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Abstract

In this paper, Cu,S/CdS solar cells were prepared with different thickness of CdS layer,
these layers were prepared by using chemical spray pyrolysis technique. The chemical spray
solution was prepared by mixing cadmium chloride CdCl, and thiourea CS(NH,), of molar
concentration 0.1 M/L, the CdS layer was formed after the solution was sprayed on hot
Aluminum substrate at temperature 400°C. Experimentally the type of CdS film was found as
n-type depending on the results of Hall Effect, the value of the Hall factor (Ry) is about —
1.348 x 10 ® m*/C and the density of the majority charge carriers (N) is about 4.64x10% cm2.

The prepared film was tested by using X-Ray diffraction; the result shows that the film
was CdS with a polycrystalline structure.

The Cu,S layer was prepared by using Chemical dip process; this layer was formed on the
surface of the CdS film and it is always
p-type. The heat treatment was utilized to form the p—n junction.

The current-voltage characteristics of p-Cu,S\n-CdS solar cells was studied, the efficiency
of the prepared cells of different thickness; (2.19, 2.52, 3.64, and 5.55) um of CdS layer was
calculated at 85.4 mW/cm? light intensities, the results show that the thickness of the
polycrystalline CdS film is an important parameter affecting the cell efficiency.

Introduction

Semiconductors materials like 11-VI compounds have become more important in making
photovoltaic devices, photoconductors, and infrared detectors and solar cells (1, 2). The
Cadmium Sulfide (CdS) is an interesting material for the direct conversion of sun light in to
electricity, it is characterized by a self —generated electromotive force (e. m. f), and it was
identified as a potential material for low cost terrestrial photovoltaic energy conversion. CdS
is a direct band gap semiconductor and it is a good absorber for sunlight with high optical
absorption coefficient. Cadmium Sulfide /Copper Sulfide solar cell is one of the important
thin films hetrojunction types (3, 4).

The chemical spray pyrolysis technique was used to prepare CdS layer, it is asimple and
law cost thin film technology and it is utilized to form wide area film and it is capable to
produce high thickness of CdS film, which leads to an accepted efficiency (5).

The necessary thickness of the CdS film seems to be a function of the relative physical
perfection of the film. Most of high efficiency CdS cells were made from films with thickness
of 5-20 um. In thick film( more than 1 um); there is an increase in the production of pairs
(Electron— Hole) that leads to increase the photocurrent at the illuminated cell, but in thin CdS
layer, the number of defects in the active region will probably increase and the conversion
efficiency will deteriorate.

The behaviour of Cu,S—CdS solar cell as a function of the thickness is somewhat more
involved than for Si devices, this reason argues that the CdS layer can be reduced to the order
of micron without aharmful effect; this would be true in a single crystal device,
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polycrystalline CdS usually made thick to prevent such problems (6, 7).

The dipping process is the most often used method for the formation of the Cu,S layers
for Cu,S—CdS solar cell. The reaction consisting in the displacement of one cadmium ion
(Cd*?) by two copper ions (2Cu*?) is according to the following reaction:

Cu™, CdS — CuS + Cd™
CuS + Cu™ + 2e »Cu,S

The Cu,S was formed on the CdS layers, it is avery thin layer and it is always p—type and
highly conductive.

The p—n junction should be formed to get a photovoltaic device; generally, a "heat
treatment™ is used to form the junction. The conditions for the heat treatment depend on the
CdS and Cus,S fabrication method (8).

The annealed films may be attributed to the structure improvement and the decrease of the
degree of amorphosity leading to decrease the localized states (9). This increasing of the
mobility and concentration is due to the reduction of scattering of the carrier from the surface
and the ionized impurities scattering gradually takes over, which agree with Kasmarski (10)
Ohmer (11) and Jeong and Park (12) as well as the elimination of defects in films, and to the
increasing in crystalline size which would decrease the number of the grain boundaries. The
CdS film which was tested by X-ray diffraction (Nakamura et al (13).has a hexagonal
structure.

The experimental work

The chemical spray pyrolysis system was used in preparing the CdS film on pure
Aluminum substrate of 3x3 cm? area and 1mm thickness. A metal substrate was used since it
Is already conducting.
The spraying solution was prepared by mixing 18.34 gm of cadmium chloride (CdCl,) and
7.612 gm thiourea {CS(NH2),} of molar concentration 0.1 Mole/Liter., then they were used as
starting materials. The CdS film was formed on a hot Aluminum substrate at the temperature
of 400 °C after 2-3 minutes from the beginning of the spray operation from the atomizer, as
shown in fig. (1).The temperature of the substrate was controlled by a digital readout
temperature controller unit of +0.1°C accuracy. The spraying operation is continued for
several times then the yellow—orange deposit layer would appear on the substrate, it was a
film of the CdS material, according to the following chemical reaction (8, 14):
CdCl, + CS (NH,); + 2H,0 — CdS \+ 2NH,CI T+ CO, T

yellow-orange deposit
The thicknesses of the prepared films were measured by using the "Weight method".
The Cu,S layer was form by dipping the CdS film into a hot solution containing cuprous ions
for 30 sec. The dipping solution was prepared by adding copper chloride (CuCl) with NaCl
and hydrazine (2NH,.HCI), the materials concentration of the dipping solution are:
6 gm/L CuCl, 2 g/L NaCl, and 1 ml/L hydrazine. Adjusted with HCI, PH=3.5. The reaction is
generally performed in an aqueous solution, and it takes place at a temperature around 90 °C.
The replacement reaction is:
CdS + 2CuCl — Cu,S I+ CdCl,
blue-black deposit

By using the dipping method; a thin layer of about 0.1-0.3 pm of Cu,S was formed on the
surface of CdS film and it is in a very intimate contact with it (4, 14).

The heat treatment is the required method to form the p-n junction, the layers of CdS and
Cu,S are dried and heated in an oven at 180°C for 3-5 minutes.
The ohmic contact made by evaporation Aluminum under vacuum using coating system type
"Edwards E306A", the Aluminum mesh used as an upper electrode with the help of the mask,
the evaporation condition was done in the pressure of 2x10™ bar.

By using Hall Effect; the type of CdS film was found as n—type, depending on the value of
Hall Factor (Ru.) as shown in figure (2). Electromotive force (e. m. f) was supplied on both
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sides of the solar cell, and then two digital electrometers were used to calculate the output
voltage and the output current. Visible light was used as the input power Pj, the intensity of
the light was determined by changing the position of the light (up or down) with asuitable
step.

Result and Discussion
1. The properties of Cu,S/CdS solar cell

Sample of CdS thin film, which was prepared by using chemical spray technique, was

tested by X-ray diffraction. The output results of these measurements shows that the film was
CdsS material with polycrystalline structure, as shown in fig. (3).
Cu,S/CdS solar cell was classified as a"frontwall cell” when illuminated from the above (from
the Cu,S side). The energy gap of CdS material is mostly higher than the energy gap of Cu,S
material, for this reason, the responsivity of the Cu,S film for the incident photons is higher
than the responsivity of CdS film, therefore Cu,S film has ahigh ability of the absorption for
the photons of energy between 1.2-1.5 eV; where the value of the energy gap of Cu,S film is
1-1.2 eV (14, 15).

Substrate choosing has an important effect in preparing solar cell where it affects the cell
properties; the best substrate is that material which reduces the contact resistance for both
layers; p-type, and n-type ®. Experimentally; the type of CdS film was found as n —type,
depending on the value of Hall Factor (Ry.) which was calculated by using the equation(8):

V, xt
R, =
IxB
Ry was about —1.348 x 10° m®/C, this value was measured for the film of thickness t= 1.203
um (the film of this thickness has Hall electrode), (V /)y = -0.282 Volt/Amp and B = 0.257
Tesla.
Where; | is the current flow through the film, Vy is the generated voltage on both sides of the
film, and B is the magnetic field. The density of the major carriers of the CdS film can be
relatively calculated from the following relation (8, 16, 17)
1
ex R,
Where; (N) is the density of the majority carriers, (e) is the Charge of the electron. The
experimental result of N value for CdS film of thickness t=1.203 um was:
N = 4.64x10"® cm™,

2. Study the I-V characteristics of Cu,S/CdS solar cell

The -V characteristics of the prepared p-Cu,S/n-CdS solar cell were studied at different
light intensities, as shown in table (1).

At the illuminated cell; the short circuit current depends on the intensity of the incident
lights as shown in figure (4a), and there is logarithmic relation between Voc and the incident
light for the prepared Cu,S/CdS solar cell, as shown in figure (4-b).

One of the main reasons of low short circuit current is the absence of anti—reflection
coating layer that can affect on the cell efficiency; other factors such as impurities could be
important (18).

The electrical properties of four p-Cu,S/n-CdS solar cells were studied for different
numbers of thickness (2.19, 2.52, 3.64, and 5.55) um of CdS layer at 85.4 mW/cm? light
intensities, as shown in table 2. The results show that layer thickness of the solar cell has an
effect on the cell efficiency, as shown in figure (5).

3. Calculation the efficiency and Fill Factor of the Cu,S/CdS solar cell
The conversion efficiency (1) of the solar cell was calculated by using the equation (8):



IBN AL- HAITHAM J. FOR PURE & APPL. SCI VOL.22 (2) 2009

_ FFxlIscxVoc
P.

n

ImxVm
Voc x Isc

Where Fill factor (FF) is equal: FF =

The maximum efficiency of Cu,S/CdS solar cell of area 6.25 cm? under 85.4 mW/cm?
light intensity was 2.8 % for 5.55 pm thickness of CdS layer.

In athick film, there is an increase in the photocurrent at the illuminated cell, so the best
efficiency was registered in cell with athick CdS layer.

Fill Factor which is defined as the ratio of the maximum power to the (IscxVoc) was equal to
0.70, as shown in fig. (6).

In the illuminated cell there is the best absorption of the incident light occur in the solar
cell of thick CdS layer. Improving the present setting of the used spray technique can be
capable to produce ahigh thickness of CdS layer, which leads to an acceptable efficiency.
Much more work is required on annealing and doping studies before high efficiencies would
be observed (5, 19).

Conclusions

The prepared Cu,S/CdS solar cell by using simple technique was good,; it can operate in
an acceptable efficiency. The CdS layer was easily fabricated by using achemical spray
pyrolysis technique. The spray technique is utilized to produce awide area solar cell and it is
required for such athick film.

The thickness of the polycrystalline CdS layer is an important parameter affecting the cell
efficiency.
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Table (1): Performance of Cu,S—CdS Solar cell at different light intensities of 5.55 pm
thickness of CdS layer

t (CdS) Intensity Isc Voc
Thick. (mW/cm?) (MA) (mVolt)
(m)
38.4 22 400
5 55 56.5 31 420
69.1 41 430
85.4 47 450

Table (2): Performance of four Cu,S—-CdS Solar cells of different thickness of CdS layer
at 85.4 mW/cm? light intensity

t (CdS) Isc Voc V max( .o FF% | n%
Thick. (MA) (mVolt(mVolt (mA Fill |Efficienc
(um) ) ) ) Factor y

2.19 39 | 400 | 320 | 29| 0.63 | 1.78
2.52 38 | 420 | 330 | 31| 0.64 | 1.90
364 | 43 | 430 | 330 | 36| 0.66 | 2.30
5.55 47 | 450 | 340 (44 | 0.70 | 2.80
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Fig. (2): The electrical circuit to measure the Hall Factor
1-The doted square is CdS films, 2-The dashed lines represent the masks, 3- The
Aluminum substrate
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Fig. (3): Chart of X-Ray diffraction of CdS layer which was prepared by using
chemical spray
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Fig.(4-a): The relation between Isc and the intensity of the incident light
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Fig. (4-b): The relation between Voc and the intensity of the incident light
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Fig. (5): The I-V plot of the prepared cells of minimum and maximum thickens of
the prepared CdS layer at the same intensity
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Fig. (6): The Efficiency and Fill Factor as a function of the thickness of CdS layer



Youd (2) ¥Yalad 4audail) g 4d yal) o glall Allagdl ) Adaa

LAY BeliS o el aaiall CdS slis dlaw il Ay
Cu,S/CdS g5 dpmadall

B um daaa gdi ¢ Fal) e gl alga o st o ae alug g G ) 2
A3iy daaly — aghall A0S — o5l ad

* Gl daaly ) 408 caluadl) audd

*E a0k daaly — agladl A0S — £l aud

duadal)

iy Al el Adling dpdel jiass axy CUZS/CAS g Apasad LA Cipan cCanll a8
2058 Bla e (il sl ypiand g (gbadl el (3 A oastiuly 2kl o3 yiaad o5 (CAS a5l
asial¥) dagyd e 405K Qulad) Al e Jslaad) (3 ais 0.1 M/L sy)aie (5950 5085 Lysilills o saadlS
usie dayd €00 dapal Aaal)
Jale a8 il M Hall Effect Js il zibs e alael llds n-type g5 oo a6 CAS slie of Llee (i
4.6x10™ Lgiad culS; CdS sLie 8 clindll Jalsn 385 can 4505 Ry = 1,348 x 10°° m%/C Jsa
Cume il 281 25 lald e slae YU SeSH (5l Ayl easall eLiall ol deph Cuasd.cm
Dokl aate CuS 5 (63 o gaealSI S Bala (e (oS Ad) aag

s ppandlSH i€ Al e o Lial) 138 5585 3 ¢ SlaSl uarll Apl JlaxinliCU,S sLie juaa
PN Aaas o Jpasll dhall dsllad) Cileatid 85 g sd Jiain

Glay 4y daiad) WAL LIS G 5, P-CUzS\N-CAS dradll LAY sga jLi alsd oy
85.4 ady lgle Sl sl lalisi dlla 82,19, 2.52, 3.64, and 5.55) pmessealSl cliyS dd
AR S bl bl sl gpedlSl iy e lie el o) cuiis MW/ cm?



