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Phonon modes of hexagonal and cubic
group-III- nitrides

Introduction

Lattice vibrations and free-carrier absorption dominate the infra-
red dielectric response of thin-film semiconductor heterostructures.
Infrared Spectroscopic Ellipsometry (IRSE)  determines thin-film
lattice modes and coupled plasmon-phonon modes of (Al,Ga,In)-
(N,P,As) materials. IRSE analysis of simple heterostructures
establishes an infrared dielectric function database, which allows the
simultaneous analysis of
ä carrier properties (mobility and concentration) in p- and n-
      type doped device regions,
ä geometry (layer thicknesses),
ä morphology (composition and crystal quality), and
ä strain
in complex optoelectronic and electronic semiconductor device
structures.

AlGaN / GaN superlattice structure Group-III-nitride LED structure Group-III-nitride laser diode structure
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Hall effect measurements for entire 
superlattice:  Nh = 8· 101 6  cm - 3

115 ××
{1.5 nm p-GaN /

  3 nm Al0.15 Ga 0.85N}

(0001) Al2O3

Assumptions:  no free carriers  in AlGaN barriers
mh = 0.8×m0 for p-type  GaN
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MOCVD, University of Bremen

500 nm 
p-GaN:Mg 

(0001) Al2O3

300 nm undoped GaN

2000 nm
n-GaN:Si
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Nh = 3.9 (± 0.5) × 1017 cm-3 
µh = 22 (±  11) cm2/(Vs)

Al content x = 0.159 (±  0.005) 

Ne  = 2.2 (± 0.3) ×  1018 cm-3

 µe = 184 (± 13) cm2/(Vs)
Al content x = 0.159 (±  0.005)

(0001) Al2O3

115×  {1.5 nm p-GaN/
3 nm Al0.15Ga0.85N}

50 nm p -GaN :Mg

100 nm  n-GaN:Si

115×  {1.5 nm n-GaN/
3 nm Al0.15Ga0.85N}

300 nm undoped GaN

668 (± 31) nm
2629 (± 46) nm

 

30 nm p -Al0 . 1Ga 0.9N:Mg

 α -AlGaN  α- InGaN α -AlInN 
 E 1 (TO) A 1 (LO) E 1(TO)  A1 (LO) E 1(TO)  A1 (LO) 
SE, exp.  2 1 1 1 1  1 
theory [1] 2 1 1 1 2  1 
 

[1] H. Grille et al ., Phys. Rev B 61, 6091 (2000)
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 β- AlGaN β -InGaN β-AlInN 
 TO LO TO LO TO LO 
SE, exp.  2 ?  ? ?  ? ? 
theory [1] 2 1  1 1  2 1 
 

n layer model
n  dielectric functions
n  layer thicknesses

model spectrum parameter variation

comparison
to experiment

phonon mode frequencies and damping values
concentration  and mobility of free carriers

layer thicknesses

fit procedure
line shape analysis

100 nm p-GaN :Mg

30 nm p -Al0 . 1Ga 0.9N:Mg
5× {2.5 nm n -In0.09Ga0.91N/

4 nm n-GaN}

2000 nm
n-GaN:Si

MOCVD, University of Bremen
MOCVD, University of Bremen

Assumptions:  carrier homogeneously distributed  in the n- and p-
      conductive regions , respectively

mh = 0.8×m0 for p-type  GaN
  me = 0.23×m0 for n-type GaN
  no free carriers in AlGaN barriers
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IRSE, grown on GaAs
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one-mode behavior 
for E1(TO) phonon

Strain and composition

α-Al 1-xInxN

Surface carrier depletion layer

Effective carrier masses

α-GaN:Si, n-conductivity

α-InN , n-conductivity

α-GaN:Mg, p-conductivity
Ne [cm-3 ] m

e, | |  [m
0
] m

e, ⊥ [m
0
] 

1×10 1 9 0.228 ±± 0.008 0.237 ±± 0.006 
 

Nh  [cm-3 ] mh  [m0 ] 
5×101 7  0.74 ±± 0.17 
8×101 7  1.40 ±± 0.33 
 

Ne [cm-3 ] me  [m0 ] 
2.8×101 9 0.141 ±± 0.010 
 

α-Al2O3

α-AlN

αα-GaN:Si
Ne  = 1 ×10 19  c m-3

αα-GaN:Si
Ne  ≤ 1×10 17  c m-3
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25 nm undoped GaN

290 (± 8) nm

Assumptions:  carrier homogeneously distributed  in the n- and p-
      conductive regions , respectively

mh = 0.8×m0 for p-type  GaN
  me = 0.23×m0 for n-type GaN
  dielectric functions for p-Al0.1Ga0.9N:Mg (electron blocking

layer) and 5× {n-GaN / In0.09Ga0.91N} superlattice
determined previously

IRSE results

IRSE results

5× {2.5 nm n -In0.09Ga0.91N/
4 nm n-GaN}

25 nm undoped GaN

358 (± 4) nm

intended thickness values

intended thickness values

Ne  = 2.2 (± 0.3) ×  1018 cm-3

 µe = 110 (± 7) cm2/(Vs)

Nh ≤ 1 ×  1017 cm-3 

1992 (± 6) nm
 

246 (± 5) nm

intended thickness values

IRSE results

25 nm undoped GaN

2000 nm
undoped GaN

500 nm i-GaN :Mg- 1443 (± 6) nm

Ne  = 6.9 (± 1.6) ×  1016 cm-3 

Nh = 4.7 (± 0.5) × 1017 cm-3

 µh, ⊥ = 22 (± 7) cm2/(Vs)
Alx Ga 1-x N

d = 3.37 (± 0.05) nm
x = 0.148 (±  0.004) 

p -GaN

p -GaN

p -GaN

p -GaN

Alx Ga 1-x N

Alx Ga 1-x N

Alx Ga 1-x N
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Error limits given are estimated values

arbitrarily
anisotropic

layered materials
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We have determined the following values so far: 

Error limits given are estimated values
Error limits given are estimated values


