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2D/3D structuring of UV curable polydimethylsiloxane (PDMS) was developed using UV laser di-
rect writing. In this technique, commercially available UV curable PDMS was locally polymerized 
to fabricate 1D and 2D single layer structures, as well as 3D multi-layer structures with sufficient 
stability in process resolutions. The tightly focused UV laser beam was scanned by an x-y galvano-
metric mirror scanner on the UV curable PDMS layer coated on the glass substrate, so that 18µm of 
process resolution in X-Y plane was obtained. At the relevant wavelength of 355 nm, the absorb-
ance of UV curable PDMS was 0.131, which is sufficient absorbance for a photo-chemical reaction 
induced by the UV laser used in this study. In addition, UV curable PDMS has a deep penetration 
depth, longer than 3 mm, which enabled the fabrication of a structure with an aspect ratio of 3 in a 
single layer. Furthermore, the fabricated structure demonstrated mechanical strength to emphasize 
its elasticity.   
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1. Introduction 
The micro/nano structuring of polydimethylsiloxane 

(PDMS) is a useful technique not only for research, but 
also for industrial applications. For structuring using ther-
mal curing type PDMS, the mold technique is established 
as the major process [1,2]. On the other hand, a combina-
tion of photo-curable type PDMS and ultra-short pulse la-
ser has been demonstrated as another approach to mi-
cro/nano structuring of PDMS [3-7]. 

Recently, the cost performance of high power UV light 
sources has improved with advancements in technology. As 
a result of this improvement, commercially available UV 
curable polydimethylsiloxane (PDMS) has been newly 
released and has received a surge of attention as an alterna-
tive for conventional thermal curing types of PDMS [8]. 
The commercially available UV curable PDMS is designed 
for photo-polymerization at UV wavelengths, which makes 
it a suitable material for additive manufacturing by UV 
laser direct writing (UV-LDW). In UV-LDW of UV cura-
ble PDMS, a tightly focused UV laser beam scans the UV 
curable PDMS, resulting in localized photo-polymerization 
with free-form shapes. In this paper, we demonstrate the 
fabrication of single layered 1D/2D and multi-layered 3D 
structures of UV curable PDMS by UV-LDW.  

2. Experimental procedure 
Figure 1 shows a schematic illustration of the experi-

mental setup for laser direct writing of UV curable PDMS. 

In this experiment, a UV curable PDMS (KER-4690 A/B, 
Shin-Etsu Silicones Europe B.V.) was prepared with a pre-
mixed condition of the two components (50/50 wt.% mix-
ture of A and B) before laser irradiation. The UV curable 
PDMS layers with various thickness were created by spin 
coating for layers thinner than 100 µm or by drop casting 
for layers in millimeters scale. For the photo-

 
Fig. 1  Schematic illustration of the experimental setup for 

2D/3D   structuring using UV curable PDMS 
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polymerization process, a continuous wave UV laser sys-
tem (Cobolt AB, Model Zouk™, CW 20 mW, 355 nm) was 
used as a light source. Timing of the laser irradiation and 
laser power were adjusted by an acousto-optic modulator 
(AOM) and neutral density (ND) filters. The laser beam 
was scanned by an x-y galvanometric mirror scanner (Hur-
ry SCAN 14, SCANLAB AG) and positioned in the z-axis 
by a high-resolution linear stage (MT105-50 LM, Feinmess 
Dresden GmbH). The motion of the scanner for 2D pattern-
ing with laser irradiation was controlled by SAMLight 
(SCAPS) software and CAD data. The laser beam was fo-
cused on the sample surface with a 103 mm focal-length F-
Theta lens. After laser irradiation, the structures are not 
sufficientlly polymerized for the development process. 
Thus, the fabricated structures were treated by post-thermal 
treatment for 10 min at 50 °C to accelerate the 
polymeriation only at the laser exposured areas. The 
samples with enhanced polymerization were then 
developed with tetrahydrofuran (THF). 

3. Results and discussion 
For 2D patterning of a single layer of the UV curable 

PDMS, controllable layer thickness is an important pa-
rameter in achieving structuring using UV-LDW. The 
thickness of the UV curable PDMS layer was controlled by 
parameters in the spin-coating process. Figure 2 (a) shows 
the dependence of the layer thickness on the spin-coating 
rotation speed. In the spin-coating process, droplets of UV 

curable PDMS were spun on glass substrates at different 
rotation speeds for 30 s.  The coated layers of the samples 
were photo-polymerized under a UV LED lamp (Dymax 
BlueWave®, Model QX4™, RediCure™ 365 nm) after 
coating and then put into an oven at 155 °C for 15 min to 
accelerate polymerization. After the polymerization, the 
cross-sectional images of the samples were viewed under 
the optical microscope (Leica Microsystems Switzerland) 
and the layer thickness was measured. The thickness of the 
coated layer decreased with increasing rotation speeds. 
Figure 2 (b) shows a cross sectional image of a UV curable 
PDMS layer coated at spin-coating speed of 6000 rpm for 
30 s. The morphology of the coated layer indicated uniform 
thickness of 11µm and adhesion to the glass substrate. 

Figure 3 shows the absorbance spectrum of the UV 
curable PDMS for wavelengths of 320 nm to 610 nm. The 
absorbance spectrum was obtained from transmittance 
spectrum on a 5 mm thick sample measured with a spec-
trometer (UV-1650 PC, Shimadzu Europe). The UV cura-
ble PDMS has little absorbance in the visible range, and 
exhibits an absorption range of wavelengths shorter than 
455 nm. At the relevant wavelength of 355 nm, the absorb-
ance was 0.131, which is sufficient absorbance for a photo-
chemical reaction in volume.   

As an example of the UV curable PDMS fabricated by 
UV-LDW. Figure 4 shows the polymerization of line arrays 
for line widths of 29 μm with a pitch of 230 µm. Before 
laser irradiation, UV curable PDMS was spin coated onto a 
glass substrate at 4000 rpm for 60 s, creating a layer thick-
ness of 14 µm. Each line was produced at a laser power of 
4.5 mW and laser scanning speed of 500 mm/s, with 750 
laser irradiation cycles. The lines are sharp and uniform in 
their widths, height, and smoothness, indicating repeatable 
and stable polymerization of the UV curable PDMS. There 
is no distortion in the lines, showing physical stability to 
the development process.  

 
 

 

   
 

 

(a) 

Fig. 2 (a) dependence of the layer thickness on the 
spin-coating rotation speed, (b) cross sectional 
image of coated UV curable PDMS layer coat-
ed at spin-coating speed of 6000 rpm for 30 s. 

(b) 

Fig. 3 Absorbance spectrum of UV curable PDMS 
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The height of fabricated line array structure shown in 
Fig. 4 is consistent with the thickness of the spin coated 
UV curable PDMS. The dependence of line width on input 
laser power is shown in Fig. 5. The line arrays were fabri-
cated at a laser scanning speed of 500 mm/s with 500 or 
1000 laser irradiation cycles. Line widths between 18 μm 
and 47 µm were produced using different laser powers and 
laser scanning speeds. The line width measurement data 
from all line array patterns, shown in Fig. 5, demonstrates 
the correlation between laser power and X-Y resolution of 
polymerized structures. The findings consistently show that 
an increase in laser power leads to an increase in line 
widths. 

Figure 6 shows the LZH logo produced with 2D pat-
terning of UV curable PDMS by UV-LDW. The structures 
were 6.00 mm by 2.23 mm with a thickness of 14 µm. UV 
curable PDMS was coated on a glass substrate by spin-
coating. The laser then irradiated the material with a scan-
ning speed of 500 mm/s and a laser power of 843 µW with 
20 laser irradiation cycles. Finally, THF was used to devel-
op the sample. The fabricated structures had smooth sur-
face which maintained transparency due to low surface 
roughness in the visible range, and sharp corners and edg-
es. The scanned surface displayed good adhesion between 
hatch lines in both planer directions and no seam lines were 

 

 

 

 

Fig. 4  Line array with line widths of 29 μm and a pitch of 
230 µm 

Fig. 5 Dependence of line width on input laser power 

Fig. 6  LZH logo produced with 2D patterning in UV 
curable PDMS by UV-LDW 

Fig.7 (a) ringstructure of UV curable PDMS, (b) a micro-
array of ring structures (Top), and 1 ul water droplets 
deposited by pipette control (Bottom) 
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visible in the direction of scanning. Localized curing was 
demonstrated by the ability to maintain thin gaps between 
in the bottom portion of the logo with sufficient contrast 
between polymerized and un-polymerized areas. Moreover, 
none of the samples showed deformations due to shrinkage 
effects. While this sample demonstrated 2D patterning with 
a material thickness of 14 µm. There is, in the future, the 
potential to control the film thickness. Films as thin as 1 
um in thickness can be achieved in a combination with 
aerosol jet printing technology [9], while films thicker than 
100 µm can be made by drop casting. Use of the drop cast-
ing technique has been demonstrated in Fig. 8 and Fig. 9, 
later. Furthermore, there is the possibility of increasing 
throughput by the use of digital light projectors (DLP) for 
industrial applications. 

As one potential application of 2D patterning by the lo-
calized polymerization of UV curable PDMS, Fig. 7 (a) 
shows ring shape structure of UV curable PDMS. The ring 
structures shown have an outer diameters of 1 mm, inner 
diameters of 0.5 mm, and thicknesses of 14 µm. Scanning 
of the ring structures was done in a circular hatching pat-
tern. Periodic ripples are visible on the surface of the ring 
structure. This is attributed to the motion of the laser scan-
ning. For the fabrication of ring structure, each circle is 
constructed from 100 straight line segments in the program 
of the laser scanning. The acceleration and deceleration of 
the laser during direction changes causes some areas to 
have longer exposure times than others. Due to the uneven 
distribution of laser energy, some areas suffer from over-
polymerization. As a result, the overpolymerized areas ob-
tained larger polymerization volumes than the other areas 
in the ring structure, resulting in the formation of the ripple 
structures. Figure 7 (b) shows a micro-array of ring struc-
tures which can be used for position control of liquid drop-
lets. The image on the bottom shows 1 µl water droplets, 
deposited by pipette control, resting on the rings. Self-
alignment of the water droplets to the ring structure is 
achieved due to the hydrophobic properties of the PDMS 
surface.  

The polymerization of thick layers prepared by drop 
casting technique was demonstrated. Figure 8 (a) shows 
rectangular pillar array structure fabricated by 2D pattern-
ing of UV-LDW. Using the drop casting technique, 1 mm 
of PDMS material was dropped into a 15 mm diameter 
circular frame. The frame itself had a height of 3 mm. the 
UV laser scanned an array of 300 µm by 100 µm rectangles 
onto the dropped material and then developed in THF. This 
was done with laser scanning of 1000 mm/s at a power of 
1.75 mW with 20 laser irradiation cycles. This sample 
demonstrates the successful fabrication of self-standing, 
higher than 3 in aspect ratio structures; surfaces are 
smooth, and edges and corners are sharp.  The material also 
shows good elasticity.  

Figure 8 (b) shows the letters LZH made using the 
same method as the pillars in Fig. 8 (a). In this case, the 
structures were removed from the glass substrate after de-
velopment and placed upright. In order to make removal of 
the structure from the glass substrate possible, the laser 
power, scanning speed, and irradiation cycles were adjusted 
to 843 µW, 1000 mm/s and 20 cycles which are nearly 
equal to polymerization threshold. When a part of the struc-
ture was bent, the structure did not break from defects. This 

reveals that the structures exhibited sufficient mechanical 
strength and elasticity. In addition, the surface of the struc-
ture had good transparency and smoothness, as the edge of 
the glass substrate behind the structure can be seen without 
distortion. The structures also had smooth, flat surfaces for 
both the laser exposed area and the boundaries between 
polymerized and unpolymerized material. The sharp edges 
and corners demonstrate good contrast in photo-
polymerization. Furthermore, using the method of 2D 
scanning in drop cast UV curable PDMS, a penetration 
depth of the laser beam deeper than 5 mm has been 
achieved. 

Demonstration of 3D structuring was done with the 
creation of a spider web style net, illustrated in Fig. 9 (a). 
Each layer of liquid UV curable PDMS was dropped into a 
circular frame used in Fig. 8 on a glass substrate. The cir-
cular frame keeps the required layer thickness of UV cura-
ble PDMS. The dropped UV curable PDMS layer was irra-
diated at a laser power of 843 µW and a laser scanning 
speed of 1000 mm/s in a spider web pattern. A second layer 
was then dropped in the frame and irradiated again at a 
laser power of 843 µW and a laser scanning speed of 1000 
mm/s to create the part of posts. Thus, the entirety of the 
3.6 mm structure could be built in a two layer process, 

 

(a) 

(b) 

Fig. 8 (a) rectangular pillar array structure fabricated by 
2D patterning of UV-LDW, (b) the letters LZH 
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demonstrating the high aspect ratio of the UV curable 
PDMS. The discrepancy between the technical drawings 
measurements of the net and the actual measurements, 
about 200 µm, was due to the width of the laser beam, and 
can be adjusted by the laser exposure conditions. The dif-
ference in height, 100 μm was due to the amount of materi-
al deposited in the frame. After post treatment, the structure 
was turned over so the posts supported the full weight of 

the web. The overview of the fabricated structure is shown 
in Fig. 9 (b). The structure was again able to maintain its 
transparency in the visible range and had smooth outer sur-
faces. Due to the absorption depth of the UV curable 
PDMS shown in Fig. 8 as well, a 3 mm thick layer can be 
polymerized without a layer by layer process. Thus, pillars 
on the web structure with an aspect ratio of 2 could be ob-
tained. The polymerized PDMS was mechanically strong 
and flexible, even in the thinnest 0.39 mm section.  Figure 
9 (c) shows a 7 mm diameter, 1.49 g steel ball that was held 
in the netting of the structure shown in Fig. 9 (b). The sur-
face of the web structure sunk 0.6 mm when the steel ball 
was loaded on the web. The pillar structures were not bent 
due to tensile stress from the web part. This reveals that the 
strength of the pillar structures and elasticity of the web 
could suspend the steel ball above the glass substrate. The 
netting was able to return to its original shape after the steel 
ball was removed. 
 
4. Conclusion 

In conclusion, the fabrication of 2D/3D structuring us-
ing an UV curable PDMS has been demonstrated by UV 
laser direct writing. Structures of UV curable PDMS were 
obtained with a lateral resolution of 18 µm. The fabricated 
structures had sufficient physical strength to show elasticity 
of UV curable PDMS. In addition, the structure maintained 
a transparent appearance and smoothness. The development 
process caused little shrinkage and did not induce obvious 
deformations in surface morphology. The UV curable 
PDMS used in this experiment had a sufficient absorbance 
of 0.131 and an absorption depth longer than 3 mm to the 
UV laser beam. This long absorption depth enabled the 
achievement of a high-aspect ratio of 3, by curing in a sin-
gle step of laser irradiation. The laser direct writing process 
can achieve maskless patterning of UV curable PDMS. 
Thus, these new approaches using UV curable PDMS are 
promising for wide and more flexible applications in addi-
tive manufacturing. 
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