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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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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)



meas remen s m s  e ro s  eno g  o mee  reg a ory 
an  cer i ca ion re iremen s  as we  as c rren  E EC 

C  i e an gap Power E ec ronic Conversion 
emicon c or s an ar s

e roni  is a ressing many o  e c arac eri a ion an  
va i a ion es ing re iremen s o ena e engineers o ring 

eir pro c s o mar e  as er o mee  e c a enges 
o  e ec ri ca ion  e company is ma ing signi can  
a vances in es  an  meas remen  oo s o e p power 

esign engineers o ain more ro s  res s ic y  
ew ins r men  capa i i ies e p e engineer mee  ai y 

c a enges  s c  as

• imp i ca ion o  es  se p o re ce 
meas remen  errors

• e cing meas remen  imes o e rac  swi c ing 
parame ers

• Increasing meas remen  acc racy or e esign o  
ig  efficiency conver ers

o r ey oc s areas in w ic  e roni  is serving  
semicon c or a vancemen  inc e

• i e an gap semicon c or ma eria s researc

• C arac eri a ion o  wi e an gap evices

• o e p se es ing

• a i a ion o  wi e an gap evices

Wide Bandgap Semiconductor 
Materials Research

e e or  o oos  evice ensi y an  per ormance 
w i e re cing power cons mp ion as e  o researc  
in o ni e wo imensiona   so i s wi  ig  carrier 
mo i i y an  ig er con c ivi y  e esire or greener 
power genera ion so ions is sp rring inves iga ion 
in o ig er empera re s percon c ors an  e power 
semicon c ors essen ia  o power conversion  i e 

e ma eria s o  c oice o ay are a  an  iC  ma eria s 
researc  is eing con c e  on new  ma eria s 
inc ing a min m ni ri e  ga i m o i e a2  an  

iamon  ese new ma eria s ave e po en ia  o n oc  
even grea er power per ormance  ei ey  a e roni  
company  as e  e wor  in crea ing some o  e mos  
sensi ive es  an  meas remen  ins r men a ion  inc ing 
i s ine o  grap ica  so rce meas re ni   ins r men s 
an  semicon c or parame er ana y ers or ma ing 
resis ivi y an  a  e ec  an  mo i i y meas remen s  
ena ing researc ers  scien is s an  engineers o n oc  

e po en ia  o  new  ma eria s

Figure 2: Keithley 2400 Series Graphical Touchscreen Source Measure Unit (SMU) Instruments and 4200A-SCS Parameter Analyzer.
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Figure 3: Keithley 2600-PCT I-V Curve Tracer System with 
ACS-Basic Software.
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Figure 4. Double pulse test circuit.
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Figure 6. Double pulse test built-in configuration on the Tektronix 
AFG31000 Series.
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Figure 7. Tektronix 5 Series B MSO oscilloscopes and IsoVu probes.
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