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Abstract Single crystal CdGa,Se, layers were grown on a thoroughly etched semi-insulating GaAs (100) substrate at
420°C with the hot wall epitaxy (HWE) system by evaporating the polycrystal source of CdGa,Se, at 630°C. 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 single crystal CdGa,Se, thin films measured with Hall effect by
van der Pauw method are 8.27 x 10" em™, 345 cm™/V's at 293 K, respectively. The photocurrent and the absorption spectra
of CdGa,Se,/SI (Semi-Insulated) GaAs (100) are measured ranging from 293 K to 10 K. The temperature dependence of the
energy band gap of the CdGa,Se, obtained from the absorption spectra was well described by the Varshni’s relation,
Ey(T)=2.6400 eV — (7.721 x 10 eV/K)T*/(T + 399 K). Using the photocurrent spectra and the Hopfield quasicubic model,
the crystal field energy (Acr) and the spin-orbit splitting energy (Aso) for the valence band of the CdGa,Se, have been
estimated to be 106.5meV and 4189 meV at 10K, respectively. The three photocurrent peaks observed at 10K are
ascribed to the A,-, B,-, and C,,-exciton peaks.
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Fig. 1. Horizontal furnace for synthesizing of CdGa,Se, poly-
crystalline.
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Fig. 2. Block diagram of the hot wall epitaxy.
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Fig. 3. X-ray diffraction patterns of CdGa,Se, polycrystal.
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Fig. 4. PL spectra measured at 10 K of single crystal CdGa,Se,
thin films deposited at various substrate temperature.
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Fig. 5. Double crystal X-ray rocking curve of single crystal
CdGa,Se, thin films.

Fig. 6. Back-reflection Laue patterns for the (112) plane.
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Table 1
EDS data of CdGa,Se, polycrystal and single crystal thin film

Element Polycrystal Single crystal thin film

Starting (%) Growth (%) Starting (%) Growth (%)

Cd 19.800 19.070 19.070 19.071
Ga 24.559 25.325 25.325 24.986
Se 55.641 55.605 55.605 55.943
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Fig. 9. Optical absorption spectra as a function of temperature
for single crystal CdGa,Se, thin films.

Table 2
Peaks of optical absorption spectra according to temperature
variation of single crystal CdGa,Se, thin film

Temp. (K) Wavelength (nm) Energy (eV)
293 487.3 2.5443
250 483.2 2.5656
200 479.0 2.5884
150 4753 2.6084
100 472.4 2.6245
77 471.3 2.6304
50 470.4 2.6357
30 469.9 2.6384
10 469.7 2.6398
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Fig. 10. Temperature dependence of energy gap in single crys-
tal CdGa,Se, thin film (The solid line represents the fit to the
Varshni equation).
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Table 3
Temperature dependence of PC peaks for single crystal CdGa,Se, thin film
Temp.  Wavelength Energy difference Value obtained Acr or Fi
ne structure

(K) (nm) V) symbol (E, or Ey) by Eq. (2) Aso
4873  2.5443 E,(293.L) (E)) 0.0914 0.1065 Acr I',— I, (or A, excitoon)

293 470.4 2.6357 E,(293,M) I, > I3+ T, (or B, excitoon)
409.1 3.0303 E,(293.5) (E,) 0.3946 0.4187 Aso I' > I3+ T, (or C, excitoon)
479.1 2.5877 E,(200,L) (E,) 0.0918 0.1065 Acr T, > T, (or A, excitoon)

200 4627  2.6795 E,(200,M) I', > I3+ T, (or B, excitoon)
403.3 3.0739 E,(200,S) (E,) 0.3944 0.4188 Aso I' > T+ T, (or C,, excitoon)
4725  2.6237 E,(100,L) (E)) 0.0916 0.1063 Acr T, > T, (or A, excitoon)

100 456.6  2.7153 E,(100,M) I', > I3+ T, (or B, excitoon)
398.7  3.1098 E,(100,S) (E,) 0.3945 0.4185 Aso I' > I3+ T, (or C,, excitoon)
470.5  2.6348 E,(50,L) (E)) 0.0917 0. Acr I', > T, (or A, excitoon)

50 453.1 2.7365 E,(50,M) It > I3+ T, (or B, excitoon)
3973 3.1206 E,(50,) (E,) 0.3941 4188 Aso I' > I+ T, (or C,, excitoon)
469.8  2.6390 E,(10,L) (E)) 0.0918 0.1065 Acr I', > T, (or A, excitoon)

10 454.0 2.7308 E,(10,M) I > I+ T, (or B, excitoon)
396.7  3.1250 E(10,9) (E,) 0.3942 0.4189 Aso I' > I3+ T, (or C,, excitoon)
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2217 0.0001 eVololr] Aol U & 4 AUt w
2 Epp(50,L) n= 191 A, -exciton &-$-2]°]t}. w}
FZHAZ Epp(50,M)y= 0.0146 eVE] 2315 2H7 n=1Y
o] B,-exciton B-$-2]o|t}. 3 E,u(50,8)= n=11¥
W T+, 7B T, A=gi2 59 A2 Cy -
exciton E-$-2] o|t}.

100K m Table 2014 E,(100)=2.6245 eV, Table
39141 Epp(100,L) = 2.6237 eVOIT}. Ey(100) = E,(100) —
Epp(100,L) = 0.0008 €V = Epy(b)/1°=0.0008 eV ©]oIA]
n=19} XS & 5 Ak WA Ep(S0,L)y n=1Y
] A,-exciton B-%-2|olt}. FUS WHOE E,(50M)=
0.0147 eVe] A= zH7 n=1Y we] B,-exciton &%
2ot} T3 E(50,8)% 0.0387 eVe] QA= ZH n=
1Y w0+, 7RAAelA A2 T Aeti2 =1
A7l C,-excitonz-¢-2] o]t}

old HhHo g 233led Table 32| Fine structured] 3
A3t 53] 293K Y] Table 29| E/(293) Table 3
o] Enp(293,L)F 731, 2.5443 eVolodrl CdGa,Se= 1-
HL-VIZ 3igts WA 24 Ad2ox o] 7FA0] 2.5443
eVel A3 Holg WI=AS RISt E(293)7%
Epp(293,L)S  Epx(293) = E,(293) — Epp(293,L) = 0 = Epy/
n’o]odA], E(293)2 Ep(293,.L) n=00%l A-exciton
S-FElolH Varshnie] Ey(T)Rl 24 (1) 253t
o-g-sted 7RAA TelA A=t I,2 51 A7 A.-
exciton 3-%2] & A-exciton 5-%2°|t}, Wb E,
(293, M) n=0o?l B,-exciton B-92|°]H E,x293,5)>
n=o C,-exciton B-$-2]o|t}.  E,p(293,L) 5-F2=
A-exciton 52|, Epp(77,M) 5-92]= B-exciton 5%
o] Ep(293,8) B-98lE C-exciton 592192 &
T A}t
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4.8 E

CdGa,Se, 4% ¥r-S HWE ¥woz AAFc).
XA 3 24 A3} Laued] 3 FHZ FH CdGa,Se,
ke (112)HC 2 A &4 vels o 5 32
ok FHA A e 7189 257 420°C, S
2571 630°CY wjo] L, oju] PL AHEZHA exciton
emission 2= EGo] 7P FFat Al UERIL olF 2R
X 85311 (DCRC)S] WHAIF(FWHM) Ftol 127 arcsec
2 7PF Aokt Ad2ollA Hall £3& 343 A% &+
HEl FEs) o) 7zt 8.27 x 107 em 3 345 cm?/
Vsl n¥o] ©9AA uieln. £l TR &%
o)FL 2% ol el &2 X5 FElol wet Wat
Ao, In nZ} &% /TolA 3k 43} ouR|= 112
meVATh F5F  spectra=E g oUA o] A
E(T)= Varshni equation®] Eg(T)=Eg(0)—((xT2/T+B)
oM E,(0)=2.6400 eV, o=7.721 x 10 eV/KO|Z B=
399 KYS g1t E(T)e 7Rzl o]gh
7EARI ] Ty =919k A=t [, F=9Akele] du=] 7k
AAS LU

10 Ke] 347 spectraztS Hamilton matrixol]l 2|3}
T3 crystal field splitting GIUA] Acr@k2 0.1065 eVo]
o, o] gk PR ZEpel ok A i A
=) T, Aleloll &8} BESE spin-orbit splitting |
UA] Aso #2 0.4189 eVolH, ozt 7HAA Z=H
of ok I+, 7FdARN et Iy M=l Atolell &A1
o} 10KY v FAF F9E= A, B-8} C,-exciton
B2 At

H#HARR| 2

B omRe 2007d% AUk Sl 7] A9
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