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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.

¢ 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.
o Do NOT touch the CASUALTY or conductive surface with your hands unprotected.
e Shut off high voltage at once.
e Disconnect AC mains.

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

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

e Ground the circuit to de-energize.
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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 setup 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.

FGAL80N33ATD IXTHIN250 IRFPA004
IGBT HYMGCs HCMC5

Device data:

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

IGBT: FGAT80N33ATD

VCES: 330V

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

ID max.: 460A @ 100 ps pulse, VC=16 V
SOA: 7.5 kW @ Tc=25 °C, 100 ps pulse
Vth: 2.5~5.5 V (typ.=4 V) @ Ic=250 pA
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e Coss: 305 pF typ. @ Vec=30V

MOSFET: IRFP4004Pbf

e VDSS: 40V
e Rds(on): Typ. 1.35 mQ (1.70 mQ max.) @ Vgs=10V)
e D max.: 350A @ 100 ps pulse, VD=10V
1390 A @ Vd=2.5V
e SOA: 3.5 kW @ Tc=25 °C, 100 us pulse
o Vth: 2~4V @ Id=250 pA
o 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=3bV
e SOA:17.5 kW @ Tc=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.

Slot 1: MPSMU
lot 2: MFCMU
lot 3: MCSMU
lot 4: MCSMU
lot 5: MCSMU
lot 6: MCSMU
lot 7: HVSMU

Figure 1-1. Module configuration of B1506A H-51 and H71.

SMU6: HVSMU

| SMU5:MCSMU
SMU4: MCSMU

| smus: Mcsmu
SMU2: MCSMU
MFCMU

SMUT: 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)
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Figure 1-2 Cable connection of B1506A H51 and H71.

B1506A
Test Fixture

Digital /0 Cable System 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.)

NT300A CMU Cable

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

SMUG: HVSMU MECMU
1 SMU1: MPSMU

Leurr o

[svo ]
:'O\.
t

:
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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

\ <. =
o] ® @[X FimbEEioHo umm

This quick start guide provides the information of how to use this software
and make measurements.
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Figure 1-7
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(a) Select "Easy Test Navigator"

Figure 1-8

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

B1506A
Power Device Analyzer
for Circuit Design

askielgehli l :

M‘ KEYSIGHT

FliwbuEBE G umm

fswi] 8 @ (2 -

(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
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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”

FlAWbAERED 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
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.

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)
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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

et Catlbeation Data..

2
oy
°
il
g
o
©

Ersun| @ o | B [E F i bSEhE® @ E

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.

Figure 1-11 Exiting from the Setup panel.
File Edit View Mea File | Edit View Measurement Config
ﬁ H’ iﬁﬂ—\’\, ' o New Ctrl+N
<A &l Open. Ctrl+0
= SEtHI:' EWI1 = W Save Ctrl+5

Save Setup As..

Save Data As...

Change Device ID...

Recent Setup Files 3

_____

10
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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", Chapter 4.

Gate charge calibration:
Refer to "Calibration for Gate Charge Measurement", Chapter 5.

11
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Datasheet Characterization

Overview

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.

Figure 2-1 Operational image of the Datasheet Characterization mode.

Part Number: FGAXYZN3
Datasheet Datasheet example! meEe W
FGA_XYZN33 ; o
! Operatar: NONAME
Measurement Instrument: E15062,
Features Maximum Ratings
« High Current Capability Parameter _ Test Conditions Value Unit Note _
= L ion Voltage - 1 Inf i VD55 Drain to Source Viohtage Tj=25 "Co 150 °C 40 v
* RoHs Compliant ~ vDss: 330V VGSS Gate to Source Voltage Conitnuaus 20 1020 v
{ . Dz 150 A oM Pulsed Drain Cument Te=25°C 1390 A
s Rds{on): 2m0typ. it} Pulsed Body Diade Currant Te=25°C 1390 A
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+ High Speed Power Switching Symbol Parameter _ Test Conditions Min _ Ad Mac Uit Note
« High Effiiency Regulators . BVDSS. \?:Nﬂ Source Sreakdown VG5=0V, 1D=250 ph a0 43 v
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Dss Drain Leakage Current WDS=40V, VGS=0V 1Bln 2@ A
1655 (Gate Leskage Cument VGS=20V, VDS=0V 0p 200 A
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T T T o ] \ms[a: Gate Leakage Cumrent [ VG5=-20V, VD5=0 v ” n 33" . .
® Ton 5| Contimens Cran Cornont WS @ 10V (koo Limted | 500 ) Gase 10 Source Threshoid Vohage  ID=250 pa
00 A (VD3=VG3}
3 RDSlan} Drain to Source On Resistance VG5=10V, ID=195 A 14%m  17m  ohm typ 135mohm
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CIPTEC T I 380 W DSion) Drain to Source On Voltage VGS=10V, ID=195 A B6m  B0m W
PulseWidh=200 ps
Static Characteristics VsD Body Diode Forward Vioitage VGS=0V, 152195 A, 977 m 13 v
b PulseWidh=200 ps
Rg Gate Resistance VG5=0V, £=100 kHz 52 ohm  1yp. 6.6 chm
Ciss Input Capacitance: VBE5=0, VDS=25 V. f=1 MHz 2590 F o yp 8920pF
Coss Output Capaciance VB5=0V, VDS=25 V. =1 MHz 23zn F typ 2360pF
Crss Reverss Transfer Capacitance VG5=0V, VDS=25 V, =1 MHz Lotn F  typo30pF
Qg Total Gate Charge: Vgsion)=10¥, Vgsiafi=0V, 220 30 € yp220nC
Wds=20V, 1d=135 A
Qus Gate to Source Charge Vgsion}=10V, Vgsiof=0V. a@2%n € typSIaC
Vds=20V, Id=135 A
Qgd Gate to Drain Charge Vgsion)=10 ¥, Vgsiof=0 V. T € typTsac
Vds=20V, Id=185 A
Vgsipl) Gate o Source Plateau Vohage  Vigsion)=10V, Vgsiof=0YV, 604 v
Vds=20V, 1d=135 A
Output Characteristics Body Dicde Forward Characteristics
1ka 1A
PO
PO L \tj (
/
z s T = =:
£ g =2 i
o < @
H g B Ul
© R /
8 & ©
(a) Device datasheet image
Wmy decade/div. v av 200m /. v
Drain to Source Veltage Source to Drain Voltage

(b) Datasheet Characterization output image

Note: Supported Device types

Initially, Datasheet Characterization mode covers the following three
types of device:
- Power MOS-FET
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Note:

Figure 2-2

Datasheet Characterization

- 1GBT
- Diode
- Component

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 2-2.

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

Measurement mode used in the Datasheet Characterization

DC parameters

Capacitance parameters —

Gate charge parameters

17



Datasheet Characterization

Measurement Parameters of Devices

Datasheet Characterization mode supports the following parameters in
four 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)
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
ID-VDS ID-VDS curve with various VGS
ID-VGS ID-VGS curve with constant VDS

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

VDS-VGS VDS-VGS curve with various 1D

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

IGBT parameters

IGBT device type supports the following device parameters and device
characteristics graphs.
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Table 2-2

Diode parameters

Table 2-3

Datasheet Characterization

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)
VGS(th) Gate Threshold Voltage (Constant VCE)

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

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
Qg-Vge Gate charge to VGE curve

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

Measurable parameters for Diode

Parameters Description

VDC DC Blocking Voltage

VF Forward Voltage

IR Reverse Current

C Total Capacitance

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 2-4 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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Datasheet Characterization

Component type: Cable

¢ Capacitance
R (insulation) Insulation resistance
R (conduction) Conduction resistance

Graph Description

R-1 Contact resistance vs. Conduction Current

Component type: Relay

“Rlcontact) ~ Contactresistance
R (coil) Coil resistance
R (open contacts) Insulation resistance between open contacts
R (coil-contact) Insulation resistance between coil and contact
V (pick-up) Pick-up/Set voltage
V (drop-out) 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

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
VCE(sat) Detector Collector-Emitter Saturation Voltage
CS Input-Output Capacitance

RS Isolation Resistance

BVS Isolation Voltage

Graph Description

IF-VF Forward Current vs. Forward Voltage

IFP-VFP Pulsed Forward Current vs. Pulsed Forward Voltage
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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

Parameters Description

VF LED Forward Voltage

VR LED Reverse Voltage

IF (on) LED Operate Current

IF (off) LED Turn-off Current

R (on) On Resistance

I (leak) Off-state Leakage Current

C (out) Output Capacitance

C (iso) I/0 Capacitance

R (iso) /0 Isolation Resistance

Graph Description

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




Basic Functions

Datasheet Characterization

Datasheet Characterization GUI

Figure 2-3

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

in Figure 2-3.

Datasheet Characterization GUI.

Fiz  Edn

Wiess  Mesnpsement  Sep

lEE XAOAE ®

Tordguntion  Reig

o, @An X

— Device
~ Mernfcaton Device Type | [GET ) . .
1. (= e o identification
Sample ID: | | ¥
Dereription: 1 5, POOF Trench [Z6T J \H data area
Dpevaran
= Wasodmrem Fartings .
2. i s J Maximum
3 / Syl Povomiens cn'?atﬂr:-:v;’::m" in At Mas st Node ratiﬂg data area
. J BVWES  Collecior o Emitter Arakdomn Vok o GEaD 0 a0 5
] ICES Coactor Lankage Currant (FOlded)
"] IGES Grta Lk Currurst
'f WIGE) e 0y Eavittey Theeshold W ?Jl)_tl
o WCEhath ! Collecior i Emittar Seturabion Yolt...
j ',-r I=-tenh-ee-'gt\:-ae=:-na_-\':l- e ( DeVICe \
e |
JI[ ] e AeveneTasecopctnee characteristics
k B e parameters
4 |wre, \ area )

3
(=]
=1
v}
-1}
[=]
(]

Output Characteristics Transter Characteristics

ctor Current

Colles

Gate to Emitter Voltage

Device
characteristics
graphs area

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 *.
Device characteristics parameters area.

This area defines the actual device parameters to measure and the

test parameters.
Device characteristics graph areas.

This area defines the characteristics graph to measure,

conditions and the output graph scales.

the test
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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.

v" 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.

v" Modification capability of the measurement condition.

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

v" 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.

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

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

v'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.

Note: It is not possible to add new device characteristic parameters.
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Steps to Measure Datasheet Characteristics of Power Device

A typical flow to measure the datasheet characteristics is described in
Figure 2-4.

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.

Figure 2-4 Typical flow to run Datasheet Characterization mode.

[ Select Device Type ]

Measuring IV
Curves

Measuring CV
Curves

Qgis
included ?

[ Create New Datasheet
|

Input Device Information

|
Input Maximum Ratings ]

e

Choose items to be measure

—

detail for IV/CV
measurement

Modify Measurement
Condltlons Change
connection tothe )
See more << Connect the DUT >> : Qg measurement

Measuring Qg
Parameters

[ Run the Measurements ]
Measuring IV
Parameters
Measuring CV

Parameters

Measuring Qg
Curve

Details of measurement condition modification
The "Modify Measurement Conditions" step in Figure 2-4 is actually

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

Each line items and graphics of these items are broken down to the
detailed measurement setup window shown in Figure 2-5.
This detail setup for each parameter is repeated for all the device
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Figure 2-5

parameters in the initial setup phase of the test device as shown in Figure
2-6.

Example of the detail measurement setup window for each device
parameter.

BVCES.pda-iv.bt - 'V Measurement

- e

#  Setup Device Type:

View

General settings
tep Time

~ | Details
Aperture

Hold Time

Characteristics | Connections

v) @ Line © Dot

Characteristics

2254 A

v | Automatic Data Save Device ID:  Device-1

Measurement

gaE, »

Line & Dot |6 :::| _

MARKER: 360.13V

Configuration Help

Gate / Base Voltage Bias Drain / Collector Current Staircase Sweep

1 s Source 0 Vv Sweep Mode LinearSingle ~
~ ) Details Start 200p A
20m s [Mpsmu = |y Stop 0o A
0 s Compliance im A ~ | Details
100  V |HVSMU = |1 eep
Number of Step 1
Compliance 3k V
e e im| W
3kl V

19999 pA

10 V/div.

e Comment:

1) Data: | X | &l | Device-1 VCE VGE 1-7-2015 12-40

Figure 2-6
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Detail measurement setup is repeated for each parameter.

Symbol Parameter
J ‘_‘ BVCES Callector to Emitter Breakdown Volt.=
J ‘:‘ ICES Collecter Leakage Current
J ‘:‘ IGES Gate Leakage Current
J ‘:‘ VGE(th) Gate to Emitter Threshold Voltage (.
J ‘:‘ VCE{sat)_1
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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 FGATS0N33ATD
IGBT
00 A

C

Collector Current
20 Asdiv.,

0 a

[ 1 wydiv, 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 2-7.
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Figure 2-7 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 2-8 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 Qg 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 2-9.
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Figure 2-8 B1506A Opt. F14 Gate Charge Measurement Adapter.

Confirm the

Attach a current
load FET

is selected

Confirm the
shorting bar is
attached

Figure 2-9 Current load FET (IXTH200N (Left), and the DUT (Right).

Device under test

- ’ (DUT)

4 “Internal Package”
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Measurement Steps

Step 1

Figure 2-10

Figure 2-11

Following shows the measurement steps of the Datasheet
Characterization mode.

Starting the Datasheet Characterization mode

v Click “Datasheet Characterization”. (Figure 2-10)
The datasheet characterization mode is launched.
Initially, a blank datasheet characterization setup as shown in Figure
2-11 opens.

Click Datasheet Characterization mode.

Easy Test Navigator

< ¢ Ty v- -
- - - : & A
-
Minimize.

fsed| & @ [F Pllo DME W b woeavm

A blank datasheet characterization setup panel opens.

File Edit View Measurement Setup Configuration Help

QueE, xdae, - @8 7 X, 0E,

~ Identification Device Type: [MOSFET | O B
Part Number:
Sample ID:
Description: .
Operator:
Measurement Instrument:
~ Maximum Ratings
‘Maximum Ratings

Symbol_| Parameter | Test Conditions | Value | unie | Note |ud

~ Charactertics Parameters
Characteristics Parameters
|_spmbot | Parameter | Test Conditions | Mo | At | Mo |umt|  Nete

~ Characteristics Graphs

L]
~ Data store Device ID: [Device-1 _~] Comment: | B oata: X | @] Device-1 8:29-2014 10-10-31 AMpda-dszip
oset| & O ZE PlodbsERE o wvm
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Step 2 Creating new Datasheet Definition
v Follow the next steps to open the new datasheet template by
referring to Figure 2-12.
(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)

d) IGBT datasheet template opens.
Figure 2-12 . Steps for creating a new datasheet definition.
File Edit View Measurement Setup Configuratior File Edit View Measurement Setup Configuratior
ST %ma- S Y =P %@ﬁg
| Identification Device Type: | A Identification DeviceType: icer  § 1 )

Part Number: Part Number:

Sample ID: : Sample ID:

Description: Description:

(a) Select a device type - IGBT. (b) Click the “New Datasheet” button .

(c) Click “OK” button.

File Edit View Measurement Setup Configunation Help

QueE xaas, » @& X, o003,
~ Weshcston DedeType 51 -]0f 2
Part Number:

Sample 1D:
Description:

Operator:
Measurement Instrument:
A Maximum Ratings

_ Symbol Porometer | Test Conditions | Value |
VCES Collector to Emitter Voltage Tj=-50 C 10150 °C

VGES  Gateto Emitter Voltage Contnuous
™ Putsed Coliector Current Tes25°C
M Pulsed Freewheeling Diode Current Te=25°C

i

>><<i

~ Characteristics Parameters
Characteristics Parameters

| symbot_| Parameter | Test Conditions | Min. | Act. | Max | unit Note

v BVCES  Collector to Emitter Breakdown Volt... |VGE=0V, IC=200 yA 300 360 Y

v | e Collector Leakage Current [Vee=300v, vae=0v 55n | 200p A

v | s Gate Leakage Current [Vee=30v, veezov s0p [ e0n A

[V | 1685)  Gate Leakage Current () [VGe=-30 v, vce=0v [200n s0p A

[V | VOEN  Gate o Emitter Threshold Voitage (.. [ic=250 v [ 2 aw [ & V¥

[0 | VOE®)  Gate to Emiter Threshold Votage (. [VeE-10V, 1C-250 5 [2 a2 [ 6 V

[V | VCEGa)  Collectorto Emitter Saturation Volt— [VGE=15 v, 1250 A PulseWidth=200 s w [ 15 ¥

V| Freewheeling Diode Forward Voltage  [VGE=0', F=50 A, PulseWidth=200 s ws | 2 v

V| % Gate Resistance [VGe=0V, 1100 iz ®m | 1 om

vV | e Input Capacitance [VeE=0V, veE=30V, f=100 iz aun [ 10n F

V| Cos Output Capacitance [VGE=0V, VCE=30V, f=100 iz 30p | in F

v | e Reverse Transfer Capacitance [VGE=0V, VCE=30V, =100 kHz w2p | 00p F

- Tasel Goda Churma B e s Ao ss e o om meste  mAmers oas = el =l
~ Data stove n«k.m[omex ] Comment: [ B vata: X | @ Fo1608 pda-dszi0
fsw| & @ ZE PR OSERE G A m

(d) Template of IGBT Datasheet..
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Step 3 Input Device Information
v Input the device information to the Identification section of the
datasheet template as shown in Figure 2-13.

Figure 2-13 Example of Identification Section of Demo Device.

P W0 N

~ Identification Device Type: |IGBT v _D‘

Part Number: [ FGA180N33ATD

Sample 1D: ] Sample 1

Description: | Fairchild: 330 V, 180 A PDP Trench IGBT
Operator: lKeysight Application Development

Measurement Instrument: ]BlSO6A H71 Demo Equipment #1

Using a part number and device description including the
manufacturer information (Figure 2-14 as an example) are
recommended to identify the device in detail in the future use.

Enter the following information:

1.

w

Part number:

Device name from the datasheet.

Sample ID:

Describes the information to individualize each sample device.
Operator name:

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.

These information are recorded in the test result file.

Figure 2-14 Datasheet description example.

FGA 180N33ATD
330V, 180A PDP Trench IGBT

Example manufacturer
—— information.

FAIRCHILD SEMICONDUCTOR®

v Input the device ID in the bottom of the panel. (Figure 2-15)
This device ID is used as a header of the file name to store the
measurement results.
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Figure 2-15

Tips:

Device ID in the bottom of the panel

Datasheet Characterization

File Edit View Measurement Setup Configuration Help
whlESE XdA P

A~ Identification Device Type: I
Part Number:

Sampte ID:

Description:

Operator:

Measurement Instrument:

A Maximum Ratings

Maximum Ratings

Symbol Parameter Test Conditions Value
VCES Collector to Emitter Voltage: Tj=-50 *C to 150 °C

VGES Gate to Emitter Voltage Conitnuous

IcM Pulsed Collector Current Te=25°C

IFM Pulsed Freewheeling Diode Current  Tc-25 °C

A Characteristics Parameters

Characteristics Parameters
Symbol Parameter Test Conditions Min.
D BVCES Collector to Emitter Breakdown Volt..  yGE=0 v, C=200 pA 300
D ICES Collector Leakage Current VCE=300V, VGE=0 V'
D IGES Gate Leakage Current VGE=30'V, VCE=0 V
D 1GES(-) Gate Leakage Current (-} WGE=-30 V, VCE=0 V 1p
| ———
. - . 2
v | Automatic Data Save Device ID:  FGALEON -

4
D VF Freewheeling Diode Forward Voltage  yGE=0V, IF=50 A PulseWidth=200 s _ -~ -
D Rg Gate Resistance WGE=0V, £=100 kHz P -

D Cies. Input Capacitance

{7 D Coss Qutput Capacitance

) Automatic Data Save Device ID: FGALSON I_ »“Comment:

VGE=0V, VCES20V, f=100 kHz

YGEZOV, VCE=30V, =100 kHz

Unit

B o <

Max.

2000

Note

Unit

= > > r

=

Note

m

To change the device picture:

Refer to "To change the picture of the device"
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Step 4

Figure 2-16

34

Input 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 2-16 shows the maximum ratings picked up from the
FGAT80ONS3ATD's datasheet.

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 !
!GES _____ Gite_to_Emitier_Vcllta_ge ____________ 1_30_ _ | _V_ _ :
J L Collector Current, _ _ _ @TC=25°C _ _ _ 1 _ _ 80 _ | _A _L
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 2-16 by
referring to the number shown in Figure 2-17.

1.
2.

3.

Click the parameter to be modified.

Then the parameter input field changes to edit mode.

In the example, Tj Min., Max and VCES max value are changed.
Modify the VCES value field based on the datasheet (Figure
2-16).

Enter Tj Min., Max.

Note:

Tj parameters are used for reference only, not for actual
measurements.

After modifying the value, click the “x” button to exit the edit
mode.

Set all 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
measurement mode to measure it, choose the maximum rating
defined in the pulse current mode.

Figure 2-18 shows the maximum ratings section after all the
parameters have been entered for FGAT80N33ATD.
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Figure 2-17 Editing the VCES maximum rating and the other maximum ratings.
1. Click
L—
A Maximum Ratings |
Maximum Ratings |
| symbot | P A Feat-Conditions=——=—4 == =4 == ===~ — [P —— L umit | Note | |
VCES  Collector to EmitterVoltage | | 1j--50 'C to 150 C [ v
6 VGES Gate to Emitter Voltage W oo R e v
) IcM 7. Pulsed Collector Current [Te=25"C | A
M Pulsed Freewheeling Diode Current [ T¢=25 'C [ A
2. Edit mod
| symbot | Parameter ! 4. et Conditions
VCES Collector to Emitter Voltage 1T Min | 50 "
1 M 150 'C
lad====
| Test Conditions
Tj Min. | 50 Tﬂ‘[l
Max. 150 ’7'
5" C||Ck t.'xu to EXitthe . ‘ Modlfy tlhe ratlng
edit mode yalje
Note: 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 2-18 Maximum ratings section for FGAT80N33ATD.
R vy
| symbot | Parameter | Test Conditions | Value | unit |
VCES Collector to Emitter Voltage ITJ:-SO “Cto150°C l v
VGES Gate to Emitter Voltage [ Conitnuous [ v
1M Pulsed Collector Current [Te=25"C [ A
IFM Pulsed Freewheeling Diode Current [ Tc=25 C | A
Tips To change the symbol name or description:

Refer to "To change the symbol name and the description".

35



Datasheet Characterization

Step 5 Creating Measurement Setup for Parameter 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)

5.5 VCE(sat)

5.6 VF of freewheeling diode

5.7 Capacitance (Cies, Coes, Cres)
5.8 Gate charge (Qg, Qge, Qgc)

5.1 BVCES
BVCES is defined as the collector voltage at the specified collector
current when applying VCES to the collector while keeping the device
turned off.
To setup 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 O V gate to emitter voltage.
Symbol | Parameter | Test Conditions | Min. | Typ. | Max. | Unit
|off characteristics "~~~
I BVCES | Collector to Emitter Breakdown Voltage | VGE=0v,IC=400pA | 330 | - | - [ v

To modify the test conditions, (refer to Figure 2-19)

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 2-19
Click
| symbot | Parameter o Fest-Conditions- === = == == = M= = At = 4 = Max: = + it |
[/ BVCES  Codector to Emitter Breskdoun Vo [VGe=0v, 1c=200 ua [T300 30 Vi
1 — Test CORitions. - - — m mmm doMin_)l_Ac | _Max.| e
| vee | o v X[ [ 330 380 vi
: I 400p A i
i p————————————————— | —————————
Modify
Tips: To add maximum limit in the BVCES:
Refer to "To add maximum value in the BVCES".
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 2-20.)
v' Select “Setup” from the pop-up menu.
Figure 2-20 Selecting setup from the pop up menu.
" RightClick | _
= 2 J Pop up window
| symbot Parameter [ Test Conditi \ / " Min. | Act. | Maf | Unit| Note | |
BVCES Collector to Emitter Breakdown Volta ~ VGE 0 V ‘ X I 330 360 \/
v IC 400u A \L
[V Ics Collector Leakage Current [Vce=300V, VGE=0V E"eck»\ﬂAl
[7 IGES Gate Leakage Current IVGE=30 V, VCE=0 V 1 pcheck A
[V VGE(h)  Gate to Emitter Threshold Voltage (V. [1C=250 yA | 2 Emm
[V VGEth)  Gate toEmitter Threshold Voltage (€ [VCE=10V, 1C=250 uA [ 2 g Loeorty
p’ VCE(sat) Collector to Emitter Saturation Voltac |VGE=15 V, IC=50 A, PulseWidth=200 ps H Dupllcat(‘
p VF Freewheeling Diode Forward Voltage [vqg:ov,];:soA, PulseWidth=200 ps | X  Delete el

Select Setup |

Method 2: Open Setup from the ribbon menu of the Datasheet
Characterization mode panel. (Refer to Figure 2-21)

v Click the parameter to be modified excepting the input parameters.
v Click the setup button in the ribbon menu.
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Figure 2-21 Selecting setup from the ribbon menu.
Click to select
Symbol Parameter Test Conditions Min.
J ‘:| BVCES Collector to Emitter Breakdown Volt..  yGE=0 Vv, IC=200 pa 300 360 v
\ Line is selected.
@ (highlight as blue.)
File Edit WView Measurement Setup Configuration Help T
"B L o ) AW [N [l
QREE Xdaz & o, [HBF X —
—_— \ —
~ | Identification Device Type: |IG BT x | D| \“‘ _I_SP{“:' l
e . L\
Click to open

. thesetup

v Corresponding setup is opened. (Figure 2-22)

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

1. For BVCES measurement, “ICES” preset of the IV measurement
mode is used.

2. To see the detailed setup, click the down arrow on the left side of
the “Details” label.

Figure 2-22 BVCES I/V Measurement panel.

BVCES.pda-iv.bt - [V Measurement
File Edit View Measurement Configuration Help

QME, XdaE, » 1,

/
~ Setup Device Type: |IGBT v| Clcvee Ccvee © vGERh) © VCEVGE C VCEGal) & ICES (VIGES € IFVF

el

\
General settings Gate / Base Voltage Bias Jrem\- Collectgs'Current Staircase Sweep
Step Time 1 s Source 0 V Sweet Mode LinearSir ¥
v Details i~ Details Start 400 A
2. /===~ Stop A
t’ p I
1
\

Characteristics Connections |

v G Line © Dot € Line & Dot GJ [a '5" m | T i
R 36013V [wvsmu +][i v|[sweep  +]
Number of Step 1

Compliance

T
I™ Power Compliance lilm W

199.99 pA

-

v Data store DeviceID: |Device-2 | Comment: ) oata: X ||

The detail of the BVCES parameter setup is shown in Figure 2-23.
Figure 2-23 The detail of the BVCES I/V Measurement setup.
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) Setup Device Type: |IGET IC-VCE IC-VGE VGE(th) VCE-VGE VCE(sat) ICES IGES IF-VF
:General cettings -: T Gate / Base Voltage Bias : Drain / Collector Current Staircase Swee
i Step Tirge 7.> 1 s EE ! Source i 4.—> o v i waeep Made [WT
i # | Details il ~ | Detalls - :---- Start 3.> 400 p A
i Aperture 8> 20m 5 | (Mpsmu_ =] v Constant P Stop 0 A
H Hold Time 0o s | Compliance im A ~ Details
! -2 Voltage Compliance| 100 | V E HVSMU  « |1 Sweep i
i Number of Step 5> 1 i
! Compliance 6. 3k v --:
Power Compliance 1m| W
Voltage Compliance k| V

v" To measure BVCES, the HYSMU 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 O 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.
Note: In the detailed setup, parameters defined as the test conditions in the
datasheet setup, as the drain start current and the VGE, are inherited

from the datasheet. If those parameters are changed in the IV

measurement mode panel, those will not be saved and the test conditions

of the datasheet setup are not changed.

v' The other changes on other parameters are saved after running the
measurement in the IV measurement, or the setup can be save from
the menu of the IV measurement mode panel.

Note:

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.

v You can modify the measurement setup in details here (example: Step
time or Aperture).
To see the detailed setup, click the down arrow on the left side of the
“Details” label.

7.

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

The aperture should be long enough to
reduce the measurement noise.

@%Aperture
Step time
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Figure 2-24

Figure 2-25

Symbol

] |_| BVCES

Note:

Collector to Emitter Breakdown Volt..  yGE=0V, IC=400 pa 330} 348
i

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 2-24

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 in the datasheet, save
the setup by selecting “File”-->"Save”.

12. The actual value in the datasheet is updated. (Figure 2-25)

Execution of the BVCES |/V measurement.

9. \  Click

BVCES, pda iv.bet - IV Measurement

______

AE Ydamie
~ ) Setup Device Type: |IGET IC-VCE IC-VGE VGE(th) VCE-VGE VCE(sat IGES I
General settings Gate / Base Voltage Bias Drain / Collector Current Staircase Sweep
Step Time 1 s Source o Vv Sweep Mode ||_,',-|Eﬁr5i|.,g|e -
v Details v Details Start 400p A
Stap 0 A
~ | Details

Characteristics | Connections

MARKER: 34837V

Characteristics 39908 pA
A

~ ) Automatic Data Save Device ID: | STY139N65MS5 1 - Comment: 1 Data: | X |G| CotF1l sam

Datasheet results' update.

Parameter Test Conditions Min. | Act.
1

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

Click

File Edit V A Meas

77 s

o

S



Note:

Datasheet Characterization

The parameters defined in the datasheet (VGE and IC in this case) are not
saved even if those are modified in the IV measurement setup. Those
parameters have to be modified in the panel of the Datasheet
Characterization mode.
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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 pA when the collector
voltage is VCES with O 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 2-26)

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

Figure 2-26 ICES Test Conditions

ICES Collector Leakage Current
v _|

v Open the ICES I/V measurement setup panel. (Fig. 2-27)

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 from the maximum limit
defined in the upper level (datasheet mode). This compliance cannot be
changed. So, even if the device is completely broken in short mode, the
measured current is limited at 460 pA in this case.

5. Step time determines the wait time before measurement after
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applying the bias. In this case after waiting 980 ms, ICE is
measured with 20 ms measurement time (1 PLC at 50 Hz region).

6. Change the Aperture time to 16.67 ms in the area of 60 Hz line
frequency.

Figure 2-27 ICES 1I/V Measurement panel.

ICFS.nda-iv.bd - 'V Measurement
8. E;:Ii_t_\\«"iew Measurement  Configui 7..,—H@lp\

’ \
- " 2
WkhE Yxaao ) o
" = ’ \
# ) Setup Device Type: |IGET IC-VCE IC-VGE VGE(th) W '-.-:E:sa(\ ICEZ IGES IF-VF
’
General settings _ _ _________ " Gate / Base Voltage Bias _ Drain /T8IRcter Voltage Staircase Sweep
5. AstepTime  1s 4> Souce " TTTTTTTTT, ] Sweep Mode |lincarSingle ~
~ | Details ~ ) Details I Stat 3 > 330 I\
6> Epertors 2.371: s [mpsnu v| Constant Stop o v
Hold Time \l/ 0 = Compliance im A ~ | Details
. PR (e | e e 1
Voltage Compliance| 100 | V2. : |H\."SMU v| Sweep :
. 1 = P
16.67 ms in 60 Hz j [NNumberofStep S
: Compliance 450 A
. ]

Characteristics | Connections
w | @ Line Dot ) Line & Dot |E| |"_:"| @ |_| S
MARKER: 330 V

Charactenstics 38 nA

10 V/div.

~ | Automatic Data Save Device ID: | Device-1 Comment: Q Data: | X @l | Device-1 VCE VGE 1-7-2015 12-40-

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 2-27

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 ViAv Meas

-l e
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5.3 IGES
IGES is defined as the gate leakage current at VGES both in positive and
in negative voltages.
To setup 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
LGS — | Collector Cut-Qff Current _ _ — — — VCE=VOES L NGE=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 2-28)

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. For IGES, 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 2-28 IGES Test Conditions.
| N —
—= H P L E Y P = 1
|7 : IGES 1 Gate Leakage Current 2 % : VGE 30 Vv : ﬂ : 50 p 400 n A
' i T e oV | oo e !
|7 :J IGES() | GateleakageCurrent() g s IVGE 30 voo1 ! Xl [0 s0p ] A
I- | tvee [ - (O BN S

v" Open the IGES I/V measurement setup panel. (Figure 2-29)

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

4. Inthe 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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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 from
the maximum limit defined in the upper level (datasheet mode).
This compliance cannot be changed. So, even if the device is
completely broken in short mode, the measured current is limited
at 460 nA this case.

Since the current compliance is determined by the maximum limit
defined in the datasheet mode, it is not allowed to remove it.

8. Step time determines the wait time before measurement after
applying the bias. In this case after waiting 980 ms, ICE is
measured with 20 ms measurement time (1 PLC at 50 Hz region).

The IV measurement mode can only use the fixed current ranging.
Therefore, the current range is determined by the current compliance
value.

If the input capacitance of the gate of the DUT is large, the default wait
time (980 ms) 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 (460 nA, in this case).

v" Insuch a case, set a longer Step Time, for example, as like 2 seconds.
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Figure 2-29 IGES 1/V Measurement panel.

IGES.pda-iv.bdt - I/'V Measurement
File Edit Wiew Measurement Configu 9 ,HfLE

G, YdaE (>

& /l 4.,,-\
: ~r UrE T I URE EER R R — e = ey
# ) Setup Device Type: |IGET IC-VCE IC-VGE VGE(th) VCE-VGE VCE(zat) IC (': IGEy IF-VF
Genelp oD o o o o o o o o o e Gate / Base Voltage Staircase Sweep Drain / Co Iec&ﬂh‘«blvteﬁe Bias
. LSter.} Time 1 sl Sweep Mode LinearSingle _ ¥ Source o Vv
________________ o -—
A Details _ _ 6.>Vse _________ 30_ V1 (~) Detais
I Aperture Wm_ =) Stop 0V [HvsmMu  ~+|v Constant
Hold Time 0 s ) Details Compliance 1m A
|MPSMU zlv__ _S-_\,ee:s Voltage Compliance k| V
. 1 r |
16.67 ms in 60 Hz j NNumber of Step Ly
5_%: Compliance a60 7.,
1
TR T T T e W
Voltage Compliance| 100 |V

Characteristics | Connections

¥) @ Line ® Dot © Line & Dot |§||§|@|:| <

MARKER: 30V

Characteristics 50 pA
58p A

v | Automatic Data Save Device ID: | Device-1 Comment: Q Data: | )X ﬂ Device-1 VCE VGE 1-7-2015 12-40-

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 2-29

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

- ~¢

ol

- —

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

Repeat the I/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.
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
OnCharacteristics _ _ _ _ _ _ _ _ _ _ _ oo o e
| VGE(th) G-E Threshold Voltage 1C =250uA, VCE = VGE 2.5 4 55 \ |
T -t T T T T T T T T T T T T [ TC=40AVGE=15V" ~ ~ [T -~ T ~i1~ T 12~ [ Vv 7
VCE(sat) Collector to Emitter Saturation Voltage IC=180A VGE=15V, - 1.68 v

TC = 180A, VGE = 15V
TC=125°C - 1.89 v

Note:

Figure 2-30

VGE(th) Gate to Emitter Threshold Voltage (...

This method is VCE = VGE
used in the
example.

Vth measurement method selection:

In the setup of the datasheet characterization mode, there are two kinds
of VGE(th) setup as shown in Figure 2-30.

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.

1C=250 pA !

VGE(th) Gate to Emitter Threshold Voltage ( | VCE=10 V, IC=250 pA

VCE in test condition

VCE = Constant

This method is
typically used for
low power (IDon <
1 A) device.

To measure VGE(th) of the DUT used in this section, the upper side
measurement method is used as shown in Figure 2-30.
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To modify the test conditions, (Figure 2-31)

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

Figure 2-31 VGE(th) test conditions used in the example.
I Symbol | Parameter | Test Conditions l Min. | Act. | Max. | Unil| Note J |
v :I VGE(th) Gate to Emitter Threshold Voltage (... ﬂlf:_z_so_iA__________: !---2-5---38-7---|---53--EV LI)B_:J_O_V _______ !
Note: If a typical value is listed in the datasheet, it is useful to input the value in

Note:

the “Note” section as a reference.

v Open the ICES I/V measurement setup panel. (Figure 2-32)

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.

Since the voltage compliance is determined by the maximum limit defined
in the datasheet mode, it is not allowed to remove it.



Figure 2-32
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VGE(th) test setup.

VGE(th).pda-iv.tt -

File Edit View

~ ) Setup Device

General settings
Step Time

| Details
Aperture
Hold Time

Characteristics

v

@ Line

290p A

v | Automatic Data

GARE xdam(

Connecticns

Dot

Characteristics

I/V Measurement

Measurement Configur 6 1‘_Hslp
* A

b Y

!
N_ﬂ,

IC-VCE

Type: |IGET VG

E(th) E-VGE

N
Gate / Base CurrehtStatiease Sweep

1 s Sweep :Ed_E___I LinearSingle |
| Start 3 > 504 A
20m see 0. A
0 J2LREEE e
mMpsmu =1
-=Nu|‘"|be’:3f5tep !
| Complance ________ 65 1¢—5.
| Power Compliance 2 W
/oltage Compliance 100 |V

Line & Dot
MARKER: 3.913 V

250 pA

100 m W/div.

Device-1

Save Device ID:

Comment:

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 2-32

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 Vi

By =

Meas

l

~
0
)
Y
7

\__f’

49



Datasheet Characterization

50

Figure 2-33

|7 VGE(th)

Gate to Emitter Threshold Voltage (V. IC I 250u A

To delete VGE(th) with constant VCE

Since there is no definition of VGE with constant VCE in the datasheet of
the DUT used in the example, delete the setup of the lower VGE(th) by
right-clicking it, and select “Delete” from the pop-up menu (Figure 2-33),
or select the item and click the delete button in the ribbon menu (Figure
2-34).

Deleting VGE(th) test setup by right clicking the test definition.

Right- C|ICk
v I
""" "\7'1“'

v (1l
'|:;"wzﬁs:tr"a,ﬁa::gfmm;rs:;rzt;;voiaz F,GE TSV A PueWah e T ,"' [ crec r
Uncheck Al
|7 VE Freewheeling Diode Forward Voltage IVGE 0V, [F=50 A, PulseWidth=200 ps ' D nenee I
Sety
[v Fa Gate Resistance | VGE=0V, =100 kHz 387 ml 'El' e 1
Impart
|7 Cies Input Capacitance IVGE:O W, WCE=30 V, f=100 kHz 411n : =7 mee :
Duplicate
[V Coes Output Capacitance |vGE=0v, vCE=30 V, =100 kHz awpt = P ]
[V Cres Reverse Transfer Capacitance |VGE=0v, VCE=30 V, f=100 kHz oY 5 Delete Del
e —————————— 4
[ Select “Delete”
Figure 2-34 Deleting VGE(th) test setup using the setup ribbon menu.
Click to select |
VD Gttt TVl - @l

File Edit View Measurement Setup Configuration Help

QueE xaas, » @e 5K =,

Click to delete the
selected item
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5.5 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.

To set up VCE(sat) measurement parameters

Typically, VCE(sat) is defined with two different collector current
conditions as shown in Figure 2-35. 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 2-35 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 - 1.1 1.4 vV
VCE(sat) IC=180A, VGE =15V, - 1.68 - V]

- -

| _ — _ ] Collector to Emitter Saturation Voltage —=—reriyrrgey - C[- - —d - — - F == — |- = =

TC=125°C - 1.89 - v
VCE(sat) test conditions for IC=40 A
Follow the next steps to setup the first VCE(sat) test (Figure 2-36).

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 "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 2-36 VCE(sat) test conditions defined at IC=40 A.
T VCE(sat) Collector to Emitter Saturation Volt... i_\76_E ------------ '_-5-_;1 ﬂ 1.04 E_-- 14 \;- Typ. 1.1 V--
Vo i 0 Al R
I PulseWidth 200p s 1

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

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 "UHCU Details and
Measurement Tips" section.

Figure 2-37 VCE(sat) test conditions for current pulse at IC=40 A.

VCE(sat).pda-iv.bt - I'V Measurement

File Edit View Measurement Configuration Help

O . =
whm XOA > 1. ommm
.,v ~
~ ) Setup Device Type: |IGET ~| ©IcveE OIC-VGE © VGE(h) © VCE-VGE 4@ VCE(sat) ) ICES O IGES O IF-VF
A R
General settings Gate / Base Voltage Pulse Bias _ ~ﬁa|n Collector Current Pulse Swee
[¥] Auto Pericd r S:uurce Sweep Mode LinearSin |
Pulse Period 50m| s > Detalls _________ C ot 10 21
# | Details _StFP ______ o B !
Aperturs 0p 3 ~ ) Voltage Compliance 24 ¥
Hold Time 0 s o= == == == == == == ==
UHCU = [uise  ~[pweep  ~|
Base 0 A
NumberofStep _ _ — — d — "
ICompIiance 5. —=s3 v I
[C] Fower Compliance™ | — "235 k| W
7] [¥] Voltage Compliance 3 — 24 V
T PulseDelay | sqy s
IPuIse Width 200p =1

VCE(sat) pulse parameter setup:
Figure 2-38 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
Normally, the gate/base bias is set to start prior to the
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Figure 2-38
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drain/collector bias to turn the DUT on before applying the
drain/collector bias.

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.

~

VCE(sat) pulse test parameters and the pulse timing.

Gate/Base Pulse Bias

Pulse Period 7.

Pulse Width

lﬁ Delay 6

/

Drain/Collector pulse

Drain/Collector Pulse Bias

delay to gate

Pulse Width

Pulse Delay

\

Os

WV E(sat).pda-iv.txt - I'V Measurement
ile  Edit View Measurement Configu 8_ 1 Help

GQuE Xadas(»)

. N -
# ) Setup Device Type: |IGET ) VIC-VCE IC-VGE () VGE(th)

Aperture

N

4
O VCENGE @ VCEsat) OICES (D IGES O IF-VF

'—Ge_nergsemng?. = 7_a_ === Gate / Base Voltage Pulse Bias Drain / Collector Current Pulse Swee
Auto Peried Source 15 Sweep Mode LinearSin *
1 Pulse Period S0m| ¢ I ~) Details Start 40 A
TATET T T T T T T T [mcsmu = [vuse  ~[constant ~| Stop o A
ApEr‘tl:ll'E 0p = Base o Vv ~) Voltage Compliance 24 v
Hold Time o = Compliance 1 A [UHCU - [IPuI.se -7 [Sweep hd
Voltage Compliance |V Base o A
“pizeDelay T 0 - Number of Step 1
6a. LPLI‘_SE \-ﬂdth_ N lm.l s Compliance 63 W
[T Power Compliance 225k W
Volt_age_Coﬂplia_nce_ _ 24 Vv
Gb I Puise Delay S0 -:S
“PuEwWEn T T T a0u 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).

Verification of the VCE(sat) at IC=40 A measurement setup

After the detail I/V measurement setup is finished, it is recommended to
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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 2-38.

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 Vyav Meas

-

-
> ’ R .
\
4 "N - 1
v 1 .
- ’
Z =

N

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.

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 2-39.)
v Select the “Duplicate” from the pop-up menu.

H H n H n
Figure 2-39 Selecting "Duplicate" from the pop up menu.

:p VCE(sat)  Collector to Emitter Saturation Volt... [VGE=15 V, IC=40 A PulseWidth=200 ys s04 - TV Ty

_________ PR Pl heck Al
v VM Freewheeling Diode Forward Voltage  [VGE=0 V, IF=20 A, PulseWidth=200 s ! ! !
p LR - I [ uncheck an 1]
v ies Input Capacitance [VGE=0V, VCE=30 V, =100 kiz 41ng BN

Set [

v Coes Output Capacitance [VGE=0V, VCE=30 V, £=100 k2 3080 E'_ e ‘ 1
v Cres Reverse Transfer Capacitance [VeE=0V, vcE=30V, f=100 kHz 1779: g oot sl
1
v Qg Total Gate Charge [Vge(on)=15 V, Vge(off)=0 V, Vce=200 V, Ic=40 A 176 L Diphcate I 1
v Qge Gate to Emitter Charge [Vge(on)=15 V, Vge(of)=0 V, Vce=200 V, Ic=40 A 227d X Delete Del 1)
- = a

Select “Duplicate”
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Figure 2-40

Note

v _J VCE(sat)
v _|

VCE(sat)_1 Collector to Emitter Saturation Volt...  VGE 15 BV x| 1

Datasheet Characterization

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 2-40.)
v Click the "Duplicate" button in the ribbon menu.

Selecting "Duplicate" from the ribbon menu.

Select Item

File Edit View Measurement Setup Configuration Help

QueE, xaam,» @Ik 2

Click 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.

Collector to Emitter Saturation Volt... lVGE:lS V, IC=40 A, PulseWidth=200 ps 1.04 14 vV  Typ.11V
04

1 ‘LI 2V [typaesp

11C | 180 Af

brmmmem— -
PulseWidth 200p s =

In the datasheet, only the typical value is defined when IC is 180 A.

But 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 Vyav Meas

-

e ~,
» 7’ .
: g\ :
: 1 ]
- ’ :
% =

Saw
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5.6 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.

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
RS 5oy PR oy RNy JRRRRYRNIL Yy oyl ety o e e ot e e e e e et e -
= 1
: Vem Diode Forward Voltage Ig = 20A T =25°C _ 12 18 v 1
il S e B bl LS . oo S Sk i B T n LD CEE R -

To modify the test conditions, (refer to Figure 2-41)

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 2-41 VFM test conditions.
1' [_-\/Ehzj Freewheeling Diode Forward Voltage =-\7(3-E ------------ 0 --T/-i il 4% 111 r---zs____\/_-Tf;pTIZ_V____----i
[v _I 2> i IF 20 A} e e !
3. | PulseWidth 200u 5|

v Open the IF-VF I/V measurement setup panel. (Figure 2-42)

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
polarity value of the specified IF.
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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 2-42 VFM test setup.

VF.pda-iv.bet - I/V Measurement
File Edit View Measurement Conﬁguratign Help
.
3 n X~ t \
AE xaam O .
"o S,
~ Setup Device Type: |IGET IC-VCE E WGE(th) WVCE-VGE ICE :-EL‘;

IC-VGE VGE(th VCE(sat) ICES ::-"."F,\

General settings Gate / Base Voltage Pulse Bias

4
___________________ Drain / Collector Curl'e'_‘tT?LTlsTa'Sv.-eeE 6.
¥| Auto Period : Source : Sweep Mode JLinEarSin l=a
Pulze Periad 50m| S DD I?__ _______________ 3 :-STa?t---- o -ﬁ-:
etails -

| Details ‘m Y e pvesaran [ B -

Base o Vv ¥l Voltage Compli: m v
Compliance UHCUiV [Pulse D
oltage Compliance Base o0 A
Pulse Delay Number of Step 1
Pulse Width Compliance EN
Pawer Compliance 225k W
| Voltage Compliance 0 ¥
Pulse Delay 50p S
7 sipdkeWidth 0. s

Characteristics | Connections

tine & Dot () (@] (2] (=] (A

MARKER: 11133V

) @ Line

Dot

~

:
Characteristics 20.022 A oA
225 A 5

v | Automatic Data Save Device ID: | Device-1 Comment: E Data: | )X ﬂ Device-1 V

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

Click

File Edit Vi4v Meas

-

-
’ % & .
. h 1
b " = ]
- ; 1
v =

N
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5.7 Capacitance (Cies, Coes, Cres)
Capacitance characterization in the datasheet mode supports the
following parameters.

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

To setup capacitance measurement parameters

Note

Capacitance measurement is quite simple.

Datasheet Characterization

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 the "Capacitance Measurement Tips" section.

To modify the test conditions, (refer to Figure 2-43.)

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.

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 2-43 Capacitance test conditions.
1. 2. 3.

< L U
Cies Input Capacitance | VGE 0o v 1 E| 4110l 10n F IlTyp. 3880 pF 1
| |

I wCE El ! !
v E| . | 1 II 1
1M Hz I II I
Coes Cutput Capacitance : VGE o v I E| 310p | n F IITyp. 305pF |
] E| | VeE 0 v | | :| 1
| f 1M Hz : | ! 1
Cres Reverse Transfer Capacitance 1 VGE 0o v 1 E| 182 p : 300 p F |:Typ. 180pF :

|

] E| I VCE A I :I I
I ! | | |
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The detail of the Capacitance measurement setups

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

v' For Cies measurement, “Cies” template of the capacitance
measurement mode is used as shown in Figure 2-44.
Coes and Cres are the same, and not showing in the setup windows.

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

v Basically 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.

Figure 2-44 Cies Capacitance measurement example.

Cies.pda-cap.txt - Device Capacitance Measurement
File Edit | View Calibration Measurement Configuration Help

H H x‘ Bi, ﬂ] _[,iﬁ b Start Calibration... -TO-Socket-Adapter-Full.pda-cap.cal
=r - - = = =

-~ =

1 7 \\
A Setup Device Tyﬂﬁ: IGBT v i" Cies, Coes, Cre!\(; Cieg © Coes C Cres € Cge, Cce, Cge © Cge © Cce © Cge C Rg
Gemeril-satmgs-————-—-—-—-—-—-—-—-—-—-- Base / Ga-te-V-ch-age-E\es- ————————— - Collecton s Bravine oK aqe Swae B m m m ——— -
: Frequency 1M P-lr‘ : Bias 0 V: : Start 30 V :
e e 1 e L} N —r——r— p— |
A Detalls S5 TV
AC Level 0m V Sweep Mode LogSing ¥
NPLC 1 A Pl e mmmmm mmmm .
Phase Compensation : Number of Step 1 :
C Auto [ S ol
& Adaptive Frotd™T ==
Delay Time 0 s

Zero Bias Time 0 s

Characteristics Connections [

v (& Line © Dot C Line & Dot KN ’I‘ IE‘

MARKER: 29.982 V
ECies 4,102 nF
F

Capacitance

v Data store Device ID: | Device-1 v | Comment: El)ata: X E-_

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" for details
of the measurement circuitry including the AC short capacitor.
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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 Vyav Meas

-

-
’ ~,
A
’ g\ X
’ 1
/
oo e —

-

Verification of the Coes, Cres capacitance measurement
setups

Repeat the verification for Coes and Cres as in the Cies setup.
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5.8 Gate charge (Qg, Qge, Qgc)
Gate charge (Qg) measurement measures a charge injected into the gate
terminal to raise the gate voltage with a constant gate current and to turn

Reference:

the device from off state to on condition.

Refer to the section "Gate Charge Measurement Basics" for details of the
measurement circuitry including the AC short capacitor

To setup gate charge measurement parameters

Modify the test conditions based on the conditions described in the
datasheet as shown in Figure 2-45. 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 VGEi 1y A - 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, Qge 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 2-45 . @g test condition setup.
_1_' ________ 2. ___ 3 —— -
Qg Total Gate Charge | vgefon) 15 V: [®] 152n| 200 n chl Typ. 169nC |
! Vgeloff) 0V : " |
V][] : Vee 200 V| I I I
| Ic 40 Al 1 || :
Qge Gate to Emitter Charge 1 Vgelon) 15 \.r: El 22.9n| 23n cll Typ. 22 nC |
I Vge(ofn 0 v ! " |
i|= ! e = R i n .
1 - oAl I n ;
Qgc Gate to Collector Charge | Vgelon) 15yl E| 75.2nl 100 n C Il Typ. 69 nC :
1 Vgeloff) 0 \.rl | || I
J E‘ | Vee 200 \,r: : :: 1
_—_ R Lo __m___.



Note

Tips

Figure 2-46

Tips:

Datasheet Characterization

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 (g settings, refer to "Chapter 5 Gate charge
measurement".

For Vige(off) (or Vgs (off)), normally O V is used as in the Qg curve in the
graph section of the datasheet. (Figure 2-46)

Gate charge characteristics example.

Gate Charge

15V

2 Vydiv.

Gate to Emitter Voltage

—-_—

(ov

~—

P

20n Cdiv. 180 n C

=0
[s]

Gate Charge

How to choose a current load FET

Generally, a same device as the DUT can be used as a current load FET.
But there is a potential risk of damaging the current load FET if the test
condition exceeds the safe operating are (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 the "SOA and Current Load FET in Qg test" section for a more

detailed explanation.

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

It has the following characteristics.

v' VDSS: 100 V
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v" IDM(pulse): 500 A

v" RDS(on): 11 mQ

v 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, gate charge measurement mode of Easy
Test Navigator is used.

v" Open the gate charge measurement setup panel. (Figure 2-47)
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.)

1. Vds(off) = Vce(off)

2. Id(on) = Ic(on)
3. Vgs(off) = Vge(off)
4. Vgs(on) = Vge(on)
5. Input the Vth from the VGE(th) (VGS(th) for MOSFET ) to the
Vgs(th) in the definition area of Qg curve.
Figure 2-47 Gate Charge Measurement window.

Qg.pda-qg.txt - Gate Charge Measurement

File Edit View Calibration Mes iucat Leave as a default. Range to search Vgs of the
q L X~ | current load FET to make Id(on) as a specified
@EE XO| 6 npuimasig ibratiol value
A Conditions |

Dran Gate v Current Load
Vdsi{off) 1 . 200 V Vgs(off) LoadVgs(off) 0 v
Id(on, 2 40 /gs(on) 4 LoadVgs(on) ]_5 Y
I )
Gate Charge Kharacteristics ’ Switching Waveform
g
v & Line © DoN( Line & Dot EI ,,,,,,,,,,, 5 Input Vth from the

MARKER(A): 100 nC MARKER(B): 100 nC (Ax 0C datasheet

Para|

2o’

Gate Charge

[l vds-Qg-{HV)
: ﬂJESDZd 2 (Derived)6.6733 V

Datasheet

%
2
Parameter Test Conditions, £
Qg Total Gate Charge / E
WCE= 200V, IC =404 =
Qge Gate to Emitter Charge VGEZ 15V ! ! 2
= 3
Qgc Gate to Collector Charge

20 n C/div.

Qg, Gate Charge

j Comment: I

Gate Charge

v Data store Device ID: [Dewce—l

6. Gate current (Ig) is not usually picked up from the datasheet.
The Ig parameter used in the B1506A is determined by the
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following steps.

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.

Note:

This charge must be forced to the gate within one gate pulse
width period.

* 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.

Calculate the minimum Ig required to charge Rq in default 400 ps
gate pulse.

- Min. Ig .= Rq /400 ps

Using the required charge in the previous step is calculated as,

- Min. Ig = (857 ~ 476) nC / 400 pus =0.89 mA ~ 1.19 mA
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.

For more details of the Ig determination background, refer to the "How to
determine Ig to measure gate charge" section for a more detailed
explanation.

Some datasheet describes Ig for Qg measurement, but this Ig is to drive
the gate in a real switching speed. For B1506A, a Ig cannot be used
because the actual switching speed is too fast for B1506A.

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

2-48)
7.

8.

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

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.
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Figure 2-48 Qg measurement setup verification.

8 Q_q.EtIa—qg.txt - Gate Charge Measurement
7
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Drain Gate #| Current Load
Vds(off) 200 V¥ Vgs(off) o Vv LoadVgs(off) o Vv
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Derived | High Current | High Voltage

20 n C/div. Symbol Value Unit Description
Vgs(pl) 618 V gate plateau voltage -
) Data store Device ID: Device-1 ~ Comment: 1| pata: X |

Click
File Edit VyA4v Meas
o 0 s\x z
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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Figure 2-49

Figure 2-50

Datasheet Characterization

To Delete gate plateau voltage Vge(pl)

Since there is no definition of the gate plateau voltage, 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 2-49), or select the item and click the
delete button in the ribbon menu (Figure 2-50).

Deleting Vge(pl) parameter from the datasheet using popup menu.

Right click the

item
[V Voelp)  Gate to Emitter Plateau Voltage [Vge(on)=15 V, Vge(of)=0V, Vce=200V, Ic=40 A w7V
 Characteristics Graphs D Uncheck All
Setup
v - &

j Import
Output Characteristics Duplicate {
52 Delete  Del

Select “Delete”

Deleting Vge(pl) parameter from the datasheet using the ribbon menu.

Click to select

— ! ‘\\
£t 7 X
12X

Click to delete the
selected item
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Step 6 Creating Measurement Conditions of Graph Characteristics

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 CV characteristics

6.6 Gate charge characteristics

Characteristics Graphs section locates the bottom section of the
Datasheet Characterization panel. To setup 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 2-51

To setup 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 setup the parameters.
1. Graphic scale setup

Modify ranges of the vertical axis and the horizontal axis of the graphics
(refer to Figure 2-51) the same way as in the datasheet.

‘/ Click to select |
__and modify it

Output Characteristics
200A

150 A vas =

Collector Current

VGS =6V

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 -6 V

2. Gate voltage steps

Modify the gate voltage steps by opening the setup of the IC-VCE
measurement by referring to Figure 2-52.

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

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

d) Select the item and click the setup button in the ribbon menu.

Figure 2-52 To open the IC-VCE setup.

Output Characteristics b.,~ 2

VGS=8V VGS=9V,VGS=10V, VGS =15V, VGS 520V

1 V/div.

Collector to Emitter Voltage

Duplicate

X Delete Del

v" The IC-VCE setup window opens as shown in Figure 2-53.

v" Click on the list numbers of the step list to expand the number list to
edit mode. (Figure 2-53(a))

v Modify the list of the gate sweep voltage same as the datasheet (6 V,
7V,8V,9V,10V,12V, 15V, 20 V).
Figure 2-54 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 12

V is added.

1. Click 15 V.

2. Click Insert icon.

3. 0Visinserted.

4. Change the inserted 0 Vto 12 V.

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 2-53(b).

The stop voltage is determined by using the following formula,
Vset > (max. Vout) + (current compliance) x Rout,
and it is,



Figure 2-53

Figure 2-54
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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 UHCU's V/I parameters for VCE(sat):" for the
detailed explanation of the UHCU operation.

IC-VCE setup window.

IC-VCE.pda-iv.tdt - I/V Measurement
File Edit View Measurement Configuration | Help

QME, XDdaE, >

~ Setup Device Type: |IGBT v| @Ic-vce CIC-VGE € VGE(th) € VCE-VGE € VCE(sat) C ICES € IGES C IF-VF
General settings Gate / Psc.‘."amd.ukf_ixcp_ _______ Drain / Collector Voltage Pulse Sweep
W Auto Period iStep Mode ListSinal . Sweep Mode L
i gl ¥ I .mearSl':_J
Pulse Peri ! 1
iiise Fenod 50m s IL List aA. 6789 Vi Start —=a_ Y
v Details BT e e Stop N >
b.[[” = Y= 30V
v Voltage Compliance S=——TV
Click numbers to edit
Characteristics Connections |

the list

v @ Line € Dot € Line &Dot G

MARKER: 1.5472 V

i | s s

Mves=7v MvGs=8v
Mves =j10v Bves = 15v

Drain / Collector Voltage Pulse Sweep
Sweep Mode

General settings
W Auto Period
Pulse Period

ListSingl ~ LinearSir *

93| 4 v Start
+ X Stop
] -~
. AN

50m = List

< <

v Details

)]

w Voltage Compliance

v Data store {f

R

v Details

Gate step voltage modification.

Gate / Base Voltage Pulse Step
Step Mode

lst (9 (:-';_. ¥ v List &4 v List g5 ¢ v
X X X
W ~
o E

Gate / Base Voltage Pulse Step

Gate / Base Voltage Pulse Ste
Step Mode ListSingl + Step Mode ListSing! ~

ListSingl ¥

q 9 1 9
10 10
3o 4)| =]
15 15
o a0 ]
v Details v Details
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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 2-55(a).)
Figure 2-55

a) Ic-VCE setup and the output.

IC-VCE.pda-iv.tt - IV Measurement.
File Edit View Measurement

b) Updated Datasheet graph.

Configuration Hglp=n._
N o G II p
GQuE, xaas( >}
Setup Device Type: |IGET | @i1cvTicvee Cve VCE-VG 168s C IF-v Output Characteristics
Characteristics | Connections |

v Line € Dot

=
[~
[
4
=
O
=
S
e
o
2
©
O

1 V/div.

1 V/div.

“ Data store Device ID: [ Device: 1 _v] Comment: ~ 1] Data: X | ] Device-1 IC VCE 8-18-2014 9-58-24 AMpda-ives Collector to Emitter Voltage

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

Caiinn ;

ol W

S

v' The graph in the datasheet is updated as shown in Figure 2-55(b).
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6.2 IC-VGE transfer characteristics

Note:

Note:

Figure 2-56

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

UHCU in B15606A-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 "How to set Voltage force mode
setup:" for more details about this.

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

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 2-56.

Click to select
_and modify it

Transfer Characteristics

100 mA

Collector Current

1 V/div.

Gate to Emitter Voltage
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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 2-52, IC-VCE example to open the
measurement setup window.)

v" The IC-VGE setup window opens as shown in Figure 2-57.

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

1.

. Save the setup and the measurement data by pressing "save

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

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 1700 mA

Note that the pulse width is set to 500 us

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

Click the "Start Measurement" button.

IC-VGE measurement is made (Figure 2-58(a).

2.
pull-down menu opens.
3. Click "MPSMU".
4.
5.
6.
7.
8.
9.
10
icon. (Figure 2-58)
1.

Figure 2-57

The datasheet graph is updated (Figure 2-58(b)).

IC-VGE I/V measurement setup for MPSMU.

IC-VGE.pda-iv.tet - IV Measurement

File Edit WView Measurement Conﬁguratgion Help
Rl
3 L c .
alE XdA= (RO
- L S,
# ) Setup Device Type: |IGET = JIC-VCE (@ [C—VGEI\ ' VGE(th)
General settings

Auto Period

Pulse Period 50m| S

v | Details

Z-a 4
S VCE-VGE O VCE(sat) ICES IGES @ 1IF-VF D N .
Gate / Bawe/Sltage Pulse Sweey Drain / Collector Voltaggﬂl; Bias ¢ Pulse BLaé—~\
Sweep Made LinearSir Source g Vv 5_ 4 0 ,\\.lr 20V
~
Start v A Voltage Complianc 60| V S==
S e e
Stop 8. (\ o W J\UHCU ¥ [{Pulse '[Constant ']
e
MCSMU '[VPU\;E '[Sweep '] UHCU Ee/‘ 150 A o v
Base 0 v HVSMU /I v o
plance % 6. ((10m ) Am
Number of Step 51 Fue Deizy 50y S S v
Compliance 1 A " Pulse Width 200y = 100
Power Compliance ;w W 0 s
Voltage Compliance 30| V CIpinEN
- 15
Pulse Delay 0 s 7‘ ( EEIEEI
Pulse Width i1m &
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Figure 2-58

a) lc-VGE setup and the output. 11.b) Updated Datasheet graph.

1 One Aoisliew  Measurement  Configuration  Help _—
49 1a N Transfer Characteristi
H\-H’i ‘}g u—] Eﬁ = > ransrer iaracteristcs
v Setup Device Type: | 1GET 1C-VCE IC-VGE

Characteristics | Connections

) ® Line © Dot © Line & Dot (3] (@] (¢l [=] (A

X: |vee ~ |Linear ~|v: |1

MARKER: 45099 V
Characteristics ~ 64.07 mA

70m A

10 m A/div.

o
[=
[
E
=1

o
pul
o
£
|

2

©

g

2
5
=4
E
a

1 V/div.
1 vydiv.
VGE |

Gate to Emitter Voltage

Click

File Edit VyA4v Meas
,—-~\\

o i

N —

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 "IC-VGE output

characteristics measurement using UHCU:" section.



Datasheet Characterization

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

FGA180N33ATD Measurement condition of VCE-VGE transfer
characteristics:

Figure 2-59 shows typical VCE(sat) versus VGE characteristics.

Figure 2-59 VCE-VGE saturation voltage characteristics.
20 v
o Jg 1! | FGAT80ON33ATD
(@)
i
S
- 180 A
(]
£ =
= ©
E >
@) o~
C 40 A Z
o
D Ic =20 A
©
)
0V
0V 2 V/div. 20V

Gate to Emitter Voltage

To set up VCE-VGE graphics measurement parameters
Follow the next steps to setup the parameters.
1. Graphic scale setup

Modify ranges of the axis of the graphics the same as the datasheet by
referring to Figure 2-60.

Figure 2-60

Collector to Emitter Voltage vs. Gate to Emitter Voltage

[
(=)
je)

=
o

>
a
0
2

E
=

—_—
o
2
put
S
2
o

<

©

v}

2 vydiv.

Gate to Emitter Voltage
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Figure 2-61

v Col
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lector 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 2-52, IC-VCE example to

open th

e measurement setup window.)

v" The VCE-VGE setup window opens as shown in Figure 2-61.

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.

Modify the list of the collector current same as the datasheet, as
20, 40,90 and 180 A.

(Refer to Figure 2-61.)

Gate / Base bias sweep range and the voltage compliance are
inherited from the test conditions defined as the datasheet setup.
Modify the pulse width of the drain/collector current pulse setup
from 500 s to 300 ps. (Figure 2-62.)

Click the "Start Measurement" button.

VCE-IGE measurement is made (Figure 2-63).

Save the setup and the measurement data by pressing "save"
icon. (Figure 2-63)

The datasheet graph is updated (Figure 2-64).

VCE-VGE I/V measurement setup for VCE(sat) measurement.

~ Setup Device Type:

General settings
[V Auto Period
Pulse Period

v Details

IGBT v

125m s

C1C-vCE € IC-VGE © VGE(th)QQ\Lc_E_-ggE)f‘ VCE(sat) © ICES C IGES C IF-VF

3  Gate / Base Voltage Pulse Swee Y~ Drain / Collector Current Pulse Ste
- Sweep Mode LinearSit ¥ | Step Mcde ListSing| 'I

| Start 20 VI List gE| A
N S I o V! X
v Details
2,

TTTTTTTT

-

v Voltage Compliance 20 V
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Figure 2-62 Pulse setup.

~ Setup Device Type: |IC-BT j CIC-VCE C IC-VGE € VGE(th) & VCE-VGE ( VCE(sat) © ICES ( IGES ( IF-VF
General settings Gate / Base Voltage Pulse Sweep Drain / Collector Current Pulse Step
IV Auto Period Sweep Mode LinearSit * Step Mode ListSingl ~
o
Pulse Period 125m = Start 20 V List 2040,90,.. A
v Details Stop lio v ~ Voltage Compliance 20 V
v Details [uhcu  v|ftruise  ~]

Base
Compliance
I Power Compliance
¥ Voltage Compliance
Pulse Delay

Pulse Width

o

.

b4
m
o
‘;'1‘—‘

o
[N}
[*] w
o tal
< =

Drain / Collecty, fent Pulse Step

Step Modé

List
~ Voltage Compliance

!

ListSingl ~
20,40,90,. A

]
o
=

[uhcu  +|[ipuise
Base
Compliance
I Power Compliance

W Voltage Compliance

Zllstee -]
A

225k

JH

Pulse Delay s
- —_———
Pulse Width : 300p S :
1 1
1
Figure 2-63 VCE-VGE measurement result.
3E.pda-ivbd - I/V Measurement
Edit View Measurement Config 5. Help
SRS PaahS
4 n - »
ANE Xdaz(»)
N_—, N_—,
v Setup Device Type: |1GET IC-VCE OHCWGE O VGE(th) CE-VGE (O VCE(sat) (OICES (OIGES (O TF-VF
Characteristics | Connections
~) @ Line © Dot © Line & Dot % =] (A <
MARKER: 74V i
Ei-204a Embm=40A Em=-90a %
Fmn-180A 30,601V g
35V =
2 V/div.
VGE
v Automatic Data Save Device ID: | Device 1 Comment: 1| Data: | X | )| Device-1 VCEsat 1-7-2015 12-42-22
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Figure 2-64

Note:

Datasheet Characterization

Click

File Edit Viav Meas
/—~‘\\

o i

N -

VCE-VGE graph updated in the datasheet characterization panel.

Collector to Emitter Voltage vs. Gate to Emitter Voltage

20 v
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©
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2 V/div.

Gate to Emitter Voltage

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 2-65 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 FGAT80N33ATD, 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.
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Figure 2-65

SOA limit and pulse width setting.

1000

180A 7

IC (A)

10

SOA Characteristics - FGAT80N33ATD IGBT

1000

F I
r UHCU max. output
- lc MAX (Pulse) (500 A range)
I N 10ps
i\

i 00 ps

\l \\\

: "800 pis to 400 pis
~Ic MAX (Continuous) i =~

+ DC Operation ;
1 10 20 100

VCE (V)



Datasheet Characterization

Tips: 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
2-66. 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).
Figure 2-66 VCE(sat) at 200 us pulse width.
Drain / Collector Current Pulse Step Characteristics |Conpeciops — — —
Step Mode [ ListSingle v| +) ® Line © Dot © Line & Dot (4] (@] [ (=] [A]
List 2040,90,.. A MARKER: 74001V
~ ) Voltage Compliance o Vv }g:—;g& sty
[UHeu v |iPuise v |step -| BV
Base o A
Compliance gz V I: 20 Al _
Power Compliance 225k W . ,“— ==
4| Voltage Compliance o v
Pulse Delay =S
Pulse Width ~ 2004 B
5 V/div.

VGE

Figure 2-67 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 2-67(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 2-67

~

35V

VCE(sat) Oscilloscope View of ON and OFF state.
(a) ON state pulse

Characteristics | Connections

Line ® Dot © Line & Dot || (@] [« (=] (A ® Line © Dot © Line & Dot

v

MARKER: 5.9999 V MARKER{A): 200 ps B MARKER(B):

ID=20A 11226 V

Oscilloscope View

‘/ ON State
[ s—————————

2 Vydiv.

VGE 500 p [5200 u s/div 500 p 5] e T

(b) OFF state pulse

MARKER: 53996 V MARKER(A): 200 ps B MARKER(B):

ID=20A 28743V

Pg OFF State

[«

scilloscope View

Os

2 Vidiv.
VGE

500 Y [5200 p s/div 500 p 5] o B

Figure 2-67(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.



Note:

Note
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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.

Actually, the 1T 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.

Refer to the "How to Use Oscilloscope View" section to use Oscilloscope
View.
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6.4 VF Freewheeling diode forward characteristics
To set up VF graphics measurement parameters
Follow the next steps to setup 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. (Refer to Figure 2-68.)
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 2-69)

Figure 2-68 Changing the Y axis scaling mode.
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Figure 2-69 Changing the X and Y axis scaling.
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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 2-52, IC-VCE example to open the
measurement setup window.)

Follow the next steps by referring to Figure 2-70.

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. Set the number of steps properly to make measurement faster

and also to maintain proper voltage steps.

Figure 2-70 IF-VF 1/V measurement setup.
~ Setup Device Type: |IGBT v| C IC-VCE € IC-VGE € VGE(th) C VCE-VGE € VCE(sat) © ICES  IGES & IF-VF
General settings Gate / Base Voltage Pulse Bias Drain / Collector Voltage Pulse Swee
v Auto Pe.nod Source lio v Sweep Mode Iﬁfm
Pulse Period 50m S v Details Start '_ﬁ ________ q.__‘-"..
v Details 1

sop 4 [ & s Vi
L |

~ Oltage Compha;] 25 V

| UHCU jlvpulse leweep j

Base __| ________ -y,

Number of Ste{: 5 51 :

Compliance l"W---]ﬂ()-'-ﬁl

[~ Power Compliand 25k W
[ Voltage Complia 25 V

Peak Delay 50y S
Peak Width 200p S

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 Save icon in the ribbon menu.

Click

File Edit Vi Meas

-

) ~
. ’ A
: . \| = :
v 1 1
o 7 4
~ 2 =

-

v' The IF-VF graph in the datasheet is updated as shown in Figure 2-71.
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Figure 2-71
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IF-VF Freewheel diode forward characteristics.
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6.5 CV characteristics
To set up CV graphics measurement parameters
Follow the next steps to setup 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 2-72.)
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 2-73)

Figure 2-72 Changing Scaling mode.
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2. CiesCoesCres-VCE CV measurement setup

Modify the measurement setup by opening the CiesCoesCres-VCE
measurement setup window. (Refer to Figure 2-52, 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 2-74.)

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 2-74 CiesCoesCres-VCE measurement setup
~ Setup Device Type: |IGBT v| @ Cies Coes Cres © Cies  Coes © Cres € Cge Cce,Cgc  Cge © Cce © Cgc T Rg
Gen{r‘!‘l‘!ﬂﬁhﬁ!‘ """"""" V- Base / Gate Voltage Bias Collector / Drain Voltage Sweep
1 Frequency 1M Hz: Bias o Vv Start I 1 Vv
1 1
o [ —— 1 Stop | 30 V
AC Level 0m Vv Sweep Mode ||_ogsmg vl
N PLC [ 1 ~ Details
Phase Compensation Number of Step I 101
€ Auto Hold Tim |
C Adaptive old Time S00m =
Delay Time | 0 s
Zero Bias Time | 0 s

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 VyA4v Meas

-

-
> , ~ 4
\
’ " = ;
: ] ]
” 4
~ o~ =

-

v" The CV graph in the datasheet is as shown in Figure 2-75.



Figure 2-75
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. CiesCoesCres-VCE datasheet characteristics graph.
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v
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Collector to Emitter Voltage
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6.6 Vge-Qg gate characteristics

Figure 2-76

Figure 2-77

~ Conditions

Drajpe==w===

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.

To setup Qg graphics measurement parameters
Follow the next steps to setup the parameters.
1. Graphic scale setup

Modify the range of the vertical axis and horizontal axis of the Qg graph
according to the datasheet. (Refer to Figure 2-76.)

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

Gate Charge

v
(=]
T

&
o

>
—
9]

g

=
£

wi
o]

2
9]

2
[}

&)

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 2-52, IC-VCE example to
open the measurement setup window.)

v' Modify the test setup the same way as shown in Figure 2-77.
The same collector current as the Qg datasheet parameters is also
used to measure the VCE-Qg graph.

Vge-Qg Gate charge measurement setup.

_______________ Gate [ Current Load
00 V : :T'Es-'c-‘:f“___ 0o v 3 LoadVgs(off) o Vv
aa A : :'\’gs(or‘] 15 Vv : LoadVgs(on) 15 V
]
cmmmmem—————— : Ig im A
e ———— | C



Figure 2-78
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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 Vy4&v Meas

7 %

ol

Saws

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

To setup 2nd Qg graphics measurement

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

To duplicate graph:

Figure 2-78 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.

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.

Gate Charge . ._ \
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Gate Charge
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To set up off voltage

v Set second Vds(off) test condition (Figure 2-79).

Figure 2-79 2nd Vge-Qg Gate charge measurement setup for different Vds.
~ Conditions
Drai == e e 1+ Gate IV Current Load
I’Vds(off) 200 V : Vgs(off) o V LoadVgs(off) o V
"mmn} "" f """" 3'0"7{"' Vgs(en) 15 V LoadVgs(on) 15 V
] 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

Figure 2-80
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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.

"File -> Save" saves the entire setup.

File Edit View Measurement Setup Configuration Help

Emitter Voltage ITj:-SO °C to 150

tter Voltage | Conitnuous
ector Current ITc=25 °C
iwheeling Dicde Current ITc=25 °C

Change Device ID...

Recent Setup Files 4

. Exit

~ Characteristics Parameters
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Step 8 Run the Test of Entire Parameters and Graphics
To run the entire measurement, confirm that all measurement items are

“Checked”, and then click the “Measure button.
1. To start test

v" Click the “Measure button.
The measure button is shown in Figure 2-81.

Figure 2-81 Start measure button.

Click
“Measure”
button

File Edit View Measurement Setup | Configuration bHef "-~..\

_ = : / N : -
aAesE Xdoa(» JBEBF X, 003,
~ Identification Device Type: [1G3T  +| 0 B

Part Number: | Fea180N334TD

Device ID: ISample 1

Description: Fairchild: 330 V, 180 A PDP Trench IGBT
Operator: Keysight Application Development
Measurement Instrument: | B1506A H71 Demo #1

~ Maximum Ratings

Maximum Ratings
Symbol Parameter | Test Conditions | Value | unit | Note | |
VCES T e el [T=-50 C to 150 °C [ v
VGES Gate to Emitter Voltage lCanitnuous | v I
Tips: Two measurement mode options

The datasheet measurement mode has two options as shown in Figure

2-82.

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 2-83.)

v' "With data cleared" option clears all the existing data and starts new

measurements. (Refer to Figure 2-84.)

Figure 2-82 Two start measurement options.

Click the down arrow to
show the start options.

T

X

Start Opticns |
Without data clearsd

With data cleared

—_—
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Figure 2-83 Measurement under "Without data cleared" option.
l’-\\
| symbot Parameter Test Conditions _Min 4 At ‘\‘/v,,, | unie Updates new
| ‘ EE
i ‘ \ ks e on the
7 _| ; [ N ﬂ{pd,,uvtﬁ L Previous data.

Output Characteristics Transfer Characteristics

Collector Current
Collector Current

IC-VCE.pda-iv.txt - LV Measurement

Qe ydao

v e

1 Vv/div.

Collector to Emitter Voltage

Figure 2-84 Measurement under "With data cleared" option.
Symbol Porameter Min I/ :-;\ Max. | Uni :
z VB Updates new
3 . :;,'f‘_‘__r / data on
Z \ o L new blank form.

Output Characteristics Transfer Characteristics

Collector Current

-
=
@
e
£
=
O
=
S
£
=
2
©
o

IC-VCE pda-ivitet - UV Measurement

WHE 20D

1 V/div.

Collector to Emitter Voltage

2. Device setup confirmation for I/V and CV measurements

v" At the beginning of the measurement, the dialogue box shown in
Figure 2-85 appears. 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.
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Figure 2-85 Dialog box for confirming the connections for I/V and CV measurements.

File Edit View Measurement Setup Configuration Help

AdueE Xdam, -8 EHF X, 40
, Ll
(A ) Identification Devi(eTygi 1GB] i) \»

1]

B

. @ Please make connection for I/V Measurement and Capacitance Measurement.

Symbol
VCES

VGES Gate to Emitter Voltage
Ic™m Pulsed Collector Curren| |
™M Pulsed Freewheeling Dif|

|~ Characteristics Parameters
Symbol
7’:‘ BVCES Collector
j‘ ICES Collector I |
| s Gate Leakd|
i‘ 1GES() Gate Leakd|
| veEtn) Gatetotn]
*‘ VCE(sat)  Collector
;‘ VCE(sat).1 Collector Vo Typ.168V
@ j VF ([ ok | H l T I vV Typ.l2V

| Re Gate Resis‘l ~ i' ohm
@ " Cies Input Capacitance

Unit Note

Click "OK" after
connecting the
device.

V. Typ.l1V

VGE=0V, VCE=30 V, =100 kHz ATn Sn| F  Typ.3880pF

—c—

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 2-86.

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 2-86 Test continues from the top to bottom.
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L O1)L o3 X
Maximur Ratings
Charocteristics Porameters
¢ Cond Act

v 6

v

v

v

iV H
¢ H
v

~ oo

= WhE xam >

v —

v

v

v

~

~ oph

r =
S TS S FE

neat B0 X|@ — 2

Lsun| & =3 PlodODsChEog 20mm

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 2-87)

4. the graph under measurement is blinking and
5. the small window of each measurement mode appears in the
bottom right of the screen.
Figure 2-87 Graphic characteristic measurements.

Gate 1o Collecor Charge [Voute

~ Charactenstcs Graphs.

1.1

Collector Current

20 A/div.

Output Characteristics

1 V/div.

Collector to Emitter Voltage

Collector Current

Transfer Characteristics

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
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measurement setup appears as shown in Figure 2-88.

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 2-89.

Figure 2-88 Dialog box for confirming the connections for Qg measurements.

File Edit View Measurement Setup Configuration Help

QueE xXdas, 8 @87 X, 2,

| Connection =

0 Please make connection for Gate Charge Measurement.

Capacitance

C|.|Ck lIOK" after Device Capacitanc...
connecting the y
device.

st & O B(E Plo D ERTh 4oV m
Figure 2-89 Auto-save the results to pre-defined directory.

File Edit View Measurement Setup Configuration Help

GQusE xadam, »  [@aF X, 2,

decade/div. 20 n C/div.

Collector to Emitter Voltage

Gate Charge

Gate Charge

Pre-defined directory to
save the test results.

20 n C/div. 180n C
Gate Charge -

Gate to Emitter Voltage
2 Vv/div.

Ev Data store Device ID: [Device-1 _+| Comment: | B pata: X | @ r ’ E
{ i
Bsen["#F @ 2 Pl O EleWh v m
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Note:
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To set the measurement execution and the priorities.

1. Measurement priorities
It is possible to put priority to each measurement item.

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

v Friority can be changed by clicking the button.

Click the
button to
toggle the
priority
'/ symbot_| Paramete
v BVCES Collector to Emitter By
v ICES Collector Leakage Curt
v 1GES Gate Leakage Current
v VGE(th) Gate to Emitter Thresh
v
v VCE(sat) 1 Collector to Emitter Sa
v VF Freewheeling Diode Fo
v Cies Input Capacitance
v Coes Output Capacitance
v Cres Reverse Transfer Capa(
v 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.

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.

2. Skipping the measurement

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.
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Right click and select

action | G
Click here to check
\ / ’ all / uncheck all
\ items
r® \ /
|8
B Y
v -
r'; i ’D | g EIQ ]
v
12
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Step 9

Reviewing and Checking th
Measurement Result

To see the test results:

Datasheet Characterization

e Printing Image of the

v To see the test result, click the down arrow in the bottom left of the

screen to expand the test res

ult viewer.

The area expands, and you can see the test data files.

GNeE, XOAD

Measurement Setup Configuration Help
%)

decade/div.

Collector to Emitter Voltage

Gate Charge

x

20 n C/div. 180n C

Gate Charge

To recall test result:

v" To recall the test result, click the name of the result in the recent data

20 n C/div. 180 n C

Gate Charge

PO ECRHEh 1 m

area, or click the “File” icon at the left of the latest test result file.

Configuration Help

dA@, > [m]o]

View Measureme

.".].Hli-i’d X

e

decade/div.

Collector to Emitter Voltage

Gate Charge

20 n C/div. 180n C

Gate Charge

g Test resultis

% automatically

= stored into the

£ specified

E directory.

2
;',‘ Diata shor . B pata: X ‘I
| Data folder: sers\B15054 ments e, eresB150x Powe ednalyzer\Datasheet\CataStore Boewia | |
| Recent data: |
i 1
i - i
' Click to restore !
; the pre- :
i measured data i
| |
; ;
Start| & O e P ge © = [ (o v ip 4o3rM BB
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To display the test results in the datasheet image:

v" 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.

File Edit View Measurement Setup Configuration Help

laam, > o [@e

decade/div. 20 n C/div.

ector to Emitter Voltage

Gate Charge

Gate Charge

Gate to Emitter Voltage

20 n C/div. 180n C
Gate Charge

v Data stere DevieeID: | Device-l | Comment: B pata: X | @l

Lrsrt| & o = = FllwOefEiow i 256PM B

v Print pre-view panel opens.

L3 print Datasheet -lslx
4 N
\
| * 3 k& H R
% - °
2N
unit Not
Characteristics Porometers
Test Conditions Min | act. | mox. | umit Note
Output Characteristics Transfer Characteristics
Lrsun| & O] wmlBd %] PO o 25/M B
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Tips:

Datasheet Characterization

Printing the Datasheet

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

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

/=) Print X/
General I

Select Printer

& Add Printer
=i Fax

Lo Microsoft XPS Document Writer

Status: Ready Preferences
Location:
Comment: Find Printer...

Page Range

@ Al Number of copies: |1 3
C C Cu

S r

111 22 313

Print Cancel
| | |

Figure 2-90 shows a sample image of the printed test result of the
datasheet characterization mode.
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Figure 2-90 Datasheet characterization print example.
Part Number: FGALBON33ATD
Device ID:  Sample 1
Description:  Fairchild: 330 V, 180 A PDP Trench IGBT
Maximum Ratings
Symbol Parameter Test Conditions Value ] Unit | Note [ |
VCES Collector to Emitter Voltage Tj=-50°*Cto 150 °C 330 v
VGES Gate to Emitter Voltage Conitnuous -30 to 30 v
IcMm 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 [ |
BVCES Collector to Emitter Breakdown Voltage VGE=0V, IC=400 uA 330 36135 v
ICES Collector Leakage Current VCE=330V, VGE=0V 71ln 395p A
IGES Gate Leakage Current VGE=30V, VCE=0 V 100 p 400 n A
VGE(th) Gate to Emitter Threshold Voltage (VCE  [C=250 pA 2.5 4159 5.5 Vo Type.4V
VCE(sat) Collector to Emitter Saturation Voltage VGE=15V, IC=40 A, PulseWidth=200 p: 1.0256 14 Vo Typ. llV
VCE(sat)_1 Collector to Emitter Saturation Voltage VGE=15V, [C=180 A, PulseWidth=200} 1.8256 2 vV Typ. 168V
VF Freewheeling Diode Forward Voltage VGE=0V, IF=20 A, PulseWidth=200 ps 11736 16 Vo Typ.l2V
Cies Input Capacitance VGE=0V, VCE=30V, f=100 kHz 41317:  5n F  Typ. 3880 pF
Coes Qutput Capacitance VGE=0V, VCE=30V, f=100 kHz 32505 500p 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)=15V, Vge(off)=0 V, Vce=200\ 16693 250n C  Typ.169nC
Qge Gate to Emitter Charge Vge(on)=15 V, Vge(off)=0 V, Vce=200\ 24621F  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 = 9V, VC L YGS = 13V, VGS F 10V, M 200 A /
b= VEs -8V b= /
@ w
= = = =
S 3 S 3
g o 2 o
9] &~ I o] ~ /
@ @
= VGEs =7V =
[s] | [s]
L L /
Wigs——b4
0 A 0 A
0oV 1 V/div. 6V 0oV 1 V/div. 10 Vv
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.

204 1D

.
=

2 Vidiv.

Gate to Emitter Voltage

Capacitances

Collector to Emitter Voltage vs. Gate to Emitter Voltage

20 Vv

1n F/div.

2 V/div.

Gate Charge

1v decade/div. 30 v
Collector to Emitter Voltage
Gate Charge
0c 20 n C/div. 180n C

Forward Current

Gate to Emitter Voltage

page 2

100 A

decade/div.

15 v

2 V/div.

Freewheeling Diode Forward Characteristics

ov 500 m V/div. 25 v
Forward Voltage
Gate Charge
0c 20 n C/div. 180 n C
Gate Charge
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Useful information using Datasheet Characterization mode
Tips of Using Extra Functions

Tips: 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

‘-r Import Picture

x Clear Picture

| v

Tips: 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

Symbol Parameter
VCES Collector to Emitter Voltage
VGES

Gate to Emitter Voltage

ICpulse Pulsed Collector Current
IFM qulsed Freewheeling Diode Current

106



Datasheet Characterization

Tips: To add maximum value in the BVCES
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 | Porameter | Test Conditi

| Min. | Act. b”Max.~3 Unit | Note
BVCES Coflector to Emitter Breakdown Volt..  VGE | 0 Vv %l | 300 350 l: 1
v _| K [ 200 A WA
| Min. | A | Max |
00 3% |
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 to leave both Min. and Max.
values blank (ex. Vce(sat)).
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UHCU Details and Measurement Tips

Note:

How to set UHCU's V/I parameters for 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 2-91.

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.

Note *: 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.

Example:

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
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DUT by applying the over voltage.

Figure 2-91

120 mQ @ 500 A Range
40 mQ @ 1500 A Range

b a. IC .
U H CU " —_— Collector/Drain
/\R}l{/_@ Force
N __J
1. Vdrop Collector/Drain
— d Sense y
7‘— Vset 2
,’ Feedback in | Emitterls\’t;)urce
/ Pulse Mode Sense
f’ —/ N
/" N EmitterISourcé‘\
- Force \

Drain / Collector Current Pulse Sweep

Sweep Mode LinearSir + ;
___________ [ap—— o
I Start 40 A : T
Stop ] o A
———————— 1 -

[uhcu = lfipuise

Base 0 A

4' Number of Step 1
. i 1
*~t 1 Compliance 63 VI
Power Compliance | 225k W

[¥ Voltage Compliance 24 V
Pulse Delay 50 S
Pulse Width 200p S

Relations with the simplified UHCU's internal measurement resources
and the VCE(sat) test conditions for IC=40 A.
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How to set 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,

- Qutput 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 2-92
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IC-VGE output characteristics measurement using 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 2-91.

To measure IC-VGE (or ID-VDS) at higher current, Ic-Vge for Expanders
(or 1d-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 2-92 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 UHCU is set as VCE=20 V.

IC, VCE-VGE simulation for UHCU - 20 V
250 25

Expected curve

200 \ \\ ; 20
150 . 15 —
= ; s
~ 1 wl
L—’ II o
100 \ 10 = IC
——\(CE

50 g 5
/ N—
0 0
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Figure 2-93

112

How to set 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 IC-VCE characteristics

- Rout: UHCU's output resistance

- VC: constant VCE voltage of output characteristics measurement

In the case of the test at IC=200 A and VCE=20V,
VCE =Vset=200 Ax 120 mQ + 20V = 44 V

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 2-93.

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 02
% - 15 = \/CE
50 N HigherIC 10

/ by L5
/. highvee |0

0 2 4 6 8 10
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Figure 2-94 shows the IC-VGE test setup using UHCU.

Figure 2-95 is an example IC-VCE characteristics curve measured with
the Figure 2-93 condition.

Figure 2-94 .IC-VGE setup for UHCU.
~ Setup Device Type: |IGBT v| CIC-vCE & IC-VGE € VGE(th) © VCE-VGE C VCE(sat) © ICES © IGES  IF-VF
General settings Gate / Base Voltage Pulse Sweep DrainiCollectarMoltage Pulse Blasc e ===
[V Auto Period Sweep Mode  [inearSingle | Source 44 Vv

Pulse Period 50m S Start ﬁ Vv ALMMCWM'?"‘

i Detaiks Stop | 10 V [UHCU jl\fpulse leDnstant j
A~ Details Base o V
IMCSML‘ L”vpulse L‘[Sweep j Compliance 200 A

Base l_—o v [ Voltage C:mpha.’l 60 V
Number of Step [75_ Peak Delay I750u .
Compliance ,7_ A PeskWidth [ 2004 s
¥ Power -Comphancliw N
™ Voltage Comphar[—go v
Peak Delay '70 s
Peak Width ,71m s

Figure 2-95 IC-VGE example of UHCU (VCE becomes about 20 V at IC=200 A).

Transfer Characteristics

-
==
QL
=
=
=}
O
—
O
=
1
2
©
o

1 v/div.
Gate to Emitter Voltage
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Capacitance Measurement Tips

Tips:

Tips:

Tips:

To measure large capacitance
If the measured capacitance exceeds the specified limit, try to change the
measurement frequency to 100 kHz.

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, too.

Refer to "Crss Measurement of Super Junction FET" section in the Useful
Information using Capacitance Measurement mode"

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

Capacitance Measurement Techniques

Figure 2-96

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 companents for each
capacitance parameters.

Cies measurement:

Figure 2-96 shows the simplified Cies measurement circuit block. The C-E
AC path is shorted by the 1 uF 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
the AC measurement signal.

CM measures both Cgc and Cge.

Bias Tee

100 kQ
HVSMU

CMH
I

MFCMU AC
signal path
CML e

l?\()/l{lQ ;K

MPSMU

Coes measurement:

Figure 2-97 shows the simplified Coes measurement circuit block. The
output capacitance, which is Coe connected in parallel with the series
connected Cgc and Cge, is measured.
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Figure 2-97 Simplified connection diagram for Coes measurement.
Bias Tee
200kQ
HVSMU — -
" ‘:
1
\ 10? InF / AC signal path
CMH 1 -
\h_f’ C
hAFChAU 100QF ng_ -
PANRY NN
CML i , \
! \ p G, .
1 \ = Cce
! 1 \ 1
] i 7 it
1100 k0/ Coe =]~
MPSMU ~ Vs
\—,

Cres measurement:

Figure 2-98 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, 0 V for
normally-off device and negative voltage for normally off device.

Figure 2-98 Simplified connection diagram for Cres measurement.
Bias Tee
27N
,/‘.I.O kd\\
HVSMU |— -
1 1
1 1
\ 100nF
CMH L | | =<
SN gnat
LS : ;
MFCMU 100 nE signal pa
CML II

100 kQ

MPSMU AN

AC Guard

Connection diagram:

By selecting the “Connections” tab shown in Figure 2-99, the connection
diagram for each measurement mode can be confirmed.
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Figure 2-99 Connections diagram of each measurement mode.

Cies.pda-cap.b - Device Capacitance Measurement

File Edit View | Calibration Measurement Configuration Help

- =l U c
g H H ﬁ E : % u‘j E’]j B : b b-‘.iunt:allbnﬁon_ -TO-Socket-Adapter-Full.pda-cap.cal B
s
A Setup Device Type: v ies, Coes, Cres, (¢ |es}FCoes C Cres C Cge,Cce, Cgc © Cge © Cee € Cge © Re
S Device Type: |IGET € Cies, Coes, Cred, @ Cies g g g g 9
~—
General settings Base / Gate Voltage Bias Collector / Drain Voltage Sweep
Frequency 1M Hz Bias oV Start 30 V
v Details Stop 30 V
Sweep Mode LogSing ¥
v Details

P ——

~
Charact:ristic;_ Connections B L,'

3 1Base /Gate 2 Collector / Drain 3 Emitter / Source 4 Guard

ry
—achy/ 4
3
v [ Details
v Data store Device ID: | Device-1 L] Comment: EI Data: 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 (bx CR time constant of 100 kQ and 1 uF
capacitor).

v For Coes and Cres, 50 ms wait time is required (5x CR time constant
of 100 kQ and 1 nF capacitor).

Note: 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 2-100

Figure 2-101

Gate charge is a charge to raise the gate voltage with a constant gate
current as shown in Figure 2-100 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.

yad 1 vbs VGS

Switching Circuit vt

JEDEC standard 24-2 defines the gate charge (Qg) definitions as shown
in Figure 2-101, and Qg measurement is made based on this definition.

Qg parameter definition of JEDEC standard 24-2.

Vg“ ----- Measured Curve
Extrapolation Curve
Y -~
V3 " s
Vopl -t L
V2R >3
—Slope 1: S1
~ Qg
Vll‘ >ie > Total Qg

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 2-102 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 2-102 Current load FET selection criteria in Qg test.
Id=f(Vgs’)
e
Current source N\
{A)
. B .
/l ; L monitor
) S T
g | ng e
a) Qg measurement T :_ _______ v |
block diagram of =N mon;m =~ VoD
the B1506A o—(A / N
A ! DUT
Ig NG
ﬂ monitor \//g\s . B
monitor
RE
A
1D Operating point of the

b) SOA determination
of the current load
FET

ld(on) -~

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.

Max. VDS setting

of B1506A

>
VDS

In the example (Figure 2-102(b)), the dotted SOA limit line locates under
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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

ANENENEN

How to determine Ig to measure gate charge

Ilg is determined as a current to swing the gate voltage from VGS(off) to
VGS(on) within a measurement period. Figure 2-103 shows a Qg
measurement pulse sequence using the UHCU.

Figure 2-103 Timing chart of the Qg measurement.

Default Timing Chart

Gate Charge Characteristcs  Switching Waveform |

Gate voltage is swung from Vgs(off) BN E——
-3V to Vgs(on) + 0.5 to avoid
influence of unstable behavior at
start and stop ofthe swing

figh Current

~ I High Current Setup

Qg is measured during this On period
Max. 1 ms — DelayVgs (500 us — DelayVgs for more than 500 A)
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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 Oscilloscope View

Figure 2-104 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.

2.
3.

Figure 2-104

Collector to Emitter Voltage vs. Gate to Emitter Voltage

ID=40A10 - 18

1D = 20 A 1D = 0jA|

Duplicate

X Delete

o
[=)]
@

=
o

>
e
9]

2

=
E

w
o

=
=
5]

£
o

Ky

©

)

2 vydiv.
Gate to Emitter Voltage

Click Setup.
VDE-VGE I/V measurement window opens.

Click "< Oscilloscope View".
Oscilloscope View panel opens.

To open Oscilloscope View.

File Edit View Measurement Configurstion Help

Qs Xda=, e

~ Senp Device Type:

| Automatic Data Save Device ID: Comment:

B vata: X &

File Edit View Messurement Configuration —Help
2 1 %3
AhiE XONA= >
1cve

~)Setup Device Type: [1GET

) Details

Characteristics | Connections

¥) ® Line © Dot O Line & Det (1] (@) (B (5] [A)

MARKER(A}: 306 s

30801V

Comment:

) Automatic Data Save Device ID: | Device-1

I MARKER®B):
100 /v

4. Note: To close the Oscilloscope View

N

s

Oscilloscope View
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Clicking "> Oscilloscope View" again will close the Oscilloscope
View panel.

To set up Oscilloscope View

Figure 2-105 shows the key location to setup the Oscilloscope View.
Next steps explain the functions of each setup point. Follow the steps by
referring to the number in the figure.

5. The VCE-VGE graph is shown in "Line & Dot" format to easily
indicate the measurement position.
6. 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.
0. 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.
11. Green vertical bar indicates the measurement aperture timing.
12. 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.
13. The marker time and the data appears in this area.

= © 00~

Figure 2-105 Oscilloscope View setup.
5 13. Marker reading
¥) © Line O Dof(® Line & D:,t\, &) (0] (%] [=](A] ° LirLé\l_{_E)'o_t Line & Dot ?

MARKER: 7.4 V : 232 W MARKER(B): .
D-2a 0. 0sc. View monitor 11_'i° u sige—"Aperture timing
1D = ADAT NS point "
i — —t

1D = /| 30601ly

ELIRY

Marker line

Qscilloscope View

Time / 9. Auto scale
* division mark
&

10. K

Manual
scale mark

Time of
Center line
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To measure the pulse waveform
Figure 2-106 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.

2. 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 |/V marker position in the next timing.

3. The monitor parameters are shown, and the checked parameters
are shown in the Oscilloscope View.

4. 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.

5. The Oscilloscope View marker (time and magnitude of each
parameter at the marker line position) data are shown.

6. Inthe repeat measurements, moving the I/V marker position
measures new waveforms in the new I/V point in the next
measurement timing.

Figure 2-106 Oscilloscope View measurement.

File Edit View Measurement Conﬁguration1 *Help 2-

1 Ry Xt ,"~\"~‘
ahlm XOAaE >0
S’ S
| Setup Device Type: |[GET IC-VCE IC-VGE WGE(th VCE-VGE VCE(sat ICES IGES IF-VF
Characteristics | Connections 5.
) @ Line © Dot ® Line & Dot |§||§|[E]|:| 3.® Line ©) Dot \lzine& Dot 4

MARKER: 7.7997 V MARKER{A):' 252 ps. Bl MARKER(B):

HEmn=-204a HFic 100  s/divy 5 ; x
35 v Blp=4pA = Sy 2
HFm=-9a L 2| Vi ] S
E1m=180 81186V N 2

Marker line

2 Vdiv.
VGE 200 p § 100 p s/div 200 p 5] e H
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I/V measurement mode is used to measure static electrical characteristics of
power devices like Id-Vds, Id-Vge, Vth, Idss or Igss measurements.

The function and the operation of I/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 five choices in the device types.
- MOSFET
- 1GBT
- 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. Inl/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 Datasheet Characterization mode, some parameters relating
to the maximum rating of the device are automatically limited when the I/V
measurement setup window opens.
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Figure 3-1 Example of I/V measurement template.
File Edit View Measurement Configuration Help
e —
AHE XN 2 » =
;'SEt_: Device 1 . MOSFET = |D 1D-vDs ID-VGS VGSith) RDS-ID VDS-VGS RDS-VGS IDSS 1GSS JERN]
General settings Gate / Base Voltage Pulse Step. Dramn / Collector Voltoge Pulse Sweep
¥ Auto Peried  ||TGET Step Mode LinearSingle = Sweep Mode Linearsingle
Pulse Period Diode som| s =
Generic2T L Start 0 v Start
) Details Generic Stop 3 0 v Stop

) Details . +) [¥Voltage Compliance

Characteristics | Connections

~) ® Line © Dot O Line & Dot ] (@) (3] (=] [A]

MARKER: NaN V

[
ER
20V

10 v/div.
VDS
| Automatic Data Save Device ID: Device-1training + Comment: 1 pata: X @
Note: If you are familiar to the EasyEXPERT software, the I/V measurement mode

operation is similar to the tracer test mode of EasyEXPERT.

Measurement Parameters of Device Types

I/V Measurement parameters

IV Measurement mode supports the following device types and device

characteristics chart.

Table 3-1 I/V Measurable parameters for MOSFET
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)-1D characteristics with various VGS
VDS-VGS VDS-VGS characteristics with various 1D
RDS-VGS RDS(on)-VGS characteristics with various 1D
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

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 Diode

Graph Description

IF-VF Forward Characteristics
IR-VR Reverse Characteristics

I/V Measurable parameters for Generic2T device

Graph Description

Collector/Drain-Emitter/Source conduction resistance
versus current characteristics

Conduction

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

Demonstration Examples

128

Following example measurements are shown as demonstration of the I/V

Measurement mode in the following section.

1. IC-VCE IGBT characteristics

2. ID-VDS Power MOSFET characteristics
3. VDS-VGS Power MOSFET characteristics
4. IGBT module measurement
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How to Open I/V Measurement Mode

I/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.

Figure 3-2 I/V Measurement mode start up from Easy Test Navigator.

Easy Test Navigator

Lol
2
>  ——

fsw| & ©[2 Pllo D ER oD msamm
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|/ Measurement Mode Examples

130

Following measurement examples are included.

IC-VCE IGBT characteristics
ID-VDS Power MOSFET characteristics

1
2
3. VDS-VGS Power MOSFET characteristics
4

IGBT module measurement

1. IC-VCE IGBT Characteristics

Figure 3-3

In this example, discrete IGBT FGAT80N33ATD,
which is used in Datasheet Characterization, is
used as the example test device.

This device has following basic characteristics.

v" VCES: 330V
v VGES: +/-30V
v IC: 180 A(DC), 450 A(Pulse)

Output characteristics of FGAT80N33ATD.

Qutput characteristics example

Collector Current

Qv 1 Wi C

Collector to Emitter Voltage

GCE

FGA1 30K 33T
IGBT

v Set the test device in the fixture as shown in Figure 3-4.
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Figure 3-4 B1506A Opt. F10 3 pin Inline Package Socket Module, and IGBT setting on
the socket.
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Follow the next steps to setup IC-VCE of IGBT by referring to the
corresponding number in Figure 3-5.

1. Select “IGBT” as device type.
2. Check “IC-VCE”
3. Set scaling mode as a fixed scale by clicking the “push pin” icon.
4. Set the maximum value of vertical axis as 200 A
5. Setthe maximum value of horizontal axis as 6 V
6. Select “ListSingle” as step mode of the gate/base voltage pulse
setup
7. 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.
Figure 3-5 IC-VCE I/V measurement setup.
Gu@l gac,
;ji:l:’m:i‘;i:e Typ(\\iG_BI___: ‘:ic;\[_ci—’ b7 Esevglﬁg\;;?\éi;e;\ftsf:— —CEi _:G_ES_I\[;;Fm_"CDIE(tDr Voltage Pulse Sweep
7] Auto Pericd Iy, StepMode [Linearsingle - |~ Sweep Mode LinearSingle -
Pulse Period 50m| s Start 0 v ~start 0V
) Details 1 \\ Stop 00V Stﬂp\\\\\ 3 v
v ) Details LI1ren JVD|tEgECnmp\ian}ls\\ o v

Characteristics | Connections

p— | p—
v) ® Line © Dot O Line & Dot () (@] [H] [T

MARKER: NaN V

Gate / Base Valtage Pulse Step ’
\ Step Mode LinearSingle -
\
\ Start LinearSingle W

\ Step v

\

N
)
|

Auto Fixed
scale scale

Gate / Base Voltage Pulse Step— = = = = = = = = = == =
Step Made 7 1| ListSingle
List 10246810

v | Details

1 V/div.
VCE

) Automatic Data Save DeviceID: Device-l v Comment: \ﬁ| Data | X, | @] Device-1 VCE VGE 1-7-2015 12-40-15 Ph.pda-ivaxt

Refer to Figure 3-6 in from step 8.

8. The edit list pull-down menu is displayed. Create a gate step voltage
list based from the IC-VCE chart of the datasheet.

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
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Figure 3-6

Step list of the gate step voltage.

I/V Measurement

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.

Insert Down Delete

File Edit View

) Setup Dewice Type: |IGET
General settings

Measurement  Configuration  Help

GeE XdooD

~| @1cves Oicvee

MARKER: NaN V/

v Automatic Data Save Device ID: Device-1

L3

+ Comment:

%] pate: [ X @l Deviee-1 veesat 172015 1

2-42-22 PM pda-iv.txt

L[ Up | Close
I EAEYEIET
To
| manipulate
the input_~
field: 4
% W[ Valtage Compli 9- Activate 6
‘ \ the field
To 10
change
data: \ — ‘
S XX
10. 0~

~a’

,/
Activate '\Ii_l

on the data ¥

A o

10

Refer to Figure 3-7 from step 11.

1.

12.

183.

14.

15.

16.

Set 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.
Click “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.

Set “200A” 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 “6 V” as the

voltage compliance.

This value is used to stop the sweep at the edge of the horizontal

axis.

You can check the detail of the gate setup.

Click on the Details mark of the Gate/Base setup.

The details of the gate setup are shown.
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Figure 3-7 Collector parameter setup.
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Tips: 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 to setup the stop voltage.

Follow the next steps to start measurement by referring to Figure 3-8.

17. Click “Setup” mark to close the setup of measurement and expand
the chart area

18. Click measure button to start measurement.
The measurement result is shown (Figure 3-9).
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Figure 3-8 Start IC-VCE I/V measurement.

I/V Measurement
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Tips:

Tips:

Figure 3-10

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, . . .).
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 3-10.)

The save folder path can be specified to a unique one including the
external storage.

v File name is automatically assigned by the device ID, date and time. The
file name can be modified manually. (Figure 3-10, #1)

To access to previous data:

v" You can access to the previous data by showing the recent data. This list
shows the measured data in the day. (Figure 3-10, #2)

v If you want to access older data, click “more...” and the explorer window
appears. . (Figure 3-10, #3)

To re-load previous data:

v" Measured data can be re-loaded by clicking the file name in the recent
data or open the data file. Measurement setup and result are recalled
and measured data is displayed again.

Automatic data store.

. | Recent data: | Revice 1training IC VGE 1-9-2015 3-49-30 PM.pda-v.tct I

(o)

TSn~—



Tips:

Figure 3-11

Tips:

I/V Measurement

To save measurement setup:
You can save the setup only.

v' Select “Save Setup As...” from the “File Menu”. as shown in Figure 3-11.

To save only the setup.

File Edit View Measurement Setup (

D New.. Ctrl+N
@ Open.. Ctrl+0
W Save Ctrl+S

Save Data As...
Change Device ID...
Recent Setup Files > 3

m Exit

To add series resistor to prevent 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.

Refer to "Error! Reference source not found." of section "Useful information
using I/V Measurement mode" of this chapter about the topics.
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2. 1D-VDS Power MOSFET Characteristics

In this example, discrete power MODFET
IRFP4004 is used as the example test device.
This device has following basic characteristics.

v VDSS: 40V
v' IDM: 350 A(DC), 1390 A(Pulse)
v' RDS(on): Typ. 1.35 mQ

GDS
Output characteristics example IRFP4004
HC MOS
1k A
G ki D
=R =
2 o s
£ T :
3 3 G
c o]
T B
a o S
—
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 setup ID-VDS of MODFET by referring to the
corresponding number in Figure 3-12.

1. Select “MOSFET” as device type.

2. Check “ID-VDS”

3. Setscaling mode as a fixed scale by clicking the “push pin” icon.
4. Set the maximum value of vertical axis as 500 A.

Note: Inline socket adapter's cullet is limited to maximum 500A!

Since the maximum current of the inline socket adapter is limited at 500 A,
maximum drain current during this example is limited at 500 A.

5. Setthe maximum value of horizontal axis as 10 V.

6. Note:
Clicking this arrow open/close the Oscilloscope View.
The figure shows the graph at "Oscilloscope View opened".

7. Select “ListSingle” as step mode of the gate/base voltage pulse
setup.
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10.

1.

12.

183.

14.

16.

I/V Measurement

Create a gate step voltage list based from 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 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.

Note:

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.

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.

Note:

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.

Gate pulse setup:

Set "Pulse Delay = 0"

Set "Pulse width = 200 ps.

Note: Gate pulse must longer than Drain pulse plus drain pulse delay
plus Drain current off time (typically less than 50 us.
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).
15.
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 UHCU.)

Click "Single" or "Repeat" measurement button.
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Figure 3-12

Figure 3-13 shows the measurement result both X and Y scales
displayed in log scale.

ID-VDS setup.

Single  Repeat

File Edit View Measurement

Configuration Ip 15.

alm XdHo@= (> =

~ | Setup [Deu'ice Type: IMCISFET ']][0 1D-VDS

General settings
| Auto Period
Pulse Period

~ | Details

Hold Time

Characteristics | Connections
v | @ Line ot
MARKER: 8.821V

Fves=45v
' Eves =55

~ | Automatic Data Save Device ID:

GE=10V VG5=8

IRFP4004

B MARKER(B):

50 p sfdiv.

MARKER(A):

~ Comment: 004 ID VDS 1-8-2015 1-48-04 PM.pda-iv.txt

ID-VGS WiGS(th) RDS-ID 7 WDS-VGS RDS-VGS 1D5S IG5S 15-VsD
. Gate / Base Voltage Pulse § ep. Drain / Collector Voltage Pulse Sweep
Step Mode Sweep Mode LinearSingle v |
50m | s List = | N Start 0o v
Aperture 14. s 8 5 ~) [¥ Voltage Compliance IR
0)* Toss (udcu  w[veuise v [sweep  +|
6 (= Base o Vv
7 Mumber of Step 7]
8 Compliance 10, 500 | A
10 1 1 = Power Compliance 295 k| W
15 G%ohage Compliance mw| Vv
) Details - S/ Pulse Delay Gu) s
.MCSMU v[\,'pu|SE V[Step v| Pulse Width 12- 100 | s
Base o Vv
Compliance 1 A
Power Compliance 30 | W
Vo Co c 0|V
Pulse Delay o |s
Pulse Width 1 3 s
3.
@ Line ) Dot ) Line & Dot 6
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Figure 3-13 ID-VDS test result.

Characteristics | Connections
~) @ Line © Dot © Line & Dot [ <) (7] [A] :
MARKER: 5.7259 V H

Eves=6v
Eves=15v

decade/div.
VDS

~ ) Automatic Data Save Device ID: IRFP4004 v Comment: 10| vata: | X | G| 1RFP4004 1D VDS 1-8-2015 12-29-33 PM.pda-iv.tut
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3. VDS-VGS Power MOSFET Characteristics

In this example, discrete power MODFET IRFP4004, which is the same device
used in the previous example, is used.
Refer to the previous example for device data.

This example measures VDS-VGS in low current region.
In the low current region, Vth is specified at ID=250 pA and Vth is specified
as between2Vto4 V.

In this example, we would like to check Vth at VD =5 V condition.

Since the measurement current is small, this example uses MPSMU as the
drin power supply and DC bias voltage.

ID-VGS setup:

Follow the next steps to setup ID-VGS of MODFET by referring to the
corresponding number in Figure 3-14.

1. Select “MOSFET” as device type.
2. Check “ID-VGS”

Note:
For Vth measurement, there is a different VGS(th) template.
3. Open drain detail setup, and then set as follows:
a. MPSMU as the measurement module.
b. Set V. mode.
c. Constant
4. Set drain source voltage to constant 5 V.
5. Set Compliance: T mA to cover 250 pA.
6. Open gate detail setup, and then set as follows:
a. MPSMU as the measurement module.
b. Set V mode.
c. Sweep mode
7. Set gate voltage sweep to,
- Linear single
-Start=1V
- Stop = 4.5V to cover 2 - 4 V Vth range.
8. Set the gate sweep points.
9. Open General detail setup, and set Aperture time.
In the DC measurement, Aperture time is equivalent to measurement
time.
10. Click Start measurement button.
11. ID-VGS graph is drawn as shown in Figure 3-15.
12. Click Marker 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 =240 pA
-VD=3.08V
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Figure 3-14 ID-VGS setup.

I/V Measurement

File Edit View Measurement Configuration Help
o gy X 5
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4. |GBT Module Measurement

Figure 3-16

Figure 3-17

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 3-16 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 3-17).

Example of IGBT module connection.

Additional emitter terminal to connect with the gate.

Emitter

.
L >

Connection with the B1506A

Figure 3-18 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.



Figure 3-18

Figure 3-19

' Gate Low

I/V Measurement

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.

B1506A test fixture connection.

C" i
\ 3

Gate Lowx
Low Force Low Sense

To connect the cables to the module:

Figure 3-19 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=

The connection to the IGBT module.

- Sa._

4 Low Force
I 4a.\
' Hi

igh Force Bl

High Sense
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Tips: To connect High and Low sense terminal 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.

IGBT module measurement example
Figure 3-20 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 3-20 Measurement example of IGBT module.
File Edit View Measurement Configuration Help
Ly XA =
ke XdaN > —
) Setup Device Type: |IGBT '| @ IC-VCE IC-VGE VGE(th) WVCE-VGE WCE(sat) ICES IGES IF-VF
General settings Gate / Base Voltage Step Drain / Collectar Voltage Pulse Sweep
¥| Auto Pericd Step Mode | Listsingle v‘ Sweep Mode |LinearSingle -
Pulse Period 00m) = Lt ENDE R - EE—
~) Details — e Stop 0 v
fperture S0u = 10 ~) [ Voltage Compliance s v
Hold Time 0
12 [UHCU  +|vPulse v |Sweep
15 Base o v
20 Number of Step 21
~) Details Compliance 15k A
|MCSMU = - |step - Power Compliance 225k W
Compliance oom A J] Voltage Compliance 5 vV
Power Compliance 3 W Pulse Delay o s
oltage Compliance W v Pulse Width 00 =

Characteristics | Connections

v) @ Line © Dot O Line & Dot |§| |§| ‘E| @

~

Oscilloscape View

500 m Vidw.

VCE
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Figure 3-21

I/V Measurement

To measure multiple devices module:

Some of IGBT module consists of multiple devices connected inside the
module. Figure 3-21 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 multiple devices module measurement.

Gate

Emitter
Emitter

Gate

Collector Emitter Emitter/Collector

For high side device For low side device
measurement measurement
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Useful Information Using I/V Measurement Mode

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.

To select the gate series resistance:
Figure 3-22 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. 0Q, 10Q, 100Q and 1
kQ) are available.

3. Note:
For drain/collector connection, 0Q and 100 kQ are available.

Figure 3-22 To select the gate and collector series resistance.

~ Setup Device Type: |MOSFET ~| @ ID-vDS € ID-VGS C VGS(th) © RDS-ID © VDS-VGS C RDS-VGS € IDSS € 1GSS C IS-VSD
General settings Gate / Base Voltage Pulse Stey

Drain / Collector Voltage Pulse Swee,
¥ Auto Period Step Mode LinearSingle - Sweep Mode LinearSingle >
Pulse Period Som s Start % v Start oV
v Details Stop —10 \ £ Stop —30 v
1 v Details

v Voltage Compliance 20 Vv

1Base/Gate 2 Collector / Drain 3 Emitter / Source 4 Guard

3.

Base / Gate Resistor | 10 [+] opm Collector / Drain Resistor 0 v| onm
[ 0
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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 MODFET:

Typically, the default pulse width is too long to measure a kind of super
junction MOS-FET. Super junction MOS-FET is a new kind of power
MOS-FET which has relatively high current and high voltage ratings.

Super Junction MOSFET Example

Figure 3-23 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 s 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 1D with 200 s pulse shows lower
value.

Oscilloscope View:

Figure 3-24 shows the same measurement with the Oscilloscope View in the
right side, which is taken with 200 us 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 3-23 ID-VDS measurement example of a super junction MOSFET.
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Figure 3-24 ID-VDS measurement waveform and the IV data relation.
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Figure 3-25

Tips:

I/V Measurement

Pulse width determination:

From the ID waveform of the 200 s 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 ps 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 3-25 shows 20 ps pulse example with 2us aperture time. The ID
reading increases to 64 A.

ID-VDS measurement with 20 ps pulse.

VDS +|[tinear ~] v: [1D «|[Gnear ~]

* Line C Dot  Line& Dot | [@] | ¥| A

1 References: [0 1pw X
! 4] ~

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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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 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 -erS

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: Output 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.



Capacitance Measurement

"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 |

or Cies of IGBT measurement using Rg o \
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-
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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

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.

In 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 Capacitance measurement template.

File Edit View Calibration Measurement Configuration Help

adE Xoah 2 » Start Calibration... Select Calibration Data...
~)Setup Device No Ciss, Coss, Crss (O Ciss ) Coss (0 Crss () Cgs, Cds, Cgd ) Cgs O Cds © Cgd ORg O Cox
General settings | |LL105A40 Base / Gate Voltage Bias Collector / Drain Voltage Sweep
Frequency  |[1GBT 100k Hz Bias 0 v Start 10m V
(A) Details ?:D;m Stop 100 V
AC Level 0m v Sweep Mode an =
N PLC 1 3 ) Details
Phase Compensation Number of Step 101
® i;:me Hold Time 0 s
Delay Time 0 s
Zero Bias Time 0 s

Characteristics | Connections

Line & Dot [ (@) (4]

MARKER: NaN V

E=[A)

~) @ Line

Dot

decade/div.

u
o
c
]
=]
]
o
o
8]

decade/div.
VDS

~ ) Autamatic Data Save Device ID: Device-1 ~ Comment: B pata: | X | @




Measurement Parameters of Device Types

Capacitance Measurement parameters

Capacitance Measurement

Capacitance Measurement mode supports the following device types and

device characteristics.

Device Type: MOSFET:
Ciss, Coss, Crss
Ciss

Coss

Crss

Cgs, Cds, Cgd
Cgs

Cds

Cgd

Rg

Cox

=N N N N N NN NN

evice Type: IGBT:
Cies, Coes, Cres
Cies

Coes

Cres

Cge, Cde, Cgc
Cge

Cce

Cgc

Rg

SN N N N S SN

Device Type: Diode:
v CT (Total Capacitance)

Device Type: Generic:
v" Sweep voltage Between Terminal 2-3
v' Sweep voltage Between Terminal 1-3
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Measurement Frequency Consideration

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.

Note: 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 4-2

Ciss measuremet value (F)

Capacitance Measurement

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 4-2 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
1E07 ESSSSfE =SS o e m = S et S
———————————————————— - h‘\\
1.E-08 /‘\ Sl
Example: =~ o
1E-09 Measurable 1<=100 kHz ————:—-,\
capacitor range in
LE10 lessthan3%error. 1+ 4\ S
1E-11 ‘\ v
: ]l\ - "/
1.E-12 —
- — Error3% L TEe T e=TT
1.E-13 = ——
Error 5%
1.E-14 | Error 10%
====Error 20%
1.E-15
1000 10000 100000 1000000
frequency (Hz)
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Figure 4-3

Ciss measuremet value (F)

Case 2: Ciss (@ Cgs:Cds:Cgd = 1:0.1:0.01), in the case for Vds = high
voltage

Figure 4-3 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.

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
AN
1E07 SN
=~ ."\._
~ \"\"\\
1.E-08 S e
1.E-09 1
<100 kHz
1.E-10 =
———— -] 1 MHz—>
I i L s pues e — B
1E-12 —~ -
. — e L—
- == — -
—= = Error3% SeeaL T LdeFT
1.E-13 — S
Error 5%
1.E-14 - = - Error 10%
====Error 20%
1.E-15
1000 10000 100000 1000000
frequency (Hz)



Figure 4-4

Cgd measuremet value (F)

Capacitance Measurement

Case 3: Crss (@Cgs:Cds:Cgd = 1:1:1) in the case for Vds =0V

Figure 4-4 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 = \\"'n.s
_ . \‘.-. <
1.E-09 B S T
~ == ~
1= -~
1.E-10 <—100kHz A
1E-11 \ It NNEE 1 MHz—>!
...-‘-... = \\- - -
T —, i
T~ ~ = = -~
1E-12 *m — <~y |
S——— = ~_
— — Error3% - %4; —~ :
"-._‘ -~ . ~—— NN
LEL3 ¢ Error 5% BEET T ==
1E14 . — - Error10%
====FError 20%
1.E-15
1000 10000 100000 1000000

frequency (Hz)
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Figure 4-5

Reference:

Case 4: Crss (@Cgs:Cds:Cgd = 1:0.1:0.01) in the case for Vds = high
voltage

Figure 4-5 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 =
§ === =r=TT=F N S iy 1 MHz
2 1E10 — A == Tvrw
g — 10kHz SRR
£ =
z 1.E11
©
Q
s e A\ L

. = —_— — ‘\______-—1
‘30 — — Error3% — \Q! 1

1.E-13 o bl FEEE e HEN

Error 5% ——
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 Capacitance Measurement mode

Capacitance measurement mode is started from the Easy Test Navigator
as shown in Figure 4-6.

v Click on Capacitance Measurement to start the template.
v The Capacitance Measurement template shown in Figure 4-1 opens.

Figure 4-6 Capacitance Measurement mode startup from Easy Test Navigator.

Easy Test Navigator

bsw| © @[F - T P D E Wb wEAvmE
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Capacitance Measurement Mode Examples

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 pF AC short capacitance is used to measure
Ciss, Cgs, Cies or Cge.

Important Notice: 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 Measurement", 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: IXTHTIN250
v’ VDSS: 2500V
v' ID: max 1.5 A (pulse) |
GDS
Figure 4-7 Sample capacitance data of IXTHTN250. IXTHTN250
HV MOS

IXTH1N250 Capacitance Characteristics

10nF |

. },: 7}/1
Q

Capacitance
decade/div.

~——
\\- re

10pF L1
(Y 5 V/div. 40 v

Drain to Source Voltage

v" Set the test device in the test fixture.

Figure 4-8 B1506A Opt. F10 3 pin Inline Package Socket Module.
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Note:

Figure 4-9

Low voltage measurement

Follow the next steps to set up the capacitance measurement by referring
to the caorresponding number in Figure 4-9.

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. Set0sas “Hold Time”
Set 0 s as “Delay Time”
Set b s as “Zero Bias Time”

5 s 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" To start measurement:

8. Click the “Measure” button to start the CV measurement
automatically as shown in Figure 4-10.
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 |» = StartCalibration.. Select Calibration Data...

~ 1 . | Device Type: |MOSFET VlI @ Ciss, Coss, Crss I Ciss Coss Crss Cogs, Cds, Cgd Cgs 0 Cds Cgd @ Rg © Cox

Base | elaltage Bi Collector / Drain Voltage Sweep

Ger
3. Frequency

v | Details

1MI Hz 4 l Bias 0 IV Start g
5. Stap 40
6- Sweep Mode LinearSingle v
) Details
Number of Step 101
7 Hold Time 0
* | Delay Time 0
Fero Bias Time 5
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Figure 4-10 Capacitance measurement result.

Characteristics | Connections
) @ Line © Dot © Line & Dot (@) [LL) (B [&] [A)

X |vos = |Linear «|v: [Capacitance  ~ | Positivelog ~| References: x

MARKER(A): 20 V B MARKER(E): 25V
Ciss 18349 nF

o >
e k)
S o)
9 ol
2 o
S 3

Tips: To avoid UNBALANCE

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 4-11.)

Figure 4-11 Adaptive phase compensation setup.
File Edit View Calibration Measurement Configuration Help
w e oA > -

~ ) Setup Device Type: |MOSFET ¥ | @ Ciss, Coss, Crss Ciss

General settings Base / Ga
Frequency 1M Hz
# | Details
AC Level 30m V
N PLC

Phase Compensation
Aute

- —-—

(‘?- Adapt:-.-e')
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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 IﬁEP,\Z;IOOOS
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 4-12.

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 4-13)
Measured Rg at VGS =0V is 5.48 Q).

Figure 4-12 Rg measurement setup.
File Edit View Calibration Measurement Configuration Help
Sl XYoo [ = Start Calibration... 2. _ Select Calibration Data..
W it el eeieetetantanie N — S2TTTN
-~ 1. J:De\riceType: MOSFET ~ ::‘Ciss,Cnss Crss (O Ciss O Coss © Crss (D Cgs, Cds, Cgd O Cgs O Cds gd @ Rg ,' Cox
o o e S d
General sdtfim===m=m==m= r—.—.—.—.—.—.’ ________ 0 Il'EaseTGate-WnEage Swesp N ooty Bigs — — — - ————————
Frequency 3 H 100 k Hz: : 5 Start 3 v : : 6 Bias 0 E/
) Details | ’ I‘ - Stop 3 v : A e e il
AC Level 0m Y =
(mmmm————— -
NPLC 4, ! 6
Phase Compensation oo TTT
@ Auto
© Adaptive
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Figure 4-13 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 4-14(a).

Figure 4-14 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
ng( N Cg{j\f 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 4-14(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" section in the "Useful
information using Capacitance Measurement" at the end of this chapter.
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Tips:

Figure 4-15

Note:

Rg measurement of IGBT

In the case of IGBT, use the same condition as in the Cies measurement
with the specified collector voltage.

HVSMU AN

CMH

MFCMU
cML

1pF

100 kQ

MPSMU

Rg Measurement Circuit for IGBT

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.

To apply the bias voltage to the collector:

To apply a bias voltage as show in Figure 4-15, refer to "Rg Measurement
with the Open or Voltage Biased Drain/Collector" section in the "Useful
information using Capacitance Measurement" at the end of this chapter.
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3. IGBT Module Measurement Example/Tips

Tips:

IGBT module connection

Connection to measure IGBT module is the same as in IV measurement.

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 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
B1506A's test fixture are connected as shown in Figure 4-16.

The gate and emitter of the low side device are connected by 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 4-17.
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Figure 4-16

Figure 4-17

Connection to measure capacitance of the high side device.

Base / Gate

i

Gate and emitter of
the low side device
are shorted

Ny
e e

Collector / Drain

®
(e}

Emitter / Source

Connection to measure capacitance of the low side device.

Gate and emitter of
the high side device
are shorted

Base / Gate

C
E E
Lo o
C
G
H—o—{
L
E
E

Emitter / Source

Collector / Drain
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Useful Information Using Capacitance Measurement Mode

Crss Measurement of Super Junction FET

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 4-18 shows a Crss measurement example using 1T 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.

Figure 4-18 Crss measurement example at 1 MHz (super junction FET).

MARKER(A): 10225V Il MARKER(B): 250 V
FCiss 74702 nF

o
I+
c
o]
©
®
a
4]

If the Y axis is changed to linear scale as shown in Figure 4-19, Crss is
shown in negative capacitance value.
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Figure 4-19 Crss measurement example (linear Capacitance scale) at 1 MHz (super
junction FET).

MARKER(A): 10225V [l MARKER(B): 250 V (B): 147.75V
Mciss 74702 nF

Characteristics | Connections
A @ Line C Dot © Line & Dot §
X: |vDs _~||Linear ~| V: [Capacitance _~||Linear ~| References: |

MARKER(A): 10225V Bl MARKER(B): 250 V (8): 147.75V
74702 nF

@
o
=
<
=
%3
o
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
Consideration" section.

The theoretical reason is explained.

Figure 4-20 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
kHz, a 100 times longer cable length is allowed, and it falls inside the
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realistic condition.

Further lowering frequency proportionally improves the measurement
error, in this case.

Figure 4-27 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 4-20 Simplified Crss (=Cgd) error model

CMH Cur}ent to be measured

—(A)—
igs
Cgs
L
O AN
< 7 = ofl. AC Guard ids

Current not to be measured
Make this current as

small as possible by

bypassing the current to

the AC guard

Figure 4-21 Crss measurement example at 100 kHz (super junction FET).
~ Setup Device Type: [MOSFET | @ Ciss, Coss, Crss (" Ciss (" Coss € Crss C Cgs,Cds, Cgd " Cgs C Cds " Cgd CRg € Cox
Ee”e'allm:ﬂ-gr ——— Base / Gate Voltage Bias Collector / Drain Voltage Sweep
|L Frequency ok Hz 1 Bias ’73 Start ’75 v
v Details Stop s00 V

Sweep Mode LinearSingle |

MARKER(A): 250 V B MARKER(B): 250 V

Characteristics ‘ Connections

A G line C ot € Line&Dot €| NV [EEH 743730F ©™

MARKER(A): 250 V B MARKER(B): 250 V (a:ov
M ciss 74373 nF

@
]
c
]

=
*]
©
Q
<

o

At 1 MHz, Crss goes to negative
due to the incomplete AC guard
performance required in the case.
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Capacitance Compensation Data Measurement

Note:

Figure 4-22

176

This section describes how to perform capacitance compensation data
measurement.

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

8 p

B o -

‘ 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 4-22 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.

For initial setup, “Full Path Calibration Measurement” is
recommended, but it takes about 20 minutes.

Device Capacitance selector calibration panel.

== Device Capacitance Selector Calibration -0 il

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.

"

Save and Apply Cancel




Capacitance Measurement

v" Open compensation: (Refer to Figure 4-23)

a. The window to confirm the connection to measure "open
compensation data" opens.

b. Attach the socket module (Figure 4-24(b1)) or test leads
without the device (Figure 4-24(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 4-23 Open compensation GUI.

Confirmation of Connection for open compensation
& Capacitance Slector -l

e = e.Progress of open compensation

Please connect OPEN standard. 55 Device Capacitance Selector Calibration -[ofx]
Press OK to continue.

[ | 0/6 Abort

S———

Shows progress of
each connection. b

i

Elapsed time: 00:00:07

Save and Apply | cancel |

c. 3: (021,909,331,1) o

+ Remove device from the socket or o sttt

* Remove device from the test lead Save and Apply Cancel
Figure 4-24 Connection example for open compensation.

(b1.) Socket module (open) (b2.) Test leads connection (open)

Low Force

Low Sense
igh Sense Sema
High Force =~

\ /7
R Sdeee”
Gate High L 3

e’

Gate Low

v’ Short compensation: (Refer to Figure 4-25)

a. After completing the open compensation measurement, a
pop-up window to confirm the connection to measure short
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Capacitance Measurement

compensation data opens.

b. Insert a shorting device into the socket (Figure 4-26(b1)) or
connect the ends of all cables (Figure 4-26(b2)).

c. Click “OK” to start measurement.

d. During the measurement, progress of total measurement and
connection diagram currently measured are displayed.

Figure 4-25

a. ‘,‘

LT

Press OK to continue.

Save and Apply

Short compensation GUI.

Please connect SHORT standard.

Cancel

Confirmation of Connection for short compensation

d. Progress of short compensation

g SHORT calibrati

Shows progress of

each connection. .,

Elapsed time: 00:01:28

Figure 4-26

(b1.) Socket module (open)

horting Adapter

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 Sense
High Sen's,e-f\

Gate High

Gate Low

v Save and apply the compensation data: (Refer to Figure 4-27)

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.
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Figure 4-27 Saving and recalling the compensation data.
= Device Capacitance Selector Calibration _[O0] x| Save com pensation data With
IR start arbitrary name
= Please electa calbraion it .
The calibration was finished. (R B oo e ettt

Organize v New folder

I BIS06AHT1-TO-Sacket-CiesCoesCresipd..  §/29/20145:10PM  CALFile

a. ) 7 Favorites 2] Mame - | Dste modified Type
/ B Desteop J 1 exstsamTL 2pds-capecs PN SISPM  CALFi

——
Downloads ] BISOGAMTL-TO-Socket-Adapterpda-cap..  $//21484LAM  CALFile
ent Places
ks

Elapsed time: 00:02:51

b :
i deos
Save and Apgly Cancel =[]
—— -
acitance Measuremen

Effective compensation data file is
displayed in the top of the panel .

Ldld 15

H 1 ]
: Start Calibration... JO-Socket-CiesCoesCres.pda-cap.cal |Select Calibration Data...lE
i I

To réset toithe factory défault \;alue, éelect ]‘Calit;ration” - "Load Factory Default”
from the menu bar.

Tips: 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: To reset to "Factory Default" setting

v To reset the compensation data to the factory default value, select
“Calibration”--> “Load Factory Default”

File Edit \."iew|CaIibratior1 Measurement Configura

: = g M~ Start :
i 2 ™
- ot e B

ST SN Load Factory Default Ciss, Caoss,

————

|—G eneral settings

d.
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Capacitance Measurement

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.

To manually change the condition for Rg measurement:

Figure 4-28 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.
Following section provides how to apply a bias voltage or set to
open condition.

Figure 4-28 Rg measurement setup detail.
File Edit View Calibration Measurement Configuration Help
alE XOa [ = StartCalibration... 1. Select Calibration Data...
Pt
~ ) Setup Device Type: | MOSFET '| ) Ciss, Coss, Crss (0 Ciss () Coss Crss (0 Cgs, Cds, Cgd O Cgs O Cds Cé\i @ Rg )_ ! Cox
General settingem m m m - ——— ) ﬁage_,-’_Gate Voltage Sweep \\\ (Callector 7 Drain Voltage Bias
: Frequency 2 100k Hz : " Start 3V \I : 4 Bias 0
_______________________________ 1 1 .
» | Details ! Stop 3 V] Neaea
AC Level m V : Sweep Mode LinearSingle vl i
NPLC 1 i ~) Details !
Phase Compensation : MNumber of Step 101 :
1
D Auto ! Hold Time 0 s i
® Adaptive ] i
|‘ Delay Time 0 s :
N Zero Bias Time 0 s /
-

8 e

To change the connections: (Refer to Figure 4-29 from this step.)

5. Click "Connections" tab.
The simplified block diagram of the current connection is shown.
6. Check "Details"
7. Click down arrow to open
The connection setup panel opens under the connection block
diagram as shown in Figure 4-30.
Refer to fig from the next step.

f.  This block sets the CMU connection.

This section sets the AC guard connection.

This section defines what bias voltages are to be applied to each
device terminals.

=lle!

8. The 1, 2 and 3 numbers in this line for each column indicates the
corresponding pin numbers of the device terminal shown in the
same figure.
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Capacitance Measurement

9. This indicates 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. AC guard is not connected to any device terminal.

Figure 4-29 To open the setup of the Rg connection details.
E 5 :|c§ Connections :

1Base /Gate 2 Collector / Drain 3 Emitter / Source 4 Guard

<

;:::J{ 2)

w(T&T)
L”JM

7 6.
(j’ v Detan;:,‘
hd Aut;matlc Data Save Device ID: Device-1 * Comment: Data: IXTHIM250-data.pda-cap.txt
Figure 4-30 Default Rg measurement setup detail for MOSFET.

Characteristics | Connections

1Base /Gate 2 Collector / Drain 3 Emitter / Source 4 Guard

Rg

oy
1
3
a A!Detalls b ______ e
¢ CMl?-h_qﬂiLgm ________ ‘gcsuardgncsmrt {~Bias — ~Guard

8. =g 2 3 N~=-’1 2 3 1 2 3 1 2 3 @ Common

___EWEEZZZZZZZ'_L'Q\'_Z © Flaating
9 |r9 High Low Low ]

oJ === Figh Low’

£ _CMU__Com. _ Com.

© Llow High - 10.{® sMuU" " Com. Com. i
) low High Low

© Llow High Wi~k

To opens the drain/Collector terminal: (Refer to Figure 4-31 from the next
step.)

12. Change the CMU connection as shown in the figure.
The short connection between the drain and source is
disconnected.
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Capacitance Measurement

Figure 4-31

Characteristics | Connections

13. The gate bias voltage is applied from the SMU.

To apply a bias voltage to the drain/collector terminal: (Refer to Figure
4-32 from the next step.)

14. Click "AC Short" setting to short the 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.

Click "SMU SMU Com" setting. This setting provides bias voltage

both to the gate and the drain/source from SMUs as shown in the
figure.

15.

To open the drain connection of the Rg measurement setup for MOSFET.

~ ) [¥] Details
CMU High / Low

1Base /Gate 2 Collector / Drain

R N . S

3 Emitter / Source 4 Guard

Guard
@ Common
Af| © Floating

Figure 4-32

Characteristics | Connections

To apply a bias voltage to the drain or collector connection of the Rg
measurement.

= 1Base/Gate 2 Collector /Drain 3 Emitter / Source 4 Guard

~ ) [¥] Details
CMU High / Low

1 2
@ High
© High

O Low
O Low
) Low

High
High
High

Low Low
High  Low

| Wy

o
=
=
N
\
\
/

w
/4"'\
,
I
L
\\___/
B

~ -

Guard

1 2 1 2 3 1 2 2] @ Common

© Floating

15U

(@ smu

SMU - Com.

SMU__ Com)
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Capacitance Measurement

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.

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 4-33 Self calibration of MCSMUs.
- A I P
File Edit View Calibration Measi 1. =nt Conflguratlon:Help
___________
aksE Xoa [ 3 Start Calibration... #dzpter-LowSenseCare pda-cep.cal Select Calibration Data...
~ Setup Device Type: |MOSFET 2 Mole Configuraton ]
General settings . sltage Sweep
Frequency — Firmware Revision: A05.61.2014.1114 100m
v Details Line Frequency: 50 +| Hz w00 V
LogSingle -
Module Name [ Status [
GNDU : B1500-66505 Pass
Characteristics | Connections | MPSMU (SMUL) : B15113 Pass
MFCMU : B1520A Pass
v @ Line Dot € Line & Dot EE MCSMU (SMU2) : B1514A Pass
MCSMU (SMU3) : BL514A Pass
MARKER: Nah v MCSMU (SMU) : B1514A Pass
MCSMU (SMUS) : BL514A Pass
HVSMU [SMUE) : B1513C Pass
UHCU Pass
IV Selector Available
Device Capacitance Selectar Available

(g 1
‘ SeffTes 3, | _Self Calibration | 1 Diagnosis
]

___________

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

Figure 5-1

Figure 5-2

186

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

b VDS VGS

cdg .32
g '%(

,
9 , s

c\//‘ + ID
g3

Switching Circuit >t

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 -~
V3 T S2
Vopl -~ L
s VAN >3
—Slope 1: S1
} Qg
V1 Total Qg

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 Gate Charge Measurement setup template.
There are several test setup panels behind this GUI.

Refer to the brief information of these setup panels to "" in the "Useful
information" section at the end of this chapter.

Example Gate Charge Measurement template.

File Edit View Calibration Measurement Configuration Help

alE XOn= > — Start Calibration... Select Calibration Data...

~) Conditions

Drain Gate ¥| Current Load
Vds(off) 200 V Vgs(off) oV LoadVgs(off) o Vv
Id(on) 20 A Vgs(on) 15 V LoadVgs(on) 15V
Ig im A

Gate Charge Characteristics | Switching Waveform
v) © Line © Dot © Line & Dot |

MARKER(A): 100 nC I MARKER(B): 100 nC (a:o0cC

u ] g (HC |}

u HV | | M Vds-Qg (HV) Vgspl) """

M) (Derived)6.5361V Vgs(th) ~
15 v ?X v

Vgs(off) ==~
Qgit) ¥ <
Qgs ¥ |
Qed —H—® -
Qglon) : -

Derived | High Current | High Voltage

Symbol Value Unit Description

a5 v

Vgs, Gate to Source Voltage

|
|
i
|
|

20 n C/div.

Qg, Gate Charge D
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Gate Charge Measurement

Measurement Preparation

188

This section provides the information to prepare the gate charge
measurement.

How to Open Gate Charge Measurement Mode

Figure 5-4

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.

Gate Charge Measurement mode startup from the Easy Test Navigator.

Easy Test Navigator

fsw] ® O[E - P OwONERE D WM m

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.

Using B1506A-F14 Qg Measurement adapter

Using the Qg adapter shown in Figure 5-5, TO-220 packaged device can
be measured directly.

1. 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.



Gate Charge Measurement

Figure 5-5 Gate Charge Measurement mode adapter.

Mode Switch
B1506A-F14 Qg Measurement Adapter v TO Package
T ; ¥ 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.

2. 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.
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Figure 5-7 Constant current load FET/IGBT in the left socket, and confirmation of
switch position and the short bar

Confirmthe

“Internal Package”
Attach a current is selected

load FET ; : t—

Confirmthe
shorting bar is
attached

Note: To choose a constant current load FET/IGBT

Refer to the "Gate Charge Measurement Basics" section in the last part of
Chapter 2.
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Gate Charge Measurement Mode Examples

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 the Constant Current Load

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.

DUT: FGAT80N33ATD

VCES: 330V

IC: max 180 A (DC)

QG @ Vce=200V, Ic=40 A, Vge=15V
- Qg: 169 nC typ.

- Qge: 22 nC typ. FGA180N33ATD
- gc: 69 nC typ. IGBT

ASANENEN

GCE

v Set the test device to the right socket in the test fixture as shown in
Figure 3-4.

Figure 5-8 FGAT80N33ATD set in the Qg adapter.

Device under test
(DUT)

v" Open Qg measurement mode
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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.

Note: 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) = Vee(off) : 200 V

Id(on) = Ic(on) : 40 A

Vgs(off) = Vge(off) : 0V

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.

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.

okrwN =

Rqg and Ig determination:

Calculate the required charges (Rq) to drive the gate using the
following formula:
- Rq = (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 ~476nC.

Note:

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 = (357 ~ 476) nC / 400 ps = 0.89 mA ~ 1.19 mA

b) Determination of Ig:
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Note:

Figure 5-9

Gate Charge Measurement

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 clos 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.

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:

- Qg measurement ON current

- UHCU's output voltage

- SOA of the current load FET/IGBT

Measurement parameter setup for Qg Measurement for
FDGA180N33ATD.
Qg.pda-qg.txt - Gate Charge Measurement
File Edit View Calibration Megasuremeni t_Confinuration Heln Leave as a default. Range to search Vgs of the
3 L - current load FET to make Id(on) as a specified
o b= B X 0| 6.hutimaslg ’ibraﬁo' o 2 .

~ Conditions

Dran Gate v Current Load
Vds(off) 1 200 V Vgs(off) LoadVgs(off) oV
Id(on 2 40 /gs(on) 4 1 LoadVgs(on) 15 |V
Ig 1

........... 5. Input Vth from the
datasheet

Paral

cacp’ |

Gate Charge

WVds-Qg(HV) 1 )
[EJESD24-2 (Derived)6.6735.\ By

!

=
2
S
o~

= .
Symbol Parameter Test Conditionfs, % -
Qg Total Gate Charge / -
WCE= 200V, IC =404, =
Qge Gate to Emitter Charge VGE< 15V ! y 2
= 3
QOgc Gate to Collector Charge

0c 20 n C/div 180n C

Qg, Gate Charge s

v Data store Device ID: | Device-1 v | Comment: h Data: X

Gate Charge
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Figure 5-10 Qg measurement pulse width setup pane for UHCU.
Default Timing Chart

Gate Charge Characteristics  Switching Waveform |

MARKER(A) I MARKER(B):

figh Current

Gate voltage is swung from Vgs(off) B
-3V to Vgs(on) + 0.5 to avoid
influence of unstable behavior at
start and stop ofthe swing

~ T High Current Setup

% LoadVags: 5 v
Loadvgsiofh| 0 V-
Vels(of) 0 v

Vds = OV

| Vosistop) 155 v -f----

Vas(start): -3 V-

g is measured during this On period
Max. 1 ms — DelayVgs (500 ps — DelayVgs 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.
 File Ect View Coloration Messurement Configumation Help 7_ Py -
a B ¥ olAx E, Start Calibration.. s««r(wmlmu-la.tf b \ 5 :“‘.. CIICk

~ Conm
Drain

Gate g

IO Y - v Close to the datasheet
Em— ) ' « Qgelgs) 22 nc
« Qgo{gdy 69nC
« Qglon) 1689 nC

Srymbolﬂl Value ,l‘U,niF| _ Description
Vos(pl, 51897V gateplsteauspliagen — o

Source Voltage

Qgs 22n  C  gate-source charge

Qgd 72n  C  gate-drain charge
Qglth) 15n C  gate-source threshold charg
leﬁnn:_ 7 2_n _C __on-state tfte-sourceihage

Vags, Gate to

CL 36360 F_ Qgs/Vosip)-Vosloff}

F {Qglon)-Qgs-Qgd}/Vgs(cn)
51 275m slope 1 (V/nC)
52 113 m slope 2 (V/nC)

. 2 1om ¢ ’
Gate Charge J

~  Line " Dot I Line & Dot 10|

T

0] oas: X @] Foaieon 7:8:2018 110313 AMpda-agaa
®lgg e EhREE e w0mE



Gate Charge Measurement

Tips: 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.

To display in dotted display mode:

First, display the measured Qg curve measured by high current units and
HVSMU by checking the 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 Iflgis 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 Dotted mode display of the Qg curve.
Display Actual Measured Qg by HC and HV in dot mode
Check here to display
measured Qg curve by Ig =20 mA
HC and HC e S —

Vgs, Gate to Source Voltac

Ifdense Qg curves are
displayed, |g setting is

160n C

appropriate
X
Change W Iflgis too large,
display mode measured Qg trace
to “dot” becomes coarse
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Figure 5-13 Error when the Ig is too small.

Ig = 400 pA

o, Error message warns the Vgs does
_ not reaches to the Vgs{on)

Gate Charge Charscreristics  Switching Waveform

100 p s/div.

If this error occurs, increase Ig or
make onPeriod in the detailed
pulse setup longer.
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Figure 5-14

Gate Charge Measurement

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 BTBOB6A, it is possible to measure in a different drain current by just
changing the input parameter in the Qg measurement panel.

To change the on current

Follow the next steps by referring to the corresponding number shown in

Figure 5-14.

This section introduces how easily the on current can be changed.

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.

Id change from 40 A to 100 A.

) Conditions

Ves(off) 200 VgETeH

Id{on) i w 1A Vgslon)
1

20 n C/div.
Qg, Gate Charge

o v
15V
1m A

| |
W vds-Qg (HV)
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Figure 5-15 Qg curve at 1d=100 A is overlaid on the Id=40 A Qg curve.
Edit View Calibration Meacurement Configuration Help =~ Click
i X O X B sencibon. Setect Catbraton Dataf @ : e

Vgs, Gate to Source Voltage

20 n C/div.

Qg, Gate Charge

Tips: 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
5.7 V for 40 A measurement, and 6.4 V for 100 A.
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Figure 5-16 To monitor the setting of the current load FET.

@

- Cate voltage ofthe current load FET

( automatically adjusted to make

Id(on) as specifiedvalue prior to
measure Qg curve)

N

o - 1
o igh Current
1 ’
P
~

Line € Dot € Line & Dot @]

i Current Setup.

e
I~ Loac %
LoadVgsiaty

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.

Tips: 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 HVYSMU only.
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Figure 5-17 Off voltage change and the results.

File Edit View Calibaation Measurement Configuration Help

@ YO AX @ seciaton. Select Calibration Data. B>

@
=)
S
o
>
@
=4
=
3
w
e
2
=
8
7
o
>

20 n C/div.
Qg, Gate Charge
A @ Line

References: [V
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Switching Characteristics

Gate Charge Measurement

1-3. Measuring 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.

v" Infineon: IPW50R109CE
v" VDSS: 550V

v' IDM (pulse): 63 A

v" Rds(on): 0.17 Q

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.

Abnormal behavior is observed during
switching (possibly, it is oscillation of

......

100 p sfdiv.

100 Cidiv.

Qg, Gate Charge

the device)
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202

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

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.

a. The current load FET was operated under severe condition (high
power loading of about 50 V Vds.

b. 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.
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Figure 5-19 To open the detailed setup panel.
File Edit Wiew Calibration Measurement Configuration Help
ﬁ = Xi 3{: u-l Eﬁ » | Start Calibration... Select Calibration Data...

) Conditions

Drain Gate 9 Current Load
Vds[off) a0V Vgsloff) o Vv LoadVgs(off) 0 v
Id(on) 77 A Vgsfon) 5V LoadVgs(on) 15 v

Iy a00p A
Gate Charge Characteristics | Switching Waveform

) @ Line © Dot © Line & Dot i8]

MARKER(A) 300 ps | U

100 p s/div.

Click here to
show the detailed
setup of the
measurement.

14 [ 100 u s/div 0 5] k4 =
A \
(\ ¥) ] Hidh Current Setup
Figure 5-20 Detailed parameter setting for preventing the device oscillation.
1.
Camininl S
A
{ (%) 9] High Corren Setup
S’ loadVy 9 439 [y reeme
Loadlg: ) LoadVgs(off): _:/ .
1A vasiof | : :
=X \ ’
i :
Vgslstopl:
Gate Res’ stor‘ 10 - | ohm Vasistart); ;
i E— Id{on): :
4004 A x LA DelayVs: 00y s —n -~
L DelayVgs: 0u s —-; 54— 3
OnPeriod: 400y § ———————— —
v

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.
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Figure 5-21 Qg example of Super Junction FET after lowering the Vds(off) to 20 V.

o
>
S

S
>
@
4
3
A

S
)
o

>

10 n C/div.

Qqg, Gate Charge
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Figure 5-22

Gate Charge Measurement

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:

v" 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 Waveform |

Vgs, Gate to Source Vol !

Vds(off) = 800 V, ID{on) = 4m A
10 n C/div. 100nc |

Qg, Gate Charge
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Figure 5-23

1-5. VGS swing from negative VGS(off) to Vgs(on)

The gate of switching device of converters / inverters is swung from -VGS
to +VGS to turn the device off as fast as possible. Therefore, for
estimating a required driving capability of the gate drive circuit, Qg
measured from -VGS to +VGS is required.

Problem in 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 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 Qg measurement from the negative gate voltage, just specifying
the negative voltage as “Vgs(off)” as shown in Figure 5-23.

Negative Vgs(off) setting.

~ Conditions

Drain Gate ey
Vds(off) 00 V Vgs(off) t 45 Voy
Id{on) an A Vgs(on) - a5 =

 tum-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, JESD24-2 [Derived], drawn in the Qg graph is not correct. It is
necessary to draw a total Qg curve manually as shown in Figure 5-24.

Figure 5-24 shows two raw measurement data: one for high current (H.C.),
and the other for high voltage (H.V.). The total Qg curve is drawn
manually by extrapolating the H.C. and H.V. measurement curves based
on the JESD24-2 idea.



Figure 5-24

Uncheck
"JESD24-2
[Derived].

Gate Charge Measurement

Qg measurement example of Vgs from -15V to +15 V.

Only the raw measurement data
can be drawn by checking on the
raw data parameters.

Gate Charge Characteristics Switching Wave”

MARKER{B):

MARKER(A): 150 nC

Wvds-Qg (HV)

Total curve is drawn
manually.

50 n C/div.
Qg, Gate Charge
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2. Qg Measurement Using the Resistive Load

Note:

Figure 5-25

IGBT Module (single) measurement example

IGBT is used as a switching device for inverters which handle a relatively
high power, like motor control of hybrid vehicles or electric trains.

v 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

Qg measurement range is 1 nC to 100 pC

Qg measurement range of the B1506A is T nC to 100 uC, and it is from
the measurement cable to the device.

The Qg test equipment available in the market cannot measure such a big
Qg (typ. 500 nC is the maximum limit).

Resistive load setting:

In this device, the Id(on) condition to measure Qg is 800 A, and it is not
possible to use the current load FET equipped with 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.

1. 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 fixed load resistor because the
on-current is too large.

o

Resistive load setup on the Qg measurement adapter.

1 Remove the
4, | current load device

2. Setthe switch to “External DUT”

Connectthe resistor here

In this case, the
cableisused as a
resistor



Figure 5-26

Gate Charge Measurement

How to determine the Id(on) current:

The output current of UHCU is determined by the output voltage of the
power source, output resistance of UHCU and the on-voltage of the
device. The output voltage of the UHCU is defined as 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.

Cosidering the resistance of the cennection cables, realizing 35 mQ
resistor in total is not realistic. Therefore, in the example, the RL is
replaced by a thick cable, which is low enough resistance, as shown #4 of
Figure 5-25. In this case, the maximum current is adjusted by Vds(off)
setting of the UHCU.

Resistive load setup on the Qg measurement adapter.

High current part of Qg measurement (Resistive load)

<35 mQ at
Id(on)= 800 A

RL

UHCU
Rout 40 mQ (Id(on) >= 500 A
MCSMU % 120 mQ (Id(on) < 500 A
G/) \f/A Max 1500 A &
60 V output

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 b-27.
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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.

Figure 5-27 Connection example for Qg measurement of the IGBT module.

A ) >/

S’

-~
/

S — -

Emitter Force
|

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:
To connect To connect
Emitter/Source Emitter/Source
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To create the measurement setup:

v Next step describes the measurement setup using the resistive load.
- Remove the check from “Current Load” setup

rent Load
oadVigs(off) | o Vv
v

Load\Vgs(on) | 15

v" Move to the detailed setup panel.
Refer to Figure 5-29 for the next steps.

1. Check the "Switching Waveform" tab.

2. Check the High Current panel.

3. Check the “High Current Setup" to enable the setup defined in the
detailed setup.

4. Enter the target on current, 800 A, to set an appropriate current
range of the UHCU.
800 A Id(on) uses 1500 A range of the UHCU - Rout = 40 mQ.

5. Adjust the Vds(off) and repeat measurement until the measured
on-current reaches the target current, 800 A.
This adjustment has to be done manually.

v Figure 5-30 shows an example of Qg curve measured at 800 A Id(on)
and 600 V Vds(off). Total Qg is about 3.6 pC, and it is similar to the
value described in the datasheet.
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Figure 5-29 High current setup for resistive load.

i v o 1. Select“Switching

2. Select“High | Waveform™tag
X ol ¢ = jelect Calibration Data... [ 3
Current” tag K O —ﬁ x Er —_—— g 25 -]

Crain

Z 4. Input Id{on) to chose
% an appropriate current 5. Adjust Vds(offjto
3 range, 500 Aor 1500 A make Id(on)as a target

| value by repeating a
measurement manually

v Cilina (04 C L

ne & Dot 0|

{ [ High Current Setup

Ny - -~
3. Check “High i
Current Setup”
= Wm ? s 100, B g
il sl .

v Data store Device ID: [IMB180U48 v Comment: | B vata: X || 1resi8ouse 7.9-2000 1-20-44 PMpetz-agn

Figure 5-30 800 A Id(on) measurement example using the resistive load setting.

Gate Charge Characteristics | Switching Waveform

Vgs, Gate to Source Voltage

100 p s/div.

W

212




Tips:

Figure 5-31
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Gate Charge Measurement

Maximum Id(on) current

By changing the Vds(off) to 60V, it is possible to measure the Qg curve at
1300 A Id(on) as shown in Figure 5-31.

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).

1300 A Id(on) measurement example using the resistive load setting.

100 p s/div.
\

500 n C/div.

Qg, Gate Charge
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Useful Information for Qg 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 5-32)
v’ Calibration panel opens (Figure 5-33)

Figure 5-32 Start of the Qg calibration.

Start Calib ra%n...

Eile Edit ¥ gnfiguntion  Help

ew Calibration Messurement Cg H
-l = E X olA@ B [ 2 i I Start Calibration... I Select Calibeation Data...
Gate W Cament Load
o >

@ pors
%
2
= Qg
S Qs e
@ Qg E— -
sz Qglery
=] 2
v > ved
o ~
- bl
o oo
o
2
i
o
>
200 n C/div.
Qg, Gate Charge
PlOwboEBEn M E

In the calibration, the following items shown in the following list are
measured. For each calibration items, refer to the corresponding number
in Figure 5-33.
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Figure 5-33

Gate Charge Measurement

"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.

1

Calibration for Gate Charge Measurement x|
Default Calibration | Advanced |
e 2.

[Residual Resistance (Rr) ‘| {'Parasitic Capacitance (Cp) “I
1 [

] H - i

: Gate Resistor[ Rr (ohm)l : : Base/Gate SMU Current Range Cp (F) :

1 | 0ohm 0.380 H 1 | 10uA 1.6203E-09 i

! | 10 ohm 0.280 ! ! 100 A 1.6177€-09 i

1 | 100 ohm 1.000 ] 1 [ 1mA 1.6099E-09 H

i | Lcohm 0700 | 1 |10ma 1,557€-09 !

----------------- v 1 | 100mA 6.8586E-10 1

1|14 -115626-08 |}

Measure R | Vi

Measure

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 5-34, 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 5-34 Advanced calibration panel for Qg measurement.

Default Calibrationi Advanced E

Fine Calibration

Gate Driving Condition:
Current Range:
Cp(F): NaN
Measure I ’ Clear ]
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Figure 5-35

Figure 5-36

Gate Charge Measurement

TO-package device calibration

v" 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 5-35.

1. Setthe 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.

1. Confirmthe
“Internal Package”
is selected

! 2. Confirm the
- shorting bar is
attached

To measure residual resistance:
v" Click the “Measure” button of the residual resistance box.

3. Awindow opens to confirm the shorting the DUT terminals as
shown in Figure 5-36.

Short confirmation window for Rr calibration.

@ Please short DUT connection terminals.
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4. Insert the shorting bar, which is equipped with the B1506A, to the

TO socket as shown in Figure 5-37.
5. After confirming the input terminals of DUT are shorted, click “OK”

(Figure 5-36) and residual resistances are measured.

Figure 5-37 Shorting adapter.

4. Shorting Adapter

To measure parasitic capacitance:

v" 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 5-38.

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 5-39.

Figure 5-38 Open confirmation window for Cp calibration.

o @

6. @ Please open DUT connection terminals.
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Figure 5-39 Save and apply the calibration data.

Default Calibration | Advanced |

ge | ment

Gate Charge Measurement

-Residual Resistance (Rr) - Parasitic Capacitance (Cp) -
Gate Resistor - Base/Gate SMU Current Range | Cp (F) l
0 ohm 0329 10uA 1.6306E-09
10 ohm 0.251 100 uA 1.6286E-09
100 ohm 1.028 1mA 1.621E-09
1k ohm 0324 10mA 1.6071E-09
100 mA 7.0671E-10
-1.043€-08

Measure | 1A

User Series Resistor (Ru)

IO ohm
JR——
: Save and A | : G | |
8_ = ve and Apply H ance
m
Tips: To measure the parasitic capacitances more accurately:

9. To measure the parasitic capacitances more accurately, click the
“Advanced” tab as shown in Figure 5-40.

10.

1.

Click the “Measure” button.

The Cp is measured by using the actual measurement

parameters.

Click :"Close" to finish the measurement.

Then click “Save and Apply” (#8 of Figure 5-39) to make those

compensation data effective.

Figure 5-40 Advanced Cp calibration.

Default Calibratio% !

Advanced Default Calibration

rFine Calibration

Gate Driving Condition:
Current Range:

Cp (F): NaN [
"-—--——-—I

Fine Calibration

Advanced

1 0 I : Measure | : Clear |
e —————d ]

Cp (F): 6.0493E-10

Measure |

Gate Driving Condition: Vgs(on): 15.000 V / Vgs(off): 0.000 V
Current Range: 100 mA

Clear

Close |

11

Close
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Module device calibration

v" 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.

12. Move the mode switch to the “External DUT”.
13. Remove the shorting bar from the collector/drain output
terminals as shown in Figure 5-41.

Figure 5-41 Module device calibration setting.

Confirm the
“External DU" is
selected

Remove the
shorting bar
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Figure 5-42

Note:

Gate Charge Measurement

To measure residual resistance:

v 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 5-42.

Module device's short calibration.

Collector/Drain

Emitter/Source
Sense

Emitter/Source
Force

Collector/Drain
Gate High

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 5-43

Note:

222

To measure parasitic capacitance:

v" To measure the parasitic capacitances, follow the next steps shown in
Figure 5-43.
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 5-43)

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 Gate Charge Measurement Template

Figure 5-44

Figure 5-44 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.

v Follow the next numbers for the major parameter descriptions and

the input locations by referencing to the corresponding number in the
figure.

Start panel example of the Gate Charge Measurement panel.

File Edit View Calibration Measurement Configuration Help
q Ly X
Whlsm XOdAE

» ) Conditions

» = Start Calibration... Select Calibration Data...

Drain
0

Vds(off)
Id{on)

Gate Current Load
200 | v Vgsloff) o Vv LoadVgs(off) 0 v
0 A 2 Vgston) 15V 3. LoadVgslon) 5 v
Ig im A

Vgs, Gate to Source Voltage

Gate Charge Characteristics || Switching Waveform

ot © Line & Dot |
MARKER(A): 100 nC

B MARKER(B): 100 nC (Ax0C

7\-‘;12i0n)

]
M vds-Qg (HV) B vosiph

Vsl
3

Vgs(off) """ :

Qoith) W &
Qus ™ e
Qgd ———# :

Qglon) ™ 1% i il

Derived | High Current | High Voltage ] 5

Symbol Value Unit Description
Vgs(pl) 45 ¥V  gate plateau voltage
Qgs  159n
Qgd  636n

C  gate-saurce charge
C

Qglth) 106n C gate-source threshold chal™
C

gate-drain charge

Qglon) 176n
Cl  353n F
€2 90in F {
g1 284 m

Qg, Gate Charge = m

20 n C/div.

Drain parameters to measure (g
- Vds(off) voltage
- Id(on) current

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.
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
Gate Charge Characteristics tab

This tab shows,

- Vg-Qg derived characteristics curve, and the following items
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Figure 5-45

from the following #b 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 5-45.

Refer to this figure for the following items.

Start panel example of the Gate Charge Measurement panel.
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10.

11.

12.

"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.

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
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of the DUT where full load power of UHCU is consumed
(maximum 22.5 kW for example).

13. Clicking the "High Voltage" tab, and it shows the equivalent items
shown in the step 9 above.

14. Clicking "High Voltage Setup" opens the timing parameter setup
panel for high voltage Qg measurement.

15. "On period" of HYSMU can be set.

225



This information is subject to change without notice.
© Keysight Technologies 2015
Edition 1, February 2015

KEYSIGHT OO A

TECHNOLOGIES B1506-90500
www.keysight.com



	Operation and Demonstration Guide
	1. Getting Started
	Introduction
	Operational Procedure
	Device data:


	Preparation
	B1506A Hardware Configuration
	Mainframe and test modules
	Cable connections
	Note 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

	Easy Test Navigator Software
	Easy Test Navigator software
	Starting the Easy Test Navigator software
	Quitting from the Easy Test Navigator software
	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
	Saving and recalling your setup and measurement data
	Exiting from your setup

	Calibration


	2. Datasheet Characterization
	Overview
	Datasheet Characterization Mode
	Measurement Parameters of Devices

	Basic Functions
	Datasheet Characterization GUI
	Basic Functions
	Steps to Measure Datasheet Characteristics of Power Device
	Details of measurement condition modification



	IGBT Measurement Example
	Devices and Test Fixtures
	Device Used in the example
	IV and CV test socket module
	Gate charge test socket adapter

	Measurement Steps
	Step 1 Starting the Datasheet Characterization mode
	Step 2  Creating new Datasheet Definition
	Step 3  Input Device Information
	Step 4  Input Maximum Ratings
	Step 5  Creating Measurement Setup for Parameter Section
	5.1 BVCES
	To setup BVCES test condition parameters
	To set up the detailed I/V measurement parameters
	Verification of the BVCES measurement setup
	5.2 ICES
	To set up ICES test conditions and I/V measurement parameters
	Verification of the ICES measurement setup
	5.3 IGES
	To setup IGES measurement parameters
	Verification of the IGES measurement setup
	5.4 VGE(th)
	To set up VGE(th) measurement parameters
	Verification of the VGE(th) measurement setup
	To delete VGE(th) with constant VCE
	5.5 VCE(sat)
	VCE(sat) test conditions for IC=40 A
	Verification of the VCE(sat) at IC=40 A measurement setup
	VCE(sat) test conditions for IC=180 A
	Verification of the VCE(sat) at IC=180 A measurement setup
	5.6 VF of freewheeling diode
	To set up VF measurement parameters
	Verification of the VFM measurement setup
	5.7 Capacitance (Cies, Coes, Cres)
	To setup capacitance measurement parameters
	Reference:  Refer to the section "Capacitance Measurement Techniques" for details of the measurement circuitry including the AC short capacitor.

	Verification of the Cies capacitance measurement setups
	Verification of the Coes, Cres capacitance measurement setups
	5.8 Gate charge (Qg, Qge, Qgc)
	Reference:  Refer to the section "Gate Charge Measurement Basics" for details of the measurement circuitry including the AC short capacitor

	To setup gate charge measurement parameters
	How to choose a current load FET
	Tips:  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.

	Qg setup
	Verification of the Qg measurement setup
	Qge, Qgc setup
	To Delete gate plateau voltage Vge(pl)

	Step 6  Creating Measurement Conditions of Graph Characteristics
	6.1 IC-VCE characteristics
	To setup IC-VCE graphics measurement parameters
	Verification of the IC-VCE measurement setup
	6.2 IC-VGE transfer characteristics
	To set up IC-VGE graphics measurement parameters
	6.3 VCE-VGE characteristics - VCE(sat)
	To set up VCE-VGE graphics measurement parameters
	Tips:  How to determine an appropriate pulse width

	6.4 VF Freewheeling diode forward characteristics
	To set up VF graphics measurement parameters
	Verification of the IF-VF measurement setup
	6.5 CV characteristics
	To set up CV graphics measurement parameters
	Verification of the CV measurement setup
	6.6 Vge-Qg gate characteristics
	To setup Qg graphics measurement parameters
	Verification of the Qg measurement setup
	To setup 2nd Qg graphics measurement
	Verification of the 2nd Qg measurement setup

	Step 7 Updating the Entire Setup
	Step 8  Run the Test of Entire Parameters and Graphics
	Tips:  Two measurement mode options
	Tips:  To set the measurement execution and the priorities.

	Step 9  Reviewing and Checking the Printing Image of the Measurement Result
	Step 10 Printing the Datasheet
	Tips:  To print in electric format


	Useful information using Datasheet Characterization mode
	Tips of Using Extra Functions
	Tips: To change the picture of the device
	Tips:  To change the symbol name and the description
	Tips:  To add maximum value in the BVCES
	Note


	UHCU Details and Measurement Tips
	How to set UHCU's V/I parameters for VCE(sat):
	How to set Voltage force mode setup:
	IC-VGE output characteristics measurement using UHCU:

	Capacitance Measurement Tips
	Tips:  To measure large capacitance
	Tips:  To enhance measurement accuracy
	Tips:  Capacitance data dependency when lowering the measurement frequency


	Measurement Theory and Detail Explanation of the Measurement Capability
	Capacitance Measurement Techniques
	Gate Charge Measurement Basics
	SOA and Current Load FET in Qg test
	How to determine Ig to measure gate charge

	How to Use Oscilloscope View


	3. I/V Measurement
	Overview
	Measurement Parameters of Device Types
	Demonstration Examples

	How to Open I/V Measurement Mode
	I/V Measurement Mode Examples
	1. IC-VCE IGBT Characteristics
	2. ID-VDS Power MOSFET Characteristics
	3. VDS-VGS Power MOSFET Characteristics
	4. IGBT Module Measurement
	Connection with the B1506A
	IGBT module measurement example


	Useful Information Using I/V Measurement Mode
	To Avoid Device Oscillation
	Accurate Measurement Using a Narrow Pulse
	Super Junction MOSFET Example



	4. Capacitance Measurement
	Overview
	Capacitance measurement template
	Measurement Parameters of Device Types
	Measurement Frequency Consideration
	Measurement error examples


	How to open Capacitance Measurement mode
	Capacitance Measurement Mode Examples
	Notes before starting measurements
	Capacitance measurement calibration
	1. Ciss, Coss, Crss MOSFET Characteristics
	Low voltage measurement

	2. Rg Internal Gate Resistance Characteristics of Power MOSFET
	3. IGBT Module Measurement Example/Tips
	IGBT module connection
	IGBT / MOSFET Module (Multi-Chip Module)


	Useful Information Using Capacitance Measurement Mode
	Crss Measurement of Super Junction FET
	Commonly seen problem in Crss measurement
	100 kHz solves the negative Crss measurement problem

	Capacitance Compensation Data Measurement
	Rg Measurement with the Open or Voltage Biased Drain/Collector
	Vgs Accuracy Improvement by Self Calibration


	5. Gate Charge Measurement
	Overview
	Measurement Preparation
	How to Open Gate Charge Measurement Mode
	Gate Charge Measurement Adapter
	Using B1506A-F14 Qg Measurement adapter


	Gate Charge Measurement Mode Examples
	1. Qg Measurement Using the Constant Current Load
	1-1. IGBT: FGA180N33ATD Qg measurement
	1-2. Changing Measurement Conditions
	Tips:  Current load FET's current adjustment

	1-3. Measuring Super Junction MOSFET
	1-4. SiC MOSFET measurement
	1-5. VGS swing from negative VGS(off) to Vgs(on)

	2. Qg Measurement Using the Resistive Load
	IGBT Module (single) measurement example


	Useful Information for Qg Measurement Mode
	Calibration for Gate Charge Measurement
	To start calibration:
	TO-package device calibration
	Module device calibration

	Brief Idea of Gate Charge Measurement Template




