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I What is a Parametric Curve Tracer?

A configurable bench top system for characterizing power
devices

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

Supports both Parametric and Trace test modes

Includes the best of a Curve Tracer and a parameter analyzer
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Typical Device Parameters (and many more!)

Diodes & Rectifiers

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

MOSFETs & JFETs

)J Family of Curves (Vds-Id)
4' Transfer characteristics (Vgs-1d)
On-resistance (Rdson)
::I Breakdown voltages (BVdss, BVdg)
Leakage Currents (Idss, Igss)

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)
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Example Libraries Included with PCT

Typical Power Transistor Symbol Test Maximum Typical Typical
Parameter Method Range Best Accuracy
1 Resolution

Breakdown Voltage Bvdss, Bvceo  1d-Vd or +/-3000V (2) 100uV 0.05% rdg +

On State Current (DC) Vdson Id-vd +/-20A (4) 100nA 0.05% rdg +
Vcesat Optional: luv 0.05% rng
Vi +/-40A (4)

On State Current (Pulse) Vdson Id-vd +/-50A (4) 100uA 0.05% rdg +
Vcesat Optional: luv 0.05% rng
Vf +/-100A (4)

Drain/Collector Idss Id-vd +/-20mA @3000) 10fA 0.2% rdg +

Leakage Current Ir/lchbo (2,5) luv 1% rng
Iceo

lgss lg-Vg +/-1A or +/- 10A 10fA 0.2% rdg +

Leakage Current Ib Pulsed (3) luv 1% rng

On State threshold Voltage RYilAY%i Id-Vg +/-200V (3) 10fA 0.2% rdg +

or Cutoff Voltage Vbeon luv 0.5% rng
Vcesat

Forward Transfer lyfs| Gfs Vd-ld @Vds 1mS~ 1pA 1%

Admittance or Forward Hfe 1000 S6 luv

Transconductance gain

RDS(on) vd-vg @Id less than 100 uQ (7) 10 uQ 1%
Vcesat luv
Ciss c-v 10nF (8) 10fF Better than 5% at
100KHz +/-200V 10uv C<10 nF
Output Capacitance Coss Cc-v 10nF (8) 10fF Better than 5% at
_ 100KHz +/-200V 10uv C<10 nF

Reverse Transfer Crss C-v 10nF (8) 10fF Better than 5% at
Capacitance 100KHz +/-200V 10uv C<10 nF
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Parametric Curve Tracer software; ACS Basic 2.1

For fast and simple single device testing!

SoRE 4 oo = ITM: IcVce_StepVge (26xx SMU) N1 ‘Fln-’ : » _,.; i (B) o ["‘l
e w N EEL LS RERD o

T | Opentest | |  camcer | '/'r

B -
e
i ~
vzt
& ?f e
5 v
* W j—' Enabile 10 Magnification
et - ————————————————————— I .
S 3 saves
e ~ E Test Name: Icvice_StepVige Fcommanded \adous conligasten 3 R 0. Voksgea O
[ Tast Type: TTH bl e e f oo R
(R hal
ErEr= wcasm| S | fal | erstion] Force Hede — t: | ; R ol
::: . | | | | Learemst Sty - “. ==
: Ftam b E o wnil
=4 s e pomge | ST .
- LR
&+« HHWN KEITHLEY]

Parametric Test Mode Trace Mode

Tektron/im

KEITHLEY 3

A Tektronix Company



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)
= Common in Device development and Failure analysi
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I What is Parametric Test Mode?

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

levels of sweep)

= Qutputs precise digital data, which is necessary for parameter

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

= Operator controls test programmatically.
single button push (no slider needed)

Tests and extractions with a

= Used for Device qualification, Process monitoring ,Data sheet
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Test Name: IcVce StepVge
Test Type: ITM
Instrument: KI2651A, KI2600A
DUT: Three term IGBT
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Core |-V Instrumentation: Series 2600B and 2650A SMUs

Model 2636B SMU

« Two independent SMU channels
 Upto 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)

10fA measurement resolution

* High speed and integrating ADCs

KEITHLEY Tektron/ix®
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Add HV C-V capability as well — Model PCT-CVU

= 2,3and 4 terminal C-V
= 10KHz to 2MHz

= 200V CV solutions

= 3000V CV solutions

=  Simplified interconnect 1

8E-09
1.6E-09
1-4E-09
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Example of Coss, Crss,Ciss on SiC FET
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I Series 2650A accessories for optimal performance

= High Current, Low Inductance, Low Resistance Cable
— Custom design
— Critical 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 Tektron/ix®
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I Model 8010 Test Fixture
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Provides safe environment for
testing at 3kV and at 100A.

Includes test sockets for TO-247
packages, axial lead and custom
devices.

Optional Curve Tracer Socket
adaptor

Optional 2,3 or 4 terminal CV at
up to 3KV

Separate areas for high voltage
and high current testing

Tektron/ix@



NEW! Model 8010-DTB-CT Tektronix Curve Tracer Adapter Module

Our Adapter with a
different Tek module or
socket plugged in

Model 8010-DTB-CT Typical Tek module

that will fit into our Adapter

Makes Keithley Model 8010 compatible with all existing
Tektronix curve tracer test modules

Note: Some users have made their own test adapters for use with Tektronix curve tracers. The
8010-DTB-CT makes the 8010 compatible with such test modules for use with PCT system
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PCT - Designed to Grow with Your Needs

Field upgradability and Instrumentation can be added, removed, or

reconfiguration repurposed easily in the field without factory
intervention. Convert your Parametric Curve
Tracer to a reliability tester or a wafer sort tester.

Complete solution Best in class SourceMeter instruments, optimized
engineered for optimum  cables, safe and flexible test fixture and Windows
price and performance based control software.

Economical power device Start with a low-cost, entry-level configuration and

characterization upgrade at any time to any other configuration.
Full range of C-V 2,3 and 4 terminal Capacitance-Voltage (CV) up to
capability 3KV required for some device tests, but Curve

Tracers did not support CV.

Powerful ACS Basic Observe devices in real time by controlling the

Edition device sources with trace mode, then switch to

characterization software parametric mode for detailed characterization.
Sample test libraries for power devices like
transistors, diodes, resistors, etc.
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Introducing the Model 8020 Interface Panel

INSTRUMENT CONNECTIONS %
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Model 2657A 200V Channels for Series For two Model 2651A
2600 and 4200 SMUs (100A pulse in parallel)

= Model 8020 High Power Interface Panel supports 5 instrument

channels
— 1 Model 2657A SMU (For up to 3 KV)
— 3200V SMUs (2612, 2636, 4200/10-SMU)
— 1 or 2 Model 2651A SMUs, connected in parallel (for up to 100A )

= Automatically connects instrument LO terminals correctly to create a
system reference (ground unit)

KEITHLEY Tektron/ix®
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Model 8020-CVU Bias Tee Option

= Factory-installed option

* Includes 4 bias tees, one integrated on each of the 3KV and 200V
channels

= Supports 2, 3 or 4 terminal HV C-V

= Bias Tees have multi-mode capability to optimize DC IV and CV
measurements

— No need to change cables between IV and CV testing
Model 8020-CVU option
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I ACS Basic Edition 2.1

Updated for HV C-V measurements with PCT-CVU with any PCT
configuration

— Includes new PTMs for general purpose HVCV

— Includes new PTMs for device-specific HVCV (Ciss, Crss, Coss
etc.)

— Includes new CV compensation window for HV C-V on 2,3, or 4
terminal devices

Supports hardware-specific features of 8010 and 8020 setup using a
new Device Interface selection in the Hardware Configuration window

Includes PTM that controls ultra-high voltage (>5kV) use case with
Series 2290 HV power supply and Series 2600 SMU

Highly trained Keithley Apps Eng. are familiar with all ACS BE 2.1
features

I KEITHLEY Tektron/ix@

y 4May 2015



I Keithley’s Value Proposition

= The products released with the 8020 give Keithley an advantage in
meeting the needs of users who have difficulty in selecting and using
a power device test system to meet their packaged device and on-
wafer test needs

— Almost all previous solutions required the user to create his own test
systems, leading to measurement and safety problems.

= Now Keithley offers an engineered set of tools that are complete
iIncluding powerful software.

= This panel reduces complexity and errors in high power device
characterization. It solves complex interconnect cabling problems for
probe stations and other test fixtures.

KEITHLEY Tektron/ix@

ktronix Company 4 May 2015



“So how is the PCT different from my Tektronix
curve tracer?”

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

Entry Level High Current High Voltage High Current
and Voltage
Tektronix Curve N/A N/A Tek 370B Tek 371B
Tracer (2kV / 20A) (3kV / 400A)

Keithley Benefits
High resolution
High precision / accuracy
Flexible configuration
Including C-V
Package and wafer support
Worldwide product support

KEITHLEY BRE Tektron/ix@

A Tektronix Company



“So I've seen the Agilent solution at a trade show / or on
the web. How do you compare?”

Model 2600- 2600- 2600- 2600- PCT-2B PCT-3B PCT-4B
PCT-1B PCT-2B PCT-3B PCT-4B w/ CV w/CV w/CV
Entry Level High High High High High High
Current Voltage Current Current + Voltage + Current
and C-v C-v and
Voltage Voltage +
Cc-v
Agilent Power B1505A B1505A B1505A B1505A B1505A B1505A B1505A
Device (200v / (200v / (BkV / 1A) (3kV /40A) (200V/40A (3kV/1A/ (3kV / 40A/
Analyzer 20A) 40A) / 200V CV)  3kV CV) 3kV CV)

Model

Keithley Benefits
Cost effective
Flexible, scalable configuration
Package AND wafer level
Re-purposable

A Tektronix Company
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I Keithley’s Latest Solution for Ultra-High Voltage
Semiconductor Tests (5 or 10KV)

= Series 2290 High Voltage Power Supply with Series 2600B SMU

Instruments
— Includes safety interlock

= New protection module accessory, Model 2290-PM-200,

= ACS BE 2.1. software includes libraries to run sweeps, breakdown
and leakage current tests with 2290 and SMU instrument
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I Who Needs 5 or 10kV Supplies?

= Industry: Semiconductor Industry

= Application: High voltage semiconductor device research,
development, and characterization

= Devices:
— Silicon Carbide (SIC) diodes and transistors
— Aluminum Nitride (AIN) diodes and transistors

Materials researchers Semiconductor facilities
Semiconductor physicists Research Institutes
Semiconductor characterization engineers Universities

= Key applications:
— Wide bandgap semiconductors
— SiC, AIN
— Breakdown testing, leakage current testing

KEITHLEY Tektron/ix@
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I New kV Supplies

Model 2290-5 5kV Power Supply Model 2290-10 10kV Power Supply

VOLTS

[l ER SR ol R il
o —. B e EEE—
Q +50V to +5,000vDC O +100V to +10,000VDC
O Up to 5SmA current output (25W) U Up to 1mA output (10W)
O 1pA current measurement U 1pA current measurement
resolution resolution
O Ultra-low output noise; 3mVrms O Low output noise;1Vrms
@5kV with output filter enabled maximum
O Safety interlock 1 Safety interlock
O GPIB interface U RS-232 and GPIB
Interfaces

KEITHLEY Tektron/ix®
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Ultra-HV Applications Enabled by Series 2290

Power Supplies

Breakdown Voltage

__ Properly grounded safe
P
= enclosure

High Voltage
Power Supply
with ammeter

;

= Typically a coarse measurement of
device current to determine if
breakdown voltage has been
reached

= V-source method is likely in device

development
— |-source method in higher speed tests

= Can be measured by high voltage
power supply alone

KEITHLEY BRI

A Tektronix Company

Leakage Current

- Properly grounded safe
enclosure

Series 2290 — Model 263xB System
Power Supply PM SourceMeter instrument
-1 configured as an ammeter

Model 2290-PM-200
Protection Module

= Accurate measurement of device
current at specified voltage

=  SMU instrument used primarily
as an ammeter. Also allows for
more precise control over the
current limit.

Tektron/ix*f‘



Example: Measuring Ices of IGBT with 1 Model 2290 and

1 Model 2636B

Properly grounded safe

enclosure —

Model 263xB |
System
SourceMeter |

,,,,,,,,,,,,,,

—_— Series 2290
-_— Power Supply

Model 2290-PM-200
Protection Module

S|
Model 263xB System
SourceMeter instrument
configured as an ammeter
777

Additional SMU permits DC voltage at gate terminal.

KEITHLEY
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Value Proposition — A Very Cost Effective Complete

Solution

= Only Keithley offers an independent, stand-alone, safe, high voltage breakdown test package

— 5KV or 10kV power supply
— 10kV Protection module

— SourceMeter for higher sensitivity leakage current measurements
— Software with flexible sample libraries (ACS Basic V 2.1)
— High voltage cables and bulkhead connectors

= Third party probe station and test fixtures for 10KV are available (see www.signatone.com)

= Keithley has associated instrumentation for more complete device characterization
— Parametric Curve Tracer for 3KV, 100A package and wafer level

= Keithley has semiconductor test and low level

measurement expertise

— =
pfodel 8010 is 3KV ratgﬁ, not for use with

A Tektronix Compg

RO0 series

Signatone 10KV Package Part Test Fixture
Optional thermal plate available ‘
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