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Abstract

The stochiometric mix of evaporating materials for the CulnS; single crystal thin films was
prepared from horizontal furnance. Using extrapolation method of X-ray diffraction patterns for the
CulnS; polycrystal, it was found tetragonal structure whose lattice constant ap and co were 5.524
A and 11.142 A, respectively. To obtain the single crystal thin films, CulnS; mixed crystal was
deposited on throughly etched semi-insulator GaAs(100) substrate by the hot wall epitaxy (HWE)
system. The source and substrate temperature were 640 C and 430 C, respectively and the
thickness of the single crystal thin films was 2/m. Hall effect on this sample was measured by the
method of van der Pauw and studied on carrier density and temperature dependence of mobility.
The carrier density and mobility deduced from Hall data are 9.64x10%m’, 2.95x102m%V - s at
293 K, respectively. The optical energy gaps were found to be 153 eV at room temperature.
From the photocurrent spectrum by illumination of perpendicular light on the c - axis of the thin
film, we have found that the values of spin orbit coupling splitting ASo and the crystal field
splitting ACr were 0.0211eV and 0.0045eV at 10K, respectively. From PL peaks measured at
10K, 807.7nm (15350eV) mean Ex peak of the free exciton emission, also 810.3nm (1.5301eV)
expresses I; peak of donor-bound exciton emission and 815.6nm (1.5201eV) emerges I; peak of
acceptor-bound exciton emission. In addition, the peak observed at 862.0nm (1.4383eV) was
analyzed to be PL peak due to donor-acceptor pair(DAP).
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Fig. 1. Horizonta) fumace for synthesizing CulnS;
polycrystal.

Fig. 1. Horizontal furnance for synthesizing of
CulnS: polycrystal.
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Fig. 3. Bhock diagram of the bot wall epitaxy systees.

Fig. 3. Block diagram of the hot wall epitaxy

system.

3. 48 20 ¥ 1F
3-1. CulnS:®] ZAF= 9 33t F83 24
3-1-1 +2A CulnS:8] 2ATF=Z
FAE CulnS: EAL 2UZ gHEo] 248
X-ray 33 F4E& Fig. 49l B2} Fig. 49 34

- 231 -



FH2RE (hkD& HA9 23 6 gto] JCPDS AZdste] LL 28 CulnS, ©4A dute et
(Joint Committe on Power Diffraction Standards) AA F4E 2} o] AHXY UA FdL EFE
s} dAste gEololA tetragonal 2 FFHUF F9% wa HMg A Fig. 9= (001) B9
£ ¢ F dA. HA4F = Nelson Reley E A2 Laue®] A4S & 4 sUA. =3, g 2
o ot ge ANT F AAEoz T A}, =8 640C, 7l%el 2EE 430CT2 3o AF3

28 =5524 A, co=11142A |k, o] gsL CulnS: ©24 wue] F7E Fig. 10914 2m=
Hahn'@Ee] mug A4S a,=5523A F ¢, = AREHYESS & 4 AU Fig. 112 ol THEA}
11141 A 3 2 9AFS & F AU 174 dteto] FU&A HAHUSL B

ETRET)

INTENSITY

| H
Lo g
DIFFRACTION ANGLE (26} g
Fig. 4. X-ray diffraction patterns of CulnS: E
polycrystal. H
3-1-2  CulnS; @374 wet 4% za3 AAT i
Fig. 7. PL spectrum at 10 K according 1o the sub-
ZL_ sirate temperature variation,

HWEs] 98 CulnS; 9AA ubup A% Fig. 7. PL spectrum at 10K according to the

o
Hog wHAM GaAs(100) 71y B2
3l7] $18td 7]¥S chemical etching &3, &
o] TEE 640 T, 7|9 25F 410~450C & ¥
FANAA AAEAT. Fig. 794 B 8ts} o)
Z1He] 28 430 C, 5 U9 55 640 TR &

substrate temperature variation.

e 2 o
do Mo

1430

39

1200

§

g

123 = -—

COUNTRATE (arb. unit)
a
8

o AR aZAA utete] dis] 10K A FeF wcp s

(photoluminescence) &= E & o] 807.7nm(1.5350eV) e

ol A exciton emission =HE# o] 713 A Y e PosTON Grovety

Elytel. olu) exciton emissionell 2}% wg A e cevsal ths R LI cere o CuleSy

ERL ZAgo] HE AAo] A2oAM wFE 5 3 Fig. 8. Double crystal X-ray rocking curve of
= Zi—g-i, AAdd a2 ‘i}'t"-}'g] Aol *¥3%s CulnS: single crystal
Sdv 4Rd wHgee o)FdAY X-d a%FA thin film.

(DCRC) &) wHEX(FWHM) & £33 Z3}, Fig. 8
B o]l sl LEJ 430C Y W HEEX
(FWHM) 3o} 123arcsec® 7} agteh. ol# g
24 Azzryg dAdA e HHy 4% 21
e Lx7F 430 C, $EHUY 2=7F 640 CTHE
¢ F AR CulnS; @2 27-E Laue W
WAl oz #Hodste] Fig. 99 2L Lave A E
Ak o] AR FHAH gt 4 AFE vel

HE=3 Greningerls) THE o]83o Y3 Wulff9S Fig. 9. Black-reflection Laue patierns for the (001)

planes.

olgsted AE A8 APHSZ FIAUSt o F Fig. 9. Black-reflection Laue patterns for the
99 ol W= ol AFUel WEHE BE o1y oo

- 232 -



CulnS,

Gaas(100)

Fig. 10. Cross section of CulnS, single Crystal thin
film grown at substrate temperature 430°C.

Fig. 10. Cross section of CulnS2 single Crystal
thin film grown at substrate temperate 430°C
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