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Abstract The stochiometric mix of evaporating materials for the CuGaTe single crystal thin films was prepared from
horizontal furnance. Using extrapolation method of X-ray diffraction patterns for the CuGaTe polycrystal, it was found
tetragonal structure whose lattice constant & and ¢, were 6.025 A and 11.931 A, respectively. To obtain the single
crystal thin films, CuGaTe, 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 670C and 410°C respectively, and the
thickness of the single crystal thin films is 2.1pum. The crystalline structure of single crystal thin films was investigated
by the photoluminescence and 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 dependence on temperature. The carrier density
and mobility of CuGaTe, single crystal thin films deduced from Hall data are 8.72x10%/m® 3.42x10”m’V-s at 293 K,
respectively. From the photocurrent spectrum by illumination of perpendicular light on the c-axis of the CuGaTg single
crystal thin film, we have found that the values of spin orbit coupling As.o and the crystal field splitting Acr were
0.0791 eV and 0.2463 eV at 10 K, respectively. From the PL spectra at 10K, 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 0.047Q eV and the dissipation energy of the donor -bound exciton and acceptor-bound exciton to be
0.0490 eV, 0.0558 eV, respectively.
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Al X9 Acr(crystal field splitting)® 0.0791 eV, As.o(spin orbit couplingl= 0.2463 eV3Ith. 10 Kol Fdd B2
919.8 nm(1.3479 eV)= free exciton(E), 954.5nm(1.2989 eV)= donor-bound exciton ¢l LMD’ X%t 959.5nm
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Fig. 1. Horizontal furnance for synthesizing of CuGaTe,
polycrystal.
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Fig. 3. Block diagram of the hot wall epitaxy system.
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Fig. 4. X-ray diffraction patterns of CuGaTe, polycrystal.
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Fig. 5. Lattice parameter ao of CuGaTe,.

3.1.1. 924 CuGaTe,o] AAFZ

FAHE CuGaTe, THARS BUE 750 24 Xray
3" TYE Fig. 4o 2tk Fg 49 3@7H2RE
(hklye Wz7rA¢ 93k egke] JCPDS(Joint Committe on
Power Diffraction Standards)®t UXshs  ZEECloA
tetragonalz.  AFEYLS & £ Wik AbdwE
Nelson Reley BRIl olaled ke AlAbet § 4l
(14102 73 AxE 77} Fig 59 60 E3vh 2
A Henlel o) tARe] ARVIFE a,=6.025 A, ¢, =
11.931 Aojgith. o] 22 Grzeta-Plenkovic[15] ]
B3 ARPIE a,=6.021 A, ¢,=11.937 Az & <
AL & F AAJTh

3.1.2. CuGaTe, 24 vt 43 z7% dAH+=
HWEe] 23t CuGaTe, ©2% sl 44& ¢4dxe=z
Wl GaAs(100) 71e] Bamg AAsH] $15id 7]

S.H. You, J.W. Jeong, K.A. Jeong, H.W. Baek, J.J. Bang, Y.J. Shin, T.S. Jeong, T.S. Kim,

14
<z 13t
5
=
<
&= °
e, Co=11.931A
= Nr
S
s 1o}
2] I 1 ' 1
0 1 2 3 4 5
c0526+c0520
sin # 8

Fig. 6. Lattice parameter co of CuGaTe;.

10K

430°C

410°C

PIIOTOLUMINESCENCE INTENSITY (Arb. units)

390°C

§00 850 900
WAVELENGTH (mm)

Fig. 7. PL spectrum at 10K according to the substrate
temperature variation.

950 1000 1050 11CC

& chemical etchingdtx, 299 255 670°C, 7
el ev2 390~430°C2 WINF1EAM st Fig.
e 7|@e] 25F 410°CE slo] A7sh BEd wetes
10 KollA] 33 (photoluminescence) Z=HEg o] 954.5
nm(1.2989 eV)ollA] exciton emission AHEHo] 713
738kl Vrebstt). ojdl excitonol] o3 W SHEHL
Aglo] e ARo] ALoa wegd + Q= Hor 4%
B @y glere] ol FF3he Eith AAE rhEse



The study of growth and characterization of CuGaTe single crystal thin films by hot wall epitaxy 429

1400"
=
'S 12004
=}
—E 10004~
<
e
@ 8004~
)
< 600~
E‘ 139 —» -
Z 400 arcsec
3
200
@)
ol 1 1 ]
-1500 -1000 -500 0

POSITION (arc sec)

Fig. 8. Double crystal X-ray rocking curve of CuGaTe
single crystal thin film.

‘

L

olZAA XA SETA(DCRC)Y) HHEX) (FWHMYE
3 Az}, Fig. 83 7ol 71¢e] &7t 410°CE o
) (FWHM)ZLol 13%arcsec2 7H§ 2skch. ol=i%
AReRE @Ay g A AR 2208 71989
7} 410°C, 2H9Y 2571 670°CES & F SUsTh
CuGaTe, #2473 e Laue WiH WRAPHO R Hojslo]
Fig. 99} 2& Laue ARRIS 3|4 Ax (00DHo= A4
A0S o 5 Yk wF, 24 E2E 670°C,
7\ge] £E5 410°Cely 44 £=& 0.5umh= 4%
8 CuGaTe, B34 We] A Fig. 10904 2.1pm
B2 AR ¢ 7 A

do dy (% gy

z
3
T

c
t

Fig. 9. Black-reflection Laue patterns for the (001)
planes.

CuGaTe,

GaAs(100)

Fig. 10. Cross section of CuGaTe, single Crystal thin film
grown at substrate temperate 410°C.

Table 1
EDS data of CuGaTe, polycrystal and single crystal thin
film

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

Cu 32.09 32.16 32.16 33.12

Ga 13.30 13.69 13.69 13.55

Te 54.61 54.15 54.15 53.33

3.2. CuGaTe, A& 9] 318t 4EF xAH|

CuGaTe, a3+ @23 wute] EDS 28 EY 42
2 2AH] 7+ Table 19 2tk EDS &~ EHS 6N
9 €52 Z= Cu, Ga, TedlM HoEs 54 X-4g 7]
Zoz 3zl &AFon, Cuxs KA B4 XS o&3d)
¥, Gast Tex L9 B4 XA AMgste] F3iitt
T2 ¥ ©AA uFere] starting element®] 2A3u|}
Ao zdu5e] x2% 3 WA AXHIL
k2 zAgulzl & o] RIS ¢ & U

3.3. Hall &%

AAE CuGaTe, ©27% W22 van der Pauw 4
© % Hall 32 293 KolA 30 K71#] £=W3ss 9
2 243 GHES Table 29 BHSL, o]8% pzke Fig.
119 YERAIC) Fig. 11904 Bsble) ko) o)y} 4
29ME 3.42%107 m*/V - seci o™ Fujita S116]e) 2
e} o] 293 Kolld 150 K7HA)1E Az} 4Fet(lattice scat-
tering)® 2 I8 2718192 150 KejjA 30 KA &
%2 Aeh(impurity scattering)el] 28 7H43 o=z A
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Table 2
The resultant analysis on Hall effect CuGaTe, single crys-
tal thin film

Temp. Carrier
(K)  density

Hall Conductivity Hall mobility
coeffigient ¢ (Q"' - m™) p Mm%V - sec)

n(m®)  Ry(m%)
203 8.72x10” 3.25x10"* 353.14 3.42%10°
270 5.92x10™ 4.53x10" 399.48 3.89%107
250 4.15%10% 4.68% 10" 432.02 4.42%10%
230  2.45x10% 559x10* 434.79 4.63%10°
200 3.44x10% 657x10" 529.87 5.19%10%
180  2.48x10% 8.22x10™ 536.62 5.62x10%
150 1.76x10% 9.06X10" 565.80 6.55% 107
130 8.71x10% 1.07x10* 566.65 6.33%10™
100 5.33x10" 1.13x10™ 569.29 5.78x10%
77 2.46x10” 1.14x10" 560.23 4.81x10*
50  1.93x10” 1.39%10™ 522.29 3.72x10%
30 1.80x10* 1.53x10* 573.54 2.77% 10
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Fig. 11. Temperature dependence of mobility for CuGaTe,
single crystal thin film.
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CuGaTe, single crystal thin film.
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Fig. 13. Optical absorption spectrum of CuGaTe, single
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3.5. &7 &(Photocurrent)
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WA 248 A0G 2HEPL g 169 2oy %
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izl 7o) AiRgEE 7RARERE AxgiE SE Azp
Eof ojg PR 2925 dapdeholr] 7] split-
tingoll 93 FAF B-2250) BRI FAF 29
A 2o B2 & QeE 2 olgE CuGale, &
A% o] g (tetragonal) 22 AJF o] spin-
orbit splitting"} non cubic crystalline field®] &A) &3}
o 2J3le} band splittinge] Yol Aoz B 4 il
o]AL band theorydll &8 71HAINE p like, H=0)
£ s like2 B & 0o, oJy p like A%}t py, p,
pAIA Al A9 92 EFE 4 AT WA (tetra-
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— Ty(8), CT(Y) — T(®) Holol| 95k ZAog By
Z[6] ojoF AHE md& vHERE Yepd Fg 169
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Fig. 15. Photocurrent spectra of CuGaTe, single crystal
thin film.

Table 3
Temperature dependence of PC peaks for CuGaTe; single
crystal thin film

Temp. Wavelength  Energy  Asoor Fine
X) difference Acr structure
(nm) (eV)
293 10104 1.2271 00791 A TW(Z)— TS
949.2 13062 0.2463 X)) — IS
798.6 1.5525 (Y) — TS
270 9956 1.2453 0.0792 A @) — TS
936.1 13245 02465 Aso TX)— L(S)
789.2 15710 I(Y) = T'(S)
250  986.6 12567 0.0792  Acr T,Z)— TS
928.1 13359 02461  Aso TX)— [«(S)
783.7 1.5820 L5(Y) — T'y(S)
200 9659 1.2836 00794 A (2 — TS
909.6 13630 0.2463  Aso TxX)— (S
7704 1.6093 () — TS
150  948.7 13069 0.0790  Acr @) — TW(S)
894.6 13859 0.2463  Aso  T(X)— I'(S)
759.6 1.6322 T(Y) — IS
100 9323 1.3208 00794 A @2 — TS
879.8 14092 02463  Aso [X)— TS
748.9 1.6555 L(Y) = TS
77 9147 13554 00792  Acx  TZ)— Ty(S)
8642 14346 02465 Aso TxX)— Ti(S)
7375 1.6811 [(Y) = 1(S)
50 9032 13727 0.0791  Acr T2 — TS
854.0 1.4518 02463  Aso TX)— IS
730.1 1.6981 T5(Y) = Ty(S)
30 8947 13857 0.0793 A 2 — LuS)
846.3 14650 02463  Aso TxX)— Iy(S)
7245 1.7113 () — Ti(S)
10 888.8 13949 00791  Aa T,@)— TS
841.1 14740 02463  Aso X)) — (S
720.7 1.7203 T5(Y) = T'y(S)
i l I nis)
! TS i A
I L LAl sl o nw
| i :
[s , AC,
Ts(X) §
N\l ?
ASe
| Ts(v) }

zinc blende !no spin - ardit spin-arhit

Fig. 16. Fine structure for energy level of CuGaTs,.
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Fig. 17. Temperature dependence of the energy gap in

CuGaTe, single crystal thin films (The solid line represents
the fit to the Varshni equation).
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Table 39] 10KeA Ex= wioh Zo] FHF B9
dabgriel ] sRaR Zeldel] o8 A7l Acrd) EA3E
2 9} 0.0791eV2lEl Neumann $[18)°] ®.2.gF 0.0800
eV et 2 dXEE Y3, Asod] EF7L 0.2462eV
oAl Neumann[18] 5°] X273 0.71 eV 3t QA ko)
0.4638 eVolodA A9} dxjstz k. ofuwf 10 Kollad 2=
A7 Acrdt As.od 4E FAFAZ Hol o-Fol 45t
Al W) QA m) dopt= HEEHAE F A5k ot

S varshni 321119190 <J8) CuGaTe, @43 &f<t
of gxoj&Ad 93t oA wikg E(T)e CuGaTe,
@24 dte] band edged] s|FEE FHE peak en-
ergyel £Eo&AM L Fg 177 Zth 2571 Loz
7o) wjet FHEE] peak® energye APAHOE F
7Fet2 Qom varshni PA)2[19]

oT?

1o e)

EAT) = E,(0) -

olth, ol E 0= 0KelM oURA, o, = A<=,
E0ys 1.3982eVoli a=427x10%eV/K, B=2655K
ojct,

36. CuGaTe, @24 wrete] PL 2¥EHY

Fig. 182 CuGaTe, @24 Hdtete] 10 KellA] PL 23
EFS vepl3 it} Fig. 18914 919.8 nm(1.3479 eV)
9] peak: free exciton emission spectrume(th. Free
exciton® 73 27 A2 BEEH 7))
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Fig. 18. Photoluminescence spectrum of CuGaTe, single
crystal thin films at 10K.

FA7F eAA] band gap )8 NUIXE e FA=E
a7lsld Axdl2 7153 shAldels oz g
AF(holey] @A et olw) Hye) FFomnE i3
Rojux] 3| H718 HRM(electronys HEF} exciton
< AT olEo] AAEY 1 spectrumd] L& HE
gt ole} o] Agxiel AFgEe] Hpain) o2 74
H exciton® coulomb ¢1Foe) ALSAIEH zfzhe] #e
TAYXAY A FIFHE A=2EskT ol dEle
¥A18l =Holgtl. olRE free excitonolEt T}, Free
exciton BIABIAL Az} A3 AAT) Qs 4
A}, =3 exciton® EwEolv Zde) £5E w7kx
ZZRtolE AREA 253P] dBel Fouixlel Al
UAE zhet)

hv = E,-Eg* &)

ol 10KY o, E,Z 1.3949eVE 8k &t binding
energy= 242t Boc™t 0.0470eVE2A] Neuman®} Horig
(1P} reflectivity=2 5 & Al4Hgt exciton binding energy$!
0.0520 eV} Ae] & Ux(ghe}, 919.8 nm(1.3479.eV)e] 3
@ 522 E free exciton(EJ2.2 BZEIUTE CuGaTe,
AEE free excitono] B2HE AoZ Hol ode] v
A oz AFAEUSE 2 4 Uk Bound exciton
o] WAL AAgE o) W=5E photon?] JAlE

hv = E,-E&°- B 4

olth, o714 EB= AAZ4lo] excitone] AEH LA
olt}, 954.5 nm(1.2989 eV)E &4 donor-bound exciton
ol Vg, Bibg 8980 7lolaks LD XK Re= Azt
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wt}, @yl zRE] 18k donor-bound exciton®] Z¥ol
U= 0.0490 eV Epy/ED = 0122 2E] 73 7))
9] o]&3} R oF 0.4900eV AELS & 4 Ut
959.5nm(1.2921 V)= Vool 213k 54 acceptor-bound
excitorel] 71205He By 892 LA’ XK 2o A7
=}, (42125 acceptor-bound exciton®] Z3telv
A 0.0558eVYES & 313, Ep/Ep = 0227 &
e o3} AqUAE 02790eVLS € = Ut 964.6
nm(1.2853 eV)2] peak donor-acceptor pair(DAP) %%
0], 1341.9 nm(0.9239 eV)y= self activated(SA) 71
sl Fiy BSelz zEdt

.48 2

23 A7|2E AFsle CuGaTe2 thER L A3
ARTZE, AP 2 Bk 2PEE 2ARBIeH,
HWE "oz vba9d GaAs(100) $1ol CuGaTe, ©
ZA 9=e JAAA van der Pauw PEOZ Hall &
FE 2487, FAx 4L 78 A8 o 22
AES dUH.

1) FAE CuGaTe, T4 ARTE= 43 A(te-
tragonal)e|™, A=} A a st o& 22 6.025 A} 11.931
Ac|ut}. CuGaTe, B4 Hhe 7189 £x& 410°C,
Zukgle] 252 670°CE 43819 Wl PL excitonH|
E3o] 7P ZaiA Jehia o1F3EA X A 8F5F4
(DCRC)S) whEx)(FWHM)3to) 139arcsecE 71 Zot
AR A% 2AYe ¢ F ATk EF CuGaTe, TEH
uloke. Layed| 38 FH2HE (0DHLE 4AHASE
& F AT

2) CuGaTe, ¥¥274 v=t9] Hall €3+ van der Pauw
whgo 2 2% Ay pd wEAYS & & Uldch EF
Hall o|558] 2% &L 30KAM 150 KRAE &5
£ A& (impurity scatterimg), 150 KollA 293 K7 =
Axpdek(lattice scattering)ell 71213 Aoz AZEd
$uR 54 In ot YToA 78 8493} AHA(EY
£ 0.121 eVSith

3) FAF 8529 10 KoM dupgthe] 7Ry 2
A (splitting)oll 2lahA] =3 E Acr(crystal field splitting)
2 0.0791 eV, As.o(spin orbit coupling}e 0.2463 eV
t}, olwf 10KeA 245 A8 daes oo FAsH
o) Yate of dojk= MHET AA L Uk

4) 10 KellA g3 B-9-2]9] 919.8 nm(1.3479 V)=
free exciton(E,), 954.5nm(1.2989 eV)= donor-bound
excitor®] L(D°X)®F 959.5 nm(1.2921 eV)= acceptor-

bound exciton ¢! L(A°X)Plal, 964.6 nm(1.2853 eV)=
donor-acceptor pair(DAP) %, 1341.9 nm(0.9239 eV)
= self activated(SA)Yl 71¢ske B} B-¢-2l2 1z
HA

HArtel 2

B =Fe 199995 M g a7 Aol &
M d7E =Y.
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