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What makes Wide Bandgap Devices (WBG) attractive? 

High bias voltage combined with high current density at a given geometrical dimension 
 

Ą compact, low weighted systems 

Ą high power levels at high frequencies 

Ą low internal capacitances feature fast switching 

 

Microwave electronics Power electronics 

WBG microwave 

electronics 

WBG power 

electronics 

Volume production   Ą 

New possibilities for innovative systems 

ñOnly works with WBGò 

In future: 

 

Power 

Electronics meets 

Microwaves 
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Comparison of device families 

Si 4H-SiC GaN 

(epi) 

GaN 

(bulk) 

Band gap energy Eg (eV) 1.1 ind. 3.26 ind. 3.42 dir. 3.42 dir 

Dielectric constant 11.9 10.1 9 9 

Electron mobility µe (cm²/Vs) 

* In 2-DEG at AlGaN / GaN heterojunction 

1350 900 1150 

(2000)* 

1150 

(>2000)* 

Electric breakdown field Ecrit (106 V/cm) 0.3 2.2 3.3 3.3 

Saturation velocity vsat (107 cm/s) 1.0 2.0 3 3 

Thermal conductivity k (W/Kcm) 1.5 4.9 1.3 2.3 

Baliga FOM BFM|Si (ŮɛEcrit
3)    [1] 1 223 190 

(330)* 

850 

(1480)* 

Johnson FOM JFM|Si  (vsat
2Ecrit

2)   [2] 1 215 400 1090 

Maximum estimated operation  temperature 

Tmax (°C) 

200 500 500 500 

* In 2-DEG 

[1]  B.J. Baliga, "Semiconductors for High-Voltage, Vertical Channel Field-Effect Transistors,ñ  

 J.Appl.Phys., vol.53, no.3,  pp.1759-1764, 1982 

[2] Physical limitations on frequency and power parameters of transistors, 

 RCA Review, vol. 26, pp. 163-177, June 1965.   

Would be motivation 

for vertical GaN 

devices 

Silicon GaN 

Drift length to 

achieve certain 

breakdown voltage 
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New GaN devices promise fast and efficient power switches 

Ron x Qg: 

Á measure for efficient switching properties 

 

Requirements for efficient switches: 

Á Low dynamic on-state resistance 

Á Small gate charge 
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Advantages of GaN power switching devices against Si 

GaN efficiency advantage comes through 

Á Replacing Si by GaN power devices in 

combination with system level changes 

Á Increase slew rate and switching frequency 

Á Circuit topology to be optimized for GaN 

Taken from Steve Tom, Texas Instruments: GaN drives energy 

efficiency 

to the next level (https://www.electronicdesign.com/power-

management/gan-drives-energy-efficiency-next-level ) 
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Actual and potential GaN application areas (TI view) 
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GaN power device market size split by application 

Source: 

 

Power GaN 2017: Epitaxy, devices, 

applications and technology trends 2017 

report, Yole Developpement, October 

2017 
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Industrial GaN power activities 
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GaN Power electronics: General targets 

 

Á Low on-state resistance  
Ą outperforming other device families 

ÁHigh breakdown voltage (up to 1000V) 

ÁThreshold voltage Vth > +1 V 

Á Large gate voltage swing > 3 V 

Á Low leakage currents 

ÁReproducible process  

ÁReliability 

 

Á In same cases: Radiation hardness 

 

 

VGS Ą 

I D
 Ą

 

Vth 

VGS Ą 

I D
 Ą

 

Vth 

Standard 

GaN HEMT 

Normally-off 

GaN HEMT 

Most important:  

Good dynamic witching properties 
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Substrates for GaN devices 

Taken from S.W. Kaun, Semicond. Sci. Technol. 28 (2013) 074001 

GaN 

bulk 

SiC Al2O3 
Sapphire 

Si (111) 

Lattice mismatch (%) 0 3.1 13 17 

Thermal Conductivity 

(W/cmK) 

2.3 4 0.3 1.48 

Availability / Price 

Potential for high 

volume production 

Lattice matching of epi-layers, substrates 
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Substrates for GaN devices 

Taken from S.W. Kaun, Semicond. Sci. Technol. 28 (2013) 074001 

GaN 

bulk 

SiC Al2O3 
Sapphire 

Si (111) 

Lattice mismatch (%) 0 3.1 13 17 

Thermal Conductivity 

(W/cmK) 

2.3 4 0.3 1.48 

Availability / Price 

Potential for high 

volume production 

Lattice matching of epi-layers, substrates 

The driving force for 

high volume 

GaN-on-Si devices 

High reliability 

microwave devices 
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GaN-on-Si epitaxy: Methods of strain compensation 

AlGaN barrier 

GaN 

AlN 

Si (111) substrate 

2DEG 

AlGaN 

GaN / AlN  

superlattice 

buffer 

Compressive 

strained layer 

Tensile 

strained layer 

Left image: According to T. Ueda, "Recent advances and future prospects on 

GaN-based power devices," International Power Electronics Conference 

(IPEC-Hiroshima 2014 - ECCE-ASIA), 2014, pp. 2075-2078, 18-21. 

AlGaN barrier 

GaN 

AlN 

Si (111) substrate 

AlGaN stepwise 

downgrading 
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Epitaxial layers towards high breakdown devices 

Avoid electron punch-through at high voltage 
pinch-off 

ÁĄConfine electrons in channel 
 
 

 

 

In case of conductive substrate: 

ÁAvoid vertical breakdown 

AlGaN barrier

GaN buffer layer

Conductive substrate

Vertical breakdown 

through buffer 

AlGaN barrier

Buffer layer

Conductive substrate

GaN channel

GS D

dGD

AlGaN barrier

Buffer layer

Conductive substrate

GaN channel

AlGaN barrier

Buffer layer

Conductive substrate

GaN channel

GS D

dGD

Punch-through 

effect 
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Optimization of epitaxial layer design (1): 

General considerations 

Avoid electron punch-through at high voltage 
pinch-off 

ÁĄ Confine electrons in channel 

ÁĄ Provide suitable potential       barriers 

-AlGaN-buffer 
-C-, Fe- dopingé. 

 

In case of conductive substrate: 

ÁAvoid vertical breakdown 

ÁUse proper buffer material and thickness 
 

AlGaN barrier 

GaN channel 

Buffer layer providing  

potential barrier 

(GaN:C,  GaN:Fe, AlGaN) 

Nucleation layer 

Substrate 

(SiC, sapphire, Si) 

Drain Gate Source 

2DEG 
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FBH p-GaN normally-off technology (1) 

ÁNormally-off technology, threshold about +1 V 

ÁDesigned for 60 mÝ on-state resistance 

Á 600 V switching capability 

Example: Monolithically integrated half-bridge 

GaN-on-Si HFET 

+ 

- 

M M 

+ 

- 

G1 

G2 

G1 

G2 
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