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Abstract: CdS thin films were prepared by electron beam evaporation( EBE) method using high pure
blocky CdS on glass substrate and L,3* orthogonal experiment was designed. The effects of different
process parameters on the photoelectric properties were studied. The results show that the films resistance
decreases with increasing the substrate temperature and the evaporation rate and reaches a minimum
point then increases slightly; the resistance of the film decreases with decreasing the vacuum degree

reaching a minimum point and then kepps stable. The dark light conductance ratio known as
photosensitivity with the substrate temperature increases reaches a maximum point then become
decreases; with the evaporation rate first increases slow then fast; but the vacuum degree is opposite with
the evaporation rate on the photosensitivity. The orthogonal experiment shows that: the thin films has the
best photoelectric properties when the substrate temperature is 150 °C  the evaporation rate is 1 nm *

s™' the vacuum is 3 x 107 Pa. The CdS thin film s photosensitivity reaches 7.7 x 10> and the
minimum light resistance is 1350 Q/[].
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Table 1 Factors of orthogonal test levels
Number ( A) Substrate temperature/°C ( B) Evaporation rate/nm * s~ ( C) Vacuum degree/ x 10 > Pa
1 100 0.5 0.3
I 150 1 3
| 200 1.5 30
2.2 CdS
CdS OPCO 900
GM-X07 o
SQC-310 o
75 mm x25 mm x 1.5 mm o CdS  99.999%
3 3
L,(3%) 2
2 +£0.005 pm o RTS-9
LED 150 mW/cm®. XPS
ESCALAB 250 Al K, 1 eV 2x107°
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Table 2 Design of orthogonal experiment for deposition of CdS films
Number A B C
1 100 5 0.3
2 100 10 3
3 100 15 30
4 150 5 3
5 150 10 30
6 150 15 0.3
7 200 5 30
8 200 10 0.3
9 200 15 3
3
3. o 4
( ) 1 (100C) CdS X, I, K,
I, =X, +X, +X,;=10.6+26.4 +13.4=50.4
K, =1,/3=16.8
150 °C.200 °C  CdS ;
K,, =820.4 K,,=184.4
K, Ky~ Ky 1 o 2 o
A ( ) Sa
S:\ = KA max KA min — 803 . 6
B S, C Se
3 CdS
Table 3 Results of orthogonal experiment for deposition of CdS films character
Number Dark resistance/kQ * []7! Light resistance/kQ « [~ Dark /light( photosensitivity)
1 84791 7963 10.6
2 21768 826 26.4
3 9012 675 13.4
4 1578 60 26.3
5 3020 30 100
6 14010 6 2335
7 3517 17 206.9
8 2980 28 106.4
9 6239 26 240
4 CdS
Table 4 Analysis of CdS films”photosensitive prepared by electron beam evaporation
Level A B C
I 50.4 243.8 2452
| 2461.3 232.8 292.7
I 553.3 2588.4 320.3
K, 16.8 81.3 817.3
K, 820.4 77.6 97.6
K; 184.4 862.8 106.8
S 803.6 785.2 719.7
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Fig. 1 Substrate temperature on the film sheet resistance ( a) light and dark sheet resistance; ( b) photosensitivity
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Fig.2 Effect of evaporation rate on the film sheet resistance ( a) light and dark sheet resistance; ( b) photosensitivity
5 150 °C 3x107° Pa
Table 5 Effect of evaporation rate on the film atomic content when substrate

temperature is 150 °C vacuum degree is 3 x10 * Pa

Name 5 10 15

Cd3d 26.42% 46.23% 38.96%

S2p 24.83% 45.89% 36.28%

Cls 38.4% 4.04% 10.38%

Ols 10.35% 3.84% 14.38%
3 (a) ;(b)

Fig.3 Effect of vacuum degree on the film sheet resistance ( a) light and dark sheet resistance; ( b) photosensitivity
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Table 6 Effect of vacuum degree on the film atomic content when
substrate temperature is 150 °C evaporation rate is 1 nm/s
Name 0.3 3 30
Cd3d 47.42% 46.23% 34.96%
S2p 47.18% 45.89% 31.28%
Cls 2.72% 4.04% 15.58%
Ols 2.68% 3.84% 18. 18%
4
A,B; G,
A,B,C, o
N o N A,B,C,o
Cds ( 2 pm) . CSPM-
5500 PW1700 X ( XRD) 4. 5 . 4
o RMS  0.67 nm.
XRD () JCPDS ( NO. 41-049) (002)
c o 7
7 1350 Q) /] 770,
4 CdS AFM 5 CdS XRD
Fig.4 AFM image of CdS thin film Fig.5 XRD pattern of CdS thin film
7
Table 7 Dark conductivities photo conductivities and photosensitivity of CdS films with optimal process
Sampling point Dark resistance /kQ * [ 7! Light resistance/€ * []7" Dark / Light( photosensitivity)
1 1052. 862 1389 758
2 1035.984 1356 764
3 1052. 16 1370 768
4 1039.5 1350 770
5 1041.93 1362 765
6 1055.769 1391 759
7 1061. 676 1386 766
5
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