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Abstract

We present a design and process to fabricate an integrated microfluidic/microoptical device—the microfluidic optical waveguide sensor
(“�FlOWs”). Optical waveguides and fluidic microchannels have been defined using only a single photolithographic masking step. This
integration has been demonstrated with three device types: (A) a hybrid structure with embedded SU-8 waveguides and polydimethylsiloxane
(PDMS) channels; (B) a structure using only SU-8 for both the waveguides and microchannel walls and (C) a structure as a modification to
the all-SU-8 structure. Testing has demonstrated the ability of the waveguides to transmit light to and receive light from the microchannels,
which contain a fluorescent dye that emits upon laser excitation. This type of strategy can find effective use in a variety of bio-assay
experiments.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

MEMS technologies have been used to fabricate microflu-
idic devices as well as planar lightwave circuits[1], how-
ever recently, structures integrating both of these function-
alities have been created and tested, predominantly for ap-
plication in biological and chemical sensors[2,3]. Much of
the work in developing these types of devices has focused
on the materials and processing, since the properties needed
for both photonics and microfluidics are often not always
compatible[4,5]. A major motivation for trying to achieve
this integration is that optical techniques such as fluores-
cence detection are well-suited to biomolecular detection[6]
in MEMS-based microfluidic biosensors.

Our group has fabricated several integrated microfluidic/
optical-waveguide devices (�FlOWs) for use as optical
chemical/biological sensors. The waveguides are made of
SU-8, a photo-epoxy material commonly used for high
aspect ratio molds or structural materials in MEMS fabri-
cation, and more recently, as an optical material because
of its low absorption and scattering[7]. Three devices are
presented, one being a hybrid structure with polydimethyl-

∗ Corresponding author. Tel.:+1-202-687-6231; fax:+1-202-687-2087.
E-mail address:paran@physics.georgetown.edu (M. Paranjape).

siloxane (PDMS) microchannels and embedded SU-8
waveguides, the second structure made entirely of SU-8, and
the third, made entirely of SU-8 but optimized for greater
sensitivity.

All three types were designed to detect a fluorescence sig-
nal resulting from samples flowing through a microchannel,
with excitation and emission light coupled into and out of
the fluidic microchannel through SU-8 waveguides.

2. Background and characterization of SU-8
waveguides

Proper transmission of light through a waveguide requires
the waveguiding material to be surrounded by a lower re-
fractive index material. The waveguide surface must also be
free of roughness greater than∼100 nm to avoid scattering
losses of visible wavelengths of light. Finally, good coupling
of light into the waveguide is needed which can be achieved
by butt-coupling, prism-coupling, or grating-coupling[8]. In
addition to these requirements to construct a properly func-
tioning waveguide, the design of the overall system incorpo-
rating these waveguides should allow for ease of fabrication
and rapid prototyping using cost effective materials. By cre-
ating a design in which the waveguides are self-aligned to
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the microchannels, fabrication of the waveguide/channel in-
terface can be greatly simplified thereby reducing scattering
loses.

SU-8 is an ideal choice to fulfill these requirements. SU-8
is a negative photoresist manufactured by MicroChem Corp.,
which, due to its high refractive index (1.6–1.7) and low ab-
sorption, serves as an effective optical waveguide core[7].
SU-8 is a transparent material that exists in different formu-
lations, each containing different amounts of organic solvent
(gamma butyrolactone or cyclopentanone), thereby produc-
ing variations in viscosity. The differences in viscosity are
denoted by appending anx to the name, i.e. SU-8x, where
x corresponds to the approximate thickness (in microns) at
a nominal spin speed of 3000 rpm for 30 s. With this nota-
tion, it is apparent that SU-8 25 would be less viscous than
SU-8 100. Depending on the formulation (viscosity) used
and the variations in spin speeds, the thickness of an SU-8
layer can be controlled over a wide range, from sub-micron
to over 300�m [9,10] in a single spin coat process. In ad-
dition, SU-8 structures can be fabricated rapidly using stan-
dard photolithographic equipment. It has recently been used
to create waveguides and microfluidic channels in a mi-
crodevice for optical absorption[3]. A standard fabrication
procedure involves spin coating a substrate with the SU-8
and baking it to remove its solvent, exposing the sample to
a UV light source, baking the sample again to cross-link the
polymer, and finally, developing the sample in SU-8 devel-
oper, also manufactured by MicroChem. For the fabrication
of our devices, a Karl Suss contact mask aligner served as
the UV light source.

Using a Gaertner LSE model ellipsometer, the refrac-
tive index of 100 micron-thick SU-8 films was found to
be 1.54 at a wavelength of 633 nm. This value is an aver-
age of data from five different films. Although this value
is lower than what is reported in literature, it is still high
enough to allow SU-8 to function as an effective waveg-
uide. The optical transmission of SU-8 was also measured
using an Ocean Optics PC2000 spectrometer and a broad-
band deuterium source.Fig. 1shows the result for a 100�m
thick film. While the values for transmission seem to be
poor, it should be noted that the SU-8 film used had been

Fig. 1. Transmission of light through a 100�m thick SU-8 film.

Fig. 2. (a) Light exiting an SU-8 waveguide using a test-bed array of
waveguides and (b) end face image of the light emerging from the
waveguide.

slightly overexposed, and preliminary tests of SU-8 pat-
terned as actual waveguides gave much better transmission
percentages.

In initial testing of SU-8 as a waveguide, we demon-
strated effective coupling of light into the waveguide as
well as its effective transmission, as illustrated inFig. 2.
SU-8 structures 500�m wide and 100�m high were pat-
terned onto a glass substrate. Light from a green HeNe
laser (wavelength 543 nm) was coupled into the waveguide
using prism-coupling[8]. The overall coupling efficiency
through the end of a 2 cm long waveguide was determined
experimentally to be approximately 40%. This efficiency
value is mainly due to absorptive losses in the waveguide,
since an independent measurement of the absorption coef-
ficient of SU-8 in the visible gave a value in the order of
0.5 cm−1.

3. Device design

3.1. PDMS/SU-8 hybrid design and fabrication

The hybrid design makes use of SU-8 waveguides em-
bedded in PDMS, a silicone elastomer often used in mi-
crofluidic devices[11]. The PDMS formulation used in our
devices was Sylgard 184, available from Dow Corning Cor-
poration. The general procedure to form a PDMS structure
is to combine the base formulation with the curing agent in
a 10:1 ratio. After thoroughly mixing, the PDMS is poured
onto a mold (typically the negative photoresist SU-8) and
placed in a glass desiccator that can be evacuated to allow
the removal of any trapped air bubbles that may have re-
sulted from the mixing process. Subsequently, the PDMS is
allowed to cure on a level surface either overnight at room
temperature or in a soft-bake oven for 2 h. After curing,
PDMS is highly flexible and transparent with a low index
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Fig. 3. Schematic diagram of design A (PDMS/SU-8 hybrid device).

of refraction compared with that of SU-8 (n ∼ 1.43 [12]),
making it an ideal cladding material to surround the SU-8
waveguide.

Fig. 3 shows a schematic diagram of the PDMS/SU-8
�FlOWs device. Fabrication of this hybrid device made use
of a single photomask process in which the SU-8 photore-
sist mold was patterned onto a Teflon release layer that was
initially spun onto a 10 cm× 10 cm glass substrate. PDMS
was mixed and poured onto the SU-8, as described above,
and after curing, both the PDMS and SU-8 mold were re-
moved from the glass substrate using a Teflon dry release

Fig. 4. (a) Picture of design A (SU-8/PDMS hybrid device) and (b) laser light enters through the SU-8 waveguide to the left and excites the fluorescent
dye in the fluidic microchannels.

procedure. The technique involves spinning a thin (approx-
imately 1�m), low surface energy layer of Teflon that al-
lows the SU-8 and PDMS microstructure to be mechani-
cally lifted off from the substrate[13]. This enabled the sin-
gle layer of SU-8 to serve as both mold for the PDMS and
as the embedded waveguide. By selectively removing the
non-waveguiding portions of SU-8 from the PDMS struc-
ture by mechanical extraction, the 100�m wide open fluid
channels were formed. This manual process did not produce
any deleterious effects on the device structure in any man-
ner. After opening all microchannels, Kapton tape (DuPont)
was used to completely mask off the PDMS, however, the
microchannels were left exposed. Subsequently, 3000 Å of
aluminum was deposited onto the channel walls using a CVC
AST 601 sputtering system to improve the light guiding ca-
pability to the output waveguide. The channels were sealed
with another PDMS layer (pre-drilled with holes that align
with the microchannel reservoirs to allow fluidic interface
between the macro- and micro-worlds) and activated with an
air plasma, using a Plasma Technologies Plasma Lab RIE,
to promote adhesion between the two PDMS layers[11]. An
aqueous solution containing a fluorescent dye was injected
and removed through a pair of luer fittings sealed into the
holes on the top PDMS layer.

Fig. 4ashows a picture of the device while 4b shows the
SU-8 waveguide successfully directing light to the channels.
In this case, a 10−4 M solution of the fluorescent dye Rho-
damine B is being pumped through the channels and light
from a HeNe laser (wavelength 543 nm) is butt-coupled into
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the SU-8 waveguide on the left. The fluorescence emission
from the dye can be seen.

With this design, the use of two materials requires a fi-
nite space between the end of the SU-8 waveguide and the
PDMS microchannels for structural integrity, but ideally,
there should be no space between the waveguide and the
microchannels. Even after minimizing this distance, there
will nonetheless be considerable loss of the excitation light
and fluorescence emission due to inevitable scattering at the
SU-8/PDMS and PDMS/fluid interfaces, as well as diffrac-
tion of the light between the waveguide ends and the fluid
channel.

3.2. All-SU-8 device design and fabrication

To reduce the problem of light lost in the hybrid design
described above, the device was redesigned to be fabricated
completely from only SU-8, thereby reducing the number
of medium changes along the optical path. By using only
the SU-8 to function as both fluidic and optical pathways,
processing of the device is greatly simplified and is more
applicable to batch-fabrication.

Fig. 5shows a schematic diagram of the all-SU-8 device,
also fabricated with a single mask, in which the waveguiding
regions couple directly with the microfluidic channel. The
SU-8 structure was initially patterned directly onto the glass.
However, the adhesion of the tall, narrow channel walls and
waveguides to the glass substrate proved to be poor, result-
ing in deformation of the structure. To improve adhesion, a
thin layer of SU-8 5 (a very low viscosity formulation, as
described earlier) was spun on the glass at 3000 rpm for 30 s
resulting in a layer approximately 5�m thick. This layer
was subjected to a blanket UV exposure and then baked.
Different structures with varying microchannel wall widths
were patterned using SU-8 100, spun at 3000 rpm for 30 s,
on top of the base SU-8 5 layer. For all the structures that
were fabricated using this process, the resulting waveguide
and channel thickness was between 100 and 110�m. Sev-
eral strategies to seal the all-SU-8 structures were consid-
ered, providing it could be accomplished using simple tech-
niques and without specialized bonding equipment. All in-
volved using a glass plate coated with an adhesive layer.
The various methods have been elaborated upon in the re-
sults section including one that made use of SU-8 itself as

Fig. 5. Schematic diagram of the design B (all-SU-8 device) on glass.

an adhesive layer. The SU-8 would be compatible with our
overall processing strategy, is simple to use, and prior work
had demonstrated microchannel sealing using this photore-
sist [14]. However, to minimize losses due to leakage of
light through the non-waveguiding interface, we used only a
5�m thick SU-8 sealing layer on a glass slide that is placed
only over regions that would cover the fluidic microchan-
nels. That is, the glass/SU-8 layer was not placed along
the entire length of the waveguide, but rather, only in the
area where the waveguide meets the microchannel. In addi-
tion, waveguides that were 50 and 100�m wide were fab-
ricated, as shown inFig. 6. Light from the HeNe laser was
prism-coupled into one of the SU-8 waveguides, as shown
in Fig. 7a.

In Fig. 7, a sample of Rhodamine B with a concentration
of 6.4 × 10−5 M was injected into the microfluidic chan-
nels and imaged from above using a charge-coupled device
(CCD) camera. The top image (Fig. 7a) shows the incident
laser light scattering from the empty microchannel surfaces,
while the lower image (Fig. 7b) is the fluorescence emission
in the channel. To obtain this image, a filter was attached to
the camera to receive only the fluorescence emitted by the
Rhodamine B while filtering out the incident laser light.

3.3. All-SU-8 device modified for sensitivity

The third device design was created to resolve problems
that were encountered in the production of the first two de-
vices. In the earlier versions of the device, the signal to noise
ratio has not been sufficient to allow for the desired sensi-
tivity. Design B also experienced problems with uniformity
in the height of the structures due to the necessity of spin
coating the SU-8 to form the structural layer. This variation
in height created difficulties in sealing these devices. In the
creation of this third device, previous processes were opti-
mized to resolve these problems, and the new design was
optimized to improve the signal to noise ratio (SNR) by
approximately one order of magnitude, thereby increasing
sensitivity.

Fig. 6. SU-8 structures for two devices patterned onto glass for design B.
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Fig. 7. (a) Light injected into empty microchannels in the all-SU-8 device (design B) and (b) light from an excitation laser excites the fluorescent dye
in the channel, which produces an emission. The laser light has been filtered out for clarity.

As can be seen from the schematic of the first all-SU-8
design (design B), shown earlier inFig. 5, the waveguides for
the excitation and emission light are collinear. This requires
filtering the laser excitation out of the light detected at the
end face of the detection waveguide resulting in a decrease
of the signal to noise ratio. Furthermore, the signal is being
reduced along the channel up to the detection waveguide due
to reabsorption of the fluorescence emission. One solution
to this problem is to detect at 90◦ to the incident light with
a wide aperture collection waveguide to gather more of the
emission light from the fluorescence.

This has been incorporated in the modified all-SU-8 de-
vice, shown inFig. 8. This device is again constructed com-
pletely from SU-8 to reduce the number of medium changes,
but has the fluorescence collection waveguide orthogonal to
the path of the laser light. This detection waveguide spans
the entire length of the channel in the region where fluores-
cence emission occurs, and is selectively metalized to direct

Fig. 8. Schematic diagram of design C (the modified all-SU-8 device) on
glass.

light preferentially from the length of the microfluidic chan-
nel towards a single detection waveguide.

To achieve this, the structure required metalization of spe-
cific side-walls of the device, making exact masking neces-
sary to prevent any stray metalization from blocking the in-
put and output of the waveguides. To achieve the precision
necessary, two separate metalization processes were used.
For the first metalization, the wall to the detection waveg-
uide was masked off, as was the corner where the excitation
waveguide comes into contact with the channel. A 0.5�m
thick aluminum layer was sputtered onto the device. The
masking was then altered to allow for metalization of the
side-walls of the detection waveguide that tapers down from
the full length of the microchannel detection region to a sin-
gle waveguide. Again, a 0.5�m of aluminum was sputtered
on the device. As with the first all-SU-8 device, a glass plate
with an adhesive layer can be used to seal the microfluidic
channels.

4. Discussion and results

4.1. Uniformity of SU-8

Fabricating polymer films using spin coating presents a
number of problems, most notably, generating a uniform
height across a thick film. Channel walls and waveguide
heights were measured with a Dektak profilometer follow-
ing SU-8 development. For the three design types discussed
earlier, light was butt-coupled into the waveguides, requir-
ing the ability to access the end of the waveguide. This was
accomplished by patterning the devices on 2.5 cm× 7.5 cm
microscope slides, with the waveguides running to the edge
of the slide. However, with this process, the height of the
structures on this substrate varied greatly. Variations across
a sample as high as 40�m were found in devices that had
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an average height of 100�m. No symmetry or pattern was
present in these variations.

Several solutions were applied to resolve the non-uniformity
issue. The first involved changing the shape of the substrate.
The lack of symmetry in the variations likely resulted from
the spinning of SU-8 100 onto an asymmetrical substrate (a
2.5 cm× 7.5 cm glass slide) so the substrate was changed
to be a 2.5 cm× 2.5 cm glass square. This change did af-
fect the uniformity. While there were still large variations
in height across the structure, these variations were now
predictable with taller features appearing near the edge and
shorter features lying in the center.

However, because the design required the structures to
approach the edge of the substrate, the edge effects that
were observed had to be eliminated. During the first attempt
to overcome this problem, the rate of solvent evaporation
during baking was slowed to allow the surface tension in the
SU-8 100 to pull the layer flat. This was done by allowing
the spun SU-8 100 layer to remain in ambient conditions
on a level surface for 1 h before baking and then baking the
sample on a contact plate with a vented cover at a lower
temperature for a longer period of time.

These measures did marginally improve the uniformity,
but were still not sufficient. The next efforts taken to improve
uniformity involved using a lower viscosity SU-8 (SU-8 50)
and spinning more slowly. This process often resulted in
an edge bead that caused the outer structures to be much
thicker. In an attempt to remove this edge bead, the thick
structure was fabricated in two layers of SU-8 50, which al-
lowed each to be spun faster, reducing the edge bead. While
creating the structure by spinning two layers markedly im-
proved uniformity, the outer-most regions of the structures
were still consistently taller than the interior structures.

The most uniform structures were achieved by cleaving
the glass substrate mid-way through the process. A single
layer of the lower viscosity SU-8 50 was spun (1750 rpm
for 30 s) onto a 100�m thick 4.5 cm× 5 cm glass substrate
and allowed to sit for 1 h before baking on a hot plate with
a vented cover. After the SU-8 cooled, a diamond scribe
was used to scratch the backside of the thin glass substrate.
A small amount of applied pressure then caused the glass
to break along the scratch. Our design structure was then
patterned onto the substrate with the standard process. By
cleaving the glass in this manner, the structure could be
patterned to approach that cleaved edge with no edge effects.
Many of the structures created using this process varied by
only a few microns over a nominal thickness of 100�m.

4.2. Sealing

Groups using SU-8 to construct microfluidic channels
have noted the difficulty in sealing these channels[14,15].
Several different processes were considered for this packag-
ing step.

The first method involved sealing the channels with a glass
top using a thin layer of SU-8 as an adhesive. This proved to

Fig. 9. Incomplete thin adhesive coverage of the tops of the channel walls
results in “leaks” in the channel.

be difficult because with a thin SU-8 layer, there would often
be sections of the channels that would remain unsealed, as
shown inFig. 9. In addition, increasing the thickness of the
layer would result in sections of the fluidic channels being
filled in by the SU-8 (Fig. 10). Several different adhesives,
including Norland Optical Adhesive 68 and Master Bond
UV15LV were used with the same result.

As reported by Jackman et al.[14], some difficulty exists
with the microchannels being partially blocked by the SU-8
sealing layer, but this can be overcome by baking the SU-8
for some period of time before placing it in contact with
the structure containing the channels. The process used by
Jackman et al. had to be modified in our design because
using a thick layer of SU-8, as had been done, would have
resulted in extensive loss of light in our device when placed
in contact with the SU-8 waveguide. This is because the
sheet of SU-8 sealing layer essentially forms a waveguide of
its own, thereby providing an alternate avenue to decouple
light from the device’s excitation and detection waveguides.

Fig. 10. A thicker layer of adhesive is pulled into the channels due to
capillary action and fills the channels, creating blockages.
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Fig. 11. A 90�m (outer diameter) microcapillary secured between the SU-8 walls of the channel inlet port.

A process using a 5�m layer of SU-8 was developed, but
was insufficient to seal channels that had some variation in
height.

To try to overcome the difficulty of sealing channels with
height variations, the capping substrate was altered to be
more pliable allowing for some compensation to overcome
the height variation. This was accomplished by spinning a
layer of PDMS onto the capping glass. The PDMS was fully
cured in an oven and treated with an oxygen plasma to allow
a thin layer of Master Bond UV15LV to be spun on. This
layer was then pressed tightly to the channels. Unfortunately,
the same problems with unsealed or filled in sections of the
channels were still observed.

However, once the process for creating highly uniform
structures by cleaving off the edge bead had been estab-
lished, we returned to a faster sealing process using a glass
top with Master Bond as the adhesive. Sealing in this man-
ner could be accomplished in a short period of time (approx-
imately 10 min) by spinning at 2500 rpm/30 s to achieve a
5�m layer of adhesive and sealing this layer with the chan-
nels under a UV source. However, this sealing process still
requires optimization, as the yield of perfectly sealed de-
vices is low. Many of the sealing methods discussed above
were attempted on channels with more significant variations
in uniformity without success. With the achievement of bet-
ter height uniformity, it is more likely that those methods,
which were previously unsuccessful, would now seal the
channels with greater reliability.

Another adjustment made in design C is the manner in
which fluid is introduced into the microchannels. In design
B, holes were drilled in the glass cover used to seal the chan-
nels and luer fittings were sealed into these holes. The latest
design avoided the process of drilling holes into the capping
glass by incorporating 90�m outer diameter microcapillar-
ies (Polymicro) set into the inlet and outlet ports of the chan-
nel (Fig. 11). After the capillary is placed in the channel, a
drop of instant adhesive (Loctite 416) is placed on the mi-
crocapillary to hold it in place. Using an adapter (Upchurch

Scientific, part P-659) and sealing kit (Upchurch Scientific,
1237 kit) the microcapillaries were easily attached to a stan-
dard syringe.

This adjustment to the fluid interfacing of the design was
made to aid in the sealing process. By using microcapillaries,
it was no longer necessary to drill holes in the glass sealing
cover. This reduced packaging time and allowed for a more
uniform coat when spinning the sealing adhesive on to the
glass cap. Also, the use of microcapillaries eliminated the
need to align the sealing cap to specific areas of the channels,
as it was no longer necessary to line up the drilled holes
with the inlet and outlet reservoirs in the structure.

Fig. 12shows the modified all-SU-8 structure (design C)
with specific side-walls metallized. Following this point in
the fabrication, microcapillaries would be introduced into
the channels and the sealing step would be performed.

4.3. Validation and optimization of the optical system

In both B and C devices, the use of SU-8 as both the
waveguide and microfluidic structural material has the dis-
advantage of preventing proper waveguiding in several sec-
tions of the device. The use of SU-8 as the underlayer (for

Fig. 12. The modified all-SU-8 structure (device C) patterned onto a
cleaved glass substrate. The selective metalization can be seen as the
darker region in the picture.
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Fig. 13. The arrow in each image indicates the location of the excitation waveguide while the circles highlight the left-most portion of the detection
region of the fluidic channel. (a) Microscope picture of a corner of device C with backlighting, (b) resulting spectrally resolved image with the filter
set to 543 nm (wavelength of the coupled-in laser light), (c) resulting spectrally resolved image with the filter set to 590 nm (peak wavelength of the
fluorescence emission for Rhodamine B present in the channel).

adhesion to glass substrate) as well as the for the sealing
layer for the glass capping plate will cause leakage of light
from the waveguides. This effect was minimized for both the
underlayer and the glass capping adhesion layer by spinning
the SU-8 to a thickness of about 5�m, as compared to the
waveguide thickness (100�m). The lower refractive index
of the glass underneath ensures waveguiding at this second,
lower interface, so the leakage is constrained to the small
corner regions of the lower waveguide surface. The coupling
of the main propagation modes to leaky modes will be small.

Leakage from the upper capping layer was reduced by
positioning the cap edge near the place where the waveg-
uided light enters the fluidic channel, i.e., only having a
small overlap of the cap on the upper waveguide surface.
The refractive index mismatch at the SU-8/air interface en-
ables good waveguiding, which could be coated with a low
refractive index (n ∼ 1.43) PDMS layer for protection.

Finally, the region where the light enters the microfluidic
channels is also not a true waveguide. The transverse struc-
tures in the SU-8 that prevent waveguiding are those that
make up the channel wall, and so are unavoidable. We have
reduced the thickness of these to minimize the light leak-
age, but the primary reason for them not posing a significant
problem is that the fluid channels are significantly larger
than the waveguides. The light will spread somewhat in this
region due to diffraction, but in doing so will illuminate the
entire fluidic channel.

Testing of device C is currently underway.Fig. 13shows
the device imaged using a FALCONTM chemical imaging
microscope (ChemImage, Pittsburgh, USA), which incor-
porates a liquid crystal tunable filter (LCTF), with a band-
width of about 8 nm, to spectrally resolve light emitted from
the sample.Fig. 13a, showing the device with a white light
source, displays the corner of the microfluidic channel with
the excitation and detection waveguides. InFig. 13b, the
backlight source is removed and a green HeNe laser has been
prism-coupled into the excitation waveguide. The LCTF is
set to 543 nm, and the image shows the scatter from the wall

of the microfluidic channel. InFig. 13c, the LCTF is set at
590 nm, near the emission maximum for the Rhodamine B
dye present in the channels. As can be seen, the emission
is from the channel region only. Both images were taken at
identical camera settings, suggesting that the emission irra-
diance is similar to the scatter from the laser. This scatter
can be easily filtered, so good signal to noise ratios for the
fluorescence detection can be achieved.

With the detection waveguide set orthogonal to the exci-
tation waveguide, an improvement in SNR due to this side
collection strategy can be attributed to two main factors: the
lower reabsorption of fluorescence, and the reduction in fil-
tering needed. The former depends on the fluorophore con-
centration, and for detection of low abundance species, it is
probably insignificant. The reduction in filtering, though, can
improve the SNR up to an order of magnitude, depending
on the relative strengths of the incident and fluorescence ra-
diation, the proximity of the absorption and emission wave-
lengths, and the quality of filtering available.

A much more significant effect comes from the metal-
lization of the waveguides. This couples light emitted at
nearly all angles into the detection waveguide, rather than
only the forward emitted light, in other words, the detec-
tion cross-section is dramatically increased. For the geome-
try used here, the increase in the signal strength is estimated
to be by a factor in the order of 105.

5. Conclusion

We have demonstrated a microdevice that incorporates
both photonics and microfluidic functions in a single chip
and single material. Furthermore, the basic structural fea-
tures of the device are created using a single-mask pho-
tolithographic step, a clear advantage for future production
of low-cost biosensor chips. In the development of both the
hybrid and the all-SU-8 structures, a number of fabrication
processes were developed that will have application beyond
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this specific device to the creation of other photo-defined
MEMS structures.

The key feature of the final design, the wide aperture de-
tection waveguide, has to be tested more extensively, but
should significantly enhance the sensitivity of such devices
for the identification of minute amounts of fluorescent mark-
ers in biological samples. Since the tagging of molecular
species is an additional complication for detection, an on-
going area of our research concerns applying competitive
binding of analytes in microchannels, which would then dis-
place existing bound tags. This would eliminate the need for
pre-tagging, and can be implemented in the microdevice in a
relatively straight forward manner using fluid chemistry pro-
tocols. Incorporation of this detection mechanism into the
device described here would result in a general platform for
detection of bioanalytes, that is, low-cost, robust and simple
to fabricate.
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