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Abstract

To obtain the single crystal thin films, CuinSe; mixed crystal was deposited on thoroughty etched semi-insulating GaAs(100)
substrate by the hot wall epitaxy (HWE) system. The source and substrate temperatures were 620C and 410T, respectively. The
crystalline structure of the single crystal thin films was investigated by the photoluminescence and double crystal X-ray
diffraction (OCXD). The carrier density and mobility of CulnSep single crystal thin films measured with Hall effect by van der
Pauw method are 9.62 X0 cm® and 296 cnf/V-s at 293K, respectively. The temperature dependence of the energy band gap of the
CuinSe; obtained from the absorption spectra was well described by the Varshni's relation, Eg(T) = 1.1851 eV - (8.99 x 10™
eV/KITZ/(T + 153K). After the as-grown CuinSe; single crystal thin films was annealed in Cu-, Se-, and
In-atmospheres, the origin of point defects of CulnSe; single crystal thin films has been investigated by the
photoluminescence(PL) at 10 K. The native defects of Ve, Vse, Cuint, and Seim obtained by PL measurements were
classified as a donors or acceptors type. And we concluded that the heat-treatment in the Cu-atmosphere converted
CulnSe; single crystal thin films to an optical n-type. Also, we confirmed that In in CulnSe,/GaAs did not form
the native defects because in in CulnSe; single crystal thin films existed in the form of stable bonds.

Key words : hot wall epitaxy, single crystal thin film, optical absorption, thermal annealing, point

defect, photoluminescence

1. 4 2 SN0A A2 BHIIBS B LB ANEYS HHHD
54 olgst @HMal T =4 =) =g
CulnSezs [ ~lI-VI,S SIBI2 BIERIZA A20A Of ?H):o X')L . LJ}M ii; o }:21' X)?Oil o
X @201 1.016V O HA &0IM HEHOIOH i’:c'gcﬂ o Ef; ol 1 % S eniasiondl o1st oL
st = 2 = 2! emission 8t
MXI[1], 1M AXH(photovoltaic dector)(2], E. L = T .
. . 2202/0] OE YBS 0IX=IIE APSIACH
(electrolumi nescience) A XH 3], C.
L(cathodoluminescent ) A XH{4], 2 M 38t XX _
: o AE AW U DE
(photoelectochemical cell)[5], J2l2 I. R detector[G]
SH 2240 JHEYD U T2ED Y= SHOICH
CITUME +B FIIRE MAB0 6N Cu, In. Se AI 2.1.As-gromn CuinSe, D23 w2 Zad

AWEH
J8 12 10 K& M CulnSe, SHZ X =1ato] pL AMEH
S LIEHLHD RUCH PL AHE™ 2 sharp-line emission &
23 broad-line emission-Z A= AFE £ UCHIT7].
o8 10d SIED XSHA D1est AD)el
1098.7nm(1.1284eV) 2 Sel= free exciton emission
spectrum@ 2 OHZECH exciton® E2&=E0ILF Z80 2

SE moledl& 2B starting element 2 8t ST
A B8 HFECR (CulnSe;, [ZXE sr4dIULt.
A8 CZEHZS XRD(X-ray diffraction) 8 =XotH
2E Y AXALE PEIFSOH, EDS(energy disp
X-ray spectrometer)S 0|E5I0 4= « _’E'S‘HI%
SO EHE CulnSe, CIZEZ 01800 HWE &

Hu s o E‘L"

‘“OEIOFQ‘L’IUH
[

lm 0x ¥ J!?l'

BHEOA GaAs (100) 210l CulnSe, HZXE wtatg Al

ZAOM, RHAS YO exciton emission AME 2D g OMNX ZXAM0IE IHREH SS6tI7 W20 2SS
018 23 X 2s 2 & (double crystal X-ray rocking HAISt ZE0URE R=0

curve, DCRC) & EH=X| (FWHM)E =ToI0 ZLOLE UL hv = E, — Ef* (n

Ct 43 CulnSe; HHZEAE =AUS Cu. In ¥ Se &I OJIM  EFes free exciton® Z&0ILXI0ICH

- 111 -



& (1)22EH 1KY W, E,E 1.1847 eV2 B0 78t
binding energyi= 22t E[*=56.3 meVEM ShayS[18]
0l reflectivity22El 78 excitone Z& WUl 65.5
meVel Hol & LXISHCH. 1098.7 nm(1.1284 eV)ol Zgta
22cl= free exciton emission?  E0l J1Qi5te NLE
M2FEICEH 1100.0 nm(1.1247 eV)2b 1104.5 nm(1.1225 eV)
o} 222l= bound exciton emission AHEBOZ HZ
Ct. Bound excitonOl 2tAl THZEE M YELZ= photon
o] idXIE

hv = E, — Ef® — EB———(2)

-4 ex ex

OICt. OI2IM EB = bound exciton2l Z&H0liLIXIOICE
Oiekst MIJISl 1100.0 nm(1.1247 eV)e 22RelE=E S

donor-bound exciton@! Vs.0ff J|218l= (0°,X)Q He2 A

A0, (2)AZRH P8 donor-bound exciton?l ZB

BlUXI= 3.7 meVRAE & £ AAD, Haynes ruleldl 25t

of 2 %; 0.22E =N 0123 K= 18.5 meV
D

AE 2 £ AUC. IO 10Md JIE 2A8HH =20le
1104.5 nm(1.1225 eV)EOEI= Ve, Off 28t acceptor-bound
excition® (A’ X)O2 &S £ UL (2) ACZREH

acceptor— bound exciton2 ZEMWUXIE 5.9 mevlg &
ST, Haynes rulelll 230 £ = . 1ZRE 7
A

gHSl 0128 XK= 59 meVE & & UL,
(A°,X)0ll JIoiGt= BRIt & RAIGHH LIEIY
Hall @3t ZXE0AH pES UEISH 20 2XISCH. Ol
e S22 A2 BEEX((full width half maximun:
FWHM) Bt 7 meVRICH. 1137.6 nm(1.0899 eV}l &2 AlJ|
E HE BRcleE B0 I B4 LAY MHEBE
(e, V)BIBA 2= =222 GHICH. J2iD 1161.2
nm(1.0677 eV)2 SRl OIR&sE FXg ol2std 2Y
Oil ZES MZo| THZEH DAP(donor-acceptor pair )0l
e YA M2 D, 1282.1 nm(0.9670 V)2
|= SA(self-activated)Of J|QidSle BYUZ S22

ba H’w‘

ne rov o

U oh

3@ r FII'

D

L=
x 4o f°

n

(A0 X)

(Oe,X)

Exl

0. k) SA
AP

|

PR TR TP SN S S |
000 100 1200 1300 1400 1500
WAVELENGTH (am)

PHOTOLUMINESCENCE INTENSITY (Arb. units)

Fig. 1. Photoluminescence spectra at 10K of
CulnSe; single crystal thin fiim.
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