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Rapid Fabrication of Micro Lens Amay by 355nm UV Laser Imadiation
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ABSTRACT

Micro lens array (MLA) is widely used in information technology (IT) industry fields, for

examples such as a projection display, an optical power regulator, a micro mass spectrometer and for

medical appliances. Recently, MLA have been fabricated and developed by using a reflow method,

micro etching, electroplating, micromachining and laser local heating. Laser local thermal-expansion

(LLTE) technology demonstrates the formation of microdots on the surface of polymer substrate, in

this paper. We have also investigated the new direct fabrication method of placing the MLA on the

surface of a SU-8 photoresist layer. We have obtained the 3D shape of the micro lens processed by

UV laser irradiation and have experimentally verified the optimal process conditions.
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Table 1. Chemical bonds in polymer

Polymer bonds | C-N |C-C|C-H | H-H|0-0|C=C|C=C

Bond energy (eV) | 3.04 | 3.62|430{4.48 512640 | 844

Thermal Volume

o

Laser 3o

(b)

Fig. 1 The principle of micro lens fabrication by LLTE,
(a) the phenomena of LLTE, (b) micro lens
array.
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Table 2. Thermo-physical properties of SU-8

Glass Transition Temp. (Tg C) 210
Thermal Stability (T@5% wt. loss) 315
Thermal Conductivity (W/mK) 0.3
Coeff. of Thermal Expansion (ppm/K) 52
Tensile Strength (MPa) 60
Young's modulus (GPa) 4.4
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Fig. 2 Setup of laser machining system, (a) setup system,
(b) schematic.
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Fig. 3 Optical transmittance of SU-8.
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Fig. 4 SEM image of micro lens formed by thermal
expansion at laser fluence of 0.22 J/cm2 on
SU-8 surface.
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Fig. 5 Photos of SU-8 surface at laser fluence of, (a)
021 Jem?, (b) 0.25 Jem® and (c) 0.34 Jem’.

NanoSystem

ety s

(®) x10

NanoSystem

ey s

(b) x50

Fig. 6 Surface profile of microlens on SU-8 surface
formed by LLTE at laser fluence of 0.21
Yem®.
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Fig. 7 Surface profile of microlens on SU-8 surface
formed by LLTE at laser fluence of 025
Jem.
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Fig. 8 Surface profile of microlens on SU-8 surface
formed by LLTE at laser fluence of 0.34
Jem®.
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Fig. 9 Surface profile of microlens on SU-8 surface
formed by LLTE at laser fluence of 0.41
Jem?, wh}ch is above the threshold value of

0.39 J/cm
T T T T T T T T T
129 0.21J/em? |
............... 0.25J/em?
1.0 4 J
e e e (). 34F/cm?
— 08 4
E
=
= 064
= 4
2
% N B
0.4 - .
~ SR 4
4 A - ~
7 4 . «
02 4 P E
s > ~
7’ . Y N
0o T T T T ' T T T T T
40 30 -26 -10 0 10 20 30 40

Radius{um)

Fig. 10 Cross scctions of microlens surface profiles
with respect to laser fluence.
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