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The characterization of a material as being wide bandgap pertains to the energy 
required for an electron to jump from the top of the valence band to the bottom of the 
conduction band within the  semiconductor.  Materials  which  require  energies typically 
larger than  one  or  two  electron-volts  (eV)  are  referred  to  as  wide  bandgap  
materials.

Wide Bandgap Materials

Silicon Carbide (SiC)     Gallium Nitride (GaN)

Lateral MOSFET using GaN with transitional 
layer material to align the lattice using Si or SiC

as a substrat Vertical DMOS SiC MOSFET.Vertical DMOS SiC MOSFET
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Comparison SiC and GaN versus Si
The  high  critical  field  of  both  GaN and  SiC compared  to  Si  is  a  property  which  
allows  these devices to operate at higher voltages and lower leakage currents. 
Higher electron mobility and electron  saturation  velocity  allow  for  higher  frequency  
of  operation.  While  SiC has  higher electron mobility than Si, GaN’s electron mobility 
is higher than SiC meaning that GaN should ultimately be the best device for very high 
frequencies. 
Higher thermal conductivity means that the material is superior in conducting heat more 
efficiently. SiC has higher thermal conductivity than GaN or Si meaning that SiC devices 
can theoretically operate at higher power densities than either  GaN or  Si.  Higher  
thermal  conductivity  combined  with  wide  bandgap  and  high  critical field give SiC
semiconductors an advantage when high power is a key desirable device feature. 
The  relatively  poor  thermal  conductivity  of  GaN makes  heat  management  for  
GaN devices  a challenge for system designers.
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Technical advantages
•Reduced heat sink requirements
•80% reduction in system volume and weight
•Lower voltage drop for unipolar devices
•Increased output power
•Improved transient characteristics and switching speed
•Reduced electrical noise from smaller system packages
•Reduced electrical noise due to virtually zero recovery charge

GaN devices offer five key 
characteristics: high dielectric 
strength, high operating temperature, 
high current density, high speed 
switching and low on-resistance. 
These characteristics are due to the 
properties of GaN, which, compared to 
silicon, offers ten times higher 
electrical breakdown characteristics, 
three times the bandgap, and 
exceptional carrier mobility.

Advantages of Gallium Nitride (GaN)

  IranPowerElectronics@12+1ل ا/.-,و+*( )'رت و درای  



High Electron Mobility Transistor (HEMT)

Early 600 V GaN HEMTs developed for 
power electronics were depletion-
mode devices.
To solve the normally-on issue, the 
depletion-mode HEMT was combined 
with a low-voltage Silicon MOSFET to 
form a normally-off hybrid device 
known as a GaN cascode.

The new breed of GaN devices are High Electron Mobility Transistors (HEMTs). To be 
cost-effective, HEMTs are manufactured on Silicon substrates, rather than Silicon 
Carbide or pure GaN which are both easier, but considerably more expensive. 

Enhancement-mode GaN HEMTs at 600 V 
(which areintrinsically normally-off) were 
perhaps more challenging to develop, but 
are also now just becoming available on 
the market.
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Application of GaN
devices in power 

electronic converters
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Infineon and IR

Totem-pole bridgeless boost topology 
(full-bridge, no diodes)
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Fujitsu Semiconductor Europe (FSEU) today announced 
that it has achieved high output power of 2.5kW in 
server power-supply units equipped with gallium-nitride 
(GaN) power devices built on a silicon substrate. Using 
GaN technology in power supply applications enhances 
power efficiency and helps reduce the carbon footprint. 
Compared with conventional silicon-based power 
devices, GaN-based power devices feature lower on-
resistance and the ability to perform high-frequency 
operations. Since these characteristics improve the 
conversion efficiency of power supply units and make 
them more compact, this technology is ideal not just for 
servers but for a broad range of applications including 
solar inverters, battery chargers or electric vehicles.
Fujitsu is planning to develop new gallium nitride-based 
semiconductor devices with breakdown voltages of 600 
V and 30 V. Fujitsu makes these gallium nitride devices 
by using high electron mobility transistor technology. 

Fujitsu

150V gallium nitride-based power devices 
from Fujitsu for power supply design
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Efficient Power Conversion (EPC)

EPC is the leading provider of gallium nitride 
(GaN)-based power management technology 
and is doing more than just improving 
efficiency of electrical power. It is also 
enabling new, life-changing applications that 
didn’t exist five years ago. From wireless 
power and autonomous vehicles to high-
speed mobile communications, low cost 
satellites, and transformations in medical 
care, among many others, GaN is becoming 
the preferred technology for progressive 
companies that are eager to remain at the 
forefront of their industries.   IranPowerElectronics@12+1ل ا/.-,و+*( )'رت و درای  



Texas Instruments
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Panasonic

Panasonic developed GaN power 
devices with high efficiency, low 
heat generation, and small size 
suitable for different applications 
such as power supplies, HEV/EV, 
and PV inverter and many others.
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Conclusion

GaN Devices

High dielectric strength

High operating temperature

High current density

High speed switching 

Low on-resistance. 

  IranPowerElectronics@12+1ل ا/.-,و+*( )'رت و درای  



Follow us in:

@IranPowerElectronics
https://telegram.me/Iran

PowerElectronics

  IranPowerElectronics@12+1ل ا/.-,و+*( )'رت و درای  


