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Microlenses are becoming more widely used in modern optical equipment. When
the microlens diameter is comparable with the incident electromagnetic illumination
wavelength, diffraction effects through the microlens aperture dominate and significantly
affect the microlens optical properties leading to differences from that predicted by
ordinary geometrical optics theory. In this work, the continuous-profile symmetrical
biconvex microlens is selected for investigation. Its optical properties, with both
monochromatic plane wave and TEM00 mode Gaussian beam illumination, are studied
using the full-field Separation-of-Variables method (SVM) in the oblate spheroidal
coordinate system by calculating the electromagnetic field distributions inside of and
adjacent to the microlens. The microlens optical properties are also compared with the
corresponding geometrical optics theory.

The investigations and discussions include the focusing properties of a single
microlens with monochromatic plane wave illumination, the beam transformation
properties of a single microlens with monochromatic TEM00 mode Gaussian beam
illumination, the axial combination properties of dual microlenses with monochromatic

plane wave and TEMOO mode Gaussian beam illumination, the interference properties



between dual parallel-arranged microlenses with monochromatic plane wave
illumination, and the imaging properties of a single microlens with monochromatic plane
wave and TEM00O mode Gaussian beam illumination. The optical properties of microlens
optical systems are found to be similar to that given by the geometrical optics theory. The
microlens actual focal length is measured for different profile and diameter microlenses
and is compared with its corresponding geometrical focal length. It is shown that the
microlens actual focal length is an important parameter and can be used to describe and
approximately formulate the microlens optical properties. The transmitted beam waist
position through a microlens calculated using the Rayleigh Range method (RRM) with
the microlens actual focal length closely matches the exact value determined using the
Separation-of-Variables method in the oblate spheroidal coordinate system. The axial
combination properties of dual microlenses with monochromatic plane wave illumination
and the imaging properties of a single microlens can also be described using the

geometrical imaging formula with the microlens actual focal length.
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Fig. 7.3: Grey-level plots of the electric field magnitude distribution in the X-Z plane
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Fig. 7.5: Grey-level plots of the electric field magnitude distribution in the X-Y plane
(Z=3.1773) with 0° angle of incidence monochromatic plane wave illumination
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Fig. 7.6: Electric field magnitude profiles along the Y axis of the image plane (X =0,
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Fig. 7.9: Grey-level plots of the electric field magnitude distribution in the X-Z plane
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Chapter 1. Introduction

Optical elements are widely used in the laboratory experiments and commercial
applications. The regular-size optical element is most commonly used and its optical
properties can be accurately described using classic geometrical optics theory [1]. Due to
the relatively large size and weight, regular-size optical elements are prohibited from
high capacity and minimized optical equipment applications. With the development of
micro- and nano- fabrication technology [2] in the past few decades, a new type of optical
element is fabricated in the micro scale, which is called the “micro optical element”, with
its characteristic size on the order of the optical wavelength. This new type of micro
optical element has raised great research interests for its novel optical properties and
minimized size and weight.

As the characteristic size of the micro optical element is comparable with the
optical wavelength, based on the Huygens-Fresnel diffraction theory, the Fresnel
diffraction effect [3] through the micro optical element aperture becomes relatively
strong in comparison with that through the regular-size optical element and leads to
optical properties quite different from that given by geometrical optics theory.
Fundamentally, the investigation of the optical properties of micro optical element is
equivalent to the study of the interaction of micro optical element with electromagnetic
waves. The computational electromagnetics method can be applied to investigate this
interaction by calculating the electromagnetic field distributions inside of and adjacent to
the micro optical element. The corresponding optical properties of the micro optical

element can then be deduced from the calculated electromagnetic field distributions. The
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optical properties of different type and profile micro optical elements have been
previously investigated using diverse analytical and computational methods. While the
systematic research work on the optical properties of micro optical systems has not been
conducted before. In this dissertation, the three-dimensional continuous profile
symmetrical biconvex microlens is considered. The frequency domain full-field
analytical oblate spheroidal coordinate system Separation-of-Variables method (SVM)
[4] is applied to study the optical properties of microlens optical systems with
monochromatic plane wave and TEM00 mode Gaussian beam illumination.

In Chapter 1, an overview of the analytical and numerical computational
electromagnetics methods and a review of the research progress on the optical properties
of the micro optical element are presented. In Chapter 2, the oblate spheroidal coordinate
system and the geometry of the three-dimensional continuous profile symmetrical
biconvex microlens are described first. Then brief introduction to the Separation-of-
Variables method (SVM) in the oblate spheroidal coordinate system follows. The two
types of illumination sources used in this work, monochromatic plane wave and TEMO00
mode Gaussian beam, are also introduced. In Chapter 3, the focusing properties of a
single microlens with arbitrary monochromatic plane wave illumination are studied. The
beam transformation properties of a single microlens with monochromatic TEM00 mode
Gaussian beam illumination are also discussed. In Chapter 4, the axial combination
properties of dual microlenses with monochromatic plane wave illumination are
investigated. In Chapter 5, the beam transformation properties through dual microlenses
with monochromatic TEM00 mode Gaussian beam illumination are studied. In Chapter 6,

the interference properties between dual parallel-arranged microlenses with



