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Various Shaped Semiconductor Microlens Arrays
Fabricated by Selective Oxidation of AlGaAs
Ki Soo Chang, Member, IEEE, Sun Cheol Yang, Young Min Song, Yong Tak Lee, and Geon Hee Kim

Abstract—Semiconductor microlens arrays with circular,
cylindrical, square, and ring-type bases were fabricated by
using selective oxidation of chirped short-period superlattice of
GaAs–AlGaAs. Confocal microscopy and atomic force microscopy
were used to evaluate the surface morphology of the fabricated
microlenses, which revealed that they have cross-sectional profiles close to spherical in shape and an root-mean-square surface
roughness of less than 10 nm for the scanned area of 5 m 5 m.
The optical parameters of the microlenses, evaluated by measuring
the focused spot pattern and focal length, revealed strong focusing
function of the microlenses that were very close to the calculated
values, indicating high structural and optical quality of the fabricated microlenses.
Index Terms—AlGaAs, microlens, oxidation, superlattice.

I. INTRODUCTION

D

UE TO the ability to manipulate light in a miniature
scale, microlens and their arrays have been the key
optical components in numerous applications, such as optical
communication, free-space optical interconnection, digital
imaging, laser beam shaping, solid-state lighting, optical data
storage, and laser printers and scanners [1]. In recent years,
the insatiable demand for higher optical efficiency and newly
emerging applications for microoptical systems and devices
have driven the need for various shaped microlenses, not only
in circular form, but also in other forms, including cylindrical,
square, and ring-type microlenses. Cylindrical microlenses,
for example, are very useful in focusing light onto a line and
circularizing the astigmatic laser diode output beam. They are
used in optical information processing, bar code scanning, and
microfluidic sensors [2]–[4]. The fill factor of microlens array,
which is defined as the percentage of lens area to the total area,
is one of the most important performance criteria of microlens
array, especially in IR focal plane arrays (IRFPA), light homogenizers, and laser beam steering applications [5]–[7]. For these
applications, square microlens array is preferred to circular
microlens array because the microlens array with a square base
has a greater fill factor than those with a circular base, which
has a maximum fill factor of 78% in an orthogonal arrangement.
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Fig. 1. Schematic diagram of the composition-graded Al
(x = 0:8–0:96), utilizing chirped short-period superlattice of Al
(16–90 monolayers)–GaAs (four monolayers).
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In addition, ring-shaped microoptical structures, applicable
to photonic quantum ring lasers, microring resonators, and
LEDs in a ring format, have recently attracted much attention
[8]–[10]. Fabrication of microlens arrays in AlGaAs alloy
system enables monolithic, as well as hybrid, integration of
these microlens arrays on or in the optoelectronic devices with
AlGaAs–GaAs heterostructures, such as LEDs, laser diodes,
photodetectors, IR image sensors, and waveguides. Recently,
we observed that the convex-lens-shaped oxidation profiles
can be formed by selective oxidation of composition-graded
AlGaAs due to the strong dependence of the oxidation rate on
Al composition of AlGaAs [11].
In this letter, we extend the application of the selective oxidation of composition-graded AlGaAs technique to the fabrication
of refractive microlens arrays in any kind of form. Manifoldshaped microlens arrays, including not only circular, but also
cylindrical, square, and ring-type microlenses, could be fabricated by simply changing photomask patterns. We also present
the optical performance of the fabricated microlens arrays.
II. GROWTH AND FABRICATION
By properly designing the epitaxial layer structure and
photomask pattern, manifold-shaped microlens arrays could
be fabricated using a selective oxidation method. Fig. 1
shows an epitaxial layer structure of the compositiongraded AlGaAs, utilizing chirped short-period superlattice
of Al Ga As–GaAs. The epitaxial layer structure was
grown by solid source molecular beam epitaxy (SSMBE)
system. A 1.3- m-thick AlGaAs layer, in which the average
Al composition is linearly graded from 0.8 to 0.96 along the
growth direction, was grown on the GaAs buffer layer. The
As (16–90
chirped short-period superlattice of Al Ga
monolayers)–GaAs (four monolayers) was used to grade the
composition of AlGaAs. The thickness of GaAs layer was fixed
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by four monolayers, while the thickness of Al Ga As
layer varied from 16 to 90 monolayers along the growth direction. The structure was then capped with a 100-nm-thick GaAs
cap layer, which prevents oxidation from the top surface of
AlGaAs layer. This chirped short-period superlattice technique,
also termed digital-alloy technique, provided a versatile, accurate, and reproducible control of the composition compared to
the analog alloy. In addition, a thin GaAs layer in short-period
superlattice acted as a vertical oxidation barrier, resulting in
a convex-lens-shaped oxidation front after selective oxidation
with a simple linear composition grading of AlGaAs [11].
After the growing process, microlens fabrication processes started with a definition of circular, stripe, square,
and ring-shaped mesas by standard photolithography and
inductively coupled plasma (ICP) dry etching to expose the
composition-graded AlGaAs layer at the mesa sidewall for
lateral oxidation. A wet thermal oxidation process was carried
out at a temperature of 410 C for 80 min in a tube furnace
with water vapor, which was supplied using nitrogen, bubbling
through a water bath kept at 94 C. The flow rate of the nitrogen
carrier gas was 2 /min. After oxidation, the GaAs cap layer
was selectively etched by 10 : 1 citric acid : H O solution, and
then, the Al oxide covering the AlGaAs microlens was selectively removed in 1 : 5 KOH (45% with water) : H O solution,
leaving only the AlGaAs microlenses.
From this technique, circular, cylindrical, and square microlens arrays with nominal array pitch and spacing of 30 and
2 m, respectively, and ring-shaped microlenses with a nominal
inner diameter and base width of 100 and 30 m, respectively,
were fabricated. The fabricated microlens arrays were characterized without any protective or antireflective coatings.
III. STRUCTURAL AND OPTICAL CHARACTERIZATION
To evaluate the surface morphology of the fabricated microlenses, 3-D surface profiles were measured by confocal
microscopy (NanoFocus, Surf). The cross-sectional profiles
along the line passing through the center of the microlenses
were also extracted from topological images, as shown in
Fig. 2. It can be seen that the manifold-shaped plano-convex
microlenses are well defined and the overall cross-sectional
profiles closely fit with the circles. The base width (or diameter) and height of the microlenses were measured to be
25.6–25.8 m and 1.23–1.26 m, respectively, which were
slightly different for each lens shape. The radius of curvature
(ROC) estimated from circular fit ranged between 70.6 and
74.4 m. Square microlenses were “arch dome” in shape,
as shown in Fig. 2(c), while circular microlenses had near
spherical surfaces. The ROC of square microlens varied from a
minimum of 74.4 m along the horizontal axis of the sides to a
maximum of 141.6 m along the diagonal axis of the square.
To determine the roughness of the microlens surface, we
measured an atomic force microscopy (AFM) surface profile of a randomly selected portion of the microlens surface,
as shown in Fig. 3. The root-mean-square (rms) roughness
values of all microlenses were less than 10 nm for the scanned
area of 5 m 5 m, thus ensuring a high surface quality of
microlenses. The measured structural characteristics of the
fabricated microlens arrays are summarized in Table I.

Fig. 2. (Left column) 3-D surface profiles of the fabricated microlens arrays
measured by confocal microscopy. (Right column) Cross-sectional profiles
along the line passing through the center of the microlenses. (a) Circular
microlens array, pitch: 30 m. (b) Cylindrical microlens array, pitch: 30 m.
(c) Square microlens array, pitch: 30 m. (d) Microring lens, ring width: 30 m
and inner diameter: 100 m.

Fig. 3. Surface topography imaged by an AFM in a randomly selected area of
5 m 5 m on a cylindrical microlens. The measured rms surface roughness
is 8.2 nm.

2

In order to analyze the optical characteristics of the fabricated
microlens arrays, the focal length and the 2-D beam spot pattern were measured. Fig. 4 shows the intensity distribution of
the laser beam at the focal plane of the microlens arrays. The
sharp focused light spots, lines, and ring are clearly observed
for circular, cylindrical, and ring-shaped microlens arrays, respectively. The measured spot sizes with a full width of
intensity of the peak for circular, cylindrical, and ring-shaped
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diameter for the square microlens array. Although the square
microlens array produced spots less sharp than the spots focused
by the circular microlens array, they are quite useful to IRFPA
application because they can effectively concentrate light onto
the active areas of a detector array, and provide a larger fill
factor than that of the orthogonal array of circular microlenses.
The focal length of the circular, cylindrical, and ring-shaped mi, and
m, respeccrolenses was measured as
tively, which are very close to the calculated values of 35.8, 36.2,
and 37.5 m, respectively, with an average refractive index of
As
–
and an estimated ROC
2.97 for Al Ga
from the circular fit. These results indicate that the microlens
arrays fabricated by the selective oxidation method have high
structural and optical consistency.
IV. CONCLUSION
We fabricated various shaped semiconductor microlens arrays, including those with circular, cylindrical, square, and ringtype bases, by using selective oxidation of chirped short-period
superlattice of GaAs–AlGaAs. The structural and optical characterization tests demonstrate that the fabricated microlens arrays have good surface quality and optical properties. This microlens fabrication method is versatile in making a wide range of
semiconductor microlens arrays in terms of size, fill factor, and
shape, which offer a variety of applications, especially when integrated with semiconductor photonic devices to required light
manipulation.
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