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Development of planar fluorescent collectors for solar energy conversion
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ABSTRACT

The impact of luminescent films on the electrical performance of silicon solar cell has been irivestig%tted. The
principle of lumineécent layer is to shift the photons energy in the ultraviolet and blue components of
sunlight to longer wavelengths, where the devices exhibit higher quantum efficiency.The concept can be
realized by coating luminescent films on the front surface of the device. In the present study, we attempted to
prepare single and mul;ilayer polymeric films from Rhodamine 6G(R6G) and Coumarin 30 (C30) by spin
coat method. The prepared samples were tested for their absorbance and luminescence spectra. The electrical
performances of the silicon solar cells coated with single and multilayer films were also characterized. The
present results indicate that the<short circuit current density of the test device increased by approgimately

1.61 % and 1.98 % when it was coated with the C30 and R6G fluorescent films. respective,lyfb ‘
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Development of luminescence multilayer films for photovoltaic application
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We have developed luminescent multilayer films for photovoltaic application. The luminescent
layers were prepared from Rhodamine 6G (R6G) and Coumarin 30 (C30) by spin coat method.
The stack armangement has advantage over the single layer in that it can make better use of the
incident solar spectrum. Each layer absorbs some of the solar spectrum, transmitting a modified
solar spectrum to the layer undemeath. This paper presents the fabrication and characterizations of
luminescent films. The luminescent layers with different dye concentrations were prepared and
tested for their absomption and fluorescence spectra. The electrical performances of the silicon
solar cells coated with single and multilayer films were also characterized and evaluated.

Keywords: Luminescent multilayer, Photovoltaic.

1. INTRODUCTION

One of the most important mechanisms that strongly
reduce the energy conversion efficiency of solar cells is the
loss through carrier thermalization. In such a process, the
extra energy that the electron-hole pairs receive from the
Bhotons is released as heat into the semiconductor lattice -

! In order to minimize this kind of loss, several methods
have been proposed. One of the most effective approaches
is based on a series connection of single-junction solar cells
with different energy gaps. The structure of this kind, also
called tandem, provides effective absorption of photons in a
certain energy range by each element of the cascade. As a
result, a higher utilization efficiency of solar radiation is
achieved. However, making larger the number of elements
of the cascade involves complicated fabrication process and
also has a relatively high material cost. Additionally, high-
efficiency mmltiple-junction solar cells can be fabricated
from a limited set of materials that can provide lattice
matching B-5) In the end, these problems restrict the
maximumnumber of junctions.

An alternative and simpler approach to minimize the
thermalization loss is to modify the spectrum that is
incident on the solar cells °®1. The concept can be realized
by coating luminescent layers on the front surface of the
solar cell. The principle of luminescent layer is to shift the
photons energy in the UV and blue components of sunlight
to longer wavelengths, where the devices exhibit higher
quantum efficiency. Since this method can be performed
without any modifications to the device itself and it does
not require complicated fabrication process-as the tandem
cells, it is the promising solution to enhance the efficiency
of solarcells.

The simple method to prepare the thin luminescent
film is by spin coating the homogeneous mixture of
polymer and a single dye solution onto the substrate or the

device. The single luminescent layer can absorb only a
certain part of sunlight due to the properties of the dye
molecules. To try to resolve the problem of limited
absorption, luminescent films have been made using many
dyes that absorb at different locations in the solar spectrum
B9 In this study, we attempted to prepare nultilayer
polymeric films from Rhodamine 6G (R6G) and Coumarin
30 (C30) by spin coat method. The samples were prepared
and tested for their absorption and fluorescence spectra.
The electrical performances of the silicon solar cells coated
with multilayer films were also characterized.

2. EXPERIMENT
2.1 Sample preparation

Figure 1 shows the film structures prepared for this
study. The single layer luminescent films were prepared by
spin coating the dye/polymer solution onto microscope
glass slides and a silicon solar cell surface. The dimension
of the glass slides and the cell are 19.35 et and 2.27 cnt,
respectively. The multilayer films were prepared by
sandwiching two single layers together. The Vaseline
purchased from Gammaco (Thailand) Co. Itd. with
refractive index of around 1.4-1.5 is used as the optical
coupling material (OCM) between the films.

The dyes used in the present work are C30 and R6G.
These dyes were commercially obtained from Sigma-
Aldrich and used without further purfication . The polymer.
solution was prepared by dissolving a known volume of a
dye solution to a specific mass of PMMA. The dye
solutions were prepared by dissolving the R6G or C30 in
the chloroform (details). The dye/polymer solution was
mixed by sonication in an ultrasonic bath for 20 minutes.
The mixture was then poured on to the substrate and spins
coated at constant speed of 5000 rpm for 40 seconds.

© 2011 Thai Physics Society



W. Soonpanich et al.

A structure

W

Optical coupling
material

B structure
Microscope glass slide or Si solar cell

Figure 1. The structures of single layer film (right) and
double layer films (left, A structure:
substrate/R6G/OCM/C30/microscope  glass  slide; B
structure:  substrate/C30/OCM/R6G/ microscope  glass
slide)

2.2 Absorption spectra measurement

The absorption spectra were measured using an
Avantes spectrometer. The measurement system is shown
in Fig. 2. In the present study, the xenon lamp (450 watt)
was used as a light source. The light was guided to test
sample using an optical fiber. The light transmit from the
sample was collected by another optical fiber which was
connected to the spectrometer. The absorbance of thin films
was recorded by the Avasoft program.

Light Sowce

Luminescent film E

Fiber optic

Computer
{Avasolt program)

Spectrometer

Figure 2. The setup for absorption measurement

2.3 Fluorescence spectr a measure ment

Light Source

o g . §—» Fiber oplic

Computer
fAvasoft program)

a

Figure 3. The setup for fluorescence measurement

Spectrometer

To measure the fluorescence spectra of single layer
films, the high power (3 Watt) light emitting diodes (LED)
which have their peak emission of 397 nm (violet) and 516
nm (green) were used as excitation sources. The violet LED
was used to excite the C30 film and the green LED was

used to excite the R6G film. For the multilayer film, the
xenon lamp was used as the excitation source. In this study,
the excitation sources were orthogonal placed at top thin
film. The fiber optic detector was fixed at an angle 45°
relative to the substrate (Fig. 3).

2.4 Short circuit current density measurement

The performance of the solar cell was tested by
measuring the short circuit current. The xenon lamp was
used as light source. The short circuit current density was
calculated as follow:

Je =2 O

where I is short circuit current (A) from the silicon
solar cell and A is the surface area (cm’) of the silicon solar
cell.

3.RESULTS AND DIS CUSSIONS
3.1 Optical properties
The absorption spectra of the C30, R6G and
multilayer films are shown in Fig. 4. Their spectroscopic
data are summarized in table 1. It is seen that the C30 and
R6G films absorb light in the UV and green region
respectively.

C30 film
! J “= R6G film

multlaver {ilm

Absorbance
-
.

ol ¥
Ui 110 460 3o S6i 610

Wavelength (nm)

Figure 4. The absorption spectra of single and multilayer
films.

Table 1: The absorption result of single and multilayer

films.
Dye Absorption Abs. peak
region (nm) (nm)
C30 370-450 410
R6G 470-570 535
Stack 370-570 408 and 532

The absorption bandwidth is approximate 60 nm for
the C30 layer and 39 nm for the R6G layer. For the stack,
the absorption band is expanded. It represents the
superposition of the spectra of both single layers, C30 and
R6G.

The fluorescence properties of the films are presented in
Fig. 5 and the spectroscopic data are summarized in table 2.
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The fluorescence spectra are red-shift from absorption
spectra. As expected, the fluorescence spectrum of double-
layer film display two major bands, which are centered at
469 nm (C30) and 562 nm (R6G).

LR i
= - R6G filn

oremaltilayer film

Intensity {arb.units)

% R 453 &3y it M Te TR

Wavelength (nm)

Figure 5. The fluorescence spectra of single and multilayer
films,

Table 2: The fluorescence result of single and multilayer

films.

Dye Excitation Emission Ems. peak
source region (nm) (nm)
C30 Violet LED 420-560 473
"R6G  Green LED 520-640 562
Stack  Xenon lamp 380-770 469 and 562

3.2 Short circuit current density of silicon solar cells

Table 3 summarizes the current density of silicon
solar cell coated with C30, R6G and the combination of
C30 and R6G layers. It was found that the current density
of the cell coated with C30 and R6G film is 1.04 % and
2.36 % higher than that of the bare cell. The J, of the
multilayer devices increases approximately 0.46 % and
0.17 % for the cell coated with A structure and B structure,
respectively. It should be noted that although the multilayer
structures benefits from a wide spectral region of
absorption, the Jg; of the cell increase lower than expected.
This could be due to the part of incident light for multilayer
structures are reflected at the film interface.

Consider the J,. obtained from the cell coated with
multilayer film, it was found that the J of the A structure
is higher than that of the B structure. This is because for the
A structure, a fraction of light emitted from the bottom
layer (R6G film) can be absorbed by the top layer (C30
film). In case of the B structure, the light emitted from the
bottomlayer (R6G) is not utilized by the top layer (C30).

Table 3: Performance of silicon solar cell coated different
luminescent films

Dye Jse (ualem’)  AJse(%)
Bare cell - 272.96 - :
R6G 279.40 2.36
C30 275.79 1.04
C30-R6G(A. structure) 274.21 0.46
R6G-C30(B structure) 273.43 0.17

4.CONCLUSION

We have prepared and studied the spectroscopic
performance of the C30, R6G and double-layer thin films.
The improvement in electrical performance of the silicon
solar cell when coated with luminescent films was
observed. The J;; increases approximately 1.04% and 2.36
%, when the cell coated with C30 and R6G layer,
respectively. The double-layer film showed the broad
absorption band. However, the I, for the silicon solar cell
coated double-layer films is lower than that coated with
single layer due to the additional reflection at the thin film
interface for double-layer films. Additionally, It was found
that putting the C30 film at the top of the R6G film is less
efficient than the vice vesa as can be seen from the
reduction of the J;.. This could be due to the light emitted
from the bottom layer (R6G) is not utilized by the top layer
(C30).
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Abstract

The impact of luminescent films on the electrical performance
of silicon solar cell has been investigated. The principle of
luminescent layer is to shift the photons energy in the ultraviolet
and blue components of sunlight to longer wavelengths, where the
devices exhibit higher quantum efﬁ;:iency. The concept can be
realized by coating luminescent films on the front surface of the
device. In the present study, we attempted to prepare single and
multilayer polymeric films from Rhodamine 6G and Coumarin 30 by
spin coat method. The prepared samples were tested for their
absorbance and luminescence spectra. The electrical performances
of the silicon solar cells coated with single and multilayer films were
also characterized. The present results indicate that the short circuit
current density of the test device increased by approximately 1.98

% when it was coated with the R6G |luminescent film.

Keywords: Luminescent thin film, Silicon solar cell
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