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Abstract

In this work a fluorescent microfluidic sensor is developed, manufactured and characterized through additive manufacturing
technique, using transparent photopolymer. A technology widely known as 3D printing is very suitable for tailor-made microfluidic
chips, as it allows for rapid manufacturing. Optical structures can be developed using transparent materials, and this work describes
a technique for increasing light transmission through such structure. A complete, inexpensive electronic device is described,
containing microfluidic chip, light source, photodetector, microcontroller, communication interface and a multifunctional package
with embedded connectors. Performed analyses show that performed surface modification significantly improves light transmission

through structure, the material does not show autofluorescence, and whole device is suitable for fluorescence measurements.
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1 Introduction

Nowadays, the development and demand for new, better,
more personalized and specialized devices has grown to a
great extent. Traditional solutions require long processing
time under supervision and generate significant equipment
and personnel costs. Lab-on-chip solutions, composed
commonly of microfluidic channels and inexpensive elec-
tronic components, seem to be an answer to those problems
in some applications. Such small devices provide an ease of
transport to places where access to the use of large equip-
ment is difficult. Moreover, they can also be used as bedside
devices. One of the tests that could be performed on bio-
logical samples in such microsystems is fluorescence mea-
surement [1], which is utilized in presented device. The aim
of this work is development, manufacturing and charac-
terization of microfluidic sensor for determination of bio-
logical substances. The ultimate goal of our research is to
develop portable and inexpensive Point of Care diagnostic
devices based on microfluidic biosensors. Recent advances
in Additive Manufacturing (AM), especially cost reduction
of high resolution techniques, such as stereolithography
and introduction of new materials, has made it very suit-
able for tailor made biochip manufacturing. AM is highly
suitable for such applications, due to very short project to
object time and high manufacturing flexibility — a series
of various elements can be manufactured simultaneously.

Moreover, 3D printing is unparalleled in manufacturing
costs. Both equipment and materials are inexpensive, there
is no need for cleanroom environment. There is a variety
of microfluidic sensors that are were applied for such pur-
pose. The detection mechanism commonly relies either on
electrochemical or optical phenomena. Electronic technol-
ogies are quite well developed, there are several that can
incorporate microfluidic channels, such as semiconduc-
tor [2], ceramic [3] and polymer [4, 5]. On the other hand,
optical microsystems require more complex manufac-
turing techniques [6]. The main issue is optical transpar-
ency— therefore silicon is commonly bonded with glass [7]
and ceramics with PDMS (polydimethylsiloxane, an elas-
tic silicon-based polymer [8]. Also, glass-PDMS systems
are very popular due to reasonable manufacturing cost [9].
However, all of these technologies require specialized
equipment and skilled staff. For example, in order to man-
ufacture robust glass-PDMS or ceramic-PDMS structures,
a bonding step is required. A plasma activation is most
commonly used, which is a challenging process [10, 11].
Therefore, although more capable, they are incompara-
bly more expensive in low volume manufacturing and too
complex for in-house manufacturing for many biomedical
researches. This is a very important factor in microfluidic
biochips, as most of them needs to be disposable. A more
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accessible approach is manufacturing PMMA microflu-
idic systems. Moradi et al. recently used this technique for
development of a pH sensor [12]. They used a double sided
tape for bonding consecutive layers. However, a more
robust and long lasting solution is a mono-block 3D printed
device. Additive manufacturing also allows for a high
level integration of complex structures, such as valves or
pumps, which can help to miniaturize the device and auto-
mate the measurement [13]. Several 3D printing methods
had already been proven for microfluidic chip manufactur-
ing [14—-16]. A review by Ni et al. widely describes variety
of 3D printed microfluidic devices, several of which have
fluorescence detection, including PCR (Polymerase Chain
Reaction) system and immunosensors [17]. In this work we
focus on development of fluorescent, fully 3Dprinted sen-
sor. The novelty in this work is a use of a very inexpensive
stereolithography setup which can be incorporated at any
laboratory. Moreover, a very simple modification step is
described, which significantly increases transparency.

2 Materials and methods

Structures were manufactured using a Formlabs Form?2
stereolithography (SLA) 3D printer. Stereolithography is
a method of additive manufacturing, in which a mixture
of mono- and oligomers is formed selectively into poly-
mer by free radicals or cations, generated from photoini-
tiator under UV irradiation. The process is being carried
out layer by layer, in order to form spatial structures.

As the working principle of described device is based
on optical measurements, a transparent photocurable resin
was used (Formlabs Clear). Therefore, characterization
of the resin’s optical parameters was necessary. The cru-
cial parameter in optical measurements is light transmis-
sion of the microfluidic chip. Transparent SLA resins are
available, however, surfaces are typically rough and sig-
nificantly disperse light. Nevertheless, stereolithography is
the most suitable AM technique for optically transparent
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object manufacturing, as it produces uniform structures.
In comparison to other methods of 3D printing, consec-
utive layers cannot be distinguished in monoblock mate-
rial. Therefore, the only obstacle for good transparency
is surface finish. The most popular solution, not only in
3D printing, is polishing, which gives sufficient results.
However, in our approach, a thin film of resin was depos-
ited on the structure in order to fill in the unevenness and
form a new outer layer. Due to surface tension of fluid, the
new face is smooth enough to improve light transmission.
Furthermore, as the layer is composed of the same material
as bulk, there is no interface between them which would
disperse light. The surface layer was deposited through
dip coating, however, for more precise thickness control, a
spin coating method can be used as well. In order to mea-
sure light transmission, structures with planar dimensions
of 20 mm x 20 mm and thickness of: 500 pm, 750 pm,
1000 pm, and 1500 pm were developed and then dip
coated into transparent resin of which they were made of
and then post-cured for between 5 to 30 minutes under a
9.1 W 405 nm UV light in 60 °C. The timing of this process
turned out to be crucial: it has to last long enough for the
resin to fully cure but not so long that it starts to degrade
and become yellowish; the optimal value seems to be 15
minutes. The whole procedure is illustrated in Fig. 1.

The transmittance of Formlabs Clear resin was assessed
before and after such alteration. A StellarNet Silver-
Nova 25 spectrophotometer (190 nm + 1110 nm) was used
for the transmittance measurements with a Thorlabs opti-
cal fibres (180 nm + 1200 nm).

After the procedure of surface modification for improve-
ment of light transmission was developed, a microfluidic
chip designed and manufactured. It consists of two planar
logarithmic spirals, one of which leads fluid to a center
chamber and the other drains is out. This set of spirals is
designed to provide mixing before measurement, in order
to ensure uniform structure of analyte. The working
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Fig. 1 Schematic of treatment microfluidic structure in modified process



principle of such mixer is based on Dean vortices [18],
as was previously described [8]. After printing, the channel
was rinsed for 10 minutes in isopropyl alcohol using a per-
istaltic pump, in order to remove uncured resin. Then, the
chip was dip coated in the same resin as it was made of and
post-cured for 15 minutes under 9.1 W 405 nm UV light
in 60 °C. The view of the chip is shown in Fig. 2.

A peristaltic pump was used for inducing the fluid flow
and a diode laser Osram PL450B with a peak wavelength at
460 nm and 80 mW maximum power was used for specimen
excitation, as this wavelength corresponds with absorbance
of fluorescein, which is widely used in fluorescence analy-
ses. The package of transparent microfluidic chip was also
3D-printed, in order to insulate any incident light. Two SMA
connectors were integrated in the package for easy optical
fiber connection. Described system was developed in modu-
lar form, where light source is interchangeable and detection
can be performed either by a compact colorimetric detector
or by a spectrophotometer, however, development of very
compact, integrated device can be easily achieved. The sche-
matic of developed device is shown in Fig. 3.

After manufacturing and assembling, the whole device
was characterized by fluorescence analyses, using fluores-
cein in concentrations of 0.1 % and 0.01 %, diluted in eth-
anol. Before measurements, fluorescence analysis of pure
ethanol was performed for a reference. The same mea-
suring equipment was used as in transmittance measure-
ments, described earlier.

3 Results
The measured values of the transmittance, depending on
thickness of the structures are shown in Fig. 4. Modified

structures are thicker than unmodified structures as they

Fig. 2 A view of the microfluidic chip (before modification)
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Fig. 3 Schematic of the sensor
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Fig. 4 Transmittance spectrum of Clear resin structures
in dependence on their thickness

were dip-coated with an additional layer of liquid resin
before curing, in order to obtain a smooth surface.

Nevertheless, despite the increased thickness, the mod-
ification significantly improves transmittance of the struc-
tures. Moreover, it can be observed that the quality of surface
is more important than the thickness, proving that mate-
rial itself does not have a significant attenuation and losses
are mainly caused by the scattering on surface impurities.
Obtained results are significantly better than for objects man-
ufactured using Multi Jet Modelling method, where a photo-
curable material is selectively deposited and then the whole
layer is cured by light irradiation. For VisiJet M3 Crystal,
transmittance varies from 60 % for 32 pm thick structure
to just 15 % for 512 pm thick structure [19]. A clear relation
between transmission and object thickness can be observed
in MJM, contrary to SLA technique presented in this work.
The reason for that stereolithography produces a uniform
material, whereas separate layers can be distinguished in
the jet-printed objects.

In order to validate proper functioning of developed
system, a series of fluorescence measurements were
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performed (Fig. 5). The excitation light can be clearly seen
at 460 nm as well as wide spectra of flourescein response
for two concentrations between 480 nm and 650 nm.
The signal from fluorescein is strong enough for the spec-
trophotometer to have a good resolution. In case of sim-
ple sensor measurement, a filter is needed in order to iso-
late fluorescein signal from excitation light. The reference
measurement carries the most significant information, as
no autofluorescence is observed, which is crucial for such
measurement and is the main issue in many 3D printed
materials, such as described earlier VisiJet M3 Crystal [19].

4 Summary

Performed research proves that it is possible to manufacture
a reliable microfluidic sensor with optical detection, using
stereolithography. This method eliminates a risk of spills or
leaks outside the structure. All ports and connectors can be
fully integrated, significantly reducing the assembly stage.
Furthermore 3D printing methods provide rapid manufac-
turing are incomparably inexpensive in small volume man-
ufacturing, making them ideal for tailor-made and dispos-
able devices. Developed dip coating surface modification
significantly improves transmittance, which is not highly
dependent on wall thickness. Validation of the concept was
performed by fluorescence measurements of fluorescein
diluted in ethanol in different concentrations. Fluorescent
signal is clearly visible and can be differed form 450 nm
excitation laser. It proves that the microsystem topography
and assembly is correct and can be used in chemical and
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Fig. 5 Results of fluorescence measurements with excitation at 460 nm

biological analyses. For example, the fluorescence mea-
surements can be used for dopamine [20] or glucose [21]
sensing. Crucially, Formlabs Clear does not show any aut-
ofluorescence. However, some reports show that this mate-
rial may not be biocompatible [22], which is a common
issue in 3D printed materials. Further research is needed
in this area, including application of other available opti-
cally transparent resins or development of new composi-
tion. Another approach could be channel wall modification
in the post processing stage, in order to provide chemically
and biologically inert surface.
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