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Optical Waveguide Fabrication using Laser Direct Writing Method

Jung Min Kim*, Bo Sung Shin”, Jae Gu Kim"", Won Seok Chang™

ABSTRACT

The laser direct writing method has some advantages of being maskless, allowing rapid and inexpensive prototyping
in comparison to conventional mask-based photolithography. In general, there are two kinds of laser direct writing
methods such as the laser ablation method and the laser polymerization method. The laser polymerization method was
studied for manufacturing waveguide in this paper. It is important to reduce line width for image mode waveguides, so
some investigations will be carried out in various conditions of process parameters such as laser power, writing speed,
focusing height and optical properties of polymer. Experimentally, the optical waveguide was manufactured trapezoid
shape. Through SEM the waveguide was 20 pm width and 7.4 um height.
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Fig. 1 UV laser polymerization method (a) polymer

coating (b) photo-induced polymerization by UV
exposure (c) development (d) waveguide pattern
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Table 1 Specifications of DPSS Laser

DPSS Laser
Wavelength A 3=355nm
Average Power 0.8 W at 60 kHz
Beam Diameter 2.4 nm
Beam Divergence 0.3 mrad
Pulse Repetition 1 ~ 100 kHz
Pulse Duraturation <40 ns
Spatial Mode TEMgg
32 78 2ZE 9o
B =R g AAEE PMAC A 7E

%;%1'?‘_]' PC 7)utel Hl]ai,r] _'§_J+7}' A= XYZ 2
o)A & ’\}%

oo ﬂ°('

°1E}. 63*0‘ Hl )Ei *Ms‘
FAdolHE WEolA
AP o Alzstr]
= %01 A 2tskarzt &
b % 7bs HolHE
lffﬂ 7bs deolHe Az 3
ez 7hs A5 #3%E

S oy

Moo (B rir do X
oft
o

o fo tob

Laser
Controller

*—’I taser Control
-
—»{ cCD Camera | o

Analog Servo N
Input/Qutput —1”'
e

XY tinear Motor
Z Step Motor

Frame
Gl $o by
Mation
Controlier

-
=

Air Cylinder

Sensor &
Actuator
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Table 2 Wavegunide line width with various process

conditions
Sample Laser | Writing FOCL.lSing L?ne
No. Power Speed Height Width
(mW] | [mm/sec] [ pm] { pm]
#1 1.0 600 0 14.5
#2 2.0 600 0 17.4
#3 3.0 600 0 20.2
#4 4.0 600 0 22.4
#5 5.0 600 0 26.8
#6 6.0 600 0 35.4
#7 3.0 600 2 21
#8 3.0 600 4 20.8
#9 3.0 600 6 20.5
#10 3.0 600 8 21.3
#11 3.0 900 0 20
#12 3.0 1,200 0 20.8
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Fig. 4 SEM Photograph of waveguide shape with writing
speed 600 mmy/sec, laser focus and laser power
(a) 1.0 mW (b) 2.0 mW (c) 3.0 mW (d) 4.0 mW
(e) 5.0 mW (f) 6.0 mW
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Fig. 5 Cross sectional shape waveguide with writing

speed 600 mm/sec, focusing height 0 pm and laser
power (2) 3.0 mW (b) 4.0 mW (c) 5.0 mW
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