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0.05 ≤ x ≤ 0.21, y = 0 0 ≤ x ≤ 0.40, y ≈ 0.12 x = 0.12...0.17, 0.004 ≤ y ≤ 0.145Our message
Ø We present the first study of the phonon mode properties 
of hexagonal AlxInyGa1-x-yN films employing infrared 
spectroscopic ellipsometry (IRSE).

Ø Wurtzite AlxInyGa1-x-yN (x ≤ 0.40, y ≤ 0.17) as well as     
AlxGa1-xN (x ≤ 0.21) possess an intricate phonon mode 
behavior, which does not fit into the simple “one-mode” or 
“two-mode” behavior scheme: 

Two polar E1 phonon branches are observed, which 
are GaN- and AlN-like, respectively. In between both E1(TO) 
modes, a broad, possibly disorder-related phonon mode 
band occurs, which has already been predicted 
theoretically. 

ØThe influence of strain and alloying on the GaN-like E1(TO) 
mode frequency is differentiated.

Ø Incorporation of In reduces TO phonon mode broadening 
indicating improvement of the crystal quality.

Ø LO-phonon-plasmon coupling is observed for MOCVD 
grown AlxIn0.12Ga0.88-xN films. Assuming the effective 
electron mass, the free-electron concentrations in the films 
are estimated.
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820 - 970 nm • MOCVD 
@ North Carolina State University
• strain gradients along growth direction
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Al0.124In0.147Ga0.729N film 
grown without buffer layers

from series A

region of lattice match to GaN
according to Vegard´s law
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Model dielectric function for α-AlxGa1-xN and α-AlxInyGa1-x-yN:

,=⊥j

phonon contribution free-carrier 
contribution
“Drude term”

ε⊥(ω): l = 3, one of which being non-polar (ωTO = ωLO) 
ε||(ω): l = 1 

• MOCVD 
@ University of Stuttgart
• constant In flux and varied Al and Ga
fluxes
• pseudomorphically strained 
quaternary layers
• Tgr = 770°C

• plasma-induced MBE 
@ WSI, TU Munich
• constant In, Al, and Ga fluxes 
• different strain states
• Tgr = 650 ... 775°C

GaN-like E1(TO) phonon mode 
frequency vs. growth temperature 
(left graph) and In content (graph 
below), respectively.
Due to the comparatively high In vapor
pressure, the incorporation of In into the 
quaternary films is diminished with increasing 
growth temperature. As expected from the 
behavior of the ternary compounds, the GaN-
like E1(TO) mode is subject to a significant red-
shift with increasing y.

According to the results obtained from the 
AlxIn0.12Ga0.88-xN series, the E1(TO) phonon 
mode frequency value measured for the 
Al0.12In0.145Ga0.735N epilayer indicates partially 
compressive in-plane film strain with             
εxx=-4.9 (±0.8)×10-3. This value agrees well with 
results from X-ray reciprocal space maps    
(εxx=-6.6×10-3).

Left graph: Differentiation of the 
influence of strain and alloying on 
the GaN-like E1(TO) phonon mode 
frequency:
∆ω(x,εxx) = α0x + α1x(1-x) + βεxx
with the least-squares best-fit parameters
α0 = 80 (±25) cm-1, α1 = -48 (±19) cm-1, and
β = -1403 (± 150) cm-1.

Al0.372Ga0.628N film grown under 
conditions similar to those employed 
for the quaternary film growth

Right graph: Composition depen-
dence of the GaN-like E1(TO) 
phonon mode broadening γ and the 
free-electron concentration Ne in the 
quaternary films.
The results obtained for γ indicate an increase of 
compositional fluctuations and/or lattice 
imperfections with increasing x. However, the 
incorporation of In into ternary AlxGa1-xN implies 
a significant improvement of the crystal quality.
The free-electron concentration increases by 
approximately two orders of magnitude from 
Ne ≤ 1×1017 cm-3 for x = 0 to Ne ~ 7×1018 cm-3

for x = 0.40.

[1] Theoretical result for strain-free α-AlxGa1-xN;                  
H. Grille et al., Phys. Rev. B 61, 6091 (2000)

[1]

Composition dependences of the
GaN-like E1(TO) phonon mode 
frequency (graph above), the 
A1(LO) phonon mode frequency 
(graph diagonally above) and the 
polarity of the high-frequency E1
phonon mode branch (right graph).

0.0 0.1 0.2 0.3 0.4 0.5

560

570

580

590

 this work
 [1]
 [2]
 [3]
 [4]
 [5]
 [6]

E1(TO)GaN

 

 

ω 
(c

m
-1
)

x

[1] H. Grille et al., Phys. Rev. B 61, 6091 (2000)
[2] P. Wisniewski et al., Appl. Phys. Lett. 73, 1760 (1998)
[3] M. Holtz et al., J. Appl. Phys. 89, 7977 (2001)
[4] G. Yu et al., Appl. Phys. Lett. 73, 1472 (1998)
[5] F. Demangeot et al., MRS Internet J. Nitride Semicond. 
Res. 2, 40 (1997)
[6] M. S. Liu et al., Solid State Commun. 108, 765 (1998)
[7] A. Cros et al., Solid State Commun. 104, 35 (1997)
[8] M. Yoshikawa et al., J. Appl. Phys. 87, 2853 (2000)

0.0 0.1 0.2
730

740

750

760

770

780

 this work
 [1]
 [3]
 [5]
 [7]
 [8]
 [6]

A1(LO)

 

 

ω
 (

cm
-1

)

x

0.0 0.1 0.2 0.3 0.4
0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

 AlxIn0.12Ga0.88-xN
 AlxGa1-xN

E1(TO)AlN

 

 

f

x

plane of incidence

E

E
Φ

Ap

As Bp

Bs

c
ax

is

400 600 800 1000 1200
-180

-90

0

90

180
 

∆ 
(°

)

ω (cm-1)

0

20

40

60

80  exp.
 model with l=3 for ε

⊥
 model with l=2 for ε⊥

A
M

A
1(L

O
)

E
1(

T
O

)A
lN

E
1(

TO
)G

aN

AlN

6H-SiCGaN

Φ = 70°
 

 

 

Ψ
 (

°) 625 675 725
35

40

45

A
M

  

 

500 600 700 800 900
0

1

2

3

4

E
1(

LO
)

×20

 

Im
{ε

⊥
-1
}

ω (cm-1)

0

100

200

 model with l = 3 for ε⊥

 model with l = 2 for ε⊥

E
1(

TO
)G

aN ×20

 

 

 

ε 2,
⊥

400 600 800 1000 1200

-90

0

90

180

A
M

6H-SiC

 

∆ 
(°

)

ω (cm-1)

0

20

40

60

80
 exp.
 model

 

AlN

E
1(

T
O

)G
aN

GaN

 

 

Φ = 70°

Ψ
 (

°) 625 675 725

39

41A
M

  

 

400 600 800 1000 1200
0.0

0.2

0.4

0.6

A
1-

LP
P

+

 

Im
{ε

||-1
}

ω (cm-1)

0

20

40

60

80

E
1(

TO
)G

aN

 

 

ε 2
,⊥ 625 675 725

0

5

10 A
M

 

 

400 600 800 1000 1200

-90

0

90

180

270

A
M

Al2O3

 

∆ 
(°

)

ω (cm-1)

0

20

40

60  exp.
 model

 

AlN

E
1(

T
O

)G
aN

GaN

 

 

Φ = 70°

Ψ
 (

°)

400 600 800 1000 1200
0.0

0.5

1.0

1.5

2.0

A
1(

L0
)

 

Im
{ε

||-1
}

ω (cm-1)

0

50

100

150

200

E
1(

TO
)G

aN

 

 

ε 2
,⊥ 625 675 725

0

2

4

6 A
M

 

 


