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Research on Development of Multilayer Optical Thin Films
and Their Application to Solar Cells

Jin L1

Abstract

Of the energy sources currently consumed in the world, about 85 percent are fossil fuels.
With the increasing fuel consumption, however, exhaustion of fossil fuels is becoming a concern
and the concentration of emitted carbon dioxide and other greenhouse gases in the air is
increasing to cause global warming, and these are cited as energy and environmental issues.
Global warming upsets the environmental balance, raises the air temperature and sea level, and
causes unusual weather. Therefore, as an international response to global warming, it is
essential to pay attention to the energy supply from now on in order to reduce the proportion
of fossil fuels, which are a major source of CO,. Thus, the environmentally friendly solar cell
is attracting attention as the most familiar new energy. The solar cell can obtain the almost
limitless sunlight as its energy source, so it emits no noise, no carbon dioxide and no other gas
and has these features. While there is a compelling demand for solar cells, their conversion
efficiency is not necessarily high, or about 15 percent. As another drawback, the solar cell’s
polycrystalline silicon temperature is raised by the long wavelength components in the infrared
region of sunlight, which further decreases the conversion efficiency. The cover glass on the
solar cell decreases the incident sunlight necessary for power generation from 100 to 92 percent
and this also is thought to be one of the causes of the decrease in amount and efficiency of
power generation of the solar cell. With the recent progress of optical communication and thin
film process technology, it has become possible to develop a high-performance optical filter
with a multilayer film coating. Based on this and aiming at improving the conversion effi-
ciency of the solar cell, this study designed and fabricated a wavelength selective transmission
multilayer film that can prevent the solar cell’s surface temperature rise and an antireflection
multilayer coating that can transmit a greater amount of visible light necessary for power
generation by the solar cell. It was intended to improve the conversion efficiency by applying
them to an actual solar cell.

This thesis consists of a total of six chapters and they are collectively outlined below.

Chapter 1 is an introduction and describes the background and purpose of this study.
Further, it outlines solar cells concerning their generation principles, features, types and
multilayer optical thin films. It also describes a wavelength selective transmission thin film
and antireflection coating.

Chapter 2 summarizes first a multilayer optical thin film simulation design method using
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computer simulation software Essential Macleod. It also explains the deposition principle,
features and deposition method of ternary type RF sputtering that can fabricate a multilayer
optical thin film accurately.

Chapter 3 deals with the fabricated single-layer and multilayer optical thin films and
details their characteristic measurement equipment. It also treats solar cells with a multilayer
optical thin coating and a solar simulator for them and describes an electrical performance
measurement method using the simulator.

In Chapter 4, single-layer films were fabricated using the materials used to make a
wavelength selective transmission thin film and antireflection coating and their characteristics
were evaluated first. Single-layer films were fabricated under various experimental condi-
tions and their thickness, transmittance and surface topography were evaluated in detail.
Various single-layer films were fabricated under varied conditions of O, gas flow rate, Ar gas
flow rate and RF power to find the thin film fabrication conditions that would bring the best
characteristics. Then, the parameters were calculated by a theoretical formula of multilayer
optical thin film and a wavelength selective transmission thin film and antireflection coating
were designed based on these parameter values and underwent optimization by a thin film
computer simulation. For the wavelength selective transmission thin films designed by simula-
tion, their transmittance attained 98 percent on average in the visible spectral region while it
was held down to 1 percent or less in the infrared region. The transmittance of antireflection
coating on one surface and both surfaces according to a simulation attained 100 percent in the
visible spectral region. Further, from the optimum single-layer film fabrication conditions
using various materials and results of simulation design based on multilayer optical thin film
design theory, the various parameters to fabricate a wavelength selective transmission thin film
and antireflection coating were determined. Then, a multilayer optical thin film was fabricat-
ed by sputtering with deposition control at the nanometer level to have the target optical
characteristics. The surface topography of the fabricated multilayer film was evaluated using
AFM and, as a result, it was so smooth that reflection or scattering of incident light was
thought to hardly occur. The transmittance characteristics were measured to find, as a result,
that the transmittance of the multilayer film versus wavelength was almost as designed. In the
range from 1,053 to 1,365 nm, the transmittance was 1 percent or less while in the range from
483 to 924 nm, the transmittance reached as high as about 88 percent. It was found that the
transmittance in the visible spectral region was about 4 percent lower on average than quartz
glass without coating. From these results, it was made clear that the fabricated wavelength
selective transmission thin film cut off long wavelength light sharply, which would cause a
temperature rise of the solar cell, and could transmit 838 percent of visible light necessary for
power generation. For the antireflection coating deposited on both sides, the transmittance
reached 98 percent in the visible spectral region and was higher than that of quartz glass
without coating in the 450 to 760-nm region. For the antireflection coating deposited on one
side, the transmittance reached 96 percent in the range from 460 to 650 nm and was higher than
that of quartz glass without coating from 450 to 660 nm. The optical characteristics of the two
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types of antireflection coatings were analyzed with the result that the objective of improving
the transmittance of sunlight in the visible spectral region by antireflection coating was
successfully achieved.

Chapter 5 deals with two cases where the cover glass of the solar cell is coated and is not
coated with a multilayer optical thin film and measures and investigates the difference in
surface temperature and electrical characteristics of the solar cell between the two cases. The
measurement was performed on an untreated ordinary glass, a glass coated with a wavelength
selective transmission thin film, glasses coated with an antireflection coating on one side and
both sides, and a glass coated with a combination of these optical films, each attached to a solar
cell. For a conventional solar cell and solar cell coated with a multilayer optical film, their
surface temperature and conversion efficiency were measured while irradiating them by a hot
light source for a heating time of 0 to 20 minutes. As a result of the measurement, it was found
that the wavelength selective transmission film could cut off infrared rays and thereby hold the
solar cell’s surface temperature rise down to 13.4 to 19.2°C and the antireflection coating could
prevent reflection of sunlight in the visible spectral region and thereby transmit a greater
amount of visible light necessary for power generation by the solar cell. It was also verified
that the conversion efficiency of the solar cell could be improved by depositing a multilayer
optical thin film consisting of a wavelength selective transmission thin film combined with an
antireflection coating.

Chapter 6 concludes this thesis and describes the results and conclusions obtained in this
study and prospects for the future.

As stated above, this study aimed at improving the conversion efficiency of the solar cell
and designed and fabricated a wavelength selective transmission thin film to prevent a tempera-
ture rise and an antireflection coating deposited on one side and both sides to improve the
transmittance of visible light. Further, a multilayer optical film consisting of these films in
combination was deposited on an actual cover glass and the electrical characteristics of the
solar cell were evaluated. As a comprehensive result, the conversion efficiency of the solar
cell was successfully improved. It is intrinsically very difficult to improve the conversion
efficiency of a solar cell without modifying the semiconductor itself. As described in this
thesis, however, the conversion efficiency could be improved by simply depositing a multilayer
optical thin film on the cover glass of the solar cell. So, this technique is thought to be able
to contribute much to the use and spread of the solar cell and lead to a reduction in environmen-
tal loads.

Professor (Chairperson) Shigetaka FuJiTa
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