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A SU-8 fluidic microsystem for biological fluids analysis
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Abstract

This paper describes a fluidic microsystem fabricated in SU-8 epoxy photoresist suitable for on-chip liquid handling and mixing. The
application is the concentration measurement of biomolecules in biological fluids, such as urine, blood, serum, plasma or cerebrospinal fluid.

In general, fluidic microsystems on glass are fabricated using HF acid etching techniques, which requires careful handling, or using
micromilling, which gives high-roughness surface. The SU-8 fabrication process is low-cost, biocompatible and UV lithography semiconductor
compatible. It requires neither complex techniques nor expensive masks and is suitable for batch production. Moreover, SU-8-based processing
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nables the fabrication of deep microchannels with very low sidewall roughness, which is suitable, when it is used an optical
easurement method. The high light of this paper is the implementation of a fluidic microsystem for biological fluids analysis w
hotoresist. The fluidic microsystem performance is successfully demonstrated in the spectrophotometric measurement of t
oncentration in urine, by optical absorption.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Disease prevention and treatment is often based on the
easurement of several chemical parameters in biological

uids. Optical absorption measurement at a specific wave-
ength is a very convenient and common analytical tech-
ique for the selective detection of the concentration of
iomolecules in routine tests analysis[1]. However, in most
ases, the samples of biological fluids for those tests analysis
eed to be sent to a central laboratory for analysis and the test
esults become available after several hours and sometimes
ays. The need for a rapid measurement at low concentrations
as led to miniaturization of fluidic analysis systems with the
uidic, the detection and the readout electronics integrated
n a single microsystem. These features are essential within
elds such as DNA analysis, drug discovery, pharmaceuti-
al screening, medical diagnostics, environment analysis and
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chemical production[2]. The advantages associated with
ducing the dimensions of clinical analyses systems inc
improved efficiency with respect to sample size, analy
performance, automation, integration, laboratory safety
sponse times and costs[3].

An essential requirement required for any practical f
integrated chemical analysis systems in a single micro
tem is the ability to mix two or more fluids thoroughly a
efficiently (i.e. in a reasonable amount of time). These
croscale fluidic systems have distinctive properties as a r
of their small dimensions. First, liquid flow is generally la
inar, not turbulent. Second, diffusion is the only pract
process for mixing fluids in narrow channels. Third, parti
can be separated by diffusion according to their size[4].

2. SU-8 versus HF etching and micromilling
techniques

Micromilling or HF acid etching techniques are u
ally used in fluidic microsystems fabrication. Micromilli
924-4247/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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Fig. 1. Fluidic microsystem fabricated by micromilling techniques. The
channels are 1 mm width and 500�m depth[5].

techniques were used to fabricate a microfluidic microsystem
in glass, as is shown inFig. 1 [5]. It is a simple process and
uses standard drilling equipment. However, this technique
is not suitable for batch production, it suffers from high-
roughness surface and sometimes it can crack the glass. A
HF etching device was fabricated by Berthold et al.[6] and it
is presented inFig. 2. The HF acid etching technique is com-
plex, expensive and can be very dangerous if mishandled. It
needs an enclosed area, equipment and materials for its ex-
clusive use. Both these prototypes were tested with success
for analysing biomolecules in biological fluids[5–7].

The SU-8 is an epoxy-based resin photoresist. It has excel-
lent mechanical properties, it allows etching of deep channels
up to 1 mm. It is suitable for fabrication of microstructures
with a high aspect ratio (typically in order 1:20 to 1:25, but
can be about 1:50) and smooth vertical sidewalls. These fea-

tures are appropriated for optical absorption measurement,
once it requires optical paths higher than 500�m [8]. The
SU-8 process does not require an enclosed area and the equip-
ment (such as a hot spin coating and a standard lithograph) is
not expensive, compared with HF acid etching. Moreover, its
equipment can also be used in other applications. Addition-
ally, the SU-8 process exhibits excellent chemical resistance,
very good biocompatibility, UV lithography semiconductor
compatible and does not require expensive masks[9].

3. Model and design

The fluidic mixer is an integrated part of the biological
microsystem. It is designed for enabling a mixing process
driven by diffusion, which allows an easy-to-fabricate and
low-cost mixer. A computer simulation, using Ansys Flotran
with the Flotran CFD option, has been carried out to anal-
yse the details of the flow and the diffusion in the mixer in
order to derive the appropriate design criteria for the layout
[4]. The evaluation of the mixing process was carried out us-
ing the fast-reaction of ‘Microprotein-PR’ reagent with urine
samples.

The mixing process for total protein concentration of 7.5
and 50 mg/dl with a flow rate of 2.3 mm s−1 is shown inFig. 3.
The normal range concentrations in human’s urine are up to
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Fig. 2. Fluidic microsystem fabricated by HF etching techniques[6].
5 mg/dl. At inlet 1, 9.5�l of reagent enters the mixer and
nlet 2, 0.19�l of urine sample.

The liquids were introduced at the inlets and fed thro
he mixer to the outlet. The liquid pressure in the ou
as kept at zero. Driven by the liquid pressure, liquids

hrough the U-shaped intersection. Incompletely mixed z
re seen in the mixer (Fig. 3), but near the fifth U-turn th
ixing is complete and homogeneous, the viscosity v

eaches 0.9E− 3. This is the theoretical and experimen
iscosity value (measured in a viscosimeter) of the mix
hen both liquids are mixed. This basic geometric layout
ls the requirements for total protein analysis in a hum
rine, since the mixing between the sample and the re

s completed before reaching the detection chamber.
The prototype structure of the integrated fluidic die is il

rated inFig. 4. The liquids enter and exit the device throu
nlets and outlet holes drilled in the top glass wafer. The
lass wafer was glued on the SU-8 microchannels. A sp
lue is used for the adhesive bonding of both wafers. A

he liquids enter trough, the inlets they flow parallel to
lass substrate through the main flow channel.

. Fabrication process

The channels are fabricated using a layer of photor
U-8 deposited on the glass substrate, which gives th
uired rectangular vertical profile of the channels. A ne

ive mask is obtained with a regular transparency foil an
hown inFig. 5.
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Fig. 3. Simulation of the flow for diffusion mixing for (a) 7.5 and (b) 50 mg/dl of total protein concentration in urine. The lower graphic bar shows the viscosity
profile of the model. Channels have width and depth of 500�m. The main channel is 70 mm long. The detection chamber is 2 mm× 2 mm.

Fig. 4. A drawing of the constituent prototype pieces integrated fluidic die.

The photoresist chosen was SU-8 100. The SU-8 was first
spun on a glass substrate at 700 rpm for 100 s. The pre-expose
bake was performed by soft bake at 90◦C for 3000 s. The sec-
ond spin was done at 700 rpm for 100 s and soft bake for 300 s
at 50◦C. After, it was ramped up to 90◦C, for 5400 s, and
ramped down. The exposure was for 900 s on an Electronic
Vision EV-420 mask and bonding aligner. Post-exposure bake
for 300 s at 50◦C. Ramp up to 90◦C for 1200 s, and ramp
down. The development took 2700 s in the SU-8 developer.

The fluidic microsystem fabricated using SU-8 is shown
in Fig. 6. The channels are 600�m deep and 500�m width.

The CMOS compatible photodetectors and readout elec-
tronics of the colorimetric detection system were fabricated
through a double metal, single polysilicon, 1.6�m n-well
CMOS standard[5].

5. Experimental results

The reagent used in the measurement of the total protein
in urine was the Microprotein-PR, procedure no. 611[1]. It
contains the red pirogalol-molibdato, which reacts with the
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Fig. 5. The SU-8 negative mask used for the fabrication of the fluidic mi-
crosystem.

amino acids groups of the protein molecules. The procedure
is simple, not corrosive and it is specific for low concentra-
tions measurements in total protein (particularly in urine).
The Microprotein-PR reagent reacts with a sample of urine
containing proteins in a 50:1 ratio, and produces an absorp-
tion maximum at a specific wavelength (λ = 600 nm).

Fig. 7 presents the measured transmittance response for
different total protein concentration in urine, obtained from
a photodiode placed underneath of the fluidic microsystem.
The measured results are done from 3 to 100 mg/dl, compris-
ing the normal and the abnormal values in a human being. The
measurements are done for 10 different assays and also for 10
different measurements in the same assay, for each concentra-
tion. The reproducibility and repetitiveness values obtained
are less than 9.0%. The transmittance is defined asT = I/I0,
whereI is the measured photodiode current for each solution
andI0 the measured photodiode current of the reagent. The
transmittance, atλ = 600 nm, as a function of the different to-

Fig. 7. Measured transmittance spectra for different total protein concentra-
tions.

Fig. 8. The transmittance atλ = 600 nm as a function of the different total
protein concentration.

tal protein concentration is shown inFig. 8. The experimental
results show that: (1) the intensity of the colour produced by
the mixture is directly proportional to the total protein con-
centration; (2) the solutions concentration present a linear
behaviour, it can be seen by the calibration curve ofFig. 8;
(3) the transmittance spectra shows a maximum absorbance at
the wavelengthλ = 600 nm, with a full-width-half-maximum
(FWHM) of 90 nm; (4) an increase of 1 mg/dl in the pro-
tein concentration corresponds to a change of 0.00025 in the
transmittance value.

Table 1gives some useful calculations based on the mea-
sured values. The absorption coefficient for each concentra-
tion (α) was calculated by Beer–Lambert law:

Iλ(LP) = Iλ(LP = 0)e−αλLP

Table 1
Absorption coefficient of each measured concentration forλ = 600 nm and
with LP = 500�m

Solutions (mg/dl) T (%) α (m−1) Tdif (%)

Reagent 100.00
3 99.98 0.27 0.02
7.5 99.89 2.05 0.09

15 99.72 5.66 0.17
30 99.33 13.19 0.39
50 98.88 22.40 0.45

100 97.55 45.82 1.33
Fig. 6. A photograph of the fabricated SU-8 fluidic microsystem.
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where LP is the light path (500�m in that case). In the fourth
column it can be seen that the minimum transmittance dif-
ference (Tdif ) between successive measured concentrations
(3 mg/dl) is 2%. This relative sensitivity is suitable for hu-
man being urine values[10].

6. Conclusions

A fluidic microsystem fabricated in SU-8 and suitable for
measuring the concentration of biomolecules in biological
fluids is presented. The sensitivity achieved in the measure-
ments of total protein concentration in urine is appropriate for
human being values. The SU-8 fabrication process is a low-
cost process, biocompatible, UV lithography semiconduc-
tor compatible and does not require expensive masks. SU-8
techniques for fabrication of fluidic microsystems compete
favourably with other conventional techniques. This fluidic
microsystem avoids the need of expensive readout optics and
opens the door to low-cost disposable devices.
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