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Calculation of polarization sheet charge density 

This teaching module shows how to calculate the polarization sheet charge density at the 
interface between AlGaN electron blocking layer and a GaN spacer layer, pseudomorphically 
grown on relaxed AlGaN, GaN, and GaInN templates.  

 
Basic equations for spontaneous polarization 
The spontaneous polarization is determined by the material composition. The values of the 
spontaneous polarization for the binary III-N materials are listed as follows [1]:  

AܲlN
SP ൌ െ0.0898	C/mଶ 

GܲaN
SP ൌ െ0.0339	C/mଶ 

IܲnN
SP ൌ െ0.0413	C/mଶ 

In the case of ternary and quaternary III-N materials, the spontaneous polarization is expressed 
by using a second-order polynomial of the alloy composition [2].  

AܲlೣGaభషೣష೤In೤୒
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SP ൅ 	ݕ IܲnN
SP ൅ ሺ1 െ ݔ െ ሻݕ GܲaN
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൅	ܾୋୟ୍୬୒	ݕ	ሺ1 െ ݔ െ  ݕݔ	ܾ୅୪୍୬୒	ሻ൅ݕ

The bowing parameters are listed as follows [3]: 

ܾAlGaN ൌ ൅0.0191	C/mଶ 

ܾGaInN ൌ ൅0.0378	C/mଶ 

ܾAlInN ൌ ൅0.0709	C/mଶ 

 
Basic equations for piezoelectric polarization 
The piezoelectric polarization is determined by the induced strain on the material. The strain in 
an epitaxial layer pseudomorphically grown on a relaxed template is expressed as: 

ߝ ൌ
ܽ୲ୣ୫୮୪ୟ୲ୣ െ ܽୣ୮୧

ܽୣ୮୧
 

The in-plane lattice constants of the relaxed binary III-N materials are listed as follows [4]: 

ܽAlN ൌ 0.31095	nm 

ܽGaN ൌ 0.31986	nm 

ܽInN ൌ 0.35848	nm 

The in-plane lattice constants of the relaxed ternary and quaternary III-N materials can be 
calculated by using Vegard’s law. 

ܽAlೣGaభషೣష೤In೤୒ ൌ ୅୪୒ܽݔ	 ൅ ୬୒୍ܽݕ	 ൅	ሺ1 െ ݔ െ  ሻܽୋୟ୒ݕ

The piezoelectric polarizations in binary III-nitrides are expressed as follows [2]: 

୅ܲ୪୒
PZ ሺߝሻ ൌ െ1.808	ߝ ൅ ߝ	for	ሾC/m2ሿ,	ଶߝ	5.624 ൏ 0 

୅ܲ୪୒
PZ ሺߝሻ ൌ െ1.808	ߝ െ ߝ	for	ሾC/m2ሿ,	ଶߝ	7.888 ൐ 0 
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