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The demand for efficient power is accelerating as 
digitization and electrification remain key drivers to 
improving productivity and environmental responsibility, 
respectively. Access to data and energy are increasingly 
being delivered via alternative energy versus fossil fuels, 
driven by requirements to reduce carbon emission through 
regional mandates and regulations. This is resulting in both 
public and private scale investments in new semiconductor 
technologies and supply chain to accelerate the efficiency 
of semiconductor power transistors, power modules, 
power management ICs (PMICs) and power conversion/
inversion systems.

While low power, low-level voltage and current control 
semiconductor devices and designs have matured, 
investments are shifting to higher power performance 
required to improve efficiencies to support the power 
demands for data center power supplies (digitization) and 
automotive EV power train, battery management systems 
and electric motor drivers (electrification). Looking beyond 
just data center and automotive applications, investments 
are also focusing in other areas of electrification that offer 
substantial returns on investment including grid energy 
storage, larger forms of transportation such as heavy duty 
vehicles, rail systems and the electrification of aircraft such 
as the upcoming Urban Air Mobility systems.

Regulatory and economic pressures continue to push the 
state-of-the-art in industrial and other high-voltage power 
electronics toward designs that are smaller, faster and 
more efficient. The power-density advantages of smaller 
and lighter designs are particularly evident in space-
constrained and/or mobile usages such as electric vehicles, 
but compact power electronics are more broadly desirable 
as well, especially from the standpoint of reduced system 
cost. At the same time, efficiency is growing in importance 
as governments introduce financial incentives and more 
stringent energy-efficiency regulations.

The need to enact greater energy efficiency in power 
electronics stretches from the point of power generation 
to the point of consumption. Power converters operate at 
multiple stages throughout the generation, transmission 
and consumption chain, and, because none of those 
operations is 100% efficient, some power loss occurs 
at each step. Chiefly due to energy lost as heat, these 
reductions in overall efficiency multiply throughout 
the cycle.

Likewise, in addition to increasing efficiency, reducing the 
size and weight of power conversion equipment is critical. 
Smaller, lighter-weight components typically correspond 
to lower capital expense (CAPEX), which complements 
the reductions in operating expense (OPEX) associated 
with greater efficiency. Efficiency, size and weight of 
power equipment are critical design aspects for many 
applications. In the context of an electric vehicle, for 
example, all three factors contribute to increasing the range 
of the vehicle between charges, while lower equipment cost 
helps in the effort to bring overall vehicle cost to parity with 
that of conventional vehicles.

A critical challenge facing the power electronics industry 
as it works both to reduce physical size and to increase 
energy efficiency is that these design goals typically 
compete with one another. For example, increasing the 
switching frequency of converter circuits allows the 
size of components such as inductors, transformers and 
capacitors to be reduced. That helps enable more compact 
devices at lower production cost. On the other hand, higher 
switching frequencies also generate additional heat and the 
risk of electromagnetic inference (EMI). Accordingly, the 
power lost through that heat can create product quality and 
OPEX concerns associated with reduced energy efficiency.

While traditional silicon technology will still be used in 
power applications where it makes sense, wide bandgap 
semiconductors including gallium nitride (GaN) and silicon 
carbide (SiC) are exceeding the capabilities of traditional 
silicon-based devices. Their adoption is an effort to 
overcome limitations of silicon that stem from it being 
a narrow bandgap material, which leads to undesirable 
conductive leakages that become more pronounced with 
increases in temperature, voltage or frequency. GaN and 
SiC typically have much higher power density, smaller size, 
better high temperature performance, higher frequency 
response, lower leakage and lower ON resistance than 
silicon, all of which add up to greater operating efficiency.
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The demand for efficient power is accelerating as 
electrification remains a key driver to reduce carbon 
emissions. Wide bandgap technologies such as 
silicon carbide (SiC) and gallium nitride (GaN) are key 
enablers today to improve power conversion efficiency 
compared to traditional silicon devices. Engineers must 
re-evaluate their approaches to validation and testing 
to meet the challenges of an electrified world.
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�iÌe ÅanÌgap ȧ��:Ȩ semiconÌķcĴors are weăă sķiĴeÌ åor 
åasĴ cìarging oå Ìevices Ĵìroķgì reÌķcĴion in conÌķcĴion 
ăosses anÌ åasĴer swiĴcìing speeÌsȘ :aU ìas Ìriven a 
reÌķcĴion in siše wìiăe increasing power ÌensiĴyș ìeăping 
Ĵo improve everyĴìing årom Ĵìe ÅaĴĴery cìarge Ĵime in ceăă 
pìonesș ìanÌ power Ĵooăs anÌ porĴaÅăe personaă ìeaăĴìcare 
moniĴoring sysĴemsș as weăă as in Ĵìe growing ķse cases 
åor eăecĴronics power sķppăies anÌ t9 power ampăiťersȘ 
:aU is aăso very sķiĴeÌ åor inåoĴainmenĴ anÌ oĴìer cocāpiĴ 
appăicaĴions åor eăecĴric veìicăes ȧE�ȨȘ

�y conĴrasĴș Ĵìe Ĵecìnoăogies sķrroķnÌing wiC are ÅeĴĴer 
sķiĴeÌ Ĵo ìigìer power impăemenĴaĴions sķcì as power 
Ĵransmissionș ăargeȭscaăe >��C eĪķipmenĴ anÌ inÌķsĴriaă 
sysĴemsȘ CompareÌ Ĵo siăicon meĴaăȭoŘiÌeȭsemiconÌķcĴor 
ťeăÌȭeååecĴ ĴransisĴors ȧTZw9E}sȨș wiC TZw9E}w are 
capaÅăe oå operaĴing aĴ ìigìer voăĴages anÌ ìigìer 
ĴemperaĴķresȘ �nÌer Ĵìese conÌiĴionsș wiC proviÌes ìigìer 
peråormanceș efficiencyș power ÌensiĴy anÌ reăiaÅiăiĴyȘ }ìis 
comÅinaĴion oå ÅeneťĴs is ìeăping Ìesigners reÌķce Ĵìe 
sišeș weigìĴ anÌ cosĴ oå power converĴersș maāing Ĵìem 
more compeĴiĴive especiaăăy in ăķcraĴive marāeĴ segmenĴs 
sķcì as aerospaceș miăiĴary anÌ E�sȘ

}ransiĴioning årom ĴraÌiĴionaă siăicon Ĵo wiÌe ÅanÌgap 
semiconÌķcĴors resķăĴs in power moÌķăe Ìesigns ĴìaĴ can 
Åe pìysicaăăy smaăăer Ĵìan wìaĴ came Åeåoreș wìiăe aăso 
increasing TZw9E} swiĴcìing speeÌ anÌ energy efficiencyȘ 
�s compeĴiĴive pressķres maāe Ĵìese Ìesign parameĴers 
more criĴicaăș Ìesign engineers mķsĴ reevaăķaĴe Ĵìeir 
approacìes Ĵo vaăiÌaĴion anÌ ĴesĴingȘ �ìiăe Ĵìe Ĵypes oå 
ĴesĴing ĴìaĴ are reĪķireÌ Ìķring Ĵìe Ìesign anÌ proÌķcĴion 
oå power conversion Ìevices anÌ sysĴems are simiăar Ĵo 
wìaĴ was reĪķireÌ åor previoķs generaĴions oå Ìevicesș Ĵìe 
aÌopĴion oå wiÌe ÅanÌgap maĴeriaăs reĪķires aÌÌeÌ rigor in 
ĴìaĴ ĴesĴingȘ

Engineers conĴinķe Ĵo ÌemanÌ ìigìer measķremenĴ 
accķracy anÌ Ĵìe aÅiăiĴy Ĵo ÅeĴĴer ķnÌersĴanÌ Ĵìe ÌemanÌs 
åor ìigìer power ÌensiĴies anÌ efficiencyȘ #emanÌ åor 
åķncĴionaă anÌ reăiaÅiăiĴy ĴesĴing aĴ Ĵìe Ìevice or sķÅsysĴem 
ăeveă Ĵo ensķre Ìesigns ÅaseÌ on new maĴeriaăs are roÅķsĴ 
in criĴicaă appăicaĴions oķĴsiÌe Ĵìe consķmer space wìere 
Ĵìe reăiaÅiăiĴy oå sysĴems over a ăong Ĵimescaăe is criĴicaă Ĵo 
meeĴ Ĵìe necessary regķăaĴion anÌ saåeĴy reĪķiremenĴsȘ 
}ìe Ìrive åor energy efficiency in parĴicķăar is a signiťcanĴ 
conĴriÅķĴor Ĵo Ĵìe neeÌ åor aÌÌeÌ rigor in ĴesĴingș anÌ ÌaĴa 
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Figure 1: Today’s wide bandgap GaN and SiC operating voltages and applications. (Source: Yole Development, 2015; Semiconductor Supply Chain Deep Dive 
Assessment Report, 2022, US Department of Energy)



measķremenĴs mķsĴ Åe roÅķsĴ enoķgì Ĵo meeĴ regķăaĴory 
anÌ cerĴiťcaĴion reĪķiremenĴsș as weăă as cķrrenĴ LE#EC 
LCȭǦǟ �iÌe �anÌgap Power EăecĴronic Conversion 
wemiconÌķcĴor sĴanÌarÌsȘ

}eāĴroniŘ is aÌÌressing many oå Ĵìe cìaracĴerišaĴion anÌ 
vaăiÌaĴion ĴesĴing reĪķiremenĴs Ĵo enaÅăe engineers Ĵo Åring 
Ĵìeir proÌķcĴs Ĵo marāeĴ åasĴer Ĵo meeĴ Ĵìe cìaăăenges 
oå eăecĴriťcaĴionȘ }ìe company is maāing signiťcanĴ 
aÌvances in ĴesĴ anÌ measķremenĴ Ĵooăs Ĵo ìeăp power 
Ìesign engineers oÅĴain more roÅķsĴ resķăĴs ĪķicāăyȘ 
Uew insĴrķmenĴ capaÅiăiĴies ìeăp Ĵìe engineer meeĴ Ìaiăy 
cìaăăengesș sķcì asȚ

• wimpăiťcaĴion oå ĴesĴ seĴķp Ĵo reÌķce 
measķremenĴ errors

• teÌķcing measķremenĴ Ĵimes Ĵo eŘĴracĴ swiĴcìing 
parameĴers

• Increasing measķremenĴ accķracy åor Ĵìe Ìesign oå 
ìigì efficiency converĴers

9oķr āey åocķs areas in wìicì }eāĴroniŘ is serving ��: 
semiconÌķcĴor aÌvancemenĴ incăķÌeȚ

• �iÌe ÅanÌgap semiconÌķcĴor maĴeriaăs researcì

• CìaracĴerišaĴion oå wiÌe ÅanÌgap Ìevices

• #oķÅăe pķăse ĴesĴing

• �aăiÌaĴion oå wiÌe ÅanÌgap Ìevices

Wide Bandgap Semiconductor 
Materials Research
}ìe eååorĴ Ĵo ÅoosĴ Ìevice ÌensiĴy anÌ peråormance 
wìiăe reÌķcing power consķmpĴion ìas ăeÌ Ĵo researcì 
inĴo ķniĪķe ĴwoȭÌimensionaă ȧǡȭ#Ȩ soăiÌs wiĴì ìigì carrier 
moÅiăiĴy anÌ ìigìer conÌķcĴiviĴyȘ }ìe Ìesire åor greener 
power generaĴion soăķĴions is spķrring invesĴigaĴion 
inĴo ìigìer ĴemperaĴķre sķperconÌķcĴors anÌ Ĵìe power 
semiconÌķcĴors essenĴiaă Ĵo power conversionȘ �ìiăe 
Ĵìe maĴeriaăs oå cìoice ĴoÌay are :aU anÌ wiCș maĴeriaăs 
researcì is Åeing conÌķcĴeÌ on new ��: maĴeriaăs 
incăķÌing aăķminķm niĴriÌe ȧ�ăUȨș gaăăiķm oŘiÌe ȧ:a2ZǢȨș anÌ 
ÌiamonÌȘ }ìese new maĴeriaăs ìave Ĵìe poĴenĴiaă Ĵo ķnăocā 
even greaĴer power peråormanceȘ NeiĴìăeyș a }eāĴroniŘ 
companyș ìas ăeÌ Ĵìe worăÌ in creaĴing some oå Ĵìe mosĴ 
sensiĴive ĴesĴ anÌ measķremenĴ insĴrķmenĴaĴionș incăķÌing 
iĴs ăine oå grapìicaă soķrce measķre ķniĴ ȧwT�Ȩ insĴrķmenĴs 
anÌ semiconÌķcĴor parameĴer anaăyšers åor maāing 
resisĴiviĴy anÌ >aăă eååecĴ anÌ moÅiăiĴy measķremenĴsș 
enaÅăing researcìersș scienĴisĴs anÌ engineers Ĵo ķnăocā 
Ĵìe poĴenĴiaă oå new ��: maĴeriaăsȘ

Figure 2: Keithley 2400 Series Graphical Touchscreen Source Measure Unit (SMU) Instruments and 4200A-SCS Parameter Analyzer.
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Characterization of Wide 
Bandgap Devices
�nÌersĴanÌing Ĵìe eăecĴricaă peråormance oå wiC anÌ :aU 
wiăă ìeăp enaÅăe a sĴrong vaăķe proposiĴion åor Ĵìeir ķse 
in emerging power appăicaĴionsȘ }o acìieve Ĵìisș cķrrenĴ 
versķs voăĴage ȧIȭ�Ȩ cìaracĴerišaĴion is peråormeÌȘ

Iȭ� cìaracĴerišaĴion is a åķnÌamenĴaă meĴìoÌ oå 
ķnÌersĴanÌing Ĵìe cķrrenĴ versķs voăĴage reăaĴionsìip oå 
siăiconș siăicon carÅiÌe anÌ gaăăiķm niĴriÌeȸs åķnÌamenĴaă 
properĴiesȘ �sing insĴrķmenĴs ăiāe wT�s or parameĴer 
anaăyšers anÌ appropriaĴe soåĴwareș an Iȭ� grapìicaă cķrve 
is generaĴeÌ ĴìaĴ is ķseÌ Ĵo sìow Ĵìe reăaĴionsìip ÅeĴween 
Ĵìe cķrrenĴ Ŧowing Ĵìroķgì an eăecĴronic Ìevice or circķiĴ 
anÌ Ĵìe appăieÌ voăĴage across iĴs ĴerminaăsȘ

NeiĴìăeyȸs ăine oå ǡǣǟǟ weries :rapìicaă wT�sș Ĵìe 
ǣǡǟǟ�ȭwCw ParameĴer �naăyšer anÌ Ĵìe ǡǥǟǟȭPC} >igì 
Power Iȭ� Cķrve }racer wysĴems minimiše Ĵìe ăearning 
cķrve åor Ĵìe engineer Ĵo ìeăp Ĵìem geĴ Ĵìeir power 
semiconÌķcĴor Ìevices Ĵo marāeĴ åasĴerȘ Tany oå Ĵìe āey 
measķremenĴs åor cìaracĴerišing ��: Ìevices sķcì as 
cķrrenĴ vsȘ voăĴage ĴesĴingș ÅreaāÌown voăĴage ĴesĴing anÌ 
ăeaāage cķrrenĴ ĴesĴing are avaiăaÅăe rigìĴ aĴ yoķr ťngerĴips 
Ĵìroķgì Ĵìe grapìicaă ķser inĴeråaces or Ĵìroķgì appăicaĴion 
soåĴware sķcì as NeiĴìăey NicāwĴarĴ or �Cwȭ�asicȘ

Figure 3: Keithley 2600-PCT I-V Curve Tracer System with 
ACS-Basic Software.

Double Pulse Testing
Tinimišing swiĴcì ăosses conĴinķes Ĵo Åe a maþor cìaăăenge 
åor power Ìevice engineersȘ }ìese Ìesigns mķsĴ Åe 
rigoroķsăy measķreÌ Ĵo ensķre compăianceȘ }ìe sĴanÌarÌ 
ĴesĴ meĴìoÌ åor measķring swiĴcìing parameĴers anÌ 
evaăķaĴing Ĵìe Ìynamic Åeìavior oå wiș wiC anÌ :aU 
TZw9E}s anÌ I:�}s is Ĵìe ÌoķÅăe pķăse ĴesĴ ȧ#P}ȨȘ #oķÅăe 
pķăse ĴesĴing is ķseÌ Ĵo measķre energy ăoss Ìķring 
Ìevice Ĵķrnȭon anÌ Ĵķrnȭoååș as weăă as reverse recovery 
parameĴersȘ

}ìe ÌoķÅăe pķăse ĴesĴ is peråormeÌ ķsing Ĵwo ��: ÌevicesȘ 
Zne Ìevice is Ĵìe Ìevice ķnÌer ĴesĴ ȧ#�}Ȩ anÌ Ĵìe seconÌ 
Ìevice is Ĵypicaăăy Ĵìe same Ĵype oå Ìevice as Ĵìe #�}Ș UoĴe 
Ĵìe inÌķcĴive ăoaÌ on Ĵìe ȵìigìȶ siÌe ÌeviceȘ }ìe inÌķcĴor is 
ķseÌ Ĵo repăicaĴe circķiĴ conÌiĴions ĴìaĴ yoķ may ìave in a 
converĴer ÌesignȘ
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Figure 4. Double pulse test circuit.

}ìe insĴrķmenĴs ķseÌ incăķÌe a power sķppăy or wT� Ĵo 
sķppăy Ĵìe voăĴageș an arÅiĴrary åķncĴion generaĴor ȧ�9:Ȩ Ĵo 
oķĴpķĴ pķăses ĴìaĴ Ĵrigger Ĵìe gaĴe oå Ĵìe TZw9E} Ĵo Ĵķrn iĴ 
on Ĵo sĴarĴ conÌķcĴion oå Ĵìe cķrrenĴ anÌ an osciăăoscope Ĵo 
measķre Ĵìe resķăĴing waveåormsȘ

Figure 5. Double pulse test system.
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>isĴoricaăăyș iĴ ìas Åeen a Ĵimeȭconsķming process Ĵo seĴ ķp 
Åecaķse åķncĴion generaĴors Ìo noĴ ķsķaăăy ìave a ÅķiăĴȭ
in way Ĵo conťgķre anÌ seĴ ķp Ĵìe ĴesĴȘ Uewer �9:s ăiāe 
Ĵìe }eāĴroniŘ �9:ǢǠǟǟǟ weries incăķÌe a ÅķiăĴȭin soåĴware 
appăicaĴion ĴìaĴ enaÅăes #P} rigìĴ årom Ĵìe Ĵoķcìscreen 
inĴeråace oå Ĵìe insĴrķmenĴș ÌramaĴicaăăy simpăiåying Ĵìe 
process åor engineersȘ

Figure 6. Double pulse test built-in configuration on the Tektronix 
AFG31000 Series.

Validation of Wide Bandgap Devices
}ìe aÅiăiĴy Ĵo anaăyše power ăoss anÌ opĴimiše power 
sķppăy efficiency is more criĴicaă Ĵìan everȘ Zne oå Ĵìe āey 
åacĴors in efficiency is Ĵìe ăoss in swiĴcìing ÌevicesȘ 9or 
eŘampăeș a Ĵypicaă swiĴcìȭmoÌe power sķppăy migìĴ ìave 
an efficiency oå aÅoķĴ ǧǦɦș meaning ĴìaĴ ǠǢɦ oå Ĵìe inpķĴ 
power is ÌissipaĴeÌ wiĴìin Ĵìe power sķppăyș mosĴăy as 
wasĴe ìeaĴȘ Zå Ĵìis ăossș a signiťcanĴ porĴion is ÌissipaĴeÌ in 
Ĵìe swiĴcìing Ìevicesș ķsķaăăy TZw9E}s or I:�}sȘ }eāĴroniŘ 
maāes iĴ easy wiĴì Ĵìe Ǥ anÌ ǥ weries � TwZ osciăăoscopes
anÌ aķĴomaĴeÌ power anaăysis soåĴware Ĵo maāe swiĴcìing 
ăoss measķremenĴsȘ

9ăoaĴing ÌiååerenĴiaă measķremenĴs ȧsķcì as ìigìȭsiÌe �gsȨ 
are ÌifficķăĴ or impossiÅăe Ĵo maāe Ìķe Ĵo ìigì åreĪķency 
ȧåasĴ Ĵķrn on anÌ Ĵķrn oååȨ anÌ Ĵìe presence oå ìigì common 
moÌe voăĴages ȧsķcì as �ÌsȨ Åecaķse osciăăoscope proÅes 
Ìo noĴ ìave sķfficienĴ common moÌe reþecĴion aĴ ìigì 
ÅanÌwiÌĴìȘ }ìe poor common moÌe reþecĴion ăeaÌs Ĵo 
Ĵìe measķremenĴ Åeing ÌominaĴeÌ Åy Ĵìe common moÌe 
error insĴeaÌ oå Ĵìe acĴķaă ÌiååerenĴiaă signaăȘ }ìese issķes 
can Åe easiăy resoăveÌ ķsing }eāĴroniŘ Iso�ķɯ isoăaĴeÌ 
proÅes ĴìaĴ Ìo noĴ ÌeȭraĴe wiĴì åreĪķency aĴ Ĵìe operaĴing 

reĪķiremenĴs oå :aU anÌ wiC Ìevicesș aăăowing yoķ Ĵo maāe 
accķraĴe ÌiååerenĴiaă measķremenĴsȘ �iĴì Iso�ķ proÅesș 
yoķ can preciseăy caăcķăaĴe anÌ prove conÌķcĴion ăossesș 
ÌeaÌ Ĵime ăosses anÌ swiĴcìing ăossesȘ

Figure 7. Tektronix 5 Series B MSO oscilloscopes and IsoVu probes.

Conclusion
�e ăive in a cìanging worăÌ wìere Ĵìe managemenĴ oå 
ăimiĴeÌ energy resoķrces ìas Åecome more criĴicaăȘ 
�Ìvances in wiÌe ÅanÌgap semiconÌķcĴor Ĵecìnoăogy 
ăiāe siăicon carÅiÌe anÌ gaăăiķm niĴriÌe are enaÅăing Ĵìe 
ÌeveăopmenĴ oå a căeanș renewaÅăe anÌ reăiaÅăe energy 
ecosysĴem wìiăe creaĴing new cìaăăenges åor engineersȘ 
}esĴing Ĵooăs anÌ ĴecìniĪķes oå oăÌ wiăă simpăy noĴ Åe 
sķfficienĴț wiĴìoķĴ Ĵìe aÅiăiĴy Ĵo measķre criĴicaă vaăķes anÌ 
ensķre Ĵìe åķncĴionaăiĴy oå imporĴanĴ Ìevicesș oķr progress 
can onăy go so åarȘ tesearcìers anÌ engineers coķnĴ 
on }eāĴroniŘ anÌ NeiĴìăey Ĵo proviÌe Ĵìe measķremenĴ 
soăķĴions Ĵo aÌÌress ĴoÌayȸs eăecĴriťeÌ ecosysĴem 
cìaăăenges anÌ Ĵìose Ĵo comeȘ

}o ăearn more aÅoķĴ Ĵìe åoķr āey åocķs areas ÌiscķsseÌ in 
Ĵìis primerș căicā on Ĵìe ăinās ÅeăowȚ

• �iÌe �anÌgap wemiconÌķcĴor TaĴeriaăs tesearcì

• CìaracĴerišaĴion oå �iÌe �anÌgap #evices

• #oķÅăe Pķăse }esĴing

• �aăiÌaĴion oå �iÌe �anÌgap #evices
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