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Abstract The stochiometric mixture of evaporating materials for the CuGaSe, single crystal thin films were prepared
from horizontal furnace. Using extrapolation method of X-ray diffraction patterns for the polycrystal CuGaSe, it was
found tetragonal structure whose lattice constant a and ¢, were 5.615 A and 11.025 A, respectively. To obtains the
single crystal thin films, CuGaSe, mixed crystal was deposited on throughly etched GaAs(100) by the Hot Wall Epitaxy
(HWE) system. The source and substrate temperature were 61FC and 450°C respectively, and the growth rate of the
single crystal thin films was about 0.5um/h. The crystalline structure of single crystal thin films was investigated by
the double crystal X-ray diffraction (DCXD). Hall effect on this sample was measured by the method of van der Pauw
and studied on carrier density and mobility depending on temperature. From Hall data, the mobility was likely to be
decreased by pizoelectric scattering in the temperature range 30 K to 150 K and by polar optical scattering in the
temperature range 150 K to 293 K. The optical energy gaps were found to be 1.68 eV for CuGaSe single crystal thin
films at room temperature. The temperature dependence of the photocurrent peak energy is well explained by the
Varshni equation then the constants in the Varshni equation are given by o = 9.615x107eV/K, and B = 335 K. From
the photocurrent spectra by illumination of polarized light of the CuGaSe; single crystal thin films. We have found that
values of spin orbit coupling ASo and crystal field splitting ACr was 0.0900 eV and 0.2493 eV, respectively. From the PL
spectra at 20 K, the peaks corresponding to free bound excitons and D-A pair and a broad emission band due to SA is
identified. The binding energy of the free excitons are determined to be 0.06% eV and the dissipation energy of the
acceptor-bound exciton and donor-bound exciton to be 0.032 eV, 0.0932 eV, respectively.
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Fig. 1. A schematic diagram of horizontal furnace for
synthesizing of CuGaSe; polycrystal.
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Fig. 2. Block diagram of the Hot Wall Epitaxy system.
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Fig. 3. X-ray diffraction patterns of CuGaSe; polycrystal.
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Fig. 4. Lattice parameter a, of CuGaSe, polycrystal.
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Fig. 5. Lattice parameter ¢, of CuGaSe, polycrystal.
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Fig. 6. PL spectrum at 20K for various substrate tem-
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Fig. 7. Double crystal X-ray rocking curve of CuGaSe,
single crystal thin films grown at substrate temperature
450°C.
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Fig. 8. Black-reflection Laue patterns for the (110) plane.
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Fig. 9. Cross section of CuGaSe; single crystal thin films
grown at substrate temperature 450°C.
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Ae dFsk] d¥s 23 CuGaSe, @27 vl tgt
A FFe a3t} o] ARl AN BHL BE 5o
vw A4 A3} Fig 8 110AYL & & Uit
ESH FAYY) 25 610°C, 71| 255 450°CE 3}
o 7% CuGaSe, @44 ut=te]l A= Fig. 9914
21 pm= AFEULE & F Y8tk Fg. 102 o1 &
HARe g ©ad wigo] gdsld) AAENSS By F
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Fig. 10. Surface photograph of CuGaSe’ single crystal thin
films grown at substrate temperature 450°C.
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Fig. 11. EDS data of CuGaSe, single crystal thin films.
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Fow sl 24Pon, Cudt Ga2 LA B4 XAL

Table 1
EDS data of CuGaSe, polycrystal and single crystal thin
films

Element  Polycrystal Single crystal thin
film
Starting  Growth Starting  Growth
(%) (%) (%) (%)
Cu 37.610 36.880 36.880 37.426
Ga 40.034 40.799 40.799 40.591
Ss 22.356 22.319 22.321 21.983
Si 0 0.002 0 0
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Table 2

Resultant analysis on Hall effect of CuGaSe, single crystal thin films grown by HWE

Temp. (k)  Carrier density n (m®)  Hall coefficient RH (m%c) ~ Conductivity o (@'m™)  Hall mobility p (m*/v-sec)
293 4.87x10% 2.45%x10° 684.24 1.29x10?
270 3.45x10% 4.87x10° 655.27 3.19x10*
250 2.75%10% 7.28%10° 548.49 3.91x10*
230 2.44x10% 3.43x10° 536.67 4.86x10%
200 1.57x10% 4.63x10° 487.66 5.53% 10
180 9.58x 10% 3.93x10° 470.54 6.73%x 10
150 7.75%10% 3.10x10° 425.31 7.89x107
130 4.48x10% 4.68x10° 371.18 6.58%10*
100 2.67x10% 5.56x107 358.47 5.21x107
77 1.81x10% 7.12x10™* 285.58 3.84x10%
50 1.31x10% 5.64x10™* 272.93 2.76x107
30 1.28%10% 4.97x10* 269.94 1.85x10?

o] g3kal Se= K49 B4 XAE& AMg3ld 435U
Fig. 11914 Cu, Ga, Sedll lF=Hw= T3 54 XA
B2 vERta Stk olE9] WA Hle] mpE 24|
kS Table 19 2ok obEd 2 &A% vhto] starting
element®] 243} 4A4E FHo 2A¥E0] £3% 23t
HeeX] GR=AL Qo] SRR AL & o]Rolhs
S & 4 AR CuGaSe, tHEA A Weld S thd
A FHY o quartz tubeZ2FE FYE Aoz AzhE o
A}, 2284 CuGaSe, D74 vleke AAAIF7] Aol 3
A9 o274 ingotE oF 2mm FAZ ZloRAL, chemical
etching & @24 wehg JGAA EDSE AR A3}
9243 wleoAls Siol YeiA @58 ¢ + Uk
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Fig. 12. Temperature dependence of carrier density for

CuGaSe, single crystal thin films.
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Fig. 13. Temperature dependence of mobility for CuGaSe,
single crystal thin films.
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Fig. 14. Optical absorption spectrum of CuGaSe, single
crystal thin film.
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Fig. 15. Plots (ohv)® versus the incident photon energy
hv for CuGaSe, single crystal thin film.
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3.5. %2 F(Photocurrent)

Fig. 162 CuGaSe, ©2% o] 2% w2 F3
5 2HEYS oA 20 K7 &% Aol 229
w2 FAF Bl AAe Table 33 2ot FAF
2HEH th3led Gudden $[23-24]2 FAE ARE
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Fig. 16. Photocurrent spectra of CuGaSe; single crystal
thin films.
Table 3

Temperature dependence of PC peaks for CuGaSe, single
crystal thin films

Temp. Wavelength Energy  ASoor ACr Fine
(K) difference structure
(nm) (eV)

203 737.9 1.6802 AT,— Ty
270  734.0 1.6891 AT, — Ty
250  728.7 1.7014 ATy— Ty
200 717.1 1.7289 AT, — Ty)
150  706.7 1.7543 A(T;— Ty)
100  698.6 1.7747 AT,— Ty
77  695.8 1.7818 0.0899  ACr AT, — Ty
662.4 18717 B(ls— To)
50 693.1 1.7888 8'8?(1% ﬁgr g(gﬁ Feg
.. 0 g
o o = 15
0 2.0908
20 690.8 1.7948 8.(2)28(81 gr ég,—» 11:63
.. l¢) i
657.8 1.8848 C(ri—» 1‘2)

591.0 2.0978

7} SthE o+ EZol allochromatic 32 imper-
fectionoll 71218k Avbdd] oA FHET7T ShE
o|8= Exolt}. Allochromatic 2204 imperfection®]
she 98 U7IRE Wro] AHE 4 JlvH25). 3tie
Fhet Wohel old QpHwre] Walelot, pYeo) AL W
Ae AEE F7l 7lejshe v, Fle il 7193
o}, Edle ARl 93 FHERe] ol A=
trapping 3402 z&sl5th 4EE S7M71= imper-
fection® SHEEE ZAATE AEE Z4A7E im-
perfection2 3555 Z7ARITE YAS imperfection
of 7elshe FHEre] e A= ot 2
B2 CuGaSe, &2% ¥te] JAFE-ee A wtk
Ao 7108k B-$ElE BZHUCt WebA Varshni 34



196 K. J. Hong and H. W. Baek

1.80

E4(0) - 1.7998 eV
a-9.615x10%eVIK
B-335K

S

L 7

a.

<

o]

(o]

Z

-«

m

>

Q

=4 170

o

4

o

1.65 n Y
/] 100 200 300

TEMPERATURE (K)

Fig. 17. Temperature dependence of the energy gap in

CuGaSe; single crystal thin films (The solid line repre-
sents the fit to the Varshni equation).
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5Ele A~ Ty, BT~ Ty, C(;— Ty Aol
%t FF 597t A2 Jlog FokEch Table 39
20 KolA R wje} o] AF B-9-2le] hapguiolA
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Fig. 18. Fine structure of energy levels of CuGaSe,.

Table 4
Peaks of Photoluminescence spectra of CuGaSe, single
crystal thin films at 20 K

Wavelength (nm) Energy (eV) Peak position
667.6 1.8571 E,

672.6 1.8432 I

679.3 1.8251 I

690.9 1.7945 DAP(P,)
702.4 1.7651 P,

715.0 1.734Q P,

728.9 1.7009 P,

741.9 1.6711 P,

9124 1.3589 "SA

Kasper[27]7} 23238t 0.2310 eV g3 2 dx|skx ),
olm 20 Keld &45elx) ACr} ASod] 48 Axz B
o} c-Foll FAsIA Wol YAIE uf dohh= MPEFE
Z A3 ek

3.6. 3233 (Photoluminescence)

Fig. 195 CuGaSe, @727 urete] 20 KolA PL 29
EHS ez Ut} Fig. 19904 667.6 nme] peaks=
free exciton emission spectrum©]t}. Free exciton-2
58 AT A2olARE A2 s Y] AR o
A] band gap ©de] AUVRE zte BAE orE9H
A=tiZ o715 7hdAelE For dhad AT (hole)
o] @A |t} ol AFe] FozHE FR3I] Yo
F3A o718 HAAHelectron)= AZ7 excitons A8}
3 o)5o] AR v spectrum®] WL WEII}, o9}
o] AR} 239 AHpaine g AE exciton
2 coulomb Q10| ZESIAIEY Zhe] 4o 4dzpA
H At AEFHE AT ouxdee It
HoJrt, o]AL free exciton©]Z} §t}. Free exciton



The study of growth and characterization of CuGaSe single crystal thin films by hot wall epitaxy 197

=
= 20K
> 2
£
g
>
I
e
w)
z
& £~
w
[
r4 — 11
7
O
E
3
£
g
B
PP I I
600 650 700 750 800 850 900 950

WAVELENGTH (nm)

Fig. 19. Photoluminescence spectrum of CuGaSe, single
crystal thin films at 20 K.

BFPskn A4S A3 B Sfahd At wat
exciton® ¥Eol} AT] T W7 ARJolE A
FEA $F] M) 2FoNIXIe} APeNANE Zhech.

hv = E, - E&* 3

oA 20KY uw, EZ 1.7945eVE 3l 33 binding
energys ZHzb EFf® = 0.0260 eVE2/A] Masami Susaki
9} Takeshi Miyanchi[28]7} reflectivity2Z ¥ A4lat ex-
citon binding energy$l 0.0520eVel Al & Yx)gh},
667.6 nm(1.8571 eV)<] ZUF E-$-2= free exciton(E,)
02 #A=ZYA. CuGaSe, A|EE free excitono] F&
He Zod wol A9 @4y wutoz AJAELS
& 4 AU Bound exciteno] HA} AAEE of W&
¥ photon?] °HA=

hv = E,- E5* - EX, 4)

olc}. o714 EP = AP excitone) AFE i)
o} 672.6 nm(1.8432 eV)2 4 accetor-bound exciton®)
Veu 3253 E-98] == 24 shallow donordl] 7)¢15k=
L3 Aoz Az, (yo2 e T3 acceptor-bound
exciton®] AFARE= 0.0352eViio™ Egzy/E,=0.12
25 73 i o]} diixle oF 0.3522 eV HES
£ ¢ 4 U} 679.3nm(1.8251 V)= Vsedll o3t 24
donor-bound exciton®ll 7193h= g B97) [2 Ao
2 A7EY (9212828 donor-bound exciton®) g}
A= 0.0932eVE S & 5 U, Ezx/Ep=02 25
B 7l9] ol2g} ouR|E 0.4660eVUS & 4 UAch
690.9 nm(1.7945eV)®] peak donor-acceptor pair(DAP)
2 Pel, 702.4nm(1.7651 eVye DAPreplica Py,

715.0nm(1.7340 eV¥= DAP-replica P,, 728.9 nm(1.7009
eV)= DAP-replica P;, 741.9nm(1.6711eVy= DAP-
replica P,2 Z&Er}h 912.4 nm(1.3589 eV)= self acti-
vated(SA)ell 7]Q1ste Fdg ¥-¢alz zEdg

4. d g

FHA7|ZAA CuGaSe, TFAHEE 43 v, HWE
WH0 R CuGaSe, ©A% whels AAsie 7|2 B43)

A714 548 479 23 o3 2o 488 At
1) 349€ CuGaSe, 239 XA 34 FH2HE o
Aoz 73 ARV v ay=5615 A, ¢=11.026 A
Atk CuGaSe, ©2% w=he 7|9 258 450°C, &
o] 2:2 610°CE A443819E W PL exiton 2~HE3
o 7V sk vt olF 24 XA 254 (DCRC)
o] YEEX(FWHM) #ol 138 arcsecZ 7P Zol HH
47 =708t}

2) CuGaSe, 473 wrte] hall §32 243 43 p
3 BEAYde ¢ S Utk 29t w50 Inn ) U
TellA] 3t 43} duiAle 027 eVE Z23EUc) hall
o= 30KellM 150 K7EN = piezoelectric Atgke] 7]
Q&L 150 KellAl 293 K7HA)= polar optical 4tete]] u}
2} ZAEs
3) HWE Wgog A7g CuGaSe, 9274 wute] 2

579 Al 3l A2ollA energy gap®] 1.68 eV
&t

4) CuGaSe, T34 Hote] 347 B985 7PN
AM ATgz EE AAE 93 FHF 2o v
R o g P e =1 ST e o R B0
th 203 KellA 100 K7EdE 3 7o) E$ale AT, —
Ty) dojel] o3 FHF B9zt & 5 Y2, 77K
F A9 822 AT~ Ty), By —Ty) Aolol 9%
FAF Beelet & 4 97, 50KA 20 K7k R A A
B-9EE AT, —Te), Bs— Ty), C;—Ty Aol o
3 AR 2922 F2E0UT 20 KoM B ule} 7o)
BRF BTy dutel A SRRz Zebde o)s)
A7 ACre 9F 0.0900eV, ASo= 0.2498 eV T} olul
20 KollA] 2450l ACrst ASod] 2 A= Bol ¢
o A3 Wolgale W dojije MUEFIE Z o
A3l ok,

5) 20KelA F&F B-9-219 667.6 nm(1.8571eV)i=
free exciton(E,), 672.6 nm(1.8432 eV)= acceptor-bound
exciton?l L% 679.3 nm(1.8251 eV)= donor-bound ex-
citondl LAt =3 690.9 nm(1.7945 eV)= donor-accep-
tor pair(DAP) %2 Pl 702.4 nm(1.7651 eV)y= DAP-

o, o
o
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replica Py, 715.0nm(1.7340eV)= DAPreplica P,, 728.9
nm(1.7009 eV)x= DAP-replica Ps;, 741.9 nm(1.6711 eV)
& DAPreplica P,2 32&¥r}. 912.4 nm(1.3589 V)=
self activated(SA) 71918k Fag Roglg T&E
%Ak

#Aatel 2

2 =78 199935 ZAdisty skadp] X9
A dFE =89

o o
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