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1. Introduction

Human being has a seemingly greedy desire for energy. This hunger has gradually
grown with rising population and technological progress. Our principle clarification of
this mounting power generation has been to burn fossil fuels. Due to twin issues of fossil
fuel exhaustion and environment dreadful conditions like global warming, ozone layer
depletion, solar cells have established substantial attention as one of the most favorable
devices for altering solar power to electricity.’? A solar cell is a photonic device that
translates photons having particular wavelengths to current. To obtain higher output,
proper selection of materials having special optical and photovoltaic characteristics is
necessary.® Theoretically, the ideal optical energy for photovoltaic application is 1.39eV.*

Usually, n-type window materials which, be owned by the I1-VI group have been
examined and applied for possible applications. Among them, zinc selenide (ZnSe) is a
promising semiconductor having band energy 2.7eV, around 90% optical transparency,
higher refractive index, and substantial photosensitivity.>® It acts as a window layer in
heterojunction solar cells. Properties of solar cells rely on the optical gap energy of
semiconductors. Accordingly, numerous researchers have been developing to adjust the
optical gap energy of photoelectrode applying proficient method steadily. It is a favorable
substitute for the poisonous CdS buffer layer in photovoltaic cells.”*® The electrical
characteristics of the ZnSe electrode are extremely sensitive to the crystallographic

properties.
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ZnSe crystals exhibit in cubic as well as hexagonal systems. The lattice constant of
cubic phase are a =b = ¢ =5.670A and that of hexagonal are a = b =3.996 and ¢ = 6.626A
correspondingly. It has a density of 5.27 g/cm®. The refractive index of ZnSe is around
2.67 at 550 nm and has a significant broader transmittance wavelength range (450 to
2150 nm). The static dielectric constant of ZnSe is about 8.6 and that of high-frequency
dielectric constant is 5.7.**

2. Photoelectrochemical cells (PEC) using ZnSe photoelectrode

The semiconductor-liquid junction photoelectrochemical solar cells the light-
sensitive semiconducting photoelectrode dipped in electrolytic solution consist of
appropriate redox couple and a counter electrode that might indicate metallic or
semiconducting nature. Light of photon energy more than an optical gap of
semiconducting material are strikes the junction, consequences in production and
separation of charge carriers. In the case of n-ZnSe photoelectrode, a hole is a minority
carrier that transfers to electrolytic solution and participates in electrochemical response.
The majority carrier i.e. electrons are present at the counter electrode via an exterior
circuit and join in a counter-reaction. Crystalline semiconducting films may too be
utilized with no extreme reduction in productivity. Consequently, PEC cells deliver a
cost-effective chemical path for catching solar energy.'?*3

It involves of a hard glass vessel. An opening with dimension of 2cmx1.5cm
became prepared for the enlightenment of the electrode. The cell may be signified as n-
ZnSe|Electrolytic solution |Cpnitey Counter electrode is fabricated applying a graphite
rod dipped in concentrated CoS solution for 1 day. A calomel electrode was used as a
reference electrode. The uncovered area of dimension 1 cmx1l cm became open to
photons. The outstanding region of the electrode became screened by the applying of
epoxy resin. The representation of a PEC cell is shown in Figure 1.

Current-voltage properties of PEC cells propose the unsymmetrical nature
signifying generation of rectifying nature of junction.* Ideality parameter was obtained
to be larger than unity. The greater magnitude recommends the domination of series

resistance in addition to crystallographic imperfection. It too recommends that average



transfer through the electrode electrolytic solution junction having substantial
involvement from surface states as well as deep traps. The alteration effectiveness is
about to be 0.13% using sulphide-polysulphide electrolyte system. The lower
productivity because of higher series resistance and interface states that are accountable
for recombination path.™

Thermal treatment is essential for the construction of PEC cells. It increases cell
efficiency. The output was estimated to be 0.22% when the electrode is annealed at
473K. To increase the efficiency of ZnSe electrode different metal ions were substituted.
For example, Cd*? ions substituted in ZnSe electrode shows the output of 0.61% using
sulphide-polysulphide electrolyte system.*®*°

The effectiveness of PEC using ZnSe electrode depends on the characteristics of
an electrolytic solution. Various electrolytic solutions like sulphide/polysulphide,
ferri/ferrocyanide, DMSO, Hydroquinone, iodide/triodide were applied. Mahapatraet al®
suggests the efficiency of PEC cells using iodide/triodide system is 0.2%.
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Figure 1 : Schematic diagram of Solid —Liquid junction Cell




3. Dye-Sensitized solar cell (DSSC) fabrication using ZnSe photoelectrode-

DSSC is evolving as a lower priced device. It has around better efficiency than
PEC cells even under low intensity light. It is designed using the following constituents:
Dye sensitized films, transparent conductive oxide (TCO) layer which assists charge
transfer from the electrode layer, counter electrodes like platinum, graphite paint on
Indium doped tin-oxide (ITO) glass, and redox electrolytic solution. In this device, ZnSe
film acts as the electron carrier and dye layer acts as the electron producer that will
recover to its original state by electron given by the electrolytic solution.??® The
representation of the cell revealed in Figure 2.

An electrolyte like 1'/15, Br/Br,’, SCN/SCN, and Co(Il)/Co (I11) was utilized. It
has mainly major factor such as redox couple, solvent, ionic liquids, cations and
additives.?*?

In the fabrication of DSSC, ZnSe nano particles are mixed with acetic acid and
crushing in mortar. A uniform sheet of ZnSe is coated on ITO glass. It is heated in a
furnace at 150°C for 60 minutes. This glass plate has positioned in anthocyanin dye for
10 minutes. Spread over graphite paint on another ITO coated glass. Align two
conductive glass plates, placing one upside down while the one to be coated is right side
up. Two binder clips are placed on long edges to hold plates together. Place 2-3 drops of
iodide/ KI electrolytic solution at one edge of the plate. Two binder clips act as two

electrodes.
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Figure 2: schematic diagram of Dye-Sensitized solar cell
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For the design of DSSC, ZnSe photoanode became coated on the ITO glass
electrode. To sensitized, it was immersed in an ethyl alcohol and eosin yellowish dye for
15 hours. Sensitized ZnSe film became dried at 60°C for 15 minutes. Carbon coated glass
was used as the counter electrode. The electrodes were brought together into a sandwich
kind cell. The active area was 1cm?. A droplet of an electrolytic solution having KI and
lodine in acetonitrile became introduced into the cell. The efficiency of 8.9 % was
achieved.®® Li et al*” suggested ZnSe can be counter electrode to replace rare and
expensive Pt. ZnSe was mixed with a conducting binder, poly(3,4-ethylene-
dioxythiophene):poly(styrenesulfonate) and coated on to ITO substrates through a drop-
coating process. The optimized concentration of ZnSe found to be 10 wt%. The power
output obtained was 8.13%.

ZnSe is appropriate passivation material to form a type Il core or shell structure
for CdSe/CdS quantum dots. ZnSe treatment may efficiently shield the bare TiO,and

quantum dots, subsequent in strong inhibition of the electron leak from both TiO, and



quantum dots to the electrolytic solution, as a result considerably improving the output of
DSSC.?

I"/13” have been established as an extremely effective electrolytic solution. There
are certain limits connected with its uses. This electrolytic solution disintegrates
photoelectrode, it is extremely unstable and accountable for degradation and dyes
desorption and has poor long term steadiness. Acetonitrile, N-methyl Pyrrolidine, and
solvent mixtures such as Acetonitrile/valeronitrile have been used as a solvent having
high dielectric constant.?®*

4. Heterojunction solar cell using ZnSe photoelectrode-

It is a semiconductor-semiconductor junction type of solar cell. The heterojunction
IS a junction designed among two semiconducting materials having diverse optical gaps.
Photon having energy fewer than optical energy of first semiconductor however larger
than optical energy of second semiconductor will cross first semiconductor, which works
as a window, be absorbed by the second semiconductor. Charge carrier produced in the
depletion area and within diffusion length of the junction will be collected, alike to an n-
on-p homojunction solar cell. Photons having energy greater than optical energy of the
first semiconductor will absorb, and carriers produced within a diffusion length from the
junction or in the depletion area will be collected.

There are some benefits related with ZnSe heterojunction based solar cells above
silicon homojunction. Above optical energy photons are absorbed by ZnSe n-type layer
formerly they may reach and destruction of p-n junction. Another advantage is that
junction may be kept deeper within the cell away from lifetime killing surface states
consequently growing competence since greater optical energy ZnSe layer is transparent
most of the solar spectrum. Due to this decreases the series resistance of the window.*

The solar cells having the inverted structure of ITO/ZnO/ZnSe/CdTe/MoOx/Au
are designed. ZnO coated on ITO templates and heated at 400°C for 10 min. Several
drops of ZnSe nano crystals are put on top of the 1TO/ZnO templates. 1TO/ZnO/ZnSe
sample is heated at 150°C for 3 min. The thickness of ZnSe nanocrystals having a layer is

approximately 20 nm. Some droplet of 1% ethylene diammine tetra acetic acid methanol



solution is placed on top of ZnSe nanocrystal. After this, five layers of CdTe nano
crystals having a thickness of around 450 nm are coated on the templates. Afterward, a
few droplets of saturated cadmium chloride in methanol are placed on top of the
ITO/ZnO/ZnSe/CdTe.MoOx having thickness approximately 8 nm and Au of 80 nm back
contact are deposited. The active area of the cell was 0.16 cm® The power efficiency
3.58% for this cell.** Figure 3 indicates the heterojunction solar cell using ZnSe

photoelectrode.
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Figure 3 : Schematic diagram of Solid -Solid Hetrojuction Cell

References:

[1]Zhang, Q., Dandeneau, C., Zhou, X., Cao, G. (2009) ZnO nanostructures for Dye-
Sensitized solar cells. Advanced Material, 21 (41) 4087-4108.

[2] Barpuzary, D., Patra, A., Vaghasiya, J., Solanki, B., Jani, S., Qureshi, M.(2014)
Highly efficient One-dimensional ZnO nanowire-based dye sensitized solar cell using a
metal-free, D-n-A-type, carbazole derivatives with more than 5% power conversion.
ACS, Applied Materials and Interfaces 6 (15) 12629-12639.



[3] Zhang, L., Jin, K., Li, S., Wang, L., Zhang, Y., Li, X. (2015) Synthesis of flower-like
ZnO films and their photovoltaic properties for dye-sensitized solar cells. J. Electronic
Materials 44, 244-251.

[4] Zanowicz, T., Rodziewice, T., Waclaweh, M. (2005) Theoretical analysis of the
optimum energy band gap of semiconductors for fabrication of solar cells for applications
in higher latitudes locations. Solar Energy Material Solar Cells 87 (1-4) 757-769.

[5] Kumar, S., Kang, T., Khan, P., Kumar, S., Goyal, M., Choubey, R. (2014) Study of
electroless template synthesized ZnSe nanowires and its characterization. J. Material
Science: Material Electronics 25, 957-961.

[6] Venkatchalam, S., Jayachandran, Y., Kumar, P., Dhayalraj, A., Mangalraj, D.,
Narayandass, S., Velumani, S. (2007) Characterization of vacuum-evaporated ZnSe thin
films. Material Characterization 58 (8) 794-799.

[7] Al-Kuhali, M., Kayani, A., Durrani, S., Bhakhiari, I., Haidar, M. (2013) Band gap
engineering of zinc selenide thin films through alloying with cadmium telluride. ACS
Applied Materials Interfaces 5 (11) 5366-5372.

[8] Raj, A., Delphine, S., Sanjeeviraja, C., Jayachandran, M. (2010) Growth of ZnSe thin
layers on different substrates and their structural consequences with bath temperature.
Physica B 405 (10) 2485-2491.

[9] Liu, J., Wei, A., Zhuang, M., Zhao, Y. (2013) Investigation of the ZnS,Se;., thin films
prepared by chemical bath deposition. J. Material Science: Material Electronics 24,
1348-1353.

[10] Hankare, P., Chate, P., Delekar, S., Asabe, M., Mulla, 1. (2006) Novel chemical
synthetic route and characterization of zinc selenide thin films. J. Physics Chemistry
Solids 67 (11) 2310-2315.

[11] Dachi, S. (1999) Optical constants of crystalline and amorphous semiconductors,
Kluwer Academic Publishers, Massachusetts.

[12] Babu, K., Srivastava, O., Rao, G. (1994) Photoelectrochemical solar cells: Present
status. Current Science 66 (10) 715-729.

[13] Chandra, S. (1984) Photoelectrochemical Solar Cells, Gordan and Breach London.



[14] Deshmukh, L., Holikatti, S., Hankare P. (1994) A CdS: Sb photoelectrode for
photoelectrochemical applications. J. Physics D: Applied Physics 27 (8) 1786.

[15] Hankare, P., Chate, P., Chavan, P., Sathe, D. (2008) Chemical deposition of ZnSe
thin films: Photoelectrochemical applications. J. Alloys Compound 461 (1-2) 623-627.
[16] Kim, M., Lee, H., Lee, J., Kim, T., Yoo, K., Kim, M. (2004) Effect of thermal
annealing on the surface, optical, and structural properties of p-type ZnSe thin films
grown on GaAs (100) substrates J. Material Science 39, 323-327.

[17] Sze, S. (1988) VLSI Technology McGraw-Hill, New York.

[18] Hankare, P., Chate, P., Sathe, D., Asabe, M., Jadhav B. (2008) Comparative study of
zinc selenide photoelectrode annealed at different temperatures. Solid State Sciences 10
(12) 1970-1975.

[19] Chate, P., Hankare, P., Sathe D. (2010) n-type polycrystalline (CdZn)Se
photoelectrode synthesis and its photoelectrochemical characterization. J. Alloys
Compound 506 (2) 673-677

[20] Mahapatra, P., Panda, B., Ghosh, M. (2011) Photoelectrochemical cells using n-type
ZnSe electrodes in aqueous electrolytes. Chalcogenide Letter 8 (12) 711-717.

[21] Matsui, H., Okada, K., Kawashima, T., Ezure, T., Tanabe, N., Kawano, R.,
Watanabe, M. (2004) Application of an ionic liquid-based electrolyte to a 100mm X
100mm sized dye-sensitized solar cell. J. Photochemistry Photobiology A: Chemistry
164 (1-3) 129-135.

[22] Kim, S., Nah, C., Noh, Y., Jo, J., Kim, D. (2006) Electrodeposited Pt for cost-
efficient and flexible dye-sensitized solar cells. Electrochimica Acta 51(18) 3814-38109.
[23] Saha, S., Das, T., Bhattacharya R. (2016) Fabrication of ZnSe based dye sensitized
solar cells. Int. J. Research. Applied Natural Social Science 4 (1) 1-8.

[24] Ferrere, S., Zaban, A., Gregg B. (1997) Dye sensitization of nanocrystaline tin oxide
by perylene derivatives. J. Physical Chemistry B 101(23) 4490-4493.

[25] Oskam, G., Bergeron, B., Meyer, G., Searson, P. (2001) Pseudohalogens for dye-
sensitized TiO, photoelectrochemical cells. J. Phys. Chem B 105 (29) 6867-6873.



[26] Prabhu, M., Kamalakkannan, K., Soundarajan, N., Ramchandran, K. (2015)
Fabrication and characterization of ZnSe thin films based low-cost dye-sensitized solar
cells. J. Material Science: Material Electronics 26, 3963-3969

[27] Li, C., Chang, H., Li, Y., Huang, Y., Tsai, Y., Vittal, R., Sheng, Y., Ho, K. (2015)
Electrocatalytic zinc composite as the efficient counter electrodes of dye-sensitized solar
cells: Study on the electrochemical performance and density functional theory
calculations. ACS Applied Material Interfaces 7(51) 28254-28263.

[28]Gopi, C., Venkata-Haritha M., Kim, S., Kim, H. (2015) Improved photovoltaic
performance and stability of quantum dot sensitized solar cell using Mn-ZnSe shell
structure with enhanced light absorption and recombination control. Nanoscale 7, 12552-
12563.

[29]Gao, F., Wang, Y., Shi, D., Zhang, J., Wang, M., Jing, X., Baker, R., Wang, P.,
Zakeeruddin, M., Gratzel M. (2008) Enhance the optical absorptivity of nanocrystaline
TiO, film with high molar extinction coefficient ruthenium sensitizers for high
performance dye-sensitized solar cells. J. American. Chemical Society 32 (130)10720-
10728.

[30] Wu, J., Lan, Z., Hao, S., Li, P., Lin, J., Huang, M., Fang, L., Huang, Y. (2008)
Progress on the electrolytes for dye-sensitized solar cells. Pure Applied Chemistry 80
(2008) 2241-2258

[31] Parent, D., Rodriguez, A., Ayers, J., Jain, F. (2003) Photoassisted MOVPE grown
(n) ZnSe/ (P+) GaAS heterojunction solar cells. Solid-State Electronics 47 (4) 595-599.
[32]Chen, Y., Mei, X., Xiaolin, L., Bin, W., Yang, J., Xu, W., Hiu, L., Qin, D., Wang, D.
(2018) Solution-processed CdTe thin-film solar cells using ZnSe nanocrystals as a buffer
layer. Applied Science 8(7) 1195.



