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Abstract

Photovoltaic solar modules, which are mostly mafisilacon based solar cells, are still expensivehi® common
people of Nepal. The high cost is, mainly, dueht® processing difficulties to get pure crystallgiécon. Here, we
present results on devising efficient and low-abgt sensitized solar cells (DSSCs). The solar eadi® fabricated
from transparent thin film of zinc oxide (ZnO), asemiconductor, on top of which a thin layer afthgtic organic
dye was deposited for efficient light harvestingorder to achieve the films with optimum condisdor solar cell
fabrication, we prepared transparent thin filmsZoD of various thicknesses and characterized bysurasay their
light transmittance by UV-Visible spectrophotometiyhe results clearly show variation in transmitercurves
with variation in film’s thickness.

Also for finding appropriate sensitizer for ZnO paarticles, we extensively investigated the lighs@bance of
synthetic organic dyes. Among the dye species tigasd, Green-VS, Patent-Blue, and Black-ADLI sh&tvong
absorbance over the wide range in the visible spexctdemonstrating prospect of utilizing for DSSCéen
prototype solar cells from ZnO film with variouddknesses were constructed and were sensitizedthgtmixture
of Green-VS and Black-ADLI dyes (with 1:1 ratio)hd measured photo-voltage and photo-current frdar sell,
from our modest ZnO film, after irradiation with @@ commercial bulb (calibrated with Pyranometes)aalight
source, were about 20 mV andiA, respectively. Also, with increment of the poveéradiation both the measured
photo-current and photo-voltage increase. Perfocmarfi the cell in real sun condition has also beade. With the
solar radiation power of 930 W, the observed phatitage and photo-current were ca. 230 mV anduB0
respectively.

© 2014 RCOST: All rights reserved.
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1. Introduction

Solar energy is considered to be one of the mosinising solutions to meet energy demand and
environmental challenge as a carbon-neutral ensogyce in both developed and developing countries.
Photovoltaic (PV) electric power generation teehnology for generating renewable energy fromarsol
irradiation. Due to difficult geographical featur@sigh hills and mountains) of Nepal, which create
hurdles to extend national electrical grid to reenateas, PV technology is even more important than
other countries.
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Recently published report of Nepal government risvé@at electricity has reached to only 67% of
households for fulfillingtteir lighting needs. Still 18% rely on kerosenepamwhile around 7% depe
on solar energy technology for lighting [1]. Althgiu the later data (use of solar energy) is ¢
encouraging, the use of the current PV technoleggtiil very expensive to e common people of Nep
and is unaffordable unless government provides yhaabsidies for purchasing them. Therefore,
efficient harnessing of solar energy at low cosidification in the present technology must be r

In this connection, curremV devices (solar cells) in market, mostly, are enaficrystalline silicon an
amorphous silicon. However, because of the coraidiethigh material costs and long energy payt
time, effort has been made to find alternative miae such as compound miconductor (for e.c
Gallium arsenide (GaAs) [2,3], copper indium gafliselenide [4,5] and thin film based solar cell-
8]). But, for practical use, they still require mrapreakthroughs to meet the long term goal of -low
cost and short paybackne so that the technology can be affordable tgleeof developing countrie
like Nepal for its adoption. Also long term statyilis another problem of solar cells of the latgret

The thin film based dye sensitized solar cells (D§Sare made ooxide semiconductors ai
metallorganic complex dye (as a sensitizer), licgliettrolyte (medium for charge transfer from eldt
to dye), and two transparent conducting piecedasfsg contacting the patrticle film and the elegteal A
thin layer (thi&ness in the range of hundreds of nanometer toomieter) of metal oxide is coated on:
of conducting glass and on top of ZnO layer anoldwgr of dye is deposited. Then the counter alelel
and dye layer are contacted with liquid electralyt€his arrangement creates the large par-dye-
electrolyte interface needed for cell operation.ef@fng principle of DSSC cell can be underst
as:When photons (from sunlight) hit the photosensitive dye layer, the freed electrons accumulate on the
layer of compound semiconductor (titanium dioxide or zinc oxide) and create an electrical current. Also
a liquid electrolyte such as wdide anion ) carries the electrons from counter electrodeyw® ldyer.
The schematic view of this type of solar cegiven in Fig. (1).

The overall process after irradiation with lightesfergy (k), h being Planck constant, can be represe
as:

counter clectrode
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Figure (1): Schematic view of dye serized solar

cell. White spheres indic&aO nanopatrticles,
while black spheres denote dye moleci

The nanoparticle DSSC has already a comparableiezflly (meaning that 12 percent of the capti
solar energy isonverted to electrical energy) to traditional ddtate solar cells and is inexpensive
manufacture. However, one of the measure probldmiseoDSSCs is still low solar to light convers)
efficiency. Also, of their long term stability isiather prblem.

However, very recently, Yellat al. [8] reported that solar cells fabricated utilizi@gbalt (lI/111)-based
redox electrolyte in combination with the do-bridge-acceptor zinc porphyrin dye (designated as -
0-C8) as a sensitizer performed w Specifically, solar cells with the later combinatichowec
improvement in efficiency above 12 % with pt-voltage of ~ 1V. The reason of the better perforoe:
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was explained as the use of YD2-0-C8 dye, whiclattyeaetards recombination (the rate of interfacial
back electron transfer from the conduction banthefnanocrystalline titanium dioxide (TiCfilm to the
oxidized cobalt mediator.

For the most part TiO2 has been the material ofcentor dye-sensitized solar cells and so far have
shown to exhibit the highest overall light conversefficiency of 12% (above example). However, ZnO
has also been recently explored as an alternataterral, because of its low-cost, having similandgap

to TiO2 and much higher electron mobility than Ti®&vertheless, the highest overall light conversio
efficiency obtained so far for ZnO is only ~ 5-7%p&nding on the nature of ZnO composition and dye
used for its (ZnO film) sensitization [9].

Here, we report on progress in the direction odpong an efficient and low-cost dye sensitizedasol
cells (DSSCs) from ZnO thin film as a semiconduckar cell construction, thin layer of organic dyas
deposited on top of ZnO film. lodine-based redoxteyn was utilized as an electrolyte for efficient
charge transfer between counter electrode (cathade)dye. As quality of ZnO film (geometry and
surface morphology) of the film greatly affect thieotovoltaic properties of the cell, optimizatiohtioe
films is discussed. Also, to tackle with efficienogduction due to charge recombination [9], we have
extensively searched natural organic dyes whichodetnate better light absorption coefficient and
presented. Finally, the performance of our profmetgolar cells in the laboratory conditions is présd.

2. Detailed M ethodology

For constructing solar cell with better performanmgtimization of prepared ZnO thin films in termls
size (thickness and surface area) and surface miagphis required. Also, identification of a suitab
sensitizer with a high molar extinction coefficiant visible region, for improving incident photon t
current production, is another necessary conditorefficient solar cell. And, finally, assemblirgg all

the components systematically for fabrication ofotpstype dye sensitized solar cell and its
characterization with proper care is another ingoartask. Below we discuss methods to accomplish a
of the above mentioned tasks in five steps.

(a) Preparation and characterization of ZnO thin film on conducting glass substrate

Preparation of transparent thin films of ZnO perfed by depositing the ZnO precursor solution on
conducting glass substrates (~2.5 x2.5x0.25 cma lspray pyrolysis method and details of which is
given somewhere else [10,11]. Briefly, the setopststs of a cylindrical nebulizer mounted verticain

a horizontal table to spray the aerosol jet aimpdards at a substrate through a 0.9 mm nozzle. The
substrate is mounted on a temperature controlletifgeblock 25 mm above the nozzle. Humid air at
atmospheric pressure is used as a carrier ga2-&t @aL/h flow rate. The precursor solution consisits

0.2 M acetate dissolved in distilled water andanth (at ratio of 1:3). Spraying times has beeriatde

to control the thicknesses of the film. Alternatjvethicker films can be obtained in shorter tin®s
increasing the concentration of the solution. Affeposition, sample is annealed in a standard ¢erna
450°C for 1h in oxygen. During the time of depasitihe substrate temperature was maintained around
425+25. The substrate temperature has been measyiedthermometer (spectral response 6214 mm)
available in our laboratory. Transmission measurgmbave been performed on films supported by glass
substrate using Genesis-10 UV Spectrophotometesr(fid Scientific, UK, available in our department)
in the wavelength range from 310 t01100 nm.

(b) Investigation of dyefor photo-sensitizer

Methods for characterization of dye samples haenlascussed in our previous article [12]. In brieé
synthetic dye samples were purchased from HinduSiha Geigy Ltd. Absorbance of the dye was
measured on Genesis-10 UV-Visible Spectrophotonetine wavelength of 310 to 900 nm.
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(c) Coating of ZnO film with dye

Coating of ZnO thin film with dye is done by adstiop method for several minutes to 48 hours
depending on the dye adsorption on the thin filrrdto tackle the problem of efficiency reductore

to charge recombination we adopted following sgateve have extensively searched natural orgargc dy
which showed better light absorption coefficienenubnstrated reduced recombination, and higher
stability, when compared with zinc porphyrin dy&a(slard dye). Utilizing the dye with above propesii

we fabricated solar cells, a foremost componenhefPV system. With this configuration, we expect t
improve the cell's efficiency and other photovataioperties.

(d) Fabrication of solar cell

The solar cell was constructed by sandwitching élextrodes; anode (conducting glass electrode with
thin layers of ZnO nanoparticles and dye molecute®) cathode (counter electrode). Then both of the
electrodes were then squeezed together, usingraggppe clamp. The electrolyte, KI / 12 was attsat
into the cavities of the ZnO electrode by capillaosces.

(e) Characterization of solar cells

Measurement of the photocurrent versus photo-veltaly) of the constructed solar cells was caroet
in our laboratory condition at KU using Multimetdihe light intensity of the radiation was measuogd
a Pyranometer (PMA2144).

3. Results and Discussion

(a) Thickness dependence transmittance of ZnO films

Films of various thicknesses @hO were deposited on conducting glass (fluoride daglads substrate)
purchased from Merk, Germany. Fig. (2) shows pmsmuisolution deposition time dependence of
transmittance of ZnO thin films as a function ofliedion wavelength. In other words, the figure
resembles thickness dependence of transmittancandparent films. The concentration of the premurs
solution, zinc acetate, was 0.2 M. One can natiearly that transmittance decreases gradually thigh
increment of deposition time, as expected, yieldimdy around 65 % transmittance at the first peak
position of spectrum from left for film obtained loyr thickest film (20 minutes deposition time).eTh
presence of noticeable oscillations in the trartsmde versus wavelength spectra indicates théitlthe

are of good quality.

(b) Absorbance of Natural- and Synthetic- -
dyes. Prospect of application in DSSCs

For our solar cell, we attempted to utilize organic
synthetic dye. Characterization of their optical
properties has been discussed in our previoudeartie
[12]. In brief, among all the samples, tBGeeenVS _

and PatentBLUE exhibited superior absorbance i i
the visible region (around 550 nm to 700 nm)fg 40+ 16minspray
Interestingly, both dyes behaved similarly in this Ll e
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region and showed maximum absorbance at 650 nm ,
with a FWHM around 60 nm. On the other hand, | |
BlackADLI showed fairly good absorbance in wide L
region extending from UV to visible region of 20 400 600 800 1000 1200
electromagnetic wavelength(nm)

Figure 2: Precursor solution deposition time dependenceaofmittance
of light as a function of radgat wavelength.
(Note the decreasing trend of transmittance irridieg edge region of the curves with increasinthinkness of the
films.)
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spectrum (300 nm to 700 nm), with two major peakaraund 310 and 575 nm. Indeed, the BlackADLI
is demonstrates even better absorbance than Ruthdye complex, Z917, which have been common
dye for DSSCs due to its remarkable absorbandeeirisible region.

(c) Fabrication and characterization of proto-type solar cell

—

Figure 3: Side view (left) and top view of our proto-typeedsensitized solar cell hold by clamps at the eBdth
the electrodes of the cell showrigtit are connected to multimeter for current salfage measurements.

Prototype solar cells from ZnO film with variousdknesses were constructed. Left panel of Fig. 3
shows an image of one of the ptoto-type solasamhstructed in our laboratory. Both the anodp)(to
and cathode (buttom) electrodes of the cell arenected with Multimeter for current and voltage
measurements. Anode was constructed by depositi@ rianoparticles on the FTO coated conducting
glass substrate, utilizing optimized conditions ZmO films on quartz substrate (see Fig.1). Theropn

of ZnO layer a thin layer of organic dye was degaub{for this, ZnO films were soaked in dye solatio
for 46 hours). The mixture of Green-VS and BladRiA dyes (with 1:1 ratio) was used as a sensitizer.
Then the performance of the cell was tested by wmeas photo-voltage and photo-current, after
irradiation with light source of various powersthe laboratory. As an example, the measured photo-
voltage and photo-current obtained from solar wéth intermediate thickness of ZnO film (40 minutes
spray time of ZnO precursor solution) after irrdidia with 200 W commercial bulb as a light source
yielded photo-voltage of ca. 20 mV and currentOof pA, respectively. The values of current and
voltage obtained from our systematic measuremetht wairious powers from light source are displayed i
table (1) and also Fig. (4). Note that with incremef the power both the measured photo-current and
photo-voltage increase and show linear relationship

Table (1): Measured photo-current and photo-voltage at various raddiwers. The commercial bulbs were
used as a light souce, calibrated withéfie of pyranometeiPMA2144).

Power (Watt) Voltage (mV) Current ( pA)
25 4.4 0.05
40 6.6 0.1
60 9.0 0.2
100 13.5 0.3
200 19.4 0.7
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Also, we tested our solar cell with abov A m Voltage o
combination (same cell which was used - + Current * - B
produce above data) in real sun conditon ~ 2° Lo
well (see Fig.(5)). With this cell, the bes _ =z
photo-voltage was ca. 230 mV and ca. phot 2 15 - 05 3
current was ca.5QuA. Note that both the . 04 £
background current and voltage were zero. T '—é 10 - . a3 £
power of radiation was 930 W as displayed t ' -
pyranometer. s, K - 0.2

® - 01
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Figure 4: Measured photo-voltage and photocurrent as aibumof radiation power.
(Note the linear relatioipshetween power and both the measured photo-duarehphoto-voltage.)

Figure 5: Test of our dye sensitized solar cell (top) in sean condition.
The power of radiation was cad 98. The cell was hold by clamps at the ends amthected to
Multimeter. The values on disptdymultimeter associate voltage (left) and curi(gigiht).

4. Conclusion and Futur e outlook

We managed to prepare transparent thin film of pixide on conducting glass. Thickness dependence
transmittance of the films have been measured agskpted in this report. Properties such as aecurat
thickness, surface morphology, crystallinity, amdductivity are yet to be measured to fully chageze
them. These measurements along with the transmgtavill allow us to find the best condition to
fabricate films with optimum properties for solalls. Moreover, among the measured absorption igpect
of synthetic dyes Green-VS, Patent-Blue, and Bkbk-d show strong absorbance over the wide range
in the visible spectrum, demonstrating the prospécttilizing in the fabrication of dye sensitizedlar
cells.
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The solar cells were also tested in real sun cimmdés well. With solar radiation power of 930 Wet
observed photo-voltage and photo-current were 8a. 12V and 25 pA. The observed values were
remarkable in that they were obtained by a propetgolar cell. Evaluation of efficiency and other
photovoltaic parameters is in progress. Also, fthmanalysis so far what can be inferred is tloatake
these solar cells competitive (or even cheaperh wammercial solar cells, further optimization is
required. In particular, the present values ofeniriand voltages have to be improved, at leastatipr

of four. This is indeed possible by finely tunidtetparticle size of ZnO nanopatrticles, film's thieks
and making appropriate choice of sensitizer (dyd3o to fully characterize solar cell, photovoltaic
parameters should be measured at standard phatievelinditions (AM 1.5 global sunlight at 1000
W/m? and a temperature of 298 K) with a calibragel@r simulator.
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