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Abstract A new technology of the microsystems fabrica-
tion was developed. The process is based on a so-called
capillary film, which is a commercially available material. A
matrix, master pattern corresponding to the microchannels
structure, made of the capillary film emulsion is embedded
inside a block of polydimethylsiloxane (PDMS). After
polymer cross-linking, the matrix is dissolved and removed
as a solution from the PDMS structure leaving network of
empty spaces that can act as microchannels. In the paper, the
fabrication methods of the microsystems with 2D or sand-
wich-like microchannels architecture were described.

Keywords PDMS - Bonding less - B-less -
Microfabrication - Capillary film - Microchannel

1 Introduction

Nowadays, there are several types of polymer microfabri-
cation technologies, such as casting, hot-embossing
(Becker and Heim 2000), injecting, thermoforming, laser
ablation, computerised numerical control machining,
powder blasting, photo- ore-beam lithography (Shaw et al.
1997), and large number of their modifications (Madou
2002). Most of those methods are able to fabricate semi-
finished components with open structures of microchan-
nels, which require bonding step to seal the microchannels.
There are very few methods for bonding less (B-less)
fabrication of the microsystems. Stereolithography (SL)
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gives the possibility of fabrication of complex 3D micro-
fluidic structures as an one solid device without bonding
processes (Bertsch et al. 2000). Combining SL and two-
photon photolithography (2PP), it is possible to fabricate
3D structures with dimensions below 1 pm (Serbin et al.
2004). Although those methods are fast, direct and can
fabricate unique structures, they involve expensive equip-
ment. There are also several works describing fabrication
of monolithic structures from SU-8, but their applications
are quite limited (Yang et al. 2004; Guerin et al. 1997).

In this paper, we describe a rapid technology that uses
capillary films for the fabrication of bonding less (B-less)
microsystems based on the PDMS. The capillary films are
typically used for the preparation of screens in screen
printed technology. The film consists of two layers: a solid
photosensitive negative emulsion and a polymeric support.
The thickness of the photosensitive emulsion is well
defined, and varies from 15 to 700 pm, depending on the
capillary film type. The main advantages of capillary film
usage compared with liquid photoresists are (1) no
expensive equipment is needed (2) the materials used are
inexpensive and commercially available, and (3) procedure
is plain and fast.

2 Fabrication
2.1 Preparation of capillary film matrixes

In this work, a capillary film with the 50-um thick emul-
sion was used (Pro/Cap 50 obtained from Chromaline
USA). The process starts with the initial preparation of a
piece of the capillary film. A piece of the film with
dimensions appropriate to the architecture of the micro-
channels must be cut off and placed on a solid support
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(e.g. plastic plate) because the film was quite flexible.
Then, the film was exposed with UV light through the
photomask with a dose of 780 mJ/cm®. The exposed film
was developed using a tap water jet. It was observed that
the capillary film, which was too long in contact with
water, would swell. Because of that the developing process
had to be divided into several cycles of washing and dry-
ing. Typical procedure of the capillary film developing was
as follows (see Fig. 1): (1) UV irradiation of emulsion, (2)
washing with water jet for 20 s, (3) drying in an air stream
for 30 s, (4) additional drying (room temperature for about
7 min) and, (5) drying in an oven (70°C for 10 min). Steps
2-4 were repeated about 2—4 times to ensure fully devel-
oped structure. Finally, dried structure from capillary film
was ready to use as a matrix for the fabrication of a B-less
microsystem.

2.2 A B-less 2D structure

A PDMS prepolymer (curing agent and polymer base
mixed together in 1:10 w/w ratio) was poured into a mould
and partially cross-linked on a hot plate at 70°C (Fig. 2a).
Time of cross-linking depended mainly on the thickness of
PDMS layer and the type of the mould used. For the mould
used in this work and 3-mm thick PDMS layer it usually
took about 15 min. The partially cross-linked PDMS had to
be still quite sticky. The capillary film matrix was placed
(emulsion side down) (Fig. 2b) on the surface of the
PDMS. Then, the support foil of the capillary film was
gently folded up (Fig. 2c). Owing to the fact that PDMS
was sticky, the emulsion remained on its surface, and the
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Fig. 1 Typical procedure of a capillary film developing

@ Springer

capillary
film matrix

A

support foil

steel tubes

_———

Fig. 2 Steps of bonding-less fabrication of PDMS structure: a mould
with partially cross-linked PDMS, b capillary film matrix stuck to
PDMS, ¢ removing of the capillary film support foil, d emulsion stuck
to PDMS after removing of the support foil, e stainless steel tubes
placed to form inlets and outlets, f next layer of PDMS poured,
g ready to use B-less structure; the figures present a general view and
a cross section

support foil can be detached without any deformations of
the emulsion (Fig. 2d). The metal or plastic tubes were
placed inside the mould in order to form inlets and outlets
(Fig. 2e). Next portion of PDMS prepolymer was poured
into the mould to cover the emulsion. The whole structure
was placed in an oven where PDMS was fully cross-linked
(80°C for 1 h) (Fig. 2f).
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Fig. 3 Steps of bonding-less fabrication of a PDMS structure
(sandwich-like type): a capillary film matrix (support foil was not
shown in the figures) and mould with partially cross-linked PDMS, b
first section of the capillary film matrix stuck to PDMS, ¢ second layer
of PDMS poured and partially cross-linked, d second section of the
capillary film matrix stuck to PDMS, e last layer of PDMS poured and
cross-linked, f ready to use B-less structure; the figures present a
general view and a cross section

In this way, we have obtained a PDMS structure with
the embedded emulsion from the capillary film. The next
task was to remove the emulsion exploiting the fact that the
emulsion of capillary film can easily be dissolved in a so-
called decoater (LA STRIP SUD15 from Sericol Fujifilm
Ltd. UK). A solution of a decoater concentrate and water
(1:10 v/v) was pumped through the microchannels until all

emulsion was washed out. When a structure with a
microchannel with the following parameters was fabri-
cated: a shape of meander, a length of 30 cm, a height of
50 pm, a width of 100 pm, it took only 2 min to wash out
the emulsion. Finally, the microchannels were flushed with
deionised water and dried. In this way, microchannels
inside the monolithic block of PDMS were obtained

(Fig. 2g).
2.3 A sandwich-like structure

Based on the developed technology, a sandwich-like
microsystem can be prepared. This can be achieved in
several steps. One level of the microchannel is fabricated in
one step. In order to prepare a sandwich-like structure, a
mask used for the channels forming must be divided into
several sections. Each section corresponds to one level of
the microchannel (Fig. 3a). The first step in the preparation
of a sandwich-like microstructure is partially cross-linked
PDMS, which was described previously. Then, the first
section of the emulsion was stuck to the PDMS surface
(Fig. 3b) and support foil corresponding to this section was
removed and cut off. PDMS prepolymer is poured into
mould and partially cross-linked (Fig. 3c). Afterwards, the
next section of emulsion was stuck (Fig. 3d), and the whole
procedure was repeated until all matrix layers were covered
with PDMS. In this case, steel tubes were used to form
inlets and outlet similarly as described previously. Finally,
the whole structure was placed in an oven and PDMS was
fully cross-linked (80°C for 1 h) (Fig. 3e). Having obtained
the microstructure, the emulsion was washed out according
to the procedure described previously. Please note that the
connections between different levels of microchannels
were accomplished by folding the matrix. The emulsion
of the capillary film is a quite flexible. During folding
generally there were no changes in cross section shape and
dimensions observed. There was no need for exact aligning
of the layers as the whole matrix was in one piece.

3 Results

Figure 4 presents an SEM image of the cross section of the
microchannel obtained with the developed technology.
This photograph reveals that in the places where the border
between two PDMS layers would be expected (dotted line
in Fig. 4); there was a uniform solid. This proves that
partially cross-linked PDMS and prepolymer were cross-
linked together. However, the cross section of the micro-
channel was not rectangular, the rounded corners and tails
were present. The rounded corners were probably caused
by a mechanical removal (i.e. the water jet) of the emulsion
from the top of the pattern during the development. We
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Fig. 4 SEM image of microchannel fabricated in PDMS block with
B-less technology. Dotted line shows where border between PDMS
layers would be expected

pattern made of capillary. ~

film emulsion
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Fig. 5 SEM image of structure made of developed capillary film. Not
fully developed areas along pattern are visible

suspect that the tails occurred because of the presence of a
transitional emulsion layer, which was used to enhance
adhesion of the emulsion to the support foil. This layer was

harder to develop and remained as not fully washed out
areas along the pattern, resulting in the tails in the final
structure (Fig. 5).

The microsystems with straight microchannels were
prepared for the tests and their cross sections were studied
based on the SEM images. The designed width of the mi-
crochannels varied from 50 to 200 um. The results are
presented in Table 1. Microchannels were made with the
usage of seven matrixes with one structure on each. It was
observed that the microchannel in the microstructure was
about 2 pm wider than the pattern on the mask. Measure-
ments of the microchannels height (an average height of
the microchannel was equal to 48.8 pm, standard deviation
1.5 pm, number of measurements 21) showed that this
dimension is in good correlation with a thickness of the
capillary film used, in this case: 50 um.

In pressure tests, air was pumped into a microchannel.
Air pressure was increased until cracks in structure
appeared. It was observed that in straight microchannels
with 50 x 100 um cross section cracks did not appeared
up to 10 bars. To lower the pressure at which cracks
appeared a specially designed microstructures were used:
1-cm long microchannel (a height of 50 pm, a width of
100 pm) ended with a cylindrical vessel (a height of
50 pm, a diameter of 2,000 pum). Obtained results
(Table 2) showed that B-less microsystem could handle
about 30% higher pressures than plasma-bonded PDMS
microsystems. Also reproducibility of B-less microsystem
is better and scatter of measured pressures of crack
appearance is much smaller in comparison with bonded
microsystems.

4 Conclusions

Based on the developed technology, 2D and sandwich-like
microstructures were fabricated. The fabrication process is
fast and the procedure is plain. The fabrication of ready-to-
use microsystem takes no more than 2 h. So in this way,

Table 1 Results of microchannels dimensions measurements based on SEM images of microchannels cross sections

A width of pattern on a mask (pm) 454 70.1 94.9 117.0 141.6 193.0
An average width of a microchannel (pm) 47.2 71.9 96.0 118.4 143.7 194.3
Standard deviation (pm) 2.7 2.5 3.7 2.9 4.7 4.8
Dimensions were measured in half of height of the microchannels
Table 2 Measured pressures at which crack appeared in PDMS microsystems fabricated with different technologies
Type of microsystem Pressure (bar)

Min. Max. Average
Oxygen plasma bonded (capillary film stamp) 2.2 53 3.7
B-less (capillary film matrix) 59 7.0 6.7
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during one working day it is possible to design, fabricate,
and test a structure. This is much faster than the fabrication
of a microstructure based on the thick film photoresist such
as SU-8. During the fabrication, inexpensive and com-
mercially available materials are used. The capillary film is
ready to use material so there were no steps involving clean
room facilities. As the bonding step was eliminated from
the procedure, it is possible to fabricate the microsystems
based on not only PDMS, but also on other elastomers,
which cannot be bonded in typical processes, such as
plasma treatment, thermal or solvent bonding.
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