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Abstract

A stoichiometric mixture of evaporating materials for CuAlSe, single crystal thin films was prepared from horizontal
electric furnace. To obtain the single crystal thin films, CuAiSe, mixed crystal was deposited on thoroughly etched semi-
insulating GaAs(100) substrate by the hot wall epitaxy (HWE) system. The source and substrate temperatures were 680°C
and 410°C, respectively. 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 CuAlSe, single crystal thin films
measured with Hall effect by van der Pauw method are 9.24 x 10'° cm™ and 295 cm¥/V - s at 293 K, respectively. The
temperature dependence of the energy band gap of the CuAlSe; obtained from the absorption spectra was well described
by the Varshni's relation, E(T)=2.8382eV —(8.68 x 107 eV/K)T(T + 155 K). The crystal field and the spin-orbit
splitting energies for the valence band of the CuAlSe, have been estimated to be 0.2026 eV and 0.2165eV at 10K,
respectively, by means of the photocurrent spectra and the Hopfield quasicubic model. These results indicate that the
splitting of the Aso definitely exists in the I states of the valence band of the CuAlSe,. The three photocurrent peaks
observed at 10 K are ascribed to the A;-, Bj-, and C;-exciton peaks for n=1.

Key Words ; hot wall epitaxy, single crystal thin film, optical absorption, photocurrent spectrum, crystal field splitting,
spin-orbit splitting
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Fig. 2. Block diagram of the hot wall epitaxy.
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Table 2. Peaks of optical absorption spectra according to
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Fig. 12. Temperature dependence of energy gap in
CuAlSe, single crystal thin film (The solid line
represents the fit to the Varshni equation).

PHOTOCURRENT INTENSITY (Arb. units)

\/ 50 K(X2)
" \ ) 4 K(X5)

350 370 300 410 430 450 470 490 510
WAVELENGTH (nm)

38| 13. CuAlSe, ©24A vfete] FAF7 ~HEY

Fig. 13. Photocurrent spectra of CuAlSe, single crystal

thin film.

Fig. 132 CuAlSe, 274 ulute] 5o mEE 3
AFj 29 EHE 203K (0K 255 ¥

A A 8HE)A A 138 A28, 2004

ColBF - HEE -

PRE A"

FIHA e Aol 2&d nEw FAF BT
9] 91X = Table 39 A3t FHF LHEY ]
ZA40lA oA SR 7HA A A=tE
EE AAE 93 FAF T EH dabdielA
7HAAN splittinge]] 22k FAF B-FelEe] FEHA
k. FAF BEe Al 2ol A5+ dedl, 2
o]f= CuAlSe, B24 Hrah2 Y ulA A (tetragonal )y 1+
22 A= 9 spin-orbit splitting@} non cubic crystal-
line field®] Al &30l 25t band splittingo] 4
ot ez B 4 Q) o|A L band theoryell &3}
A kAl AEhE S-like, 7FAANE P-likeZ B
grom, olw Pliked == P, P, Pt 7ol A7le &
2 vro] A S lulk Bok) AgHd Al (tetragonal)
T2 09 B2 ATy~ I(s), BI3(x)— Ii(s)),
C(I3(y) = Li(s)) Aol 2k Aoz A =l o
o AEd 2d2 vlAFZ2E Ve Fig. 149 2
HTH.

Hopfield = spin-orbit splitting®} non-cubic crystal-
line filed®] EA] &340 23] 71AA 7 2Exle 2
dl-S, Hamilton matrix!"”;

. I
Eyp= l(Aso+Acr)—(+)[l(As0+Acr)2—gAs0Ach
2 4 3

2

2 B @ 9714 EF B oS 2k
Aol o3 2 A, B-, 7283 C-exciton®] A&
Epx(A), Epx(B), 1B Ep(C)Ft E71818 E = Epd(B)
— Epy(A)°) 3L Ey= Epx(B) — Epf(CRIY. Ev3F Exz 242}
Acrd Aso 7HE 2 A o] "

2 AFNME FHF 2HEJOR FE EHE,
%< Zo} Hamilton matrix®ll €3} crystal field split-
ting Acr®} spin-orbit splitting Aso %S 2rekt) HE
CuAlSe, RI=A 9] 35+ FHORRE 78 oA
] 7+4 E(DY Varshni#A Y o2 FH 10K 2]
Table 22| oA w] 747 E(10)%k=t 10 K™ Table 3
o] BAF2| oldx| 9] xto]Z K- free exciton bind-
ing energy, ErS 20t olo]A 293 Kol A 10K7HA]
Alole] FHF B2l (PPele et ), S
Mt dHZNSES] AAAE 2H2 Epp(L), Epp(M)
L Epp(S)E E713) exciton YA nghe B 8}
At

CuAlSe/SI GaAs(100)2] 10 KHll FHF A EH ]
© B3R B9 7 Ak olF oUAZRE 75
E Exz 7V o3t 2

-162 -



Hot Wall Epitaxy(HWE)Holl ©]8} CuAlSe, B714 wore] 447 7bazi) Zetel et 3485 a4 85

H 3. CuAlSe, B34 =] FAF SHEYH] 2moEy
Table 3. Temperature dependence of PC peaks for CuAlSe, single crystal thin film

Temp.(k) Wavelength Energy difference  Value obtained  c¢r or Fine
emp. (nm) V) symbol (E; or Ey) by Eq.(50) kY] structure
464 4 26719 E,293.L) L@—T0)
(E) 0.1613 0.1613 Acr  (or A« excitoon)
293 4376 28332 E,(293.M) 0.1797 Aso N—Ti(s)
(E2)-0.1797 (or B excitoon)
411.5 30129 E,293.5)
458.6 27035  E,(250.L) L@ —=T(s)
(E1) 0.1638 0.2021 Acr (or A, excitoon)
250 4324 28673 E(250M) 02165 Ao T0Ti(s)
(E2)-0.1782 (or B, excitoon)
407.1 3.0455  E,250.5)
453.1 27363 E,200.L) F@—Ti)
2
(E1) 0.1632 0.2014 Acr (or A, excitoon)
200 4276 2.8995  E,(200.M) 0.2155 Aso Lo—Ts)
(E)-0.1777 ' -
402.9 30772 Ef200.5) (or By excitoon)
447.0 27736  EJ150.L) L)
(E1) 0.1644 0.2028 Acr  (or A, excitoon)
150 4220 29380  E,(150. 02163 Aso NWIs)
(E)-0.1779 (or B, excitoon)
397.9 31159 E(150.5)
4423 28031  E,(100.L) =T
(Ey) 0.1637 0.2020 Acr (or A, excitoon)
100 417.9 29668 E,(100.4) 001786 0.2169 Aso Lh)
(E>)-0. ;
394.2 31451 E,(100.8) (or By excitoon)
LT
440.4 28152 EJ(77.L) (or :\(Z);cilg()m)
(E)) 0.1637 >
0.2019 Acr I3y~ T(s)
71 416.2 2.9789 E,(T7.M) (01775 0.2157 Aso  (or B excitoon)
e 50— Th(s)
3928 31564 E[11.5) (or Co excitoon)
r@—T;
438.6 28268  E/50.L) (or ﬁf);ci’t(:gn)
(E)) 0.1643
0.2026 Acr ryx—Tis)
50 414.5 29911 E,(S0.M) 201774 0.2157 Aso  (or B, excitoon)
(E2)-0. 5T
3913 3.1685 E,(50.5) (or C, excitoon)
M-
4376 28332 E,30.L) (or iif’;:d'f(fgn)
(E)) 0.1644
0.2027 Acr 50— (s)
30 413.6 2.9976 E,(30.M) (En)-0.1774 0.2157 Aso  (or B, excitoon)
¥ I3~ his)
390.5 31750 E,30.9) (or C; excitoon)
437.0 28371 E(I0.L) (Of jif);ﬂif;n)
(E)) 0.1642
0.2026 Acr I5(xy—T(s)
10 413.1 30013 E,(10.M) (En0.1781 0.2165 Aso  (or B, excitoon)
20 GOy Tis)
390.0 3.1794 E,(10.5)

(or C, excitoon)
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