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time)> 9.3 ms% 7P £ AT EA L o &’i‘:}.

Abstract

The Cd,.Zn,S thin films were grown on the Si(100) wafers by a hot wall epitaxy method
(HWE). The source and substrate temperature are 600°C and 440°C, respectively. The cry-
stalline structure of epilayers was investigated by double crystal X-ray diffraction (DCXD).
Hall effect on the sample was measured by the van der Pauw method and the carrier den-
sity and mobility dependence of Hall characteristics on temperature was also studied. In
order to explore the applicability as a photoconductive cell, we measured the sensitivity (y),
the ratio of photocurrent to darkcurrent (pc/dc), maximum allowable power dissipation
(MAPD), spectral response and response time. The results indicated that the best pho-
toconductive characteristic were observed in the CdyzZn,.,S samples annealed in Cu vapor
comparing with in Cd, Se, air and vacuum vapour. Then we obtained the sensitivity of 0.99,
the value of pc/dc of 1.65x107, the MAPD of 338 mW, and the rise and decay time of 9.7
ms and 9.3 ms, respectively.
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Fig. 1. Block diagram of the hot wall epitaxy system.
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Table 1. Annealing conditions

HWE®]| 9]% Cd,,Zn,S utate]

Samples Annealing condition

Cdy-Zn,S: Cd Cd 0.0015 g, 300°C, 3hr

(10* torr<Cd vapour<10® torr)

Zn 0.0015 g, 470°C, 1 hr

(10 ° torr<Zn vapour<10 °

S 0.0015g, 900°C, 3hr

(10* torr<S vapour<10" torr)

CdiZn,S: vacuum vacuum, 900°C, 3 hr

Cd;.,Zn,S: air air, 600°C, 3 hr

Cdy-Zn,S: Cu Cu 0.0015 g, 900°C, 3 hr
(Cu vapour pressure-10"

Cdy-+Zn,S: Zn

Cdy-.Zn, St S

® torr)
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Fig. 2. Double crystal X-ray rocking curve of Cd,,-
Zn,S epilayer.
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Fig. 3. EDS of Cd,s;Zn, ,,S thin films.
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Table 2. Resultant analysis on hall effect CdS epilayer grown by HWE

Temp. Carrier density Hall coefficient Conductivity Hall mobility
X n (m”) Ry (m’/c) o (Q'm™ w (m’/v-sec)
293 6.50x10” -4,.99%10° 159.41 1.63x10”
270 6.03x10% -1.05%10° 193.71 2.11x107
250 4.21x10% -1.28%10° 184.93 2.36x107
230 3.55x10” -1.51x10° 186.75 2.86x10*
200 3.06 X 10% -1.74%x10° 187.65 3.29x10°
180 2.68x10% -1.96x10° 174.44 3.43x10°
150 2.37%10% -2.19%x10° 159.12 3.48x107
130 2.13%10% -2.43%10° 146.80 3.49x10”
100 1.91x10% -2.64%10° 138.73 3.61x10”

77 1.74x 107 -2.87x107 134.84 3.77x10”
50 1.45% 10" -3.33%x10° 126.38 4.18x10°
30 1.24x10% -3.78%x10° 123.48 4.10x107

Table 3. Resultant analysis on hall effect Cd,s,Zn, S epilayer grown by HWE

Temp. Carrier density Hall coefficient Conductivity Hall mobility
(K) n (m®) Ry (m*/c) c (Q'm" u (m’/v-sec)
293 9.63x10* -4.63x10° 258.67 2.67%107
270 7.47%10% -5.07x10” 250.30 3.12x107
250 3.58x10% -6.04%x10° 239.83 3.73x10”
230 2.71x10% -6.53x10° 223.75 4.28%x10*
200 1.99%10% -8.26x107° 216.28 5.62x10°
180 1.89% 10% -1.09x10™* 195.02 6.15x107
150 1.61x10% -1.34x10™ 186.47 7.93%107
130 8.73x10% -2.42x10™* 153.20 8.24%x107
100 7.33%10% -4.83x10™ 133.74 7.09%107

77 6.04x10™ -5.83%10™ 131.22 6.20x107
.50 5.21 x 10% -557x10° 120.91 5.15%107

30 5.19 % 10% -5.56 %10 113.83 3.99x107

Table 4. Resultant analysis on hall effect ZnS epilayer grown by HWE

Temp. Carrier density Hall coefficient Conductivity Hall mobility
(K) n(m?) Ry (m%c) 6 (Q'm™") u (m®v-sec)
293 1.87%X10% -2.31x10° 673.23 1.91x10°
270 1.29%x10% -2.85%10° 599.26 2.02x107
250 1.16x10% -3.01x10° 525.48 2.66%107
230 1.06 10 -4.63%x10° 516.66 3.95x107
200 7.37x10% -5.85 X107 499.64 4.47%107
180 5.76 % 107 -6.19%10” 469.53 6.51x107
150 3.89x 10 -9.23x10° 399.33 6.97x107
130 3.16x10” -1.31x10™ 375.17 6.31x107
100 : 1.89x10% -1.54x10™ 272.46 5.24%10°

77 1.32x10% -2.23x10™ 236.57 3.84x10°
50 1.21x10% -7.18x10™ 219.41 2.62x10*
30 1.17x10% -8.01x10™ 199.47 1.88x 102

t}. o]d) Hall ASEL 429 gholoir] »nd wh=Al 2l g50h Hall o5 &% &4 Fig.
& < 5= glglh CdS, CdosaZneyS, ZnS 2P2re] 49} 5, Fig. 63 7, Fig. 87 9 77k ®.gleh. CdS<!
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Fig. 10. Photocurrent spectra of Cd,,Zn,4,S thin film.
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€ AL AR To2 For)e) o8 Ew A=
o o]Fele] ehd -2l Ro|r o] shAz}

Table 5. Photocurrent peak energy and fine structure Cd,,Zn,S of thin film

Optical band gap

P.C peak position

Fine structure of

Cdy-Zn,S E(T) (eV) nm eV Difference photocurrent
CdS 2.4276 514.7 2.4088 0.0102 Free excition A,

Cdos3Zng S 2.9796 416.2 2.9789 0.0007 Ty(A) — I

ZnS 3.6513 379.7 3.6497 0.0016 I,(A) — Iy
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Fig. 11. Cell resistance vs illumination characteristics
of CdS epilayer. (a) vacuum, (b) Cu, () S, (d) Cd,
and (e) air.
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Table 6. Comparison of darkcurrent with pho-
tocurrent of CdS thin film grown by HWE method
annealed in Cd, S, Cu atmosphere and vacuum (light
intensity: 3,000 lux)

Ratio

Dark- Photo-
Sample current (A) current (A) (pc/dc)
CdS 1.87x10°  2.30x10° 1.23x10°
CdS: Air 8.34x10° 6.40x10" 7.67x10"
CdS: Vacuum 6.35%10°  2.22x10"  3.50%10'
CdS: ¢d 7.28x10°  3.37x107 4.63x10°
Cds: S 6.37x10° 1.35x10" 2.12x10"
CdS: Cu 1.73x107  1.63x10° 9.42x10°

Table 7. Comparison of darkcurrent with pho-
tocurrent of Cdys;Zn, S thin film grown by HWE
method annealed in Cd, Zn, S, Cu, air and vacuum
(light intensity: 3,000 lux)

Dark- Photo- Ratio

Sample current (A) current (A) (pc/dc)
CdoseZnosS: Cd  1.44x10°  253x10° 1.76x10’
CdpsaZnosS: S 6.25x10° 2.16x10° 3.46%10°
CdossZnoessS: Zn  550x10° 1.19x107 2.16x10*
CdossZnosS: Cu  6.04x10° 1.35x107 2.34x10*
CdossZno.«S: 1.22x107 2.01x10° 1.65%10°
vacuum 5.89x10° 2.66x10" 4.42x10"
CdossZnosS: air  7.97x10°  7.46x10" 9.36x10°

Table 8. Comparison of darkcurrent with pho-
tocurrent of ZnS thin film grown by HWE method
annealed in Zn, S, Cu atmosphere and vacuum (light
intensity: 3,000 lux)

Dark- Photo- Ratio
Sample  cyrrent (A) current (A)  (pc/dc)
ZnS: Air 8.02x10°  8.74x10" 1.09x10°
ZnS: Vacuum 5.99x10°  256x10"  4.27x10
ZnS: Zn 6.96x10° 3.72x107 5.34x10°
ZnS: S 6.05x10° 1.67x10" 2.76x10"
ZnS: Cu 1.42x107  196x10" 1.38x10°
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Table 9. Response time of CdS thin film

10 lux
Sample Rise time (ms) Decay time (ms)
Cds: Cd 22 20.6
CdS: S 16 12
CdS: Cu 10 9
CdS: air 13 10
CdS: vacuum 33 29.3

Table 10. Response time of Cd,s;Zn, ;S thin film

10 lux

Sample Rise time Decay time

, (ms) (ms)
Cdo,sgznuusz Cd 20.3 26.4
Cd0,53zn0,47s: Zn 154 11.6
Cdo,532n0,47Si S 13.5 11.1
Cd0,53Zn0_4753 Cu 9.7 9.3
Cd0,532n0,47S: air 12.1 105
Cdos3Zng4,S: vacuum 31 29

Table 11. Response time of ZnS thin film

10 lux
Sample Rise time (ms) Decay time (ms)
ZnS: Zn 215 22.0
ZnS: S 14.0 11.3
ZnS: Cu 10.2 9.8
ZnS: air 12.7 10.9
ZnS: vacuum 30.0 27.0
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