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Abstract The stochiometric mixture of evaporating materials for the ZnInS, single crystal thin film was prepared from
horizontal furnace. To obtain the ZnInS, single crystal thin film, ZnIn,S, mixed crystal was deposited on throughly
etched semi-insulating GaAs(100) in the Hot Wall Epitaxy (HWE) system. The source and substrate temperature were
610°C and 450°C, respectively and the growth rate of the ZnIn2S4 single crystal thin film was about 0.5um/hr. The
crystalline structure of ZnIn,S, single crystal thin film was investigated by photoluminescence and double crystal X-ray
diffraction (DCXD) measurement. The carrier density and mobility of ZnlnS, single crystal thin film measured from
Hall effect by van der Pauw method are 8.51x10" cm?, 291 cm®/V - s at 293 °K, respectively. From the photocurrent
spectrum by illumination of perpendicular light on the c-axis of the ZnIrS, single crystal thin film, we have found that
the values of spin orbit splitting ASo and the crystal field splitting DCr were 0.0148 eV and 0.1678 €V at 10 °K, respectively.
From the photoluminescence measurement of ZnIn254 single crystal thin film, we observed free excition (&) typically
observed only in high quality crystal and neutral donor bound exciton (If, X) having very strong peak intensity. The
full width at half maximum and binding energy of neutral donor bound excition were 9meV and 26 meV, respectively.
The activation energy of impurity measured by Haynes rule was 130meV.
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Fig. 1. Horizontal furnace for synthesis of ZnlnS, poly-
crystal.
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Fig. 3. X-ray diffraction patterns of ZnIn,S, polycrystal.
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Table 2
Resultant analysis on Hall effect for ZnIn,S, single crystal thin film grown by HWE

Temp. (K) ~Carrier density n (cm®) Hall coefficient RH (cm’/c) ~ Conductivity 6 (Q'cm™)  Hall mobility u (cm®A-sec)

293 8.51% 107 -8.94x10* 1.5993 291
270 5.89x 107 -1.00x10" 1.9423 368
250 4.56x10" -1.23%10* 1.8294 442
230 3.71x107 -1.46x10° 1.8545 532
200 2.50%107 -1.69% 10 1.8.27 620
180 1.05%x 10" -1.91x10° 1.7496 684
150 6.98%10™ 2.14x10° 1.5923 805
130 6.11x10' -2.38x10° 1.4732 920
100 4.21x10% -2.59%10° 1.3925 995
77 3.01x10% -2.82%10 1.3536 895
50 2.24x10% -3.28x10° 1.2649 650

30 2.23x10% -3.73%10° 1.2142 399
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Fig. 12. Optical absorption spectrum of ZnInZS4 single
crystal thin film.
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Fig. 14. Photocurrent spectra of ZnIn,S, single crystal thin film.

OE
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AF 892 125 Table 39
] SAelA o= sl=e
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9¢ YR 2HEPe Fig. 149 2ov] A splittingsl] 2% FHF E-9S0)

293K
250K

/200 K
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AR A
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Table 3
Temperature dependence of photocurrent peaks for ZnlnS, single crystal thin film
Temp. (K) Wavelength Energy d1fference Value obtained ACr or Fine
E .2
(am) V) symbol (E,orE by eq. (2) ASo structure
293 433.5 2.8600 Ep(293,L) 0.1632 0.1632 ACr Ty— T
410.1 3.0232 Ep(293, M) Ep Is— T
250 430.3 2.8813 Ep(250, L) 0.1634 0.1634 ACr T, — T
407.2 3.0447 Ex(250, M) ED Te— T
200 4271 2.9029 Ep(200, L) 0.1629 0.1629 ACr I —T
404.4 3.0658 Ep(200, M) ED Ts— T
150 424.2 2.9227 Ep(150, L) 0.1630 0.1630 ACr T — T
401.8 3.0857 Ep(150, M) Ep Te— T
100 422.2 2.9366 Ep(100, L) 0.1629 0.1629 ACr Ty —>Ts
400.0 3.0995 Ep(100, M) E) Ts— T
77 4214 2.9421 Ep(77, 1) 0.1629 0.1629 ACr I'—>Ty
399.3 3.1050 Ex(77, M) Ep Te— T
50 420.6 2.9477 Ep(50, L) 0.1632 0.1632 ACr T,— T
398.5 3.1109 Ep(50, M) ED Ts— T
30 420.3 2.9498 Ep(30, L) 0.1630 0.1630 ACr > T
398.3 3.1128 Ep(30, M) E) 0.0102 ASo Iy > T
397.0 3.1230 E»(30, S) 0.0102
(Ez
10 420.1 2.9511 Ep(10, L) 0.1632 0.1632 ACr T,— T
398.1 3.1143 Ep(10, M) E) 0.0102 ASo Ts—Ts
396.8 3.1245 Ep(10, S) 0.0102 I —Ts

(E2)
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Fig. 16. Photoluminescence spectrum of ZnIn,S, single crystal thin film.
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