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Growth and temperature dependence of energy band gap for CuAlSe; Single Crystal
Thin Film by Hot Wall Epitaxy
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Abstract Single crystal CuAiSe, layers were grown on thoroughly etched semi-insulating GaAs(100) substrate at
410 C with hot wall epitaxy (HWE) system by evaporating CuAlSe. source at 880 . The crystalline structure of the
single crystal thin films was investigated by the photoluminescence and double crystal X-ray diffraction (DCXD). The
carrier density and mobility of single crystal CuAiSe; thin fims measured with Hall effect by van der Pauw method are
9.24x10"® cm™ and 295 cm?/V-s at 293K, respectively. The temperature dependence of the energy band gap of the
CuAiSe2 obtained from the absorption spectra was well described by the Varshni's relation, E4(T) = 2.8382 eV - (8.68

x 107 eV/KITY/(T + 155 K).
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LED(light emitting diodes)[1-3], ENZ&EXI[2], HIE
Y BEAX[1,4,5], BEE ARNSH SEH0 JUHE
D UM FSED YES SHOICH HWE Yoz 8%
Al2] CuAlSe, T2 F Hioto] JI12 €4 L JIEXN Zet
A CHe ZETB 08 o SN FUD.
2 HlAE BHE CuAlSe, TIZEE
2 o800 HWE HYH¥Eg 0/85H
(semi-insulate:SI) GaAs (100) 1% /0l CuAlSe; &
23 garg HSETANZCH, z2zge
photoluminescience(PL)2l exciton emission AHEH
o oI5 ZF Xd F ==H&(double crystal X-ray
rocking curve, DCRC) & BFZXI (FWHM)E ZH3I0f
2OIEUALE 8 2 AELH AT FEF
(photocurrent) ABE Hamilton matrixZ O] ZdH
JIMTHS HER ABSXRZ(crystal field interaction)
I AB-US AERB(spin-orbit coupling)tl o8
2EHE (splitting) ACr 2 ASo B F8t1, & R 8%
clE9 exciton A= n &8 SOLEACH
2.4 8
2.1 HWEQ <8t CuAiSe, & X Hto}
CuAlSe; HH&F a2 IB3ZH2 hot wall EIIZ
9 JIBWOZ THE HWE HEES A8 SZAR
Ch &2 =F 0.4 mm tungsten wire € & & 35

24
[—]
AS

=13 A

=

A

22 =X
=E—=]

0171 #a |z ot:
B && CuAlSe: LZE9 EE
ABotRD GaAs(100) & JIEZ AIE5HUCH

CuAlSe, S & 814t &2 H,S04 : H:0, : HO B
5 : 1 : 18 chemical etching & GaAs(100) JIE

ZUAS HWE BX 20 ¥2 U9 NBEE 10°
torr 2 HHJIAI2I %, CuAlSe, ZYRO 28 680
T, JIBe S8 3907410 T 2 80 0.5 m/hr &
HaTE gF3sAC. .
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Fig. 1. Optical absorption spectra as a function of
temperature for single crystal CuAiSe. thin films.
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Fig. 2. Temperature dependence of energy gap in
single crystal CuAlSe; thin film. (The solid line
represents the fit to the Varshni equation)
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B ANEZE 293 K OiA 10 K X 28 #3
AFIBA EFE Z200/0 20 2= IR 2
2le /XNE POACE BHEF SPLl= Al R0 2SR
4 A=0, 1 0If= CuAlSe: SHEE 22 FYFA
(tetragonal) 1 =& HSBYU0N spin-orbit splitting & non
cubic crystalline field 2 SA SWH 280 - band
splitting 0] 04 22 8 £+ UL. 0(A2 band theory
ol st YT HZHE S-like, HEXUE P-like2
SUCH, OlI P-likeHTE Py, Py, P2 20 AN ES
2 USH & 4 YLD 2ACH HYH N (tetragonal) 7 =
= 39 822 AlM4(z)=ri(s), B(s{x)—ri(s)), C(r
s(y)—=ri(s)) EOI0) 28t 222 41 0lg e DY
2 OIHRXE UEKMHCEH Hopfield= spin—orbit splitting
I non-cubic crystalline filed2 SAl S0l 268 2t
MO Zetks LS Hamilton matrix

Ep= +(a A ); 1 2_ 2 A ]“zL (2)
13 = g (aso+ aa)— () (Asot+ sa)’~ 5 Asodcr

2 OsiAC

2 HJAMAE BER ABERHOCZ 2H E E&tS
X0t Hamilton matrix0ll 2|64 crystal field splitting A
cril spin-orbit splitting AsogtE RUCH L CuAlSe:
B XIS &4 IHOZRH F& WX I 2F
Eo(T)Q VarshniZ@HACZ =EH 10 KIS table: 22
MUK @ 2+ E,(10)3tT 10 KO table 32 ZAF
ol idXIe X0IZ - £E free exciton binding
energy, ExE RUCH 0I0AH 293 KA 10 KX At
olel. Mg 2R2(PPINE ZHIIEU(L), SLMEN
(M) SHIIEC(S)SS M XIE 22 Eppl(l), Epp(M)
J213 Epp(S)2 EJIOH exciton 2Kt n2tE &0l
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Fig. 3. Photocurrent spectra of single crystal
CuAlSe: thin film
CuAlSe,/S! GaAs(100) 2 10 KIN ZEF{ ABEH
= BME S24 30t UL 0IE HUXZ 2H 2
gt B\ E:= A2 U8l O
Er = Epp{10,M) — Epp(10,L) = 3.0013 - 2.8371 = 0.1642 eV
E2 = Eep(10,M) ~ Epp(10,S) = 3.0013 - 3.1794 = -0.1781 eV-
(3)
Ei1t E.2tE Hamilton matrix0il CHJ&H g YHEAS
Ed Acr = 0.2026 eV, Aso = 0.2165 eV (4)
Ol Ct. 0l g2 Sho. ShirakataE 0l
electro-reflectance® =&l P& crystal field
splitting Aacr= 0.2018 eV, spin-orbit splitting Aso=
0.2160 eVatlt ZAIA2LSE & =+ URUCL Varshnis
E(T) 24 (1)ESH 10 KREMS HUHX o 2A
Eo(10)2t2 table 20l A 2.8377 eV 0111, table 30IA
10K O Eee(10,L) = 2.8371eV O0I2E E4(10) =
Erx + Epp(10,L) = Eex + 2.8371 eVOIlAl
Eex = 2.8377 - 2.8371 = 0.0006 eVOICt, 32i2=%
free excition binding energy Erx = 0.0006 eVOIC}.
4 3 =

CuAlSe; & F ot 2lals HWE LRYCE HEAIAU

Ch. 382 spectra2FH 78 WUHXl O & E(MNe
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equation® E(T) = E, (0~ 5 WA

Eo(0) = 2.8382 eV, a = 8.68x10™ eV/KOI B =
155 KYUS BOIBIACH Eg(T)E IR Z2tEo 2
B DIEXIHE M(2)ERS EZO M(S)A0I2 X
HHAS SUALL10 K BEE spectragtES Hamilton
matrix0fl /&1 &t crystél field splitting Acrgt2
0.2026 eVOIX, Of gt2 tEXTCH ZctA 0l 248 Jtd
RO M) HEOr(s)AOIN EWEIACH 8
spin-orbit spiitting Aso &2 0.2165 eVOIH, olgt
2 JIEX 22T o8t JIERN rsy) BEO
1(S)ALOIO Z=THSIAC. 10KY O FERFR SR2lE
n= 180 Ai-, Bi-2 Ci-exciton S22IALH
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