=0V, VCE=30 V, F=100 kHz 21in
[W][ | Co=s Output Capacitance VGE=0V, VCE=30 V, f=100 kHz 310p [ uncheck Al
[ J ‘_| Cres Reverse Transfer Capacitance VGE=0V, VCE=30 V. f=100 kHz 182p ? Setup
= B Add Parameter
S| | @ Total Gate Charge Vige(an)=15 V, Vge(off)=0 V, Vce=200 V, Ic=40 A N
B! - Import
| J ‘ | Qge Gate to Emitter Charge Wge(on)=15 V, Vge(off}=0 ¥, Vce=200V, Ic=40 A 228 n :
s Duplicate
| \ | Qgc Gate to Collector Charge Vgelon)=15 V, Vge(off)=0 V, Vce=200 ¥, Ic=40 A 758 n M i
S ove Up
J. ‘ | Vae(pl) Gate to Emitter Plateau Voltage Vgelon)=15 ¥, Vge(off)=0 V, Vce=200V, [c=40 A 618 * Move Down
+) Characteristics Graphs ﬁ Proper‘tl’es
B S SR * -
1 ] I Edit Setu
W ml (VL » E

Output Characteristics

Transfer o
XX Delete y Del
J
J
Select Delete

Figure 2-51 Deleting the Rg using the setup ribbon menu.

‘: Click to select ‘

v E| Rg Gate Resistance VGE=0V, =100 kHz 3/m 1 chm
. - . lf’_"“\\
AEESE XAz, %o @e.E8 7 0V FrPoX )T E
\§__—¢
s N

Click to delete the selected item

J
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How to set up Rg measurement parameters

v Click the parameter area to move into the edit mode.

v Input the gate bias voltage and measurement frequency. Since Rg
measurement uses the MFCMU in Cs-Rs mode, and extract Rg as
series resistance to the gate capacitance, measurement frequency
has to be specified (Figure 2-52)

Figure 2-52 Rg Test Conditions

o -
— = ‘Bg (Gate Resistance 1 WIGE 0o v [x : 38T m 1 ohm

V[ J Lo : |

v" Open the Rg measurement setup panel and follow the next steps to
set up the Rg measurement by referring to the corresponding
number in Figure 2-53.

1. Inthe background of the ICES measurement, “ICES”
measurement template of the IV measurement mode is used.

2. Inthe general setting, 100 kHz of measurement frequency is
used. This value is inherited from the frequency defined in the
datasheet mode.

3. 30 mV of AC level is a value typically used for the capacitance
measurement of a semiconductor device to maintain thermal
equilibrium conditions.

4. PLC mode is used for accurate measurement. If the measured Rg
is noisy, increasing the number of NPLC (4, 8, 16 or more) is
effective to reduce variations on measurements.
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Figure 2-53 Rg measurement setup.

Rg.pda-cap.bit - Device Capacitance Measurement

|_F|_te_| Edit View Calibration Measurement Configuration Help

= M= B = = AL T
ﬂ H i C#J u—l [ﬂ } Start Calibration... _TD-50ME_CissCossCrss.pda-cap.cal . 1-,¢——~

~ ) Setup Device Type: |IGET

l\’l

iGeneralsetings T 1 H
2. : Frequency 100 k Hz: 1 Start / : :
1
:"‘ Details : : Stop 0 \_f: :
: AC Level 0m V : : Sweep Mode |W : ---------------------- -
: NPLC 1 : :" Details 1
“MmstommEmRnT = ——————— ! : Number of Step 1 :
AUtC_ 1 Hold Time 0 s :
@ Adaptive 1 X 1
4. : Delay Time 0 s
: Zero Bias Time 0 s :
. Cr‘-araﬁe’i.stics Connections |
v ©® Line ) Dot O Line & Dot |§|[E|:|
MARKER: -1.05V
S Rg 680.56 mohm
. i L ..
s
2
&
100 m ohm
-125 v 50 m Vidiv.
VGE
~ | Automatic Data Save Device ID: | FGAL30N Comment: 'ﬁ Data: | X {l
v As a default test condition, the collector terminal of the device is
open (Figure 2-54). So, changing the collector voltage is not
effective.
v The single step of 0 V is set as the Start voltage (only the first step
with the start voltage is measured). This value is inherited from the
VGE defined in the datasheet mode.
Figure 2-54 A simplified schematic circuit diagram of Rg measurement

Rg.pda-cap.bxt - Device Capacitance Measurement
File Edit View Calibration Measurement Configuration Help

adsE Xoa =3 Start Calibration... _TD-SON8 CisCossCrsspda-cancal _
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(d

Lo
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- Details

~ | Automatic Data Save Device ID: | FGALSON Comment: 1 pata: | X | @
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Note: Rg measurement circuit

Typically, Rg is measured as a series resistance when measuring Cgs of
MOS-FET with drain open condition as shown in Figure 2-55(a).

Figure 2-55 Rg measurement circuit for Power MOSFET
(a) Drain open (b) Drain-Source short (B1506A default)

0 nF 1?(|) nF
CMH } CMH 11

MFCMU T MFCMU Cgd }
Cgs\’ < 9\, +.
\

The default setup of the Easy Test Navigator software for the Rg
measurement template for MOSFET is the short connection of the drain
and the source as shown in Figure 2-55(b).

The connection of the drain and the source short is used to minimize the
error associated with the "Device capacitance switch". Therefaore, it is
recommended that you use the default drain-source short condition
unless there is a particular reason for not doing so.

To change the drain and source connection for Rg measurement, refer to
section “How to change the connections of Rg measurement” in
the section headed "Useful information for using the datasheet
characterization mode" at the end of this chapter.

Note: Rg measurement of IGBT with VCE 20 V

Occasionally, in the datasheet of IGBT, sometimes, Rg is defined with VCE
biased condition on to the collector. In this case, the same connection as
in the Cies measurement can be used (Figure 2-56).
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Rg Measurement circuit for IGBT with collector biased condition

100 kQ
HVSMU AN
100 nF
oM |
MFCMU
CML
100 kQ
MPSMU AN D

How to apply the bias voltage to the collector:

To apply a bias voltage as show in Figure 2-56, refer to section “How to
change the connections of Rg measurement” in the section headed
"Useful information for using the datasheet characterization
mode" at the end of this chapter.
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5.11 Capacitance (Cies, Coes, Cres)

Note:

Capacitance characterization in the datasheet mode supports the
following parameters.

IGBT: Cies, Coes and Cres
MOSFET: Ciss, Coss and Crss

How to set up capacitance measurement parameters
Capacitance measurement is quite simple.

v Specify the same test conditions as in the datasheet works fine for a
relatively small device.

For large capacitance measurement or enhancing the measurement
accuracy, refer to section “Capacitance Measurement Tips” in the section
headed "Useful information for using the datasheet
characterization mode" at the end of this chapter.

How to modify the test conditions, (Figure 2-57.)

You can modify the test conditions based on the conditions described in
the datasheet. For example, here is a description of the dynamic
characteristics of the capacitor components in the datasheet.

Dynamic Characteristics
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Cies Input Capacitance - 3880 - pF
VCE =30V, VGE = 0V,

Coes Output Capacitance f = 1MHz 305 - pF

Cres Reverse Transfer Capacitance - 180 - pF
Set the test conditions for each parameter by the following steps by
referring to the number shown in the figure.

1. Enter the test conditions for VGE, VCE and measurement
frequency. When using the B1506A, due to an additional error of
its device capacitance switch, 100 kHz measurement frequency
is recommended.

2. Enter the maximum test limits if those are defined in the
datasheet. If not, it is possible to remove the maximum or the
minimum value by leaving them blank.

3. Entering a typical value is recommended in the case of no max.
value is described in the datasheet.

Figure 2-57 Capacitance test conditions.
e 2 _ __ 3 ____.
o Cies Input Capacitance VGE 1 o v (%1 411 § i I Typ. 3880 pF 1
~IL] ! o S ! oy !
f 1 00k b2 1 Iy :
 Cess Output Capacitance VGE : o v % j;g,: F | Typ. 305 pF I
Il | L I v | I : | |
f 1 wok Kz | 1 p U 1
o= Reversa Transfer Capacitance VGE 1 o v ® : 152,:: ] ¥ :T,\-p‘ 180 oF :
I ] vee : v I : | |
: Bl v ___\1
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The detail of the Capacitance measurement setups

To measure the capacitance parameters, the capacitance measurement
mode is used.

4. For a Cies measurement, the “Cies” template of the capacitance
measurement mode is used as shown in Figure 2 58.

Coes and Cres are the same, and not showing in the setup
windows.

5. Measurement frequency, VGE and VCE to measure capacitance
are inherited from the test conditions defined as the datasheet
setup.

6. Start and stop voltage are inherited from the test condition as
the datasheet setup. Single point measurement is defined by
specifying “1” as the number of the step.

There is no need to change the measurement parameters in the
capacitance measurement setups.

The available options are AC level (measurement signal level) and N PLC
(number of power line cycle) measurement time.

Hold time and delay time to wait charging of DC blocking / AC short
capacitor in the device capacitance switch are added internally to the
specified values

Figure 2-58 Cies Capacitance measurement example.

Cies.pda-cap.bet - Device Capacitance Measurement

File Edit View Calibration Measurement Configuration Help

ﬂ u H ‘XJ DF] Eﬁ b Start Calibration... TO-Socket_CissCossCrss,pda-cap.cal

— b4, o . - ] a i _
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Ee.’\eg&i B o ——— ! Base / Gate Voltage Bias Collector / Drain Voltage Sweep __
5_ :Frequer’!cg,.l 100k Hz ! Bias o V 6_ H Start 30 W
i
___________________________ ]
# | Details ! Stap a0 \,":
AC Level Im v | Sweep Mode |LogSingie | |
i ' S
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I
Huto, b g
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Delay Time o s
Zero Bias Time 0 s
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g
=
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S

v | Automatic Data Save Device ID: | FGA180N Comment: Tﬂ Data: | ) ﬂ
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Note: In the capacitance measurement mode, connection of bias-T, AC block
resistor and AC short capacitance are automatically changed to measure
each capacitance parameter respectively.

Reference: Refer to the section "Capacitance measurement techniques" in the
section headed "Useful information for using the datasheet
characterization mode" at the end of this chapter for details of the
measurement circuitry including the AC short capacitor.

Verification of the Cies capacitance measurement setups

After the capacitance measurement setup is finished, it is recommended
to perform the verification of the measurement setup.

v Click the measure button, and the measurement result is displayed in
the graph area.

v' To save the test setup and the test result in the datasheet, save the
setup by selecting “File”-->"Save”.

Click

File Edit VyA&v Meas

-

Z s S
g Vs
’ 1
/
b o p—

—

Verification of the Coes, Cres capacitance measurement setups

Repeat the verification for Coes and Cres as in the Cies setup.
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Reference:

charge (Qg, Qge, Qgc)

Datasheet Characterization

A gate charge (Qg) measurement measures a charge injected into the
gate terminal to raise the gate voltage with a limited gate current and to
turn the device from off state to on condition.

Refer to section "Gate charge measurement basics" for details of the

measurement circuitry.

How to set up gate charge measurement parameters

Modify the test conditions based on the conditions described in the
datasheet as shown in Figure 2-59. For example, here is a description of

(g characteristics in the datasheet.

Switching Characteristics

Symbol Parameter Test Conditions Min. Typ. Max. Unit

Qg Total Gate Charge VCE = 200V, IC = 40A - 169 - nC

Qge Gate to Emitter Charge VGE_— 15V P T - 22 - nC

Qgc Gate to Collector Charge - 69 - nC
In the case if the gate charge parameters are defined with constant
collector current (or drain current) as in the example case, the settings of
Qg measurements are straightforward. Simply enter the specified
parameters to the test conditions field as inm the datasheet.
Set the test conditions for each parameter by following steps by referring
to the number shown in the figure.

1. Enter the test conditions for Vg(on), Vg(off), Vce and Ic for the
parameters Qg, @ge and Qgc.

2. Enter the maximum test limits. Although there is no maximum
specification in the datasheet, it is recommended to enter some
larger value for pass/fail judgment of the software. If the max.
value is smaller than the measurement value, then the measured
value is shown in red color as shown in the bottom of the figure
by the red arrow.

3. Entering a typical value is recommended in the case of no max.
value in the datasheet.

Figure 2-59 Qg test condition setup.
_1_' ________ 2. ___ 3 —_—
Qg Total Gate Charge I Vge(on) 15 \.f: E| 182 n 1 200n C I Typ. 169nC |
7 E‘ : Vge(off) 0 vy : :: I
Ve 200 V| I I :
| Ic 40 Al 1 || |
Qge Gate to Emitter Charge I Vgelon) 15 \.r: EI 22.9n| 3n cll Typ. 22 nC |
I vgeof) 0 v ! I 1
v E‘ : Vee 200 \.r: : :: |
- 0 A I 1 :
Qgc Gate to Collector Charge | Vgelon) 15yl E| 75.8nl 100n C Il Typ. 69 nC I
1 Vgeloff) 0 \.rl | || |
J E‘ I Vee 200 \,r: : :: |
—_—_ LA Lo
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Note

Tips

Figure 2-60

Tips:

When the load resistance is specified to measure Qg in the datasheet, it
is recommended to convert the resistance value to the current value
using the conversion as (I = VCE/Resistance value).

This is because the Qg measurement of the B1506A uses different
methodology (i.e. constant current load instead of resistance).

For more details of Qg settings, refer to section “Chapter 5 Gate charge
measurement".

For Vge(off) (or Vgs (off)), normally O V is used as in the Qg curve in the
graph section of the datasheet. (Figure 2-60)

Gate charge characteristics example.

Gate Charge

v
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o
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0cC 20n C/div. 180 n C

Gate Charge

How to choose a current load FET

Generally, the same device as the DUT can be used as a current load
FET.

But, since the switching time during the Qg measurement using B1506A
is relatively long compared to conventional Qg measurement equipment,
there is a potential risk of damaging the current load FET if the test
condition exceeds the safe operating area (SOA) of the current load FET.

Since the current load FET is used at its saturation area (constant drain
current area), there is a potential risk of device breakdown due to its SOA
limit.

Therefore, it is recommended to choose a device with wider SOA than the
DUT, if possible.

Refer to section "SOA and current load FET in Qg test" for a more
detailed explanation.



Figure 2-61
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In the B1506A's demonstration purpose, IXTX200N10L2 N-Channel
MOS-FET is used as a standard current load.

It has the following characteristics.

ASENE NN

VDSS: 100 V

IDM(pulse): 500 A

RDS(on): 11 mQ

SOA limit: If the maximum 60 V from UHCU is consumed at the
device, it can be used as a current load up to 200 A.

Qg setup

To measure (g in the datasheet, the gate charge measurement mode of
Easy Test Navigator is used.

v

# ) Conditions

Open the gate charge measurement setup panel. (Figure 2-61)

The following parameters come from the test condition setup from
the datasheet setup, and they are inherited from the test conditions
defined in the datasheet setup. (Refer to the number in the figure for
corresponding items.)

Vds(off) = Vce(off)

Id(on) = Ic(on)

Vgs(off) = Vge(off)

Vgs(on) = Vge(on)

Input the Vth from the VGE(th) (VGS(th) for MOSFET ) to the
Vgs(th) in the definition area of Qg curve.

ok -

Gate charge measurement window.

Leave as a default. Range to search Vgs of the
current load FET to make Id(on) as a specified value

6.Input 1 mAas Ig

\*ds{uﬁ] Vgs(off) v LoadVgs(off) o Vv
s(on) LoadVigs(on) 15 v
% A

Gate ¥ Current Load

Gate Charge (Qaracteristics | Switching Waveform
Line & Dot [
B MARKER(B): datasheet

ved) MaNV [2Vdvo v T =

Input Vth from the

20 n C/div.

Par3

Focesz

Figure 9. Gate charge Characteristics
15

‘Comman Emitter
Te=25"c

Voo =100V
200v

w

Total Gate Charge

Q
9 =
Qqe Gate to Emitter Charge Vee = ZOOV-M 3. #
Vgg = 15V
Qg Gate to Collector Charge 3

Gate-Emitter Voltage, Vae [V]

Figure 2-47. Gate Charge Measurement setup verification.
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Gate Charge, Q, [nC]
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6. Gate current (Ig) is not usually picked up from the datasheet.
The Ig parameter used in the B1506A is determined by the
following steps.

Calculate the required charges (Rg) to drive the gate using the
following formula:

- Rqg = (Qg (from the datasheet)) / VGE (Test condition)) + 1.6 nF)
x ((VGE (Test condition) + 3.5) x (1.5 ~ 2)

Using the example parameters, Rq can be calculated as;

-Rg=(169 (nNC) /15 (V) + 1.6 (nF)) x (15 (V) + 3.5) x (1.5 ~ 2)*
=238x(1.5~2)nC
=3b7 ~476nC.

Note: This charge must be forced to the gate within one gate pulse width
period.
(1.5 ~ 2) factor is multiplied to compensate the actual current from
MCSMU. The MCSMU current in a short transient period is
typically lower than the set value, and adding this factor is
recommended.

a) Calculate the minimum Ig required to charge Rq in default 400
s gate pulse.
- Min. Ig .= Rq /400 us
Using the required charge in the previous step is calculated as,
- Min. Ig = (357 ~ 476) nC / 400 ps = 0.89 mA ~ 1.19 mA

b) Determination of Ig used in the Qg measurement.
Using the min Ig calculated in the previous step, T mA is used in
the example Qg measurement.

Note: For more details of the Ig determination background, refer to section

"How to determine Ig to measure gate charge" section for a more
detailed explanation.

Note: Some datasheet describes Ig for Qg measurement, but this Ig is to drive
the gate in a real switching speed. For B1506A, the Ig cannot be used
because the actual switching speed is too fast for B1506A.
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Figure 2-62
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Verification of the Qg measurement setup

After the detail Qg measurement setup is finished, it is recommended to
perform the verification of the Qg measurement setup. (Refer to Figure
2-62)

7. Click the measure button, and the measurement result is displayed
in the graph area.

8. To save the setup and the test result in the datasheet, save the setup
by selecting “File”-->"Save”,
or click save button in the ribbon menu.

Qg measurement setup verification.

[e2]

7 L) X=
w -
» ) Conditions
Drain
Vds(off)
Id{on)

MARKER(A): 0 C
JESD!

v ) @ Line ) Dot

erived) NaNV

Qg.pda-qg.tet - Gate Charge Measurement

o~ . : s = :

(File) Edit View Calibration Measurement Configuration Help
| S

Yaas '

Start Calibration...

Gate #| Current Load
00 V Vgs(off) o Vv Load\/gs(off) o v
ap A Vgs{on) 15 W LoadVigs(on) 15 WV
Ig im A

Gate Charge Characteristics | Switching Waveform

Line & Dot |m| Vgs(on) """
B MARKER(B): ‘;Cl. 51 ",'
20 n CAdiv. 4

[2 Vdivo v E = Vgs(pl) =*={-===-3

Vgs(th) """}~
4y

Vgs{off)
Qgth)
Qgs ! !
Qo —— -«
Qqlon) —® i : -

Derived | High Current | High Voltage

20 ) i Symbol Value Unit Description .
Qg, Gate Charge [20n C/div 0 Cl 4 = NN

*ﬂ Data: | X {l

nate nlatezn wnltana

Comment:

Click

File Edit Vyav Meas

o

ol

~

Qge, Qgc setup

Repeat the steps shown in Qg setup for Qge and Qgc setups and the
verification of the setups.
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Ho to delete the gate plateau voltage Vge(pl)

Since there is no definition of the gate plateau voltage, the Vge(pl) in the
datasheet of the sample device, this test can be removed.

Delete the setup of the Vge(pl) by right-clicking it and select “Delete”
from the pop-up menu (Figure 2-63), or select the item and click the
delete button in the ribbon menu (Figure 2-64).

Figure 2-63 Deleting the Vge(pl) parameter from the datasheet using popup menu.
Right click the
item
= Vge(pl) Gate to Emitter Plateau Voltage Vgelon)=15 V. Vge(off|=0 V. Vce=200 V. lc=40 A 6P
W] gel Vg
~ | Characteristics Graphs D Uncheck All
L] = | £} seup foa
Output Characteristics HIEN S 65 Add Parameter

’-}; Import
Duplicate

f Move Up

e

~ Properties

':m» Edit Setup

L)

XX Delete

Select “Delete”

Figure 2-64 Deleting the Vge(pl) parameter from the datasheet using the ribbon
menu.

Select the item

7‘ Vge(pl) Gate to Emitter Plateau Voltage Vgelon)=15 V, Vge(off)=0 V, Vee=200 V, [c=40 A 6.18 I} 7 v

v

Hai.a@5 14 sa0X C

=0V, =100 kHz 387 m )~ jpam—
Del etel

Click the delete icon
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Creating a setup for characteristics graphs section
This step demonstrates how to create each measurement setup of the
graph characterization for the following devices.

6.1 IC-VCE characteristics

6.2 IC-VGE characteristics

6.3 VCE-VGE characteristics

6.4 VF (Freewheel diode) characteristics
6.5 Other IV characteristics

6.6 CV characteristics

6.7 Gate charge characteristics

Characteristics Graphs section locates the bottom section of the
Datasheet Characterization panel. To set up the measurement and
graphics display parameters, place the mouse cursor on top of the
graphics or the graph parameters, then click the item to edit.
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6.1 IC-VCE characteristics

Figure 2-65

How to set up IC-VCE graphics measurement parameters

FGA180N33ATD measurement condition of IC-VCE output
characteristics:

v 1C:0-200 A
v VGE:0-6V
v VGE:6,7,8,9,10,12,15,20V

Follow the next steps to set up the parameters.
1. Graphic scale setup

Modify ranges of the vertical axis and the horizontal axis of the graphics
(refer to Figure 2-65) the same way as in the datasheet.

‘ Click to select
and modify it

Output Characteristics
200 A

150 A jvGs =8V, VG!

Collector Current

500 m V/div.

Collector to Emitter Voltage

"' Click to select
and modify it

v" Set collector current: 0 - 200 A

v" Set collector voltage: 0- 6V
v

2. Gate voltage steps

Modify the gate voltage steps by opening the setup of the IC-VCE
measurement by referring to Figure 2-66.

v Open the setup window from one of the following two ways:

a) Right click the item and select “Setup” from the pop-up list.
or
b) Select the item and click the setup button in the ribbon menu.
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Figure 2-66 Opening the IC-VCE setup.
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¥ Move Down

r Properties
":1} Edit Setup

The IC-VCE setup window opens as shown in Figure 2-67.

Click on the list numbers of the step list to expand the number list to
edit mode. (Figure 2-67(a))

Modify the list of the gate sweep voltage same as the datasheet (6 V,
7V,8V,9V,10V,12V, 15V, 20V).

Figure 2-68 shows how the gate step voltage can be changed. Follow
the next steps by referring to the number in the figure.

There are already 6, 7, 8, 9, 10, 15, 20 V in the list, and the missing
12V is added.

1. Click 15V

2. Click Insert icon.

3. 0Visinserted.

4. Change the inserted 0 Vto 12 V.

Modify the stop voltage of the collector voltage sweep to 30 V to
cover the whole area of the chart as shown in Figure 2-67(b).

The stop voltage is determined by using the following formula,

Vset > (max. Vout) + (current compliance) x Rout,

and it is,

6V+200Ax120mQ =30V

where 120 mQ is the value of the output resistance at 500 A range of
Ultra High Current Unit (UHCU).

Refer to section "How to set the UHCU's V/I parameters for the
VCE(sat)" for the detailed explanation of the UHCU operation.
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Figure 2-67 IC-VCE setup window.
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Verification of the IC-VCE measurement setup

After the detail measurement setup is finished, it is recommended to
perform the verification of the measurement setup

v Click the "Measure" button of the IV measurement setup to confirm
the settings. (Refer to Figure 2-69(a).)

Figure 2-69 IC-VCE measurement result

a) lc-VCE setup and the output. b) Updated Datasheet graph.
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Note: At the upper right corner, sometimes, an exclamation mark appears after

finishing the measurement (Figure 2-70). It indicates a certain abnormal
status is reported during the measurement. In the case of IC-VCE
measurement, since measurement at voltage or current exceeds the
specified voltage and current compliances are skipped, the exclamation
mark appears. Details of the reported status can be checked by clicking
the mark.

Figure 2-70 Notification of measurement status
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v" To save the setup and the test result in the datasheet, save the setup
by selecting “File”-->"Save”,
or click save button in the ribbon menu.

Click

File Edit VyA4v Meas

-

-

> C R .

. h .

: "0 ~

: /] :

» ,[ =
=

S

v The graph in the datasheet is updated as shown in Figure 2-69(b).

94



Datasheet Characterization

6.2 IC-VGE transfer characteristics
IC-VGE transfer characteristics measures the collector current by
sweeping the gate voltage under the fixed collector voltage condition.

SMU must be used in the measurement which requires fixed Vce. The
B1506A-H51/H71 model uses MPSMU, and the B1506A-H21 uses
HCSMU.

The maximum output current used in this measurement is shown next.
- MPSMU: 100 mA
- HCSMU: 20 A

FGA180N33ATD measurement condition of IC-VGE transfer
characteristics:

v VCE: 20V
v ICE:0-200A
v VGE:0-10V

Note: The UHCU in B1506A-H51/H71 cannot hold the fixed voltage while the
output current is changing due to the voltage drop by the output
resistance of UHCU. Therefore the measurement results may differ from
the expected test results. Refer to section “How to set the voltage force
mode setup" for more details about this.

Note: To measure IC-VGE (or ID-VDS) at higher current, Ic-Vge for Expanders
(or Id-Vgs for Expanders) application of EasyEXPERT is useful.

How to set up IC-VGE graphics measurement parameters

In the example measurement, MPSMU is used as the collector supply,
and maximum current is 100 mA.
Follow the next steps to set up the parameters.

1. Graphic scale setup

Modify ranges of the vertical axis and the horizontal axis of the graphics
the same as the datasheet by referring to Figure 2-71.
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Figure 2-71

" Click to select |

__and modify it

Collector Current

Transfer Characteristics

100 mA

1 Vdiv.

Gate to Emitter Voltage

v" Change the maximum collector current to 100 mA.

2. 1C-VGE measurement setup

Modify the measurement setup by opening the IC-VGE I/V measurement
setup window. (Refer to Figure 2-66, IC-VCE example to open the
measurement setup window.)

v" The IC-VGE setup window opens as shown in Figure 2-72.

Follow the next steps to set up the IC-VGE I/V measurement by following
the number and corresponding one in the figure.

1.

2.

W

© o No o

10.

11.

For IC-VGE I/V measurement, “IC-VGE” template of the I/V
measurement is used.

Click the drive unit button (UHCU is selected), and drive
selection pull-down menu opens.

Click "MPSMU".

MPSMU is set as the Drain/Collector voltage source, and the
input field changes for MPSMU setup parameters.

Change Collector Pulse Bias source to 20 V.

Change the current compliance to 100 mA.

Note that the pulse width is set to 500  s.

Check the sweep stop V of the gate, 10 V.

Click the "Start Measurement" button.

IC-VGE measurement is made (Figure 2-73(a).

Save the setup and the measurement data by pressing "save
icon. (Figure 2-73).

The datasheet graph is updated (Figure 2-73(b)).
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Figure 2-72 An IC-VGE I/V measurement setup for MPSMU.
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Reference: High current IC-VGE measurement using UHCU:

You may have interest about the test result of IC-VGE using UHCU for
measuring to more than 100 A.

IC-VGE measurement using UHCU is introduced in "The IC-VGE output
characteristics measurement using the UHCU" section.
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How to measure IC-VGE characteristics under the threshold
region

Since the default setup of IC-VGE measurement uses pulse mode,
current measurement resolution is defined by the compliance current.
With 100 mA compliance, current measurement resolution is 5 pA and it
is not possible to measure characteristics lower than this.

Figure 2-74 shows measured IC-VGE curve in a log scale.
To change the scaling mode of the graph,

1. Click the graph icon at upper right of the graph to show the plot
and axis setup,

2. Change the Y axis scaling mode to “PostivelLog”,

3. Change the minimum value of the Y axis to 1 nA.

Figure 2-74 Low current area of IC-VGE characteristics
1. .
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7][ 7 TS { [= )
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Datasheet Characterization

To measure IC-VGE characteristics at lower current range such as around
threshold voltage, it is necessary to use “Fine” mode and to use the
MPSMU in “V” mode (DC mode). But, default setup if IC-VGE are
optimized to measure it at high current by using the UCHU or HCMU in
pulse mode. In the setup, parameters critical to the parameters are
locked to avoid measurement error caused by inappropriate settings.

To modify the locked parameters, it is necessary to use “Edit Setup” as
shown in Figure 2-75,

a)  Right click the item and select “Setup” from the pop-up list.
or

b)  Select the item and click the setup button in the ribbon menu

Changing the locked parameters in the setup

Transfer Characteristics

|

D Uncheck All
ﬂ Setup
H Add Graph
‘F Import
Duplicate
T Move Up
¥ Move Down

Change the setup as follows;

1. Change the output mode from “VPulse” to “V”.
Set 20 V as the source voltage and 100 mA as the current
compliance.

2. Change the output mode from “VPulse” to “V”.
Set 0V as the start voltage and 10 V as the stop voltage.
Set the number of step as 51.
Check “Power compliance”.

3. Change the trace mode to “Fine”.

Click the "Start Measurement" button.

5. Click the "Save” button to reflect the change to the datasheet
level.

&

99



Datasheet Characterization

Figure 2-76 IC-VGE setup for lower current region
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6. After saving the setup, a window to warn mismatch between the
setup and the datasheet property appears (Figure 2-77).
v" Click “OK’ to move into the property editor.

Figure 2-77 Warning of a mismatch between the IV measurement setup and the
datasheet setup
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10.
1.

12.

Figure 2-78
patdcteristics Graph Properties

Datasheet Characterization

Select the “Graph” tab. In the graph pane, mismatched

parameters are mark out in pink.

Change the setup related to the scaling mode of X axis to “Gate /

Base > Voltage Staircase Sweep > Mode”.

Change the setup related to the minimum value of the X axis to

“Gate / Base > Voltage Staircase Sweep > Start”.

Change the setup related to the maximum value of the X axis to

“Gate / Base > Voltage Staircase Sweep > Stop”.

Change the setup related to the maximum value of the Y axis to

“Drain / Collector > Voltage Bias > Compliance”.
Click “OK” to effect those changes.

Modification of the IC-VGE measurement property

8.
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12.
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> Compliance
» Power Compliance
= Woltage Compliance

1.1 Drain/ Collector > Voltage Pulse Bias > Compliance [+] | | Gate / Base > Voltage Pulse Sweep > Stop l:

1 1

|| General settings > Step > Delay Time | General settings = Step » Delay Time

|| General settings > Step > NPLC 1 General settings > Step » NPLC

| General settings > Step » Hold Time 1 General settings = Step » Hold Time
Gate / Base > SeriesR Gate / Base » SeriesR

I| Gate / Base > Voltage Staircase Sweep » Number of Step ! Gate [ Base > Voltage Staircase Sweep > Number of Step

|| Gate / Base » Voltage Staircase Sweep » Start 1 Gate / Base » Voltage Staircase Sweep > Start

|| Gate / Base » Voltage Staircase Sweep » Stop I Gate / Base > Voltage Staircase Sweep > Stop

1 Gate / Base > Voltage Staircase Sweep » Compliance 1 Gate / Base » Voltage Staircase Sweep > Compliang
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After updating the property of the graph, the graph is updated with a

lower cu

rrent in nA range (Figure 2-79).
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Figure 2-79 IC-VGE result measured in the fine mode.
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6.3 VCE-VGE characteristics - VCE(sat)

Figure 2-80

Figure 2-81

VCE-VGE characteristics is known as the collector saturation voltage
characteristics, VCE(sat).

FGA180N33ATD Measurement condition of VCE-VGE transfer
characteristics:

Figure 2-80 shows typical VCE(sat) versus VGE characteristics.

AVCE-VGE saturation voltage characteristics.
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How to set up VCE-VGE graphics measurement parameters
Follow the next steps to set up the parameters.
1. Graphic scale setup

Modify ranges of the axis of the graphics the same as the datasheet by
referring to Figure 2-81.

Collector to Emitter Voltage vs. Gate to Emitter Voltage
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v Collector to Emitter voltage: 0 - 20 V
v" Gate to Emitter voltage: 0 - 20V

2. VCE-VGE I/V Measurement steps

Modify the measurement setup by opening the VCE-VGE I/V
measurement setup window. (Refer to Figure 2-66, IC-VCE example to
open the measurement setup window.)

v" The VCE-VGE setup window opens as shown in Figure 2-82.

Follow the next steps to set up the VCE-VGE I/V measurement by
following the number and corresponding one in the figure.

1. For VCE-VGE I/V measurement, “VCE-VGE” template of the I/V
measurement is used.

2. Modify the list of the collector current same as the datasheet, as
20, 40, 90 and 180 A (Refer to Figure 2-82).

3. Gate / Base bias sweep range and the voltage compliance are
inherited from the test conditions defined as the datasheet setup.

4. Modify the pulse width of the drain/collector current pulse setup
from 500 ps to 300 ps. (Figure 2-83).

5. Click the "Start Measurement" button.
VCE-IGE measurement is made (Figure 2 84).

6. Save the setup and the measurement data by pressing "save"
icon. (Figure 2 84). The datasheet graph is updated as Figure 2

8b.
Figure 2-82 VCE-VGE I/V measurement setup for VCE(sat) measurement.
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Figure 2-83 Pulse setup.
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Figure 2-85

Note:
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VCE-VGE graph updated in the datasheet characterization panel.
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The pulse width used in VCE-VGE measurement has to be chosen
carefully not to exceed the SOA limit of the device.

In this example, the maximum collector current and collector voltage are
180 A and 20 V respectively. Figure 2-86 shows the SOA characteristics
of the device, UHCU's maximum output range in 500 A range, and the
180A - 20 V line. From the SOA characteristics of FGAT80ON33ATD, the
maximum allowable pulse width is determined as 300 ps to 400 ps.

By reducing the compliance (voltage) setting to about 45 V, which
satisfies the 180A and 20 V output in 500 A range, HCU's absolute output
power can be also limited.



Figure 2-86
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SOA Characteristics - FGAT80N33ATD IGBT
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Tips:

Figure 2-87

How to determine an appropriate pulse width

Shorter pulses like those with a 200 ps pulse width sometimes distort the
VCE(sat) curve at the off state and may not be used in the case when the
IC is small like 20 A, which is the specification parameter of ICE(sat) used
in the example.

When using the 200 us pulse width, for example, measured VCE-VGE
curve with 20 A collector current becomes erroneous as shown in Figure
2-87. The VCE curve shows a flat voltage at lower VGE where the device
is close to off state.

This phenomenon is caused by a slow voltage rise time or response time
at relatively low current when the UHCU is used in current force mode
(IPulse).

VCE(sat) at 200 us pulse width.
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Figure 2-88 shows the VCE(sat) pulse waveforms of VCE and ICE in both
on and off state when IC is set to 20 A and pulse width is T ms.

Figure 2-88(a) shows the on sate VCE-VGE curve (left) and the pulse
waveform on the right, where the ICE pulse rises up to the specified
current (20 A) at 1.1256 V on voltage (refer to the pulse shape and
marker reading at VCE =1.1256 V and IC =19.91 A at 200 us pulse
position).
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Figure 2-88 VCE(sat) Oscilloscope View of ON and OFF state.
(a) ON state pulse
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(b) OFF state pulse
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Figure 2-88(b) shows an example of the off state VCE-VGE curve at 1 ms
pulse timing (left) and the pulse waveform (right) from O to Tms span.
Since the device is in off state, actually the specified ICE current (20 A)
may not be forced. In the example case shown in the figure, the voltage
pulse waveform is still in the middle of the voltage rise process, trying to
force the specified 20 A current. As a result, the marker reading is
10.258A and 9.1869 V at 200 us pulse timing, and this voltage reading is
somewhat lower than the expected voltage considering the voltage
waveform is still rising.

(Note that the reading of the off-state voltage measurement is actually
limited by the voltage compliance setting of the test setup.)

So, to measure the VCE(sat)-VGE curve using the constant current mode
with various VGE settings, it is necessary to choose an appropriate pulse
width to get the expected VCE-VGE curve as in the datasheet.
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The following two conditions must be met to get a satisfactory result

v Short enough pulse for not to damage the device.
v Long enough pulse to raise the voltage enough.

Note: Actually, the T ms pulse width is not allowed for VCE-VGE measurement
with 180 A collector current in the example device because it exceeds the
SOA limit. Even when using a shorter pulse width like 300 s as in the
example, the measured voltage at the off-state is lower than the
expected value.
But, one of the key points to measure the VCE-VGE curve is to know the
VGE voltage that the VCE status changes from on to off.
The VCE-VGE slope in the off state is not so important, and the lower
measurement voltage in the off state will not be an issue.

Note: Regarding the usage of the oscilloscope view, refer to section "How to
use the Oscilloscope View" in the section headed “Measurement
theory and detail explanation of the measurement capability”.

110



Datasheet Characterization

6.4 VF Freewheeling diode forward characteristics

Figure 2-89
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How to set up VF graphics measurement parameters
Follow the next steps to set up the parameters.
1. Graphic scale setup

In the datasheet of this device, the vertical axis of the IV-VF chart is log
scale.

Follow the next steps.

1. Modify the scale mode of the chart first. (Figure 2-89.)
Click the icon in the top-right corner of the chart to display
the setting of scaling.

2. Change the scale mode of the Y axis from “Linear” to
“PositiveLog”.

3. Modify the range of the vertical and horizontal axis according
to the graph in the datasheet. (Figure 2-90)

Changing the Y axis scaling mode.

v g i H (=)

@ Line Dot ) Line & Dot X: |Linear = Iy: |Positivelog w| I

Freewheeling Diode Forward Characteristics

| Positivelog - |

200 m V/div.

Forward Voltage

500 m V/div.

Forward Voltage
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2. VF measurement setup

Modify the measurement setup by opening the IF-VF I/V measurement
setup window. (Refer to Figure 2-66, IC-VCE example to open the
measurement setup window.)

Follow the next steps by referring to Figure 2-91.

4. Open the setup and modify the stop voltage high enough to
cover the maximum current and voltage which are the
maximum on voltage of the diode and the voltage drop of
UHCU's output resistor as,

25V+100AXx120mQ =145V

5. Setthe number of steps properly to make measurement

faster and also to maintain proper voltage steps.

Figure 2-91 IF-VF 1/V measurement setup.
| Setup Device Type: |IGET IC-VCE IC-VGE VGE(th) VCE-VGE VCE(sat) ICES IGES IF-VF
General settings Gate / Base Voltage Pulse Bias Drain / Collector Voltage Pulse Sweep —
[#] Auto Period Source 0| ¥ Sweep Mode LinearSingle | E|
Pulse Period S0m | S : ;
¥ | Details Start 0| ¥
v | Details Stop 1 4 145 V |
o )
1 ¥ Voltage Compl‘l? 25 | T
[uHou = |vPulse Sweep
Base 0o Vv
Mumber of Step | 5 51 |
L = === = )
Compliance 00 &
[T Power Compliance 225k W
[¥] Voltage Compliance 25 W
Pulse Delay S0u S
Pulse Width 200p 5

Verification of the IF-VF measurement setup

After the detail measurement setup is finished, it is recommended to
perform the verification of the measurement setup

v" Run the measurement.
v' To save the setup and the test result in the datasheet, save the setup
by selecting “File”-->"Save” or click the save icon in the ribbon menu.

Click

File Edit Vi4v Meas
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-
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N
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’ 1
4 -4
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The IF-VF graph in the datasheet is updated as shown in
v Figure 2-92.

Figure 2-92 IF-VF Freewheel diode forward characteristics.
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6.5 Other IV characteristics
Regarding measurement of other IV characteristics such as Rds(on)-Id,

Rds(on)-Vgs or Vds-Vgs of power MOSFET, please refer to “I/V
Measurement”.

6.6 CV characteristics
How to set up CV graphics measurement parameters
Follow the next steps to set up the parameters.
1. Graphic scale setup

Modify the scaling mode to "Linear" and the range of the vertical and the
horizontal axis according to the CV graph shown in the datasheet.

Follow the next steps.

1. Modify the scale mode of the chart first. (Refer to Figure 2-93.)
Click the icon in the top-right corner of the chart to display the
setting of scaling.

2. Change the scale mode of the Y axis from “PositiveLog” to
“Linear”.

3. Modify the range of the vertical and horizontal axis according to
the graph in the datasheet. (Figure 2-94)

Figure 2-93 Changing a scaling mode.
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Figure 2-94 Change the X and the Y axis scaling.

Capacitances
g
g =
8

decade/div.

Collector to Emitter Voltage
2. CiesCoesCres-VCE CV measurement setup
Modify the measurement setup by opening the CiesCoesCres-VCE
measurement setup window. (Refer to Figure 2-66, IC-VCE example to
open the measurement setup window.)
v' Modify the measurement frequency according to the condition
defined in the datasheet. (Refer to Figure 2-95.)

Note: If the measured CV curves differ from the curves in the datasheet, try to
change the frequency to 100 kHz to reduce influences from residual
inductance, resistance and stray capacitance of the switching system.

Figure 2-95 CiesCoesCres-VCE measurement setup

~ Setup Device Type: _IIGBT j & Cies, Coes, Cres © Cies  Coes € Cres € Cge Cce,Cgc © Cge © Cce T Cgc T Rg
ng{m';aﬁgr """"""" I Base / Gate Voltage Bias Collector / Drain Voltage Sweep
: Frequency 1M .h:i Bias o V Start r 1V
A Detoibmmmm e m e i Stop 30V
AC Level 0m V Sweep Mode ]LG;S\“-; j
NPLC 1 # Details
Phase Compensation umber of Ste 101
® @ Auto S o L
€ Adaptive Hold Time S00m S
Delay Time 0| s

Zero Bias Time

o
w
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Verification of the CV measurement setup

After the detail measurement setup is finished, it is recommended to
perform the verification of the measurement setup

v" Run the measurement.
v" To save the setup and the test result in the datasheet, save the setup
by selecting “File”-->"Save”.

Click

File Edit VyiA&v Meas

i

S —

v" The CV graph in the datasheet is as shown in Figure 2-96.

Figure 2-96 Cies, Coes, Cres-VCE datasheet characteristics graph.
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6.7 Vge-Qg gate characteristics

Figure 2-97

Depending on the devices in the market, multiple Qg curves with different
measurement conditions are described in the same characteristics graph,
for example at two different Vcc test conditions.

The Qg graph of the datasheet mode can only display curves with a
single measurement condition. Therefore, it is necessary to duplicate the
setup to display multiple Qg graphs of different test conditions.

How to set up Qg graphics measurement parameters
Follow the next steps to set up the parameters.
1. Graphic scale setup

Modify the range of the vertical axis and horizontal axis of the Qg graph
according to the datasheet (Figure 2-97).

Qg graph scaling (IC = 40 A, VCE = 100 V).

Gate Charge

()
o
3]
&=
G
>
=
[
3z
=
E
[5S)
)
2
v
3
]
)

20 n C/div.
Gate Charge

2. VGE-Qg measurement setup

Modify the measurement setup by opening the VGE-Qg gate charge
measurement setup window. (Refer to Figure 2-66, IC-VCE example to
open the measurement setup window.)

v' Modify the test setup the same way as shown in Figure 2-98.
The same collector current as the Qg datasheet parameters is also
used to measure the VCE-Qg graph.
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Figure 2-98 Vge-Qg Gate charge measurement setup.
» ) Conditions
i- wn . === CGae ~ — T T T T === *= @] Current Load
I Vels(off) w00 V || Wgsioff) p Vv I Load\gs(off) g|Y
I Id{on) A Il Vgs(on) 15 V I LoadVgs(on) 15 ¥V
I II ]g im A I
________ e e
Gate Charge Characteristics | Switching Waveform |
v) @ Line O Dot O Line & Dot |G Vigsfon] zosasssnsstaseraserosnsasesacce i S8
MARKER(AY: 0 C B MARKER(E): gkt E
20 n Cdiv. : =
Nany ST [2 vdvo v X = Vgsipl) ==+{-ee3s &
Vastth) “* 1" % 1 caco
4y I g
R
Vgs(off) *** i
Qgith)
Qgs *
Qgd _E_b: :-_ '
Qglon) —™ 1 i =0

Derived | High Current | High Voltage |

| Symbol Value Unit Description

Qg Gate Charge [ 20n C/div O C] fe4 4=

| Vrzinll £ 25 W nate nlateao wnltans

Verification of the Qg measurement setup

After the detail measurement setup is finished, it is recommended to
perform the verification of the measurement setup

v" Run the measurement.
v' To save the setup and the test result in the datasheet, save the setup
by selecting “File”-->"Save”.

Click

File Edit Vyav Meas

St

ol W

N p—

v" The Qg graph in the datasheet is updated after finishing the
measurement

How to set up the 2nd Qg graphics measurement

v Duplicate the modified setup and modify the off voltage of the
duplicated VGE-Qg graph.

How to duplicate a graph:

Figure 2-99 shows two ways to duplicate the graph.

(a) Simply right click on the graph and click on the Duplicate pop-up
menu, or (b) click on the "Duplicate" button in the ribbon menu after
selecting the graph.
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Figure 2-99 Duplicating graph setup (IC = 40 A, VCE = 200 V).
(a) Right click, and select from the pop-up menu. (b) Select from the menu bar
] Bl @ === =
Vds = 100V, Id = 40 A .‘IEI' o I,J\ v OH X

E] Uncheck All

{a' Setup

ﬂ Add Graph
P Import_—--—

Gate to Emitter Voltage

¥ Move Down
~ Properties
":ﬁ Edit Setup

ng graph setup.
Delete Del

(sl

How to set up off voltage

v Set second Vds(off) test condition (Figure 2-100).

Figure 2-100 2nd Vge-Qg Gate charge measurement setup for different Vds.
~ Conditions
13,0 ] Era e e o s oo o 1 Gate IV Current Load
:‘»‘ds(ofﬂ 200 V : Vgs(off) o V LoadVgs(off)
"ramm ___ l _______ ?.'t]__i__l Vgs{on) 15 V LoadVgs({on) 15 V

Ig im A

Verification of the 2nd Qg measurement setup

Verify the measurement as the same way of the first parameter
measurement and save the setup.

Step 7 Updating the entire setup
To update the modified setup of the entire measurement, select “Save” to
update the current setup or “Save as” to save it under a different file
name.
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Step 8 Run a test of the entire parameters and graphs
To run the entire measurement, confirm that all measurement items are
“Checked”, and then click the “Measure button.

1. How to start test

v' Click the “Measure button.
The measure button is shown in Figure 2-101.

Figure 2-101 Start measure button.

File Edit View Measurement Setup lgon:ﬁg}irat]on Help

AuesE oA ) Dei.E@EF rvFeoX FRDE

~  Identification Device Type: IGET |0

Part Number: FGAL80N33ATD

Sample ID: Sample 1

Description: Fairchild 330 V, 180 A PDP Trench IGBT
Operator: Keysight

Measurement Instrument: B1508A-H71

A | Maximum Ratings
Maximum Ratings
Symbol Parameter Test Conditions Value Unit Note

Measurement options

The datasheet measurement mode has three options as shown in Figure
2-102 and Figure 2-103.

v' "Without data cleared" option starts measurement by keeping the
existing data, and updates the existing result after the new
measurement has finished. (Refer to Figure 2-104.)

v' "With data cleared" option clears all the existing data and starts new
measurements. (Refer to Figure 2-105.)

v If the “Stop if an actual value is out of range” option skips
consequent measurement after the actual measured value exceeds
the specified minimum/maximum value (Refer to Figure 2-106). The
window to indicate the measurement is stopped will pop up.

Note: The window to indicate the measurement is stopped does not pop up if
the measurement is automatically triggered by Thermal Monitor/Control
function of Easy Test Navigator

Figure 2-102 Start options.

Click the down arrow to
show the start options.

P = 'ﬁ' = _‘t:‘:
E| Start Options

Without data cleared ‘
With data cleared .

? Trench IGET
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Figure 2-103 Option to abort the consequent measurement if the measured value is
out of range.
[ e L
I Measurement |! Setup _Configuration Help
i B-, Start with data cleared @ v B2l = SN B Y 2 ¢
! % Start without data cleared :
I 1
! T EEE PPV
! Options > Stop if an actual value is out of range |
= = Rk 10 A RO Trenh il m m m mm e mmmmmmmmmmmmmmmmm——————— B —
Figure 2-104 Measurement under the "Without data cleared" option.
FZ=S, 4
‘1“mﬂ. T Test Conditions ‘ﬁlj m,T\m.\uw Updates new
VL ‘ \ ‘
v _| [ (.Jﬂ{Kf‘_—' Qnthe
7 | - [ \. 34'97/\ Previous data.
v ]

Transfer Characteristics

measur¢ment in progress
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Figure 2-105

Measurement under the "With data cleared" option.

AYR SR SAS

Parameter Fest Conitions | pin £ act Y tax
: ' Updates new
data on
new blank form.

Collector Current

Output Characteristics Transfer Characteristics

Collector Current

IC-VCE pda-iv.et - I

WeE 2dA

1 V/div.

Collector to Emitter Voltage

Figure 2-106 Measurement with the “Stop if actual value is out of range” option.
File Edit View |Measurement) Setup Configuration }—_clp
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2. Device setup confirmation for I/V and CV measurements

v At the beginning of the measurement, the dialogue box shown in
Figure 2-107 appears.
v This dialog box indicates the check of the connection for IV/CV

measurement.
v' After the confirmation of the connection, click “OK” to start the
measurement.
Figure 2-107 Dialog box for confirming the connections for I/V and CV
measurements.
File Edit View Measurement Setup Configuration Help
al=sE Xdas n, M FaxyedBE,
() Identification Device Type: |1GB] — — =
Part Number: | FGA180} Con/id\lon
Sampfel.D.'. 12%5: @ Please make connection for I/V Measurement and Capacitance Measurement. — L
Operator: [ Keysigh
Mmsurememlnswmmt:‘rﬁlsﬂ
A Maximum Ratings
Symbol Note
VCES Collector to Emitter Volf|
VGES Gate to Emitter Voltag
Ic™M Pulsed Collector Curren| |
M Pulsed Freewheeling Dif)|
| A Characteristics Parameters
Symbol Unit Note
7'1 BVCES Collector t{| v
] ICES Collector .
%:: S | Click "OK" after
2 e connecting the
| VGE)  GatetoEd device.
| VCEsat)  Collector V. Typ.11V
77\ VCE(sat) 1  Collector vV Typ.168V
E ;:‘ VF vV Typ.12V
| Rg Gate Resist AS = ohm
D 7\ Cies Input Capacitance VGE=0V, VCE=30 V, f=100 kHz i 41n F Typ. 3880 pF

v All the device parameter and graphics characterization
measurements except for the Qg measurement are performed
sequentially.

v' Basically, measurement starts from the top to the bottom of the
list as shown in Figure 2-108.

Note: After the completion of all the measurements for IV and CV items, the
dialogue box indicating to check for the connection of Qg measurement
appears
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Figure 2-108 Test continues from the top to bottom.

.

Measurement Instrument:

A Maximum Rating

>

<<«

v After the completion of the IV and CV parameter measurement, the
test continues to the graphics characteristic measurements.
v During the measurement (Refer to Figure 2-109)

1. The graph under measurement is blinking and
2. The small window of each measurement mode appears in the

bottom right of the screen.

Figure 2-109 Graphic characteristic measurements.
QEueE, xXaa5,
E’; Qg Gate to Collector Charge [Vgeton=15 V, Vge(oM=0 V. Vce=200V
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Figure 2-110

Figure 2-111
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3. Device setup confirmation for Qg measurements

v After the completion of all the measurements for the IV and CV items,
the dialogue box indicating to check for the connection of Qg
measurement setup appears as shown in Figure 2-110.

v’ After the confirmation of the connection, click “OK” to start
measurement.

v After finishing the entire measurement, the results are automatically
saved in the pre-defined directory shown in Figure 2-111.

Dialog box for confirming the connections for Qg measurements.

@y X, 2,

L
{f Click "OK" after
[ connecting the
| device.
|
|
i

Collec

decade/div. 30V C 20 n C/div.

Collector to Emitter Voltage Gate Charge

Gate Charge

Pre-defined directory to
save the test results.

20 n C/div.

Gate Charge
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Tips: How to change the order of the measurement
Method 1: Sequence control using a priority group

It is possible to prioritize each measurement item.

v' There are three priorities, first, second and third.

v Fﬁ)rity can be changed by clicking the button.

Click the
button to
toggle the
priority

'/ symbot | Paramete
3| svces Collector to Emitter B
| Kces Collector Leakage Curt
1GES Gate Leakage Current
VGE(th) Gate to Emitter Thresh

VCE(sat).1 Collector to Emitter Sa

SUUUEUR S RO S
"

=) v Freewheeling Diode Fc
Cies Input Capacitance
Coes Output Capacitance
Cres Reverse Transfer Capac
Qg Total Gate Charge

v" Measurement starts from the top item in the first priority group to the
bottom.

v" Next, move to the top item in the second priority group.

v’ After finishing the second priority group, measurement of the third
priority group starts.

It is possible to skip specific items by removing the "check" mark from the
listed items.

v" You can add/remove the check mark of all items.

Note: Even if the priority of Qg measurement is set as first priority, Qg
measurement starts after completing the entire IV and CV measurement
including the parameter and graph items.

Note: Even if the order of measurement is changed by specifying the priority,
the order of items in a printed report is not changed.
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Method 2: Changing the order of items

To change the order of the items in the printed report, or to change the
order of measurement in the same priority, it is necessary to change the
order of items in the setup. It is possible to change the order of the items
by moving up / down the selected item as described in Figure 2-112.

Changing the order of the items

Right click the
item

Gate to Emitter Threshold Valtage (. 1¢=250 pa 25 4 55 V. Typ. 4V
Gate to Emitter Threshold Voltage (..  yCE=10V, 1C=250 pA 25 Check Al
Collector to Emitter Saturation Volt..  yGE=15 V, IC=180 A, PulseWidth=200 us D Uncheck All
Collector to Emitter Saturation Volt..  GE=15 V. IC=40 A, PulseWicth=200 s T} setup
+
Freewheeling Diode Forward Voltage  yGE=0 v, IF=20 A PulseWidth=200 ps é; fadd Jatatet<e
F Import
Gate Resistance VGE=0 V, f=100 kHz s
: _ | Duplicate
Input Capacitance VGE=0V, VCE=30 V, =100 kHz ey
. 1| ™ Move Up 1
Qutput Capacitance VGE=0V, VCE=20 V, f=100 kHz | ¢ !
. | Move Down 1
Reverse Transfer Capacitance VGE=0V, VCE=30 V. =100 kHz e e f e C
roperties
Total Gate Charge Vge(on) Cl.le “MOVe Upn or “MOVe .0;; i Semp
Gate to Emitter Charge Vgelon) Down” to Change the L"} Recvcle
Gate to Collector Charge veson), Order of the parameter !
Gate to Emitter Plateau Voltage Vgelon)=15 V, Vge(s#f)=0 V, Vez=200 V, Lc=40 A X Delete Del

— T Select the item and click
2 v :’A'T‘-‘:—"IL up arrow or down arrow in

the ribbon menu

Method 3: Changing the picture of the connection

The priority of the items are also determined by the diagram used in the
connection confirmation window (Figure 2-113). As the default, the
picture of the standard TO socket adapter is used as the connection
diagram.
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Figure 2-113

Figure 2-114

Default connection confirmation window of IV and CV measurement

=]

The diagram used in the connection confirmation window is defined in
the connection tab of the item property. To change the diagram, open
the property of the item (Figure 2-114), select the connection tab and
import the picture used for the item (Figure 2-115).

Opening the property of the item

D BVCES
D ICES
D IGES
[:] IGES(-)
ED VGE(th)
DD VGE(th)
D VCE(sat)
D VCE(sat)_L
EEk
[CIL] %
DD Cies

— i

:\ Automatic Data Save Device ID: FGALBON
Data folder: C:\Users\B1305A-2\Documents'Keysight\SeriesB150x\PowerDeviceAnal

Right click the
item
Parameter
Collector to Emitter Breakdown Volt...
Collector Leakage Current

Gate Leakage Current

Gate Leakage Current (-)

Gate to Emitter Threshold Voltage (...

Gate to Emitter Threshold Voltage (..

Test Conditions Min.
VGE=0V, 1C=400 pA 330
VCE=330V, VGE=0 V
VGE=30V, VCE=0 V
VGE=-30V, VCE=0V -400 n
1C=250 pA 25
VCE=10V, IC=250 pA 25

Collector to Emitter Saturation Volt...

Collector to Emitter Saturation Volt...

VGE=15V, IC=180 A, PulseWidth=200 ps

VGE=15V, IC=40 A, PulseWidth=200 ps

Freewheeling Diode Forward Voltage

Gate Resistance

Input Capacitance

~ Comment:

VGE=0V, IF=20 A, PulseWidth=200 ps

VGE=0V, =100 kHz

VGE=0V, VCE=30 V, f=100 kHz

Click “Properties” to open
the property of the item

Act. Max.  Unit Note
366 v
as5n | [Z] Check Al
259p D Uncheck All
273p 'm' Setup
. &5 Add Parameter
e
= Duplicate
" | Moveup
1.04
¥ Move Down
114
o Properties
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Figure 2-115 Importing the connection diagram

Click “Properties” to open
the property of the item

Click “Properties” to open
the property of the item

Diagram File: [

The supported formats of the diagram are BMP, GIF, JPG, PNG and TIF. The
imported files are built-in to the datasheet setup and results file. To reduce the
size of the result, it is recommended to resize the picture for it to fit the diagram
canvas (640 x 360 pixels).

Figure 2-116 Default connection confirmation window of the IV and CV measurement

Characteristics Parameter Properties =]

I Parameter ] Test Condiﬁonsl Connection |

The imported picture is
listed in the diagram file

Diagram File: {New-Connection.jpg V][ Import... ]
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Once the diagram is imported, it appears in the list of diagrams. To use
the same diagram for the other items in the same datasheet setup, select
it from the list.

Note: To use the default picture, select blank from the list of the diagram file.

The priority of measurement using the customized diagram picture is
determined as following order.

e The priority of the IV and CV measurement is higher than the Qg
measurement.

e The priority defined by the priority group function is higher than
the priority determined by the diagram picture.

e The priority of items using the default picture is higher than items
using customized diagram pictures.

For example, the items using the customized diagram picture categorized
in the first priority group are executed before executing the items using
the default picture categorized in the second priority group.

The connection confirmation window pops up before measuring the item
using a different diagram picture.

Step 9 Reviewing and checking the printing image of the
measurement result

How to review the test results:

To review the test result, click the down arrow in the bottom left of the
screen to expand the test result viewer.
The area expands, and you can see the test data files.

File Edt View Measure Setup Configuration Help
QEsE XdA=, »

decade/div. 3 20 n C/div. 180n C

Collector to Emitter Voltage Gate Charge

Gate Charge

S

20 n C/div. 180n C

Gate Charge

("~ Ol store Device 10: [Device1 =] Comment: B s X ||

\‘f’inj s 028 Pl OB E ok s1vm
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How to recall test result:

To recall the test result, click the name of the result in the recent data
area, or click the “File” icon at the left of the latest test result file.

decade/div. 0 ¢ 20 n C/div. 180n €

Collector to Emitter Voltage Gate Charge

Gate Charge

Testresultis
automatically
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specified
directory.
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H

i

i
| Recent data: | ]

|
i : i
' Click to restore !
| the pre- i
i measured data |
i i
i i
i H
LY . J
SETT M o DB o b Ml

How to display the test results in the datasheet image:

The test result can be printed as the same image as the datasheet.
Click File -> Print of the datasheet characterization drop down menu,
or

click the printer icon in the ribbon menu of the Datasheet
characterization panel.

decade/div. 3 C 20 n C/div. 180n C

ector to Emitter Voltage Gate Charge

Gate Charge

[
o
8
©
>
]
o
£
‘E
o
=}
8
2
®
0

20 n C/div.

Gate Charge

~ Data store Device ID: [Device-L. _~| Comment: ) oata: X |l

Lrsuan| & ol = =] Flige O B [C MG v (o 250PM W
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The print pre-view panel opens.

{ BN 1=]t]

\ =
g

Port Number: FGAIEONIIAT
Device 10 Sampia 2
escription:  Farcnid. 330V, 180 A 05 Tranch 1G5T
Maximum Rotings

Symbot | Parameter 1 Test Conditions 1 Volve | ume | note | |
VGBS Cobectarto Emaer Vorage B0 10 150°C w0 v
vaes v
£ A
1 A

unit | wote | |
ICES  Coleciorto Emmter Braskdown Vorage VGEROY, Kndd0 ph 30 e v
Kis Corector Lankage C VCER330V, Va0V Wan MSu A
1685 Gate Lesiage Cument VO30V, VCEWOV 00p  40n A
VRN Gate to Emtter Theethald Voage (VCE KCe250 A 3 s 55V Teeav
VCEsa  Cobector o Emitter Saturation Vorage  VGEe1S V. KCad0 A SulteWictha200 W4 4V Teuv
VCEID  Colecior 1o Emitter Saturaton Voage  VGEe1S V. KCn180 A SubeWidtneiod | s 2V Hplsy
v Freewhesing Diode Forward Voitage  VGEeO V. Fa20 A SueWicthe200 1 s 16 v Tpaav
Gt Ingut Capactance VG0 V. VCEa3OV, 1a200 bz 4300 Sh P Ty 380
Cou Capactance VGLe0 V. VCEa3OV, fa300 142 100081 $00p P Typ MOSpE
cu Revarse Trantter Capacitance VG0 V. VCEn3OV. 14200 k2 681 305 P Typeis0gr
o Total Gate Charge Vge(onja15 V. Vge(oMe0 V. Veaa200\ 17673 M0 € Tpiesec
Qe Gate 1o Emater Crarge Voe(on)a15 V. VGe(cMa0 V. Vean200\ 27 Wa ¢ TRuK
Qe Gate to Corectar Charge Vge(on)e15 V. Voe(oM)ed V. Vea200\ 76 08 ¢ o
Output Characteristics Transfer Characteristics
seazbvgs e sl /

1 g -

S Vase7v 3 §

S - 1 -1

v i g R 11 e
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Note:

Printing the datasheet

Datasheet Characterization

To print the datasheet, click the printer icon in the preview panel shown

in the previous page.

How to print in electric format

v Itis possible to save it in PDF format by installing the printer driver
which can print documents in PDF format.

v' XPS (XML Paper Specification) is supported by the operating system,
and this capability can also be used.

v

/=) Print
General |

Select Printer

€ Add Printer
S Fax

" Microsoft XPS Document \Writer

Status: Ready
Location:
Comment:

Page Range
& Al

@ @

'

x|

Preferences
Find Printer...

Number of copies: |1 3

=
111 2120 33

Print Cancel
| | |

Figure 2-117 shows a sample image of the printed test result of the

datasheet characterization mode.
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Figure 2-117

Datasheet characterization print example.

Part Number: FGAL80N33ATD

Device ID: Sample 1
Description: Fairchild: 330 V, 180 A PDP Trench IGBT
Maximum Ratings
Symbol Parameter Test Conditions Value 1 Unit | Note [ |
VCES Collector to Emitter Voltage Tj=-50"Cto 150°C 330 v
VGES Gate to Emitter Violtage Conitnuous -30 to 30 v
Ic™m Pulsed Collector Current Te=25"°C 450 A
IFM Pulsed Freewheeling Diode Current Te=25°C 450 A
Characteristics Parameters
Symbol Parameter Test Conditions | min. | act. | Max. | unit| Note [ |
BVWICES Collector to Emitter Breakdown Voltage VGE=0V, IC=400 pA 330 36135 v
ICES Callector Leakage Current VCE=330V, VGE=0 V 71n 395 A
IGES Gate Leakage Current VGE=30 V, VCE=0V 100p 400 n A
VGE(th) Gate to Emitter Threshold Voltage (VCE  I1C=250 pA 25 4139 55 vV Type.4V
VCE(sat) Collector to Emitter Saturation Voltage VGE=15 V, IC=40 A, PulseWidth=200 p: 10256 14 vV Typ.11V
VCE(sat)_1  Collector to Emitter Saturation Voltage VGE=15 V, IC=180 A, PulseWidth=200 | 18256 2 Vo Typ. 168V
VF Freewheeling Diode Forward Voltage VGE=0V, IF=20 A, PulseWidth=200 us 11736 16 Vo Typ.12V
Cies Input Capacitance VGE=0V, VCE=30V, f=100 kHz 413170 5n F Typ. 3880 pF
Coes Qutput Capacitance VGE=0V, VCE=30V, f=100 kHz 32505¢ 500 p F  Typ. 305 pF
Cres Reverse Transfer Capacitance VGE=0V, VCE=30V, f=100 kHz 18256, 300p F  Type. 180 pF
Qg Total Gate Charge Vge{on)=15 V, Vge(off)=0 V, Vce=200\ 166.93( 250n C  Typ.169nC
Qge Gate to Emitter Charge Vge{on)=15 V, Vge(off)=0 V, Vce=200\ 246218 30n C  Typ.22nC
Qgc Gate to Collector Charge Vge{on)=15 V, Vge(off)=0 V, Vce=200\ 70.162. 100n C  Typ.69nC
Output Characteristics Transfer Characteristics
200 A VGS =9 V. VC I9V. VG5 F 10V, VW 200" i . /

b= VEs = 8Y b= /

[ @

= = = =

3 = 3 = T

] 3 o o |

- E o E -

2 o ] = |

U ~ 4 o ~ 1 /

@ @

= Vs =7V =

o | o

(9] I (&) /

Ya5=bY
0 A 0A
0 v 1 W/div. 6V 0V 1 V/div. 10
Collector to Emitter Voltage Gate to Emitter Voltage
page 1
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Collector to Emitter Voltage

Capacitance

Gate to Emitter Voltage

20V

2 V/div

Collector to Emitter Voltage vs. Gate to Emitter Voltage

|
10220410 4jap A1 VD = 180 2
(Y 2 V/div. 20 V
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=
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c
—
0F
1V decade/div. 30 v
Collector to Emitter Voltage
Gate Charge
15 v T
=
2 [ 1 |
=
~ T |
ov
0c 20 n C/div. 180n C

Gate Charge

Freewheeling Diode Forward Characteristics
100 A
IS ;
o 2
= b=l
S 9
T ¥
o
R
o h=]
(5%
1A
ov 500 m V/div. 25 V
Forward Voltage
Gate Charge
15 v T T
: L]
o
g Ll
o I LA
= X | |
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b bl !
b = |
I.IE.I o | |
: .
2 ! !
]
S L1
Y ' '
0 C 20 n C/div. 180n C
Gate Charge
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Step 11 Creating a summary report from multiple test result files
Easy Test Navigator has a function to create a summary report from the
characteristics parameters of multiple test results called the Datasheet
Reporter. The report is saved in a tab separated format. The datasheet
reporter has an option to add the minimum value, the maximum value
described in the datasheet setup and the unit of the measured value as
references (Figure 2-120).

Figure 2-120 shows an example of the report imported into the
spreadsheet application.

Figure 2-118 Summary report imported into the spreadsheet application.
BH S s FGATS0M33-Repart it - Excel ? E - O %
2T HOME  INSERT  PAGELAYOUT  FORMULAS ~ DATA  REVIEW  VIEW  DEVELOPER  TEAM OKAWA, YASUSHI (K-Japan,ex1) ~

AL - Jr | pevicein v
A B c D E F G H 1 J K L M N o P Q R s T~

1 DevicelD_PartNumk:SamplelD BVCES  ICES IGES IGES(-)  VGE(th) VCE(sat) VCE(sat)_IVFM Cies Coes Cres Qg Qge Qge File

2 [Device-1 FGA180N3Samplel 3714 8.80E-08 5.00E-11 0 3882 10409 17031 11342 4.07E-09 3.13E10 1.76E-10 1.75E-07 2.30E-08 7.15E-08 C:\Users\Public\Document

3 Device-l FGA180NISample2 363003 9.50E-08 5.00E-11 5.00E11  3.854 10444 17113 11309 403609 3.15E-10 1.76E-10 1.70E07 2.27E-08 6.93E-08 C:\Users\Public\Document

4 Device-l FGA180NISample3 =~ 367.992 9.80E-08 5.00E-11 0 3947 10385 16978 11335 4.03E-09 3.196-10 176E-10 1.70E-07 2.28E-08 6.94E-08 C:\Users\Public\Document

5 Device-l FGA180NZSampled  372.894 9.00E-08 5.00E-11 0 3872 10428 17158 11369 4.08E-09 3.11E10 1.77E-10 1.78E-07 2.32E-08 7.33E-08 C:\Users\Public\Document

6 Device-l FGA180NISampleS =~ 372.756 9.40E-08 5.00E-11 0 3835 10422 17123 11342 4.08E-09 3.11E10 177E-10 1.78E-07 2.32E-08 7.33E-02 C:\Users\Public\Document

7

8

9

10

11

The report consists of the device ID, part number, sample ID and file
name of each datasheet setup in addition to the measured characteristics
parameters.

To create the summary report, follow the steps described below and refer
to Figure 2-119.

1. Select “Report” from the menu to launch the datasheet reporter
Click the “Add” button

Select datasheet result files

Click the “Open” button

Test result files are imported to the datasheet reporter

Click the “Execute” button

Input the file name of the report to be created

Click the “Save” button

O NN
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Figure 2-119 Creating a summary report using the datasheet reporter.

(a) Importing the test result files to the datasheet reporter

Edit View Measurement Setup Configuration He

| & Hew culen By _!E

@ Open_ Ctrl+0 Tewt Cov
W save Ctrl+s Ts-50C 1010 T
Save As... Conisusut
& Print... Cul+P Te=25"°C
Tes2t T
FGA180N33-1 @Ch1=29deqC_ Ch2=29degC_11-25-2015 4-03-28 AM.pda-dszip | [ 4 Add
FGAL80N33-2_@Ch1=29degC Ch2=29degC_11-25-2015 4-06-00_AM.pcis-dszip | N |
FGA180N23-2 @Ch1=29deqC_Ch2=20degC_11-25-2015 4-07-19 AM.pda-dszip T
FGAIB0N33-4_@Ch1=29degC_Ch2=29degC_11-25-2015 4-08-50_AM pda-dszip —
\ FGAIBONS3-5 @CH1=2SdeqC Cho=29degC 11252015 410-10 AMpd-dacip
G@-\j_n PoweDeviceAnalyzes » Dotashest + Demo » + [ 43 || Search Deme )
Organize = New fakder Ex A @
& Favorites DD'(rzniumentsIlbrar‘,' Rannae b
M Deskop |,
i Downloads T .
L RecentPlaces p =
it ¥ X 1
& Libearies 1 12/8/2015 1110 AM FGAB0M33-2 @Ch1=2degC Ch2=2degC11.. Compressed (zpp | |
3 ooasore | (22820151010 AM FGALGONI3-3 BCh=degC ChiBdegC iL.. Compreseed oo | |
B Documents | |L128/2015 110 A FGAIB0H33-4_@Chl=2degC Ch2=29degC 11.. Compressed (sipp
VL My Docum: \lj 12/B/2015 11:30 AM FGALE0N33-5_BChl=29degC_Ch2=29degC_I1.. Compressed (zipp. 1
L PubicDon | B AJTADITIO M T T il -demoTCABNT pdasmp | Compresed (g r
3 Do 120720151130 801 MOSFET. demao-IRFPAODK.pda-ds.zip Compressed fipp)
RPN i ‘

File nsme; “FGATB0N3-5_@BCh1=2degC_ Chi=20degC 1125201 v |EiOSBlepds-diap) =
i ) Concd |

(b) Creating the report from the imported test results

FGA1BON323-1_@Ch1=29deqC_Ch2=29deqC_11-25-2015_4-03-28_AM.pda-ds.zip
FGALBON33-2_@Chl=29degC_Ch2=29degC_11-25-2015_4-06-00_AM.pda-ds.zip
FGALBON33-3_@Ch1=29degC_Ch2=29degC_11-25-2015_4-07-19_AM.pda-ds.zip (
FGALBON33-4_@Chl=29degC_Ch2=29degC_11-25-2015_4-08-50_AM.pda-ds.zip

FGALBON33-5 @Chl=29degC_Ch2=29degC 11-25-2015 4-10-10 AM.pda-ds.zip

w-Lﬁ v Libraries » Documents » Report - |"H Search Report

Organize v New folder

o

¢ Favorites Documents library Arrange by:  Folder ~
B Desktop Report

|4 Downloads
%] Recent Places

Date modified Name

Mo items match your search.
) Libraries
DataStore
@ Documents
& Music
[ Pictures

B videos

8 Computer

v a n r

[ 7 T e — = === —====1]

File name:  FGALBON-Report] -1

Sav\.v?as'F_,-pe_hEﬂI»'|lef"f|:tﬂ'____________________vlJ

(& Hide Folders

{ Cancel
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The datasheet reporter has an option to add the minimum value, the
maximum value described in the datasheet setup and the unit of the
measured value as references (Figure 2-120).

Figure 2-120 Datasheet reporter option

(a) Reporting option to add min., max. and unit of the value

[ Execute

| Close.

e Ee=s===================s=========
-
- | -
|-
| = Cptions 1 _——’—
2 -
| Output Vi Moo i 1 -
e ————— - ——
(b) Output report
H &- = FGA1B0N33-Report_minmax.bet - Excel
FILE HOME  INSERT ~ PAGELAYOUT ~ FORMULAS ~ DATA  REVIEW  VIEW  DEVELOPER  TEAM
a1 .| fx  Dpeviced
A E c D E F G H I ] K L
1 DeviclelPartNumI:Samplle_ — — . BVCES _ ICES _ _IGES _ _ IGES{-) _ VGE(th) VCE(sat) VCE(sat) [VFM_ _ (
2 | Min 330 -4.00E-07 25
3 I max 0.0004 4.00E-07 5.5 14 2 16!
4| l_wt v A _a__aA__ v _ v _v__y__ ]|
5 Device-1 FGA1B0NZSamplel 3714 8.80E-08 5.00E-11 0 2.882 10409 17031 112342
6 Device-l FGALSONZSample2 362.003 9.50E-08 5.00E-11 5.00E-11  2.894 10444 17113 11309
7 Device-1 FGAIBONZSample3 367.992 9.80E-08 5.00E-11 0 3.947 10385 1.6978 11335
8 Device-1 FGA1B0NZSampled 372.894 9.00E-08 5.00E-11 0 3872 10428 17158 11369
9 Device-1 FGA1B0NZSamples 372.756 9.40E-08 5.00E-11 0 3.835 10422 17123 11342
10
11|
12

If the test result files of different devices are imported to the datasheet reporter, the
minimum and the maximum value of the first file are used as the minimum and the
maximum value of the report.
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Useful information for using the datasheet characterization mode

Tips to customize a datasheet setup

Tips: How to change the picture of the device
It is possible to replace or remove the picture of the device. Right click
the image and select an action from the pop-up menu.

v" The imported picture is used when printing out the measured result.
The PNG, BMP and JEPEG format can be imported.

System Picture

.-': Import Picture
x Clear Picture

| w

Tips: How to change the symbol name and the description
If the symbol name or description of a parameter are different from the
datasheet and it is necessary to use the same symbol as the datasheet, it
is possible to modify them.

v Click the symbol name or parameter field, and then modify them.
Click and modify

symbols name or
description of

parameters
AL
Symbol /] Parameter
VCES | Collector to Emitter Voltage

VGES V/ Gate to Emitter Voltage
ICpulse Pulsed Collector Current
IFM %Pulsed Freewheeling Diode Current
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Tips: How to add a new item to the maximum ratings
To add a new item to the list of maximum ratings,

1. Right click the mouse and select “Add MaximumRating” from the
popup menu, or select the icon to add maximum ratings in the
ribbon menu.

2. Define the symbol, type of value (point or range), value and unit
of the item.

3. Click “OK” to save the item.

M Pulsed Callector Current Te=25°C oo
M @_Eu!ied-EmeﬁaeﬁoﬁeSuﬁem,_‘jias‘c ﬁy:ﬁ:c:m@ 5
’:J.;‘& éd_d MaximumRating o _%_ S R
T [ spmo .
| & Move Up | Parameter: Maximum power dissipation !
[lej ¥ Move Down e :Vak.re: ® Point © Range :
g]l; & Properties e >l ] :
@]l:;ﬁ Recys | onie: (w < !
%l:'x Delete Del . :Tk_ ___________________________ 1
@® ™
éd';:’\g a j:’ =1 @ | ok /{ Cancel |
Tips: How to add the minimum / maximum limit to the
characteristics parameters
It is possible to add the minimum/maximum limit to the parameters. For
example, normally, only the minimum value is defined for BVCES in the
datasheet. But, it is possible to add a maximum limit in addition to the
minimum limit. To add the maximum or minimum limit, click the blank
area under the “Max.” or “Min.” labels, and the input box appears.
| symbot | Parameter | Test Conditions M | A 7 Fac™y nit | Note
T | BVCES  Collector to Emitter Breakdown Volt..  VGE | [ X[ 300 30 Ry L
Ic 2000 A VA
| Min | Ac. | Max |
[ 300 &0 |
Note:

v If both the maximum and minimum rating are not defined, pass/fail
judgment is not done at the measurement.

v' Some of the parameters do not allow you to leave both the Min. and
Max. values blank (ex. Vce(sat)) because those are associated with
the detailed setup of the measurement (ex. current or voltage
compliance).

v' To delete the limit associated with the detailed setup, it is necessary
to release the association between the limit and the setup (Refer to
“Tips: How to change the association of the test conditions
with the measurement setup”).
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Figure 2-121

Datasheet Characterization

How to change the association of the test conditions with

the measurement setup

The test conditions, the min. and the max. limits of the characteristics
parameters are associated with the measurement setup via the properties
of each item. For the characteristics graphs, the range and scaling mode
of the X'and Y axes are associated with the measurement setup via its
properties.

To access to the properties of the item, right click the item and select
“Properties” in the popup menu, or select the item and click the
properties icon in the ribbon menu.

Symbol Parameter I fi& ~
DD BVCES Collector to Emitter Breakdown Volt..  yGE OR = * “W@’ x

D[ﬁ ICES Check All CE -M
D[:| 1GES [ uncheck Al GE
][] st ? Setup GE
DE' VGEh) é; Add Parameter e
D|:] VGE(th) ¥ Import E
Dl—l VCEat) _; Duplicate -
D|:| VCE(sat)_1 i o IGE
Ijl:l o 0 ove .OWH e
0= s S| =
“#3 Edit Setup
I:”:l Sl &» Recycle 3
Coes GE
E!E: Cres X Delete Del |5

Figure 2-121 shows the parameters in the properties of the BVCES
measurement

Basic parameters of properties

Characteristics Parameter Properties E

Parameter ‘ Test Conditions | Connection ‘

Data File: [BVCES pda-iv.txt |

Measurement Type: IV Measurement

Symbol: [BvcEs

Parameter: Collector ta Emitter Breakdown Voltage

Domain:

Value: Gain: 1 Offset 0 Value=1xVCE+0
Minimum: 330 Setup: -

Maximum: Setup:

Unit:

Note:
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Figure 2-122

Data file: name of setup file for the BVCES measurement included in the
datasheet setup file.

v" Symbol: symbol of the item

v' Parameter: description of the item

v' Domain: Primary sweep parameter of the setup. In the BVCES
measurement, the specified collector current is applied to the
device to measure the BVCES.

v Value: Retuned value from the setup

v" Minimum: the minimum limit of the item. Association is described
at the “Setup:”. In this case, the setup is blank and there is no
association with the setup. If it is necessary to limit the maximum
voltage applied to the device, specify the parameter in the
measurement setup as “Setup:”. For example, to limit the voltage
applied to the device at 1.5 of the minimum limit, select the “Drain
/ Collector > Current Staircase Sweep > Compliance” as the setup
associated with the minimum value, and set 1.5 as gain (Figure
2-122).

Example of association of the max./min. value with the setup

Minimum: 330 Setup: Drain / Collector > Current Staircase Sweep > Compliance =

Gain: 1.5 Offset: 0 —Compliance=1x330 +0

In this case, 495 V is set as the compliance value in the measurement
setup. If the association is defined, the limit value cannot be removed
from the datasheet setup of the item. To remove the association, select a
blanc from the pull down list at the “Setup:”.

v Maximum: the maximum limit of the item.
v" Unit: unit of the value

Figure 2-123 shows an association of test conditions with the
measurement setup.

Possible input value as VGE is limited at VGES by associating with VGES
described in the maximum rating section. To remove the limit to the input
value, select blank from the pull down list of the rating symbol.

Specified VGE is input as the gate source value of the measurement
setup as is (Figure 2-123 (a)).

Also, the specified IC is input as the collector current force value(Figure
2-123 (b)).
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Figure 2-123 Example association of test conditions with the measurement setup

(a) Association of VGE in the test conditions

Characteristics P; Properti =]

Parameter | Test Conditions | Connection |

1
1 Rating Symbol:  VGES
1

1
| Setup:  Gate/ Base > Voltage Bias > Source «

1 Gain: 1 Offset: o Source = L = WGE = D
(b) Association of IC in the test conditions
Characteristics F Properti =]

Parameter | Test Conditions |Connedioﬂ |

Symbol Description Value Unit

=

For the items in the characteristics of graph, refer to “Tips: How to
create a new item by modifying the existing item”.
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Tips: How to delete the items
It is possible to delete unnecessary items to make the datasheet setup
the same as the exact datasheet of the device to be measured. For more
details, refer to “Tips: How to delete the existing item” in section “5.5
VGE(th) with constant VCE”.

Tips: How to restore the deleted items
The deleted items are stored in the recycle bin. To restore them, open the
recycle bin by right-clicking the datasheet and select “Recycle” from the
pop up menu, or click the “Recycle” mark in the ribbon menu (Figure

2-124).
Figure 2-124 Displaying the items stored in the recycle bin
Right click
f| VCE(sat)  Collector to Emitter Saturation Volt..  GE=15 V. 1C=50 &, PulseWidth=200 ps 1P 1c
@ o] Freewheeling Diode Forward Voltage  VGE=0 v, IF=50 A, PulseWidth=200 us 1|
r-ri —— Rg Gate Resistance VGE 0 v |z‘ " Uncheck All
@Il f 100k Hz L setup
. +
EJ]\ | Cies Input Capacitance VGE=0V, VCE=30 V, f=100 kHz 4 é; (T
) i ¥ Import
L| Coes Output Capacitance VGE=0V, VCE=30V, f=100 kHz etz
E Cres Reverse Transfer Capacitance VGE=0V, VCE=30 V, f=100 kHz = Dup“cate
:  MoveU
EE [] % Total Gate Charge Vge(on)=15 V, Vge(off}=0 V, Vce=200 V, Ic=40 A ¥4 m Dp
== ove Down
[ ] Qe Gate to Emitter Charge Vgelom=15 V, Vge(of=0'V, Vee=200 V, Ic=40 A 2 gy b
— roperties
| ] Qo Gate to Collector Charge Vge(on)=15 V. Vge(off}=0 V, Vce=200 V, Ic=40 A 7 % Edit Setup
@ \:| Vge(pl]  Gate to Emitter Plateau Voltage Vge(on)=15 V. Vge(off}=0 V, Vee=200 V, Ic=40 A sl&y R qycle ’
Characteristics Graphs x Delet " Del
= ——r—=— elete | e
Automatic Data Save DeviceID: FGAIBON  + Comment: [%)] Data: [3¢ ]| FGa180N33ATD sample W ommoemroe

Select Recycle

or

- . - ~3

GNEE XA %o, [Dsl.E@F rvrboX F0E

S

Then select the item to be restored, click the “Restore selected item”
button and it will be restored to its original position (Figure 2-125).



Figure 2-125

Tips:

Tips:

Datasheet Characterization

Restoring deleted items in the recycle bin

Click to restore the
selected item

Maximum Ratings:

Characteristics Parameters:

Characteristics Graphs:

( Click to select |

The deleted items are stored in the recycle bin. The items in the recycle
bin are kept until a new setup is created, the existing setups are imported
or the recycle bin is emptied.

How to duplicate the existing setup

It is possible to duplicate the existing setup to add items measured with
different test conditions. For more details, refer to “Tips: How to
duplicate the existing test setup” in section “VCE(sat) test
conditions for IC=180 A”.

How to change locked parameter in the setup

Some of parameters in the IV, CV or Qg measurement cannot be changed
to prevent unexpected measurement errors due to mismatch in usage. To
change those locked parameters to modify the existing setup, use “Edit
Setup” instead of “Setup”. For more details, refer to “Tips: How to
measure |C-VGE characteristics under the threshold region” as an
example.
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Tips:

— s =
< .5 -t v +2%0 X
[:] Uncheck All =
IS =————n

1 I
i Setup | ¢——n— | Setup
5 Add Parameter
'y—f Import
Duplicate
T Move Up

¥ Move Down

¥ Edit setupj +—————— | Edit Setup

O

X Delete Del

After modifying the setup, it is often necessary to change the properties
of the item in the datasheet setup (refer to “Tips: How to change the
association of the test conditions with the measurement setup”).

How to create a new item by modifying the existing item

It is possible to add a parameter not included in the initial template of
each device type. There are two methods to add a new parameter to the
datasheet setup.

v" Duplicating and modifying an existing parameter
v' Creating a new parameter

If a similar parameter already exists, the first method is easier. For
example, creating gfs characteristics can be created by modifying the
existing setup of the IC-VGE template as described in section”5.6
Transconductance (gfs)”.

As another example, to add a collector breakdown characteristics graph,
the setup of the IC-VCE output characteristics graph can be used as a
template. The steps to create the setup of collector breakdown
characteristics from the setup of IC-VCE output characteristics are as
follows:

1. Duplicate the setup of the IC-VCE characteristics.

O uncheck al
Q} Setlup

N Add Graph

Output Characteristics

& Properties
’ﬂ Edit Setup
oD

X Delete

ollector Current
20 Afdiv

Collector to Emitter Voltage
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2. Modify the title of the duplicated setup to “Collector Breakdown
Characteristics”.
3. Open the setup by selecting “Edit Setup”.

E2l [m=)
@ Collector Breakdwons Characteristics

D Uncheck All
{a' Setup
Add Graph
Tr_ Import
Duplicate
T Move Up
¥ Move Down

Collector Current

Collector to Emitter Voltage

4. Change the collector bias settings.
v" Module: UHVC to HVSMU
v" Output mode: VPulse to V
v" Number of Step: 21 to 101
5. Change the gate bias settings.
v Output mode: VPulse to V
v Output sequence: Step to Constant
6. Setthe general settings.
v Trace mode: Fine
v NPLC: 1
v Delay Time: 100 ms

Gaarel ingie — — — — — — — Gate | Base Vol aitaqe Pulse Sweep

s ) ‘
o' Auto Fenod

| Fulve Peod wom| ¢

1

I ~ | Cetails

: Aperture e

| Held Time

i s Complisnce

Pirwer Carnphan

=TT A —— | Gate / Base Vollage fiax
| TmceMode  [Fne - Saurce
I NPLC |
1~ Details 1 Imcsmu ~[v
3 1
1

Vollsge Stamcase Sweep
LinearSingle = %2

U= enemlimee— — — — — 1 I
30|V {Hvsmy
1 Kun
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7. Save before exiting the setup.
8. Exit from the setup.

File | Edit View Measurement Conf

@ 7B Save ctiss ™%

Save Setup As...
Save Data As...
Change Device ID...

Recent Setup Files

9. Click the “OK” button of the confirmation window to modify the
properties of the setup to fix the mismatch between the
properties and the measurement setup.

Confirm 2

Some parameters aren't found.
! % Do youwant to edit this properties.

Mot found setup symbol(s):
Drain / Collector » Voltage Pulse Sweep > Mode
Drain / Callector > Voltage Pulse Sweep > Start

Drain / Collector > Voltage Pulse Sweep > Voltage Compliance
Drain / Collector > Voltage Pulse Sweep > Compliance

10. Change the setup associated with the X axis scaling mode to
“Drain / Collector > Voltage Staircase Sweep > Mode”.

11. Change the setup associated with the minimum value of the X
axis to “Drain / Collector > Voltage Staircase Sweep > Start”.

12. Change the setup associated with the maximum value of the X
axis to “Drain / Collector > Voltage Staircase Sweep > Stop”.

13. Change the rating symbol associated with the X axis to bank to
release the limit of the X axis.

14. Change the setup associated with the maximum value of the Y
axis to “Drain / Collector ¥ > Voltage Staircase Sweep >
Compliance”.

15. Click the “Save” button.
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Charstteristics Graph Propesties 7]

Data | Graph | Connection

Characten

Drain / Collector > Voltage Pulse Sweep > Mode H

et X Tk U vy !
“ T = Drain / Collector > Vi Staircase Sweep > Mod |
Scope: X ale: | Limear = | Setup Drain / Collector » Voliage Pulse Sweep » Mode =
Ranges Minimurm: Deain / Collactor » Voltage Bulis Swesp » Start *
Gaer ']
Drain / Collector » Voltage Pulse Sweep > Start [~
Masimuen: 6 Setup: | Drain/ Collechor > Voltage Pulse Sweep » Voltege Complisnce. =
el 2 General settings » Step » Delay Time
General cettings » Step » NPLC
- General cettings » Step » Hold Time
Gate / Base » SeriesR
Gate / Base > Voltage Bias > Source
s = Gate / Base > Voltage Bias > Compliance

Gste / Base > Voltage Bias » Voltage Compliance

Setup:  Driin/ Collector > Voltage Pulse Sweep > Compliance »

Gain: 1 Offset

age Staircase Sweep > Pow pliance
age Staircase Sweep > Voltage Compliance

Drain / Collector > Valtage Pulse Sweep > Compliance [ ] Drain / Collector » Voltage Pulse Sweep > Valtage Compliance [~

General settings > Step > Delay Time

General settings > Step > NPLC

General settings > Step > Hold Time

General settings > Step » Delay Time
Genersl settings > Step » NPLC
General settings > Step » Hold Time

Gate / Base » SeriesR

Gate / Base » Voltage Bias » Source

Gate / Base » Voltage Biss > Compliance

Gate / Base > Voltage Biss > Voltage Compliance

Gate / Base » SeriesR
Gate / Base » Voltage Bias > Source

Gate / Base » Voltage Bias > Compliance

Gate / Base » Voltage Bias > Voltage Compliance

Drain / Callector » SeriesR.

Drain / Collector » Voltage Staircase Sweep » Number of Step

Drain / Callector > Voltage Staircase Sweep > Start
—oea

Compllay

tage Staircase Sweep » Power

Drain / Collector > Voltage Staircase Sweep » Valtage Compliance

Drain / Collector riesR
Drain / Collectar > Voltage Staircase Sweep > Number of Step
Drain / C

lector » Voltage Staircase Sweep > Start

16. Change the maximum value of the X axis to 400 V and the Y axis
value to 400 pA.
17. Run the setup and the graph will be updated.

Output Characteristics

©

50 Vydiv. 400 V.

r to Emitter Voltage

Note: Without releasing the association between the rating symbol (VCES) to
the X axis, the possible maximum value is limited by the VCES defined in

the maximum rating section (ex. 330 V).
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Tips:

150

How to create a new item from the measurement setup
It is possible to create a new item from an individual IV, CV or Qg
measurement setup by using “Add Parameter” or “Add Graph”.

The steps to create a new item from the measurement setup are,

v' Create a measurement setup using IV, CV or Qg measurement
mode

v" Import the measurement setup using the “Add Parameter” or
“Add Graph” function in the datasheet mode.

v Define the properties of the newly added item

At this point, try to add RCE, collector to emitter resistance to the
characteristics parameter section.

Create a measurement setup of a single point RCE measurement

1. Launch the IV measurement mode.

Version: 2.0.27.0

(=
I+

3

Easy Test Navigator

{

2. Select MOS-FET as a device type because on-resistance
measurement is not available for IGBT device type.
3. Select RDS-VGS template
4. Modify the drain/collector current pulse sweep setup as follows;
v" Number of step: 1
v' Pulse width: 200 us
v’ Start: 40 A (for checking purpose)
5. Modify the gate / base bias setup as follows;
v" QOutput mode: V
v' Output sequence: Constant
v Source: 15V (for checking purpose)
6. Click the measure button to check the setup.
7. Confirm that the measured value is reasonable.
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File Edit Vie@asurement Con@ition Help

a b=

®

o -——-
~ ) Sctuff _Device Type: |MOSFET |00 IDVDS (7 IDVGS O VGS(th) ) RDSID O vDs-ve{ @ RDS-VGS Y)IDSS ()1GSS €)1S-VsD
J
_______ — - - R —— | < — i - - - ., ————
General settings ity e Ee - | DR T TR E TR POl Sees ==
7| Auta Period ! 15 H Sweep Mode [LinearSingle - [2
pukePeriod @ m] SN mm e 2 H ]
ulse Period 50m| s 12 Detaitz H Start w A !
- I o o o oy o o o -,
~ Details H [mcsmu - +|v v |constant = H Fop oA
Aperture - L 1
P 0w H Compliance 10m A }a) [ Veoltage Compliance v
Hold Time 0 s i 2 H !
i ! |uHcu < [iPuise v [Sweep = !
[ 1
Base o Al
1

= “Complance 63 V|
[ Power Compliance 225k W1
| Voltage Compliance FIRA
Pulse Delay o s |

s 1

1

1

Characteristics | Connections.
¥) @ Line © Dot O Line & Dot
MARKER: 15V

Characteristics  26.281 mohm

30m ohm

(] pee: (X 2]

E

¥ | Automatic Data Save Device ID: FGA180M ~ Comment:

2 0 J e[=m[[7]z]m]

Note: Only the parameters supported by each device type can be used as an

output value (refer to Figure 2-126).

Figure 2-126 Available measurement parameters of MOS-FET and IGBT

MOS-FET IGBT

RDS - IC -

VDS WCE

ID H
VGE

VGS 1G

1G VF

IS IF

VsD gf:

gfs

8. Click the “Save Data As...” button
I@ Edit View Measurement Confi

t New Ctrl+N
& Open.. ctrl+0 |
W Save Ctrl+S

{— == 32VESEtUP ASu
O!

Save Data As...

Change Device ID...

Recent Setup Files

. Fxit

P H

I
p
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9. Type the fine name of the setup
10. Click the “Save” button to save the setup

= Save Data File ==l
—
OU [1l « PowerDevicehnalyzer » IV » DataStore ~ [ 43 ][ Search Datastore 2]
Organize New folder = @
¢ Favorites — Documents library Arangeby: Folder *
Bl Desktop DataStore
B Downlosds | || pate modified Name Type Size
] Recent Places |~
[ 6/1/2016 2:35 PM RCE.pda-ivit  Text Document 28
4 Libraries L
)] DataStore
5| Documents
o Music
=] Pictures
8 videos 2
ile name: | [T SERNIEY .
Save a type: |Data File (".pda-iv.xt) -

Import the setup of RCE to the datasheet

11. Right click the characteristics parameter area and select “Add
Parameter”, or click the “Add Characteristics Parameter” icon in
the ribbon menu.

T T R G e o= .
=
[T1[ | VGEth)  Gate to Emitter Threshold Voltage ..  1c=25 OR E‘ o3 I.;@ﬂ EEEN I
Check All hreshold Valtage (.
ge (o VCE= ‘Add Characteristics Parameter
ncheck
O unche @ er Saturation Volt..  VGE-
= ?_Situ_p - —— er Saturation Volt..  yGE=
< £5 Add Pagameter Y
e ide Forward Voltage  yGge=
F Import
; VGE=
| Duplicate
VGE=
A Move Up
¥ Move Down e L
; Capacitance 3
» Properties i Vo=
":ﬁ} Edit Setup £ Vgele
&3 Recycle s Vgele
Charge Vge(c
X Delete Del e vakage m
(=g e 9ele
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12. Select the setup file of the RCE measurement.
13. Click the “Open” button.

I Open Data =
OU [1 « PowerDeviceAnalyzer » IV » DataStore ~ [ 42 ||| search Datastore 2]
Organize v New folder = 0 @

r Favorites o @ Date modified Type
B Desktop | RCE pda-ivbet 6/1/2016 2:35PM  Text Document

18 Downloads

% Recent Places

5 Libraries
il DataStore
%) Documents
o Music
[ Pictures.

[EE videos

1M Computer
&, system (©)
s Data (D)

- i

] »
File name: RCE.pda-iv.bdt + |V ("pda-iv.bd} =
==

Define the properties of RCE measurement

14. Edit the items in the parameters of the properties as follows;
Symbol: RCE

Parameter: Collector to emitter resistance

Domain: VGS

Value: RDS

Gain: 1

Offset: 0

Maximum 50 m

Unit: ohm

ORRRERRERE

Characteristics Parameter Properties (=]

Parameter | Test Conditions | Connection

Data File: [ReEpda-ivext |

Measurement Type: IV Measurement
Symbol:
Parameter:
Domain:
Value:

Minimum:

Unit:

Note:
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15. Insert test conditions by clicking the “Insert” button in the “Test
Conditions” tab.

Characteristics Parameter Properties (]
Parameter | Test Conditions | Connection |
Symbal Description Value Unit

16. Edit the added test conditions as follows;

v" Symbol: IC

v" Description: Collector current

v Value: 40 A

v Unit: A

v’ Rating Symbol: ICM

v" Setup: Drain / Collector > Current pulse Sweep > Start
Characteristics Parameter Properties =]
Parameter | Test Conditions | Connection |

@

Symbal Description Value Unit
i Collecter current a0

Rating Symbol:  ICM ~

Setup: | Drain / Collector > Current pulse Sweep > Start +

—~

17. Insert another test condition and edit it as follows:
Symbol: VGE

Description: Gate to emitter voltage

Value: 15

Unit: V

Rating Symbol: VGES

Setup: Gate / Base > Voltage Bias > Source

ASENENENENEN
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18. Click the “OK” button

Characteristics Parameter Properties (=]
Parameter | Test Conditions ‘ Connection |
@ Insert ‘ Down | Delete |
Symbal Description Value Unit
VGE Gate to emitter voltage 15 [I|
TR Callector currend 20 | A =

Rating Symbol:  VGES +

Gain: 1 Offset: 0 -Source=1x VGE +0 @
~ ok | [ cancel |

19. RCE is added to the characteristics parameters area as a new

item
L] L =e S e e VYSI— L Y, VY —y , VOE—E v, i v -
| RCE Collector to emitter resistance VGE=15 Y, IC=40 A 0 263 m 50m ohm
Tips: How to import the data from the other measurement setup

It is possible to import the measurement data of an IV, CV or Qg
measurement as the data of the existing item in the datasheet. To import
the data, right click the item and select “Import” from the popup menu,
or select the item and click “Import” icon in the ribbon menu.

Qg __ TotalGateCharge —

E: Qze | check 2 OR m’ ax B ﬁ 1
@C| Qge D Uncheck All OV 100 kit |M
@I voue 32 seuee
1| e BB Add Parameter _
A
» Characteristics Gi | Duplicate
m‘7| T Move Up

¥ Move Down

~ Properties

‘.:ﬁv Edit Setup

& Recycle

x Delete Del

To import the data, the type and definition of the setup should be the
same as the item. For example, to import data to BVCES, the data should
be measured by using the setup of BVCES too.
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Tips: How to merge the data of different datasheet setups
By using the import function, it is possible to merge multiple datasheets.
The datasheet set file is a zipped archive consisting of IV, CV and Qg
measurement data files. By extracting it, it is possible to access the data
file of each item. By importing the data file of the other datasheet files, it
is possible to merge multiple datasheet files into a single datasheet file.

Datasheet file consists of IV, CV data only ‘ Datasheet file consists of Qg data only ‘

@ Unzip

‘ Folder consists of measurement data file ‘

Import Measurement data file of Qg

measurements
v' Qg.pda-qg.txt

v" Qgc.pda-qg.txt
v' Qge.pda-qgt.txt
v Vge(pl).pda-qg.txt
Datasheet file consists of IV, CV and Qg data v Vge-Qg.pda-qg.txt
Tips: How to change the connection diagram

It is possible to change the diagram displayed in the connection
confirmation window. It is defined in the property of each parameter item.
Refer to “Method 3: Changing the picture of the connection” in
section “Step8 Run a test of the entire parameters and graphs” as
an example.

Tips: How to change the order of the measurement
It is possible to change the order of the measurement in the datasheet
setup. Refer to “Tips: How to change the order of the
measurement” in section “Step8 Run a test of the entire
parameters and graphs”.

Tips: How to skip the specified item
To skip the measurement of specified items, uncheck the items by
clicking the check box of the item.

Click the box to toggle
the check of the item

Symbal Parameter
E| BVCES Collector to Eritter Breakdown Volt..  ygE=QY,
E| ICES Collector Leakage Current WCE=330
E| IGES Gate Leakage Current WGEE=301
E| 1GES(-) Gate Leakage Current (-] VGE=-30
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It is possible to check or uncheck all items at once as follows:

v Right click the item and select “Check All” or “Uncheck All” from
the popup menu, or
v Click the “All Check/Uncheck” icon in the ribbon menu

I e - T 5
: ck A | OR ( % L. tad
:D Uncheck All N : =7

E Add Parameter
T; Import

- | Duplicate

()

¥ Move Down

¥ Properties

':13} Edit Setup

X Delete Del

How to measure IV, CV and Qg at the specified temperature

using the Thermal Monitor/Control function

By combining the skip function and the “without data cleared”
measurement option (refer to “Measurement options” in “Step 8 Run
a test of the entire parameters and graphs”), it is possible to
separate measurement of the single datasheet setup into two stages.

For example, in the case of temperature dependence measurement
including IV, CV and Qg measurement, it is not possible to do it at once
because it is necessary to switch the adapter from the IV andCV to the
Qg measurement. First, perform IV and CV measurement only by
removing the checks from the items of Qg measurement at the specified
temperature. After reverting back to the room temperature, change the
adapter to the Qg test adapter and measure the remaining Qg items only
at the specified temperature by using the same datasheet setup with the
“without data cleared” option. After finishing the measurement of the Qg
items, measured values of IV, CV and Qg are stored into the single
datasheet setup.

How to stop the measurement when the result exceeds the
limits

It is possible to skip consequent items if the measured result exceeds the
specified minimum/maximum limits. For more details, refer to
“Measurement options” in “Step 8 Run a test of the entire
parameters and graphs”.
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The UHCU details and measurement tips

Note:

Note:

How to set the UHCU's V/I parameters for the VCE(sat)

In the UHCU, the output current is determined by the setting voltage of
the internal bias source (Vset), output resistor and resistance of the DUT
as shown in Figure 2-127.

The VCE(sat) current force mode setting:

The key UHCU operations for successful setup of the VCE(sat) test
parameters are explained using the numbers shown in the figure.

1. Vset > VCE + Vdrop by Rout
Actual voltage applied to the DUT depends on the IC (a. in the
figure).
Due to the voltage drop at the output resistor (b.), the voltage
actually applied to the DUT (VCE - c.) varies by the change of the
collector current (IC).
Therefore, Vset (d.) must add the voltage drop by the Rout
resistor on the required VCE, as Vset > VCE + Vdrop by Rout

2. VCE is measured accurately by the sense line
The sense terminals of the UHCU have a separate voltage meter
from the internal bias source, and actual VCE is measured by the
UHCU during the measurement to capture the relationship
between VCE and IC.

3. Current pulse is accurate (under the condition of Vset > VCE +
Vdrop by Rout is satisfied)
When the UHCU is operated in | Pulse mode, the setting voltage
of the internal bias source is adjusted* to make the output
current same as the specified value by the feedback from the
current meter in the UHCU.

The adjustment is made in real time within single pulse. There is no
multiple pulse outputs for adjusting the voltage.

4. Set “Compliance” voltage > VCE + Rout x IC
“Compliance” voltage defines the upper limit of the setting
voltage during the current meter to Vset feedback. If the
compliance is not high enough (i.e. Compliance < VCE + Rout x
IC), the output current does not reach the specified level.
If the compliance is 20 V and 500 A range is used, maximum
current is limited to 20V / 120 mQ = 167 A when the output
voltage is O volts.

The “Voltage Compliance” limits the voltage applied to the DUT (VCE) in
the voltage force mode. Once the voltage measured by the voltage meter

of the UHCU exceeds the compliance voltage, for example high Vset

voltage to output high current but actually low IC condition, the

remaining pulse steps of the primary sweep are skipped to protect the
DUT by applying the over voltage.
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Relations with the simplified UHCU's internal measurement resources

Figure 2-127

120 mQ @ 500 A Range
40 mQ @ 1500 A Range

and the VCE(sat) test conditions for IC=40 A.

a. IC ’
Collector/Drain

/| Feedback in |
! Pulse Mode

\
UHCU \ B

Farce

™\ |Collector/Drain
N, | Sense

\
Emitter/Source
Sense

|

2. N )
3_;. \\\ G
'@ N

== 3

:
‘—‘—’ . \
Emitter/Source,
Farce \
\

Drain / Collector Current Pulse Sweep

Sweep Mode LinearSit
——a

L“IPulse _jISweep
0o A

|umcu
Base
4- Number of Step 1
1 Complence [~ VI
""""" [~ 225k W

’-Dower Compliance
¥ Voltage Compliance 24 V

Pulse Delay

Pulse Width
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How to set the voltage force mode setup

To set up Vset for voltage force mode setup, the following equation is
used to set the minimum Vset value.

Vset > (max. Vout) + (current compliance) x Rout

In the following condition, for example, minimum Vset is calculated as
shown next.

Example 1:

- Output voltage: 10V

- Current compliance: 1000 A

- Rout : 40 mQ (determined automatically when 1000 A is maximum
output current (I compliance)

Vset > 10V + 1000 Ax 40 mQ =50V

Example 2:
In the case where,

- Output voltage: 10V

- Current compliance: 100 A

- Rout: 120 mQ (determined automatically when 100 A is maximum
output current (I compliance)

Vset > 10V + 100 Ax 120 mQ =22V



Figure 2-128
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The IC-VGE output characteristics measurement using the
UHCU

The basic of IC-VGE measurement uses constant collector voltage.

When UHCU is used as the collector supply, the collector voltage varies
depending on the collector current due to the voltage drop caused by the
output resistor as shown by "b" in Figure 2-127.

To measure IC-VGE (or ID-VDS) at higher current, Ic-Vge for Expanders
(or Id-Vgs for Expanders) application of EasyEXPERT is useful. These
applications keep the UHCU's output voltage at a constant voltage by
using a program based feedback loop.

In the case of the Datasheet Characterization mode, there is no feedback
loop, and the voltage, dropped by the output resistor, is applied to the
DUT directly.

Next section explains what happens if the VCE is set without considering
the voltage drop by the output resistor.

What happens if VCE= 20 V is set, which is a measurement condition:

Figure 2-128 shows an example of the simulated VCE at the DUT when
the IC-VCE measurement is made with the UHCU Vset =20 V. In this
case, the actual VCE becomes close to the ON voltage of the IGBT, and
the IC is saturated at a much lower VGE, and the output characteristics
curve apart from the expected curve.

The VCE set voltage of UHCU must be set higher as shown in the
previous part.

IC-VCE simulation when the UHCU is set as VCE=20 V.

IC, VCE-VGE simulation for UHCU - 20 V

250 25
Expected curve

200 \ \\ ; 20
150 ! 15 =
= ; =
o S —1c
100 , 10 =
——VCE

50 v 5
/\
0 0

161



Datasheet Characterization

Figure 2-129

162

How to tune the VCE:

To measure the IC-VGE curve close to the expected curve, it is necessary
to adjust the output voltage of the UHCU as next.

Vset = Max IC x Rout + VC

where,

- Max IC: maximum current to measure the IC-VCE characteristics

- Rout: the UHCU's output resistance

- VC: constant VCE voltage of the output characteristics measurement

In the case of the test at I[C=200 A and VCE=20V,
VCE=Vset=200Ax120mQ + 20V =44V

The collector voltage VCE which is actually applied to the collector
terminal, simulated using a typical IC-VGE (at VCE=20 V) curve, is shown
in Figure 2-129.

The VCE voltage sharply drops as the IC increases, and the high VCE
distorts the IC-VGE curve upward a little in the lower current region.

IC, VCE-VGE simulation of UHCU.

IC, VCE-VGE simulation for UHCU
Set the VCE to

250 50 measurement
- 45 condition=20V

35
150 VCE drop 30

= by Rout =
g Yy Rou AJ/ L 25 ("3 o
= 100 S 0 2
% - 15 = \/CE
50 N HigherIC 10

/ by L5
/. highvee |0

0 2 4 6 8 10




Figure 2-130

rGeneral settings -
[V Auto Period
Pulse Period

v Details

Figure 2-131
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Figure 2-130 shows the IC-VGE test setup using UHCU.

Figure 2-131 is an example IC-VCE characteristics curve measured with
the Figure 2-129 condition.

IC-VGE setup for the UHCU.

~ Setup Device Type: |IGBT v| CIC-VCE @ IC-VGE € VGE(th) C VCE-VGE © VCE(sat) € ICES C IGES C IF-VF

I 50m S

Compliance ﬁ A
¥ Power Complianc—gg' W
I™ Voltage Complia 30 V

Peak Delay 0 s

Peak Width lilm s

1~ Gate / Base Voltage Pulse Swee| - Drain.{CollectacMoltage Pulse Bias - ===
Sweep Mode Mh : Source 4 Vv

Start o V b maye cormmaf————————5¢ — v~

sop | 10 V| [urcu  +|[veuse  +|[constant ~]

~ Details Base o Vv
[mcsmu  v|[vpuise  ~||sweep ¥ | Compliance 200 A
Base ﬁ v [ Voltage Compliaf] 50 V
Number of Step |—51 Peak Delay 50u S

Peak Width 200p S

IC-VGE example of the UHCU (VCE becomes about 20 V at IC=200 A).
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How to change the connections of Rg measurement

Connection of collector/drain open condition

To see the connections of Rg measurement, follow the next steps.

1.

2.
3.

Click the the "Connections" tab.

The simplified block diagram of the current connection is shown.
Check "Details"

Click the down arrow. The connection setup panel opens under
the connection block diagram as shown in Figure 2-132.

a. This block sets the CMU connection.

b. This section sets the AC guard connection.

c. This section defines what bias voltages are to be applied to
each device terminal.

The 1, 2 and 3 numbers in this line for each column indicate
the corresponding pin numbers of the device terminal shown
in the same figure.

d. This indicates that the CMU High terminal is connected to the
gate, and the drain and source are both connected to the
CMU Low terminal.

e. This block indicates that no AC guard is connected to the
DUT.

f. This block indicates that the gate terminal bias voltage is
applied from the SMU, and nothing is connected to the
collector terminal.

Figure 2-132 Connection diagram of an Rg measurement
‘ Charac!e%t\cs Connections r\'
j 1Base /Gate 2 Collector / Drain 3 Emitter / Source 4 Guard
T - 5
‘ Y =/
v v@ 3

2.
3 K &

& Details’
MU TR Low

1

T High ™ Low
[ High
High
High
High

J  Llow
O Low
D Llow

b.

AC Guard / AC Short

Guard
@ Common
) Floating

2 3 1 2 3 1 2 3
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Connection of the collector/drain and the emitter/source shorted

4.

Select “High Low Low” in the CMU High/Low section. This
selection connects both the collector and the emitter to the low
port of the CMU (Figure 2-133)

Detailed setup of an Rg measurement with the collect/drain and the

emitter/source shorted.

3 Emitter / Source 4 Guard

Figure 2-133
i_-C_haraden;:::i Connections |
L 1Base/Gate 2 Collector / Drain
~) [¥] Details
CMU High / Low
i 2 3 1
D gk i LW
0 @ High Low Low
T - TRigh Tow
2 Llow High
© low High Llow
Low High High
°

AC Guard / AC Short

Bias
2 3 1 2 3 1 2 3 1 2 3

Guard

@ Common
) Floating
CMU Com. Com.

SMU  Com. Com.

Connection of collector/drain and emitter/source shorted

5.

Select “High --- Low” in the CMU Hihg/Low section. This
connects the CMU high port to the gate and the low port to the
source.

Select “--- 2-short-3” in the AC Guard/AC Short section. This
connects the collector/drain and the emitter/source via the AC
short capacitor.

Select “SMU SMU Com.” in the bias section. This connects the
MPSMU to the gate, the HVYSMU to the collector/drain, and the
CMU low port to the emitter/source (Figure 2-133)
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Figure 2-134 Detailed setup of an Rg measurement with collector/drain biased

condition

Chara:lanstua‘ Connections |

o
= 1Base/Gate 2 Collector/ Drain 3 Emitter / Source 4 Guard

() [¥] Details
CMU High / Low AC Guard / AC Short Bias Guard
SR N N 1 2 3 1 2 3 1 2 @ Common
@ High - Law | ) Floating
High™ Tow ~Low
e = High  Llow
© Llow High -— Com. -— © MU  SMU  Com.
O low High Low © _-—= _Ffloghpg. — | & MU Skl
) Low  High High ) 2-Short-3 ! I@ smu  SMU  Com 1
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Capacitance Measurement Tips

Tips:

Tips:

Tips:

How to measure large capacitance
If the measured capacitance exceeds the specified limit, try to change the
measurement frequency to 100 kHz.

How to enhance measurement accuracy

Due to residual inductance of the device capacitance switch in the
B1506A, the result using 1 MHz gets erroneous especially for a large
IGBT module or super junction MOS FET which has extremely small Crss
and large Cds.

In these cases, try to change the measurement frequency to 100 kHz.

Refer to the section “Crss measurement of super junction FET" in the
section headed “Useful information for using capacitance
measurement ".

Capacitance data dependency when lowering the

measurement frequency

Even if it becomes less than the limit by lowering the frequency, the
device must be fine.

When measuring a relatively large scale of devices or, the device which
has very small Cres (or Crss) compared to the Cies (or Ciss),
measurement error at 1 MHz becomes not negligible in many cases due
to the influence from residual inductance, resistance and stray
capacitance of the switching system.

Normally, the capacitances of the power device do not show remarkable
frequency dependence with the measurement frequency of less than 1
MHz from the physical point.
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Measurement theory and detail explanation of the measurement

capability

168

Capacitance measurement techniques

Figure 2-135

The high voltage capacitance is measured by using the high voltage bias
tee circuit, AC block resistor and AC short capacitor.

These components are automatically changed depending on the
capacitance parameter to measure.

Following describes the connections using these components for each
capacitance parameters.

Cies measurement:

Figure 2-135 shows the simplified Cies measurement circuit block. The C-
E AC path is shorted by the 1 pF capacitor, and Cgc and Cge are seen as
connected in parallel between the CMH and CML measurement terminal.
Therefor, Cies = Cge + Cgc can be measured.

Simplified connection diagram for Cies measurement.

1 uF capacitor short s the C-E
path, and C is connected CML in

Bias Tee the AC measurement signal.
CM measures both Cgc and Cge.
100 kQ
HVSMU
100 nF
o |

MFCMU AC
signal path
CML e

1(/)\0/:[0 ;K

MPSMU

Coes measurement:

Figure 2-136 shows the simplified Coes measurement circuit block. The
output capacitance, which is Cce connected in parallel with Cgc, is
measured.



Figure 2-136

Figure 2-137

Datasheet Characterization

Simplified connection diagram for Coes measurement.

Bias Tee

HVSMU

CMH

MFCMU
CcML

MPSMU

Cres measurement:

Figure 2-137 shows the simplified Cres measurement circuit block. The
reverse transfer capacitance Cge is measured in the CML input. Since all
the AC signal flowing through Cce flows into AC guard (Low port shield),
which has the same potential as CML, only the current flowing from Cge
to CML terminal is measured.

In B1506A, MPSMU is used to apply gate voltage to the device, 0V for
normally-off device and negative voltage for normally off device.

Simplified connection diagram for Cres measurement.

Bias Tee

HVSMU

CMH

MFCMU
cMmL

MPSMU

AC Guard

Connection diagram:

By selecting the “Connections” tab shown in Figure 2-138, the
connection diagram for each measurement mode can be confirmed.
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Figure 2-138

Note:

Connections diagram of each measurement mode.
m&-n«h&mm

File Edit View | Calibration Measurement Configuration Help
wNE rdAE, >

i
N
~ Setup Device Type: |IGBT *| € Cies, Coes, Crel\a Cse’yr Coes  Cres © Cge, Cce,Cgc T Cge € Cce C Cgc T Rg
General settings 3¢

Start Calibration... -TO-Socket-Adapter-Full.pda-cap.cal

~—
Base / Gate Voltage Bias

Collector / Drain Voltage Sweep
Frequency 1M Hz Bias o Vv Start 30
v Details Stop 30 V
Sweep Mode LogSing! *
v Details
Smm————=s= —

~
Characteristich _ Connections _L,’

3 1Base /Gate 2 Collector / Drain 3 Emitter / Source 4 Guard

A .

s

G——@
<

v [ Details

~ Datastore Device ID: | Device-1 | Comment:

o X[a]

Charge up wait time:

v For Cies measurement, to charge 1 uF AC short capacitor, at least
500 ms wait time is required (5x CR time constant of 100 kQ and 1 uF
capacitor).

For Coes and Cres, 50 ms wait time is required (5x CR time constant
of 100 kQ and 1 nF capacitor).

Those wait times are built-in and automatically selected by the Easy Test

Navigator software, so it is not necessary to specify the delay time if the
DUT characteristics itself does not require it.
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Gate charge measurement basics

Figure 2-139

Figure 2-140

Gate charge is a charge to raise the gate voltage with a constant gate
current as shown in Figure 2-139 for power MOSFET as an example.
Gate charge is the sum of the following charges:

- Cgs charge driven by Vg
- Cgd charge driven by Vg
- Cgd charge driven by VDS

Basic gate charge measurement diagram and waveform.

ydd 1 vbs VGS

Switching Circuit

JEDEC standard 24-2 defines the gate charge (Qg) definitions as shown
in Figure 2-140, and Qg measurement is made based on this definition.

Qg parameter definition of JEDEC standard 24-2.

Vg“ ----- Measured Curve

Extrapolation Curve

7 -~

V3 " S

T L

Zain AN S3
—Slope 1: S1
Q
V',I'/A >ie >, Total Qg 9

Qgs (Qge) Qgd (Qgc)

S1: Determined by the Cgs at the off-state

S2: Determined by the Ciss at the on-state

S3: Determined by the mirror capacitance (Cgd) during a transient from the off-
state to the on-state.

Vgpl: Plateau gate voltage. Gate voltage to make drain current at the specified
value. Higher Id > Higher Vgp
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SOA and current load FET in Qg test

Current load FET is used at its saturation area (constant drain current
area). There is a potential risk of device breakdown by exceeding the SOA
limit of the device, because the current load FET is used at high voltage
and high current operating region.

This section explains how to determine the required SOA to select a
current load FET, which satisfies the Qg measurement requirement.

Figure 2-141 shows the Qg measurement block diagram of the B1506A
(a) and SOA determination graph of the current load FET (b).

The maximum load of the current load FET is set at Id(on) test condition
and the maximum VDS voltage setting of the B1506A which is usually set
higher voltage to cover the voltage drop by the built-in output resistor of
the B1506A's UHCU.

The required SOA is determined by SOA = Id(on) x (Max VDS of UHCU) in
specified UHCU's current pulse width. The current load FET's SOA has to
exceed this SOA value in the specified voltage, current and pulse width.

Figure 2-141 Current load FET selection criteria in Qg test.
Id=f(Vgs')
Sl
Current source 72N
/l : b monitor
(=) E Same Type
() 1 ) ) as DUT
a) Qg measurement [

block diagram of

the B1506A

Vds  ——ypp
monitor

! put
. N\ N
monitor Vgs

monitor

b) SOA determination
of the current load
FET

Id(on)--

Operating point of the
current load FET
excess its SOA

1. Select current load FET
with a higher SOA

or,
. Reduce the Id(on)
current or VDS to under
the SOA.
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In the example (Figure 2-141(b)), the dotted SOA limit line locates under
the required SOA value (= Id(on) x Max VDS of UHCU).
Potentially, there are the following four ways to solve this SOA issue.

Select current load FET with a higher SOA

Reduce the Id(on) current to under the SOA curve

Reduce max. VDS of UHCU setting to under the SOA curve
Reduce pulse width to increase the SOL line

ANANENEN

How to determine Ig to measure gate charge

lg is determined as a current to swing the gate voltage from VGS(off) to
VGS(on) within a measurement period. Figure 2-142 shows a Qg
measurement pulse sequence using the UHCU.

Figure 2-142 Timing chart of the Qg measurement.

Default Timing Chart

Gate Charge Characteristics  Switching Waveform |

M MARKER(B):

tigh Current

Gate voltage is swung from Vgs(off) [N E——
— 3V to Vgs(on) + 0.5 to avoid
influence of unstable behavior at
start and stop ofthe swing

~ [ High Current Setup

LoacVgsioft| 0 V-1

Qg is measured during this On period
Max. 1 ms — DelayVgs (500 us — DelayVgs for more than 500 A)
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How to use the Oscilloscope View function

Figure 2-143

Collector to Emitter Violtage ve. Gate to Emitter Violtage

Gate to Emitter Voltage

2 Vydiv.

The Oscilloscope View is useful to monitor the pulse waveforms of both
measured or output voltages and currents. The current waveform
monitoring is especially useful because the current cannot be monitored
even using an oscilloscope.

This section explains a simple oscilloscope view operation in voltage and
current pulse waveform monitoring using the VCE(sat) as an example.

Follow the next steps to monitor the pulse waveforms.
To open the Oscilloscope View

Figure 2-143 shows the steps to open the Oscilloscope View form
VCE(sat) VCE-VGE graph measurement. Open the Oscilloscope view by
following the numbers by referring to the corresponding number in the
figure.

1. Click Setup and the VDE-VGE I/V measurement window opens.
2. Click "< Oscilloscope View".
3. Oscilloscope View panel opens.

Opening the Oscilloscope View.

ementConfiguraton Fielp

adE Xda= »

N
Al

Oscilloscope View

Automatic Data Save Device ID: e Comment: B vata: X |

SME, Xaam, »

e Type:




4.
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To close the Oscilloscope View
Clicking "> Oscilloscope View" again will close the Oscilloscope
View panel.

How to set up Oscilloscope View

Figure 2-144 shows the key location to set up the Oscilloscope View.
Next steps explain the functions of each setup point. Follow the steps by
referring to the number in the figure.

5.

11.
12.

183.

The VCE-VGE graph is shown in "Line & Dot" format to easily
indicate the measurement position.

Place the marker by clicking the measurement point. The marker
position is the point to measure the waveform in Oscilloscope
View panel.

Shows the time at the center of the scale.

Specifies or shows the time scale per division.

The vertical pin mark shows "Auto scale" mode.

. Clicking the pin toggles between Auto/Manual scaling mode.

Horizontal pin mark shows "Manual scale" mode.

In auto-scale mode, the scale changes automatically in each
measurement timing.

Green vertical bar indicates the measurement aperture timing.
Orange vertical line shows the marker reading line. The line
position can be moved by clicking on the horizontal center line
position, or dragging the line.

The marker time and the data appears in this area.

175



Datasheet Characterization

176

Figure 2-144

w

Line

ELIRY

5;——--~\ S — —
Do{® Line&Do}‘, |E||(-_:-)||_| ® Linal/") Dot

MARKER: 74 V

FiD=204A
7 1D = 404
Eln= .
FID-=

6. Osc. View monitor
point

\

S

4

30,601V

Oscilloscope View setup.

13. Marker reading

-
]
[=]
g
|
=1
m
o
(=)
[}
g

~

{ MARKER(A): 232 s B MARKER(B): .
100 s/gg—" Aperture timing
11.

Qscilloscope View

Marker line

Time / 9. Auto scale
" division mark
o

10. K&

Manual
scale mark

Time of
Center line

How to measure the pulse waveform

Figure 2-145 shows the Oscilloscope view measurement example.

Following steps explain the Oscilloscope measurement.

1.

Start measurement measures one sweep for all the measurement
points and the waveform at the specified measurement IV point.
Repeat measurement repeats the I/V sweep measurements and
the waveform.

If the 1/V marker position of the I/V graph is changed while in the
repeat measurements, the waveform measurement is made at
the new I/V marker position in the next timing.

The monitor parameters are shown, and the checked parameters
are shown in the Oscilloscope View.

The vertical scales of the selected parameters appear.
Auto/Manual scaling and the scale is displayed. In the manual
scaling, the vertical scale (scale and the center line) can be fixed.
Manual scaling is preferred when comparing data in different
measurement points.

The Oscilloscope View marker (time and magnitude of each
parameter at the marker line position) data are shown.

In the repeat measurements, moving the I/V marker position
measures new waveforms in the new I/V point in the next
measurement timing.
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Figure 2-145 Measurement in the Oscilloscope View.

File Edit View Measurement Conﬁguratfon1 *Help 2-
-

-

AuE Xdam{eo)

T AT Y

~ Setup Device Type: |IGET IC-VCE IC-VGE
Characteristics | Connections
Line © Dot @ Line & Dot |E.‘i .')| @| A |
MARKER: 7.7997 V

w

81186V

B MARKER(B):
100 p s/divs

|
|
!
|

200 y £ 100 p s/div 200 p <] o ¥
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The I/V measurement mode is used to measure static electrical
characteristics of power devices like 1d-Vds, Id-Vge, Vth, Idss or Igss
measurement.

The function and the operation of thel/V measurement mode are basically
the same as the characteristics graph of the datasheet characterization
mode where the pre-defined measurement setup opens when you click on
the target characteristics graph.

Figure 3-1 shows an example I/V measurement setup template. Refer to the
corresponding number in the figure for following explanations for the
template.

1. There are 6 choices in the device types.
- MOSFET
- IGBT
- BJT
- Diode
- Generic2T
- Generic

2. There are a few selections of measurement template in each device
type.
The figure shows the selection of the MOSFET measurement
template.
Refer to Table 3-1 to 3-5 for supported measurement templates.

3. Inthe I/V measurement mode, all the measurement setup
parameters are opened to you, and you have to set all the necessary
measurement parameters by yourself.

Note: In the case of the datasheet characterization mode, some parameters
relating to the maximum rating of the device are automatically limited when
the I/V measurement setup window opens.



Figure 3
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-1 Example of the I/V measurement template.
File Edit View Measurement Configuration Help
q 1y X
AhHE XIdN2 » =
() setup Device™ 7 |[MOSFET FIDA«DS ID-VGS © VGS(th) © RDSID ) VDS-VGS () RDS-VGS (IIDSS @1GSS IS—".@?_‘
General settings | MOSFET 3te 7 Base Voltage Pilse Step Dramn 7 Collector Voltage Pulse Sweep —
7] Auto Period | IGBT Step Mode [LinearSingle = Sweep Mode [Linearsingle -] [#]
Pulse Period EJT 50m| S Start 0 v s 7[' E
ioce
~ | Details Canenidy Stop 3 0 Vv Stop 30V
| Generic ¥, Details " v [¥] Voltage Compliance 20 V

Characteristics | Connections |

v) @ Line (O Dot ) Line & Dot |§\\§|@|:\

MARKER: NaN V

10 v/div.
VDS

| Automatic Data Save DeviceID: FGALSON v Comment: [ pata: [ [@l] Foatson ic vee

Measurement parameters of device types

Table 3-1

I/V Measurement parameters

IV Measurement mode supports the following device types and device
characteristics chart.

I/V Measurable parameters for MOSFET

Graph Description

ID-VDS ID-VDS characteristics with various VGS

ID-VGS ID-VGS characteristics with constant VDS

VGS(th) Gate Threshold Voltage

RDS-ID RDS(on)-ID characteristics with various VGS
VDS-VGS VDS-VGS characteristics with various 1D

RDS-VGS RDS(on)-VGS characteristics with various I1D

IDSS ID-VDS characteristics of Drain Leakage Current

IGSS |G-VGS characteristics of Gate Leakage Current
IS-VSD IS-VSD characteristics of Body Diode Forward Voltage
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Table 3-2

Table 3-3

Table 3-4

Table 3-5

Table 3-6

182

I/V Measurable parameters for IGBT

Graph Description

IC-VCE IC-VCE curve with various VGE

IC-VGE IC-VGE curve with constant VCE

VGE(th) Gate Threshold Voltage characteristics

VCE-VGE VCE(sat) Collector Saturation Voltage versus VGE curve
VCE(sat) VCE(sat) Collector Saturation Voltage versus IC curve
ICES IC-VCE Collector Leakage Current characteristics

IGES IG-VGE Gate Leakage Current characteristics

IF-VF Freewheeling Diode Forward characteristics

I/V Measurable parameters for BJT

Graph Description

IC-VCE IC-VCE curve with various IB

hFE hFE-IC curve with constant VCE

VBE(on) VBE-IC curve with constant VCE

ICEO IC-VCE Collector Leakage Current characteristics (base
open)

ICES IC-VCE Collector Leakage Current characteristics (base
common)

IEBO IB-VBE Emitter Leakage Current characteristics

(collector common)

I/V Measurable parameters for Diode

Graph Description

IF-VF Forward Characteristics

IR-VR Reverse Characteristics

I/V Measurable parameters for Generic2T device

Graph Description

Conduction Collector/Drain-Emitter/Source conduction resistance
versus current characteristics

Collector/Drain-Emitter/Source leakage current versus
voltage characteristics

Isolation

I/V Measurable parameters for Generic device

Graph Description

[-V Collector/Drain-Emitter/Source |-V characteristics
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Demonstration examples

The following measurement examples are shown as demonstration of the I/V
Measurement mode in the following sections.

1. 1C-VCE IGBT

. ID-VDS power MOSFET

. ID-VGS power MOSFET

. Vgs(th) power-MOSFET

. RDS-ID power MOSFET

. VDS-VGS, RDS-VGS power MOSFET

. IDSS power MOSFET

. IGSS power MOSFET Characteristics

. 1S-VSS power MOSFET Characteristics
10. IGBT module

©O© 00 N O o &~ wWw N
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How to open the I/V measurement mode

184

Figure 3-2

The 1/V measurement mode is started from the Easy Test Navigator as
shown in Figure 3-2.

v Click on “I/V Measurement” to start the template.
v' The I/V Measurement template shown in Figure 3-1 opens.

The I/V measurement mode start up from the Easy Test Navigator.

Easy Test Navigator,

ersion: 2.
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IV measurement examples

1. 1C-VCE IGBT characteristics
In this example, a discrete IGBT FGAT80N33ATD,

which is used in Datasheet Characterization, is
used as the example test device. .

This device has the following basic characteristics.

v VCES: 330V
v VGES: +/-30V
v IC: 180 A(DC), 450 A(Pulse) GCE
&A1 30R 33T
IGBT
Figure 3-3 Output characteristics of FGAT80N33ATD.
Output characteristics example
200 A
c &
2
i "
S
0at
av 1 Vidh, &V
Collector to Emitter Violtage

v Set the test device in the fixture as shown in Figure 3-4.

Figure 3-4 B1506A Opt. F10 3 pin Inline Package Socket Module, and IGBT setting on

the socket.
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Figure 3-5

o v-n...xu;qsg,‘_gl.nq-A

O,

B1506A
.n-!n tntine Perim s

aow Soaket Module

Follow the next steps to set up the IC-VCE of IGBT by referring to the
corresponding number in Figure 3-5.

Select “IGBT” as the device type.

Check the “IC-VCE”

Set the scaling mode as a fixed scale by clicking the “push pin” icon.
Set the maximum value of the vertical axis as 200 A

Set the maximum value of the horizontal axis as 6 V

Select “ListSingle” as the step mode of the gate/base voltage pulse
setup

The step mode changes to "ListSingle", and the list of the step
voltage is shown.

When you move the mouse cursor on the step voltage list area, the

step voltage list is also shows up in the pop-up display as shown in
list 7a.

Click on the mouse on the step voltage list area.

ok wN =

IC-VCE I/V measurement setup.

File Edit View

General settings
Auto Period
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~ ) Details

¥) @ Line © Dot

v ) Automatic Data Save
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. =B
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B 1N Start 0o Vo > Seart 0V
1 \ Stop 0oV Stap S _ 3V
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N N
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Line & Dot [E||*H E3
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E
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pe View
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Stop

2
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G

Gate / Base Voltage Pulse Step—
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S
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1 V/div.
VCE
(3] pata: [X [ gal] Deviee 1 vee v

Device ID: Device-1 ~ Comment:

015 12-40-15 PM.pda-iv.txt
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Refer to Figure 3-6 from step 8.

8. The edit list pull-down menu is displayed. Create a gate step
voltage list based on the IC-VCE chart of the datasheet (VGE =6V,
7V,8V,9V,10V,12V, 15V and 20 V)

9. You can insert a new value to the list, delete value from the list and
change the order of the value by clicking the up and down
operation button over the list.

Select and activate the editing line by clicking the white space area
of the field, and then click on the desired operation button.

10. To edit the step voltage value, click on the data to activate the data

modification.
Figure 3-6 Step list of the gate step voltage.
Insert Down Delete
aeE XOA > | To

~)Setup Device Type: [IGBT v ®IcveE OICVEE O VEE(h)

‘ “ “I'manipulate |
5 | e uswge — =1 the input_~
s0m p EIREREET field:

% @ Valtags Compli 9' Activate

1
: .
8. N the field
1 . B
1
1

v Details

oohsee T2 ~|To 10
= change ‘
ot © et (8 [0) 8 ) (A data:  |\y—
MARKER: NaN V/ q-!=l| * + x |K|
10. 0.

I N
. ]2 ‘,
Activate +[= I/

on the data ;

~) Automatic Data Save Device ID: Device-l = Comment: 13 Data: [ X | Gl] Device-1 VCEsat 1:7-2015 12-22-22 PMpda-iviet

Refer to Figure 3-7 from step 11.

11. Set the stop voltage as “30 V”. This value is the stop voltage of the
internal voltage source of the UHCU, not the stop voltage of the
sweep at the device terminal.

12. Click the “Details” mark to show the detailed setup for collector
term.

The details of the collector term setup are shown.
The test module can be set in the details setting.

13. Set “200A” as a compliance current. It limits the current flowing into

the device at the upper limit of the vertical scale.
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Figure 3-7

Tips:

14. Confirm that the “Voltage Compliance” is checked, and set “6 V” as
the voltage compliance.
This value is used to stop the sweep at the edge of the horizontal
axis.

15. You can check the detail of the gate setup.
Click on the details mark of the gate/base setup.

16. The details of the gate setup are shown.

Collector parameter setup.

TG_I MCSMU

e Edt View
| W -

Messureme: Configuration  Help

Yo A=

[uHcu v |vPulse v |Sweep  +

Base o Vv
MNumber of Step 21
¥ | VPulse Compliance 18 2 -DE;:)"‘
Base 1 4 power Compliance ~-23_5‘k’ W

Compliance 1 A [ T
Power Compliance 30 | W
Voltage Compliance 30V
Pulse Delay 0 s
Pulse Width

Pulse Delay 50p 5
Pulse Width

How to determine the stop voltage

The voltage actually applied to the device is determined by the setting
voltage, output current and the voltage at the device terminal due to a load
line effect of the UHCU.

From the IC-VCE characteristics of the datasheet (equivalent to Figure 3-3),
the maximum voltage and current point is the right upper corner of the
chart, 200 A and 6 V. To draw the IV chart in the whole area, the maximum
setting voltage of the UHVU becomes,

6+200Ax120mQ =30V

Note:

Refer to "How to set voltage force mode setup" in "UHCU Details and
Measurement Tips" of Chapter 2 for the basic steps to set up the stop
voltage.
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Follow the next steps to start measurement by referring to Figure 3-8.

17. Click the “Setup” mark to close the setup of measurement and
expand the chart area

18. Click the measure button to start measurement.
The measurement result is shown as Figure 3-9.

Start IC-VCE I/V measurement.

Nuew  Measures
d |

~
g Devle Type: |JGET
oy

ment Configuration  Help

Configurs
o & m B - |

Fée Eit View Messurement  Configuration 18
aldE Xda= » —

) Setop Device Type: |IGET *| ®1C-VCE -Gt WEEih) WCENVGL VCEsad) Kes 1685 T I-VF

Y

20 Asdiv.

1 vrdiv.
VCE

To display the gate voltage label:

After finishing the measurement, it is possible to display the gate voltage
label on the measured traces.

19. Click the view label button (“A” button in Figure 3-9).
Gate voltage label (i.e. VGE=6 V, . . ).

At the upper right corner, sometimes, an exclamation mark appears after
finishing the measurement (Figure 2-70). It indicates a certain abnormal
status is reported during the measurement. In the case of the IC-VCE
measurement, since measurement at voltage or current exceeds the
specified voltage and current compliances are skipped, the exclamation
mark appears. Details of the reported status can be checked by clicking the
mark.
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Figure 3-9

Figure 3-10

Tips:

IC-VCE measurement result.

File Edit View Measurement Configuration Help

GNE xXdam »

GET = WK-wE

Power Compliance or Voltage Compliance is applied.
Trace(s) reached the compliance:
VGE=6V,VGE=TV,VGE=8V,VGE=9V

VGE =10V, VGE = 15V, VGE = 20 V

=1 N

e — Commene: B/ oma X /&

Automatic data store:

v' Measured data is automatically saved into the specific directory,
“C:¥Users¥B1505User¥Documents¥Keysight¥SeriesB150x¥PowerDevic
eAnalyzer¥|V¥DataStore”. (Refer to Figure 3-11.)

The save folder path can be a unigue one including the external storage.

v" The file name is automatically assigned by the device ID, date and time.
The file name can be modified manually. (Figure 3-11, #1)

How to access to previous data:

v You can access the previous data by showing the recent data. This list
shows the measured data in the day. (Figure 3-11, #2)

v If you want to access older data, click “more...” and the explorer window
appears (Figure 3-11, #3).
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How to re-load previous data:

v" Measured data can be re-loaded by clicking the file name in the recent
data or by opening the data file. The measurement setup and result are
recalled and measured data is displayed.

Figure 3-11 Automatic data store.

Recent data: | Dewice 1training IC VGE 1-9-2015 3-49-30 PM.pda-iv.txt
: |
more..

S—"

Tips: How to save the measurement setup:

You can save the setup without a measurement data by electing the “Save
Setup As...” from the “File Menu” as shown in Figure 3-12.

Figure 3-12 Saving the setup only

File Edit View Measurement Setup (

D New.. Ctrl+N
@ Open.. Ctrl+0
B sSave Ctrl+S

Save Setup As...
Save Data As...
Change Device ID...

Recent Setup Files >3

m Exit

Tips: How to add a series resistor to prevent oscillation

To avoid device oscillation of MOS and IGBT devices, inserting a series
resistor to the gate terminal is useful. The B1506A has built-in selectable

series resistance in the gate connection path.

Refer to "How to avoid device oscillation” in the section headed "Useful
information for using I/V measurement mode" of this chapter for
further information about the topics.
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2. ID-VDS power MOSFET characteristics

Note:

In this example, discrete power MOSFET
IRFP4004 is used as the example test device.
This device has the following basic
characteristics.

v VDSS: 40V
v" IDM: 350 A(DC), 1390 A(Pulse)
v" RDS(on): Typ. 1.35 mQ GDS
IRFP4004
Output characteristics example HC MOS
1k A R —
i 1 | 1 D
// T VAS) _:_
F = s
= T B2~ UEs =
= ~ 7
.- S
a ©
—
1A
100 m v decade/div. 10 v
Drain to Source Voltage

v' Set the test device to the fixture in the same way as shown in Figure
3-4.

ID-VDS setup:

Follow the next steps to set up ID-VDS of MOSFET by referring to the
corresponding number in Figure 3-13.

1. Select “MOSFET” as device type.

2. Check the “ID-VDS”.

3. Set the scaling mode as a fixed scale by clicking the “push pin” icon.
4. Set the maximum value of the vertical axis as 500 A.

Maximum current rating of the Inline socket adapter is 500A.

Since the maximum current of the inline socket adapter is limited at 500 A,
the maximum drain current during this example is limited at 500 A.



Note:

Note:

Note:

S
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Set the maximum value of the horizontal axis as 10 V
Clicking the arrow to open/close the Oscilloscope View.
The figure shows the graph at "Oscilloscope View opened". Select
“ListSingle” as step mode of the gate/base voltage pulse setup.
Create a gate step voltage list based on the IC-VCE chart of the
datasheet.
They are 4.5,5,5.5,6,7,8,10,15 V.

Set stop voltage as “60 V7. This value is the stop voltage of the
internal voltage source of the UHCU, not the stop voltage of the
sweep at the device terminal.

The ideal stop voltage is calculated as

Stop V (ideal) = 120 mQ x 500 A+ 10V =70V,

but the maximum output voltage of UHCU is limited to 60 V.
Therefore, we set maximum 60 V here.

10.

1.

12.

Set “b00A” as a compliance current. It limits the current flowing into
the device at the upper limit of the vertical scale.

Confirm the “Voltage Compliance” is checked and set “10 V” as the
voltage compliance. This value is used to stop the sweep at the
edge of the horizontal axis.

Drain pulse setup:

Set the drain "Pulse Width" to 100 ps.

Note:

SOA limit of IRFP4004 is about 350A @ 10V D-S, or 500 A @ 6V, at
100 ps pulse. Therefore 100 ps pulse width is allowable maximum
value.

Set the drain "Pulse delay" to 6 ps.

We would like to set the drain channel to on status when UHCU outputs the

pulse.

This is because, the MCSMU of gate pulse is slower than UHCU 's drain
pulse, and add a few delay time to the drain to match with the gate pulse.

183.

Gate pulse setup:
Set "Pulse Delay = 0"
Set "Pulse width = 200 ps.

Gate pulse must longer than Drain pulse plus drain pulse delay plus Drain
current off time (typically less than 50 pus.

14.

Set aperture time to 30 ps.
The aperture time is set as a rule of sum,
Aperture < Drain pulse width - (drain and gate settling time).
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Note: Overall pulse setting must be confirmed, especially when the pulse width is
narrower, using Oscilloscope View for at least following three points:
a. Low current and high voltage region.
b. High current and high voltage region.
c. Highest current region.
(Typically low voltage due to the voltage drop by the output resistor of the
UHCU.

15. Click "Single" or "Repeat" measurement button.
Figure 3-14 shows the measurement result both X and Y scales
displayed in log scale.

Figure 3-13 ID-VDS setup.

Single  Repeat

File Edit View Measurement Configuration Ip 15

GHE Xoa= (» =

A Setup [Deuice Type: |MOSFI:—I' '|][D 1ID-VDS 1D-VGS WiGS(th) RDS-ID '7\;"DS-VGS RDS-VGS ) 1DSS 165§ € 15-VsSD

General settings 2_ Gate / Base Voltage Pulse Drain / Collector Voltage Pulse Sweep
[¥] Auto Pericd Step Mode Sweep Maods | LinearSingle x|
Pulse Period 50m| S List Start 70
Apsglre 14. x 5 T ~ | [¥Voltage Compliance 10
Hold Time R 8.
55 lUHEU v |vRuke v |Sweep ¥
6 |=| Baze i}
7 Number of Step 01
8 Compliance 10, 500
0 11, | Power Compliance 225 |
15 = ] %:Itage Compliance 10
) Details - 7/ Pulse Delay Gu
[mcsmu v |veulse = [step | puise width 12. 100
Base 0|V
Compliance 1 A
[T] Power Compliance 0 | W
‘Woltage Compliance g |V

Pulse Delay o |s
Pulse Width ‘I 3 200u |s

Characteristics . Connections I 3.

v
v
W

@ Line ) Dot O Line & Dot

v) @ Line © Dot ) Line & Dot [

MARKER(A): B MARKER(B):

50 sfdiv.

MARKER: 8821V

Oscilloscope View

v | Automatic Data Save Device ID: IRFP4004 ~ Comment: 5' |E| Data: |§|ﬁ| IRFP4004 1D VDS 1-8-2015 1-48-04 PM.pda-iv.bxt
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Figure 3-14 ID-VDS test result.

Characteristics | Connections

¥) @ Line © Dot © Line & Dot ﬁ@‘f’f“l@

MARKER: 5.7259 V

=
kel
S~
()
©
(]
\v
D
©

decade/div.
VDS

) Automatic Data Save Device ID: IRFP4004 + Comment: 1| vata: | X | G| 1RFP4004 1D VDS 1-8-2015 12-29-33 PM.pdla-iv
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3. ID-VGS power MOSFET characteristics

In this example, discrete power MOSFET IRFP4004, which is the same
device used in the previous example, is used.

This example measures VDS-VGS in the low current region.
In the low current region, Vth is specified at ID=250 pA and the Vth is
specified as between 2V to 4 V.

In this example, we would like to check the Vth at VDS =5 V condition.

Since the measurement current is small, this example uses MPSMU as the
drain power supply and DC bias voltage.

ID-VGS setup:

Follow the next steps to set up the ID-VGS of MOSFET by referring to the
corresponding number in Figure 3-15.

1. Select “MOSFET” as the device type.
2. Check the “ID-VGS”
3. Open the drain detail setup, and then set as follows:

- MPSMU as the measurement module.
- Set V mode.
- Set Constant.
4. Set the drain source voltage to constant 5 V.
5. Set Compliance: T mA to cover 250 pA.
6. Open the gate detail setup, and then set as follows:
- MPSMU as the measurement module.
- SetV mode.
- Set Sweep mode.
7. Set the gate voltage sweep to,
- Linear single.
-Start=1V.
- Stop = 4.5V to cover 2 - 4V Vth range.
8. Set the gate sweep points.
9. Set general detail setup as follows:
- Trace Mode as Fine.
-NPLC =1.
10. Click the start measurement button.
11. ID-VGS graph is drawn as shown in Figure 3-16.
12. Click the marker icon to show marker on the measurement curve.
13. Move the marker by dragging by the marker to about 250 pA.
14. The marker reading shows (as an example),
- 1D = 244.62 pA.
-VD=3.17V.
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ID-VGS setup.

File Edit View Measurement Configuration Help
- g X

S RE Xoldo(r

~ 1. 2

General settings

Drain / Collector Voltage Bias
e — . epbiose 3 [lneoinge | e
1 T a

=
VGSith) RDS-ID VDS-VGS RD5-VGS IDsS 1655 15-vsD

ate / Base Voltage Staircase

NPLC Start ~ ) Detalls
~) Details Stop 15 )V 3. |mesmu v ~ [Constant ‘I
Delay Time 0 s ~) Detyj Compliance 5 im| A
Hold Time 0 s 6. ﬁMCSMU <[ T Voltage Compliance 0 V
NumberafStep @ 101
Compliance 10m A
Power Compliance 3w
oltage Compliance 0|V
Figure 3-16 ID-VGS test result.
Characteristics | Connections 12
¥} @ Line © Dot © Line & Dot \I'3‘@|_‘ :
—_——— — :
M

Note:

200 p A/div.

500 m v/div.
VGS

To measure ID-VGS characteristics at lower current range, it is
recommended that you use “Fine” mode. “Fine” mode uses limited auto
ranging to use an appropriate measurement range and PLC mode of
measurement time to reduce measurement noise comes from the
commercial power source. “Fine” mode is available only when the DC bias
mode (V or 1) is used. When using pulsed bias mode (VPulse or IPulse),
“Quick” mode is used. “Quick” is a measurement mode used in Easy Test
Navigator version T.xx.xx. For more details of the differences between
“Quick” mode and “Fine” mode, refer to “The differences between the
quick mode and the fine mode” in the section headed “Useful
information for using I/V measurement mode”.
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4. \/gs(th) power-MOSFET characteristics

In this example, the discrete power MOSFET IRFP4004, which is the same
device used in the previous example, is used.

This example measures the VDS-VGS characteristics to extract threshold
voltage, Vgs(th). In the datasheet of the power devices, the Vgs(th) is
defined as gate voltage where specified drain current is flowing with a
condition VGS = VDS.

In the Vgs(th) measurement setup, the drain and gate terminals of the
device are connected physically inside the B1506A test fixture (Figure 3-17).

Only the MPSMU can be connected to both the drain and the gate

terminals.
Figure 3-17 A connection diagram of the Vgs(th) and the ID-VGS
Vgs(th) ID-VGS

D D
J o e ! © ;} J o

! Rt ! RO

In this example, we would like to check the Vgs(th) at ID =250 pA.

Vgs(th) setup:

Follow the next steps to set up the ID-VGS of MOSFET by referring to the
corresponding number in Figure 3-18.

1. Select “MOSFET” as the device type.

2. Check the “Vgs(th)”.
3. Open the gate detail setup, and then set as follows:
- MPSMU as the measurement module.
- Select | mode.
- Select Sweep.
4. Set the Gate / Base Current Staircase Sweep as follows:
- LinearSingle.
- Start = 10 pA.
- Stop = 250 pA.
5. Set number of step
6. Open the General detail setup, and then set as follows:
- Trace Mode as Fine.
-NPLC =1.
7. Click the start measurement button
8. ID-VGS graph is drawn as shown in Figure 3-19

198



[/V Measurement

9. Click the marker icon to show marker on the measurement curve.

10. Move the marker by dragging by the marker to about 250 pA.
11. The marker reading shows (as an example),

- ID =250 pA

-VD=3.18V

Figure 3-18 Vgs(th) setup.

File Edit View Measurement Configuration Help

& W ;gfﬂuﬁfy.

A . evice e: = ID-VDS. fG5(t g 5 VD5-VG! -VG! 5 G5 5-V
Device Type: | MOSFET ID-VDS 2 VGS(th) RDS-ID () VDS-VGS RDS-WGS O IDSS IGSS (D 1s-vSD
usate [ Base Current Staircase Sy Drain / Collector Current Staircase Swee
4. |ur MPSMU = Sweep

General settings
Trace Mode & ([Fine - Sweep Mode
NPLC 1 Start
Stop

# | Details

Delay Time [ ~ De‘;“
Hold Time 0 s 3. (wpsmu__ [t |
Number of Step 5§ 51

Compliance i0 V

) Power Compliance 2w

ce 00 | V

Figure 3-19 Vgs(th) test result.

Characteristics | Connections
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199



I/V Measurement

5. RDS-ID power MOSFET characteristics

In this example, the discrete power MOSFET IRFP4004, which is the same
device used in the previous example, is used.

In this example, we would like to measure RDS-I1D characteristics with
several VGS steps as follows;

- ID: 10 Ato 300 A.
- VGS: 6.5V, 10V, 12 V.
- RDS: up to 3 mQ.

RDS-ID setup:

Follow the next steps to set up the RDS-ID of MOSFET by referring to the
corresponding number in Figure 3-20.

1. Select “MOSFET” as the device type.

2. Check the “RDS-ID".
3. Open the drain detail setup, and then set as follows:
- UHCU as the measurement module.
- Set IPulse mode.
- Sweep.
- Number of step = 61.
- Compliance =37 V.
- Check the voltage compliance.
- Voltage compliance =1 V.
- Pulse delay = 50 ps.
- Pulse width = 200 ps.
4. Setthe Drain / Collector Current Pulse Sweep as follows:
- Start=10A.
- Stop=300A.

Note: The voltage compliance is determined not to exceed the SOA of the device
with the maximum current and the pulse width.

Compliance is determined by the maximum current and the maximum RDS
to be measured as following.

Compliance = (RDS + Rout) x max. Current

Here, Rout is the output resistance of the UHCU (120 mQ at 500 A range, 40
mQ at 1500 A range).

5. Open the gate detail setup, and then set as follows:

- MCSMU as the measurement module.
- Set VPulse mode.
- Set step mode.
6. Setthe Gate/Base Current Staircase Sweep as follows:
- ListSingle.
- Set6.5V,10Vand 12 V.
7. Check the Auto Period.
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8. Open the General detail setup, and then set as follows:

Aperture = 50 ys.

Hold Time =0s.

9. Click the start measurement button.

10. RDS-IDV graph is drawn as shown in Figure 3-21.

11. Click the marker icon to show marker on the measurement curve.
12. Move the marker to 300 A on the trace of VGS =12 V.

13. The marker reading shows as (an example),

- ID=300.51A.
- RDS=1.43 mQ.
Figure 3-20 RDS-ID setup.
File Edit View Measurement Configuration Help
7 LYy X = pa=—
ahE Xode 9. i
~ 1. ID-VDS ) ID-VGS 2. m VDS-VGS (O RDS-VGS (D1DSs O1GSS (O I5-VSD
Genep T Gate / Base Voltage Pulse Drain / Collector Current Pulse Sweep -
7. ] A iod Step Mode 6 Swesp Mode LinearSingle -H\;‘
50m s List - 4. Start 0 £
# | Details Stop 00
Apeciure 7 [¥] Valtage Compliance 13
Hold Time s AN 3 J
/ﬁJ HCU > |IPuIse o I Sweep :]\
A | Detail Base 0
5. | [Mcsmu = |veuise = |step - ] 3. | MNumberofstep 51
Brze 0 / Comgliance 37 | ¥
Compliance 1| A | Power Compliance 225k W
er Compliance 30| W | Voltage Compliance 1
e 30|V Pulse Delay 504
Pulse Delay 0 s \PJ!;& Width 200 y
Pulse Width T
Figure 3-21 RD-IDS test result.
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6. VDS-VGS, RDS-VGS power MOSFET characteristics

Note:

Note:

Note:

In this example, the discrete power MOSFET IRFP4004, which is the same
device used in the previous example, is used.

In this example, we would like to measure the VDS-VGS characteristics with
several ID steps as following.

-VGS:15Vtob V.
-1D: 50 A, 100 A, 200 A.
-VDS:upto2V.

VDS-VGS characteristics is useful to find the minimum VGS to keep
conduction loss as small as possible, the same as the VCE-VGE
characteristics of IGBT.

The RDS-VGS setup uses almost the same setup as the VDS-VGS and RDS
uses as Y axis instead of VDS (= ID x RDS). To measure the RDS-VGS
characteristics, select the RDS-VGS as the measurement template instead
and use the same setup as for the VDS-VGS described in this section.

VDS-VGS setup:

Follow the next steps to set up the ID-VGS of the MOSFET by referring to
the corresponding number in Figure 3-22.

1. Select “MOSFET” as the device type.

2. Check the “VDS-VGS”.
3. Open the drain detail setup, and then set as follows:
- UHCU as the measurement module.
- Set IPulse mode.
- Set Step mode.
- Compliance =26 V.
- Check the voltage compliance.
- Voltage compliance =2 V.
- Pulse delay = 50 ps.
- Pulse width = 200 p.s
4. Set the Drain/Collector Current Pulse Step as follows:
- BOA, 100 A, 200 A

The voltage compliance is determined not to exceed the SOA of the device
with the maximum current and the pulse width.

Compliance is determined by the maximum current and the maximum VDS
to be measured as following.

Compliance = VDS + Rout x max. Current

Here, Rout is the output resistance of the UHCU (120 mQ at 500 A range, 40
mQ at 1500 A range).



Note:

Figure 3-22

VAY

5. Open the gate detail setup, and then set as follows:

- MCSMU as the measurement module.

- Set VPulse mode.

- Set Sweep mode.

- Number of steps = 101.
- Compliance =1 A.

- Pulse width =1 m.s

Measurement

6. Setthe Gate/Base Current Staircase Sweep as follows:

- Linear Single.
- Start=15V.
- Stop=5HV.

The gate voltage sweep should start from large voltage to small voltage (on
state to off state). If it starts from small voltage, the measured VDS reaches
to the voltage compliance at the first point and measurement is aborted

after that.
7. Check the Auto Period

8. Open the General detail setup, and then set as follows:

- Aperture =50 us
- HoldTime=0s

9. Click the start measurement button.

10. VDS-VGS graph is drawn as shown in Figure 3-23.
11. Click the marker icon to show marker on the measurement curve.
12. Move the marker to the corner on the trace of ID = 200 V.

13. The marker reading shows as (an example),

- VGS=58V.
- VDS =713.5mV.

From the result, at least 5.8 V of the gate voltage is required to turn on the

device with 200 V of the drain current.

VDS-VGS setup.
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Figure 3-23

VDS-VGS test result.

Characteristics | Connections

D

11.

~

Oscilloscope View

2 V/div.

VGS

Note:

In Figure 3-23, the VDS exceeds the specified voltage compliance in the
Drain/Collector Current Pulse Setup (step 3).

Since the voltage compliance function skips the consequent measurement
after MEASURED value exceeds the compliance, at least one measurement
point exceeds the compliance. To see how the voltage compliance works,
change the display mode of the trace as shown in Figure 3-24.

14. Check “Dot” as trace mode,
15. 2V line of the voltage compliance
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Figure 3-24 Voltage compliance on VDS-VGS measurement

¢ 1 Gistics ._Connecti'-cns

% 0k 89 0 uneson [8)[0) % EA)
MARKER: 5.6998 V
Em=50a EmD=1004 EmD=2004A 24152V

~

Oscilloscope View

2 V/div.
VGS

The amount of excess depends on a derivative of the trace. In VDS-VGS
characteristics, the derivative of the trace near the compliance is
significantly large, so the measured VDS goes up to 10 V. To reduce the
overrun, it is necessary to increase the step of number as much as possible.
Also, specifying appropriate compliance is useful.

The compliance limits the output from the voltage source of the UHCU. In
the setup, 26 V compliance limits the VDS at 14V when ID = T00 A (26 V -
120 mQ x 100 A ) physically. 120 mQ is a value of the output resistance of
the UHCSU at 500 A range.
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/. IDSS power MOSFET characteristics

In this example, the discrete power MOSFET IRFP4004, which is the same
device used in the previous example, is used.

In this example, we would like to measure the drain leakage current
characteristics by sweeping the drain bias as follows;

-VDS: 0V to50V.
-VGS: 0 V.
- ID: compliance at 250 pA.

IDSS setup:

Follow the next steps to set up the drain leakage current measurement of
the MOSFET by referring to the corresponding number in Figure 3-25.

1. Select “MOSFET” as the device type.
Check the “IDSS”
Open the drain detail setup, and then set as follows:
- HVSMU as the measurement module.
- Set V mode.
- Set Sweep.
- Number of step = 51.
- Compliance =250 pA.
4. Set the Drain/Collector Current Pulse Sweep as follows:
- Sweep mode: LinearSingle.
-Start=0V.
- Stop=50V.
5. Open the gate detail setup, and then set as follows:
- MPSMU as the measurement module.
- Set V mode.
- Set Constant mode.
- Compliance = 1 mA.
6. Setthe Gate/Base Voltage Bias as follows:
- Source =0 V.
7. Setthe general settings as follows:
- Trace Mode as Fine.
- NPLC = 1.
8.  Open General detail setup, and then set as follows:
- Delay time =0 s.
- Hold Time =0s.
9. Click the start measurement button.
10. ID-VDS graph is drawn as shown in Figure 3-26.
11. Click the marker icon to show marker on the measurement curve.
12. Move the marker to the end of the trace.
13. The marker reading shows as (an example),
- 1D =250 pA
-VD=45.24V

w o
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Figure 3-25

Drain leakage current measurement setup.

[/V Measurement
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Figure 3-26 Drain leakage current test result.
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By changing the scaling mode of the Y axis to log scale, it is possible to precisely see a small
change on the drain leakage current as follows (Figure 3-27).
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14.  Change the display mode of the Y axis to PositveLog, and a small
change of the drain current under 1 nA can be observed clearly.

Figure 3-27 Drain leakage current in log scale.
Characteristics | Connections
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Tips: If the breakdown voltage of the device is unknown and stop leakage current
measurement before device is broken, interactive sweep using the knob on
the front panel of the B1506A is useful.

Figure 3-28 shows the steps to run the drain leakage current measurement
interactively.

15. Change the general settings as follows:
- Set the Trace Mode as the quick mode.
- Step time = 2.1 ms.
16. Set details of the general settings as follows:
- Aperture = 2 ms.
- Hold time = 100 ms
17. Click the repeat button.
18. Select the stop voltage of the Drain/Collector Voltage Staircase
Sweep.
19. Rotate the knob - the end point of the trace changes along with the
rotation of the knob.
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Figure 3-28 Interactive drain leakage current measurement

File Edit| View Measurement ( 17|ration Help
AuE xdas 00, =

) Setup Device Type: ‘MOSFET '| ID-VDs ID-VGS VGS(th) © RDS-ID VDS-VGS () RDS-VGS @ IDSS IGss Is-vsD

General settings Gate / Base Voltage Bias Drain / Collector Voltage Staircase Sweep —
Trace Mode Quick = Source o v Sweep Mode [LinearSingle - [
1 5'5269 Time 2im 3 A) Details 8. sun N
~) Details MPSMU_ v ~constant_ Stop v
s 1 6. —— e -
Hold Time 100m s Voltage Compliance 00|V U<V il

Number of Step

Compliance

Cheracteristics | Connections | |

) ®Line © Dot O tine & 0ot (3] (@] (4] [=] [A]

x: |vos ~ |tinear = | v:[©

+ | Postivetog = | References:

decade/div.

) Automatic Data Save Device ID: IRFPA004  ~ Comment: (3] vate: [ X ] rmepa00s 1055 6.7-

_@ e 0O < @ \L”E

By rotating the knob and monitoring the change of the drain leakage
current, it is possible to identify any signs of breakdown and to stop
increasing the drain voltage before the device breaks.
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8. IGSS power MOSFET Characteristics

Note:

Note:

In this example, the discrete power MOSFET IRFP4004, which is the same
device used in the previous example, is used.

In this example, we would like to measure the IG-VGS characteristics as
follows:

-VGS: 0V to 20V (VGSS)
-1G: 1 pA compliance.

IGSS setup:

Follow the next steps to setup the ID-VGS of the MOSFET by referring to the
corresponding number in Figure 3-25.

1. Select “MOSFET” as the device type.
2. Check the “IGSS”
3. Open the drain detail setup, and then set as follows:
- HVSMU as the measurement module.
- SetV mode.
- Set Constant mode.
- Compliance = 8 mA.
4. Set the Drain/Collector Voltage Bias as follow:
- Source=0V.
5. Open the gate detail setup, and then set as follows:
- MPSMU as the measurement module.
- SetV mode.
- Set Sweep mode.
- Number of steps = 201.
- Compliance = TpA.

To reduce influence from settling after applying voltage at each step, a small
step such as 100 mV is used. Also, to charge the gate capacitor faster,
compliance current larger than IGSS (= 200 nA) is used in this example.
When using a smaller compliance current, it is necessary to make the delay
time longer.

6. Set Gate / Base Voltage Staircase Sweep as follows:
- LinearSingle.
- Start=0V.
- Stop=20V.

It is recommended to start the sweep from 0 V for precision IG-VGS
measurement. If it starts from VGSS, it is necessary to add a significantly
long Hold time ( = additional delay time for the first step) to wait for a
settling current after applying the gate voltage.

7. Set general setting as follows:
- Trace mode as Fine.
- NPLC =10.
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8. Open General detail setup, and then set as follows:
- Delay Time = 500 ms.
- Hold Time =1s.
9. Click the Start measurement button.
10. 1G-VGS graph is drawn as shown in Figure 3-30.
11. Click the marker icon to show marker on the measurement curve.
12. Move the marker to VGS =20 V.
13. The marker reading shows as an example (Figure 3-30).
- VGS=20V.
- 1G =7.48 pA.
Figure 3-29 IG-VGS gate leakage current measurement setup.
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Figure 3-30 IG-VGS test result.
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Note: Noise on IG in Figure 3-30 is considered to come from the noise on applied
gate voltage converted by Cg x dV/dt. To reduce it, it is necessary to use a
longer integration time such as 32 PLC or more.
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9. 1S-VSS power MOSFET Characteristics

In this example, we would like to measure the IS-VSS, forward
characteristics of the body diode as follows.

- VSD:0Vto2V
- I1S:0Ato 500 A

IS-VS setup:

Follow the next steps to setup the IS-VS of the MOSFET by referring to the
corresponding number in Figure 3-31.

1. Select “MOSFET” as the device type.

2. Check the “IS-VSD”.
3. Open the drain detail setup, and then set as follows:
- UHCU as the measurement module.
- Set IPulse mode.
- Sweep.
- Number of step = 101.
- Compliance = 500 A.
- Check the voltage compliance.
- Voltage compliance =2 V.
- Pulse delay = 50 ps.
- Pulse width = 200 ps.
4. Setthe Drain / Collector Voltage Pulse Sweep as follows:
- StartOV.
- Stop60V.

Note: To apply the source current up to 500 A, the stop voltage of the sweep
should be 60 V because the output current of the UHCU is determined by

Output Current = Setting Voltage / (Rout + VSD)

Here, Rout is the output resistance of the UHCU (120 mQ at 500 A range,
40 mQ at 1500 A range). In this case, since the compliance current
determines the output current range of the UHCU, the 120 mQ output
resistor is used (it is a nominal value and actual resistance has some margin
to output 500 A with a small VSD).

5. Open the gate detail setup, and then set as follows:
- MCSMU as the measurement module.

VPulse mode.

Constant mode.

Compliance = 1 A.

6. Setthe Gate / Base Voltage Pulse Bias Staircase as follows:
- ListSingle.
- Source=0V.

7. Check the Auto Period.

8. Open the General detail setup, and then set as follows:
- Aperture = 50 ps.
- Hold Time =0s.

9. Click the Start measurement button.

10. 1S-VSD graph is drawn as shown in Figure 3-32.
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Figure 3-31 IS-VSD setup.
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Figure 3-32 IS-VSD test result.
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11. To display the IS-VSD in log scale, change scaling mode of the Y

axis to “PostivelLog” (Figure 3-33).
12. Set the minimum value of the Y axis to 100 mA.
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Figure 3-33

IS-VSD test result in log scale
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10. IGBT module measurement

Figure 3-34

Figure 3-35

Some IGBT or FET modules are packaged into a large size module, and the
connection is typically made with the screw type terminals.

To connect these modules to the B1506A, test leads with alligator clips are
used as shown Figure 3-34 as an example of IGBT module.

The alligator clips used in this picture are included in the B1506A as the
standard accessory.

Typically, this kind of module has additional emitter terminal to connect low
side of the gate bias channel (Figure 3-35).

Example of the IGBT module connection.

Additional emitter terminal to connect with the gate.

Emitter

.
L >

Connection with the B1506A

Figure 3-36 shows the cable connection of the B1506A test fixture. The
output terminal of B1506A test fixture has high force, high sense, low force
and low sense for the UHCU or HCSMU. Also, there are high and low
terminal for gate drive.
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Ho to connect the outputs of B1506A:
To connect the outputs of B1506A to the device terminal,

v Use thick cable with large clip to connect the high force and low force.
v" Use narrow cable with small clip to connect the gate terminals and the
sense terminals.

Figure 3-36 B1506A test fixture connection.

f‘\

Gate Lowx
. Low Force Low Sense
A s -

How to connect the cables to the module:

Figure 3-37 shows an example of cable connection to IGBT module.

Put screws to the device terminals to clip them.

Connect the gate high to the gate terminal of the device.
Connect the gate low to the smaller emitter terminal.

Connect the high force (4a) and high sense (4b) to the collector
terminal.

5. Connect the low force and low sense to the emitter terminal.

Moo=

Figure 3-37 The connection to the IGBT module.

5a.

o

' High Force Bl

High Sense
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Tips: How to connect the high and low sense terminals to the device

When connecting the sense terminal to the High and Low terminal of the
device module, connect them to the device side of the terminal by avoiding
the paths where the High and Low force current flows. These connection
methods minimize the voltage drop at the connection terminal, and assure a
better accuracy.

An IGBT module measurement example
Figure 3-38 shows an example of module IGBT measurements.

Due to the 2.5 V of V(ce) sat of the device and the voltage drop by the
residual resistance of cables (and clips), the maximum current is about 1.4
kA in this example.

Figure 3-38 Measurement example of IGBT module.
File Edit View Measurement Configuration Help
7 LYy X7 =
-.-I u i ~%~ D'I C']‘-.I = > [ — ]
~ Setup Device Type: !IGBT '| @ IC-VCE IC-VGE VGE(th) VCE-VGE WCE(sat) ICES IGES IF-VF
General settings Gate / Base Voltage Step Drain / Collector Yoltage Pulse Sweep
#| Auto Pericd Step Mode | ListSingle - Sweep Mode |LinearSingle -
Pulse Periad 100m| s List |L,_—.| X |’<| v Start 0V
~) Details RS Stop W v
Apertipe oy [ 10 ~) [# Voltage Compliance 5 Vv
Hold Time 0
12 UHCU = |vRulse v |Sweep -
15 Base [
20 Number of Step 21
# | Details Compliance 15k A
[mcsmu = [v ~[step - "] Power Compliance 25Kk W
Compliance w0om A ¥ Valtage Compliance sV
Power Compliance 3w Pulse Delay 0 s
olta ance R Pulse Width 100p 5
Characteristics | Connecticns
) ® Line © Dot © Line & Dot [IH |‘:‘H H|@ J

Oscilloscope View

500 m Vidn.

VCE

217



I/V Measurement

218

Tips

Figure 3-39

How to measure multiple devices module:

Some of IGBT module consists of multiple devices connected inside the
module. Figure 3-39 shows such an example of 2-in-1 IGBT module.

It includes two IGBT and the emitter of the high side device is connected to
the collector of the low side device.

When one of the device is not in use in the measurement, the gate and the
emitter of the unused device has to be shorted by shorting ring or shorting
bar to avoid device damage by static electrical shock.

Connections for a measurement of the multiple devices module.

Gate

Emitter . v,rx ‘

Gate

Collector Emitter Emitter/Collector

For high side device For low side device
measurement measurement
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Useful information for using I/V measurement mode

The differences between the quick mode and the fine mode

In the IV measurement mode, two measurement modes are available, quick
mode and fine mode.

The fine mode is available from Easy Test Navigator 2.0 and the quick mode
is the mode used in previous revisions.

The fine mode is used for precision measurement such as subthreshold
current measurement of the MOSFET. It uses limited auto ranging to use an
appropriate measurement range while larger compliance is specified. Also,
Maximum 100 PLC mode of integration time is used to reduce a
measurement noise coming from the commercial power source (PLC stands
for Power Line Cycle. 1 PLC is equivalent to 20 ms in 50 Hz region and 16.67
ms in 60 Hz region).

The quick mode uses fixed ranging defined by specified compliance value.
Measurement speed of the quick mode is faster than the fine mode, and it is
useful to change the bias voltage interactively by using the rotating knob on
the front panel of the B1506A like a cure tracer.

The fine mode is only available when DC bias mode (V or |) is used for all
measurement resources.

Table 3-7 shows a comparison of the minimum current measurement
resolutions of the quick mode and the fine mode.

Since the fine mode uses limited auto ranging mode, the minimum
resolution is determined by only the minimum current measurement range.
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Table 3-7

Minimum current measurement resolutions of the quick mode and the fine
mode

Module Current Compliance Min. Min.
Resolution Resolution
using the using the Fine
Quick Mode Mode
100 mA 5 pA
10 mA 500 nA
T mA 50 nA
100 pA 5nA
MSPMU 10 fA
10 pA 500 pA
1A 50 pA
100 nA 5 pA
10 nA 500 fA
8 mA 10 nA
TmA 1nA
100 pA 100 pA
HVSMU 10 pA 10 pA 100 fA
1A 1 pA
100 nA 100 fA
10 nA 100 fA

The auto ranging allows you to use larger current compliance for low current
measurement. For example, in the case of gate leakage current
measurement, using large compliance makes it faster by shortening the time
it takes to charge capacitive components. After charging the capacitor by
using the compliance current, current measurement goes down to an
appropriate range to measure the leakage. In the case of the quick mode, a
smaller compliance current should be specified to measure low leakage
current, but it requires a longer time to charge the capacitor (ex. to charge 1
nF gate capacitor to 20 V with T nA compliance, it requires 20 seconds or
more).

Figure 3-40 shows the differences on timing control of measurements
between the fine mode and the quick mode.
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Figure 3-40 Definitions of measurement time of the fine mode and the quick mode

(a) Quick mode (b) Fine mode

Delay time
L [

Delay time

Step time Aperture Delay time
s T3 |
Hold time Aperture Hold time Meas. time

Timing of source and measurement in the quick mode is defined as the step
time and the aperture. The step time is controlled by the firmware. Delay
time to start measurement is determined by Step Time - Aperture.

In the fine mode, the step time cannot be controlled precisely. Step time is
determined by Delay Time + Measurement Time. Measurement time consists
of built-in wait time, range changing time and integration time. Since the
built-in wait time and the range changing time vary by measurement
conditions, the step time also varies by measurement conditions.

The fine mode uses the NPLC mode of measurement time. NPLC stands for
number of power line cycles (1 PLC = 20 ms @ 50 Hz region, 16.67 ms @ 60
Hz region) and it is effective to reduce measurement noise coming from the
commercial power line. Also, to reduce a random noise on measured data,
using multiple NPLCs as the measurement time such as 8 PLC or 16 PLC is
effective.
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How to avoid

device oscillation

To avoid device oscillation of MOS and IGBT devices, inserting a series

resistor to the gate terminal is useful. B1506A has built-in selectable series
resistance in the gate connection path.

How to select the gate series resistance:

Figure 3-471 shows the gate resistor setup example.

1. Show the connections panel by clicking the connection tab on the
graph area.
2. Select an appropriate resistance from the list. 0 Q, 10 Q, 100 Q and
1 kQ are available.
3. For the drain/collector connection, 0 Q and 100 kQ are available.
Figure 3-41 Selecting the gate and collector series resistance.
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v Details Stop [710 v Stop [ 3V
1 v Detais o lolsgeCompliance [ 2 V
Characteristics (“E;:\;;:.;:\:‘T:.
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3
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Accurate measurement using a narrow pulse

The MOSFET typically shows higher on resistance and lower drain current at
specific test condition when the junction temperature is getting higher.

The datasheet data specified at 25 °C junction temperature is typically
measured using a very narrow pulse.

This section provides information and the tips of how narrow pulse can be
used in the IV measurement to reduce the self-heating of the test device,
and measures a closer data which is shown in a datasheet.

Note for super junction MOSFET:

Typically, the default pulse width is too long to measure a kind of super
junction MOSFET. Super junction MOSFET is a new kind of power MOSFET
which has relatively high current and high voltage ratings.

Super junction MOSFET example

Figure 3-42 shows an ID-VDS measurement example measured with two
different pulse width; one 30 s, and the other with 200 ps pulse width.

In the small ID area, both ID curves show almost the same trace, but the ID
curve apparently decreases at higher current and higher voltage with 200 ps
pulse compared to the 30 ps pulse. In the area where both the VDS and the
IDS are high, the power consumed by the transistor is maximum, say 20 V x
60 A = 1200 W. The temperature of the transistor chip rises sharply after
applying this high power, and the ID starts to decrease from just after
applying the power.

The difference of two ID curves at around 20 V VDS at 60 A ID area show the
effect of this chip temperature rise, and the ID with 200 ps pulse shows
lower value.

Oscilloscope View:

Figure 3-43 shows the same measurement with the Oscilloscope View in the
right side, which is taken with 200 ps pulse width at VD = 20 V and the VG =
20V test point.

You can monitor the pulse waveforms of both the current and the voltage for
both the drain and the gate using the Oscilloscope View.

The monitoring parameter can be set in the area "a.", and the corresponding
parameter display scale can be set in the area "b.".

By monitoring the pulse waveform, for example, you can judge if the test
parameter is appropriate or not.
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Figure 3-42 An ID-VDS measurement example of a super junction MOSFET.
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Figure 3-44
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[/V Measurement

Pulse width determination:

From the ID waveform of the 200 ps pulse, the following points can be

judged as;

v' Itis about 10 A lower at 200 us point compared to 30 us point.
Note: The VD start time is set as 0 seconds in this case.

v' At 30 ps, the ID waveform is stably decreasing, and the VD rises up
almost to the final 20 V.
Therefore, it can be judged that using 30 us pulse is reasonable than
200 us pulse.

v' Maybe considering shorter pulse width is also worth.

Note: When measuring with shorter pulse, it requires more attention to
the other parameters such as the aperture time and the delay time
settings.

There may be a case that a pulse parameter for a specific IV condition is
not appropriate for other IV condition.

Figure 3-44 shows 20 ps pulse example with 2us aperture time. The ID
reading increases to 64 A.

An ID-VDS measurement with 20 us pulse.

vOs +|[tinear ~] ¥: [1D ~|[Grear +]

“ Line C Dot € ine&Dot @] [@] ¢| ¥| A

1 References: [V oW X
[« -

Criteria of determining the minimum pulse width:

The minimum rise time (Tr) of the VD is determined by the following formula.
The minimum pulse width can be determined by adding the aperture time to
the obtained Tr as:

Minimum pulse width > Tr + aperture time

The Tr is determined by the UHCU's current range and the Ron of the test
device.
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Note:

v ID<500A
Tr=5x1pH/(Ron + 120 mQ)

v ID>=500A
Tr=5x1.4uH/ (Ron + 40 mQ)

Example:
The Ron of the example super junction FET is 170 mQ (typ.).

Tr=5x1.0u/(70m+120m)
=17 us

By adding 2 us aperture time,

Min. pulse width =17 + 2 =19 ps.

It can be considered the 20 ps pulse width used in the example is
appropriate from the calucuration.

Always determine the minimum pulse width by using the pulse waveform of
the Oscilloscope View.

The minimum pulse width formular is convenient to know the idea of the
minimum pulse width.

But, chekking the real waveform is the basic of the successfull pulsed
measurement, especially pursuing a shortest pulse width.
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The capacitance measurement mode is used to measure static
capacitance characteristics of power devices.

Capacitance measurement using the B1506A is quite simple, and the
measurement can be done with the following simple steps.

1. Connect the device to the socket adapter or output of the module
selector.

2. Set measurement parameters.

3. Clicking start measurement button measures the capacitance
parameters of power devices.

The function and the operation of the capacitance measurement mode
are basically the same as the characteristics graph of the datasheet
characterization mode where the pre-defined measurement setup opens
when you click on the target characteristics graph.

Capacitance parameters:

Typical capacitance parameters of power devices are not always the
same as the physical parameters of the device terminal capacitances
(Cgd, Cgs, Cds as an example) as shown next. It requires some
interpretation to convert them to the datasheet parameters. For example,
Ciss is sum of Cgd and Cgs device terminal capacitances.

Power MOSFET: Cgd

Device terminal capacitance: \<
v Cgs: Gate to source capacitance
v Cgd: Gate to drain capacitance T CdS
v’ Cds: Drain to source capacitance

Capacitance parameter described in datasheet: Cgs
v' Ciss: Input capacitance
v' Coss: Output capacitance Clss = ng +Cgs
v" Crss: Reverse transfer capacitance Coss = Cgd + Cds

Crss = Cgd
IGBT:

Device terminal capacitance:
v' Cge: Gate to emitter capacitance
v Cgc: Gate to collector capacitance
v" Cce: Drain to emitter capacitance

Capacitance parameter described in datasheet:

v' Cies: Input capacitance
v' Coes: Qutput capacitance _
v' Cres: Reverse transfer capacitance Cies = Cgc + Cge
Coes = Cgc + Cce

Cres = Cgc

In the B1506A, "Device capacitance unit" inside the B1506A test fixture
converts the connection to directly measure the datasheet parameters.
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"Device capacitance unit" consists of switchable AC block resistances and
AC short capacitances to measure typical capacitance parameters of
power devices.

Note:

These capacitance measurement techniques are introduced in
"Capacitance measurement techniques" of "Measurement Theory and
Detail Explanation of the Measurement Capability" section of Chapter 2.

Gate resistance parameter:

In addition to the above capacitance

parameters, the internal gate resistance of D
power MOSFET and IGBT can be measured.

The internal gate resistance is measured as a Rg(int) J
series resistance of the Cgs of power MOSFET G A A \ |

or Cies of IGBT measurement using Rg

parameter measurement, which uses the

series model (Cs-Rs) of LCR meter. s

The drain-source or collector-emitter is
shorted in the default measurement setting,
but a bias voltage to the Drain/Collector terminal can be also applied.

Oxide capacitance parameter:

To evaluate a capacitance of gate oxide (Cox), Ciss measurement is used

Two bias supply voltages:

B1506A device capacitance switch provides an additional bias-T to apply
gate voltage during the capacitance measurement by applying
drain/collector bias voltage. Because of this capability, a normally-on
type device can be measured, too.
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Figure 4-

230

The capacitance measurement template

Figure 4-1 shows an example capacitance measurement setup template.
Refer to the corresponding number in the figure for following
explanations for the template.

1. There are five choices in the device types.
- MOSFET
- IGBT
- Diode
- Generic

2. There are a few selections of measurement template in each
device type.
The figure shows the selection of the MOSFET measurement
template.
Refer to the following section for supported measurement
templates.

3. In the capacitance measurement mode, all the measurement
setup parameters are opened to you, and you have to set all the
necessary measurement parameters by yourself.

1 Example of the capacitance measurement template.
File Edit View Calibration Measurement Configuration Help
alsE Xoa 2. » o | Start Calibration... Select Calibration Data...
~)Setup Device }a Ciss, Coss, Crss (0 Ciss @) Cass () Crss (0 Cgs, Cdls, Cgd ) Cgs ) Cds ©) Cgd ) Rg Caxl
General settings | [L05230 Base / Gate Voltage Bias Collector / Drain Voltage Sweep
Frequency  |[108T 100k Hz Biss o v Start 10m VY
() Details ?‘:“:K Stop w0 Vv
AC Level m v Sweep Mode LogSingle -
NPLC 1 3 ~) Details
Phase Compensation Number of Step 101
® Auto Hold Time 0 s
Adaptive
Delay Time 0 s
Zero Bias Time 0 s

Characteristics | Connections

~) @ Line © Dot © Line & Dot (5] (@) [ (=] (A]

MARKER: NaN vV

Capacitance
decade/div.

decade/div.
VDS

v Automatic Data Save Device ID: Device-1 - G B Date: | X | &
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Measurement parameters of each device type

Capacitance Measurement parameters

Capacitance Measurement mode supports the following device types and
device characteristics.

Device Type: MOSFET:
v’ Ciss, Coss, Crss
v Ciss
v Coss
v Crss
v Cgs, Cds, Cgd
v Cgs
v' Cds
v' Cgd
v Rg
v' Cox

Device Type: IGBT:
v’ Cies, Coes, Cres
v’ Cies
v Coes
v Cres
v Cge, Cde, Cgc
v Cge
v Cce
v Cgc
v Rg

Device Type: Diode:
v CT (Total Capacitance)

Device Type: Generic:

v Sweep Voltage Between Terminal 2-3

v' Sweep Voltage Between Terminal 1-3
Figure 4-2 shows a connection diagram when selecting “Sweep Voltage
Between Terminal 2-3” in the generic type. Terminals 1 to 4 correspond
to the output terminal of the B1506A as,

v' Terminal 1: Base/Gate

v" Terminal 2: Collector/Drain
v" Terminal 3: Emitter/Source
v" Terminal 4: Guard
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Figure 4-2 A connection diagram of a “Sweep Voltage Between Terminal 2-3”.

1 Base f Gate 2 Collector / Drain 3 Emitter f Source 4 Guard
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Measurement frequency consideration

Note:

Following describes the relation of the measurement accuracy and the
measurement frequency.

Using 100 kHz test frequency provides a better accuracy in general, but
widely used 1 MHz can be also used by understanding the additional
errors explained in this section.

Recommended 100 kHz measurement frequency

A 100 kHz measurement frequency is recommended in the B1506A where
the device capacitance switch is used. Due to the residual inductance of
the switching system, the measurement error increases in the
measurement at 1 MHz test frequency.

This error increases especially in the following cases,

v Ciss measurement of large scale device (ex. IGBT module).
v Crss measurement when Crss is significantly smaller than Ciss (ex.
Super Junction MOSFET, GaN FET).

Since the test result measured by 100 kHz has less error and the CV
characteristics does not have remarkable frequency dependency up to 1
MHz, 100 kHz measurement frequency is set as a default measurement
frequency in the capacitance measurement template.

In the case when the test result at 1 MHz test frequency does not show
significant difference from the 100 kHz test result, using 1 MHz test
frequency should be okay. Else it is better to use the test result measured
using the 100 kHz test frequency.
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Figure 4-3

Ciss measuremet value (F)

Measurement error examples
Following shows two typical error cases for Ciss and Cgd (=Crss).
Case 1: Ciss (@ Cgs:Cds:Cgd = 1:1:1), in the case for Vds =0 V

Figure 4-3 shows the Ciss capacitor measurement range versus test
frequency when the measurement errors from 0.5% to 20% are set as the
error parameter. The ratio of the capacitor components is set as
Cgs:Cds:Cgd = 1:1:1 (the same value for all the capacitor components),
and this condition is simulating the case as Vds =0 V.

The 1 MHz error range is narrower compared to the 100 kHz, but can be
used for both frequencies in a wide range of the capacitor.

Ciss measurement ranges at Cgs=Cgd=Cgd

Ciss measurement accuracy 3-terminal
Cgs:Cds:Cgd = 1:1:1

1.E-06
BT 0 A ittt ettt e ettt et et st —
------------------- x h."&\
1.E-08 N A~ T .
Example: =~
1E-09 Measurable 1£=100 kHz ————:—-,\
capacitor range in
1E10 _ less than 3% error. 1+ — 1 MHz—> |
LE-11 ‘\\‘ 3
LE12 e~
- = Error3% —+ e ——— T
1.E-13 |— o=
Error 5%
1.E-14 — Error 10%
====Error 20%
1.E-15
1000 10000 100000 1000000
frequency (Hz)
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Case 2: Ciss (@ Cgs:Cds:Cgd = 1:0.1:0.01), in the case for Vds = high
voltage

Figure 4-4 shows the Ciss measurement range assuming the drain
voltage is high where the Ciss (=Cgd) becomes much smaller than the
other capacitor components. The Ciss measurement range does not
change because the largest Cgs component does not change by the
drain voltage.

Figure 4-4 Ciss measurement ranges at Cgs:Cgd:Cgd = 1: 0.1:0.01

Ciss measurement accuracy 3-terminal
Cgs:Cds:Cgd = 1:0.1:0.01

1.E-06 ~
__________________ N~
- s
1.E-07 AN
) \ \"\\
D
~ \"\"\\
1.E-08 RS iy
T i~
T 1E-09 1A
‘_E <— 100 kHz
= 1E-10
£ -
2 ——————— -t~ 1 MHz—>
2 LB e e -
O e e e e e e o e e s e e o - - S
£ S~
a 1E-12 :\VI/__,
O — e
= = Error3% T D ot S B 1
1.E-13 — S
Error 5%
1.E-14 - = - Error 10%
====Error 20%
1.E-15
1000 10000 100000 1000000

frequency (Hz)
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Figure 4-5

Cgd measuremet value (F)

Case 3: Crss (@Cgs:Cds:Cgd = 1:1:1) in the case for Vds =0 V

Figure 4-5 shows the Cres capacitor measurement range versus test

frequency when the measurement errors from 0.5% to 20% are set as the
error parameter. The ratio of the capacitor components is set as
Cgs:Cds:Cgd = 1:1:1 (the same value for all the capacitor components),
and this condition is simulating the case as Vds =0 V.

Cgd (Crss) measurement ranges at Cgs=Cgd=Cgd.

Cgd measurement accuracy 3-terminal
Cgs:Cds:Cgd = 1:1:1

1.E-06
1.E-07 -
________ _'_'_'_'_"\7‘-.._
___________________ NS e
1.E-08 e
SN
1.E-09 B S T
~ == ~
1= -~
1.E-10 <—100kHz A
1E-11 \ it NN 1 MHz—>!
...-‘-... = \\- -
T —, i
T~ ~ ™ -~
1.E-12 *m - <~y <
e = =
— — Error 3% === -..%\:‘:-. e ER :
"-._‘ -~ . ~—— NN
LEL3 ¢ Error 5% BEET T ==
1E14 . — - Error10%
====FError 20%
1.E-15
1000 10000 100000 1000000

frequency (Hz)



Figure 4-6

Reference:

Capacitance Measurement

Case 4: Crss (@Cgs:Cds:Cgd = 1:0.1:0.01) in the case for Vds = high
voltage

Figure 4-6 shows the Cres capacitor measurement range assuming the
drain voltage is high where the Ciss (=Cgd) becomes much smaller than
the other capacitor components.

The 1 MHz error range is too narrow, and measurement at 1 MHz
frequency is not realistic in most of the devices.

100 kHz is not wide enough, but can be used as the default 100 kHz test
frequency. In a device with larger Cgd, consider to use 10 kHz.

Cgd(Cres) measurement ranges at Cgs:Cgd:Cgd = 1: 0.1:0.01.

Cgd measurement accuracy 3-terminal
Cgs:Cds:Cgd = 1:0.1:0.01

1.E-06

1.E-07

1.E-08
()
o 1E-09 —
3 =i
§ === =r=TT=F N S iy 1 MHz
2 1E-10 — A == Tvrw
g — 10kHz SRR
E =
2 1lE-11
o
Q
-E 1.E-12 N/

. = —_— — ‘\______-—1
g — = Error 3% ~_ \ = ‘I ]

1e13 Error 5% = Sei— : == ===

1.E-14 Error 10%

====Error 20%
1.E-15
1000 10000 100000 1000000
frequency (Hz)

As shown in these example error graphs, Crss measurement becomes
more critical in the error in the case where Vds is at high voltage. At high
Vds, Crss (= Cgd) becomes significantly smaller than Cgs. In such a
situation, the error estimated at Cgs:Cds:Cgd = 1:0.1:0.01 indicates an
expected measurement error.

Capacitance measurement techniques

The basic theory of capacitance measurement techniques are introduced
in the "Measurement theory and detail explanation of the
measurement capability" section in Chapter 2.
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How to open the capacitance measurement mode

The capacitance measurement mode is started from the Easy Test
Navigator as shown in Figure 4-7.

v Click on “Capacitance Measurement” to start the template.
v The capacitance measurement template shown in Figure 4-1 opens.

Figure 4-7 Capacitance Measurement mode startup from Easy Test Navigator.

Easy Test Navigator

St

Lrsen| @& Ii ] ] ' 7' P DY ERT b w6 E
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Capacitance measurement mode examples

Important Notice:

Following example measurements are shown as the demonstration of the
Capacitance Measurement mode.

1. Ciss, Coss, Crss MOSFET characteristics
2. Rg gate resistance characteristics of Power MOSFET
3. IGBT module measurement

Notes before starting measurements

If the device breaks during measurement at high voltage (over few
hundreds volts), there is a risk to damage the capacitance switch or
measurement module in the BT506A.

The risk is highest when the 1 uF AC short capacitance is used to
measure Ciss, Cgs, Cies or Cge.

To avoid damaging the B1506A

Please make sure that the voltage sweep range does never exceed the
voltage rating of the device to measure.

If the device is an unknown device, it is strongly recommended to
measure the breakdown voltage (VDSS or VCES) of the device first by
using the IV measurement function of Easy Test Navigator.

Capacitance measurement calibration

Compensation data of the device capacitance switch at the output
terminals of the B1506A test fixture are pre-installed in the system.
However, when attaching adapters or the test leads to the test fixture, it
is necessary to perform calibration to measure compensation factors for
such extra parts for accurate capacitance measurements.

Compensation data of possible switch combinations are automatically
measured and stored in the file. Once the compensation factors are
loaded to the program, they are effective until the new compensation
data is loaded.

Refer to "Capacitance compensation data ", which is shown at the
end of this chapter, for measuring the capacitance compensation data.
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1. Ciss, Coss, Crss MOSFET characteristics
In this example, the discrete power MOSFET

IXTHTN250 is used as the example test device.

This device has the following basic
characteristics.

v' DUT: IXTHTN250
v VDSS: 2500V
v' ID: max 1.5 A (pulse)

Figure 4-8 Sample capacitance data of IXTHTN250.

IXTH1N250 Capacitance Characteristics

10nF

It

Capacitance
decade/div.

oV 5 W/div. 40 v

Drain to Source Voltage

v" Set the test device in the test fixture.

Figure 4-9 B1506A Opt. F10 3 pin Inline Package Socket Module.

|
GDS

IXTHTN250
HV MOS



Note:

Figure 4-10

Capacitance Measurement

Low voltage measurement

Follow the next steps to set up the capacitance measurement by referring
to the corresponding number in Figure 4-10.

v' General Settings:
1. Choose “MOSFET” as “Device Type”
2. Check “Ciss, Coss, Crss”
3. Set measurement frequency as 1 MHz.

v' Base/Gate Voltage Bias:
4. Confirm the gate voltage is 0 V to make the device turned off

v Collector/Drain Voltage Sweep:
5. Sweep collector voltage from O V to 40 V.
6. Select “LinearSingle” as “Sweep Mode”.
7. Set (0 sas “Hold Time”
Set 0 s as “Delay Time”
Set b s as “Zero Bias Time”

The Zero Bias Time is necessary to wait for recovery from the highly
biased condition of the previous measurement like Coss measurement
after Ciss measurement. This is required from some specific device
(IXTHTN250 requires this from our experience).

Note: Delay time to charge the internal capacitance of the capacitance
switch is automatically included, even if the delay time is not specified
intentionally.

v" How to start measurement:

8. Click the “Measure” button to start the CV measurement
automatically as shown in Figure 4-11.
Order of the measurement is fixed, and it starts from Ciss. Coss is
measured next, and Crss measurement is done last.

Capacitance measurement setup.

File Edit View Calibration Measurement |

§ uration Help

AEE XOA 2 ]|»e = StartCalibration.. Select Calibration Data...

Ger

3 « [Frequency

~) 1. | Device Type: [MoSFET v|| G‘Ciss‘Coss_.Crssl Ciss @ Coss @ Crss ) Cgs, Cds, Cgd O Cgs @ Cds ©Cgd D Rg @ Cox

Base [; e ¥altage Bia Collector / Drain Voltage Sweep

1MI Hz .| Bias o IV Start ol Vv

) Details

5_ Stop 40 |V
6- Sweep Mode LinearSingle it

) Details

Number of Step 101

7 Held Time o]s
“ | Delay Time als

Fero Bias Time 5|s
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Figure 4-11

Capacitance measurement result.

LiF]
v
, =
]
x
v}
o
Qo
o
L)

decade/div.

5 V/div.
VDS

Tips:

Figure 4-12

To avoid UNBALANCE status

When measuring a specific type of device, the LCR meter sometimes
returns "UNBALANCE" status in a specific condition.

In this case, choosing “Adaptive” of Phase Compensation in "Detail of the
General setting" possibly resolves the situation, but the measurement
speed will get slower. (Figure 4-12.)

Adaptive phase compensation setup.

File Edit View Calibration Measurement Configuration Help
C.' L WKors ]
alm Xoa > —

~ ) Setup Device Type: |MOSFET ¥ | @ Ciss, Coss, Crss Ciss

General settings Base / Ga
Frequency 1M Hz
~ ) Details
AC Level 30m V
N PLC

Phase Compensation
Auto

_— 5 e

(_© Adaptive )

________ -’
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2. Rg internal gate resistance characteristics of Power MOSFET

In this example, IRFP4004 LDMOS-FET is used
as the example test device.

This device has the following basic
characteristics.

DUT: , IRFP4004 LDMOS-FET
VDSS: 40 V
Rds(on): Typ. 1.35 mQ @ Vgs=10V)
ID max.: 350A @ 100 ps pulse, VD=10V
1390 A @ Vd=2.5V
Coss: 2360 pF typ. @ Vd=25V lEEP,\j%Og
Rg(int): 6.8 Q typ.

AN

<]

Follow the next steps to set up the Rg measurement by referring to the
corresponding number in the Figure 2-53.

v' Setup
1. Choose “MOSFET” as device type
2. Check “Rg”.

v" General settings
3. Set 1 MHz as measurement frequency
4. Set 16 PLC for precise measurement

v' Base / Gate Voltage Sweep
5. Leave as initial settings (-3 V to 3V, LinearSingle)

v Collector / Drain Voltage Bias
6. Leave as an initial setting (0 V)

v Click the measure button, and Rg is measured immediately.
(Refer to Figure 4-14)
Measured Rg at VGS =0V is 5.48 Q).

Figure 4-13 Rg measurement setup.
File Edit View Calibration Measurement Configuration Help
il H,-ﬁ.--.‘;.(l _lj-!_é:l_ | 2 B2 stant catibration.. 2. .- Select Calibration Data...
TEEEEEER ’ N :
A 1 -2 :Device'[ype: |MCISFI:T " : _) Ciss, Coss, Crss () Ciss Coss @ Crss ) Cgs, Cds, Cgd @ Cgs @ Cds Ed @ Rg ’} Cox
General sdtfimp===m==== r—.—.—.—.—.—.’ ________ 0 Il'EEs-e?G.a-te'\?BEaT;e-ﬁ-.-EE;; ------------ ' ,&wﬁ‘eﬂm‘s‘imggfmm— _____________ b
Frequency 3 H 100 k Hz: : 5 Start i3e| W H : 6 Bias 0 ;
%) Details 2 ’ I‘ - Stop 3| ¥ : N e o o o e e e e
AC Level 0 Y =
’ (mmmm————— -
NPe 4, ! 6 |
Phase Compensation o TTTT
@ Auto
) Adaptive
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Figure 4-14 Rg measurement result.

10 ohm

Resistance

1 ohm
1 V/div.

VGS

Tips: Rg measurement of MOSFET

For power MOSFET, typically Rg is measured as a series resistance when
measuring Cgs with drain open condition as shown in Figure 2-55(a).

Figure 4-15 Rg measurement for power MOSFET
(a) Drain open (b) Drain-Source short (B1506A default)
100 nF 100 nF
CMH {| b CMH 11 ~
MFCMU T MFCMU
Cgs‘( S Cg(\i\’ T~
\ \
T Cds
/
7
S

Note: The default setup of the Easy Test Navigator software for the Rg
measurement template for MOSFET is the short connection of the drain
and the source as shown in Figure 2-55(b).

The connection of the drain and the source short is used to minimize the
error associated by the "Device capacitance switch". Therefore, it is
recommended to use the default drain-source short condition unless
there is some particular reason.

To open the drain and source connection, refer to "Rg measurement
with the open or voltage biased drain/collector" in the section
headed "Useful information for using capacitance measurement "
at the end of this chapter.



Tips:

Figure 4-16

Note:

Tips:

Capacitance Measurement

An Rg measurement of IGBT

In the case of IGBT, use the same condition as in the Cies measurement
with the specified collector voltage (Figure 4-16).

An Rg measurement circuit for IGBT wit voltage biased collector

100 kQ
HVSMU AN
100 nF
CMH I I
MFCMU
CML
_: 1 uF
100 kQ
MPSMU AN >

The default setup of the Easy Test Navigator software for the Rg
measurement template for IGBT is the same as for Cox measurement,
and cannot apply a bias voltage to the collector.

How to apply the bias voltage to the collector in the Rg measurement

To apply a bias voltage as show in Figure 2-56, refer to "Rg
measurement with the open or voltage biased drain/collector" in
the section headed "Useful information for using capacitance
measurement " at the end of this chapter.
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3. IGBT module measurement example and tips

IGBT module connection

The connection to measure an IGBT module is the same as it isin IV
measurement.

Tips: Calibration

Since additional test leads are used to connect the device to the B1506A
output, it is necessary to do open and short compensation at 1 MHz.

IGBT / MOSFET module (multi-chip module)

To measure the capacitance of a multi-chip module, typically, the
capacitance of an individual device is measured.

For example, in the case of a half bridge type of 2-in-1 IGBT module, the
capacitance of the high side device and the low side device has to be
measured separately.

To measure the capacitance of the high side device, the outputs of the
B1506A's test fixture are connected as shown in Figure 4-17.

The gate and emitter of the low side device are connected by a shorting
bar/ring. Also, the emitter of the low side device is kept open.

To measure the capacitance of the low side device, the output of the
N1265A is connected to the low side device, and the gate and emitter of
the high side device have to be shorted as shown in Figure 4-18.
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Figure 4-17

Figure 4-18

Capacitance Measurement

The connection to measure the capacitance of the high side device.

Collector / Drain

Base / Gate E
E
—|—c E o Emitter / Source

C
G
Gate and emitter of °
the low side device
are shorted E
E

The connection to measure the capacitance of the low side device.

C
Gate and emitter of |
the high side device E
are shorted o E o Collector / Drain

(¢}
H G
Base / Gate L |
E
E

Emitter / Source
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Useful information for using capacitance measurement mode
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Crss measurement of super junction FET

Figure 4-19

Measuring Crss of the devices which Crss is very small compared to Cds,
such as super junction FET, is not easy. This section explains a commonly
seen problem, the reason and the solution in the Cress measurement.

Commonly seen problem in Crss measurement
Figure 4-19 shows a Crss measurement example using 1 MHz frequency.

It measures three parameters as Ciss, Coss and Crss as shown in the
figure. There are Ciss and Coss plots, but no Crss line is drawn. The Crss
marker reading, that is shown in the enlarged copy enclosed by a red
dash line, shows "NaN F" which indicates the measurement is not
successfully made.

Crss measurement example at 1 MHz (super junction FET).

3
=
©
)
a
]

MARKER(A): 10225V [l MARKER(B): 250 V

74702 nF

50 V/div.

VDS

If the Y axis is changed to linear scale as shown in Figure 4-20, Crss is
shown in negative capacitance value.
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Figure 4-20 Crss measurement example (linear Capacitance scale) at 1 MHz (super
junction FET).

MARKER(A): 102.25V B MARKER(B): 250 V (A): 147.75V
Characteristics | Connections

Mciss 74702 nF

A~ © Line C Dot € Line & Dot §

X: |vDs _~||Linear ~] V: |Capacitance _~||Linear v| References: |

MARKER(A): 10225V Bl MARKER(B): 250 V (8): 147.75V
74702 nF

[
o
=
<
=
%3
o3
Q
)
O

At 1 MHz, Crss goes to negative.

50 V/div.
VDS

Footer 48

100 kHz solves the negative Crss measurement problem

The Crss measurement error increases sharply when the measurement
frequency increases as shown in the "Measurement frequency " section.
The theoretical reason is explained.

Figure 4-27 shows a simplified Crss measurement error model of the
B1506A.

Consider the case where Cds is 10 times larger than Cgd. Then, a 10
times larger current is flowing through Cds compared to Cgd.

There is also a leakage current igs from the source to the gate through
the Cgs component, because there appears a small leakage voltage
generated by the ids and the AC guard impedance (=2mfL). If to make the
Igs leakage current through Cgs smaller than 1/100 of the current
through Cgd (it is 1 % error), separation ratio of Z(Ac guard) / Z(Cgs)
must be smaller than 1/100 (% error) * Cdg/Cds (=1/100 x 1/10 =
1/1000).

For example, if Cgs is 2 nF, the impedance of Cgs (Z(Cgs)) at 1 MHz is
about 79 Q. The impedance of AC guard (=1/1000 x Z(Cgs)) must be less
than 79 mQ, and it is equivalent to 13 nH.

Since the residual inductance can be considered as the equivalent cable
length from the instrument AC guard terminal to the source terminal of
the device including the connection cable, and 13 nH is just 1 cm to 2 cm
cable length.

Therefore, it is impossible to realize such a low impedance AC guard at 1
MHz. But if the measurement frequency is lowered by ten times to 100
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kHz, a 100 times longer cable length is allowed, and it falls inside the
realistic condition.

Further lowering frequency proportionally improves the measurement
error, in this case.

Figure 4-22 shows such an example of the Crss measurement at 100 kHz
measurement frequency of a super junction FET, where the Cds is about
30 to 50 times larger than Crss. (Note that Coss is almost the same as
Cds in this case.)

Figure 4-21 Simplified Crss (=Cgd) error model
CMH Cur;ent to be measured

Cds

L
o) \ \
< 7 = omfl. AC Guard \
Current not to be measured

Make this current as

small as possible by

bypassing the current to

the AC guard

Figure 4-22 Crss measurement example at 100 kHz (super junction FET).

~ Setup Device Type: |MOSEET x| © Ciss, Coss Cr

Generalset ¥
.

100n F

-
{w]
c
(]
B
L]
=%
=
(=

At 1 MHz, Crss goes to negative
due to the incomplete AC guard

S0 Vdiv. : .
performance required in the case.

VDS
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Capacitance compensation data measurement

This section describes how to perform capacitance compensation data
measurement.

How to measure capacitance compensation data:
Follow the next steps to measure the capacitance compensation data.

v" Open the "Capacitance Measurement" mode template.
v Click the “Start Calibration...” button.

Configuration

:] > | SN ‘ Start Calibration... H71-TO-Soc et-Adapter.pda

¥ Ciss, Coss, Crss 8s C Cds € (

Base / Gate Voltage Bias

100k Hz Bias o V

Device Capacitance Selector Calibration panel as shown in
Figure 4-23 opens.

v" Choose “Full Path Calibration Measurement” or “Minimum Path
Calibration Measurement”.
- Full path calibration measures the entire connection path of
the capacitance measurement combination.
- Minimum path calibration measures only the path of the
selected measurement parameters.

Note: For initial setup, “Full Path Calibration Measurement” is
recommended, but it takes about 20 minutes.

Figure 4-23 Device Capacitance selector calibration panel.

= Device Capacitance Selector Calibration _ 0] x|

Full Path Calibration Measurement (00:20:09 ) - Start

Full Path Calibration Measurement

Minimum Path Calibration Measurement (00:02:52)

+ Full path: Measure compensation data of all
possible switch combination (about 20 minutes)

+ Minimum path: Measure compensation data of
selected items only.

v

Save and Apply Cancel
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v" Open compensation: (Refer to Figure 4-24)

a. The window to confirm the connection to measure "open
compensation data" opens.

b. Attach the socket module (Figure 4-25(b1)) or test leads without
the device (Figure 4-25(b2)).

c. Make sure the device is removed.

Click the “OK” button to start measurement.

e. During the measurement, progress of total measurement and
connection diagram currently measured are displayed.

o

Figure 4-24 Open compensation GUI.

Confirmation of Connection for open compensation
a.; <

o TS

ce Sele on. 1 _[of x|

0/6 Abort

e.Progress of open compensation

Please connect OPEN standard. 5 Device Capacitance Selector Calibration.

Press OK to continue. d
~—_—

Shows progress of
each connection.

=1 £3|

[

Elapsed time: 00:00:07

Save and Apply | cancel |

3: (021,909,331,1) e 0000
+ Remove device from the socket or i e

+ Remove device from the test lead Save and Apply Cancel

Figure 4-25 Connection example for open compensation.

(b1.) Socket module (open)

(b2.) Test leads connection (open)

Low Force

Low Sense
igh Sense Sem
High Force — 4 \
'\\ ;
GateHigh 1o 3
Gate Low
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v Short compensation: (Refer to Figure 4-26)

a. After completing the open compensation measurement, a pop-up
window to confirm the connection to measure short

compensation data opens.

b. Insert a shorting device into the socket (Figure 4-27(b1)) or
connect the ends of all cables (Figure 4-27(b2)).

c. Click “OK” to start measurement.

d. During the measurement, progress of total measurement and
connection diagram currently measured are displayed.

Figure 4-26 Short compensation GUI.

Confirmation of Connection for short com pensatlon

ARNRNRRRRRARNRNRRRNRY/ 6

Abort
Please connect SHORT standard.
Press OK to continue. c.
o Co )
S~

_d. Progress of short compensation

g SHORT calibrati

Elapsed time: 00:01:28

Save and Apply Cancel

Figure 4-27

(b1.) Socket module (open)

horting Adapter

Shows progress of
each connection. .

3:(021,909,331,1)

Elapsed time: 00:02:01

Save and Apply Cancel

Connection example for short compensation.

(b2.) Test leads connection (open)

Low Force
) . Low Sense
High Sen’s,a-.’..\

Gate Low

253
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v' Save and apply the compensation data: (Refer to Figure 4-28)

a. After completing the short compensation measurement, click
“OK”.

b. Click the “Save and Apply” button to make the measured
compensation effective.

c. Save the compensation data under an arbitrary name.

d. Effective compensation data file is displayed in the ribbon menu.

Figure 4-28 Saving and recalling the compensation data.
e A e =8l Save compensation data with
NIRIRRRRRNRNRANRR RN RR RN start arbitrary name
i Pless slects cabbraton dta . | x|
The Cal|brat|on was f|n|shed () [B = DeviceCapacitance = UserCalibrationdata v K& [[Search UserCalibrationDats  j2)]

Organize ~  New folder = - @
2| Name = | Date modified e

|| BISUSAHTIL-2.pds-eap.cal B/20/2014505 M CAL Fils
|| BISUSAHT1-TO-Socket-Adapterpda-cap... 9/1/W0140:41AM  CAL File

b Elapsed time: 00:02:51
'I _Cenee | =l 0
— e name: [BTSIGERTLTO-Socker G owrCrs pdorcop 3 =
Save a1 gy apacitance Messursiment Calirvtion Data FileC pda-cap.cal ~
. . - . = Hide Fo” // ans
Effective compensation data file is ey C. ——
displayed in the top of the panel /d

____________ | &=

: 1 —
: Start Calibration... FO-Socket-CiesCoesCres.pda-cap.cal |Select Calibration Data...l
e T B

To réset toithe factory défault \}alue, éelect ;‘Calit;ration” - "Load Factory Default”
from the menu bar.

Tips: How to use existing compensation data

v Itis possible to switch the compensation data by loading the
compensation data file measured for each adapter or connection.

v" The saved data appears in the menu ribbon of the Capacitance
Measurement mode panel. (Refer to fig4-xx6(d).)

Tips: How to reset to "Factory Default" setting

v To reset the compensation data to the factory default value, select
“Calibration”--> “Load Factory Default”

File Edit View | Calibration Measurement Configura

ﬁuﬁ Start ] ._

Select Data i >}

i Load Factory Default Ciss, Coss,

___________

General settings
c —
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Rg measurement with the open or voltage biased drain/collector

This section provides the information to realize the open or voltage
biased drain/collector required for Rg measurement.

How to change the condition for Rg measurement manually:

Figure 4-29 shows the Rg measurement preset setup panel. The
important setup parameters are explained in the following steps. Refer to
the corresponding number shown in the figure.

1. Click Rg parameter measurement.

2. Measurement frequency can be change.
For Crss measurement, 100 kHz measurement frequency typically
provides better measurement accuracy.

3. The gate voltage can be set in this part.

4. Inthe default Rg measurement setup, Collector/Drain voltage
cannot be applied.

Figure 4-29 Rg measurement setup detail.
File Edit WView Calibration Measurement Configuration Help
e
SEE Xoa 3 ~  Start Calibration.. 1. _ _Select Calibration Data...
2 = e — - = 5
# | Setup Device Type: |M05FEr v| @ Ciss, Coss, Crss (@ Ciss @ Coss @ Crss © Cgs, Cds, Cgd © Cgs © Cds céE @ Rg ) Cox
Generalsetting \ ﬁ‘h;e/Gate Voltage Sweep _-\\\ (Collector 7 Drain Voltage Bias
:\_Fiejiency 2 100k Hz : :' 3 Start 3|V \I i 4. Bias 0
~ | Details ! Stop 3 V! Neaea
AC Level Iom V : Sweep Mode LinearSingle vl i
] 1 »
N PLC 1 : ~ Details :
Phase Compensation : Number of Step 101 :
H
Auto_ : Hold Time 0|5 1
@ Adaptive 1 1
1 Delay Time 0|3 |
1
i Zero Bias Time 05 /
-

S

The following section provides details of how to apply a bias voltage or
set to open condition.

How to change the connections:

5. Click "Connections" tab.
The simplified block diagram of the current connection is shown.
6. Check "Details"
7. Click the down arrow to open the connection setup panel under
the connection block diagram as shown in Figure 4-31.
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Capacitance Measurement

Figure 4-30 Opening the detailed setup of the capacitance measurement.

7. 6.
TN T TS N
{j’ v Detans’,‘
~ | Automatic Data Save Device ID: Device-1 ~ Comment: 'ﬁ Data: KIH IXTHIMN250-data.pda-cap.bxt

Figure 4-31 shows a default connection setup of Rg measurement for
MOSFET.

a. This block sets the CMU connection.

This section sets the AC guard connection.

c. This section defines what bias voltages are to be applied to each
device terminals.

o

8. The 1, 2 and 3 numbers in this line for each column indicate the
corresponding pin numbers of the device terminal shown in the
same figure.

9. This indicates that the CMU High terminal is connected to the
gate,
and the drain and source are both connected to the CMU Low
terminal.

10. This block indicates that the gate terminal bias voltage is applied
from the SMU, and the bias voltage of the other device terminals
are set to common level.

11. The AC guard is not connected to any device terminal.
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Figure 4-31

Characteristics | Connections

Capacitance Measurement

The default Rg measurement setup detail for MOSFET.

1 Base / Gate

ool

2 Collector / Drain

3 Emitter / Source 4 Guard

| Wy

a :~_ Details e, C. -e
{-CMUHigh / Low AC Guard {AC Shart ( Bias Guard
8. \“‘})ij Q“--f' 2 3 [reeet 2 3 1 2 3 1 2 3 @ Commen
N ST = = 7 © Floating
High
(L EMY__Com. _ Com.
D Low i© 3 Com. Com. ‘I
D low D it 9
Low
r.‘@T"'_'""T_""'T‘!
To open the drain/Collector terminal: (Refer to the next steps)
12. Change the CMU connection as shown in the figure.
The short connection between the drain and source is
disconnected.
13. The gate bias voltage is applied from the SMU.
Figure 4-32 Making the collector/drain terminal open for Rg measurement.
Characteristics | Connections
\i 1Base / Gate 2 Collector / Drain 3 Emitter / Source 4 Guard
AN
|
ll \l
2 ,I
I
1
3
~ ) [¥] Details
CMU High / Low Bias Guard
1 2 3 1 2 3 1 2 3 @ Common
©) Floating

257
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To apply a bias voltage to the drain/collector terminal: (Refer to Figure
4-33 from the next steps.)

14. Click the "AC Short" setting to short pin 2 and pin 3.
The connection block diagram is changed to short the drain and
the source by a capacitor in AC measurement frequency.

This change also renews the available bias setting in the "Bias"
setting block.

15. Click the "SMU SMU Com" setting. This setting provides bias

voltage both to the gate and the drain/source from SMUs as
shown in the figure.

Figure 4-33 Setting to apply a bias voltage to the collector/drain terminal in the Rg
measurement

= 1Base /Gate 2 Collector /Drain 3 Emitter / Source 4 Guard

AL
WA
= ~~.
I” \\\\
5 4 AN
/Z A f N\
v N
(AT ! ' \
(8) q \
— P |
S f/| 3o Y P !
A { 4 \ p
ray =P TA S
v Ve ? ‘\_,/‘\ N r /
T \“ II
. N ’II
\
\\~ ‘ //
~ ) [¥] Details
CMU High / Low AC Guard / AC Short s Guard
1 2 1 2 3 1 2 1 2 3 1 2 3 @ Commen
@ High ) Floating
© High Low Low
© --  High Low
D Llow High - Com, 15.MU  SMU  Com.
D lew  High L~ ! __—=__Floating A
O low  High H14|f@ 2-Short-3 ! L@ SMU _ SMU__ Coml
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\Vgs accuracy improvement by self calibration

The Vgs is applied through the 100 kQ resistor, and the voltage drop by
this registor is compensated using the current measured by the MPSMU,
which is connected to the other end of the 100 kQ resistor.

Because, there is some offset cuurrent in the MPSMU, and the voltage
drop by this offset current and the 100 kQ resistor is not negligible.

By performing the self calibration, the error caused by the MPSMU's
offset current can be removed.

How to perform the self calibration:

Follow the next steps by following the corresponding numbers shown in
fig.
1. Click "Configuration".

2. Module Configuration panel opens.
3. Click "Self Calibration".
The calibrations for MPSMUs are made.
4. After finishing the calibration, click "Close".

Figure 4-34 Self calibration of MCSMUs.
. o P A ———
File Edit View Calibration Measi 1. =nt Conflguratlon:Help
I
aksE Xoa [ 3 o  Start Calibration... {Adspter-LowSenseCore pda-cop.cal Select Calibration Data...
~ Setup Device Type: |MOSFET 2 Mole Configuraton ]
General settings . oltage Sweep
Frequency — Firmware Revision: A05.61.2014.1114 om Vv
v Details Line Frequency: 50 +| Hz w00 V
LogSingle -
Module Name [ Status [
GNDU : B1500-66505 Pass
Characteristics | Connections | MPSMU (SMUL, ; 815118 Pass
MFCMU : B1S20A Pass

v @ Line Dot € Line & Dot EE MCSMU (SMU2) : B1514A Pass
MCSMU (SMU3) : BLS14A Pass
MARKER: NaN V MCSMU (SMU4) : B1514A Pass
MCSMU (SMUS) : B15144 Pass
HVSMU [SMUB) : B1513C Pass
UHCU Pass

IV Selector Available

Device Capacitance Selector Availble
o 1

Reset \ seifTes 3, § IEsGaiEon| ¢ Diagnosis

Abort

Capacitance
decade/div.

10pF
100 m V| i :

~ Automatic Data Save Device ID: |FGAIB0N 6 = | Comment: E Data: X | | IPPOOR Crss 2-6-2015 4-38-50 PM.pda-cap.txt
[rstart| @ B &E B E G @ E [ T s 3ecem M
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Gate Charge Measurement

Overview
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Figure 5-1

Figure 5-2

The definition of the gate charge (Qg) is a charge to drive a gate terminal
of a switching device from the off-gate voltage to the on-gate voltage
under a specific device operating condition. Figure 5-1 shows a typical
waveform of the gate voltage (Vg or VGS), the drain voltage (VDS) and
the drain current (ID) when constant gate current Ig is injected into the
gate terminal.

Basic gate charge measurement diagram and the waveform.

vdd y

} VDS VGS

Switching Circuit vt

Due to a mirror effect through the Cdg capacitance, VGS curve shows a
flat part in the middle of the sweep where the drain voltage is slewing
from off to on state. The gate voltage in the flat part is a so called gate
plateau voltage. Vg-Qg curve is used as the gate charge characteristics
in the device datasheet.

Vg-Qg curve consists of mainly three parts. Figure 5-2 shows a definition
of the Vg-Qg curve based on the JEDEC standard (JESD 24-2).

Qg parameter definition of JEDEC standard 24-2.

Vg“ ————— Measured Curve
Extrapolation Curve

Y -~

VS Tl s

Vgpl--------/ = L

7 VAN 53
—Slope 1: S1
Q
V-1- Total Qg 9

Qgs (Qge) Qgd (Qgc)

S1: Determined by the Cgs at the off-state

S2: Determined by the Ciss at the on-state

S3: Determined by the mirror capacitance (Cgd) during a transient from the off-
state to the on-state.

Vgpl: Plateau gate voltage. Gate voltage to make drain current at the specified
value. Higher Id > Higher Vgp



Figure 5-3

Gate Charge Measurement

Figure 5-3 shows an example of a gate charge measurement setup
template. There are several test setup panels behind this GUI.

Refer to "Brief idea of the gate charge measurement setup" in the
section headed "Useful information for using Qg measurement " at
the end of this chapter for more details of the setup.

An example of a gate charge measurement template.

File Edit View Calibration Measurement Configuration Help

m [~} ki }{ [']-] f'lj =B [ 3 — Start Calibration.. Sedect Calibeation Data...

Gate Charge Charscteristies | Switching Wawefarm

20 n Cidiv.

€& e o =[z]z]=]z] ¥ 8l e e |

v Autamatic Data Seve Device ID: FGALEIN v Comment: 1B o | X | @
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Measurement preparation

This section provides the information to prepare the gate charge
measurement.

How to open the gate charge measurement mode

The gate charge measurement mode is started from the Easy Test
Navigator as shown in Figure 5-4.

v Click on “Gate Charge Measurement” to start the template.
v' The gate charge measurement template shown in Figure 5-3 opens.

Figure 5-4 Gate Charge Measurement mode startup from the Easy Test Navigator.

Version: 2.0.27.0
b §

Easy Test Navigator

r
u
}
B
.
)
i
1

Gate charge measurement adapter

To measure the gate charge, the B1506A-F14 Qg measurement adapter
is used. It supports both the constant current load method and the
resistive load method. Also, it has a switch to measure Qg of module type
of device like IGBT modules in addition to the standard 3-pin inline
packaged device.
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Using B1506A-F14 Qg measurement adapter

Using the Qg adapter shown in Figure 5-5, TO-220 packaged device can
be measured directly.

1. How to set Qg adapter to B1506A:

Figure 5-6 shows how to attach the Qg measurement adapter to the
output of the B1506A test fixture.

v Set the Qg adapter by aligning the test pin to the far left side of the

B1506A test fixture.
Figure 5-5 Gate charge measurement adapter.
Mode Switch
B1506A-F14 Qg Measurement Adapter v TO Package

¥ Non-To package
External DUT

TO Socket for
Current Load FET

TO Socket for
DUT

Short bar connected
when using the TO
socket for DUT

Terminals to
connectnon-TO
package devices

Figure 5-6 Attaching the Qg adapter to B1506A test fixture.
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2. How to set constant current source FET/IGBT:
Figure 5-7 shows the current load FET/IGBT setup to the Qg adapter.

v" Put the power MOSFET or IGBT used as a constant current source to
the socket located in the left of the adapter.

v Confirm that the switch is at “Internal Package” and a shoring bar is
attached to the collector sense terminal at the surface of the
adapter.

Figure 5-7 The constant current load FET/IGBT in the left socket, and confirming
switch position and the short bar

Confirmthe

“Internal Package
Attach a current is selected
load FET p TR anve

»

Confirmthe
shorting bar is
attached

Note: Ho to choose a constant current load FET/IGBT

Refer to “Gate charge measurement ” in the last part of chapter
“Datasheet Characterization”.
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Gate charge measurement examples

The following example measurements are shown as the demonstration of
the gate charge Measurement mode.

1. Qg measurement using the constant current load
2. Qg measurement using the resistive load

1. Qg Measurement Using Constant Current Load

Figure 5-8

1-1. IGBT: FGAT80N33ATD Qg measurement

In this example, IGBT FGAT80N33ATD is used as
the example test device.

This device has the following basic
characteristics.

ASANENEN

DUT: FGAT80ON33ATD

VCES: 330V

IC: max 180 A (DC)

QG @ Vce=200V, Ic=40 A, Vge=15V

- g: 169 nC typ. i
- Qge: 22 nC typ. FGAT80N33ATD
- Qgc: 69 nC typ. IGBT

Set the test device to the right socket in the
test fixture as shown in Figure 5-8.

FGA180N33ATD set in the Qg adapter.

Device under test
(DUT)
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Note:

Note:

268

v" Open Qg measurement mode
Input measurement parameters based on the Qg characteristics
described in the datasheet.
Follow the next numbers by referring to the corresponding number
shown in Figure 5-9.

Parameter name mapping of Gate Charge Measurement

The device parameter name in the Charge Measurement mode template
is designed for MOSFET. For IGBT, use the following conversion in the
parameter name.

Vds(off) = Vce(off) : 200 V

Id(on) = Ic(on) : 40 A

Vgs(off) = Vge(off) : 0 V

Vgs(on) = Vge(on) : 15V

Input the Vth from the VGE(th) (VGS(th) for MOSFET ) to the
Vgs(th) in the definition area of the Qg curve.

Gate current (Ig) is not usually picked up from the datasheet.
The Ig parameter used in the B1506A is determined by the
following steps.

g -

o

Ig determination:

Calculate the required charges (Rq) to drive the gate using the following
formula:

Rg = (Qg (from the datasheet)) / VGE (Test condition)) + 1.6 nF) x ((VGE
(Test condition) + 3.5) x (1.5 ~ 2)

Using the example parameters, Rq can be calculated as;
Rg= (169 (nC) /15 (V) + 1.6 (nF)) x (15 (V) + 3.5) x (1.5 ~ 2)*
=238x(1.5~2)nC
=357 ~476 nC.

This charge must be forced to the gate within one gate pulse width
period from the MCSMU.

* x (1.5 ~ 2) factor is multiplied to compensate the actual current from
MCSMU. The MCSMU current in a short transient period is typically lower
than the set value, and adding this factor is recommended.

a) Minimum Ig calculation:
Calculate the minimum Ig required to charge Rq in default 400
1s "OnPeriod" of the pulse.
- Min. Ig .= Rq / 400 ps
Using the required charge obtained in the previous step,
minimum |g setting is calculated as,
- Min. Ig = (857 ~ 476) nC / 400 ps = 0.89 mA ~ 1.19 mA



Gate Charge Measurement

b) Determination of Ig:
Using the Ig obtained in the previous step, T mA (which is closer
to the full scale of the MCSMU's current range) is used in the
example Qg measurement.

Note that, Ig can be forced closer to the set value when Ig is set closer to
the full scale of the MCSMU's current range. The MCSMU's current
ranges are 10 pA, 100 pA, T mA, 10 mA, 100 mA and TA.

Note: Drain pulse width setting
The drain pulse width is set in the "Switching Waveform" tab -> "High
current" panel as shown in Figure 5-10.
The maximum drain pulse width is limited by the following parameters:
- (g measurement ON current
- UHCU's output voltage
- SOA of the current load FET/IGBT
Figure 5-9 Measurement parameter setup for Qg Measurement for
FDGA1T80N33ATD.
Leave as a default. Range to search Vgs of
the current load FET to make Id(on) as a
File | Edit | View Calibration Me: 6. lnput 1m as Ig §peCiﬁed value
aklsE Xaan Select Calibration Ddta...
’ Gate J] Current Load
00 V Vos(off) LoadVgs(off) 0 Vv
20 Vgs(on) . LoadVgs(on) 15 Vv
MARKER(A): 0 C [} MAF:K): In Ut Vth fl_'Om the
[V E Derived) MNaN V' p
: 20 Crdiv. e datasheet
Ffi;\ur_:Q. G:t; charge ;.‘haract;:rislics
18
Datasheetii | A 3 et
Qg Total Gate Charge // §
. Vg = 200V, Ig240A, i
Qge Gate to Emitter Charge Ve = 15V 3 %
Qg Gate to Collector Charge g3
Qg, Gate Charge : = s:wha:g’u‘;:c"] L

A‘angre 5-9. Measurement parvar(rulﬂghsetup for Qg‘%d‘eﬁzwr)%rlnﬁ it for FDGAT80N33/

atic Data Save Device ID: FG.

g 0 o e[=][a]=]=]=]

GRS
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Figure 5-10 Qg measurement pulse width setup pane for UHCU.

Gate Charge Characteristics | Switching Waveform

Gate voltage is swung from Vgs(off)
— 3V to Vgs(on) + 0.5 to avoid
influence of unstable behavior at
start and stop of the swing

~) [C] High Current Setup
= ®
1]a :
4 H
Gate Resistor|_ 10 ohm o I_VEESG_HJ:_ —_—— !
- 3 Id(on d
‘ ] C E
im A F DelayVds: 1000 s —— - H
DelayVgs: 1004 | s ———— — E
OnPeriod] 4004 s -
____________________ -

Qg is measured during this On period
Max. 1 ms - DelayVgs (500 us - Delay Vgs for more than 500 A)

7. After determining the gate current, click the measure button, and
the Qg curve is displayed.
(Refer to Figure 5-11.)

8. JEDEC 24-2 based Qg parameters are extracted automatically.

Figure 5-11 Qg measurement and the results.

7.

File Edit View Calibiation  Mepsifement X Rpfiguration  Help
aklE XOa SIS )y Start Callbration... Select Callbration Data..
. - h -

Close to the datasheet
* Qge(gs): 22.9 nc

* Qgc(gd): 70.1 nC

* Qg(on): 170 nC

| 8.

Derived | High Currgnt | High Voltage

tics. | Swtching Wavetoms

20 Cfdiv.

Symbol Value
_Vaslel 625

-
229n C gate-source charge 1
701n C gate-drain charge 1
146n C gate-source threshold chal i 1

< -source charg |

3.65n
882n F  {Qglen)-Qgs-Qgd)/Vgs(or

274 m slope 1

Qq, Gate Charge

= Comment: 1) vane | |l

BEE P s |
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Tips: How to check for unknown devices

If the Qg of the device is unknown, it is possible to check if the gate
current is appropriate or not by using the dotted display mode.

How to display in dotted display mode:

First, display the measured Qg curve measured by high current units and
HVSMU by checking the “Vgs-Qg(H.C)" and "Vgs-Qg (H.V.)". Then,
change the display mode to “dot”. (Refer to Figure 5-12.)

v’ If the separation of each measurement point is small enough (curve
looks dense), the used g is small enough.

v If the curve is coarse, the used Ig is too large and it is necessary to
use a lower Ig to measure the device.

v Ifthe Ig is too small, the gate voltage does not reach the VGS(on),
and an error pops up to indicate that the used Ig is not large enough
as show in Figure 5-13.
When looking at the waveform, the measured Vgs does not reach the
specified Vgs with this setting.

Figure 5-12 A dotted mode display of the Qg curve.
Change
display mode
to “dot” |g =1 mA

$~ s | Swiaching Wavefan

If dense Qg curves are
displayed, Ig setting is
..... appropriate

Qg, Gate Charge

If Ig is too large,
measured Qg trace
becomes coarse

Check here to display
measured Qg curve by
HC and HC
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Figure 5-13 An error when the Ig is too small

(@) An error message and switching waveform when the Ig is too small

Ig = 400 pA

File Edit View Calibration Measurement Configuration Help

QHE Xdam »

Start Calibration...

Select Calfbration Data,

Error message warns the Vgs does
not reache to the Vgs(on)

B MAR ] B)
= Message ID: 111011

Bt

100y s/div

FGALEIN v Comment: oaa

(b) Error message details

Message ID: 111011

Extraction of Gate Charge lines and parameters failed, Please check the High Current Switching Waveform whether
]

i Wags curve crosses both Vigs{on) and Vgs(off] or not.
- If not, please increase Ig or OnPeriod at High Current Setup for complete switching.

report.. | ‘ OK
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1-2. Changing measurement conditions

In the existing Qg measurement solution, it is necessary to change the
load resistance, if Qg is measured with a different on-current.

In BT506A, it is possible to measure in a different drain current by just
changing the input parameter in the Qg measurement panel.

This section introduces how easily the on current can be changed.

To change the on current

Follow the next steps by referring to the corresponding number shown in
Figure b-14.

1. Click the camera icon to capture the current trace as a reference.

2. Change Id(on) to 100 A from 40 A.

3. Click the measure button, and the newly measured Qg curve with
100 A on-current is overlaid to the 40 A Qg curve as shown in

Figure 5-15.
Figure 5-14 Id change from 40 A to 100 A.
o 00 A
Crain e i.\’ Gate - =
Id{on) :r 40 EA Vgsion) 15V
Semmmmmmmees ’ Ig im A

Gate Charge Characteristics | Switching Waveform

———

N
4 :
~) ® Line O Dot O Line & D4t ] }

s 4
—=
References: == X

MARKER(A): 0C B MARKER(B):

derived)  NaN V . : i H
erived) al 20 n C/div. [2 Vdiv0 V] & =

Qg, Gate Charge [20n C/div 0 C] 4 =
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Figure 5-15

Tips:

Qg curve at Id=100 A is overlaid on the Id=40 A Qg curve.

3.
o
File Edit View Calibration I‘,‘.e}{uremerﬁ\‘liontigufetion Help
o X —in e
aAEE XYoo Cq\ [ 3 /I — St Calibration_ Select Calibeation Data_.
Conditons

~) Cand .~ -

Vils{oAf

E L3

uu@ﬁ@uwmﬁzﬁﬂl

Current load FET's current adjustment

The gate voltage to drive the current load FET is automatically adjusted
prior to measuring the Qg curve.

Figure 5-16 shows a detailed measurement settings during the Qg
measurement.

Note:
To check the detailed setup,

1. Select the “Switching Waveform” tab,
2. Select the “High Current” tab,
3. Click the down arrow button.
The gate voltage of the current load FET, in the example, is about
5.38 V for 40 A measurement, and 6.0 V for 100 A.



Figure 5-16

Tips:

-
2 *® Gate Charge Characl‘ist\zs Switching Waveform
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Gate Charge Measurement

To monitor the setting of the current load FET.

- ~o
\

~—__—--
Dat O Line & Dot [

E B MARKER(B):

Gate voltage of the current load FET
( automatically adjusted to make
Id(on) as specified value prior to

measure Qg curve)

N # toacves! 601978 A .
40A | ] 1o sy

10 ] oh "ot
o id{ofye Loadveelofl, _ 0LV .
40| A Vds{off): 50 |v qesocaascoascsoasasoasassomsasoassadhs
& x Del Lz i
= Vs = OV .
Del H ;
Vgsistop): 155 e 8
onf R 100 A :

Vas(start):

Delayvdsy  100u | s —— -—

DelayVgsy  100p s —————p -
OnPeriod| 400 | 5 ——————————— -—

To change the off voltage

To change the Vds(off) , it is also necessary to change the load resistance
to keep the same on-current in the existing solution.

But, in B1506A, it is possible to change the off-state voltage by changing
the Vds(off) in the input parameter as shown in Figure 5-17.

Voltage source change is made automatically

In the B1506A, the voltage source is switched automatically by the
measurement condition.

If the off-state voltage is larger than the maximum voltage of the high
current units (HCSMU or UHCU), the HVSMU is used to measure the Qg
curve at the specified Vds(off).

In this measurement, the on-current is just determined as the maximum
current of the HYSMU (HVSMU acts like a load).

So, changing the Vds(off) is realized by changing the output voltage of
the HVSMU only.
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Figure 5-17

Off voltage change and the results.

300 W
File Edit View Calibration Measurement Conl a0 iy
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1-3. Measureing a super junction MOSFET

Super junction MOSFET is a new generation of power MOSFET which has
higher voltage rating and lower on-current characteristics compared to
HV MOSFETs. Also, the super junction FET has smaller FOM (Rds(on) x

Crss).

Device used in the example:

The following device is used in the example.

VDSS: 550 V

AN NRANIN

Rds(on): 0.17 Q

Switching Characteristics

IDM (pulse): 63 A

Infineon: IPW50R109CE

Gate Charge Measurement

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Qgs Gate to source charge VDD = 400V. ID=7.7 A - 6.1 - nC
Qgd Gate to Drain charge VDS __0 X 1IOV T - 245 - nC
Qg Gate charge total =ote - 47.2 - nC
Qg example using a default setting:
Qg measurement example of super junction MOSFET measured using a
default setting is shown in Figure 5-18. When using a default settings,
abnormal distortion of Qg curve are observed. When looking at the
waveform, there must be an oscillation at the switching period.
Figure 5-18 Qg example of Super Junction FET using a default setting.

Qg, Gate Charge

Abnormal behavior is observed
during switching (possibly, it is
oscillation of the device)

To stabilize the oscillation and make it stable, lowering the Vds(off) in
high current (HC) part is useful. In this case, since Id(on) is just 7.7 A, 20
V of Vds(off) is enough when using the 500 A range of the UHCU
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Figure 5-19

Normally, the Vds(off) used in HC Qg measurement part is automatically
set as the maximum voltage of the measurement unit. For example, 60 V
is set when using UHCU. If the Vds(off) is lower than 60 V, the specified
value is used.

UHCU can output up to 500 A at the on status of the device and 60 V at
Vds(off) condition. But the maximum output power is extremely large
compared to the Id(on) used to measure Qg of the device, and most of the
power (roughly, = Id(on) x 60 V) is consumed in the current load FET.

In this operating condition, it is useful to lower the off-state voltage.
Lowering the Vds(off) solves following two issues relating the default
setup.

v The current load FET was operated under severe condition (high
power loading of about 50 V Vds.

v The low Vds(off) reduces the dV/dt transient, and it is considered
to assure a stable operation.

To change the off-state voltage:

The off-state voltage can be changed in the detailed setup panel. Refer
to Figure 5-19 to open the detailed setup panel.

Follow the next step to change the off-state voltage by referring to the
number in Figure 5-20.

1. Click to activate the detailed setup. If not, the parameters are
automatically filled from the values of the measurement setup.

2. Make Vds(off) low enough to stop the oscillation. For 7.7 A, 20 V
is enough when using H51 or H71.

To open the detailed setup panel.

File Edit View Calibration Measurement Configuration Help

adE Xaam= » — Start Calibration.. Select Calibration Data.

Vdsiaft)

100 p s/div.

Click here to
show the detailed
setup of the
measurement.




Figure 5-20

Gate Charge Measurement

Detailed parameter setting for preventing the device oscillation.

f‘]:\
)
~)#H gll' Current Setup )
S’ loadvg 9 498 |V -peeaeees
Loadlg: Load\Vgs(off): /‘3\:\--—{
1 A Vds(off): ‘\ 20 ‘.‘:; ........ :, ........................................... .5
_F \\;‘d!-_—f'.",. : 3
Vgs(stop): 155 V- :
Gate Resistor 207 ahm o Vgs(start): 3 v
Ig: : e e H :
2004 A J—=* DelayVds 1004 s ——®i i |
L Delayvgs: 50p s —.i iq— f
OnPeriod;  400p s ———————— —
v

Figure 5-21

Figure 5-21 shows a measurement result by using 20 V of Vds(off) in the
HC part, and the abnormal distortion of Qg curve is disappeared.

Qg example of Super Junction FET after lowering the Vds(off) to 20 V.

10 n Crdiv.

Qg, Gate Charge

279



Gate Charge Measurement

Figure 5-22
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Vds(off) = 50 V, ID(on) = 20

1-4. SiC MOSFET measurement

SiC is expected as a next generation of material of power devices due to
its high breakdown voltage under higher operation temperature.

Qg characteristics of SiC MOSFET:
The Qg characteristics of SiC MOSFET have a unique behavior.

From several SiC datasheets, the Qg characteristics of SiC MOSFET do
not have a clear plateau part as defined in the JEDEC standard.
Currently, since the Qg extraction method implemented in the B1506A is
not valid for such characteristics, it is necessary to estimate Qgd
manually extending the measured Qg curves as shown in Figure 5-22.

The sample data is shown:

Device: CREE CMF20120D
- VDSS: 1200 V

- IDM (pulse): 90 A

- RDS(on): 80 mQ

By comparing the datasheet curve, the dotted line extracted by manual
operation is similar to the Qg listed in the datasheet.

SiC Qg measurement example.

Gate Charge Characteristics | Switching Wavefor VdS(Oﬁ) = 800 V, ID(On) = 20 A?

~) @ Line O Dot O Line & Dot |§|

MARKER{A): 0 C MARKER(E): 91187 nC (A} 91187 nC

[l JESD24-2 (Derived)(A)x61.49 mV i [25 WdivD V] 3 =
.

Vds(off) = 800 V, ID(on) = 8 mA

Qg, Gate Charge [10n C/div 0 C] o =



Figure 5-23

Gate Charge Measurement

1-5. VGS swing from negative to positive bias

The gate of switching device of converters / inverters is swung from
negative voltage to positive voltage to turn the device off/on as fast as
possible. Therefore, for estimating a required driving capability of the gate
drive circuit, the Qg measured from the negative to positive gate voltage
is required.

The problem with the existing Qg solution:

Normally, the Qg test equipment cannot swing the gate voltage by
crossing 0 V. Therefore, it is necessary to separate the Qg measurement
into two parts; one in the negative gate voltage range, and the other in
the positive gate voltage range.

B1506A solution:

Since the B1506A uses MCSMU operated in V Force mode with a current
compliance setting, it is possible to swing the gate voltage from negative
to positive.

To start the Qg measurement from the negative gate voltage, specify the
negative voltage as “Vgs(off)” as shown in Figure 5-23

Negative Vgs(off) setting.

~ Conditions

Drain Gate —-——
Vds(off) 200 V Vags(off) F 45V y
Id{on) a0 A Vgs(on) - 5 -\

& turn-on © turn-off Ig 600 A

Since the JEDEC 24-2 based model used in the Qg measurement of the
B1506A does not assume the VGS swing from -VGS, the extrapolation
curve is made of a physical model of the device and combining the
method of JESD24-2.

Figure 5-24 shows raw measurement data of high current (H.C.), high
voltage (H.V.) and derived curve.
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Figure 5-24
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A Qg measurement example of a Vgs from -15V to +15 V.

Gate Charge Characteristics | Switching Waveform

v ) @ Line ) Dot O Line & Dot |E|
MARKER(A): 44498 nC [l MARKER{B):

NaN vV .
30 n C/div.

M vds-Qg {HV)
| & HEV}

Qg, Gate Charge

[5 V/div-15 V] § =

[s v-15 V] § =

[30n C/div 0 C] 4 =
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2. Qg measurement using a resistive load

An IGBT module (single) measurement example

An IGBT is used as a switching device for inverters which handle a
relatively high power, like the motor control of hybrid vehicles or electric
trains.

The device used in the example is shown:
- Device: Fuji Electric TMB1800U4B

- VCES: 1200 V

- ICE(pulse): 2400 A

- Id(on) of Qg measurement: 800 A

Note: The Qg measurement range is 1 nC to 100 uC

The Qg measurement range of the B1506A is 1 nC to 100 pC, from the
measurement cable to the device.

The Qg test equipment available in the market cannot measure such a
large Qg (typ. 500 nC is the maximum limit).

Resistive load setting:

In this device, the Id(on) condition to measure the Qg is 800 A, and it is
not possible to use the current load FET equipped with the B1506A.

To measure such a high current, resistive load is useful.

Figure 5-25 shows a measurement configuration of the Qg test adapter
for resistive load measurement.

Remove the current load device.

Set the selector switch to “External DUT”.

The shorting bar has to be removed.

Thick cable is used instead of a fixed load resistor because the
on-current is too large.

Moo=
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Figure 5-25

Connectthe resistor here
In this case, the
cableisusedas a
resistor

A resistive load setup on the Qg measurement adapter.

Removethe
2 Set the switch to “External DUT”

current load device

1 Gat
2 Collector
3 Emitter/ Do

How to determine the Id(on) current:

The output current of the UHCU is determined by the output voltage of
the power source, the output resistance of the UHCU and the on-voltage
of the device. The output voltage of the UHCU is defined as the Vds(off)
in the detailed setup of HC measurement part.

Figure 5-26 shows the simplified measurement block diagram of the HC
part of the Qg measurement.

The maximum load resistance RL including the cable connection to the
DUT is calculated as follows:
RLmax + UHCU Rout (40 mQ) = UHCU max. out V (60 V) / Id(on) (800 A)

This equation can be rewritten as
RLmax = 60V/800A - 40 mQ =75 mQ - 40 mQ = 35 mQ.

Considering the resistance of the connection cables, realizing a 35 mQ)
resistor in total is not realistic. Therefore, as shown in the example #4 of
Figure 5-25, the RL is replaced by a thick cable, which is low enough in
resistance. In this case, the maximum current is adjusted by the Vds(off)
setting of the UHCU.
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Figure 5-26 A resistive load setup on the Qg measurement adapter.

High current part of Qg measurement (Resistive load)

RL <35 mQ at
Id(on)= 800 A
UHCU
Rout 40 mQ (Id(on) >= 500 A
MCSMU % OUt 120 mQ (1d(on) < 500 A
@) A Max 1500 A &
60 V output

How to connect the IGBT module:

To connect the IGBT module to the Qg test adapter, test leads with
alligator clip are used as shown in Figure 5-27.

The detail of output port layout of the Qg test adapter is shown in Figure
5-28.

Note: This adapter does not have a gate low terminal. Only the gate terminal is
connected to the gate terminal of the DUT.
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Figure 5-27 A connection example for the Qg measurement of the IGBT module.

Collector For

Figure 5-28 The output connection from the Qg adapter.
Gate: Force: Sense:
High terminal only. Low is common  To connect To connect
with the Emitter/Source terminal Collector/Drain Collector/Drain

Sense: Force:

To connect To connect
Emitter/Source Emitter/Source
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Figure 5-29

Figure 5-30

Gate Charge Measurement

How to create the measurement setup:

1. Specify Vds(off) and Id(on) to measure the Qg.
2. Remove the check from the “Current Load”.

A setup example of the Qg measurement using a resistive load.

3. Click the “Measure” button to run the measurement. After the
measurement, it can be confirmed that the Id(on) is adjusted at
800 A automatically (Figure 5-30, Figure 5-31).

Runing a Qg measurement.

File Edit View Calibration h,1eas;nmem\ Configuration Help
/
g W == \
Sem XOA L-.-'\ B e Stant Calfbeation.. Select Callbration Data-
"
~ Canditions Seeee
Cran
VidsiaHf) 500 P :
Igienl Boo A 0 15
im A
Gate Charge Charactenstics | Switching Wavefoem
3
v @ t (0 Line & Dot MR Vagslan) -

300 n Cidiv, z = Vosiph
Crdi Vgsith) |

gl

Derived | High Current | High Valtage

Qq, Gate Charge

[300n Cidiv O C]#d =
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Figure 5-31 Switching the waveform of the measurement.

100 u s/div.

4. Inthe detailed setup of the high current waveform, the Vds(off) is
automatically adjusted to 37.9007 V to make Id(on) = 800 A
(Figure 5-32).

Figure 5-32 The Vds(off) is adjusted to automatically to make the Id(on) = 800 A.
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Tips: How to set the Vds(off) of a high current Qg measurement
manually

To disable the automatic Vds(off) adjustment function when using the
resistive load, check “High Current Setup” and specify the Vds(off) as
desired value.

Figure 5-33 How to specify the Vds(off) of a high current Qg measurement manually.
» | |&f| High Current Setup i i /ds(aff): 40 v i
ﬁ /
~)[#] High Current Setup } T
“““““““ U F LoadVg
Loadlg: Lpadiigs(atd ! )
1A 1 Vds(off) C : i
# A , :
Vgs(stog:
Gate Resistor|_ 0| ohm ot Voscart: 3 v
&z omla e 800 A
m ar DelayVds: 100y 5 == - B
DelayVgs: B ———_— -
OnPeriod: 400 s ——— "_
Tips: Maximum Id(on) current

By changing the Vds(off) to 60 V, it is possible to measure the Qg curve at
1280 A Id(on) as shown in Figure 5-34.

This current is determined by the on-voltage of the device and additional
resistance by the Qg test adapter (without the Qg test adapter, 1.4 kA is
possible with this device used in the example).

Figure 5-34 A 1280 A Id(on) measurement example using the resistive load setting.

¥) @ Line © Dot © Line & Dot |m|
MARKER{A): 538 W MARKER(B):

High Current

100 p s/div.

1280

High Voltage

300p s [ 100 p sédiv 300 p s] k4 =
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Tips:

Figure 5-35

Note:

How to maximize the on-cuurent of a Qg measurement

When using the output resistance of the UHCU as a resistive load, it is
possible to perform a Qg measurement with the same connection as an
IV and CV measurement (Figure 5-35).

Setup using the output resistance of the UHCU as a resistive load.

In this case, it is possible to use the maximum output curent of the UHCU
as the on-current of the Qg measurement. Also, it is possible to perform
IV, CV and g measurerements automatically without changing the
connection.

To see the plateau part of the Vg-Qg curve, the Vds(off) used for the high
current Qg measurement should be larger than the Vgs(on). For example,
if the Vigs(on) is 15V, the Vds(off) should be 20 V or higher. In this case,
the minimum on-current, the Id(on) is limited at 166 A (20 V divided by
the120 mQ output resistance of the UHCU).

To measure the Qg with the Id(on) over 500 A using current load method,
it is necessary to connect the devices without using the Qg adapter
because the maximum current of the g adapter is limited at 500 A.

Figure 5-36 shows an example using a module device as the current load
device.
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Figure 5-36 A setup using the module device as a current load.

- DUT :.‘ _:Currenlﬁead

At the gate control of the current load device, a CR filter described in
Figure 5-37 is added to avoid oscillation of the device during switching
operation. Also, it is used to protect the gate of the device.

Figure 5-37 A CR filter used for setup using a module device as a current load.
| 210200 !
' (ex 4 Q) '
AUX Force High — /\/\/ ~—Gate
1100kt 400 kO~ __ | 1t022pF |
1 (ex 330 kQ) —1— (ex. 10 uF) !
AUX Force Low — — Emitter/ Source
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Useful information for using g measurement mode

Calibration for gate charge measurement

Calibration is required for gate charge measurement, especially for
measuring small devices which Qg is 10 nC or less.

In the Qg calibration, the following two error components are calibrated.

1. Residual resistance calibration:
This calibration compensates the voltage drop of the series
resistance in the gate cabling to calibrate the gate voltage
accurately.

2. Parasitic capacitance calibration:
This calibration measures the parasitic capacitance in the gate
path.

To start calibration:

v Click the “Start Calibration . . .” label on the top of the Qg
measurement mode panel. (Figure 5-38)
v’ Calibration panel opens (Figure 5-39)

Figure 5-38 Start of the Qg calibration.

Start (ah'bra%nm

Fle Edit Yew GColbration Measurement Cgnfiguntion Help
- N = Xxga@ | g|| Start Calibration... I Select Calibration Data...
Drsin — Gate - R Current L

Islen 0 A gion) TR LoadVgsien

Source Voltage

=}
-
@
=
]
(L)
o
=2
>
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Figure 5-39

Gate Charge Measurement

In the calibration, the following items shown in the following list are
measured. For each calibration items, refer to the corresponding number
in Figure 5-39.

1.

"Residual Resistance (Rr)" calibration measures the residual
resistance (Rr) in the gate control path of the B1506A test fixture
for each built-in Gate resistance.

Rr includes both the residual resistance in the gate measurement
path, and the resistance error of the built-in resistance.
"Parasitic Capacitance (Cp)" calibration measures the parasitic
capacitance Cp in the gate path, including the output
capacitance of each current range of the MCSMU which drives
the DUT's gate

"User Series Resistance (Ru)" is an additional resistance, which is
inserted between the gate terminal of the Qg measurement
adapter to the gate terminal of DUT. This resistor is typically
inserted to avoid an oscillation of the DUT.

Default Calibration panel for Qg measurement.

Calibration for Gate Charge Measurement X|

1.

Default Calibration | Advanced |

|{ Residual Resistance (Rr) T {’5;!:555 E;;Ta:i?a;c-e-(EEJ ---------------- ‘I
1 1

1 1 H 1

1 | Gate Resustor[ Rr (ahm]] H . Base/Gate SMU Current Range[ Cp (F) i

1 |[0ohm 0380 1| ! |10uA 16203€-09 |1

! | 10 ohm 0280 1| 1 [100uA 16177E-09 i

! |1000hm 1000 1| 1 |1mA 16099€-09 ||

i | Zkohm 0700 1| } |10maA 1557£-09 !
_________________ 4 1 1 .

100 mA 6.8586E-10 1

i |14 -11562E-08 ||

Measure 0 b i ||

Measure I

Save and Apply | Cancel ‘

Default and Advanced calibration

v

In the "Default Calibration" tab, the residual resistance and the
parasitic capacitance are measured with pre-defined measurement
conditions.

In the "Advanced" tab as shown in Figure 5-40, more accurate
compensation can be performed.

The advanced mode measures the parasitic capacitance using the
actual measurement conditions of the DUT.

The advanced calibration is required when measuring a small Qg of
typically less than 1 nC.
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Figure 5-40

Figure 5-41

Advanced calibration panel for Qg measurement.

Default Calibrationi Advanced E

Fine Calibration

Gate Driving Condition:
Current Range:
Cp(F): NaN
Measure l [ Clear l

TO-package device calibration

To measure the compensation factor for TO-packaged devices, attach
the Qg test adapter to the test fixture, and confirm the following points as
shown in Figure 5-41.

1. Set the mode switch to “Internal Package”.
2. Confirm the shorting bar is attached to the collector/source
output terminals of the Qg test adapter.

TO-device fixture calibration for Qg measurement.

. Confirmthe
“Internal Package”
is selected

| 2. Confirmthe
shorting bar is
attached

Ho to measure residual resistance:

Click the “Measure” button of the residual resistance box.

3. A window opens to confirm the shorting the DUT terminals as
shown in Figure b-42.
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Figure 5-42 Short confirmation window for Rr calibration.

<

3l
@ Please short DUT connection terminals.

4. Insert the shorting bar, which is equipped with the B1506A, to
the TO socket as shown in Figure 5-43.

5. After confirming the input terminals of DUT are shorted, click
“OK” (Figure 5-42) and residual resistances are measured.

Figure 5-43 Shorting adapter.

| 4. Shorting Adapter
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Ho to measure parasitic capacitance:

To measure compensation factors of the parasitic capacitance, click the
“Measure” button of the parasitic capacitance box.

6. "Open DUT connection" confirmation window opens as shown in
Figure 5-44.

7. Remove the shorting bar from the DUT socket and click “OK” to
measure the compensation factors for the parasitic capacitances.

8. After finishing measurement of the compensation data, click
“Save and Apply” to set those compensation data effective as
shown in Figure 5-4b.

Figure 5-44 Open confirmation window for Cp calibration.

6. @J Please open DUT connection terminals.

Figure 5-45 Save and apply the calibration data.

Default Calibration I Advanced |

r~Residual Resistance (Rr) - Parasitic Capacitance (Cp)
Gate Resistor - Base/Gate SMU Current Range | Cp (F) |
0 ohm 0.329 10uA 1.6306E-09
10 ohm 0.251 100 uA 1.6286E-09
100 ohm 1.028 1mA 1.621E-09
1k ohm 0324 10 mA 1.6071E-09
100 mA 7.0671E-10
1A -1.043E-08
Measure
==
~User Series Resistor (Ru)

I 0 ohm

[rerreree=y

1
Save and Apply | Cancel |

o
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Tips: How to measure the parasitic capacitances more accurately:
9. To measure the parasitic capacitances more accurately, click the
“Advanced” tab as shown in Figure 5-46.
10. Click the “Measure” button.
The Cp is measured by using the actual measurement
parameters.
11. Click :"Close" to finish the measurement.
Then click “Save and Apply” (#8 of Figure 5-45) to make those
compensation data effective.
Figure 5-46 Advanced Cp calibration.

Calibration for Gate Charge Measurement X| Calibration for Gate Charge Measurement X|

Default Calibrat-og'i Advanced E Default Calibration Advanced

Fine Calibration

Gate Driving Condition:
Current Range:
Cp (F): NaN

Fine Calibration

Gate Driving Condition: Vgs(on): 15.000 V / Vgs(off): 0.000 V
Current Range: 100 mA
Cp (F): 6.0493E-10

Measure I Clear |
f 1
Close 11. Close i

Module device calibration

To measure devices which pins are not compatible with the TO inline
socket adapter, use the “External DUT” mode of the Qg test adapter.
Follow next two steps to prepare the calibration.

1. Move the mode switch to the “External DUT”.
2. Remove the shorting bar from the collector/drain output
terminals as shown in Figure 5-47.
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Figure 5-47 Module device calibration setting.

Confirm the
“External DU” is
selected

Remove the
shorting bar

Ho to measure residual resistance:

Connect the test leads to the output terminals of the Qg test adapter and
connect the other end of all the cables together to measure the residual
resistance as shown in Figure 5-48.

Figure 5-48 Module device's short calibration.

Collector/Drain

Emitter/Source
Sense

Emitter/Source
Force

Collector/Drain

Gate High Sense

/
v,
Seoe?

Note: If a dummy DUT of the same package type, which terminals are shorted
internally, is available, use it to create short connection.
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Figure 5-49

Note:

Gate Charge Measurement

How to measure parasitic capacitance:

To measure the parasitic capacitances, follow the next steps shown in
Figure 5-49.

1. Connect the end of the collector connection' force and sense
lines.

2. Connect the emitter connections' force and sense lines.
3. The end of the gate cables is kept open. (Refer to Figure 5-49)

Module device's open calibration.

Collector/Drain

Emitter/Source
Sense

Emitter/
Source

Collector/Drain
Gate High 2. Sense

If a dummy DUT of the same package type, which terminals are open
internally, is available, Use it to make open connection.
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Brief idea of the gate charge measurement setup

Figure 5-50 shows an example test setup start panel of the Gate Charge
Measurement mode GUI. There are several test setup panels behind this
GUI. This section briefly introduces the location of major parameter input
parameters.

Follow the next numbers for the major parameter descriptions and the
input locations by referencing to the corresponding number in the figure.

Figure 5-50 Start panel example of the Gate Charge Measurement panel.

File Edit View Calibration Measurement Configuration Help

ﬁl u xi ,}(._‘ u—] Eﬁ Q b — Start Calibration... Select Calibration Data...

~ | Conditions

Drain Gate ol Current Load
Vds(off) 200 V Vags(off) o Vv LoadVgsioff) o Vv
1 . Id{on) 40 A 2 Vgsion) 15 V 3 LoadY¥gs(on) 15 V
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1. Drain parameters to measure Qg
- Vds(off) voltage
- Id(on) current

2. Gate parameters of minimum and maximum voltage used in the
measurement.
- Vgs(off) voltage
- Vgs(on) voltage
- Ig (gate force current) to use in the Qg measurement.
3. Current load FET/IGBT data
- LoadVg(off): Vg(off) voltage of the load FET/IGBT
- LOadVg(on): Maximum Vg(on) voltage of the load FET/IGBT
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Gate Charge Characteristics tab

This tab fshows,

- Vg-Qg derived characteristics curve, and the following items
from the following #5 to 7.

Vgs(pl), Qg, capacitance and slope of Qg curve for the following
tab items:

- High current measurement results

- High voltage measurement results

- Derived results from the above two measurement

Vth input to calculate Qg(th) of the test device.

The definition of the Qg parameters and the relation to the Qg
curve.

Clicking "Switching Waveform" tab opens Figure 5-51.

Refer to this figure for the following items.

Figure 5-51 Start panel example of the Gate Charge Measurement panel.

stz Charge Charactensies | Switching W veform

10.

"High Current" tab can show the following raw measurement data
of the Qg measurement.

- Vds

-1d

- Vgs

- |g

- Load Vgs

- Load Ig

Clicking "High Current Setup" opens the timing parameter setup
panel for high current Qg measurement.
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302

1.

12.

18.

14.

15.

In the Qg setup panel, the simplified measurement block diagram
is shown, and the pulse measurement parameter can be set up.
The drain pulse on period is an important parameter, especially
to protect the current load FET/IGBT to be damaged in the on
period of the DUT where full load power of UHCU is consumed
(maximum 22.5 kW for example).

Clicking the "High Voltage" tab, and it shows the equivalent
items shown in the step 9 above.

Clicking "High Voltage Setup" opens the timing parameter setup
panel for high voltage Qg measurement.

"On period" of HYSMU can be set.
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