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 Applications



Introduction

 GaN is the next important semiconductor 
material after silicon. 

 Can be operated at high temperatures, 
high power and high speeds.

 It’s The key material for the next 
generation of high frequency and high 
power transistors.

 GaN is a Wide band-gap device.

http://www.phy.mtu.edu/yap/images/g
alliumnitride.jpg



Properties
PROPERTY / MATERIAL 

. 
Cubic (Beta) GaN 

. 
Hexagonal (Alpha) GaN

. 
Structure Zinc Blende Wurzite 
Stability Meta-stable Stable 

Lattice Parameter(s) at 300K 0.450 nm 
a0 = 0.3189 nm 
c0 = 0.5185 nm 

Density at 300K 6.10 g.cm-3 6.095 g.cm-3

Nature of Energy Gap Eg Direct Direct 

Energy Gap Eg at 293-1237 K 
3.556 - 9.9x10-4T2 / 

(T+600) eV
Ching-Hua Su et al, 2002 



Properties

Energy Gap Eg at 300 K 

3.23 eV 
Ramirez-Flores et al 1994 

.
3.25 eV 

Logothetidis et al 1994 

3.44 eV 
Monemar 1974 

.
3.45 eV 

Koide et al 1987 

.
3.457 eV 

Ching-Hua Su et al, 2002 

Energy Gap Eg at ca. 0 K
3.30 eV 

Ramirez-Flores et al1994
Ploog et al 1995 

3.50 eV 
Dingle et al 1971
Monemar 1974 



Properties
Comparison between Common Semiconductor Material Properties and GaN

Material Bandgap (eV)
Electron 
Mobility 

(cm2/Vs)

Hole 
Mobility 

(cm2/Vs)
Critical Field Ec

(V/cm)
Thermal 

Conductivity σT
(W/m•K)

Coefficient 
of Thermal 
Expansion 
(ppm/K)

InSb 0.17, D 77,000 850 1,000 18 5.37

InAs 0.354, D 44,000 500 40,000 27 4.52

GaSb 0.726, D 3,000 1,000 50,000 32 7.75

InP 1.344, D 5,400 200 500,000 68 4.6

GaAs 1.424, D 8500 400 400,000 55 5.73

GaN 3.44, D 900 10 3,000,000 110 (200 Film) 5.4-7.2

Ge 0.661, I 3,900 1,900 100,000 58 5.9

Si 1.12, I 1,400 450 300,000 130 2.6

GaP 2.26, I 250 150 1,000,000 110 4.65

SiC (3C, b) 2.36, I 300-900 10-30 1,300,000 700 2.77

SiC (6H, a) 2.86, I 330 - 400 75 2,400,000 700 5.12

SiC (4H, a) 3.25, I 700 3,180,000 700 5.12

C 

(diamond)
5.46-5.6, I 2,200 1,800 6,000,000 1,300 0.8



Crystal Structure
 GaN grown in

◦ Wurtzite crystal structure 

◦ Zinc-blende crystal structure

 The band gap, Eg, is affect ed by t he  
cr yst al st ruct ure



Applications
 Gallium  Nit r ide  Typical Applicat ions: 

 Power  Elect ronics

 Laser  diodes

 High-resolut ion Pr int ings

 Microwave  Radio-Frequency power  
am plifier s

 Solar  Cells









Commercial GaN Power Devices

VisIC 650V
15 mΩ

40V 
10A 

12 mΩ

















GaN Ring Oscillator Test Circuit

Patent applied for 
5 May 2015
Serial No. 62/156,957. 

VisIC 650V 50A



GaN Ring Oscillator Test Circuit

Thermal Picture 
shows that our 
temperature is evenly 
distributed. This is 
critical to test the 
average effect.

GaN Ring 
Oscillator is in 
process with EPC 
and Texas 
Instruments



GaN Laser Diode
 Normally emits 

ultraviolet radiation
 Indium doping allows 

variation in band gap 
size

 Band gap energies 
range from 0.7eV –
3.4eV

http://www.lbl.gov/Science-
Articles/Archive/assets/images/2002/Dec-
17-2002/indium_LED.jpg



GaN Laser Diodes
 Applications in:

◦ ‘Blu-Ray’ technology

◦ Laser Printing http://www.aeropause.com/archives/Blu-ray-
cover_plat.jpg



GaN Solar Cells
 Indium doped (InGaN)
 Conversion of many wavelengths for 

energy
 Theoretical 40% maximum 

conversion rate.
 Multiple layers attain higher efficiency.
 Need many layers to attain 40%

 Lattice matching not an issue



GaN Solar Cells
Advantages:

 High heat capacity
 Resistant to strong radiation
 High efficiency

Difficulties:
 Too many crystal layers bring about system 

damaging stress
 Too expensive



Thanks !
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