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FABRICATION OF GaAs MICROLENSES ARRAY
WITH LONG FOCAL LENGTH FOR IMPROVING
RESPONSIVITY OF PtSi IRFPA DEVICE®
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Abstract Refractive square-based arch GaAs microlenses array was fabricated by a novel method, 1. e. . the curva-
ture compensation method, The new method was proposed to increase the focal lengih of refractive microlenses
array. Scanning eleciron microscopes (SEM Y show that mucrolenses are square-based arch arrays, and surface.
stytus measurement shows that 1he {ucal lengih of the microlenses array 1s 3861. 70pm ,which 1s much longer than
200pem and 11 15 1he longest focal lengih of the mierolenses array of the same size fabricaied by conventional meth-
ods including photclithography . melting and ion beam mithing. The microlenses array \MLA ) device and infrared
focal plane array (IRFPAY device were aligned under an IR microscope and couplted with a kind of wnfrared glue.
The IR response characteristics of 1the hyhrid device were improved greatly.
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Introduction

Nowadays refractive microlens array (MLAD
devices have been used in many [liclds such as {o-
cal-plane optical concentrations. laser alignments.
large area displavs. optical calculations, coupling
and interconnection in aptical processars. So its
[abrication technique has been researched deeply.
O many methuds {or [abrncating microlens arrays-
heat-lornung photoresist method has many advan-
tages, such as simple rechmique. law ¢xpense and
ne serious polution. But leng-focus mrcrolens ar-
ray 1s dilficult to be fabricated by the method due
to the critical angle effect. In normal situation. the
focal length ol mwrolens array made by conven-
tional methods 1s about several hundred microme-
ters shorter than the thickness of microlens array
device itsell (because a thinner microlenses arrav is
easy to be broken). In order to realize the function
of microlens arrays device as a focal plane optical
concentrator . many scholars-- ™% have been explor-
ing new ways 10 increase the focal distance of re-
fractive mirrolens array since 19507s. In this paper
we present a new method. named curvature com-
pensation method, to increase the [ncal length of
mictrolens array greatly. Owing 10 its wide spectral
response range. GaAs material is chosen ta [abri-
cate the microlens arrav. The MLA device and in-
[rared Incal plane array ¢ IRFPA ) device are
aligned under an IR microscope and roupled with a
kind of infrared glue. The IR responsiviey ol the
hyhrid device = doubled.

1 Curvature Compensation Method

Figure 1 illustrates the sequence ol processes
for Inrming GaAs microlenses arrav t MILA). The
procedure can be divided into two steps as [pllows;
11 The BPZ1Z positive acting photoresist 1= spin
coated on GaAs substrate, The photoresist 15 pai-
terned with conventional photolithagraphic tech-
nigue. The mask is an array ol two dimension
t The size ol an element is 45um - 45um,. and the
distance between adjacent elements is 30pm ).
Then the GaAs substrate with the photoresist
mask is heated at a temperature higher than the
glass-transition point of photoresist so that square-
based arc contour is formed by the ellect of surface

tension on the photoresist surface. Thena the sub-

sttate 1s subject to Ar wn-beam mulling in order
that thc square-based arc mask contour 1s trans-
ferred to the GaAs substrare surface. 21 On the
basts of MLA made by the conventional method,
scveral new layers of photoresist is covered on it
The photoresist coated on convex place will [low to
the roncave place under the acrion ol gravity. In
the meantme. surface tension will make the sur-
face of photoresist conrave. The collective action of
the gravity and the surlace tension [orms a more
gently concave surface. Then MLA is heated and
cansnlidated, so photoresist and GaAs substrate
[orm an integer. which 1s etched agam. At last.
mare gentle surlace al photoresist will transfer into
GaAs substrate.

In our experiment. argon 1on beam milling is
carried put on LD-3 ion beam sputter and milling
apparatus. Ar 1s introduced through the Kaulmann
ion source into the vacuum chamber of the appara-
tus. Belore mulling, the vacuum chamber is evacu-
ated to a pressure of 6. 0 - 107! Pa. while Ar gas
pressure during milling is kept at 4.9+ 10 Pa. The
energy ol Ar ion is about 550eV. The Ar ion beam
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current 15 30mA. The madence angle of Ar 1an

beam 15 about 40°,

2 Experiment Results

Figure 2. taken by scanning electron micro-
scope ( SEM t, shows a square-based arc GaAs
MLA with a relatively gentle surface. Figure &
shows the distinct profile of GaAs MLA raken by
Detak- I A surface style measurement. The mea-
surement results show that the refractive mierolens
array has very smooth surface and extremely uni-
form dimensions. Sag of a mucralen (his equal to
0. 094pm. aperture size of a microlen f(a) approxi
mates 49pm,and optical filling factor can be calcu-
lated by 49pm™ 45pum/{SUpm < 50um 1="98 31,

The stze of radiation sensing element of P1Si
IRFPA device is 32pm % 30um. The size of pixel
element is 50pm > 50pm, so only 38. 4% objective
radiation is incident on the radiation sensing area.
In order to concentrate almost all incident infrared
radiation from the pixel area o microlens bnto a
relatively smaller sensitive area of PtSi IRFPA . we
combine 128 X 128 element PtS1 IRFPA device with
128 ~ 128 element refractive AMLA device, and
align them with MJB3 IR/Visible Aligner made by
Karl Suss Company . then place the former on the
focal plane of the fatter. The MLA device is mount-
ed on the back of the PtSi device. At last, we fill a
kind of IR glue in the space between them to form
a hvbnd device. In this way. we improve the re-

sponse af PtSi device. Figure 4 shows the structure

The SEM phutograph (430~ 1 of 128 ~ 128
square-based arch (GaAs muwcrolens array-
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Fig. 2

of the hvbrid device,

The thickness of microlens {(d.2=5340pm} can’t
be negligible when it is compared with image dis-
tance. So the caleulation of [ocal length in image
space can't use thin lens approximation. Thus., we
deduce the following thick lens formulae

R= (/4 +h")/2k
F=atRiAn,—1) +10 nin —134

Fi=pttu. (11
In the former formulae, R is the redivs of curva-
ture of microlens, & (== 1uQum ) represents the
thickness of the filled IR glue layer. » 15 the refrac-
tive index of IR glue and is equal o 1. 66 1n the
spectral range 3 — Sum. . 15 refractive index of
(GaAs material and is equal to 3. 27 in the spectral
range 3—5pm. f and F/ are the focal length and
F/ number in image space. respectively. With the
formulae. we can calculate the [ollowing results;,
the average redius of curvature R s 3324, 47pm,
the average focal tength # in image space is 3861.
70pm. average F/ number in 1mage space & 77,
23.

We discuss [R response of hvbrid device and
IRFPA device without MLA. Responsivity (R)
and specific detectivity (D" ) of a detector unit are
defined as

R=V/P
D =RAFAN' 7V ,. (2>
In the former formula. P represenis power of radi-
ation incident on a detector. V represents voltage

of response., V', is noise voltage generated in the
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Fig. 3 The profile of 128 « 128 square-based arch
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detector, Af is detector bandwidth and is usually
taken to be 1 Hz. and A, 1s sensitive area of the de-
tector. According to the size and structure of IRF-
PA device. it can be concluded that introducing
MLA can increase the response of opto-electronic
signal by 2.5 titnes in 1deal situauen. Duae to the
effects of reflection, abscorption and scatter on the
incident IR radiation and the influence of various
faciors in the composite device. factual IR 71e-
sponse is less than the theoretical value. The test-
ing experiment is carried out at liguid nitrogen
temperature zone. the temperature aof blackhody 15
500K, modulation frequency is 10kHz, the re-
spanse of signal is read out hy a phase-locked am-
plifier and processed by a computer. The testing
results are as follows: For IRFPA device without
MLA . the average responsivity (R.) of a detector
untt is 8. 54 10°V /W, the average specific detec-
tivity {D") of a detector unit is 1. 9™ 10°%cmHz'"”
For hy-

brid device, the average responsivity (R)is 1,82

W1, the nonumiformity of D* is 8. 94 %,

10°V /W, the average specific detectivity (D is
3. 61 10%mHz *W~ !, the nonuniformity of D 15
9.17%. The average responsivity (R.) and the av-
erage specific detectivity <D ) of a detector unit in
a hybrid device are improved by 2. 13 times. when
it is compared with that 1n IRFPA without mi-
crolens array device. The uniformity of D" isn’t

changed significantly,
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Fig. 4 Schematic cros: section of three-pixel
architeciure of 1the hybrid device
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3 Conclusion

{1)The curvature compensation methed is an
effective method to increase the focal length of mi-
crolens and it can promote filling factar to near
1003,

{ 21 Testing results show that the characteris-
ties of IR response of the hybrid device are im-
proved significantly as compared with that of the
IRFPA device withour MLA.

f IVIRFPA device is combined with MLA de-
vice by IR glue. which is a buffer medium and can
absorb and decompose some destructive strain. So
the total rigidity level of the hybrid device is great-
ly promoted. Thus the hybrid has obvious advan-
tages in atrocious circumstance such as violent 1m-
pact and high acceleration.

¢43In the hybrid device, the micro-optical ele-
ment separates the IRFPA device {rom crcum-
stance, thus. bad imfluences on the IRFPA device
are avoided .and life and stability of IRFPA device

are improved significantly.
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