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Abstract

A stoichiometric mixture of evaporating materials for CuGaSe; single crystal thin films was
prepared from horizontal electric furnace. Using extrapolation method of X-ray diffraction patterns for
the polycrystal CuGaSe;, it was found tetragonal structure whose lattice constant ap and co were 5.615
A and 11.025 A, respectively. To obtain the single crystal thin films, CuGaSe; 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 610C and 4507C, 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 CuGaSe; single crystal thin films
measured with Hall effect by van der Pauw method are 9.24%10® em™ and 295 em®V - s at 293 K,
respectively. The temperature dependence of the energy band gap of the CuGaSes obtained from the
absorption spectra was well described by the Varshni’s relation, Eg(T) = 1.7998 eV - (8.7489 x 107
eV/K)T/(T + 335 K). After the as-grown CuGaSe; single crystal thin films was annealed in Cu-,
Se-, and Ga-atmospheres, the origin of point defects of CuGaSe; single crystal thin films has been
investigated by the photoluminescence(PL) at 10 K. The native defects of Vcuy, Vse, Cuin, and Sejn
obtained by PL measurements were classified as a donors or acceptors type. And we concluded that
the heat-treatment in the Cu-atmosphere converted CuGaSe; single crystal thin films to an optical
n-type. Also, we confirmed that Ga in CuGaSeyGaAs did not form the native defects because Ga in
CuGaSe; single crystal thin films existed in the form of stable bonds.

Key word : hot wall epitaxy, single crystal thin film, Hall effect, optical absorption, photoluminescence,
point defect
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Y 73 o] VB 257 450 T o) wEH
gkol 127 arcsecE 713 23t} o3 53 dH
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olt}, 4714 & bound exciton®] AFelr]R o]},
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A1 A TG Ga F7] EHVIE A
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KX 23§ CuGaSexGa ¢ PL 2¥HEYHE B
At o] 29 EHL 19 1544 2Ed A o
g}, o] AL, Ga®l Cu 9 Se EotE less-ionic
chalcopyrite ##&3 A FF2 H(pre-covalent)
A #Fodste didles  CuGaSex® sampleol A
Ga®] Cu®} SeRtt o FHEAEE YA/ 4&F
o] A AgHnative defect)d] Aol A A
Fetes AL guido, a822, o Alde
Ga°®] CuGaSeolA U4FE 9429E& deiFxn ol
. EHlA, 218 172 480 TolA 30% 5¢ Se &
7] B9171e]4 dag® CuGaSexSed PL AHE
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o] PL 29 EJAAN 71F $AE A717 Ha, &
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22, (D°X) I32E Vo A7t E£39E CuZ A
FHojx7] e Cudl 98& @z = 3
AR, (D°X)E Vseol THRED. (D°X) ¥9& 3
8 gEx B w o Vs EE CumZ ¥ A F
He =Y 92 VleEdz & 4 U a9z,
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4(2) o 98 AN 2YEE, B, & 301
meVyd e ¢ & Utk = T4 =Y 99
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021 eV Y& AL A9 AsH(native defects) %
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AN dAGE A A BA FAsHA #HS
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CuGaSe; @24 wa-& HWE #gez 434
Ac. X-2 34 &3 27 Laued] A FHE
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o] HA A =P 7o =7 410 ¢, 5%
49 257 680 T dWHa, old PL =¥HEY
9] exciton emission 2HEHo| 7} Z3A el
ya, ol AA XM 2EIFAH(DCRC)Y uEAE
(FWHM) #& 127 arcsec® 713 zgith 429
A Hall 538 A% 43 & $29 ol5k
= 7b7h 487%10" em™# 245 cm¥V -5 A p ¥
944 uagtojgdtd As-grown CuGaSe; ©ZEA
dtate] 10 KYw PL spectrumS 28 F& H3
oz EmE 01277 eVYS QR 1AW,
neutral selenium vacancy Vs%l F/el T45¥€
exciton(Dy, X)2 AN dAE 00125 evVolth. F
A o)e3st R Ep: 00625 eVYE & F 3
9lth. =&, neutral copper vacancy Ve,’2l @7
F&£9 exciton(Ap, X) 2EAIAE 00307 eV
< o F ARG BAY o3t A Eax
0307 eV S & = UKk PL &FHoz2¥H A
B8 CuGaSez ZA M Ex% bound A& &
Ae 4248 dAe 429 d2dA d& ¢ + 4
At AFE CuGaSer 2R o8 EX7 ZAE
ZHE 9o Big 2FEHA (D°X) EBFL

CuGaSezCu & A& 743 A8k, W
(A°X )23& CuGaSexCuolA €A3A AlebA
o} A, (A°X) 238 CuGaSexSed A $-A41%
A7z dveigtd olgd Azxy (D°X)¢
(A°X) &3& Ztzt FzA FE3he Vst @)
2A ZALee Voo 71d% 3AYe ¢ F it
F§ ol wge AFquAE 47 301 meV
9} 421 meVZE A5 U. 283, CuGaSe; 24
o] Cu F71&8971dA EANAE Fo} nFoz
type-conversion HUE&E Az (DA%
BEE 239 NYLE Ve ET Cue® 22 F4
EF Vou BE Sendt T2 UAE Alold] 435F
£ 9% AYL & & AT SA TFL Cu
Z7) BY7ldA A Ed Tl AEAL, Se &
7] B97)dlH dA2F Folv FAA. oA
€ SA w3 79E wAEA ZALsE Vest
Seiy BE 0159 EftAd #AT AYE &
Atk wR e 2 CuGaSe, BAHANA Gad 2A
oA ¢t HAEez A7 did vAg
Age FAgoe 4% FA EFAot.

&2 28

[1] W. Gebicki, J. Filipowicz and R. Bacewicz "
Raman scattering in novel CuGaSe;
crystals” J. Phys. Condens. Matter, 8 :
8695-8703. 1996

[2]1 J. E. Kim, H. Y. Park, S. G. Lee and J. Y.
Lee " Photoacoustic spectra of CuGaSey”
new physics, 28(4) : 515-519. 1998

- 356 -



