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III-V nitride band structures

Band structure of wz-GaN(ioffe)

Ref. PHYSICAL REVIEW B 77, 075202 2008
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Valence band engineering of III-V nitride 

PL Spectra of AlN on(0001) plane

Ref. Appl. Phys. Lett., Vol. 83, No. 25, 22 ,2003

The valence band structure and light
polarization can be modified by introducing
strain effect and quantum confinement .
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Compressive strain in AlGaN

E//c has much larger emission intensity than E    c
Related to Valence band structures of AlN!
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Ref.  Phys. Stat.sol(c), No.6, 2364-2366 ,2007



method for Band structure calculationsk p

Ref.  S.L.Chuang, PRB, Vol 54, No.4, 1996
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Strain tensor:



Unstrained AlN and InN valence band structures
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AlN energy at Γ point(eV): InN energy at Γ point(eV):

EHHΓ=-0.163

ECHΓ=4.56e-04

ELHΓ=-0.176

ECΓ=Eg(6.25)+ECHΓ

ELHΓ =0.0385

EHHΓ= 0.0417

ECHΓ= -1.44e-04

ECΓ=Eg(0.78)+EHHΓ
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Strained AlN valence band structures

Important parameters for AlN:

Strain tensor:

a=3.112Å

C13=108GPa

C33=373GPa

Δcr=169meV

Δso=19meV
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Strained InN valence band structures

Important parameters for InN:
a=3.543Å

C13=92GPa

C33=224GPa

Δcr=40meV

Δso=5meV

Here consider a strained-layer wurtzite
crystal  pseudomorphically grown along 
the (0001) (z axis direction)



Strain effect on AlN and InN Valence band
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Strain effect on optical transition properties
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AlN InN

HH HH

CH LH

CHLH

Unstrained AlN:
E2=4.56e-04eV
E3=-0.176eV
a2~0.0026
b2~0.9974

Use transition matrix elements to 
estimate:

Unstrained InN:
E2= 0.0385 eV
E3= -1.44e-04 eV
a2~0.9963
b2~0.0037



Consider two top bands:
(1)AlN CH&HH Band
(2)InN HH&LH Band

Assumptions(??):
Itotal=Itop+exp((Ebottom-Etop)/kT)*Ibottom

Strain effect on AlN and InN optical transition properties
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Analytical solution of 6X6 
matrix:

HH:

LH:

CH:

When E3>E1, get Phase diagram:

For this calculation, strain effect on mz

At k=0 was not included, that would
effect the quantum effected energy
split.

From side

From top

Only top valence band considered!
AlN/AlInN quantum well used.
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Conclusions

 Unstrained AlN and InN have different valence band
structures, AlN has valence bands(CH HH LH) and InN
valence bands(HH LH CH)

 Different strain effect can caused different valence band
structures. For AlN >1.2% compressively strain can
change the top band from CH to HH. For InN >0.3%
tensilely strain can switch top band from HH to LH.
Therefore, the optical proprieties are also changed by
strain effects.

 Al composition has to be larger than 0.9 in order to have
the polarization switch from the phase diagram, which is
mostly due to the large lattice mismatch between AlN and
InN.
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Future work

 P type doping

 Write up
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