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Abstract: This work presents patterning of thick (10–50 µm) hybrid polymer structures of 
ORMOCER® by laser direct writing. ORMOCER® combine polymer-like fabrication 
processes with glass-like surface chemistry that is beneficial for many bio-microfluidic 
applications. ORMOCER® is liquid before exposure, so patterning is done by contact-free 
lithography, such as proximity exposure. With laser direct writing, we obtained higher 
resolution patterns, with smaller radius of curvature (~2–4 µm), compared to proximity 
exposure (~10–20 µm). Process parameters were studied to find the optimal dose for 
different exposure conditions and ORMOCER® layer thicknesses. Two fluidic devices 
were successfully fabricated: a directional wetting device (fluidic diode) and an 
electrophoresis chip. The fluidic diode chip operation depends on the sharp corner 
geometry and water contact angle, and both have been successfully tailored to obtain 
diodicity. Electrophoresis chips were used to separate of two fluorescent dyes, rhodamine 
123 and fluorescein. The electrophoresis chip also made use of ORMOCER® to 
ORMOCER® bonding. 
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1. Introduction 

Thick polymer layers patterned by lithography have emerged as important materials in 
microfluidics. The most common of these materials is the epoxy polymer SU-8 that has been used to 
make separation systems, microreactors, valves, microneedles, polymerase chain reaction (PCR) chips, 
cell growth substrates and other microfluidic and biomedical microelectromechanical systems 
(BioMEMS) devices [1–3]. Thicknesses of SU-8 range from sub-micrometer to hundreds of 
micrometers. SU-8 is easily bondable to itself [4], making it easy to fabricate devices that are completely 
made of SU-8, which is important for applications where surface charge or adsorptions are important. 
SU-8 is a negative resist which is exposed with wavelength of 365 nm typically in 1× mask aligner. 

Laser direct writing (LDW) of thick photostructurable polymers is emerging as an interesting new 
technology for microfabrication [5] but there are still only few articles published on this topic. In [6] 
Cadarso et al. used LDW technique for patterning an 85 µm thick layer of an in-house epoxy-resist 
(EpoDWL) similar to SU-8. In this work, we are patterning the hybrid material ORMOCOMP®. 
ORMOCOMP® belongs to a class of hybrid polymers knows as Organically Modified Ceramics 
(Ormocers), which share beneficial material properties of polymers and ceramics [6–9]. The material 
was developed by Fraunhofer Institut fur Silicatforschung ISC, Wurzburg, Germany. Polymer-like 
behavior enables for example spin coating and patterning by UV-embossing but it has problems in 
residual layer that prevents the fabrication of many microstructures [10]. ORMOCOMP® channels 
have been shown to be free of fouling, as evidenced by stable migration times, which indicate that 
there are no hydrophobic or electrostatic interactions between ORMOCOMP® and positively charged 
proteins [11,12]. 

ORMOCOMP® has been utilized in cell growth platforms, by 3D two-photon polymerization [7–9]. 
This method is in some ways similar to the one described in this work. Two-photon laser writing 
allows for the creation of 3D patterns of arbitrary shape (e.g., scaffolds) with sub-micrometer feature 
size, but is severely constrained in terms of speed compared to the method described in this work: 
patterning a volume of about 1000 µm3 takes 10 min [9], while in the same time our method can 
pattern a volume that is 106 times larger, even at the lowest patterning speed. The speed difference is 
mostly attributed to the fact that our method exposes a much larger volume of ORMOCOMP® 
compared to two-photon laser writing. 

Benefits of ORMOCOMP®, in comparison to other lithographically patternable microfabrication 
polymers, are manifold: (i) adaptable elasticity modulus range (0.05 GPa to 2.35 GPa); (ii) low 
polymerization shrinkage of just 4.0%–5.8% by volume; (iii) solvent-free composition; (iv) thermal 
stability (cured ORMOCER® material tolerates temperatures up to 300 °C); (v) oxide-like surface 
chemistry when cured; (vi) self-adhesive bonding; and vii) ORMOCER® processing is simple and fast 
because it is solvent free—bake and developer times are just a few minutes compared with tens of 
minutes for photoresists of similar thickness. Due to its low shrinkage during curing, ORMOCOMP® 
is very well suited for the replication of small features [10]. In addition, nanoscale pores can be formed 
in ORMOCOMP® though the use of oxygen plasma [11]. The organic component is selectively 
removed, leaving an oxide skeleton with 10–100 nm pores. 

In this work we show how the hybrid polymer ORMOCOMP® is patterned by laser direct writing 
(LDW). In our earlier work [12], we showed that laser direct writing can produce sharply defined 
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structures in thick ORMOCOMP®. In this work we explore the process conditions in detail. Maskless 
methods, such as laser direct writing, are ideal for prototyping new device designs. ORMOCOMP® 
resembles SU-8 in being a negative resist, and it can be exposed with the same tools as SU-8. 
However, the need for laser patterning emerges because standard lithography of ORMOCOMP® is 
limited by the fact that ORMOCOMP® is still in liquid phase after baking. This means that proximity 
lithography must be employed: a very precise proximity gap control is required, otherwise mask-resist 
contact will tarnish the mask with liquid ORMOCOMP® and patterns will be distorted. Using a larger 
proximity gap is not an option as it leads to lower resolution. LDW eliminates mask contamination, 
allows high resolution and high aspect ratio structures. 

As applications of ORMOCOMP® patterning, we fabricated a microfluidic diode and an 
electrophoresis chip. The self-adhesive property of ORMOCOMP® was used to cap the electrophoresis 
chip. We have explored LDW parameters, using different thicknesses of ORMOCOMP® and 
optimized the LDW parameters to obtain the microstructures down to micrometer range, with aspect 
ratios of 5:1. 

2. Experimental Section 

2.1. Substrate Preparation 

Standard silicon wafers of <100> orientation were kept in oven at 120 °C for 1 h to 2 h to dehydrate 
the surface. 

2.2. Spin Coating 

In this work, commercially available ORMOCER material ORMOCOMP® from Micro resist 
Technology GmbH was used. ORMOCOMP® has a high viscosity compared to most photoresists  
(2 ± 1 Pa·s at 25 °C). ORMOCOMP® was spin coated on the silicon wafer using different spin speeds 
ranging from 2000 rpm to 10,000 rpm. In addition, ORMOCOMP® shows good adhesion on most of 
the substrates, e.g., polymers, glasses, and silicon, without any promoters. 

2.3. Pre-Baking 

After spin coating the wafers were soft baked, exposed by laser, hard baked, developed and cured as 
shown in the flow chart in Figure 1. Soft bake was done at 95 °C for 2 min on a hot plate. This step 
improves adhesion and removes any remaining air bubbles. ORMOCOMP® was sticky after the pre 
bake, so it is necessary to handle the substrate carefully while mounting inside on the sample holder of 
laser writer. A dummy wafer was always placed under the silicon wafer because of sticky nature of 
uncured ORMOCOMP®. 

2.4. Laser Writing 

Laser writing was done by a Microtech® (Cheshire, CT, USA) LW 405 laser writer. Design data is 
input using Caltech Intermediate Form (CIF) files created with suitable CAD software. The typical CIF 
file size for a mask design containing 100,000 polygons is roughly 5 MB. 
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Figure 1. Process flow for ORMOCOMP® microstructure patterning through direct  
laser writing. 

 

The writer uses a 405 nm wavelength pulsed GaN laser, working at 8 MHz repetition rate. The 
pulse duration varies between 5 and 100 ns; pulse-width modulation (PWM) is used to adjust the 
output power of the laser source. The parameter used to set the output power of the laser source is 
called, by the laser writer’s user interface, Gain, and it is given in arbitrary units from 0 to 50. The 
nominal maximum output power is 60 mW. 

The optical system has four different lenses available. These lenses allow the user to select between 
1, 2, 4, and 8 µm beam waists (spot diameter at focal distance) and thus define the patterning 
resolution. The optical system also includes an optical filter, which can be selected for 1%, 3%, 10%, 
30% and 100% of laser beam energy transfer. The sample is mounted on a XYZ stage, which comprises 
a vacuum chuck, and moves the sample during patterning while the laser is static. Three interconnected 
computer nodes control the XYZ stage, the laser source and the user interface. 

The patterning can be performed in two modes: stage scan and beam scan. In stage scan, the stage 
moves at the same speed in the X and Y directions, and the laser beam is turned on and off depending 
on whether a given pixel needs to be exposed or not. Beam scan is similar, except that the movement 
in the X-axis happens in steps that are multiples of 100, 200, 400 or 800 µm, for the lenses producing 
1, 2, 4, and 8 µm spot diameters, respectively. The beam itself is scanned in the X direction with a  
fast-oscillating mirror. Thus, in beam scan mode, the whole pattern is composed of 100, 200, 400, or 
800 µm wide strips (Figure 2). The scan lines overlap to a smaller or larger extent. With larger overlap, 
the patterned lines in the Y direction will be smoother, and the effective dose (deposited energy per 
unit area) will be higher. The laser writer’s user interface allows for adjustment of the overlap. It is 
important to note that the beam is pulsed, and since the pulse duration is on the nanosecond scale 
(between 5 and 100 ns), in a first approximation the spot obtained can be considered circular, i.e., it is 
not smeared into an ellipse. 
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