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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, compound 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°C, respectively. The crystalline structure of single crystal thin films was investigated by the photolumine-
scence 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. 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 ASo and the
crystal field splitting ACr. From the photoluminescence measurement on CulnSe, single crystal thin film, we observed free
exciton (E,) existing only high quality crystal and neutral bound exciton (A®, X) having very strong peak intensity. Then,
the full-width-at-half-maximum (FWHM) and binding energy of neutral donor bound exciton were 7 meV and 5.9 meV,
respectivity. By haynes rule, an activation energy of impurity was 59 meV.
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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. PL spectra at 10K according to the substrate tempera-
ture variation of CulnSe, single crystal thin film.
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Fig. 5. 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

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

Cu 18.896 19.121 19.121 19.084

In 34.144 34.243 34.243 34.256

Se 46.960 46.636 46.636 46.660
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Fig. 7. Temperature dependence of mobility for CulnSe, single
crystal thin film.

3.3. Hall &5

A€ CulnSe, @24 H2& van der Pauw WHE
2 Hall £3& 293K 30K7HA & WHEsE F9H
A 2% FHE F olEE p #E Fig. %l Jepith
Fig 7914 Bgnleh o] o] FEI}F Lol 296 cm’/

- sec$d.2 ™ Fujita[15]%] Ao} 7+o] 100 KolA 293
K77]—7<] Az} 2 e(lattice scattering), 30 KellA 100 K
7= EE AteH(impurity scattering)oll 7]18F A&
Z AZtEo}. Carrier densitye 25X thal 8¢ A%
Hejol we} Wakz dlen o] we L% A1/l
gk In n 342 Fig. 85} 2tk AR EE n
exp(-E/kDERE] Fig. 89 71€714 & 23 61
meVATH E3 Hall 33 343 e2 FE Hall Alss

—
10‘17IE .
T - e
§ e
S I %
. 8 .
HRC R [
310 - ..
@ o )
s ° °
8 i
©
(&} B
10'® ; ) ) ) ; ;
0 5 10 15 20 25 30 35

Temperature (10%T)

Fig. 8. Temperature dependence of carrier density for CulnSe,
single crystal thin film.
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Fig. 9. Optical absorption spectrum of CulnSe, single crystal
thin film.
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Fig. 10. Plots (ohv)® versus the incident photon energy hv for
CulnSe, single crystal thin film.
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Fig. 11. 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 ASoor Fine

(K) (nm) (eV) difference  ACr structure

293 12269 1.0105 0.0061 ACr AT, — Ty
1219.6 10166 BT,— Ty

250 1188.0 1.0436 0.0061 ACr AlL— Ty
1181.1  1.0497 BT,— Ty)

200 1141.0 1.0866 0.0060 ACr A,— Ty
11347  1.0926 BIs— Ty

150 1111.0  1.1159 0.0059 ACr A, — Ty
1105.2 11218 BI,— Ty

100 1080.5 1.1474  0.0062 ACr A, — Ty
10747  1.1536 BIT,— Ty

77 1068.8 1.1600  0.0060 ACr AT, — Ty
1063.3 1.1660 0.1749 Bd— Ty
924.6 1.3409

50 10574 1.1725 0.0061 ACr AT, — Ty)
1051.9 1.1786 0.1751 BTy— Ty
915.9 1.3537

30 1051.1 11795 0.0060 ACr A, — Ty
1045.8 1.1855 0.1750 BT — Ty
911.3 1.3605

10 10475 11836  0.0061 ACr A, — Ty
1042.1 1.1897 0.1751 ASo BT,— Ty
908.4 1.3648 CT,— Ty
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Fig. 12. Fine structure for energy level of CulnSe,.
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Fig. 13. 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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Fig. 14. Photoluminescence spectra at 10 K of CulnSe, single
crystal thin film.
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Ep/Es = 0.128E 3 Wi o]g ouAls 59
meVYS ¢ & AT =3 (A°, Xl 71%0ske B¢
27t 7P $AIsA UERd A2 Hall &3 23004 p
e Yehd Az G} o g 28] 41719
HEEZ] (full width half maximun : FWHM)3Z 7 meV
At 1137.6 nm(1.0899 eV)2] & A7|E zhe= H$-
g Axde] Azt 24 WA QA THe, A%)shaA
dgehe B2 AT 222 1161.2 nm(1.0677
eV)2l B-$-2le ol23eE Hxlel o)estd ol %3
B A3l AR DAP(donor-acceptor pair)el] 7118}
= gasto s AR, 1282.1 nm(0.9670 eV)e] B¢

£ SA(self-activated)l] 71%18k= g B--El2 3
A=Ak

4. 2 B

CulnSe, @274 uute HWE #og AAEdr).
XA 3H &4 43 Laved] 3d FHZHRE CulnSe,
ke (11 e® AE wEA dEle o 4 99l
th 71#e] 2271 410°C, SEEe 257} 620°CE
HA A Z=70d, oW olF AX X 85I
(DCRC)®] HEXZ(FWHM) %ol 128 arcsecth A2
oAl Hall 345 43 2% 29k F59 olgEs
Z¥7F 9.62X10"cm, 296 cm’/V - s p&E o] vhAA bt
o] At

FHF B9Eel 10KelAM D] six 2t
A (splitting) )X Z4¥ ACr(crystal field splitting)
< 6.1 meV, ASo(spin orbit coupling)e= 175.2 meV3

Bd 202 RE SEiv do] 22 AA AT &
2= free exciton ¥E-E W53} Aok P-YAS YE

= i sk Aol 4 %91 bound exciton®
Z A= TmeVe] Y3 APANFUAE 5.9 meV, 28]
43} UA = 59 meVEA SATH B4 WA 98
Zog =] A i 7hsAdo] ER1EIT

rd g

#HAl| =
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