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I Keithley and Tektronix: Where We Are Headed

KEITHLEY

A Tektronix Company

Combined, Tektronix and Keithley are very strong

= Complementary products — the widest range in T&M

Customers rank combined brand superior

Starting to leverage distribution channels

Increased investment in new products

Guided by ingenuity, precision, and simplicity

Tektronix and Keithley — From Nanovolts to Gigahertz.
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Figure 1-2. Schematic of a sequential mode test sequence.
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Figure 1-3. Schematic of a parallel test sequence.
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Market Drivers
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Market Drivers

= Green movement
— Improved energy efficiency

— Motor drivers, power supplies, lighting (LEDs), IT (servers)
— Energy generation and management

e — Alternate sources of energy such as solar and wind
turbines

— Energy regulation policies

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

THINK GREEN

= [ncreasing use of electronics in transportation industry

— Power control elements in all vehicles
— Critical for HEV/EV

Power semiconductor devices are
critical to all of the above!

KEITHLEY Tektron/ix@
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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 switchmode

power supply (SMPS).

SMPS are more efficient and lighter weight than linear

power supplies

—  Still, the SMPS accounts for >10% total system weight of

5, Sy,

PC. Making a more efficient SMPS will produce a lighter

end product.

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

is only 50% efficient.

Diagram from On Semiconductor “Overview of
Energy Efficient Solutions”

KEITHLEY Tektron/im
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Background on Power Semiconductor Devices

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

KEITHLEY s Tek[ron/ix@
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High Power Device
- Overview

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

improvements

= Role of semiconductor components in the switching power supply
— Diode
— BJT
— MOSFET
— IGBT

= Role of advanced materials in improving power semiconductor device

performance

KEITHLEY Tektron/ix&-ﬂ

ektronix Company



Example: The role of power semiconductor devices
in the switching power supply

Bridge ;
Rectifier Power Factor Correction
PFC
%3 3 r,““] Diode
! —_1 EMI
‘. h' Filter
N g
. Power
Factor
Controller

Transformer

3k

Output
Rectifier

SMPS
Controller

D

Optocoupler

-

Voltage
Feedback [
Controller

o= == == —————

Linear
DC-DC
Regulator

Linear
DC-DC Voltage F ¥
Converter Regulator

DC-DC
Converter

= Semiconductor switches (e.g. MOSFETs) and diodes are largest
determinants of switching power supply efficiency
— Fuels increased interest in design and test of power semi devices

= Power supply designers evaluate components for their designs

KEITHLEY e~
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Diagram from On Semiconductor “Overview of
Energy Efficient Solutions”
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Next Generation Material for Power Device

-> Silicon Carbide (SiC) Power FET
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Diagrams from “High Temperature Electronics in
Europe” report, Chapter 7 “High Voltage SiC
Devices” by T. Paul Chow. Downloaded from
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Next Generation Material for Power Device
-> Gallium Nitride (GaN) Power FET
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SiC vs. GaN vs. Si Comparison

l 'Iatel ials P1 operty Sl( -4H Ga\I
11t1cal Flel(l 106 V/cm 3 3 3 5

IElectron Mobility (cm'/\*‘ -sec) 1450 [900 12000 \
lectron Saturation Velocity (10° cm/sec) 10 |22 25
hermal Conductivity (Watts/cm” K) 15 |5 1.3 ‘

Comparison of R, for Si, SiC, and GaN

1000

10

Specific On-Resistance (mOhm-cm?)

0.1

10 10000

Breakdown Voltage (V)
KEITHLEY @S mSiSJ ©IGBT ®SiC A GaNHFET Y IR GaN Measured data "['el(tl‘()ll/ix®
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I 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)

= Test equipment must be capable of generating high voltages and
measuring low currents

= Variety of tests dictates both voltage and current source control

Reverse leakage of Si diode vs. SiC diode

KEITHLEY R Tektron/ixg*

ektronix Company




Overview of Keithley’'s
semiconductor test offerings
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I Semiconductor Test at Keithley

4200-SCS Parametric Curve Tracer S530, S500 & ACS

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

KEITHLEY s Tel(tr()n/ix®

ektronix Company



Keithley Semiconductor Characterization Solutions

MOSFETs, CMOS, BJT's, diodes, capacitors, Consumer electronics (IPads, cell phones,
Traditional Semiconductor resistors, memory devices, MEMS, 111-V laptop computers, etc), automotive
Characterization System 4200-SCS <200V, 1A devices, Thin-film Transistors (TFT), solar electronics, communications and other
Pgs.61-63 cells, nanoscale devices & structures, electronics

optoelectronics, etc.

Energy conversion (AC-DC, DC-DC), energy

High Power Parametric IGBTs, MOSFETs, BJTs, Triacs/SCRs, diodes generation (solar cells, etc.), industrial

Curve Tracer CZ:::TI::;; <3kV, 100 A and other power control devices, efc. controls (motor and machine controls),
Pgs. 64-66 appliances (stoves, etc.), lighting, and
automotive controls
: Large scale energy management (power
. Contact Keithle
Ultra High Power Applications v >3KV. 100 A IGBTs, Triacs/SCRs, and diodes, efc. plants), traction motors (trains and ships),
Parameter Analyzer Engineer ’ and other electric vehicles (HEV/EV)

From p.60 of Keithley Sales Guide, September 2012 Edition

KEITHLEY s Tek[ron/ix@
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Parametric Curve Tracer (PCT)
Overview

KEITHLEY Y Tektronix-
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Keithley PCT
- What is a Parametric Curve Tracer?

A configurable benchtop system for e o oo ¢
characterizing power devices (S - T

= Comprehensive solution including — - — HaRES

instruments, cables, test fixture, software,

test libraries, and sample devices

= \World Class measurements to 3KV and
100A

= Cost-effective

= Easy field upgrades, scalable and re-
configurable

= Supports both Parametric and Trace test
modes

KEITHLEY Tek[ron/ix®

ektronix Company



Keithley PCT
- What is Trace Test Mode?

Generates rapid visual results of device characteristics

= Requires real-time operator control based upon visual inspection of
test results (graph, plot)
— The “knob” for the Tektronix curve tracer
— The slider for the Keithley Parametric Curve Tracer

= Used to determine condition of device (bad or good) or boundaries of
device (breakdown voltage)

= Commonin
— Device development = [T

— Failure analysis = =

Curve Tracer Test

KEITHLEY Tektr()n/ix@

ektronix Company



Keithley PCT
- What is Parametric Test Mode?

Each test has clearly defined variables (e.g. start, stop, and step

levels of sweep)

Outputs precise digital data, which is necessary for parameter

extraction (e.g. hfe, RdsON, gm)

Operator controls test programmatically. Tests can run automatically

|
without operator intervention.

= Common in - L_|J )
— Device qualification £ F b_zw__n____h_mz“
— Process monitoring e e
— Data sheet generation

Parametric Test
Tektron/ix&‘

KEITHLEY [z
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Keithley PCT
- Why parametric curve tracer configurations?

= Tektronix curve tracer was the primary test instrument for power
devices
— Combined high power with interactive control

= |ncreased interest in power devices requires parametric analysis

= However, power device engineers also want the familiar, interactive
control of the Tektronix curve tracer

= The Keithley parametric curve tracer configurations combine precise
device parameter measurements with the interactive and visualization
benefits of a curve tracer

— In many cases, these configurations are a suitable alternative for the
Tektronix Curve Tracer for characterizing power devices

KEITHLEY R Tektron/ix@

ektronix Company



Semiconductor Test and the Parametric Curve
Trace configurations

WEPE

Companies involved in:

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

Device
Development

& Charac-
terization

Failure Incoming

Analysis Inspection

Target Customers & Apps for

Parametric Curve Tracer
.

A Tektronix Company
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Example of Parametric Curve Tracer Customers
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Parametric Curve Tracer Detalil
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I Keithley Parametric Curve Tracer Configurations

Model 2600-PCT-4

Model 4200-PCT-4 on K420 Cart

KEITHLEY Tektron/im

ektronix Company



Keithley Parametric Curve Tracer Configurations

—

Entry Level High Current
Collector/ High Voltage Mode 200V/10A 200V/10A
Drain
Supply High Current Mode 200V/10A 40V/50A
Step Generator (Base/Gate 200V/10A 200V/10A
supply)
Incoming Incoming
Inspection, FA, Inspection, FA,
Typical Applications QA, Reliability, QA, Reliability,
Design Qual, Design Qual,

Product Dev. Product Dev.

Software

Text Fixture

KEITHLEY [t

A Tektronix Company

2
High Voltage

3KV/120mA

200V/10A

200V/10A

Incoming
Inspection, FA,
QA, Reliability,

Design Qual,
Product Dev.

(
600-PCT-3

2600-PCT-4 4200-PCT-2 4200-PCT-3 4200-PCT-4

High Current High Current High Voltage High Current and
and Voltage +C-V +C-V Voltage + C-V
3KV/120mA 200V/1A 3KV/120mA 3KV/120mA
40V/50A 40V/50A 200V/1A 200V/1A
200V/10A 200V/1A 200V/1A 200V/1A
'“°°,"‘ ing Data Sheet Data Sheet Data Sheet
Inspection, FA, : ) :
QA Reliability Generation, Generation, Generation,
Dési @ ’ Modeling, General Modeling, General Modeling, General
g ’ Characterization Characterization Characterization

Product Dev.

ACS Basic Edition with Trace Mode and Parametric Mode, single and sequenced tests, sample power device libraries

Model 8010 High Power Device Test Fixture supports 3KV/100A

Includes TO-220, TO-247, Axial, Custom sockets,. sample demo parts (BJT, MOSFET, diode, efc.)

From p.64 of Keithley Sales Guide, September 2012 Edition

Tektron/ix“>



What is included in each Parametric Curve Tracer
configuration?

2600-PCT-1 | 2600-PCT-2 | 2600-PCT-3 | 2600-PCT-4 | 4200-PCT-2 | 4200-PCT-3 4200-PCT-4

. (200V/50A/ (BKV/1A/ (3KV/50A/
Capability (200V/10A) (200V/50A) (3KV/10A) (3KV/50A) 400V-CV) 400V-CV) 400V-CV)
2636B v v v v
2651A v v v
2657A v v v
4200-SCS v v v
8910 Test v v ~ y y P P
Fixture
All Cables and Y v v v v v ,
adaptors
ACS-Basic 2.0 v v v v v v v
Misc Sample v v v y y y y
Parts

From p.66 of Keithley Sales Guide, September 2012 Edition

Additional Notes
« Parametric Curve Tracer configuration are fixed
» Customer supplies PC with Model 2600-PCT-*. Keithley includes PC with Model 4200-PCT-*.

KEITHLEY e Tek[rﬂn/ix@
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Parametric Curve Tracer software: ACS-Basic 2.0

For fast and simple single device testing!

Formulator: [GMmax(I_DRAIN,V_GATE)
Forrnulator List:
Functions: Wariables:
GET_FREQ a] [time
GET_LISTINDEX V_Gate
_| V_Drain
1_Drain
...... ~ny
: 2 SRR |
Parametric Test —S% & * o J m— J
— 3 LOG10
O — LOGFIT
: L] — :
Tl E— Parameter Extract
e e
—— - | 2 EE— E— —
2 - | R LEY

Curve Tracer Test

KEITHLEY % Tektron/iw
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) +3000V? 100 Vv, 10 fA 0.05% rdg + 0.05% rng
On-State Current (DC) Vdson, Veesat, Vf Id-Vd +20 A*, Optional: =40 A* 100 nA, 1 uV 0.05% rdg + 0.05% rng
On-State Current (Pulse) Vdson, Veesat, Vf Id-Vd =350 A4, Optional: =100A+ 100 uA, 1 uV 0.05% rdg + 0.05% rng
Drain/Collector Leakage Current Idss, Ir/Icbo, Iceo Id-Vd =20 mA @ 300025 10 fA, 1V 0.2% rdg + 1% rng
Gate/Base Leakage Current Igss, Ib lg-Vg =1 A or, £10 A Pulsed ? 10 fA, 1T uV 0.2% rdg + 1% rng
On-State Threshold Voltage or . 3
Cutoff Voltage Vth, Vf, Vbeon, Vcesat Id-Vg =200V 10 A, 1 uV 0.2% rdg + 0.5% rng
ng;:g Eg::ﬂ‘(’)‘n’;ﬂg}:“g“ or |vfs| Gfs, Hfe, gain Vd-Id @ Vds 1 ms ~ 1000 s¢ 1pA, 1V 1%
On-State Resistance RDS(on), Veesat Vd-Vg @ Id <100 Q7 10 uQ, 1V 1%
Input Capacitance Ciss C-V 100 kHz 10 nF8 =200V 10 fF, 10 uV Better than 1% at C<10 nF
Output Capacitance Coss C-V 100 kHz 10 nF® =200 V 10 fF, 10 uV Better than 1% at C<10 nF
Reverse Transfer Capacitance Crss C-V 100 kHz 10 nF8 =200V 10 fF, 10 uV Better than 1% at C<10 nF

00 = O\ W e N N =
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Test method used for extracting the parameter. Only typical MOSFET listed, but similar method for other devices.
. Model 2657A High Power System SourceMeter® SMU Instrument.
Model 2636A SourceMeter SMU Instrument or Model 4210-SMU.
. Model 2651A High Power System SourceMeter SMU Instrument or optional dual Model 2651A High Power System SourceMeter SMU Instruments.
Maximum 20mA at 3000V, 120mA at 1500V.

. Typical extracted capability (Example: 1mA/1V ~ 1A/1mV).
Typical extracted capability (Example: 1mV/10A).

. Max. £200VDC (=400VDC differential) bias with 4210-CVU and 4200-CVU-PWR.

Tektron/ix@



Keithley Parametric Curve Tracer Demonstration

Connect instruments to the test fixture

- edE
= Start ACS-Basic KEITHLEY

;4ummaled éharactanzatmn Smte
Basic Edition V2.0

= |nstall device in test fixture

= Select the test mode: parametric or curve tracer

= Select a device and a test

= Run

KEITHLEY Tek[ron/ix@

ektronix Company



Keithley Parametric Curve Tracer Demonstration

- Trace Mode

T mabrhe B0tz Magn Hicstion
Commnry
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I Series 2600B and 2650A SMUs

Model 2636B SMU

* Two independent SMU channels
* Up to 200V

« Up to 10A pulsed

* 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 et Tek[ron/ix®
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Series 2600B and 2650A SMUs
— Flexibility and Speed

s GPIB or Ethernet
TSP-Link

To
Device 1

Device 2

Test‘ 3
running

Device 3

<500ns

-—

~

SMU1

1
eyl [

SMu4 _I

= Each SMU is a completely independent instrument

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

= Virtual backplane (TSP-Link) includes enhanced communication

and triggering features

— Nearly simultaneous synchronization between instruments on the
backplane

KEITHLEY et

A Tektronix Company
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Series 2650A ADCs

0.0000 0.0002 0.0006 0.0008 0.0010

Integrating ADC Fast ADC
= 24-bit resolution = 18-bit resolution
=  Maximum reading rate = 20kHz =  Maximum sample rate = 1 MHz
= Simultaneous voltage and current = Provide high speed measurements
measurements ensured by dual ADCs without external instruments

= Useful for high accuracy measurements = Useful for transient characterization,
especially pulse integrity inspection

KEITHLEY ey Tek[ron/ix@
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I Series 2650A accessories for optimal performance

= High Current, Low Inductance, Low Resistance Cable
— Custom design
— Ceritical for achieving 100us pulses at 100A
— Supplied with Parametric Curve Tracer

= High Voltage Low Noise Triaxial Cable
— Custom design

— Critical for achieving guarded
pA-level current measurements
at 3kV

— Supplied with Parametric
Curve Tracer

KEITHLEY s Tektron/ix®

ektronix Company



I Model 4200-SCS Semiconductor Characterization System

= A an integrated semiconductor parameter This is the only

analyzer that contains reason to have 4200
— Source-Measure Units (SMUs) — 200V, 1A in a parametric
— Capacitance meters curve tracer

— Ultra-Fast |-V and Pulse cards

* Includes PC and Window-based, point-and-
click GUI that enables the user to quickly and

simply set up and run tests, and analyze data !

= For more details on Keithley Model 4200, refer
to KI201

100
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Model 8010 Test Fixture

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

= |ncludes test sockets for TO-220
and TO-247 packages and
custom devices.

= Easy to use banana connections

= |ncludes laminated, full-color
connection guide

Model 8010 High Power Device Test Fixture

Interconnection Reference Guide

KEITHLEY Tektron/ix@
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Connections to the Model 8010 Test Fixture

Access port for routing external

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

INTERLOCK c E

Kermhiey] @
ADE ™
e

Connections to SMU interlocks.

Connect up to two Model 2636Bs Disables high voltage outputs of
or Model 4200 SMUs for 200V SMUs when test fixture is opened.
and low current (pA) testing

KEITHLEY Tek[ron/ix@@
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Protect your instrument if device is failed

Overvoltage protection modules
ensure that the lower voltage

instrument is protected if device U
. [
failure results — (e i
IH | |
L | L |
e : Model 2657A
et I | SMU
R Overvolga | | (3000 V max
U DR "’"‘""‘m =T r--- rating)
s e AV
| Lo i
' I ! [
' I ! [
' I ! [
Model 2636A | - | ! | Model 2636A
smu | | ! - | SMu
(200 Vmax | | ! (200 V max
rating) | _ _| _ _ : l | rating)

Model 2657A-PM-200
Protection Module

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

KEITHLEY Tel(tr()n/ix®
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Keithley Parametric Curve Tracer Demonstration

- Parametric Mode (Toshiba TK12A60U)

Electrical Characteristics (Ta = 25°C)

KEITHLEY

A Tektronix Company

Characteristics Symbol Test Condition Min Typ. Max Unit
Gate leakage current lgss Vgs =30V, Vps=0V - - =1 pA
Drain cut-off current IDss Vps =600V, Vgs=0V — - 100 pA
Drain-source breakdown voltage VBR)DSS |[ID=10mA Vgs=0V 600 - — V
Gate threshold voltage Vih Vps=10V,Ip=1mA 3.0 — 50 \%
Drain-source ON-resistance RDS (ON) Vgs=10V,Ip=6A — 0.36 04 Q
Forward transfer admittance [Yis| Vps=10V,Ip=6A 20 7.0 — S
. . _ B D: K2657A (Hi V; 3KV)
Characteristics Symbol Rating Unit
, Il D: K2651A (Hi I; 50A Pulse)
Drain-source voltage Vpss 600
Gate-source voltage VGss +30 - G: K2635A (Hi P)
DC (Note 1) Ip 12
Drain current A
Pulse (Note 1) Ipp 24

Tektron/ix@



Keithley Parametric Curve Tracer Demonstration

- Parametric Mode (Ex. R,,,,,, Toshiba TK12A60U)

Rds.on-Vg Comparison with 4 DUTs
0.55 | 7.0%
4 15.5%
0.5
{ 15.0%
E 0.45
% 15.5%
S 04
{ 15.0%
0.38 { 14.5%
o-s ALLAL ALMLLL ALAMAAARAAL AALALA AAAAAA A AL A AL 1‘.0%
S e o W O O OO o O o O O o o o
weeas s NN eFdeg gEnrEE g
ige (volt)
—e— RILONT@SA ——RdroN1 @124 Rdi.oN2 @D 6A RI1.OM @ 124 —»— RI1LOMG DS A
—— RILONS D 124 ——Rdrond MEA —— Rd1.ONd @ 124 —— Rdront %
Drain-source ON-resistance Rps©N) |Ves=10V,Ip=6A — 0.36 04 Q |
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Keithley Parametric Curve Tracer Demonstration %

- Parametric Mode (Ex.

Vgross, Toshiba TK12A60U)

7 S e e S ensemsesnaesenneaas |'

Ids=0.01A |.
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time(s)
) E x|+
i o o 2 N ) KEITHLEY
GROLPII
A(X) B(Y1) C D E F G H 1 Automated Characterization Suite(ACS) BASIC ¥2 0(OFFLI
1 ime W_Drain I_Drain BY File Edit View Operation Tools Help
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Keithley Parametric Curve Tracer Demonstrat
- Transient IV (1us / point synchronous measure)
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I Conclusion

1. Keithley high power parametric curve tracer provides

the most flexible, economical, upgradable and
accurate for high power device characterization (Si,
SiC, GaN, etc).

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

3. Superior low current ability which can achieve pA

level measurement under high voltage.

4. Available accessories are ready for further

customized prober or test fixture integration.
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Thanks for your time ~
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