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We successfully demonstrated the feasibility of the Vo enhancement of MIS solar cells
by using a stacking structure. A stacking metal-insulator-semiconductor (MIS) solar
cell structure, which integrates an n-type MIS solar cell with a p-type MIS solar cell,
is proposed to effectively enlarge the open-circuit voltage (Voc). The measured Vo is
up to 0.71 V under simulated air mass 1.5 illumination (100 mW/cmZ). This Vo 1S
larger than those of the n-type or p-type MIS solar cells with or without surface
passivation. We had successfully fabricated the nano-crystalline Si quantum dots
embedded in ZnO thin films.

We have investigated theoretically the photon recycling effect on the threshold
condition for electroluminescent cooling. As in photovoltaic diodes, the photon
recycling provides additional electron-hole pairs for cooling. This reduces the
injection current and hence increases the external efficiency he:. The photon recycling
renders the required hy, less than 20%. We have also derived a simple mathematical
formula with the photon recycling effect for estimating the external efficiency. The
formula allows us to easily grasp the external efficiency as a function of the extraction,
the photon recycling, the internal, and the injection efficiencies. The results will be
submitted for publication.

We also succeeded in the fabrication of anti-reflection (AR) layers on commercially
available poly-Si solar cell to improve the energy conversion efficiency. Two types of
AR layers were developed — (a) subwavelength gratings using nano-imprinted
technology and (b) self-aligned ZnO nanorods using hydrothermal growth method.
Both techniques provide a true low cost method for AR applications in solar cells to
improve light harvesting efficiency.

We have developed a method of simulations of physical properties of semiconductor
nano-object ensembles with a wide dispersion in geometry, material parameters, and
spatial distributions. To demonstrate our method, we theoretically studied the optical
characteristics of ensembles of triple concentric nano-rings. We have obtained the
optical emission spectra of the ensembles in a very good agreement with the
experimental data.
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We have already achieved a significant improvement in the conversion efficiency of
the solar cell either by increase the open circuit voltage or reduce the surface
reflectance and increase the photocurrent of the devices even we are still in the early
stage of this project. Our work has been highly recognized and we were recently asked
to contribute a book chapter on the topic of solar cell performance. We are the first
proposing to use ZnO thin film as the matrix material for Si quantum dots. So far,
there are no similar results published.

Our pioneering work shows that electroluminescent cooling requires only an external
efficiency of 82%. Refrigeration by electroluminescence has not been widely
investigated. In spite of the looser requirement, the required efficiency of 82% is still
difficult to achieve. It is therefore the point of our work to realize a device with such a
high efficiency.

This year, we have studied thoroughly the photon recycling effect, which has been
generally neglected in research of optoelectronics. We also obtained a simple
analytical formula for the external efficiency with photon recycling. With the aid of
photon recycling, electroluminescent cooling requires only an extraction efficiency
less than 20%. This makes it more possible to realize luminescent refrigeration in
semiconductors.
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We have also built a system for temperature measurement without needing physical
contact with samples. This system can detect a slight variation of temperature with a
high spatial resolution. It will be provided to public service recently. This will help
researchers who are engaged in heat dissipation and in IC reliability analysis. (We will
provide semiconductor based plasmonic cooling chips, nanoscale solar energy devices,
nano-imprinting and self-assemble technologies on optoelectronic chips and stimulate
related research topics. Building research standards and improve academic exchange
with the international community.
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Appling semiconductor nanostructures on energy-saving optoelectronics and solar
cells, to fabricate and improve current device performance and to develop novel
cooling elements. We develop a novel matrix material, ZnO, for Si quantum dots,
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which has great potential for enhancing the electro-optical properties of the Si
guantum dot thin films.
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Incubating human resources in the related research area. Promoting technology
development and multi-disciplinary integration to become international competitive.
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Stimulating the related optoelectronics, material industry development, the system
integration and improving the technology.
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