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Study on Electrical Properties and Temperature Dependence of Energy Band
Gap for ZnIn2Se4 Single Crystal Thin Film Grown by Hot Wall Epitaxy

Hyang-Sook Park’

Abstract

A stoichiometric mixture of evaporating materials for Znln,Se, single crystal thin films was prepared from horizontal
electric furnace. To obtain the single crystal thin films, ZnIn,Se, 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 630°C
and 400°C, 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 Znln,Se, single crystal thin films

measured from Hall effect by van der Pauw method are 9.41x10'cm™ and 292 cm*v -

s at 293 K, respectively. The

temperature dependence of the energy band gap of the ZnIn2Se4 obtained from the absorption spectra was well described
by the Varshni's relation, Eg(T) = 1.8622 eV — (5.23x10™ eV/K)T*(T + 775.5 K).
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Fig. 1. Horizontal furnace for synthesis of ZnlIn,Se,
polycrystal.
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Fig. 2. Block diagram of the Hot Wall Epitaxy system.

J. Chosun Natural Sci., Vol. 3, No. I, 2010



56 uLak

3.2. Znin,Se, £HEH dfat ME =740 2 HEH
Znln,Se, w4 vpate] L
(photoluminescence) =% E & A

T3tk HWE®] 218 Znin,Se, T2 %
Hyé?i*é GaAs(100) 713e] B

713-& chemical etching@ 3~ 580°Coll A 208 &
Sk A sl on, Sl =S 630°C, 7]L°] &
EE 380420 2 WA Z WA A A °
7|2
e

X

255 Wl A)7|HA A ZnInzSe4 %7378‘
2 10 KellA 43 sdsg A8 EHo |t} 7] 3]
S E 400°CE 3to] A3 A ZERE 682.7nm
(1.8161 eV)°llA] exciton emission 2= EH o] 7} 7t
31A etk o] % exciton emissionol] ]38 Bk
HEHL Afo] A2 AA o] AolA] &g
Aoz AAE hAA vlute] ZHo| 45
t:yl- A A ZnIn,Se, w24 uLuLo] o)==

A3 (DCRO)S] HHEX|(FWHM)E =73

/\
A
3
X-
;q—3

o

r_t £ 1r
~ PH
Lo

i,

10k

50

420°c

15(Dg )

PL Intensity (Arb. Units)

50 =

380°C,

1 1 1 1
600 700 800 900 1000 1100

Wavelength (nm)

Fig. 3. PL spectra at 10 K according to the substrate
temperature variation of ZnIn,Se, single crystal thin film.
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Fig. 4. Double crystal X-ray rocking curve of ZnIn,Se,
single crystal thin film.
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Fig. 5. XRD »-20 scans of the ZnIn,Se, single crystal thin
film grown under optimized conditions.
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Polycrystal Single crystal thin film
Element  Starting ~ Growth  Starting ~ Growth
(Wt%) (wt%) (Wt%) (Wt%)
Zn 14.29 14.43 14.43 14.58
In 28.57 28.46 28.46 28.45
Se 57.14 57.11 57.11 56.97
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Fig. 6. Temperature dependence of mobility for ZnIn,Se,
single crystal thin films.
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Fig. 7. Temperature dependence of carrier density for
Znln,Se, single crystal thin films.
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Fig. 8. Optical absorption spectra according to temperature
variation of Znln,Se, single crystal thin films.
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Table 2. Peaks of optical absorption spectra according to
temperature variation of single crystal Znln,Se, thin films.

Temp. (K) Wavelength (nm) Energy (eV)
293 681.1 1.8202
250 677.4 1.8303
200 673.5 1.8408
150 670.4 1.8495
100 667.9 1.8564
77 667.1 1.8586
50 666.4 1.8606
30 666.0 1.8616
10 665.8 1.8621
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Fig. 9. Temperature dependence of energy gap in Znln,Se,
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