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Growth and Characterization of CulnSe; Single Crystal Thin Film

by Hot Wall Epitaxy
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Abstract

The stochiometric mix of evaporating materials for the CulnSe; single crystal thin films was
prepared from horizontal 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 temperature were 620 C and 410 T, respectively. The crystalline
structure of 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 from Hall effect by van der Pauw method are 962%10" cm™, 296 cm®V - s at 293 K,
respectively. From the photocurrent spectrum by illumination of perpendicular light on the c¢ - axis of
the CulnSe; single crystal thin film, we have found that the values of spin orbit splitting 4So and
the crystal field splitting 4Cr were 61 meV and 1752 meV at 10 K, respectively. From the
photoluminescence measurement on CulnSe; single crystal thin film, we observed free excition (Ex)
existing only high quality crystal and neutral bound exiciton (D°X) having very strong peak
intensity. Then, the full-width-at -half-maximum(FWHM) and binding energy of neutral donor bound
excition were 7 meV and 59 meV, respectivity. By Haynes rule, an activation energy of impurity was
59 meV.
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Fig. 1. Horizontal-electric furnace for synthe-
sizing 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 CulnSez
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Fig. 6. PL spectra at 10K according to the
substrate  temperature  variation of
CulnSe; single crystal thin film.
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Fig. 7. Double crystal X-ray rocking curve of
CulnSe; single crystal thin film.
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Table 1. EDS data of CulnSe: polycrystal and
single crystal thin film.
Polycrystal Single crystal thin film
Element
Starting(%) Growth(%s) Starting(%) Growth(%)
Cu 18.89% 19.121 19.121 19.084
In 34.144 34.243 34.243 34.256
Se 46.960 46.636 46.636 46.660
3.3 Hall &=

43 ¥ CulnSe; 924 2L  van der Pauw
W ow Hall A%E 2903KA 0K 7HA %
W3 E FHUAM 2AS FE F olFE p @F}E 2
d 99 JeEligch 28 9eM Hiuleh o] o]
BRI A2oME 296 cm’/V - sec doH
Fujita(15]2) 239} 2ol 100 Kol A 203 K 714
+ A=A Abg (lattice scattering), 30 K oA 100 K
7NA= Be¢E A (impurity scattering) o 71<]
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Fig. 11. Optical absorption spectrum of
CulnSe: single crystal thin film.
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Fig. 13. Photocurrent spectra of CulnSe; single
crystal thin film.
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Table 2. Temperature dependence of PC peaks
for CulnSe; single crystal thin film.

Temp. Wavelength Energy 4So or Fine

(K) (nm) (eV) difference ACr  structure
12269 1.0105 A(T'—
293 00061 acr ALY
12196 10168 B(I'6—1Ts)
b5 1180 104 w6l 4cC A(l—T)
A r
1811 10497 B(/'s—T%)
11410 1.0868 A(l'—Tg)
200 0.006 4c¢
11347 1092 0 T B(Ire—=T%
1110 1115 AT
150 4 00059 acy AUTTTe
11052 11218 B(I'e—Is)
10805 1.1474 A(l—T%)
100 0.006 4ac
10747 11536 2 T B(re=re
8 1. A(T+—T
10688 11600 oo 4o 7= TI's)
7710633 11660 oo o BUe=Td)
924.6  1.3409 ) C{I'—Te)
. A(T'+— T
10574 L1725 (o0 (=T
50 10519 1.1786 B(I's—TI's)
01751  4So
9159 13537 C(I'+— )
1 1 AT
10511 L1795 (oo e T
010458 1185 oo o BUeTy
9113 1.3605 ' C(I'7—T'e)
10475 11 ACr  A(l+T
836 0.0061 r (I 6)
10 10421 11897 4So  B(I's=Te

9084 13648  0.1751 4S50  C(I'1—Ts)
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Fig. 15. Temperature dependence of the energy
gap for CulnSe; single crystal thin
film (The solid line represents the fit

to the Varshni equation).
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ooz FEYE £ ATHI8L 2 17444 T3
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9] B4+ bound exciton emission ZHEHO
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