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Polymer and Processing Techniques

• Custom, multifunctional acrylate
photo-polymer

• Tuning of refractive index and 
viscosity

• ~ 0.05 dB/cm at 850 nm
• High glass transition temperature Tg

~ 250ºC
• Compatible with a wide range of 

substrates
• e.g. FR4, glass, silicon, polystyrene
• Polymer application techniques
• Spinning at ~300 to 1500 rpm for up 

to 60sec.
• Doctor blading for thicknesses 

greater 
• than ~70 µm
• Casting: Used for thicknesses up to 

30 µm over small areas e.g. 25 x 25 
mm.

The slotted baseplate is 
mounted vertically over 
translation, rotational & vertical 
stages.  The optical components 
are held in place with magnets.

Direct laser-written polymer 1 x 5 splitter: Optical images showing (a) input 
facet, (b) plan view of splitter layout & (c) waveguide cores at the output facet.

Direct laser-written 
polymer micro-fluidic 
channel :   Optical 
microscope image of a 
polymer micro-fluidic 
channel fabricated on a 
polymer-clad FR4 substrate.  
This can be used to 
dispense liquid samples to 
a localized area.

Figure (a) shows optical microscope photograph of 
an array of 8 polymer waveguides written on a 
glass substrate using a 1 x 8 fanout DOE. 
Waveguides were written at 250 µm/s scan speed, 
are ~8 µm wide and on a ~60 µm pitch.  (b) shows 
a optical microscope image of a part of 1 x 74 array 
of waveguide fabricated using a 1 x 74 fan-out 
DOE.  Waveguides are 10 µm wide and on a 50 µm 
pitch. 

Output of a 1 x 8 fan-out DOE used in the laser direct
writing system with imaged aperture. Second order is
also evident in the picture. 

Optical microscope 
image of laser direct-
written array of eight  
multimode waveguides 
written simultaneously 
using an imaged 
aperture and 1 x 8 fan-
out DOE. The picture on 
the left shows the 
complete array of the 
waveguide cores and 
the other picture is close 
up of the array. The 
waveguide cores are 
~34 µm wide and on a 
~80 µm pitch. 

Direct Laser-Writing of Waveguide Arrays Using Fan- out DOEs

Direct Laser-Writing of Polymer Splitter, Micro-flu dic Channel and other Complex Structures

(a) (b)

(c)

Figure (a) and (b) are optical microscope images 
of features written in polymer on a glass substrate
using different DOEs in the laser writing system to
generate the appropriate intensity profiles.  The
image shown in (a) is a part of grid which was 

fabricated using 1.0 s exposure.  The image (b)
shows part of the Heriot-Watt University logo, 

which is shown in (c), replicated in polymer using a
0.8 s exposure. 
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DOE Algorithm Development and 
Fabrication Steps

Schematic of laser-writing setup

Schematic diagram of optical arrangement of using a  fan-out DOE with 
expanded Gaussian beam 

Schematic diagram of optical arrangement of using a  fan-out DOE with
imaged aperture approach


