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Optical properties of AIInN thin films

JIANG Li-Feng', SHEN Wen-Zhong'*, GUO Qi-Xin’
(1. Laboratory of Condensed Matter Spectroscopy and Opto-Electronic Physics, Key Laboratory of Artificial
Structures and Quantum Control (Minister of Education) , Department of Physics,
Shanghai JiaoTong University, Shanghai 200240, China;
2. Synchrotron Light Application Center, Department of Electrical and Electronic Engineering,
Saga University, Saga 840-8502,Japan)

Abstract: Transmission and reflection measurements have been carried out on AlInN thin films. With the aid of a detailed
procedure developed for analyzing the spectra, we obtained the effects of temperature on the optical properties of AllnN,
such as the absorption coefficient, band-gap, Urbach bandtail characteristics, and refractive index. The absorption coeffi-
cient of the complete Urbach and intrinsic absorption regions of InN thin films has been described by a series of empirical
formulas. The refractive index dispersion of AIN thin films below the band gap can be described by the Sellmeier equation.
A bandtail model based on the calculation of density of occupied states and the carrier - phonon interaction has been em-
ployed to analyze the bandtail characteristics of AlInN thin films. We have also investigated Raman spectroscopy of AllnN
thin films, with the emphasis on temperature dependence of phonon frequencies, which can be described well by a model
taking into account the contributions of the thermal expansion of the crystal lattice, the strain between AlInN thin films and
sapphire substrates, as well as three-and four-phonon coupling. These optical properties provide an experimental basis for
further theoretical investigation and the design of AllnN-based devices.
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Fig. 1  (a) Temperature-dependent transmission spectra of
InN thin film, with the band-gap energies E,: Experimental

results (solid circles) ; calculated results (curves) (b)Tem-
perature-dependent reflection spectra of AIN thin film: experi-
mental results (solid circles) ; calculated results (curves)
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Fig.2  (a) Temperature-dependent absorption coefficient of
the InN thin film. The open circles are the experimental re-
sults. The dashed curves represent the calculated Urbach ab-
sorption and the solid curves are the calculated intrinsic ab-
sorption (b) Temperature-dependent refractive index of the
AIN thin film. The solid curves are the values calculated from
our model. Also shown are various experimental data reported
in the literatures

4 = L5 x10* em™

a, = 1.65%10° +85.67 em™'

a, = apexpl (E, - E,)/E, ] em™!

E(T) =1.985 =311 x 10*1°/(580 + T) eV . (5)
E(T) = 1.891 =319 x 107*1%/(580 + T) ¢V

E(T) = 1950 =320 x 10*T/(980 + T) eV

E,(T) = 92.8 +4.35 x 10777 + 3.4lcoth% meV

AT 0L St IR A RS 2 09 2R Bk
IX W AT 2R BORIASAE X W AT 28 P 5 3 05, o, MBS
FIARGT 5 RIS, W AC 22 B B AR P T3 25 SR RN S 56
Bl Lo — 2 Xl FRATS B 1 R 2 e
RIS 1Y FHRHE A InN LS BT, AIETAT L, Bt 25 7L
B T e W WA 320 1) K R v #% 3, 10 BH BE 3 IR T
InN ()45 BRAE /N, 45K (5) FH T Varshni 285650
AR InN AR IEATBR £, TRATFES503. 11
x10 *eV/K 580K [a] Hifth S ik I i 2% 2. 45 x
10 *eV/K 624K RAHVT " . FHI BRI A 15 3] fy
B E, DA 1(a) hERoR, FRAOTHATE , X LA G4k
PEIERAF RN B AT (5. SN LG SEE, Fl



210 4h 5 2 K F W 30 %

E', 6] E, A AR RIS At . 28 A 5 K B bk R
S E , W — A E SR, 45 TR IESE AlInN 5
B, FATH E ST

BI2(b) 25t AIN S (% A2 3R 47 5 3, A HCAth SC
BR(S ~8,12] EAR3IAY % T B4 i Rl R s 7E K
L SCER RS AE R IR IRATT S g A5 R — 3k,
YGEW] T AT R AT AF . DAIEIRT UL, AN RT3 B2 2k
B R TE AT B BT 10 B — A 08 AR, FRATT AT LA 2o
KKT 3473k T 4%

n(p)=1+5 da(’f,)log(w)dv' , (6)

™ dv v —v

Hrp v flw @6 TR, ¢ 26, a(v') BTEM R
v RIS R AR T A BRAL , BEE RE RSN do
(v")/dv' 8T, N30 T BE A RE = 38 i 4 5 242
K. HBEEHT T BRI, Rt 28 71 3H AT 3 2
TR T BB , da (v") /dv' FEAS RE 1 A9 15 0
FM7E /). PR E AT B B T 3 5 3 A A (L. 7R
TAFBE i R B A BE 1S I SR — S K
X F BRI mBTERIE A G

AT (6), Fe i1k I AIN AT 5 R 2 1F IR
FH IR R AIN BT B R BE R A IR
Th ey b B AR g v A% 2l , PRI 22 2 (6) B9 AR5l
AR BT ARAZ K. S T RE T A Y S 25 AIN 4
SPF A2 B UL RE R O R AR A g R, AT T LA
Sellmeier 23K 73 s BN AIN f 4 5 58 48 fb 4%
e :

n(AT)? = my +my/[1 = (mg/A)7 ] +md> (7)
Hrp m,m,,m; , Al my %W{ETEE%E@ZSQ‘&,A bal)a
KN K wm. USG5 RN

m, =3.472 =7.802 x 107*T,

m, =0.742 +7.700 x 107*T,

m, =0.187 —1.606 x 107°T,

m, =0.136 +8.106 x 107°T.

G AR (T)F(8) AT R E, T, 4F
RO AV BB Y AIN R A0 7 5 3.

FATH 2B 5 T AR AL E 5y AlInN g i
18375 S 63 , 0 A 3 SR A Y A, A4S B T
AlInN R SR BBk £, BN | — B TE
R 75 M TR A BT R AF 5T
AllnN {7 A, & B F5¢ AlInN MBS £,
ATLAGR R 3 3, RREEAE T 30 A% o Z [ (1) BAE
FHCEE S B 7k A G 5 A —E K
R RBR A FZMMEAEN(FES5IREAR

(8)

?é) 7%%2—;‘%[1]:
42
E,(T) = LkUGD +w
2 9367
fiw
+Ngp] +F th(i)
BD} co UT

Horp k2B IR 262 WAL, U J& [R50 JC 7 A Y i
kR, 0, & Debye S, Z RAL RN, & N
HL BRI, o 2 B 5 B LA 2,y SRR S P I
TR 2 T 2 T M 22 (ORI B TTHR) , Ny A
R0 B LT i 3 (ORI TR ) L F R R,
JE RO T he R (FUB BT L L, J2& Debye K
JE . A — IR S5 T Y TRk, 13X — 0 R YR
SV S 2, R I FH TR 77 3 K B R el
P, X — TR L

P 3 J2 AlInN JEBE A28 6 9 R LR R B, 52
2RI R (9) 15 B A FIR 45 5. PS4 SR AT
HuffRe T SC6 B0 s, LB T IR AT R AR AL 1 1E A
PEN OB L AT B, R AL S AlInN AR Y
E, BEIRBEAS AL B SR — B0, 540 AlInN i 5
YRR =N DR 2 4 R T T B . R T
PGB BT S/ ME R IR T R 2.0 ~4. 0meV, 3%
P ALInN H 3807 775 1 =22 18] A9 A0 B /).
B 3 AL SR T AlnN 3B 12 R LRGSR E,
(S Tr B, LSOk 2 15 20 R A (25007
B AR B AL YA 0 3 NE] 0. 8, AllnN
VR B, (AR RS, X RS AL R AT X
SEATF SIS F) ALInN 921 4% 58 i 45 S 2 — B

[(1-1/e)n,
, (9)

_ Al In, N
280 450) X= m

2 .05
g3 F/o/(‘.-\ 25
3 150 ° 4
240 = 0
020.40.60.81.0
Al Composition
200

160

80

pboeonm
—OoOOooOo

a

E, /meV

0 50 100 150 200 250 300

Temperature/K

K3 AlnN gAY AR IR & R AR B By, Se4OR i 245X
(9) GRS AE R R A T AlInN B A9 £ 7K B
R Ey (S20T788) , UK SCHk 2 74 2 4 A8 (25007
)

Fig.3 Temperature-dependent Urbach bandtail £, of the AlInN
thin films, together with theoretical results from Eq. (9).
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