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1. Keithley Instrument Introduction

2. Market Drivers and Challenges for Power SEMI.
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Keithley’s Low-Level Instrumentation
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Keithley’s Low-Level, Instruments —
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Typical Applications in Semiconductor

Hall Effect: van der Pauw resistivity:
* Force | on opposite nodes * Force | on adjacent nodes
H/ O Lo * Measure V on the other opposite nodes + Measure V on the opposing adjacent nodes
| O Source current * V typically ~ nV -V (typically »V could be 1-100V
from 1to 4
uV-mV)
T@—L‘O Measure voltage : . B :
between 2 and 3 4 H
\ [ 4-Point :
Collinear Probe
IR -

\ Semiconductor Wafer /

Sheet Resistivity: Four-point probe

Contact Resistance: TLM
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L8R A 45 % (K4200)

- Capacitance Voltage Unit (CVU)
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L 59 5 8L 15 & (K4200)

- Ultra High Speed Pulse Measure Unit (PMU; ns Level)

KCITHLCY
MOSFET Drain Family of Curves s 3
DC (straight line) vs. Pulse i=V (dashed line)
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Vi Vi Res— Leakage
Leakage Leakage Vs
:doﬁ :doff
I:‘:;t Iﬁt Sequential
BVgss BVgss —
Figure 1-2. Schematic of a sequential mode test sequence. Sxs
Source Drain
F4 D b6 b B
O
V, Vi Res Leakage
Leakage Leakage i Vs
ldoft | off
ldsat dsat
| T lsub In parallel
BViss 4 dss ¥

Figure 1-3. Schematic of a parallel test sequence.
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ACS BASIC

mult:ple test patterns via
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provides an interactive environment
for both prober control and manual test execution.

an entire cassette of wafers or just a single wafer.

offers both a top level statistical analysis
and ability to further scrutinize data for statistical variations.

Automated Characterization Suite (ACS)

[ Flowr  Eorw BWoowo TN XG0 YO

KEITHLEY

A Tektronix Company



3 I ,;'_ p_., /i,
IEEE-488/GPIB # &

PCl

GPIBZIPCISHE

33 /33MHZ
GRS =
FIES.3VIIEY
RIEMRVEERE

IEEESI S {1¥ i 5

/%/
é/

ERREER
EEfE R AR
Sl S
HIFRARee =R

UsB

GPIBR|USBRmE
1.8MB/s 3RE

R AR 14a%
FIES.3VIIEY
B|EMEER

KEITHLEY

A Tektronix Company



Market Drivers &
Challenges

..........

KEITHLEY



Market Drivers

 Green movement
o Improved energy efficiency
= Motor drivers, power supplies, lighting (LEDSs), IT (servers)
o Energy generation and management
= Alternate sources of energy such as solar and wind turbines
o Energy regulation policies

= Energy efficiency standards (voluntary and mandatory), Power
Factor Correction (PFC) policies

 Increasing use of electronics in transportation industry
o Power control elements in all vehicles
o Critical for HEV/EV

80 Power semiconductor devices are
critical to all of the above!

19 KEITHLEY
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So how does this relate to
semiconductor devices?

» Opportunities for energy efficiency improvement

exist in products we interact with daily.

* One of the most common products is the

switch mode power supply (SMPS).

« SMPS are more efficient and lighter weight than
linear power supplies
o Still, the SMPS accounts for >10% total system weight

of PC. Making a more efficient SMPS will produce a

lighter end product.

o Still, lots of power is wasted in SMPS. Average desktop

PC is only 50% efficient.

Diagram from On Semiconductor “Overview of
Energy Efficient Solutions”

)
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Similar Building Blocks for all Power

conversion
Power Factor Correction Rectifier Filter Switch Transformer Feedback
(AC only) ‘*—1
._H.mrv‘ o YN )
1 ®) =1
: T, '

1. Power Factor Correction: Aligns voltage and current phase to make power delivery
most efficient and minimize loss from the grid

Rectifier: Converts sine or square wave to a pulsating wave

Filter: Smooths the wave to DC

Switch/Chopper: Converts DC signal to a square wave

Transformer: Changes voltage level of the wave

o o kM w0 D

Feedback: Adjusts output voltage to align with reference voltage

ey

%

v
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Improving Power Conversion Efficiency

and Consumption

* How does a designer improve power AR i S
conversion efficiency? 0.1% at a time! -

1. Choose active components with minimal
losses (e.g. Power Semiconductors) ‘

2. Measure input and output power (P,,/P;,)

3. Measure losses and compare to expected
results for each component

4. Try component changes to see if losses
decrease

5. Trycircuit topology changes to see if
efficiency improves

6. Repeat and improve the process many times
for until specifications are met

T
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End-to-End Power Design Solutions

Input Filter Switch Transformer Rectifier & Filter
T T 'Q R

<

PWM Feedback
Control Circuit

Keithley Parametric Curve Tektronix Oscilloscopes Tektronix Power Analyzers
Tracers and SourceMeter® and Power Probes

SMU Instruments

Final Design
Testing &
Compliance

Device Evaluation Design

& Selection Troubleshooting

)
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Power Semiconductor Devices
- Overview

* The driving factors for lots of interest in power semiconductor performance

Improvements

* Role of semiconductor components in the switching power supply

o Diode —J
>t 1=
o BJT —
DICDE pPoweetMOSFET
- MOSFET _I: 'II:.
o IGBT
HpnPowerB1T IGET

* Role of advanced materials in improving power semiconductor device

performance

)
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Power Semiconductor Devices
- Background

Power semiconductor devices are in all areas of energy
modification

*AC to DC conversion (rectification): Happens almost every time an electrical device is
plugged into a wall

*DC to AC conversion (inversion): Motor control, transporting bulk power (DC from solar
panel to supply AC power within a company or residence)

*DC to DC: Used for voltage regulation. Used often in mobile devices

*AC to AC: Changing voltage or frequency - light dimmer circuit

) 2
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Power Semiconductor Device Testing

% * Involves a variety of
ON-State measurements
! o On-State

o Off-State

o Capacitance-Voltage (C-V)
( OFF-State ° Dynamic

* Requires voltage and current
bias, and voltage and current
| Capacitance- measurements to fully

x Voltage characterize device

(C-V)




.
Next Generation Material for Power Device

-> Silicon Carbide (SIC) Power FET

« B # (SIC) ~ # (Si)fr§ 1 45(GaN) s i i 4 4wl /L/_' | \1
=1.5,5172%22 Watts/cm K ; #SIiCrt SifrGaN#7 { l
BRHEBES > BSICAN MY > A &3 F # X
A?Fr" ié_t };’:%’;1- o N+ SUBSTRATE

|

e d WSICHSiy { BT AR B AT NALR \

SOURCE SOURCE

P+ J N+
P-BODY

P-BODY

BrBRTIEE BPEY L AREIFHETERT

AR T (Rpgen)fo ™ BT T o

« B HSiCerntll g8 GaN-on-SiF# > 1 & § %) 5 GaNx
. 2 '/& : N+SUBSTRATE

DRAIN

f

%k - 4R (LED) 2 sH4F (RF) ~ 2 e * © (72
A FARvAp B H T S R -

Diagrams from “High Temperature Electronics in Europe”
report, Chapter 7 “High Voltage SiC Devices” by T. Paul
Chow. Downloaded from http://itri2.org .

KEITHLEY
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Next Generation Material for Power Device
- Gallium Nitride (GaN) Power FET

* § i“43(GaN) SifrSiC+ { B ehR F B H w4 >
PEEEG {HMAFERE - TP US| HF
A% pr2 ¥ 3F 4 (conduction loss) - ¥ ¢
GaNT™ 11 & fd ik ¢ #lie

° GaNF‘,E 4 "Lv}:#mx"‘ ﬂﬁ i,} Rl F&@*?’:ﬁé }i
i £YRFS G e S e Ak b
P TR A E R AR fREE A AL
— oo

GaN HEMT structure

« 2DEG (Two-Dimensional Electron Gas) s = &

Diagram from “GaN Based FETS for Power

S 3 WP 3B 3 s ezt T Switching Apps” by Thomas Marron of
n B R o — 7
A A -}— P i Fg i L = %) & P F#‘ Renesselaer Polytechnic Institute. Downloaded
- - L rom http://homepages.rpi.edu/~sawyes/ .
WEBEHMF ALY o I
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SIC vs. GaN vs. Si Comparison

I Iatel ials PlO erty

.1lt1cal Fleld 10'5 V/em 3 35
IElectron Mobility (em” TV -sec) 1450 l900 2000 II

lectron Saturation Velocity (10° cm/sec) 10 |22 25
ﬁhermal Conductivity (Watts/cm’ K) [.5 P 1.3 II

Comparison of R_, for Si, SiC, and GaN

1000
§ 100 ®
E
@
. °
Bz W °
w
1] A ,
F 9 x4
2 9 u o
Fi ® * (GaN Limit]
o * *
¢
0.1 *
10 100 1000 10000
Breakdown Voltage (V)
#5Si WMSiSJ O IGBT ®SiC A GaNHFET W IRGaN Measured data KEITHLEY
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Si Diode vs. Wide Band Gap Device (SiC Diode)
Comparison: Off-State Characterization

« Commonly performed at DC to
achieve high accuracy leakage
measurements

» Very low leakage measurement
capability required for new wide
bandgap technologies (GaN’ SiC) o Reverse leakage of Si diode vs. SiC diode

 Test equipment must be capable of
generating high voltages and

measuring low currents &

» Variety of tests dictates both voltage

and current source control .®/

Reverse Voltage (V)

Curre

T

ektronix Company



Typical Device Parameters

/

o

Diodes & Rectifiers

!

Forward Voltage (Vf)
Reverse Voltage (Vr)
Reverse Leakage (Ir)

\

/

/

o

¢

Bipolar transistors &
IGBTs

Saturation Voltage (Vcesat)

Family of curves (Vce-Ic)

Breakdown voltages (Vceo, Vebo, Vcbo)
Leakage Currents (Iceo, Ices, Iebo)

DC Current Gain (hfe)

\

/

/

o

=

MOSFETs & JFETS

Family of Curves (Vds-1d)
Transfer characteristics (Vgs-Id)
On-resistance (Rdson)

Breakdown voltages (BVdss, BVdg)
Leakage Currents (Idss, Igss)

\

/

-

Triacs & SCRs etc.

Blocking voltages (Vdrm, Vrrm)
Leakage currents: (Idrm, Irrm)
Holding current (1)

Latching current (I;)

\

/

1@

KEITHLEY
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Example: IGBT Transfer Characteristics

Source Meters can directly measure all MOSFET/IGBT parameters easily
and automatically.

This allows for better device models, device matching, failure analysis,
counterfeit component detection.

Force HI Ve vs. I for IGBT (Family of Curves)

———————————

1
I 40 1

i i | =V =120V

! A ! —— =

— ! I High Current | Ve =11.0V
& ! 1 SMU * — V. = 10.0V
— i | Vs i Instrument | =y =90V

Force HI L= UDT‘%C;A g — V=80V
———————————— ' — ,  pulse 20 - _
| : Sense LO | ' < Voe =70V
' A ! ] ! -
: | Force LO
) | 10 -
1 VCS
b= ~
—_— |
! : SMU Instrument 0 '
_____ F_OFCE ?_0 1] 1 2 3 4 5 6
~ VCE (VOltS)
Figure 2. Typical SMU configuration for ON-state characterization of Figure 3. Measured output characteristics for commercially available IGBT.
power devices.
Test Configuration Test Results

T
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Example: IGBT Transfer
Characteristics (Sync Transient V)

UCE (U)

0.0000

00000

Pulse Transient Data

Y 1:\ Collector
m— Y2:| Collector

T
0.0002

T T
0.0003 0.0004 0.0005 0.0006

Time (seconds)

Figure 4. Pulse transient data of collector voltage and current vs. time

for an IGBT.

——————————

T4T

Figure 2. Typical SMU configuration for ON-state characterization of
power devices.




Electrical Model for Off-State testing

« Off-State testing is generally thought of as a high voltage test.
High resistance means very small current needs to be measured.
A simplified electrical model might look like:

e

Drain Leakage Current

'IO—'." .

T
Y

'I{]—B .

= 1
2\ = —
— @
| E
——Hy __ 3kV 107 -

1 L—oz—lswu | <
c — . 1
3 ¥Y1:1_Drain

)

107" T T T T T T T
é(l)\fl)tjl : 0 200 400 600 800 1000 1200 1400
_____ Jd .
o V_Drain (Volts)

Figure 8. A look at the drain leakage current as the drain voltage is swept
A4 while the transistor is in the OFF state.

)
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Guard Technology for Low Leakage
Current (e.g., pA level @ 3KV)

lput
I
R DUT
r ﬁl_ _____ |
[ [ R
[ [ L
| I
[ [
| ] Metal Mountlng Plate
| m l Note: Capacitance of second insulator is
SMU : |/ : Guard Insulating irrelevant when circuit is floating. C
Standoff ”
| —— |
| |
| |
IO |
b o e - —— 4
R
Inner Outer TRIAX CABLE
Shield | VY| shield (outer jacket)
Im=lpur -
Insulation
Vg
Figure 5. Guard is used to reduce leakage currents by reducing the voltage N |
across the insulators in the circuit to nearly 0V. Any remaining leakage is L Iy L
routed away from the HI terminal where the measurement occurs. -

D
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Electrical Model for Ry,oy testing

R|.|1 ~ 6mQ
HI
T T
| | [ |
i I |
| |
| A :
Vg > Vith ! !
Device is ON ! ! Id= |
RdsON | | 40A
=15mQ | ' '
o L _ismu
LO
R|_0 ~ 6mQ
A4
Measured Resistance = Ry, + RdsON + R,g = 27mQ (80% error)

Figure 2. Resistance of test leads is large relative to the DUT resistance.
Because the voltage measurement is made at the instrument’s output
terminals in a two-wire configuration, the measurement includes the sum of
the test lead resistance and the DUT resistance.

Ru ~ 6mQ
| HI
SHI[~~~"""""=""-- -
H | |
| | I
| I
I X !
I \Y |
Vg > Vith § Ry C) C) !
Device is ON ! Id= 1
RdsON I 40A
=15mQ & X
SLot 1SMU
LO
Rio ~ 6mQ é
Measured Resistance =V, /Id.
Since Isense ~ 0A, then V,, = Vds.
Measured Resistance = RdsON = 15mQ

Figure 3. Use separate test leads to connect the device to the instrument’s
sense terminals. In this way, the voltage measured is only that across the
device. The resulting resistance measurement will be a true measurement of
the DUT resistance.

KEITHLEY
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Optimizing Analog Measurements

Triax Cabling vs. Coax

Voltage

14

1.2 4 7
1 4

s\ ithout Guarding

With Guarding
0.8
0.6
04
0.2 [ T T T T T 1
0 4 6 8 10 12 14

Time

107.0E-12

106.0E-12

105.0E-12

104.0E-12

103.0E-12

Current {(amperes)

102.0E-12

101.0E-12

100.0E-12

\

AN

\ax Cable - Unguarded Circuit

—-——-_-_-"—-—-

\_

Triax Cable - Guarded Circuit

0

T
10

T
20

T T T T 1
30 40 50 60 70
Time (seconds)

Sourcing Voltage

Measuring Current

KEITHLEY
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Optimizing Analog Measurements -

Four quadrant source measure unit (SMU) technology:

0.0010 - - 700

- 600

h
0.0006

—&— Current L 500

k
0.0004
—=— \oltage

3
0.0002 \ L 400

- 300

Current (A)
Voltage (V)

- 200

- 100

| | I I I - —100
0.005 0.010 0.015 0.020 0.025 0.030

Time (seconds)

Note: Test data taken with Model 2657 A’s built-in digitizer

)
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Optimizing Analog Measurements -

Four quadrant source measure unit (SMU) technology:

Charged a capacitor to1000V. Then stepped voltage down to 0OV. Scope used to
capture capacitor discharge.

Using a Power Supply Using Model 2657A
Time scafe = 2 sec / dir Time scale = 2 msec / div
Total discharge time > 6sec Total discharge time ™ 5msec

(7

ktronix Company



Example: Capacitance-Voltage Device

Characterization

« High efficiency design of DC-DC and AC-DC converters requires
detailed knowledge of all parasitic capacitance in the power
transistors

* As the voltage on the transistor varies from zero to 3KV, the
capacitance can change by many orders of magnitude

« Manufacturers typically specify capacitance to 10s of volts

m m m
Qo O O
© O O

- - -

| UR 8
| |
i | 6
BCONC | 4
i i e g 1.2E-00 |
| N | _ et ’
L == - - . I () | 100\ Coss
as __ o : | 8E-10 Crss
e L »e |H i i 6E-10 Ciss
O I
) - Lol 18 4E-10
|
| | S2E_10 \
I : e mJ \'1__
I | 0
| | I L= — T T T T 1 1
. T | 200 49 0 200 400 600 800 1000 1200
SMU | _ _ ___:

il Coss, Crss,Ciss on a
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Tektronix

Parametric Curve
Tracer (PCT)
Overview

Y &
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What is a Parametric Curve Tracer?

A configurable bench-top system for
characterizing power devices

Comprehensive solution including instruments, cables, software, test libraries, test
fixture and/or prober interface

*Supports both Parametric and Trace test modes

Includes the best of a Curve Tracer and a Parameter Analyzer

+

KEITHLEY
A Tektronix Company



Semiconductor Test using

4200-SCS

Parametric Curve Tracer

Semiconductor High power and
characterization highly flexible
system, single box parametric curve
solution with tracer configurations
integrated test with test software
software

Keithley

$530, S500 & ACS

Automated
semiconductor
device
characterization and
parametric test
systems and software

o 43
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* AIST, Denso, Fuiji Electric, Hitachi, Mitsubishi
' Electric, Renesas, Rohm, Toshiba, Toyota

ABB, Azzurro, Bosch, Fraunhofer Institute,
IMEC, Infineon, NXP, Semikron, ST Micro,
Vishay,

Cree, EPC, Fairchild, GE Global Research, GeneSiC,
International Rectifier (IRF), IXYS, Linear Technology,
Microsemi, National Semi, OnSemi, RFMD, SemiSouth, TlI,
Transphorm, numerous universities and national labs

KEITHLEY

A Tektronix Company



Keithley’s Leadership in SMU Technology

Series 2600 Series 265XA Series 246X

Series 23x Series 2400 System HP Touch
SMUs SourceMeter  SourceMeter SourceMeter SourceMeter

1989 1995 2005

« 20 patents issued for SMU-specific
technology

 Numerous industry awards, including
R&D100, T&MW, and more

 Thousands and thousands of customers

« Serving Semiconductor, Electronic
Components, Optoelectronics, Automotive,
Mil/Aero, Medical, Research & Education,
and many more industries

S500 and S530
Parametric Test
Systems




Common Instruments for Semiconductor
Device Testing?

Picoammeter

Power Supply

‘ o489 0000 0SSs 0000

-

Current
Source

.......................................

Digital
Multimeter

Electronic
Load

Typical Equipment Rack for Device Testing

T
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Which One Do You Want?

Well, it works. It works well.

D

ektronix Company




Semiconductor Test and the Parametric
Curve Trace conflguratlons

Electronic Systems

Integrated Circuits Manufacturers.
Research & Discrete & Power Components Consumers of discrete &
Education Facilities Flat Panel Displays power components)

Process
Reliability Control Functional Failure
Analysis Monitoring (Die Sort) Test Analysis
(PCM)

Materials & Device

Novel Device Development & Il

Research Characterization L ier

Target Customers & Apps for
Parametric Curve Tracer

T ®
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What’s PCT (Parametric Curve Tracer)?

p g oD I Parametric Curve Tracer Configurations

WAFER LEVEL CHARACTERIZATION

8020 High Power
Interface Panel

2600-PCT-1B Low Power
2600-PCT-2B High Current

2600-PCT-3B High Voltage — 7 “Ng —— -
2600-PCT-4B Higl‘l \r’oltage ET — T 4 PROBE STATION e eaa_—
High Current | — ? '
PCT CONFIGURATION = L —
Model 2600-PCT-4B =
8010 High Power i

Device Test Fixture

RESULTS!

ACS Basic Component
Test Software

PACKAGED PARTS CHARACTERIZATION

KUSB-488B USB to GPIB Adapter Keithley’s Parametric Curve Trace configurations support both package part and wafer
All cables and adapters level testing.

for connecting to the 8010
Test Fixture or 8020 High

Keithley’s Parametric Curve Trace configurations are complete characterization tools that include
Power Interface Panel

the key elements necessary for power device characterization. The measurement channels consist
HOtE: PC and monitor not of Keithley SourceMeter® Source Measure Unit (SMU) Instruments and an optional Multi-frequency
'“f:l“de‘i: user must _SUPPIV a capacitance-voltage (C-V) meter. The dynamic range and accuracy of these instruments is orders of
Windows XP/7 PC with a USB port. magnitude beyond what a traditional curve tracer could offer.

49



PCT: Accessories Supplied (fREc)
2600-PCT-xB

2600-PCT-1B Low Power
2600-PCT-2B High Current
2600-PCT-3B High Voltage

2600-PCT-4B High Voltage and
High Current

ACS Basic Component
Test Software

KUSB-488B USB to GPIB Adapter

All cables and adapters
for connecting to the 8010
Test Fixture or 8020 High
Power Interface Panel

Note: PC and monitor not
included; user must supply a
Windows XP/7 PC with a USB port.

50



Accessories Available (ZHL)

ACCESSORIES AVAILABLE

2651A High Power System SourceMeter
(adds 50A to any system, max 100A)
2657A High Power System SourceMeter (adds 3kV
to any system, max of one unit per system)
K420 Workbench Cart Mobile cart for smaller
PCT configurations
K475 Workstation Tower Mobile cart for all PCT
Conﬂgura[ions WAFER LEVEL CHARACTERIZATION
PCT-CVU Multi-frequency Capacitance-voltage e f;:‘:,:'jg';.::;*_' 1
(C-V) Meter *\ . %‘ =
70161-MSA Keyboard/Monitor Arm for K420 and K475 Carts . == : e f— L=<
8020 High Power Interface Panel: Ideal for mcol,,;,’,mm : > . /f”f
connecting to probe stations SR a0 High ower -
S010 ngh Power Device Test Fixture PACKAGED PARTS CHARACTERIZATION s o

8010 OPTIONS

CVU-3K-KIT Bias Tee kit for up to 3kV C-V

CVU-200-KIT  Bias Tee kit for up to 400V C-V

8010-CTB Customizable Test Board

8010-DTB Device Test Board with TO-247 socket
8010-DTB-220  Device Test Board with TO-220 socket
8010-DTB-CT  Device Test Board compatible with Tek curve

tracer sockets

51



Power Semi Test Software
ACS BASIC, ACS

e s B

KEITHLEY

#utomated @haracterization Slite
Basic Edition V2.1(Demo)

« ACS Software is the “glue” that brings all of the instruments
together to make a solution

o Supports Series 2400, 2600, and 4200 SMUs

* Includes hundreds of built-in device test libraries

)"“g‘t. PoweMOSET 25 ‘; e [ @2 2 IdVd_StepVg_nPowerMOSFET
"""" Ehﬁldvd =PV & I_I _K (@ Plotand Data @) Plot Only (©) Data Only

nnnnnnnnnnnnnnnnnnnnnn

YLIDrin(L) |----eeedoeeeenndons

11_Drain(2)
V11 Drain(3)
11_Drain(4)

Module Name:

Idss ‘ﬂ L] 1 2 3 4

Module Type: ITM v Drain1)

Instrument:

KIaes7a - b4 O BO KEITHLEY

Q@ 2



Keithley PCT
- What is a Parametric Curve Tracer?

A configurable benchtop system for

.. . T«‘i b Exdiem] g
characterizing power devices S | pe—
am N
- Comprehensive solution including instruments,  [&5& = |-
cables, test fixture, software, test libraries, and =i
sample devices [ i s

» World Class measurements to 3KV and 100A
» Cost-effective

 Easy field upgrades, scalable and re-
configurable

« Supports both Parametric and Trace test
modes

D
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Keithley Parametric Curve Tracer
Configurations

Model 2600-PCT-4

Model 4200-PCT-4 on K420 Cart

)
A Tektronix Company



Series 2600B and 2650A SMUs
— Flexibility and Speed

_\,—/
— To To To |
GHIB = Ethernet Device 1 Device 2 Device 3 SMua
TSP-Link

 Each SMU is a completely independent instrument

o Can be used alone or as a component of a larger system

 Virtual backplane (TSP-Link) includes enhanced communication and
triggering features
o Nearly simultaneous synchronization between instruments on the backplane

T ¥

A Tektronix Company



Series 2600B and 2650A SMUs

Model 2636B SMU

* Two independent SMU channels
* Up to 200V

 Up to 10A pulsed

lp etiocoe - <)
) 3, e P -

‘-

e (0.1fA measurement resolution

Model 2651A SMU

Up to 50A pulsed (up to 100A with 2 units)
Up to 2000W pulse / 200 W DC power
Pulse widths from 100us to DC

High speed and integrating ADCs

Model 2657A SMU

Up to 3000V, Up to 180W of power
4-Quadrant operation (source and sink
power)

1fA measurement resolution

* High speed and integrating ADCs

KEITHLEY

A Tektronix Company



Typical Power Transistor Parameters

Typical Best
Parameter Symbol Test Method' Maximum Range Resolution Typical Accuracy
Breakdown Voltage Bvdss, Bvceo Id—Vd or Id (pulse) =3000 V: 100 wV, 10 fA 0.05% rdg + 0.05% rng
On-State Current (DC) Vdson, Vcesat, Vf Id-vd +20 A%, Optional: =40 A% 100 nA, 1 &V 0.03% rdg + 0.05% rng
On-State Current (Pulse) Vdson, Veesat, Vf Id-Vd =50 A4, Optional: =100 A+ 100 uA, 1 uV 0.05% rdg + 0.05% rng
Drain/Collector Leakage Current Idss, Ir/Icho, Iceo ld-Vd +20 mA @ 300025 10 £A, 1wV 0.2% rdg + 1% rng
Garte/Base Leakage Current lgss, Ib lg-Vg =1 A or, 10 A Pulsed? 106A, TV 0.2% rdg + 1% rng
gﬁg;’;fﬂg;‘f"“m TR Vch, V£, Vbeon, Veesat Id—Vg +200 V3 10 A, 1 uV 0.2% rdg + 0.5% rng
Egﬁ:;ﬂ Eﬂgfjﬂﬂ‘c’:,‘l‘ﬂg‘"e or |¥fs| Gfs, Hfe, gain ~ Vd-Id @ Vds 1 ms ~ 1000 s°¢ 1pA, 1V 1%
On-State Resistance RDS(on), Veesat Vd—Vg (@ Id <100 u27 10 u2, 1 uV 1%
Input Capacitance Ciss C-V 100 kHz 10 nF& 2200V 10 fF, 10 wV Better than 1% at C<10 nF
Output Capacitance Coss C-V 100 kHz 10 nF& 2200 V 10 {F, 10 uV Better than 1% at C<10 nF
Reverse Transfer Capacitance Crss C-V 100 kHz 10 nF& =200V 10 fF, 10 uV Better than 1% at C<10 nF

B0 S N e P

Test method used for extracting the parameter. Only typical MOSFET listed, but similar method for other devices.
Model 26574 High Power System SourceMeter® SMU Instrument.
Model 26304 SourceMeter SMU Instrument or Model 4210-5ML.
Model 2651A High Power System SourceMeter SMU Instrument or optional dual Model 26514 High Power System SourceMeter SMU Instruments.
Maximum 20mA at 3000V, 120mA at 1500V,

Typical extracted capability (Example: ImA/1V ~ 1A/1mV).
Typical extracted capability (Example: 1mV/104).

Max. £200VDC (z400VDC differential) bias with 4210-CVU and 4200-CVU-PWE.

KEITHLEY

A Tektronix Company



Model 8010 Test Fixture

Provides safe environment for
testing at 3kV and at 100A

Includes test sockets for TO-220
and TO-247 packages and
custom devices.

Easy to use banana connections

Includes laminated, full-color
connection guide

* @

KEITHLEY

A Tektronix Company



Connections to the Model 8010 Test
Fixture

Access port for routing external

Connect one Model 2657A fc.>r instrumentation (scope probes, Connect two Model 2651As in
3kV and low current (pA) testing thermocouples) parallel for 100A pulsed
testing

4200

4200-SM 2651A#2
SH HI Lo SL |  SENSE/GUARD

PULSE = 1% DUTY CYCLE

l—zsoomz
210V, 1.5ADC
10A PULSE MAS
PULSE = 1%

2600A
INTERLOCK

4200
INTERLOCK
b @
©)

WARNING: NO INTERNAL OPERATOR SERVICEABLE PART
SERVICE BY QUALIFIED PERSONNEL ONLY.

Connections to SMU interlocks.

Connect up to two Model 2636Bs or Disables high voltage outputs of

Model 4200 SMUs for 200V and low SMUs when test fixture is opened.
current (pA) testing

) &

A Tektronix Company



Protect Your Instrument if Device Is
Failed

Overvoltage protection modules
ensure that the lower voltage
instrument is protected if device

failure results i
|
|

|
| Model 2657A

SMuU

Model 2657A-PM-200
Protection Module

Note: K8010 test fixture is built in the protection module.

)

A Tektronix Company



K2651A: Pulse 100A Demo

Keithley’s Model 2651A

High Power System SourceMeter® Instrument

KEITHILEY A GREATER MEASURE OF CONFIDENCE

KEITHLEY



K2657A+K8010: Breakdown Test

How to perform a simple

breakdown test on a high power,
high voltage IGBT device

KEITHLEY A GREATER MEASURE OF CONFIDENCE

19 AUGYST 2016 KEITHLEY
A Tektronix Company



K8020: Prober Integration

KEITHLEY



Keithley Parametric Curve Tracer Demo
- Parametric Mode (Toshiba TK12A60U)

Electrical Characteristics (Ta = 25°C)

Characteristics Symbol Test Condition Min Typ. Max Unit
(Gate leakage current lgss Vg =230V, Vpgs=0V — — +1 LA
Drain cut-off current IDss Vpg =600V, Vgg=0V — — 100 LA
Drain-source breakdown voltage VBrR)DSS [ID=10mA Vgs=0V G600 — — W
Gate threshold voltage Vih Vpgs=10V, Ip=1mA 3.0 — 50 A
Drain-source ON-resistance RDSs (ON) Vegs =10V, Ip=6 A — 0.36 04 Q
Forward transfer admittance [Ys| Vpg=10V,Ip=6A 20 7.0 — S
Characteristics Symbaol Rating Unit - D: K2657A (Hi'V; 3KV)
Drain-source voltage VDss 600 - D: K2651A (Hill; S0A Pulse)
Gate-source voltage ViEss +30 - G: K2635A (Hi P)
DC (Note 1) Ip 12
Drain current A
Pulse (Note 1) Ipp 24

KEITHLEY

A Tektronix Company



Keithley PCT Demo

- Parametric Mode (EX. Vgrpss, TOShiba TK12A60U)

! . ! ; : ! !
S O oo OOt ]
500 b S O s SN U |
T o J
s : : :
11 S S .
=] ' ' '
- : : :
200 = D r T T T T e T R LT et -
L1111 T P funmmmmme e beeennnnn e T TTIIP PR -
.......................... N RSSO U Ids =0.01A |.
0.005 0.010 0.015 0.020 0.025 0.030
time(s)
“ A i x|+
o o S KEITHLEY
GROUPL | M A utnmated | St BAS
A(X) B(¥1) C D F G File Edit W¥iew Operation Tools Help
1 ime W_Drain [_Drain B
= — . ["l I
2 |le6 B8.850171e-3  [1.00836d4e-6 |6, 7704945+2 E g | [ﬁ]| b @ b |
3 |Be6 -3.4517608-2 [3.1819958-7 = =
4 155 -6.343566-2  |7.082818e-7 » - Project 9
5 [2285 -4.8076648-2|9.0332298-7 - @ nPawerMOSFET_HI_Tests m
6 |2.955 550976323 |1.578529-6 @ i 1dvd_Stepivg Power ‘
7 |3.6e5 -2.005874e-2 |-2.660242-7 ™ itfgld\fg_stepvd_lﬂower o
8 [43e5 -3.451760e-2 |2.07357e-6 - i RdsOn_Sweepvg ;
9 |Se5 2.331812e-2  |-2.6074155-6 o[ @ PowerMOSFET_HVY_Tests
10 |5.7e5 377770822 [3.2430178-6
BVDSS |
e
x|
s
h
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Transientld-T Curve @ Vgs =10V (Self Heating)
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- Transient IV (lus / point synchronous measure)

Keithley PCT Demo
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Transient Rpgon-T Curve by Self Heating

0.4Q

: 0.36Q, Max

- Typical

Transient RAsON from 100us to 1ms

0.7

0.6

< ™
o o

(wyo) uospy
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Time (Sec)

—e— Rdson.Transient(19A) —=— Rdson.Transient(9.5A)
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*Transient thermal impedance(Zyy;.)

Transient Thermal Response Curves

1

-AYFRIEER (thermal data)

*SOA

—— - 1000
— D=0.5
. . =
g 0.2 — T [ —
i e B
=y 0.1 — (.1 ul 4’./’,—':5 f;,
s M E == =
3 % -_-0'95 = 1.Rerc(t)=r(t)*Reic E
= 8 — = . =
oA — 0.02 LT 2.Duty Factor, D=t1/t2 =
BE = ! ’, g 3. Tim-Te=Pom*Reic(t) ~ 10
=5 =001 L~ 4 Raic=1.1°C/W -5
g ﬁ ' | | e | 1 ,;_—;'J
2 oo 2 * A
s Pom | A=
ty R
Single Pulse ts ,,:
- i L T 01
1.E05 1LEO4 LED 1.E02 1.EOI LE+00 LE+01
t1, Square Wave Pulse Duration(s)
* Ry;c (Junction-to-case thermal resistance)

Thermal Data
Parameter Symbol Value Unit
Thermal Resistance, Junction-to-case, max Reic 1.1 SCIW
Thermal Resistance, Junction-to-ambient, max (Note 2) Rea 60 '

Note : 1.The power dissipation Pp is based on Timax=175"C. using junction-to-case thermal resistance. and is more useful
in setting the upper dissipation limit for cases where additional heatsinking is used.

Maximum Safe Operating Area

| Rpson ] - I
| Limited |||| #$- RN (R
NG 100k
> ™ N = ~ ¥ ™ ! !
2 | ] 77777#72\‘\ IS Tms |
“;\ 10ms
N 100ms
L Tc=05C, Timax)=175"C bC
— Vas=10V, Reic=1.1'C/W
— Single Pulse
LU T
0.1 1 10 100 1000

Vps, Drain-Source Voltage(V)

KEITHLEY
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Tektronix

Reliability Solution
Overview

KEITHLEY
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Automation: ACS-2600-RTM

S==ru . Easy parallel WLR setup.

o Cassette- and wafer-level

automation.
==} « Database.
— « Data analysis(KDAT)

T
A Tektronix Company



Truly parallel system-2600 RTM

g G U T L

N
L4

e

Traditional parallel stress —
sequential measure

Difficult to control stress timing
transient events cannot be captured
Relaxation between stress and measure

Cannot cover cases that current source
required. (EM test)

ACS Truly parallel system (SMU per pin)
Tight control of stress timing

No missed transient events

No relaxation between stress and test !

No GPIB communication time cost during test,
because of 2600 SMU unique capacity that
embedded script running inside.

e

N,
<
£
£
0]

DUT #1
£
%‘- Vst Measure Stress 1 (no readings)
g € Tsn —> V=0V
3 DUT #2 .
§ Vst2 = VsT1 Measure Stress 2 (no readings)
[}
f_j’ - Tst2
o
S : V=0V
DUT #N
VsTn = VsT1 Stress N
TsT3
---=- Measure Stress (no readings) o
Time 4
~~~~ ~~~~
S Stress S Stress
with readings with readings;
c Vst Measure| 9 | Measure ( 9s)
b € Tst1a=| TsTib
3 . .
e It N
3 Seo Stress Seo Stress
% VsT2 Measure} (with readings) Measure (with readings)
o — Tst2a=—| TsT2b
<
s
> : “ “
o .~ .~
Se Stress Seo Stress
A i i N ith readings)
Vst Measure (with readings) Measure (i
€ TstNa™| TsTnb
-==- Measure Stress (with readings)
S
L4

Time

KEITHLEY

A Tektronix Company



Benefit of ACS-2600-RTM
« High throughput

Up to 32 devices truly parallel test(Gate Oxide), 16 devices device reliability test(HCI, NBTI)

« Simple

SMU-per-pin architecture.

Truly parallel test. The embedded TSP script runs in 2600 instrument not PC, so each device
test is completely independent and maintains own timing.

Completely systemization configuration, contains rack, PCA.

Completely upgrade solution, adapt to future application

* Flexible

System configuration from single SMU to 32 SMUs for different requirement
LXI or GPIB communication

Flexible test algorithm to handle different application, such as high power device test, NBTI
recover affection.

KEITHLEY

A Tektronix Company



Reliability Test
KDAT : Modeling Analysis Library for WLR

Modeling analysis library

Library Modules

HCI_model Activation_Energy_Analysis, Voltage acceleration,
TTF_VS_ldsatFirst, Size_acceleration, Lifetime_single,
Lifetime_analysis

NBTI_model Multi_fit

Stress_migration | Plot, Summary

WLR_model TDDB_model, EM_model, HCI_model

TDDB_model Activation_Energy_Analysis, TBD_VS_IgFirst,
\Voltage_acceleration, Area_acceleration, Lifetime_single,
Distribution_plot, Lifetime_analysis.

VRamp_model | VBD_Distribution, |_Distribution

)

A Tektronix Company



Reliability Test

KDAT Example

VAAW NBAIRAD gy
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B Ruw Dats A
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Reliability Test
KDAT Ex 2: Activation Energy (E,) Analysis, HCI

[Figuel o
Plot Data = Result

TTF-Size@Ditf(T) Plot
13 T ' T T T
y | TR TR SRR =30 = = :
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. v 4 :
: : . of :
- ‘ ’ 4
: : : / s
. O jrsusnsassanifesaning :
: : - H
: : - / : L
- ) o
H
H
IBL i isin s aniansaniesssapfecifiansnaiaasansanas : sinubiasa
- : . . .
= : Activation energy analysis Results tab
E \Wafar ZHvD18156 = Siba | Sib=_pdnd prewvafer || nestWater preSibe rExkSts
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Conclusion
1.

Keithley PCT provides the most flexible, economical,
upgradable and accurate for high power device
characterization (Si, SIC, GaN, etc).

The max voltage up to 3KV @ 20mA and the max
current up to 100A @ 40V with parallel connection.

— S s
| T—
PCT CONFIGURATION
Model 2600-PCT-48

Superior low current ability which can achieve pA level ,
measurement under high voltage A

Available accessories are ready for further customized
prober or test fixture integration.

GaN based power device is attractive; however,
several highlighted issues (current collapse, lifetime,
thermal dissipation, etc.) need to be improved and
solved ASAP.

KEITHLEY
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