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Abstract: CdS thin films have been prepared by ligh vacuum thermal evaporation on glass and silicon
substrates. Doping by silver with different ratios (2 and 4%) at substrate temperature (300 K). We studying
structure properties by the measurement of X-ray diffraction and the microscope of force atomic. The estimated
of crystallites size from X-ray diffraction for CdS, CdS:2% Ag and CdS:4% Ag. XRD measurement disclosed
that the CdS, CdS:2% Ag and CdS:4% Ag were of cubic crystal structure. Affirm the microscopy of force atomic
on nano-metric size for thin films. The microscopy of force atomic realization shows the rough surface. AFM
investigations showed that the produced CdS, CdS:2% Ag and CdS:4% Ag, be the shape of particles on shape
of a balls. Has been determined the band gap for (CdS, CdS:2% Ag and CdS:4% Ag) from optical properties and
found (2.8, 2.61 and 2.41) eV, respectively. The examine of properties solar cell (Cd3, CdS:2% Ag and CdS:4%
Ag) by manufacture from heterojunction (CdS/Si).
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INTRODUCTION

Cadmium sulphide regarded from thin films promising
materials for solar cell. The band gap of CdS equal
to 2.4 eV, broad, so that, used as window materials with
much semiconductors such CdTe (Dobson et al., 2000),
Cu,S, InP (Frass and Ma, 1977) and CulnSe with
14-16% efficiency (Su and Choy, 2000). Because the high
cost of this materials has been develop tlus studies
towards particularly thin polycrystalline films and
polycrystalline compound semiconductors. Cadmium
sulphide CdS can be deposition by may different
technology such as thermal deposition (Ashour et al.,
1995; Mahmoud et «l, 2000), Chemical Bath
Deposition (CBD) (Oliva et al., 2001), molecular beam
epitaxy (Hofmamm et al, 1993) and spray chemically
(Battisha et al., 2002)

MATERIALS AND METHODS

Experimental work: The films Cadmium Sulphide (CdS)
doped with silver were prohibited via. thermal vacuum
evaporation using coating unit in vacuity around 1.5x10*
mbar. A weight of fixed from matenial CdS 99.99% pure and
put it material in boat from molybdemun, after evaporation

Cadmium Sulphide (CdS) thin films we take different ratio
(2) and (4%) from thus weight from silver. We used thermal
diffusion method to doped Cadmium Sulphide (CdS) thin
films with Silver, the rate of evaporation was =2.42 A°/sec
and the film thickness it was (500+£10 nm). The substrate
glass and silicon was placed directly top the source at
space of almost 18 cm.

RESULTS AND DISCUSSION

The 300 K substrate temperature this temperature the
deposition thin films CdS to obtained thin films of golden
yellow coloured. Figure 1 shows the X-ray pattern for the
film prepared at 300 K as the substrate temperature for
(CdS pure, CdS:2% Ag and CdS:4% Ag).

From sherrer equation was calculated the average
grain size for the thin films has been prepared which
include the width of the X-ray diffraction line (Uplane and
Pawar, 1983):

G (1)

T Boos(8)
Where:

0 = The diffraction angle

A = The wavelength of X-ray

B = The FWIM
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Fig. 1: XRD patterns of films deposited on glass

substrate: a) CdS pure; b) CdS:2% Ag and ¢) CdS:
4% Ag)

Table 1: 20, G, crystallite size, strain and dislocation density (CdS,
CdS:2% Ag and CdS:4% Ag) thin films

110+ .10
Model 20 (°) (hkl) G, (nm) _ (lines?m™*)  (lines.m?)
CdS pure 26.565 111 25.679 14.692 15.164
CdS:2% Ag 26.362 111 22.806 16.543 19.224
CdS:4% Ag 26.346 111 22316 16.906 20.078

The strain value (1) and the dislocation density (8)
value can be evaluated by using the relations in Eq. 2 and
3 (Lokhande, 1991) (Table 1):

n= BCOS(O) (2)
4
§=— (€))
G

Figure 2 shows the X-ray of Dispersed Energy (EDX)
(supplement to system SEM) which used to know the
internal element in the material composition. Noting in
figure of emergence of peaks of the materials (Cd, S) and
the appearance of other peak as impurities of matter (Ag).
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Fig. 2: EDX: a) CDs; b) CdS:2% Ag and ¢) CdS:4% Ag
thin films

Table 2: Rate grain, roughness density and (RMS) of (CdS,CdS:2% Ag and
CdS:4% Ag) thin films

Model Avg. diameter (nm) Roughness (nm) Root mean
CdS pure 83.92 1.47 1.54
CdS:2% Ag 79.26 2.21 2.37
CdS:4% Ag 70.01 3.51 4.19

Figure 2 also shows a decrease in value of (S) due to
reduction of material (S) and appearance of impurities
(Ag) (Shehab and Fadaam, 2017).

Figure 3 exposes the (3-D) AFM image and split the
graph of CdS, CdS:2% Ag and CdS:4% Ag, thin films on
glass substrate. It is fully covered with CdS, CdS:2% Ag
and CdS:4% Ag), diffuse of orderly on the surface. The
value of roughness and the grain sizes are studied. It has
been saw that a surface roughness and the grain size and
the root mean square shows in Table 2. It is noted from
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Fig. 3: 3-D AFM umages and split the graph of thin films surface: a) CdS, ¢) CdS:2% Ag e) CdS: Ag 4% and b, d, )
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Fig. 4 Optical transmittance of (CdS pure, CdS:2% Ag
and CdS: 4% Ag) thin films

figure, decreases the grain size with increases ratio of
impurities (Ag) and this is agreed with result of the X-ray
diffraction.

Figure 4 shows Transmission (T) of (CdS pure,
CdS:2% Ag and CdS:4% Ag) thin films that are prepared
via. vacuum thermal evaporation and deposited on the
substrate of glass. Tt is noticed from figure that the film
CdS a gave the translucence of good at the rang of
specttum (300-1000) nm. Figure 4-8 transmission is
increases pointedly due to the width of the absorbed
partial size. The value of maximum transmission are (760.9,
760.6 and 760.2) nm for (CdSpre, Cd3:2% Ag and CdS: 4%
Ag), respectively. The transmittance spectra show a
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Fig. 5: Vanation of energy gap for Cd3: Ag films as a
function of different doping ratio with silver
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Fig. 6: PL spectra of CdS pure, CdS:2% Ag and CdS:4%
Ag

decrease when increases the doping ratio of silver.
Calculated the energy gap for CdS by the function
(Lokhande et al., 1998):
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Fig. 7. 1/C, versus reverse voltage of AVCAS/P-Si/Al,
AVCAS: 2% Ag/P-Si/Al and Al/CdS: 4% Ag

Table 3:

Sarnples Voo (V) L, (mAfcr®) Py, F.F (¢0) (%)

Ccds 2.23 0.38 0.506 59.8 2.93

CdS:2% Ag 2.82 0.74 1.356 65.06 3.18

CdS:4% Ag 4.21 0.89 3.088 82.40 4.04
ohv =B(hv-Eg)’ (4)

Figure 5 shows the band gap of thin films
(CdS pure, CdS:2% Ag and CdS:4% Ag). The
measurement of energy gap by draw the square
(ahvy as function of photon energy by stabilizes
the curve of the linear part towards the photon
energy axis. The optical energy gap of (CdS,
CdS:2% Ag and CdS:4% Ag) is found to be (2.8, 2.61 and
2.41) eV, respectively are decrease from incurrences
doping ratios (Table 3).

Photo Luminescence (PL) use to determine of
excitation wavelength for CdS thin films. Where the
excitation wavelength source for this tin films was (451.06,
476.96 and 517.06) nm for (CdS, CdS:2% Ag and CdS:4%
Ag), respectively as shown in Fig. 6. The excitation
wavelength source compatible (451 .06, 476.96 and 517.06)
nm with energy gap obtained for the optical properties
(Shehab ez al., 2018).

The linear relationship inverse of square of capacity
(1/C% and reverse bias voltage for (CdS, CdS:2% Ag and
CdS:4% Ag) indicated abrupt junction. The bult-in
potential Vi; value it was obtained after extrapolating the
(1/C*) point to the voltage axis. The V,; it was (0.35,
0.27and 0.15) volt but it was decreased with increases
doping ratio with silver. For expected that value Vy
depend on the Fermi level position m the conduction
band for CdS thin films.

Figure 8 shows the (1-5) cwrve under illumination
where the photocurrent produced. The solar energy-to-
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Fig. 8 a-c) 1-5 characteristics for Al/CdAS/P-Si/Al
AVCAS:2% Ag/P-Si/Al and AVCAS: 4% Ag

electricity conversion efficiency () was determined by
Eq. 4, after calculating the following parameters, V.. open
circuit voltage, T, shorteircuit current density and F.F fill
factor (Neamen, 2003). Table 3 shows, the value of
efficiency the solar cell of A/CdS/P-SyYAL ,AVCdS: 2% Ag
/P-S1/Al and Al/CdS:4% Ag:
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P [V

M=% x100% = -5 -m 3 100% (4
FF-tnVm (5)
ISCVDU
CONCLUSION

The cadmium sulphide was successfully preparation
and then deposited as thin films by thermal evaporation
method with different of Ag ratios. From optical
properties show that films could be helpful in
photovoltaic solar cell applications. performances for the
CdS solar cell have been examination where the best
results were recorded for I, V. and 1), for efficiency solar
cell about 4.04, 4.04%.
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