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ÅMaterial properties of GaN 

ÅEpitaxy of GaN 

ÅGaN on Silicon 
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GaN has already revolutionized Lighting 
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Isamu Akasaki, Hiroshi Amano and Shuji Nakamura,  

Nobel Prize 2014  



GaN for opto-electronics 
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ÅDirect bandgap 
Å InGaN alloys cover Green to UV photon emission 
Å.ƭǳŜκ¦±κǿƘƛǘŜ [95Ωǎ ǳǎŜ InGaN v²Ωǎ 
 
But: Polarisation effects reduce recombination efficiency! 

(Quantum Confined Stark Effect) 



Crystal structure of III-nitrides 

Diamond lattice 

Two interpenetrating FCC lattices displaced 
by a/4 along the main diagonal 

Wurtzite lattice 
Hexagonal GaN  

Named after French chemist Charles-
Adolphe Wurtz 

Note the  
III / N 
planes 
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What causes polarization? 

Å There are two types of polarization in GaN 
ïPiezoelectric (polarization with strain) 
ïSpontaneous (polarization with no strain) 

 
 

Å Piezoelectricity requires the crystal to be non-centrosymmetric.  
 In a centrosymmetric crystal,  for every atom at location (x,y,z),   
 there is an indistinguishible atom at point (-x,-y,-z).  
 
  Crystals with centrosymmetry are not piezoelectric.  
  Wurtzite/GaN is non-centrosymmetric. 
 
Å Spontaneous ǇƻƭŀǊƛȊŀǘƛƻƴ ƻŎŎǳǊǎ ƛŦ ǘƘŜ ŎǊȅǎǘŀƭ ƛǎ άƴŀǘǳǊŀƭƭȅέ ŘƛǎǘƻǊǘŜŘ ŦǊƻƳ 

the ideal shape. This happens due to the differently-sized constituent 
atoms, ex. Ga and N. 
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Electronegativity / atomic radius 

EpiGaN 
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N: 3.04 
Al:  1.61 

Ga:  1.81 

N: 56 pm 

Al:  118 pm 

Ga:  136 pm 
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Polarisation in AlGaN: Summary 

[ŜǘΩǎ Ǉǳǘ everything together: 
ÅNon centrosymmetric crystal 
ÅLarge chemical differences between  
   elements from III (Ga, In, Al) and V (N) 

 
Ý Charge separation along c-axis direction 

 
Moreover : 
ÅAlloys have different spontaneous polarisation: 

polAlN > polGaN 

ÅEg,AlN > Eg,GaN 
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CONSIDER THE FOLLOWING LAYER STACK 

Active part 
> 1 µm 

~ 20 nm 

GaN channel 

AlGaN barrier 
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The AlGaN barrier: 
- Thin layer is strained relative to thick GaN 
- Has a higher bandgap than GaN 
- Has a higher spontaneous polarisation than GaN 
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AlGaN/GaN heterostructures 

positive when 
empty 

No impurity scattering  
=> high mobility 

GaN AlGaN 

Band structure 

Ec 

Ev 

Ef 
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Varying barrier layer to increase 2DEG density  
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Å Ns ~ 2*1013 cm-2 with only 4 nm thin AlN barrier layer ! 

Å Ns ~ 2.5*1013 cm-2 with only 12 nm InAlN barrier layer ! 

 
 

 

F. Medjdoub et al., DRC 2011 

InAlN 

AlGaN 


