Journal of the Nigerian Association of Mathematical Physics
Volume 36, No. 2 (July, 2016), pp 337 - 342
© J. of NAMP

fects Of Metal Back Contacts on the Efficiencies of CdS/CdTe Thin Film Solar Cells
fife
ISalawu M.A, *Alabi A.B, *Ajayi A.A and *Akomolafe T.

'Physics/Electronies Unit, P.M.B 1371, Kwara State Polytechnic, Ilorin
Department of Physics, University of Ilorin, Ilorin, Nigeria.
spepartment of Mathematical and Physical Sciences, Afe Babalola University, Ado-EKkiti.

Abstract
et
Device simulation is used to investigate the effects of metal back contacts on the
performance of CdS/CdTe thin film solar cells at different working temperatures. The
simulations were done for chemical and physical based deposition techniques. The
working temperatures studied ranges from 300 to 600K for Copper, Cobalt and
Platinum back contacts using standard SCAPS 3.3.03 version software. Thin film
solar cells with Platinum back contact of work function of 5.6eV exhibited better
efficiency 17.24% at working temperature 350K with chemical method and 18.54% at
300K for physical method. Cobalt with metal work function of 5.0¢V had 5.66%
efficiency at working temperature 400K with chemical method and 6.58% at working
temperature 300K for physical method. Copper with work function of 4.7eV showed

the least efficiencies of 0.81 and 0.73% for chemical and physical method respectively
at the same working temperature of 300K. The right metal work Sunction should be
selected as back contact electrode and using back contact buffer is encouraged fo

enhance the efficiency.
#

|0 Introduction
fcrical and optical numerical simulations of thin film solar cells are becoming a common practice [1, 2, 3]. In recent years,
| i slusly on CdTe solar cells has made noticeable progress and has been put into large scale production. The benefit of using
(dTe s for being a direct .bandgap mate_rial _with high absorption (in relationship with silicon) and the ease of device
msessing, It can be deposited on glass'm thu'\ film typically a few micrometers and at low temperature [4, 5, 6]. The
‘ m;?:;:sa: :(::fz:‘g,g i?lj:;z :l?;ir 2c(;:“l/ls nsh prl:’.c.hc;ed ftro be up to ?8%, Wh.lle. the best experimental efﬁ(_:ien.cy on laboratory
ale ‘ o which is far from theoretical prediction [7, 8, 9]. One of the major impact factors for
Td;ﬂefnce is CdTe back contacts.
ishas been shown that a CdTe back contact barrier may be responsible for the frequent
, ‘Pl‘,“?v" characteristics [10] and reported to strongly influence the cell behavior E]l 14k K:?:::fa::l::::: ?::;2; utnetr}llt-
ngllng performance of CdTe cells is the back contact [4]. It is very difficult to achieve good ohmic contacts betwee?n th:
A ¢ layer and metal back electrodes due to differences in work function and electron affinity between the metals and
m:mconductors. The working temperature of the PV is also an issue. The electrical performance is primarily i ﬂme : sdan
: pe of PV used. A typical PV module converts 6-20% of the incident solar radiation into electricity, d 4 dn‘ iEnsecy
'™ of solar cells and climatic conditions. The rest of the incident solar radiation is converted into h e fhe
m;s the lemperaturg of the PV module and reduces the PV efficiency of the module [11]. The :;ftl' \-Vthh 'g:‘ Hficantly
solar cells [12] is given as ciency @ (%) of the
'l(%) = ﬁ“—“"v_"’“’-‘ 4
W}mei Pin A : (l)“
N and V,, are the current and voltage obtained at the maximum power point on the
and P, is the power density of  the incident

l phqto_voltaic power output
N this paper, efforts are made to investigate the performances of CdS/CdTe thin film sol Rigion ot setively,

conditions for Platinum, Cobalt and Copper back contact electrodes. ar cells at different working
if he Simulation Program SCAPS , | it i, i
& Windows application program, developed at the University of Gent with LabWindows/Cv] of N;t' ‘ 'l&‘b i
, 3 Nationa -
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Instruments. It has been made available to university researchers in the photovoltaic community aﬂcf the second py Worlg
Conference in Wien, 1998. The program opens with an ‘action panel’, where the user can set an operating point (Ic‘mpcmmc.
voltage, frequency, illumination) and action list of calculations to carry oul (I-V, C-V, C-f, Q(1). SCAPS versiop 3 3.03
which is available now, has some enhancements over version 2.0 to 3.0 [2]. '

3.0  Design Method

In this design, the schematic of a CdTe thin film solar cell used in the simulation with ITO/ZnO/CdS(n-type)/cq

. H “ a 1 ‘ .r'.)-
type)/metal structure is shown below. The simulations were done by considering the thickness odeS and CdTe to he 00nm
and 7um as window and active layer respectively. The electron affinity used for CdS and CdTe were 4.5 and 4 30y with

energy bandgap of 2.45 and 1.45¢V respectively among other parameters. The “'orkil'{g temperatures were varied from 3 o
600K while studying the efficiencies of CdS/CdTe thin film solar cells with different back contact {‘;lcu:mi‘,~. under
investigation for chemical and physical methods of deposition. Figure | shows the CdS/CdTe thin film structyr,

~ In
superstrate configuration.
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Figure 1: CdS/CdTe Thin Film Structure in Superstrate Configuration Under Investigation.
4.0  Results and Discussion
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is 4: Comparison between efficiency of chemical and Fig 5: % Efficiency against working Temperature for
pysical methods with Platinum back contact chemical method with Cobalt back contact

¢ efficiencies of Platinum back contact CdS/CdTe thin film solar cells degraded from the threshold working temperature
methods of deposition. For chemical method, the best efficiency achieved was 17.24% at
reshold working temperature 350K (Figure 2) while for physical mghod; efficiency of 18.54% was achieved at 1hrcsl1olfi
working temperature 300K (Figure 3). The efficiencies of both techniques degraded as the temperature increases from their
respective threshold working temperatures. The increases in temperature supposed to aid the conversion efficiency but

red to heat and have effect on the device efficiency. _
Platinum (5.6eV) is close to that of Cadmium Telluride, so electrons can easily be moved to the back

ightly higher than that of physical technique of

for both chemical and physical

conve '
The work function of
contact clectrode. At 350K and above, efficiency of chemical method were sl

deposition at the working temperatures under investigation (Figure 4).
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Fig 7: Comparison between Efficiency obtained with

Fig 6: % Efficiency against working Temperature for physical
chemical and physical methods with Cobalt back contact

method with Cobalt back contact
Using Cobalt with metal work function of 5.0¢V as back contact electrode, efficiencies obtained for both chemical and
physical methods diminishes in relative with that oblained with platinum back contact (Figure 7). At 300K, efficiency of
6.58% was obtained with physical method (Figure 6) whereas no efficiency obtained with chemical method at the same

working temperature (Figure 5). Efficiency of 5.66% was obtained with chemical method at 400K working temperature.
When the working temperature of the PV increases from the threshold value, efficiency of the PV decreases for both methods

due to the heating effect.
The type of metal back contact electrode used has contributed to the downfall of the efficiencies for the two methods owing

lothe disparity between the work function of Cobalt and the cadmium telluride.
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qure 300K for physical method. Copper with work function of 4 7¢V showed the least ¢fficiencies of 0.81 and 0.73%

f_"ffcmiml‘ﬂnd physical mc‘lhod f':'fl’?““‘f’“')‘ iH‘ .lhf:“sulnc working temperature of 300K. The working temperature plays a
) ol in the photovoltaic conversion process. The electrical cfficiency and the power output of a PV cells depends on

Ly mperature. The right metal work function as back - :

i y . 1S D o n o
 orking 1€ p X as back contact electrode is als to enhance the
i (::nmcc of CdS/CdTe thin film solar cells. also very important
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