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Abstract: A large-area quartz glass refractive microlens array mounted on a large-area focal-
plane detecting architecture was fabricated using a multipleprocess, including pho-
tolithography, heat treatment, and argon ion beam etching. The experimental measurements
show that the optical filling factor of the focalplane dtectors with refractive microlens array is
more than 95% (for square-based arch microlens) and 70% (for spherical microlens), respec—
tively, the focal length of the square-based arch microlens and spherical microlens is about
90um and 80um, respectively. Both the scanning electron microscope and the surface style mea—
surement were used to determine the dimensions and the surface morphology of the microlens

fabricated. The techniques utilized can be applied to fabricate microlens array of larger area.
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Introduction

At present, large-area staring infrared (IR) focal plane arrays ( FPAs) have been
used in many fields, such as IR astronomical imaging, industrial inspection, thermal imag—
ing, medicine, night vision. earth resources, advanced military sensor systems, etc. Al-
though monolithic FPAs architecture can offer marked advantages in uniformity, manufac—
turability and opto-electronic properties, the element size of the imaging sensor is usually
much less than the overall pixel area, and therefore, the filling factor (the ratio of sensor
area to the pixel area) of the detector is poor, which reduces opto-electronic sensitivity of
the image sensor. Micro-optics components such as monolithic refractive microlens array
have recently been paid considerable attention to for they can increase the filling factor of
the FPA's, thus improving the photosensitivity of the FPA's device. The onchip refractive
microlens array with a high optical fill{factor and good optical quality, as a focal-plane op—
tical concentrator mounted on an IR FPA, can concentrate almost all incident infrared ra—

diation from the pixel area of microlens onto a much smaller photosensitive area of the de—
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tector, and therefore improves the signal4o-noise ratio of the IR FPAs device.

In 1991, the use of monolithic refractive microlens to improve the performance of IR
detector arrays was reported for the first time by N.T. Gordan, et al'''. The improvement
in GeSi/Si FPAs opto-electronic sensitivity was demonstrated by Bor—Yeu T saur, et al.in
1994, who developed the 320><240-element and 400><400-element GeSi/Si IR CCD detec—
tors with the two-dimensional refractive microlens array (monolithic Si microlens array)
for ncreasing the detector filldactor and FPAs sensitivity'” . In this paper, we report the
fabrication of monolithic quartz glass refractive microlens arrays coupled with a kind of
FPAs device for effectively increasing the optical fillfactor ratio. The outline of this paper
is as follows. In Section 1 we discuss the design of refractive micro-optics components, the
fabrication procedures and resuts are described in Section 2, and a brief summary is drawn

in Section 3.

1 Design of refractive microlens array

The performance of FPAs involves a trade-off among three independent factors i. e.
the uniformity of IR optoelectronic response, spacing resolving power, and sensitivity. In
general, the enhancement in spacing resolving power depends on reducing the unit cell
size, and increasing the number of elements. For an IR detector, the responsivity is pro—
portional to the photosensitive area, which is usually much smaller than the pixel size. So
the improvement in the fillfactor has been one of the most important in the development
of FPAs. The technologies developed for providing the sensor with ahigh fillfactor to ob-
tain a maximum signal-to-noise ratio cover the readout architecture, detector structure and
fabrication of micro—optics components coupled with the IR imager array. In order for a
sensor to achieve a high signalto—noise ratio, an effort using an onchip refractive mi-
crolens array to concentrate almost all incident IR radiation falling on the pixel area onto a

much smaller detector photosensitive area to increase the fillfactor of the image sensor and
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al refractive microlens array are designed to increase the optical fillfactor ratio of the
FPAs from< 40 percent to a geometrical limit value of approximately 100 percent (or 75
percent for spherical microlens.)

Common and effective fabrication techniques of refractive microlens may use thermal
treatment after photolithography and argon ion beam etching. In our experiments, the
lithography master pattern has been designed to be consistent with the structure of the
FPAs. During the design of photolithographic master pattern, several factors should be
considered, i.e. the focal length of the refractive microlens, the smooth finish of the sub-
strate polished at both sides, and the thermal consolidation level of the photoresist mask

pattern (square-based arch microlens pattern and spherical microlens pattern).
2 Fabrication of microlens array

Fabricating a uniform array of refractive microlens with a high fillfactor and optical
quality requires acccurate control of photoresist lithographic process, thermal annealing,
and etching step. The main fabrication issues are spatial uniformity, the control of pho—
toresist microlens sag and shape, thereproducibility of ion beam etching rate and selectivi—
ty, and the surface roughness of the etched substrate materials. Figure 2 shows the tech—
nological steps. Our monolithic refractive microlens array has been produced through four
steps: photolithography, thermal treatment and reflow to form photoresist microlens ar—
ray, argon ion beam etching, and thinning at backside of the samples with microlens ar—
ray. In photolithography, developing of the samples should be sufficient. After develop-—
ing, any remaining photoresist on the sample surface should be completely washed away to
avoid affecting the heat treatment procedure while the squareshaped or circleshaped pho—
toresist islands ( pixel size) patterns are heated and reflowed to form into square-based
arch photoresist microlens or spherical photoresist microlens. The expansion of each
square or circle photoresist islands in melting process is affected by many factors. So the
maximum fillfactor ratio of the microlens is obtained by accurately controlling the techno—

logical parameters. T he experiments show that the surface morphology of the quartz glass
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refractive microlens is different at varied fabricating conditions, for instance, the incidence
angle of ion beam, ion energy, and the diameter of ion beam. The last procedure is to thin
the samples from backside of the monolithic microlens array device to the required thick—
ness which equals the focal lenght of the lens, so that the samples can be effectively cou—
pled with FPAs device.

In our experiment, the photolithography and annealing are carried out according to
the custom methods. Argonion beam etching is undertaken using the LD-3 ion beam sput—
ter-etching apparatus. Argon is introduced through the Kaufmann ion source into the vac—
uum chamber of the apparatus. Before etching, the vacuum chamber is evacuated to the
pressure of 10" * Pa or above, while argon gas pressure during etching is kept at 107 ’Pa.
The incidence angle of argon ion beam is about 25 T he energy of argon ion is about 500
eV. The etching rate is around 40 nm/min. The sag of refractive microlens is about 7.
Spum. The aperture size of each square-based arch microlens is about 49um><49um, the di-
ameter of each spherical microlens is about 48um. The focal length of the square-based
arch microlens (in the spectral range 3 Sum) is about 90um, the spherical microlens
about 80um. The pictures of Fig. 3 and Fig. 4 taken by scanning electron microscope show
the 6><6 lens arrays of refractive microlens, which illustrate the high quality of the surface
of the lens fabricated. The small white dots on the photographs are dust sticking to mi-

crolens device in SEM measurement.

Fig-3 The SEM photograph of the square-based Fig-4 The SEM photograph of the spherical

arch microlens array in quartz glass substrate microlens array in quartz glass substrate

The measurement results of SEM and profile measurements show that the refractive
microlens have very smooth surface and extremely uniform dimensions. Figure 5 shows a
schematic cross section of two-pixel architecture of FPAs with refractive microlens
(square-based arch microlens). Incident infrared radiation through refractive microlens,

which serves as afield lens between the primary objective lens and the FPAs, is focused on

the backside of FPAs.
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Fig. 5 The schematic cross section of two-pixel architecture of
the IR FPAs device with refractive microlens

3  Summary

It is a relatively simple and effective method to incorporate monolithic refractive mi—
crolens array with the FPAs device for efficiently increasing the fill{actor of the device,
and improving the opto-electronic response performance of the device. We expect to see
the improvement of the opto—electronic response performance of IR FPAs through the
study of the operating principle, the architecture of FPAs device, and the fabrication of
the two-dimensional refractive microlens arrays mechanically attached to the FPAs or re—
fractive microlens arrays etched directly onto the backside of back—lluminated FPAs image

Sensor -
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