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Lighting technologies are striving toward being highly energy efficient and more envirormrental-friendly.
The improvement of lighting efficiency, along with higher skylight admittance, makes this goal one step closer.
In this thesis, we introduced a complete energy-efficient lighting system, whose manufacturing process involved
nano-microstructure production, LED material and packaging, and the design and simulation of daylight
guiding component that is capable of admitting artificial and natural light sources.

We discovered that uneven pressure of embossing machine is a major contributor of nano-imprinting failures:
it caused bending or distortion of molds or substrates, and therefore lopsided structure depth and distortion of
imprinted structures. In order to solve this issue, we designed a new device that incorporates the Pascal
principle, which allows flexible selection and filling of containing liquid. Exerted force can be evenly distributed
to molds and substrates through this elastic device. The uniform pressure distribution allows precise control of
structure depth and uniformity, and vastly improved nano-imprinting integrity.

After solving the uniformity issue of nano-imprinting, we can further improve nano-imprinting integrity by
thoroughly cleaning optical molds after demolding. Our study indicates mold cleaning using carbon dioxide is
safer and more environmental friendly compared to other existing cleaning methods. Cleaning via CO2
involves both super-critical liquid COZ2 cleaning and CO2 snow particle cleaning. For CO2 snow particle

cleaning, we identified that the density and pressure of CO2 propellant are the key factors of cleaning power of
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CO2 snow particles. CO2 cleaning is a very competitive cleaning technology thanks to its decent cleaning
power and low usage of toxic organic solvents.

LED is widely used in displaying and lighting. Besides the pursuant of higher efficiency, characteristics of
LED materials is also a consistent research area. We found a new reflective material of LED that increased
refractivity. Since water and oxygen in the air caused lifespan reduction of LED, we synthesized an
inorganic/organic hybrid nanocomposite material that can be cured by UV light. The material has decent
properties such as fast curing, good adhesion strength, high refractive indices, and excellent gas barrier effect,
all of which make it a perfect LED encapsulation material.

We also studied the application of sub-wavelength grating components on LED and simulated the result
using FDTD (finite-difference time-domain). The proposed grating structure is 175nm in period and 125nm in
depth, coated with silver dielectric materials. The SWG surface structure increased the transmission efficiency
of red incident wavelength 600 to 700nm. The best incident angle will be limited in the incident light that is
almost vertical to the tangent direction and light in all other angles will be filtered out. From this result, we
can utilize the characteristics to make a Polaroid with bandpass filter. This structure can be used to replace
lower Polaroid of LED-based LCD backlight module and to improve the light emitting efficiency of LED.

Based on the concept of green buildings, we developed daylight panels that can uniformly admitting skylight,
improve daylight utilization, and therefore lower the power consumption of required artificial lighting within the
building. The experiment results from actual daylight panels are consistent with computer simulations and
designs. Combining all the researches above, we are able to create an energy-saving and environmental
friendly lighting system. Broader adoption of this system will not only reduce energy waste but also protecting

mother earth, therefore a valuable research topic for further studies.
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