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Abstract—Nanotechnology has become the world attention in
various applications including the solar cells devices due to the
uniqueness and benefits of achieving low cost and better
performances of devices. Recently, thin film solar cells such as
Cadmium Telluride (CdTe), Copper-Indium-Gallium-diSelenide
(CIGS), Copper-Zinc-Tin-Sulphide (CZTS), and Dye-Sensitized
Solar Cells (DSSC) enhanced by nanotechnology have attracted
much attention. Thus, a compilation of nanotechnology devices
giving the progress in the solar cells has been presented. It is much
related to nanoparticles or nanocrystallines, carbon nanotubes, and
nanowires or nanorods structures.
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[. INTRODUCTION

ANOTECHNOLOGY is the new attractive technology

involving the development in new length scale of range 1
to 100nm at the atomic, molecular or macromolecular levels in
structures, devices, and systems that still provide good or even
better performances and functions related to their small size
[1]. Nanotechnology is now become world demand and
interest. A lot of research and developments have been done in
various fields including the solar cells devices. Recent
developments in nanotechnology provide new exciting
opportunities for further improvements in cell performance
and cost reduction in manufacturing processes of the solar
cells [2].

The use of nanotechnology in solar cells can boosts the cells
performance because conventional solar cells cannot convert
all the incoming light into usable energy due to some of the
light can escape the cell into the air and lost as heat, not
electricity [3]. These mean that the structures from
nanotechnology products could absorb more sunlight [4].

Nanotechnology in solar cell devices can be based on
nanostructured application, which could be classified in terms
of nanocomposites, nanotubes, nanorods, nanoparticles and
quantum dots, which are also being applied for various
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functions [5]. The advantages of the nanostructured solar cells
are: can increase the effective optical path for absorption due
to multiple reflections, thickness absorber layer can be
reduced to avoid recombination losses because light generated
electrons and holes need to travel over shorter path, and the
band gap of various layers can be varied by varying the size of
nanoparticles [6].

II. NANOTECHNOLOGY IN THIN FILM SOLAR CELL

Recently, thin film solar cells enhanced by nanotechnology
have attracted much attention [7]. Thin film solar cells which
are towards achieving thinner solar cells thus, can be also
related to nanotechnology. Nanoparticles or Nano crystalline
structures are common nanotechnology that being deployed in
thin film solar cells to reduce the size or thickness of solar
cells. Besides, carbon nanotubes (CNT), are also potential
nanotechnology device, where they have a good ability in light
absorption, conductivity of continuous wave illumination, and
high carrier mobility [8]. Another potential technology is the
nanowires or nanorods, which are unique with nano-scaled
block solar cells structures and being used to form the p-n
junction that can increase the surface junction area-to-volume
ratio thereby can increase conversion efficiency [9]. The
advantages of nanowires solar cells are; they can improve
band gap, reduce reflection, increase defect tolerance, great
light trapping, facile strain relaxation, and reduce cost [10]. A
few efforts have been done to employ the nanotechnology in
the conventional solar cells. Below are some of the
nanotechnologies developments in some of thin film solar
cells.

A.Cadmium Telluride, CdTe

Singh, V. P. et al. [2] have studied on nanostructured of
Cadmium sulfide, (CdS)-CdTe by developing nanocrytalline
CdTe as an n-type window layer coated on to Indium-Tin-
Oxide, (ITO)-coated glass as shown in Fig. 1. The
nanocrystalline CdTe obtained an effective band gap which is
2.8eV higher than bulk CdTe (1.5e¢V) [11]. The increasing
band gap of CdTe makes it as good candidate for
electroluminescent display devices. Besides, the nanowires of
CdS in the thin film CdS-CdTe solar cells are also being
studied [12]. P Liu et al. have replaced traditional CdS
window layer by nanowires of CdS embedded in an
Aluminium Oxide, (Al,03) matrix or free-standing (Fig. 2)
and efficiency of 6.5% has been achieved. CdS nanowires are
having potential to give higher values of open circuit voltage,
fill factor, short circuit current density and power conversion
efficiency.
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Fig. 1 Nanocrystalline development in CdTe Solar Cell [11]

CdTe (4pm)

AlOs3
(300nm)

1] 11

ITO

Glass substrate

Fig. 2 Nanowires development in CdTe Solar cell [12]
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Fig. 3 Carbon Nanotubes (CNT) development in CIGS Solar Cell [8]

B. Copper-Indium-Gallium-diSelenide, Cu(ln, Ga)Se, or
CIGS

CIGS solar cell also not excluded from this nanotechnology
developments. For example, Carbon nanotube, (CNT) is
employed as alternative buffer layers for common buffer layer
such as CdS due to the facts that Cd having a low band gap
and it is a toxic material. Thus, much interest is towards
fabrication of Cd-free buffer layer. The CNT is one of the
suitable candidates for this purpose. Gorji and Houshmand
have done a study on CNT application as buffer layer in CIGS
thin film solar cells (Fig. 3) [8]. The benefit of this buffer
layer is regarding on the thin structure, which does not disrupt
the tunnel current. Besides, other types of buffer layer such as
Indium Sulfide, In,S; also being studied as buffer layer. A
simulation of cell structure n-ZnO/i-ZnO/ In,S;/CIGS and the
thickness of buffer layer (In,S;) and absorber layer (CIGS) are
investigated to observe the impact on the cell performance
[13]. Based on the cell performances, the optimum thickness
for absorber layer is in the range of 2000nm to 3000nm and
buffer layer between 40nm and 50nm. The nanometer scale of
the buffer layer shows the prospect of reducing cost for
materials and production. There is also nanowires technology

employment on CIGS based thin film solar cells such as a
study by [14] whereby they have fabricated CIGS nanowire
arrays for application in solar cells.

C.Copper-Zinc-Tin-Sulphide, Cu,ZnSnS,or CZTS

Nanotechnology for CZTS also has gain much interest such
as in terms of nanowires and nanocrystalline structure for
CZTS. The conventional CZTS solar cells have thickness of p-
type CZTS layers in range of 1~2um, but by deployment of
nanocrystalline and nanowires of CZTS, it can achieved
thickness as low as 500nm. Nanocrystalline CZTS as shown in
Fig. 4 have resulted open circuit voltage of 220 mV, short-
circuit current of 1.40 mA/cm?, fill factor of 0.263 and a
power conversion efficiency of 0.16% [15]. The efficiency is
still in low range so more research can be done to improve the
cell performances. Meanwhile, Wang et al. (2014) have
successfully fabricated the CZTS nanowire arrays into Anodic
Aluminium Oxide, (AAO) template by using two-step
electroplating method as illustrated in Fig. 5. The diameter and
average length of the resulted CZTS nanowires are 70 nm and
500 nm respectively [16].
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Fig. 4 Nanocrystalline development in CZTS solar cell [15]
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Fig. 5 Nanowires development in CZTS [16]

D.Dye Sensitized Solar Cells (DSSC)

DSSC is the first solar cell that directly utilized the
nanoscale components for its performances [17]. DSSCs are
alternative p-n junction photovoltaic device that convert
visible light into electrical energy. It consists of
nanocomposition, commonly titanium dioxide, (TiO,) which
also could be composed of one-dimensional nanotubes,
nanorods, nanowires, and nanoparticles [18]. For example, a
study has been done on the photoanode using the TiO,
nanocompositions, the results show that the composition of
TiO, nanoparticles (90%) incorporated with TiO, nanowires
(10%) give more power conversion efficiency compared with
pure nanoparticles or nanowires. This might be due to faster
interfacials charge transfer and higher amount of dye
adsorption [18]. Other study has been done regarding the
grown of ZnO nanowires as the photo-electrode in DSSCs as
shown in Fig. 6. In the study, the ZnO nanowires are
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assembled and characterized using optical and electrical
measurement whereby the short circuit current densities of 1.3
mA cm? and overall power conversion efficiencies of 0.3%
are achieved with 8 pm long nanowires. It is said that
increasing the nanowire surface area by increasing their length
allows more dye to be adsorbed and more light are harvested
which will increase the current densities and overall
efficiencies of DSSC [19]. Another prospective study has been
done previously by [20] whereby they are comparing the
DSSC with ZnO nanorods and without ZnO nanorods. It is
found that the solar conversion efficiency of the DSSC with
ZnO nanorods is increased by about 15% compared to that
without ZnO nanorods. Besides, DSSCs are also widely being
developed using Carbon Nanotube, (CNT). The CNTs can be
used as electron transport network, which can be replacing the
conventional platinum, Pt electrode. For example, a study has
been done on CNTs with Titanium Nitride, (TiN)
nanoparticles as counter-electrode materials in DSSC. TiN
nanoparticles with a size of 5 — 10 nm are fabricated on the
surface of the CNTs. TiN-CNTs are potential combination of
electrode which is inexpensive and has shown comparable
photovoltaic performance with the conventional Pt electrode

[21].
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Fig. 6 Nanowires development in DSSC [19]

II. COMPILATION NANOTECHNOLOGY IN THIN FILM SOLAR
CELLS

A compilation of some valuable studies that have been done
on nanotechnology in thin film solar cells are tabulated as
shown in Tables I-III. Table I shows the performance

parameters for nanoparticles or nanocrystalline of thin film
solar cells. It can be seen that nano-ZnO structures in Al:ZnO
and i-ZnO (AZO) in CIGS solar cells has good cell
performance especially the high efficiency of 16.11% has been
obtained. Meanwhile, the nanowires or nanorods structures of
DSSC are widely being studied compared with other types of
thin film solar cells as can be seen in Table II.

In terms of Carbon nanotube or nanotube structures, the
CdTe and CIGS are among solar cells that showing potential
in achieving good cell performances by using the CNT as
shown in Table III.

III. CONCLUSION

The developments of nanotechnology in thin film solar cells
are not only focusing on the nanoparticles or nanoscale based
structures, but others technology such as nanowires, or
nanorods, and Carbon Nanotube are prospect incorporation in
the thin film solar cells to provide better cell performances.
The nanotechnology in solar cells is expected to give high
efficiency and based on the results obtained from few
researches, more improvement can be done to achieve the
expectation.

Besides, the ability to obtain higher band gap and successful
of fabrications are also shown prospect of this technology in
achieving the high efficiency. The ability of CNTs in
replacing the buffer layers or electrode of solar cells is
showing the potential of huge development in the solar cells in
the future. Meanwhile, based on the various studies on
DSSCs, it has shown that DSSCs are most potential of towards
nanotechnology solar cells which is also have been utilized the
nanotechnology since from the beginning of their
developments. In short, much effort of researches and
developments can be done for the realization of
nanotechnology in thin film solar cells.

TABLEI
PERFORMANCE PARAMETERS FOR NANOCRYSTALLINE OR NANOPARTICLES IN THIN FILM SOLAR CELLS

Solar cells Structures Voc (mV) Jsc (mA/cm?)  FF (%) Eff. (%) Ref.
CdTe SLG/ Cd>Sn04/ZnSnOy/nano-CdS:0/CdTe 833.8 24.06 73.29 14.7 [22]
ITO/nano CdTe/Al 520 17.56 56.39 5.15 [23]
CIGS Nano- AZO/CdS/CIGS/Mo/glass 620 35.28 72.7 16.11 [24]
CZTS Nano-CZTS/FTO/Glass 220 1.4 26.3 0.162 [15]
DSSC Nano ZnO as electrode material 539 3.63 57 1.11 [25]
Double-layered electrodes nano TiO, films 505 11.2 62.8 3.55 [26]
Nano Pt electrode 750 16.5 64.6 7.96 [27]
TABLEII
PERFORMANCE PARAMETERS FOR NANOWIRES OR NANORODS IN THIN FILM SOLAR CELLS
Solar cells Structures Voc (mV) Jsc (mA/cm?) FF (%) Eff. (%) Ref.
CdTe Nanowires CdS embedded in Aluminium Oxide 705 253 36.4 6.5 [12]
CIGS CIGS/CdS nanowires 430 30.06 47.0 6.18 [28]
(Al, Ni)/AZO/iZnO/CdS/CIGS/ITO nanorod/glass 700 15.10 59.60 6.29 [29]
CZTS ITO/ZnO/CdS/CZTS nanowires/Mo/glass 455 26.5 51.3 6.18 [30]
DSSC ZnO nanorods 710 10.7 62 4.7 [31]
TiO, nanorods 767 13.1 72.8 7.29 [32]
Ti0,/ZnO nanorods 760 11.4 50 5.8 [20]
10 % TiO, nanowire + 90% TiO, nanoparticles 550 8.0 52 2.27 [18]
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TABLE Il
PERFORMANCE PARAMETERS FOR NANOTUBE OR CARBON NANOTUBE IN THIN FILM SOLAR CELLS

Solar cells Structures Voc (mV)  Jsc (mA/cm?) FF (%) Eff. (%) Ref.
CdTe SLG/ Cd,Sn04/ZnSnO,/nano-CdS:0/CdTe/Cu, Te/SWCNT (TCO) 818.1 22.25 68.18 12.4 [33]
CIGS ITO/ZnO/CNT/CIGS/Mo/Glass 640 -29.0 56 10.4 [8]
CZTS - - - - - -

TiN-CNT as counter-electrode 750 12.74 57 541 [21]
DSSC MultiWalled CNT/TiO, 720 8.82 73.17 4.62 [34]
TiO; nanotubes/FTO glass 733 16.8 62 7.6 [35]

ACKNOWLEDGMENT

This work was supported by the Fundamental Research
Grant Scheme, FRGS/1/2014/TK03/UPM/02/5 under Ministry
of Education (MOE), Malaysia. The project is in the field of
Technology and Engineering, conducted at Microelectronic
and Nanoelectronic Laboratory and Advanced Material
Synthesis and Fabrication (AMSF) Laboratory, Micro and
Nano Electronic Systems Unit, Department of Electrical and
Electronic Engineering, Universiti Putra Malaysia (UPM).

[10]

[11]

[12]

[13]

[14]

REFERENCES

Fulekar, M. H. Nanotechnology: Importance and Applications. IK
International Pvt Ltd, 2010.

Singh, Vijay P., R. S. Singh, and Karen E. Sampson. "Thin-Film Solar
Cells Based on Nanostructured CdS, CIS, CdTe and Cu2S."
Nanostructured Materials for Solar Energy Conversion (2006): 167.
Sethi, V. K., Mukesh Pandey, and Ms Priti Shukla. "Use of
nanotechnology in solar PV cell." International Journal of Chemical
Engineering and Applications 2 (2011).

El Chaar, L., and N. El Zein. "Review of photovoltaic
technologies." Renewable and Sustainable Energy Reviews 15, no. 5
(2011): 2165-2175.

Tsakalakos, Loucas. "Nanostructures for photovoltaics." Materials
Science and Engineering: R: Reports 62, no. 6 (2008): 175-189.

Singh, R. S., V. K. Rangari, S. Sanagapalli, V. Jayaraman, S. Mahendra,
and V. P. Singh. "Nano-structured CdTe, CdS and TiO2 for thin film
solar cell applications." Solar Energy Materials and Solar Cells 82, no.
1(2004): 315-330.

Akimov, Yu A., W. S. Koh, S. Y. Sian, and S. Ren. "Nanoparticle-
enhanced thin film solar cells: Metallic or dielectric
nanoparticles." Applied Physics Letters 96, no. 7 (2010): 073111.

Gorji, Nima E., and Mohammad Houshmand. "Carbon nanotubes
application as buffer layer in Cu (In, Ga) Se2 based thin film solar cells."
Physica E: Low-dimensional Systems and Nanostructures 50 (2013):
122-125.

Dutta, Achyut K. "Prospects of nanotechnology for high-efficiency solar
cells." In Electrical & Computer Engineering (ICECE), 2012 7th
International Conference on, pp. 347-350. IEEE, 2012.

Garnett, Erik C., Mark L. Brongersma, Yi Cui, and Michael D.
McGehee. "Nanowire solar cells." Annual Review of Materials Research
41 (2011): 269-295.

Singh, R. S., V. K. Rangari, S. Sanagapalli, V. Jayaraman, S. Mahendra,
and V. P. Singh. "Nano-structured CdTe, CdS and TiO2 for thin film
solar cell applications." Solar Energy Materials and Solar Cells 82, no.
1 (2004): 315-330.

Liu, Piao, Vijay P. Singh, Carlos A. Jarro, and Suresh Rajaputra.
"Cadmium sulfide nanowires for the window semiconductor layer in
thin film CdS-CdTe solar cells." Nanotechnology 22, no. 14 (2011):
145304.

Khoshsirat, Nima, and Nurul Amziah Md Yunus. "Numerical simulation
of CIGS thin film solar cells using SCAPS-ID." In Sustainable
Utilization and Development in Engineering and Technology
(CSUDET), 2013 IEEE Conference on, pp. 63-67. IEEE, 2013.

Inguanta, Rosalinda, Patrizia Livreri, Salvatore Piazza, and Carmelo
Sunseri. "Fabrication and photoelectrochemical behavior of ordered
CIGS nanowire arrays for application in solar cells." Electrochemical
and solid-state letters 13, no. 3 (2010): K22-K25.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Wei, Aixiang, Zhigiang Yan, Yu Zhao, Mixue Zhuang, and Jun Liu.
"Solvothermal synthesis of Cu2ZnSnS4 nanocrystalline thin films for
application of solar cells." International Journal of Hydrogen Energy
(2014).

Wang, C. E., S. Tanaka, T. Shimizu, and S. Shingubara. "Fabrication of
Vertical Cu2ZnSnS4 Nanowire Arrays by Two-Step Electroplating
Method into Anodic Aluminum Oxide Template." Journal of Materials
Science & Nanotechnology 1 (2014): S103.

O'Regan, B., and Gritzel, M. A low-cost, high-efficiency solar cell
based of dye-sensitized colloidal TiO2 Films. Nature 1991, 353:737.
Maheswari, D., and P. Venkatachalam. "Enhancing the performance of
dye-sensitized solar cells based on organic dye sensitized TiO2
nanoparticles/nanowires composite photo anodes with ionic liquid
electrolyte. Measurement (2014).

Baxter, Jason B., A. M. Walker, K. Van Ommering, and E. S. Aydil.
"Synthesis and characterization of ZnO nanowires and their integration
into dye-sensitized solar cells." Nanotechnology 17, no. 11 (2006):
S304.

Pang, S., Xie, T., Zhang, Y., Wei, X., Yang, M., Wang, D., & Du, Z.
(2007). Research on the effect of different sizes of ZnO nanorods on the
efficiency of TiO2-based dye-sensitized solar cells. The Journal of
Physical Chemistry C, 111(49), 18417-18422.

Li, Guo-ran, Feng Wang, Qi-wei Jiang, Xue-ping Gao, and Pan-wen
Shen. "Carbon Nanotubes with Titanium Nitride as a Low-Cost Counter-
Electrode Material for Dye-Sensitized Solar Cells." Angewandte Chemie
International Edition 49, no. 21 (2010): 3653-3656.

Wu, Xuanzhi. "High-efficiency polycrystalline CdTe thin-film solar
cells." Solar energy 77, no. 6 (2004): 803-814.

Sun, Shi, Hongmei Liu, Yuping Gao, Donghuan Qin, and Junwu Chen.
"Controlled synthesis of CdTe nanocrystals for high performance
Schottky thin film solar cells." Journal of Materials Chemistry 22, no.
36 (2012): 19207-19212.

Kuo, Shou-Yi, Ming-Yang Hsieh, Fang-1. Lai, Yu-Kuang Liao, Ming-
Hsuan Kao, and Hao-Chung Kuo. "Modeling and optimization of sub-
wavelength grating nanostructures on Cu (In, Ga) Se2 solar
cell." Japanese Journal of Applied Physics 51, no. 10S (2012): 10NC14.
Rani, Seema, Poonam Suri, P. K. Shishodia, and R. M. Mehra.
"Synthesis of nanocrystalline ZnO powder via sol-gel route for dye-
sensitized solar cells." Solar Energy Materials and Solar Cells 92, no.
12 (2008): 1639-1645.

Fan, Jiajie; Li, Zhenzhen; Zhou, Wenyuan; Miao, Yucong; Zhang,
Yaojia; Hu, Junhua; and Shao, Guosheng “Dye-sensitized solar cells
based on TiO2 nanoparticles/nanobelts double-layered film with
improved photovoltaic performance” Applied Surface Science 319
(2014): 75-82.

Dong, Hua, Zhaoxin Wu, Yucui Gao, Ahmed El-Shafei, Bo Jiao, Yang
Dai, and Xun Hou. "A nanostructure-based counter electrode for dye-
sensitized solar cells by assembly of silver nanoparticles." Organic
Electronics 15, no. 7 (2014): 1641-1649.

Kwak, Woo-Chul, Sung-Hwan Han, Tae Geun Kim, and Yun-Mo Sung.
"Electrode position of Cu (In, Ga) Se2 crystals on high-density CdS
nanowire arrays for photovoltaic applications." Crystal Growth &
Design 10, no. 12 (2010): 5297-5301.

Chu, Van Ben, Jin Woo Cho, Se Jin Park, Yun Jeong Hwang, Hoo Keun
Park, Young Rag Do, and Byoung Koun Min. "Fabrication of solution
processed 3D nanostructured CulnGaS2 thin film solar cells."
Nanotechnology 25, no. 12 (2014): 125401.

Chen, Lin-Jer, and Yu-Ju Chuang. "Directly electro spinning growth of
single crystal Cu2ZnSnS4 nanowires film for high performance thin film
solar cell." Journal of Power Sources 241 (2013): 259-265.

Rao, A. Ranga, and V. Dutta. "Achievement of 4.7% conversion
efficiency in ZnO dye-sensitized solar cells fabricated by spray

814



[32]

[33]

[34]

[33]

International Journal of Electrical, Electronic and Communication Sciences
ISSN: 2517-9438
Vol:9, No:8, 2015

deposition  using  hydrothermally  synthesized  nanoparticles."
Nanotechnology 19, no. 44 (2008): 445712.

Jiu, Jinting, Seiji Isoda, Fumin Wang, and Motonari Adachi. "Dye-
sensitized solar cells based on a single-crystalline TiO2 nanorod film."
The Journal of Physical Chemistry B 110, no. 5 (2006): 2087-2092.
Barnes, T. M., X. Wu, J. Zhou, A. Duda, J. Van de Lagemaat, T. J.
Coutts, C. L. Weeks, D. A. Britz, and P. Glatkowski. "Single-wall
carbon nanotube networks as a transparent back contact in CdTe solar
cells." Applied Physics Letters 90, no. 24 (2007): 243503.

Yen, Chuan-Yu, Yu-Feng Lin, Shu-Hang Liao, Cheng-Chih Weng,
Ching-Chun Huang, Yi-Hsiu Hsiao, Chen-Chi M. Ma et al. "Preparation
and properties of a carbon nanotube-based nanocomposite photoanode
for dye-sensitized solar cells." Nanotechnology 19, no. 37 (2008):
375305.

Hyeoka Park, Jong, and Man GuaKang. "Growth, detachment and
transfer of highly-ordered TiO 2 nanotube arrays: use in dye-sensitized
solar cells." Chemical Communications 25 (2008): 2867-2869.

815



