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Introduction

This primer examines the life cycle of a power semiconductor
device and the tremendous variety of test and characterization
activities and measurement challenges faced by the engineers
involved in each stage throughout the cycle. From the early stages
of designing a new power device to the point where it's ready for
market, Tektronix’s flexible set of high-power characterization
tools are ideal for testing across the entire life cycle of a

power device.
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Evaluating New Devices and Designs for
New Application Requirements

Advances in wide bandgap semiconductor technology, particularly in the
context of power semiconductor testing and high-power semiconductors, are
enabling the development of a clean, renewable and reliable energy ecosystem
while creating new challenges for engineers. Requirements are changing
continuously along with the types of measurements. How can measurements
be made quickly and easily without time being wasted to relearn software and
instrumentation?

The Keithley 4200A-SCS Parameter
Analyzer and the Tektronix5and 6 Series
MSO0 oscilloscopes enable the engineer to
perform |-V characterization and device
analysis. Pinch and zoom enables deeper
insights into device performance.



https://www.tek.com/en/innovative-scopes?pdfcode=high-power-semi-primer
https://www.tek.com/en/products/keithley/4200a-scs-parameter-analyzer?pdfcode=high-power-semi-primer
https://www.tek.com/en/products/keithley/4200a-scs-parameter-analyzer?pdfcode=high-power-semi-primer
https://www.tek.com/en/products/keithley/4200a-scs-parameter-analyzer?pdfcode=high-power-semi-primer
https://www.tek.com/en/innovative-scopes?pdfcode=high-power-semi-primer
https://www.tek.com/en/innovative-scopes?pdfcode=high-power-semi-primer
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Watch the Webinar

Tektronix offers a wide range of test capabilities, including
pulse, DC, and C-V. Our graphical SourceMeter® source measure
unit (SMU) instruments simplify the user experience so the .
engineer can focus on the device and the performance rather Tektronix
than the instrumentation. The Keithley 2461 Graphical High
Current Digitizing SMU and the 2470 Graphical High Voltage
SourceMeter SMU combined with KickStart |-V Characterization
Software simplify the interaction between multiple SMUs to
perform current versus voltage (I-V) testing on high power
devices, speeding up the time to insight. For more advanced
measurement requirements, the Keithley 4200A-SCS
Parameter Analyzer reduces the time from setup to running
characterization tests by up to 50%, allowing
uncompromised measurement and analysis

Top 7 Characterization
Tests for MOSFETs

Top 7 Characterization Tests

capability. Plus, embedded measurement Read the Application Note
eXpertise prOVideS unpal’a||e|ed teSt Breakdown and Leakage Current Measurements for MOSFETS
gu|dance and g|VeS Supreme Conﬂdence in on High Voltage Semiconductor Devices Using the

Keithley 2470 SourceMeter® Source Measure Unit

the resu |t|ng measurements. (SMU) Instrument and KickStart Software

Breakdown and Leakage Current
Measurements on High Voltage
Semiconductor Devices Using the
Keithley 2470 SourceMeter® Source
Measure Unit (SMU) Instrument and —
KickStart Software

Tektronix


https://www.tek.com/en/products/keithley/source-measure-units/2400-graphical-series-sourcemeter?pdfcode=high-power-semi-primer
https://www.tek.com/en/products/keithley/source-measure-units/2400-graphical-series-sourcemeter?pdfcode=high-power-semi-primer
https://www.tek.com/en/datasheet/2461-graphical-source-measure-unit?pdfcode=high-power-semi-primer
https://www.tek.com/en/datasheet/2461-graphical-source-measure-unit?pdfcode=high-power-semi-primer
https://www.tek.com/en/datasheet/2470-graphical-sourcemeter-smu-instrument-datasheet?pdfcode=high-power-semi-primer
https://www.tek.com/en/datasheet/2470-graphical-sourcemeter-smu-instrument-datasheet?pdfcode=high-power-semi-primer
https://www.tek.com/en/products/keithley/keithley-control-software-bench-instruments/kickstart?pdfcode=high-power-semi-primer
https://www.tek.com/en/products/keithley/keithley-control-software-bench-instruments/kickstart?pdfcode=high-power-semi-primer
https://www.tek.com/en/documents/application-note/breakdown-and-leakage-current-measurements-high-voltage-semiconductor?pdfcode=high-power-semi-primer
https://www.tek.com/en/video/webinar/top-7-characterization-tests-for-mosfets?pdfcode=high-power-semi-primer
https://www.tek.com/en/video/webinar/top-7-characterization-tests-for-mosfets?pdfcode=high-power-semi-primer
https://www.tek.com/en/documents/application-note/breakdown-and-leakage-current-measurements-high-voltage-semiconductor?pdfcode=high-power-semi-primer
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Characterizing Full Performance o
of New Device Design rtertaos Pl

To effectively design devices to meet the latest i LRI
. . . . . Series resistors
requirements, power device design engineers and process , ,

. - - High voltage bias tees
engineers must gnderstgnd how to tweak the process to 200V SMU . Overvoltage protection
produce the desired device performance. There must be . Cabling differences
confidence that the device models are fairly accurate, R between measurements

i i 200V SMU - Connector interface to
and changing a par‘tlcular prgcess step must produce the orobe stations and fixtures
necessary change in the device measurement parameter.

The'r.efor'e, the device fangmeer must perform preliminary ’ 50A SMU
verification of key device parameters.

The combination of a Keithley Parametric Curve Tracer ' 50A SMU
system, the 8020 Probe Station Interface, and ACS-BASIC

Edition Software enables the design engineertoruna

wide range of tests that must be performed on wafer or a CcvVu

packaged part for DC, CV, and pulsed test. The ACS-BASIC
software is designed from the device perspective and
includes scores of device libraries and a built-in formulator

to quickly relate measurement to device parameters.
|\' , Number 3276

Solving Connection Challenges in

On-Wafer Power Semiconductor

Device Test

Application Note
Series

Testing Modern Power
Semiconductor
Devices Requires a
Modern Curve Tracer

Testing Modem Power iconductor
Devices Requires a Modern Curve Tracer



https://www.tek.com/en/products/keithley/semiconductor-test-systems/parametric-curve-tracer-configurations?pdfcode=high-power-semi-primer
https://www.tek.com/en/products/keithley/semiconductor-test-systems/parametric-curve-tracer-configurations?pdfcode=high-power-semi-primer
https://www.tek.com/en/datasheet/automated-characterization-suite-acs-software/acs-basic-edition-semiconductor-parametric-0?pdfcode=high-power-semi-primer
https://www.tek.com/en/datasheet/automated-characterization-suite-acs-software/acs-basic-edition-semiconductor-parametric-0?pdfcode=high-power-semi-primer
https://www.tek.com/en/video/webinar/testing-modern-power-semiconductor-devices-requires-a-modern-curve-tracer?pdfcode=high-power-semi-primer
https://www.tek.com/en/documents/application-note/solving-connection-challenges-wafer-power-semiconductor-device-test-applic?pdfcode=high-power-semi-primer
https://www.tek.com/en/video/webinar/testing-modern-power-semiconductor-devices-requires-a-modern-curve-tracer?pdfcode=high-power-semi-primer
https://www.tek.com/en/documents/application-note/solving-connection-challenges-wafer-power-semiconductor-device-test-applic?pdfcode=high-power-semi-primer
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A characterization engineer provides the necessary
measurement expertise and understanding of how
measurement anomalies can impact non-targeted areas of
device performance. It's imperative to get results fast to enable
multiple iterations with device or process engineers and quickly
convert measurements to device parameters.

Minimizing switching losses continues to be a major challenge
for power device engineers working on SiC and GaN devices. The
standard test method for measuring switching parameters and
evaluating the dynamic behavior of Si, SiC and GaN MOSFETs and
IGBTs is the double pulse test (DPT). Double pulse testing can be
used to measure energy loss during device turn-on and turn-off,
as well asreverse recovery parameters.

Read the Application Note

@ JOSH BROWN

tpphcations Enginesr

Double Pulse Testing

Power Semiconductor
Devices withab or

6 Series MSO with
Built-in Arbitrary
Function Generator

Tektronix

Double Pulse Testing Power
Semiconductor Devices with

a 5/6 Series MSO with Built-in
Arbitrary Function Generator

APPLICATION NOTE

el Read the Application Note
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https://www.tek.com/en/solutions/industry/power-semiconductor/double-pulse-testing?pdfcode=high-power-semi-primer
https://www.tek.com/en/video/product-demo/double-pulse-testing-on-wide-bandgap-devices?pdfcode=high-power-semi-primer
https://www.tek.com/en/documents/application-note/double-pulse-test-tektronix-afg31000-arbitrary-function-generator?pdfcode=high-power-semi-primer
https://www.tek.com/en/documents/application-note/double-pulse-testing-power-semiconductor-devices-with-a-5-or-6-series-mso-with-built-in-afg?pdfcode=high-power-semi-primer
https://www.tek.com/en/video/product-demo/double-pulse-testing-on-wide-bandgap-devices?pdfcode=high-power-semi-primer
https://www.tek.com/en/documents/application-note/double-pulse-test-tektronix-afg31000-arbitrary-function-generator?pdfcode=high-power-semi-primer
https://www.tek.com/en/documents/application-note/double-pulse-testing-power-semiconductor-devices-with-a-5-or-6-series-mso-with-built-in-afg?pdfcode=high-power-semi-primer
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SMU Instruments

Sink + Source

— Source Sink

Capable of
Four-Quadrant Operation

Preparing the Device for Production

To properly prepare a device for production, the production test engineers
must prove if the device can be produced reliably. Measurements must

be gathered for statistical setting of device specifications, and test times
must be optimized to meet required production throughput.

Multi-functional instruments offer the best
way to obtain measurements quickly with
minimal connection changes and switching.

Measure Q

Measure V

SMU instruments are multi-functional
instruments that are proven for use

in semiconductor applications. SMU
instruments with Test Script Processor
(TSP®)technology are primed for throughput
because of their tight synchronization,
built-in processors for complex operations
and decision-making performed within the instrument, thus minimizing
communication times. These SMU instruments are used in PCT
configurations for interactive testing and also in S500 Parametric Test
Systems for automated production testing. Automated Characterization
Suite (ACS) Software combines advanced semiconductor test capabilities
along with prober control, data reporting and statistics.

Measure W

Supports Any Combination
of Force and Measure Functions

Tektronix

Watch the Webinar Measuring Gate Charge
of a Device with
. & ACS Software
Keithley’s ACS Software @ =
Read the Application Note
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ACS maps devices and tests to sites and
subsites, eliminating the need to duplicate
each test for each subsite and reducing
test development time. %% [ERAS

nd Throughput
ments g Sour Units (SMUs)

Maximize Speed

and Throughput

for Semiconductor
Measurements Using
Source Measure Unit (SMU)
Instruments

Get the Poster



https://www.tek.com/en/documents/poster/maximize-speed-and-throughput-semiconductor-measurements-using-source-measure-units?pdfcode=high-power-semi-primer
https://www.tek.com/en/products/keithley/semiconductor-test-systems/parametric-test-systems?pdfcode=high-power-semi-primer
https://www.tek.com/en/products/keithley/semiconductor-test-systems/parametric-test-systems?pdfcode=high-power-semi-primer
https://www.tek.com/en/documents/application-note/measuring-gate-charge-with-acs-software?pdfcode=high-power-semi-primer
https://www.tek.com/en/video/product-demo/acs-software-overview?pdfcode=high-power-semi-primer
https://www.tek.com/en/documents/application-note/measuring-gate-charge-with-acs-software?pdfcode=high-power-semi-primer
https://www.tek.com/en/documents/poster/maximize-speed-and-throughput-semiconductor-measurements-using-source-measure-units?pdfcode=high-power-semi-primer
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Meeting Reliability Standards for

Commercial Use

To conclude that a device meets reliability
standards for commercial use, reliability test
engineers have several responsibilities:

Determining if a device will survive
environmental stresses and continue to meet
specifications

Answering customer questions about device
lifetime (MTBF, MTTF)

Providing key insight into device fit for
certain high reliability applications (mil/aero,
automotive, etc.)

Creating statistically relevant results requires
sufficient sample sizes of the test devices. The
nature of stress-measure cycling over many
devices necessitates multi-channel parallel test
with automated data evaluation.

Process flow for
HCI/NBTI/constant
current EM tests.
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S500 Integrated Test Systems are reliability test systems that can be custom built to
accommodate from small to large number of devices. ACS features stress measure loop
cycling with integrated decision making. Keithley also provides a wide range of power supply
and SMU instrument solutions to permit simultaneous power and testing of any number

of devices.
Learn more from these Application Resources

Optimizing Reliability Testing
of Power Semiconductor

, , Vs Ramp and HTRB Reliability New High Power Semiconductor
DeY’CQS and Modules with Testing of High Power Devices are Pushing
Ke:'thley SMU Instruments and Semiconductor Devices with Instrumentation to Extremes
Switch Systems Automated Characterization
ncaintir [ Suite (ACS) Software New High Power Semiconductor
Devices Are Pushing

Instrumentation to Extremes
Optimizing Reliability Testing of Power

Semiconductor Devices and Modules with
Keithley SMU Instruments and Switch Systems

N Vps Ramp and HTRB Reliability Testing of High TECHNICAL BRIE
Application Note Power Semiconductor Devices with d

Series

ct ization Suite (ACS) Soff

Vps Ramp and HTRB Reliability Tests

Tektronix



https://www.tek.com/en/products/keithley/semiconductor-test-systems/parametric-test-systems?pdfcode=high-power-semi-primer
https://www.tek.com/en/products/keithley/semiconductor-test-systems/automated-characterization-suite?pdfcode=high-power-semi-primer
https://www.tek.com/en/documents/application-note/optimizing-reliability-testing-power-semiconductor-devices-and-modules?pdfcode=high-power-semi-primer
https://www.tek.com/en/documents/application-note/vds-ramp-and-htrb-reliability-testing-high-power-semiconductor-devices?pdfcode=high-power-semi-primer
https://www.tek.com/en/documents/technical-brief/new-high-power-semi-devices-are-pushing-instrumentation-to-extremes?pdfcode=high-power-semi-primer
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Implementing the Device in
Actual Designs

Once a device is validated, it's ready for commercial use. Those who
purchase devices must verify that the device is within tolerance for a
particular application to ensure that the expected power efficiency gains
will be achieved in the end product. As the device matures and becomes
available from multiple suppliers, power device consumers want to quickly
inspectincoming devices in order to identify and eliminate counterfeit
devices to avoid potential failures in the end product.

Tektronix and Keithley offer a wide variety of power supply and source
measure unit solutions to power basic circuit boards. Keithley’s Parametric
Curve Tracer (PCT) Configurations and ACS Basic Edition Software

include alarge library of power device tests so incoming inspection test
onindividual device performance can be quickly verified. Additionally,
Tektronix’s oscilloscopes with optional power analysis modules enable
quick and accurate analysis of switching loss, harmonics, and safe
operating area. Choose from a wide variety of high voltage, current, and
differential probes to partner with an oscilloscope.

Watch the Webinar

Power Supply Measurement
and Analysis with 4/5/6-PWR
Application Software

Testing Modern Power Semiconductor
Devices Requires a Modern Curve Tracer

Vi

arram |4z em 2llalls]alsinlja ey
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Today’s power supply designers are
faced with increasing pressure to
achieve power conversion efficiencies
of 90% and even higher.



https://www.tek.com/en/products/keithley/semiconductor-test-systems/parametric-curve-tracer-configurations?pdfcode=high-power-semi-primer
https://www.tek.com/en/products/keithley/semiconductor-test-systems/parametric-curve-tracer-configurations?pdfcode=high-power-semi-primer
https://www.tek.com/en/datasheet/automated-characterization-suite-acs-software/acs-basic-edition-semiconductor-parametric-0?pdfcode=high-power-semi-primer
https://www.tek.com/en/products/oscilloscopes?pdfcode=high-power-semi-primer
https://www.tek.com/en/products/oscilloscopes/oscilloscope-probes?pdfcode=high-power-semi-primer
https://www.tek.com/en/products/oscilloscopes/oscilloscope-probes?pdfcode=high-power-semi-primer
https://www.tek.com/en/documents/application-note/power-supply-measurement-and-analysis-5-pwr-application-software?pdfcode=high-power-semi-primer
https://www.tek.com/en/video/webinar/testing-modern-power-semiconductor-devices-requires-a-modern-curve-tracer?pdfcode=high-power-semi-primer
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Failure Analysis of Devices and
Actual Designs

Failure analysis engineers must determine whether a failure has
been caused by end-product use or by a design flaw that was
previously overlooked. Once this determination has been made,
design and process engineering must be made aware of the cause
of the failure so that either process or design changes can be
implemented to prevent future failures.

It's important that basic device specifications, both static and
dynamic, can be measured quickly. The end use application is
mimicked in an effort to reproduce the failure. Keithley Parametric
Curve Tracer Configurations feature trace mode, which provides
quick device analysis. Tektronix oscilloscopes enable the engineer to
diagnose failures resulting from ground loops, ESD and component
failure on circuit boards.

Learn more from our Experts | Download these Application Resources

Measuring Low Resistance
Troubleshooting Devices with High Current Evaluating Oxide EMI Troubleshooting with
ESD Failures Using Using the 2460 SourceMeter Reliability Using V-Ramp the Latest-Generation
an Oscilloscope SMU Instrument and J-Ramp Techniques Oscilloscopes

Troubleshooting ESD Failures
Using an Oscilloscope

EMI Troubleshooting with the
Latest-Generation Oscilloscopes

hr.)LJId We Cdre
and How Cary They Be Fixed?



https://www.tek.com/en/products/keithley/semiconductor-test-systems/parametric-curve-tracer-configurations?pdfcode=high-power-semi-primer
https://www.tek.com/en/products/keithley/semiconductor-test-systems/parametric-curve-tracer-configurations?pdfcode=high-power-semi-primer
https://www.tek.com/en/products/oscilloscopes?pdfcode=high-power-semi-primer
https://www.tek.com/en/documents/application-note/troubleshooting-esd-failures-using-an-oscilloscope?pdfcode=high-power-semi-primer
https://www.tek.com/en/documents/application-note/measuring-low-resistance-devices-high-current-using-model-2460-sourcemeter?pdfcode=high-power-semi-primer
https://www.tek.com/en/documents/application-note/evaluating-oxide-reliability?pdfcode=high-power-semi-primer
https://www.tek.com/en/documents/application-note/emi-troubleshooting-with-the-latest-generation-oscilloscopes?pdfcode=high-power-semi-primer
https://www.tek.com/en/video/webinar/power-rail-noise-and-ground-loops?pdfcode=high-power-semi-primer
https://www.tek.com/en/video/webinar/power-rail-noise-and-ground-loops?pdfcode=high-power-semi-primer
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Tektronix Instruments hosts an online applications forum to encourage idea exchange,

discussions among users. Join TekTalk today.
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