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ABSTRACT

Growth and Optical Properties for Znln2S4 Single
Crystal Thin Film by Hot Wall Epitaxy

Kim Hye-Jeong

Adviser : Prof. Hong Kwang-Joon Ph. D.
Major in Physics Education

Graduate School of Education,

Chosun University

Single crystal Znlne:S. layers were grown on thoroughly etched
semi-insulating GaAs(100) substrate at 450 C with hot wall epitaxy
(HWE) system by evaporating ZnlnsS,s source at 610 T. The
crystalline structure of the single crystal thin films was investigated
by the photoluminescence(PL) and Double crystal X-ray rocking
curve(DCRC).

The carrier density and mobility of Znln:Ss single crystal thin films
measured with Hall effect by Van der Pauw method are 882x10"" em™® and
219 em¥/V -s at 293 K, respectively. The temperature dependence of the
energy band gap of the ZnlneS. obtained from the absorption spectra was well
described by the Varshni's relation, E,(T) = 29514 eV - (724 x 10
eV/K)IT?/(T + 489 K).

After the as-grown Znln:S, single crystal thin films has been

investigated impurity level of band by the photoluminescence(PL)

spectrum at 10 K.
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Fig. 3. Illustration of the sample connections used for taking Van der Pauw
transport data configuration (a)-(d) are employed for collecting
resistivity data while (e) and (f) are used with a magnetic field

applied perpendicular to measure the Hall voltage.
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Fig. 4. Radiation recombination process across the band gap.
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Fig. 5. Horizontal furnace for synthesis of Znln2S4 polycrystal.
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Fig. 6. Block diagram of the hot wall epitaxy system.
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Fig. 13. PL spectra according to the substrate temperature
variation of Znln2Ss single crystal thin film at 10 K.
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Fig. 15. Temperature dependence of mobility for Znln»Ss single crystal



)
S
S

o—l
~
®

CARRIER DENSITY (electron/cm®
|
L ]
®

i
[}
—_
@
=

0 Lo} 10 15 20 2h 30 35
TEMPERATURE (10%/7T)

Fig. 16. Temperature dependence of carrier density for Znln»Si single
crystal thin film.



ZnlnpSy A Hiere) 2leo] W FE AN E S 293 KejlA 10 K7h4] 1=
AEA 71N SA8te] Fig. 1791 Bt F§5 SAEGORRE A ou
(hoyell v-&-3h=

& g-5te] Table 1¢] 2ttt

Ir
o
E]O{I
o
L
o
B
il
-
_o|L
I
D
=
s

!
=
c

|

s
o
i
)
fou
4
n
2
ivd

28 1. 293K
) 8 765 4 3 2 1 g: gggE
S 1.6F ! Yv v o ! ! ! 4. 150K
: 5. 100K
g \\j\ w \ W \ 6. 77K
N 7. 50K
> 8. 10K
7
&
o 0.8 F
—
=
)
= 04} L
o
S LKL\ L_L \_
0 . . -
415 420 425 430 435

WAVELENGTH (nm)

Fig. 17. Optical absorption spectra according to temperature

variation of Znln»Ss single crystal thin film.



Table 1. Peaks of optical absorption spectra according to

temperature variation of single crystal Znln2Ss thin film.

Temp.(K)  Wavelength(nm) Bs (K
Energy(eV)
293 431.7 2.8719
250 4289 2.8902
200 426.1 2.9094
150 4237 2.9259
100 421.8 2.9391
7 421.2 2.9438
50 420.6 2.9480
10 420.1 29512

Fig. 182 7Znln:Ss @2 A Hlube] g 244 93t direct band gap? =% &4
©

2 YERIL At Direct band gap® <% ©&EAE Varshni?) [16]

9

2 2 wEsn th 9714, BOF 0 KA oux 7, ash B Aeln,
E 0 29514 eVolil ax 724x10" eV/K, BE 489 Ke|t}.
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Fig. 18. Temperature dependence of energy gap in Znln2Sy

single

crystal thin film. (The solid line represents the fit to the

Varshni equation)
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