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Abstract A stoichiometric mixture of evaporating materials for CulnSe, single crystal thin films was prepared from
“horizontal electric furnace. To obtain the single crystal thin films, CulnSe, 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 620°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 CulnSe, single crystal
thin films measured with Hall effect by van der Pauw method are 9.62x10'°cm™ and 296 cm’/V-s at 293 K, respectively.
The temperature dependence of the energy band gap of the CulnSe, obtained from the absorption spectra was well
described by the Varshni's relation, E(T) = 1.1851 eV - (8.99x10’4 eV/K)TZ/(T+ 153 K). The crystal field and the spin-orbit
splitting energies for the valence band of the CulnSe, have been estimated to be 0.0087eV and 0.2329eV 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'y states of the valence band of the CulnSe,. The three photocurrent peaks
observed at 10 K are ascribed to the A;-, B,-, 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. 1. Horizontal electric furnace for synthesizing CulnSe,
polycrystal.
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Fig. 2. Schematic diagram of the hot wall epitaxy system.
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Fig. 3. X-ray diffraction patterns of CulnSe, polycrystal.
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Fig. 4. Lattice constant a, of CulnSe,.
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Fig. 6. PL spectra at 10K according to the substrate temperature Fig. 7. Double crystal X-ray rocking curve of CulnSe, single
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Fig. 8. Back-reflection Laue patterns for the (112) planes.
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Table 1

EDS data of CulnSe, polycrystal and single crystal thin film

Element Polycrystal Single crystal thin film
Starting (%) Growth (%) Starting (%) Growth (%)

Cu 18.896 19.121 19.121 19.084
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Se 46.960 46.636 46.636 46.660
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Fig. 9. Temperature dependence of mobility for CulnSe, single
crystal thin film.
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Fig. 10. Temperature dependence of carrier density for CulnSe,
single crystal thin film.
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Fig. 11. Optical absorption spectra according to temperature
variation of CulnSe, single crystal thin film.
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Table 2
Peaks of optical absorption spectra according to temperature
variation of CulnSe, single crystal thin film

Temp. (K) Wavelength (nm) Energy (eV)
293 12249 1.0121
250 1185.6 1.0457
200 1144.6 1.0832
150 1108.7 1.1183
100 1078.5 1.1496
77 1067.1 1.1619
50 1056.1 1.1740
30 1050.1 1.1807
10 1046.7 1.1845
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Fig. 12. Temperature dependence of energy gap 'in CulnSe,
single crystal thin film (The solid line represents the fit to the
varshni equation).
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Fig. 13. Photocurrent spectra of CulnSe, single crystal thin film.
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Table 3

Myungseak Hong and Kwangjoon Hong

Temperature dependence of PC peaks for CulnSe, single crystal thin film

Temp. _ Wavelength Energy difference  Value obtained by  Acr or Fine structure
K) (nm) eV) symbol (E, orE,) Eq. (50) Aso
293 1224.9 1.0121 E,(293,1) (E)) 0.0059 0.0087 Acr A, — Ty (or A, excitoon)
1217.8 1.Q180 E, (293, M) Aso BT, — Iy) (or B , excitoon)
993.4 1.2481 E,(293,S) (E,)-0.2301 0.2329 CT; — T (or C , excitoon)
250 1186.3 1.0451 E,(250,L) (E,) 0.0051 0.0076 Acr A, — T) (or A, excitoon)
1180.7 1.0502 E (250, M) Aso B(I';, — Ty) (or B, excitoon)
976.2 1.2701 E,(250, S) (E»)-0.2199 0.2224 C;, = Ty) (or C, excitoon)
200 11452 1.0826 E,(200, L) (E,) 0.0069 0.0097 Acr A(T; — T) (or A, excitoon)
11379 10895  E(200,M) Aso  B(T, — T) (or B, excitoon)
932.5 1.3296 E,(200, S) (E,)-0.2401 0.2429 C{I; — Ty) (or C, excitoon)
150 1109.3 1.1177 E,(150,L) (E,)) 0.0059 0.0073 . Acr A(; = T) (or A, excitoon)
1103.3 1.1236 E (150, M) Aso B — Ty) (or B, excitoon)
1083.1 1.1447 E (150, S) (E,)-0.2111 0.2139 C(I, — TI'y) (or C, excitoon)
100 1079.0 1.1490 E,(100,L) (E,) 0.0079 0.0117 Acr A, — T) (or A, excitoon)
1071.6 1.1569 E (100, M) Aso By — I'y) (or B, excitoon)
893.9 1.3870 E,(100, S) (E»)-0.2301 0.2339 C(I; — Ty) (or C, excitoon)
77 1067.6 1.1613 E(77,L) (E,) 0.0059 0.0087 Acr A, — Ty) (or A, excitoon)
1062.1 1.1672 E, (77, M) Aso BT, — Iy) (or B, excitoon)
887.3 1.3973 E(77,5) (E»)-0.2301 0.2329 C(I"; — Ty) (or C, excitoon)
50 1056.6 1.1734 E,(50,L) (E)) 0.0071 0.0105 Acr A, — T) (or A, excitoon)
1050.3 1.1805 E (50, M) Aso BT, — Ty (or B, excitoon)
8385.3 1.4004 E,(50,S) (E»)-0.2199 0.2234 C(T; — Ty) (or C, excitoon)
30 1050.6 1.1801 E,(30,L) (E)) 0.0069 0.0102 Acr AT, — Ty) (or A, excitoon)
10444 1.1870 E (30, M) Aso BT, — I'y) (or B, excitoon)
874.9 1.4171 E,30,S) (E,)-0.2301 0.2334 C(I;, — Ty) (or C, excitoon)
10 1047.2 1.1839 E,(10,L) (E,) 0.0059 0.0087 Acr A, — T) (or A, excitoon)
10414 1.1898 E,(10, M) Aso By — I'y) (or B, excitoon)
873.2 1.4199 E, 10, S) (E;)-0.2301 0.2329 CT; — Ty (or C, excitoon)
I I Ex(A), Ex(B) 28|13 En(CF}F 87181 E, = E(B) -
- 1 bt . Ex(AP]Z E, = Ex(B) — Ex(C)°Ith EF E= 27}
l AchJr AsoftE = JhEpelo] "o
l ¥ B A7eE BT 295 Be B3 Egle
. L, - . . - .
l 2 3 C : 2ol Hamilton matrix®l| €3l crystal field splitting Acr
| ser 3} spin-orbit splitting AsodtS ZSITH T CulnSe, B}
L
: | W, =9 3 SdesRy 79 oiX W 18 BT
. 1 ¢l Varshni #AYe 2 FE 10KHe] Table 29 ol
[ : a0z w zbA E(10RF} 10KY Table 39| FHEel of
l L 42]9] z}o]2 FH free exciton binding energy, Ep 2
z1L0 o] X Z] Alolo] A= H
zinc biende l no spin-orbit spin-orbit ;Q}‘b:]- ]o] -] 293 Koﬂ 1 10 KU}- ] } ]4 © d-rr ©

Fig. 14. Fine structure for energy level of CulnSe,.

Hamilton matrix[18];

E1(2) =

%(Aso + Acr)
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1 2 12
- (+)[Z(Aso + Acr): - gAsoAcr:l

2

@ o E# By thesh gk A
B- 28] C-exciton® oURIE

g PPele FoguiL), gVt dabddl
SEY uAE 2zt EPP(L) Epp(M) 283 Epp(S)E
F7130 exciton YR ngkS BRI ST

CulnSe,/SI GaAs(100) &) 10 KW FHF 2HEH
= BHF 552 V7t k. ol X E HE 73
E Ex= Zzt oe3) 2tk

E, = E;p(10, M) — Ex(10, L)

1.1898 — 1.1839 = 0.0059eV

E, = Epp(10, M) — Ep(10, S)

1.1898 — 1.4199 = —0.2299 eV 3
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E# E4+S Hamilton matrixo] Bs) 9% 9418
9

Acr = 0.0087 eV, Aso = 0.2329 eV @)

ojty. o] ZEL Shay[17] 5°] electro-reflectances
=438t} 73 crystal field splitting Acr 0.006 eV}
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