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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!

When the RED indicator lights, lethal voltage (10 kV dc/pulse) may ap-
pear at measurement terminals.

Usually use the interlock function

Do not operate the instrument unless another person is around the work
space who is familiar with instrument operation and hazards or adminis-
tering first aid.

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



Introduction

Agilent B1505A Power Device Analyzer/Curve Tracer is a powerful tool for measur-
ing and characterizing power devices.

This quick start/self-paced demonstration guide for high-power devices up to 1500A
and 10 kV covers the high power measurement capability and the unique features of
the B1505A in step by step instructions.

Each test included in this guide is covered with step by step instructions of cable
connections to the test device and the parameter setting of the test, and you can
easily set up the test and execute it by just following the guide.

The target system configuration of this B1505A demo guide is newly introduced Ul-
tra High Current Unit (UHCU), High Voltage Medium Current Unit (HVYMCU) and Ultra
High Voltage Unit (UHVU).

The step by step demo guide covers;

® A cable connection from the instrument to the device terminal,
® A test setup of the measurement parameters and the data extraction scheme,

® A test execution and analysis on EasyEXPERT software which is resident in
B1505A and provides all the control of the B1505A.

Measuring high-power devices sometimes requires special knowledge of both the
devices and the measuring instruments.

For example, UHCU and HYMCU have the series resistor in the output port as like
the so called curve tracer in the market, and it shows slightly different output V/I
characteristics compared to the SMUs which output the exact V/I value as speci-
fied.

The voltage and the current waveform in ultra high current measurement in pulsed
test are easily distorted by the parasitic inductance of the measurement cables and
the stray capacitance between the measurement cables. Sometimes the device os-
cillates very easily in high current operation region. Because of these effects, unex-
pected or doubtful test data may be coming out.

There are many features in the B1505A to overcome these challenges, and these
topics are covered in this demo guide.

You can perform accurate measurement by following the steps of setup and the
measurement instructions of this demo guide.
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Chapter 1. Basic Knowledge of the B1505A

Chapter 1. Basic Knowledge of the B1505A

- — N1268A Ultra High Voltage Expander
N1265A Ultra High Current Expander/Fixture

B1505A Power Device Analyzer/Curve Tracer
N1266A HVSMU Current expander

Objective: This chapter provides basic information related to the B1505A that is better to know
before you start with the B1505A.

The B1505A requires relatively complicated system configuration to fully utilize its
high-power ranges.

The objective of this chapter is to know the basic information of the B1505A test
components that is essential to perform a successful measurement and to under-
stand the measurement results.

This chapter covers the following topics;

1. Agilent B1505A Power Device Analyzer/Curve Tracer
- The B1505A test module information
- The overall output V/I ranges of the B1505A
- Output V/I ranges by each test module

2. Agilent N1265A Ultra High Current Expander/Fixture
- Built-in test module selector

3. The effect of output R of UHCU and HVMCU
- The effect of output R
- The difference between SMU (no output R)

4.  EasyEXPERT Software
There are following four test mode provided in the EasyEXPERT software.
Each test mode has its unique features, and its key points are introduced in
this guide.
® Tracer Test
® Application Test
® Classic Test
® (Quick test
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1-1. Agilent B1505A Power Device Analyzer/Curve Tracer

Agilent B1505A Power Device Analyzer / Curve Tracer is designed to measure state
of the art high-power devices from 1500 A to 10 kV, and the EasyEXPERT measure-
ment software resident on the B1505A is a specially-designed MS Windows® appli-
cation program.

The B1505A mainframe can measure wide range of power devices from 10 fA to
1500 A and 2 pV to 10 kV with 3,000 V CV measurement features.

With the N1265A Ultra High Current Expander, the N1266A HVSMU Expander and
the N1268A Ultra High Voltage Expander, the output range can be expanded to
1500A and 10 kV.

The EasyEXPERT software, which is resident on the B1505A, provides the real time
curve tracer interface and an intuitive and flexible data management and analysis
environment.

B1505A Test modules:

B1505A has 10 module slots, which support the following modules
B1510A High Power SMU (HPSMU) 10 fA~1 A/2 uV~200 V

B1511A Medium Power SMU (MPSMU) 10 fA~100 mA/0.5 pvV~100 V

B1512A High Current SMU (HCSMU) 10 pA~1 A/200 nV~40V (DC) or 10 pA~20
A/200 nV~20 V (Pulse)

B1513B High Voltage SMU (HVSMU) 10 fA~4 mA/200 pV~3000 V or 10 fA~8
mA/200 pV~1500 V

B1514A Medium Current SMU (MCSMU) 10 pA~100 mA/200 nV~30V (DC) or 10
pA~1 A/200 nV~30V (Pulse)

B1520A Multi Frequency CMU (MFCMU) 1 fF~10 nF @ 1 MHz with 0~3000 V DC
bias by using High Voltage Bias-Tee with HYSMU.

By adding the following expander box, the output voltage and current of the B1505A
can be expanded.

N1265A Ultra High Current Expander/Fixture (UHCU) 500 pA~1500 A/100 pV~60
V (Pulse only)

N1266A HVSMU Current Expander (HVYMCU) 200 nA~110 mA/3 mV~2200V (DC)
or 4 yA~2.5 A/3 mV~2200 V (Pulse)

N1268A Ultra High Voltage Expander (UHVU) 10 pA~10 mA/10 mV~10 kV (DC) or
10 pA~20 mA/10 mV~10 kV (Pulse)

Note:
Two MCSMUs are used to control each expander. If there is not enough
MCSMUs installed in the B1505A, MCSMUs are shared between the ex-
pander.

Note: Windows, Windows NT, MS Windows, and Windows Vista are trademarks or regis-
tered trademarks of Microsoft Corporation in the United States and/or other countries.
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The overview of the output voltage and current range is shown in figure 1-1.

The detail of the output and measurement range of each module are visually shown
in figure 1-2.

Figure 1-1. B1505A output range with the Expander.
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Figures 1-2(a). Output and measurement range (part 1).
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Figures 1-2(b). Output and measurement range (part 2).
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1-2. Agilent N1265A UHC Expander/Fixture

Figures 1-2. Agilent N1265A UHC Expander/Fixture.

Agilent N1265A UHC Expander (UHCE)/Fixture
shown in figure 1-2 is used for measuring packaged
power devices, It can basically covers the B1505A"s
maximum output range; 1500 A and 10 kV.

UHCU is a built-in test unit in N1265A, and it comes
automatically in the configuration.

The other measurement units are connected to
N1265A UHCE/Fixture for packaged power device
testing.

We use N1259A option 020 High Voltage Bias-Tee
for capacitance measurement.

Drain/Collector supply is automatically switched between the modules

N1265A includes a built-in selector as shown in figure 1-3, and the drain/collector
supply can be switched between UHCU, HYSMU/HVMCU and MPSMU/HPSMU.
Therefore, the measurement can be continued without changing the wire connec-
tion between the each measurement unit, and it eliminates any errors related to the
cable reconnection and it also reduces the test time.

In the HVSMU path, a 100 kQ series resistor can be inserted for breakdown test.

In the gate channel, a series resistor from the choice of 0 (), 10 Q, 100 Q and 1 kQ
can be selected to control the stability of the measurement.

Low®

S: Sense

100

P.A: Protection adapter

100 k2

HVSMU force is

connected to

100 @
or 1 kQ P.A
SI
% UHCU
()
S F V-control
MCSMU

l-control § F F

MCSMU MCSMU

High sense line.

AVSMU

Figures 1-3. Example connection of the built-in selector of N1265A Expander/Fixture
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1-3. The effect of output R of UHCU and HVYMCU

There is an output series resistor (Rout) in the Hi Force output of UHCU and HYMCU

outside the voltage source (Vcomp) as shown in figure 1-4(a
Rcbl is also connected in series to the Rout.

). The cable resistance

Since there is no mechanism to compensate the voltage drop by these resistors, the
voltage appears at the DUT terminal is different from the Vcomp value which is set

by the user.
Figure 1-4(b) shows a typical measurement curve measured

by the circuit shown in

figure 1-4(a). The drain sweep end points for each gate steps align on a strait line

determined by Vcomp/Rout or Vcomp/(Rout+Rchl).

It is generally not a problem if you just want to check a curve, but it will be a prob-

lem if you want to;

- Add specific voltage without knowing the current value

- Measure high current, but do not want to apply a high voltage (close to Vcomp)

as shown in figure 1-4(b).

Figure 1-4. The effect of output resistor.

t
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Figure 1-4 (b). Typical measurement curve under the Rout.
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Reference information:

¢ SMU case
Figure 1-5(a) shows a simplified block diagram of HP SMU and MP SMU.
The resistive components in the output block of these modules including the resis-

tance in the test cable are located inside the sense loop (refer to @ and @ of
figure 1-5), and an accurate set voltage appears at the DUT terminal.

Figure 1-5(b) shows a typical Id-Vd measurement example of SMU.

The sweep end points for each secondary gate step parameter are aligned in vertical
at the sweep end voltage.

It means, in the case of SMU, you can make measurement at the specific voltage
which you set independently to the load condition.

This is a big difference compared to the results in figure 1-4(b) where the sweep end
voltage varies depending on the load current and the output resistance.

Note: Since there is no passive resistive component which works as a protective
component when DUT breakdowns or sudden short in the SMU side, this ar-
chitecture may be not the best choice in high power applications.

Figure 1-5(a). Simplified Block Diagram of HP/MPSMU.

GNDU |
o—] -
oV

Figure 1-5(b). Typical Id-Vd example of SMU.
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1-4. EasyEXPERT Software

14

Four Test modes available

The EasyEXPERT software as a graphical user interface (GUI) of the B1505A has four
types of TEST mode available: Tracer Test, Application Test, Classic Test and Quick
Test.

Each TEST mode has its unique capabilities and using an appropriate TEST mode that
fits to your test requirement is important for getting a better result sooner. Following
describes briefly about the B1505A"s TEST mode.

1. Tracer Test mode

In high-power test application that requires more than 20A, UHCU is a main meas-
urement module.

If the maximum current is 1 ~ 2 A in a few hundreds voltage, then HYMCU is a
choice in the measurement.

If you use UHCU or HYMCU, Tracer Test mode is definitely the first priority choice of
the Test mode.

Tracer Test mode shown as an example in figure 1-6 provides an interactive curve
tracer interface that allows parameters to be modified in real time during a measure-
ment using the B1505A’s front panel knob. For example, the drain voltage of the Id-
Vd sweep can be manually changed by rotating a knob of the B1505A like rotating a
voltage dial of the curve tracer.

The other parameter can be also changed while in measurement on the fly, and you
can determine your test condition and the result quickly.

Tracer test includes the following nice capabilities to support your test;

® Sample setup for MOSFET, Diode, IGBT and BJT for typical measurement.
You can start measurement by just filling in the measurement parameters.

® Oscilloscope view that monitors the pulse waveforms of both the voltage and the
current of your selected measurement point.

@ Stop condition where the measurement automatically aborted when the set con-
dition met. This function is useful for breakdown test.

® Reference trace that is shown in background of the measurement display, and
you can compare the change between the reference and the current measure-
ment traces.

® Replay traces function recalls the past measurement traces. For example, you
can recall the past measurement traces until the device is breaks down and de-
stroyed.

® Compliance to limit the primary sweep steps (VAR1) after a specified value
- Power compliance
- Current compliance
- Voltage compliance

® Marker and line function
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Figure 1-6. Example Tracer Test mode GUI.
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Note of the Tracer Test GUI: Tracer Test Sample menu
The following number shows the basic steps to start meas- S DL D |
urement. :ﬂ‘:"f ’ \
1. Tracer Test selection tab | T X ‘
2. Tracer Test Sample menu | W concal
3. Channel definition area :
4. Measurement parameter setup area
5. Single/Repeat measure button
6. Rotary knob to control sweep/measurement parameters

Tracer Test Sample menu:

The Tracer Test Sample menu is a good start point to create a high-power device
test setup. If you choose a test sample from the menu, it is already filled out by a
default test setups and parameters reflecting the B1505A configuration. Therefore,
you can start editing your test setup from that point, and start measurement faster.
You can refine the test setup by following the step numbers shown in figure 1-6.

Tips:
There is another way to use the Tracer Test mode.

Since the Tracer Test setup can be easily converted to a Classic Test setup, you
can use Tracer Test mode as an easy test setup and test debugging tool.

The example test setup will automatically create a complicated test setup, and the
interactive curve tracer interface helps for refining the final new test setup.

Then, you can convert the completed setup to a Classic test for repeated use with
a fixed measurement parameters or adding extra display traces and analysis func-
tionalities such as the automatic marker or lines.

15
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2. Application Test mode

Application Test mode includes a library of pre-defined tests that eliminate the need
to manually set up most instrument parameters for common device tests (such as Ic
-Vce measurements). The user can perform a measurement through an intuitive “fill
in the blanks” process. Measurements are performed and parameters are automati-
cally extracted with just a simple click of the measurement button.

The Application Test mode shown in figure 1-7 is a pre-defined test library coming
with the B1505A and it includes a basic and frequently used test, for example, Id-Vd
measurements. The user can start measurements by just typing in the measurement
parameters and the test results with a proper data which is automatically extracted
by the measurement is coming out by just pressing the Measure button.

It is simple and very easy for adding modifications like the example. You can refer to
the application note B1500A-4 “Customizing Agilent B1500A EasyEXPERT Applica-
tion Tests”, Agilent P/N: 5989-5167EN.

As a conclusion, Application Test is the best choice if it satisfies your requirement.
If not, there are two choices; one is to modify the existing Application Test defini-
tion, and the other is going to Classic Test mode.

Figure 1-7. Application Test GUI.

16

@|1d-vds Setup Name: [1d-Vds
|Device Parameters
Polarity: [Nch ] Temp: [25.0deg B/
. Enter the Test Parameters 2. Press the Measure Button
Test Parameters l Extended Setup __ ~ My Favorite Setup |
Memo: | Tracer->Classic -
Scale: LINESR  +) Primary Sweep 2
Drain: [SMU2:DHC » 2ot
pe 9 VdStart: Ea v i! 5 !E
G — t = VdStop: m ID-VDS‘Zch
Secondary Sweep VdLinearStep: m puisa
Gate: [SMULHP ] - Idumit: [100A @] |— I
vgstart: [LOOV 8| PdLimit: P00W ® DvEs
vgstop: [100v &) : « 4]
vgstep: [Loov & PulsePeriodvode: [2UTO 8 E 1,5
I: :| ManualPuiseperiod: [00ms & | |VariPused
B W‘B Pulsewidth: 50 8] i—
Id-vds Pulse




Chapter 1. Basic Knowledge of the B1505A

3. Classic Test mode

Classic Test mode provides complete access to all of EasyEXPERT software’s meas-
urement and analysis capabilities.

Measurement setups created in tracer test mode can be imported into classic test
mode and auto-analysis calculations can be added to them. The resulting Classic
Test setups can then be used both interactively and for automated testing.

Any application that is not covered in the Application Test library can be covered by
using the Classic Test mode.
Figure 1-8 shows an example Classic test setup window where;

1. Channel Setup page,

2. Measurement Setup page and

3. optional SMU parameter setup sub-panels and

4. Display setup page that is minimum pages you have to fill in before starting
measurements.

Figure 1-8. Example Classic Test measurement parameter setup panels.
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Setting up a new Classic Test definition requires more knowledge as like the con-
nection between the device and SMUs of the B1505A and the function setup of the
SMUs as shown in figure 1-8 compared to the pre-defined Application Test.
Generally speaking, the user can interact more directly to the SMU control in the
case of Classic Test compared to the Application Test which is somewhat black box
to the user until knowing the inside setup by sneaking in the Application Test defini-
tions.

4. Quick Test mode

Quick Test mode provides a convenient means to automate test setups created in
Tracer Test, Application Test or Classic Test modes without the need to do any pro-
gramming. You can automate test sequences for both a test fixture and for on-wafer
testing across an entire wafer using the wafer prober drivers furnished with EasyEX-
PERT.

Figure 1-9. Quick Test executes selected test sequentially.
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Chapter 2. Preparation for the Measurements

Objective:

Chapter 2 covers the following preparation of the B1505A before starting B1505A
measurement.

1.

2
3.
4.
5
6

Before using the B1505A

Instruments and Accessories used in the demo

Devices used in the demo

Cable Connection between the B1505A and the Expanders/Fixture
Starting the B1505A

Updating the Application Test Library for EasyEXPERT rev. A.05.00

The objective of this chapter is to start the B1505A and setup EasyEXPERT to pre-
pare for the measurement.

2-1. Before using B1505A

WARNING

There are potentially hazardous voltages (10 kV for UHVU, 3 kV for HVYSMU, 2.2 kV
for HYMCU, and 200 V for HPSMU) present at the Force, Sense, and Guard termi-
nals of Agilent B1505A. To prevent electrical shock, the following safety precau-
tions must be observed during the use of B1505A.

Use a three-conductor AC power cable to connect the cabinet (if used) and
B1505A to an electrical ground (safety ground).

You must connect an interlock cable between B1505A and the test fixture.
Confirm periodically that the interlock function is functional.
Do not modify the interlock circuit.

Do not use extension cables for connecting the DUT the outside of the test
fixture except a wafer prober which provides the equivalent safety of the test
fixture..

Before touching the connections on the Force, Guard, and Sense terminals,
turn the B1505A off and discharge any capacitors. If you do not wish to turn
the B1505A off, complete all of the following items, regardless of the B1505A
settings.

- Press the Stop key to turn the module output off.
- Confirm that the High Voltage indicator is not lit.
- Open the shielding box access door.

- Discharge any capacitors connected to an SMU.
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2-2. Instruments and Accessories used in the measurement examples

We use the following B1505A configuration in the measurement example,

Figure 2-1. B1505A configuration used in the example.
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For capacitance measurements
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To Drain/Collector of the

N1265A Selector input

Agilent B1505A Power Device Analyzer/Curve Tracer configuration:

The standard B1505A demo configuration includes the following test modules.

1 X HVSMU
1 X HCSMU
4 XMCSMU
1 X MFCMU
1 x MPSMU
1 x GNDU

(B1513B) High Voltage SMU

(B1512A) High Current SMU

(B1514A) Medium Current SMU

(B1520A) Multi-Frequency CMU

(B1511A) Medium Power SMU

Ground Unit (furnished in the B1505A main frame)

Expanders and Cables used in the demo:
Figure 2-2 shows the N1265A UHC Expander/Fixture, N1266A HVMC Expander and

N1268A UHV Expander.

Figure 2-3 shows the cables used for connecting between these Expanders/Fixture
and the B1505A.

Figure 2-4 shows the test wires/cables used inside the test fixture.
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Figures 2-2. Agilent N1265A UHC Expander/Fixture, N1266A HVMC Expander and n1268A UHV Expander.

N1265A UHC Expander/ Fixture N1266A HVMC Expander N1268A UHV Expander

Figure 2-3. Cables used for connecting between the B1505A and N1265A/N1266A/N1268A Expander/
Fixture.

164é3T HV Triax Cabi_e 16493L GNDU Triax Cable 16494A Triax Cable

16493V UHV Cable:
High side

N1300A CMU Cable 16493J Interlock Cable 16493G Digital 1/0 Cable

21
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Figure 2-4. Cables/Wires used for connecting inside the fixture.

Collector/Drain & Emitter/Source SHV cable and SHV-Banana Adaptor
Force line wire for capacitance measurement
4

’ g

Universal Force/Sense line wire UHVU test cable

N1265A-041
Thermocouple

N1260A High Voltage Bias tee
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2-3. Devices used in the measurement examples

The following devices are used for measurements through this guide.
The device types are selected to cover the maximum output range of the B1505A

as,;

- High current MOSFET (HCMOS): IRFP4004 to cover over 500A.

- High voltage MOSFET (HVMOS): IXTHTN250 to cover over 2500 V.

- IGBT: FGAT80N33ATD to cover medium voltage and current (330 V, 450 A)
- High voltage diode: GP-02-40 to cover 4 k ~ 8 kV (2ea. series connected).

Figure 2-4. devices used in this guide.

L]

IRFP4004 IXTHIN250 FGAT80N33ATD GP02-40

HCMOS HV MOS IGBT 4 kV Diode

Typical specifications of demo devices

1.

2.

3.

4.

High Current Power MOSFET: IRFP4004Pbf
o VDSS: 40V
o Rds(on): Typ. 1.35 mQ (1.70 mQ max.) @ Vgs=10V, 1d=195 A)
o ID max.: 350A @ 100 ps pulse, VD=10V
1390 A @ Vd=25V
0 SOA: 3.5 kW @ Tc=25 °C, 100 ps pulse
o0 Vth: 2~4 V @ Id=250 pA
o0 Coss: 2360 pF typ. @ Vd=25V

High Voltage Power MOSFET: IXTHTN250
o VDSS: 2500 V
o Rds(on): Max. 40 Q
olID max.:6 A @ 100 ps pulse, 5 kW @ Tc=25 °C
0 SOA: 3 kW @ Tc=25 °C, 100 ps pulse
o Vth: 2~4 V @ 1d=250 pA
o Coss: 77 pF typ. @ Vd=25 V

IGBT : FGA180N33ATD
o VCES: 330 V
o VCE(sat): Typ. 1.68 V @ Ic=180A
o ID max.: 450 A @ 100 ps pulse, VC=16V
0 SOA: 7.5 kW @ Tc=25 °C, 100 ps pulse
o Vth: 2.5~5.5 V (typ.=4 V) @ lc=250 pA
0 Coss: 305 pF typ. @ Vc=30 V

Ultra High Voltage Diode: GP02-40
o VRRM: 4,000 V
olF (AV): 0.25 A
0lR@4kV:5puA@25°C
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2-4. Cable Connection between the B1505A and the Fixture/Expanders for basic DC demo

Before starting the measurements, connect the cables between the B1505A, the
N1265A Ultra High Current Expander (UHCE)/Fixture and the N1266A HVSMU Cur-
rent Expander (HVCE).

The connection which is shown in this section is common for all the DC measure-
ments using the N1265A UHCU.

Note:

The configuration for ultra high voltage demo using the UHVU and the capacitance
measurements demo uses different configurations. They are separately shown in
that demo section.

Figure 2-5. Back side view of the B1505A and Expanders.

B1505A std. Demo configuration (back)

= =@
Lo Tt e (@ gy i

e oM %o - = wo i
-!ﬁ. 7 ‘ oy !ju@ g z::‘;:;- 'wu ‘ e (] b |
e

1 e

—Be  AGSHEREEE

N1265A (back) Pl o0l o fil o B o Ll B o

N1266A (back) I ’ _ : o .,,1
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Cabling block diagram

Figure 2-6 shows the basic cabling block diagram between the B1505A and the
N1265A UHCE and the N1266A HVCE.

Note:

In the demo setup, we basically share only two V/I control MCSMUs between the
N1266A HVCE and the N1265A UHCE. Therefore, four cable connection lines from
two MCSMUs to control the N1265A UHCE are shown in solid line (see (1) ).

The four dotted lines (see @ ) to the N1266A HVCE mean that they are switched
between the N1265A UHCE, but not connected this time.

Figure 2-6. Basic cabling block diagram for UHCU and HVMCU.

Digital I/0 cable (Included in N1266A)

Digital I/0 cable (Included in N1265A)

B1505A

Inpu Output Input  Output
16493T 16493T
For Drai L nput  Output o gl Hvsmu
or urain HV HVSMU H|gh
FrtVCE /£ \IC S YT i ot} )
c F 2/ m = g control F « MCSMUs are shared between the
For HVCE MC s ,;'//-— lcantiols configuration of the HYMCE and
@ the UHCE's control inputs.
’ HVCE (,ﬁ
N1266A — UHC Input
For UHC V Control
For UHC /- | Control
—
For Gate // batel
"/ Gate S

Interlock

Selector SMUF
Selector SMU S

16493L

16493L

GNDU

N1265A (Selector built-in)
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Connect the cables between the B1505A and the Expanders as shown in figure 2-7
by following the step number 1 to 13 of figure 2-7.

The breakdown of each steps with cable figures and the connector locations are
shown in figure 2-9.

Figure 2-7. Cable Connection for N1265A UHCE and Test Fixture.

N1265A, N1266A Back Panel ‘

N1265A

N1266A
~ HVSMU

Sense,

Force—

{c Mcsmus
s MCSMU4
© MCSMU3

B1505A

Back Panel / © MCSMU 2

* MFCMU

.. MPSMU1

' GNDU

Step number 1:
Using a 16493L GNDU Cable, connect the GNDU on the B1505A to the GNDU
Input on the N1266A.

Step number 2:
Using a 16494A Triax Cable, connect the Force and Sense connectors on the
lower B1511A MPSMU (SMUT) to the respective connectors on the selector in-
put on the N1265A.

Step number 3:
Using a 16494A Triax Cable, connect the Force and Sense connectors on the 2nd
SMU from the bottom (MCSMUZ2) to the “Gate Connect” input connectors of the
N1265A.
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Step number 4:
Using a 16494A Triax Cable, connect the Force and Sense connectors on the 3rd
SMU from the bottom (MCSMU3) to the “V control” connectors of the UHC input
of the N1265A.

Step number 5:
Using a 16494A Triax Cable, connect the Force and Sense connectors on the 4th
SMU from the bottom (MCSMU4) to the “I control” connectors of the UHC input
of the N1265A.

Step number 6:
Using a 16493T HV Triax Cable, connect the Force connector on the B1513A
HVSMU to the HVSMU input of the N1266A

Tips:
Make sure to screw in the connector firmly by hand to the end point where
you feel some resistance.

Step number 7:
Using a 16493L GNDU Cable, connect the Low output of the N1266A HVMCU to
the GNDU Input of the N1265A.

Step number 8:
Using a 16493T HV Triax Cable, connect the High output connector of the
N1266A to the HYSMU connector of the selector input of the N1265A

Step number 9:

Using a 16493J Interlock Cable, connect the Interlock on the B1505A and the

Interlock on the N1265A

Tips:
For connecting the interlock cable, hold the black plastic part and then turn
the connector by pressing toward the interlock connector in the instrument
side as shown in figure 2-8.
For disconnecting the interlock cable, hold the metal part and then pull the
connector by turning it.

Figure 2-8. Interlock connection.

For connecting: For disconnecting:

2 o

=== Pressingand |}, turn
===) Pulling andQ,turn

Step number10:
Using a 16493G Digital I/0 Cable, connect the Digital I/0 connector on the
B1505A to the Digital 1/0 Input connector on the N1265A UHCE/Fixture.

Step number11:
Using a 16493G Digital I/0 Cable, connect the Digital I/0 Output connector on
the N1265A to the Digital 1/0 Input connector on the N1266A HVCE.

Step number 12:
Connect power cable to the B1505A, N1265A and N1266A.
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Figure 2-9.
B1500A side N1265A/N1266A side
4 . B}
Step 1 GNDU e [ ] Y h
@ | @ | (@ o
N = o . K@|
@ | @
- 2654 - Y,
4 i e )
Step 2 MPSMUT .\ SRV g
(@ ‘«m - e Sene
o | @@
\_ 65A | - | ... )
Step 3 /nncsnnuz ¥\ «m:ﬂf”w\ =)
i P - (O @ ‘
L _
/
Step 4 MCSMU 3 N\
/
Step5 MCSMU4\ \
® ©) ‘f@ :k.@
L N
/
Step 6 B1500A o o
HVSMU . o )
I AN ’
@ ©® -
N N1266A @
\ L/
Step 7 /" N1266A GNDU o e )
HVMCU Output @ | @ | ® P
9 R Ry b =,
72\ Ni265A | @
OV M OV M /
Step 8 /"N1266A_HVSMU T R =T )
@J ey [
nizesa| (@ | (@)
RV M 00 W~ Max 20 V- M /
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a"— .k =i ~THIA
Step 9 WSS %_ 0] (&
W e 4B g O N N
Interlock® @ © ='_: j N1265A ‘
O - ¢ A LU
L Saw G 8 =]
Step 10 (Bis00n O * e [ A
Digital IA0 . & e |8 (3
........ n S - ] @ W/
e\ O W . Inpu
i} —i
S i N1265A] A . |[5] &
\ o i
Step 11 ( N1265A

.

Digital 1/0| =

Digital 1/0 Cable

Step 12 Connect Power Cables to all the B1505A, B1265A and B1266A

Keyboard and mouse: Step number 13:
Be sure to connect the keyboard and a mouse before starting the B1505A.

Key Board

&y

Mouse
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2-5 Starting the B1505A
2-5-1 Starting the B1505A

The following operations are covered in this section.
Step 1. Turn on the Agilent B1505A.

Step 2. Starting the EasyEXPERT software.
Step 3. Preparing for user specific work area in the EasyEXPERT Workspace.

Step 1. Turning on the Agilent B1505A

After you receive the B1505A, perform the following setup.
1. Make sure that the Standby switch is set to off.

2. On the B1505A rear panel, make sure the Circuit Common terminal
is connected to the frame ground terminal with a shorting-bar.

3. Connect the Agilent 16444A-001 USB keyboard and the 16444A-
002 USB mouse to the USB port of the B1505A.

4.  Connect the power cable from the B1505A to an AC power outlet.

Open the measurement terminals (disconnect measurement de-
vices if they are attached), and press the Standby switch (lower
right corner of the front panel) to turn on the B1505A.
Windows, measurement module initialization, and self-calibration
will start.

6. The default Windows setup logs on to Windows automatically by
the “Agilent B1500 User” which should be default user of the
B1505A.

Note:
If you are the first user of the B1505A shipped from the Agilent
factory, then you are required to perform the initial setup of the
Windows operating system of the B1505A.

Step 2. Starting EasyEXPERT

After logging on, click the Start EasyEXPERT button.
Wait until EasyEXPERT is activated.

@ Easyexpert - (O)E9

Eile Option

Start EasyEXPERT

Note:
If you close the Start EasyEXPERT window, you can run it again by clicking
the following Start EasyEXPERT short cut on the Windows desktop.

€ Easyexpert | [O04

Fils Cption

Start EasyEXPERT
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Just after the Windows initialization, the EasyEXPERT start up window opens with

one of the following three cases.

Follow the instruction to setup the EasyEXPERT demo workspace.

Case 1: First time use

»

File

Satup aana: [T T

]
2
Fi
3

i
1

B CEE W EREEERES

Unit: Vhsme:  IMamo  Mode: Functian:

I

Ta adi 3 chamel paramatar, peiss the [4sd] busan in i area.

[a]
|

[ Flag | Setup Name | Date: | Count | Device 1D Remarks

.

i

irest e L S ETT P T S R e

Case 2: One existing workspace

)

Workspace Management window

Wit e s this et previcardy. Do you wank 1o
smntia working on the previes et ad data 1

Yo%, | warst b contins worting 0 Bhe previom whan
arnd st

RS ——
Q«...—.-W...n....m.«.......
acius st vt ot froem revian ek,

Case 3: More than two existing workspace

s

Aot Dokt EanyEPERT

1. Creatn a e rom s i
3. Oy s e 3 i Werkaguace that R b prdcanly it .
[larpet workpe | T ——
 Create 2 rew Warkspace
2 ]
r i

[Feme Cowrer

:> Workspace” from the “File” menu,

" [File | DataDisplay Help
Import Test Setup...
Export Test Setup...

|| Close viorkepace  cul+w
Exit

Close Workspace by selecting "Close

and return to the EasyEXPERT work-
space management window.

Click "Close Workspace"
change the panel to "Case
2" Workspace Management
window.

Check the "No, | want to start a new

|:> session" radio button.

Go to Step 3 of next page to create a
new Workspace for demo use.

Go to Step 3f of two pages from this
|:> page and create a new Workspace for

demo use.
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32

Step 3. Preparing for user specific Workspace of EasyEXPERT

Step 3a. Select the "No" radio button and click Next

Fie_Help

continue working on the previous setups and data 7

and data.

@l I want to start a new session.

Mote: Even if you start a new session, you can still
access setups and data from previous sessions.

¥ou have used this instrument previously. Do you want to

Yes, I want to continue working on the previous setups

HEEEEEN

Step 3b. The following Workspace Configurator appears.
We create a new workspace, and this workspace will be deleted on demo

B1505A return.

Enter, say, “Demo Workspace XX" as a unique name new workspace in the

new workspace entry field.
Step 3c. Click OK.

File Help

Agilent EasyEXPERT software manages setups and data in

enclosures known as "Workspaces." Since you want to

start a new session, you should create a new Workspace
3b with a distinctive name. Please specify a name for the new
Thspace:

|pemo workspace]

=

™ Allow other user: access this Workspace.

You can also rename a previously defined Workspace:

Initial VWorkspace E

™ Allow other users to access this Workspace.

3c.

& Prev m

S~~———

Go to Step 3d of next page.
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3h

(Continued : Demo Workspace setup)

Step 3d. Click the new "Demo Workspace XX" to highlight it.
Step 3e. Click Continue.

File Help

BESDOA Semiconductor Device Analyzer with EasyEXPERT Software
Please choose the target Waorkspace below.

A Workspace b an enclosure of data and application tests. 1 inchudes best setups, test 3e
resulty, graphical plots, and wer customised application teuts. You kave thees options. when

you
use & public ¢ previousky prbdhed.
© Create a new Workspace
Workspucn Mam: | -
I Ml othes wssers o access this Workspace.

Open an existing Worksgucn

M a - Go to "Step 3j" of next page.
—P [V e i
S
Name Owmer

Step 3f. Creating a new Workspace.

If two or more workspaces already exist, B1505A displays the following Workspace Configurator.

File Help

R1500A Device with Easyl Sodtware

Pleas cocee thetarge Werkspace blow. . Step 3g. Click "Create a new

A Workupair i an enclosurs of data and application tests. It includes beat setups, test 3'
Fesults, graphical phots, and wser-customized application bests. Yeu kave three options. when

e - Workspace radio button
1. Creatn 3 mew Workspacn from scratch.
2. Ogmem and wree an existing Workspace that you previoushy created
3. Ogeem and use 3 public Workspace that has been previously published @

[Target workspace '}

Step 3h. Enter, say, “Demo Workspace
wrere =il ‘Demo Workspace XX = " .
] e ot s o e o XX" as a uniqgue name new
Open an existing Workspace .
= You Whntapeces workspace in the new work-
Hame Scope .
I Workooes A ﬂ space in the new workspace
entry field.
© Public Workspaces owned by ofher wsers:
Name Owmer

Step 3i. ﬁCIick Continue

Go to "Step 3j" of next page.

Note:

Workspace means the space created in the Agilent B1505A’s internal hard disk
drive, and is used to store the measurement setup, measurement result data, and so
on. The workspace can be created and allocated for each user .
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Step 3j. The following new EasyEXPERT initial window opens.

File  Data Display  Ogtion  Help
4 DIV Trece

]

Flag | Setup Name | Diater | Count_| Device ID Remarks

Tramwarweisr G [ Mol Coaping 0FF ] By GFF [0 902600 GFF  [) A Export 7 [ Ao Flecod 00

Now, new “Demo Workspace XX" is created and the User Demo Setup is com-

pleted.
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2-5-2 Power line frequency setting

Power line frequency setting is very important for accurate and stable measure-
ments in low signal voltage or current.

Please check your line frequency setting of your Demo B1505A.

If the line frequency is set differently from your area's line frequency, please set it
correctly by following the following steps.

® To Change:

1. Click "Configuration" button.
Configuration window opens.

2. Click Line frequency button to open the line frequency list.
Select 50Hz or 60Hz.

3. Click "Close" button.

[peme Werkspace

~ Pl multi Display OFF 1] Standbv oFF (0] SMU Zero oFF

§ |category ~|
s 8T |~
B v cHos I
& {1 Discrete
§ GenerncTest — @ Lk Aaado e —
g ~1 Memory ‘Configuration
{00 MixedSignal | Main Frame | Modules | ASU | Switching Matrix| SMU/PG Selector | Event Log |
E | NanoTech  |s
+|ubary - Sppten oot
& ETERNY Model Identification: [B15004 2 Line Frequency: 50 -
o scve Al evzozoiioes T
=l esove | EasyEXPERT Rev.: |A.04.20.2011.0823 Firmware Rev.: [60Hz I
E Offset Meas
= L Host ID: |00083bb77140 L
3|
] PRy
Bl e Main Frame Diagnosis L.g'
o [Ttem | Status |l —
& Trigger I/O SEi
8Vgso Digital 1/O s
Touch Panel Switch Unselect All
ﬁi E LD =+ S—
. b:c M Interlock, Open =
fml = Ir!terlock, Close = Start Diagnosis
7 [E  High Voltage LED n
ﬁ E  Measurement LED
| Bl Crant Voo ——- o]
Tnh-Eran L
aa v
| : 3
| Flag | Setup Name Close [ [~
Id-vg Le
Simple Cgb ™ B AT B R VA Fa o o B 8 L
Simple Vth Demo 8/1/2005 6:10:58 PM 1
Vth gmMax Demo 8/1/2005 6:04:48 PM 2 )
1/V Sween Td-Vd Demo 7/31/2005 A:45:59 AM 2 )

[=] uto Export OFF B Auta Record OFF
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2-5-3 Online Help

Online Help is available for EasyEXPERT.
Select "Help > EasyEXPERT Help menu" to display the online help window.

The online help provides the following information.

e Introduction

36

[ Guick Test | Tracer Test | dassic Test | m:ilnalm Test 2

Data Dis Help

Using EasyEXPERT
Function Details

Built-in Programming Tool

If You Have a Problem

To Display Help:
Follow the next steps to display Online Help.

1.
2.

Select "Help > EasyEXPERT Help menu".

"Help

" window opens.

Category

About This Instrument ... |

] BIT AL

] Discrete

[] Exercise

) =

|
il ﬁmwm

[] GenericTest 2
e EBavERr
1 Memory E_.J\qllt,ntfusyfx ERT Online Help
] Mixedsignal =] Bi ; = : F%‘?
orvane int

=10l

Conterts | index | Search |
=1 ERT Online Help

=| | Flag | Setup Name

-

1500 0601

&8 Introduction

@ Using EasyEXPERT

& Function Details
# Built-in Programming T ool
1 @ Uty and Scftware Fumished
@ 1f'You Have a Problem
E Precautionary Statement
@ http:/ fwevwe. home. agilent. com

2} Classic Test Definition
& Application Test Defintion

Agilent EasyEXPERT Online Help

“Introduction”

Using EasyEXPERT”

@ “Classic Test Definition”

® “Application Test Definition”

« “Function Details”

“Built-in Programuing Tool”

o “Utility and Software Fumished”
e “If You Have a Problem”

+ “Precautionary Statement”

Edition 7: June 2009, for EasyEXPERT revision A.0400

To get the latest information:

To get the latest firmware/software/electronic manuals/support information, wisit
Agilent Technologies support site (hitp/ferww home agilent com), and click
Oscilloscopes, Analyzers, Meters > Parametric & Device Analyzers, Curve Tracers.
You can reach the support site for the Agilent BIS00A, BIS05A, and BasyEXPERT

i Agilant Technologies

= =T
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2-6. Updating the Application Test Library for EasyEXPERT rev. A.05.00

Earlier demo B1505A system requires to modify and add the following EasyEXPERT
Application Test library to satisfy the demo condition;

Addition:
e |d-Vgs for Expanders (A.05.01)
e lc-Vge for Expanders (A.05.01)
Modification:
e Vth Vgs(off): Vth or Vgs(off) measurement (A.05.00)
e Vth Vge(off): IGBT Vth or Vge(off) measurement (A.05.00)

You can check your EasyEXPERT revisions as follows.
1. Click "Configuration" button.
Configuration window opens.

2. Check EasyEXPERT revisions here.
If the first 5 letters are “A.05.00" as shown in the following figure,
please go to Appendix 1, and make necessary changes.

Note:
Ifitis “A.05.01" or larger, there is no extra action required.

3. Click "Close" button

Setup Name: ih‘\." Trace

System Information |

Model Identification: [B1505A Line Frequency: |50Hz -
2 | EasyExpeRT Rev.: [5.05.00.2012.0630 | Firmware Rev.: |A.05.00.2012.0710 %

Host ID: |00089bb7f118

Main Frame Diagnosis

[ Item [ status
Trigger 1/O -ee-
Digital I/0
Touch Panel Switch Unselect All
LCD ———

Interlock, Open

Interlock, Close

High Voltage LED

Measurement LED
Erant Vo

Start Diagnosis

IRNEERERERER

| LERE

Close ]T
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Chapter 3. Demonstration 1: Vth Measurement
Getting familiar with the B1505A and the EasyEXPERT Test operation

Objective: This chapter covers the following topics.

Wiring and Device setting on the N1265A Fixture.
EasyEXPERT configuration for expanders.

The use of the Gate Rs to prevent oscillation (Tips).

Vth measurement using the Application Test (Vd=Vg)

o =W -

Vth measurement using the Application Test (Vd=Const)

The objective of this chapter is to become able to measure Vth of the demo devices
by using the Application Test Library by following the above topics.

Features: By using the Application Test mode, you can expect to touch the following features;
e GUI based: Easily understand the device connection.

e Measurement parameters only: Typically, only the test condition parameters
are enough to start measurements. Hardware setup is usually not required.

e Auto-analysis: Generally the measurement includes the auto-analysis results of
the device parameter.

Device used: Demo 1 uses the following devices;
e |PFP4004 PbF HC MOSFET
e FGA180N33ATD IGBT (optional)
e IXTHIN250 HV MOSFET (optional)

Note:
If your EasyEXPERT revision is A.05.00, you have to modify the application test
definition before starting the Vth measurement.
Refer to chapter 2-6 if you have not yet modified the Vth application test defini-
tion.
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3-1. Wiring and Device setting inside of the N1265A Fixture

Figure 3-1 shows the wiring inside of the N1265A UHC Expander/Fixture.
Route the wire between the output terminal panel of the N1265A Test Fixture and
the inline package socket module as shown in the figure.

Figure 3-1. Wiring inside of the N1265A Fixture.

O

0 O

¢ 1o
>
g
]

Collector/Drain & Emitter/Source
Force line wire

2. Collector/

Drain

®
i

R

123 ! 1. Base/ : @E
Gate
4@; Universal Force/Sense line wire

Base| Collector | Emitter
Gate] Drain Source '

Inline Package Socket (3 Pin) éi:— ’, \\‘

Follow the next steps to set up the wires inside the fixture by following the numbers
on figure 3-1.
Note:

Use thick wire for @ and @ that can withstand up to 1500 A.
Use the thinner wire for other connections.

Step 1. Make sure 3-pin inline socket module is set to the N1265A Fixture.
If not, set the socket module as shown in figure 3-1, and tights the module
by fixing the four pins located on the four corners of the socket module.

Step 2. Connect the Low-Force of the Selector Output to the terminal 3 Low-Force
(Emitter/Source) on the Inline Package Socket.

Step 3. Connect the High-Force of the Selector Output to the terminal 2 High-Force
(Collector/Drain) on the Inline Package Socket.
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Step 4. Connect the Low-Sense of the Selector Output to the terminal 3 Low-Sense
(Emitter/Source) on the Inline Package Socket.

Step 5. Connect the High-Sense of the Selector Output to the terminal 2 High-Sense
(Collector/Drain) on the Inline Package Socket.

Step 6. Connect the Low of the Gate Output to the terminal 3 Low-Sense (Emitter/
Source) on the Inline Package Socket.

Step 7. Connect the High of the Gate Output to the terminal 1 Force (Base/Gate) on
the Inline Package Socket.

Note:
The connections shown in this section are common for all the DC measurement
using the N1265A UHCU and 1266A HVMCU.

3-2. Test Device setup

Set the test device (DUT) as shown in figure 3-2.
This time, we set the HC MOSFET: IRFP4004Pb.

Insert the MOSFET to the 3-pin socket (From the left, it is Gate, Drain and Source).

Figure 3-2. DUT setup.

G: Gate
D: Drain
S: Source
C: Collector
G D S E: Emitter
IRFP4004
HC MOS
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3-2. EasyEXPERT Configuration for Expanders

\ Quick TESt| Tracer Test Classic Test | Application Test

@ To Configure UHCU:

Each expander has to be configured before the use after the power on-state.

Note: Before proceeding to the configuration, make sure the cable connection is
properly made as shown in figure 2-7

Follow the next instruction by following the steps shown in figure 3-3.

Step 1. Click Configuration icon.

Step 2. Click "UHC Expander / Fixture" tab.

Step 3. Click and mark the check box of "Enable Ultra High Current Unit".

Step 4. Select exact the same Control SMUs for the V/I control SMUs" drop down
list as you have configured in the B1505A cabling section.

i.e. SMU3:MC for V Control SMU, and SMU4:MC for | Control SMU.

Step 5. Click and mark the check box of "Enable Selector".
Step 6. Leave blank for HYSMU if HYSMU is not yet configured in the “HVSMU Cur-

rent Expander” tab.

Note: Select SMU5:HV for HVYSMU if it is available.
Step 7. Select SMU1:MP for SMU.

Step 8. Click and mark the check box of "Enable Gate Control".

Step 9. Select SMU2:MC for gate control SMU.
Step 10. Set 100 ohm to the output of the Gate Control SMU as a default value.

There are 0, 10, 100 and 1000 ohm choice.

Note: Selecting 0 ohm easily shows device oscillation and it is not recom-
Figure 3-3. UHCE/Fixture mended.

configuration.

Configuration
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ST fsplay  Help

Setup Name: [ID-VDS

VARL ¥
Mode:
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—. . Dighd

Zatn: De =N chioint SN
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ontrol g Self Test Self Calibration
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Input Output ate Control
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[” Auto Detection Status: C ication Established
1 1 -
D 1kV]
A 1 5. )
16. Close 50 shy pre— 5301
SND 1y [ wie |
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42

Step 11. Click "Apply" button.
The configuration is checked, and step 12 follows.

Step 12. Field #12 and #13 are filled automatically depending on previous EasyEX-
PERT setting.
The power indicator changes from orange to yellow, and the selector out-
put indicator shows the currently active unit as shown in #15.

Step 13. You can change the default output module here.
Set SMU1:MPSMU as a default in this section.

Note: This setting will generate the switching relay sound when switching
from the default to UHC.

Step 14. Click "Apply" button to renew the active selected module.

Step 15. The selector indicator of N1265A front panel changes to the current selec-
tor status: SMU.

Step 16. Click "Close" button to close the Configuration window.
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3-3. The use of the Gate Rs to prevent oscillation (Tips).
There are three built-in switchable gate resistors and one short path in the Gate
control of the N1265A UHC Expander/Fixture as shown in figure 3-4.

This resister is used to prevent device oscillation, and the resistor value is chosen
by considering the circuit stability (margin to an oscillation), pulse width and the
device capacitor component between the drain gate of power MOSFET and collector
gate of IGBT.

Generally speaking, when the capacitor component is larger and pulse width is
shorter, a smaller gate resistor is required.

Note:

We typically use 100 () in the demonstration except if it is specified a different value
on a demo instruction.

Figure 3-4. Gate R.

[P U [

1
Gate Control Module Selector !
I
! 1
Low High Sense Force Sense Force
j’ 77 7Y
: T I * G|
100 Q is used

[ %
as a std. gate R 1 1 & s ® s ® 'Y ® 1
in the demo. \ \ \
NYSY NS Y YL
P.A
SI F F: Force
sl e UHCU S: Sense
S F V-control| [l-control S@) ®F F

[McsSmu] ' [GNDU MCSMU MCSMU [ SMU]  [HVSMU]

Built-in, switchable series
resistor to avoid device
oscillation
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Demo 1. Vth measurement using the Application Test

First step of the power device measurement is to know the gate threshold voltage
(Vth) or cutoff voltage.

Vth measures the gate voltage which turns on the drain/collector to source/emitter
channel, and can be considered as the reference point to set the gate parameters of
the power MOSFET/IGBT.

There are several ways to measure and characterize the Vth as shown in figure 3-5.

In the power device measurement, the Vth is traditionally measured by connecting
the gate and the drain/collector together to overcome the measurement resource

limitation of the traditional curve-tracer.

Because of this, typically, the datasheet specification of the power MOSFET uses

this test method for Vth extraction.

But this method requires the extra connection between the gate and the drain/
collector pins, and it complicates the test setup.

The B1505A can make measurement with the same way, but we have a better way.
By emulating this measurement by using two SMUs, we can extract the exact Vth
without changing the cable connections of the device, and the capability without
manually changing the cable connection is an important point for measuring the
device parameters.

We demonstrate Vth extraction by using two SMUs.

Figure 3-5. Vth measurement.

curve-tracer.

MARKER( 3. v o2 4 A 22.
1
100 m
3 Vth@ Vd = Vg
= 90m
= 80m
Traditionally, the Vth is measured by connecting the -
drainand the gate together by using a traditional
Gate connection has to be changed! Pl
50m rd
easure exactly the same by . /

But, B1505A can

synchronously sweeping the gate as the same voltage

of the drain.

) Cable reconnectidn is not necessary. 20m .
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Demo 1-1. Vth Vgsoff Application Test
Vgsoff measurement using the Application Test (@ Vd=Vg)

Demo 1-1 demonstrates the Vgs(off) test of the Vth Vgs(off) Application Test.

This test sweeps both the gate and the drain in the same voltage.

Follow the next steps to measure vgs(off) of IRFP4004 high current power MOSFET
by following the number of figure 3-6.

Step 1. Click “Application Test” mode tab.
Step 2. Click PowerMOSFET Category.
Step 3. Enter “Vth” to the search field.

Step 4. Click “Vth Vgs(off)” Application Test, and click Select.

Step 5. Vth Vgs(off) Application Test definition GUI opens.
Enter or select the next test parameters to the GUI.

MeasMode Vgsoff Drain SMUT:MPSMU
IntegTime SHORT Vd 1V

Gate SMU2:MCSMU IdLimit 10 mA

VgStart 1V Id@Vth_Vgsoff 250 uA

VgStop 5V

VgStep 20 mV Source GNDU

Note: Vd setup is ignored in the Vgsoff MeasMode, and the gate term is applied to

the drain.

Figure 3-6. Vth Vgs(off) application Test.

category | | Vth Vgs(off)

1.

Setup Name: I\/th wgs(off) I

MISCAP ~
PMIC

Device Parameters

PowerBIT

werDiode
v FpwerMOSFE
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Select >>rn|:|: |
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—li (A.U55|JU)
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Extended Setup
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w1} e t
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-
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Gate: [SMUZMC ]
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VgStop: IS.DO v H
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E

oV

Drain: 15MU1:MP 'l
vd: il.lJCIV ii
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3

Next Page Vgs{off) Measurement Mode

Recall

A
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Figure 3-7. Vgs(off) application Test resuit.

46

Extended Setup

Step 6. Click the Extended Setup.
Extended Setup window opens.
Set the parameters as the same shown in the following picture.

Extended Test Parameters

HoldTime: |0 H
IgMinRange: |100uA -

10.

DelayTime: |1.0ms |

1rnd -

IgLimit: |1.00 mA 3]

IdMinRange: IdZero: |1pa E]

Step 7. Change the Setup Name as “Vgs(off)”.

Step 8. Click Single measure MMM button.
The measurement starts.

Step 9. The measurement results are shown up in the Data Display window with
Automatic analysis of markers (see #11) and the Vgoff parameter extraction
in the Parameters area (see #12).
Step 10. Test Result Editor opens.
You can add remarks, flags and select Save/Delete decisions.
Click OK to reflect your decision.
The default of this editor is OK when you make any other action, and the
data is automatically saved in the Result area (The bottom of EasyEXPERT
GUI).

Note: You can set your save options in the “Run Options”

Step 11. The markers automatically located at [d=250 pA
for both linear Y1 axis and log Y2 axis.

Step 12. Vgsoff measured at the marker position (interpolation)
is displayed: 3.23 V.
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After the measurement is made and the results are satisfactory, you can save the
test setup for the future use.

Follow the next steps to save your test setup by following the number in figure 3-8..
Step 1. Click “My Favorite Setup.

Step 2. Click “Preset group”.

Step 3. Click Add New Preset group.

Step 4. Enter a group name, for example “Demo”.
A new preset group name shows up in My Favorite Setup group.

Note: You can export or import the test setup with a unit of the preset group.

Step 5. Click “Save” will save your test setup with the name in “Setup name:” field.
Step 6. Optional
If you scroll the vertical bar of the Test Parameters GUI, the Vgs(off) GUI with

a dotted line connection that indicates the gate and the drain SMUs are syn-
chronized in the sweep.

Review:

e The measured Vgsoff at Id=250 pA is 3.23 V.
The specification is between 2 to 4 V, and the measurement result is reason-
able.

e Application test is handy and very convenient if the application test definition
meets the requirement.

Figure 3-8. Save the setup to “My Favorite Setup”.

g vth Vgs(off) Setup Name: {vgs(off) - i
Polarity: [Nch ] Temp: [z5.0deg M|
b,
‘est Parameters Extended Setup >
N n Iil
Vgsiofi) Measurement
6. N
5 et |
A o
+
‘T Delete Al Impork Pleset Group ...
<< ﬁ’a‘ Export This Preset Group ...
| OrganizePreset Group ...
E .
~
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Demo 1-2. Vth Vgsoff Application Test
Vth measurement using the Application Test (@ Vd=constant)

This demo uses the same setup of demo 1-1, but Vd is set to a constant voltage, at
1V.

Change the demo 1-1 setup by following the next steps and the numbers shown in
figure 3-9.

Step 1. Change MeasMode to “Vth".

Step 2. Change Setup name to “Vth".

Step 3. Save the test setup to Demo preset group.
Step 4. The setup is saved.

Step 5. Press Single Measure button.
Measurement starts.

Figure 3-9. Vth Vgs(off) application Test: Vth measurement.
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Test result is shown in figure 3-10.
Vith is extracted as 3.23 V and the result is almost the same as figure 3-7 display
though the Vd is fixed to 1 V.

e Save the test results.

Figure 3-10. Vth test result.

jVth [(5) *Vth=3.23 V*; 2012/08/08 14:44:25] X
Properties... | | [Parameters i
MARKER( 3.2291000000E+000 V Z.4740000000E-004 &  2.4740000000E-004 & ) Vth E 23022 V
- m = Bm —
E am P / Ta E.U deg
g sam //E S
om - !
5m v ¥ o '
4m ,'
B on /
m J
1 G 25 3 15 45 5
Index | vdrain | Idrain | Vaate | Iaate | »
110 1.0000 v 162.75 UA 3.18000 v -9.0 na
111 22,7 n&
112 -30.4 né 5

Review:

Generally speaking, Vth or Vgs(off) measurement shows almost the same data if Vth
measurement is made at saturation region. Usually Vd=1 V satisfies this condition.

Other assignment of the demo:

e Try Vth or Vgs(off) measurement to IGBT and HV-MOSFET.
- IGBT: Use “Vth Vge(off) application test definition.
Use the same test parameter of demo 1.

- HV MOSFET: Use the same Application Test and parameters used in Demo 1.

Tips:

e Forld-Vd or Id-Vg measurement, it is a good idea to set the Vg start voltage as

close value of Vth.
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Chapter 4. Demonstration 2: UHCU Tracer Test

Ultra High-Current Measurement using UHCU with Tracer Test mode

Contents:

90

4-1. Wiring and Device setting inside of the N1265A Fixture
4-2. EasyEXPERT Configuration for Expanders
4-3. What is Tracer Test Execution mode?
4-Demo 2-1. Id-Vd Tracer Test
4-Demo 2-2. Id-Vd Tracer Test: Oscilloscope View
4-Demo 2-3. Rds-ON Characteristics
Demo 2-3-1. Rds ON Characteristics (Rds On vs. Id)
Demo 2-3-2. Rds ON Characteristics (Rds On vs. Vg)
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Chapter 4. Demonstration 2: UHCU Tracer Test

Ultra High-Current Measurement using UHCU by using Tracer Test mode

Objective: This chapter covers the following test.
Id-Vd (HC MOSFET)
Oscilloscope View

Rds on (HC MOSFET)

Ic-Vc (IGBT)

Vcesat (IGBT)

o1 =Wy

The objective of this chapter is to perform the above test and understand B1505A s
unique measurement capabilities by using the Tracer Test mode.

Features: This section covers following B1505A features;

e 1500A measurement capability through 500 A test (Current limited by the test
fixture capacity)

Both the current and voltage compliance mode
Power compliance mode

Arithmetic operation function (Rds extraction)
| force capability (Vce-sat measurement)

Oscilloscope View

Replay Traces

Device used: Demo 2 uses the following devices;
e  IPFP4004 PbF HC MOSFET
e FGA180N33ATD IGBT

4-1. Wiring and Device setting inside of the N1265A Fixture

Use the same setup of section 3-1 and figure 3-1.

Figure 4-1. DUT setup.

GCE

G: Gate

D: Drain

S: Source
C: Collector
E: Emitter

IRFP4004 FGA180N33ATD
HC MOS IGBT

o1
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4-2. EasyEXPERT Configuration for Expanders
@ To Configure UHCU:

Each expander has to be configured before the use after the power on. state.

Note: Before proceeding to the configuration, make sure the cable connection is
properly made as shown in figure 2-7.
Follow the next instruction by following the steps shown in figure 4-2.

Note: If SMU3:UHC is active in step 12, then you can skip the following
step 1 to step 12, and start from step 13 of next page.

Step 1. Click Configuration icon.
Step 2. Click "UHC Expander / Fixture" tab.

Step 3 to 10:
The setup should be the same if you come from the demo 1.
If not, please set the configuration by following the steps shown in section 3

-2.
Step 11. Click Apply button.
Step 12. SMU3:UHC1 appears as active module.

Figure 4-2. UHCE/Fixture
configuration 1.
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Refer to Figure 4-3 for the following steps.
Step 13. Change Output Default SMU from “SMUT1:MP to “SMU3: UHC1"
Step 14. Click "Apply" button to renew the active selected module.

Step 15. The selector indicator of N1265A front panel changes to the current selec-

tor status: UHCU.

Step 16. Click "Close" button to close the Configuration window.

Figure 4-3. UHCE/Fixture
configuration 2.
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4-3. What is Tracer Test Execution mode

o4

The Tracer Test mode provides traditional and familiar curve tracer functionality,
permitting quick device characterization with minimal measurement setup effort.

An Oscilloscope view allows you to monitor the pulse measurement waveforms with
2 ps resolution.

Large current signals applied to the collector can be distorted by parasitic compo-
nents (such as the cable inductance of the test setup), and these parasitic compo-
nents can lead to unexpected measurement results.

The Oscilloscope View helps to prevent this by providing the exact waveform shapes
as well as the relative positions of the collector and the gate signals. This allows
you to adjust your timing parameters so as to achieve optimal measurement condi-
tions.

An innovative automatic recording feature prevents data loss even if the device un-
der test (DUT) is inadvertently destroyed.

In addition to these impressive measurement capabilities, the intuitive EasyEXPERT
software environment makes data analysis a snap. You can also easily export data
into your PC-based work environment and use this data to generate presentations
and reports.

The pre-defined setup menu of the Tracer mode makes the IV test setup a lot easier
especially in complicated setups such as pulsed measurement.
This setup can be converted to the Classic Test mode test definition, and it is a con-
venient functionality for creating a classic test from a scratch.

To perform Tracer Test:

Step 1: Click Tracer Test tab.
Tracer Test mode screen shown in next figure opens.
Step 2: Define the source and measurement channels.
Step 3: Set the source output parameters.
Step 4: Connect DUT, and click the Single button to start a single measurement.
Step 5. Note: Repeat measurement is used to change the measurement parame-
ters while in measurement.

) Agilent Desktop EasyEXPERT
Fle DataDisplay Help

t

Setup Name: [I/V Trace

st

Classic Test | pplication T

Tracer

| Quick Test
2 |

Recall
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To add a channel parameter, press the [Add] button in this area,
E Flag [ Setup Name | Date

Results
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Demo 2-1: Id-Vd measurement using the Tracer Test

Objective: To learn the following topics;

e How to setup test
How to execute the interactive sweep
Current and voltage compliance mode

Power compliance mode

Replay Traces

Demo 2-1-1. Demo device

Set IRFP4004PbF to the 3 pin in-line Socket as shown in the next figure.

G: Gate
D: Drain
S: Source
C: Collector
& e E: Emitter
IRFP4004
HC MOS

Following shows a brief information of SOA area and the capacitance information of
the device. Refer to section 2-3 for the device specification.

Vdss 40V Maximum Safe Operating Area
Rds (on) typ. 1.35 m() 10,000
max. 1.70 mQ
Id (pulse) 1390 A~ 1,000
* Tj<175 °C
E 100 psec
L 100
Capacitance vs. Vds =
1 msec
100,000
10
Te=25°C
Tj=175°C \
Single Pulse
Z 10,000 - Ciss | 1
E \ 1 10 100
s Vds (V
3 \ Coss s {¥)
g —=" | Cdg
S 1,000 Crss 7
- Since the feedback capacitor from the drain to the
gate (Cdg) is large, the gate is better to use a pulse
100 drive rather than DC.
1 10 100 The gate voltage is over driven by the charge from
Vs (V) the drain pulse, and excessive Id may flow at the

timing of Vd pulse rise-up if the gate is driven by DC.
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Chapter 4. Demo 2-1: Id-Vd Tracer Test

Demo 2-1-2.

Demo setup:

Setup the Id-Vd Tracer Test setup for IRFP4004PbF by following the steps shown
next and the numbers in figure 4-4.

To setup the SMU resources:

Step 1. Click "Sample setups" menu. Sample setup menu pops up.

Step 2. Select "MOSFET" category opens MOSFET tracer test definition menu.
Step 3. Click "ID-VDS" setup. ID-VDS setup appears.

Step 4. Make sure the SMUs are set as in the figure.
If different, re-assign the Drain and the Gate SMU appropriately.

Step 5. Change the VGS Mode from V to VPULSE Mode from the list by clicking the

Mode list. Other parameters should be the same as the parameters shown in
figure 4-4 (or the following table).

Set the SMU names, mode and function as follow.

Setup parameters of SMUs:

Unit V name I Name Mode Function
SMU2: MC VGS I1G VPULSE VAR2
SMU3: UHC VDS ID VPULSE VARI1

Figure 4-4. 1d-Vd Tracer Test setup of SMU resources.

(Gate SMU

ID-VDS setup examp

le

l

—
| l
2.1 MOSFET » ID-VDS i
Diode » ID-VGS
IGBT » ID(0ff)-VDS
{ e » BVDSS
nnA

Eflr SMUZMC -
| SMU3:UHC1500 «
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Chapter 4. Demo 2-1: Id-Vd Tracer Test

To Setup X-Y scales:

Follow the next steps and the numbers in figure 4-5.
To set X axis:
Step 1. Click on the maximum X scale value.

Note: The focus area to detect your touch is very narrow. Click exactly on the
character area to pop up the scale input box.

Step 2. Horizontal Max. input box pops up.
- Enter 60V, then click X mark of the input box or press Enter key.
Note: Clicking other area cancels your input.
- Horizontal max. scale is changed to 60 V.

To setY axis:
Step 3. Click on the maximum Y scale value.

Step 4. Vertical Max. input box pops up.
- Enter 500 A, then click X mark of the input box or press Enter key.
- Vertical max. scale is changed to 500 A.

To set X-Y min. value:
Repeat the same steps shown above for min. scale, too.

Figure 4-5. 1d-Vd Tracer Test setup of X-Y scales and

VAR1 parameters. a
VAR1 2 :@
Mode: A Expands
LIN-SGL - VAR1 menu
Start:
ov 8
Stop:

Menu bar can be scrolled Ste @ geN

easily by dragging the no 7 'J@w
: H NOS:

mark filed (i.e. except @ .) 2 8l @

Interlacing: |praq to scroll
1 |

Setup Name: 5004 ID-VDS

Compliance: - -
Current compliance is set for

Pwr Comp.Y I | notexceeding the test fixture
OFF B max. current limit.

Output ¥ Comp

Output V compliance is set for
ov 8 not exceeding the test device

Pulse Base:

Pulse DEh". max. voltage limit.

Pulse Width: Set Pulse Delay: 10 ps for

Var1 for adjusting to the gate
signal’s slower rise-up.

Dual Polarily:

Ei- 1S ' OFF
Unit

I:l 5 SMUHME vGs m G m VRULSE v VARZ
f SMUZAHC + Vo5 m DM VU

Set Pulse Width between 60
ps ~ 100 ps..

Hold Time:

0s B

Click exactly on the
character to pop up the
scale input box.

Horizontal Max.
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98

To Setup VAR1:
Step 5. Set VAR1 parameters:

a. Click down arrow icon [¥].
VART field expands.

b. Set the following parameters:

Tips: To scroll the measurement parameter input field:

Mode Start Stop NOS Interlacing | Compliance [Pwr comp Output V
Comp
LIN-SGL oV 5V 21 1 501 A OFF IV
Pulse Pulse Pulse Dual Hold Ti
Base | Delay | Width | Polarity | = '
ov 10 us 100 us OFF 0s

c. By focusing (pointing) the parameter input field, "Drag to scroll" sign appears
(see #d).
e. By dragging the bar, the mouse cursor changed to "hand " mark, and you can
scroll the bar, and can see hidden part of the bar.

To Setup Var2

Follow the next steps and the numbers in figure 4-6.
Step 6. Set VAR2 parameters

| —

f. Click down arrow icon | ¥].
VAR?2 field expands.

Pulse Pulse Pulse
Start Sto NOS Compliance [Pwr com i
P P " P Base Delay Width Hold Time
35V 6V 6 100 mA OFF oV 0s 120 us 0s

g. Set the following parameters:

Note:

- Scroll up the Menu bar by dragging the bar as illustrated in figure 4-5.
- For VAR2 START: Enter the Vth value measured in lab 1.
Round up Vth in 0.5 V units. For example, if Vth = 3.1V, enter 3.5 V.

- For VAR2 STOP, add 2.5 V to the START V, so as the STEP V becomes to 500
mV.




Chapter 4. Demo 2-1: Id-Vd Tracer Test

To Setup Meas. Time and Pulse Period:
Step 7. Set Meas. Time (Integ Time) and Pulse Period
h. Set following parameters.

Meas. Pulse
Time Period
10u~50us| AUTO

Step 8. Save the test setup as a unique name, say "ID-VD Pulse G", means Id-Vd

measurement with gate pulse.

Figure 4-6. Id-Vd Tracer Test setup of VAR2 AND Meas.

Time parameters.

Q—
VAR2 Q_E
Start: AN Expands
VAR1 menu
Stop:
- For VAR2 START:
Step: Enter the Vth value measured in lab 1.
Round up Vth in 0.5 V unit. For
example, if Vth = 3.1V, enter 35 V.
NOS:
||| -For VAR2 STOP, add 2.5 V to the
Compliance: START V, so as the STEP V becomes
@ woma B to 500 mV.
Pwr Comp. :
@|1/V Trace Setup Name: [S004 D-V05 OFF
Pulse Base:
oy @
Pulse Delay: .
t 0s § Set Gate Pulse width 20~50
Pulse Width: us'longer than Drain pulse
width.
Hold Time:
0s @
— | oonst v |
) . Meas. Delay:
T IR s -] AUTO @
e Er ot e S G
“pown | Delete @ E
Pulse Period:
AUTO @
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Chapter 4. Demo 2-1: Id-Vd Tracer Test

Demo 2-1-3. To Start Id-Vd Repeat Measurement:
Follow the next steps by following the numbers of figure 4-7 to start repeat meas-
urement.

Step 1. Close the test fixture cover before starting a test.d" This is especially impor-
tant for protecting any hazard from high current and high voltage.

Step 2. Click Repeat Measure button. |gZm
Step 3. Repeat measurement starts.
Step 4. Highlight the VART Stop entry field and leave it in active status.

Step 5. Rotate the rotary knob to the right to increase the VAR1 sweep voltage.
How is the trace changed?

Step 6. The Id-Vd real time sweep trace appears as shown in figure 4-7.

Figure 4-7. Id-Vd Tracer Test repeat measurement.

Close the lid of the

test fixture

VAR ¥
@| 1/V Trace Setup Name: [ID-VDS Pukse G [ Mode:
— 4_ = LIN-SGL =
LIN-SGL + op:
Stop:
v I/—; i E_J
NOS:
nE ROS:
6 Compliance: 21§
) b L Compliance:
| FARZ | so0A H
Start:
sv R ‘
Stop:
v E 5
Step: - -

T I R {;gi\rns -] I I Meas. Delay:

60



Chapter 4. Demo 2-1: Id-Vd Tracer Test

To perform interactive Sweep:
Follow the next steps to perform the Id-Vd interactive sweep.

Step 1. The measurement is progressed in mid way, at the stop V is 30 V.
- The output V compliance is set at 39 V, and the maximum sweep point is
limited to one extra measurement step over this voltage.
- The final sweep points of VAR1 for each VAR2 sweep step are limited to
the maximum load line determined by the output resistance of UHCU and
30 V output voltages.
Step 2. This figure shows the Id-Vd curve at VD is increased to 45 V. Maximum
sweep voltage for VAR2 step 1 is limited at about 40 V by output V compli-
ance.

Step 3. Now VD is increased to 50 V.d" You can see near-breakdown curve in VAR2
step 2 and 3.

Step 4. This is the measurement at VD stop V is 60 V, the maximum power of
UHCU.

Step 5. Note the VAR2 step 1 sweep is stopped at around 40 V of the maximum VD
specification of the MOSFET.
If there is no output V compliance functionality, the MOSFET will be dam-
aged.

Step 6. Another note is that load line at Vd=60 V exceeds the MOSFET 100 ps SOA
limit at Tc=25 °C.
If you continue the measurement at this level, the MOSFET will be dam-
aged permanently soon.
Do not attempt to leave the measurement in this level for more than a few
seconds, or avoid doing this level of measurement.

Try the measurement adding by 3.5 kW power compliance instead of per-

Figure 4-8. I1d-Vd Interac- forming this measurement.
tive Sweep. The measurement with power compliance follows in next part.
@| 1/V Trace Setup Name: [ID-VDS Pulse G

ID - VDS

47 3. VD=50 V

QutputV

Compli
ompliance Because of the

, Output V Compliance,
Max. rating < Id can be increased
of the Vd | w/ o exceeding the
max. Vd limit.

3 ﬂ 2.\/\D=45 YV éP\ Q 4.VD=60 V Load line of Output

lvarz| "' R=120 m( @500 A
| stepf N range,

~
/ﬁrZs\epE ~ o
/ S N
S Output V
Mrl stepd / N Compliance
7 1§ SMU power
’_/Astepﬁl ™ amp output V

6 V/div.

VDS 6 ]
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Note: This test at 1,500 A range may damage the device in high possi-
bility.
& To prevent the device damage:
e Keep the max. STOP V to 30 V!

Note: The data with 40V Stop V is for reference only!

Using 1,500 A Range:

If the drain UHCU current compliance exceeds 500 A, say 501 A, then the current
range changes to 1,500A range.

The output resistance of the UHCU changes to 40 m(), and the maximum allow-
able current increases three times compared to 500 A range.

The red line of figure 4-9 shows the safe operating area (S0A) in the operation
at 100 ps pulse width.
As you can see some portion of the Id-Vd curve exceeds the SOA.

Please keep the maximum Stop V to 30 V for not destroying the demo device.

Following page shows an example that the device is damaged by exceeding SOA
limit.

Figure 4-9. Id-Vd Interac-
tive Sweep.

| 1/V Trace Setup Name: |ID-VDS Pukse G =

1.VvD=30 V | VAR1 A

Maode:
LIN-SGL =

1ka Start:
Load line of Qutput R . oy B

=40-mQ @ 1500 A Stop:
I « fange at Stop V=40 V.

40y >
OutputV

501 A current Compliance T v Do Not
compliance limit 21 @| | Exceed30 V.

Step:

Interlacing:
______ -, [ | | i §
Max. rating Compliancg:
lof the Vd |
Pwr Comp. T

OFF B .
¥ Compliance: Exceeding 500A |

3% B| compliance
Pulse Base: changes to 1,500A

ov B
Pulse Delay: range.

r i\
Pulse Width:
100us B )

Meas, Delay:

AUTO R
Maybe PW < 30 ps would be
necessary for protecting the
DUT at Vd=40 V.

Ve 2 O O Y S | ]
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Demo 2-1-4. An example of a device damaging trace using Replay Traces function:
You can record the measurement traces, and recall them by using Replay Traces
function.
Figure 4-10 is an example of the Replay Traces which was recorded the moment of
the IRFP4004PgF MOSFET was damaged by applying too high power as shown in
previous page.

To use Replay Traces:
Follow the next steps to use Replay Traces function after the sweep stops.
Step 1. Clicking Replay Traces icon.
Step 2. The Replay Traces window opens.
Step 3. By moving the slide bar, you can recall the recorded traces.
You can save the record to your file and recall it later if you save the record.
The following explains the traces that the device is damaged. (Example only.)

Step 4. The trace shows the sweep when the device is broken at VD=38.7 V and
ID=365 A. (See marker data)
Note: that you can use the marker function even in the replay traces.
Note: The power at the device failure was 38.7 VV x 365 A = 14 kW that was

way high of the 3.5 kW allowed in 100 us pulse.

Step 5. Probably the junction is damaged by the heat, and the device is shorted.
The current and the voltage of this pointis at 1,200 A and 5.3 V.
The current compliance can not limit the current because the breakdown
speed is so fast!

Step 6. The next sweep traces are shown.
It is obviously that the MOSFET is damaged in short mode failure.
Probably it is short mode failure.

Figure 4-10. Example of Replay Traces of capturing the device damaged moment.

@| I/V Trace Setup Name: [S00& ID-VDS -
VAR1 ¥
Muode:
LIN-SGL
Stop:
505V B

[l [>][>] W ... 2"

Replay Interval: S
100ms W Sob
Maximum Records: VAR? ¥
3 o @ Start:
Recording Interval:
os @ SN
Stop
&V B
Step:
500 my
MOS:
6 B
CONST ¥
Meas. Delay:

ALITA W

Replay Traces 63




Chapter 4. Demo 2-1: Id-Vd Tracer Test

Demo 2-1-5. To Set Power Compliance: 3.5 kW
In the previous page, an example of the device damage that the MOSFET was de-
stroyed because too high power was applied even in the pulsed measurement.

If you set a proper Power compliance in the measurement setup, you can avoid ex-
ceeding the SOA limit and possibly preventing the damage of the device.

Figure 4-11 shows an example to set power compliance and measurement curve
with 3,500 W power compliance.

As you can see, the SOA area of 100 ps pulse overlaps to the 3.5 kW power limited
measurement curve and it is also limited inside of the 40 m(} load line.

¢ How to set Power compliance:

- Set Pwr Comp. in VAR1 parameter field as shown in figure 4-11.

The effect of Current Compliance, Power Compliance and the V Compliance:

Figure 4-11 shows three compliance setting; the Current Compliance, the Power
Compliance and the V Compliance.

e Output V Compliance:
You can measure devices at high current and low voltage, but you also have to
take into consideration the maximum voltage limit in the low current measure-
ment region because higher voltage is applied due to the smaller voltage drop at

the output resistor. Qutput V Compliance can limit the high voltage in low current
region.

e Current Compliance:

The current compliance ensures that you do not exceed the maximum current
rating of the device.

Figure 4-11. 3.5 kW Power compliance, Output V compliance and Current compliance.

@|1I/V Trace Setup Name: [ID-VDS Pulse G 3.5kW m
1.VD=30 V VARL 2
$=3S Mode:
LIN-5GL =
1ka i Start:
i 0v §
|| Stop:
i 44.8% B
i -
\ Output V Steee oy
\\ 501 A t_:urren? : Con‘pliance e 2,
\ compllance limit o
Interlacing:
1 H
Max. rating Compliance:
3.5 kW Power | B

compliance of the Vd

Pwr Comp E
Y Eump .
say | Power compliance

Pulse Base: isset to 3.5 kW
oy M

Pulse Delay:
10us @
Pulse Width:
G0us M

Dual Polaciby:
Meas. Delay:
AUTO ®




Chapter 4. Demo 2-2: Oscilloscope View

Demo 2-2 Id-Vd Tracer Test measurement using Oscilloscope View

Objective:

Demo 2-2-1.

Demo 2-2-2.

The objective of the Oscilloscope View demo is to be able to use the oscilloscope
View function and interpret the Oscilloscope View waveform to judge if the pulse
set parameters are appropriate or not.

If there are any issues found, preferably, to be able to take a corrective action is
desirable.

The following topics are covered:
e How to set the Oscilloscope View

e How to use the result from the Oscilloscope View

Demo device and demo setup

We use the same device and the setup of demo 2-1. 1d-Vd test.

What is Oscilloscope View

EasyEXPERT (Rev. 5 and higher) supports an Oscilloscope View (refer to figure 4-12)
on the B1505A that allows you to monitor pulse measurement waveforms with 2 ps
resolution.

It has the following features;
e |/V curves and pulse waveforms are displayed simultaneously.
e Waveform measurement pulses can be monitored at any point.
e Both voltage and current can be read using the Marker line.
°

The pulse measurement conditions can be changed during measurement and
the resultant waveforms can be verified on the fly.

Large current signals applied to the drain/Collector can be distorted by parasitic
components (such as the cable inductance of the test setup), and these parasitic
components can lead to unexpected measurement results.

The Oscilloscope View helps to prevent this by providing the exact waveform shapes
as well as the relative positions of the drain and the gate signals. This allows you to
adjust your timing parameters so as to achieve optimal measurement conditions.
The Oscilloscope View reduces debugging time while also improving the quality of
your measurement data.
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Demo 2-2-3. How to set Oscilloscope View:

Figure 4-12 shows an example of an Oscilloscope View for Id-Vd Tracer Test meas-
urement.

You can monitor the waveform of the output voltage and current on the specified
measurement point.

In the pulsed measurement, it is very important to check the pulse waveform, pulse
current and the relation of the measurement point in the pulsed signal to assure the
measurement quality.

@ To monitor the pulse waveform:
Step 1. Click the Oscilloscope View icon.

Step 2. Oscilloscope view window opens.
You can change most of the parameters by clicking on the Oscilloscope
view parameters.

Step 3. Sampling parameter selection and the parameter setup can be made
through the view menu.

Step 4. Marker field shows the time and the readout at the marker position.

Step 5. The scales of each parameter are shown.

The Oscilloscope View of figure 4-12 shows the VDS waveform of the 16th
Var1 sweep point of the third Var2 step which is marked on the 1/V curve

Figure 4-12. Pulsed Id-Vd: Oscilloscope View example.

@| I/V Trace Setup Name: |ID-VDS Pulse G 3.5kW =

24
<
o
wn

Stop:

Step:
366.666 mV
NOS:

;;gms - i““ i | Meas. Delay:

1 i 4
@ . - . : : > - PO i
Oscilloscope View A o | Meas. Time:

: ; 3 Oscilloscope View 0us B
File Data Setup Window Pulse Period:

e AUTO B

| Remark:

50 us Marker line

Tr=ASNI
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€ How to set the Oscilloscope View parameters:

To set the Oscilloscope View, follow the next steps by following the number of
figure 4-13.

Step 1. Click Data menu.
Step 2. Click a parameter to view on the oscilloscope.

Step 3. The popup menu closes one at a time and the selected parameter is
added on the marker view field.
Repeat #2 & 3 action to set all the parameters to view.

Step 4. Scale parameter also appears in this area.

Step 5. The sampling point parameter can be set by clicking on the marker view
field.

Step 6. Time scale can be changed by clicking on the s/div field.
Step 7. Time origin can be changed by clicking on the Time origin number.

Step 8. If you click one of the parameter of #4 field or Setup menu, a vertical
scale setting window pops up.
Each parameter window displays, from the top, the vertical scale, the
center reference level and the line color.
These vertical scale parameters can be set by clicking on each parame-

ter.
Figure 4-13. How to setup Oscilloscope View parameters. vDs - [x]
- Jdiv.:
B x| 10 2
e Offset:
j20u [ 207 @

Data |

a
1N

Select one at a time
415

O

20 us/div.

Window

Duration:
)

Delay:
YARI Step:

YARZ Step:

-; 5|

Fus B

17 B

EACH B

l._ — i:j. Offset:
[ Time Origin [s] 4Y N
{S0u B -
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¢ How to use the Oscilloscope View or the waveform monitor.
Figure 4-14 shows an example of how to use the Oscilloscope View.
Follow the next steps and the numbers in figure 4-14 to display the waveform.
Step. 1. The oscilloscope view parameters are shown in #1.

Step. 2. The data point to view is shown in #2, that is 27th Varl sweep point of
the 7th Var2 step.

Step. 3. The data point is shown on the graph. (see #3)
Step. 4. Var1 Pulse delay and width are 10 us and 80 us respectably.
Step. 5. The oscilloscope view shows VDS, ID and VGS.
Step. 6. The oscilloscope view can be enlarged as in the figure (see #5)
a. Shows the trace color and the marker point value.
b. The horizontal scale can be changed by clicking on the value.
c. The horizontal center time can be changed by clicking on the value.
d. Marker can be set by clicking on any point on the graph.
e. The green line indicates the measurement time window.

f. This area shows the amplitude and the offset (shift of the measure-
ment curve) of each parameter’s trace.

Figure 4-14. How to use the Oscilloscope View?

@|1/V Trace Setup Name: [ID-VDS Pulse G 3.5kW =
VAR1 ¥
| Mode:
LIN-SGL
Stop:
455V B
NOS:
41 B
Compliance:
Pulse Delay:
1us B
Pulse Width:
80us B
VAR2 ¥
Start:
o i +7v B
MARKER: 70 us " Stop:
v B
Step:
383,334 mV ]
NOS:
Dampling Setup ,T\ - I - | f 4\
Duration: - Parameter color indication L- : : CONST ¥
B00 U} [l - Marker read out Vi . | - Amplitude and 1
[ Offset of each eas. Delay:
Delay: AUTO B
-30us H ! d parameter Meas. Time:
YAR1 Step: |
27 H
VARZ Step:
7 8| h.
VARZ Step: . I Remark:
[EACH B 41p swe
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g. Indicates the actual sampling start time (= Delay that is set in #2
flame).

h. Optional:
If you change the Var2 step to "EACH", then the waveform monitor re-

freshes for each Var2 step for specified Varl sweep point.

Step. 7. You can save the Oscilloscope view data in both the text and graphic for-
mat.

The setup data is saved in the test setup data.

Note: Unfortunately, there is no independent save -recall function.

69



Chapter 4. Demo 2-2: Oscilloscope View

Demo 2-2-4. &Tips: How to use the Oscilloscope view waveform to Var1 Pulse Delay setting

Figure 4-15 shows an example use of the waveform to set Var1 pulse delay time.

Follow the next steps and the numbers shown in figure 4-15.

Step 1. The var1, drain pulse delay is changed from 10 us (of figure 4-14 setting)
to 0 ps (no delay relative to the gate pulse because the gate pulse delay
is set to 0 ps).

The pulse width is the same.
Step 2. The data point to view the waveform is shown on the graph. (see #2)
Step 3. The enlarged Oscilloscope View is shown.

Note: The size can be changed from the Oscilloscope view menu -> Win-
dow, or by dragging the window.

Step 4. The drain voltage pulse (green) is faster than the gate pulse to hit Vth
around the wave surrounded by a red circle.
Because there flows relatively small current (an order of less than 100 A),
there appears a smaller voltage drop between the UHCU output resistor,
resulted in higher voltage applied to the drain.

Step 5. The drain voltage is gradually decreases to the voltage that is determined
by the load line of the UHCU output resistor, UHCU output voltage (45.5V)
and the MOSFET impedance until an expected large drain current is set-
tled down.

Step 6. Try changing the delay (maybe <20 ps), and check how the waveform
changes.

In this way, you can control the voltage to be applied to your device by controlling

the pulse parameters.

In this example, you can avoid unexpected large transient voltage is applied and

damages your device.

Figure 4-15. How to use the Oscilloscope View waveform?

@|/1/V Trace Setup Name: [ID-VDS Pulse G 3.5kW/ -

VAR1 ¥
ID - VDS Mode:

LIN-SGL +
Stop:

455V @
NOS:

41 8

Compliance:
501a B

@l | Pulse Dela;
)
PulseWid

80us B

VAR2

Oscilloscope View
3 Jile Data Setup Window Sty

MARKER: 70 us 20 us/div. Stop:
 — \ v e

CONST ¥

Meas. Delay:
AUTO B
Meas. Time:
30us B
Pulse Period:
AUTO B

Remarks

41p swe
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Chapter 4. Demo 2-3: Rds ON characteristics

Demo 2-3 Rds ON Characteristics
Demo 2-3-1 Rds ON Characteristics (Rds On vs. Id)
Demo 2-3-2 Rds ON Characteristics (Rds On vs. Vg)

Objective: The objective of Rds ON demo is to learn the followings;

e UHCU can output current source, and Rds ON measurement typically uses current
source to the drain.

e Arithmetic operation function calculates the Rds in real time, and Rds can be dis-
played on the curve tracer display.

Note:

Applying a constant current is not possible using a traditional curve tracer, as
it only has a voltage source mode. Previously, this measurement could only be
performed using a very expensive production power device tester.

However, the B1505A°s UHCU can easily perform this measurement.

¢ How to measure Rds ON characteristics:
There are two methods to calculate the Rds as shown in figure 4-16.

This demo extracts Rds ON resistance by using the calculation: Rds= Vds/Id (the
first approach shown in figure 4-16).

We use a new arithmetic operation function to calculate the Rds.
Note:

1. The second approach using delta function is not supported in the
Tracer Test mode.

2. The delta function can be used in Classic Test mode.
You can convert the Tracer Test setup to a Classic Test definition eas-
ily. For detail, refer to chapter 10.

Figure 4-16. Rds ON characteristics.

Two methods to extract Rds_on:
e Rds=Vds/Id, ifRRis linear vs. Id
or
¢ Rds=delta Vds/ deltald, if R is non-linear vs. Id

Expected Rds <2 mQ)

SMU2: UHCU
2
Use 40 mQ) by set | comp> 501 A
SMU1: MCSMU
Vd: ‘
G Varl
@ Vd sweep condition:
* Suppose;
Vg: Total R=50 mQ)

Var2 “Max Id = 300 A

IRFP4004PbF:
Rds(on) @ Id =195 A, Vg=10V Vd max =50 mQ x 300 A

L]
[% Typ. 1.34 mQ, =15V

Max. 1.7 mQ
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¢ Demo device:

WE use IRFP4004 PbF power MOSFET in this demonstration.

The Rds(on) specification is shown in section 2-3 and 4. Demo 2-1,
and it is maximum 1.7 mQ at Vgs=10 V and 1d=195 A.

Demo 2-3-1. Rds ON Characteristics (Rds On vs. Id)
4 Rds ON vs. Id (Rds_on - Id) Tracer Test setup and measurement

To Measure Rds on vs. Id characteristics, we use V force sweep measurement to
the drain source. Since UHCU has built in output resistor, the actual voltage and the
drain current is determined by the on resistance of the MOSFET.

Follow the next instructions to setup the test by following the numbers of figure 4-
17.

Step 1. The "Sample setups” menu uses MOSFET -> Id-Vds.
Step 2. Set VART parameters as shown in figure 4-17, or in the following VART list.

| Quick Test | Tracer Test Classic Test | Applicd @ Jest

Output V
Mode Start Stop NOS |Interlacing | Compliance [Pwr comp cp
omp
LIN-SGL | 500 mV 0V 21 1 501 A 35 kW 2V
Pulse Pulse Pulse Dual i
i ) Hold Time
Base Delay Width | Polarity
ov 0s 100 us OFF 0s
Figure 4-17. Setup of Rds ON - Id test.
Click target to change.
Z
1 Oscilloscope View /ﬂ 1. OFL [ ] = + |
Data Displyy Hetrey Arithmetic Operation ¢ [CReEECB
Operation 2 I . 1 i
@ IN Trace | Operation 3 2] [RDSon ID-VDS I @ ﬂ;@
1. RDSc [ ohm ] = VOS5 | 1D 10 —¢AR1 A VARZ 2
Mode: Start:
8 LIN-SGL oy B
Start: Stop:
so0my oy B
Stop: Step:
Manual sweep from 500 mV to >10 V 10y § ay
Step: NOS:
475 i 1 B
NOS: Compliance:
21 ® 100ms B
Interlacing: Pwr Comp. :
| oFF B
Compliance: Hold Time:
s01A M 0s B
Pwr Comp.:
askw B
¥ Compliance: Meas. Delay:
A | AUTO B
Pulse Base: § Meas., Time:
oy
40us B
Pulse Delay: Pulse Period:
0s H AUTO
Pulse Width: -
7 9 100 us
v o 'Eg‘ = = = —— e Dial Polarilbe-
milros +) el IR VATl 2 R O B I R S o -l (R | Meas-Oeler:
o el Ly 2 O I IR S et -] A
Unit: V Name: I Name: Mode: Function: 1 Meas. Tine:
SMUZ:MC VGs 16 ® V- VARZ - S0us B
SMUZIUHCISDO - VDS D =m WPLLSE WARL = Pulse Period:
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Chapter 4. Demo 2-3: Rds ON characteristics

Step 3. Set VAR2 parameters as shown in figure 4-17, or in the following VAR2 list:

Start Stop NOS Compliance [Pwr comp
10V 10V 1 100 mA OFF

Step 4. Set Meas. parameters:
- Meas. Time to 50 us.

Step 5. Click Tool bar menu -> Option -> Arithmetic Operation -> Operation 1.
Arithmetic Operation 1 appears.

Step 6. Set the following equation:
RDSon [ohm]=VDS / ID
Click target to edit the name or change operation.

Step 7. Change Y-axis to RDSon, and X-axis to ID.
Step 8. Change Y axis max. to 2m (ohm).

Step 9. Change X-axis max. to 250 A.

Step 10. Change Setup Name to "RDSOn ID-VGS".

Step 11. Start measurements by pressing single measure button, or sweep manually.
The measurement curve similar to figure 4-18 should be obtained.

After the measurement, follow the next steps in figure 4-18 to extract Rds.
Step 1. Click Marker.

Step 2. Marker appears on the measurement start position and the marker data is
shown.

Step 3. Move the marker to around Id = 195 A.
Step 4. Rds(on) can be read from the marker readout.

Note: You can read closer to target 195 A if you set more measurement
points by increasing the VART steps.

Figure 4-18. Rds_on vs. Id characteristics.

@®|1/V Trace Setup Name: |[RDSon ID-VDS

1. ROSc [ ohm ] = ¥D5 | ID
e Marker{ 195.038 A 0,00164634584029779 ohm )
RDSon - ID

2 mohm

Marker readings:
* Rds(on) = 1.65 mohm

@Id=195A

0 ohm



Chapter 4. Demo 2-3: Rds ON characteristics

14

Note: (see #4)

Start V should be not zero volts because theoretically the resistor becomes
infinity since R=V/I, where I=0 A at V=0 V.

Also, considering the offset voltage and the offset current of the SMU, it is
desirable to set the start voltage as like 1/10th of the stop voltage to minimize
the measurement error to a negligible level.

Review:

e The measured ON resistance is 1.65 m() and it is within the maximum specifica-
tion limit; 1.7 mQ.

e Try another measurement by changing the insertion height of the MOSFET to
the fixture socket.
If you insert the leads deeper, then the resistor should show lower resistance
because the measurement includes the leads resistance of the drain and the
source terminal.

Note: The fixture socket uses Kelvin connection, and the effect of contact re-

sistance between the fixture socket and the MOSFET leads should be
minimal.
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Chapter 4. Demo 2-3: Rds ON characteristics

Demo 2-3-2. Rds ON Characteristics (Rds On vs. Vg)

The datasheet of power MOSFET typically expresses Rds ON characteristics by Rds
ON versus Vg.

This section demonstrates this test approach.

@ Rds ON vs. Id (Rds_ON - Vg) Tracer Test setup and measurement

To Measure Rds on vs. Vg characteristics, we use | force mode to the drain and
sweeps the gate. Since UHCU can force current, this measurement can be done
quite easily.

Follow the next instructions to setup the test by following the numbers of figure 4-
19.

Step 1. The "Sample setups” menu uses MOSFET -> Id-Vgs.
Step 2. Set VART parameters as shown in figure 4-19, or in the following VART list.

Output V
Mode Start Stop NOS |Interlacing | Compliance |Pwr comp l::::m
LIN-SGL ov 10V 51 1 100 mA OFF OFF

Figure 4-19. Setup of Rds ON - VGS test.

Click target to change.

Oscilloscope Wiew

A'[ 1. oP1 [

] =

i @|1/V Trace Operation2 . IERd-UGSI -
= i Cperation 3 )
1. Rd ohm ] = VD& [ ID
et 0 e % VAR2 2
Mode: - GEart:
LIN-SGL = S04 §
Start:
Stop:
10 mohim ov 20a @
Stop: o Step:
Step: a0 S0 4
il o NOS:
mi 4B
NOS: :
Compliance:
51 H
Interlacing: v
i Pwr Comp.:
: 1 ® OFF B
Compliance: .
¥ Compliance:
— 1.Eﬂrm'3. B OFF
T Pulse Base:
OFF B
¥ Compliance: oA B
e o Pulse Delay:
OFF B os B
Dual Polarity: Pulse Width:
OFF - Ime B
Hold Tine: 0s B Hold Tinne:
= 0s W
o e CE T
L Stark: 4
Meas. Delay: Meas. Delay:
= bz = AUTC AUTO H
Unit: ¥ Name: 1 Name: Mode: Function: &= Meas. Time: Meas. Time:
I:l SMUZIMC VG5 ma I5 @ v ow VAR 1 S00us S00us B
™ SMU3:UHCISO0 - YOS =@ ] IPULSE = YARZ Pulse Period: Pulse Period:
[:l E AUTO @ AUTO B
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Chapter 4. Demo 2-3: Rds ON characteristics

Step 3. Set VAR2 parameters as shown in figure 4-19, or in the following VAR2 list:

v
Start Stop NOS |Compliance|Pwr comp .
Compliance
50 A 200 A 4 30V OFF OFF
Pulse Pulse Pulse .
Hold Time
base Delay Width
0A 0s 1 ms 0s

Step 4. Set Meas. parameters:
- Meas. Time to 500 us.

Step 5. Click Tool bar menu -> Option -> Arithmetic Operation -> Operation 1.
Arithmetic Operation 1 appears.

Step 6. Set the following equation:
Rd [ohm] = VDS / ID
Click target to edit the name or change operation.

Step 7. Change Y-axis to Rd.
Step 8. Change Y axis max. to 10 m (ohm).
Step 9. Change Setup Name to Rd-VGS.

Step 10. Start measurements by pressing single measure button, or sweep manually.
The measurement curve similar to figure 4-20 should be obtained.

Figure 4-20. Rd-VGS characteristics.

@|1/V Trace Setup Name: [Rd-VGS
L Rd [ohm]= VD5 | 1D Arithmetic operation

Rd - WG5S

10 mohim

LW Wl Marker readings:
* Rds(on)=1.625mQ
@Id=50A~200A

0 ohm
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Chapter 4. Demo 2-3: Rds ON characteristics

After the measurement, follow the next steps to extract Rds.
Step 1. Click Marker.

Step 2. Marker appears on the measurement start position and the marker data is
shown.

Step 3. Move the marker to VGS=10 V.

Step 4. Rd on can be read from the marker readout: 1.625 mQ.

The Rds on value is almost the same at Vg=10 V for four Id current at 50,
100, 150 and 200 A in the example.

Review:

e The Rd-Vg graph indicates that the MOSFET becomes turn on around Vg=5.5
~ 6 V depending on the drain current.

e Then Rd on converges to about 1.6 mQ when Vg increases to 10 V.

The measured results agree to the results from the demo 2-3-1 and the data-
sheet specification.

11



Chapter 4. Demo 2-4: Ic-Vc Tracer Test (IGBT)

Demo 2-4 IGBT Ic-Vc measurement using the Tracer Test

Objective: To learn that IGBT test is the same as the power MOSFET demo shown in demo 2-1.
Check section 4-4 Demo 2-1 for detail.

Before the demo:

Make sure the cable connection between the test module and the B1505A, EasyEX-
PERT configuration setup.

¢ To set demo device

Set the demo IGBT to the fixture as shown in the next figure.

S Vel o VRN
mm
: } 3 | e

GCE

FGA180N33ATD
IGBT

Following shows brief information of SOA area, capacitance information and the
saturation characteristics of the device. Refer to section 2-3 for the device specifi-

cations.
Maximum Safe Operating Area Capacitance vs. Vce
1,000.0 6000
5000
\ 1[]\usec Ciss
100.0 's 4000
1(])0 usec o
1 msec § 3000
S I )
5 100 & 2000 oss
(X}
- 1000 Crss
\\
1.0 Notes: 0
Tc=25°C 1 10 30
Ti=150°C Vee (V)
Single Pulse
01 Saturation Voltage vs. Vge
1 10 100 1000 . gevs- 19
Vee (V) c Emitt
Tc=25°C
16
1
B
$ 8
180A
A 404
0
0 4 8 12 16 2
Vge (V)
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Chapter 4. Demo 2-4: Ic-Vc Tracer Test (IGBT)

Demo setup:

The setup of the Ic-Vc Tracer Test setup for FGAT80N33ATD IGBT is almost the
same as HC power MOSFET in demo 2-1.

Basically refer to demo 2-1 except for the unique portion regarding the IGBT setup
shown next.

@ To setup the SMU resources:

Step 1. Click "Sample setups" menu. Sample setup menu pops up.
Step 2. Select "IGBT" category opens IGBT tracer test definition menu.
Step 3. Click "IC-VCE" setup. IC-VCE setup appears.

Step 4. Make sure the SMUs are set as in the figure.
If different, re-assign the Drain and the Gate SMU appropriately.

Step 5. Change the VGE Mode from V to VPULSE Mode from the list by clicking
the Mode list. Other parameters should be the same as the parameters
shown in the next figure.

HET IS e GBS =l -IERE

Unit: ¥ Name: I Name: Mode: Function:

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

5
[
[ooete |
=

E“z""g

MOSFET
Add

Digde | 3.
— BIT » IC-VGE
IC-VCE setup example 5. wicelD I comve
T —— Y|
R 7ty 2 A S = HIW Defer
. 42 Rlorma. I Blapaa. Moda:  \ E?‘
s SMUZIMC ~ VGE = 6 m  |wwse v | veee - acd
{ SMU3UHCIS00 - VCE = IC =m VPULSE VARL =

@ To Setup X-Y scales:

Follow Figure 4-5 of demo 2-1 to setup the X-Y graph.

& To Setup VAR1 and VAR2 parameters:

Setup VART, VAR 2 and Meas. Time parameters as same as the following tables.

VAR1
Output V
Mode Start Stop NOS |Interlacing | Compliance |Pwr comp l::::m
LIN-SGL oV 5V 21 1 501 A 7 kW OFF
Pulse Pulse Pulse Dual Hold Ti
0 me

Base | Delay | Width | Polarity '

ov 20 us 80 us OFF 0s
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Chapter 4. Demo 2-4: Ic-Vc Tracer Test (IGBT)

VAR2

Pulse Pulse Pulse .

Start Stop NOS |Compliance [Pwr comp ) Hold Time
Base Delay Width

6V 1ns5v 7 200 mA OFF ov 0s 150 us 0s

Meas. Meas. Pulse

Delay Time Period

AUTO 6 us AUTO

Note:

For VAR?Z Start and Stop voltage, adjust them while in measurement depending
on the Vth of the demo IGBT.

Measurement and the result:
1. Click Single Measure button.

2. After the measurement, you are expected to obtain the output as shown in figure
4-21.

@ Review:

1. There is no need to set V Compliance because the breakdown voltage if the
demo IGBT is 330 V, and it is much higher than the maximum voltage of UHCU
(=60 V).

2. The SOA of the demo IGBT is about 7 kW at 100 ps width pulsed collector cur-

rent, and you can demonstrate more power range of UHCU compared to the
RFP4004 MOSFET.

Figure 4-21. IC-VCE characteristics.

Marker{ C 18,3011 ¥ C 442,394 4 )

7kW Power-line

S00 A

120 mQ Load-line (@VC=60 V)
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Chapter 4. Demo 2-5: Vce(sat) characteristics (IGBT)

Demo 2-5 Vce(sat) Characteristics

Objective: The objective of Vce(sat) demo is to learn the followings;
e UHCU can output current source, and Vce(sat) measurement typically uses cur-
rent source to the collector.

e The B1505A can easily measure Vce(sat) parameter.

Note:
Applying a constant current is not possible using a traditional curve tracer, as
it only has a voltage source mode. Previously, this measurement could only be
performed using a very expensive production power device tester.
However, the B1505A°s UHCU can easily perform this measurement.

¢ How to measure Vce(sat) characteristics:

A constant current is applied while the gate is swept.
Since there is a built-in output resistor in the output of UHCU, the maximum volt-
age compliance value is desirable to obtain before the measurement.

Figure 4-16 shows such an example calculation.

We use a 500 A range to force a constant current, and the output resistance of
UHCU is 120 mQ in that case.

The right bottom column of figure 4-16 shows the maximum voltage requirement for
UHCU is 32 V to force around 250A with a little margin to the 180A specification con-
dition of the collector current.

Figure 4-16. Rds ON characteristics. Vorl
Measure Vc

\
Vo
m Mmoo i [\ Ic force

AL

ool

Rea1 20 mf) le-Ve measuremlents > Time
@500 A range

Measurement condition:
-@ Ic=40 A, Vge=15V Vce-sat max.=1.4V
-@ Ic=180A, Vge=15V Vce-sattyp.=1.68V

Ic SMU meas. condition: Vc comp
-Vc: 2V min.
-Rc: 120 mQ
-1 max sweep: 250 A (>180 A)
Vecomp=2V+0.12Q x 250 A
=y >=32V
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Chapter 4. Demo 2-5: Vce(sat) characteristics (IGBT)

¢ Demo device:

WE use FGAT80N33ATD IGBT in this demonstration.

The Vce(sat) specification is shown in section 2-3 and 4. Demo 2-4,
as, VCE(sat): Typ. 1.68 V @ Ic=180A.

Demo 2-5. Rds ON Characteristics (Rds On vs. Id)

& Vce(sat) Tracer Test setup and measurement

Follow the next steps and the numbers shown in figure.
Step 1. Select Sample Setups -> IGBT -> IC-VGE.
Step 2. Change SMU3:UHC Mode: from "VPULSE" to "IPULSE".
Step 3. Set VAR1 parameters as shown in figure 4-17, or in the following VART list.

Output V
Mode Start Stop NOS |Interlacing | Compliance |Pwr comp l::::m
LIN-SGL ov 10V 51 1 100 mA OFF OFF

Step 4. Set VAR2 parameters as shown in figure 4-17, or in the following VAR2 list.

. Vv
Start Stop NOS | Compliance|Pwr comp i
Compliance
40 A 180 A 3 60V OFF OFF
Pulse Pulse Pulse .
Hold Time
base Delay Width
0A 0s 200 us 0s
Figure 4-17. Vce(sat) setup. " ‘
@®| 1/¢ Trace Setup Name: [VCEsat-VGE3
3 Jvari
Mode:
LIN-5GL =
Start: VAR2 2
4v B Start:
Stop 404
8 1 ll 20V Stop:
Step: 180 4
320 m¥ Step:
NOS: 704
51 Bl [nNos:
Interlacing: |
i . 18 Compliance:
Comp! |an|:1eu.ﬂm : v B
Pwr Comp.:
Pwr Comp.:
oFF i off
v Compliance: ¥ Compliance:
oFF B OFF
Dual Polarity: Pulse Base:
OFF w oA B
Hold Time: Pulse Delay:
0s B 0s @
7 Pulse Width:
6 VARZ ¥ 200us M
FZ BE ||V H T Bl (s |1 fiwi 1 ) .D e Hold Time:
e - At 8 0 7 B S ) L | oo os
Unit: v Name: 1 Name: Mode: Function: (= Meas. Time: U 1 b_
" SMUZIMC w YGE =8 G = VARL w add 100us e—g———
‘ ™ SMUZ:UHCIS00 - YCE = IC = VARZ w Pulse Period: i MOSFET  » |1
m aUTO | = C.
1 2 _ 1G8T » i ii
\/ vice ID :E,v;E_WE
e Cancel Lot}
E——— BVCES
HIW Pry
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Chapter 4. Demo 2-5: Vce(sat) characteristics (IGBT)

Step 5. Set Meas. Time to 100 us.

Step 6. Change the Y axis display parameter from IC -> VCE.
Step 7,8. Change axis max. scale to 20 V for both X and Y.
Step 9. Click repeat measurement button.

Step 10. Click Var1 stop value to activate the parameter change.
Gradually increase the gate voltage to 20V.
The Vce-sat curve can be obtained as shown in figure 4-18.

@ To Analyze Vce-sat voltage:
Step 11. Click Marker button. The marker appears on the sweep start point.
Step 12. Move the marker to the 15 V on the top line (VAR2=180 A) that is the
Vce-sat measurement condition of this IGBT.

Step 13. Read the Vce-sat.
It is about 1.736 V in the example, and very close to the typical value at
IC=180 A (1.68 V).

Review:

The Vce(sat) graph indicates that the saturation voltage becomes lower when
the gate voltage becomes higher even the gate voltage exceeds the specified 15
V.

Note: The specification of the max. Vge is 30 V.

The measured curve agrees to the data sheet curve shown in the beginning of
the section: Demo 2-4.

Figure 4-18. Vce(sat) analysis.

OlI/V

Trace Setup Name: |VCEsat-VGE3

20%

320 my

Sl
Interlacing:
1
Compliance:
100 mA
Pwr Comp.:
OFF
¥ Compliance;
OFF
Dual Polarity:
OFF
Hold Time:
0s

@‘

Marker

YAR2

I =T S
Meas. Delay:
AUTO

fER

Name: —— Mod
16 m
I =

I ] Meas. Time:
100us @
Pulse Period:

AUTO W

Function:
YARL =
VARZ -

¥ Name:
YGE mE
VCE B8

e:
SMUZIMC -
SMUZ:UHCIS00 -

Y -
IPLLSE
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Chapter 4. Demo 2

Summary of Demo 2

In the demo 2, following topics are covered:

Demo 2-1: Id-Vd Tracer Test
e |d-Vd Tracer Test with High Current MOSFET.
e How to set the wire and the device on the test fixture.
e How to configure the UHCU in EasyEXPERT configuration window.
e How to setup the Tracer Test using the sample menu.
e How to execute the interactive Tracer Test mode sweep.
e How to use the three Compliance mode:
- Current compliance
- Voltage compliance
- Power compliance

e How to use the Replay Traces function.
Demo 2-2. Oscilloscope View:
e How to set and how to use the Oscilloscope View.

e Simultaneous four channel waveform monitor for both the voltage and current
waveform is very unique, and available only on for the B1505A in curve tracer
mode.

Demo 2-3. Rds ON characteristics, and Demo 2-5 Vce(sat) characteristics:

e These measurements using a current source mode are only possible with the
B1505A.

e The maximum current in the demo was around 200 ~ 300 A, but it can be ex-
panded to more than 1000 A if a customer prepares such a device and the test
socket.

Demo 2-4. Ic-Vc Tracer Test (IGBT):

e The demo showed that the measurement is almost the same as power MOS-
FET except choosing the test setup example from the IGBT sample menu.

e IGBT module in the market is a good target of the 1500 A UHCU, and it can be
connected by using a test leads with a washer plug of the N1265A.
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Chapter 5. Demo 3: Id-Vg and Ic-Vg measurement

Chapter 5. Demonstration 3: Id-Vgs & Ic-Vge Transfer Characteristics

Ultra High-Current Measurement using UHCU with Application Test mode

Contents:

Objective:

Features:

Device used:

5-1. Demo setup and what are the transfer characteristics
5-Demo 3-1. Id-Vg Transfer Characteristics (Application Test)

5-Demo 3-2. Ic-Vg Transfer Characteristics (Application Test)

This chapter covers the following test.
1. Id-Vg Application Test (HC MOSFET)
2. lc-Vg Application Test (IGBT)

The objective of this chapter is to perform the above test and understand
B1505A"s test sequence programming capabilities by using the Application Test
mode.

e |d-Vg or lIc-Vg measurement requires constant voltage source in drain or collector
supply.
But it is difficult under the curve tracer mode (UHCU) because there is a voltage
drop by the output resistor of the power supply. The voltage drop by the resistor
is unknown because the current flowing to the resistor cannot be determined
before the measurement.

e The EasyEXPERT application test definition furnished with the B1505A solves this
problem by using the programming capability of the Application Test mode.

Demo 3 uses the following devices;
e |IPFP4004 PbF HC MOSFET
e FGA180N33ATD IGBT

Wiring and Device setting inside of the N1265A Fixture

Use the same setup of section 3-1 and figure 3-1.

EasyEXPERT Configuration for Expanders

Use the same configuration of section 4-2 or demo 2.
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Chapter 5. Demo 3: 1d-Vg and Ic-

Vg measurement

5-1. How the Id-Vg transfer characteristics measurement is done?

Figure 5-1 shows the basic measurement block diagram and the measurement result
of 1d-Vgs measurement using UHCU.

Id-Vgs at fixed Vd is an important test so as you can check the gain of the power
MOSFET (Transfer characteristics from the gate voltage to the drain current).

Demo 3 shows that you can make Id-Vgs test with a fixed Vd by using a sample ap-

plication

test definition.

The basic idea hidden under the "Id-Vgs for Expanders)" application test is ex-
plained next. (You can skip the explanation, though.)

Follow the next step numbers by following the same number in figure 5-1 to under-
stand the explanation:

Step 1. Unfortunately, there is a series output resistor in the UHCU output, and you
cannot generate a constant voltage at the UHCU output if there is unknown
collector current. This is because there is a voltage drop in the output re-

sistor Rd of UHCU.

Step 2. The 1d-Vgs curve is equivalent of the re-plot points of (continues to step 3)

Step 3. the sampling points at Vds of the Id-Vds measurement curve.

Step 4. The UHCU output voltage is actually applied to the collector by following
the load line determined by Rd, UHCU set V and IGBT output impedance.

Figure 5-1. The internal operatio
tion Test for Expanders.

Voltage

Vi ' 1
Medsure I{Ii E

Rd:40 mQ @1500 A range
(1d comp>501 A)
120 mQ @500 A range
(Id comp<=500 A)

G
Varl: [0
ﬂ
|MCSMU
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Chapter 5. Demo 3: Id-Vg and Ic-Vg measurement

Step 5. The voltage set to the UHCU is different at the collector pin by the voltage
dropped through Rd.

Step 6. You can extract the Id at the target Vds by searching the Id at constant Vds
from the Id-Vds measurement curve at arbitral Vg step.

Step 7. By repeating the 1d-Vgs sweep for different Vg as shown in figure 5-1, the
accurate Id-Vgs measurements can be made easily, though it takes a little
bit more time than directory measuring Id-Vg test with SMUs.

Step 8. The B1505A provides EasyEXPERT application test by using this approach.
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Chapter 5. Demo 3: Id-Vg and Ic-Vg measurement

Demo 3-1: Id-Vgs Transfer Characteristics

Objective: e To understand Id-Vg Transfer characteristics with constant Vd can be per-
formed even there is an output resistor in the power supply.
e To experience that you can add analysis on the data display (output data) win-
dow.
Demo 3-1-1. Demo device

Set IRFP4004PbF to the 3 pin in-line Socket as shown in the next figure.

G: Gate
D: Drain
S: Source
C: Collector
G DS E: Emittetr
IRFP4004
HC MOS

Demo 3-1-2. Demo setup:
Setup the Id-Vg Application Test for IRFP4004PbF by following the steps shown next
and the numbers in figure 5-2.
Step 1. Click Application Test Tabs.
Step 2. Check IGBT and PowerMOSFET Category

Step 3. Enter "Ex" in the search field.

Only the application test definition with "ex" will show up in the Library
field.

Step 4. Click and select "Id-Vgs for Expanders".
The application test GUI shows up.

IGBT & PowerMOSFET
2 Category

Figure 5-2. Id-Vgs
Application Test.

Q
7
£

B | @|1d-Vgs for Expanders Setup Name: [Id-vgs for Expanders
s~ 51 [pevieparameters
k1 Interconnec
% MISCAP Polarity: [Nch B viadsidvin: [0A 8| viAxisidVax: 50004
xal mcﬂm Y2AxisGfsMin: [05 B| y2AxisGfsMax: [500.05
»'2 \PowerDiode
% " erMOSFE w
=l [Test Parameters Extended Setun
@)ﬁ o Memo: | =
C| B Gate: EMUBHC = Drain: [BMUSIUHCIS00 +.
'_g vgsStart: [4800v & i vds: [1000v B ;
B 1 vagsStop: 5000V @ o IdUmit; S000A @ ?
G
vgsStep: [1000mv & sl T i
Igtimit: [L000A W : 5 e [0 8] [
0
vasBase: 1V i vdsDelay: |10 us [] «
Filter by "Ex" ‘ Vgswidth: [0 8 i PulsePeriodViade: [SUTC & 3
vgsDelay: |05 ] ManualPulsePeriod: |[200.0ms & ®
e MeasTime: |25 [
@ = snseas O O |
=i ]
Z| | Flag | Setup Name | Date | Court | Device ID | Remarks &
» Ic-Vige for Expanders 2012/08/15 13:47:26 3 Okay
1d-Vgs for Expanders 2012/08/15 13:41:38 4 Okay!
g Ie-Vge for Expanders 2012/08/1513:34:12 5 Okay
VCEsat-VGE3 2012/08/15 11:03:43 3 1.73V VGE=14.9V lc=1...
88 J VCEsat-VGE4 2012/08/15 11:00:19 1 1.84V Vge=148V lc=2..,
DANCE WUINRUE A0:W17 9 A_AN A A mainme b
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Chapter 5. Demo 3: Id-Vg and Ic-Vg measurement

Demo 3-1-3. Test parameter setup:

Follow the next instructions to setup the test by following the numbers of figure 5-3.

Step 1. Enter the test parameters listed in the next tables by referring to the input

locations shown in figure 5-3.

Device Parameters:

Polariy |Y1AxisldMin| Y1AxisldMax | Y2AxixGfsMin| Y2AxixGfsMax
Nch 0A 500 A 0S 500 S

Test Parameters: Gate SMU2:MC

VgsStart | VgsStop | VgsStep | IgLimit | VgsBase | VgsWidth | VgsDelay
3V 8V 200 mV 1A ov 100 us 0s

Test Parameters: Drain SMU3: UHC

. . Pulse P | ManP Meas |Pulse Ave
Vds IdLimit | VdsBase |VdsWidth |VdsDelay . i
Mode Period Time Count
10V 501 A ov 70 us 10 us AUTO 100 ms 10 us 1
Step 2. Click Extended Setup
Extended Setup window opens.
Figure 5-3. Id-Vg Application Test parameters.
@] 1d-Vgs for Expanders Setup Name: [Id-Vgs for Expanders
Device Parameters
Polarity: [Nch B| viaxisldWin: [0 A B viaxisidvax: [S00.0 4
Y2AxisGfsMin: |05 B| Y2AxisGfsMax: SDUDS
Test Parameters
Memao: |
Gate: [sMUZMC ~| Drain: [SMUZ:UHC1S00 ~|
VgsStart: (3.000 v EI vds: [10.00v |
vgsStop: [8000V 8| Iduimit: (50104 ®|
Vosstep: proomy | vdsBase: [0V i
Ignic: fLoco4 ) vdswidth: 70us 8]
vgsBase: PV | vdsDelay: |10 us Ll
vgswidth: [100us &) PulsePeriodMode: [4UTO | g
. By setting Debug: On,
vgsDelay: |05 | ManualPulsePeriod: |100.0 ms ‘i} you can monitor the
MeasTime: [10us W) intermediate Id-Vd search
sweep.

Source: IGNDU:GND h PulseAvgCnt: |1 if
Extended Setup
Extended Test Parameters

VdsLimit: |20.00 Y i YSrchOff) 3 |-200,Dm\.f EI VSrchRange: [\&D‘DDV :I_J

vSrchPoint: [10 | vsrchLimit: |[40.00 v ill

LoopMax: |50 B StopMode: ISKIP AT ANY vl
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Chapter 5. Demo 3: Id-Vg and Ic-Vg measurement

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Click Extended Setup
Extended Setup window opens.

Enter the following parameters.
Leave the other parameters as is.

VsrchLimitl Debug
1AV Off

Note
By setting the Debug field to "On", you can monitor the intermediate Id-Vd
search sweep measurement. Refer to figure 5-1 step number 6 to 7.

Click single measure button.
Display Data window opens, and the measurement starts.

Note: Since there is one or more search sweep runs between one Id-Vg
spot measurements, it takes for a while until the entire Id-Vg sweep is fin-
ished.

Finally, the 1d-Vg and Gfs curve is measured as shown in figure 5-4.

Click Marker icon.
Marker shows up at the first measurement point.

Move the marker to an appropriate data point.
For example, click Y2 axis, and then "Marker Maximum" icon will jump the
marker to Gfs maximum position.

Marker data from the left, X value, Y1 value and Y2 value can be read.

Figure 5-4. Id-Vgs for Expanders Application Test result.

T
i 7 -

)

b-Q QX (B)HE)E e -5
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Setup Name: [Id-Vgs for Expanders [(4) "Okay!"; 2012/08/15 13:41:38] I X
X-¥ Graph Plot | Properties... | |
ﬁ— Agilent f

8 MARKER{ 6.2003000000E+000Y 4.0327400000E+002 A 3.41213+49695+nnz s)
500
£ 0
= g =
2 w0 ( : ) a
350 /\ e
300 \J
250
200
= 150
2 100
50
0
3 35 4 45 5 55 3 65 7 75 8
YGS (V) 500 m [div
List Display Properties... | |
Index | VGS D | Gfs | VDS | SearchStat | A
15 5.80006 263.646 A 325.5716216 5 10.0000 ¥ 1.000000000
16 5.09990 V 335.276 A 336.3681791 5 10.0000 v 1.000000000
17 6.20030 V 403.274 A 341.2138497 & 10.0000 V 1.000000000 3



Chapter 5. Demo 3: Id-Vg and Ic-Vg measurement

@ Post Analysis:

You can add post analysis on the Data Display window.
In this section, let’s try adding Log Id curve in Y2 axis.

o To add different scale parameter:
Follow the next steps by referring to the numbers in figure 5-5.
Step 1. Click View menu.
Step 2. Click Display setup.
Step 3. Display setup window opens.
Step 4. Add different parameter; Example ID in log scale, Min.=1 A, Max.= 1 kA.

Step 5. Click OK will add new Log ID parameter in the graph display (Y3 axis
shown in green line).
You can toggle Y2, Y3 by clicking right side Y axis.

Step 6. You can add legend of the line.

Step 7. You can see the test condition that VDS is a constant 10 V in the List Dis-
play.
Step 8. Clicking Y2 axis toggles the Y2 axis between Y2 and Y3

Figure 5-5. Post analysis on Data Display window.

»

di{View] Marker Cursor Line Text Pointer \Window Help

I BEC D-QaX @ DRHREME-F-EF T

CCM Marker  Cursor  Line Td

| v %Y Graph P Setup Name: [Id-Vgs for Expanders [(4) "Okayl"; 2012/08/15 13:41:38] X
| v List Display F3 [%-¥ Graph Plot Proverties... | |
| Parameters F4 T Agileat
] MARKER{ 6.2003000000E4000Y  4.0327400000E4002 & 3.41213B4960E4002 5 )
| Graph Legend OFF i
Line Information OFF 5 %50
i i : S
Open Previess Window =
350
Auto Scals 300
| Run Time Auto Scale 4 250
' ZoomlIn 200 8
Zoarn Cuk = 150
2 1w
Cancel Scaling r 5
Choose Active ¥ Axis 3 0 J
3 35
Display Setup, ..
I jis f D I
Properties... |
vGs | 1] Gfs VoS Searchitat | ~
5.80006 V 268,646 A 325.5716216 S 10.0000 v 1.000000000
5.99950 V 335.276 A 336.3681791 S 10,0000 ¥ 1.000000000
G0, alleb bl L s 000 QL LLLE o
e ’
k| | | S LS i I =
= 5 D
o] cmmt | s |
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Chapter 5. Demo 3: Id-Vg and Ic-Vg measurement

Demo 3-2: Ic-Vge Transfer Characteristics

Demo 3-2-1. Demo device
Set FGA180N33ATD IGBT to the 3 pin in-line Socket as shown in the next figure.

GCE

FGA1T80N33ATD
IGBT

Demo 3-2-2. Demo setup:

Follow the same instruction of Demo 3-1-1.

In the step 4, click and select "Ic-Vge for Expanders". to set the application test GUI.

Demo 3-2-3. Test parameter setup:

The steps to enter the test parameter is enactory the same as the power MOSFET in
section Demo 3-2-3.

Step 1. Enter the test parameters listed in the next tables.

Device Parameters:

Polariy | Y1AxisldMin| Y1AxisldMax | Y2AxixGfsMin| Y2AxixGfsMax
Nch 0A 500 A 0S 100 S

Test Parameters: Gate SMU2:MC

VgeStart | VgeStop | VgeStep | IgLimit | VgsBase | VgeWidth | VgeDelay
4v 10V 250 mV 1A ov 100 us 0s

Test Parameters: Drain SMU3: UHC

L. i Pulse P Man P Meas |Pulse Ave
Vce IcLimit | VceBase |VceWidth|VceDelay
Mode Period Time Count

20V 501 A oV 70 us 10 us AUTO 100 ms 10 us 1

Extended Parameters:

VsrchLimit

Debug

60 V

off

Step 2. Click single measure button.
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Display Data window opens, and the measurement starts.

The results shown in figure 5-6 is obtained.




Chapter 5. Demo 3: Id-Vg and Ic-Vg measurement

@ Post Analysis:

To display markers on the peak of the Gfs, follow the next steps by referring to the
numbers of figure 5-6.

Step 3. Click Marker icon.
Marker shows up at the first measurement point.

Step 4. Click Y2 axis.
The focus to control the graphics analysis moves to Y2 axis.

Step 5. Click "Marker Maximum" icon.
Step 6. Marker jumps to Gfs maximum measurement point.

Step 7. Marker data from the left, X value, Y1 value and Y2 value can be read.

Figure 5-6. IGBT Ic-Vge for Expanders Application Test result.

VA
Setup Name:  [Ic-Vge for Expanders [(1) "Okay 4-10 with SOTA IL"; AT 14:17:00] X
X-¥ Graph Plot Properties... | |
1% Agilent
MARKER( 7.9994200000E+000V 1.6644200000E+002 & 8.3670040405E+0015 )
500 6 100

(S a9

a0 4,
40
= 30
= n S
0 =
0 ! 0
4 45 5 55 f 65 7 7 8 85 g g5 10
YGE (V) 500 m fdiv
List Display _ Properties... | |
Index_| VGE | Ic | Gfs | VCE | SearchStat | ~
15 749976 V 1247624  B3.00052023 § 20,0000 V 1000000000
16 7.74974 v/ 145620 &  83.41672337 20,0000 v 1000000000
17 7.99942 v/ 166,442 &  83.67004040 S 19.9216 1000000000 &
18 8.24968 187.450 A 83.37258972 S 20.0000 v 1.000000000
19 8.50040 208,210 A 8298612500 5 19.9241 v 1.000000000
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Summary of Demo 3

In the demo 3, following topics are covered:

e Two application tests are demonstrated.
- 1d-Vgs for Expanders
- Ic-Vce for Expanders

e Both tests measure the transfer characteristics quite easily.
These tests in ultra high current region were not so easy to perform before the
introduction of UHCU of the B1505A.

e These tests equivalently provide a constant voltage for Drain/Collector supply
while sweeping the gate voltage.

e The post analysis can be easily added after the measurement.
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Chapter 6. Demo 4: HYSMU & HVMCU Demo

Chapter 6. Demonstration 4: High-Voltage Measurement using HVYSMU and

HVMCU

Idss/Vdss and High-voltage medium current Id-Vd characteristics

Contents: 6-1. Demo setup
6-Demo 4-1. IDSS & BVDSS Demo with HVSMU
6-Demo 4-2. 1d-Vd 1.1 A/2.2 kV & 2.6 A/1.5 kV Demo with HYMCU

Objective: The objective of this chapter is the followings:
e To perform the high-voltage test using HYSMU and HVMCU.
e To learn the effect of 100 kQ built-in series resistor.
e Tolearn HYMCU operation and tips in high voltage and narrow pulse measure-
ments.
Features: e 3 kV maximum voltage of HYSMU
e 1.1A/22KkVor25A/15kV maximum output of HYMCU
Device used: Demo 4 uses the following device;
IXTHTN250 high voltage power MOSFET
- MOSFET: IXTHTN250
o VDSS: 2500V
o Rds(on): Max. 40 Q
olID max.:6 A @ 100 ps pulse, 5 kW @ Tc=25 °C
Capacitance vs. Vds
10000
. Ciss
& 1000 \
g 100 \ Coss
S e - Since the feedback capacitor from the
Crss 37 — drain to the gate is small, it is less im-
10 — portant to consider the effect of injec-
0 10 20 30 40 tion charge to the gate caused by the
Vs (V) drain pulse.

Wiring and Device setting inside of the N1265A Fixture:

Use the same setup of section 3-1 and figure 3-1.
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Chapter 6. Demo 4: HYSMU & HVMCU Demo

6-1. Cable Connection between the B1505A and the Fixture/Expanders for HYMCU

In the demo system, two MCSMUs are shared between the HVMCU configuration
and the UHCU configuration as shown in figure 6-1.

The MCSMU cables are to be connected to the HVCE connectors for V/I control
inputs (see @ of figure 6-1).

These cables are shared between the two modules (UHCE and HVCE), and have to
be switched to the same named inputs of N1266A HVCE connectors from N1265A
UHCE as shown in figure 6-1.

This section, we assume the cable connection to the UHCE is already made.

Therefore, we cover how to switch from the N1265A UHCE to N1266A HVCE in this
section.

Note: If you start B1505A system setup from the HVCE (HVMCU), then please make
a cable setup by referring to the section 2-4, and continue the HVCE control VI
cable connection by following the steps here after.

Figure 6-1. Basic cabling block diagram for UHCU and HVMCU.

Digital 1/0 cable (Included in N1265A)

Digital 1/0 cable (Included in N1266A)

B1505A nput utput Input  Output
16493T 16493T
. L Input ~ Output HVSMU
For Drain HV HVSMU High
s T Vcontrol F
FrWCE i  MC s 16494A Veontrol \ B
o HCE SRR I control F 4 | MCSMUs are shared between the
TR L e e | HVMCE and UHCE's control input
@ configuration.
16494 B s 7
N1266A ymm—mmmmm—————— = UHC Input
For UHC ,:; -------------- V Control
’
For UHC 1! Control

For Gate
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Interlock

Gate F
Gate S

Selector SMU F
Selector SMU S

16493L

16493L

1 NDU Low r GNDU

N1265A (Selector built-in)




Chapter 6. Demo 4: HYSMU & HVMCU Demo

4 Switching the V/I control cables of the N1265A to N1266A:

Follow the next steps and corresponding numbers shown in figure 6-2 to re-route
the V/I control cables.

Step 1. Remove the 16494A Triax Cable connected to the Sense of “V control”
connector of the N1265A input.

Step 2. Connect the removed cable to the Sense of “V control” connector of the
N1266A input.

Step 3. Remove the 16494A Triax Cable connected to the Force of “V control”
connector of the N1265A input.

Step 4. Connect the removed cable to the Force of “V control” connector of the
N1266A input.

Step 5. Remove the 16494A Triax Cable connected to the Sense of “I control”
connector of the N1265A input.

Step 6. Connect the removed cable to the Sense of “I control” connector of the
N1266A input.

Step 7. Remove the 16494A Triax Cable connected to the Force of “I control” con-
nector of the N1265A input.

Step 8. Connect the removed cable to the Force of “I control” connector of the
N1266A input.

Figure 6-2. Cable connection for N1266A HVCE by switching from N1265A UHCE and Fixture.

|N1265A, N1266A Back Panel

N1265A

Digital 170
Output

HVMCU Output
H_ig_l

N1266A

~ HCSMU 6

© « MCSMU5

@ MCSMU3

B1505A
Back Panel /

/i

'+ MCSMU 2

Interlock

: — — <
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Chapter 6. Demo 4: HYSMU & HVMCU Demo

Wiring and Device setting inside the N1265A Fixture

Use the same setup of section 3-1 and figure 3-1.

Set the test device (DUT) as shown in the next figure.

We use the HV MOSFET: IXTHTN250 in demo 4 .
Insert the MOSFET to the 3-pin socket (From the left, it is Gate, Drain and Source).

Test Device setup

Note:

The maximum voltage of
the socket is limited to 3
kV!

IXTHTN250
HV MOS
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Chapter 6. Demo 4: HYSMU & HVMCU Demo

6-2. EasyEXPERT Configuration for Expanders to use HYSMU/HVMCU

@ To Re-configure UHCU configuration (Pre-requisite):

Before the configuration for the HYSMU/HVMCU, UHCU configuration has to be
reconfigured to release the V/I control MCSMUs because these SMUs are shared
between the two expander modules.

Follow the next instruction by following the steps shown in figure 6-3.
Step 1. Click Configuration icon.
Step 2. Click "UHC Expander / Fixture" tab.

Step 3. Click and disable the check box of "Enable Ultra Current Unit" as shown in

the figure.
This action will deactivate the control SMUs; i.e. SMU3 for V Control SMU,

and SMU4:MC for | Control SMU.
Step 4. Change Default Output from UHC to NO selection (Blank)

Step 5. Click "Apply" button.
The UHCU is disabled in the configuration.

Figure 6-3. Reconfigure UHC Expander to release the UHCU control SMUs.

|Dema Workspace Aki

|| Thermometer OFF ||

Multi Display OFF [[ih] Standby OFF  [¥0] SMU Zero OFF  |[5;] Auto Export OFF %] Auto Record OFF

g @|1/V Trace Setup Name: [V Trace
g
% Configuration 2_
’4: Main Frame| Modules] Dual HCSMU Comb'natiunl Module Selectorl HVSMU Current Expander| L 1 L ﬁ m 1
= N1265A Ultra High Current Expander / Fixture | |FSetup
E ¥ Bnable Ultra High Current Unit Jable Ultra High Current Unit v
g ontrol S 3- ontrol
i Voltage Control SMU: |s|u|u3;|.|c vl Voltage Control SMU: [SMU3:MC
g
_’% Current Control SMU: |smu4;mc .-I Current Control SMU: [SMU4:MC
=
= ¥ Enable Selector v Enable Gate Control
Input Output Gate Control
UHCU:  [sMu3:UHC1 7] Enable Series Resistor q. SMuzNC ]
HVSMU: l—zl {100k ohm) for HVSMU
Default:  |SMU3:UHCI = -
SMU: iSMUL:MP -.i Default: I| -
EE Thermometer
[ [~ Channel 1 [~ Channel 2 Interval: 25 8| Format: | T1={0},T2={1},T1-T2={2} deg. C m
[: [” Auto Detection Status: Communication Established
2] 5 mp
3 IL
.a A...
Close |
=
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Chapter 6. Demo 4: HYSMU & HVMCU Demo

@ To configure the HVYSMU Current Expander (HVSMU/HVMCU):
Follow the next instruction by following the steps shown in figure 6-4.
Step 1. Click Configuration icon.
Step 2. Click "HVMCU Expander" tab.
Step 3. Click and mark the check box of "Enable High Voltage Medium Current
Unit".
Step 4. Select SMU5:HVSMU in the HVSMU Input select box.

Step 5. Select exact the same Control SMUs for the V/I control SMUs"™ drop down
list as you have configured in the B1505A cabling section.
i.e. SMU2:MC for V Control SMU, and SMU3:MC for | Control SMU.

Step 6. Click "Apply" button.
The configuration is checked and applied.

Step 7. Change the Default Output to SMU2: HVYMCU.
Step 8. Click "Apply" button renews the active selected module.

Step 9. The selector indicator of N1266A on the front panel shows the current
selector status.
The example setup indicates the HVYMC LED.

Figure 6-4. Configure the HYSMU Current Expander (HVSMU/HVMCU).

@| I/V Trace Setup Name: |U/V Trace

Configuration 2
Main Frame | Modules | Dual HCSMU Combination | Module Selector | UHC Expander, I HVSMU Current Expander IIL LAl

[N1266A HVSMU Current Expander |

|Qud< Tesk| Tracer Test Classic Test | Application Test

e Setup~
3_ ¥ Enable High Voltage Medium Current Unit o=
- Self Test
4 HVSMU: |5MU6:H\J‘ - Start... I
5 Voltage Control SMU: |SMU3:MC v Status: ----
Current Control SMU: TR

Output
[~ Enable Series Resistor (100k ohm) for HYSMU

Defaut: 7, | I ] SMU:HVMI ~

SMUB:HV
I~ Auto Detection Status;
6. o || 8
IL

1=
]
i A...
Close
=
|pemo Workspace Aki ] Thermometer OFF | Multi Display OFF ()] Standby OFF | #0] SMU Zero OFF |5, Auto Export OFF | [3%] Auto Record OFF

HVMC 100kohm HVSMU  Power
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Chapter 6. Demo 4: HYSMU & HVMCU Demo

Setup of the N1265A Fixture's selector configuration:
Finally we have setup the N1265A Fixture's selector configuration.

Figure 6-5 shows the final configuration of the selector setup.

@ Final setup for N1265A selector:
Follow the next instruction by following the steps shown in the figure.
Step 1. Click "UHC Expander / Fixture" tab.
Step 2. Set "HVSMU" in the input for HYSMU.
Step 3. Set "HVSMU" in the default output of the selector.
Step 4. Select "100 ohm" resistor from the list.
Step 5. Click "Apply" button.

Step 6. Click "Close" button to close the Configuration window.

This is the end of the configuration to use HYSMU/HVMCU with the selector of the
N1265A Fixture.

The HVSMU LED should be lit on in the indicator of the N1265A as shown in the
figure in the bottom.

Figure 6-5. Final Configuration by setting HVSMU to N1265A Selector.

" Configuration 1.

Main Frame | Modules | Dual HCSMU Combination | Module Selector| UHC Expander / Fixture | HvSMU Current Expander | L4 | *]

N1265A Ultra High Current Expander / Fixture |
[~ Enable Ultra High Current Unit

r—Control - 1 - Self Test 1 1 Self Calibration - 1
Voltage Control SMU: [SMUZ:MC  ~] Start... Start... |
Current Control SMU: |spMua:MC Status: ———- Status: -—--

¥ Enable Selector v El'li!bll..; Gate Control

TInput ~ Output -~ Gate Control
UHCU: ] j’ 3 nable Series Resistor SMU: 4 -
9 [ svstau: m * 100k ohm) for HVSMU Uﬂ x
T Default: ml Resistor: [ | bhm
“Thermometer : : 1000

[~ Channel 1 [~ Channel 2 Interval: [2s 8| Format: [ T1={0}, T2={1}, T1-T2={2) deg. C

[” Auto Detection Status_Communication Established
b,
Apply

6.
Close
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Chapter 6. Demo 4-1: IDSS & BVDSS Demo with HYSMU

Demo 4-1. IDSS & BVDSS Demo with HVYSMU

Demo 4-1-1. IDSS Measurement

@ To setup and measure the IDSS Tracer Test:

Follow the next steps and the corresponding numbers shown in figure 6-6.

Step 1.

We use sample test setups.

Click sample setups, then select MOSFET -> ID(off)-VDS.

Step 2. Set the VAR1 sweep parameter as shown in the next table.
The stop V is set as specified in the data sheet. (=BVDSS * 0.8 = 2,000 V)
Mode Start Stop NOS |Interlacing | Compliance |Pwr comp o:t:l:tpv Hold Time|
LIN-SGL ov 2 kv 101 1 1 mA OFF OFF 1s
Step 3. Set Meas. time and Step time as shown in the figure (Default value).

Meas. Time - 20 ms, Step Time= 20.1 ms.
If you set very fast Meas. time, the measurement becomes noisy and may
show higher leakage current.

Set CONST for SMU 2 as 0 V and 100 mA compliance.

Change X axis max. value to 3 kV.

Step 4.
Step 5.
Step 6.
Step 7.

Change Y axis max. value to 100 uA (Max. specification @ 25 °C is 25 pA).

Click Single measure button.
The measurement trace is shown in the display.

Figure 6-6. Idss Tracer Test setup.

®|1I/V Trace Idss

Marker( 1999.929V -6E-09A)

Setup Name:

2 )VAR1
Mode:

LIN-SGL
Start:
ov B
Stop:
2.000001kv @
Step:
20V
NOS:
101 B
Interlacing:
1 |
Compliance:
1mA B

=
D
2
<

3
o
—

Pwr Comp.:

OFF B
V Compliance:

OFF B
Dual Polarity:

OFF =

o Hold Time:

2.000001 kv

300 v/ div.o

@

CONST ¥

DS

Unit:
SMU2:MC =
Source:

SMU2:MC
SMUB:HV =

ov B
Compliance:
100 mA

Step Time:
20.ims B




Chapter 6. Demo 4-1: IDSS & BVDSS Demo with HVYSMU

Step 8. Click the marker button. The marker appears at 0 V.
Step 9. Move the marker to 2.0 kV.

Step 10.

Read the marker value as IDSS at 2,000 V.

The readout of the example shows -6 nA at 2,000 V, but this value can be
considered as the noise level of the 1 mA range of HYSMU.

Since the specification limit is 25 pA, the example device shows a very low
leakage current.

¢ To detect rough BVdss:

Continue the next steps to figure out the breakdown voltage by following the corre-
sponding numbers if figure 6-7.

Step 11.

Step 12.
Step 13.
Step 14.

Step 15.

Change Meas. Time and the Step Time to 1 ms and 1.1 ms relatively.

Note: If these time is too ling, the response time after you change the stop
voltage by the rotary knob becomes very slow.

The fastest Meas. Time is 500 ps.

Click repeat measure.
Click Stop V field to activate to change the parameter by rotary knob.

Rotate the rotary knob to increase the maximum sweep V to check rough
breakdown voltage.

In the example, the breakdown voltage is about 2,850 V.

Figure 6-7. BVdss detection by using the Tracer Test knob sweep.

@®|1/V Trace

Marker( 2851.098 V 1.42E-07A)

10 uAfdiv,

Setup Name: |1dss

101 B

Compliance:
1mA B

VAR2 ¥

CONST ¥
Unit:

SMUZ2:MC «
Source:
ov |
Compliance:
100ma B

[ Meas. Time:

300 V/div. 1ms @
VDS Step Time:

lims B
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Chapter 6. Demo 4-1: IDSS & BVDSS Demo with HYSMU

If your demo device does not show the breakdown as shown in figure 6-7.

Sometimes IXTHTN250 shows very high voltage breakdown characteristics as
shown in figure 6-8.

In that case, try the following workaround.

Workaround 1: Try another IXTHTN250 sample if it shows the breakdown at below 3
kV.

Workaround 2: If workaround 1 does not work, try more demo 1XTHTN250 if you
have more demo devices.

Workaround 3: If above workarounds do not work, please try to change the HV
MOSFET to the demo IGBT: FGAT80N33ATD.
FGAT80N33ATD breakdowns at around 400 V (See the next figure).
You can just replace the device and set the target voltage to about
400V, or highest 450 V.

IGBT: FGA180N33 ATD Breakdown characteristics

383V/0.3mA

@) I/V Trace Setup Name: [Idss
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Demo 4-1-2. BVDSS Measurement

@ To setup and measure the BVDSS Tracer Test:

Since we understand the breakdown voltage is higher than 2.5 kV, and the example
HV MOSFET is about 2.85 kV, we will investigate the breakdown characteristics of
the MOSFET in more detail.

Follow the next steps and the corresponding numbers of the figure 6-9.
Step 1. Change start voltage to 2.5 kV, and stop voltage to 2.6 kV.
Step 2. Change the Compliance to 4 mA.

Note: HVYSMU can output maximum 4 mA in 3 kV range. Since the measure-
ment is very close to 3 kV, 4 mA is the largest current that we can use
for this MOSFET test.

Note that HVSMU can output 8 mA in 1.5 kV range.

Step 3. Set the max, ID scale to 5 mA.
Step 4. Set the min. VDS scale to 2.5 kV.
Step 5. Click "Set stop condition area" icon, and change the yellow signal lit on.

Step 6. Drag mouse to set the sweep stop condition area where a sweep stops
when the measurement data once get in this area.

Step 7. Click repeat measurement button, and activate the stop voltage field by click-
ing the VAR1 Stop field.

The example test result shown in figure 6-10 can be obtained.

Figure 6-9. BVdss Tracer Test setup.

Marker{ 2.475V -4.7E-07 A )

Start:
2435V H
Stop:

2.600001 kv
Step:
25.975 V

NOS:

101 @
Interlacing:
Compliance:

4 ma

Pwr Comp.:
OFF B
V Compliance:

OFF @
Dual Polarity:

OFF =
Hold Time:
2.600001 kv | L_s_!_

50 v/div.

0 [ S [rmedlos <1 [RRES

Click until Yellow signal turns on.

[
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Chapter 6. Demo 4-1: IDSS & BVDSS Demo with HYSMU

Step 8. Increase the voltage by rotating the knob.

Step 9. When the measured data hit the stop condition area, the stop process starts,
but there is some time delay until actually the measurement is terminated.

Step 10. Click Marker icon, and check the breakdown voltage.

Step 11. Click "Capture the reference trace" icon.
The current trace is captured as a reference to compare the other measure-
ment results.

Note: This reference trace is used in the next demo.

Review:

e Stop condition is useful to stop the sweep when it is difficult to detect the
sudden current increase such as device breakdown.

e V compliance can be used to limit the maximum voltage in knob sweep meas-
urement.

Figure 6-10. Tracer Test knob sweep and detection of BVdss by hitting the stop condition area.

Marker( 2861,199V 2.8E-05A)

Mode:

LIN-5GL «
Start:
2499535 kY B

44V

01 B

Interlacing:
1 E

Compliance:
4mA B

Pwr Comp.:

S00 uA/div,

OFF B
V Compliance:

OFF W
Dual Polarity:

OFF -
Hold Time:

1s W

o - VA R QM RS s - B o

~~~~~ —— Umit:
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Demo 4-1-3. Comparison of BVDSS with a series 100 kQ drain resistor.
For BVDSS measurement, we can insert 100 kQ series resistor to the output of the
HVSMU output.

By using 100 kQ resistor, you can characterize a device with a negative resistance
or a device that shows a snap back characteristics.

The following demonstrates how the B1505A use the 100 kQ resistor, and compen-
sate the voltage drop by the resistor.

@ To Setup the series 100 kQ series resistor:
Follow the next steps and the corresponding numbers in figure 6-11.

Step 1. Open the Configuration of EasyEXPERT and click HYSMU Current Ex-
pander tab.

Step 2. Check "Enable Series Resistor (100 kohm) for HYSMU" check box.
Step 3. Click Apply button.
Step 4. Click Close button.

Note: In addition, adding the 100 kQ series resistor to the drain HVYSMU can prevent
any potential damage to the DUT when abnormal breakdown status happens.

Figure 6-11. To configure 100 kQ resistor.

| Configuration 1.
Main Frame | Modules | Dual HCSMU Combination | Module Selector | UHC Expander / Fixture‘ HVSMU Current Expander 1‘_ 4]

N1266A HVSMU Current Expander |
¥ Enable High Voltage Medium Current Unit

Input/Control Self Test 1
HVSMU: [sMusHv =] Stat... |
Voltage Control SMU: |sMu3:MC - Status: ----

Current Control SMU: [sMU4:MC  ~

ut
it @nable Series Resistor (100k ohm) for HVSMU

Default: SMU3:HVMI +

[~ Auto Detection Status; n Established
3.
Apply

Close
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¢ To perform Breakdown test with 100 kQ series resistor:

Note: This test continues from the previous test.

Follow the step numbers shown in figure 6-12.
Step 1. Set stop V to 3 kV.

Step 2. Click Option -> Arithmetic Operation, and then select Operation 1 and

Operation 2.
Step 3. Arithmetic Operation input field opens.

Step 4.

Step 5.

Step 6.

Step 7.
Step 8.

Enter to #1 operation: Vdrp [V] = ID * Series R value. (98.7 k Q in the ex-
ample)

where Vdrp=V drop by 100 k() series R.

Note: The nominal 100 kohm R must be calibrated for accurate break-
down measurement.

Enter to #2 operation: VD_cmp = VDS - Vdrp
Where Vd_cmp stands compensated VD. You may use VD because
VD_cmp does not fit in the column.

Click X axis name field and select VD_cmp.

Click single measure button.
Measurement starts.

Sweep ends at 3 kV and breakdown curve is traced.

Click the marker button. The marker appears at 0 V.

Figure 6-12. To setup Arithmetic Operation function.

Oscilloscope View
Arithmetic Operation  » [ERe o8|
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2VWel[ V ]=VD5 - vdp
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-

= (0
[vAR1L 2

Mode:
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Stop:
Step:
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Interlacing:
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OFF =
Hold Time:
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Function:
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Chapter 6. Demo 4-1: IDSS & BVDSS Demo with HVYSMU

Step 9. Move the marker to about ID= 0.25 mA that is the breakdown specification
point, and read the marker value as VDSS.
Itis 2.861 kV at 242 pA in the example.
The specification is min. 2.5 kV at 250 pA, and this device used in the exam-
ple meets the specification.

Step 10. Click Line/Dot icon. You can change the line type, and you can see exact
measurement points in Dot line curve display as in the figure.
As you can see, the measurement interval in reference trace without series
R (blue) is much wider than the yellow trace with the 100 k() series resis-
tor.
This is also a good point for using the series resistor when I/V curve is
very steep.

Step 11. You can on/off or delete or save reference traces by clicking "Select refer-
ence traces" icon

Note: If you increase the measurement points, then you can get narrower steps in
current reading.

Review:

e Series resistor is useful to precisely characterize the steep 1/V portion to the
devices with a sudden steep change of V/I characteristics, such as breakdown.

e With the series resistor, a breakdown characteristics with a negative imped-
ance can be observed such as snap back characteristics.

e Arithmetic function in the Tracer Test mode is useful for this type of measure-
ment.

@ To Disable the 100 kQ series resistor:
Disable the 100 kQ resistor before going to the next demo.

Follow the next steps and numbers in the figure.

Step 1. Open the Configuration of EasyEXPERT and click HYSMU Current Ex-
pander tab.

Step 2. Un-check the "Enable Series Resistor (100 kohm) for HVYSMU" check box.
Step 3. Click Apply button.

Configuration 4. .
Main Frame | Modules | Dual HCSMU Combination | Module seSe:tah UHC Expander / Facture | HVSMU Curent Expander | 1ﬂ_’ StEp 4. Note:
HIDOSH HVENU Cutont Bxpanis J Make sure the UHC Expander is active
¥ Enable High Voltage Medium Current Unit .
Input/ Control Self Test by checking the N1265A LED status.
HVSMU: [muszv =] Start... . .
If it is not active, make the UHC Ex-

Voltage Control SMU: ]m Status: ----

pander to active status.
Step 5. Click Close button.

Current Control SMU: [smus:MC ~|

Output
2, @nahle Series Resistor (100k ohm) for HVSMU
Default: SMUIHVM ~ |
™ Auto Detection Status: Communication Established

3.

| Apply |

5. Close
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Demo 4-2.1d-Vd 1.1 A/2.2 kV & 2.5 A/1.5 kV Demo using HYMCU
Demo 4-2-1. 1d-Vd 1.1 A/2.2 kV Demo

@ To setup and measure 2.2 kV Id-Vd characteristics:

Follow the next steps and the corresponding numbers in figure 6-13 to setup the
parameters.

Step 1. Select Id-Vd sample setup.
Step 2. Change SMU2:MC Mode to VPULSE.
Step 3. Set VAR1 parameter as shown in next table by referring to figure 6-13.

Output V
Mode Start Stop NOS Interlacing | Compliance |Pwr comp l(li::lp
LIN-SGL oV 0V 21 1 1.1A OFF OFF
Pulse Pulse Pulse Dual .
i . Hold Time
Base Delay Width | Polarity
ov 10 us 40 us OFF 0s
Step 4. Set initial stop voltage, say, to 10 V.
Step 5. Set Measurement time setting as follows.
Meas. Time = 10 us
Step 6. Set VAR2 parameters as follows.
. Pulse Pulse Pulse . |
Start Stop NOS |Compliance |Pwr comp ) Hold Time|
Base Delay Width
2.8V 39V 5 100 mA OFF oV 0s 100 us 0s
Figure 6-13. To setup 2.2 kV Tracer Test using HVMCU.
(@) I/V Trace Setup Name: |ID-VDS
Monitor( 1656.471V 0.255694 A ) VARL
Mode:
LIN-SGL
Start:
24 @
IStop: .
2195995 8] TSet 10 V at initial
109.9995 V condition.
NOS:
o 21 B
hs) Interlacing:
E - : 1 B VARZ Drag to iml
o ompliance:
= 11a g | .
Pwr Comp.: Ston: 28V @
e > 39V B
V Compliance: Step: .
OFF B . 275 mV
Pulse Base: NOS:
ov B s B
Pulse Delay: Compliance:
2.199999 kv 1Wus B 100mA B
2.5 kv Pulse Width: Pwr Comp.:
q0us B OFF &
— ] - —- — T - LS - | Pulse Base:
i | a i - w:@ﬁ%@{% |.5§§\."DS - Meas. Delay: v R
" - ; u 1 il =1 & - = AUTO p ke[)eia "
1 Unit: V Name: I Name: Mode: Function: = _4 Meas. Time: - . 0s B
& SMUZMC v VGS m 1@ VARZ - Add 10 us Pulse Width:
( SMU3:HVMC VDS ® ID VPULSE VARL = Pulse Period: 100us B
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Chapter 6. Demo 4-2: Id-Vds using HYMCU

Note: The Start and Stop voltage may require an adjustment depending on the Vth
of you demo MOSFET.

Step 7. Set VDS X axis max. scale to 2.5 kV.
Step 8. Set ID Y axis max. scale to 1 A.

Step 9. You can sweep up to 2.2 kV under the 1.1 A current compliance. The output
resistance of the HVMCU is set t 0 2.2 k().
The white dotted line is a load line determined by the maximum 2.2 kV drain
supply voltage and the output resistance.
The maximum I/V sweep area is limited surrounded by this dotted line, X=0
V line and Y=0 A line.

Step 10. Click repeat measure button.

Step 11. Click Stop V to activate the modification.
Rotate the rotary knob to increase the max sweep V to 2.2 kV by monitoring
the measurement trace.

Note: You may be required to change the VARZ2 start and stop V to get the
similar results as shown in the graph.
You can change these parameters by focusing the mouse to these
parameters, too.
Step 12. The measurement trace moves toward the arrow direction.
Finally you should achieve the similar results as shown in figure 6-13.
Tips:
Note: Pulse width could be narrowed down to around 30 us with 2 us Meas.
Time setting.

Trouble shooting!
If your measurement sticks on the base line as shown in figure 6-14.

Try the following actions to measure the graph shown in figure 6-13.

- For VAR2 START: Measure Vth of demo IXTHIN250 HV-MOSFET by referring the
Demo 1 setup.
Then set VAR2 START by rounding up the Vth in 0.5 V units. For
example, if Vth = 3.1V, enter 3.5 V.

- For VAR2 STOP: Set VAR2 STOP by adding 1V to 1.5 V to the START V value.
Or gradually increase VAR2 STOP by 0.5 to 1V step to maximum 6 V.

@|1/¢ Trace Setup Name: [[D-vDS

Figure 6-14. Example when
VAR2 STOP V is too small.
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Chapter 6. Demo 4-2: Id-Vds using HYMCU

@ Oscilloscope view example:
This demonstration uses relatively narrow pulse (40 ps) in the drain supply.

In such a case, monitoring the pulse waveform is important.

Following shows the steps to view the Oscilloscope View waveform. Refer the corre-
sponding number shown in figure 6-15.

Step 1. Click Oscilloscope View icon.

Step 2. Oscilloscope View window opens.
Set Oscilloscope View parameters.
Refer to Demo 2-2 for setting the parameters.

Step 3. Starting the measurement displays the monitor point.

Step 4. The voltage and Current value of the monitored point are displayed,
and the waveform in the Oscilloscope view.

Figure 6-15. Oscilloscope View of Id-Vd Tracer Test using HVMCU.

@| I/V Trace Setup Name: |[ID-VDS

G Monitor( 1656.471 V 0.255694 A )

=
o
-~
e

c
o
o
~

2.199999 kv
250 V/div.

T e -

Oscilloscope View [}
(2 File Data Setup Window
MARKER: 44 us 10 us/div.
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Chapter 6. Demo 4-2: Id-Vds using HYMCU

Demo 4-2-2. 1d-Vd 2.5 A/1.5 kV Demo

@ To setup and measure 1.5 kV Id-Vd characteristics:

Step 1. The stop voltage must less than 1.5 kV to use 2.5 A range.

Set 1.5 kV for Stop V.
Step 2.

Step 3. Change pulse width to 30 us.

Set Compliance to 2.5A. The output resistance of the HVMCU is set to 600 ().

Note: narrower the pulse width can generate more current in HYMCU, but too
short pulse width tends to increase a measurement uncertainty.

Step 4.
Step b.
Step 6.
Step 7.
Step 8.
Step 9.

Change Meas. Time to 6 us.
Change X axis max. value to 1.5 kV.
Change Y axis max. value to 2.5 A.
maximum V/I load line is shown.

Click repeat measure button.

mum current.

The start and stop V of VAR2 require a small increase to increase the maxi-

Increase the current in 0.1 or 0.2 volts step so as you can make a similar

measurement results as shown in figure 6-16.

Step 10. Note: You can change stop V of VAR, but once it exceeds 1.5 kV, the cur-
rent compliance changes to 1.1 A, and you will see unexpected results.

Figure 6-16. To setup 2.5 A/1.5 kV Tracer Test using HYMCU.

Setup Name: ]ID-VDS

| 1/V Trace

D
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3
1
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Chapter 6. Demo 4-2: Id-Vds using HYMCU

Step 11. If you continue from the previous demo, there should be an Oscilloscope
View window.
Change the vertical and horizontal axis scale for properly monitoring the
waveform.

Review:

e HVMCU covers a unique power range which covers 2 A and 2 kV range that
were not covered in the past curve tracer.

e The medium current coverage of this voltage range is useful for investigating
the breakdown characteristics in high current condition, or SOA study on wafer
level.

- HVSMU has a built-in output resistor, and it is useful to protect the DUT
in such a case of sudden device breakdown.

e Oscilloscope view is useful for narrow pulsed measurement such as less than
30 ps range using HYMCU

Summary of Demo 4

In the demo 4, following topics are covered:
e Maximum 3 kV test is possible with HVYSMU.
- Stop area setting is useful for breakdown test.
- 100 kQ series resistor and the arithmetic function are useful for
breakdown characterization.

e HVMCU. covers unique power range: 2.5 A/1.5 kV or 1.1 A/2.2 kV.

e HVMCU can output higher current at when the pulse width is narrower.
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Chapter 7. Demo 5: High Voltage C-V Measurement

Chapter 7. Demonstration 5: High Voltage C-V Measurement

Contents:

Objective:

Features:

Device used:

7-1. C-V Measurement using MFCMU and High Voltage Bias Tee
7-2. Demo setup

7-Demo 5-1. Low voltage Cdg measurement (40 V)

7-Demo 5-2. High voltage Cdg measurement (1.5 kV)

7-Demo 5-3. Test fixture connection for Cds, Coss and Cgs measurements
The objective of this chapter is the followings:

e To be able to perform the C-V measurement using the B1505A.

e To be able to use AC guard technique to measure Cdg, Cds, Cgs.

e 3 kV maximum DC bias voltage

e Integrated C-V measurement capability on a ultra high power DC measurement

instrument.

Demo 5 uses the following device;
e IXTH1N250 high voltage power MOSFET

Capacitance vs. Temperature data extracted from IXTHIN250 datasheet

Capacitance vs. Vds
10000
— Ciss
:I-: \
£ 1000
[-}]
Q
=
5
'©
& ~_ Coss
= 100 \ —_—
o
Crss —
10
0 10 20 30
Vds (V)

40
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Chapter 7. Demo 5: High Voltage C-V Measurement

7-1. C-V Measurement using MFCMU and High Voltage Bias Tee
7-1-1. Definition of Capacitance Parameters

Next three capacitive components of the power MOS-FETs are typically listed in the
power MOS-FET datasheet.

- Crss Reverse Transfer capacitance
- Coss Output capacitance
- Ciss Input capacitance

Figure 7-1 shows the intrinsic capacitive components of power MOS-FET which are
gate- Drain capacitor Cgd, drain-source capacitor Cds and gate-source capacitor
Cgs.

Crss, Coss and Ciss capacitive components can be calculated by using Cgd, Cds and
Cgs components as shown in the figure.

This section provides how to measure the intrinsic capacitive components of power
MOS-FET (Cgd, Cds, and Cgs).

The demo exercises Cgd measurement.

Each component can be measured independently by using the AC guard technique.

Figure 7-1. Ciss: Input Capacitance

Cqd D Ciss = Cgs + Cgd

Coss: Output Capacitance

Cds Coss = Cds + Cgd

Crss: Reverse Transfer Capacitance
Cgs S Crss = Cgd

@ AC Guard and capacitive component measurement of MOSFET

Following shows a basic MOSFET capacitive component measurement block dia-
gram for each parameter using the B1505A MFCMU, HVSMU, N1260A High Volt-
age Bias .Tee and N1265A Fixture.

Cds Measurement N1260A/N1265A

DCBias AC signal

H
LB ;Y
Current meter |
GND Y,

-
%;(Ac Guard) |-

The picture shows the Cds measurement block diagram.
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Chapter 7. Demo 5: High Voltage C-V Measurement

Cdg Measurement

Coss Measurement

Only the AC measurement signal passing through Cds component is measured by
the Im current meter, and converted to Cds.

The AC current passing through Cdg flows in AC Guard, and it does not affects to
the Cds component.

N1260A/N1265A

DCBias AC signal

H

L
Current meter

GND

gAC Guard)

The picture shows the Cdg measurement block diagram.

Only the AC measurement signal passing through Cdg component is measured by
the Im current meter, and converted to Cdg.

The AC current passing through Cds flows in AC Guard, and it does not affects to
the Cdg component.

Also the potential of L input is almost GND level, and the Cgd current branching off
to Cgs component can be ignored since the potential between the Cgs is close to
zero volts.

Note: Due to the potential increase of the AC Guard impedance at higher frequency,
sometimes the measurement signal leaks to Cgs component, and it cannot be
ignored. This effect may add errors in Cdg measurement accuracy.

N1260A/N1265A

DC Bias AC signal

H

L
Current meter

GND

&(AC Guard)

The picture shows the Coss measurement block diagram.

Since the Gate and the source is connected together, all the current flowing through
Cdg and Cds (equals to Coss) are measured by the Im current meter, and converted
to Coss.
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Cgs Measurement

118

N1260A/N1265A
GND
(AC Guard)
WP /HP [l F Y- F
SMU- [l

The figure shows an example configuration to measure the Cgs capacitive compo-
nent with a simple measurement setup.

When measuring Cgs, one SMU is used to apply the drain bias parameter and it also
provides the AC guard capability.

At 100 kHz or lower frequency, the SMU impedance can be considered very low, and
it can be used as an equivalent AC guard.

The AC signal flowing through Cdg flows in to SMU, and only the AC measurement
signal passing through the Cgs component is measured by the Im current meter, and
converted to Cgs.

Note:

At higher frequency than 100 kHz, the SMU and the cable impedance becomes
higher, and cannot be considered as AC guard.

To measure Cgs at 1 MHz, the drain has to be equivalently guarded at that fre-
quency by connecting a large capacitor from the drain to the AC Guard.
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7-2. Demo setup

4 N1260A High Voltage Bias Tee

To extend the DC bias voltage to maximum 3 kV, N1260A High Voltage Bias-Tee
as shown in figure 7-2 is used.

Note that the picture is cut in two parts to show both the input signal terminal
and the output signal terminal.

The DC bias is supplied by the HVYSMU through a 100 kQ resister.

The AC measurement signal is provided through 110 nF capacitor to high output
terminal. Since 110 nF capacitor is measured as a series connection with the
measurement capacitor, this adds about 1 % additional capacitance error if the
measured capacitance is about 1 nF.

Note: The additional error can be considered roughly as "Measured capaci-
tance/110 nF x 100 %" when the measured capacitance is smaller than 10 nF.

Figure 7-2. N1260A High Voltage Bias Tee.

Bias input from HVSMU
(HV Triaxial connectors)

Four terminal inputs from

MFCMU
(BNC connectors)

HVSMU

Heur

Hpot

Lpot

Lcur

Input side view Qutput side view

J

v

CMU outputs
(SVH connectors)

CMU AC guard output
(SVH connector)

\

AC Guard

100 kQ

110 nF
High

D

N1260A Setup example.

U= Low
|

Right figure shows the images of N1260A
configuration with N1265A UHCE/Fixture.




Chapter 7. Demo 5: High Voltage C-V Measurement

7-2-1. High Voltage C-V Measurement setup

@ Connection overview between the N1265A, the N1260A and the B1505A
Figure 7-3 shows a HV C-V configuration block diagram of the B1505A.

The MFCMU of the B1505A measures the impedance and HVSMU provides the
maximum 3 kV DC bias.

These signals are integrated as the C-V measurement signal inside the N1260A HV
Bias-Tee, and it is routed to the N1265A s Fixture section to connect with the DUT.
The connection between the MFCMU and N1260A HV Bias-Tee uses 4 terminal pair
configuration.

The connection between the HV Bias-Tee and the N1265A UHCE/Fixture is two
terminal pair configuration. The error associated to this cable is reduced by per-
forming the Open and Short calibration after the power on of the B1505A.

The Interlock circuit is provided to protect from the hazardous voltage.

Figure 7-3. B1505A HV C-V measurement block diagram.

B1505A
N1260A N1265A Fixture
MFCMU HV Bias-T
HC HC H H H --(BiasTee) == H j
HP  [[J=l"] HP
LP [l P
L H L == (BiasTee) = | j
LC [l LC
HVSMU H HV GND
— (AC Guard) ]
MM g o e e Saemsswement | SVU'
|nter|ock M InterIOCk

@ Cable connection of the 3 KV CV measurement configuration

Figure 7-4 shows the overview of the cable connection for HV C-V measurement
configuration.

Cabling instruction:

Follow the next steps and the numbers shown in the figure to route the cables.

Step 1. Using a N1300A CMU cable, connect the connectors block side of the
N1300A to B1520A MFCMU.
First, mate all the connectors, and then insert the connector block to the
B1502A MFCMU module as shown in the figure.
After fitting the N1300A connecter block, tighten two screw to firmly fit the
block to the B1502A MFCMU module.
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Chapter 7. Demo 5: High Voltage C-V Measurement

Step 2. Connect the other end of the four connectors of N1300A CMU cable to the
N1260A HV Bias-T input as shown in the figure.
- Connect Red wire to Heur
- Connect Orange wire to Hpot
- Connect Gray wire to Lpot
- Connect Black wire to Lcur connector.
Note: Leave the Green wire open.

Step 3. Using a 16493T HV Triax Cable, connect the Force connector on the B1513A
HVSMU to the HVSMU input of the N1260A

Figure 7-4. Cable connection for HV C-V setup.
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Step 4. Using 16493V SHV cable, connect Low output of the N1260A to the Low of
the Bias Tee input of the N1265A Fixture.

Step 5. Using 16493V SHV cable, connect High output of the N1260A to the High of
the Bias Tee input of the N1265A Fixture.

Step 6. Optional for Cgs measurements:
Using a 16494A Triax Cable, connect the Force and Sense connectors on the
lower B1511A MPSMU (SMU1) to the respective connectors on the SMU
input 1 on the N1265A.

Step 7. Using a 16493J Interlock Cable, connect the Interlock on the B1505A and the
Interlock on the N1265A.

7-2-2. Wiring inside of the N1265A Fixture

Figure 7-5 shows the wiring example of inside the N1265A UHC Expander/Fixture
for Cgd measurement.

Route the cables/wire between the output terminal panel of the N1265A Test Fix-
ture and the inline package socket module as shown in figure 7-5.

Figure 7-5. Cable connection of the Cgd C-V measurement for N1265A Test Fixture.

/N smu MU
+IDV- Mx 1A + 20V Mx 2 Ad 40 APRse
e 1 ] (=} 2 [4] o] 3 a
L] [ =] 15 e (9] V]
Ferce ‘ Serse Ferce Serse ) Ferce Serise
Farce S~ e P Force A~ e P Force o~ F O
HOMERC o o (o) 0) Ha
Cuard Cuard Cuard Cuard Geard Quard
‘@ e e e 7o Te-,
i — Cae NN _&Selector Qipu I, Bi as Tee NN, S LH/ -
40V Mix 1 APRdse +£3 ke Max £3 e M b N

Serse CQard

I
L

g
© ©
g
©

3. Emitter/
J‘Source

o =
2. Collector/ 123 ! 1. Base/
Drain Gate

Base| Collector | Emitter

@ Gate| Drain Source @

ﬁ Inline Package Socket (3 Pin) 8—
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Chapter 7. Demo 5: High Voltage C-V Measurement

@ Wiring instruction: (Cgd)
Follow the next steps and numbers in the figure to setup the wires inside the
fixture

Note: Use SHV cables for Bias Tee output that can withstand the 3 kV output of
the HV C-V.
Use the thinner wire for other connections.

Step 1. Using the SHV cable, connect the Low of the Bias tee Output to the termi-
nal 1 Force
(Base/Gate) on the Inline Package Socket.

Step 2. Using the SHV cable, connect the High of the Bias Tee Output to the ter-
minal 2 Force
(Collector/Drain) on the Inline Package Socket.

Step 3. Using the universal wire, connect the GND/(AC Guard) Output of the
N1265A Fixture to the terminal 3 (Emitter/Source) on the Inline Package
Socket.

s B

’ Q

SHV cable and SHV-Banana Adaptor Universal Force/Sense line wire
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Chapter 7. Demo 5: High Voltage C-V Measurement

7-2-3. MFCMU Open-Short compensation

& To perform MFCMU calibration for "Open" compensation.
Follow the next steps to calibrate the open compensation.
Step 1. Setup the wiring of the test fixture.
Step 2. Open the test fixture by removing any DUT from the socket.

Step 3. Perform open calibration.

Figure 7-6. Setup for Open compensation.
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u® v
\

N 2.
Remove DUT from the socket

@ To start CMU "Open" calibration:
Follow the next steps by following the numbers in figure 7-7.

Step 1. Click Calibration ICON.
Calibration window opens.

Step 2. Click CMU Calibration tabs.

Step 3. Make sure to "Open" the DUT terminal.
Then click "Measure ..." button of "Open Correction"
Step 4. Open correction starts.
While in calibration "Measurement is in progress ..." is displayed.

Step 5. A Check mark appears in the check box of "Open Correction" at when the
correction is completed.
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Figure 7-7. Open calibration-compensation.

@| 1/V Trace

[ Quick Test | Tracer Test classic Test | Application Test

Setup Name: [UV Trace

Run Option |

Count: [0 #| of
Calibration . bevice ID:

Module Self Calibration | SMU Zero cancell CMU Calbration I =

Favorite Setu
CMU Calibration ] ke [
Demo -

[& Phase Compensation For a more accurate B

Measure...

measurement, perform
correction data measurement
at the measurement
frequency before starting the

capacitance measurement. =

[T Open Correction 3 m
* If the measurement frequency
is not included in the list of
default frequencies below,
= = click the Advanced Options...
1 Short Correcuon button and set the
measurement frequency on
the Frequency area of the
Advanced Options for CMU
" Load Correction 7 F |
Advanced
Options...
Unit:
To ad 4_ ‘
[ Open Correction Abort
| Measurement is in progress...J i
Z| | Flag | Setup Name [Date : - K =
> 1ID-VDS 8/17/2012 P.SA 1
2 ID-VDS 8/17/2012| © Open Correction 0 us pulse
3 Idss 8/16/2012 5 ns
Idss 8/16/2012 Lererrr fas time
— TAee QMAIINAD F-AAS7 DM D RAawm swith 100 Lahm M
|Demo Warkspace Aki || Thermometer OFF |4 Multi Display OFF |[(b] Standby OFF  [#0] SMU ZeroOFF |51 Auto Export oFF  |E] Auto Record OFF

Figure 7-8. Setup for
Short compensation.

@ To perform MFCMU calibration for "Short" compensation.

Follow the next steps by following the numbers in figure 7-8..

i

FON

Step 1. Short between the pins of the test fixture socket using a short wire as

shown in the figure.

If you cannot find a proper wire, then use the method of next step.

Step 2. (Optional in case step 1 is skipped.)
Short between the input terminals of the socket module by using a short
cable as shown in the figure.
For Cgd short calibration, short between the sense input terminals of the

Drain and the Gate.

Shortcompensation #

™,

Optional:

Short Dain Gate at socket

connectori

Short Dain Gate pins for Cgd Calibration

nput pins.
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@ To start CMU "Short" calibration:
Follow the next steps by following the numbers in figure XX.

Step 1. Make sure to "Short" the DUT terminal.
Then click "Measure ..." button of "Short Correction"
Open correction starts.
Step 2. After "Measurement is in progress ..." is displayed for a while,
a check mark appears in the check box of "Open Correction" at when the
correction is completed.

Step 3. Click Close button to finish the CMU Open-Short calibration.

Step 4. Remove the short wire from the socket module.
Set IXTHTN250 HV MOSFET to the 3 terminal inline socket.

Figure 7-9. Short calibration-compensation.

Calibration
Module Self Calbration | SMU Zero Cancel CMU Calibration |

CMU cCalibration

For a more accurate -
measurement, perform
correction data measurement

at the measurement

frequency before starting the
capacitance measurement. =

[ Phase Compensation Measure...

| |

¥ Open Correction Measure...

If the measurement frequency|
is not included in the list of

2. default frequencies below,

- click the Advanced Options...

¥ short Correction 1. Measure... button and set the
measurement frequency on

the Frequency area of the
Advanced Options for CMU =

[T Load Correction M Ad d
vance
Options...

3 . Close

G DS
IXTHIN250
HV MOS
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Chapter 7. Demo 5: High Voltage C-V Measurement

Demo 5-1. Low voltage Cdg measurement (40 V)

1. To setup the C-V sweep measurement (Classic test):

Follow the next steps by following the numbers of Figure 7-10.

Step 1. Click Classic Test tabs.
Step 2. Click C-V Sweep icon.
Step 3. C-V sweep setup, Channel Setup page opens.

Step 4. Click Add SMU.
New Unit field opens.

Step 5. Click Unit field.
Available modules are listed in the pull down menu.

Step 6. Click SMU6: HV to setup HVSMU as a DC sweep source.

Step 7. Click SMU1:MP check radio button.

Step 8. Click Delete button.
SMU1:MP field is deleted.

Step 9. Repeat steps 7 and 8, by leaving two lines for CMU1:MF and SMUG6:HV.

Figure 7-10. Cdg Classic test setup - Channel Setup tabs.

File Data Display Help

E d Setup Name: |C-V Sweep
s By, 3 Measurement Setup | Function Setup | Auto Analysis Setup | Display SetuDl
E Sweep nitio
g ﬂ | 4., | addsmu | | ----- | |
g Unit: V Name: I Name: Mode: Function:
1. % 2 ""“-'"TL 7 @sum:m ~|v1 w11 [V |[consT =
annel L.. Ll
?é E.-:j ] [smozmc vz w2 =V |[consT =]
S| wust cf [sMuzmc v3 |3 =V _~||consT =]
§ Sweep 9
% @ oV [sMu4:mc w|lva |l |V ~||consT |
%
% yv-t c [emunmE v ||vBias | = ~|[vara =l
3 ehm2mpli
=1 E = |15 m|coMmon ~|[consT K|
2. | &
Direct «
Control —
]
-
Miscellaneous Variables
Time Stamp Name: . Index Name: E
@| C-V Sweep 11. [ setup Name: [Cod-v Sweep
Channel Setup | Measurement Setup | Function Setup | Auto Analysis Setup | Display Setup |
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Unit: V Name: I Name: Mode: Function:
© |cMuLMF ~||veas | | - ||consT =]
c  [sMushv jvn | |V ~][var1 jJ
10.
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Chapter 7. Demo 5: High Voltage C-V Measurement

Step 10. Change the SMUG:HV parameters as follows:

- VBias: VD
- | Name: ID
- Mode: Vv

- Function: VAR1
Step 11. Change Setup name to "Cgd-V Sweep"

2.To setup the measurement parameters.
Follow the next steps by following the numbers of Figure 7-11.
Step 1. Click Measurement Setup tabs.

Step 2. Change the Start, Stop, Step and Compliance parameters as shown in the

figure.

- Start: ov

- Stop: 40V

- Step: 200 mV

- Compliance: 8 mA

Step 3. Set Delay time:

- Delay: 200 ms
Step 4. Set Frequency;
- List: 1 MHz

Figure 7-11. Cdg Classic test setup - Channel Setup tabs.

®| C-v cweep * Setup Name: [Cgd-V Sweep
channel 1. | Measurement Setup JFunction Setup | Auto Analyss Setup | Display Setup |
C-V (VAR1) Signal Source [

V Name: |VD = Ffe&:f“qf Add ‘ Delets | in | Sown | Range
Model: |Cp-G | 5 m ADC /
€ Name: [C = Ineg
G Name: [G =l 4, F Name: |Freq | Ad-

vanced
Direction: [Single | AC Level: |30 mV [l
Linear/Log: |LINEAR 2. |
start]|o v _iJ_
Stop] |40 V [}
Stepq |200 mV ]
Compliance [8 mA j = T |
NoofStep: 201  &|| Mode: |AUTO | Factor: |2 [l
Timing
Hold:[0s 3. ‘mJ * Sweep [CONTINUEAT ANY | status
Constants
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Chapter 7. Demo 5: High Voltage C-V Measurement

3. To setup the display parameters.
Follow the next steps by following the numbers of Figure 7-12.
Step 1. Click Display Setup tabs.
Step 2. Set X and Y1 X-Y Graph parameters as shown in the figure.
Step 3. Set List Display parameters as shown in the figure.

Step 4. Make sure the HV MOSFET is set in the test module socket.
Click Single Measure button.
The Cgd sweep measurement starts, and Display window pops up.

Step 5. Figure 7-13 shows an example Cgd sweep measurement curve of
IXTHTN250 HV MOSFET.

Figure 7-12. Cdg Classic test setup - Display Setup tabs.

@I; C-V Sweep Setup Name: [Cad-V Sweep [
Channel Setup| Measurement Setupl Function Setup| Auto Analyss 1. IDiSDh‘f Setup I
X-Y Graph
) o | vdee| _w | _oom |
" N Sharing: __ Scale: Min: Max:
#|x |vwo >| [(None) ~| |mear ~]| [V | [sov |
clve: fc =] [tnone) ~] [Log ~| [1opF & [5oF [
List Display Parameters
add | | | | Add |
c ||vo -
N 3.
Ic =l
c e ~| To add a parameter, press the [Add]
button in this area.

Figure 7-13. Cdg measurement example. BEHECb-aai@-BeaEusEm-U-a8dls
Setup Name: SR X
X-Y Graph Plot Properties...
5 Agilent
10n
2 5
B 3n
g o
in
500p
300p
200p
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VD (V) 5.00 /div
List Display Properties... |
Index_| Vo | cl 6l s
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3 388.8 mv 337.928 pF 944.347 us -

129



Chapter 7. Demo 5: High Voltage C-V Measurement

Demo 5-2. High voltage Cdg measurement (1500 V)

& To measure 1500 V Cgd characteristics:

Follow the next steps to measure the high voltage CV characteristics by following
the numbers in figure 7-14.

Step 1. Click Measurement Setup tabs.

Step 2. Change VAR1 parameters as follows;
- Linier/Log:  LOG10

- Start: 100 mV
- Stop: 1.5 kV

Step 3. Change Timing parameters as follow;
- Delay: 500 ms

Step 4. Change Setup Name as Cgd-V Log sweep
Step 5. Click Display Setup tabs.

Step 6. Change X parameters as follows;

- Scale: Log
- Min: 100 mV
- Max: 1.5 kV

Figure 7-14. Modification for 1500V Cdg Classic test setup - Measurement Setup tabs.

@| c-v cweep A.[ etup Name: [Cad-V Log Sweep |
channel 1. | Measurement Setup IFunctiun Setup | Auto Analysis Setup | Display Setup |
C-V (VARL) Signal Source |

Range
v Name: [VD w|| Frequency  a4g | Delets | B | W |
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GN :m F Name: |Fraqg E Ad-
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2 |I'Eal'vl v El
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/] Mode: |EUTO vI Factor: |2 B

No of Step:
Timing
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X-Y Graph
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Name: Sharin 6 Scale: Min: Max:
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Chapter 7. Demo 5: High Voltage C-V Measurement

Step 7. Change Y1 parameters as follows;

- Scale: Log
- Min: 1 pF
-Max:  1nF

Step 8. Click Single Measure button
1.5 kV log sweep measurement starts.

Figure 7-15 shows an example 1.5 kV Cgd log sweep curve of the IXTHTN250 HV
MOSFET.

Review:
e The CV measurement can be easily performed for both from low voltage to high
voltage.
e The maximum voltage can be going up to 3 kV.

e Higher capacitance, say over 2 nF, can measure in better accuracy by connect-
ing the 4 terminal pair cables direct to the N1265A fixture by passing through
the N1260A HV Bias Tee.

Though, the maximum bias voltage is limited to 25 V in this case..

Figure 7-15. 1500 V Cdg log sweep measurement example.
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Chapter 7. Demo 5: High Voltage C-V Measurement

Demo 5-3. Test fixture connection for Cds, Coss and Cgs measurements

This section provides the test fixture connection for other CV parameter measure-

ment.

Cds Measurement:

3
3. Emitter
( J,Sonn:eT
v (S — (-5t —frree s

123 ) S 1.Base/
Gate

2. Collector/
Drain

Base| Collector | Emitter

(=] Gate [ Drain | Source (=}
ﬁm Inline Package Socket (3 Pin)

Coss Measurement:

3. Emitter,
J,Smm:e
- Force en% F;ﬁj

2. Collector/ 123 ! 1.Base/
Drain Gate
|y
-
Base| Collector |Emitter
= Gate | Drain Source a

Inline Package Socket (3 Pin) -

Cgs Measurement: T
OMNO
Note: S
. @)y @ | @ ©
1. The Cgs measurement requires to connect | —z=—= B
SMU1: MP to the SMU 1 Force input of L b
the N12654 Fixture. 67 m Chm) O
- Set SMU 1 as VARI. @ ¢yO© ©| @,
- Set HYSMU as Const=0V. 3 e
2. The maximum measurement frequency is ::i — _Souree
Ilmlted to 700 kHZ k Fon:e 1Sense -' °=I=="§° orce :Tse

i . 2. Collector/ 123 = I.‘B‘asa/
3. Use the maximum fixed current range of Drsin Gate
¥
MPSMU. :
Base| Collector | Emitter
(=] Gate [ Drain | Source (=}

Inline Package Socket (3 Pin)
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Summary of Demo 5

In the demo 5, following topics are covered:
e How to configure the high voltage C-V setup.

e How to perform the Open-Short error compensation/calibration.

e The maximum voltage of B1505A C-V measurement is 3 kV with the N1260A
High Voltage Bias Tee .
- We made the demo at 1.5 kV.
- IXTH1N250 MOSFET can apply voltage to maximum 2.5 kV.

e The reasonable maximum capacitance measured using the N1260A HV Bias
Tee is about 2 nF if about 2% additional error is allowed.

Note: Standalone use of MFCMU provides better accuracy for much higher
capacitance measurements.

But, the direct connection of MFCMU's maximum DC bias voltage is limited
to25 V.
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Chapter 8. Demonstration 6: 10 kV Measurement using UHVU

Contents: 8-1. Demo setup
8-Demo 6. High Voltage Diode Breakdown Test

Objective: The objective of this chapter is the followings:

e To be able to perform the ultra high voltage measurement using the N1268A
Ultra High Voltage Expander of the B1505A.

e We use two serial connected high voltage diode and experience a breakdown
measurement at about 8 kV.

Features: e 10 kV maximum DC output for high voltage device testing.
e Provides complete solution from 1500 A to 10 kV test for such device as IGBT

Device used: Demo 6 uses the following device;
e GP02-40 high voltage junction rectifier

Major Ratings and Characteristics
IF(AV) 0.25A
VRRM 4000V
IFsm 15 A (60 Hz half sine-wave)
IR 5.0 pA
VF v
Tj max. 175°C
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Chapter 8. Demo 6: 10 kV Ultra High Voltage Measurement

8-1. Demo setup

8-1-1. UHVU Configuration: Cable connection
¢ Connection overview between the N1265A, the N1268A and the B1505A

Figure 8-1 shows the Ultra High Voltage Expander configuration block diagram of
the B1505A.

Two MCSMUs are used to control the N1268A Ultra High Voltage Expander.
The UHVU output is connected to the UHVU input of the N1265A Fixture.

The digital 1/0 control is connected in serial by routing the N1265A and to the
N1268A.

The interlock circuit is routed the same way to control the output by both the
UHVU and the test fixture.

Figure 8-1. B1505A UHVU measurement block diagram.

Interlock Interlock
N1268A UHV Exp
Digital 170

Digital 1/0

Cr>/ 16493V

B1505A

I N1265A

For UHV
For UHV

For Gate

UHVHigh , yHvH
UHVLow | UHVL
1

HVSMU | Selector
Hight
Low |

1

16494A x 45 ea.

S Gate F Gate H
Gate S GateL

UHC Input

V Control

| Control

SMU 1 SMU1
SMU 2 SMU 2

164931

1 GNDU

@ UHVU cable configuration

Figure 8-2 illustrates the cable connection from the B1505A through the N1268A
UHVU Expander to the N1265A test fixture.

Cabling instruction:
Follow the next steps and the numbers shown in the figure to route the cables.

Step 1. Using a 16494A Triax Cable, connect the Force and Sense connectors on
the 3rd SMU from the bottom (MCSMU3) to the corresponding “Vset/Vm
SMU” connectors of the UHV input of the N1268A.

Step 2: Using a 16494A Triax Cable, connect the Force and Sense connectors on
the 4th SMU from the bottom (MCSMU4) to the corresponding “Irtn SMU”
connectors of the UHV output of the N1268A.
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Step 3. Using 16493V UHV cable, connect the HV Output of the N1268A to the

UHV High connector of the N1265A Fixture.

Step 4. Using 16493V SHV cable, connect the HV Return Input of the N1268A
/ to the UHV Low connector the N1265A Fixture.

Step 5. Using a 16493G Digital 1/0 Cable, connect the Digital /0 connector on
the B1505A to the Digital 1/0 Input connector on the N1265A UHCE/

UHV cable: High side Fixture.

Step 6. Using a 16493G Digital 1/0 Cable, connect the Digital /0 Output con-
nector on the N1265A to the Digital 1/0 connector on the N1268A.

Step 7. Using a 16493J Interlock Cable, connect the Interlock on the B1505A

and the Interlock In on the N1268A.

7 ! ] Step 8. Using a 16493J Interlock Cable, connect the Interlock Out on the
- ; N1268A and the Interlock on the N1265A.

SHV cable: Low side Step 9. Connect power cable to the B1505A, N1265A and N1268A.

Figure 8-2. Cable Connection for UHVU.

16493V UHV cable: High side

N1268A
lllllll Back Panel
N1265A B1505A 0@ ! |
- Back Panel | HVSMU ﬁ, J
HCSMU 6
>« MCSMU 5
>« MCSMU 4
IIIIIII MCSMU 3
B1505A
Back Panel / =
[ ! MFCMU
d‘ > MPSMU1

ol -

'~ . ®" GNDU
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8-1-2. UHVU Configuration: Test Fixture

@ Preparation of the Test Fixture

Follow the next steps by referring to the numbers in figure 8-3.

Step 1. Remove the test fixture socket module that is shown in #2.
Unplug the cables only from the Test fixture side.

Step 2. You can keep the cables as shown in the socket module.
By leaving the cables as it is, you can re-configure the socket easier.

Step 3. Insulation plate shown in back side in the figure has to set on the fixture
for UHVU application.

When set the insulation plate on the test fixture, meet the four pins of the
insulation plate to the holes of the test fixture side.

Step 4. The figure shows the picture after the insulation plate is set on the
N1265A Test Fixture.

Figure 8-3. N1265A Fixture setup for UHVU.

Fit the pins
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8-1-3. De-select or un-activate the UHC and HVMCU configuration
We first deselect or inactivate the UHC and HVMCU to free the MCSMUs.

Step 1. You can scroll the Configuration menu tabs by clicking the right-left direc-
tion arrows.
Use this button and find the necessary configuration tab if it is hidden
from the window.
Step 2. Click UHC Expander/Fixture tab.
Step 3. Un-check the "Enable Ultra High Current Unit" check box.
Step 4. Un-check the "Enable Selector" check box.
Step 5. Click "Apply".
Step 6. Click "HVSMU Current expander" tab.
Step 7. Un-check the "Enable High Voltage medium Current Unit" check box.
Step 8. Click "Apply".
Figure 8-4. [ Configuration 1.
EasyEXPERT Configuration. Main Frame | Modules | Dual HCSMU Combination | Module Selector Imwsuu Current Expandel] L4 | *|
N Ultra High Current Expander / Fixture B

ble Ultra High Current Unit

Qj

ntrol Self Test Self Calibration
Voltage Control SMU: [SMUZ:MC -] Start... Start... |
Current Control SMU: Status: --— Status: ----

¥ Enable Gate Control

ble Selector

put Output Gate Control
UHCU: | 3 Enable Series Resistor SMU: fSMUZ:MC vl

hm) for HVSMU
HVSMU: [—jSMUG:HU = (100k ohm) for HVSM|

Default: lsnus:l-n.r -] Resistor: |100 ~| ohm

SMU: |5MU1:MP -
Thermometer

[~ Channel 1 [~ Channel 2 Interval: 2 | Format: [ T1={0},T2={1},Tt-T2={2} deg. C =]

Eetahlichad

ication E

Status: C

5_ Apply |

[” Auto Detection

Close |

1.

~
Configuration b 0
Main Frame | Modules | Dual HCSMU Combination | Module Selector | UHC Expander / Fixture | HVSMU Current Expander IL or
N1266A HVSMU Current Expander |
I ble High Voltage Medium Current Unit
put/ Control Self Test
HVSMU: [sHusHV  ~] Start...
Voltage Control SMU: ISMU3;MC - Status:

Current Control SMU: Ist;Mc -

I~ Output
¥ Enable Series Resistor (100k ohm) for HVSMU
Default: SMUZ:HVML =

Status: Communication Established

™ Auto Detection

Apply
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*

Figure 8-5.

UHVU Configuration

Follow the next steps and the numbers in figure 8-5 to configure EasyEXPERT for
UHVU.

Step 1. You can scroll the Configuration menu tabs by clicking the right-left direc-
tion arrows.
Use this button and find the necessary configuration tab if it is hidden
from the window.

Step 2. Click UHV Expander tab.
Step 3. Check the "Enable Ultra High Voltage Unit" check box.
Step 4. Set the Voltage and Current Control SMUs as shown in the figure.

Step 5. Click "Apply".
Please remember to turn on the N1268A before this action.

Step 6. Click Close button.

EasyEXPERT Configuration for UHVU.

Configuration

2 1.

Module Seiectori UHC Expander [ Fixture I HVSMU Current Expandef UHV Expander | SMU Output Setting Limits | Ever@

3

4

[N1268A Ultra High Voltage Expander |

‘ : Enable Ultra High Voltage Unit

~ Input/Control
Voltage Control SMU: ISMUB:MC vl
Current Control SMU: ISMU4:MC -l

[” Auto Detection Status: Communication Established
b. | Apply -
Turn on N1285A before 6. dose
press "Apply" button.
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Demo 6. High Voltage Diode Breakdown Test

@ UHV cable set and demo Diode Setup in the fixture:

Route the wire between the output terminal panels of the N1265A Test Fixture
and clip the test diode as shown in figure 8-6.

Follow the next steps and the number shown in the figure.

Step 1. Set the SHV cable with an alligator clip to the Low output connector of
UHV of the N1265A Fixture.

Step 2. Set the UHV cable with an alligator clip to the High output connector of
UHV of the N1265A Fixture.

Step 3. Connect the Serial connected diode as shown in the figure in a direction
that the Cathode side (with a white belt on one end) to High side alliga-
tor clip and the other end to Low side alligator clip.

Note: To serially connect the diode, twist the diode leads as the diode’s current
direction become the same.
The reason to make serial connection of the diode is to make the break-
down voltage about twice to show the UHVU capability at very close to
the 10 kV maximum output.

Step 4. Close the N1265A fixture cover.
Make sure that any metal portion of the High and Low terminal of the
diode side does not touch to the cover of the N1265A fixture as shown in
figure 8-7.

Figure 8-6. UHV Diode setup inside the fixture.
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Chapter 8. Demo 6: 10 kV Ultra High Voltage Measurement

Figure 8-7. Diode view when N1265A fixture cover is closed.

Make sure the test cables and DUT do not touch to the inside
fixture except the insulation plate.

@ To activate the output of the N1268A High Voltage Amplifier:

Push "HV" button to activate the output of the N1268A High Voltage Amplifier
before starting any measurements as shown in figure 8-8.

Figure 8-8. HV indicator/button is lighted when UHVU is activated.

Push "HV ON" key before
starting the measurements.
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¢ To Set Diode Breakdown Tracer test:

Follow next steps and the numbers in figure 8-9 to setup the diode breakdown

Tracer Test.

Step 1. Click Tracer Test tab.
Step 2. Click Sample Setups Icon.
Step 3. Press Diode

Step 4. Press IR-VR for measuring breakdown characteristics.

Figure 8-9. IR-VR Diode breakdown sample menu.
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@ To setup and measure 10 kV Breakdown Test:

0| smu zero oFF  [ET Auto Export oFF ]

Follow the next steps and numbers shown in figure 8-10.
Step 1. Make sure that UHVU is set in the Unit field.

Step 2. Set stop voltage;

Auto Record ON

- Say 1V as a start up check of the measurement.

Step 3. Set the parameter as shown in the figure.
- NOS: 101
- Compliance: 100 uA

Step 4. Set the parameter as shown in the figure.
- Meas. Time: 10 us
- Step Time: 500 us

Step b. Set X axis max. to 10 kV.
Step 6. Set Y axis max. to 100 uA.
Step 7. Y axis Minimum is 0 A.

Optional: Set Y axis min. to -10 uA to show the trace, if the leakage cur-
rent measurement shows a negative value and the trace does

not appears on the display.



Chapter 8. Demo 6: 10 kV Ultra High Voltage Measurement

Refer to figure 8-11 from step 8.
Step 8. Click the stop condition set icon (Yellow signal turns on).

Step 9. Drag the area where you do want to stop the sweep when the measure-
ment data hit in the area.

Step 10. Press Repeat measurement button.
Step 11. Crick Stop voltage to activate the input

Step 12. Rotate the knob to the right turn direction to increase the sweep maxi-
mum voltage.
The sweep width grows to the right direction.

Step 13. The sweep trace is growing to the right direction.

Figure 8-10. UHV 10 kV test parameter setup 1.
®|1/V Trace
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Drag to set stop condition area Compliance:
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OFF &
DOutput ¥ Comp. :

OFF B
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OFF
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1 kV/div.
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Function:
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[Eess]
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Chapter 8. Demo 6: 10 kV Ultra High Voltage Measurement

Refer to figure 8-12 from step 14.

Step 14. Finally, the diode breaks down and the sweep stops automatically when the
measurement hit the stop condition area.

Step 15. Click Marker icon.
Marker appears on the measurement start point.

Step 16. Move the marker to the breakdown start point.

Step 17. You can read the breakdown voltage and the current of the marker.
Step 18. Click Replay Traces icon.

Step 19. Replay Trace control window opens.

Step 20. Grab and move the bar to the left side will recall the measurement traces
until the breakdown occurs.
Replay Traces function is very useful, especially when the device is broken
or damaged where you cannot re-create the same test.

Note: You can save the trace and recall it later for offline review.

Review:

e The example shows the breakdown at around 9.4 kV.
Since the breakdown voltage in the diode specification is minimum 4 kV, 9.4 kV
breakdown in the demo example is reasonable with two diodes connected in
series.

Figure 8-12. UHV 10 kV breakdown test example and the analysis.

@)1/V Trace Setup Name: [IR-VR =
m VAR1 ¥
Mode:
LIN-SGL =
100 s Stop:
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H 1 Replay Interval:

100ms W
4 Maximum Records:
1 100 B

Recording Interval:
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Chapter 9. Demo 7: Thermo-trigger function

Chapter 9. Demonstration 7: Thermo-trigger function

Contents: Demo 7. Vth shift measurement using the Thermo-triggering

Objective: The objective of this chapter is the followings:
e Learn Thermo-trigger function.
e Experience Vth shift versus case temperature measurement using Thermo-
trigger function.

Features: e Temperature dependent parameters can be easily taken by using the Thermo-

trigger function.
e Temperature dependent parameter example:
- Transfer Characteristics (Vth, Vgs-off)
- Saturation voltage
- ON resistance
- Breakdown voltage
- Forward voltage drop (Diode)

Vth vs. Temperature data extracted from IRFP4004PbF datasheet

Device used: IRFP4004 HC MOS

Vgs(th) vs. Tj @ 1d=250 pA
4
35
)
z 3 ~~
1 \
=
=
25
2
-50 0 50 100 150
Tj, Temperature (° C)
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Chapter 9. Demo 7: Thermo-trigger function

Test flow of Vth shift measurement using the Thermo-trigger function:

Thermo-trigger demo measures the Vth drift of the power MOSFET.

The test procedure is shown in figure 9-1.

Follow next steps by referring to the numbers shown in the figure.

Step 1. First, the MOSFET case/body temperature is heat up by using self heating

of the lg-Vd repeated measurement.

Step 2. After about 8 °C temperature rise, we start Vth measurement by using the

thermo-trigger function.

Step 3. Each Vth measurement is triggered by following the pre-defined Thermo-

trigger list.

Step 4. In the demo, two thermocouples are used, one to measure the MOSFET
body temperature and the other to measure the test fixture temperature

as a reference to measure the relative temperature rise of the MOSFET.

Figure 9-1. Test flow of the Vth shift measurement.

IRFP4004
HC MOS Self-heat
the MOSFET
4, | 1.
/ T1-rise>
Thermocouple: T1 8°C?
Start Thermo-trigger 3.
: measurement Thermo-trigger List
Thermocouple: T2 Temp Center Radius Delay |Action
. 1[fi-tz  +|5deq.C D0.5deg.C 0s TRIG
Set Thermo-trigger 21112 4deg.C  05deg.C 0s TRIG
Target Temperature: T ENSE 3deg.C  05deg.C Os TRIG
47112 2deg. C 0.5deg.C Os TRIG
S 5 T1-T2 1deg. C 0.5deg.C 0Os TRIG
| !
2. T1-T2<>
. T Radius?
Thermo-trigger
Repeat ™
Measurement

Trigger Vth
measurement

End of Thermo-trigger
measurement
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Chapter 9. Demo 7: Thermo-trigger function

Route the wire between the output terminal panel of the N1265A Test Fixture and
the inline package socket module as shown in the figure.

4 Wiring instruction:
The SMU wiring is the same as the Vth measurement in section 3-1.
Refer to section 3-1 to set the wiring inside the test fixture.

To set the thermocouple to the N1265A Fixture:
- Set two thermo couples to the "K. Thermocouple #1 and #2 inputs socket as

shown in figure 9-2.
Note: The detail is shown in next.

Figure 9-2. Thermo-trigger wiring.

. .SM'J . iy
) - T ] 3 m
o Faoe T o Faoe e Seree
Hgn
O
-
o
ol A
Heh Low
Hah
Ow O ||"Qa
1 |- 0O
1 2
Thrrmeagi e
3. ;mitter N1265A-041
 Source 1 2 Thermocouple (3m leads)
E ) 3 () -
Force | | Sense| orce ense Force | | Sense| L
2. Collector/ 123 ! 1.Base/
Drain Gate
=
Base| Collector |Emitter
"f"‘ Gate| Drain | Source %I

i—% Inline Package Socket (3 Pin) iﬁ;

Figure 9-3. Thermocouple setup.
Type K thermocouple plug

Backside View
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Chapter 9. Demo 7: Thermo-trigger function

Figure 9-4.
EasyEXPERT
Configuration: UHC.

148

4 Thermocouple setup:

Set the thermocouples by following the next steps and numbers shown in figure 9-3.
Step 1. Set thermocouple K socket to the N1265A #2 thermocouple input socket.
Step 2. The enlarged socket is shown.
Step 3. Insert the thermocouple socket as shown in the figure.
There are thick (- mark) and thin (+ mark) side in the socket, and meet the
same type when mating the socket module.
Step 4. The picture shows the enlarged back side of the socket.
Step 5. Put #2 thermocouple to the base of the socket module by using sellotape.
Step 6. Set another thermocouple to #1 socket of the N1265A.
Step 7. Put #1 thermocouple to the back side plate of the MOSFET.

& EasyEXPERT Configuration setup

Before starting the measurements with UHCU, UHC Expander/Fixture configuration
is necessary.
To Configure UHCU:

Follow the next instruction by following the steps shown in figure 9-4.

Step 1. Click Configuration icon.

Step 2. Click "UHC Expander / Fixture" tab.

Step 3. Click and mark the check box of "Enable Ultra High Current Unit".
Note: V/I control SMU should be set already.

Step 4. Click and mark the check box of "Enable Selector".

Step 5. Make sure check mark is set for Enable Gate Control.
Step 6. Select SMU1:MP for default output.

Step 7. Check both the Channel 1 and 2 of the Thermometer field.

Step 8. Click "Apply" button.
Click "Apply" button renews the active selected module.

Step 9. Click "Close" button to close the Configuration window.

e 20 Cfsplay  Help
I/\ Trace

Setup Name: |[ID-VDS

Configuration

Main Frame | Modules | Dual HCSMU Combination | Module Selector|] UHC Expander / Ficture | HVSMU Current
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HVSMU: l—L| ' (100k chm) for HYSMU
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SMU: SMUL:MP

L= | 7, Thermomete
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Chapter 9. Demo 7: Thermo-trigger function

& Setup of "Vth Vgs(off)" Application test:

For measuring the Vth, we use the same setup used in chapter 3 Demo 1 as shown
in figure 9-5.

Follow the steps shown in figure 9-5.
Step 1to 5:

Use the same setup of Demo 1, Vth measurement.
Note: Make sure the following two points:
- MeasMode : Vth
-Vth is defines at Id = 250 uA.

Step 6. Click Single Measure button, and check if the Vth obtained is reasonable.

Figure 9-5. Vth setup of Vth Vgs(off) application test.

3.
i |category - | @|vth vgs(off) | setup Name: [vth vgs(off) |
§ | MSCA? 4 /[Device Parameters
1.15 fopc
£ | powermdT Polarity: [Nch | Temp: [250deg &)
3 PowerDiode
? | PowerMOSFE
= SIC
% Structure w
% Library -I Test Parameters
,h_] e Memo: l
E Vth Measurement » !g
—_— VirVoe(e ID-VDS
i}
= D
é 2' § . 5.
= MeasMode: [vth o
= = Drain: [SMULMP - 'th vgs(off)
ime: - +
IntegTime: [SHORT Vi m
: [sMuzmc - =
tate: - s 6 Idlimit: [10.0ma &
Loy B
Ygart + Id@avth_vgsoff: |[250us & «
vgStop: [S.00v  B| [T |
vgStep: 20my B g
o
Source: [GNDUGNC ~| Next Page Vgs(off) Measurement Mode
243 [vth g v
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Chapter 9. Demo 7: Thermo-trigger function

@ To setup the Thermo trigger list:

Follow the next steps and the numbers in figure 9-6.
Step 1. Click Application Test tabs.

Step 2. Click Run Options button.
Run Option window opens.

Step 3. Check "Record Test Data Automatically” check box.
Note: If this check box is set and repeat measurement is executed except the
Tracer Test mode, Repeat measurement Setup window opens when the re-
peat measure button is clicked.

Step 4. Click Repeat Measure button.

Step 5. Repeat measurement Setup window opens

Step 6. Check "Automatically fill in Device ID" check box.
Step 7. Check "Enable Thermo-trigger" check box.

Step 8. Click "N1265A Thermo-trigger List ..." button.
Step 9. Thermo-trigger List box pops up.

Step 10. Click #1 line of Temp cell.

Step 11. click T1-T2 setup.

Follow the steps shown in figure 9-7 from step 12.

Step 12. Set the parameter of #1 line as follows;

- Center: 5 deg.C

- Radius: 0.5 deg.C

- Leave the other parameters as the default set.
Step 13. Click Add button.

New entry field opens.

Set the parameters as shown in column 2 of Thermo-trigger List of figure 9-
7.

Figure 9-6. Setup the Thermo-trigger List 1.

| Quick Test | Tracer Test | Classic Test] Application Test

=

»

i

@ Vith - Agilent EasyEXPERT

cl'ﬁi\z‘.ﬂ:

Run Option

o - B~ Z i o e

cord Test Result Data Automatically

Radus  Delay

ldeg.C  Os TRIG I Repeat Measurement Setup
37 Repeat Procedures

5 Count: |1 0|
L pevice Io:

Allocate Data Display for each test

Start Procedure:
i

[ = Browse...
=

Argumem:l

Tteration Procedure:

[ = Bowse...

Arguments:

Final Procedure:

' = _oowse.. |

Ve 1)

Arguments: g
6 ‘ W tically fill in Device ID
trigger

s 7.0 ghbed henmo-tigger 8, [z memosmager i |
S0 e
|mtshpmﬂ&m Run

List Display

Sto by:

Index |

Vdgin |

107
108
109

1.0000 Vv
1.0000v
1.0000 v

P
idrain | Vgate | Tgate | it F—] Bort

168.60 uA 312000V Frnk]| B Comteereachimtes s, B

198.40 UA 3.14000 V 10.3nA [¥ Reset counter before repeating

233.65uA 3.16002 V 2504 Cancel

™ Procedure return condition

i ore o]

150

Vth
ith

8/2/2012 11:34:20 AM 1

Q17017 10:34:04 AM &

|[4]dr:4.8deg. ¢ [F2] Multi Display OFF [ ] Stanchy OFF  [§ MU Zero OFF  [55] Auto Export OFF [3] Auto Record ON

&) STV o Ay e |



Chapter 9. Demo 7: Thermo-trigger function

Step 14. Repeat step 13 for column 3 to 5 of the Thermo-trigger List and fill the pa-
rameters as shown in the following table.

Temp Center | Radius Delay Action
1 T1-T2 { 5deg.C {05deg.C; Os TRG
2 T1-T2 | 4deg.C {05deg.C; Os TRG
3 T1-T2 | 3deg.C {05deg.C; Os TRG
4 T1-T2 | 2deg.C {05deg.C; Os TRG
5 T1-T2 | 1deg.C {05deg.C; Os TRG

Step 15. After setup all the thermo-trigger list, Click OK button.
Now the temperature list is setup in the EasyEXPERT menu.
Note: If you re-use the list, you can use the Export and Import function.

Step 16. Check "Counter reaching to:" check box.

Step 17. Set counter number to 5.
Since the Thermo-trigger list is 5, the measurement stop condition is set to
5.
Step 18. Check "Reset counter before repeating” check box.
By this setup, the repeat counter is reset to zero when starting the repeat
measurement, and the counter increment one at each repeat measurement
Step 19. Now, we click "cancel" at this time to return to setup, because we have to
start the self-heating measurement at first..

Figure 9-7. Setup the Thermo-trigger List 2.

13 | Delete | Up 1 Down |
Temp }Center |Radius Delay |Action
12.111-12 ~|5dea.C 0.5deg.C 0s TRIG
27172 4deg. € 05deg. C 05 TRIG
14 3:T1-TZ 3deg. C 0.5deg.C 0s TRIG
' 4[11-12 2deg. C  0.5deg.C Os TRIG
5/T1-T2 1deg. C 0.5deg.C 0s TRIG

I ¥ Automatically fill in Device ID

] ] 15.m = o | ¥ Enabled Thermo-trigger N1265A Thermo-trigger List... |

I~ Procedure return condition
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Chapter 9. Demo 7: Thermo-trigger function

4 ID-VDS Tracer Test setup for self-heating:

Set ID-VDS Tracer Test by following the next steps and numbers shown in figure 9-8.

Step 1. Set the following VAR1 and VAR2 test parameters by selecting ID-VDS sam-

ple menu.
VAR1
Output V
Mode Start Stop NOS |Interlacing | Compliance |Pwr comp ::;p
LIN-SGL oV 60 V 21 1 501 A 3 kw 3BV
Pulse Pulse Pulse Dual .
i i Hold Time
Base Delay Width | Polarity
ov 0s 100 us OFF 0s
VAR2 Pulse Pulse Pulse .
Start Stop NOS |Compliance |Pwr comp . Hold Time
Base Delay Width
45V 6.5V 5 100 mA OFF ov 0s 120 us 0s

Step 2. Now the thermo-couple temperature is shown in real time in this field.
Click the field and set to show dT: T1-T2 deg. C.

Step 3. Click Repeat measure button.
The repeat measurement starts, and temperature of the MOSFET starts to

rise.

Step 4. The temperature rise is shown in real time in Thermometer field.
When the dT reaches about 8 deg. C, Click Stop Measure button for chang-
ing to the thermo-trigger Vth measurement.

Note: The temperature of the MOSFET starts to cooling down, and we have to start

the thermo-trigger Vth measurements before the MOSFET cools down to 6

deg. C dT.
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@ To start Thermo-triggered Vth measurement:

Follow the steps shown in figure 9-9 from step 5.

Step 5. Click Application Tab.
The Vth measurement setup should be there.
If not, maybe you can recall from My Favorite setup or from the Result data
area.

Step 6. Click Repeat Measure button.
Repeat Measurement Setup window opens with the previously set condition.

Step 7. Click Run button.

Step 8. The first measurement starts when the dT is reached within the radius of the
target temperature.

Step 9. While waiting the trigger temperature, the target temperature is displayed.
Step 10. The real time temperature is shown.

Step 11. The Vth measurements are repeated and the status of the thermo-trigger list
is renewed to the latest one.

Step 12. dT is renewed also.

Figure 9-9. Thermo-triggered Vth Test.
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Chapter 9. Demo 7: Thermo-trigger function

Figure 9-10 shows an example data display of Vth measurements.

#1. The Vth measurements triggered by the thermal-trigger list are saved in the
Results area.

#2. Each measurement extracts Vth in the Parameter field.
#3. The T1, T2 and dT (=T1-T2) are automatically saved in the Device ID field.

We can easily extract the Vth and the T1 data, and figure 9-11 shows an example
Vth plot from this demo results.

Figure 9-11 plots T1 versus Vth that is extracted from the demo measurements.

The linear regression line is drawn, and it shows the Vth temperature coefficient of
IRFP4004 is -9.2 mV/°C.

Figure 9-10. Vth Display Data by Thermo-triggering.
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Figure 9-11. Vth shift vs. case temperature.
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Review:

e The extracted temperature coefficient of Vth in figure 9-11 is -9.2 mV/°C.
The value from the datasheet (see the first page of chapter 9) can be read
about -9 mV/°C temperature coefficient for ID=250 pA curve at around 25°C
case temperature.

e Itis a good match with the test result from the B1505A.

e We used self heating to increase the MOSFET temperature, but there would be
another choice such as to use hear dryer to warm up the MOSFET.

Summary of Demo 7

Through the demonstration, the following items are covered,;
e How to use the thermocouple.
e How to operate the Thermo-trigger function.

e Using auto-analysis, the automatic Vth extraction in the Application Test is
very easy to extract device parameter.

Note: Using Classic Test mode can implement the auto analysis capability
quite easily.
Next chapter demonstrates such an example.

e The demo results can expect a good much with the datasheet parameter.
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Chapter 10. Demonstration 8: Tracer Test to Classic Test conversion

Automatic parameter extraction

Contents:

Objective:

Features:

Fil= Data Displq(/— [iAptice.. Help

10. Demo 8: Tracer Test to Classic Test conversion.

Automatic parameter extraction.

This demo covers the conversion of the Tracer Test setup to a new Classic Test

mode test definition.

By converting the Tracer test to a Classic test definition, the following merit can be

obtained.

Auto ranging mode for current measurement is applied (as default) to cover

wide range and accurate measurement.
Note: Tracer Test mode uses fixed range to keep the maximum speed.

Auto analysis can be added easily.
More X-Y graph display format can b

List Display can check many data an

Tracer Test sample setup menu can
of the Classic test mode definition.

e added for each test.
d data status.

be used to setup the measurement portion

By using this approach, a tedious setup process of the basic test setup of the

Classic Test mode can be elimi-

nated.
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Chapter 10. Demo 8: Tracer Test to Classic Test Conversion

In the Demo 2-3-1, we measured RDSon ID-VDS (see Tracer Test in previous page).

In this demo, we convert this Tracer test definition to a Classic test definition, and
then, add an auto-analysis capability.

In the Classic test definition, we are adding the following operations to extract Rds.
1. Activate Marker.
2. Move the marker to Id = 195 A.

3. Read Rds(on) value at the marker position.

4. Display Rds (on) to the Parameter display field.

@ To Convert Test Definition from Tracer Test to Classic Test:

You can easily convert the Tracer Test mode definition to the Classic Test mode.
Please recall the Rds(on) Tracer Test setup for converting it to a Classic test

mode .

Follow the next steps and numbers shown in figure 10-1.;

Step 1.
Step 2.
Step 3.

Step 4.

Step 5.

Step 6.

Set a proper test name in Setup Name field. (RDSon ID-VDS)

Click Save button on your proper group of My Favorite Setup.

The Tracer Test definition is saved to Rds_ON My Favorite group in the
example.

Click Classic Test mode tab.

Classic Test mode GUI opens.

Select target Tracer test definition by clicking on the icon in My Favorite
Setup area.
Click RDSon ID-VDS Tracer Test icon in the example.

Click Recall button.
Tracer Test mode definition is automatically converted to Classic Test
mode definition.

Figure 10-1. Tracer Test mode to Classic Test mode test definition conversion.

Tracer Test mode » Classic Test mode
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Chapter 10. Demo 8: Tracer Test to Classic Test Conversion

Let's check the converted classic test definition.

All of the parameters are converted as shown in figure 10-2 for;
Step 1. Channel Setup,

Step 2. Measurement Setup.

Step 3. Sweep status is the same.

Step 4. ADC time is 50 us.

Step 5. Pulse settings are the same.

Step 6. User Function: RDSon is converted.

Step 7. Display set up for X-Y Graph is converted.
Note that List Display is added for the same parameter of X-Y Graph.

Figure 10-2. Tracer Test mode to Classic Test mode test definition conversion.
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Chapter 10. Demo 8: Tracer Test to Classic Test Conversion

You can add an automatic analysis capability in the Classic Test mode.

¢ To Add Automatic Analysis Function:
Follow the next steps and the numbers in figure 10-3 to add the automatic analy-
sis capability.
Step 1. Click Auto Analysis Setup tab.

Step 2. Set Marker as shown in the figure:
- Check Enable Maker check box.
- Enter the marker analysis condition to ID = 195 A that is the
specification condition of the Power MOSFET.

Step 3. Set Interpolation Mode to active by clicking the check box.
Step 4. Click the Function Setup page.
Step 5. Set Analysis Function as shown in the figure.

Note: @MY function reads the Y1 axis data of the marker, and the equa-
tion set the @MY value to the Rds_on variable.
We are going to display this data in the Parameter Display field.

Figure 10-3(a). Adding Auto Analysis on Classic test definition.
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Chapter 10. Demo 8: Tracer Test to Classic Test Conversion

Continued from the previous page.
Step 6. Open the Display Setup page by clicking the tab.
Step 7. Add X-Y Graph parameter as shown in figure 10-3(b).
Step 8. Add parameters in List Display.
Step 9. Add the Rds_on parameter to the Parameters field.

Step 10. Set a proper Classic Test Setup Name.
The example put "CT" that denote Classic Test.

Step 11. Click Save button.

Step 12. This action will save the new test definition to My Favorite Setup group in
classic Test mode.

Step 13. Click Single Measure button.

Figure 10-3(b). Adding display parameters on the Display Setup tabs.
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Chapter 10. Demo 8: Tracer Test to Classic Test Conversion

The ID-VDS CT classic test results are shown in figure 10-4..

The demo example output is explained by following the next steps and the numbers

shown in figure 10-4.
Step 1. X-Y Display plots RDSOn - ID curve.

Step 2. Marker is automatically locates at specified ID=195 A point.

Step 3. The marker Y1 axis data is shown as extracted parameter in the Parame-

ters field.

On resistance is 1.64 mQ that is lower than the 1.7 mQ specification at

ID=195 A.

Step 4. List display lists all the specified parameters with marker position with a

highlight.

Now, you can refer to these parameters handy without any additional operations.

Step 5. Note, optional:

Clicking "Show Graph Legend" displays the setup parameters on the X-Y

graph.

Figure 10-4. Rds_on vs. Id characteristics: Classic test result with auto analysis capability.
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Conclusion:

e Converting Tracer Test to Classic test definition is quite simple

e Adding Automatic Analysis and Display parameters are also a very easy task.

e The combination use of the Tracer Test mode and the Classic Test mode pro-

vides easy to use environment on the B1505A.
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Chapter 11. Demo 9: Reporting

Chapter 11. Demonstration 9: Reporting
Data Analysis on your PC

Contents: Demo 9: Reporting
This demo handles the topics relating the reporting.

When you make a repot, such activity as analyzing data, converting data and trans-
ferring data between your application software, is necessary.

Demo 9 covers the following topics.
1. Desktop EasyEXPERT
2. Display/Recall Data
3. Copy Graph
4. Copy List data
5. Export/Import Results Data
6. Export/Import My Favorite Preset group
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Chapter 11. Demo 9: Reporting

1. Use of Desktop EasyEXPERT

* Off-line” test & analysis environment
* Benefit:
* Improve the efficiency

any time.
* On your PC environment

application.
» Maybe, large screen work area
* Off-line
* No B1500A H/W required
* Test library development.

+ Can access to EasyEXPERT and the measurement data at

» Measured data processing for familiar Windows

*: Can be used on-line if connected to the B1500A via GPIB

Option: Use of Desktop EasyEXPERT

Using Desktop EasyEXPERT for reporting purpose is a good alternative idea.

e Because it is off-line, you can access to your measurement data at anytime if
once your measurement data is exported from the B1505A and imported to your

Desktop EasyEXPERT.

e Since you can use your PC, you can use your familiar application for farther ana-

lyzing the measurement data and creating your report.

e If your desktop area is large, it surely improves the data handling inside Desktop

EasyEXPERT and your applications.

Note: This demo does not require Desktop EasyEXPERT.
If to use Desktop EasyEXPERT, refer to Appendix 2.

Note: On-line use of the Desktop EasyEXPERT software

Desktop EasyEXPERT can be used on line as exactly the same way as EasyEX-
PERT on the B1505A if your PC and the B1505A is connected via GPIB.

Therefore you can access to the B1505A measurement recourses without export-
ing your test library which is developed on your off-line PC or new setups.

The measurement data is automatically saved on your Desktop EasyEXPERT, and
there is no need to export the Results data from the B1505A and importing to

your PC.
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2. Recall/Display Data
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4 To Recall/Display Data:

To Recall/Display Data in the Results area, follow the next steps by referring to
the numbers in the slide.

1.

Right click on the data line, or

Recall or Re-Display Result Test Data For Analysis
The Test results saved in the List data area of EasyEXPERT can be recalled or
displayed in any time.
The data recalling capability is useful for analyzing your data and making a report
after all the data is taken or after you move the data to Desktop EasyEXPERT.
There are following two ways to display the test result.

Display Data: Displays only the test data in data display window.
You can make analysis on the displayed data.

Recall: Recalls both the data display window and the setup data.

Recalling data is useful when you need to check the measurement setup, or
want to make a measurement again after reviewing your data.

select a line -> click Results bar opens the function menu.

2. Click Display Data or Recall.
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3. To Copy Graph Plot
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To Copy Graph Plot

The above slide shows an example of the copy and paste operation.
The graph displayed on the data display window can by copied to the clipboard.

You can paste the graphic image to other Windows application, for example, a word

processing software.

¢ To Copy Graph:

In the above example, the graph image is pasted to the WordPad.
To copy Graph, follow the next steps by referring to the numbers in the slide.

1. Open the data display window to copy.

2. From the file menu, select the "Edit > Copy Graph menu" on the Data Dis-

play window.

3. Open WordPad (or other application)

- Select the Edit > Paste menu on the WordPad.
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166

3 Eay PR
2. FUEHE View Marker Cursor Line Windaw Help
| S0 ci-C |- (G e - A -
e

Copy List

Paste to Notepad

Graph Proparties..
1 ige  List Display Properties. .

-840, 000000000008 F5
-1.73898330595988 ps
52 ps

,000000000]

[B) e gt o rumn bgem oo Qs b te

[T B = o B

| ]

IDSHe SBT |4 |-
=] = {

To Copy List Data

The above slide shows an example of the copy and paste operation.
The data list shown on the data display window can be copied to the clipboard.

You can paste the data to other Windows application, for example, Window Note-
pad software.

4 To Copy List Data:
In the above example, the data list is pasted to the Notepad.
To copy List data, follow the next steps by referring to the numbers in the slide.
1. Open the data display window to copy.

2. From the file menu, select the "Edit > Copy List" menu on the Data Display
window.

3. Open Notepad (or other application)
- Select the Edit > Paste menu on the Notepad.

Note: The copied data is the same format as displayed in the List display area.

If you past the data to a spreadsheet for analysis, you may need to change
the number format in List area.
(See next page.)

Note: Copy Parameters function

As same as the Copy List function, the Copy Parameters function is used to
copy the data in the Parameters area.
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4-1. To Change List Display Properties

2. Edit > List Display Propelrties... 1.

List Display
Index | va|
-500.0 mv

[ Froperties... | ]

VAT A

-465.0 mV
-430.0 mV
-395,0 mv
-360.0 mV
-325.0 mV
-290.0 mV

- T AT

Data Status

Physical Unit
List Display Properties l
Display

¥ Data Status ¥ Physical Unit Example: @ -1.2345 @

Number Format
& Engineering Format (with Unit Prefix) = Example: -1.2345 mA

L/t Noicton — Example: -1.23456789012345E-003 A
0K I Cancel | Apply |

To Copy List Data in a Different Format to use with Spread Sheet Application

There are several formats in displaying the List Display.

The dialog box shown in above slide is used to set the data display format in the List
Display area.

& To Open the List Display Properties Dialog box:

To open the List Display Properties dialog box, follow the next steps by referring to
the numbers in the slide.

1. Click the "Properties..." button in the List Display area or

2. Select "Edit > List Display Properties..." menu of the Data Display window.
3. List Display Properties box opens.

Display area:

Check the following check box to add the data status or the physical unit to data.
Un-checking the box removes it.

+ Data Status: Adds or removes the status code before data.

* Physical Unit: Adds or removes the physical unit after data.
Number Format area:

Selects the data display format from the following formats.

* Engineering Format (with Unit Prefix):
Data display with arithmetic point, SI prefix, and unit.
Example: -1.2345 mA

* Scientific Notation: Dl:plav’ — -
Data display with arithmetic point, exponential part I DataSta.s I Physical Urit
(E, +/- sign, and three-digit number), and unit. T ——
Example: -1.23456789012345E-003 A ¢ Enginsering Format with Unt Prefix)
Note: Ocorerc o
For Spread sheet calculation, use these properties: [ ok | cocel | appy |

(Check only "Scientific Notation") ‘ 167
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5-1. To Export Test Record

Suggested format to

5| e i export the test record.
3 o [0 W]
]
g
s ||
4
3| cancel Export As Test Result...
Select All Export As Compressed Test Result..
Unselect Al Export A5 CSY...
[Export As XML Spread Sheet,..
Display Data 4 Expart in My Format...
Recall .
2 - Export s TestFile.. |7 | | || & 0 [oesesseeee. o o
&
2, ext ie Expor seteg. | € |
A ]
[Folder Export... |
TG
fuko Export Setting ... |
"""" L, jooome gyt |
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1. Select data rec(_)rd to export, énd right click._
2. Select Transport Data > Export As xxxx.

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

To Export Measurement Data Record
The measurement data can be exported to the external file in a format that the other application
can be used.
4 To Export the Test Record:
To export the test result record, follow the next steps by referring to the numbers in the slide.
1. Specify the data records to export.
2. Click Result button and display the function menu.

3. Select the "Transport Data > Export As xxxx" from the menu list.
xxx denotes the available format.
Windows Explore opens.

4. Specify the file name and the directory to save the data.

Note: Multiple test records can be exported in one file by using "Transport Data > Folder
Export..." menu.

There are the following five formats to export the test record:
* (Compressed) Test Result file: Used to transfer between EasyEXPERT.
* CSV file: Comma delimited text file.
» XML spreadsheet file: A XML file created by using the specified XML style sheet.
* My Format: Delete some part of unnecessary data by using a filter file.
» Text File format: Export only the necessary data by using a GUI based filter.
& Export File Suggestion:

There are many export file format and filter combination. The filter is used to extract the nec-
essary data element from the EasyEXPERT internal database.

The following format is suggested for easy-of-use and satisfactory result for first step users.
* "Export as Compressed Test Result ...": Used to transfer between EasyEXPERT.

* "Export as Text File...": Used to transfer data between the Windows application.
Make sure to set the "Text File Export Setting ..." when using this format.
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b-2. To Import Test Record
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To Import Test Record to EasyEXPERT

The measurement data can be imported to the EasyEXPERT.

This operation would be useful when you move the data to Desktop EasyEXPERT
for off-line analysis and creating a report.

Note:
Only the file exported as "Test Result" or "Compressed Test Result" format can
be imported.

#To Import the Test Record:

To import the test result record, follow the next steps by referring to the num-
bers in the slide.

1. Click Result button and display the function menu.

2. Select the "Transport Data > Import..." from the menu list.
The Test Result Import dialog box is opened.

3. Select the file to import.

169



Chapter 11. Demo 9: Reporting

6. To Export/Import Your Preset Group

e [ata Display Help

Setip Wanw: [500

) tg: [100 7m Ll wgs [10.8 um
| TaMax: [13 ma [l

| sk st | e et | Aopicieon st | o
2 &

i im

[
L

Add New Preset Group
e T | e i Favorite S
, Duplicate f
et s y Favorite Setup

| B ! button

[mport Preset Group .. Detete All
port This Preset Group ...

Organize Preset Group ..
"¢ |;;;| e Cktin !
Bt G Fxport Rt

fonpi [Commme 0 0 =] eEE-
| e

&

]
]
i

7l i

Trng el fdvg3
Tdvd

372112006 9:2(:

Export/Import My Favorite Preset group

You can export/import your preset group.

This operation would be useful when you move the preset group between the
B1505A and Desktop EasyEXPERT.

¢ To Export:

To export the present preset group, follow the next steps by referring to the num-
bers in the slide..

1. Click the My Favorite Setup button
2. Click Preset group

3. Select "Export This Preset Group...", and specify the folder and the name of
the preset group to export.

¢ To Import:

To import the preset group, follow the next steps by referring to the numbers in
the slide..

1. Click the My Favorite Setup button
2. Click Preset group

3. Select "Import Preset Group...", and specify the preset group to import.
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Demo 9: Reporting

Demo 9: Summary

We learned following in this lab:

1. Desktop EasyEXPERT

- Off-line data handling is important to improve the job efficiency in many ways.

- It can be used on-line (to control B1500A from your PC), too.

2. Display/Recall Data is essential for post processing your data.

3. Following functionality is useful for making a report:
- Copy Graph
- Copy List data
- Export/Import Results Data
- Export/Import My Favorite Preset group

Demo 9: Summary

We learned the topics/items listed in above slide.
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To Turn off the B15605A

¢ To Turn off the B1505A:

If this is today's final demo work on the B1505A,
1.  Take off the demo device from the test fixture.
2. Then turn off the B1505A.

2A. Press the Standby switch (lower right corner of the front panel),
or perform Windows shutdown from the Start menu.

2B. EasyEXPERT is closed and Windows will be safely shut down
and the Agilent B1505A will enter the standby state.
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Appendix 1. Supplemental Information for Preparation

Earlier shipment of the demo B1505A did not include the revision A.05.01 EasyEX-
PERT Application Test Library that is used in the demonstration. We are also re-
quired to modify two existing Application Test libraries to meet the demo require-
ments.

If your EasyEXPERT revision is A.05.00, then please download the necessary files
from Agilent web site, and install them before starting the demo.
e To check the EasyEXPERT revision

Open the configuration window of the EasyEXPERT as shown in figure A1-1.

The following section instructs the download and installation procedure.
Please follow the next instructions.

Figure A1-1.

Setup Name: |'IIV Trace

Config:

on

|system Information |
Model Identification: [B1505A Line Frequency: |30HZ b
2 | easyExPERT Rev.: A.05.00.2012.0600 | Firmware Rev.: |A.05.00.2012.0710 %

Host ID: [00089bb7f118

Main Frame Diagnosis

| 1tem Status -
Trigger 1jO

Digital I/O
Touch Panel Switch ) | Unselect All
LCD s |

P |
Interlock, Open ZimE
Interlock, Close - . .
High Voltage LED P | art Diagnosis

Measurement LED

Erant Wau =

INENEREEE

Cloge

=

A1-1. New Application Test installation for EasyEXPERT revision A.05.00

A1-1-1. Download the example file-set from the Agilent web site

Download the application test definition file-set from the Agilent web site by follow-
ing the next procedure.

Procedure:

- Web site:
Visit www.agilent.com/find/B1505A and go to Technical Support area.
Find “B1505A MB3 Demo” and zip file indicator.

- Download:
By clicking the link, you can download "B1505A_MB3_Demo_AT.zip" Application
Test Library file.
Save it to a proper folder of the B1505A s Windows system, say D:/tmp or desk-
top.
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A1-1-2 Extracting from zip compressed file

The downloaded file has to be extracted to the regular Windows file format for read-
ing from EasyEXPERT.

Follow the steps shown in figure A1-2 for extracting files from the downloaded zip

file.
Step 1: Right click the B1505A_P-BJT_HB_Library.zip file.
Step 2: Select "Extract All ..." menu from the pop up window.

Step 3: Extraction Window opens, and click "Next".

Step 4: Select desktop for extracting from the downloaded zip file.
Then click "Next".

Step5. Windows Explore opens.
All the files are extracted under the specified folder.
In the example, "B1505A_MB3_Demo_AT" folder on the desktop.

Figure A1-2. Extracting the downloaded zip file.

1. Right click zip file
] b G e e 3. Select/Set the folder
Select a Destination and Extract Files to extract Zip files
[ Files will be extracted to this folder: h
Open with... C:\Users\B1500User\Desktop\B1505A_MB3_Demo_AT| ) Browse...

[¥] Show extracted files when complete

2. Select “Extract All”
Kestore previous versiong

Send to

Cut

Copy
Paste

4. Press "Extract”
Create shortcut

Delete
Rename

Bdract | [ Jancel

Properties 5. Zip file is extracted

@Qvl |. » BI50SA_MB3_Demo AT

Organize « Include in hibrary = Share with = Bu

MName

® lc-Vge for Expanders.atd
‘ Id-Vgs for Expanders.td

W Favorites
Bl Desktop
& Downloads

. Recent Places
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Appendix 1

A1-1-3 Setup of the downloaded Application Test files to the EasyEXPERT soft-
ware

Import the Application Test definition to EasyEXPERT by following the next steps.

[PROCEDURE] - See figure A1-3

Step 1: Press “Application Test” tab.

Step 2: Press “Library” bar of EasyEXPERT.
Library menu opens

Step 3: Select “Import Test Definition” from the Library menu.
Windows Explorer opens.

Step 4: Find the folder where you extract the example file set.
And select two Application Test definitions as shown in the figure.

Step 5: Press “Open” of the Windows Explorer button.

All the Application Test definitions are imported in to the EasyEXPERT Appli-

cation Test Library.
Step 6: Check IGBT and PowerMOSFET check box of the Application Category field

All the Application Test definitions included to theses categories show up in

the Library field.
Step 7: Enter “Ex” to the search box.

Only the Application Test definitions with “ex” in the test name appears on

the Library field.

Step 8: The new Application Test definitions appear in the Library window.
Check if these Application Test definition exist.

Figure A1-3. Importing the Application Test definitions.

= File Data Display
3|[category _ ~| STE ER P
5 PMIC Category -
\E| | PowerIT 6. Check & -
=]l PowerDiode o " —_—# / -
=) | PowerMOSFE 2l Choose test categories from the IGBT” & ] Interconnect
] e "PowerMOSFET" T |O mscw
uy = " PMIC =
% Utility ; Z.Eress Library nitions in the librar check box. % PowerBIT
= |Library ¥ Cancel | PowerDiode
7 — .
= - 2 Define New Test... 4 4 PuwerHOSH,
Bl v Open Definition op T 3, Select “Import Test Definition —-
§ Delete Definitiorgf 1 rus 1est %
- | e
3 ﬂ Import Test Definition € Test Definition Import e &
S v =—— S— ]
Z|  Rds1d - ) g | 1d-vgs for
Lookin: [ )} 815054_MB3_Demo_AT - «EcrEY Biposdere
e T Date modified Type e
Ki-vgs = - @ 1c-Vge for Expandersatd T/31/2012438PM  EasyEXPEI =
[’ld-\fgs for Expandersaad  J 7/31/2012 403 PM __ EasyEXPEI Ie-vge for
- Expanders,
1. Press Deskiop
“Application Test” o 4. Find the imported library set,
=all and select them.
Lbraries Application Test
A Definitions
Computer
"‘.\
Network:
(7] J
File name: I Id-Vigs for Expanders xid™ "lc-Voe for Eﬂ.‘-andr:i 24 |Ex E
Files of type: |EasyEXPERT Test Defintion Fies
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A1-2. Modifying the Vth measurement Application Test definitions

The following two Application Test Definitions included in the EasyEXPERT revision

A.05.00 do not support MPSMU that is used in the demonstration to measure Vth of
the IGBT and the power-MOSFET.

e Vth Vgs(off): Vth or Vgs(off) measurement (A.05.00)
e Vth Vge(off): IGBT Vth or Vge(off) measurement (A.05.00)
These two Application Test definitions have to be modified before the demo.

Note: MPSMU is supported in later revision than EasyEXPERT Rev. E.A.05.01, and
you do not need to make the modifications described in this section.

A1-2-1. Modification of Vth Vgs(off) - Power MIOSFET:

Follow the next steps and the numbers of figure A1-4 to modify the Application Test
definition for Vth Vgs(off).

Step 1. Click “Application Test” tab.
Step 2.& 3. Check “IGBT” and “PowerMOSFET” Application category.
Step 4. Enter “Vth” in the search field.

Step 5. Right click the Vth Vgs(off) test definition.
Application Test definition menu opens.

Step 6. Click “Open Definition of This Test ... ”
Test definition editor window opens (Figure A1-5)

Figure A1-4. To open the Application Test definition.

~Eile Data Display Help
1. g = @]:Vth Vgs(off) Setup Name: |Vth Vgs(off)
§ « |Device Parameters
% | Interconnect = | Polarity: [Nch iI Temp: |25.0 deg B
=2 *°3 Demo
= 3_ sCap
44
-% |., PowerBIT |-
o
- | Library ~  Cancel Extended Setup __ ~
E b. ﬂ 6. Define New Test... r
E IVth Vgs(off) [ Open Definition of This Test.. )
= Delete Definition of This Test
Ll D
5| . Import Test Definition... L
=
© lvth vaelo Export Test Definition...
e i — Drain: |SMUS:HC vi
IntegTime: |[SHORT "I o3 ' m
Gate: |[SMU4:MC ~ ) s % SEs m
[loov  H|
VoAt + Id@vth_vgsoff: |[1.00 mA ii
VgStop: IID‘DV il L
vgstep: [100mV i [ ]
4,
Source: |GNDU:GNC vi Next Page Vgs(offy Measurement Mode
4 |Wh E B

171



Appendix 1

Step 7. Test definition editor is shown.

Step 8. Scroll down the vertical bar of the Test Parameter Definitions area until

Drain term shows up.

Step 9. Click line area of the drain term to focus the control.

Step 10. Click Resource Types button.
Step 11. Define Resource Type window opens.

Step 12. Click “Add” button.
New resource input field is added.

Step 13. Select MPSMU from the resource menu.

Step 14. MPSMU is set as an available resource type.

Step 15. Click Close button.

Figure A1-5. To modify the Application Test definition.

€ Vth Vgs(off) 7

Tect Informatinon

Category: |PMIC,PowerMOSFET,SIC

Test Name: |Vth vgs{ofT)

B|[he specifiec value) or Pch (SMUs force the negative specified value). &

1]

10.

Resource Types. |

SMUZ:M
Cc

Test Parameters Definition |
Background: [C:\Program Fies\Agient\B1500\EasyEXPERT\G! _Browse... i EI. iayout. | Add peiete | ip | own | iT
. P 8.
Name: Type: Default: Description: Align: Xz Y: Width: Ext
c |IngnRznga SIStr'ng jllDuA ﬂ"l‘l.lm range for the gate cumrent measurement! = [10 ﬂ|330 §|ao ﬂ =2 '_"
 [Source mjMoguie v |GHDU:GID v ||d to source terminai, constant voicage output B v (2408|340 |80 B|i
g @ {!Dmﬂ SIModule L.I ;_EIJ connected to drain terminal, voltage output! 2 [53 !_”130 !_\!80 E_| r
c |vd m[Numeric ¥ |[1.00v 8][orain vottage ®m 530 Blieo Bllso Bl j (—
¢ [dLimic ®[humeic - |[10.0 mA | [Drein current compiance = (530 Blfisc Blsc Bl | _

Ol 5 el
1

9 @) [0y =y (55 b
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Deﬁn.eksource'l’yps i 12. ourceTypes Iﬁﬁuﬂsﬂllﬂ'fyps Define Resource Types
Delete Delete Add Delete Add Delete
c fweswu 4] c [wesmu -] e [wesmu o] e [weswu o]
e [mesmo ] e [wesmu o] e [wesmu o] e [wesmu o]
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Step 16. Click File -> Save
Step 16. “Confirm Test Definition Overwrite” window pops up.

Step 17. Click “OK” to confirm the overwrite of the test definition.
Close the Application Test editor.

Figure A1-6. To save the new Application Test definition.

Svasto G (.05.00) a
r MOSFETOE LA k- '~ M AR, LECETES:
Tcon: |C:\Program Files\Aglent\B1500\E2syEXPERT\Gr prowse... | dlear | e ) ﬁ*—?@”‘-'ﬁ‘ -
_ J Al1-2-1 HH : = Vas
Device Parameters Definition bl [ g

(,oﬂ}= :

Add | Delete | |

[ Resource Types.. |

Lok

Test Paramelers Definition ]

Name: Type: Default: Description: Align: X: v: Width:  Ext:

© jiglirRange =

string —jjioua _=|jnum range for the gate current measurement @8 |7 100  H|[330 ®jjs0  E| @ o

=

& [prain = Module < |[SMUL:MP _=|[J connected to drain terminal, votage outputes ¥ 520 E|[130 ®|[so &I

e |vd = humeric 100V 8][prain voitage m @[50 &f160 Elso R[] *J

€ jidumie =8| Numeric ~[10.0 mA #j[prain current compliance = |7 [520 ®E|j1%0 @je0 @[ I
ole|a|a] o a IEECEER

A1-2-2. Modification of Vth Vge(off) - IGBT:

e DataDisplay Help Modify the Vth Vge(off) Application Test definition by following the same steps for
the Vth Vgs(off) from figure A1-4 to A1-6 by changing the step 8 as follows:.

! :3“"3&:"10 | Replace step 8 line of figure A1-5 with the following step.

Step 8. Scroll down the vertical bar of the Test Parameter Definitions area until
vl Powe -

Collector term shows up.
I.Mry "| Cancel

Qulrk Tact | Tracer Test |CIasslc Test{| Application Test ]:1

6. Definen

mgsm (_Open D¢
Delete D

Import T

Vth Vge(off) l Export Ti
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Appendix 2. Desktop EasyEXPERT Software

You can install Desktop EasyEXPERT software on your Windows PC.

Desktop EasyEXPERT holds exactly the same capability of the B1505A s EasyEX-
PERT, and it expands your B1505A demonstration in the following aspects;

1. You can keep all the measurement results made on demo B1505A,
and recall the test results after you return the demo B1505A or even
in offline.

You can check EasyEXPERT functionality in offline.

3. You can use a larger window area of your PC when analyzing your
data with the PC software.

4.  If you want, you can control B1505A from your PC as the same way
as the native B1505A s EasyEXPERT.

® To Install Desktop EasyEXPERT Software
Follow the instruction of the Desktop EasyEXPERT installation.

® To Start Desktop EasyEXPERT (Offline Mode):
1. Click the "Desktop EasyEXPERT" icon on your Windows desktop.

2. Start EasyEXPERT window opens

GPIB Communication

1.
| " Online
Execution Mode...
- - - VISA interface ID; I__|
EasyEXPERT Database GPIB address! | ¥
3. @Oﬂine

Model: |g1soss -

[E1so0s |
— [FEED

4,
3. Before starting Desk- 5.
top EasyEXPERT, we
set Desktop EasyEX-
PERT options as shown next.

|

Step 1. Click "Option".
Step 2. Click "Execution Mode..."
Execution Mode window opens.
Desktop EasyEXPERT has following two operation mode;
1. Online mode:
Such as B1505A, B1500A and 4155/56 B/C can be controlled
via GPIB.
2. Offline mode:

Creating application library and data analysis can be made.
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Step 3. We'll select offline mode.
Check "Offline".

Step 4. Select measurement model: Click "B1505A"
Step 5. Click "0OK", and close the Execution Mode window.

File  Option

Start EasyEXPERT

4.  Click Start EasyEXPERT button.

Offline mode B1505A Desktop EasyEXPERT opens.

Eiifﬁf
La—

0 Crocse test categores from the et ares.

| Gua Tt | e Tt | i Tt | Apbcaten Tt F
ﬂt

Jose TCout oewe D

H (o o [Eoitwo o [ aas Lot 07 [ ] mroRecond o
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Appendix 3. Before returning the Demo B1505A

If your practice of this measurement handbook is with an Agilent Demo B1505A, you
may want to keep your measurement data for future reference and want to delete
your foot print from the Demo B1505A before returning it to Agilent.

This section provides information about this topic.

A3-1. Saving the measurement data

182

You can save the measurement data in several formats.

This section introduces to save the data in EasyEXPERT format so that you can im-
port the data to B1505A or Desktop EasyEXPERT for keeping the maximum flexibility
for managing the data.

You can download Desktop EasyEXPERT software and can install to your Windows
PC.

Please keep the original Application Test library of this measurement handbook if
you are exporting your data as EasyEXPERT format.

When you upload your data to Desktop EasyEXPERT software, you are required to
install the Application Test library first before importing the measurement data in
case where the parent application library is not installed in the EasyEXPERT.

[Exporting procedure]

Follow the instructions shown in figure A3-1. The number in the figure corresponds
to the following step number.

Step 1. Click the upper arrow for expanding the results area.
Step 2. Results area expands as shown in the right side figure.

Step 3. Select the data to export. Selected data changes the background color to
blue as shown in the figure.

Step 4. Left click "Results" bar.
Result area menu opens.

Step b. Select "Transport Data".
Next menu appears.

Step 6. Select "Export As Compressed Test Result ...".
Then "Compressed Test Result Export" Explore opens.
Enter file name and save your data to an appropriate recording media.

Note: Your saved data is the same format as the example results data used in this
measurement handbook.
Use the same steps when you recover your data in different EasyEXPERT software.
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Data Disglay._Help Fle DataDisplay Help
i [cateqory -] § [Category | @|1d-vgs 0P  Setup Name: [ oF
§ | GenericTest & 5 GEnemTest ~ [Device Parameters
& |cer 5 [
3 |7 Interconnect - 5 |7 Interconnect Polarity: [Nch ] Temp: [250deg 8|  vAxisgfsMin: [05
5 |- miscor B |- mscee
= [ PMIC h = [ PMIC YAxisgfsMax: |1005 []
8 |5 po_mos_sm & 1 po_mos _smy
% 1 PowerBIT % 7 | PowerB)T &
n ,

= P o
i ] x|
2 o Cancel
=
k] Select Al
¥ Unessbect Al
f’_ Id{off)-vds

Stop Display Data

— :

Id-Vds_DP

~®

Imnpor

Expurl: s csv

Export As XML Spread Sheet.., = I
Q ]d(off)-\fds F por : P 4 No compensatlon with 1.,
Id(off}-vds F Exportin My Format... . _ 3 With 100 k ohm DrainR
ID-YDS_DPC ) 5 40A Log sweep
gfs_ld-Vgs_[ Export As Text File... 5 Linear
gfs_Id-Vgs_[  Text File Export Setking... 5 Log
Yfs_ID-VGS 3
IGVGS TT Folder Export... 1 10v
1G-VGS TT 7 39.8V i
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e - W ANCTT mﬂm:m 15-10‘17 A ?f]QU
|an-Handbook-1 | AN-Handbook-1 [ Mui Display OFF )] Standby OFF  [b0] SMU Zero OFF [ 5] Auto Export OFF 5] Auta Record OFF

Figure A3-1. Expanding the Results area and select measurement data sets.
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A3-2. Deleting the workspace and measured data

Deleting of your foot print from the Demo B1505A is easiest by deleting your work-
space from the Workspace management page.

You can open the Workspace management page by standard startup process or us-
ing the methods shown in section 2-5-1. figure case 1.

Figure A3-2 shows the steps for deleting existing Workspace.
Follow the instruction steps as follows. The instruction steps match the number in
the figure.

Please be careful doing your work since there is no way for recovering the data once
it has been erased.

[Deleting procedure]

Step 1. Check "Your Workspaces:".

Step 2. Press "Manage Workspace" button.

Step 3. Workspace manager sub window opens.

Step 4. Select the Workspace name from the "Available Workspaces:" list.
Step b. Press "Delete" button. Confirmation sub-window pops up.

Step 6. Press "OK" button in the Confirmation sub-window.

Your Workspace is deleted with all of your data and setups from EasyEXPERT.

Agilent Desktop EasyEXPERT
Fie Help

Agilent EasyEXPERT Software
Please choose the target Workspace below.

A Workspace is an enclosure of data and application tests. It includes test setups, test
results, graphical plots, and user-customized application tests. You have three options when
starting a session in EasyEXPERT:

1. Create a new Workenace from scratch,

1. Create a new Workepace from scratch .
2. Open and use an existing Workspace that you previously created. Continue »
3. Open and use a public Workspace that has been previously published.

Target Workspace | chosse the same werkspace

i the nest time.
" Create a new Workspace
Workspace Name: ‘ 5

I~ Allow other users to access this Workspace.

pen\an existing Workspace

Initial Workspace Private

EP o

EEX

Figure A3-2. Deleting existing Workspace from EasyEXPERT.
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Appendix 4. Returning the Demo B1505A

When returning the Demo B1505A, please make sure all the items are packed as
delivered to you.

Please make sure to delete your workspace created for the demonstration for pro-
tecting any of your private data.

Refer to appendix B section for deleting your workspace.

In addition, please be sure to delete any confidential data stored in the EasyEXPERT
or Windows file system.

Note:

Agilent technologies will not delete any of the data
when renting the demonstration B1505A to the next
user.
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